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Invention Wavelength division multiplexed (WDM) optical networks are
known where light of multipieDna\8#S M SssNackiydirpersed such that
each wavelength of light is spacially separated from every other
wavelength of light. A plurality of S|gnals havmg wavelengths of different
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ith a higher degree of multip|¢ velength division
multiplexing 15 (DWDM). Also—H& 2 nission systems
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signal ( |, twisted pair, multim optical), in
for M@mmﬁ@dr@mmmm@sthgléegwmmleﬁhlg cdhbealig@ased by

furth %&gﬁ%@tﬁ%ﬂ% Zf?ealdggc§/ys%t501n§ AR Opuerzrx]ﬁy oF signal channels. This has

the effect of reducing costs for the system components. WDM processing with a

lower degree of multiplexing is called coarse wavelength division multiplexing
20 (CWDM). In a CWDM system, inexpensive optical components can be used.

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



articular, there is a need to modularize the components of the system to
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during initial setup, and modifications and upkeep of the system over

time, fgtque invention The present.invention concerns a WDM

ot R R S P SRR emighe system
an optieatiink therebetween. Preferably, the optical link includes both a

transmit signal path and a receive signal path. Each WDM includes

circuitry for linking a multiplexer and demultiplexer to a plurality of

modular elements. The modulad@femarpintdleda vefitioset of modules

for converting betwlqgen]:pgstéy& reldel (el r&?@ ian d_.common forma

signals, 10 and a second set 5f modules or%gnsg\?erting & v%%%wns}/ﬁteem ané method

eominehidirebirdigndiscont SPBddssirintting sepmtatel diakalengtesdoen.

S e e e e Ll R S R 8 signa

embodiment,”a WDM chassis includes a ane inetudai
powenibortack o spiadporirarnthafoluiakty ghoptitap bRdnterdatenultiplexer to a

port nterfaci ith.an optical-to electrical conversion module or
cardﬁl%%%ég(%?%ﬁ%%fg%gl So{r?'inc%ﬁ(fgg a %6 %%%ﬁ’? Q&Bﬂfi‘%& gfjﬁ%ﬂ’t of modules
port fandoavdeary beevepticativenréach optitial sipeitcticht carddnalbEes signals,

backplane interface. portign for mating with the power port, the control
1 e G R e e B R b e FRaPRRL B sfenals and
the batiqalamgnalhetoptieaittoveleclsigath? Aareminchiesopticahtthe multiplexers and
eIecHicalllﬁoqversion circuitry for converting between common format

signafgnandpo%)ffecrgl signals. Each optical to electrical card includes an

electrical interfacelpasitdnsefdingdapovemnait, 2 WIINOEBIINalRAdaNS Bickplane
least ona’.electrical ort. The electrical interface port interfaces with an

eleciPRHAT SR AR RO SbrA RORIGA SERal#oE spRdeigdalifyPf optical
1 elecininatanrgdnslfstlemiRbralRgineah nalpaitabcBMBISIOBHRIVEIOh R0 dule or

convert'nggbetwee,n ativegrotocol_ media signals and common format

sign&iY E5AREIRUARIANISTE R PRA RSRATSHRRECBNPR e RRBEbEE R mort, and at
inclueing el opsicaneomaineig Bptieel to BN WRM GRASRIANGIUARR BRUGR  nterface

signal splatters for, splitting or combining of the multiplexed output and

inpm%%f(g%@gmt&R@gg@gﬂeme control signal port, and the at least one
optical port of the optical interface port of the backplane. The optical to electrical

20 cards include optical to electrical conversion circuitry for converting between
common format signals and optical signals. Each optical to electrical card includes
an electrical interface port including a power port, a control signal port, and at least
one electrical port. The electrical interface port interfaces with an electrical 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.



30 dual (pathway protection between near and far ends of the optical \
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the Drawings Fig. 1 is a schematic of a first preferred embodiment of a

WDM optical system. Fig. %} f 8? q}ic o&atﬁe%)nd refe_rred

embodiment of a WDM 5 GM%E&VMIC of a WDM

chassis. Fig. 4 is d&'igoleigetuhsthgtherhaticfopadpactsanibodin&Mof a WDM

chassi ' Fig. 5 is a more detailed perspective view of one

emt??cﬁrfvr%gr%?é&fegilo WDM chassis including modular cards. Fig. 6 is an

alternative arrangdineitifor tabewdM chassisnel ptivéeteedhenddingamens WDM
hown.in Fig, 4. Detailed Description of the Preferred Embodiment

