WDM SYSTEMS AND METHODS Field of the Invention The
present invention relates to wavel ength division

wo mobnsqabexed optical networks. Background of BREEUS2005/005968
I nvention Wavel ength di vi sion nultipl exed (V\DM
optical networks are known where light of nmultiple
wavel engt hs i s spaciViDM SYSTFEMS ANBMETHQDSeach
wavel ength of light is spacially separated from every
ot her wavel ength of light. A plurality of signals
havi ng wavel engt hs of diﬂﬁddeﬁthéhﬂ&hﬂeucan be
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glurality of signal Chﬁﬁ‘ﬁ@rﬁuﬁ@ofﬁn@lﬁm ignhe degree of
mul ti pl exi ng. WDM processing wtit a nigner degree of
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t r arki e §§ Ul o eeaihs FSPROEI IR r@if Wehdhiy each
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f redUCLn costs f he sys one
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cal |:8Gn & Ba¢kHBnAMRIBIOFitH aGirddt Ae@BndEdr CoRnfMidAtion, @ Mher increase
In a C\WDM S{St em i nexpensive optical conponent s can

be uBe&eapacity hypesfoundsy redneing theppticaldtaquenap\apaeing of a plurality
syst var feren

andt s e Riel nfisaitaht APt o DR MR v Dr Bockipe with
uns hiigefl @egree aNAURPIdGR is CWQM Genb&'Whvilengh GBS maltflexing

utilized to process these signals for transm ssion
1§vedDWBM). Adsandl ik known in priicehgansatissian &yswwevmrgﬂmesls not a

on flé grdeﬁ?lQItl# for %f’ Irr u?ncay\!b):[}/I tRe 8 eé)c?f rﬁ@?g} ag.(f)%%'%creased by
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need. for. conversion circuitry associated with the

VDvthe efect ghirdpeing ResthErithesybieat srmonqaiai AVMprapessing with a
(cogyial de lg{'é@' ol 181?5(15;; 1%11&:& RD&Ee Wél ( dlvllﬂ'irpmﬁnlplexmg

appropri ate si gna ti Channe ramsm ssi on on
261 ndC&VDM)eiln a CWDM system, inexpensive optlcal components can be used.
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In WDM systems, and in particular CWDM systems, a variety of
different media signals may be handled including coaxial, twisted pair (shielded and
unshielded), and optical. WDM's including CWDM's are utilized to process these
signals for transmission over fiber networks. In the case of multimode signals on

25  fiber optic cables, WDM's can be used to process the signals for transmission on a
multiplexed single cable system including a single mode fiber.

There is a need for conversion circuitry associated with the WDM's
to convert the native protocol media signal (coaxial, twisted pair, multimode
optical), into an appropriate signal for multichannel transmission on a single fiber

30  optic cable. There is a further need to modularize such system components. In

particular, there is a need to modularize the components of the system to address



optic cable. There is a further need to nodul ari ze
such system conponents. In particular, there is a need

WO 00050gh4bBri ze the conponents of the system t oPCT/US2005/005968
addressconcerns that arise during initial setup, and
nodi fi cati ons and upkeep of the system over tine.
Sunmangernd thihariseveng iimtialﬁbtappermelsemdiﬁbatimmah«b npkeep of the system
concerns a WDM opti cal system and net hod incl udi ng
firdLi8°second WoM s i ncl udi ng an optical |ink
therebetween. Preferably, the optical |ink includes

both a transmt signal path and recei yve signal path.

Each WDM i ncl udes ci rcmm mul ti pl exer

and denultlplemr LRneinPédodl ohderfS a WS GHiicl i shd method
r n?m+ é)gc %’ a (gj;lcm)%g?es metho

The nodul ar eIe nts 1 nc Irst set
Sor indndieg ffirstgnd e¢oced WDM's melurlmgtarnmpﬂﬂcdeliﬁkaheriegstwlem

and co format signals, a,second. set

For IEEUEPH P se LBinE oS 3R BF halenE) AL Sifgeve signal
opt igzd. BdcaNRbM ﬂfchﬁﬁﬁ’ é‘l"réiﬁﬁi’y Y@‘lﬁ]ﬁ(ﬁ%@d llﬁﬁlti‘p‘%xer and demultiplexer to a
comuni cation with the multiplexers and

demnlumbﬂye)femcsiularwlmtqo ﬂéheerm@diarmtmntude a ﬁz\DMet of modules

a _ba e ud| n
p or t or %ongsﬁ&ng%ei?v% eﬁﬁlgf: %E’rlopoco alﬁla i3 S}%“%‘F nqormat signals,
10Pt iagdla seedr@rstBsEmeIésSfof %n%ﬂtr@ftfeﬂ%dﬂgh&\fc&hnﬁﬂ format signals and
optical to electrical conversion nodule or card. Each

opt |0@apa1|srgné18faaé@arﬁé¢ wayelengilfelor sorpmppicaien with ghe multiplexers and
cont port, and at |east one optical port.
Eacﬁlreoblt%lg?% ‘0 electrical card includes a backpl ane

interface por thefe peferfa dnitipdwhé, 4 WDMMssipidtluded Hbackplane
contraol signal port, and the at |east one optical port
of tREUGpE AR HIPUE ROWPTRAE 2 SBRtOl Signgheorh aBd B IPkuality P @pncal

lgpt lif@lfad onﬂs%tt {n'tecfﬁmng%lﬂ?ad 6}&1 ?fjt% e‘l’&'ﬁjl&a%or{v%rsbon module or

el ectrical® conversion €ircul or converting
comzarnd. fRachepticdl gﬁtaﬂf&eqmd mﬂtldesai pavegipattsa cdramih signal port and at

optical to electr] car.d i ncl udes an el ectrical
i nt é?qsa%e ?RS‘FFI ROE| P%M@tlaa pRfIestrigelqard inclugps ¢ Bpckplane interface

2 I i RO, O S5l RO e ot n

el eoptica glorttad tied @ptical io@lrfacmpm(aoﬁuhe ibackpdariee The optical to electrical
ectrjcal card.includes el ectr.i

t
275 dpils e SRt Pl Bl S ER e LG CaMer it between

bet Wegiindifoliist s@%rﬁlsoéh@'opffﬁéi's?gn&sg AL oftitd] E&8TB®Acal card includes
format signals. Each eléectrical to electrical card

i nc Iaumtracahgmréacc npoe nicdedinga powclmﬂru dmgtralt signadiport,comd at least
mai n s Si S in es O,

si giY4f e%ﬁ&}cﬁf)%(}l'g leer glgt‘ﬁ{lfql tlr;{ﬁrg ace port SleHEs, IR LS &kctrical to

electrical conversion module or card. Each electrical to electrical card includes
25 electrical to electrical conversion circuitry for converting between native protocol
media signals and common format signals. Each electrical to electrical card includes
a media interface port including at least one main signal port.
The WDM chassis includes optical signal splitters for splitting or
combining of the multiplexed output and input optical signals. The splitters provide

