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** ARRAY  FIELD OF THE INVENTION 5 This invention relates to arrays of
optical deW@8¥003¢}dh as | asers and photodetectors and, rﬁSTrTéUSﬁ%{%/“t‘Pcul arly,
to arrays of optical devices having increased yield and |onger lifetine.
BACKGROUND OF THE | NVENTI ON Over the past few years the dramatic iycr ease
in the use of fiber optics in 10 conUDLEati ons systens has created a
trenendous need for both cheaper._and nore reliable optical almmmﬁmm“m‘m
Unfortunately, the Iini tB@Dﬁ%{@?NEQT@%P@\{IGE%g accept
di odes and photo detectors for use in such devices effectively |ifits-the
nmean tinme between failures (MIBF) that can be achieved for such devices.
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such as Iamiumdpemaamaladpubams afeptadal daviganhavingaporeaspth sk and pingendifetime| ecul ar
beam epi taxy. Each of these techniques has its advantages and
di sadvantages in ternms of the quality, reliability, and frequency of defect
occurrence. Once the acti BAOKGROUNDOOF(TIHHE INVENFION produce by the
epitaxial gro ocess, the 0 devices are then rt her .processed into
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contacts. Finally, photolithogra h and/ or chem_ cal or physical etching are

used to fomicalsonipanenie [infergunatcly the lﬁléteélé“ﬁe@élsé‘ﬁbtﬁztplfffeé? a&?eé’taplfllﬁff‘r formed in

the sem cqpglluGhe E)hd‘i@fﬂ@téctoﬁ%%rﬁséjﬁ\éh&?devlcés éf?d@ﬁ&e%} Rihith (R MchA BmbBE&een f O
exanpl e, by cleaving. 25 nd 1B show two variants of an exanple

opti cal d@dm@e(MTBFh@atmanb@ a‘ﬁmqved ﬁ)r suchiderieefduct or | aser di ode. The specific
devi ces 110, I r,face
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appr okj mateedigondO@omsubstauee timperfdingupon Yhepgunker deviczs aifid hewidesign thiciney
gg;?g;?lrm?rgqlﬁh glgel eowlr:l‘ Qec ]ic%g)es rslli’ic a%”ﬁq 8 i’\é(l:sglepl\{\éanQ? 1Rt gfgdmé"@a%oP lfahase
epitaxy, molecular beam epitaxy. Each of these techniques has its advantages and

disadvantages in terms of the quality, reliability, and frequency of defect occurrence.
Once the active portion of the device is produce by the epitaxial growth process, the

20  devices are then further processed into device chips. During these processes dielectric films
and various metals are deposited on the semiconductor , for example, to isolate parts or create
contacts. Finally, photolithography and/or chemical or physical etching are used to finish the
devices. Oﬁce the device structures are fully formed in the semiconductor wafer, each device
is separated from the wafer, for example, by cleaving.

25 FIGS. 1A and 1B show two variants of an example optical device of the prior art, a
semiconductor laser diode. The specific devices 110, 120 shown in FIGS. 1A and 1B are
vertical cavity surface emitting lasers (VCSEL). As shown, each device 110, 120 is
contained in an approximately 200 micrometer (micron) square area of semi-conductor
material. Each device 110, 120 has an optical window 112, 122 of approximately 17-19

30 micron diameter. The device 110,120 is connected via a trace 114, 124 to a bonding pad
116, 126 approximately 100 microns square. In Fig. 1A, the bonding pad serves as the
positive (“+”) contact and in FIG. 1B, the bonding pad serves as the negative (“-”’) contact.

