TITLE OF THE | NVENTI ON: MODULAR OPTI CAL TRANSCEI VER
REFERENCE TO RELATED APPLI CATI ONS This application is
related to copendi ng US Patent Application Serial No.
10/ 866, 265 filed Jude 14, 2004, assigned to the common
assi gnee. BACKGROUND OF THE I NVENTION 1. Field of the
I nvention The invention relates to optica
transceivers, and in particular to coupling assenbles
or nodul es that provide a comunications interface
between a conputer or conmmuniation unit having an

el ectrical input/output contractor or interface and an
optical fiber, such as used in fiber optic

comuni cati ons | i nkKEITLE OPFHE INVENTION: t he Rel ated Art
A variety of optical transceivers are known in the art

whi ch i ncl ude ane adl t hat
converts an el ectri cm]? Si gﬁ&ﬁmgﬁﬁﬁ& ed |ight
beamthat is coupled to an optical fiber, and a
receive portion that receives an optical signal froman
gﬁg‘ cal fiber and converts it into an el ectrical

ERENCE 30 RELAABLY APPRICARIONS§CEI ve  sections
i ncl ude an optlcal assenbly to focus or direct the

fi gh}]'hiﬁ fiber,. t o a, phot odet ect or,
iC hﬁ%r n, ]@ge%rfg 1%9 ioApplication Serial No.

wg&gg% ﬁecf CI rCU|t board. The phot odet ector or

E D Hite\13; 2004, pssigued sythe commpnlussigiie] cal | y

seal ed package in order to protect it from harsh

environnental conditions. The photodiodes are
sem conductors chips that are typically a few hundred
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1. Field of the Invention

The invention relates to optical transceivers, and in particular to coupling
assembles or modules that provide a communications interface between a computer or

communications unit having an electrical input/output connector or interface and an

optical fiber, such as used in fibcr optic convaunications links.

2. Description of the Related Art

A variety of optical transceivers are known in the art which include an optical
transmit portion that converts an electrical signal into a modulated light beam that is
coupled to an optical fiber, and a receive portion that receives an optical signal from an
optical fiber and converts it into an electrical signal. Traditionally, optical receive

sections include an optical assembly to focus or direct the light from the optjcal fiber



nmounted is typically 3-6 mmin dianeter, 2-5 nmmtal

and has several electrical |leads comng out of the
package. These el ectrical |eads are then soldered to

the circuit board containing the anplifier/limter.
SUMVARY OF THE I NVENTION 1. Cbjects of the Invention

It is an object of the present to provide an inproved
optical .tyransceiyer using, nodul a i nterchangeabl e
4o, agihopqdefectiry JURY S gRmmetdb o e amphifirdimites cirevit on a
obj ect of the present invention to provide a

crcait dosridv dhefphotadstectuirton phoioliiode @ typiedlly padkaged in a hermetically
transm ssion systens and optoel ectroni ¢ conmponents. |t

' I 0 e . nt 4 nventi.on
Selled AR et Blae? ool if BEeP SESE pkoPRlg| Bpttfons. The
tr?gras | Ssion systemw th an industry standard XENPAK

9 ";&f.s arg semigondyctors ghips Keat aoh fpisaltp fowdupdred anicrons to a
invention to provide an optical transceiver for use in
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transm ssion system 2 suitable for s r

hcations, |t i till anqther object of
e B AymRaR) o 3o e o7 § o UG08 ok everdl liogeads
capable of field upgrades of both hardware and software
Gpapeing et ofithe packegd. | elettecal deadpime ¢hen sofdetddeto pheesinit board
to provide inproved heat dissipation in an optical
doncaitifi® theadmplifiet/finftey, Neat conductive pat hways fromthe
transmtter = subassenbly to the housing or case. It is
still another object of the present invention to
provide inproved EM shielding in an optical

transceiver by using interdigitated or neshed netal
%MOWE& I®Usi ng and a cover conponent
respectfully.

1. Objects of the Invention

It is an object of the present to provide an improved optical transceiver using

modular, interchangeable transmitter and receiver subassemblies.

It is another object of the present invention to provide a transceiver for use with

different optical transmission systems and optoelectronic components,

It is also another object of the present invention to provide an optical transceiver

for use in an optical transmission system with an industry standard XENPAK housing.

It is still another object of the present invention to provide an optical transceiver

for use in an optical wavelength division multiplexed (WDM) transmission system



It is also another object ofthe present invention to
provi de an optical transceiver for use in an optica
transm ssion systemw th key conponents packaged in
hernetic* sealed enclosures to protect themfrom
exposure to environnmental conditions. It is stil

anot her object of the present invention to provide an
Mbl%ﬁlrshmhmgéumbngma'g hﬁfiﬁﬁé y maauf act urabl e by
using sinplified optical c Eponenf nmount i ng and

al i gnnent techni ques. 2. Features of the Invention
Briefly, and in general terns, the present invention

provi des optical 3 transceiver for converting and
couplf| ’“ﬂ-ﬂﬂﬂmmﬁcﬁaﬂh@pﬁem mmmltggfdﬁﬁn%g{lgl ver

with an optical fiber including a housing 1 nclu

edpablerof Gield wparides bp tﬁ?ﬁrd%.g? i Wit h ext er nal
el ectrical cable orrxi'n or ma ?W@Mﬁ'ﬂ%ﬂ%e and a
fiber optic connector adapted for coupling with an

external optical fiber; at |east one electro-optica
subassenbly in the housing for converting between an

i nf or }d% thet an objeg ofiURGHrEiGE4 s a.
modul at ed optical signal corréspngmgpwhwd‘ss'Pa‘m“m
&l opticdlCahnsebigeR |y nﬁl% omuni.cati gns protocol

processi ng subassbg M%%?Wpﬁ%eﬁmi trgnsmitter
W% tipns signal into a predeterm ned

el ectri I oL La®onmuni cati ons  protocol. In

anot her aspect of the invention, there is provided a

transmtter subassenbly including first and second
| asers operating at different wavel engths and nodul at ed

W thlthie j f d second el ectrical signals
for eni tt%‘iﬁﬁ ;ahﬂh?%td’%?}% °§2‘Fon’&s?“&%‘fmtwrgm pravaderimprovei EMI

sﬁf}k{ﬁ%ﬁn‘:a' Eiéllti El exer for receiving the first and

S e cO : ) Yor |bﬁlll§mg wemafﬁ&ﬂ‘ Qﬁdshé’demem muations
signals_into a single nufti-wavel ength beamthat 1s

on the housing and a cover component respectfilly.

It is also another object of the present invention to provide an optical transceiver
for use in an optical transmission System with key components packaged in hermetically

sealed enclosures to protect them from €xposure to environmental conditions

1t is stilt amther object of the present invention to provide an optical transcejvcr
that is easily manufacturable by using simplified optical component mounting and
alignment techniques.
2. Features of the Invention

Briefly, and in general terms, the present invention provides an optical



coupled to a fiber optic connector far transmtting the
optical signal to an external optical fiber. In stil
anot her aspect of the invention, there is provided a
recei ver subassenbly including an optica

demul ti pl exer coupled to a fiber optic connector for
receiving a nulti-wavel ength optical signal having a

tpdnsceivertfyr envi rafB Ch@li - D ' hs each wth
e T ar o oeing e ob iy 4 ot B Yol e iR et Sl with
cﬁ@ﬁxer Cﬁl?gnc ions to 4 convert the optical
Sl E)EnlaI Jictyding 5 PusiE neluding an electsisal conpentari fog coupling evith
predeterm ned wavel engths. The subassenbly includes a
i pdemak eleiricaticable aor inforhstivn syefefy i@ %daff‘ﬁberg{]ﬂ'c connector
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including first and second phot odi odes
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i nterchangeabl e firm subconponents, such as

stignet and matnodulatedi epticel f WE?M : d ] "
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dotiiniridai nm zation for i de, variety of
differ enlt()?é:lgn}r‘{nngicéﬁ%ﬁggﬁ Iy, in ﬁﬁ%@lséﬁtﬁ’bmceming the
applicat. ons;__l{ .also enables the unit to be quickly

Rt Fignal e da @mﬁﬁmdedwwtacobtkf@mmiom
| ayer, or upper nedia access control |ayers, by sinply
pretecok ng one printed circuit board and substituting
anot her, or reprogranm ng an EEPROM on t he board.
Addi ti onal objects, advantages, and novel features of
the present invention will becone apparent to those
skilled in the art_ fromthis disclosure, including the
f ol | JRiangtheriasper! ofithe wentiqn, there Bproviled 8 tralmifteP4ibh &Embly
.of the invention. Wile the invention is descn'bed
tecitdio fifst tnd stbond:nsets bPerBfiy &'difféte WAVEIHRAL Sud thbdulated with

shoul d be understood t

respective first and second electrical signels for emitting first and second laser light
beams; and an optical multiplexer for receiving the first and second beams and
multiplexing the respective optical signals into a single multi-wavelength beam that is

coupled to a fiber optic connector for transmitting the optical signal to an external
optical fiber.

In still another aspect of the mvention, there is provided a receiver subassembly
including an optical demultiplexer coupled to a fiber optic connector for receiving a
multi-wavelength optical signal having a plurality of information-containing signals each

with a different predetermined wavelength. The optical demultiplexer functions to



the invention is not Iimted thereto. Those ofordi nary
skill in the art having access to the teachings herein
will recognize additional applications, nodifications
and enbodinments in other fields, which are within the
scope of the invention as disclosed and clainmed herein
and with respect to which the invention could be of
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consi dered in conjunction w th the acconpanying

firshendsecondplistodiodes disp oﬁﬂﬂh@d&ﬂmﬂﬁf gﬂﬁ o the%irst and

view of an optical transceiver in an exenp

s@é‘&iﬂ(ﬂe%ﬁ&eské%%gordance Wi th aspects of the present

i nvention is a highly sinplified block diagram
of the functional conponents of the transceiver of

Figure 1; FIG 3 is an exploded perspective view of the
recei ver subassenbly; FIG 4 IS a cutaway perspective
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as other features and advant ages 6 thereof,
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of a specific odi m eag I'n C%}]&Sﬁgﬁlgﬁramde
fg C dr awi nc%fs, DESCRI PTI (]\I OF THE

PREFE E@W proto range options, or applications. It also

enables the unit to be quickly reconfigured to handle & different protocol. Physical layer,

or upper media access control layers, by simply removing one printed circuit board and

substituting another, or reprogramming an EEPROM on the board.

Additional objects, advantages, and novel features of the present invention will
become apparent to those skilled in the art from this disclosure, including the following
detailed description as well as by practice of the invention, While the invention is
described below with reference to preferred embodiments, it should be understood that
the invention is not limited thereto. Those of. ordinary skill in the art having access to the
teachings herein will recognize additiona] applications, modifications and embodiments
in other fields, which are within the scope of the invention as disclosed and claimed

herein and with respect to which the invention could be of utility,



Details of the present invention will now be descri bed,
i ncl udi ng exenplary aspects and enbodi nents thereof.
Referring to the drawi ngs and the foll ow ng

description, like reference nunbers are used to
identify like or functionally simlar elenents, and
are intended to illustrate major features of exenplary

enbodi ments in a highly sinplified diagrammtic
manner. Moreover, the drawi ngs are not intended to
%ﬁfﬁgs&gﬁmtur%@f act ual enbodi nents or the
VNGt ed el enments, and are
not drawn to scal e. Referrlng nore particularly to FIG

1, there is provided an optical transceiver 100 for
operatl ng over both nmultinode (MM and single node (SM

Theslnd ORB0 il ol ByecuEh oL e wil b priionderstood and

denugéiypl exi ng system This enables a single
petenBellyi gppreciated| by troferancentoi thet following dewlléd etription when

prot ocol s and at maxi mum di stance goal s. The

dosidered iy €dnjurdtiod Withi the signed such
t hat maxi num operating g@% .é"@én‘ﬁ@ﬁ " cost

effectively and at reduced el ectro-nmagnetic
interference- (EM) and thermal |levels in an industry
standard form factor or package design. 7

Advarfiligeclids yan explodedaperspictios vieW) of San"Bptidad Qfa!r&(?ﬂ' Tn an

a modul ar manner preferably using three separate

m?%dﬁ?%ﬁigaigg%??@a r?ggl et}ﬂ&;‘g g@%"’%ﬂﬁ”“énd a

protocol processing board, with each board having
dedi cated functions and electrically connected to each
other _using either flex circuitry, mating nulti-pin

connddGor QBBM@WWW&;M& ficAbidl bérRbonents of the

i nt erconnect devices. This enabl es the basic

transceivee lof Bigup@iul e to be configured to different
protocol s and t'o support different optoelectronic

devi ces using a sinple

FIG. 3 is an exploded perspective view of the receiver subassembly;

FIG. 4 is a cutaway perspective view of the transmitter subassembly;
FIG. 5 is a top view of the flexible substrate for securing the optical fibers; and

FIG. 6 is arear view of the flexible substrate of Fig. S.

