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Field of the Invention The invention relates to optical transceivers, and
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comuni cat t#120cr f ace bet ween a conputer or comunications unit having
an el ect r iRatgnt Applicationt put connector or interface and an optical fiber,
such as used in fiber optic comunications |inks, 2. Description of the
Rel ated Art A variety of optical transceivers are known in the art which

i nclude an optical transmt et j erts an el ectrical signal
into a nodul ated |ight beam%?gwmégw‘ah]én optical fiber, and a
receive portion that receives an optical signal froman optical fiber and
converts it into an el ectYIODILAR GIPIICAT, BRANSGREVER, optical receive
section include an optical assenbly to focus or direct the light fromthe
optical fiber 1

REFERENCE TO RELATED APPLICATIONS

This aPP}icgtion is related to copending US Patent Application Serial No.

10/866,265 filed June 14, 2004, assigned to the common assignee.

BACKGROUND OF THE INVENTION
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 fiber optic communications 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 info a modulated light beam that js
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 optical fiber



onto a photodetector, which in turn, is connected to an anplifier/limer
circuit on a circuit board. The photodetector or photodiode is typically
packaged in a hernetically sealed package in order to protect it from
harsh envi ronnental conditions. The photodi odes are sem conductors chips
that are typically a few hundred mcrons to a couple of mllinmeters w de
and 100-500 m crons thick. The package in which they are nounted is

typi cal | yofite6s photbdetetteryaitath induf, Wt drbkbted iy aﬂ%&pﬁﬁéfﬂhﬁ{er %i:&‘-]ﬁ{ bhgal |eads

com ng out of the package. These electrical |eads are then soldered to the

circuit bgatith haaftfhdll |l hfjer/limter, S RY THE | NVENTI ON
1. Objects of the Iﬁ/ﬂé}%‘%ﬁ{&{@ P%?ﬂ“@bﬁ%&%?%@%émﬁmrﬂwde an

i mproved 9 eidcal transcejver usi ng . nmodul ar, interchangeable transmtter
and recei s Piskage i ordes to) protest 4 Srome tharsh esyirommental ccopdisioant Thevent i on
to provide a transceiver for use with different optical transm ssion

syst ens apbbtogioded arctsemivoodwators whipstthat dré typically adfewtainied wRid@sto af t he

present invention to provide an optical transceiver for use in an optical

transm ssbmléum%hﬁg@aﬁmmggym%@&qﬁﬁg aéFéd\lEéAéaﬁﬂ&OM%@%f thlpﬁ is still

anot her object of the present invention to prov opt ﬁlﬁ’sce! ver

system 2 Do bR nR S et % Sm rel ok vl it eads
coming out of the package. These electrical leads are then soldered to the circuit board
containing the mnpﬁﬁer/ﬁmiter.

SUMMARY OF THE INVENTION

1. Objects of the Invention

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

modular, interchangeable transmitter and receiver subassemblics.

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 still another object of the present invention to provide an opti cal
transcei ver capable of field upgrades of both hardware and software
nodules. It is still another an object of the present to provide inproved
heat dissipation in an optical transceiver by using heat conductive

pat hways fromthe transmtter subassenbly to the housing or case. It is
still ano%mﬁglog%e t of the present invention to provide inproved EM
shielding in b ﬁﬁ?‘éé@gﬁ*‘% ibpukapplicatiensig i nt erdi gi tated or neshed
metal castellations on the housing and a cover conponent respectfully. It
is also another Object of the present invention to provide an optical
transceiver for use in an optical transm ssion systemw th key conponents

packaged i n herloiistit @hdiie objed losures.to protect them from exposure
to environnmental conditions *?ﬂlhg&gets%ﬁPY&H‘&M@P‘M%DWMMSem

i nvention g | n.opti.cal transceiver that is easily manufacturable
by using si%pbﬁﬁ/%g?%%?%gl‘f th‘dl?ﬁ@h?” awsefiwage modulesa| | gnrent  t echni ques.
2. Features of the Invention Briefly, and in general terns, the present

i nvention provides an optical 3 transceiver for converting and coupling an
i nformation-containing electrical signal with an optical fiber including

a housing incl &ﬁsﬁ@lmﬂﬁraﬁbbjeeﬂlftﬁ@ﬂ@?;g& R{prt)%ﬁ%gﬁEBH W@%E]Raéggmixt e[ nal
evice a nect or

el ectrical cable or information system
an i i : .
optical transceiver by using heat conductive pathways from the transmitter

subassembly to thc‘housing or case,

It is still another object of the present invention to provide improved EMI

shieldin i . . .
elding in an optical transceiver by using interdigitated or meshed metal castellations

on the housing and a cover component respectfially.

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 exposure to environmental conditions

Itis sti . . .
18 still another object of the present invention to provide an optical transceiver

that i . C
1s casily 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
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adapted for coupling with an external optical fiber; at |east one

el ectro-optical subassenbly in the housing for converting between an

i nformati on-containing electrical signal and a nodul ated optical signal
corresponding to the electrical signal; and a conmunications protocol
processi ng subassenbly in the housing for processing the conmunications
signal into a ﬁrggeternined el ectrical or optical communications

pr ot ocol . E‘Pﬁ’ﬁcﬁ Bt RE poysping:and couplingianvmfotmation-cofitaining deddfi@y sigedl with

transmtter subassenbly including first and second | asers operating at
di f f er ent ameptidab fibdrtinclading Gheuig Beluiin | ' Il apd second
electrical signals for emtti néﬁ%i rst g% es%@%?ﬂ"é%é& ff’f &%qph“%é‘&ﬁs; and

an opti cahn edetdaPLR&EEa]l recei Vi the first and second beans and
mul ti pl exi ng the respgacltéiaélg %3@#0&%& Yitemydvigeand a fibey) eptigsonnectarvel engt h

beam t hat 'ﬁt dC?(‘,J,m ed.to a.fiber optic connector for transmtting the
optical sigmal €9 SPURINE owith | an §pemab|optical efiber; mt deast lonareddcheroptisgect of
the invention, there is provided a receiver subassenbly including an

optical d3hasse Wénéhehmwg&rmnvmihgbawwpﬁﬁf&ﬁaﬁtﬂ%&ﬁmﬁiﬁéefé&?iﬁélw ng a

mul ti-wavel ength optical signal having a plurality of
i nf or mat i signat emtlad BodglasddIbRicE!l i W . di fferent predeterni ped
wavel engt h. The, optical dgl?rtul ti %ﬁzgxcgr q%%r??fgo%s&' oelﬁmg%‘ﬁ » 4opti cal
si gnal i ngsmmliugitdi | aé eans corresponding to the predetern ned
wavel engt hs. The s%gssehgl m?ﬁ?‘f’%&@@”ﬁ”&ﬂbé’! ther housing rfor grovessing: theal
ref erence R! ane . Lo

unications signal into a predetermined electrical or optical communications

protocol.