FIG. 2 shows multiple individual VCSELs that have been combined to form at least a

2 X 3 array of lasers. The devices 200 are arranged so that the spacing between each laser
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30 micron dianeter. The device 110 ,120 is connected via a tra@eeellaws 124 -
'to a bondi ngypafeelds. 126 appr oxi matel y 100 mi crons squar I | A the
bondi ng pad serveos as the positive ("+") contact and in ‘Eﬁ*cé/ﬁslolz:)é&% he
bondi ng pad serves as the negative ("-") cont act. FIG 2 shows multiple

i ndi vidual VCSELs that have been conbined.to format least a 2 X 3 array of
| asers. THee des/ipitel”) Ipepepxamalely 236 sHcrags. tSHQ? argys capercelyvaeiiels each | aser
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appr oxi nmat e % O mcrons. Such arrays can be refatively reliable, because
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device in the array.” Thus there remains a need in the art for a way to
produd® a chi pAlmfdhqoahoac resgltsan arrgysithey anfbotosthato pdeduce e, infheir peerdless
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FIGS. | A and | Bhﬁmtdtetr\ﬂﬁatuﬁﬁ néuﬂtusﬂmfarta‘dsr BNBNp peodaedr dup ihdotporatihg@aer di ode
optical devi ce 9 Q 2 shows nmultiple VCSEL's of FIG 1
arranged i4T24aR %Prt’t" °é{t9 %ﬁhat'ﬁ St@Stl%fé’pﬁ?C}“S? art; 20 FIG 3 shows a
redundant | aserhgRirémaih@aTuMheebdih thard ot @h d@ﬁgcmaw; ty thwepainmasi icedd;  FI G
4A shows a group of four redundant Iasers from an array according to the
i nventlion; FI G 4B f unctBRMHPESCRIGEION, OF, DBAWINGSyr oup of FIG 4A

FIGS. 1A and 1B show two variants of an example semlcdnductor laser diode optical

device of the prior art;
FIG. 2 shows multiple VCSEL’s of FIG. 1 arranged in an array accqrding to the prior

art;
20 FIG. 3 shows a redundant laser pair from an array in accordance with the invention;
FIG. 4A shows a group of four redundant lasers from an array according to the
invention;

FIG. 4B functxonally shows contacts for the group of FIG. 4A;
FIG. 5 shows the functional components of an opto-electronic chip suitable for use in
25  accordance with the invention; '
FIG. 6 shows the chip of FIG. 5 employing pairs of redundant lasers according to the
invention;
FIG. 7 shows an alternative variant to the chip of FIG. 6;
FIG. 8 shows the chtp of FIG. 5 employing groups of four redundant lasers according
30 to the invention;
FIG. 9 shows the chip of FIG. 5 employing pairs of redundant photodetectors
according to the invention; '
FIG. 10 shows a device of FIG. 5 employing groups of four redundant photo detectors

according to the invention;



FIG. 5 shows the functional conmponents of an opto-el ectroni CB' dﬁi tabl e
*for use in 25 accordance with the invention; FIG 6 shows ?ﬁe E'ﬁlzg of FIG
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shows an alternative variant to the chip of FIG 6; FIG 8 shows the chip
of FIG 5 enploying groups of four redundant |asers according 30 to the

i nvention; Fl GFI@® 13hahswd fire famitipnd exdnffe oBcitinlydyt seigcta fram ahogeondant
phot odet ectors . according to the invention; FIG 10 shows a device of FIG
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functional exanple of circuitry for selecting fromanong two or nore
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according to t i nvention; 5 unctional ly shows an opto-electronic

transcei vendincorporating the invention; and FIG 13 is a functional block

di agram of exa a | ' | ' - :

devi cos, - 10° SURRARY PRSrAN R Ry B Pt Riofb By
el ect r o- ogtdupalf edhdgscet.hat avoi d the problens of the prior art. In
particular, we have created a way to deploy |arge nunbers of opti cal
devices in a nmanner which provides a higher overall yield and greater
rgl i abigl i ty. Dﬁpendi ng Upgn?UMMA?ﬂ ORMTHE UINUENTIONenent at i on, further
advant ages such as reparability after deplo nt, and performance
optimi zati on caYf sae ég‘fﬁ"é\?é’ﬂ’.y té?é"‘&ﬁﬁ%t&‘gﬁf%ﬁ@si“?f\?éYﬂ“?g‘ﬁ prqtg&}g}s\;géhean
opti cal ngﬁg}@rt.havi ng nmultiple optical devices. At |east two of the

mul tiple optical devices are a group. Each of the optical devices
In particular, we have created a way to deploy large numbers of optical devices in a

manner which provides a higher overall yield and greater reliability. Depending upon the
15  particular implementation, further advantages such as reparability after deployment, and
performance optimization can be achieved.