Th: novel features and characteristics of the invention are set forth in the

appended claims. The invention itsclf, however, as well as other features and advantages



subassenbly configuration change, thus m nim zing

manuf acturing costs and elimnating the need for
manufacturing different transceivers for each different
application. In addition, the use of flex circuitry or
det achabl e connectors to interconnect the boards
allows for a nodul ar interchangeabl e board design

el o ot oS ER By el e nalad bRy ol it

uses three boards, any two of the functions may be

, Whensread ﬁgmsmamvdtb the-accompanyingrdsawiogpact
design. The nodul arity of ‘the board design al so enabl es
t he pl acenent of heat-sensitive conponents in the
optimal location wth respect to the heat-generating

2 1Al nodul e housi ng

@@%Wﬁ@ﬁ@ﬂ%@ﬁ%&é%m istic to test
and troubl eshoot separate nodul ar subassenblies
i ndependently before final assenbly. In addition, the
flex or other interconnects allow for nanufacturing of

the pPefail\et tﬁé’?ﬁ&éﬂt(%ﬁﬁ wﬁ% mbﬂtlﬂg exemplary

paral l el instea in serial reduci ng
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modul e 100 is_ 8 shomn according to a preferred

desonpliors rlike ofcferénee prumsberst atenused (tb didentify Likéiop fandtions
enbodl ment, the nodule 100 is conpliant with the IE E
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d, hgﬁ/ r, that, the transcel ver, mpdul.e 100 may be
E'&ﬁg’ ig magRere r Mpzaover she drausings ng notaintended to
pr ot ocol s (such a Fibre Channel or SONET) and be
demcti everyufeetire of aetoal ertbodintentseri the relitivel dimbmfichs Dfthe dépicted
X2. The nodule 100 is preferably a 10 G gabit Coarse

VHRhRNSHd WrPndi &aA tdeldid P! exed (CVWDM) transcei ver

l
g

Referring more particularly to FIG. 1, thete is provided an optical transceiver
100 for operating over both multimode (MM) and single mode (SM) fiber using multiple
laser light sources, multiple photodetectors, and an optical multiplexing and
demultiplexing system. This enables a single transceiver module to communicate over
multiple protocols and at maximum distance goals. The transceiver 100 and its housing
102 are designed such that maximum operating efficiency is achieved cost effectively

and at reduced electro-magnetic interference (EMI) and thermal levels in an industry
standard form factor or package design.



havi ng four 3.125 Cbps distributed feedback | asers and
provi des 300 neter transm ssion over |egacy installed
mul ti node fiber and from 10 to 40 km over standard
single node fiber. The transceiver nodule 100 incl udes
a two-piece housing 102 wwth a base 104 and a cover
106. In addition, contact strips 152 are provided to

Pous i AvBEEPEY, Shk SRR fogfsCHReRhnb i Bar panner

preferably die-cast zinc, although other materials also
usieg|three) separately pmmwdtcymuqb Ibaands seouated intthe howsing - a
Preferably, the particular material used in the housing

ﬁﬁgﬁﬁﬁ&%ﬁﬁ&& S 10 evggﬁfgéﬁiﬁlf‘ Gn¥

tE?Hl board, with
uction may y usi'ng ¢ tions (not
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for securing a pair of receptacles 124, 126. The

either fiex clrewitry 2 matitig fulti-pinconhi¢oyers cind gnd armays; or fotheerelectrical
optic connector plugs 128, 130. In the preferred

B il T nﬁﬁéﬁﬁﬁf’@#"&éﬁ%@? 188 goifigured to

&ﬁgnectors (hot shown). uch, keying channels 132

ren protogols  ang; tn- supRoTie A 1optgelictrenicdevisas asing ra simple
are inserted_in their correct orientation. Further, as
sibaysembly donfigeration tiamge,ahinatinimizing mafiefactufing cestrhnd elimi
further herein, the connector receptacle 130 receives

t ' ' SBPREC t n .
t?}%8%@&:1‘:% ves anh%%gr ecel ve%ﬁ%t@f éﬁ%n&%}e?{ aﬁ{:l&?ﬂou In
t& .housing 1 hal ds t hr circuit boards, including a
additionyithe ugg, | GIESUREY @ cheble@amcm)mam;r@pmsthe hoards
codi ng subl ayer (PCS)/physical nedium attachnent (PM)

bilwwsllot A2nodulirGhtetchaniseable boasdr .Fd@e B reekiver, h'aﬁﬁhttter and PCS
interface to external electrica systems (not s ovvn)

fithcRohdlinfeacl'dh sbplats Boaridf Althddigh the pR A9 %R sk udel fhree boards,

any two of the functions may be combined on a single board for an even more compact

design.

The modularity of the board design also enables the placement of heat-sensitive
components in the optimal location with respect to the heat-generating components
(lasers and 1Cs) within the module housing 102. It also makes it convenient and realistic
to test and troubleshoot separate modular subassemblies independently before final
assembly. In addition, the flex or other interconnects allow for manufacturing of the
various boards (RX, TX, PCS) to proceed in parallel instead of in serial, hence reducing
the manufacturing time for the entire unit.

Referring now to FIGS. | and 2, an exemplary optical transceiver module 100 is



transmt board 108 via an assenbly of four distributed
feedback (DFB) |lasers 116 in TO-cans. The |lasers 116

are secured in place at the bottom of the housing 102
using a |aser brace 118. The | aser brace 118 al so
finctions as a heat sink for cooling the |asers 116.

In addition, the transmt board 108 and recei ve board

10 are cgonnected. to / R\VA board 11 y . .
shawp atordae O 8 protrirc it of the rvsehy ipgtfion” In thi partioulr
board to-board connectors. Thermally conductive g

ap
embaddiniad, thedmbdile 2408 pnmmmﬁmﬂ'Wﬂhﬁhﬂﬂﬂﬂiﬁﬁﬂﬂee196&#&“%LX4
generated by the | asers or other conponents to the base

I
DSBS Piepdiifnd bt fer (POHED o] fhe REREARSTMI o0 BAG 1t s
on t he hqusi ng base 104 usjng a thernall conguctive
tadwanted; howexenthaj dhe, transceiyeisapsule i1 B6; mmyhefce gired to operate
subassenblies therefore dissipate heat to different

wfdet wrmoéthweo 8% iphatobols dsuthaeFibd ChiriicheeSONET) and be
di ssi pati on. lustrated in FIGS. 1, 5 and 6, the
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flexible substrate 140. The substrate 140 nay be an .
prsferahly a () GigahitConrse Wavelengtle Diision Multiplexed &m transceiver
avai l able from Mol ex, Inc. of Lisle, IL, although other

hdving fohe3 wsaebpgaﬁmmwdtmwmﬁs @ lprovidis 300 sidfer tlah€nission
optical fibers 117a, 117b, 117c, 117d originating from

er 6eand i.n into
4P BT ine oSS FhtpmodeIRF peef Bomiho B A By stenont gt hode
MUX 114, which is nuted to the transmt connector plug
; Is also attached to the substrate 140. The fibers
117x, 117b, 117c, 117d are routed and attached in such
a manner as to mnimze sharp bends in the optica
fibers to avoid optical |oss and nechanical failure.

por 1 1 08 By sl 400 it RIS ik HiguiRl 107 it A 104

the retinmer 1 C or other heat generating conponents
and a cover 106. In addition, contuct strips 152 are provided to ground the module to

chassis ground as well. The housing 102 is constructed of die-cast or milled metal,
preferably die-cast zin, although other materials also may be used, such as specialty
plastics and the like. Preferably, the particular matcrig] used in the housing construction
assists in reducing EMI, Further EMI reduction may be achieved by using castellations

(not shown) formed along the edges of the housing 102.

The front end of the housing 102 includes a faceplate 132 for securing a pair of
receptacles 124, 126. The receptacles 124, 126 are configured to receive fiber optic

connector plugs 128, 130. In the preferred embodiment, the connector receptacie 128,



nount ed on the PCS/ PVMA board 112. The opening 142,
which is substantially an area the size of the unused
portion of the substrate 140, enables the heat sink on
the cover to contact a heat transm ssion gap pad 160,
so as to provide access to the nounted conponents on
the board. This area normally woul d be inaccessible if
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202, 208 wi t hout |nter|br|ng with the routing of the
suh, keving chansels 143 and d 34 arsprovided to arsursat,fhe NSy eonnectors are
renmovi ng the nounted substrate 140 to all ow access to
iisbted MBI MOmectodribnialidn. Feirther las st inothe lexafiplaryt enslesiiment

are realized in using the flexible substrate 140. In
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freely within the transceiver nodul e hou5|ng 102,
canaeclor andithe cinnectonplug 138 receiyentn SGaecsiver cotinectober s t o
prevent unwanted tangling and breakage during assenbly
of the transceiver. Furthernore, attaching the optica
fibers to the substrate 140 greatly reduces the stress

on the fibers, ereb ng the incidence ,of.
mcr QBP&E&%’&% Ihﬂj'smé ‘ﬁﬂ@mﬁ gt %%@s
illustrates an exenplary functignal block diagram of

hoard 108 ageesivecboatd 010 anda physival ¢adingesublayer (CS)/physical medium
100 i ncludes a slave MDIO MDC i nterface 200, which is

dtﬁbm@m)%am 02! whih BB &) ?Qﬁé@éﬁ,‘é@%ﬁﬁ £¥o external

control |ng operation - of the t

tran [ Qrtion, of, th ranscei ve hi ch

sksterd? G showR) o Amco Rt b Rsr CMLRY 148 sfrlhepmey the
180 i ncludes a clock and data recovery nodule 202
llnuwinitgbcmdﬂlos aicarnhssembly rof foumdistributad ifeedbackn@EB) lawere116 in
| aser drivers 204 for driving the DFB | aser assenbly
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laser brace 118. The laser brace 118 also functions as a heat sink for cooling the lasers

116. In addition, the transmit board 108 and receive board 110 are connected to the
PCS/PMA board 112 by respective flex interconnect 120, or other board-to-board
connectors. Thermally conductive gap pads 160 and 161 are provided to transmit the
heat generated by the lasers or other components to the base 104 or cover 106 of the
housing, which acts as a heat sink. The receiver subasserbly 110 is directly mounted
on the housing base 104 using a thermally conductive adhesive to achieve heat
dissipation. Diffcrent subassemblies therefore dissipate heat to different portions of the
housing for a more uniform heat dissipation. As illustrated in FIGS. 1, § and 6, the

output of the four lasers 116 is then input into the optical MUX 114, The MUX 114 is

10



transcei ver 100, which provides signals to the external
MAC 180, includes a clock and data recovery nodul e 202
havi ng XAU |ane alignnent firnctionality. The cl ock
data recovery nodul e 202 receives signals froma quad
transi npedance anplifier/limting anplifier (TIA LIA)
210, which receives signals from a quad InGaAs PIN

mdidate Ferl 1 i n optical,.beam.i nt
rcbted Y RN subofghy 149, Thb SEBIREN 48 i o Bptia v bl
opti.cal beamon to the_ InGaAs PIN 212. The transceiver
Rl R 5. IRtk aveitlle i Vi, . of L0Ki6a G anithough other
exXtended Attachnent Unit ‘Interface (XAUT) conpatible

Reixibld substhtein; h GRE |
XAUl i nt erfacc%lg@gf%&t%%eﬁgmc 1 ﬁgﬁb&gﬁéﬁ\?%g?m’ e,

N tern | EEE, 80 ae-cqonpliant 1Q G gabit
el R R g e £ 16,00 by pgt i the MK 14 are
exXt ender Subl ayer (XGXS) 186 and Reconciliation

mewnted to thegmbstrate 146t cPhehauipwtaif the RASKANK, bbivhds thited to the
i ncl udes the MDI O MDC 200, the O ock and Data Recovery

nfidot 6 ligh R Bals ARadiRl 15 the SHBHAR 1do! SREEBIE F17e, L1,

tReismiRo
clock operating at 156.25 er protoco

i-Qr annel upported by simlar boards. The
g'ﬂ?vﬁ'%’b“ﬁ%ﬁ%f in sueha meines as Fomnimize,sharp beds in the
190 wusing the I EEE O ause 45 el ectrical specifications
eptigal fihers tocryeid apticaHesscAnd ahechadeall fiilare. r ecovery nodul es
202, 208 using the | EEE C ause 22 el ectri cal
specification. The slave NMDI O MDC 200 also interfaces
to the quad | aser driver 204 and the quad TIA/ LI A 210.