In another aspect of the invention, there is provided a transmitter 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 light
beams; and an optical multiplexer for receiving the first and second beams ang
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



and including first and second phot odi odes di sposed thereon in the path of
the first and second beans respectively. In another aspect of the

i nvention, the invention provide a protocol processing subassenbly that

i ncl udes nodul ar reprogrammuabl e or interchangeable firm subconponents,
such as electrically variable progranmable read only nmenory. Such
subconponent enabl e sinplified manufacturability and nmass custom zation
for a wi d¥@nverheapficymignalintedistinctoptinal bearad doorespanding a6 tHeSpredetitme@Pt | ONS,

or applications. It also enables the unit to be quickly reconfigured to

handl e a va¥dengtnt TheGubasdmblyiridesd | & acecess
control |ayers, by sinply rn;nf))vi ng ,on%dhg?'fiﬂ%ff%lg@é% ?’%ﬁﬁcag%gérrgpcgﬁ <
substituty kNC,. an ROM on, t he bgard, Additional
obj ot s, - anunidihg Bt sl sceBR B AIDURFBrea heroph B ath od ecies ndi ||

become appar e to those skilled in the art fromthis disclosure,

i ncl udi ng™t JEiPRE} Vet ai | ed description as wel |l as by practice of
the invention. Wile the invention is described below with reference to
preferred enbodi nents, it should be understood that the invention is not
limted thereto. Those of ordinary skill in the art having access to the

t eachi ngs her elnmnotlet he & ' ' i ons di fications and
enbodi ments in other iii el ds, whi cﬁnépie%‘ri\;i\*c{lﬂlgﬁb%%e esacgﬁbocf}n?prf’ﬁ@s%vent i on
as discl clal rein,and with respect tqQ which the invention
Coul o be EpassBiifly” e diS' BB i Eramebe. (oA RGmzeabls

subcomponents, such as electrically variable programmable read only memory. Such

subcomponent enable simplified mufadturability and mass customization for a wide
variety of different communications protocols, range options, or applications. It also
enables the unit to be quickly reconfigured to handle a 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 discloswe, 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 additional 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.



These and ot her features and advantages of this invention will be better
understood and nore fully appreciated by reference to the follow ng
detail ed description when considered in conjunction with the acconpanying
drawi ngs, wherein: FIG 1 is an expl oded perspective view of an opti cal
transceiver in an exenplary enbodinent in accordance with aspects of the
present invention; FIG 2 is a highly sinplified block diagram of the
functi onal conponents of the transceiver of Figure 1; FIG 3 is an

expl oded perspective view of the receiver subassenbly; FIG 4 is a

cut avay PBREPEDHESCRIPTRUNGF THE DRAWINGE er subassenbly; 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. 5. The novel features and
characteristics of the invention are set forth in the appended clains.
The inventjon itself, however, as well as other features and advantages 6
t her eof ;  WYF 3 °§’§§feaﬁ¥ﬂéﬂéﬁéﬂﬂﬂwsﬁéﬂhéﬁm§0nwﬂﬁrmndmﬂrmwti on of
a specific enbodinment, when read in conjunction with the acconpanying

dr awi ngs. mpEsSEatlyPapeciated ThiE reREnCEREDie VRIDWEN el dbstriBfiod ReheRr €SENt

invention will now be described, including exenmplary aspetts an

enbodi mengsnstdBRMER toniRshBh Wik h g;-ﬁéxq'ln s and the follow ng
description, like r%lfuerence lnurr%g?égn%r ed ’i‘gtécﬁ?'{“fy i ke or
functionally simlar

FIG. 1 is an exploded perspective view of an optical transceiver in an

exemplary embodiment in accordance with aspects of the present invention;

FIG. 2 isahighly simplified block diagram of the functional components of the
transceiver of Figure 1;

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. 5.

The novel features and characteristics of the invention are set forth in the

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



el enents, and are intended to illustrate major features of exenplary
enbodi nents in a highly sinplified diagramatic nanner. Moreover, the
drawi ngs are not intended to depict every feature of actual enbodi nents
or the relative dinensions of the depicted elenents, and are not drawn to
scale. Referring nore particularly to FIG 1, there is provided an optical
transceiver 100 for operating over both nultinode (MW and single node
(SM fi bethermifnwillrté bestlundedstmerby teférenceotor « detailedudidsciptionpdid gpteifiect or s,
and an optical nultiplexing and demultiplexing system This enables a
single trappséi whefl : atpan NIl Er;ﬁqgtd'rﬁ,l‘,ﬁ rotocols and at
maxi mum di staﬁg‘}gﬁ%oal s?u@r%e?ﬁanscg%@trtﬁel%éggﬁ I ts hou |£ng 102 are
desi gned such that maxi num operating efficiency is achi eved cost
effectively and at reduced el ectro-nagnetic interference (EM) and
thermal levels in an industr standard form factor or package design. 7
Advant age BEGRIPTHIN{QB AEEFRRIZFERRED EMBORMIMENTIr ed i n a nodul ar manner
preferably using three separately nounted circuit boards nmounted in the
housing - a transmtter subassenbly, a receiver subassenbly, and a
protocol processing board, with each board having dedi cated functions and
electrically coppggtsd Eﬁbé‘s@ﬁﬂ“ QLARL Wil Ay t8id | e tuGing Gk bk mat i ng
Paé aF “APibe

mul ti-pin connectors, grid arrays, or other electric connect

devi ces. Thi s, enabl es the basic t cei ver dyle.to be configured to
di f f erent aﬁ’r%{soﬁ%qbs?"im%%s t% dftt p&'@@’ﬂ@ét?‘@nF@ Wilts usi ng
a sinple '

description, like reference numbers are used to identify like or functionally similar

elements, and are intended to illustrate major features of exemplary embodiments in a
highly simplified diagrammatic manner. Moreover, the drawings are not intended to
depict every feature of actual embodiments or the relative dimensions of the depicted

elements, and are not drawn to scale.