30 dual pathway protection between near and far ends of the optical system.



conmbi ning of the nmultiplexed output and input optical
signals. The splitters provide dual pathway protection
whedodosdonear and far ends of the optical systpeon/Bs10e$/005968
Description of the Drawings Fig. 1 is a schematic of a
first preferred enbodi nent of a WDM opti cal system

Fig. 2 is a schemati nefDescsmgn@fpheDeawﬂ’ senmbodi ment
f WDM opt
VDM chassi b | i 17 &isEhemdtiss o futtGr el ERBifeal o6 WDM

aspeptical efstéhe VWM ChaSSI s of Fig. 3. Fig. 5is a nore

det ai l ed perspective view of one enbodi nent of a DM
chassi s i ncl udiipg inecchematicaf dsecardgreferred emhodiment of 2 WDM
sl tergat [ ng arrangenment for the WDM chassis rel ative

o t°ReC Errent shown in Fig. 4. Detailed

Descri ption ofFig.Ieis Brsefepnidtebf EriDAM BRi3kisRef erri ng now
to Fig. 1, a first enbodi ment of a WDM system 10 | s

shown. A pl ur Jiigtdyis efmaerp detadedsschematie foy aspasts afghe BDM chassis of
CODQE% nedla 20 are linked to a plurality of channels
nat’i'-ve optical or copper nedia 40 across a

mul ti pl exed/ daigll % is plneore detafléd peabpdetinkvid® of\ode embodiment of a
singl e optical path. Near end individual channels 22
Pre %ﬁ]@@ﬂswl%n%@fi@%?ﬁr hannel s in the present

enmbodi nent t .
channel s 42 (re%rd;légﬁtggg%é;}/\% aﬁg‘gﬁgﬁﬁlt W%%aﬁ%%g%latweto
overthogtingamepeshbways FR64. 38. As shown, pat hways 36,

38 define transmt and receive signal pathways. Near
and far end WoM's 32, 34 are used to

mul ti pl ex/ demuDétajie® Detditptivi dfahé PeefendEmbedimdnt be

descri bed bel ow, WOM s 32, 34 include nodul ar el enents
Ui 11 zed dur i RETerEeRBMyo Kigi 1af bt gabagimenhot 3 SHIAM system 10 is

B0 R ARG R SR 8 e ke o
12 |pmrsll"ngr\m chmmlelscbf mgtive optical gl coppel/mkatiald agoexed

optic 50 with dual ath rotecti
54 | tlnlaéecﬁﬁmltlflplﬁgecgmwe P P aimels prcal e Rear end

cr e@ﬁcﬁvﬁg hQ%ﬁeh%"@Z/gt e mgeygquﬂyﬂw GftleANcRAhYE FNhdBMsent
embodiment, 22, through 22,6) communicate with far end channels 42 (represented

20 by channels 42, through 42,¢) over optical pathways 36, 38. As shown, pathways
36, 38 define transmit and receive signal pathways. Near and far end WDM's 32, 34
are used to multiplex/demultiplex the optical signals. As will be described below,
WDM's 32, 34 include modular elements utilized during assembly and also useable
at later points in time for further system modification or repair.

25 Referring now to Fig. 2, a modified WDM system 12 is shown
including a multiplexed/demultiplexed optical link 50 with dual path protection.
WDM's 52, 54 include splitting and combining functions which create dual
pathways for communication between WDM's 52, 54. Such dual pathways are
useful in case one pathway is disrupted, such as when one pathway is inadvertently

30  severed in an underground placement. Generally, WDM's 52, 54 are similar to

WDM's 32, 34, except WDM's 32, 34 do not include any splitting function.



useful in case one pathway is disrupted, such as when

one pathway is inadvertently severed in an underground
w@b@sosant . CGenerally, WM s 52, 54 are sin | aPCT/0S2005/005968

WM s 32, 34, except WM s 32, 34 do not include any

splitting function.Referring nowto Fig. 3, WDM 52

i ncl udes ci r cReferying opwdo fige 3t WMt ineledesnatduitey for converting

protocol nedi a signals.on. channels 2 d the combined,.

Tl PRRIeER SRR R R eSS PR Sheieh 2 g B g RBged Futtpiesca
59. o)1 3%nhROn\pABSVaTEISE! 91, 88 S50/ Wemlshiifdieddsng

circuitry 60, hereinafter referred to as nux/denmux

ci r canltiplpxieg/demuktipdesingcisduite6Q, hpredmfien rafepedetoeas nayrédemux

epar at. annel s of optical,signals i,nto on i_gnal .

or AU OCBE Gerhln RETS bR A o ik of optica
Ci I gipnhKk)intddnakiaafeortthisnibLxes® fhhéhdosiRifndRaMux/demux circuitry
recei ved fromfar end equi pnent into separate channels
of &Ptiseddemltgienes thagmeg signal reepiyed ompfar end equipment into separate

el ectrical .8 ' i ' i - -

o ¢ EPBERarSBIABRAR, SUORHSS R WAl JEGEL R S
el ecirthiagl90twhich Mtérfacesivith auxddeduxrviuitouéd. rwMG2 further
which interfaces with optical .to .electrical. conversion

10 r énpludey etpgtricehte cdestrieal spmyigTaen @{ﬁuftrsyl%whlfgonterfaces with
oS SPLAREN AR RS b, TRICA BN, 10
60. cUbMrsbeiwrehwndtee priomcobhmedieairouiay,and itheoopticgl figmals transmitted

t woyway c nication, Ipn the preferred. enbodi ment, .
ol o Oy REdETER Griaisy P a NI gBR T ERHE RS0l igs for two-
re Rlohrsahosehabl € to mux/denux circuitry 60.