A fiekd progra hl ate array (FPGA) or .
m cr %M&ﬁqﬁ%& gRogening | 9heehalein 2 pomionlafithe material
MDI O MDC functions. Furthernore, the NMDI O MDC 200

that i logated dirsctly abeEPRENMetifibr $C st thiEr Reu \tharatihe co

v ; " nents
menory for additional functionality. For exanpl €, ‘tnﬁ%

w6 b fe POS/PIVEA US4 1197 ThEBhGHRY ' 42 Gkl §u¥staltily an area

di agnostic capabilities

the size of the unused portion of the substrate 140, enables the heat sink on the cover to
contact & heat transmission gap pad 160, so as to provide access to the mounted
components on the board. This area normally would be inaccessible if not for the
opening 142. For example, a heat sink may be installed in the Clock and Data Recovery
components 202, 208 without interfering with the routing of the optical fibers on the

substrate 140 and without removing the mounted substrate 140 to allow access to the

PCS/PMA board 112.

Several additional advantages are realized in using the flexible substrate 140, In

particular, attaching the fibers to the substrate 140, rather than allowing the fibers to
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staring configuration paraneters, manufiwuring data,
serial nunbers, or other data wthin the transceiver
itself The NMDI O MDC 200 enabl es highly secure operation
of the transceiver 100 is a slave device to the

of f-board master MDI O MCD 190. A particul ar advant age
of the master/slave configuration of the MD O devices

mdvet Within V@B 4] St . FP. I one
toeciotﬁ’tufolﬁ%%?rﬁe IasglfE an %‘?ﬁg@“}%ﬁ@g&ﬁv@ﬁpﬁﬂﬁwm
anﬁlé)r vent s eprogranmi ng by malicious prograns or

IPYFRe AtiReop $ WrRreyent wawvanied tangling and brepkageiduring assembly

since only predeterm ned functions or progranms, which

of the ] et bl
teqnsceivers FM@WM fbérs B/ e sabiard grg gretly

execution on the sl av 200. The transmt

rihies e REor {12 S, o ol T, et heroprs orming

.trangmt bpard 108. Advantageously, because of the
in therliver, ceatings, of usi ng four separate |asers, as opposed
to a single laser, |ower speed and | ower cost drivers

may RIGu2dliustratd adlexéth '
transcei ver formfactor fypes fﬁgﬁﬂltﬁﬁéﬂ%&%‘,é‘%ﬁf&hs&?wo'
t k .St he NPAI( LX4 tr iyer. This
55 S80F ehdfBloy Bhe Irindoler )00 inchidbn 6 Syt MABIORGDE atertice 200,
[tjplexin ‘(__V\Y/\%, where the optical signal is
%Eé@&f@e%ﬂ@mn -beard master MDIGIMIRC 400} fos contegling épepdlion

over a single optical fiber. The receiver requires the

dofitlghtrardsceiver 10oe 'ﬁicrtﬁnmfm% i hice: : :

demul ti pl exed, onto indivi gpe%ﬁg?éog@ﬁe%vg# éoo’gggﬂ‘ recemves
.conyerts its Y ptical signal

SR G RSl AR 8D ndudBe recovery

se M needs to be a separate photodetector

i WY lane alignniest fmctibmality} drtor nitee lagér defvers 204 for

phot odetectors in separate hernetic cans would result

driving the DFB 4% aksembyaT6/ 8¢ ot fitting & Bedtl!| The MBYGRE Bldn of the

transceiver 100, which provides signals to the external MAC 180, includes a clock and

data recovery module 202 having XAUI lane alignment functionality,

The clock data recovery module 202 receives signals from a quad
transimpedance amplifier/limiting amplifier (TIA/LIA) 210, which receives signals from
a quad InGaAs PIN 212. An optical demux 214 receives an optical beam into the
transceiver 100 and passes the demultiplexed optical beam on ta the InGaAs PIN 212,
The transcciver 100 communicates with the MAC 180 via a 10 Gigabit eXtended
Attachment Unit Interface (XAUT) compatible electrical interface 188, Communication
between the XAUI interface 188 and the MAC 180 is accomplished through an external

IEEE 802.3ae-compliant 10 Gigabit Mcdium Indcpendent Interface (XGMII) 184,
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receivers. Instead, the present invention has taken the
approach of using a single bare nulti-elenment

phot odi ode array 220 nounted directly to the circuit
board 222 containing the anplifier/limter circuit.
Referring to FIGS. | and 3-6, the receiver subassenbly
224 with the circuit board 222 acts as an opti cal

BEHVH edendens (NGXS I :
denmul ti pl exerph?gfa226 to) %ﬁmﬁgﬁ%ﬂ& In

particular, there is showm a mniature optical
denul ti pl exer 226 aligned to the photodi ode array 220,
resulting in a conpact receive section. The circuit

boar d b intershangeabie PESAMAboard 142 Siichides tﬁeowlb%mq 200, the

el ectrical circuitry, but also serves as an optica

Clock and Mata RecoRty Rk : rtjcularly, the
surface of the ci F%Blin?pgoar 559%22@?@ a&'sml'h%g%ﬁ?g@ﬂﬂ clock
I 2 or the optical conponents.
OB 2322 P o bl B i ot b g by

hoard (PCB) formed from PCB naterials having higher
sbaspds: cFhe slane MDIOMDU2 005 Eerfaba th Radet DROMIRD 190

frequency (RF) operation conpared to | ess expensi

usiigethe JIEEE Gladsd 490b& 4+al. i s Ragers RO4003,

avai | abl e .f rorﬁnwl'\%gersnwl%ﬁa{ |'§'P{éwittz§naqlo%mmm
i S .e [ than either ceramc or silicon. The
tsSovery RUREREY, ob8 uome B B nuse 2 2etoetricalpbéibtativs, ThE Save
t he package hernetic. The surface of the circuit board

MMIO/MDC 'hmrﬁcﬁtemmﬁdmvé@m%?ﬁ%%&gd TIA/LIA 210.

surface of the photodiode array 220 1s s

B Rkt bryoird j rolling it t hi ckness to

Wi t hi tr: go imﬁﬂﬂcbrlgggﬂ%p W@L?@fm@m&m&pmmm
' glue or solder 230. The denul ti pl exer

B3k MDRYMHE Jufetone o Famhermocs, tis MDITAMDE D00 ikbe 8 £ an

out&gt 232 is thus at a predeternmined height of within

BRPIM 2 ocotimensivolavltomesioRer adfifighil falkionality, For exampl,

the EEPROM 201 may be used for implementing control and diagnostic capabilities

staring configuration parameters, manufacturing data, serial numbers, or other data
within the transceiver jtself

The MDIO/MDC 200 enables highly secure operation of the transceiver 100 isa
slave device to the off-board master MDIO/MCD 190. A particular advantage of the
master/slave configuration of the MDIO devices in the present invention is that the
FPGA allows one to control the laser and other transceivers functions, and prevents
Teprogramming by melicious programs or functions from external sources. This is
possible since only predetermined functions or programs, which the operator deems

13



More particularly, the photodi ode array 220 has a
variable thickness fromlot to l|ot and is attached to
the circuit board 222 with epoxy, solder or eutectic
netal bonding of variable thickness. The thickness of
the bond material is manufactured to a controlled 15
t hi ckness such that the active surface of the

pmhbnmcbdmvg Habitd foR eRécs: ' ' e the
circuit board surface sgsggﬁ%%ﬁfwmﬂ?@aﬁé-

di stance. The mniature optical denultiplexer 226 is
then aligned relative to the active areas ofthe

phot odi ode array 220 in a plane parallel to the

phot od e dansmit bpamiut(Rincludekthe 4RAR o SsE Qgﬁ ﬁf}ﬂﬁﬁf’ which the

preci se thickness such that when 1t rests

fouie IDEB 145y 28 . defined hy the circuit
board surface, t 2e1qc§gﬁ|&é§é‘fes&ﬁ€‘e gﬂm{b‘%ﬂf@)fwsheﬁdvamageous[y,
il dol exer 226 are at the correct height above the
géhl' ﬁ&ﬁ%%@m&a@f using fateseparatp lusere; oskd tbiazs‘ﬁ% c
Prefer ?9”’

and i nplenmented in the present invention i

lowvgr speed and beweri cost drivorsy anfls 06, hereb
i ncorporated by referen%i, an ’iar?glagéégéﬁﬁb@ﬁ?‘? S.

bl ock with an upper surface and a | ower portion. The
optical bl.ock has at |east one optical elenment and a
el ements and

pl urali t f -wave] ength sel ecting
refl e{?96¥§&° trRasceiver igan fistartypes Sorshely Gigﬁﬁ‘%%‘;‘ﬂ% market is the

ﬁgsitioned on top of a beamdirecting ne

NPAK EX4 trandieivent i.;nventjon. hoth the.
optical block and be%kd%;@%ﬁﬂeqn ‘qu?%m givision

malépR: ticular, as described in the above

xR LW WA, (et Gpical ignal it ramposes o dinat widely spaced
'vs osed generally on the upper surface of the optica
8@% ﬁ\s O¥er & singledpticebibicd.C Uhe &aejvé}%@ﬁr lt‘.'I Eg}f light from

tbn;)l ti &Ivvavel ength optical signal along a pres
singlel fibexi tgrisd splint br d&“ﬁﬁ’?ﬁf vel engt h sel ectin
el ements are di gpg%sed genet a ‘Tdy% m’vﬁ\'@r%ﬂfﬁ tectors. Each

gfdda f tical .bl ock. The wavel ength sel ecting
(ORI oohits A rk s Spical signa into an clocarical signay

In the case of WWDM receive sections, there nceds to be g scparate
photodetector for each wavelength. It is evident that the use of photodetectors in
separate hermetic cans would result in a large receive section for such multi-wavelength
reccivers. Instead, the prescnt invention has taken the approach of using a single bare

multi-clement photodiode array 220 mounted directly to the circuit board 222
containing the amplifier/limiter circuit,

Referring to FIGS. 1 and 3-6, the receiver subassembly 224 with the circuit
board 222 acts as an optical bench for the attachment and alignment of the demultiplexer
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operative to receive the optical signal fromthe

optical elenent. Mreover, a plurality 16 of

reflectors are di sposed generally on the upper surface

of the optical block and opposite fromthe wavel ength

sel ecting elenents. Due to such strategic positioning

gggt%orientation, the reflectors are able to direct the
[

ahe photodiodt rapriy e, Legting el.ement
to an adj acent vvaa\i/,??’engt ﬂé@%éhﬁm 4 mmiature optical
d&sh aprdirecting menber, which is
di splgg%g&;%zghdf"‘%flﬁ‘gteq olodiode aFray 229, tresultirig inal compR6Kreceive