Referring more particularly to FIG. 1, there 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.



subassenbly configuration change, thus m nim zing manufacturing 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

I nt erchangeabl e board design (e.g., receiver, transmtter and PCS
functionality each on separate boards). Although the preferred design uses

three boards, Ag@htigebuslf, theerdnsceiver Ol RRenatafacteredimnadmodular siamgdre boar d
for an even nore conpact design. The nodul arity of the board desi gn al so

enabl es t \/ YIRAL St

| ocati on %%{%ﬁis “?%%ﬂi%{éﬁe‘%éﬁng C(g)nponeérq[lgtlﬂte}]%gmrgs and | Cs)
wi thin the nodul e hou5|ng 102.. It also kes it convenient .and realistic
to test aHansmibeniubassenblycaseseinersubassambly, and s pratecal prasessingdoged, yath; | v
before final assenbly. In addition, the flex or other interconnects allow
f or manuf eadhubdand) havfing Hedicared functioris aad aic(riexlly dofinc&blo tachpotberasihgi n

parall el instead of in serial, hence reducing the manufacturing tine for

the entir gjhtiflex dﬁ%ﬁﬁgr mafing! ﬁiﬁlﬁ -Bindoectdrs 2BAd grid %ﬂ'af'sx QFRkIRE leeRichical

transceiver nodule 100°'is 8 shown according to -a pref erred enbodi nent of

conpl i ant WPEPRFRG OB, oS SRS dhe R ”b"d'?‘i@?t Falietinen ' °

sub-layer (PVD) and the XENPAK (TM._formfactor. I's to be not ed,
however, WHrent wochahsw {ae supReet, Hifferend qwlesgoelsrﬁewyas 88ing @ spwleat e

subassembly conﬁguratlon change, thus minimizing manufacturing costs and eliminating
the need for manufacturing different transceivers for each different application. In
addition, the use of flex circuitry or detachable connectors to interconnect the boards
allows for a modular interchangeable board design (e.g., receiver, transmitter and PCS
functionality each on separate boards). Although the preferred design uses three 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 enebles 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 procecd in parallel instead of in serial, hence reducing
the manufacturing time for the entire unit.

Referring now to FIGS. 1 and 2, an exemplary optical transceiver module 100 is



under various other conpliant protocols (such a Fibre Channel or SONET)
and be manufactured in various alternate formfactors such as X2. The
nodul e 100 is preferably a 10 G gabit Coarse Wavel ength D vi sion

Mul tiplexed (CADM transceiver having four 3.125 Gops distributed

f eedback | asers and provides 300 neter transm ssion over |egacy installed
mul tinode fiber and from 10 to 40 km over standard single node fiber. The

t ranscei V@ownRbbraing Q6 al piéitHEPemBodiment Rif eifeepresetibintetidn 2 Invdhishpatidutse 104
and a cover 106. In addrtron contact strips 152 are provided to ground

the modul g §.0, @gﬂaﬁ%e pre erg@urmt i tﬁ@reﬁmoé% ug mh L4t ed of

di e-cast of y die-cast zinc,

mat eri al s_al so. may, be us uc eci al t the |]jke.

Pr ef er abl B Ystcﬁ%éﬁatl?%n%“t sk Brer M e %ﬁ@ﬁa&i@b&go igcrqruer #on
assists in reducing EM. Further EM reduction may be achi eved by using
cast el | at tcobes notedohovedveryrthatfthe manscaivenmodile 1800 gey tefconfigurbd ts bpeatt02. The
front end of the housing 102 includes a faceplate 132 for securing a pair

of  recephader Saridddtothte Gomplidit rp?&ee&@qé&ﬁ alBibre E&R&neY 6r SONETYUind thet O

receive fiber optic connector plugs 128, 130 In t he preferred

enbodi nen a c i qur feceive
i ndustry Eg}“ﬁ%‘gt"g&s %‘g‘f“éxg‘@ §+%$ ifgc??{stsuéﬁ 2. th gll?gﬁp teyr ng
channel s 132 and 134 are 8r ovided to ensure that the SC connectors are

i nserted PreierAlly a 1047igakit Coarpe Waxelergih Division, Multiplexed (e WPM) transscivste np| ar y

enbodi nent -
having four 3.125 Gbps distributed feedback lasers and provides 300 meter transmission

over legacy installed multimode fiber and from 10 to 40 km over standard single mode
fiber.

The transceiver module 100 includes a two-piece housing 102 with a base 104
and a cover 106. In addition, contact 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 zinc, although other materials also may be used, such as specialty
plastics and the like. Preferably, the particular matcriel 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 receptacle 128,



and di scussed further herein, the connector receptacle 130 receives an SC
transmtting connector and the connector plug 128 receives an SC receiver
connector. In particular, the housing 102 holds three circuit boards,
including a transmt board 108, a receive board 110 and a physical coding
subl ayer (PCS)/physical nmedium attachnment (PMA) board 112, which is used
to provide an electrical interface to external electrical systens (not

shown) . AB0GPEdnbighretsb réceiverisdustrivstihdad G duplexf mansctdrs (tahown)anssri t  boar d
108 via an assenbly of four distributed feedback (DFB) |asers 116 in

TO- cans. I _ gpedg' : housi ng
102 usi ngsx{::i}E %cgégfﬁﬁégég%%gﬁq%e | r?glpg‘%?ﬁglgﬁ%l‘%ﬂ:ﬁhgg@fﬁ%ﬁ%%?eas a heat

ink for | i,ng..the | 16. ddi t .t t i t .board 108 and
R e L e e S e T e

flex interconnect 120, or other board-to-board connectors. Thernmally
conduct i \andglissugsed Surtheo hergin, e coanesterrrovdptasly 139 reeeives anSC ensmitting
generated by the | asers or other conponents to the base 104 or cover 106

of the f&hﬁw&aﬂmh@bomeé@rEﬁgazbeweiveéﬂkscmeiveemabr.subasserrbly 110
Is directly nounted on the housing base 104 using a thermally conductive
adhesi ve to achi eve heat dissipation. Different subassenblies therefore
di ssipate heat to different portions of the housing for a nore uniform

L
nmounted on a flexible substrate 140. The substrate 140 may be an opti cal
f1 exi bl e poanhdP8, a receive board 110 and a physical coding sublayer (PCS)/physical medium
attachment (PMA) board 112, which is uséd to provide an electrical interface to external
electrical systems (not shown). An optical multiplexer (MUX) 114 interfaces to the
transmit board 108 via an assembly 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
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 subassembly 110 is directly mounted
on the housing base 104 using a thermally conductive adhesive to achieve heat
dissipation. Different subassemblies therefore dissipate heat to different portions of the

housing for a more uniform heat dissipation. As illustrated in FIGS. 1, 5 and 6, the

