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1. ¢ s gogaT A SMART OPTI CAL CONNECTOR

~AND '; ' SMART OPTI CAL CONNECTOR SYSTEM 5

. Background ‘of the Invention The present invention relates, in

- general, to connectors for electronic equipment, and nore _
particularly, to smart optical conngctors. 10 : IdcokgragPEL | MBS
desirable to provide comruni cations between two or nore electronic

devices with optical cabl | oM e extrenely | arge
bandvi dt hs whi ch al | ow A SMABEQ o OBAND: o b tranani tt od at
very high speeds. HIMABT OPRICAIs CONNBETQREYSdEMs gi ves rise to a
15 wvariety of chall enges. It should be understood that typica

el ectroni c equi pnent requires data and other signals in electronic
form In order to use optical cables for the conmunication of these

electrics signal s, theBeackgtoundlofsitiyeainvemtion be converted into

opti cal : . _

The present invention relates, in general, to connectors
for electronic equipment, and more particularly, to smart
optical connectors.

10 It is sometimes desirable to provide communications
between two or more electronic devices with optical cables.
Optical cables provide extremely large bandwidths which allow
tremendous amounts of data to be transmitted at very high
speeds. However, the use of optical cables gives rise to a

15 variety of challenges. »

It should be understood that typical electronic equipment
requires data and other signals in electronic form. In order to
use optical cables for the communication of these electrical
signals, the electrical signals must be converted into optical

20  signals, and back again into electrical signals. Furthermore,

i particular types of electronic equipment require data and other
electrical signals in corresponding particular formats. For
instance, there are a variety of industry standards and
specifications to which various equipment are built. Examples

25 are equipment requiring signals and data formatted according

to: the the industry standard RS 232, as well as equipment
requiring signals and data according to the industry standard
IEEE 488.
In the past, separate systems have been provided to

30 convert the electrical signals and data into optical signals for
transmission over optical cables, and to convert one electrical
signal and data format into another, as necessary to interlink
various different equipment. |
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20 si g-n’al s, arid back again into electrical si gnal s. Fur t her rfgis Sheet Has Been Replaced
particul ar types of electronic equipnent require data and ot hf I Imumluulll
el ectrical signals in corresponding particular formats. For

there are a variety of industry standards and speci fications to which
various equi pnment are built. Exanples 252 are equi pnment requiring signals

and data formatted according to the the I ndustry standard RS 232, as

[ t th dust r
wel | as equi pnent ngtr.es\qw raré% Si naI ) qata accorgﬁgqr 0 e i nbgen y

standard | EEE
provi ded to 3f electeonict bquepmentl uslngs apmial eahlledawmcmtdbwtnmal signal s

i gnal and_ a3Pdoes i Sy, 1By Bt RRMAT olobsfeRl Fiondl Apd el s

different eq@N$hehiseparate system for converting electrical signals to  -2-
What i s nsedespticalasigmals ofdmiripEern BidiethgdchrRes of el ectroni
equi pnent, using optical cable, which does not require one system f or

reformatting electrical signals and data and a separate

Brief Description of the Drawings

10 FIG. 1 is a top view of a smart optical connector system
in accordance with a preferred embodiment of the present
invention;

FIG. 2 is a perspective cut away view of a smart optical
connector in accordance with a preferred embodiment of the
15 present invention; _
FIG. 3 is a bottom view of the connector of FIG. 2; and
FIG. 4 is a schematic diagram of a distributed data bus
network employing smart optical connector systems in
accordance with a preferred embodiment of the present
20 invention.

Detailed Description of the Drawings

25
The present invention consist of a fiber optic ribbon

terminating at the end in one or more modules permanently
attached to the ribbon. The module is capable of both sending
and receiving optical signals. A optical signal received will

30 have additional processing carried out by the module in order to
provide the equipment electronic data in the correct format for
the equipment to correctly use transmitted information. In
turn data generated by the equipment is received in an



syst;em\for converting electrical signals to optical signals for 5 |
transm ssi on over the cable. Brief Description of
t he Draw ngs FIG 1is atop viewof a smart optical connector
systentrin 10 accordance with a preferred enbodi ment of the present