%efe\grgrfs]%aiﬁvﬁt%glﬁg. 1, a first embodiment of a WDM system 10 is 15

shown. A plurality bifgcBarrelshefmaitivel apitaMochager media 20 are

linked to a plurality.of channels of native optical or copper media 40 o

across a muItiple%%lge%ﬁmﬁf&i%%ﬁcﬁa?ﬁﬂ%ﬁ g%?%’%‘ﬁtﬁgﬂsf Bl5ti®4pPM chassis of

pathFiedr end individual channels 22 (represented by 16 different

channels in the present .embodiment, 22, through 22,6) communicate with

far end channels fi%réﬁﬁeasg}ﬂ‘?ggﬁ@% RIS VR VI St a sadpdiment of a

1(optiGHIDMt bRy S 36c38indSisdtigd caadbways 36, 38 define transmit and
receive signal pathways, Near and far end WDM's 32, 34 are used toa. ‘
muItiplex/demuItipl%éﬁ'tﬁsésﬁt@é?‘g@th‘éﬁfsarﬁélgﬁm%t desthm¥idishassis relative to

WDmaaaga,{’g@mwﬁquﬂlafgel@ments 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/demul Dy tibei dbticai ditibbofwith Brefepatd Mioibotinnent

WDM's 52, 54 inclyde splitting and_combinjng functions which create dual ,
pathways for com#ﬁ%&gﬂ%ﬂ efﬁ/dgé% \llvfblt?lE t@%‘%ﬁ%’ﬁ&h i pRMsagem 10 is

15are shown. A plurality of channels of native optical or copper media 20 are linked to a

plurality of channels of native optical or copper media 40 across a
multiplexed/demultiplexed optical link 30 over a single optical path. Near end
individual channels 22 (represented by 16 different channels in the present
embodiment, 22, through 22,6) communicate with far end channels 42 (represented

20 by channels 42, through 42,6) 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

WO~y 30 severed in an underground placement. GenerBfi/ USBINE05968
52, 54 are similar to WDM's 32, 34, except WDM's 32, 34 do not include

any splitting functign 3 W0 2Q05/08649 1R E{US2005/ e%%?Pc%itRefi?)rrric”o‘%lvening

now to Fig. 3, WDM 52 includes circ itry for converting between native
protBeBY erB diatisig Papiaselonedinaliznaland chercmisBideddrbitiptenbihed multiplexed

opti i A 5 include
mpul'?i%:t g%]g%%%ﬂu tiﬂp eX|ng§§§g lﬁt%?%%?h%egréi\/\%%g 2r‘seﬂglérrlrce%(%)S as

roudigid inlg-ngifdennl Goleriug clesnitxych@ ity Gt freu tiflaxes theas mux/demux

ep ch f qptical signals into one signal for transmission to far
o AR SR AR R RRE e s B SR Shlrf opica
receiigly dntofanesigzeguipntensintes kepardte codanpéienehopitak/demux circuitry
sign M 52 includes optical.to electrical conversion circuijtry 90 | ‘
o e e L R 5 R rOeEl s separete
electtieahtdself opicall cigvdssiGMDNCGitrinddsvhiptidatesfakesivithconversion
optical ta electrical conversion circuitry 90. The conversign circuitry 90
00 IS B DN DB B oS AP urtr
10signiael i ssvitieid abio relexteien e wikauibiy @%W@M(ﬁﬂwm&dﬁ%h ' f ; ; fadANwith
features, allowing for two- way communication. 15 In the preferred
e tSBRIFAGHR, LTS RO LSRR SITEBHG Slonk SRS I FEEy 9y 100
conpefible Berwiox R B RoBY Yk UTHetrin e R 8{R1Ealsignals transmitted
em odimepég, optical to electrical conversion circuitry 90 is removaﬁly

conié GHURIERIRRO TRV 64 i sldRioHmi A Sraturescriiwing for two-

optisalieogteatticaltkanversion circuitry 90 is removably connectable to
electrical to electrical 20 conversion circuitry 100. It is anticipated that a

Wariety of differentIBr@ﬁ)EEﬂfﬁFg{ﬂé‘%@ﬁ‘ﬂgeﬁfa?lB@@%ﬁi fedRstriswaTeRyBIpion
MUXHERNH CUGYER: A8y AP IQRIRISaERVSRIQMEH I R AR50 F Qiher, in the

communicating between electrical to electrical conversion cirCuitry 100

andRSBHEET 4o BRRATERNEMRIRIGH Hireliiey| SonAPiaR6iropticaP® is removably
electiratCaBMErS IRM LIS SQ:4 B e AL R YLy S’r%f&%e@ i (I)évtical to

result of the removable connections between components of WDM 5 ’
thatSAeHiRAy CONNEERRITBEIEEY He diarsrpiablaomrepiahtiidd oltbizical to electrical

20 conversion circuitry 100. It is anticipated that a variety of different protocol media
signals may be desired for handling by mux/demux circuitry 60. Appropriate _
conversion circuitry is selected for communicating between electrical to electrical
conversion circuitry 100 and optical to electrical conversion circuitry 90, and also
optical to electrical conversion circuitry 90 and mux/demux circuitry 60.

