An El ectrical Connector Field of the invention 5This invention relates to
an el éctrical connector, particularly but not exclusivelytoa -~ =~
board-t o-board connector. Background of the Invention 10Co

board-to-board el ectrical connectors and el ectri cal connecmﬂm Iwmm“ma
ayge generally used in | owspeed transmissi on applications ereby.

anount’s of cross talk (both near end and far end) and eLeeLLgmgneH
interference (EM) are not Cr'%n@lectrﬂc%ﬁ@‘%ﬁ@&or' n recent years, there has

been a significant increase inTthe requited data rate (in turn, the
required rise tinme of signals) for several applications. In order to neet

this increasing need for high-speed transmssion, it is preferable to
desi gn elggﬂgﬂgémgﬁbﬁﬁﬁeﬂors and el ectrical connector assenblies such that
t hese connectors and connector assenblies have superior performance over 20
frequencies in the GHz range. Further, in line with an increasing demand
for smél | dhisiitvemtiop retahq:mh:x adekbcié&al cimmestarf pattiealarlydalt redrexettsivedy al so
have to b duc 3 8ond|n is a challenge to inprove on the
perfornangéaﬁr 5 et gP B@ﬁﬁ% tors and el ectrical connector assenblies
whil e providing electrical connectors of sizes which neet certain technical
requirenents. 25 Summary of the invention In a first aspect, there is

provi ded &ackpeaund efHhedayeionor conprising first and second terminal pairs
configured to electrically couple to a sane device, each

10 . Conventional board-to-board electrical connectors and electrical connector
assemblies are generally used in low-speed transmission applications whereby
the amounts of cross talk (both near end and far end) and electromagnetic

interference (EMI) are not critical.

15 However, in recent years, there has been a significant increése in the required
data rate (in turn, the required rise time of signals) for several applications. In
order to meet this increasing need for high-speed transmission, it is preferable
to design electrical connectors and electrical connector assemblies such that
these connectors and connector assemblies have superior performance over

20 frequencies in the GHz range. Further, in line with an increasing demand for
smaller and more compact devices, sizes of electrical connéctors also have to
be reduced correspondingly. It is a challenge to improve on the performance of
electrical connectors and electrical connector assemblies while providing

electrical connectors of sizes which meet certain technical requirements.

Summary of the invention

In a first aspect, there is provided an electrical connector comprising first and
second terminal pairs configured to electrically couple to a same device, each
30 terminal pair comprising terminals, with the terminals in the first terminal pair
having different first and second electrical lengths and the terminals in the

second terminal pair having different third and fourth electrical lengths, wherein
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30 termnal pair conprising termnals, with the termnals in the first
t'‘ermihal pair having different first and second electrical |engths and the
terminals in the second termnal pair having different third and fourth

el ectrical |engths, wherein 2 a sumof the first and third electrical

l gngths is substantially the sane as a,sumof the second and fourth

el ectrical |engths. Preferably, the termnals in at | east one of the

: . i nal X ‘T "t udi nal £iles.
ALt or nat 1 Gurg S the BB B B o tRAeRbis S bt i SPmpRina iy
have a di fof ¢hestcdrminand fodirthadleptrichl leaigtizan at | east one termnal in the

second pair of termnals. 10 Optionally, termnating ends of the termnals
in the first pair of termnals face away fromterm nati ng ends of the

termnalsg S ?% 2of . t ' Adv. - L fference
bet ween trﬁar&csét;?nac\;f ﬁﬁ)\{y II‘SI% "gna Itgélglr%%el%gé?er if@% &ﬁ?gﬁgﬁ?{% aﬁﬁée't‘sgum of
t he sefondaardifferent longitedinal mrafiidsengt hs may be | ess than 5% As di scussed
in the descri bed enbodi nent, by providing term nals having different

| ongi tudi nal profiles, |lengths and/or electrical |engths, this enables 20
flexibili ' [ t gl i inl | eui
tdrRatifeyanat! idg st Bﬂle RIMind! B WM 6t B 'b?stéllrﬁlnﬁfét @dﬁ?yg%ences

reduced hei ght/siZe of the electrical connector. Al thoug
i n t he. tedifferaht longjtutimab prefilei thiangabidasétane tersiigalains theasecend pairt bé

“term nals,,(elylsﬁi let he el ectrical connector is mated with a |ike el ectriCa!
connector, 't simlarity between the sumof the first and third el ectrical

| engt hg, and the sum of the second and

Optionally, terminating ends of the terminals in the first pair of terminals face

away from terminating ends of the terminals in the second pair of terminals.

Advantageously, a difference between the sum of the first and third electrical
15 lengths and the sum of the second and fourth electrical lengths may be less
than 5%. '

As discussed in the described embo'diment, by providing terminals having
different longitudinal profiles, lengths and/or electrical lengths, this enabies
20 flexibility in arranging the terminais which may result in achieving reduced
height/size of the electrical connector. Although the differences in the terminals
may lead to timing offsets in signals carried by the terminals, when the electrical
connector is mated with a like electrical connector, the similarity between the

sum of the first and third electrical lengths, and the sum of the second and
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fourth electrical lengths helps to overcome these timing offsets.

“Like electrical connectors” or “like connectors” are defined in this document as
electrical connectors having like functional portions performing the ‘same
function. Specifically in the described embodiments, the functional portions
30 relate to the terminals of the electrical connector. Of course, this also means

that like connectors may be exactly the same as each other.



95fourth electrical |engths helps to overcone these timng offsets. "Like
él ecttical connectors" or "like connectors" are defined in this docunent as
el ectrical connectors having like functional portions performng the sane
function. Specifically in the described enbodi ments, the functi onal
portions 30relate to the termnals of the electrical connector. O course,
this also neans that |i ke connectors may be exactly the sanme as each other.

Sn o Per ARl LA Al R 8 MALERSCERREN AR Aot fog' it 1%

and is configure a conple ermnal parr

el ectri cals comfitrredrto inlace wath agcarhpldmeritary carmiest pais ofes Uikei elgcirigap
plurality of mated termnal pairs, each mated term nal pair having a mated

i npedancecﬁ'i‘%ﬁ*ﬁi?reﬁ 8 'Bﬁt"[\@ég tf‘ﬁatr‘l"oaﬁeﬂﬂe@%s neruliing &y anleiratity RltBRtesk each

t erm nal ! ch may
be | ess tﬁé}h{m%t 3/o nrﬁgf%;det;egnd‘(mg{)ag@ﬁa\tnﬂﬁeﬁaﬁgd '&ggg%&?an el"ectri cal
connecs or of tasprthan ragpoat 50.pThe ahpegarafe trésmatchl ofpe?ad‘rstermatdh pla@r miapdde pai r
conprisin | s, and hav dance.m s at | east 10% and
bei ng con Bﬁsg‘agg g,ﬁ}enm%t%cg%g% Spysma rHQY%ﬁ less dhan appyte

el ectri caogonnect or, the mating of the two connectors resulting in a
plurality of mated term nal pairs, each mated term nal pair having a nmated

i npedance m'smatch of | ess than about 5% The 15 irrpedance m smat ch of each
term nal

a e at st 15% whereas the mated i ance m smatch may
be |'ese. t Harh SHORRS FRPeshepLe 8 I VA8 AR L oRTCHACANREh ORPISEEE | cal
connecd or piwsalithiotterminél paits, kackteetinaCsdir @@mfibﬁﬁtr@rteﬁﬁmélssémﬁﬁﬁﬁng@ri he
descri bed enbodi nents hel ps to

impedance mismatch of at least 10% and being configured to mate with a

complementary terminal pair of a like electrical connector, the mating of the two

connectors resulting in a plurality of mated terminal pairs, each mated terminal

pair having a mated impedance mismatch of less than about 5%. The

15 impedance mismatch of each terminal pair may be at ieast 15% whereas the

mated impedance mismatch may be less than about 3%.

The reduced impedance mismatch when the electrical connector is mated with
a like electrical connector as discussed in the described embodiments helps to
20 reduce losses and improve the performance of the electrical connector

. assembly formed by the mated electrical connectors.

In a third aspect, there is provided an elebtrical connector comprising: a plurality

of terminal pairs, each terminal pair comprising terminals of different longitudinal

o
wn

profiles; wherein each terminal pair is configured to mate with a complementary

terminal pair of a like electrical connector to allow electrical signal transmission.

Each terminal pair may be configured to carry diﬁérential signals. Preferably,
the terminals of each terminal pair have different lengths. More preferably,

30 difference in the lengths of the terminals of each terminal pair ranges from
0.05mm to 0.2mm.



n reduce | osses and inprove the performance of the electri cal connector
assenbly formed by the mated el ectrical connectors. In a third aspect,
there is provided an electrical connector conprising: a plurality of
termnal pairs, each termnal pair conprising termnals of different

| Qngi t udi nal 25profiles; wherein each yermnal pair is configured to nate
with a conplenentary termnal pair of a like electrical connector to allow
electi-ic ' t LSS . ' DA - ' dto
carry di f R SRapd SBRETAAT 1 The HREPUBEY SARBHE BPHRIAG TGRS "D
have diffeadng difegiritslongitudinal gfrefikl| Vienghdi Bhdfoenelectricat Hengtbsgtthis of t he
termnals of each termpal pair ra]gges fromO0.05Mmto 0.2mm 4 As.

di scussedeBdRIee faxpility than@aging 1ee erpaaisemtich ghayeskti g acRieNingal s

havi ng di Egn@'- ¢ fpal Lil l.engt hs and/ or el ectrical |engths,
this enab{éeog{cgiatgf:i i ilité;gfl ﬂﬁ%a?lggﬂg?ln@q?gﬁ?ér m nal s which may result in
achi eving reduced height/size of the electrical connector. Preferably, each
of the term_.als of each termn nal ir includes a term nal bod aving a
Ler mi nat | ARG GRoPs! BEIREBINAROF 87 BTl Palolelides e migRIRAaA on f or
mating t ohhliRg GOEPhATRIHAPYrtioRr 6t R8hneéting &f atdiRulti bcir§ 0ANRSHRY %oaraﬁh a step
portion joining the termnating portion to the mating portion.” The step
portion oforenating ter ienapmelernenriag) tarminal faicohinediker connecter, aed @ siepd

enbodi ment s i s .usef ul i an varied .achieve the difference in the
| ongi t udi Réﬁlogr@ﬁqge@:aatf%gﬁﬁ}aﬁ@ggﬁgy%r} {oeﬁ]«?cr%‘%'@%mﬁ@ﬁgt hs of the term nals
of eaglh termnal pair. Preferably, the step portions of the term nals of

said termnal pair have different heights to create the different
| ongi t udi hAF Sierforéan of each terminal of ‘the electrical connector in the described

embodiments is usefull as it can be varied to achieve the difference in the

longitudinal profiles, lengths and/or electrical lengths of the terminals of each

terminal pair.
15
Preferably, the step portions of the terminals of said terminal pair have different
heights to create the different longitudinal profiles.
The mating portion may have an arcuate shape or may be elongate.
20

Preferably, the terminals of each terminal pair are at least partially housed in
respective retention channels of the connector, the respective retention

channels being arranged to overlap at least partially with each other.

25  Using overlapping retention channels for housing the respective terminals as
discussed in the described embodiments optimizes the space available in the
electrical connector. This helps to reduce the height and size of the electrical

connector.

30 Preferably, the terminals of each terminal pair are edge-coupled.



The mating portion nmay have an arcuate shape or may be el ongate.
Prefefably, the terminals of each terninal pair are at |least partially
housed in respective retention channels of the connector, the respective
retention channels being arranged to overlap at |east partially with each
otther. 25Usi ng overl apping retention cggnnels for housing the respective
termnals as discussed in the described enbodi nents optim zes the space

avail abl e, in the electrical cannectar..This helps.to,reduce the hei ght and
Sioe of ¢ EraleRET U RrebRiR ShBogumght, Heliing vid it giesedh
enbodi ment&rminal gaie itd et Ekyd-supledliscrebseathe taFatd akeRPbl tH@a&ﬁacnngb
edge-coupl ed i ncreases the surface areas of the contaCting surfaces between

t he t er m SHIfaces behueen ¢he tergunale eitbetdectsnal mmmreanchr:ymmmﬁergians of a
li ke el i ' hect t
5t oget her B SI (K6 BlectiBleddecioPibkhfe s kBhRedhfs MR G9ed

pl ural 5ty tedetgeound shi el ds, each ground shield interleaving adjacent
termnal pairs. Mdre preferably, each ground shield is arranged to at | east
partially shield the 10term nal bodies of the adjacent termnal pairs the

ground shi Lt e 188tricS QUR ' | Ot,ﬂgr Sgr | : 'cﬁi?rﬂfs hel p
to reduce P?h%r%%hr’gbé?%étrngssgpaﬁﬁ?@f ﬁﬂuﬁ’nﬁg[b Wor ¢ st% %)r B\Bﬁglﬁggﬁ%

cross-t al lshjpddd, oremehc egrobod hshiedt  mtetleandng aadjeceht €hintnadl pairs. ddpecent
term nal %?éfre?at;[ly(/), %%c ré%rtlj%%dsﬂi%?g Eig ér?aﬁé"&i‘ to at least partially shield the

10  terminal bodies of the adjacent terminal pairs the ground shield interleaves.

‘Ground shields in the described embodiments help to reduce the amount of
cross-talk, in other words, provide a high cross-talk performance (both near end
and far end). This allows adjacent terminal pairs to be -arranged nearer to each
15 other, hence further reducing the size of the electrical connector. Aléo, with the
ground shields in the described embodiments, the need for row shields is
eliminated and the electrical connector is able to achieve superior performance
for signals in the GHz frequency range and is able to work as a high-speed
electri'c_;al connector in the Giga bits range. This allows the electrical connector

20  to be used in many drives which require high speeds. -

‘The terminal pairs may be arranged along a plurality of rows. Preferably, the

plurality of rows comprises two parallel rows.

o
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In a fourth aspect, there is .provided an electrical connector assembly
comprising: first and second electrical connectors for coupling to respective
cirduit boards, each electrical connector comprising a plurality of terminal pairs,
each terminal pair comprising terminals of different electrical lengths; wherein
the first electrical connector is stackable with the second electrical connector to
30  enable the terminals of the first electrical connector to mate with corresponding
terminals of the second electrical connector; and wherein the mated terminals

have substantially same electrical iengths. -



15 other, hence further reducing the size of the electrical connector.

Al so, ‘with the ground shields:in the described enbodi nents, the need for
row shields is elimnated and the electrical connector is able to achieve
superior performance for signals in the GHz frequency range and is able to
werk as a high-speed el ectrical connector in the Gga bits range. This
allows the electrical connector 90to be used in many drives which require

hi gh speeds. .. The t. i nal irs.may. b r range l.ong a pluralit f rows.
Pr-ef er abl )%Sacphgergflﬁélg})?«ﬁ yogﬁh?oag&cgﬂgr%@gd&ﬁgﬂgﬁ? I ngﬁgcg%s_ n@%‘f (r)Pea :
fourth asp@ﬁﬁguﬁehqb@a'r@ differendarsighalel ectri cal connector assenbly
conprising: first and second el ectrical connectors for coupling to

respective circuit boards, each electrical connector conprising a plurality

of termn p h ] §.Si 1hal f_different

el ectri caﬁqee?\ééﬁg?lgsﬁe?é%W%}ﬂglnfalprads%'r (eél?é%ch éa tric%ﬂmr@eog}%c??to?smgy a%%éeol e
with the sifteradt Ringittdinabprafiled)eshereirt the 30mdIa Rrigitedinar Bidfids obthd he
first electrical connector to_nate with correspondi ng..termnals of the
second el SFEACHAMNAISRBoLONETITI & rRatenthersiubistarialy ngarge halpstrical
substanti gddthsane el ectrical lengths. 6 Each term nal pair of the first
and second €l ectrical connectors may be . configured to carry differenti al
signals. The termnals of each terminal pair of each electrical connector

may have i fferent, |ongitudinal profiles, wherein the conbined _

| ongi t udi %ﬁﬁ?mﬂpﬁf A e oc?gﬁ Bofaf ngpﬁi‘ﬁaltgeaﬁg%é%’ﬁf ?Cgm't@g'b b RIPESEe the
subst ant | @Agths AdRY/& efdctricat| IehgiMa! BE thé\tbAanals b thBecidesieal B8Mhector
enbodi ments, the different longitudinal profiles, 10 |engths and/or

el ect ri calengblegflexbility inherraegingthestesninatie taey oftendend dorimiog mffsetaii e

flexibili i rr i e termnals,. they, often lead, to tim ffsets
inthe si dieclrBld PRARY i MR, Tuis bty rbRERY fupaldi fie

i npor t ant tédmihBie drefodnfighredatoecardn Hifevesrhl bRynadd. NevlirfHeRisNtHeablesirap! s.
Nevert hel ess, the electrical connector in the described enbodi ments is

conf i gur e§ONBERRL envinendaserihed embediments éaicondaneast & malehvithas bhee mat ed
term '11§‘| S e'f@éfﬁc?ﬁgoﬁr%ﬁdragb I? zgf?f; tlﬁéﬁ Qﬁﬁfédc?érﬂir‘?é’lgtll?ém Epkgﬂahnglzyp%\éﬁ{ecoms

t he probl em of I'mng O € signhals” Tha t here
i s provi deteatricalllengths cahiscthos eniedcorases ¢imd byolsionpsd ien@ming offsets in the

signals.