I nventi on; FIG 2. is a perspextive cut away view of a smart
opti cal connector in accordance with a preferred enbodi nent of the
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data bus net S@nsmitted dipiasyi apprapriateoeptical format:t or systems in
accordance with aThe prd&%ﬁ@e&hrﬁ@@ggm 1% rho8 Iﬁ?ﬁnﬁgdbé nvention.

pr eaent i nveRISHABRIR] duiing Manufastipp, ot may be.mwemﬁ%eﬁﬂgﬂ? the
end in on® othmmdm@lmsremnvmm@%dpmentr allbadhgditt o ® It[(f?;rlférsr?agggl SThi
gg?:“cgl ! 2. Sﬁg wﬁ@f%$%é}gj gg Onayb‘?t gﬁ“éﬁlerﬁgggesm ng carried out by
the nodule in ordernmgarrde@ the figuresefor @rmore:idetailedi c data in the
correct for Mahdepétantiing, FIG. 1 is a top view of a smart optical connector
system 101 in accordance with the preferred embodiment of
10 the present invention. Specifically, system 101 includes smart
optical connector 100, optical cable 102 and smart optical
connector 104. The workings of the connectors are described
in more detail below. In the preferred embodiment, optical
cable 102 comprises twenty optical waveguide fibers which
15 may be glass or plastic, or other suitable materials, as is well.
known in the industry. Any industry standard fiber may be
used, however care must be exercised in matching maximum
transmission loss to the intensity and wave length of the
optical signal. :
20 According to the preferred embodiment, ten of the twenty
waveguide fibers are for transmission of data in one direction,
e.g., from connector 100 to connector 104. Furthermore, the
other ten fibers are for transmission of data in the other
direction, e.g. from connector 104 to connector 100. It will be
25 understood, however, that a one way cable may be appropriate
under certain circumstances. Additionally, it should be
understood that any number of fibers may be employed as one
directional or bi-directional. Optical cable 102 may also be
referred to as an optical waveguide cable.
30 Turning to FIG. 2 for a more detailed description of the
smart optical connectors, FIG. 2 is a cutaway perspective view
of smart optical connector 100 shown in FIG. 1. Smart optical
connector 104 shown in FIG. 1 may be identical to connector
100 in certain applications. However, it should be understood,



equ'L’p,rre‘rit to correctly use transmitted information. In turn data
geneérated by the equipment is received in an

3 el ectronic format, processed in an appropriate manner and
transmitted in an appropriate optical format. _ The processing
carried out by the nodule may be programed during manufacture or may

be actively nodified by 5 the sending or receiving equipnent allowng it

to perform ri functions dependin t reguirenent ..
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smart opti caWithin thengepngctans. The workings of the connectors are

descri beds | n Aisdidated linbFl@W.2,! & fikst chﬁiﬁréie\%ﬁﬁ@apcﬂﬁﬁi@t goppti cal
cable 102 cogphlisiRad’ With % 2B5ofid gréus Bt optical Fibers 263 compose

optical cable 102 shown in FIG. 1. In the preferred

embodiment, fiber groups 200 and 202 each comprise ten

fibers. Each group is responsible for a single direction of

10 communication, i.e. transmit or receive. For illustrative
purposes, optical fiber group 202 and its related path will be
referred to as the receive side, while optical fiber group 200
and its related path will be referred to as the transmit side.

Fibers 202 are coupled to waveguide section 208, which

15 in the preferred embodiment is a portion of Guidecast™.
Waveguide section 208 is optically coupled at its output to
optical-electrical transducer 210. Since this is the receive
side, transducer 210 is an optical signal to electrical signal
converter. The guidecast tm 208 consist of precision optical

20 guides which align the optical signal from the optical cable
202 to the active portion of an optical - electrical transducer
210, such as a photo diode or other similar device capable of
translating optical signals to electrical signals at the
necessary speed.

25 In the preferred embodiment, the output of optical signal
to electrical signal converter 210 is coupled to solid state
microprocessor 220 via printed traces 216. In the preferred
embodiment, solid state microprocessor 220 comprises a
single semiconductor die. Associated with microprocessor 220

30 is surface mount device 218. Surface mount device 218
represents additional electronic circuitry required for the
functioning of the smart connector. Surface mount device 218
is coupled to microprocessor 220 via printed traces 219.
Microprocessor 220 and surface mount device 218 together



15 _'rr,ay‘ be glass or plastic, or other suitable materials, as is well

known in the industry. Any industry standard fiber nmay be

used,

however care nust be exercised in matching maxi mum ~ transnmission | oss
to the-intensity and wave |l ength of the optical signal. 20
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signals, and may be in any particular electrical signal and data
10 format. Electrical processing circuit 217 is capable of
actively altering or adapting the standard electrical signals on
traces 216 for a specific application by, for example, altering
their format. In the case of the receive path being discussed,
the altered signal is coupled to an electrical interface (shown

15 in FIG. 3), which in the preferred embodiment comprises pins of

a pin grid array.