One aspect of the invention involves an optical module having multiple optical.
devices. At least two of the multiple optical devices are a group. Each of the optical devices
in the group are individually selectable relative to the others. The optical module also has a

20  controller, coupled to the devices such that the controller can select which of the devices in
the group will be active at a given time.

Another aspect of the invention involves a method of creating an optical chip, having
redundant devices, for use in an opto-electronic unit involves growing active portions of
multiple optical devices on a wafer, processing the wafer to create complete optical devices,

25  creating individual optical devices, grouping the devices; and connecting the devices in
~ agroup to a control circuit such that, common data can be received by any of the devices in
the group but the common data will only be handled by the device in the group that is active.

Yet another aspect of the invention involves a communications network that has a
first transmitter having a number of usable channels, a first receiver, and optical fibers

30 connecting the first transmitter to the first receiver. The first transmitter has multiple lasers,
at least some being selectable as either active or backup lasers. The multiple lasers are
controllable such that, if a specific channel is in use by an active laser and a laser failure
occurs for that channel, a redundant laser can be substituted for the active laser and, after the

substitution, the specific channel can be used using the redundant laser.
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20  devices can be used as well, particularly if the approaches of the commonly assigned U.S.

patent applications entitled Opto-Electronic Device Integration filed concurjrently herewith
(which are incorporated herein by reference) is employed as part of the process.
Bec_éuse the substrates 308 have not been removed or excessively thinned, emissions
of the lasers occur via access ways 310 created in the substrate 308 on which the laser
25  devices were supported to allow for close optical access to the devices. The spacing between
the access ways, i.e. the pitch, is such that each of the lasers 302 can be either directly
coupled to a single optical fiber, or directed into a common optical fiber, for example, by
focusing the light output using a micro lens or guiding the light using an optical waveguide.
Thus, depending upon the particular lasers and fibers used, the pitch between the two lasers
30 can be as small as 5-10 microns for direct lasing into a single mode fiber or 50-100 microns
for direct lasing into a multimode fiber. Alteratively, if an optical wave guide or focussing
lens is used, the inter-device pitch becomes less important and may be as much as a 100

microns or more as needed.



DETAI LED DESCRI PTION 15 FIG 3 shows a portion 300 of a two g nensjonal
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304 to an electronic chip 306. As shown, the devices 302 are bottom
emtting |aser devices that have been flip chipped bonded to the electronic
chi p, al t houghDasng ddvide clzatiapthatasers afersepardtéreingasdividpal idevicdsery @atgmingt t om
receiving,, top emttin r top .receiving.20.device an_ be used as well,
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mul ti &be or any other device employing the invention, need not know it contains device redundancy.
The features and elements that allow selection of the particular active laser can be wholly
transparent to anyone other than the manufacturer or can be made accessible to third parties
to varying degrees.
FIG. 4A shows a portion of a laser array employing groups 400 of four lasers 402 as a
25 redundant group. As shown, the individual devices have been separated through patterning
of separation trenches 404 which isolate the individual device contacts 406, and groups 400
have been created by patterning of grouping trenches 408 which isolate the common contact
410 from the common contact(s) of other neighboring groups. As with FIG. 3, access ways
310 are provided through the substrate to provide for close optical access to the lasers. FIG.
30 4B is a functional representation of the group of FIG. 4A but showing the discrete contacts
406 for each laser and the substrate 308, which is used as the common contact.
Advantageously, by grouping the lasers in fours, significant flexibility can be
obtained. For example, the best two of the four lasers can be used as a redundant pair with or

without the remaining two lasers serving as back up devices for either laser in the pair, the