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

10



material, such as FlexPlane available from Ml ex, Inc. of Lisle, IL,

al t hough other flexible substrate may be used as well. As shown, the
optical fibers 117a, 117b, 117c, 117d originating fromthe |aser assenbly
116 and being input into the MJX 1 14 are nounted to the substrate 140.
The out put of the MJX 114, which is routed to the transmt connector plug
130, is also attached to the substrate 140. The fibers 117a, 117b, 117c,
117d ar e mountedioma flexible auttrdtei 140s Thé substrater140 mag bé an optivahilekibleplaia bends
in the optical fibers to avoid optical |oss and nechanical failure. The

subst r at emattBal, RGHSEBlePlaRPEN | acYolpid fat mat eri al
that is |ocated direct Ie:y abov%’%&%ﬁ%ﬁ %]dér%fgf'ﬂ%rihg% Iér?glr%éti ng
conmponent g__..qount ed. on t.he PCS/ P oard 112. The eni 142, which is
substantié‘f’ﬁl@g&&’sﬁ?@a{m}i%“s Q%W'gﬁ ?‘ﬁé %%sté‘a%’t‘ﬁal g@rﬁs 3)?7935 %%sdﬂblfbr ate
140, enables the heat sink on the cover to contact a heat transm ssion
gap pad 1bb7d ergipating from gh laser agscobly 115 trvcbaing inpetdintoctheMUXN1 Bt ae t he

board. This area nornmally would be inaccessible if not for the opening

142. For mwantpd ¢o the Substratsild. e RRputnsTttad MIOXI 114t BAicHi9 sduanth Rt a
Recovery conponents 202, 208 without interfering wth the routing of the

L., 4B S o O 4 R
AL bl b ot b s

allowing the fibers to_ 11
optical fibers to avoid optical loss and mechanical failure.

The substrate 140 includes an opening 142 or hole in a portion of the material
that is located directly above the retimer IC or other heat generating components
mounted on the PCS/PMA 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 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

11



nove about freely within the transceiver nodul e housing 102, neatly

mai ntains the routing of the optical fibers to prevent unwanted tangling
and breakage during assenbly of the transceiver. Furthernore, attaching
the optical fibers to the substrate 140 greatly reduces the stress on the
fibers, thereby reducing the incidence of mcrocracks formng in the
fiber coatings. FIG 2 illustrates an exenplary functional block diagram
of the t raneabourfreho withitsthe Hoamscdiver maddule héngsirigr B02S G@htleaikffing the! udes a
slave MDIOQ MDC interface 200, which is interfaced to an 0$ board naster

VD! O MDC bing bt 6#Rial fibdet REprevat hbvilied Ghotin and bRUBEE! AShe %%{’)‘B'Flgrg Com

transmtting portion of the transcelver 1

t he nedi ont rol ker (MAG) 180, i ncl s a ¢lock and data recovery
nodul e 28@&%@?‘%&89 UI%@%H@WEH@“\C&HH?#SE?F fq (e suhstratsr1 4R greatly aser
drivers 204 for, driving the DFB | aser assenbly 116 for outputting a beam
The recei FFANES 35 tiresnom hetiihers, thesaby seduring tho dicidemienif microviadiesfosnggal s t 0
the external MAC 180, includes a clock and data recovery nodul e 202

havi ng XAlthe fiver cahtimpsnent functionality. The clock data recovery nodul e
202 receives signals froma quad transinpedance anplifier/limting

it e i Lo
100 end PassgakBEARTIE EESE: L e b Sl M S . 212
e ot e etnced ™S an off boae st MDIOMBC 150, or comtaing opeaton =
of the transceiver 100. The transmitting ﬁortion of the transceiver 100, which receives
signals from the media access controller (MAC) 180, includes a clock and data recovery
module 202 having XAUI lane alignment functionality, one or more laser drivers 204 for
driving the DFB laser assembly 116 for outputting a beam. The receiving portion 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 signais from
a quad InGaAs PIN 212. An optical demux 214 recejves an optical beam into the
transceiver 100 and passes the demultiplexed optical beam on to the InGaAs PIN 212.
The transceiver 100 communicates with the MAC 180 via & 10 Gigabit eXtended
Attachment Unit Interface (XAUI) 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 Independent Interface (XGMII) 184,
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between the XAU interface 18 8 and the MAC 180 is acconplished through an
external | EEE 802. 3ae-conpliant 10 G gabit Medi um | ndependent Interface
(XGM 1) 184, 12 XGM | eXtender Subl ayer (XGXS) 186 and Reconciliation

Subl ayer 182. The interchangeabl e PCSI PMA board 112 includes the MDI O MDC
200, the dock and Data Recovery Retiner circuits 202, 208 and an

on- board r e cl op ting at 156.25 MHz. Ot her protocols such as
Fi bre Char%ﬁtfélfmn%g}e g&E’a}S (&rﬁﬁﬁ%) %éuammoncﬂmwmswlashem ave MDI O’ MDC 200
interfaces to the master MDIQ MDC 190 wusing the | EEE O ause 45 el ectri cal

specifications and interfaces to the clock and data recovery nodul es 202,
208 using the I EEE C ause 22 electrical specification. The slave M O MOC

200 al so i nt er frae ¢meichadgdeablel pes/p n d TI A/ LI A 210_
A field programmabl e gate array (%@%}thcﬁ%%ﬂ?d%h?@m Bsed to

i mpl ement Clédpeand! functiong. Furthernore, the M.MY IVDC 200
i nt erfaces toeaéﬁ %EW%EQW%?WS Bn208and an %Mrﬁfmnﬁbckdmdlﬂ onal

functi onal r t he EEPROM 201 nay be used for i rrpl errentl ng
control Rh‘"ﬁf &?%%@QWTMQCO&&Ehm@bmﬁWrm

manuf acturjng data, serial nunbers, or other 'data W|th| nt e tra scel ver

i tsel f Thamien wavic PlaoslevedDIOMDINE00 BRFESR tgw%gﬁ/%%@??mﬁ nscei ver

100 is a slave device to the off-board rraster ticul ar

advant ageusihg thedlEBFRCagsd £8 QuQ on the MDIL.O deyi ces in the
present invention i.s that the nEéI@f;é&i&raﬁE,ﬁs te aces to the clock and data

recovery modules 202, 208 using the IEEE Clause 22 electrical specification. The slave
MDIO/MDC 200 also intetfaces to the quad laser driver 204 and the quad TTA/LIA 210,
A field programmable gate array (FPGA) or microcontroller may be used to implement
the slave MDIO/MDC functions. Furthermore, the MDIO/MDC 200 interfaces to an
EEPROM 201 or other nonvolatile memory for additional functionality, For example,
the EEPROM 201 may be used for implementing control and diagnostic capabilities

staring counfiguration parameters, manufacturing data, serial numbers, or other data

within the transceiver jtself

The MDIO/MDC 200 enables highly secure operation of the transceiver 100isa
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 malicious programs or functions from external sources. This is

possible since only predetermined functions or programs, which the operator deems
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FPGA all ows one to control the |aser and other transceivers functions, and
prevents reprogramm ng by malicious prograns or functions from external
sources. This is possible since only predeterm ned {unctions or prograns,
whi ch the operator deens 13 authorized, are avail able for execution on the
sl ave MDI O MDC 200. The transmt board 108 includes the quad |aser driver
204 through which the four DFB | aser assenbly 116 interfaces to the

transmit bBELUZERdre aviiable foresaaition ontbesaeaMDIONIBCAN i gur ation of using
four separate |l asers, as opposed to a single laser, |ower speed and | ower
cost drivers may be used, and at greater distance goals. One of the
transcei ver formfactor types for the 10 G gabit Ethernet market is the