%gaéa\é@é?t.o redi reﬁasoqgn;o;?;@g:sm%ﬂ;iggna! fgc-)m'
array 220. Although the demultiplexer descri egiﬂgﬁgl\):gcmtry,
P s e o AP 8 B ey s
st cHLie i 12 Sl WP Lppne e L e scove
i npl emetgf (S)pgig%;ﬁﬁi \émggmuti I !-Zi ng .theaiflour

i ¥ oot B pHERH sl Qard e fanped

| asers 116 which interfaces to a F
&ﬁﬁ?ﬁﬂlﬁa@fmh&ﬂﬂ% i t and mul tjplex |aser
radiation.into a %ﬁwﬁ’&w‘ﬂﬁumwﬂ%mﬂmmﬂih@

bk %erhéiagt ailed lasers 116 and the FBT 114 is
aftrxed to PRE3NeN gompared Jablsss: empensivg POBAmaletills, TA' Suitab
lgqrtev géofi ber tangling and breakage while remaining ©
ensiROXO03; ouilab | T L. exi bl
£ Rdrom Regéwcb?%{égwre exi wl?ichis

l‘Eﬂl;bstrate material 140 may be an o
ERpensive tii either =l exBlane” avail able from
Mol ex, Inc, of Lis e,‘:%fﬁl‘:ﬁco&' ﬁ%ﬂﬁ?mloabﬁeoﬁpmmdesmg

aﬁhlh- ; de ,Nenpurs and Conpany of W /I m ngton
De at\}\)/are. R@?kﬂgp substrates may be used as
well. A conforming coating is used over the entire

flex 140 is used to secure the fibers to the flex 140.
As previously noted above, several additiona

advaithe sarfaof the diduftYad 523 s the optical reference plane 228, The top
surface of the photodiode array 220 is set to a predetermined height by controlling its
thickness to within 50 microns and the thickness of its attachment material such as glue
or solder 230. The demultiplexer 226 is also attached to this surface. The demuitiplexer

output 232 is thus at a predetermined height of within 50 microns above the photodiode
array 220.

More particularly, the photodiode array 220 has a variablc thickness from lot to
lot and is attached to the circuit board 222 with epoxy, solder or eutectic metal bonding

of variable thickness, The thickness of the bond material is mamufactured to a controlled
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using the flexible substrates 140 rather than all ow ng

the fibers to nove about freely wthin the transceiver

nodul e housi ng 102, neatly maintains the routing of the

optical fibers to prevent unwanted tangling.

Furthernore, attaching the optical fibers to the

Mtratehw I?r:geatly reduces the stress on the fibers,
g$y\sue L itheyadtive stufideCtstnt mher.ocracks, forming

P ERodiBUe 5 & pregtormined hight

in the fiber coatings. The fibers

abioiva el panner as to mnimze sharp bends

in the org:ltl'lfi gg%llg%?ess_o %ﬁ? H@F@dﬁﬁ@m digtangeo The auiniature optical
&ermeaég,of the present invention may also be
SPDUVRIRRCT £26 isbenalignedrebitive toythe kitive abdds b ggod:ogﬁgé array 220

the particular conbination of parts descri

injalpleserpatalié] foahe phbtbiol belalald fRReognl ol

certain enbodi rretr)ns of the ~“pr tﬁfcrf{FEWﬁl or R precise
mﬁwﬂmﬁ% serve as limtations of alternative

devi ceg W |‘&&nﬂﬁ@5§ﬁpﬁmommwmm&ﬂﬂ&fﬁﬂ%‘chuh
t%ar' ous aspects of the techni ques and apparatus

£& e dnticatexit sprfintes 6pihc ammg?g%c{iggﬁiq??g;pé’%ﬁ&gmgm

i nvention may be inplenented in

abovethepht Rididde neg firmare, software, or in
conbi nati ons of hem Apparatus of the invention may

be i nplemented in conmputer products tangibly enbodied
in a machi ne-readabl e storage device for execution by a
progr,gnmabl e processor, or on software |ocated at a

net vorR $RRMiplexsrcl? 6o initedind iRl 60 RIS i ution s

the transceiver automatically or on

Preferablyi thal tdesdHbedURS |y SFafi R f(;;{@}:ﬂgs erety ﬁﬁ%ﬁﬂa by

single central processor
r&hg_.h' 'E | | processqrs, gate arrays of |ogic gates,
or ae?gw kg@%ﬁ)& optical blogk ‘Hl%i an uppex s fiice Bl @lo%ﬂn#lﬁﬂﬁﬁ_ The
Ogﬁwﬂbﬁgﬁﬁé%ﬁprogram of instructions to perfor
dast onenwstivial €18ma ] i nput .data .
s DY At O walngen electing

and generating output. The net
clementst &igle puffebdorde THEP d, i.n one_or nore conputer
progranms that are exe%’:ﬁi%'m’g’ck 15 specifically positioned on top of a

beam-directing mermber, In the preferred embodiment of the present invention, both the
optical block and beam-directing member are optically transparent

In particular, as described in the above noted U.S. patent, at least one optical
element is disposed generally on the upper surface of the optical block. Its function is
primarily to focus and direct a roulti-wavelength optical signal along 2 prescribed optical
signal path. Further, the wavelength selecting elements are disposed generally below the
upper surface of the optical block. The wavelength selecting elements are designed and

Operative to receive the optical signal fiom the optical element. Morcover, g plurality
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on a progranmmabl e systemincluding at |east one
progranmabl e processor coupled to receive data and
instructions from and to transmt data and
instructions to, a data storage system at |east one
i n/out device, and at |east one output device. Each
conputer program may be inplenented in a high-Ievel

rgcedural ar object-orient 0 ' 0
of rRESEH fre, Sipo'a Fenirliy SR g8 poBi AFBET o e B ook ing
case, the |anguage nmay be conpiled or interpreted |,
oppositefrom thEwaveltngth solesting sloments. Pug tesuch gtratggip pesitioning and
exanpl e, both general and-special purpose

of?én‘fé[t%g t?l%ﬁe;ﬂ&gt%a; %{‘ﬁdlf"t& ire@ tger fi6s SRnalMirbin SRCRaveélength

I ns rom read-only nenory and/ or

random. access nenpry. Storage,deyices suitable,for
SaleigE HEISmE, Wi A BUBCS, Wi IeRE g pelerting Rlgtpestly | Jhereafier, the

data include all fornms of non-volatile nmenory,

' iting nsambsenywhith iselisporpedeabontshie toower pottion of thei apgical block,

such as EPROM EEPROM and flash nenory devi ces;

of RS\ fodit S A Aol sl frhoetineioopipg plements
o Wi 0, 05 e oSl e B,
application-specific integrated circuits (ASICS). It

othier bptical ualipusitions forkdetnultiplxingfthe dignats mayrbeisedigswell, bdisuch
above, or two or nore together, also may find a usefid

i - ' .f ' i Lfering

o et utaofl A€ wintPR2 sLLpe WU el Biotioh, ™1 07

has been illustrated and descri bed as enbodied in a 19
transcei ver for an optical comunications network, it

is not intended to be limted to the details shown,

si nceThegresettinvgmiohiiaplciniits tikitthnsdeives 100 wlilizingahefoar staydard,
be made w thout departing in any way fromthe spirit

Smoiially GodiiEble' SH4F PigtAlfdd lasers 116 which interfaces to a Fused Biconic

Tapered (FBT) coupler 114 to collect and multiplex laser radiation into a single fiber.

The fiber that is used in the fiber pigtailed lasers 116 and the FBT 114 is affixed to the
flexible substrate material 140, This prevents fiber tangling and breakage while
remaining flexible and therefore easy to work with. The flexible substrate material 140
may be an optical flexible planar material, such as FlexPlane™ available from Molex, Inc,
of Lisle, IL, or Kapton™ available from E.I. Dupont de Nemours and Company of
Wilmington Delaware. Other flexible substrates may be used as well. A conforming

coating is used over the entire flex 140 is used to secure the fibers to the flex 140.

As previously noted above, several additional advantages are realized when
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Wthout further analysis, the foregoing will so fully
reveal the gist of the present invention that others
can, by applying current know edge, readily adapt it
for various applications without omtting features
that, fromthe standpoint of prior art, fairly
constitute essential characteristics of the generic or

ushie the flexibe Dibssirates 140 hatheﬂ mxﬁaum?ﬁg elfibers b6 RVE aBout freely

such adapt ations should and are ended to be

wERHTE REREE s o tofFog, T2 et et YiE mrvnine of thogptia

opti cal transceiver for converting and coupling an

fibers to praventrurovanted tangling. cFwtitermare) attiching| thevopticah fibers to the
optical fiber conprising: a hou3|ng i ncl udi ng an

sWtisaier 140 nﬁﬂ?ﬂﬁﬁ&@ f Wh%gﬁfgﬂ '

el ectri cg oﬁhc ornratl on syste eve%g %@%‘Feof

trans a recei vi i nformat  on- contaLnin
Bickaris. il 3 the bt cosmogs  Epecibersare rapied ankatiached in such a

connector adapted for coupling with an externa

mapner@a ko fhikimizef sharptbendsinithe optitabfitérsdr recei ving an

opti cal comruni cations signal, and a base nenber and a

cover nmenber form ng a XENPAK pl uggabl e nodul e; at

| east one.el-ectro-optical subassenbly in the housing

for ver efween an i nformation-containing

el ec&'ﬁﬂelath &ﬁﬁ@“"&ﬁ anchingavementspidhe present nvgntion may also be

corresponding to the electrical signal; a

apparent rto dhse @f ordinary ekillin theaee SFHusOthe @hﬁﬁﬁﬁff@émmw&r parts
hou3|ng for processing the comrunications signal into

pr ot OCW%&MLE pr O?Oé%@%@%@? gfthe

IS corrvpl i.ant vat h | EEE 802. 3ae OGBASE- LX4; wherein
PEfsent Javentip, agd isniot intended mmtehwuoé'gltmatwerdsmmhm
subassenbly including: an optical demultiplexer
theospiritanidtsoopeofithé iriventiornt Variougrasgsetsoo the techiigais\and Spparatus

mul ti -

associated with the protocol processing aspect of the invention may be implemented in
digital circuitry, or in computer hardware, firmware, software, or in combinations of
them. Apparatus of the invention may be implemented in computer products tangibly
embodied in a machine-readable storage device for execution by a programmable
processor, or on software located at a network node or web site which may be
downloaded to the transceiver automatically or on demand. The foregoing techniques
may be performed, for example, single central processor, a multiprocessor, on or more
digital signal processors, gate arrays of logic gates, or hardwired logic circuits for
executing a sequence of signals or program of instructions to perform functions of the

invention by operating on input data and generating output. The methods may
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wavel ength optical signal having a plurality of

i nformati on-containing signals each with a different
predet er mi ned wavel engt h and denul ti pl exi ng the optica
signal into distinct optical beans corresponding to
sai d predeterm ned wavel engths; a substrate form ng an
optical reference plane and including a plurality of

ARl P infAcegted I nk'or ol bR proprard el Wi blcBlnBble
functioning.to convert the respective optical signals

op ﬁtwm‘%& fystem g | at deask onespregrammable; processergoupled to
el ectrical connector for transmitting the electrica

receiynalatd enduinstiuetionsi froin, and te transmik detanaid nstRictioftd, W data
system devi ce; and an array of individual photodi odes

ﬂy%# L N .t oQt.i t [ n .

opt cﬁ%ﬁﬁg%k%ttﬁwa%uﬁr al'l k ’yhgdf gﬁf\z%tl g‘ﬁég#ﬁ&’z%fa%ngemh
el enents and reflectors operative to direct the

COIPILEE Programang); Wm pee highdeveh priceduralorsebjedariegted
el ement to respective ones of a plurality of spatially
pmgrmmmgaag €, drdf hiscABE ot MachME LAGLAR if dbs i
| ocations of the indivi dE(aI Qii£[|§hot odr odes. Zﬁmmmym'
] s.detined in cl]aimil rej.,n one of sai

th ERRARE KB W22 hRd GCioletpreted I intaee iRk pfosessdrs iclude, by
subgfsenbly including first and second | asers operating
way of prample bothvgenersyand specialapuipossamiczopracessdrin  Generally, a

respective first and second el ectrical signals for

peadekdor NGl feceive MREERGRNERd dstS Fond %ﬁ?@f@g@bgﬁgﬂhégf;%om

optical multiplexer for receiving sa

opa ity Siooag oF il 57 GBebly! oyt Gomphtd program

.said fiber optic connector for transmtting the optica

Hons; gndqdata imeludeasll fyyms of nohivolatile Bremory, Gpluding by way of

transceiver for converting and coupling an
ekafiple TBemiONMRN6R AoV, SLE fa§ | EFROMS EREPROM ;ﬁgﬁﬂhsh memory

optical fiber conprising: a hoy5|ng.|nclud|h
RIBEL b0 R uch Obs BB "fart 'fd” abd ' Slivable disks:
magneto-optical disks; and CD-ROM disks. Any of the foregoing may be supplemented

by or incorporated in, specifically designed application-specific integrated circuils
(ASICS).