Furthér, in the preferred enbodi ment, optical to _
18l ectrical condwgregreferred embpdimeng @lecyicakbtomleditisal conversion

connect.abl.e to mux/denux circuitr 0. In additiop, it .

o GGy 00 S 1oAY oo o ey et Sedey b ofrner, in e
Ci I prdftirdd bdAmERTBNEA o AQHEH LaMleBsibiPcithBEY DD tPlendoQably
el eCtrical conversion circuitry 100. It is anticipated

t hatcosnegtablestoymay/ demix eraity ef.olnoulditiomediisnprefegred|that pptical to

be desjred for handli . mux/ demux cir.cuitry 60. :

Aop PRI soriermiar ryRBcitis e BBl Figfihea o lectical
20 0MY cESlbh Bigc ey WOGNIted Atticipatadl thit wirie6t 61 diffbrent protocol media

conversion circuitry 100 and optical to electrica

convignaisarrycherdegired {or dandlingdyameddepes eisguity 60. Appropriate
o SSh BRI BB PO g e

e connec

bet weaversionpeasny 300 hndEPdcaliol etectial cenweasidretiycuitty 90, and also
native protocol nedia signals can be handled with a

r ed @eten! fiplsetricalicopuerpion SHEW!TY PR 4pe Muxcdamt, cifcyiry 60.
28l ectrical to |8l Nif fahe RADEDRIBRnections between components of

WDM 52 is that a variety of native protocol media signals can be handled with a
reduced number of components. In particular, the electrical to electrical conversion
circuitry 100 can be selected for the native protocol media signals which are
anticipated for WDM 52. The native protocol media signals can be converted into a
30 common format signal such as NRZI digital format. An optical transceiver
associated with optical to electrical conversion circuitry 90 uses the NRZI format
signal to modulate a laser associated with each channel. Each laser associated with

optical to electrical conversion circuitry 90 operates at a different wavelength.
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circuitry 100 can be selected for the native protoco
nmedi a signals which are anticipated for WOM 52. The

WO 20050864pr ot ocol medi a signal s can be convert eRCT/NEMOR005968
conmon format signal such as NRZI digital format. An
optical transceiver associated wth optical to
el eReceivals asspaiatadswitin theiapticaltte yle@@icalbc@&vtm@nl‘dﬁ?zuiny 90 receive

format. sign to nody] ate a | socj at ed

it sfEaRls fon BRReRl Seulo o AR 3 Eh T NI TofRS butput
el egighhC@hick XY AsHii@eY toithEslkdtrival 90 elep@icall ®hvérsion circuitry 100.
di fferent wavel engt h. Recei vers associated with the

optical to el dstsepaating hewoptiside elertrical qonyergpncaspitiy PO from

PL' ﬁgle Czrr{gq\l%z?le %?%’Eﬁong r?gn%%(r L%grx bv\%yfeﬁagt gﬂges of optical

t r aRisviceés @€., atatrines, enareh po®al, ahd v@b@@ﬁgthﬁédn HRUMR6 IR desired.
circuitry 100. By separatl ng the gftl cal to electrical
conVetsfers, gilpw end ppplowtiphsolie a3, &bl 0 10 Mibgs Ethernet, lower

el el tc%ﬁ’{ Ogaﬂyggnsl;e%egl rcuitry 100, different grades
of op icap

evices (1.€., data rates, |aunch power,
and wavel engt Mu)daﬂnb;eclecrmdrpﬁ(edmcaﬁiede@bwedmpi[h;&rreébwmch
in | ow end ap Ilcatlons like

/s
18t herowades alesigal powEr 06 ?’R“s634c al?%%@elaa% aa! ca W%@rfu%ed from
cir [ r :
o oot u BTG LHAE SooBAE b IR Lk o hE R nput power 62
64 d:@aadhe()/(Emwwm&rtcerﬁ 92 ddaciplane 64 irtchhieaoﬂtlcalh cowders gr interfaces

t t ths tg_l Kk

Sg\?\fg‘ﬁp S oAbl e o VB comverr agd 98 &pﬁpgldgtegf&ces 66, 68
' nClCHﬁ‘lﬁﬁlﬂ%‘ t?n?dugga§ﬁ&gs%n9fpdtmﬁsf7@c¢§t06tﬁe nﬁﬁh;%l%k!&rélement 74

as adapters) converter card i cal
15 nt endlading nﬁtﬁ;pl@&:r d6wndernulipkexeh?d Ll"gbnuptlltwbdxes’i@ e

P Rt lipleer 76 PN o @pliter i ark pEyade ok Spljgpe gircuitry 82 for
nul tchdatify &le difl %ﬂ@aﬂﬁdlh‘xlvﬁysm(?ﬁ%ﬁl PaBhwHRE7DY9 iR multiplexer 76, and

splitters 84, are provid plitter circuitry 82
f or demskiplexgr 78eo the a¢8po¢mecsallttqra8ﬁ,v?e6y Prefepabils aiptical pathways 36,

P2 N 575 3ok Dl REFETpgfgn s, Com L1

20!3t i cal pat hwaash 8BE caBverfebmotlle &Sard@ ia¢ledés dhgﬂp@lcal link 96, 98
node optical pathways. Each O E converter nodul e

car dsuwh ap gennegwss){or igking ) opticpldnigefacesH6; 68 @ﬁb%sécplane 64. An
Con%?e%L Pﬁaﬁntefrgﬁe %Qﬁtﬁ w&stfgr léc‘iﬁ%al i ace%‘gggcipo e g@ ?’o each O/E

bac electrlca I'n
for cafﬂveeiee cardiogasuchias Korfang mm&m@dfp lpawer ﬁefédéd)byaamdh @Econverter
converter card 92, such _as for % necessar
9

needdd By Alserrleinical srerdice 8P 2l @trq&sgél?%éng%?{i py hpckplane
2500 %%{agggo%%uﬁmtéd' t8%aGPOME Qnvelhdalodrandl ed by

Each E/E converter module or card 102 includes an electrical link
106, 108 for communicating electrical signals with each O/E converter card 92
which are then converted into optical signals for transmission through mux/demux
circuitry 60. Each E/E converter card 102 includes pathways 120, 122 for
30 communicating native protocol media signals on channels 22. An electrical link 104
connects between each E/E converter card 102 and the mated O/E converter cards 92
for conveying any power needed by E/E converter cards 102, and for any control

signals to be communicated to the E/E converter cards 102.
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64 and communi cated to each O E converter card 92.