XENPAK LX4 t r anBigeirafmi | ' | s based i d I th
i vi ston il 1t ot et VAR08 BRRAE o 1385 i dodhuosele whisbcthel o

four w del velengths transmtted over a single optical fiber.
The recei v%lrns?gga%reés eH‘g’gﬁ ?@:‘P‘ o tot the teanstoft bodrid OB, tAdvaatagedusly, Of

derul ti pl ei{éed, opto individual photodetectors. Each photodeteéector
converts i W&QB@@@WMW@MS@%& I@érs?hféﬁsgog&pio Sl %l@f‘%l n the
eparate “9%

case of WADM recei ve sections, there needs to be a tet ect or

for each Jewes!speedtdnd lowei GosEusiv®inat BRhseliNG s Srfe RDOL Odet ectors in
separate hernetic cans woul d resul t}i nasghT argi%é%éﬁwﬂg%s?%n for such
mul ti-wavel ength receivers. Instead, the present invention has taken the

approach of using a single bare nmulti-el ement photodi ode array 220

nount ed direct Id/ t(% the citcuiit board 222
ne of the transceiver orm factor types for the 10 Gigabit Ethernet market is the

XENPAK LX4 transceiver. Tlns transceiver is based on wide wavelength division
multiplexing (WWDM), where the optica]_ signal is composed of four widely spaced
wavelengths transmitted over a single optical fiber. The receiver requires the light from
the single fiber to be split, or demultiplexed, onto individual photodetectors. Each

photodetector converts its respective optical signal into an clectrical signal

In the case of WWDM receive sections, there nceds to be a 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
receivers. Instead, the present invention has taken the approach of using a single bare

multi-element photodiode aray 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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containing the amplifier/limter circuit. Referring to FIGS. 1 and 3-6,
the receiver subassenbly 224 with the circuit board 222 acts as an
optical bench for the attachnment and alignment of the denultiplexer 14
226 to the photodiode array 220. In particular, there is shown a mniature
optical demultiplexer 226 aligned to the photodi ode array 220, resulting

in a corrpaﬁts{eﬂ%i ve @ection. The circuit board 222 not only serves as a
substrate ¥or ¢ 1pdec aray: 22@ uilo rparticulart thadesio swgsm%t&gfo% lit:FiécaI

bench for the optical conmponents. Particularly, the surface

circuit b lplexen 226 alignedite thpplictad; d@;@f e_plane. 228 for the optic-at
conponents. Optionally, the re?é?ve_r Doar ,Ireg'u.l M & ¥BPast reegive boar d

( PCB) fOrmdbﬁrm%%@b?hﬁt%@%{%%%%@ﬁ glmaf%gm(éontept amrovi di ng

| ess signal |oss under high req ess

expensi ve yaERisd 8 SLd AlS - itable material is Rogers R04003, avai | abl e
from Rogers Cof p.ﬁ%%ﬂéﬁgﬁﬁ?"z'rlj’?"cirfﬁ”z@ﬁaph%hbampdmntsJ PaticEMiAE NAd ﬁﬁfaB{]an
es the

ei t her cerg hc or silicon. The use of ceram c or silicon provi

ability tO nuke“BeHE bpzed 232 #nis metthe oplivel iy i rcuit,.bpard 222
p rérie Spie & £t s optigaf o

I's the opti cal refggence pl ane 228. The top surface 0
array 220 °PBIpgeents. (Optionally) elieaesdinee Bolldio : trolling its thickness
to within 50 nmicrons and the thickness 'g?gﬁl Bsmg%]cmg@@é}foam@uch as
glue or ﬁmmmgaﬁtcﬁﬁmadﬁ@“!%' xer 226 is also attached to this
surface. The demnul ti pl exer #‘p E%eméngﬁﬁg“@ghssﬁmdﬁbsmﬁﬂéﬁﬁhmei ght

of within LG bove the phot odi ode
freQuetlcf 'R PR En compg.red to less expensive PCB materials. A sujtable
matertal is Rogers RO4(03, availgble from Rogers Corp. of Chandler, Arizona, which is
less expensive than either ceramic or silicon. The use of ceramic or silicon provides the

ability to make the Package hermetic.

The surface of the circuit board 222 is 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 demultiplexer

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 variable thickness from lot to

, . .
ol and is attached to the circuit board 222 with €poxy, solder or eutectic metal bonding

of variable thickness, The thickness of the bond material is manufactured to a controlled
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array 220. More particularly, the photodi ode array 220 has a vari abl e
thickness fromlot to lot and is attached to the circuit board 222 with
epoxy, solder or eutectic nmetal bonding of variable thickness. The

t hi ckness of the bond material is nmanufactured to a controlled 15

t hi ckness such that the active surface of the photodiodes is at a
predeternnﬂﬁgmgg%ﬂ tﬂ?ﬂﬁéve'the circuit board surface so as to match the

focus di stance. taGHYe sstace af theqwotodiddes X ra %&M&%I gned
2 I'n"a e

relative to the active areas of the photodi ode array
oy e gt

paral l el t SHemibbivasd surfiice 3y aster atci] e fSIGRAULLIRL exer 226 has a precise
t hi ckness such that when it rests on the optlcafsurug?'gr RBticabg

defi ned bydemultiplixer2d6 is tHeaaf; t he .optical exit surfaces of the
demul ti pl exer 226 are at t heg%egrqélé@{éqﬂg?ed’ﬁfwepmtwm%dhaylezmr ray