Electrical processing circuit 217 is capable of actively
altering or adapting the standard electrical signals on traces
216 for a specific application by, for example altering their
20 format from analog to digital technology. In the case of the
receive path being discussed, the altered signal is coupled to
an electrical interface ( shone in fig.3), which in the preferred
embodiment comprises pins of a pin grid array. It will be
understood that the electrical interface 100 shown is merely
25 representative , and may differ greatly within the scope of the

present invention.

The transmit path associated with fiber group 200 is very
similar to the receive path associated with fiber group 202. In
the case of a transmitted signal, electrical signals of a

30 particular format pass through electrical processing circuit
217. These signals may be in one particular format and
converted to another by circuit 217, or the may pass through
circuit 217 unaltered. If two different formats are involved,
either may be considered a standard format, and the other a



4 . as will becone nore apparent with the follow ng di scussion,

t hat connector 104 may vary sonmewhat from connector 101, - particularly
with regard to the electronic processing circuitry within the
connector. 5 As indicated in FIG 2, a first group of optical
fibers 200 conbined with a second ggoup of optical fibers 202 conpose
optical cable 102 shown in FI G 1. In the preferred enbodi nent, fi ber

roups 200 a Ese t en fjbers., Each oup, |s spon5|ble
19 or g si ng e’b%rﬁg@ﬁ?aﬁ;}maq Qfommmgt ggﬁiog détatméﬂsa? {!@ For
illustrative electnqalrpnmmssmgt cireuitt foeruse dap am%lppm:attcm rwhneed pat h
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Fi bers 202 ars@P@(BG P& 0 wavegw de section 208, which 15 in the preferred
embodi meng s a IOCITHe Bloefricall sifits (e ]condu eHaVI%\g:ﬁl fiftedtdcel 208 |

opt] ool 1Y cOMeSh Shel 3ndlohva dbads of 458 GuRecR™ 208, Bher o o onat o
el ectri cal suogqﬁmﬂal-electrmﬁvwarmducﬂretmla dscaehnb&té@&ocqgéloﬁ g;l p‘fsgg: Z' on
ggtzl tcgl the ac | ve m | onﬂﬁ#gé]\ Iteh r?(F:) YﬁfH J?éggﬂ ctgl 'Faﬂ?ﬂ'& €, 210,
such as a ph@leﬁl-tﬁlectj’lcait Reansducenr2H2vicomprises| anofelectrlcal
10 signal to optical signal converter. Converter 212 is precision
coupled to Guidecast™ portion 206 in such a way as to align the
multiple optical signals with the termination of the optical
fibers 200. The electrical to optical signal converter consist
of a device capable of generating optical signals at high speeds.
15 These signals may or may not be visible to the human eye.
Light emitting diodes and laser diodes are examples of such
devices.
In the preferred embodiment optical cable 102 comprising
fiber groups 200 and 202, along with Guidecast_ portions 206
20 and 208, transducers 210 and 212, as well as electrical
processing circuit 217 are all included in a single integral unit.
In the preferred embodiment, each of the components of the
connector are positioned on a common substrate 204.
Additionally, the substrate and components are overmolded
- 25  with molding compound 222. It should be understood that FIG. 2
is a cutaway view, and that in practice molding compound 222
would cover all of the components and a portion of the optical
cable near the components.
In the preferred embodiment, each of the components of
30 the connector are positioned on the substrate using well known
technology to provide reliable electrical contact to the traces
214, 216. Fiber groups 200 and 202 are connected to
Guidecast™ mechanically. Additionally, the substrate and
components are overmolded with appropriate protective




translating optical signals to electrical signals at the necessary
speed. 25 In the preferred enbodi nent, the output of optical signal
to electrical signal converter 210 is coupled to solid state

m croprocessor 220 via printed traces 216. In the preferred

enbodi ment, solid state m croprocessor 270 conprises a single

sem conduct or die. Associated with m croprocessor 220 30 is surface nount -
device 218. Surface nt devi,ce 2183 represents, addi tional electronic
Circuitry redkRMBOUNG: 19 rRrovids pQyEenmIanig! cind BeShanicaloRIRECHPR, Sur f ace
nmount devi ce & remoldedscovembeca icombinatiohoot esach Ay werverthet same aces
219. hﬂgﬁﬁﬁy essor 220 and surface nount device 218 together