Each E/E converter nodule or card 102 includes an
we@bmsmsgdsenl |ink 106, 108 for comruni cati ng el BCL/U8085/005968

signals with each O E converter card 92 which are then

converted into optical signals for transm ssion

t hr ough nux/ d®eferring nowito Fig. 8Pbackplehe 64  shownes imaluding a card

card,102 i ncl udes pa s 120, 22 f atin

o e Gmbeen] S whith SRR iitd S st caniet LOETH OiE ElntvEer card 92.
el eqopithéy cakd e]cgﬁné‘c@&”lggtaﬁd *é&éé"&ﬁﬂ@ac‘f—‘ asPfdehbhe electrical link 80
converter card and the mated O E converter cards

92 PbFige 6n‘Féapg nfgtuamnpmrwﬁebiﬁe@nnyct@ Bpiéesh insertases 66, 68 of
102
§ onbish Rate i PheBin Ol et et E ol B wma dpsoppgptable with

NOWbh&kpdng-644as BRGER! O clitveitér GRPIMNiRRdenNs blﬂ&hﬂgoaad 140

card e dge connector 130 whi ch connects to an edg
contrededingoiraitrl 42 fgoeveridng eagteicd signalsfearn EE é@rV@rter card 102
edge .con tor

o1 ol RRBFT b oy BRCeRGRR o Al A iR IALARG, For oxample

134 DEBhs&oarastd ba QIR cosadrtet odras 92 CEhcilry 163 oﬁélr&lﬁﬁlk)ard 140
| ane 64 wherein O E converter card 92 is connectable

18ind ferthes inchedes et mthwawme@#@%@r cepfrq aad fergonygrmg any
Pon}llgééﬁts% %gr r?c%dé({] 9%? §orﬂleﬁl31r &alﬂ [:7) ?&%F%aﬂ'é&wefsmn Also,

I NCl U Ircultry Conver I ng el®ectr
si geatwt pathways/ dﬁdcedmnms ae pmndhdldiﬂcudutt@ommlt 140abr linking edge

ignals far transm ssion at fiber optic connectors
1340011t8@ 13?6\“%9@5%&%9 coppestPrlédr s are used on O E

converter car Sﬁ Qoflﬁéé'térr %4 %ﬁ%)/@fcgﬁbf% 'cErd@al'i&s 148/E

further inclu cwt pat hways an enent s
1 5: ontowtertanchri d02 bp mumdctmg teeamyedge cestactr MSpovieE qoaeej’emi card 102.

o GIE Save e R 02 Tor L ne Conlersion S
boa:ﬁ)potg&@ nie@ia di gﬁé @E%Q@erfe? Qﬁﬂclt()ﬂig’c;iu&statbl&@ft‘ﬂ)o@t@lgl%o

connector 144. ge connector 144 on
convelyding ciaguitrp 252 fqn Icsmtemtl@ siguadniremtthe naiafed)rgtozolbyedla format

connectln to a ont 48 on E/E

car d1s g Chapriof BaP Sui R bsroRt ek Lo seg contact
260NNESL i the E%eﬁt@&st‘éﬂnﬂ@§idti& ated thatiaHfe 9{0@5&,@ flediaRiinals

si gnal s. converter card 102 incl udes circuit

boamd:lumoaml ami tngstc,d pam(shte}deﬂaadmnsehl@ldcdbe #lsqdt is anticipated
SI g l s from e

B Vb o2 B S P RER plE f fh a Hyhe
and CIRYRrCDIN Silircdif Boarli N 50 AR R EHSER cird¥is p@iwayd aridselements for
antici pated that native protocol_ nedia signals include

coaPPHFr egidersignsforuseyaisignpkennzeigion bstectronnasteredy4 and edge
2@" S%omja& 1'4%. ?&qu, %ir&ﬂ{ Séjthways and elements are provided on circuit board 150

for receipt and processing of control signals received from backplane 64.
Referring now to Fig. 5, two optical to electrical converter cards 92
are shown removed from a chassis construction 270. Each converter card 92
operates at a different wavelength. Chassis construction 270 includes a housing 280
30 for holding the circuit cards and components of system 10. Housing 280 includes an
open front 282 and internal guides 284 for guiding the circuit cards. Adjacent to a
back 286 of chassis construction 270 is backplane 64. Chassis construction 270 can

be rack mounted or mounted to other system cabinets or frames.
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that native protocol nedia signals include optica

signals, such as nultinode. Crcuitry 152 of circuit
whomsadsetdD al so i ncludes circuit pathways and BCEDEIDS005968

for power conversion for use in signal conversion

bet ween connectors 124 and edge contact 148. Al so,

circuit pat hwBpth gricdalebelsetrica]l coneperoardbed? shide gitp open front 282

board ,15Q for recei nd ro si ng, of ..cont r.ol

o oA Re ISy o Botseb P oF Buetohapufal o Heraigphegnverter

Fi geara ’92t1Mu&H§teH%@&ontt&t@B@ ed fib& opfie B¥RiecRIrs ¢34, 936 9 interfacing

are shown renpved from a chassis construction 270.

Eac witbmmnd'@uladmada%ddpekmm%tAtaa romtfend &atof optical to

LR RG ROV RBR AP g RAS PRERP’ LA G SRR for intertucing
Co ”Ii@tﬂ%llic&ldéf toSlEdtedhl EOnveleriSird 902 Rargedl |11h1 g @ﬁraﬂ@l e,
front 282 and i nternal fghw des 284 for

ci r diacentdp adackendalMraf /B canvsaiek cgédogﬁdgmwacé 148 is positioned
congdr n&’t‘é{)fhc‘?ﬂ%cltﬂ ch %ﬁgg %8&:%@%%4 R?Q%% e&dofb%tcgf%%fa'c%verter

270 can fmount ed er S

cabt4tet192 iy pdsitiiesd ccBﬁiebtoﬁepIMC aVhérobeth €9E rcbﬁ\’aérter card 92 and E/E
converter cards 92 slide into open front 282 of
1Q hasIverterined ﬂ%@r@éhlbzmert%l iptoghagsigraggirggtion Z7Q, connectors 124

opt 51% res%gtfﬁ l (S'FHt ££RD%8 oF Ellastid Egns%%ig%?bﬁtg%r{df zg'? Bfiked with

cont act er optic connectors
i nt badkakine 64 \fmﬁdlgménmmdsatmd tardtyeraystamgechpbaekplisgieding a far

9@trwi?front end 95 of optical to electrica
con Ar d 92, card edge connector 144 is

posi tioned fofid Biltaks Qged’MnﬁQnﬁJoﬁﬁﬁé'n't 68hn BE converter card 190
el ectrical converter card 102 arranged in a paralle

Iiranfeeuse idjandbng sigualaobadiffesamt ndtos pmbto@lEfotrmtv €ioneectors 124 of

car 02 edge c ct 148 i's siti,on

ot B iR i otk SRk pnding Saialsigpals,pr HDTV
endgi iR OE/EEéolﬁvér@é}\éﬁfd B0 1ﬁéhgesl@igoﬂt§)oﬁ%9ttb9&ﬁﬂectm to twisted
connéctors 124. \When both O E converter card 92

E/ Epzuombé@st épecificallyl port 252 isf aginbtyudtersasrandly stynlteaam éigmustry on
con 70 ors. 124 e presented along a
fr o agganléSSp 5%25?2‘% (ige %’Hi i on 270 and are

20 i nked with b@ﬁifd@is%ﬁﬂstﬁ&txﬁﬂm@ﬁﬁﬂl@f incudBS 8CPEJ @id BOO with ports
ot her sigstem conponents, including a far end WM 54.