220. The qg ' k.26, ufilized and i nplenented in the present
i nvention i gwa%ér:g etr&gtt)? é/’etqkﬁhdﬁ’éééf‘?ﬁm Dh@dcdiiﬂtiﬂaicrlﬁ%hgéﬁl%c@)&

her eby ingﬁg&%r at eﬁ&%mr ef erence, and includes an optical block wth an

upper surface ange £ i 5gsts anrthe Titical efrérgs laht 9944 | east, one
opti cal eg’grrent and a plurality of wavel ength ?el ect | n{%ﬁ&(‘e Al

r ef | ect or Soardsurfagst the aptitdl exiksirSceq g d jtioned on top of a
beam directing nmenber. In the preferrecf‘cg[ﬁ%dg\clﬁx%é%?a{ﬂ‘@%@'égﬂﬂm

i nvent i on;ibdmttheplitﬂodi%émzj@ ock and beamdirecting menber are optically
transparent. In particular,” as described in the above noted U S. patent,

at | east one opti cal

The demultiplexer 226 utilized and implemented in the present invention is
preferably that described in US, Patent No. 6,542,306, hereby incorporated by
reference, and includes an optical block with an upper surface and a lower portion. The
optical block has at Jeast one optical element and a plurality of wavelength selecting
clements and reflectors. The optical block is specifically positioned on top of a

beam-direct; :
directing member. 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 3 multi-wavelength optical signal along a 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

o . . C o
perative to receive the optical signal from the optical element. Moreover, a plurality
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el ement is disposed generally on the upper surface of the optical bl ock.
Its function is primarily to focus and direct a nulti-wavel ength optical
signal along a prescribed optical signal path. Further, the wavel ength
selecting elenents are disposed generally below the wupper surface of the
optical block. The wavel ength selecting el enents are desi gned and
operative to receive the optical signal fromthe optical elenent.

Mor eover ofePdcisrs! dré \ishOsedl %é;ﬁfdllgcchpt}& apper Giudmeseidthg copticall blgckoand he upper

surface of the optical block and opposite fromthe wavel ength sel ecting

el ement s. t ch st ' R@sl':'l oYl B Ecﬁﬂo%ﬂ. Bnink B&d
reflectorogﬁggﬁg‘gﬁ ct%a%a#’ergé@t% 1tg?lte opétnllle%g' q%}egggvc%gﬁn%&o e Wa{l/lgFength
selecting elenment to an adjacept wayel ength sel ecti el ement ., Thereafter,
t he bearﬁflw@@ﬂ,i%fﬁﬂm,mwgléﬁoiéfe& gtg?o%ﬁﬂaﬂﬁ‘&b%%@%md i on of
the optical block, operates to redirect and focus the Q&;i cal signal from

t he wavelselegtifig Sfdnsent itogare|adjaeent swavalengtie sghatingdélementar rldyreafier, thet hough
t he denul ti pl exer described above is preferred, other optical

conf i gur aldaRPdirdcBihg HREL WhicHis BiSpdsBe alsiud Bl lswerortish ofthslogtivalblodk, and

such alternative configurations are within the scope of the present

I nvention, The present .l ' I (R . | I 1izing

the four CRMEuRISaras pLIEER R DplitR ot g 3 B Eyekfng L' |

whi ch interfaces to a Fused Biconi Tapered (FBT) .coupler.114, to, coll ect

and nul t i {91 tB% photediode m&%?%anﬁ%ﬁéh%(?wl@ﬁ%E?.nbeﬁ@OW Baretereth i s used
in the fiber pigtailed |asers 116 and the FBT 114 is affixed to the

flexi bl e ethosoptaabcomfgemtians forkd:multiplexing the sighals maypbe used agwelb gndisuthor eakage
whi |l e _

alternative configurations are within the scope of the present invention.

The present invention implements the transceiver 100 utilizing the four standard,
commercially available fiber pigtailed 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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remai ning flexible and therefore easy to work with. The flexible substrate
material 140 may be an optical flexible planar material; such as

Fl exPl ane available from Mdl ex, Inc, of Lisle, IL, or Kapton avail able
fromE.|. Dupont de Nermours and Conpany of W1 m ngton Del aware. O her
flexi ble substrates may be used as well. A conformng coating is used
over the entire flex 140 is used to secure the fibers to the flex 140. As
pr evi ous|ysingothe dlexiblevaubstrasesc 140 ratted ithancallowirgithe fibersets mowe aboat frezely when 17
using the flexible substrates 140 rather than allowi ng the fibers to nové

about f r ewithin tNd friisBeildtambdudIRABingeT02MRekly Gndbtbimk B rblfng &P@&'oétmi ntains
I NQ.

the routing of the optical fibers to prevent unwanted tang

Furt her t ' heal fibers to . the ubstrate 140 greatly
reduces nﬁ%ﬁs?}r %%gménmt e g?@@’ég FREPERPT & hoéJtt\cﬂcbeEsn et%Bf

m crocracks form in the fiber coatings. The fibers are routed and

at t ached ¢ W4§8f%§hF@PW? #resp An theAibers, thepebiy seduging the insidenseiof al

fibers. Attached nodifications and inprovenents of the present invention

may al so WisTocaagka fenming in thérfiber coatings dThe fiers kfel rouled ahd gttachéd infadlsa t he
particul ar conmbi nation of parts described and illustrated herein is

i nt ended radnre BS @SBMmPE shars Béddd il e BRACI BBGLS Of the present invention,
and is not intended to serve as Iimtations of alternative devices within

the spirit and scope of the invention. Various aspects of the techniques

and apparatus associated with the protocol processing aspect of the

Y e A e e S
apparent to those of ordinary skill in the art. Thus, the particular combination of parts
described and illustrated heremn is intended to represent only certain embodiments of the
present invention, and is not intended to serve as limitations of aliernative devices within
the spirit and scope of the invention. Various aspects of the techniques and apparatus
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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them Apparatus of the invention may be inplenmented in conputer products
tangi bly enbodied in a machi ne-readabl e storage device for execution by a
programuabl e processor, or on software |ocated at a network node or web
site which may be downl oaded to the transceiver automatically or on
demand. The foregoing techniques nmay be perforned, for exanple, single
central processor, a nultiprocessor, on or nore digital signal

pr ocessoralvanfageualybe\mmplefnetited irconeairanore compateripriograths| thayiace eiecutables f or
executing a sequence of signals or program of instructions to perform

funct i onsoPs ptdi@aminAME RYaR WtudMLEAEsD Gnd dgfmtm@ : %H%ing
out put . The rre ods may 18 advantageously e I mpl ene ted |n ofle or nore

conput er ut abl on a L D bl t em,i ncl udi ng
ot T east 'SEEW 3 dndnsRltioRd REH 384 o et s R ROl 16 o ped
Instructions from and to transmt data and I nstructions to a data
storage s3918MSYHEm @hdsashApe in{puldevikey japd at denst gne joutpsit dswise.oKasht

devi ce. Each conputer program may be inplenented in a high-Ievel

pr ocedur atomputerbpregtanomar bt duiplementgd dwaihigh-keesl gua@durabor objeasaieatedy or
machi ne | anguage if desired; and in any case, the |anguage may be