In a fifth aspect, there is provided an electrical connector assembly comprising:
20  first and second electrical connectors forl coupling to respectivé circuit boards,
the first electrical connector having a first maximum height and the second
electrical connector having a second maximum height; wherein the first and
second electrical connectors are like connectors, and wherein the'first electrical

connector is stackable with the second electrical connector to form the electrical

88
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connector assembly, the electrical connector assembly having a maximum

stack height less than a sum of the first and second maximum heights.

As discussed in the described embodiments, by forming an electrical connector
assembly with two electrical connectors stackable with each other such that the
30  electrical connector assembly has a maximum stack height less than a sum of
the maximum heights of the two electrical connectors, the height/size of the

electrical connector assembly may be reduced.



70 first and second electrical connectors for coupling to respective
circui't boards, the first electrical connector having a first maxi num

hei ght and the second el ectrical connector having a second maxi mum hei ght;
wherein the first and second el ectrical connectors are |ike connectors, and
wherein the first .electrical connector 7 s stackable with the second

el ectrical connector to fornlthe electrical 25connector assenbly, the

| ect | - i aht_ .
o the 1 if SDARCSBEEIRER brolRiedh BIEEHILATCINALERE BficHlng: Sl ,* *™
enbodi rrenbﬁterbyndlanamsngaelmte&h&nalrpamadompnslagtt@rrmmslsaffbﬂffemht lonigitadinal

el ectri cal nnect rs st ckabl th e %g' other such that the 30 electrical
connect or pé%f Eyao nRURAH ﬁ"é%ke grrundesietdhinterieaving aeliacrat

mexi num h?érﬂhﬁéls()f Mh@?elh‘g%oﬁ%he%%ﬁ%‘  parnset Qbhrighie N ?ﬂé{es'\%/ﬁ hOfy the

el ectrical connector ass y may uced. SI X aspect, ather
is pro¥i dedrrmierebataryneghlnabrmecofoa Himrmiecﬁma:aj cann@ctorata tayowfeIEetmn:ahal

pairs, eacht)armnal al_r r|3|n%}3 nal s g/ {jferet Iorg)gjtudinal
profil es; SS9 JARPMY Sr%rﬁl C ﬁocﬂurg‘ﬁ? LRGSR Y CPRPESPE & ng
adj acent t&kdThaabSdy W@@lrn@'é‘t@ﬁ\tﬁhaﬁﬁq p.sbﬁﬂin Rﬁléodn%cﬁﬁ@ftb%w&.{ Bogﬁf gwth a
5 corrpl ementary term nal pair of ke electrical connector to allow

el ectri calm@ilwapﬁloﬂaf%dﬂgtsn@rﬁo tb@@memamtamdﬁrmfnai loé tbe Uikel eleytn@fal
term nal s d Vi.n termnatln
connect i ng%ﬁﬁ@ég cw% %érpg)m n%'lnf"ﬁ% “5%#?[’8%‘#‘89 ?r%’it th‘% ﬁréatmg

conpl eoentpattiori.er m nal of the |ike electrical connector, and a step portion
joining the termnating portion to the mating 10portion. As discussed above
and in the described enbodi nents, providing term nals of different

longi tudi nal gispi&Idd §50vd ﬁﬂgtﬁ'§hé’"dgls9rﬁbé‘c7 ﬁ*w;ddﬁﬂlen e%ﬂdlpge&ﬂnﬁﬁlé frease

the flexibility in arranging term na In‘are uced 15

hei ght / si diffevént loagitldinat praflles; demgths and/dhelestrizal llmgtln@hem‘ teemchedsy m nal
dinents is useful it can be varied to achieve the

in the de crlﬁ))%lta nb
differ encz he-flg tIyor‘fgl TC e BTeoft?TrB@afﬁ WiNeht B1ay Agpdt ipuet meduadc,
gr ounqsshlhdg#ﬁ/s&%l Br e éngeﬁ'@d &&%éﬁ?&“ﬁ"he"étﬁé &ﬁﬁoﬁdfkeafanq FifhafH ﬂfeeSI e

term nal s nay be arrange oser to each of urther u0| ng t
of the el eesciiled enbodéoents.is Mseful ehdt carobadashd ¢éb dashicvedheldifdrencain

Fr equency Pe TR T ahRE S MRcleR TS, FiERE Sy Eeq Sr i Phiski BelmBotor i n
the G ga hedsed BY8mount of cross-talk and the adjacent terminals may be arranged
closer to each other, further reducing the size of the electrical connector. With
20 the ground shields, the electrical connector is able to achieve superior
performance for signals in the GHz frequency range and is able to work as a

high-speed electrical connector in the Giga bits range.

The plurality of terminal pairs may be arranged along a plurality of rows.

Preferably, the plurality of rows comprises two parallel rows.

o
W

In a seventh aspect, there is provided an electrical connector comprising: a first
set of terminals and a second set of terminals having different longitudinal
profiles as the first set of terminals; wherein each terminal is configured to mate
30  with a complementary terminal of a like electrical connector to allow electrical

signal transmission.



The plurality of termnal pairs may be arranged along a plurality of rows.
25Preferably, the plurality of rows conprises two parallel rows. In a
seventh aspect, there is provided an electrical connector conprising: a
first set of termnals and a second set of term nals having different

| angi tudi nal profiles as the first setgof term nals; wherein each term nal
Is configured to mate 30with a conplenentary termnal of a like electrica

connect or ,t.oy: r ' & 1SS k: ’ bove
and in thé‘gade'%%:drs‘:g g?bgﬁ’ odfoﬂannﬁ‘,s?? @%"’%’F g\r}%ﬁb éém?%rt?ﬁ %a sowrida{égg% d'ﬂ]a Ger ent

| ongi t udi havingr diffiererst, |dreyitgtingl apdfiles, deagthsi aal/dresigictrical tibhgthenéehises
flexibility in arranging the termnals which may result in achieving
reduced hengbliessiledbilly imaranging itee teppifas twhich smaleresili cinr AeRiIEVESNnect or

accordi ngréc%,r%?g} A y. e Bfthte'(}ﬁeﬁthéleéHnHe@Y(ﬁ”t ion may be a board-to-board

connector. a sta I'ght of the electrical connector according
to any5aspect of the present invention is less than 4nm Mre preferably,

t he stack Fei ht of the electrical connector C(%o di ng to .ang 10aspect of
the presennsi SIoEHERLFPINSGUSACARARS HRANVT APPSO DS IR ERERYERION, FIBY
el ectri cabeCQNPESHOH-Idhr NeoriiRetsr hadraaBRAI areihsk Hdigsof ise | aatibsl (and

thus, very often, electrical lengths) of the termnals of the electrical
connect or connégior ededing Imang@spegt ohthes peasgnbdiinvardios s desothasf 4mm.

More preferably, the stack height of the electrical connector according to any

10 aspect of the present invention is less than 1mm.

The low stack height of the electrical connector in the described embodiments
allows the iengths (and thus, very often, electrical lengths) of the terminals of
the electrical connector to be reduced, increasing the speed of transmission of
15 signals. Furthermore, many drives currently manufactured by several solid state
drive makers have significant space constraints. With the low stack height of the
electrical connector in the described embodiments, the electrical connector is

able to overcome such space constraints.

20 Brief Description of the Figures

Embodiments of the invention will now be iliustrated by way of example with
reference to the following drawings, in which:
Fig. 1a illustrates a first perspective view of an electrical connector

according to a preferred embodiment of the present invention;

o
W

- Fig. 1b illustrates a perspective view of a part of the electrical connector
of Fig. 1a without showing a housing of the electrical connector;

Fig. 1c illustrates an electrical connector which is a first variation of the
electrical connector of Fig. 1a without showing a housing of the electrical
connector, _

30 Fig. 2 illustrates a second perspective view of the electrical connector of

Fig. 1a;



15 signals. Furthernore, many drives currently manufactured by several
solid'state drive nmakers have significant space constraints. Wth the | ow
stack height of the electrical connector in the described enbodi nents, the
el ectrical connector is able to overcone such space constraints. ?ClIBrief
Description of the Figures Enbodiments of the invention will now be
iIlustrated by way of exanple with reference to the follomﬁng drawi ngs, in

whi ch: la i at es firs specti v an ectrical
connect or accorjﬂd‘?n taé‘d ~PeREC \fﬂ%dl}”r% echeVY%Qsﬁr‘Jé@gﬁ’P”? ﬁh%n
95Fig. Ib e'lédtuh'@élrcﬁirﬁr%c&)rﬂﬂ‘rfslge%lfY&nVﬂh%V\dl‘i’écti\mp@’ twifout RAGEWRR tBHARGI
connector of Fi ?h 1 a without showi ng a housing of the electrical

e

connect or pairs of the plagtrical gonngaigt eaddsigadc i @tradnifigd vewrefa pertianiXhf i s a
first var:ﬁé :?a{] of the electrical connector of Fig. |la wi thout showi ng a

housi ng of Y'he’el ectrical connector; 30Fig. 2 illustrates a second
perspestive Vi ¢ug.0fat &gl eﬂbeeésrpe@avelyqnnﬁeét@r vielvsFb thel fiest portion of it 3a
and Fig. 3b respectively |IIustrate vies of a first portlon of

t he
el ect ri calelene cEoRrnetoriog. Figa 1er fiom H@edﬁj'lr@éttqnorp Bithqut reoet V\&'frﬁ\dthﬁ th
terminal @@anﬁ@apg)a@sf ﬁleeélhéﬁzﬁél cEHERG! Und A 4g'lgaerﬁ§gﬁ| fied IRGREtLd view

of a portion 4a and’ ectiv ustrate views of
t he first pootidn Mmfcﬁlgtm el ectrical connect or of Fi g. I a fromthe direction
of the electrijc and

"C without anc.with the Lerm na onnect or,
Fig. 4c is a rrg: g%(?"\?'l r@ﬁp?q{gpgo}@,sgﬁte{n@teﬁlt@rm@gﬁs P?@é‘ elssirigaly 5b
res pe%' V%b)ﬁnébt'o\ﬂ'%tsé%ﬁlyr@irﬁﬁnélﬁ@ 'fﬂé‘@le%tr‘i?fal %Bnﬁé&GF bt F@' 12 HhdCRRBESH

assenbly conprising the electrical connector of | a and a secon
el ectri calelmintl:aiccmneom‘ntde@abalt v the aécdcali camne:ccbome&tFog 0f, Mith thea, with
the mated t nal s a co figéjfﬁn«%d to carry positive &nal

f Eig, f
di fferent i"af e i A %r?élﬁgﬂ'e At EY! i'RatE Yo POR Iy %%n%ﬁrﬁf %' ?[ﬁfﬁ‘?g carry
negative %hg]ﬂﬁé anaftht RaddfterhpRld 8f FRJ. Bbadsrfigured to carry negative signals

of the differential signals;
15 ‘ Figs. 6a and 6b illustrate two electrical connectors of Figs. 1a connected
to respective circuit boards with one of the electrical connectors inverted and
Fig. 6¢c shows the two electrical connectors mated to form an electrical
connector assembly to connect the two circuit boards together electrically;
Fig. 7a illustrates perspective views of the electrical connectors of Fig. 6a
20 and Fig. 6b, and Fig. 7b is a perspective view of Fig. 6¢;
| Fig. 8a illustrates a cross-sectional enlarged side view of the electrical
connector of Fig. 1b in the direction ‘AA’.
'Fig. 8b illustrates a cross-sectional enlarged side view of the electrical

connector assembly of Fig. 7b in the direction ‘HH' to show more clearly how
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the two electrical connectors are electrically mated;
Figs. 9a - 9c |llustrate different electrical connector assemblies
comprising like electrical connectors of the electrical connector of Fig. 1a;
| Fig. 10a illustrates side views of the electrical connectors of Fig. 7a from
the direction ‘F’, and Fig. 10b illustrates a side view of the electrical connector
30 assembly of Fig. 7b from the direction ‘G’; _
'Fig. 11a illustrates side views of electrical connectors which are

~ variations of the electrical connectors of Fig. iOa, and Fig. 11b illustrates a side



15Figs. 6a and 6b illustrate two electrical connectors of Figs. |la
connec¢ted to respective circuit boards with one of the electrical
connectors inverted and Fig. 6¢c shows the two el ectrical connectors mated
to forman electrical connector assenbly to connect the two circuit boards
tqgether electrically; Fig. 7a illust reftées perspective views of the
el ectrical connectors of Fig. 6a 70and Fig. 6|b, and Fig. 7b is a . I
erspective view of, Fig. , 6¢C; Fig. 8a.illustrates a cross-sectiona
onl ar ged 411k 4 WPlsetital Cahaerter asseliphnatiet Iop riptonnot ther Hecaicabot i on
TAA connectot Bsséthbly|df ¢ M Adtes a cross-sectional enlarged side view of
the el ectrical connector assenbly of Fig. 7b in the direction "HH to show
nmore cl early hdug.252 Hiustigies | a dimec Bomain ridefientematear plbécﬂrthﬁgdlelbytria:at ed;
Figs. 9a - | ifferent electrical connector asse I es

oo i o1 ngoTfiReeL AR Ab T Fig i

conprisin ectors of the electrical connector of Fig.
la; 5 Fig. Figa 132 asd I’I@b&ésﬁé@f;ﬁe}g Rustrafe PIBR ShAGhE FRdle €BELEMRY S Of
|

Fig. 7a fromthe direction 'F , an g. 10b illustrates a side view of the
el ect ri cadiffsgnbaitretursdessasnising singlei gndethand stiferastiali insertionrlosses, (IL)

Fig. 1lla iolfl”#g%%g{rgﬁggé%&(%'eg&e%m?Io?ﬁ%i al connectors which are

variations o rical connectors Fig. 10a, and Fig. 11b

illustrates a gige 14eDand mmfemcdi/agtimhstﬁdgleqﬂ@t}seﬁ@vinggcgﬁgﬁéinﬁaw\hgéﬂﬁ i iZa
variation of the electrical connector asse of Fig. 10b. i g.
i |1 ustrat @é‘daaﬁffﬁg}%%ﬁ'rfahéﬂfje%r%%é?'@ro‘cpmﬂ elgetricab ceneester @gsembhnekct or

assemphy @ig Fdanbe:
. Fig. 15 illustrates an eye pattern of the electrical connector assembly of
Fig. 6¢c;

Detailed Description of the Embodiments

Fig. 1a illustrates a first perspective view of an electrical connector 100
according to a preferred embodiment of the present invention whereas Fig. 2
illustrates a second perspective view of the electrical connector 100. The
electrical connector 100 is hermapHroditic and serves as a low-profile high
20  speed board-to-board connector. By “low-profile”, it means that the electrical
connector 100 has a stack height 101 of less than 4mm and by “high speed”, it
means that the electrical connector 100 is capable of carrying signais with data

rate of 1 Gigabit/second or more.

o
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As shown in Figs. 1a and 2, the electrical connector 100 comprises a plurality of
terminal pairs 102, 104 with each terminal pair 102, 104 cdnfigured to carry
differential signals. More specifically, the electrical connector 100 comprises a
first terminal pair 102 comprising terminals 102a, 102b and a second terminal
pair 104 comprising terminals 104a, 104b. The terminals 102a, 102b, 104a,
30  104b of each terminal pair 102, 104 are edge-coupled and are made using a
stamp and form process which aliows the terminals 102a, 102b, 104a, 104b to

be deflected rhore easily and to have lower heights. By “edge-coupled”, it



5Figs. 13a and 13b respectively illustrate plots show ng single ended and
differential return | osses, and single ended and differenti al i nsertion

| osses (IL) of the el ectrical connector assenbly of Fig. 6c; Fi gs.
14a and 14b respectively illustrate plots showing differential near end and
di.f ferential far end cross tal k of thelelectrical connector assenbly of
10Fig. 6c; and Fig. 15 illustrates an eye pattern of the electrical

Det ai | ed t he Enbodi nents 15
commect o 0SSR o8 e 8 oy 2o SRR e, RBLETBIS T S, S0
accor di ng of @agherhrial @direTDd 0 ate %?ratn@%d%ef%%éteddﬁv bt 0By Fig. 2

0.