Fi 9304 306, 308 fereanacefingde oHeT syfirse Compencats. P Ecerd 300 includes a

C on eaf ﬁl?{rfa%@grgot Jst?&wfl ? !gsg élﬂllﬂ?{bdéégg %of?é Qtnlql|8‘;f§12£061?ectmg to

eren Ive proto nnec ors

E/ Eba',tkaaﬁé 64, rsuelaasjwiltﬂa cardeedge aumictor SIU&fba&Secfg@rconnector 130.
handl i ng coaxi al ?nal s or HDTV si %nal S.

conQBPtC@Ptrelawaiwe rked e PY egdBB &R @a%@/ﬁwverter card 92
2¢ onﬁﬁpﬁ/‘mn‘i/&‘[ér}@g@lt ﬁﬂ tﬂﬁa‘u% B%?{PF%B 6§p %ﬁilf &a‘}a |3bd ser@'cbmmand

52 1's construc as an jack. Crcurtry on
and control signals to each O/E converter card 92, and each E/E converter card 102,

Also CPU card 300 can communicate with other system components including far
end WDM's 54.
Fig. 5 also shows a splitter card 350 which shows four optical ports
30 352,354,356, 358. The optical ports provide for the dual path optical signal
transmission to other system components, including a far end WDM 54. A rear of
splitter card 350 includes optical connections to circuit paths 56, 57, 58, 59, noted

above.



board 250 links port 252 with edge contact 148.

Chassis construction 270 further includes a CPU card
W@odsosd4m ports 304, 306, 308 for connecting tBCDURENS/005968

syst em conmponents. CPU card 300 includes a rear

interface (not shown on Fig. 5) simlar to edge

contact 148 f defewimgeowi todig.d, baekghane Brangsmuert fasa WDM 452

3001 BistH S e er SRGHHIR S Ltds PRovickd of poivs bR tar &V o2
to gaahdiet &E&Eﬁ%@%@ﬁn&ﬁfr%@%m@ﬁﬁtuﬂ RtGeR¥e66,98. Gintlar

102 through backpl ane . card 300 sends conmand
and rowydennx eirepitay 0 !Scpre‘aldhd tor mueplesing end demultipiexingthie optical

AT APE T St G e amaB R oo AR SR Ty g s i hat

en d t t &t OLE]blﬁ naﬁv@bl‘@ﬂ)cﬁhﬁgﬁalﬁa@ Ehrobglebackplatle 3468, instead of
whi ch shows four ﬁ}lca ports 352, 354, 356, 358. The

opt iadifcenidp udras of WIRM452. AR conpertepearth SBY receies mpghagnals and
t
L N T L

opt I]leaﬂal eainiefihé onmettorcIGAC 566 amﬁtrb sormfected fo caties, S&h as 75 ohm
not ed above, Referr.i E now t o an alternative

18r r £088 Ak qSO!Pr(gu 14lg 568 35791»5%%6 11;5@r§qc§1straqture for mating with
bac K)%gﬁgfeco%géctbxg ﬁg oﬁ”)@(ﬁ%/ﬁ%oﬁ@érgg E%BV%E}AC%% 502 also

inclu car ge connect OptIC
i nt amfmmesce&ﬁ; wifibacEphink 464 thmugilmm.edge lcomacttSrBy réeived in card

provided for | exi ng an mu) ti pl exi ny
opt i%48F C%’?”g‘j’ﬁtgn‘ggé ny Pﬁw g?‘gﬁ’r pigngl af’r‘)n¥?f8‘%8 eﬁrfﬁ@ﬁpverter card
One sbfif Sloe s thohih Wcﬂ)ﬁt%cﬂ $32t hko, a'ﬂQ:ohHQnglgxﬂ{@can also be

out put native protocol signals are through backpl ane

1464 progesseddbroogh adgeamatact 5152 aE/Erqonvermfr CWMﬁﬁclud‘ﬂsEnrcmtry 550
converter card 502 r c % nals and aErow h
out plt “EVEHELSAFYT PO gﬁ? {1e Pmr“b‘}”rﬁé¥“ format, Stich as

nat iNfez PRI YAlsE Q:@rcuﬁ?zﬁo%éﬁ@és aﬁ? ‘ﬁ@ce‘g@d‘ry Nifks between edge contact
connectors 564, 5 are connected to cabl es, such

as 7520t QFconaerterapid492, Bquh>a8rf@11 pcxmm@r sﬁgrols’%‘i converter card

gg;:@g t"bc:}é e%fflg% St r@%ﬂ%ﬁg&g rwltg cépg %&W&ﬁ%wg e(yige connector 544 of

260 M\ EtRhv & @a@mzal@/e cORVERen b4auos imdliides RBAVdREiBA Bircuitry 498
464 t hrough an edge contact 532 received in card edge

conreceasvening bepyaen somaonfernr gigngls aadl gntical signelsder on

ggn?gﬁnﬁg%ééa‘?hgl‘%&nh%ﬁf/p?@gvﬁ Yol {rggb d?{%ef Bg%t?cu Iﬁn@&gﬁ 534, 536

pr odesret Wi opi@dal @igace066, 26<8tto 5§ﬁca11§JcEnﬁc§w vyemueldemak dircuitry
502 6i0r1czl udes circuitry 550
25 E/E converter card 502 includes access circuitry 580 for test or patch
access to the native protocol media signals. Such test access may include a splitter
function where a portion of the signal is tapped off, such for monitoring. In the case
of patch access, switches can be included, such as switching jacks, for completely
removing connectors 572, 574 from the circuit paths. In this manner, signals to or
30  from card 502 can alternatively be to a second location, instead of through
backplane 464.
The electrical interface 80 preferably includes an identification

feature which will identify a code on O/E converter card 92 so that only an

8



for converting native protocol nedia signals into

comon signal format, such as NRZI format. Al so,
wa@e0ossd4oly 550 i ncl udes any necessary |inks bepP@EES2005/005968

edge contact 532, and O E converter card 492, such as

for power or control. E/E converter card 502 includes

an egp®puatetveayelebgd dutput will be easpted fok ¢deh tinterfacer&). divgexample,

connector.544 of .O.E converter, car 92. Q.E.converter .

cor & GBIt o rORRT o Bt B e sere s ety n whis

CoNi@innkr) 8nRah¥Besre8 OTBROn T RHefBird D29 the S redPhaveRngth for the

signals for conmunicating with nmux/demux circuitry 60.