25 One result of the removable connections 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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reduced number of components. In particular, the electrical to electrical
WAL circuitry 100 can be selected for the native protocoP&istiE2005/005968
signals which are anticipated for WDM 52. The native protocol media

signals can be converted into,a. 30 common format signal such. as NRZ| .
g T Aopue s o AT e Bt ot receive
convetion sigoaltrjrof uses dembiRZAtdoimat(sigiglrtaimedial@ Alasahat output

assogiat ith each cha . Egch laser. agsociated with opticalto,
eIectgrll%g%g‘ovn\l/celrsliq’oﬁagﬁléﬁl%? éﬁ%l eer%getg%?ﬁégﬁ%ecpejﬁta RIBIETY. ca ey 100,
20051086401 PCTHY Sa205/0R596& fReakiveisatsaciaeckyiithtbr @pisal) from

ical lon circpitry 90 recei tical signals f '
R e R

is tratestcitted.¢q thesataetjtalioreiRniie K@ RSN BIICHH B ORPRYWed as desired.
sep ﬁtin?the.o tical to_electrical conversion circuitgﬂgo from 5 the

electr G B RX TSHRRRURH IR 1k 1106, diferdAf R AA DS rbeEagt, lower

devieest dempdatantatas, baureh. power, and wavelength) can be employed
as desired. Therefore, in low end applications like DS3, OC3, 10/100 M

bls Ethernet, loweMESEEBIHHEHIE AR Beldeta Wﬁﬂéﬁm& Ry §ig-yvhich
160 ingbidassaROWRAIHIWHAG Q%XMQEQMQf%%ﬂ?&g@%@%wggﬁgtﬂmted from

backplane 64. Backplane 64 can be constructed from a circuit board
inclM%B%ﬁé‘ﬂé@ﬁ%tmm%wrwm@%mihphmméiﬁzsrzn gput power 62
eachQiicOPastereal %%@kﬁ%ﬁﬁé'@!qgaﬁﬁ&tgﬁdeigﬁ%ﬁg%% or interfaces

interfaces 66, 68 (such as adapters) for each O/E converter card

Optie& ﬁﬁéﬁ%@éﬁﬁ@rmﬁkgﬁth@wqﬁ%ﬁﬂﬂé%g Rapticethinteyaces 66, 68
70, Zgrl'«%&ﬁé@té“ﬂﬂl%gﬁ %&%@mi a]lgaicﬂ@%%nﬂ)_%“ﬂg lﬂ%eﬁqﬁﬁi%;:ﬁ;oelement 74

demultiplexer 78. From multiplexer 76 and deémultiplexer /8, one
Lyplitteesugmngeulantrsssdédoadspiusiptersuity. sBrion enalsiextnd Gaati

opti g PI llgat“ﬂ li tiplexer, 7 ] o

demqﬁh%%a%@}ggt?fhgeﬁ ?e pec\tgil\?g ztg iﬁﬁ’S%gg%gféga ?SS éﬁﬁ%&ﬁ‘mumy 82 for

patHweaiszeheadid pszabpatbo aye. sPpficahpatdwayic A7pathlirdy sni€iplexer 76, and

Eac - t r includes tical link 96, .9

st N R S B B partvare 36

64. A Heéiticd.iftbrracengieproddeptfiorlaprtiectyical link from backplane

2(P4 to each O/E Each O/E converter module or card 92 includes an optical link 96, 98
(such as connectors) for linking to optical interfaces 66, 68 of backplane 64. An
electrical interface 80 provides for an electrical link from backplane 64 to each O/E
converter card 92, such as for any necessary power needed by each O/E converter
card 92. Also, electrical interface 80 can link control signals handled by backplane

25 64 and communicated to each O/E converter card 92.

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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converter card 92, such as for any necessary power needed by each\ O/I_E
WOBHEKa bard 92. Also, electrical interface 80 can link controlPdHa$3005/005968
handled by backplane 25 64 and communicated to each O/E converter

card 92. Each E/ uﬁ or,c r% 102 includes, an electrical link
106, 108 for comlrznf{l;t%%?t[? gﬁé?épgﬁicﬁ'sﬁg%% ls{@v%eéag}:w %7 CoRvEr (,flrl ing a card
carc:92e wirishctre kB nvbaetvesmemtsopticdpsigoaiscior YansOvBsionverter card 92.

thro / circuitry 60, Each E/E converter,card 102.includes . .
pat oy A ALl R Brrboa) AL S Rarasghlnk 0
chaehélig 2. Aibalegticablinkd0d hhridctsdateeen gattn Bitteetinvemer 68 of

ard.102 and t ated converter car 2 for conveyin y power ,
oot R LR CLFOLSD i1 Ay EGPGH G apgmnecabl wit
conrackptate d4odhddsite ¢ oOV/Erteneards dHa. B MO Q@864 board 140
PCC/US2005/005968. Referring now to Fig. 4, backplane 64 is shown as )
LA G o BT o3 VAT D SECAD B omderer card 102
132intMpticanvigriels dardi3dsmiagetharitwicopaige 68naa6ten 3301a8d For example,
edg the electrical link 80, of Fig. 3. Fiber optic

132 f ' g
conﬁ)égc%ota%éil,ri;é%gd%gé?ﬁob‘ﬂﬁgﬁrﬁ"ﬂ‘éjﬁ‘a?ges CHEBEHabRIpHHboard 140