Illustrates a second perspective view of the electrica connect or The
el ect ri calthe diisfeandr seaqymdi gernamaiapanmdtﬁz c1%carse¢mﬁ@uae;d do| bev-qoupled e hi gh

20 speed l%péacruqcé”gttg aﬁ%agtago%gt By "lowprofile™, it means that the

eI ectrical conne has stack hei ght 101 of Iess than 4nm and by
"high speed”, it neans that the electrical connector 100 is capabl e of

carrying S|gnals with data rate of 1 G gabit/second or nore. 25As shown in
Figs. |la dhg glecligal ew&qt@rc&t) @gtheerrises® @bﬁ@lﬂvﬁgr@um shiglds 1 28f

term nal r h onf d

carry di ff%gPe%?l aﬁm%l gnal s. %ﬁ% \é\fhgc{:hlméﬂggpf?@;é{j egv:e“ I@Shﬁeeﬁ or 100
conpri ses terrmnalspaltset@@ nt04 |aad rthé.@)mrabtymf gi'bngdt@td‘rdgtaizg a]&?g:llts 16hhand a
second te ga} 04 co |ng ermn Is 104a, 104b. The termnal s
102a, 102 Li‘é' B 1=t favl %dﬂ?d?to@f medal &F eamdgdbeoupl ed
and ang W%Gﬁdth'@tlv'égmateﬁ"iaﬁfm and form process which allows the termnals
102a, 102b, 104a, 104b to be deflected nore easily and to have | ower

hei ghts. By "edge-coupled", it nmeans that edges (instead of surfaces) of

e e B, A e RO, R RaloS ™l I s 0Ben e

pai rs 102meleral 23 GAIH GueRds betRerCeiinRreRALE! thi tRlushg! Podasd MRorfieVi ce.

> the length of the housing 126. The housing 126 also comprises a plurality of

15 elongate retention channels 118a, 118b, 120a, 120b which extends on either
side of the rib member 123 so that the retention channels 118a. 118b, 120a,
120b form first and second paraliel rows 124a, 124b along the length .of the
housing 126. The plurality of retention channels 118a, 118b, 120a, 120b is
configured-to hold the terminals 102a, 1025, 104a, 104b of the terminal pairs

20 102, 104 and is arranged in pairs, with each pair configured to hold one of the
terminal pairs 102, 104. In addition, the housing 126 comprises a plurality of
retention members 117 configured to hoid the ground‘shields 122. The retention
members 117 and retention channels 118a, 118b, 120a, 120b are arranged

side by side with each retention member 117 interleaving adjacent pairs of
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retention channels 118a, 118b, 120a, 120b. In addition, the retention members
117 and retention channels 118a, 118b, 120a, 120b are arranged along the two
rows 124a, 124b which are parallel to each other and along the length of the
centre rib member 123. In other words, the plurality of terminal pairs 102, 104
(arranged to be held by the retention channels 118a, 118b, 120a, 120b) are
30 also arranged along the two. rows 124a, 124b which are paraliel to each other
and along the length of the centre rib member 123. Furthermore, the retention

members- 117, together with the ground shields 122, are arranged to extend



The el ectrical connector 100 al so conprises a plurality of ground shields
122, and an el ongate housing 126 which is . configured to receive the
plurality of terminal pairs 102, 104 and the plurality of ground shields
122 along its length. The plurality of ground shields 122 may be nade of
metal or any other 1Oconductive materifl. Referring to Figs. la and 2, the
housing 126 further conprises a centre rib nmenber 123 which extends between

The hous: A 0ra6250 2aa0b i frea E8uERE, FaB  ieblih 1EBL e ol FudBHE} s>
channel s {hBeeasl Hitd refetftion dR4HnaMi TIBzeX1 B31IS1 20k, el 2Me T togjelteerolvithhiher i b

menber 123 so that the retention channel s 118a. 118b 120a, 120b formfirst
and secontP'pHRaIRads 1QHad Ofpake ariéa%echr%ﬁgteﬂﬁérqr%ﬁm gerire finanersasr hg3.126.

hot 't he. ihleRans 41386 eRaBIRRRRhReR: fiha, 1188, 126071205 HRa e JERGE, 7, 3
and i s3 ar painge02j h0parthsgonaltit tieatngbiaiof trtma:ﬁritmmledqémbéno’lzs.one of the

termnal pairs 102, 104. In addition, the housing 126 conprises a plurality
of retention nenbers 117 configured to hold the ground shields 122. The

retentionppregh Ser;Hjomariﬁer ﬁBﬁQIﬁbOWZQha%elf%u%ﬁ‘@a 12651 80m s, %qgg’aacem

arranged side by side with each etention nenber” 117 interleaving
pairs of éﬁga@emam mmbanm&ltﬁel&gm of 18, upstuling Aist 128 aduchilwag at he
retention nenb? 117 and retention channels_ 118 118b, 120a, 120b. are

arranged SIS HFOSHSCENS aBhg, © %ﬁ%%?qmu'%f%ma'ae gPaRIENe MgPE iher and
al ong¢ he thefgrh obfa tighgukiit émgzégd@n@mn‘ﬁelre 138. anlahg@bh@djaw@rﬁtd@ tHd@ost

plurality of terminal pairs 10 104 (arranged to be held by the retention
channel s ﬂi’éaThQi@bSanzb%ﬁ fUIM)com@nsas araiseduendrajemreat 434 atiwachwand ows

L24a, 1240 Wil S0, PILEIICSL 54 9 €T OLNET, AN AR Noal 2L e e

centre ri nenbe er nore ret 1 on

with the gngusidmsint elsofl 8 fisteroay riaagecbrhprises @nmns@ﬁp@ﬁmrﬁeme@ad@ of
the housing 126 through the centre rib nenber 123 whereas the retention

channel s 8bgye heigiys of Sogy retention chageelset!8a: t1H 8bhd20ar T2 0kl FHHH‘@@OIGZ, 104,
t : i f the
et ents on SeiEufi £18G, 15 ik 2 eEFTHiged Ry WEMER: 1SF colferibes OO |00

or t hogonalsutface heﬂamgtsh'am‘edtﬂm—tioantre rib nmenber 123. At each end of t he

housi ng 126, the housing 126 conprises a nmal e engagenent nenber in the form
of an upstanding post 128 which has a triangular cross-section and a

correspongify helRl f FGRISHBMd JTBERA dfthe ends 133 of the housing 126
corresponding to the sécond row 124b has a concave surface, and the purpose
20  of this will be elaborated in further detail later. A maximum height 103 of the
electrical connector 100 is defined as a distance betweén two furthest points
along a height of an end of the housing 126 which, in this embodiment, is also
the same as a height of one of the raised end elements 131 in Fig. 1a. The
stack height 101 is defined as a height of the retention channels 118a, 118b,
120a, 120b of the housing 126.
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Fig. 1b illustrates a perspective view of a part of the electrical connector 100
without showing the housing 126. As shown in Fig. 1b, the terminals 1023,
102b, 104a, 104b of each terminal pair 102, 104 have different longitudinal
30 profiles and different lengths although they may be considered to have broadly
similar shapes. The difference in the lengths of the terminals 102a, 102b, 104a,
104b of each terminal pair 102, 104 ranges from 0.05mm to 0.2mm. The



10 the formof a triangul ar engagenent hole 130 arranged adjacent to the
post 128. The housing 126 further conprises a raised end el enent 131 at
each end of the first row 124a next to the respective upstandi ng post 128.
Each rai sed end.el ement 131 of the first row 124a conprises a raised
partion extendi ng above heights of thejfetention channels 118a, 118b, 120a,
120b. Furthernore, 15 as shown in Figs. |la and 2, each raised end el enent

131 conpri : . i rakse rtion., Al so shown in
Figs. o Gt SRS o i Rt 3023, bae’ MAEERS658n [ERRdg o
t he second02owW0424b dies diferent aMeres spéafi€allyanise tdreninalcPToE, 2 20f of thes Wi | |
be el aborated in further detail later. A maxi num hei ght 103 of the -

el ect ri cafirs dameipabpail 392 havegdifferand fiust andipecantcelepkioak lemathwwheraasest

poi nts al j i ; i G 8 ‘ .

enbodi rne*ntﬂj,ﬂ;9 it%nﬂﬁélghi%%’sgdrgebeggt% ﬁ%?‘g’ﬁ?q%j‘?’l“ﬁﬁ'e&%'? 1meﬁ$\é?sé rghgthérlderrents
131 in5Fi gnd Jfoartr'thects‘talcllengttisgﬁunh@ﬂrnbﬁe,dgéil?@thlmwhai prefilgbtaref lehlgths o
retention annels 118 1 5120a, 120b of the housing 126. Fig. 1

|1 vot 1 ot ok W Berinals  {tas Jiak Sitha st fErowndlimaii 08 s SMTesabiient Bie 106

wi thout shmyitQEinel Srbfesi &t 18fyth&SofS fMRerfings 9 b L@ 102a,
102b, 104!}5,?1\%04% o?reach ter#&%al pair 102, qé(;‘ébl 1h?;?/ae’ é?#??rfeﬁ%n%%@grﬁt udi nal

30 profil tayrminal prif l8@AeAlsd, @sgshowrlin fogigtb,téash teamins 1K@asi1@2bed0tda, have
broadly si,p,] ar shapes. . The differ e jn.t | engt hs. of the termnals
To9a. 10o804hietiR Wi Blsnerts (Y, 16 9185 191B.30F sngagerEoholosmm « o
0. 2mmyo Théne tetepti®s ichiafbis! £1EH, Nsigf 1tdoa, teDPidiahs Hldthg 188Ras Wftde 104D
of each termnal pair 102, 104 are also different. More specifically, the

t er ni nal s cRPRaateddater ofith referenes tto trdgsy IeaI3bparr 4a.08b Bad dcyi Furthermorei r st

and, seco I I Gl as i termnals .10 4b of ..t he
Second t opaehroRhd P TER IRe R ReE Rt Bl ot B4 o

| engt hs. Brsdrteshietds 12D earkanrgbtisidencdumeditd |ephasttel engt isrfadest bethe
termnals 102a, 102b of the first termnal pair 102 are different fromthe

| ongi t udi FEIUTSH BHipdes! Z2are aFRRaed torfacR@achotierh s 104a, 104b of the second
termpal pair 104. Al so, as shown in Fig. Ib, each termnal 102a, 102b,
104a, 104b conprises w ng. el enents 105a, 105b, 111a, 111b for engagenent -
with 10 t Fég.r 8geiilustmateshannabss-s&8fional18hlardtDasidd 20kewofoft ltee helestricgl 126

(as wll be elgborated, later with referenc o Figs. 3a, 3b, 3c, . 4a, 4b and
50 "Fur t FERTERET 0L SHNGEL SHeER; BPAICLEG 1A% AP SIARAT RBlTadEARTONEARY na
pai rs 102FiglOfp and dlsvenioung. 8hi ladh dRhAtgnfinasdrisle foMplgdnt Girsgch
other (i.e.” 'surfaces of the ground shields 122 are arranged to face each
other). terminal pair 102 includes a terminal body having a terminating portion 108a,
20 106b, a mating portion 110a, 110b and a step portion (or step down mid-

portion) 114a, 114b which links the terminating portion 106a, 106b to the mating

portion 110a, 110b. Similarly, each of the terminals 104a, 104b of the second

terminal pair 104 includes a terminal body having a terminating portion 108a,

108b, a mating portion 112a, 112b and a step portion 116a, 116b which links

the terminating portion 108a, 108b to the mating porfion 112a, 112b. Note that
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the mating portions 110a, 110b of the terminals 102a, 102b are separate and
spaced apart although they are shown as overlapping each other in Fig. 8a. The
same apblies for the terminating portions 106a, 106b of the terminals 102a,
102b, the mating portions 112a, 112b of the terminals 104a, 104b and the
30  terminating portions 108a, 108b of the terminals 104a, 104b. A step height 113
ofi the electrical connector 100 is defined as a height of the step portion 114a of

the terminal 102a of the first terminal pair 102 which, in this embodiment, is also



1 Fig. 8aillustrates a cross-sectional enlarged side view of the

el ectrical connector 100 without showing the housing 126 as viewed from
direction "AA" in Fig. 1 b. As shown in Fig. 8a, each of the termnals
102a, 102b of the first termnal pair 102 includes a term nal body having a
term nating portion 106a, 20 106b, a npfing portion 110a, 110b and a step
portion (or step down md-portion) 114a, 114b which links the term nating

portion 1Q6a, 106h to .th ting portion 110a,. 11 Sim)ar .each of the
Por mi nal s Ro5aMe Bt G e bBERate Piftab PteR Ehe 2hf RSl oo
body havi pgrtdrt €064 dfthengrmmaat 1025.108a, 108b, a mating portion 112a, 112b
and a step portion 116a, 116b which links 15 the term nating portion 108a,

108b to the mating portion 112a, 112b. Note that the mating portions 110a,

. 110b of t t i : S te.a a ugh
they are ?ﬁg\/\tﬁhﬁy&gbéﬂ% g%%?snéaég’cﬁéo ’h%’? |bgw@§?%%ﬁga§§ﬁgbgpgp?@s for

t he te3 m natangOpordre @oafiddeal, tol 66 saddertleot £ samwlevit8 Zuchl82k, citdigt mat i ng
portions %12a f112b of the term n(g_l ) _1%4a, %gé% and the 30 term nating
portions PeAH (Pog¥apirlend Rrinted fareuit Begrd ))- AR dYrmHBRYE PRTUPNST t he
el ectri cal n or. 0 4npnpdedd ' ¥ p ti 114a of
R e e e P e R ity
is also 1898hd0Samharsba theitghinadingeends he7api0 Ay gidheitermibhba 1684, t he

term nati ortion 106a of the inal 102a. The terminatin i ons
106a, 106862808 he TiBb earahHe 2 TaPs atomoRs, lEmiiag Se 10be

confi gyreqdobp d¥ahe AGHEE 104D RMBoME §EcoTiiCterdinal (i 04 I TRO Fdtirlgl or
exanple, a Printed Grcuit Board (PCB)). The term nating portions 106a,

106b, 108@ortiebl tass pddbi idRg, ii2buefdhederminals hg2anti@2h.oT4a, 110Ab, are09a,

109b wheregby t t.erm nati : 7b_.of .t he rmonals 102a,, 102b of
the fi rst?&err'“r%lﬂﬁgltgpgicr ﬁ‘&)&}g F g{gﬂg?é%'%ﬂ ﬁ%rtcﬁea tl'Fé? rﬁ%@['?ﬂgg%%sc? r09°§, 10
109b of t khowerim Figl 8al GHa mafidd polrtidrite 19880Md0b eirgi slshg@ai whéfhs thee
mating portions 110a, 110b, 112a, 112b of the term nals 102a, 102b, 104a,
104b are MertingaPPRigNs ol Kac ohitite remaaeyatecand fesiligndi (wie mudtiple durabidivt ri cal
connegt or . @@sfhown in Fig. 8a, the mating portions 110a, 110b are el ongate
wher eas t K& haf | ng portions 112a, 112b are arcuate and resilient (with

mul tiple durability 15cycles). As shown in Fig. 8a, for each terminal pair

102, 104, the step portjons 114a, 114b, 116 116b of the term nals 102a,
102b, 1044&'S SN W&%ég-oé%ffgf @rﬂC%ht@ir PR Ray ?‘P%ai%ttﬁ@ Hep Rartions 114a,

| ongi t udi RalypPrakhl esepdbf s SfEmieRgt bl f§eagn i
| engt hs. Al'so, each ground sﬁi el d 122 TG;Z ar ranged@t% Eg‘?‘?ﬁg I ydgﬁ?é?td t he
term nal heiihes totreabe theddiffeeart lorgitidizdl pafiles, diigrent Gehgtivs and differantes.