It will be understood that each of the elements described above, or two or more

together, also may find & useful application in other types of constructions differing from
the types described above.

While the invention has been illustrated and described as embodied in a
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or information systemdevice and for transmtting

and/ or receiving an information-containing electrical
comuni cations signal, a fiber optic connector adapted
for coupling with an external optical. fiber for
transmtting and/ or receiving an optical comuni cations
signal, and a base nenber and a cover nenber formng a

trasSedRAK for angptibdleonrblcatiodne otk it BR6t ﬁhﬁ&%{} 818 gﬁiﬁgﬁ ko the

subassenbl y i n the housing for converting

' iQN- cont aini | ectrjcal sigpal and a
ekl ST, 135 G oo B otsEdivinl Rfpmses pr be made withou

el ectrical signal; and a conmuni cati ons protoco
departing dn anyywey remdherspisit ofthe presénmp irsvientiprf or  pr ocessi ng

the comuni cations signal into a predeterm ned

el ectrical or optical comunications protocol, wherein

the protocol processing subassenbly is conpliant with

| EE 2. | ASE- LX4; wherein an el ectro-optica

sub Eﬁ‘gﬂ'&f@‘ﬁ#ﬂ&(ﬁ%ﬁhﬁ faregoing will sotfully-reveal theigish ofthe ipresent
_laser emtting a |aser beam of different wavel ength;
In¥gngion rthat withers icam Byt applyéagecurfedt kidwiedgd B&dﬂf gdaapt it 1;?; lygrious

si ng

mul tipl exi ng the respective.laser beans in
a‘j’ﬂﬂ:gﬂ 'n!‘@%'ﬁio%‘i‘ M}gt ' oupled to .the. fiber .
opt | o Connaet ﬁﬁp%?a@ansrﬁhﬁifﬁodnms@%‘@ @eﬁrﬁ?"t gt fairly
ext.ernal optfical fjher; a plurality of optical fibers
°W§%w%ﬁwwm&mmmwm invention and,

plurality of lasers and the optical nultiplexer; and a
thereforep nechsadaptatiohe shtuld ead drevintehiled id18c CompieRehded within the

nmounting the optical "fibers thereto so as'to preven

hi¥Fraf j i s.W thin the housing. 4. A

tran%cel vege QWLT@F?%W erein the opti cal
mul tiplexer is supported on said flexible substrate.
22 5. A transceiver as defined in claim3, wherein the
flexible substrate has at | east one aperture, sized
and configured to allow at | east one conponent | ocated
underneath the flexible substrate to nmake physica
contact with a heat sink on the housing.
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6. A transceiver as defined in claim3, further

conpri sing a photodi ode array di sposed on a printed

circuit board in said receiver, and a denul ti pl exer

di sposed in the receiver subassenbly and positioned
Claid h respect to the optical reference plane defined by

the surface of the printed , circuit board surface, sq

t Hat ALAPUS ttﬁ‘éﬂ%%‘-’drf?lf%ﬁmng ae@ﬁennhnmaex@formwns%@tmng

e o g o 1 2 O 7
S WiRswsRph hd&udhﬁ;fz, i8] eBRAL @AneitoPoF AR 'vﬁﬂ?ﬁ&éﬁ&ﬁﬂaélé&lcal cable

grl nted circuit board. 8. An optical transcel ver
or infoumatiem: systgmadeyiceangd fortgamsmitting andror ranawmgﬁranﬁmmghon—cmtmmng

el ectrical gnal h an optical fjber conpr|3|
clcctrpﬁsﬁsqmeumﬁemm Sighahr} # 168 £Ptis amnecion Mapidfor GURLD .mg ﬂwg external

ol 1 S G5 B Ty e

membdtfafd BRbVE In@BVérFbithiag a XAENPAKI dga@ﬁﬁﬂh'd\ll& ations
signal, a fiber optic connector a ted for coupling

wiaf haamn@ﬂ@#naquCd@b@ambm uthefhnusmgefnsmnmmg bgtwieoan

i.nforﬁ ecel_w eggiw?mﬁgnpgm anﬂtu:lpéetgoSl %F @%l%ré% a b@‘mgtothe

electrlEaF#i - at I east one el ectro-optical subassenbly.in the
hou3|ng for converting between an

i rafconmminicatnons protadoh prigessimrdubagseinbby ignke hawsihgafor processing the
nodul.at ed optical sjgnal corresponding to the
COMIIARALIPRS 3 gn .lrgtﬂmr#?mﬁsﬂﬁlm&g ﬁsomfei SRIBRUpicatensgrafgeol,
wherd 23308 i oM P LnBRBESTTEEE 0 30 10gPASE Lt

o mhapmn on¢ of saidreliectembpticad sﬁa&ieﬁmﬂes is afeetieersubissembly including:
pr ot ocol. processing subasserrbl is. conmpliant.-with | EEE

882 optigal dempitiplaxer sonpled.tosaid fi'mi PHES F‘}/N’@G‘ﬁﬂ fRriteepivipg p mult-

waveRBin SpREA G BRERpREAI0 bt BfodnaRIRAA G SBndl Cachiiith o

different predetermmed wavelength and demultiplexing the optical signal into distinct optical

beams carresponding to said predetermined wavelengths;

a substrate forming an optical reference plane and including a plurality of photodiodes
each of which is disposed on the substrate in the path of a distinct optical beam, the photodiodes
functioning to convert the respective optical signals into an electrical signal that is coupled to
said electrical connector for transhlitting the electrieal signal to an electrical cable or external
information system device; and

an array of individual photodiodes and wherein the optical demultiplexer includes an
opticé] block with a plurality of wavelength selecting elements and reflectors operative to direct
the optical beams from each respective wavelength selecting clement to respective ones of a
plurality of spatially separated image positions corresponding to the locations of the individual
photodiodes.

2. A transceiver as defined in claim 1, wherein one of said electro-optical subassemblies

is a transmitter subassembly including first and second lasers operating at different wavelengths
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9.3 9. Atransceiver as defined in clains 1, 3 or 8,
further conprising a flexible electrical interconnect
bet ween said at | east one el ectro-optical subassenbly
and said communi cations processing subassenbly. 10. A
transceiver as defined in clains 1, 3 or 8, further
arigidelectrical interconnect between

Egﬁrt%&s \Iﬂrég g 2 %ﬁfe@drsgc@étqlmcaé signals éorisimyittingdfirstdnd second

laser @@W@h?a%ﬁd&ﬁ TR SBIear B 5 VERG el fify And Setobd b and
multiplekieg therosative o?ﬁ&i‘ﬁﬂ? 68 sﬁ%@ﬂhﬁl-ﬁﬁxﬁéﬁ% g%‘i‘ thaP¥% coupled to

sai d i nterconnec 17 Atranscél ver as

said fiblemopticiconnbetoefan ttahsmitting:the opticdl isizabl toaaeikiepial optical fiber,
subassenbly is inplenmented on a single hernetically
sealed printed circuit board. 12. A transceiver as

T AREHAEA dehRher o AL BRERRIsT el SubobRlprsshapiog clectrica

mgnalaailtlda@bplﬁal ﬁbep&dnﬁ;ﬂs;@lbassenbl i es and sai d housing
through an_opening in said flexible substrate for

d lasbgumg inelpdingan electmicalaiodnaxte fsubrm;ﬂmg’mhgh dncexitérnal electrical cable
housi n Atr scei ver .as ined jn claym12,
or infi 3 %E!Praﬂ rsteeamaﬁ% eilﬁeﬂ TEGEIKDE 3G afifgycontaining
lectrie@Cootir %étﬁ;l
€ housi ngﬂﬁgﬁgm%ﬁfgﬁp 4 ffb@{-’ n??g?%er@@re Mg%eﬁﬂlgw"h Ag extemnal
opticat fibex fon gammxﬁnfgmﬂﬁdrlrauﬁ\dﬂgl maomaag cor@in@fichticil sx?iag ranl a base

Wi t h anotlc fiber co I Sin ahou3|ng|nc udi ng
membgrand a.¢9 M%F%P@S geablemaduléin ext er nal

{ ?@%ﬁbﬁ?!”ﬁw ofic subddi TR 813 1SURRE FrBHL G Bnd BelcR g
infom&itleﬁtcbnnﬁimg elevtrizalcjriab irsd & hﬂ)ﬂﬁlatedaoﬁnbﬂe.-ﬁ g:QPEduﬁespondmg 10 the

connect or adapt ed for coupling with an external
electrigg)isignal; apgper f or transmitting and/or receiving an

cB bl b oS Roos PR i - hon R 15 prB0ERe e

commugieaioniiznal M4 i fredeichfiiled SlLATAPSHYptichltoiiBurti 4 Protocol,
for converting between an
wherein the protocol processing subassembly is compliant with IREE 802.3a¢ 10GBASE-LX4;

wherein an electro-optical subassembly includes a plurality of lasers with each laser
emitting a laser beam of different wavelength; and an optical multiplexer for receiving and
multiplexing the respective laser beams into a single multi-wavelength beam that is coupled to
the fiber optic connector for transmitting the single beam to an external optical fiber; a plurality
of optical fibers disposed within the housing extending between, the plurality of lasers and the
optical multiplexer; and a flexible substrate disposed within the housing for mounting the optical
fibers thereto so as to prevent tangling of the optical fibers within the housing.