1064 wiheteinfolGdeo RURUR M S iGDABARIAEIR AR ST ARAT6IARIR Whe any
backplane 64, as desired. O/E converter card 92 includes a circuit board

140" RRERTAN PRIEEMF 92 9B USrRRYAE S eica g AigaatepEgEsion. Also,
convaieh garbiwles AIcRHEASISOBIS IiddansEHe i B S HPEIOR Ginking edge

connectors 134, 136. For example, DFB lasers are used on O/E

conGERBFLLIdEY and GHRE capnsCidrclftboard 140 10 further includes
circuit pathways a0gh@ B8 RiShRIcEaNTu SReIer CRRVEIINGADY? links to E/E

necessary power needed on O/E converter card 92 for signal conversion.

ISa1ssonyiditat patfiaydusarsiarhiasty aasaseatash Idfcoi Baromvaotesicard 102,
linkingredggeAePiael 182 With.08EdbRE9R GORNEHAE B %q‘o?%%nfgting to native

connector 144 on O/E converter card 92 links to E/E 15 converter ca

102159 tesplaetifysignatse dE eonvseter 48rdr G2/ Enebifiasrtericend boad E36
CO”WF@&HQ@I%Q%!?@W?& %Bﬁ%%@é%@%%r%%%ﬁ{ﬁfgcor% SN, format
ia signals. u t

native protocol me E/E converter card 102 includes a circul

boala 4t teeNRIMd eirenitsr el 25OREh hstieg sicpralsdiom 1P amativdge contact
20Protpee! metiafImAsystem, it is anticipated that native protocol media signals

include coaxial and twisted pair (shielded and unshielded). Also, it is anticipated
that native protocol media signals include optical signals, such as multimode.
Circuitry 152 of circuit board 150 also includes circuit pathways and elements for
power conversion for use in signal conversion between connectors 124 and edge
25 contact 148. Also, circuit pathways 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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into the common format, such as NRZI, between connectors 124 and

WY& ¥tACt 20 148. In the present system, it is anticipated thRCHAIRES05/005968

|93}

protocol media signals include coaxial and twisted pair (shielded and

unshielded). Also,qjt is anticipated that native protocol media.signals ‘
include optical sigﬁéks,?ﬁ%é%ﬁa%so r%ﬁft%cg%gfm(‘flér)%ﬁﬁﬁ?ﬁ%szs gf%ﬁ&df%tﬁm front 282
150cIshaiséiudes trirciinpitiwaysanchédBmenita dbropavie CorReisioR §akerter

in signal gonversion between,connectors 124 and edge 25 contact . .y
148 b0 QIO PaTHRAS TR L1arRBN OBy RSB it pbipdor inerfacing
150wiitl pecpiptiandaphp eessing dfckpliot Bgnais ae@@h&aﬂl&r@mdifaﬁkd Q%Jaﬂ%

64. Referring now to Fig. 5, two optical to electrical converter cards 92 ‘
are SR G ik o8 SLBTE i EnTEi v Edets SRS eF eiafecing
92 wjtbrelkesridad tdiféesaiﬂmad@ieﬂ@éhcﬁﬂagﬁisaeﬁﬁ@éd blciﬂ%p%?ﬁ%m%%t 3r.

housing 280 30 for holding the circuit cards and components of system
10. PGS el el BRY 98 SRE (oA oy #4dp positioned
guidngihefeviegiteridsrddmbeesidfeatdiack 296 af GHASSIRI AQUAIUCHORo hverter

kplane 64. Chassis construction 270 can be rack mounted or

r2n700&iﬁsf8b§ §8 YRS Lttt ceERRSERE drftariiesbat QB0 sposagn card 92 and E/E

10PCTH4S200A05A58 BatloRHsaHda ﬁlﬁﬁ%%@éﬁ%\f%ﬁ%fiéﬁdﬁﬁ?c%u&%ctors 124

into open from 282 of chassis construction 270. A rear end 94 of eac

optit4 REFETBLAA AP RB VR facsrdSg20teaseis eorsirustioact 1Bandrrdibiaked with
optisaeRpRAGIENSfBdighaPrRnMREBAIRI WP RetRENdL %ﬂxrﬂé[?ﬂaﬁﬁi%g a far
backplane 64. At a front end 95 of optical to 5 électrical converter card 9Z;
carﬂr@d&@%rﬁﬁ‘ector 144 is positioned for interfacing with electrical to

electrical convertes casqifiQg-aranged,in %:HBG%'!&JWS{.-EM:%%%%%% &ard 190

back end 104 of E/E converter card 102 edge contact 148 is positione

5tor fRtctssdmBanhinmpizaalge tadiforont mpivaadiomdod05 GomElE:tors 124 of

50190

25

30

COnwATtgsn baid 102ds| @9%@5@&&2%‘83‘8%&2%3%‘3&” c%%gcr}a(%%nalts or HDTV
converter card 92 and E/E 10 convérter card 102 are 1 lly inserted into
chaigrs orlitf repYerFDceshH torkuded adrempss 52l faoognadetng to twisted

fac hagsis; ' nd are linked with, backplane 64 for
SRS Uaomog L he) e C HBEEN £ At b e PRy on

WS 2 flinks pontaise witbedgd embrotitd8nt of an E/E converter card
Chassis construction 270 further includes a CPU card 300 with ports

304, 306, 308 for connecting to other system components. CPU card 300 includes a
rear interface (not shown on Fig. 5) similar to edge contact 148 for connecting to
backplane 64, such as with a card edge connector, like card edge connector 130.
CPU control signalsare linked from CPU card 300 to each O/E converter card 92
and E/E converter card 102 through backplane 64. CPU card 300 sends command
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
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.