5 conpose "el ectrical processing circuit 217 for processing the

el ectrical signal sTugiegit &dGai 8h El%a 8r llusttatesdthenelectrical ecei ved

optical sisgnghterfhbe Vbietwi@n- He %lé@ﬁidélatprﬁbgﬁéfﬂgcadircuitry [yFocessing
clreurt 2dr Scr:]é)r\{\rﬁ]ecl:tgr "Too lgncrie >r<teesr|?\2} aetqlu\fSr’neanr']t to which connector 100
would be connected. Specifically, in the preferred embodiment
connector 100 takes the form of a pin grid array comprising
pins represented by pin 300. Pins represented by pin 300 have
10 one end coupled to the electrical processing circuitry of the
connector and the other end coupled to external equipment
(shown in FIG. 4). The prefered embodiment pin grid array will
meet industry standard pin out configurations such as J.E.D.I.C.
or E.lLAJ., in order to be compatible with either board or socket
15 conventions.
It should be understood, however, that although shown as
a pin grid array, the connector may take a variety of forms
including other industry standard connectors such as D-type
connectors. '

20 Turning to FIG. 4, FIG. 4 is a schematic view illustrating
distributed data bus network 401 employing smart optical
connector systems in accordance with the present invention.
Distributed data bus network 401 comprises three pieces. of
external equipment, 416, 414 and 418. External equipment 416

25 and 418 are referred to generally, and may take almost any
form, including printers, modems, automated equipment, etc.
External equipment 414 is shown as a computer terminal, for
illustrative purposes. Distributed data bus network 401
further comprises hub 400. It should be understood by those

30 skilled in the art that hub 400 is a hub of the nature well
known in the network industry, but particularly adapted for use
with the smart optical connector systems in accordance with
the present invention.



5 may.'differ greatly within the scope of the present invention.

Regardi ng the receive path, signals conming in on fiber group 202 and
converted to electrical signals via optical signal to electrica
signal- converter 210 will be considered standard signals, and may be
in any particular electrical signal and glata 10 format. Electrical
processing circuit 217 is capabl e of actively altering or adapting the

standard el ectric rﬁ'g $6F i 4 ar C é i %i i C Bpl' ation
by, for exanple aQe | rlqlEI‘ll f . h¥ G ré ive
path being dRecusaart Optncaltemaectarémz.tgndmub 4000u@pﬁcabcablael4alcﬂri cal
interface (Shﬁﬂn?éﬁnebfbr':il@ gW&'I&ﬁdbué‘ tbhéaﬂeefleglr R OBP

conprises pi rlcal processi ng

circuit 217 Hz’ocaﬁ?a?ﬂeé’t'fﬁ Vac§89\é'lny'" FiG allt erAﬂglt&naéldarﬂlthfylgfhm%t andar d
el ectrica sishown; a@rcdnrsvtér analo fter cenAdcwIrf 164 aPFiGayi on by, for

le alte h [ Q log to digital technology. In the
ggggpof t he Fé&ge% ?&—: 9@'%&%%" [}?r%nﬁ{ntgﬂﬁsed the altered signal is
coupled to aSimilactyr, i external eeduipmént 416 isncbnpedled V\haclh in tlheb
referred I e
under st ood t FBLY eabIEod S cORDePIdE 408 fa Hulh, 400 At A 'dmith
repr esent at i Pptica rﬁPnﬂﬁDt@FfW@ﬂc@r@aﬂW &hO\Mnn reaidesc oyithiof external

present igmveequipment 418he transnit path associated with fiber group 200
s very gl tnqm to the receive, path assochabed wi th fiber group 202.
C

I'n the case rg'e[ MATSy exieinal gayipmant; is caupladsvig a 30
parti cuI ar foptical cable t402 umhd atennadtonl 404 doe hubn 400 r cAdditionally,

a smart optical connector which is not shown resides within
external equipment 418.