4. A wansceiver as defined in claim 3, wherein the optical multiplexer is supported on

said flexible substrate.
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i nformati on-containing electrical signal and a
nodul at ed optical signal corresponding to the

el ectrical signal; and 24 a comuni cati ons protoco
processi ng subassenbly in the housing for processing
the comuni cations signal into a predeterm ned

el ectrical or optical comunications protocol, wherein
t e Arehaedler R§ defrediin ¢lai Bawhereh the Iﬂ%ﬂb%&bbﬁ&t& 144 iteast one
| EEE 802. 3ae 10GBASE- LX4; wherein one sai d

apertagpsizedoand qon§gureddo allow iavleasone ednpomaloumed usdergeath thegflexible
I on e.,mmterjal. 15. A transceiver as
substfhed 16HaRE phSsical At Jishe ek Sk &8 Miehoupingn g, i du

phot odet ectors is a single bare nulti-el enent
phot odi ode array, 16. A pluggable optical transceiver

f & Actomseeiveras defided dlghiin 3] farthértb@iprsink A'phofodiddRl aﬁa?%sposed on
el ectrical si gnal with an optical fiber conprising:

a pringad iEatly boartbin mepmwmdwdmﬂgpbscndnmsectm@ osceives ibassembly

wnd o RHBRA0ieR esm @ e e AR coteaes blant PeSe ot b g e printed

circuif BESH $hficed Bo tHaP{he |
communi cat i ons as,| g ,??}W gagﬂ'}h? d uﬁipgﬁél%f f&tﬁ%eg on the photadiode

array.connectors adapted for coupllng mnth first and second
external optical fibers for transmtting and/ or
receiving an optical comunications signal; and an

el HRnRRiver &Y d%@ﬁ‘fr?aﬂgsy 1 b, GierdlR ] oﬁ aﬂ}gto processing

convertl ng between an I nformati’on-

subassenshly i ingplernegodibn anihpie Maﬁ%ﬁﬁlﬂﬁiﬂt&ﬁhﬁh@h’ﬁi‘d.
corresponding to the electrical signal including: (a)
a transmtter subassenbly including first and second

35 RN e 5 ng S B oo s

signalsiigho at sptical fibed dompiidgi r st and second | aser beans; and
an optical nultiplexer for receiving said first and
sabonsing including an electrical connector for coupling with an external electrical cable

or information system device and for transmitting and/or receiving an information-containing
electrical communications signal, a fiber optic connector adapted for coupling with an external
optical fiber for transmitting and/or receiving an optical communications signal, and a base
member and a cover member forming a XENPAK pluggable module;

at least one electro-optical subassembly in the housing for converting between an
information-containing electrical signal and a modulated optical signal corresponding to the
electrical signal;

a communications protocol processing subassembly in the housing for processing the
communications signal ino a predetermined electrical or optical communications protocol,
wherein the protocol processing subassembly is compliant with JEEE 802.3ae 10GBASE-LX4;
and

a thermally conductive gap pad disposed between one of said subassemblies and said

housing for dissipating heat from said one subassembly.
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mul ti pl exing the respective optical signals into a

single multi-wavel ength beamthat is coupled to one of

said fiber optical connectors for transmtting the

optical signal to one of the external optical fibers,

at at least a 10 Ggabit data rate, and (b) a receiver
subassenbly including an optical derultiplexer coupled

t . gensseiver andefined mélainis hdrordp fiirthec comprising 8 fliexable electrical

) receiying a | ti-wavel ength optjcal sigpal having a ., |,
intergonsper bepect said at draSane HEErRNeH svassPRRIY andsaid Fosprmypigations
ks det erm ned wavel ength and denul ti pl exing

pmcdgﬁéggglﬁg%%@lg] gnal into distinct optical beans

corresponding to said predeterm ned wavel engths; and a

substrate form ng an_optical reference plane and _

i ndh Mﬁycaﬁﬂﬁéﬁn& in qlaimisli, 4wz 8, fmbenctimprisingaogdsiectrical
. which.i s dispas on th ubstrate. in t th.of a . .
interdhplnfat et SEAH Toodl e e EPrAPHEA bR RBL 20 i omnepications
ds€fing SREMBI) §o SESW ' 'ﬁéu'ré' ‘ﬁﬁ L e Rbivel neﬁ'ﬁzriﬁ to
proc an ges‘ieﬁétri cgl Si gngﬁdtmr?gtogflis coup tggEto awgi;%oco E
interghaogeably subasseinblaxcdphlyie of antdchivent by sdid thtéreommeict]

el ectrical connector for transmtting the electrical

signal to an electrical cable or external information

Ve SRR pAAERE ol 1 0GB bl e subasscaubly

is implemenred ghh sigilehérnmvgictllyesrlripriand dihitdsiid S oper abl e
- to direct the optical beans from each respective
wavel ength selecting elenent to respective ones of a

plural i of spatial]l separated | nmage.posktiQns .

e 2 etsfivs? Rodshet tn 0P 31 B cafirtiti it fmally conductive
gap pAd @ispeicadRBwech bne BFSail |d&ﬁ@%ﬁcﬂ%hb£§&n$lié%ﬁ ehMousthg through an

claim 16 wherein the pluggable housing is conpliant .
openiqg imszid Sexiblersnkistrase forfdassipating heat fivime spd one subiassemiy trethe housing.

transcei ver of claim16 wherein the pluggabl e housing

has maxi mum di nensi ons of approximtely 51.3

M1l | ArRaeBivey as’defthedTd it | Brartht chdipridine!d JEBSRY Bermally

19. The pluggabl e optical transceiver of Claim16
condustivg gap padydisposed between ynethersubasseinblyi dndrssidhicisinged

wi t hi n the pluggabl e housi ng extendi ng between the

14. An optical transceiver for converting and coupling an information-containing
electrical signal with an optical fiber comprising:

a housing including an electrical connector for coupling with an external electrical cal:;lc
or infonmation system device and for transmitting and/or receiving an information-containing
electrical communications signal, a fiber optic connector adapted for coupling with an external
optical fiber for transmitting and/or receiving an optical communications signal, and a base
member and a cover member forming a XENPAK pluggable module;

at least one electro-optical subassembly in the housing for converting between an
information-containing electrical signal and a modulated optical signal corresponding to the
electrical signal; and '
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first and second | asers and the optical nultiplexer,

and a flexible substrate di sposed within the housing

for nounting the optical fibers thereto. 20. The

pl uggabl e optical transceiver of claim 19 wherein the
optical nmultiplexer is supported on the flexible
substrate. 21. An optical transceiver for converting
arcommuplicatigns protovod provesstne submdsamblyig thehmsing fopprocessing the
signal w,ith _an optical fiber conprising; a housing

commupiqatianhygna Itp apredeiermined plectmienl or epticebeqmmpagcsiians pxgtocol,

r I ri.cal scabl or inf.ormatj m j
whf:rf:grf1 gm%fpgﬁéo{:& apﬁﬁﬁshﬁ g ﬁ\ébagﬁedl}el%]y i3 mlwﬂ%ﬂhxﬁﬂ% %0255 ?ﬁdﬁf&g&l}(&l,
| RHRFIR bhOBf Sdiibaldeiblie&1sWtetil¢ AloukRIEH hdHLSAS using a thermally.
signal, and a fiber optic connector adapted for
conductiveimategiali t h an external optical fiber for
transmtting and/ or receiving an optical communications
signal; a nodul ar el ectro-optical subassenbly
deba 0 od i . y _
ot el petsteivbrtehted b 0 LB Pa el BEAIAMR phorodetectors s
a singhe gl tHuddi-@léntedt pidtbdisd@ Ry, Corresponding to the
) el ectrical signal; and a nodul ar, interchangeable
communi cati ons protocol processing subassenbly aetacnao

y,di,sposed.in the housing.for pcessing..the . .
2 i OBEPI SRy o o B AR Al e rmaion-
taifiin pORdbdrii&d] sipRATHHT &R b ERdoRsispiPPOr ti ng at | east
con a fgae' gabis{ggdata ?gtbgwgrei n tﬁ}an?ggl ectro-opti cal
s aiplugpablelhpusing inchelipg an eectricgroonmstorfor eanpling wnthiap external
t he transcei ver ,tqQ be reconfiqured; wherejn one

[ ;
electrigyl cafle o Bformano, PR dexier @dLRE IFPRsEniftos ghdof grcging an
infornPRASAMiN e ERCILH Mﬂmcamng g@!md R Pﬁgbgﬁﬁ&: ophit Rb@fbetors

to the fiber optic connector récelv
adapted for cewpling|wittpfiist ambsecicond extempabdptizalMibreys for plansraitting/andfor
.information-containin _gs#iagnal s each with a different

receiVHICANQRICA! CravmpBicaans sighah AR denul ti pl exi ng the opti cal

s e s | i ) .

¢ B Bftodpfedt sibdsRahuIgEs U Hou HRE T cobiOE TR BODREH o kfformation
contaiaingadécuded] sigafleandaaaodulated optical signal corresponding to the electrical signal

including:

(8)  atransmitter subassembly including first and second lasers operating at different
wavelengths and modulated with respective first and second electrical signals for emitting first
and second laser beams; and an optical multiplexer for receiving said first and second beams and
multiplexing the respective optical signals into a single multi-wavelength beam that is coupled to
one of said fiber optical connectors for transmitting the optical sign;-d to one of the external
optical fibers, at at least a 10 Gigabit data rate, and

(®)  areceiver subassembly including an optical demultiplexer coupled to a second
one of said fiber optic connectors for receiving a multi-wavelength optical signal having a
plurality of information-containing signals each with a different predetermined wavelength and
demultiplexing the optical signal into distinct optical beams corresponding to said predetermined
wavelengths; and a substrate forming an optical reference plane and including an array of

individual photodiodes each of which is disposed on the substrate in the path of a distinct optical
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pl ane and including a plurality of individua

phot odi odes each of which is disposed on the substrate

in the path of a distinct optical beam the photodi odes

functioning to convert the respective optical signals

into an electrical signal that is coupled to the

el ectrical connector for transmtting the electrical
beam,zhe phétodiodenfunbarting tredonvesth the respegtivedistifict ppiical signals into an

cccriu o b el S 5 AR PR s couped o sid
wavel en o | . . :

el AR s SERSFIO PR STBIA i B Bt kil

informRi6R! soBgin denidec ild Wherelnalie Bptidad demsliphekenvincladesanodptinal block with
plurafity of spatially separated innage posit. onal. |

3 pluralityrof syaoelingth setectihg clementsiand seflgctorneparshle 1 é‘m e optical beams
hot odi odes. 22. An tical trapsceiver fi - :

from GacR i APELIVE Y S b PP E el st s PleafbPh sty b spacially

ItfoRs ' filing phetodibdes.
epsrf PO e aRE B bt thubbosmssigpiang st

wavel engt hs and nodul ated with respective first and
second electrical signals for,  emtting.firs

s ddohepiugaableiopticalseranesives of claim 4 whethin mswﬁ?qaﬂggksaming is
. : W fi d db d
comph-g‘{ttv{ngfa?if@i{h‘g%ogéﬁ%?n%e ogficggl siegggl 2ni nto a

single multi-wavel ength beamthat is coupled to the
fiber optic connector for transmtting the o tics,}(g ing b
sil@nAhetpluggableapticaldtansespyer of clapm 6 whepein thep Aousing has

.transcei ver def i.ned, | | aj i1 197 Snillimeters.
maxima PO SPPEREPRRY B S SRRt BY 2 iy cters

mllimeters by 22.4 mllineters by 121 mllineters. al

24. An optical transceiver tor converting and coupling

an9i Mhepiwggable-aptichlaranseejver off cloim 16 £pmprignEl with an
g%&%&}&[ﬁb qej%ﬁg]glgﬁ)e&% ifﬁg&ee g\ﬂﬁ‘ﬁj : %%\g'(gﬁngllg ﬁgg%?%?ﬂgﬁlding between the
first agpgswﬂdqgéfu&am e opfical AfuMipIBidrOdhdsy st em devi ce and for

nsmtting and/of receiving an information-containing
elaRdxible ahbsmanndispasad within the Snmg for mayating thejaptical fibers thereto.
connector adapted for coupling with an external

20. The pluggable optical transceiver of claim 19 wherein the optical multiplexer is
supported on the flexible substrate.