15 for use in handling signals of a different native protocol format.
WORHIMEHEYS 124 of E/E converter card 102 are coaxial, such a&FBfUIS2005/005968
handling coaxial signals or HDTV signals. E/E converter card 190

includes a front pogt 282 for ﬁ%@@@lggé,‘)a‘ﬁ("é?{&‘fx galr z?%%%%%ngnfor a WDM 452

Specifically, port 252 is constructed as an RJ sty él jack.
board #BONIRkS pomikE Devikiplede d @binace 148420 GHadsibwenSr UFTdM 52

270 fHHG&H g%%&&%%n%@o%%&é@dpﬁﬁ%ﬁ%% 96838§ f@z{ Similar

connecting o other system components. C car includes a rear

interfaice/ dasrshowariony BIYis)rsinvdied foradgbipbatag ddBdomatmplesiingthe optical
ob 4 S Wit card edge conngctor.,. Jike card e )

B e AR B Ry oM 452 s ha
eactily/Bpdrarettentpath8v2 pancc B Bignaisente thrarg i B2cihpbigh64, instead of

backplane 64. CRU car, S mand_ and copfrol signals to each

O/E a(ié] %?/%I}?et(r) &y %?20 ant@ nggk?%/ I]:Sa:%c?ﬁ(\)/ré‘r’ é?ega%‘fgé.z? rqugg EpUPELenals and

300 parvicemompicatenaitfatiier systeneosepbimniatinchiging fatheads 560, 562.
350 which shows four optical

oD g s SR 528 L S P IR0 IR RR Gt o5 75 obm
1®pticalsigheahtianspiisdianl end B850 MeERR RRBERES, Idﬁﬁh&di*é&"& fdating with
tical connections to

end WDM 54.. A rear qof splitter card 350 includes o

Cro B SRR o UL b B08YS G B ORgBeBorer Card 302 alo
PCTo45R00RHI05966 Refering aentiednich bn 30 esnRatYS BIMRRERMEN card
for a WDM 452 is shown. A similar backplane 464 is provided as noted

abo G455 FOPPRABE LI fHNPR e d%535E ESHHERI CERYFERRRARAEAE converter card

interfages fai8eSiniaphauidamdsCITUItyI80) IRIRaVIRdiiaals can also be
multiplexing and demultiplexing the optical 5 signals for transmission to far

L end RGGRSREt oM GHET SRBE it W DIF A58 Vs ish e anSp irdAndes wipenitry 550
NativBrIeRoE Rk SioRAS apedfay %Q%&%lgfﬂg hed ctRed Qb AdIReAM Quch as

a frant of WDM 452, E/E converter card 502 receives input. signals and

proViR&1c0ER sigHaRs FicHEThatRansiudsssims magrssenakinksavaaysedge contact
5605362anRictal engsAefing-gaoneatals 264, 5@@/@1”& AR ENNEAed R erter card

cables, such as 75 ohm 10 coaxial cables. Proximal ends 568, 570 define
inteﬁgéérg{mﬁ A SR gﬂﬁ&x%iﬁ% for interfacing with the card edge connector 544 of

20 O/E converter card 492. O/E converter card 498 includes conversion circuitry 498
for converting between common format signals and optical signals for
communicating with mux/demux circuitry 60. Fiber optic connectors 534, 536
interface with optical interfaces 66, 68 to optically connect to mux/demux circuitry
60.

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



coaxial connectors 572, 574 of E/B converter card 502. Converter card
W54 ommunicates with backplane 464 through an edge E6HAEZBE7005968
received in card edge connector 530. Any power needed for signal

CONVEYS! verter card 502 is provided through edge cantact
A T G
contadtispsiEgR curlddrtdracdvdis0Dintiubiesoidceily Shthdai@onietting. In this

nati rotoc ia sian into common Si | fo t, suchas N ,,l
oSS0 PO 3008 R AU AR o
contaetrai3aystah OYf lwoimserted earthse, SIRH esdB(ovuarter @aptesied to run