15 External equipment 416 can be considered a first location
external equipment, while external equipment 418 can be
considered a second location external equipment. The
distributed data bus network 401 including hub 400 and the
various smart optical connector systems provides for a

20 sophisticated interconnection and switching network. The
equipment on the network may require a variety of signal and
data formats. The smart optical connector systems are capable
of making the equipment compatible with one another.

An optical network created by the smart optical

25 connector system would be utilized to connect a number of
multifunctional equipment capable of interactively
transmitting information between one another. It will be
understood that an infinite number of configurations may be
constructed to provide distributed data bus networks.

30 It should now be appreciated that the smart optical
connector provides a method of preprocessing optical data
transmitted at very high rates between equipment. The active
preprocessing of the optical signal after or before
transmission allows equipment requiring various data formats



217. These signals may be in one particular format and converted to
another by circuit 217, or the may pass through circuit 217 unaltered.
If two different formats are i nvol ved, ei ther may be considered a
standard format, and the other a

6 particular format. For exanple apal og data may pass thru the

el ectrical processing circuit for use in an application while portions

f th | d - . 5
The el ect ri ool ?Pgn"?é! 8n6BRE InRlcdively, | Sraaft dhuical nBBBZLHT TR,
conduct i ve | @@ cthe ereatione ofs npéworks0af interactive eguipmient! ectri cal
transducer 21ihn§mﬁﬂﬁge@te§pbéd§hﬂot poséi%'lé“ ¢ Qiiref |ﬁt€?é€|ahééﬂ65§,\z’v th

respect to this transmt sid tical ectrical transducer

conprises an electrical 10 S|gnal to opthaI signal converter. Converter
212 is prgcision coupled to CGuidecast[err] portion 206 in such a way
as to align the multiple optical signals with the termnation of the

opti cal



fihers 200. The electrical to optical signal converter -consist of a

devi ce capabl\eof\genﬂ%ﬁgtical signal s at high speeds. 15 These.
signal s may m visible to the human eye. L ThykBheetHas Béen §eplaced
di odes and | lmﬂ%ﬂj ’fxarrpl es of such devi ces. e
preferred enmbodi‘ment epticagllcabl e 102 aonpri sing fi berl i o
202, along with Quidecast portions 206 20 and 208, transducers
212, as well as electrical proceéﬁhmsci rcuit 217 are all included:in -
a single integral unit. In the prererred enmbodi nent, each of the.

conponents of the connector are positioned on a common substrate 204.
Addi tional ly, thetsubsar @nfaneptiedP Gtitiectaf g1@(ﬂr EBh@kﬁ‘i’siﬁé: wi th nol di ng
conmpound 222. It shoulpg gf url(l]er ,L d that Fl 2" I's a“cutaway Vi ew,
and that. in pract BeORYE n“ga 8n§ 222 woul d cover all of the
conponents and a anr opdicabieledtricalt tramsducer 200k coupletingo ctivgonent s.

In the prefe rw gach of the conmponents of 30 the connector
are positionééﬁg%‘at e ?Uggprz):\te usi ng wel |l known “technol ogy to provide

reliable electrican eleetsical tpragessingiceiscuit (217), coupledi toethgr oups 200
and 202 are ggfiearetéctrical tr&&mtﬂg@g 6 heldciRcaY - pfdessppe |V, the
. substrate anc(:jircuit 8828%%%”%5 satg%d%\lfg re ectncaiMstigngP%?pél spgcﬁirco crive
10 application;
an electrical interface including a first end and a second
end (300), the electrical interface coupled at the first end to
the electrical processing circuit (217) and at the second end to
external equipment (416); and
15 wherein the optical cable (102), the optical-electrical
transducer (210), the electrical processing circuit (217) and
the electrical interface are included in a single, integral unit.

2. The connector of claim 1, wherein the single,
20 integral unit comprises an overmolded package (222).

3. The connector of claim 1, wherein the single,
integral unit comprises a pin grid array connector (100)
comprising a plurality of pins (300), and wherein the electrical
25 interface comprises the pins (300).