20  electrical lengths. Also, each ground shield 122 is arranged to partially shield

the terminal bodies of the adjacent terminal pairs 102, 104 it interleaves.

Figs. 3a and 3b respectively illustrate views of a first portion of the electrical

connector 100 from the direction ‘B’ in Fig. 1a without and with the plurality of

25 terminal pairs 102, 104, and Fig. 3c is a magnified view of the portion X' of Fig.
3a. Figs. 4a and 4b respectively illustrate vieWs of the first portion of the
electrical connector 100 from the direction ‘C’ in Fig. 1a without and with the
plurality of terminal pairs 102, 104, and Fig. 4c is a magnified view of the portion

Y’ of Fig. 4a.

As shown in Figs. 3a, 3b, 4a and 4b, the housing 126 comprises first walls 129, -

149 and second walls 115, 145. The first walls 129, 149 interleave adjacent



Figs. 3a and 3b respectively illustrate views of a first portion of the

el ectfical connector 100 fromthe direction "B in Fig. la without and with
the plurality of 75 term' nal pairs 102, 104, and Fig. 3c is a magnified
view of the portion 'X of Fig. 3a. Figs. 4a and 4b respectively illustrate
vi.ews of the first portion of the elecjsical connector 100 fromthe
direction '"C in Fig. la without and wwth the plurality of term nal pairs

102, 104, and..Fi | f Y the portion 'Y 4a. 30
15 retent( nng%ﬁ%ngelisléga”??gh g(%) fﬁz‘é{bo?ifs feit%nt!ﬁ” ?*@’EWJ?? Mg%hannel s
118a, 118h1882020a,1200h WHIFEAS thd 8o SHP MIINa] 155 134355,mtéﬂéavé BhER | RAvEr each
pair of retention ‘channel s 118a, 118b, 120a, 120b an d nei ghbouri ng

ret ent i onreteRtien schameals| dilda, tHSbgr ﬂ)@ﬂ@t sH08 dand 2aeigEbotringt retentiom
channel 1 b e en on of the first walls
129, 149 ai'iég"%enrg %?178 O'&ag 092’\%3?%’ Shi‘l S ﬁzz?geé%@? é‘?ﬁef‘ ni5apRel fA8Ri fi ed

views ®f thebpadls mOtrstfenheerbecwv@emeln@ ofltﬂaganrstlwgh)smgomg 230rRf o1 9. 3c
and 4c, the one of the first walls 129, 149 of each 10 retention channel

118a, 118He 3e99ad wallsy18onifiG ses first gaps 119a, 119b, 121a, 121b wher eas
the one of the second walls 115, 145 of the retention channel 118a, 118D,
120a, 120b conprises second gaps 125a, 125b, 127a, 127b. The first and
second gaﬁ@fentiﬁg to thebmagidfied viEbof thelpairsl 2f keted@orachadis @reai m18be form

t f to th fied f th f
Ot ont 1 onJORAnASPR a1, 5. "0 g RCEIR O35, STRES vt Wl ittt of Bgine! <
118a, 13 18ketbhtiot fch@hn t‘IWSéeﬁﬁ’gBt 199&1 qubb%g?ﬁ{)rlﬁgzhhétregé(ﬁet ot éé,f%ﬁ) tive

first gaps 119a, 119b overlap at least partially wt 'ese :
first gap§21a,9é21t11\&lber@|ae thiei gnedfathengecdrel aalisof 14,hed5 26 therstentinl s 129

interl eaV| channel s 118a,, 118b. m' ri
referring B%n GH %ag ﬁ da;faevdﬁg’ CRTPHSPY SSCORE: $3RS dA h&%&él iZZ%’Oa
120b i n Fitg7b4Thetfitet pAd rse@bnd Rt 1 10h, chEoWe 541 2080, 4204, '1§19fﬁ§¢é wi th
respect to each other such that the respective first gaps 121a, 12

overl ap afl2yase inpthetfoaniof reftengelae Baesher . These first gaps 121a, 121b are
al so i gned along the one of 25the first walls 149 interleaving the pair
of retention channels 120a, 120b.

Referring to the magnified view of the pair of retention channels 118a, 118b in

Fig. 3¢, the pair of retention channels 118a, 118b is offset with respect to each
other such that the respective first gaps 118a, 119b overlap at least partially
with each other. These first gaps 119a, 119b are aligned along the one of the
20  first walls 129 interleaving the pair of retention channels 118a, 118b. Similarly,
referring to the magnified view of the pair of retention channels 120a, 120b in
Fig. 4c, the pair of retention channels 120a, 120b is offset with respect to each
other such that the respective first gaps 121a, 121b overlap at least partially

with each other. These first gaps 121a, 121b are also aligned along the one of
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the first walls 149 interleaving the pair of retention channels 120a, 120b.

The terminals 102a, 102b, 104a, 104b are coupled to the respective retention
channels 118a, 118b, 120a, 120b by engaging the wing elements 105a, 105b,
111a, 111b of the terminals 102a, 102b, 104a, 104b with the first and second

30 gaps 119a, 125a, 119b, 125b, 121a, 127a, 121b, 127b of the respective
retention channels 118a, 118b, 120a, 120b. More specifically, the wing

" elements 105a, 105b, 111a, 111b of the terminals 102a, 102b, 104a, 104b are



The term nals 102a, 102b, 104a, 104b are coupled to the respective
retention channels 118a, 118b, 120a, 120b by engagi ng the wing el enents
105a, 105b, 111a, 111b of the term nals 102a, 102b, 104a, 104b with the
first and second 30 gaps 119a, 125a, 119b, 125b, 121a, 127a, 121b, 127b of
the respective retention channels 118a,,,118b, 120a, 120b. More
specifically, the wing el enents 105a, féSb, 111a, 111b of the termnals

102a, 102b, 104a, 104b_are 16 slotted into the first and second gaps 119a,
125a, 119171t H}toltgfaf'rsgﬁg,sq_w, 93Py 512 t o & 90e 1200, r&lenti2da.

channel s 18, 1LiB0ef }i?é)ﬁ‘esﬂe?&ibet@t&ﬁﬂﬂggpénqﬁggmﬁg‘t‘%bﬂ@a,]‘%% tq}oig’

104b wth the respective retention chann
shown i n Eingsge3theatermihalst Hi2a, et0Rmall 844,0284b Migth toé rebpedtivies tetertion nal

pair 102 are partjagl u [ he respective retention channels 118a,
118b mheré%?nﬁﬁé'tg#hﬁﬂggs?§@%§%0%04b of the second termnal pair 104 are
partiakly housed in the respective retention channels 120a, 120b. To

el aborate, while the 10 mati ng portions 110a, 110b, 112a, 112b and the step
portions ZFighown Ap Figsi 64 and b, thie terminale #0Ral $02i024 thel Hizh terb@inal, pdiD4b ar e

conpl etel Yy i he. r ective retention channels 118a, 8b 20a,
2505, “har MBI M FRHLIN SRS e RABR e

ter m nal s Wittead e eresinalst Hi4de 104 dfetppagidond teehipal bain 10aasReb sridhBa,
118b, 120a, 120b to allow 15 soldering of the electrical connector 100 to

a circuit NSosed.In Threreppsghe sieelionschannels d 28ps 520k ka alabgrateuwbte the t he

e Ay GO RhTR 08! 5108 7112493 120% 48 1nd i@l hatflodd 113k Ay8pnoe 2"

electrical co ctor assenbl S’ use 0 connec WO Clrc I ds
602, 604 tlddet He6bsaf thbaermsinglsal 02a, ar(sld, skdden 12@b ket Veermpletedy hvQséd freui t

boards 60 604 may be perfornmed. The el ectrical connector assenbly 600

conpri ses%gef f?ssﬂecéY%c'EeE?%%” cr}gﬁﬁ‘é‘@[]soﬂﬁ?’t Aé8Por'dlss 1#@b.eipael afcie

connect or 3QRinaf SrEsNd oghLeqloshC aloaso t Wi hgoexagt Ly the

sane as (i.e. idﬁe,%ta? cal to) the eP’ect rsi%](’:a co%ﬂé@%grmﬁ?gég— Ijlé%éx‘ggr {'és(s of the

second el evtsideathecteapecticy re@tian eclimwiggmat e, byt 8bhet 20mye1 204 ¢o eslioey 25

2? merl%s s%fc?e‘?’f?\tg Sk &iB&ntS! Sonntetor 105 18! lascipc%gtl bnoavéﬁdr[ 1(Ilhg g%t%é shlzeldsI nstead
122 are also partially housed in the respective retention members 117.

Figs. 6a-6¢, 7a and 7b illustrate how an electrical connector assembly 600 is
used to connect two circuit boards 602, 604 together so that signal transmission
20 between the two circuit boards 602, 604 may be performed. The electrical
connector assembly 600 comprises a first electrical connector in the form of the
electrical connector 100 and a second electrical connector 200 which is exactly
the same as (i.e. identical to) the electrical connector 100. Like parts of the

second electrical connector 200 are designated by the same reference
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numerals, except that the reference numerals begin with a digit “2” instead of
“1”.

The terminating portions 106a, 106b, 108a, 108b of the first electrical connector
100 are first soldered to respective solder pads of the first circuit board 602 so
30 that signals from the first circuit bbard 602 may be transmitted to the terminal
pairs 102,104. Note that the terminating portions 108a, 108b are not shown in

Figs. 6a — 6¢c, 7a or 7b. Likewise, the terminating portions (not shown in Figs.



The term nating portions 106a, 106b, 108a, 108b of the first electrical
~connector 100 are first soldered to respective solder pads of the first
circuit board 602 so 30 that signals fromthe first circuit board 602 may
be transmtted to the termnal pairs 102,104. Note that the term nating
partions 108a, 108b are not shown in Figs. 6a - 6¢c, 7a or 7b. Likew se, the
termnating portions (not shown in Figs. 17 6a-6c, 7a or 7b) of the second
el ectrica negt 0.are s re .respective der pads_ of the
socond o\ PR Gaadh 20aoF Hfe PRPHLTSISsTRCESilack 3B078fe RRSaGh b

el ect ri cakresppotiostsotder H3ds o2 @tk secorsheivsuitpedrt sdacie 8% same durfese/b, the
two el ectrical connectors 100, 200 are stacked together to formthe

el ectrical connector assenbly 600. In Figs. 6a and 6b, end views of the

el ectri cal t 0 eq@hr [ PR ' e
shown V\,herl%ﬁﬁ?ﬁéﬁgi@cgegﬁ%&gé@&e@&%1@?1’3@ gc%]rspg\évln oér?ﬁg’c egggségﬂ;enbl y
600 frdm g b, rtbethivoreléditicalrcofingctord 1108, 200wme sldtked tbhether ¢ k@eh the
configuration. of Fig. 6c and Fjg. , the termnals 102a, 102b, 104a, 104b
of the tef Crﬁ%‘Fa'p‘é‘?’?rée"’?‘UZ?Si@Ebg’f ﬁéﬁe lg| E&Sri%la%mec?'lﬂ vigwss fethd r anged
to mate WeldbtGodlr &R SR PN #rSmOthe AIrbEFRPPE NY Hi§! FhNdre Rdidwh Of the
second el ectrical connector 200 to formthe el ectrical Connector assenbly
15 600. Asvheseas &1 Eig.16¢, ahosnd viewrbhthe elactricat copoadter a88erably 60f) &sn230 of

t he seconﬂ%el ecttri c%.cgn«zgt.or 200 are respectively engaged with the hol es
130 and t esggféori THY 'St '%F‘E%‘fvpi cal connector 100 when in the stacked
configoaration. Furthernore, as nore clearly shown in Figs. 7a and 7b, when
the el ectrical connectors 100, 200 are mated together, the raised portions
of the 90In dhestrcked eondigpmtion2af Fig. Ghand diendb.ethectarmingls dé2aed08b, 200

are arran t t i Lh 3 0f .t fir el rical
connect or Q?g& Q&QQﬁ&ﬁhg t%BW\?%)'( p?ﬁ??@c?gs@g%% efer%rﬁr%iicgga%t&rﬁ n8f the
rai sed endreingeditbsmaglwih woriesgohdisgaenameats endsrrdSsorfing srniih&iSpairs ,
el ectrical _.connector 100, Simlarly, rai sedggorti ons of raised end el enents

131 of t h&f fiig secudeelerirical cemasiet A0 tolprmeharaledricalippmector asep@blit e wi t h

t he cencawgne NEE : trigal t ' nvex
surfaggs @gam%fsmt%ﬁ% cfr%alrlé/gﬁm por??g}'?g'? thf)ceé(?l ao:ég;gﬁgn deﬁgl(r%%n sot ?gﬁ%
abutting tskeordretectacalntsr@28®ro?0a laee sesmexdivelyeengagsd withnihecholes 218D

ht 606, of the el ectrical

Furt her, f i f ig. 6 i tack heij
cg:meg': or%‘gggiﬁ%{]@@%goﬁ@ Qfeﬁf%gﬁg&)élcglugpgf‘gﬁeé ﬁé—f?vb@é@%nf'ﬁr lﬂ??es‘ita@@nds of
the housi '&gﬁfi%@r@tiog.zﬁuﬁﬂ\@rﬂ%r@, Bttt Pdarhendl SHFRR! 7and 75 Wh&FtHd cal

connectors 100, 20
electrical connectors 100, 200 are mated together, the raised portions of the

20  raised end elements 231 of the second electrical connector 200 are arranged to
cooperate with concave ends 133 of the first electrical connector 100, with the
convex surfaces 231a of the raised portions of the raised end elements 231
abutting the concave ends 133 of the first electrical connector 100. Similarly,
raised portions of raised end elements 131 of the first electrical connector 100

25 are arranged to cooperate with the concave ends 233 of the second electrical
connector 200, with convex surfaces 131a of the raised portions of the raised
end elements 131 abutting the concave ends 233 of the second electrical
connector 200. Further, referring to Fig. 6b, a maximum stack height 606 of the
electrical connector assembly 600 is defined as é distance between furthest

30  ends of the housings 126, 226 along a height of the mated pair of the electrical

connectors 100, 200.



18 Fig. 10a illustrates side views of the electrical connectors 100, 200
fromthe direction 'F in Fig. 7a whereas Fig. 10b illustrates a side view
of the electrical connector assenbly 600 fromthe direction "G in Fig. 7b.
5Referring to Figs. 10a and 10b, the electrical connector 100 has a first
maxi mum hei ght 103 of 'B'. Simlarly, {he second electrical connector. 200,
being exactly the sanme as the electrical connector 100 has a second maxi num
hei ght or b e r 0 200
are mat ed%t%gﬁ?%gﬁ% ij e glg%v\gé%uwg‘c%egé EA gc}onb %giorrgﬂsrb@dggﬁdﬁgﬂﬂegrr’%sents 131
of the 1ldiretémt A dalFig.ornedicoeas 6. ardb Mushaiged slealioiv dhibiecsiacimical ends
233 of the second electrical connector 200 whereas the convex surfaces 23la
of the rai‘SBReERbAgANRED0Namhe difectier fAdndiigcti cal connector 200 are
arranged to abut the concave ends 133 of the electrical connector 100 (the
| atter not shown in Figs. 10a and 10b). In other words, the electrical
connect or Refding20d FEge. 1058 amtledObn the nelet‘,tr'utat(mfringutmt 100. h#ds a firstsul t,

t he ﬁHXIﬁUﬁ]StaCk he 6 e el,ectric conne tor a 600 as
Shown " R Ghands 8P ety U kot b SRRE e i 200, Pethen o5 and
second MRxiEH ﬂﬁé‘ SHHhé ae th8’ e)ectﬁéﬁltd@ﬂhéﬁfo‘? 100asS8&aBsh ¢ h’fa%’rhhmbﬁé?ﬂt 604
conpri ses holes 804 and the posts 128 of the electrical connector 100 are

confi gur e®@ftB. éﬁtféﬁldlcmﬂdo@igwet, éhenotheselegicgbdomieatdrs Y @09 ariermated boar d

225 of T nioGfishdnel vk AT 321 87 o0l aPESHoR <l Frgeo’ T6a and

10b tooi rrwlent@callwnnbxctdafmmeﬁ@ AR to bl tRB ¢drdasbr@ids 283 of the
cross-sectional enlarged side view of the electrical 25 connector assenbly

600 wtho&@C@%vﬁ'ﬂ@t”F eCARNRSIAGLOP2whepeas dhe topnveKesdifacesl 2ébankicters 100,
200 in th‘?iggﬂ%ﬁdeﬂ H'sf x| oF HE s Jé@)nd'b@eét%gpcdr{he':c't -ofPar e?ﬁgnr%ﬁfg nal

pair 102 r| ca connect or is conti gure wth a

conpl enentabuy theecomozak graisr 132041 thaldeofricaheorndatore! G tthi datterceatrgoingr 200
shoul d be appreci at ed t hat

t [ 1 | t | | t
when the i iiaat S inphE meRsoth wﬁbeqtgcglrﬁme@a»rstmfaops@re
termnal pRiE43A% ﬁé’éf@&'c%hﬂ@u%bh”gépé)?éé&tn?hé wpﬁﬂrpgta%f( B

el ectrical connector 200 is arranged to mate Wt e second Termnal pair
104 of théhe |etes:1tr|cal eohnéctal asdOMbynBRR ershb®d imalvignd Obhie afemt Bhgvipcr s ons
112a, 112 ew se e.second termnal, pair 204 having nmati ng t| ons
212a, 2120°%% D 8 Chuha ob T et OB g tsﬁFoﬁéofﬂaé"’HP’r“a ol fde with
the first Figmerate, RBE lsetBRd MCUNDOHRE 608 BSHpHEES hélb@aaodéﬂa tRé pgoies first
el ectrical connector 100. The mating is achieved 5 via the mating portions

110a, 110028afthe eecthcaliagrmeciar2t)0 and gonfigwed thextérd thnoegh dbe diotamn i n

connedlor S8 8838 SriT 864 §PEnRendhe sididiaitRingaaRn ol 210 Bl e
term nal paated. Mo tHd4he Hddts 208 dﬂtﬁ@séec@ﬁmléléétﬂbéﬂ ydreiectdre2t aed hoeal

connectors 100, 200 are nested togeth
shown'in Figs. 10a and 10b to lmDrove clarlty of these figures.