/E converter card 502.inc s an.edge contact 548 for interfacing with
e R L B R 8 S RO Ry glenets
cardc4ffanbtusissreanwesdiackplaritts 499 fasdanyaiting/beliweemmunication

comman format signals and optical signals for communicating with .
mux%le‘rlﬁﬁsié circuitry 60. Fiber optic connectors 534, 536 interface with

optical interfaces %eﬁfaatﬂpMiﬁpﬂﬂp@htemyxféi@%mﬁ?%ﬂ/aﬁpﬁifferent
25 E/E converter, card. 502 includes access circuitry 580 for test or patc
2o PN 8 BB SOl RS SR P AN ELE OB R el can be

1(a sphittesmipiianinbess Reertiopok e sigeakis BPaR% off (sichrinr
monitoring. In the Wﬁ‘& of patch access, switches can be included, such

as switching jacks 2R 1SR dpritdmerkoseannels pésignals (16
Circuitapatbse s fhig e befe MENEiaiaQE 30 BOMLAAIH M2pB opriately selected

alternatively be to a second location, instead of through backplane 464

The CBEHIEQN AIEFRAER Bt e desnneitaEantenginsalesrs dampieanentation, an

whichs wilhidRnis@.6Qd8 B8 46580ANPHIGESALAI 9% S0 ah ARYIA0 BWNOed for
2005/086401 PCT/US2005/005968 a&proprlate wavelength output will be

PaccaptegBredtizinetand sonps amplemansaqposiiond oot WDM:'s 52, 54
har%@&@ﬁé%ﬂﬁ@%@l@ﬁ%}?@?f@%ﬂ% 8%88’%&9&“*&&?@%%&&‘%@% 20 nm

the desired O/E converter card 92 with the desired wavelength for

overItspLasnaERiopEsHERstetrah drbte S e A HIGD O 8n e 2Pnplul a8+
to runmAERISS BE SRPIAREAQPWMItHER P RYSIRMafR ¢5 92 at the

wrong wavelength cannot be inserted into backplane 64 and used to
cause system corhibmERifieion is accomplished by using a one by two splitter on the

20 output of the WDM mux/demux circuitry 60. A one by two splitter will typically
reduce the power level on each output fiber by 50%. Preferably, each laser
associated with the O/E converter cards has a sufficiently high optical launch power
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 an‘d E/E cards, the number of

line cards needed to populate a given chassis is reduced.



failures. Preferably, power input port 62 is Telco power, and any different

WA #ded by either O/E converter cards 92 or E/E convert@8Eda7g2005/005968
102 can be 1.0 accomplished through isolated power converters on each
of the cards. Whil% W 52 is shown as.pgluding 1 annels of signa

h !

(16 wavelengths), g?ega%arc or fewer & rg‘ch }lg?sagé{rl&éee%ana%ﬁ' By I can be
approgeidteigr setectsdystme giow. cihcditrysanebnstxideonUB7 Circuithy. sld partially
one preferred implementation, an_ 18 channel system can b qprovided
Whé)i‘eeil)r? %%ﬁ%é’aas ngngg RS Pe”seecg’vlélﬁrﬁ)ar"i%aln 3%88%?1%3& TR afdpd- Also,
remgigr@Rbsafobenausdgenidnt aviith oahtraip I si2o SthealrCobsidergdards 972

CWDM s in.the preferred diment. There would be a 20 nit optical ‘
“separa |o#}§e \?vrgveeﬁtg%%%r%se > SraEing R VEV}%}%%%?’ GlGEnsB4 I the case of
Chaﬁmﬂlsa;ﬁachﬂ)iﬁtp}mﬁﬁgtgﬁk Wciiimﬂmﬂiﬁﬂ’fti)ﬁtﬁr@/ E:}?&%‘ir%th R&dbs to be removed
protection js acc is ing a one by twq splitter on the 20 output )
Ot R b e TREHEL A COTNCE R S SRR A RGNy 10 be used
redéeeltoedenwatiayelpni eatnoipytifhanby bOYavBreferably, each

laser associated with the O/E converter cards has a sufficiently high

optical launch pow&H st didLtriRreirsehindraeadsmiudidisp putrer cards 102
10proteetiereinsicad it gplisa e its hesioddlishas RAGHUACARIIGAUOD SRivided with

short haul applications. 25 With the above sgstems, a variety of native

protBBSeHER LPsrg AR RPHEAPERIOBRABGRp SHER DS aTspshopHageRss during
selesiad fimeomeen sardRnMABRtiIGalINpKLS Fa0alaRRe supported

wherein the E/E converter card 102 converts the ogtical signal into an

electrical signal, SHEHGBTHeRELsWileias Tariide Sioidranmaiiandtistaiigrathways,
is thesteoperiedhgdniNiaaa aRREARTIBIe QRIRALTIgRAL e AR Qégr and far end

converter card 92 for communication with the mux/demux circuitry 60. By

15 splitiMise 2 orde fivroeratanbmohe wrseri dredegsdwander /Bobatdmsthg and

e e T L

andifRettiesshoeraoasnis B! cathibe xiddedbovemimedas Sysiemsageowst.
A chassis constryglion,2 (0 ﬁ?é]:lt?ﬁft% ,%@crzﬂﬁ Yeagaogg%%%%%r\}gdtehg Qo%lsplete

system needs increase, additional cards can be
description of the manufacture and use of the composition of the invention. Since
20  many embodiments of the invention can be made without departing from the spirit

and scope of the invention, the invention resides in the claims hereinafter appended.