di screte devices or a single "device" having nultiple activeq g6t @ 10
Al the deviwces i{]ﬂ@ group 314 share a conmopn connecti on (P%iryﬁ%ﬁf/zoﬁe
positive or %@6’3 've contact) so that any signal to be sent or received by
any of the devices can be sent or received by any other of the devices in
the group irrespective of which one is selected as being active using the
co gt iact s. best cfthrcfouniasescanibe emhloged 3saasineary: bestwith feeh of the wuEiRe Biseopt i cal
modul e, such as_an. opt i t ' \ b lig ehet i ngle
opt i cai e e Pieble o dlnied Ml or ol db s Gt OB R Enlafnh o5t 00
opposi t e pabak tdnybeativnegaeded entitklyt he transmitter were to send data through

the optical fiber, the L rre

sa si gnal _woul e sent Spect | I ch
| aser was acti valal Sh_col‘i"é “Eﬁ%?“oﬁzaﬁ@w&?e}’gf° B%OPtﬂ'gleﬁéénslf’)g%\ﬁe\;@SSﬁtﬂb}"‘f\g{a}
functi ans afpigyag thepifipled bf B Erlon! Fateiohdllyethe dévie ihclades mildstegortion
i ncorporating the invention can be oblivious to V\/ni.cﬂ‘é‘l aser in the group
i s act Lve.5oﬂdﬂhﬁt@@@6ﬁsﬂlyﬁa¥ piandjvidasldassrs. dhe dedse abyo ipgiudes A REHPTROSIOT 0 or
any ot her e ' b t | 5 D¥ktioh tadvigeddevi ce
Fedundancy o+ 4fich BRI s} BADNERORASRASE, AonIpetioh 200 MR
part } cul arwdclt ¢antaistbe contrahelbaropies faryccessingibp indistidual seanangrrs detesters- t han t he
manuf act urgr,.or _can be de. ' | ard. ; i
dogr cos. PGSOt RRE) Rph YU HaBREe Wb b o1
four |@serdetaddib2lcdd EinalR5the devindiacindgyran inerfaAs pettiond 10 thnaigh mdiiahi thieieito-devi ces

have been separated t hrough ternin of. separat. t hes 4 i ch
i solate t Wi“?rﬁ’(‘,l‘lc\ﬁ’gﬂd’é?y '?feegficgg&i%?ﬁpé%gm%%?aﬁéﬁﬁmﬁ?%%%smﬁegggw %\%g@aaﬁwh
created byeqabhs NDEEndihg SpsHiRE pHtiEIRTRBRMeARBon\Hedeifse patton She map beon.
contact 410 fromthe comopn contact(s) of

_ ot her nei ghbarin roups.. As
with FIG fBrctiesslbslocaied/tetwepnghegontrpl R de?Sd &W%%%geﬁbéﬁPgt"B“{)‘b‘spr ovi de
for close 189@' hdkheAfetRES5020504) for leRB SIS white the BRtréiB 06 Sndlod tHOQb1a8ASUS can
representation of the group of FIG 4A but show ng the discrete contacts
406 forS edwiprovidetbysibird partys b sthenyasianeghe igrire $ L) maeRroRde p Hay lonipais
cont act . : ' : BARF Stol ¥ Sithes bPBYth heant
f1 exibili t“é%\é%ﬁ‘tdggﬁg%t%g?"r%gythgg‘?}ﬁgg%ﬁ{”g%dt AR frokoRe bR Siun LM AT
can be usqﬂebs:at.a redundant pair with or wthout the remaining two | asers
serving as back, up.deyi ces. f ' |. ' ke : Lo 03/ 003619
2 9 DEC 2005 %&P%gy lcfﬁgéléjgb Eorci)lﬁ?Sr 0? b\sgﬁ}e‘gﬁdrw?} se?@@cgﬁl- e@féﬁ% oyed as a
primary | agestroictchipes®0h Apfeasthie isrtkerarain withréspent to the radgndeuwey featbtee T@houl d t he

rimry. | [ i ndi.vi in.. .
P 2/0 ac%%{rolf pac:rtlidn %% iss P Oylé!{cgllyarrr])Xdel ur]])dolf ¥t|1eq1%?ciwalréa el td anctl%ﬂg tl‘grll’?&i'pldl?a?