4. A smart optical connector system (101) comprising:
a first connector (100) including:
a first electrical interface (300) coupled at a first
30 end to first location external equipment (416) and coupled at a
second end to an electrical signal to optical signal converter
(210);
a second connector including:



7 o corrpaund_i_o_prev-r—de—enw—ronrrent al and mechani cal—protection, -
prem)l ded cove n:-of each may serve the Sﬁmgheetﬂasmwmpﬁed
TU”“ ng to Fl Cﬂlﬂ“ﬂllﬁ“ﬁ“"ﬂ“ﬁtrat es the electrical "5 |

he el ectrical processirtg & réuitry of connect or 100[@ _
equr pment to :which connector 100 waal d be connect ed.

t he preferred enbodi nent connector 100 takes the formof a p| n grid

risin n e d, by represented by pin
300 have 10 -ong end cBMpRRICE SRR te e Rolical siGhdl TR 1y of fhe
connect or and2d@;ot her end coupl ed to external equi pment (shown in

FIG 4). The prefered Q@@Qbﬁanbléﬁt cg[ Iqtﬁf@/ (gb'd) cou;())le'%‘?# é\ndustI Y

t andar d t f t
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?rl(rjﬁgtr; gt g%@ﬁ' %&ﬁ%%’a?%é%éh as Dytype connectors. 20
Turning to FIG 4arnFiopticali waveguiderscableviconniectingt the i ficst connector
to the second connector (102); and
wherein at least one of the first and second connectors is
10 a single integral unit including an electrical processing circuit
(217)which adapts a standard electrical signal for a specific
application.

5. The system of claim 4, wherein the second location
15 external equipment comprises a distributed data bus network
(401).

6. The system of claim 4, wherein the second location
external equipment comprises a hub (400) of a distributed data
20 bus network (401).

7. A smart optical connector (100) comprising:

-an optical cable (202);

an optical-electrical transducer coupled to the optical
25 cable (202);

: a microprocessor (220) coupled to the optical-electrical
transducer, the microprocessor (220) capable of actively
altering an electrical signal associated with the optical-
electrical transducer (210); |

30 an electrical interface including a frrst end and a second
end (300), the electrical interface coupled at the first end to
the microprocessor (220) and at the second end to external
equipment (416); and



di st ri but ed d 1 enpl oying smart optical connect or :
systens in acc (mmmﬂi present invention. Di stributed data bus
network 401 conprises ces of external equi prent, 416, 414 and
418. External equi pnent 416 25 and 418 are referred to generally, and may

t ake al nost any form including primb2ers, nodens, autonmated equi pnent,
etc. External equipment 414 is shown as a conputer termnal, for

i |lustrati t \ h
compri ses. hub. 400 Tarein ot 6Bt %@e&fé%ogﬂéz?fﬁ‘éﬁé% e A
that hub 4ootransguees (210hcthetelestieal inte aQ@lO@QQ)naﬂﬁ’efhet\mrk

i ndustry, bumigpiproee'sabl Y(22tPhes 'h@[ud&? m a sidl8, linfegrab paciiigeal

connect or sy?%g in accordance with he preseni i nvention.
8 %Euter termnal 414 is connected via optical cable 410

and snartSoptlcaI connector 412 to hub 400. Optical cable 410 and

connector 412 areganal pfaugshRetit 6f Klgim™, WHEYeH Yhe single

integral package (222) comprises an overmolded package.




100, respectively, shown in FIG 1. Additionally, although not 5 shown, a
connector anal ogous to connector 104 of FIG 1 resides in conputer
term nal 414. Simlarly, external equipnent 416 is connected via
optical cable 406 and connector 408 to hub 400. Again, a snart opti cal
connector which is not shown resides w fji3in external 10 equi pnent 416.

Furt hernore, external equipnent 418 is coupled via optical cable 402

and connector 404 to hub opti cal connect or
whi ch is not shown resi dmﬁaﬁgwcéﬁ tnt 418. 15
Ext er nal .equi prrent 416 c e L5 ext er nal

equi pnent, while external equipnent 418 can be consi dered a second

| ocation external equipnent. The di stributed data bus network 401

i ncl udi ng hub 400 and the vari ous smart optical connector systens
provi des $or a 20 sophisti caAbstract enfcdheeBlisclosamed swi t chi ng network. The
equi pnent on the network nmay require a variety of signal and dat a
formats. The smart optical connector systens are capable of making the