Fig. 8b illustrates a cross-sectional enlarged side view of the electrical
connector assembly 600 without showing the housings 126, 226 of the electrical
connectors 100, 200 in the direction “HH" of Fig. 7b. As shown in Fig. 8b, each

terminal pair 102, 104 of the electrical connector 100 is configured to mate with
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a complementary terminal pair 204, 202 of the like electrical connector 200 to
allow electrical signal transmission. It should be appreciated that when the
30 second electrical con.nector 200 is inverted, the first terminal pair 202
comprising mating portions 210a, 210b of_the second electrical connector 200 is

arranged to mate with the second terminal pair 104 of the first electrical



10 As nentioned earlier, the termnals 102a, 102b of the first term nal
pair 102 of the electrical connector 100 have different first and second

el ectrical lengths whereas the terminals 104a, 104b of the. second term nal
pair 104 of the electrical connector 100 have different third and fourth
el.ectrical lengths. 15 Simlarly, terpynals 202a, 202b of a first term nal
pair 202 of the electrical connector 2 respectively have the first and

d el | 0 f d ‘m nal
oo v 204 SPPPRESL 0B BeURe BT RBE0 POIER: Su58c ciiaBi L eeSk e BRrens and
fourth el estihglapair ex0at Rsving wEtm@Tpdrtiend PASh Q'T'thcﬂ' the é';"éd%?ﬂdr%l%@{rlclaﬁngt hs

is substantially the sane as a sumof the second fourt ectri cal
| engt hs. TFRBNEEPHROQ i gfranoealte ynataavitaths' fl!‘ﬁét@mnsaluwm QZ)haﬁag nodtirtg a

di fferenc third e engt hs,, .and t he
sum of th?o?&cr{grr:@%?@fgur?ﬁei cettl?‘?}dg?l qoéWSFﬁg 1%2) H@?én?t‘&qgn'%@'éhqmef ore,
t he mased vizethe mahting QRations 11043,110822and 2073, 1202b19m6l 2948, 2308b and
204b of the %I ectrical connector assenbl 600 have substantiall y sane

el ect ri calFUntp§MergytassShawn én Sie 8l .tbalgrgwntl ishilde 482, 2RA10f dhe dingti ared
el ectri Calseb@ﬁtgtéle&hcﬁlh%gﬁﬁé&grst 0@l St %r%ogﬁaﬁ@éjq ]tgeng%ﬁi; tt}eo%gdﬁ nd,204a)

respectively having t I'rst an third electri ntlaIIy
t he sane @deScmfrthermdteeil tecmrnat@lalrbelrﬁljl,HOGf 20Re 204 tahdlostecathpieltsly 2n and
104b (or 02bI aF esp,Eon §n¥ havi n the second and fourth
el ectri cal¥ &RGt" ors redigsiediggethersp here is used to mean
that aodifference |n the el ectrical Iengt hs of the mated term nals 202a and
104a, 102a and 204a, 202b and 104b, 102b and 204b is less than 5% 20 It
shoul d al ¥ mentiphed eadieedthehterminads t162ai ﬁaﬂls of @2e firstGaiminaDpair 10R4bf of

ctri connector 100 e different

. h t I 4 h

Fg(r:tgl tﬁ(r:lr]rtta béﬁég':"éqlesogigﬁﬁpqr Qb@ﬁ?néaﬁgr% 53t ﬁ@%bsec%gfa?][e%ﬁ '@F’gg’é&h
terninal  paiereddhe 2@4mifals W@Aﬂa‘ KA o UthbCabodrRNeRiAg . pap T Gfditldf et ent
| ongi tudinal profiles. 5 However, the conbined | ongitu profiles of the

mat ed t er Sl9siNGAl 2eonnaster 1692 have2diffierent2 thivd aE@iZliOlaml aleatmpallcb@ngtaad 204b

Cubst hti ST OE SRR Aoe R bl 30 Ryl cep PR ol Mo 08ehli 0.,

102a and Eannectaﬂzmaesbekﬁﬁbl,y tﬂaﬁz%bth@rfﬁsﬁﬁﬂ@sea'dihcﬁele%trmﬁé thahvh¥reas
advant ageg{ﬂ%m nce the different 10 longitudinal profiles (or electrical

| engt hs) nals g4, 14045 ¢ 3 isegone teimiaagpaly 2040t berelagricabeernetor, 104 i n
d t | 0 th

ol et 11 oaPPddBSotctfict) BavOind firfaf bLAR EANAATERIETR DR SThedST Lo,

t he conbi med ﬂplrd)éleloamatimbs suhdistaritiadl ltye same @3 asum ofdhel stghisandahi ch

i | | ect | t 100, 200 15

cont s g ol Pl depiellienths. dede e Guisstentalli bR esam diere e Upedre marre o

the mati nehA Ei'ff@F@nclal@athe]slﬂ%bof P frst 2hAnRY etlélﬁnéﬁrlé'h ﬂgsaﬂt@fﬁe §é - end

204a, 204b all ow conpressive contact between the mated erm nal's
104a, 102af tedsenong, arzi)fz:blrt@raieqtoa@ lengthis istess20ab 5% 0Fiayefdse, thielmatedat es

t he mat ed a, n e electrical
connect or tééﬁé@%g%g%@ﬁ igé ﬁﬂtp ?8% gofh)a@ rt@‘lbpoqutrgt grd g %élt?a@fg of
the di ffettﬁéﬂteléd:tn@algmhﬁe%ﬂ§§§erﬁblg 600 Ihtabélsgu@étsﬁnélﬁ sa‘ﬁrteedeléat I”a' S
202b and 104b, and 102b and 204b of "the el ectrical connector asse

whi ch2ar elengifts. JVipea specifigallyy ttmégaeaw t@atgaaqommmed ledeatiiga dergthi of ti‘@l gnal s.
As 25 nmen t h th t.erm nal s
2024 and THIRC (B0ds 2R ARI088 & A piBo04A] Bebelhaly BalBodhe gfE e
el ect ri cabnd ehigt t'el@cftrlt:élleienigthsdlst ﬁjtfﬁtékwlailth(%bsé’fﬁd D4 bedribind 2e@Rda204b) .
I n ot her 1%0991 n electrical Ien(g the positive signals travel along is
subst ant i NSD PhEI Fited dernina|sced2t aar 1(8‘%{%’ 14RP AegaA04be resrpndivelyt ravel
al ong. having the second and fourth electrical lengths. Again, “substantially same”

30 here is used to mean that a difference in the electrical lengths of the mated

terminals 202a and 104a, 102a and 204a, 202b and 104b, 102b and 204b is

less than 5%.



30 21 pair 102, 104 of the el ectrical connector 100 has an i npedance

m smatch of at |east 10% In other words, the inpedance nismatch between
the term nals 102a, 102b of the first term nal pair 102 and the inpedance
m smat ch between the term nals 104a, 104b of the second term nal pair 104
are both at |least 10% 5 The sane appl%ﬁs for each termnal pair 202, 204
of the Iike electrical connector 200. e i npedance m smatch may be reduced
via matin f e electrical .connector 100 and.th | k lectric

connect or HZQ%@:UE({I/B\SB téepgepr]ep@é@cf&a?ﬁlﬂ% 1RRRIA 3 ﬁghbi i@%"i @ﬂ_rb ‘&fg?ﬁ%‘ct or
100 and t hanlihdiepAt €02 1 1AL GRNEI8ERE] 89@né&§m@o‘i hale %if@reﬁgﬂohbbfu&fwalﬁat ed

termnal pairs 102a and 204a, 102b and 204b, 10 104a and 202a, “and 104b and
202b wher iffiles@ndnifiecierminals 2RRapa0rbil@P4aana4t? @f machomimal EO4B02,104a

and 202a, d 4 d n.Jnp ce m tch of .l ess,than about
5% This er@%n%fl?“h%'ﬁ?@@ﬁ%@ﬁ%ﬁeﬁeﬁﬁ%nﬁﬁ'@ﬂﬂaov& SretinloNalb GRS EPRTAST s 104a
and 202a, H@mvrehethmc@dbtreﬁmbnglt@diaaanEr@fn@ls 30 % insatb@Sterrhihals 2024 tane %
Simlarly, the inpedance 15 tch between the mated term nals 102a and

204a, and'Pf@ [@edaner AP EOEH%nanaoabmoze reds2pfanofaeeit elgotricahi s
e bnheubRRELRAASY TBeTeielcbRigiied! o | deald hOMALEERIO" salle . |

i rrpedances are neasured using a Tine mal n ectone

i s a freqekctical lsegths odlthd aratew dsuminaty 2082 dadd@d)n, 10Demridh204d4, €x02bi cal
i the like electrical connector 200, only one

0] i ) \
oo Cr i nag o Bop R 204k +his s PRSIl SO aaess, Sineedhe Sots o canh
of it te[ghghabimal Brs esl(@téflt?éetg@agg%%) biasie! HsfetbitiiG iﬁia{rfyéﬁ 'iGr}gﬁ]f?%r d,

il
whereas the other end is a ch 1s not electrrcal nat ed.
The sane tgiplinagpdirsr13516he didee terediuad thel sizooithet alect®ol. cddmeetoer1,00when

the el ectrical .connector 00,, 200 ar.e ed with each other, hoth ends of
each tgarn1aH |ye1t0\ﬁg,enitb§be,s1feltﬂggl’ C%%‘Etoéggb, |52%¥|§8I,<ecgdyﬂ ,.aggﬁpraggctncal

el ectri cabbind@br 70U, etheSidapmind® Hrcfifesendsatel stib&ah8aI Nainse 1828&ricA02b,
104a, 104b of the electrical connector 100 are mated wth the free ends of

t he ter i lenghsowhichoisapartiopiady ysseiul it thenelerirical eparestprsall 080 266narect or

2 & . ' , ,
oo B8 S e Rt oh e L 0RbEHOR tnd Biert 45 1d Wt 2
way, it . hasrtlesnt f2ayrtd2bhat 24 et dopetheneemingsmosh, teiyvemadt keaprilled 27

term nals 102a and 204a, 102b and 204b, 104a and 202a, and 104b and 202b is
| ower t haROTRESSSYR GRSt bebvesn thediajednterminalePRvaany 104a, 188218nd104a,

104b, 2023942072Mah 3@?204@94@2&%@%%””‘ nal pair 102, 104, 202, 204,

whi ch is unpredicta

20  Fig. 5a illustrates the mated terminals 202a and 104a, and 102a and 204a of
the electrical connector assembly 600 which are configured to carry positive
signals of the differential signals whereas Fig. 5b illustrates the mated terminals
202b and 104b, and 102b and 204b of the electrical connector assembly 600

which are configured to carry negative signals of the differential signals. As
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mentioned above, a combined electrical length of the mated terminals 202a and
104a (or 102a and 204a) is substantially the same as a combined electrical
length of the mated terminals 202b and 104b (or 102b and 204b). In other
words, an electrical length the positive signals travel along is substantially the
same as an electrical length the negative signals travel along.

30

When the electrical connector 100 and the like electrical connector 200 are

separate (i.e. not mated with each other), it has been found thaf each terminal



It should be appreciated that the described enbodiment is particularly
advant'ageous. Wth the described enbodinent, it is possible to manufacture
the electrical connector 100 with a pitch of |ess than or equal to 0.5mm
and a stack height 101 (as shown in Fig. la) of less than or equal to 4mm
In fact, the 10 electrical connector 190 is able to be manufactured with a
stack height 101 of less than or equal to 1nm Such a | ow stack hei ght

For i mal oPabIt? Thaict g R0 LR 108 643 Bh oK, A malen &t o
transm sslewst of0%. fmakiser Wosds, thieeMmpddartleentismealh eefiwesH tie 18Phinaismat ed

wth a li ke el ectrical connector, the maxi num 15 stack hei ght of the mated
pair is afl03Bs{02hAf thenfirsbiasptinglRair 404 786tthe iImpedpscarssmalahebetwasa

manuf act el 184 9PAA0B Blo ALodRELBITLEY ALY odHTh R hoorany

drives manufactured by severa ave significant
space f£onFheaantes applidshiot bechbermmnabpmr a0 0204 dategdlikt aebBicansonriditor

| ect I t 00 is.able to overco ch space constraints. 20 The
el ectrica éog,g]ec or gEC%(g p @8

above- mentP NGRsMEM2E B1YcPeire Vi dhaling 66 the elegificavabl e

because t Bgngbast r1'0©abn60ﬂﬁﬁeﬁlf<é>relé9tﬁc§|0%Bﬁhé&ér tzﬁerom meré Q@mca@ﬂ)%ﬁ 104a,
104b of different (r;&:]étudl nal profiles and different |engths 1 n each

t er m nal mtrnglofzthel ctmlscwrmntqrew@lemd ihe ilike ehecmcahngnnq:tohéoo

termnal s_102a,. 25 4b .and t hu enab zat | of space
0 the el BEteCa @ obtrAly: & mated g PR arer 02 Eovar theb b 8PS

over | gppi ng4seirenko2a shanoabsadd 3@2bW88rebd28ash #2bd ft@fm.h@lUﬁémotzlae
respective termnals 102a, 102b, 104a, 104b. Therefore, the different

| ongi t udi AAA 3044, 182D aand BG4ter d0da | ansh02aofanchel Gdér ﬁnda2@2tw@@ ano2b,

104a, 104 p h_of trical
comnect o MpgeAtest R AKECor (B Aah b R % PIhmilant 1RoP B Fiadddiie

di f f er ent nmiiematdrs betwedre ther mhatetis t<r@AAals 100ka 3Rda202194bnef then rherd to
different: el ectrl cal lengths between the term nals 102a 102b, 104a, 104b

in each t&minas HL 8119*220?:64'8 iasssthan elert 5&adSimBady, theginredance in t he
di ffefent hﬂém%’t&”%e&vééﬁrfh%d teEh?erPrﬁﬁé'i‘e.n%?a 133&@&% ﬁegfess rf,%feéla and

t hus, suc eature 1s generally not encouraged. ver
el ect ri caterounalect!f2b 186d i 204bnfs desedhan shovet vB%h TBhibi k&prek/emblh't cial

connector . such that.the tﬁd :tﬁ()arm' | s. have the sane el ectrical |engths.
This thus' 'BQ@‘?W'SFP‘@CEE% e 8Wf'79rﬁeﬁ§°8ffsets in the differential
signals. 10