devices based upon, for example, information stored in the storage, and/or to specify, update

and/or change the stored information to initialize the chip or reprogram it following a failure.
Depending.upon the particular implementation, the control portion will be a processor, for
example, a microprocessor operating under program control, a state machine, hard wired
25  circuitry or some combination thereof.
Depending upon the particular implementation, the storage will be in the form of
static random access memory (SRAM), dynamic random access memory (DRAM or RAM),
or some form of read only memory (ROM) which may be, for example, a device such as a
programmable read only memory (PROM), an electronically programmable read only
30  memory (EPROM), an electronically erasable programmable read only memory (EEPROM), '
a programmable logic device (PLD), etc. to name a few.
The storage 508 is accessible by the control p'ortion 506 and is configured to allow the-
active device in each group to be specified. Optionally, the storage 508 can be further '

configured to keep track of redundant (i.e. back-up) devices and, as a further option, can be



bad, it can be disregarded entirely. FIG 5 shows the functZgopgt 2g5ponents
of an opto-electronic device 500 suitable for 5 enploying the principles
of the invafP¥N361¥unctional ly, the device includes a Iaé’g:fr/lﬁﬁ%’f‘}ﬂﬁn 502
whi ch contains an array of individual |asers. The device also includes a
detector portion 504 which includes an array of individual photodetectors.
A cont r ol copfipiire®td spe&fyi the Pie@vdhg e tlordedivigfbr lrinpirg anslirtehiee emainingl degiceinr oni cs
for accessing the i gi vidual |asers and/or detectors. Additionally, a
storage p ?g‘i"BH‘fES’Gﬁ& an optionally be provided, as will be described in
greater 10 detrak bxda8)1QWablEi1nAbLya sitnpR tsb/ihatah BE bipliegedaor grofigrdfdeeicporti on
510 through which the opto- electronic chip may be electrically or
pr ogr aneRATEaERGh RaB AR & BHP edfiress ReidetHier ﬁ’égu%‘i“e&ydﬁ?’}"@les’ dérF‘ég’torro ni cs.
Depend nqna'ip&p tdaeh @iRdrble GHUB! Al S EHTER Lkl 10 BesidrBR thdiclE @GkoePREL T ON 510 may
be functiona ?’y ocat ed "between the control portion 506 (and/or the
st orage 5&@mpfe, wih 8 bimety brepresenting g fird deviecia thfearpyreand gpmanshrepresetingx anpl e
where th 3 the storage 508 can 15 be provided by a third
party. . ﬁﬁgg{lhéfheygc’%?%ﬂ.@%{r%he interface 510 may provide a way to bypass
or override either or both ofGraupeAdsosss rjoActpeMeven 506 and/ or storage 508 if
either or both are present| Functionallly, te control portion 506 is, in
whol e or part, the "brains"|of the optg- electronijc chip 500. At |least, it
is the brains with respect [0 the redundancy feature. The 20 control
portion 506 is physically de up of the nardware jused to activate the
i ndi vi dual devices based upom—foregg@@E £, Trfornation stored in the
storage, and/or to specify, update and/or change the stored information to
initialize thelableiZshows pe pltesptinerairangeroent dwiideptifyigthe agtive delegiael ng upon
the pfdt : s(i(l)Jrlaaer. As@itl?‘i@n% ?,tgn%ﬂdre%sn)? 1&8% r%l\iqgggtidegﬁﬁé@tﬁép cu?ar%?o% essor, . for
exanple, ‘@ nrcroprocessor’ operating under program control, a State nachine,
hard wi r edssdbiaeid mithithat yddresssoarevostontinharg hurobert Wisare edch bidepresgonds tupmn t he