equi pment conpat i A SMart oplisaheannactor (100) se“dsmn@pﬁ%%ve%etwork
Cumnecs. 5 BLESH SRS P spliat sy (208, aapy, Tie omalt oBcal o,
transmtti ngqom Gr?ogg %ﬂ ﬁo‘?‘?lé:\’e ing \ﬁ'?? r!f@' s'gﬂallﬁd& st ood Y
that an 1efi opticalusignalsf forotraingmissioms amay dapable of worivertingd t o
provide di st g fHRdsiHAsPYs BRIGAESP signals for reception. Addtionally,

the smart optical connector (100) comprises circuitry (217)

for modifying the format of the electrical signals to provide

compatibility between various equiptment (414, 416, 418)

15 which require differing formats.

FIG. 2 accaompanies this abstract.



30 " It should now be appreciated that the smart opti cal connect or
provi des a nethod of preprocessing:optical data transmtted at very

hi gh rates between equi pnent. The active - preprocessing of the optical
signal after or before transm ssion all ows equi prent requiring various
data formats to be interconnected interactively. Smart optical
hubs will allow the creation of networks #M2interactive equi pnent
transmtting at speeds not possible over wire interconnections.
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- 10.- 1. An optical coupler conprising: an

opfical -signal -to-el ectrical -signal transducer capable of converting
data in a first optical data format into a first electrical dat a
format; 5 an electrical-signal-to-optical-signal-transducer
capabl e of converting data in a second electrical data format into a
second optical data format, the second eyéﬁ?lﬂ cal data format being
di fferent fromthe first electrical data rmat, and the second
optical data format being different fromthe first optical data
format; 10 an electrical processing circuit coupkzg to the

opti cal -si gnal - to-electrical -signal transducer

el ectrical -signal -to-optical - si gnal -transducer, je dliHictrica

he first
ormat; and 15
t he

processing circuit being capabl e of converting d
el ectrical data format into the second el ectrica
an electrical interface including a first end and a sq
el ectrical interface coupled at the first end to the
processing circuit and thedzgfggg;ggd of<t he el ect
capabl e of connecting to arel nt c nponent ,

optical -signal-to-electrical-signal transducer, th
el ectrical -signal -to-optical -signal ;fansducer, t
processing circuit, and the electri i nterf@&®4

single, integral unit. 2. The optica
wherein the single,

418,
EXTERNAL 414
EQUIPTMENT —
< 7
400~ 404) ==iléés
=——" M1
412/ | |
~408 '
401
406 B
416,
EXTERNAL

EQUIPTMENT




: L ' Y3
25 integr ,F[L]f\@EMENWVSHEET\ n over nol ded package. ; 3. MERS™
optical colipfer-of ~charnr]] 2, wherein the: single, I ntegral unit
conprises &.-pi hi A #obay c nnector conprising a plurality of pins,
and wherei .1 h?glmﬁb@al i pterface conprises the 30 pi ns.
4. The optilcal.coupler—of Flaim1, 2, or23 wherein the el ectri cal
processi ng circuit conprises a m croprocessor coupled to t he

opti cal - - e 5
si gnal -to opti cal - si gnal -nt ransducer Wé}zgﬁt Eﬁg@ %ﬁc%tcg fér’m%%&gé of

wherein the éteetrem@t‘@qiﬁprnem auginyt optical cabte,swhith, dbes egoelreyire. one

- 11 - The optlcal coupler of claim4 wherein the

el ectrical systemr doesrefognatmmgu elettricdale signatsr andsdata eand t a oséparktei ce

wherein the :
system for converting electrical signals to optical signals for

5 transmission over the cable.
Brief Description of the Drawings

FIG. 1 is a top view of a smart optical connector system in
10 accordance W|th a preferred embodiment of the present invention;
FIG: 2 |s a perspective cut away V|ew of a smart optical
connector in accordance with a preferred embodiment of the preseéent
invention;: .
FIG. 3 is a bottom view of the connector of FIG. 2; and
15 FIG. 4 is a schematic diagram of a distributed data bus network
employing smart optical connector systems in accordance with a

. ‘preferred embodiment of the present invention.