The impedances are measured using a Time Domain Reflectometer (TDR)
20  (which is a frequently used tool for measuring impedances). When the electrical
connector 100 is not mated with the like electrical connector 200, only one end
(in particular, the terminating portion 106a, 106b, 108a, 108b) of each of its
terminals 102a, 102b, 104a, 104b is soldered to a circuit board, whereas the

other end is a free-end which is not electrically terminated. The same applies for
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the like electrical connector 200. However, when the electrical connectors 100,
200 are mated with each other, both ends of each terminal 102a, 102b, 104z,
104b, 202a, 202b, 204a, 204b are electrically terminated since the free ends of
the terminals 102a, 102b, 104a, 104b of the electrical connector 100 are mated
with the free ends of the terminals 204a, 204b, 202a, 202b of the like electrical
30 connector 200 whereas the other ends of the terminals 102a, 102b, 104a, 104b,
202a, 202b, 204a, 204b are soldered to the respective circuit boards. In this

way, it has been found that the impedance mismatch between the mated



Furt hernore, each term nal 102a, 102b, 104a, 104b of the electrical
connector 100 conprises a step portion 114a, 114b, 116a, 116b. This step
portion 1l14a, 114b, 116a, 116b is useful as its height can be varied to
achieve the difference in the longitudinal profiles, Iengths and el ectrical
| engths of the termnals 102a, 15102b,,5,104a, 104b of each term nal pair
102, 104. In addltlon due to the reductlon i n space reqU|red by the

ternlnals 102a 1 1 I i 104 und
Lhi ol 4o St 02 rﬁﬁﬂ%? f@ﬁw%‘?ﬁaﬁaﬁﬁéaﬂ@ %@" %R/ 3Bt 2928 Lded
in the el %qbweﬁa{arpm@nm;dearan&@%usmawﬁbgm@mhéheﬁh.ﬁalslﬂﬂzéﬁqlombt go4gduce
the ampbunt of cross-talk, in other words, prOV|de a high cross-talk

per f or mand@4b.;¥12a, 282b, hde a2ftx eireashdtermingl pairt 108, éafra%%%t2Q4eMrﬁl¢fhlS pairs
102, 104 pﬁére%?ct Eanged nearer to each other, hence further reducing the
: pitch of Sl BetFi cal connector 100. Further nore, the reduction in both
near ehd and far end cross-talk by the 25 ground shields 122 al so

elim natef -;tﬁge ne d for row shields i.e, shields interleaving the two

paral | el 0@@_4 e 130R5eERte % firhalhepAlassineg, emped iR dS o PaBieuial]
connect or 5¢hta ﬁhﬁ LA @RUBLEGB SN EBE A, o is! BEsbIECH IEALr£ARREC! OF
100 is thereforé able to achieve superior performance for S|gna s In the
GHz frequirecglectivge candedtsr dbDewitroavpitdn afsleas Hhai-os peed! & 6cimincand a0

connector jn, the ran Thi to be used in_many drives
ranuf act up B e R @s S B eise Tar phlesuiten o RRVRHOMEM diGuiEd ¢ o
wor k@ hb%tr&%?%@ﬁnéétgf mamtﬁe ttbedmaalichabd With 8@18ER height 101 of
Furthernore, the electrical connector 100 uses an edge- coupled desi gn

wher eby t lnsstthamion gqyalioobmmi @ush a e stacbieight adavss thedengths (@ad thus02, 104

are edge-¢ IS - | desian_in as th Fur e.areas of
the cont adeungliet, PRElA T IaRE bhEhd B hRalec P85 o sl A OB 168751 1 e
5 el ectri egducednnAeieakink0 thé nsheedpf ari¥mis¥iohebflsiia3s.Oflsd, | wkenelhect ri cal
connector when the electrical connectors are nmated together. Furthernore,
because tﬁl,ecér!c@étcpneawoedﬁﬁe&mteq(mth 3 likerelagiieadrannectaidtha a@xabur@ with a
i ke ec C o) ly in a
st ack%con%fdé:g%a' Brfn {) ?Fnﬁsﬁ?ﬁr’gaﬁ‘h&eﬁﬁéﬁ %Ircl:sor} % ical “to the
el ectri calalsooabiecttoobe Jzﬁﬁmhﬂabtdnadlvmgu di ditresrsidn beiagmest (dram eyagphen. in '

st eps of be mass manufactured for use jn electrical caonnector
assenbl i eg‘—'l'irg/rqllﬁg nys Vet m@@t‘%’#%ﬁa BYesgyerahaplis statp dgve geakersiavey, a |

hei ght of stﬁﬁlc%h?%baEQrUdn%%ﬁ% Oxw.th%@egbé%- tbhk& rBS&E%dP iehlibfis,

el ectrical “15 connectors nay be adapted or chosen to match the technical

r equi r enetheselettricabcehreaton te0 iscabiade beercasse sttty sfgcenconistpirtad mat chi ng

el ectrjcal connectors of different heights. For exanple, electrical
connettor assenblies requiring maxi mum hei ghts of 2mm 2.5nm and 3mm nay be
respectivehg faHoveChnBiticRdd NEinteMsicHechl | ol QePRest Ushriekict arlo Ngleght

1mm an electrical connector of 20 stack height Immwth an el ectri cal
connect or a@hleyablekbﬁ@&u@ﬂ the miegtriealdcenreaivre JOPI eempissm detraing!sofl08a,ack

manuf act un CAPWE TS (9EE61 GRERSRUBHS Rl Sl orRlafcind BERed, RGeS m oo,

connect or t@lﬁﬁngrpalfr h03, M0y, PieisNoedeY fleRibilRy aimatangihgathel teemires 3028, hei ght
of the el ectrl cal connector 100. This all ows nass production of the

el ect #9 call08Bnr8deor'94br and fthes e ahablesgpptimizatien ofaspans jin tthe relgcicieal
manuf act ur, bﬂﬂ%&ﬁﬁﬁéo IEbrg%xarprgle it Hholvs tHS WUsBl S dveRHbpiRgBleHIRALHANRIN

el ectrical
118a, 118b, 120a 120b for housing the respective terminals 102a, 102b, 104a,
104b. Therefore, the different longitudinal profiles and different lengths of the
terminals 102a, 102b, 104a, 104b helps to reduce the profile and pitch of the

30 electrical connector 100.



el ectrical connector assenbly 600. In particular, Fig. 12 illustrates a

Ti me 30Domai n Refl ectometer (TDR) plot of the electrical connector assenbly
600. This plot is obtained using a TDR operating with a 100ps (20% - 80%
rise time. 25 Through the TDR, the electrical connector is found to have a
diifferential inpedance of 100 15Q Figs. 13a and 13b respectively
illustrate plots showing return loss and insertion 5 loss (IL) of the

el ectrical, connec sse ainst fre nc s of t na

carried bi}/'lot\'f?eveél b@tq %@nntd@tg&ngigé%fg%%pg ﬁlﬁ/\?f]t?‘ﬁ P’B'nai%a t he
singl e endedar e02b n1b4)§s1©412b)‘teﬂflebbQoedilﬁéﬁédtce%ctﬁ@é‘lnl%‘ﬁbﬂfs BEGRIEN 1heB00 1S
- 12dB at about 6CGHz whereas the differential return | 0Ss (SDD21) is -6dB

at about &TRENalasI GAee\iiP2bn 10, 194b in teashstienginal @aireti02,n5e4.t Thia ihdem (S21)

of the 10 r t..ab er eas
Che o f ol Rt tiiftly GOS0 3@%%@%‘ SifalSoarfiel ol B it gkt |
assenmbby 600Qbj S104a0 ﬁ’!i% Aridakuy, §6dir.a Fegisire Jqéag@rﬁ‘&aﬂﬁbwdteéﬁ@@@ﬁapé
illustrate plots show ng differential near end and 15 differential far end

cross tal Keyeripgless; &g ﬁ'%‘é[’ci‘}o?ﬁfélﬁqtﬁr 168 iageamiigured dgueate sdthop likee
signal s C%[efdtr‘?@al%rﬁw'%%tcﬁ' SEH '”i% th%gg{bg&a Qkr dﬁﬁgis ﬁavéhﬁ@“sérﬁe%ngémcéﬁa and

14b, the electrical connector cross-tal rnmance

Fig. 14a, lertgticankaetmeeoverbameshbethcbtblerreohheltimmgrofﬁsetﬂs wmesdlffexlelntlan‘ the
el ectrical_. nector assenbly 600 is |less than -25dB up to about 6GHz

wher eas tﬁlé;J gsdlfferenti al far end cross talk of the electrical connector
assenmphy 600 is less than -20dB up to about 6GHz. Fig. 15 illustrates an

eye pattern of the electrical connector assenbly 600 when it is configured
to carry §|ugth§rr§om, sehdanningl 462andi0225T0ka, dé¥iir dbithe elebidaheonnetioul d not

be constr imtative. For m. St p ns 1l14a 4b of
the fi rstqﬁgr %ﬁ%lseﬁa"fl SR RoYRR ﬁ%a 1][&%’ 63%@ ﬁgblﬁé ;eﬂf%’r%‘?ﬁ 13{ 8second
term nal payb, 198 aB1 6 RWsSIRIrSs &4 B8IgHY ckA U GarieRtdRuhibak th el iffrepsre
forms, and the el ectrical connectors to be stacked together may al so have

di fferent Iméhegmngltumélsérczéd@mﬂqewhara@du ¢iegicablesgthnofihgsterminals 96230 using
b €L JBPBELAE A0 PR e RaEHR) i, 1080, 1000, 3000 respecs Lvely
her maphroditic el ectrical connect ors 1002', 1004' and |like hermaphroditic
In addition, due to the reduction in space required by the terminals 102a, 102b,
104a, 104b of each terminal pair 102, 104, ground shields 122 interleaving
adjacent terminal pairs 102, 104 may be included in the electrical connector
20 100. These ground shields 122 help to reduce the amount of cross-talk, in other
words, provide a high cross-talk performance (both near end and far end).
Thus, the adjacent terminal pairs 102, 104 may be arranged nearer to each
other, hence further reducing the pitch of the electrical connéctor 100.

Furthermore, the reduction in both near end and far end cross-talk by the
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ground shields 122 also eliminates the need for row shields i.e. shields
interleaving the two paraliel rows 124a, 124b of terminal pairs 102, 104 in the
electrical connector 100. With the reduction in cross-talk, the electrical
connector 100 is therefore able to achieve superior performance for signals in
the GHz frequency range and is able to work as a high-speed electrical
30 connector in the Giga bits range. This allows it to be used in many drives
manufactured by several solid state drive makers which are configured to work -

at high speeds (for example, at a data rate of 6Gbps).



26 el ectrical connectors 1002", 1004". As shown in Figs. 9a - 9c, the like
el ectrical connectors 1002, 1004 (or 1002, 1004' or 1002", 1004") of each
el ectrical connector assenbly 1000 (or 1000' or 1000") are arranged to be
stacked together in a stack configuration. The electrical connectors 1002,

- 1Q04, 1002', 5 1004', 1002" and 1004" ajse like electrical connectors with
respect to the electrical connector 100. Furthernore, each el ectrical
connect or 04 092'....1004' 2'.1~,1004" has first set, of
F?ﬂpt%mé"%’i H?fl ‘%Ct”F&'O C%é‘“e o i1PQuilPehoaP d SPABIOLRIEM 9599 gs. 9a

termnals for cou to a respective c

- 9¢c) andwheseloptite s@inindlst102a, Naks, flodambiLh®f ithagimMal hairheo Dty
el ectrical connector 1004, 1002, 10 1004', 1002', 1004", 1002" in the

st ack conflYyEAaeicONPlethilfisepdgn-6aurlegriiasion icrrasesdhemuriaed aseaswbine he
o St _ iy | "
B gs.  Goftdcf" RSt pbfiter? MUl i0sE0 10280) 10440 1088 oG

1002", 5 10ecttizat ecanrddatore00s bed bemgidraentany permircild asf, acdkd bctridal 15

el ectrical connectors 1002, 1002', 1004 has a step height "A" whereas each
of the el 88[‘??&8[ ngﬁﬁé%?é@'ﬁﬁﬁf‘”ﬁ@@&s arejmgied toggther has a step hei ght
2A. In other words, while the electrical connector assenblies 1000 and
1000" conprise electrical connectors 1002, 1004 and 1002", 1004" of the
sane st epFueihghmere,t hecalsectthé callectricahewinmectss 4601 is HeO®aphrogitid sewl

el ectri calt %0 onngct or.?e( 1002' %004' of different st hei ghts. Since the
el ect ri caPABARKC VI & Jfn PISELICA 0P INRSHRS 10 11960 R0 RiirGtueal dFpRRacion

el ect 1§ calassOMBRCIGY 5tatR@3nfid@®fion 18 Pira @%lﬁctﬁeﬁfé'orﬁ%tég%ntﬁéwong

i
different step heights, the nmaxinum stack "heights of the electrica
connect or the s@aicad sonpector 100cbut hpiny diffesenti héightsntfor Fhamefeorir stapse

el ectri Calof CQ{%?I?T@? Olrnaﬁs%gnt?ll‘négss. r‘?‘lgggfac}tprggl .’forlqgsl ;tigﬁéleegc?rﬂ)cgaﬁﬁgganoercégrpect i ve

accommodate d ent “predeterm ned separation

circuit baasebli¥¥ haviagpdifiemnt tyctaficali tegquibrrintd. AdbreC SPEGHEANNS aoﬁei?ﬁtf ferent
step heighés (and hence, different stack heights and naxinunlheigh s? such
as the el 8t Mecaftaelnpefigratiorsoformed, bodhe ™ dise2hermephroditipoglectsinal 1004
shown{in Fj - i i I get her to
nabl & oi CaaegPe, malche BdBBidy &) chibsdte, el i STl SouFgh &St

pr edet er nitredlesjat @bhoectdi assembly Wy’ meibgesd mhzhiid eldictrida0 ablsectérset hod
of performng.this coupli according to a preferred enbodi ment of the
present i ntecﬂﬁ?r(?ﬁ‘%lge Sf ir%g’éte’é%PBI@t Qlegice!l §PNRRet rAssEMBligANEELBING f r om

the plur ahidaim@in hilhts ®RMRAIOTs M Hrkdk SN maY 88 REIABliFel YEHnEOYy t he
sel ected pair of electrical connectors when coupled to the
mating two eIec;tricaI connectors of stack height 1mm, an electrical connector of
20  stack height Tmm with an electrical connector of stack height 1.5mm, and two
electrical connectors of stack height 1.5mm. Electrical connectors of different
heights may be manufactured while preserving most (for example, at least,
95%) of the connector design. This may be done by for example, changing the

step height of the electrical connector 100. This allows mass production of the

[N
W

electrical connectors of different heights which can help to reduce

manufacturing costs.

Figs. 12 — 15 iliustrate results obtained through electrical modeling of the
electrical connector assembly 600. In particular, Fig. 12 illustrates a Time
30  Domain Reflectometer (TDR) plot of the electrical connector assembly 600. This

plot is obtained using a TDR operating with a 100ps (20% - 80%) rise time.



5 respective circuit boards and mated with each other has a conbi ned hei ght
whi ch ‘mat ches the required separation di stance between the respective
circuit boards. A first set of termnals of the selected pair of electrical
connectors is then coupled to the respective circuit boards whereas a
second set of termnals of the selecteg.pair of electrical connectors is
mat ed together in a stack 10 configuration to. match the required

separati o di stance ween the respective circuit boards. The._descrjbed
enbodi rrenﬁ_hﬁ% Bﬁ? nfﬁgl tg?ti P Cir('f?,? meggorahs 39%‘?&)“8 Y& acﬁ@er@@rq\a‘ gur ed
to carry g¢hhb@aid bdfoFiofahs, but this may not be so. For exanple, 15 Fig.

1 cillustrates an electrical connector 1600 which is a variation of the
el ectrical connector 100. The electrical connector 1600 is simlar to the

el ectrical-, connect o 00 and .t hus, the sane parts will have the same
ref erence Fﬂﬁfng'ggl %nJ \}\%t? ﬁe%%ecﬁt'tvfa@n'”ld?tr%ﬁi s %?‘“ﬁﬂ%\ﬁﬁtuir?\ Ii]qfisga_mcrgw,seft@
el ect ri calogzo(IDpef @ic LoEricdISCorffERsH §§§erﬂblg| 803 dgihspfrdqtieRtRA! ofPBHe S

102', 104', wth each term nal pair 102', 70 104' "conprising termnals
102a, 102kignaispgairied tyste elecisicaf eerenactororgfiemiely I6Q0. fsafhiomersin Mige 13a,

120" HoadvereREEed RN TIOR (G5 RS Roflicdl Phiidedr n S T Brsoo

However, “each ground s ectri

i nter | eave2dBdataabott 66HY nhlesed e difiérehtial Adldm JoskO@DDI NS e8dBOAt
adj acent terminpal pairs 102', 104' (as in the electrical connector 100).