10



upgrades can be easily added with only replacing one of the O/E

converter cards 92 5 or the E/E converter cards 102, depending on the LLOYD WiSE
upgraded elements. In the case of field replaceability, only that .
component needing replacement needs to be removed and replaced. The

modular O/E convert cards allow for lower cost optics to be used for less

denvandirg appligations (i.e., less than 155 Mb/s). Systems 10, 12 are

protocol independent. E/E converter cards 102 10 are selected for the

given native protocol. O/E converter cards 92 are provided with the

desired laser and optical performance. Such systems are advantageous

during manufacture and during maintenance and upkeep over time. While
preﬁerr@d\s’mmihmlg@eabmbnt@m@it and receive pathways, other

sys}e %‘; S\%%yv{}gg transmit or receive on each respective near and

far en 54. For example, one way video does not need
botmmmmmnmre@emelfmdmmm@@dﬁséﬁdezﬂﬁﬁMﬂj&wtem the

COrEaER ANONIG IURIE KL Al RIS PLASTIROPERS, egln Rl

can be removed to er save cost. spec ical]
ancrﬁfét%mme@wmét@@es&mm@m@m anelfatticee andasesafich at a

sepihaeroResHiRRAl e IDYRRLAR, HINGe.iAQ Many embodiments of the

invention can be made without departing from the spirit and scope of the

inv&RtioY N Rredisresdsin e ERins Haiethisd e pamoater e,

eaclLil@l¥ DSk dMinatostehimertdeicki AWEM OpLical Ry SIeM-GARPISIRG::
eIeCftlrrf';‘gtfa]nd!se(:on WDM S; an t| al Imkfor transmit and receive signals for

U VST SA IO VB LG pehf R PRI HRAREERer and a

demultiplexer; each WDM including a plurality of separate optlcal to

elegt“qq%ew Bcq t%hf'ﬂ‘o@&ﬁ’%%t%‘f%‘é? rrllsrl%mo Cuetr Wherein the
with the cwcwtg‘{ each DM including’a plurallty sep ctricart

optigb HHciarbilsvénarepticab Hnkatedanith W@ﬁﬁﬁetmqulﬂmrmial pathways are
pro@@ayerters at a card edge connector, each electrical to electrical
converter including input and output signal locations. 2. The WDM optical
system of claim 1, further comprising splitter circuitry, wherein the
3. The WDM optical system of claim 1, wherein the circuitry includes a backplane

including two optical ports for removably connecting to the separate optical to electrical

converters.

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.

11



optical link includes dual optical links, wherein two transmit and two

‘receive signal pathways are provided. 3. The WDM optical system of LLOYD WISE
claim 1, wherein the circuitry includes a backplane including two optical

ports for removably connecting to the separate optical to electrical

congertgrz{.ﬁ. The WDM optical system of claim 1, wherein the electrical
to efectficdl COhTBAEE COMVEHE%0axial signals into a common format
electricak signainSudine Wuoptical system efiebainydawherai thBiurality of optical
miEelricalin electical comyerter, converts isted pall SIgNAIS IO 3. ical ntert
L Snion Tormat elactiical sigRal 6o He WM B Sticar e of Waiptical interface
poninereimgtrerslectrical. to @lectlisaircdpverterd cohveartsnopticabsignals into a
comman fermatglectiicalsignal; L LLQYDWISE s AWDMEDASSIS . o ion for
comprising:’a backplane including an input power rort, a (?ontrolll&gnaf
maipetwihdhs PRIl BT Betiear dhteifalcdipen forintadacingowithl awoptical. and at
leatoglechical ﬁ@i@}’@i@lﬁ%ﬁﬁ@&%@e@%r ﬁ'%@%d%%'ﬁﬁﬁﬁg Bft?ﬁtc'ﬂQLPQ'&%&Q%YM%mon
. port, a control signal port, and at least one optlcalé)or ; a plurality of .
e AP S WA PE AT S SRR BI TG & Ptk lirterard perabrmbeal to
cletnatingandthéhelopticatinterface parcand ineliding c.RRWer POt Lc6RAYIAional port,
dsignal Port. nd at least one optical port. each optical to electrical card
and af Jeas ? ]

INclu m%ngr? ATt etetrical conversion circuitry for converting between

comimiwrdormetesignadsl andleptical sighadscieacihapiicaktar pleeticapsarsh for

including.an electrical interface port including a power port, a control
G LSRR SRR S iR gmat pore. and
leagll entrided tomide Backcindkadiingl a0 réantintarfackipditibngforemmating withtrical
coﬁb&s%%%ﬁlggiltwtﬁﬁf %85»%%%?@95%%99&[{%'?&8 og(r)lp%tdig‘ s(%gnetl[g I St %l'xmon format

port, and at Iéast one electrical port, eac electrical to electrical card
sigfiidiuehal BretifehiasletectAtedrEonleision oirdiitiytfofaconvertinguding at least one
maRefegLpAtive protocol media signals and common format signals, each

electrical to electrical card including a media interface port including at

least one main signal port. 8. The WDM chassis of claim 7, wherein the at

least on€hmaDsigrialsportislaicoaxidlerparthe at least one main signal port is a coaxial

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.