Fi bevegPsysemeanbe insededanl ussd6CPRtard 30kcan herengppyagdp run
i i call
knt %&Eﬁé:seosf gggh %qéﬁ.o VAR %u%ﬁ as gg&ggagﬁ% %ic ?t utgg éx/rgr?&n%ﬁ(velength

circurtry converter ess

Ci I ehhriot Ye HBOrtédintd Bskplahe pohedukdde ssuseByitérd coinunication
protocol nedia signals. Such test access may include a
spl if#{WeS-f uncti on where a portion of the signal is

tapped of f, Slﬁ&elfagfal, Eg\mlaxﬁ] igf"iﬂ} Tt dﬂs%f‘co?ﬁé&%ﬁr,ﬁa@ﬁ%ﬁg ‘arfferent

access, switches ca ed, such a
| aclpawef needed bp krthez|Q/Ercenwariengardo B8R ec EM sortvéer ards 102 can be
s. .In this manner [ s to or

th i it t . ,
1{): 8???%%&%5@2:%%%3?‘5@% RPY Fetopveters gn Saé’le‘%g icards.
| ocation, instgggk WDNIRAYEk 'Hklﬁﬂﬁlgﬂlgdchaﬂ—&?s of signals (16

el ectrical interface 80 preferably inc es an
i demtaiveieogths)o preaeabufesenbhannelsichh bé Hamiléd yy appropréatay selected

OE t d 92 sp that. onl nappr opri at.e )
e EPRTRGTPN ERGY S0 MHYEME Y. FopReBErFricqdgplegsatation, an
80. 1BQharfheRERtEn cah BY froPRsd WheriffUbd: B dRhAVIiE R9eQ8d for

to the card ‘edge connection circuitry. In this manner,

1pn| ynteigennpsting bgalind remntecCR @ for amagagemenit and cordrol. WDM's 52, 54

desired vel for,the overall stem.can b

ol S p R TOR DR ik Bes el Fbo B R R BT pe g o
q Ueb'ﬁﬁ@al 9épataion teawétndch MEdrh S’ivlslt@ﬁh_s withyZ 4eB) 16; apdmd ¥R+

at the wong wavel ength cannot be inserted into

bac kbamsls cen bg raplgssated ovitheappeopsipta @R easdnthi cat i on

failures. Pregihlie; %&A;ﬁm}gﬁe@g}gagg@kﬁ%gfk@@mter on the

power, and any erent power need

2@ onvetpuesf thaWiBMRugideinhk ciauiugbDEA 6y stwhblspliaanwiietypically
accompl i shed t hrough isol at ed Eovver converters on each

of fefIce fieqowepavekon/gavh optpus fiserdwid O Preerally ngpch daser

el BB Y PUEUEIBL DTk ol B poves
that allows this system to use splitters for path protection instead of optical switches.
This has particular application for short haul applications.

25 With the above systems, a variety of native protocol media signal
formats can be supported using an appropriately selected E/E converter card 102.
Optical inputs can also be supported wherein the E/E converter card 102 converts
the optical signal into an electrical signal, such as in the common format signal,
wherein that signal is then converted back into an appropriate optical signal in the

30  O/E converter card 92 for communication with the mux/demux circuitry 60. By
splitting the converting functions between O/E cards and E/E cards, the number of

line cards needed to populate a given chassis is reduced.



conversion circuitry and nux/denmux circuitry. In one

preferred inplenentation, an 18 channel system can be
w@emgiogiaol wherei n at | east one channel is resepvBUST005/005968

i nterconnecting |local and renote CPUs for nmanagenent

and control. WDM s-52, 54 are considered CADM's in the

preferred entbBut IEVEmonvéﬁtmrcerdm 02 dndytheD/Baronmertgrtcarial92 can be

i on between each |a st enrs 2, 4 , .
‘E OXHJIMHE3S SYREHRS LV ¢ Chﬁﬁs%/ té%'ﬁ’{‘@g OfPR R sold partally

ap Fifdf)ﬁfa'tél‘it @an’hEn ﬁ@ﬁﬁﬁelﬁﬂeedﬁ’%{dﬂed@é Qld8RionQcakds can be added. Also,
acconpl i shed by using a one by two splitter on the

outypgradgs carhl@e BNy ithusnly irepdading gnesef, thaOd eowrtpmrds 92

SR TR S A N

Wi tffeld l‘@lz@éﬂnﬁ@n yalttedt c@ﬁlpdﬁedﬁ asedangsltébfab@mefﬁtdeydﬁbgie removed
optical |aunch power that allows this systemto use

s plandireplacede The amadular SY/Econvt ¢ards ey B 1ypern cosl optics to be used
f h
aupf BSE e BRRAI L R0l LEAAL T2 200

of native pr@yseois Med2 areaprgmabl ihdepeadent CBIE benverter cards 102
support ed ng an appropriately selected E/ E ) )
10¢ o rﬁy%?qlwe@f hejgyyen wyiive @Sﬂto‘?"ipb(% COISTST edp@2 are provided with

su ex :
¢ haRo LSRR Sl 08 rerforRaE SER SRS 8 R RERNE A Sduring
in mdﬂmfmmrﬂmnd ﬂonmgmamttgmme, anghgpkee¢moten atneS| gnal i's

t hen convert ack .into an appro opt.i ca
e O B eoluls P Ao PR e et il by RE pathways,
t heytrapsh demy! ﬁa?'oh%éeﬁlfraﬁgmt BY rezBivk bhiehth IteE‘ﬁectlve near and far end

converting functions between O E cards and E/ E cards,
15t heViMb 62, T Hareaampledeneeadeded dogsaptineadeaosh ganeamt and