, 104

Not e t hat @PRE! 85HZeAgcthawmin Eibn b He sipgte anderl insepiansless 4ASRbLST e (not

shown; o1 Bldhtrice) osiBdidt dsdehitty o1 RO-48 B MR bGFA! \aUHEC! e 100
possi ble wthint

Further variations are also e scope O he T nvention as
Wi || be cldétarentinldnsddibh dobss €5l0B64) dfdheesiactpital correedt@r agsemhisly BRais -102b,
104a, 104 ffé 30 eact%,}ctrlgrm nal pair 102, 104 of the electrical connector
100 need MO %@t%t?oﬁi fent longitudinal profiles and different |engths.
They may be of different |ongitudinal profiles but have same | engths, or
different | engths but have sanme 28 |ongitudinal profiles. Al so, termnals
havi ng di Figs: dda anshifth uespedtivelyoliusteste migts showing diffeséritl neaalentdergt hs

for anpl if the re made of. different materi . Simlarly, .
'Eerm' %I @H&F?W&'iﬁr ”‘fBFP&gﬁaEﬁ ‘hatPep%J%‘?‘f'F%SCWCF%M?%@%FEQL@Y@&%i cal
| engt hs (betheexighplseariidd bjéye alemitfieorhestbf 160 eRE sABIATH Figs). 148 and
Furthernore, the longitudinal profiles, |lengths and el ectrical |engths of

the terni Adbstheodlactricebeonsieatore1§0 has a eved Aeissdalk partamanse. feemieg. .
Toa. "o dps: b rety Spar T BBl et b ety R R ABR R REPR - T0z
may have tbensctoe assembly 600 is less than -25dB up to about 6GHz whereas the
20 .dif'fe_rential far end cross talk of the electrical connector assembly 600 is less
than -20dB up to about 6GHz. Fig. 15 illustrates an eye pattern of the electrical
connector assembly 600 when it is configured to carry signals at
6Gigabits/second. |
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The described embodiment shouid not be construed as limitative. For example,
the step portions 114a, 114b of the first terminal pair 102 and the step portions
116a, 116b of the second terminal pair 104 as shown more clearly in Fig. 8a
may take different forms, and the electrical connectors to be stacked together
may also have different heights. These examples are illustrated in Figs. 9a - 9¢
30  using different electrical connector assemblies 1000, 1000’, 1000" respectively
comprising like hermaphroditic electrical connectors 1002, 1004, like

hermaphroditic electrical connectors 1002’, 1004’ and like hermaphroditic



10l ongi tudi nal profiles, lengths and/or electrical |engths as one or both
of thé ternminals 104a, 104b of the second terminal pair 104. In addition,
each termnal pair 102, 104 of the electrical connector 100 nay conprise
termnals 102a, 102b, 104a, 104b of different |ongitudinal profiles 15
which are not arranged beside each othgs (i.e. they are spaced apart from
each other with at | east one other termnal in between them. In other
words, the e

, rlcal con 0 0 simply.conpri se first set of
tor m nal s Siggirea) CaifeiSBL 0 i aphr A7 SnfulTn s & Pher 35 Pedis dstihal
profiles asnidiods N802Sab0af(of erovionak goaher aigp2eaghod’sr sii Baknh i Sebimphi gur ed
to mate with a conplenentary 20ternminal of a |ike electrical connector to

al | ow el ecPRNePr SisgambIt 1AOMaSsT1QP0’ Af siP00ehehe tarFangesl tpdie stacked104 of

i gnal o 1 e B SR o b BRvert B Blecal EobBeGii oo & R Ca
connecs or 1009, rmozbeadﬂl ey’ Slalﬂ@|Iﬁceelétt&dh&alaﬁﬁn?éi:t@@CW&ﬁaféép@@f rtgCfheons to

for exanple skew or propa i on del ays nay be corrected el sewhere in the
chrou i (PEETSE FINESCon e ITINGRTIONB0 ALY .6 pEin ENeroRIGSIon RE0Gr J0M

shi el ds 132849f Tm eImggm 98 4cq38g:§at Z{]Stélggt ’Eﬁyte%mélé'f } &]’ ﬁﬂgogo %nl y

partially aS|I ustrate e termna I es 0 the
t er m nal sraﬂmtlvamultlmd (r®4 shoWre in erigen&a pada)said X s]aﬁénd»fseth«a‘

el ectrical con or 100ma al so_ _be arr alogaplurallt [ OWS
corrprilsin ditv St REAMatRe PGW?%H’H’”% ﬁ@ep‘i’tg?glq??%m CAWECHI e H0WDL 9@2

paral i@l 4004'29002', 1004", 1002” in the stack configuration. This enables sngnals to be

transmitted between the respective circuit boards (not shown in Figs. 9a - 9c).

Further, as shown in Figs. 8a — 9c, the electrical connectors 1002, 1004, 1002’,
1004’, 1002", 1004” have different step heights. In particular, each of the
15 electrical connectors 1002, 1002", 1004 has a step height “A" whereas each of
the electrical connectors 1004, 1004’, 1002”, 1004” has a step height 2A. In
other words, while the electrical connector assemblies 1000 and 1000”
comprise electrical connectors 1002, 1004 and 1002”, 1004” of the same step
heights, the electrical connector assembly 1000° comprises electrical
20 connectors 1002’, 1004’ of different step heights. Since the electrical connector
assemblies 1000, 1000’_, 1000” comprise different electrical connectors 1002,
1004, 1002', 1004, 1002" and 1004" having different step heights, the
maximum stack heights of the electrical connector assemblies 1000, 1000,
1000” are different. Therefore, the electrical connector assemblies 1000, 1000’,
25 1000" may be used to accommodate different predetermined separation

distances between respective circuit boards.

With a pl.urality of like electrical connectors of differeht step heights (and hence,
different stack heights and maximum heights) such as the electrical connectors
30 1002, 1004, 1002', 1004’, 1002” and 1004” shown in Figs. 8a — 9c, a pair of
' circuit boards can be coupled together to enable signal transmission

therebetween with the coupling having a predetermined separation distance



each other. Also, the term nals 102a, 102b, 104a, 104b need not be
partially housed in the respective retention channels 118a, 118b, 120a,
120b. Instead, they nay be conpletely housed in the retention channels
118a, 118b, 120a, 120b. Simlarly, the ground shields 122 need not be
partially housed in the 5 respective rgjention nmenbers 117. Instead, they
may be conpletely housed in the retention nenbers 117. The term nals 102a,
102b, 104 104b,. may_ al.so be cpupled tqQ the retention channels 118a, 118b,
120a, 120§e¥"¥1€e§ W&n%éct”'t W@?'e&(ﬁ?tﬁmﬁgﬁ)ﬁ%&@gﬁﬁh&ﬁo BRI HING &P & ence
to the prpfigiefred embodingntt of RRE greaept anvddiRrl id 3b ARY &864And parsofll9a,
119b, 125a, 125b, 121a, 121b, 127a, 10 127b may take different shapes or
the ter ni Alecyicahzonneginss froma the aiuratiy deliksolcgenedtors qfadifferent stept t ed

into the {j n , . 12 125b, [ 121a 21b, . 127a,
1575 oty Phights,Sikh RER S sRERd pdR of HEod Fafpedipnth @upkdld i

term nat i respeetivé arsuit Mamrdd Aoty nifi8a, willd¥acnesthendiasbg sphisinegthdignht he
circuit-bo ngand may be connected to the circuit board in other 15ways.

Al so, theWSIGcMAIES Esnieatrer Sepgationdistanaenketuiesst theggspediveeaitasit
assenbly EQQro‘é‘??\dﬁ%‘?tse@E‘of!tgﬁﬂfv‘laﬁéw thd $bRafhd E)Qﬁyoﬁg%cﬁlcg?lcgnr?&ty K,

el ectrical connectors having |1 ke functional portions perforn ng the sane
f uncti on. trepecidpledtd the respeeti?d ciest bbbels \eidredsrestécond e dfuaehinaral
portions rgl te to tge t.ern];i n?lcg,of the el ectrical connectors 100,200. In
ot her wor 85 ,INE hSe'RCIGSI REE AhEledugR! ppomnestusels Matgr tagethsst Y @ stask 200
may beg di Ebefiihtion b, AALR HN refir ; | @Btrefbe

el ectrical cogr?ﬁector 100 may ZS@ﬁﬁﬁéﬂgﬁ&Fg%@%@aen%@%i tge rﬁ%\,&t%

i || ustrat escyt beardsews of the electrical connectors 1800, 2800 which are
variations of the electrical connectors 100, 200 whereby these el ectrical
connectors 1800, 2800 have naxi mum heights 2B instead of 'B . The

el ectri calTheaseabed %ﬁwmeaﬁgeegﬁ@rnﬁhéppﬁwwbgg1 @429 aSORPBLAMBR Whichul t

boards 1802, 1804. The electrical connectors 1800, 2800 are 30 simlar to
t he el ect AIeaPNficsiie@die 6pEY tiftereptial sigmals hbw!, thisheay aiet beasa. Sonidxantee t he

sane fe C | addi 1 1 ri prime, .Fig. 11
il usgfat g?)a?%?lﬂ,[eﬁ{/a?ée%éﬁ %ﬁ&eﬁg?lecﬁé%cg& gg’gheyﬁ!ﬁj ésssaeﬁfﬁf@t'c%éé% 'i%ﬁi ch is
a 30 var ekctrival obnhdetorl @t The slecovaineshgsctos $60M lsysifMar whpeehycitibals

i the electrical connectors 1800, 2800 shown in

variation is for usi,n )
Fig. 1la. C%”%%Bl?ﬁfgq §f‘ﬁé’gu~°héh%ﬁ@"1ﬁ pafe Wl Bays thesarpenalerensie nwvermisy 1806

is also | : i hel S ; ct L nectors
1500, 2808 RARAriob B A endhi i P ApbelBrbaboShEE i 58D
unl i ke theoppsisgs B2@ucdiity loé tednsioal paias 108h el owitll @achttbemipas pair 1Y’ of t he
el ectrical .connector 1800.dQ n ex d throu e l.es 1808 of the
ci r outd “DoaFaSaBBESgrfeemIialy eftiazee FRE. HEKGh: 04K indiesut dongBiciame
appr oxi Mapeif¥ed. MPhé AIBctASalt BEnMtoNtB800f alkhbecdifslises 28 phhale dehgrdiplaght s of

the el ectrical connectors 1800, 2800 are double
shields 122'. However, each ground shield 122’ of the electrical connector 1600

interleaves adjacent terminals 102a’, 102b’, 104a’, 104b’ instead of adjacent

terminal pairs 102', 104’ (as in the electrical connector 100). Note that the
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electrical connector 1600 also comprises a housing (not shown in Fig. 1c)

similar to the housing 126 of electrical connector 100.

Further variationg are also possible within the scope of the invention as will be
clear to a skilled reader. For example, the terminals 102a, 102b, 104a, 104b of
30 each terminal pair 102, 104 of the electrical connector 100 need not be of
different longitudinal profiles and different lengths. They may be of different

longitudinal profiles but have same lengths, or different lengths but have same



10 the heights of the electrical connectors 100, 200. In other words, when
varyi ng the height of the electrical connector 100 in the enbodi nents, the
hei ghts of the posts 128 are kept relatively constant. Note that the posts
of the electrical connector 2800 are not shown in Figs. 1la and 11 b to
inprove clarity of these figures. 15 Ahso, although the el ectrical
connector 100 is a Iom/proflle electrlcal connect or, Is configurable to

becone a rofile eIe ri tor el ectri cal
connect or péﬁ%glr@il rPéO?IFFs?\ eg'g@@ HQI%“'HS 'PQ%W\'P?%BF‘QE‘%% 6nay

el ectri cahkye CoatRke elctriicat ABRGHRY iR, eﬁé&ﬁ?let ef nﬂh@g’;\' aRAi hadONBf Idfdien
termnals, with the terminals in the first termnal pair having di ferent

first andMmatedas). eS@ﬁﬂadmaﬂermm@Qthadvm Salimetleﬂgﬁlfthhal |proftlasle mey,ﬁmm/ev\’h _
I t I engt erein
toeum o PEpRrbESical BRETE tarakehhia! tistb e fuS B Hieitns A alohe e

as a ssmof the second and fourth eI ectrical lengths. 10 2. An electrical
connector _according to clai rein the termnals in at |east one of

the first FaA@eEBeGhdt heemgﬁtaﬁmé.nrgfllﬁévée@mthsea@htele@ﬁ@alt iRnaths qfrtha | es.
153. An el egifih&idl1023NA8SH oF tl‘fecﬁr‘gf g—:‘rﬂﬁnélcbh f}aé?c?ho?b %rgh{'f%% %ast one
a | udil nal.

terminal in the first pair termnals erent Iongl
profil e tbatheaterinimals 1@4&\, 1 @4hrioh #he secmmthtermm¢aha1 04.00né or Motiabkthe 4.

An el ectrical. con t or to an f claing.1 - 3, wherein
20t er ni naf?rﬁa“%'ﬁdESt% 192 %nt}“ aficsty ferimirals paigt 102 Mayt hawe thkasameace

away f¢ Omdr@‘lt‘:ﬂjﬁ\%‘l I grefig8dferdithd /& BRI IBnifhe SETHYE oPAdth Ot the

term nal s.
terminals 104a, 104b of the second terminal pair 104.

In addition, each terminal pair 102, 104 of the electrical connector 100 may
comprise terminals 102a, 102b, 104a, 104b of different longitudinal profiles
15 which are not arranged beside each'other (i.e. they are spaced apart from each
other with at least one other terminal in between them). In other words, the
electrical connector 100 may simply comprise a first set of terminals and a
second set of terminals having different longitudinal profiles as the first set of
terminals wherein each terminal is configured to mate with a complementary

20  terminal of a like electrical connector to allow electrical signal transmission.

Also, each terminal pair 102, 104 of the electrical connector 100 may be
configured to carry singled ended signals instead of differential signals. In other

words, the electrical connector 100 may be driven singlé-endedly and

[\
U

necessary corrections to for example skew or propagation delays may be

corrected elsewhere in the circuit (for example, on the circuit board).

Furthermore, the ground shields 122 of the electrical connector 100 may wholly
(instead of only partially as illustrated in Fig. 8a) shield the terminal bodies of
30 the terminals 102a, 102b, 104a, 104b. The terminal pairs 102, 104 of the
electrical connector 100 may also be arranged along a plurality of rows

comprising more than two rows and the plurality of rows need not be parallel to



5. An electrical connector according to any of the precedi ng cl ai ns,
wherei'n a difference between the sumof the first and third el ectrical

| engt hs and the 25sum of the second and fourth electrical lengths is |ess
than 5% 6. An electrical connector according to any of the preceding
cl.ai ms, wherein each terminal pair has,@n inpedance msnmatch of at |east
10%and is configured to mate with a conpl ementary term nal pair of a like

Cl oo CakgBRTARAE S v RrIRY . ek s IBRE RS heC b e
mat ed i npedasee imtisdrpésiectile lretsntiohachateis 198, 178bAME, ecigd. aasteg@nnect or
according to claim®6, wherein the inpedance 5m smatch of each term nal pair

is at | eadheyisvay bg complaielyhousad ladhﬁer@tteentloawc@bameig t18acldBm 626e, 7,
wher ei n t hgopatced,; tér”;Petﬂ@” oS SRkl rag'r?éesd %1'8? allg%gou]s%%echpe

el ectrical “connect conp I'sing a plu 1ty o airs

term nal pespeou:nogpemtmg memms\erahsmn@tdfmltngy zmay B@stm@teup reassd irpf  at
| east 10% and bei ng cogflgured to mate with a Iemantar% termnal pair

of a |ike!ld ERiEPliEM ctldr Thentermitalh 4082, W?é) t\igac ARt s alspeadul ti ng
mat od | mpodanss 2P LEEnkeh EhafhoR™| 10k, 13881 My, FRUFITR BingRF deNt "o
connect or fraot dhal dgsd;rcbecdl abuv@ wiilh eeferenden do i thp eplefierecdriesmisddiiment. Each
term nal pa.larrnple tﬁe flrset and second gaps 119a, 119b, 125a, 125b, 1213, 121b 127a,
10 127b may take different shapes or the terminals 102a, 102b, 104a, 104b may

be soldered to (and not slotted into the first and second gaps 119a, 119b, 1253,

125b, 121a, 121b, 127a, 127b of) the reténtion channels 118a, 118b, 120a,

120b. Also, the terminating portions 106a, 106b, 108a, 108b need not be

soldered to the circuit board and may be connected to the circuit board in other

15 ways.