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 LLOYD WISE
least one main signal port is an optical port. U. 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\aficlaim 1, wherein the electrical to electrical cards each
bwff;eﬁn? E;tié‘hi‘rplrp!ane parall%l 0 the secONd pIRARPIP MW IDES 8 wherein the
“TREWOM ENASHE 6f Srathanss further:comprisingacpMe housing Wherain, g 4.

clethebackplane-defines a-reak Qi by, Ghassis houing. \ }rg( in Lye optical to
electrical cards ant the electrical to. electriCal Car sw rcéﬁ?éaéé’ii‘véﬂqﬁlé%front

opening of the chassis housing. 14. A WDM optical system comprising: a

first tWDM Thetingieachassis anthgireuitry including a multiplexer: a

second WDNLinolusing,a chassis and circuitry including a demultiplexer

an optical link for transmitting muttipiex &8 oplicalSighaisism theiirster,

WDM for Feteiitchy il sedorid WM each WDMBSUdiNG:aPIUTAI 1 oo
h ch '

of separateroptical te.glegtrical converter cards received by each chassis,
tical to electrical Convéﬁ%}lgéﬁ} %{qug}é% PRt alBrEndthrati first WDM for

_...each optic
16(‘%@@’69%@%?3@3@%9 the circuitry; each WDNM including a plurality of

separate main Wgrmli;g@[gﬁgicp | £om erter, cards received by each
cha ch main signal to elgctrica}{consi? rter %8?3‘%%%81%@%%@%@“@? cards

G is, e
recct he O&I%%?S %h%séfriﬁ%ﬁ LOPRASTET artiicareearded gﬁctafm%}i@fat@@@d?/e}ength and

rempainysigriat twidleatrisadugenverter card including a main signal port. 1 T
ac WDM Bt'c em of claim 14. wherein the main signal to electrical

converser c%lkﬁds conveH BBRFdReiE of Stk Pviistepairy anrdiropticahverier
fafd@gmm,e@hw aniNREstornat signalawheseindhe optisalJo.electrical jith one of
the gﬁ[b\éie{ge&g&gg@cg(pﬁlv%r el;eotwctiaen the NRZI fqrmat and optical signals

one of a selected wavelength 161 Fepe&ie FumsIexirgchndain signal to electrical
ConE LA éetieibng thewres pestiveomultiplexer and demultiplexer of the first

and second WDM's. 16. A method of optical system management

comp nsﬂ% 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 NRZ]
format signal, wherein the optical to electrical converter cards convert between fhe 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

16. A method of optical System management comprising:
providing multiplexing and demultiplexing circuitry for a multi-channel signal
system; )
mating a plurality of optical to electrical converter cards to the circuitry, each
O J v 1o o o 3 :
ptical to electrical converter card selected to transmit and receive optical signals at a distinct

wavelength of light relative to the other optical to electrical converter cards of the multi-channel

systemn;



providing, multiplexing and demultipiexing circuitry for a multi-channel

signal system: mating a plurality o _ optical to electrical converter cards to

the circuitry, each optical to electrical converter card selected to transmit LLOYD WISE

and receive optical signals at a distinct wavelength of light relative to the

other optical to electrical converter cards of the multi-channel system: 1_

LLOYD WISE mating an electrical w electrical converter card, to a

selected one of the optical to electrical converter cards at a card edge

connector, wherein the electrical to electrical converter card transmits and

receives nﬁﬁ\?@%ﬁ@t%ﬁ#ﬁé‘d@%ﬁ@ﬁﬂé ippaviirstformat; andwconventsahie optical t
clesignalsoiovarsecond eleciical format. whersindhe signals.ef the gggmgal converter

Cdrglectrlcal ior é]aT arc converted to optical signals at the distinct

BURTERE Y S HGHY S tHEY SBlated BisticarraledtichTschmvaitendartyerns e

wave eng

si gﬁ'&ﬁﬁetmt;hﬁdld)ﬁzﬁiaiméﬂﬁomj’ incthp eleciticalteralectical convertar G are
obansm recel CQaXIa| nativ protocol media signal. 1 $. The
(,onmeté| [ %IEEI s i%a 1er eel ﬁ”ﬁqlé“cé%é{/i Ct%j 55%%3 %%?féi"ba]?ac‘ﬂ to electrical
Cowaﬁ@nﬁﬁgiand receives a twisted pair native protocol media signal. 19.

The method of claim 16. wherein the electrical to electrical converter card

tran?mitsr and receives an optical native protocol media signal. 14
7." The method of claim 16, wherein the electrical to electrical converter card transmits

and receives a coaxial native protocol media signal.

16, 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.

14