conpi | ed gyo Biskd, OPBAGL 8 way of
exanpl e, g{)ﬁt genera %nd speC| a )gﬂllr pose m %élgcessﬁg%;%hlﬁggwerafl a
processor eceiv nst. dat a f ead onl and/ or
random ath\éné%ug“ ge%"&?‘%ﬁ W’ ‘ta&%I ‘f?&?"ﬁgl’ilg@%@éyl ng
conput er program i nstruct | ons and dat a include aI I for nms of non-vol atile
menory, i WeY (i $39mpie, Jhagh general and special purpose microprocessors. Generally, a

processor will receive instructions and data from read-only memory and/or random
access memory. Storage devices suitable for tangibly embodying computer program
instructions and data include all forms of non-volatile memory, including by way of
example, semiconductor devices, such as EPROM, EEPROM, and flash memory
devices; magnetic disks such as internal hard disks and removable disks;
magneto-optical disks; and CD-ROM disks. Any of the foregoing may be supplemented
by or incorporated in, specifically designed application-specific integrated circuits
(ASICS).

1t will be understood that each of the elements described above, or two or more

together, also may find a usefu] 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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exanpl e, sem conductor devices, such as EPROM EEPROV and flash nenory
devi ces; magnetic disks such as internal hard di sks and renovabl e di sks;
magnet o- opti cal disks; and CD- ROM di sks. Any of the foregoing my be
suppl emented by or incorporated in, specifically designed
application-specific integrated circuits (ASICS). It will be understood
that each of the.elenents described above, or two or nore together, also
may fi nd ARIFERELfor ap ppticaleqramunicationmaetwork, ids ndt infemisd taibe birnitel tditef er i ng
from the types described above. Wile the invention has been illustrated
and descdetadsistmevne siboxivazidus modifitStidns and s@icteral dhak e@;rﬁm?mein%E ithout

comuni cations network, it is not intended to be %ini ed to the Hetails
shown, sid N dyﬁﬂ i rloy . | changes may be nade

wi t hout gpe%r [ nﬁ’yﬁ% anﬁ%ﬁﬁ%ﬂ% e sg%tlr'#ﬁ"“éﬁ t he present invention.
Wthout further analysis, the foregoing wll so fully reveal the gist of
the present invention that others can, by applying current know edge,
readi ly adapt jt for various applications without omtting features that,
fromthe st an&iéshqm Baythep analysisa the foregoing will swfirly reveslehegistaTthepresent
characteristics of the generic or specific aspects of this invention and,

t her ef or dnvestiomh thati ayiess ¢ann by apslving ca&%q&gﬂeag}g}q?ﬁgly}%? ¢ RLEhended

wi thin the nmeaning and range of equival ence wng craims. 20
applications wi.tlmut omitting features that, from the standpoint of prior art, fairly
constitute eséenﬁaléﬁaracteristics of the generic or specific aspects of this invention and,
therefore, such adaptations should and are intended to be comprehended within the
meaning and range of equivaleﬁce of the following claims.
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VWHAT IS CLAIMED IS: |I. An optical transceiver for converting and coupling
an information-containing electrical signal with an optical fiber
conprising: a housing including an electrical connector for coupling with
an external electrical cable or information system device and for
transmtting and/or receiving an information-containing electrical
communi cations signal, and a fiber optic connector adapted for coupling

with an | Jfiber for transmtting and/or receiving an

opti cal m%&wg'gnal ; at |least one electro-optical subassenbly in
t he housjing for converting between an infornation-gcontaining.electrical
signal ahd a ABUeRUAEHABHEYTAPT SORNTHINEAI, QLR ‘Qfm?%t‘?'ﬁ‘éo P28 cal
signal; and a comuni cations protocol processing subassenbly in the

housi ng élentricab signalswithnan ap ns signal into a predeternmn ned
el ectrical or optical conmunications protocol. 2. A transceiver as

defined in cl @i BubingWicking @neletricslatehnettor 610 couptling avith anbaseeatbl i es is
a transmtter subassenbly including first and second | asers operating at

diff I t .t P ' ; d
ol cotri o B PR iRt kel da S RBEHF ahdf rREVEECT o

an optical nultiplexer for ;igagei Vi nlﬂg. aid.first ang‘ secqond beans and

nul ti pl emftp@\apﬁg-cpg@m glectrical . comm A0S ?g?arlrt agxdaa g? IC connector

mul ti-wavel ength beamthat is coupled to said fiber optic connector for
t r ansni t aidaped foe coupling with an external optical fiber for transmitting and/or receiving an

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

to the electrical signal; and

a communications protocol processing subassembly in the housing for

processing the communications signal into a predetermined electrical or optical

communications protocol.

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 wavelgngths and modulated with respective first and second electrical signals
for emitting first aﬁd‘sccond laser light 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 said fiber optic connector for transmitting the

optical signal to an external optical fiber.
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optical signal to an external optical fiber. 21 3. A transceiver as
defined in claiml, wherein one of said electro-optical subassenblies is
a receiver subassenbly including an optical derultiplexer coupled to said
fiber optic, conpnector for receiving a nulti-wavel ength optical signal
having a pl-urlitfEpseeyer andeingd in damcl hsrein enr ofisaidslestronphicali t h a
different predeterm ned wavel ength and denultipl exing the optical signal

i nto di stsibassernaiies ésed regememssubassembly fnohtlingad optial dermultipletes rcoupledito

wavel engt hs; and a substrate formng an optical reference plane and

I ncl udi NGaidi fildr PR} SRHENSr BIFOleBslli ' ng% I natie. h of
said fi rstl and s?gond beans resggg]??\%zrﬁtﬁt he p gl{]ggl?%gggﬂ?]un&'?géni ng to
convert t SLespeckive.. ' . si.gnal s i.nto.an elgctrical, signal that is
coupl ed tdg&glé#d%gl"e': T@é%?“@%ﬁ'ﬁ%c%‘g?ﬂ%f Sch  With # (qitferent; peedete cal -

signal to an electricgl cable or external information systemdevice. 4. A
transcei \)%?"e!%‘g@e Pl dempltipiexing, the foptical o sigaalninte sdistincanopticakybeats

i ndi vi dual phot odetectors and wherein the optical denultiplexer includes
an opt i calorsspuiding torsaid protietemiingdywavelengths] aad butsehte dbintifg eh opReHlS and
reflectors operative to direct the optical beans fromeach respective
vavel engtrefeserice pland andinChiding i ah@ S84 bNRoPBES diposed tﬁérk!ﬁ!iﬂn' t%né’ Bﬁfx
spatially separated i mage positions corresponding to the [ocations of

di scret e oRRl BYELATEON bedms ApORNES Ane PhaRIGHk Rhehih Bk A 31 M 1

wherein an electro-optica

=

respective optical signals into an electrical signal that is coupled to said electrical

connector for transmitting the electrical signal to an clectrical cable or external

information system device.