Also, the electrical connectors 100, 200 of the electrical connector assembly
600 need not be identical. Instead, they may simply be like electrical connectors
having like functional portions performing the same function. Specifically in the
20  described émbodiments, the ﬁmctional portions relate to the terminals of the
electrical connectors 100,200. In other words, the housings 126, 226 of the

electrical connectors 100, 200 may be dif'fe_rent.

In addition, as mentioned above, the height of the electrical connector 100 may

S
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be varied. For example, Fig. 11a illustrates side views of the electrical
connectors 180~0, 2800 which are variations of the electrical con.nectors 100,
200 whereby these electrical connectors 1800, 2800 have maximum heights
‘2B’ instead of ‘B’. The electrical connectors 1800, 2800 are also coupled to
respective circuit boards 1802, 1804. The electrical connectors 1800, 2800 are
30  similar to the electrical connectors 100, 200 and thus, the same parts will have
the same reference numerals with the addition of ftriple prime. Fig: 11b

ilustrates a side view of the electrical connector assembly 1806 which is a



2011. An el ectrical connector according to claim9 or 10, wherein the mated
|npedance m smatch is | ess than about 3% 12. An electrical connector
conpri si ng: a plurality of termnal pairs, each term nal pair
conprising termnals of 15different |ongitudinal profiles; wher ei n
each termnal pair is configured to magg with a conplenentary terninal pair
of a like electrical connector to allom/electrical signal transm ssion. 13.

An electrl ect or cordln to_an th P cedi ng, cl ai ns, wherein
Soeach t e AR o8 e B1eBRA GiPlabBs Eaefipty; Sod iy Yo Rafion %5 *1)
An el ect r igrhed AHIRSttAE élééﬁldéll rtﬁarirfécﬁﬂ.\z 800 hqspoe§mﬁ19mcr¢g nmawmer ein
the terminals of each termnal pair have different [engths.

el ect ri camadmuet stackabeiohtichdhe elasthgah conneginsragsentily ﬂ@ﬁén@ealisn |e$ﬁe
! engt hs Oftheﬁrheé 5 ”H“{’Hes rr?gxﬁaﬁphéﬁ:q@ r?)?lth aél%(ftF §$ e%%“&%&?%t’%é 0.2mm

An el ecirica COI’]I’]ECt or accor g to an €l n each

Of t hest elfcbmﬂa@Sh@fel@cﬁﬂbalt@mﬁe@&Jr a%%lembliﬂCHB@QQSowe\Ié?r hiicd tH@ﬁMst@a‘mﬁﬂg a
term natlng portlon for connecting to a circuit board, a matin portlon f or

mating 1006 taeleshinal crBReaPy 108r fenaPstpaizs” opf theeelpsikisak @ 18G%thd a
step port ig@hdtUxpdiPiHrBEgh CCO@]JB%EH%S hkﬁ‘rghﬁ bfo'?a?d W‘S&h”ﬁh.@% bbSQu e 7.

An el ectrical connector to c in the ste I ons of
t he term e beightsaf the pmstsrﬂélS”’panerawmginuhtéfyehherﬁarmeaghhe h1e¢ghts eame t he
different p%g{so?% W\ qﬁl IPrlghtls oef the electrical connectors 1800, 2800 are double
10  the heights of the electrical connectors 100, 200. in other words, when varying
the height of the electrical connector 100 in the embodiments, the heights of the
posts 128 are kept relatively constant. Note that the posts of the electrical
connector 2800 are not shown in Figs. 11a and 11b to improve clarity of these

figures.

Also, although the electrical connector 100 is a iow profile electrical connector, it

is configurable to become a high profile electrical cohnector.



18. An electrical connector according to claim16 or 17, wherein the mating
portion has an arcuate shape. 2019. An el ectrical connector according to
claim 16 or 17, wherein the mating portion is elongate. 20. An electrical
connector according to any of the preceding clainms, wherein the termnals
of. each termnal pair are at |east par{jally housed in respective
25retention channels of the connector, the respective retention channels
bei ng arr n ed to overlap at least partially with each other. 21. An
ehectricaﬁﬁg%ﬁhector according to any of the preceding clains, wherein the
termnals of each termnal pair are edge-coupled. 34 22.An electrica
connector according to any of the preceding clains, further conprising a
plurality4of gmnou Lal 7 hi el d.. i ;mt [ adi t
terninalvgéirsAHSQ%%i %ﬁeﬁgg?éﬁggfg%@#ﬂﬂg§opﬁgcgggdgﬁgﬁ?%t%ﬁ%@%{g%ﬁ%hen
dependent configurgd db etdciicedly tOuplel!®, a shmecdavies dachrietmitha paie cdmipsisaigr anged

t t t tial I el d the I nal bodies. of th ' t ot I nal
pai 15 1 hordPBarte: BHnng rTA D Tl darminal pair vty BHEGE TS SRecor di ng
to any of sb8shPEREEH N JerdtAs Bhd iHeCicPihdld ®n k19 TBahd REIFiRaRh&ir RaLARIed
along a plurality of rows. -

different third and fourth electrical lengths, wherein a sum of the first and third

electrical lengths is substantially the same as a sum of the second and fourth

electrical lengths.

10
2. An electrical connector according to claim 1, wherein the terminals in at
least one of the first and second terminal pairs have different longitudinal
profiles.

15 3. An electrical connector according to claim 1 or 2, wherein at least one

terminal in the first pair of terminals has a different longitudinal profile than at

least one terminal in the second pair of terminals.

4. An electrical connector according to any of claims 1 — 3, wherein
20 terminating ends of the terminals in the first pair of terminals face away from

terminating ends of the terminals in the second pair of terminals.

5. An electrical connector according to any of the preceding claims, wherein

a difference between the sum of the first and third electrical iengths and the

8%
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sum of the second and fourth electrical lengths is less than 5%. .

6. An electrical connector according to any of the preceding claims, wherein
each terminal pair has an impedance mismatch of at least 10% and is
configured to mate with a complementary terminal pair of a like electrical

30 - connector, the mating of the two connectors resulting in a plurality of mated



25. An el ectrical connector according to claim24, wherein the plurality of
rows conprises two parallel rows. 15 26. An electrical connector according
to any of the preceding clains, wherein a stack height of the electrical
connector is less than 4mm 27. An electrical connector according to claim
26, wherein the stack height of 20the electrical connector is less than
1mm  28. An electrical connector accor ing to any of the preceding clains,
wherein the electrical connector is a bo%rd;to-board,connector._2529.An
el-ectri ca|te%ﬁﬁbewa$»%%§‘e%rf%ﬁ ISMipals#g having a mated dmpgdanse soisenatch

el ectri calyr¢ngshAbeut 89, coupling to respective circuit boards, each

el ectrical connector conprising a plurality of termnal pairs, each
termnal pair conprising termnals of different electrical |engths; wherein

the first _electyrical .connector, is stackable wi.th the second 30el ectri cal
connel:tzr 7teo erﬁoﬁblegeqt%‘éat@r}ﬂeﬁaqrsa%‘for Mg {9 é\%'”\epe&%}qr@QI NS ARBEERTC] 0 mat e

Wi th corr egigRRAEME é8EHMRMifal Phirtifat RREPAYoel ectrical connector; and
wherein the mated term nals have substantially sanme electrical lengths. 35

30. An el ectrical connector assenbly according to claim 29, wherein each
8. An electrical connector according to claim 6 or 7, wherein the mated

impedance mismatch is less than about 3%.

10 9. An electrical connector comprising a plurality of terminal pairs, each
terminal pair comprising'terminals and having an impedance mismatch of at
least 10% and being configured to mate with a complementary terminal pair of a
like electrical connector, the mating of the two connectors resulting in a plurality
of mated terminal pairs, each mated terminal pair having a mated impedance

15 mismatch of less than about 5%.

10.  An electrical connector according to daim 9, wherein the impedance

mismatch of each terminal pair is at least 15%.

20 11.  An electrical connector according to claim 9 or 10, wherein the mated

impedance mismatch is less than about 3%.

12.  An electrical connector comprising:
a plurality of terminal pairs, each terminal pair comprising terminals of
25  different longitudinal profiles; |
wherein each terminal pair is configured to mate with a complementary

terminal pair of a like electrical connector to allow electrical signal transmission.

13.  An electrical connector according to any of the preceding claims, wherein

30  each terminal pair is configured to carry differential signals.



termnal pair of the first and second electrical connectors is configured
to carry differential signals. 531.An el ectrical connector assenbly
according to claim?29 or 30, wherein the termnals of each term nal pair of
each el ectrical connector have different |ongitudinal profiles, and wherein
t he conbi ned | ongi tudi nal profiles of ghe mated termnals are configured to
create the substantially sane el ectrical | engths. 10 32. An electrical

connect or ,gsse ri-sin first and second el ectrl cal

connect or $%f or ggo%‘ﬁ?tf'ﬁ qogne g?ﬁéﬁcpwnm @pr?géf’aPEf?e dingeclaimss whareitt r i cal
connect or thNdrRthals bf 8dh f@?ﬂﬁ‘éﬂﬁﬂ%%dﬁ@%rﬁr@ngﬁ%ond el ectrical connector
havi ng a second maxi num hei ght; 15wherein the fitst and second el ectri cal

connectors are like connectors, and wherein the first electrical connector
is stacka h_the s cond Iectrl connect o he el ectri cal
connect or gsse I‘f)Ee fﬁ 8?%’2:? QFCC&@H}QJ& G sk %ﬁﬁhﬁfeﬁhg]#ﬁée%enﬁkk%m
stack fei ghgthessthehaminauon sicH Remfridl @ta.raaﬂgé@ﬁenfio ®BxiAohehehts. 33.
An el ectrical connector conprising: plurality of termnal pairs,

each term nal pair conprising termnals of dlfferent Iongltudl nal proflles;

a pluraligy of Agrouag §Ihécﬁ4ﬁ%a%toreé‘t?&rgmﬁ%ﬂda@hbﬂﬂgﬁg%el g§ &%?%Iﬁ%q%\ew ‘h a

25t erm nal s; ere| n each s conf

conpl emanbérthetmrnmlnmd; qiabacloef teamiridi epait Gﬂ@lud§§| a Clanm@THl Ofodyo h@k/lr@N

el ectri cal si.gnal transm ssion; and wherein each of the plurality o

termnal s QJHH'S@W%BO%{OP é?rn?wmeqs@ayfo BOIreElPeRyda at BRHNG RETTOG fﬁbmatm for
connegd i Ngy §i9e Fofd &Hbﬁta??al%ﬁmn% fr Qﬂth%orlﬁ% %nfwgétorlméh@% gfé gﬁrtlon

conpl enent ary ter nal eI ectrical connector, P ep port| on
j oi ni ng t jmnihgrting textriimafingoparition to ¢hé heatimgtpargomor t i on.

17.  An electrical connector according to claim 16, wherein the step portions
of the terminals of said terminal pair have different heights to create the different

15  longitudinal profiles.

18.  An electrical connector according to claim 16 or 17, wherein the mating

portion has an arcuate shape.

20 19.  An electrical connector according to claim 16 6r 17, wherein the mating

portion is elongate.

20.  An electrical connector according to any of the preceding claims, wherein

the terminals of each terminal pair are at least partially housed in respective

19
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retention channels of the connector, the respective retention channels being

arranged to overlap at least partially with each other.

21.  An electrical connector according to any of the preceding claims, wherein
the terminals of each terminal pair are edge-coupled.
30



36 34. An electrical connector according to claim33, wherein the
pIurallty of termnal pairs are arranged along a plurality of rows. 35. An
el ectrical connector according to claim34, wherein the plurality of 5rows
conprises two parallel rows. 36. An electrical connector according to any
of. clainms 33 - 35, wherein a stack height of the electrical connector is

| ess than 4mm 1037. An el ectrical connector according to claim 36, wherein

clvct 11 caf2conhicter SRSk T osiRGrELRly hnsP5RcadR s, e

el ectri cakom@risipgt @ plgrafityb@dr groundbehldlds,0eaekt GlounddS shitdhd iMferRlaRRig 1 cal

connector conprising a first set of termnals and a second set of
term nal saﬁ@@?ﬁbteﬁrfﬂ"f%rpé‘ﬁfﬁ | ongi tudi nal profiles as the first set of
term nal s; wherein each termnal is configured to mate with a

conplementary 20term nal of a like electrical connector to allow el ectrical
si gnal 5tragsm asialactrical connector according to claim 22 when dependent on any of

claims 16 — 19, wherein each ground shield is arranged to at least partially
shield the terminal bodies of the adjacent terminal pairs the ground shield

interleaves.

10 24.  An electrical connector according to any of the preceding claims, wherein

the terminal pairs are arranged along a plurality of rows.

25.  An electrical connector according to claim 24, wherein the plurality of
rows comprises two parallel rows. .

15
26.  An electrical connector according to any of the preceding claims, wherein

a stack height of the electrical connector is less than 4mm.

27.  An electrical connector according to claim 26, wherein the stack height of

20 the electrical connector is less than 1mm.

28.  An electrical connector according to any of the preceding claims, wherein

the electrical connector is a board-to-board connector.

25 29. An electrical connector assembly comprising:

- first and second electrical connectors for coupling to respective circuit
boards, each electrical connector comprising a plurality of terminal pairs, each
terminal pair comprising terminals of different electrical lengths;

wherein the first electrical connector is stackable with the second
30 electrical connector to enable the terminals of the first electrical connector to
mate with corresponding terminals of the second electrical connector; and

wherein the mated terminals have substantially same electrical lengths.
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35

30. An electrical connector assembly according to claim 29, wherein each
terminal pair of the first and second electrical connectors is configured to carry

differential signals.

31.  An electrical connector assembly according to claim 29 or 30, wherein
the terminals of each terminal pair of each electrical connector have different
longitudinal profiles, and wherein the combined longitudinal profiles of the
mated terminals are configured to creat‘e. the substantially same electrical

lengths.

32.  An electrical connector assembly comprising:

first and secohd electrical connectors for coupling to respective circuit
boards, the first electrical connector having a first maximum height and the
second electrical connector having a second maximum height;

wherein the first and second electrical connectors are like connectors,
and wherein the first electrical connector is stackable with the second electrical
connector to form the electrical connector assembly, thé electrical connector
assembly having a maximum stack height less than a sum of the first and

second maximum heights.

33.  An electrical connector comprising:
| a plurality of terminal pairs, each terminal pair comprising terminals of
different longitudinal profiles; _

a plurality of ground shiel.ds, each ground shield 'interleaving adjacent
terminals;

wherein each terminal pair is configured to mate with a compiementary
terminal pair of a like electrical connector to allow electrical signal transmission;
and '

wherein each of the piurality of terminals comprises a terminal body
having a terminating portion for connecting to a circuit board, a mating portion
for maﬁng to the bomplementary terminal of the like electrical connector, and a

step portion joining the terminating portion to the mating portion.
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34. An electrical connector acc:ording' to claim 33, wherein the plurality of

terminal pairs are arranged along a plurality of rows.

35.  An electrical connector according to claim 34, wherein the plurality of

rows comprises two parallel rows.

36. An electrical connector according to any of claims 33 — 35, wherein a

stack height of the electrical connector is-less than 4mm.

37.  An electrical connector according to claim 36, wherein the stack height of

the electrical connector is less than 1mm.

38.  An electrical connector according to any of claims 33 — 37, wherein the

electrical connector is a board-to-board connector.

39. An electrical connector comprising:

a first set of terminals and a second set of terminals having different
longitudinal profiles as the first set of terminals;

wherein each terminal is configured to mate with a complementary

terminal of a like electrical connector to allow electrical signal transmission.