chassi.s i s redu ed.,Th converter cards 102

o B ARel AL FED 8. MR R o Rrbandng mbftpiekeFor
Sysdeﬁﬁi‘ﬁtuﬂé@Wcorﬁp@ﬁ'@@sSdnﬂ Jfamwatyg Ut bORbIEd Eurther SRk ost.
partially popul ated, hen as system needs
i ncrease, addfheiabaug snf;atftﬂ;@,ﬂ@a nxmmasjmjdampmmde a complete

up . I h only.re ng _one

PR B RSB S M R ARG PR, sne

OC arrﬂaﬁlyldi)tﬁ)oddﬂﬁﬂ@ of the idrentibiecaisy maedwRh@IEBH&ting Frob e spirit
case of field replaceabilit only that conponent

ne&af AePneaithe@venionnthe davengom eesidesrin g claigs heriginafietappended.
The nodul ar O E convert cards allow for | ower cost

optics to be used for |ess demandi ng applications

(i.e., less than 155 Mo/s). Systens 10, 12 are

protocol independent. E/E converter cards 102 are

sel ected for the given native protocol. OE converter

cards 92 are provided wth

10



the desired | aser and optical performance. Such

systens are advantageous during nmanufacture and during
woriostgaaance and upkeep over tine. Wil e pref eP€BUS2005/005968

systens include both transmt and receive pat hways,

ot her systens may only need transmt or receive on

eacWhaess (daitedds:near and far end WDM s 52, 54. For

exanpl e, one way video does not need both transmt and

receive functions at each end. In this system the

cor r espohdi ngAMiDM pptécabsystem canpiliding| exer conponent s

and pat hways can be re to further save cost. The
above speci fifg"ﬁtfi‘@rﬁec%m%é’ and data provide a

conpl ete descyy B&ﬂi&!ﬂ iRk fSrt@nSRUh@rddene stidisUsedeh WDSI;
conposition of the invention. Since many enbodi ments

of the inventéaoh WRM neludingecinairittyoncludiegarrhaltiglekercamd a

t he %ﬁg{'ilt and scope of the invention, the invention
res‘fc Bf*The clains hereinafter appended. Wat is
dained I's: leachAWIBM RBRdGRa RYRLBBCRPRAleIphal th kledfrical
and second WbDM s; an optical Tinkfor transmt and

r ecesinyerters gavhlag afseparaie vaveipngth eeradvabbivinpied Iwithi thg circuitry;

circuitry inclugdi . multipl exer. a a demul ti xXer ;. .
cach oM i norar Ao e g gfio s sPare Mgt B o fsica
el ehteértas, eacininatctarith GRUT thd optica Pioddl éigcalodibleRd! duch
rennvabl¥€nated with the circuitry; each WDM i ncl udi ng

g

a pllentragal tq/elegtrisd sapyarier dckuding iapt and aufuk signaldpcations.
converters, each mated with one of the optical to
el ectrical converters, each electrical to electrical

convert ek i ncThedViMioppical spstem oficlaim 1sfugihar canpragingspditter

2. The.\WDM apt i gal em.of claim1,. further . .
corrLiong et B ape BRI EDyses Sl aprgattinl pereigowo transmit
I ndnditwelredds sl palivhpddre bidvided. wherein two transmt

and two receive signal pathways are provided. 3. The

WDM optical systemof claiml, wherein the circuitry

i ncludess a bapjepivang o'Fﬁ@Jl ekt of ¥RIRA! WhekinBE bRcli®Y includes a
renovably connecting to the separate optical to

el éarckplard includingrtweroptical ports ornBND iy eerinegtjng tortheseparate
cl aoi m ]1,t \é%eﬁlei C 4 Qe electrical to electrical
con\PéF?e? SaHFRVEsdYi al i gnals into a common
format el ectrical signal.
4. The WDM optical system of claim 1, wherein the electrical to

electrical converter converts coaxial signals into a common format electrical signal.

5. The WDM optical system of claim 1, wherein the electrical to

electrical converter converts twisted pair signals into a common format electrical

signal.

6. The WDM optical system of claim 1, wherein the electrical to

electrical converter converts optical signals into a common format electrical signal.

7. A WDM chassis comprising:
a backplane including an input power port, a control signal port, and

a plurality of optical interface ports for interfacing with an optical to electrical

I



5. The WDM optical systemof claim1, wherein the

el ectrical to electrical converter converts tw sted
wW@2005/08d4gnal s into a comon fornmat el ectrical BCTOS1005/005968

6. The WDM optical systemof claim1, wherein the

el ectrical to electrical converter converts optical

si genaversiomtcorda eadnonsicalf intenface poremchiding a powgrglort, @ cowtrol signal

WDM chassi s, ¢ risih.ng. a backplane including an input

povx%‘PPﬁgi?tsleﬁs(%gg%f’ﬁ)tb‘iagg?@nal port, and a plurality of

optical interfprealpbt §ptfcﬁrtole'IHcﬁ{cfaﬂ@drﬂQeéMhtlﬁblé‘dﬁngabackplane

optical to electrical conversion card, each tical

| ntigter@eepprion f¢rrmaltum \ﬁ@h thenpviea! ipierface nprt: inpluding a power
ol 8_[?)2*, ia{%?/ﬁt%?l s%%ll aI’ eggleonggg{lca‘?l ach oﬁtlcal to electrical card

ect ’s eac

I ncincldding optibslak Bleaﬁﬁali daineé:%@ﬁexrp@ltﬁylfmncdr@enmgtﬂefbgeen common
with the optical interface port and including a power

poriormat siggials,and optigal s1gnglsy @acha)ﬁacadtto elegtsicalpard wstuding an
porélectnﬁ@a:f gntgtl@ de%!rt ih uﬁllng %;Jokxfé? ot %&nkr@?é@?ﬂ& :}grt, and at least one

ectrlca rsioh circurtr
comledtmahgoh;stween conmon format si gnal S and opti cal
signals, each optical .to electrical card i ncI u an

el ectrical it RRrakbrolgdeqiricaldg ?}S?tﬁ‘@a é’a \Raeh ws mge@ rear
Coﬂhfeﬁafé#&ﬂ@ f&qﬁﬁtmlglagigrr e ik ect : :&Eg@b? h& %chﬁf?ﬁé a power

a plura el ect to e eac
i nghaurtg amgntmlrswial port,enfl atleapone ekentnfcwlrpmabaaigelwttwal ttdnelectrical

el ect erfa ort, nd i ncl udi ng. a _power port,
! G iR REan o Beiof Rony ot SR ARl eBik between
POrdative ﬁﬁﬂoc@l ﬁféﬂfa‘ S#alst zﬁld%loﬁﬁﬁdd foRthatCRgrials Eﬁh@éd@ﬂcal to

electrical to electfical conversion citcuitry f

corglentti¢ah gardancleding aanddiecintararo port invbutiing afi lgasabse BAh signal
commopn format signals, each electrical to electrica
carff ncluding a nedia interface port including at

| east one mmin signal port. 8 The WDM chassi s of

2 com & "por e WDVeBisapof chuld: whern e iers SRperais enal

t hgyodttish@agtialqet. Mai N signal port is a twisted pair
port. 10. The WDM chassis of claim7, wherein the at

| east one mmin signal port is an opt| cal port.
9. The WDM chassis of claim 7, wherein the at least one main signal

port is a twisted pair port.