21. An optical transceiver for converting and coupling an information-containing
electrical signal with an optical fiber comprising:

a housing including an electrical connector for coupling with an external electrical cable
or information system device and for transmitting and/or receiving an information-containing
electrical communications signal, and a fiber optic connector adapted for coupling with an
external optical fiber for transmitting and/or receiving an optical communjcations signal;

a modular electro-optical subassembly detachably disposed in the housing for converting
between an information-containing electrical signal and a modulated optical signal

corresponding to the electrical signal; and
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optical fiber for transmtting and/or receiving an
optical communications signal, and a base nenber and a
cover menber forming a pluggable nodule; a transmtter
subassenbly di sposed in the housing including (i) first
and second | asers operating at different wavel engths
and nodul ated with respective first and sec

ond
elagoodulamintershangsablc conmmiGRipRGPrOiOcol PrafRFSIOg SHRFSFIK detacnaoly
., lLight beans: fii) a multiplexer. v i . .
dispoped e B ot Geii i S iicefud g B8 pi8fermined eleemica
| ; ' bt {4 10\6yEbRdataYateheam
or opﬁ%talltc @?%%&eggpﬁo?dsagiﬁﬁfbi bg?t?a%i C congnhect or _faerJ
t reglgeintthé elgetrdroptical submbsemitiy and the pastoeodprecessing sihapsembly allow
fiber; and (iii) a first electrical interconnect; a
the trarsseiverio bars dy di sposed in the housing including

an_opt. cal Aol f i kL Cncludi

corBbn e of AR U Gl sibmBlel 8 o3Bber sbdssciblyGncluding an
opticall dEhrhtiplexertgupled B thedbief bptitf conht@ontor rcveiviingd muiti-ngvelength

signals each with a different predeterm ned wavel ength

opticalnsignatibaning & phealityef infermationecontaining signels eachiwish aikterent
ti, b dy t id . in ,
pred e WEYRER R e SmaiEplegoe e SRisah St Tuf (s AE bprical beams
correb nﬁh:}%%ﬁé’ l‘éﬁet@!ﬁlﬂﬁd’WaﬁclEggtﬁﬁ Q@ alsibsfatefonttint dn"dptical reference
I'C bea%q ot odi odes

the p functioning to convert

pland drd ineladingtai pleralifyt ofdndiviiughphiotodiedes eachnofwhich iy digposed on the

signal; and a second electrical Jjnterconnect for
substyHEF PEVRS adiuinet 6Bty begm-dhepbalodiafy ihctioning to convert the

| GRLERAS i | ] | Jecti & eS@fbctor f

respeEfVR B AP ERAS ol B Bsic BT ialS AR R I okt or for
transfiteiap thd éléarical pigadbloamrslsvticad balsit of extémalinfiymiatian system device;

conmmuni cations_ protocol supporting,af

A | { | east _a 10 .,
G wherein the ppticah demultiplaxgringhidgs amoptica Week E’b‘hﬁéé?mhty of wavelength
connect ed t fi -J : : ' :
selecRg SERRE: 4 1 f8uors ghithv AL ThC peaifs BORNEN spectve
wavel@iEt{1kl dcting elAMENe €5 regpectibe onaafiaphiralityufspatidilyysepsted image
. The optical transceiver of claimDi conprising arigid
positising comrespandingte thedaeations apledrdividusl PA’QF@‘QA&M ni cati ons
prot ocol processing subassenbly. 2G The opti cal
transcei ver of claim 24wherein the first and third

el £ tri Gptical RARESOBNRTeSined in claim 21, wherein one of the electro-optical

subassemblies is a transmitter subassembly including first and second lasers operating at

different wavelengths and modutated with respective first and second electrical signals for
emitting first and second laser light beams; and an 6pt:ica1 multiplexer for receiving the first and
second beams aﬁ;d multiplexing the respective optical signals into a single multi-wavelength
beam that is coupled to the fiber optic connector for transmitting the optical signal to an external
optical fiber.

23. An optical transceiver as defined in claim 21 wherein the housing has maximum

dimensions of approximately 51.3 millimeters by 22.4 millimeters by 121 millimeters.
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conprise flexible electrical interconnects. 27. The
optical transceiver of clainO }wherein the first and
third electrical interconnects conprise rigid

el ectrical interconnects. 2f;. The optical transceiver
of cl ai m24wherein the second and fourth electrica

i.at erconpnects conprise f L bl lectrical

2 o B GRRER ST conh PP aip Sk b Antgmgogy susaprane
electritaEsighd) Willears fiBa¢omprking: €l ectrical interconnects

conprise rigid electrical interconnects. 30. The

omthiousing incinding aw elecwicakdomnestdrifor ooyplingiwith amexternalradectrical cable

. thermally conductive gap pads in contact with at | east | .
or informeation syprem| qeviceand for FanSMIEIDg and/er BCCIVHIE g ormatipascontaining

n ver. nenber. - h ti G I ' . .
e R8RS e RGP, e B9 SR RSl o v
optical #ber R GaniRitEANARTSr fétéihin??an lopaed] comenideatiofLsiial! dndth base
conponent of the communications protocol processing
memben bhnd 8 sovérymemberformiag stpluggablemodwe;base menber and
cover nenber, tical, transcei ver,. of

he, o ai
ARSI Subassanhlg AispRsei A Poine g Raiod () Brfhi sespnd lasers

. | _ _
opera%étgﬁ@t? ; tgglt?gfth dndau15EA Wit/ rés t difd sec?réda%lgcmcal

cal transcelver onprising at
signals fier @hitting fistendsecond hsértlighrbédnys; Gy amaltiplexegfoy reriidng said first
contact with at | east one of the |asers. and the cover

and sagopg beampand multiplexies te respeetivernptisel signalsinttyingle mj-wavelength

v 1 5 8B3R5 BB il o0 e

optica$ iBaS ana iy 2 Tt dlditicaduRérconiaher . 33. The opti cal
transcei ver of clai mwherein the nmultiplexer is nounted
t & receives supassembly disposed in the housing including an optical demultiplexer

coupled to said fiber optic connector for receiving a multi-wavelength optical signal having a
plurality of information-containing signals each with a different predetermined wavelength and
demultiplexing the optical signal into distinct optical beams corresponding to said predetermined
wavelengths; a plurality of photodiodes each of which is disposed on a support in the path of a
distinct optical beam, the photodiodes functioning to convert the respective optical signals into
an electrical signal; and a second electrical interconnect for transmitting the electrical signal; and

a communications protocol processing subassembly disposed in the housing, for
processing the communications signal into a predetermined electrical or optical communications
protocol supporting at least a 10 Gigabit data rate, inclnding a third interconnect connected to the
first interconnect of the transmitter subassembly and a fourth interconnect connected to the

second interconnect of the receiver subassembly.

25. The optical transceiver of claim Bcomprising a rigid electrical interconnect mounted

on said communications protocol processing subassembly.

26. The optical transceiver of claim 2} wherein the first and third electrical interconnects

comprise flexible electrical interconnects.
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di sposed between the cover nenber and the protoco
processi ng subassenbly, the substrate conprising an
openi ng that substantially aligns with at | east one
heat generating conponent of the comuni cations

prot ocol processing subassenbly and a heat sm disposed
on the cover nenber, thereby allowng the heat sink to
thermally couple the cover nenber to the at | east one

B T AREE A A SO0 i TG BB L MASEL rcomnecs
compﬁ%%ﬁﬁﬁ%a??ﬂ&c@ﬁnéc&aﬁ one of the subassenblies and

Aousi ng r dissipating heat fromthe at |east one
subassenbly. 35. The optical transceiver of claim

R B TS B et o i i
imercs S SR el B h iR The 11 7ot ana

second |l asers and the nultiplexer, wherein the
plurality of optical fibers are nounted to the flexible

Qb SEheaiptical3tansadiecrof claira U} whexeindhe sesondandfoarthelegirical
. wherein at,l| east .one af, the subassenblies is directly
mwmﬁﬂ’éﬁﬁ%‘i?%ﬂ%‘sﬁlﬁ%%dn{%@ﬂﬂeﬁs't hernal |y conducti ve

material. 38. An optical transceiver for converting and
coupling an information-containing electrical signal
VB0 MTheropiehl teaiscdivdradf clam@fdomprigingonean siorg theompily condyctive gap
a base nmenber and a,cover nenper form | u bl e
pads ins@ntast withgbleas ae g mﬂeﬁ%m@éﬁs@@aﬁb&&eﬁ%% cover
meml:}egr coupling with an external electrical cable or
Tormati on system device and for transmtting and/or

receiving an information-containing electrica
comuni cations signal, and a fiber optic connec

tor .
2dapkhschptica! transeriyerf wlatn 2LaemRaIsing ¢TI OF SHACE hermpy gonductive gap

pads ipbis PR aB Bk lepbBREE K BB EBhmupications protcol
procelgdiﬁga&asseinibly afd Adesst Be btk Badegerbdr dndicdberanemniserc ond
asers '

372 The optical transceiver of claim % wherein the receiver subassembly is directly
mounted on the base member with a thermally conductive adhesive, the optical transceiver
comprising at Jeast one of: |

(i) one or more thermally conductive gap pads in contact with at least one of the lasers
and the cover member;

Qar

(ii) one or more thermally conductive gap pads in contact with at least one heat
generating component of the communications protocol processing subassembly and the cover

menber.

33. The optical transceiver of claim #wherein the multiplexer is mounted to a substrate
disposed between the cover member and the protocol processing sebassembly, the substrate

comprising an opening that substantially aligns with at least one heat generating component of
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operating at different wavel engths and nodul ated with
respective first and second electrical signals for
emtting first and second | aser |light beans and (ii) a
mul ti plexer for receiving the first and second beans
and mul tiplexing the respective optical signals into a
si ngl.e nultl-mavelen? beam that is co;gged to

g

the mﬂ%‘é}'% Breshl PEQGGPSINGHIbZsSEMbL ndh 2 Reph 8K 4pP §F° Ot tne cover
manb%g&ﬁ%lﬁfi}gaﬁw{ﬁg '?@é;lzégr giaﬂ'i% Hl%h&%h% 5%\8%9 REVEE member to the at least one

I'cac roptrc connector
heat gef¥érati©f €orvpdt@ng mMul ti - wavel ength optical signal having
a pIurallty of information-containing signals each

with a different predetern1ned mavelength and

BErhe BoRe Hanintrs” ko Barion il sbibueREh b

dispo&ﬁ%e@drée}l R 1RkUEHR dflie bea&%‘l‘bﬁ@é Sfede EHﬁ’éiﬁ%Eb?'di’sﬁlptaﬁng heat from the

nvert a respective optical beam into el ectri cal
atleaﬁbgﬂ@:hbasmmbly. conmuni cati ons protocol processing
subassenbly coupled to the transmtter subassenbly and
receiver subassenbly, the communications protocol

g{’% j‘i@ ng‘”’? K@ﬁ% ﬁ{%ﬁ?gggﬂ %ﬁ@i&%'ﬂ&l hid ngﬁs Rountdd to a flexible

substgfecdet ermi ned el ectrical or optical cormunl cations
protocol supporting at least a 10 G gabit data rate;
and wherein at |east a porti on of one of the

b TS Coki A et RE i EE B Lt A Soflg R s
withid (A hBﬁﬁB%%it@ E%eﬁ&reh NGRS add'Reond1B56S S nnfitiplexer, wherein

di ssi using. 39. The optical transceiver
thepluufahtydiapnsslﬁhﬁmanesnmgndwmﬁahblpsubsMRst|ve gap pad

di sposed between the portion of at |east, one of the

subassenbl i es and the housing for dissipating heat

f ' ' EeaSUiR TR dubassemblies is

PhE obP SRRl talteler b Raft 4 TR Lin et T e bassei
directyl motnted ah saidthensingnsing a thammally domductwé mhatemiahuni cat i ons

prot ocol processing subassenbly.