4. A transceiver as defined in claim 3, further comprising an array of individual
photodetectors and wherein the optical demultiplexer includes an optical block with a
plurality of wavelength selecting elements and reflectors operative to direct the optical
beams from each respective wavelength selecting element to respective ones of a

plurality of spatially separated image positions corresponding to the locations of discrete

photodetectors.

5. An optical transceiver as defined in claim 1, 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;

22



subassenbly includes a plurality of lasers with each |laser emtting a
| aser beam of different wavel ength; and an optical mnultiplexer for
receiving and nmultiplexing the respective |aser beans into a single

mul ti - wavel engt geam.t hat I.s cqupled t.o.the fiber optic connegtor for
transmtting gﬁg”&ﬁ&@%hﬁﬁfﬁg’éﬁoﬁat‘@ ﬁheélﬁ't‘?’%ga?xt?rrdtb‘g'c?e“é(ﬁe“aﬁﬁl urality
of optical fibers disposed within the housing extendi ng between, the

pl ur al i t phudlity eElesers amdithe lopticad mudtiplexeriland pl exer; and a flexible substrate
di sposed within the housing for nounting the optical fibers thereto so as

to prevent tanadiekitg sibstirdte dzpbiedatittin HRMouving forimdditing ehesoptizal Soerdd

transceiver as defined in claim5, wherein the optical nmultiplexer is
supporte i Lol te.. AISGE LY Ring2s defined in claim
5, mhere?tﬁé}gﬁg?afagéékgﬁ%&gu t ggfeﬁt@gcétﬁbéggét ongh&ggg‘eg?ture, si zed and
configured to allow at | east one conponent | ocated underneath the

fl exi ble substrate to nmake physical contact with a heat sink on the
housing. 8. An transceiver as defined in claim1, further conprising a
phot odi ode ar r dytranficsiversas defineddn lainn} . exvherdin thgjoptiesd mulliplexexia sepportedi ver ;

and a denul tipl exer disposed in the receiver subassenbly and positioned
W t h r espsicdaid fiexifle setBiraeal reference plane defined by the surface of the
printed circuit board surface, so that the output beam fromthe

derul ti pl exer focuses on the photodi ode array. 9. A transceiver as defined
in claiml, wherein thHe housing includes a base nenber

7. A transceiver as defined in claim 5, wherein the flexible substrate has at least one

aperture, sized and configured to allow at least one component located underneath the

flexible substrate to make physical contact with a heat sink on the housing.

8. An transceiver as defined in claim 1, further comprising a photodiode array
disposed on a printed circuit board in said receiver; and a demultiplexer disposed in the
receiver subassembly and positioned with respect to the optical reference plane defined

by the surface of the printed circuit board surface, so that the output beam from the

demultiplexer focuses on the photodiode array.

9. A transceiver as defined in claim 1, wherein the housing includes a base member

and a cover member forming a XENPAK pluggable module.

10. A transceiver as define in claim 1, wherein the protocel processing subassembly

is compliant with IEEE 802.3ac 10GBASE — LX4.
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and a cover nenber form ng a XENPAK pl uggabl e nodule. 10. A transceiver as
define in claiml1l, wherein the protocol processing subassenbly is

conpliant with | EEE 802. 3ae | OGBASE - LX4. 23 11. A transceiver as defined
in claiml, wherein the protocol processing subassenbly is inplenmented on

a singlejinter eabl e inted.circuit bpard. 12. A transceiver as
defined I ?1 cl é‘ﬁﬁ%ﬁ‘%, “F‘iﬁP%ﬂ%“‘éH}Fsﬂ‘%‘i’w E&‘I’ttﬁf‘emmﬂqoyprewmgsubmen@bp pad

di sposed. het yween one of said clectro-optical subassenblies and said

housi ng Fsdfnpge‘%eélﬁgefm%nﬁl@mtefﬁhwmptirtbﬁbcimlbé:emdrrbl y, 13. A transceiver
as defined in claim1l, further conprising a flexible electrical

I nt erconnect between said at | east one el ectro-optical subassenbly and
said comrunications processing subassenbly. 14. A transceiver as defined

in claimi2, fWiketeitG R el | Qi ' i nt er,.connect between
said at |east one e‘lﬂectrc‘)i'-b %%@9’63‘%3@5@%%@‘@% aégﬁrﬂmﬁ@ﬁ?ﬂaﬂ?ﬁ“@ations

pr ocessi to allqQqw. ul ar configuratjon the transceiver by
utilizi n%q? E?‘E@ﬁ%"@%éﬂ’ﬁ@ %wigzl?ﬁ%wwe%w@em@mmwos ai d

i nterconnect. 15. A transceiver as defined in claim3, wherein the

el ect r o- gigdiptihg He@CfRAH 84id obs' BRsRily I S i npl emented on a single
hernetically sCaled printed circuit "board. 16. A transceiver as defined in

claimb5, further conprising a first thermally conductive gap pad di sposed
between one of said electro-optical subassenblies and said

13. A transceiver as defined in claim 1, further comprising a flexible electrical
inlerconnect between said at least onc electro-optical subassembly and said

communications processing subassembly,

14, A transceiver as defined in claim 1, further comprising a rigid electrical
interconnect between said at least one electro-optical subassembly and said
commumnications processing subassembly to allow modular configuration the transceiver

by utilizing interchangeable subassembties capable of attachment by said interconnect.

15. A transceiver as defined in claim 3, wherein the electro-optical receiver

subassembly is implemented on a single hermetically sealed printed circuit board.

16. A transceiver as defined in claim 5, further comprising a first thermally
conductive gap pad disposed between one of said electro-optical subassemblies and said

housing through an opening in said flexible substrate for dissipating heat from said one

subassembly to the housing,

24



housi ng through an opening in said flexible substrate for dissipating heat
fromsaid one subassenbly to the housing. 24 17. A transceiver as defined
in claim16, further conprising a second thermally conductive gap pad

di sposed between anot her subassenbly and said housing. 18. A transceiver
as defined in claim1l, wherein one of said subassenblies in directly
nounted on said housing using a thermally conductive material 25

17. A transceiver as defined in claim 16, further comprising a second thermally

conductive gap pad disposed between another subassembly and said housing.

18. A transceiver as defined in claim 1, wherein one of said subassemblies in directly

mounted on said housing using a thermally conductive material.
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