10.  The WDM chassis of claim 7, wherein the at least one main signal

port is an optical port.

11.  The WDM chassis of claim 7, wherein the backplane defines a first
plane, and the optical to electrical cards each define a second plane transverse to the

first plane.

12. The WDM chassis of claim 11, wherein the electrical to electrical

cards each define a third plane parallel to the second plane.
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11. The WDM chassis of claim7, wherein the backpl ane

defines a first plane, and the optical to electrical
wa@2andesaach define a second plane transverse tBCT/H82005/005968

first plane. 12. The WDM chassis of claim 11, wherein

the electrical to electrical cards each define a third

pl ane palral | €Tha WDM@hssastsmfathmmaldeﬁttﬂler Edsmpr\'ﬁmg g hbassiis housing

of cJaim12 onpri si chassi s hoysin
b b AEbakBlenr SRS e PHa e g Bt SRisaLihe optical t
hougédifical \WAE @hd tHeltfecitlal fRdledtAc Bt hietrdbei & A% 61 opening of
the electrical to electrical cards are received in a
f r ohe cgseinihnysieg. t he chassi s housing. 14. A WM
optical systemconprising: a first WDMincluding a
chassis and circuitry including a nultiplexer; a
second VWM i n&IWiDMhgptecat yestesi soraprusicg:r cui try i ncl udi ng
a dermultiplexer; an optical link for transmtting

mul ti pl exed optical signals fromthe first WM for

recei pt by t hefise®ddd iMEtling achasABMndreddeuitiiynigelading a

Iur E% of separate optical to electrical converter
caﬂBgnp &ved by each chassis, each optical to
el ectrical converter card at a separate wavel engt h and
removably mated with the circuitry; each WM includi ng
aplurality & se§ WM 1pelpding |aghaf'rswta@dépréew ipglpding a
CONYESIi leﬁ?rds recei ved by each chassis, each main
signal to electrical converter card mated with one of
the optical to electrical converter cards, each main

signal to ele | r A
signal port. a%SJIthF?l l“@ﬁ%ﬁ/%‘ﬁﬁ?‘@% srgus1 Eﬁk&fbﬁ% Psr%g%ﬂ?fmm the
whefirei WDMdongcéipshyothalsedondVBM;r i cal converter cards

convert between one of coaxial, tw sted pair, and
optical signals, and an NRZI format signal, wherein

the optical t&cEK’ﬂDMﬂn@l@ngCarplﬁlfah@f ofos@ﬁﬁﬁte%ﬂv:ﬁrtb electrical
between the NRZI format and optical signals at one of

a soneertesgaidsvedenieg by cpelr chassipsaeh ortioglitotalgstidssl gonvertgr card at
derﬁ“% %)Llﬁ{le%\?e?en%}{} %A&%Fﬁs%o?gi’d&i’% W £ e&gﬁﬁ?&ia”d

demul t1 plexer I'rs secon 6. A
nmet hod of optical system management conprl si ng:

? (r)?wad Imrjlgt Irrul etalclp Ww&cﬁﬁ%g%ep 1{yp 0 separ %rllarlrcl: léllgnalyto electrical

converter cards received by each chassis, each main signal to electrical converter
card mated with one of the optical to electrical converter cards, each main signal to

electrical converter card including a main signal port.

15. The WDM optical system of claim 14, wherein the main
signal to electrical converter cards convert between one of coaxial, twisted pair, and
optical signals, and an NRZI format signal, wherein the optical to electrical
converter cards convert between the NRZI format and optical signals at one of a
selected wavelength for respective multiplexing and demultiplexing by the

respective multiplexer and demultiplexer of the first and second WDM's.
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channel signal system mating a plurality of optica

to electrical converter cards to the circuitry, each
Wo@pios08d40t 0 el ectrical converter card sel ect edP€DUS2005/005968

transmt and receive optical signals at a distinct

wavel ength of light relative to the other optical to

el ectrical converter cards of the nulti-channel

system tin @f%tp"t ' tter

cgrd to gﬁselgégggﬁ%ne J?aﬁkgkgﬁﬁ%%g%kkgqéﬁggﬁ}%@a

converter cards, wherein the electrical to electrical

converter car ransm - r . :

e e A e

si ghahsel signal sseeeand el ectrical format, wherein the

signals of the second electrical format are converted

to optical signals at the distinct wavel ength of 1ight

of the sel ectagtinyd ﬁ')l@ﬂilit)t of §ptiel toielatricabevttetter cagdy td the
17. The method of claim 16, wherein the electrical to

el edrcuitparachomistlite clestical canyprer card seiretedde dianerit and receive
ol N A R T s oA o

conslevtitial comlettet caadsof the malgichanel syeenp tw sted pair
native protocol nedia signal. 19. The nethod of claim
16, wherein the electrical to electrical converter

card transm tifatadpthn @€Riivd fo élbcteipdlicoaleritatind@o Riseleee@bne of

m:J(-'itlhe? ogtlic%rl]faol electrical converter cards, wherein the electrical to electrical converter
card transmits and receives native protocol media signals in a first format, and
converts the signals to a second electrical format, wherein the signals of the second
electrical format are converted to optical signals at the distinct wavelength of light of

the selected optical to electrical converter card.

17. The method of claim 16, wherein the electrical to electrical converter

card transmits and receives a coaxial native protocol media signal.

18. The method of claim 16, wherein the electrical to electrical converter

card transmits and receives a twisted pair native protocol media signal.

19. The method of claim 16, wherein the electrical to electrical converter

card transmits and receives an optical native protocol media signal.
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