Detailed Description of the Drawings
20
An embodiment of the present invention consists of a fiber optic

ribbon terminating at the end in one or more modules permanently
attached to the ribbon. The module is capable of both sending and
receiving optical signals. A optical signal received will have

25 additional processing carried out by the module in order to provide
the equipment electronic data in the correct format for the
equipment to correctly use transmitted information. In turn data

generated by the equipment is received in an




m.cr opr ocessor co
to-electrical - §

‘yonic device to the W
and to the- el.ectrical
optlcal si gnal Cer : . 6.  The optch"I @!{ MUH,” m 1,
2, 3, 4, or 5 fluith rz N199&) ril\si ng external equi prent «

second end of thd 1 ectrical \interface wherein t he external eqU|bnent
IS separate fro i ntegral 4qnit. . The
optical coupleriof claiml, 2 4, 5, or wherein the

optical - signal - cal -signal ‘transducer is capable of 15 converting

data in a first ofti calArdigpticdl deupldrocomiprising:a fir st el ectrical
digital data for

el ectrical - si gnalrr%‘fn %E'F%gﬁl@ﬂvg'eﬁé;ﬁlgﬁ(,ségn?g trans"é"&&iblc@pcﬁble of
converting depaverting sdatandnelaedirst copticalgdatd thamats dnteata first elecirical
second opticaééii i %t.data format, the second electrical 20 digital data
format being ferent 'from theflrst electrical digital data format,
and the $econd op@incaglestsicedisignekrtepiieabsignal-transgucesr Gapabiem ohe

first opticaloflveHimg dhﬁhalﬁ H r§1‘$oon%l1‘électncal data Téipigt ihtohe skeshdi cal
processi ng C|r

el ectri cal %'Féﬁ %ﬁaaa}ggpﬁgt %ﬁt 59998 ?eCtE'Eg!)n@ét\agl Iéafrtppgapemgg different 5

format. from the first electrical data format, and the second optical data
- format being different from the first optical data format;

10 an electrical processing circuit coupled to the optical-signal-
to-electrical-signal transducer and the electrical-signal-to-optical-
signal-transducer, the electrical processing circuit being capable of
converting data in the first electrical data format into the second
electrical data format; and

15 an electrical lnterface including a first end and a second end,
the electrical interface coupled at the first end to the electrical
processing circuit and the second end of the electrical interface
capable of connecting to an electronic component,

wherein the optical-signal-to-electrical-signal transducer, the

20 electrical-signal-to-optical-signal-transducer, the electrical
processing circuit, and the electrical interface are included in a
single, integral unit.

2. The optical coupler of claim 1, wherein the single,
25 integral unit comprises an overmolded package.

3. The optical coupler of claim 1 or 2, wherein the single,
integral unit comprises a pin grid array connector comprising a
plurality of pins, and wherein the electrical interface comprises the
30 pins.

4. The optical coupler of claim 1, 2, or 3 wherein the
electrical processing circuit comprises a microprocessor coupled to
the optical-signal-to-electrical-signal transducer, the electrical-

35 signal-to-optical-signal-transducer, and the electrical interface,
wherein the microprocessor is a portion of the single, integral unit.



-

12 wherein the _gp,tnj_c_aL.,‘..ca-Ql e (202), the optical- ducer

e RO, 0 AR

included in a b il
claim7, wherejnjthe sin i nt egral package (222) corpricses aM over nol ded
package. 2 Z'MAYng‘)% \ : _
e - 11 -

T e T R

e

5. The optical coupler of claim 4 wherein the electrical
processing circuit further comprises an electronic device wherein the
microprocessor couples the electronic device to the optical-signal-

5 to-electrical-signal transducer and to the electrical-signal-to-
optical-signal-transducer.

6. The optical coupler of claim 1, 2, 3, 4, or 5 further
comprising external equipment coupled to the second end of the
10 electrical interface wherein the external equipment is separate from
the single, integral unit.

7.  The optical coupler of claim 1, 2, 3, 4, 5, or 6 wherein the
optical-signal-to-electrical-signal transducer is capable of
15 converting data in a first optical digital data format into a first
electrical digital data format,
wherein the electrical-signal-to-optical-signal-transducer is
capable of converting data in a second electrical digital data format .
into a second optical digital data format, the second electrical
20 digital data format being different from the first electrical digital
data format, and the second optical digital data format being
different from the first optical digital data format, and
wherein the electrical processing circuit is capable of
converting data in the first electrical digital data format into the
25 second electrical digital data format.