3%. An optical transceiver for converting and coupling an information-containing
electrical signal with an optical fiber comprising:

a housing comprising a base member and a cover member forming a pluggable module,
the housing including an electrical connector for coupling with an external electrical cable or
information system device and for transmitting and/or receiving an information-containing
electrical commumications signal, and a fiber optic connector adapted for coupling with an
external optical fiber for transmitting and/or receiving an optical communications signal;

a transmitter subassembly disposed in the housing including (i) first and second lasers
operating at different wavelengths and modulated with respective first and second electrical
signals for emitting first and second laser light beams and (ii) a multiplexer for receiving the first
and second beams and multiplexing the respective optical signals into a single multi-wavelength

beam that is coupled to the fiber optic connector;
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"} I . The opti cal transceiver of claim39 conprising
one or nore thermally conductive gap pads in contact
with at | east one of the |lasers and at | east one of the
base nmenber and cover nenber. 42. The opti cal

transcei ver of claim 3% wherein the nultiplexer is

ted t ' i cal
| Ao p oY iy roT MG bR g AR mmnpicic
couplftd SR fibéipite BhaReSTHEr redtiviigns tblki-Weuitnth epticahsipng having a
between thefirst and second l'asers and the .
pluralityl dfiiwformetion-odmsaining signals eatluwithia djfferentpredeemminedwavelength and
| e substrate. 31 "

demniRieaE e apsRenge 115 ishagt APYSA HeamS P RRLite i the afedatermined
wavel R AT { P BENETO Goad SARRADAIGLURRR HpeAcptial b

into ahWkschril SipngloEd | Si ng an opening that substantially
aligns with at | east one heat generating_ conponent of

t aecommuminations ipotocq) ipoecsesing rbassemilyepuplaske dhsFAnSmRRS
subasgemio 93 "eoriveh SULASSrHALD: O ERERHGIGey TR fogol ERtg subassembly
dispo%@ﬁiﬁh% hSusdiflProR brd R8shig 8 %omﬂaﬁkcaasﬁbeﬁ%m ito G@EleReiined electrical

optical “transceiver of claim33% wherein the
or opHeal @onrminseatiansiprotocel suppotting at feasna 1 Gigabistdataate; agd

XENPAK i ant pl bl le. . 4-6. Th ti

¥ FlbTEinIa LAt PRSGR AT G4 941aF SHasSemblies i AFRCHE ARG to 2 surfuce of
e
subase@hblak dissiparedes derhousingconverting and coupling an

information-containing electrical signal with an

optical fiber conprising: a housing including an

el thai cal.. : f. . i . WL T C%h&?é . ad

CFEE e lscipRREh e J s M B Bl et
dispoédbéiiebr theGortist 6f at leedne ofghasubiassemblies araithe bowgngfondissipating

heat from the portion of the at least one subassembly.

40. The optical transeeiver of claim 3§ comprising a rigid electrical interconnect

mounted on said communications protocol processing subassembly.

41 . The optical transceiver of claim 3 comprising one or more thermally conductive gap
pads in contact with at least one of the lasers and at least one of the base member and cover

member.

2. The optical transceiver of claim 38 wherein the multiplexer is mounted to a flexible

substrate.
l-fj. The optical transceiver of claim 2 comprising a plurality of optical fibers disposed

within the housing extending between the first and second lasers and the multiplexer, wherein

the plurality of optical fibers are mounted to the flexible substrate.
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el ectrical comunications signal, and a fiber optic
connector adapted for coupling with an externa
optical fiber for transmtting and/or receiving an
opti cal comuni cations signal; a nodul ar,

i nt er changeabl e communi cati ons protocol processing
subassenbly detachably disposed in the housing for
processi ng the comuni cations signal into a

psedet.ernmi.ned el ectri . ti.cal conmunication

PU ol oRg sty Cleim 26 vRieiR Bie RlTP e er i il 1g o substrate
i E?OB&% ) %1?@1{[’8 dsb lsi¥badbenms§ Sfle kifbstra
d:spot e hgﬁg% glg%gggﬁé%%?ﬁat 0 hte&ocom%%ﬁ?ggﬁ%ﬁs p?’%gcols e
comprisinganaipaging that salsstirtially ahignst with atriecast ene hetb geseatigycomponent of

conprising (i) first and seco | asers operating, at
the commppicanens poerelpyesessing sehassenthly and ahent sink hsposéka the cover

MRVE TSR ST UER R A

hea;éeagmﬁj_\g gaghtsecond | aser |ight beans into a single
mul ti -vvavePengt h beamthat is coupled to the fiber

optic connector and (iii) a first electrical
i.d erconnect; and. a dul agerecei.ver subassenbl
(L b 5Pgceh ERSCsiYer O clafd 2R JUEFTiD e RASE BEmPER A4 SayeE member
form <A BB Gy EompliadlpAfRaBl Aodasserdl v, the
I'y Conpristng (i

receli ver subasse an 32 opti cal
denul ti pl exer arranged to denultiplex a multiplexed

B B comEal oty enod sipim D wherein fhe ORIy cigjons protocol processing
' . ekt td
sibesGHRU0L AAn AP RFAER FANER ach ok SEBAIGR B

el ectrical signal and (iii) a second electrical
i nterconnect; wherein the transmtter subassenbly,

r kdeiAeeprinahrarsepivEs fo5 AoRverin grnd couplin gatiaformapg-containing

su I | | tr [ver to be reconfigured.

elecnﬁgggé%‘l%ﬁ m}a?%tgc\gégpéecro m%?lﬁ%%ai m 41 wherein the first
elatHoukingdhcliding af @lddgich] SoBitbsRS cowplingatibirbexternal electrical cable
el ectrical interconnect. Lf . The optical transceiver

or informasiom system Gfvaeecand foreamsmiging andier racelying antiafasateR-fontaining
electrical Bomimunications signal, and a fiber optic connector adapted for coupling with an

external optical fiber for transmitting and/or receiving an optical communications signal;

a modular, interchangeable communications pratocol processing subassembly detachably
disposed in the housing for processing the communications signal into a predetermined electrical
or optical communications protocol supporting at least a 10 Gigabit data rate,

a modular transmitter subassembly detachably disposed in the housing and coupled to the
communications protocol processing subassembly, the transmitter subassembly comprising (i)
first and second lasers operating at different wavelengths to emit first and second laser light
beams corresponding to first and second electrical signals, (ii) 2 multiplexer for multiplexing the
first and second laser light beams into a single multi-wavelength beam that is coupled to the fiber
optic connector and (iii) a first electrical interconnect; and

a modular receiver subassembly detachably disposed in the housing and coupled to the

communications protocol processing subassembly, the receiver subassembly comprising (i) an
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arigid electrical interconnect. .50. The optica
transcei ver of claim47 wherein the second electrica

i nterconnect conprises a flexible electrical

i nterconnect. 51 . The optical transceiver of claim4l
wherein the second el ectri cal interconnect conprises a
rigid electrical interconnect. The aﬁm ca

optical damulsiplexer AmHoges 40 ATSHINBSTHHTTURRIXS PPRPLSETA Fop g moer opoe

connegfos S Spha e AEL e By 617 ApERETUIIERA RIS BaRy e pnvert

resp @%\@?ﬁ?f*ﬁu%%ﬁﬁbﬂ bk liftd Slcopréshonbiniguteciridab sigrattand €idi) asecond

ted on the housing using a thermall y
electrtuahmtarbomcn;raterl al 54. The optical transceiver

cl ai m g7 conpri, sing, one m)rethrmal
C sheraia e PHSENRE JUPaTRNY: FEEING by 9&?%%@‘?#"%%%"’““‘“
transcel ver of claim
S“"“i"i“@???&?@?ﬁ%g“%%e or no?g&;ﬁgi rmal |y conductive gap

pads in contact with the housing and at | east one heat

gener ating conponent of thﬁ conmun tions protocol

pH@c Sheiapticalitaaseeivesiof clags ];@vhexm &iﬁ%@éf’%‘:‘ comprises

ialm47 vvhere| n the multiplexer is nounted to a

aﬂex;blg;cﬁr@al %te. 67. The optical transceiver of

cl ai m 56 conprl sing a plurality of optical fibers

d| sposed w thin the housi nq ext endi ng between the

f 40 s Thenptisslarmeedives of slaim i T wherein thei firsteslestrical fptersppnect comprises

the plurality of optical fibers are nounted to the
a rigid jelegrisabiniss e. 5 g, The optical transceiver of

cl aim 47wherei n the base nenber and cover nenber forns

a substantially XENPAK conpliant pluggabl e nodul e. Sq.

OTHel dpilcalt trmecateir\of claith 4] lvierein thesecond ¢leatrieal interconnect

B9
ATruni cat i ons . pr ot ocol proceSS| ng
comprises a flexible electrical interconnect

5| . The optical transceiver of claim 47 wherein the second electrical interconnect

comprises a rigid electrical interconnect.

52 The optical transceiver of claim ‘{7 comprising a rigid electrical interconnect

mounted on said communications protocol processing subassembly.

§ 3. The optical transceiver of claim Y47 wherein at least one of the subassemblies is

directly mounted on the housing using 2 thermally conductive material

Gl The optical transceiver of claim 47 comprising one or more thermally conductive gap

pads in contact with the housing and at least one of the lasers.
- B, The optical transceiver of claim %7 comprising one or more thermally conductive gap

pads in contact with the housing and at least one heat generating component of the

communications protocol processing subassembly.
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subassenbly is substantially conpliant with | EEE
802.3ae | OGBASE-LX4. 40 An optical transceiver for
converting and coupling an informtion-containing
electrical signal with an optical fiber conprising: a
housi ng i ncluding an el ectrical connector for coupling
with an external electrical cable or information
system device and for transmtting and/or receiving an

o . . L Cat )
Pl I1E b AR}l BEtali IPWHCRA i RRTHplekis fidtnted to 2 flexible
substtgfeupl ing with an external optical fiber for
transmtting and/ or receiving an optical communi cations
signal; at |east one electro-optical subassenbly in the
S| for ,converting .betgeen an. . . .
Y SR opial EaRteEeT REclBRLAY FrimARsioR gRlprelifygf gptical Abers disposed
withiﬂ@g lﬁ{o&&iﬁg Fﬂ@ﬁ&lﬁg Iheteahl Ble Y drkiPfeesrH ekt Snd 1B multiplexer, wherein
el ectric st gnal ;

a conmuni cati ons protocol processing
the pletalisefuphicy! fiiers fre nhoumsedg theoflexiblecebstarg t he

comruni cations signal into a predeterm ned el ectri cal

or -opti cal comrunications protocol; and a thermally

45 off R b AR T VBIGE s8R oP bt diver
form%s%%kt@ﬂﬁdlﬁ@d!ﬂ?hﬁ &&ﬂ@me?mgﬁméaoda&e subassenbl y.

e optical transceiver o aim GO conprising arigid
electrical interconnect nmounted on the conmmuni cati ons

P59 388 opBi<l GRSty SR AR E] nktein e BB RE hfofcol processing
subasﬁﬂﬂgg?gﬁemk&gﬁﬂwﬁﬁﬁﬁt FHTEEE®02238¢ 10GBASEILXS. a

e substrate.” 63. The optical transceiver of
claim62 conprising a plurality of optical fibers

di.sposed . wthin the, housi ng extendi,ng between.a first.
a@pmﬁ TRSFEiUEfoT PRAVATHYE ﬁ&@h&mpﬁfwa{%mﬁ&m
electrftal&iphdl Wikl GitickPRber cblifliSingt @ mouNted to the flexible

ate.
a housing including an electrical connector for coupling with an external electrical cable

or information system device and for transmitting and/or receiving an information-containing
electrical communications signal, and a fiber optic connector adapied for coupling with an
external optical fiber for transmitting and/or receiving an optical communications sigoal;

at least one electro-optical subassembly in the housing for converting between an
information-containing electrical signal and a modulated optical signal corresponding to the
electrical signal; |

a communications protocol processing subassembly in the housing for processing the
communications signal into a predetermined electrical or optical communications protocol; and

a thermally conductive gap pad disposed between at least one of the electro-optical

subassemblies and the housing for dissipating heat from the at least one subassembly.

¢ |- The optical transceiver of claim 60 comprising a rigid electrical interconnect

mounted on the communications protocol processing subassembly.
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(2. The optical transceiver of claim 60 wherein an electro-optical subassembly

comprises a multiplexer mounted to a flexible substrate.

63 The optical transceiver of claim 62 comprising a plurality of optical fibers disposed
within the housing extending between a first and second laser and the multiplexer, wherein the

plurality of optical fibers are mounted to the flexible substrate.