particulat inplenentation, the stqorage,wll be in.the formof static
random ac‘ieé’é"'f ‘ﬂgﬁﬁvp(%msfgﬁf@ﬁ'ﬂ?tgﬁr&hﬁdﬁ‘élﬁeegsm Eree??fgrg%i (DRAM or RAM),

or sone formof read only nE@éyp AR} |WAtwle Deyebe, for exanple, a device
such as a programuable read only nenorly (PRI, anh electronically
programuabl e read only 30 ngnory (EPRON), an el ectronically erasable
programuabl e read only nmenofy(EEPROV,T a progrannabl e | ogic device (PLD),
etc. to nane a few The stofage 508 s jaccessibte by the control portion
506 and is configured to al Fowthe Giipre—devitein each group to be
specified. Optionally, the storage can be further configured to keep
track of redunkarkariple.e bityattkmwbPo devid cpwifa iy neithendaviee isastivogBit on, can be

15  patterns of 01 or 10 would indicate that one or the other device in the pair is active.

Depending hpon the particular implementation, a bit pattern of 11 could, for example, be

used to activate both devices for some special case or could simply be an invalid state.
Table 3 shows a similar arrangement for a chip having groups made up of four

devices. In this case, a similar two bit binary number is used except, the actual number in

20  binary is used to indicate the active device.

Group Address | Active Device
XiXo

- TABLE 3



6 2.9 DEC 2005 WD 03/003619 PCT/ US02/ 20112 configured to specify the
“hierarchy or ordering for bringing on-line the remaining devi2@eBEG 2005t he
group if nedfep/00pd? exanple, Table 1 shows a sinple tabl LGIHEHZWAR be

enpl oyed for groups of device pairs. Each pair has a group address or
identifier that uniquely identifies, directly or 5 indirectly, each

di screte groupFofesinpH, @ 00wouidSndisRsthhhe Gt @evadean tRgraptis ¥@veawice, for
example, with a binary 0 representing the first device in the group and a
bi nary | repvdndicatedls seeond dewepindheigrorr is active: Ad Ogrhindicpts st m&rléﬁs Active
Devi ce XQef: Tahl WS I | de6icatsapaenment for identifying
t he activceaedlgg?s(%g&‘ljenﬁiaﬁglgﬁ%mgl}tﬁ%lrcgtgé@{%Agfélmﬁ%hhdégggfsg i "an address or

i dentifier uni diabley shelna inbiecomipless apangeiment far kegpimgrack ¢fgboaitiae devissisith t hat
address i - hi I nar.y..nyn wher e c [t carnesponds. to one

devi ce%i n pr%ggc\g?acr)%gya}gadml%sf;{ddgg@?%wglevdnel grﬁ;\%hzf%lééw‘% ﬁ%b[le%gn&ﬂ@%s s to be
active. Gadtfessiddivedabdet ilivadddéon| fjxeeigﬂtm by humdbdr X, 3R A  BeC /& ik t p?ttern
of 00 woul d ecifyy that .neither device is active, Bit 5 patterns of 01
or 10 wouried Rateaitse e REFITRIAGR VRS 1o RO LAl S FTIDY (b ELIaHizer v,
Dependi ng adReN ab B RicRaHyl fotthe FenlaliRhSdBRedin tAgrodp.bi t pattern of 11 coul d,
for exanple, be wused fo activate both devices for sone special case or
coul d sinply be an inv&leuw St BimaryTaBesendars Hohertiarysj Rupdie lar rangerment for a
chi p having groups mad¥ddgss of Dewge | dB¢vices.| DevichilsDesise, | a similar two
bit binary nunber -i s|used exceptXo tihe Actwual| nBiher| i §:Co20 binary is used
to indicate the actiye devide. Goup Address Activel Deviceg Xl Xo

TABLE 4
10 For example, for a particular address, an entry of 01110010 would indicate that the
second device (01) is active. In the event that device was unusable or failed, the next device
to be brought on-line is the fourth device. If that device were to fail, the next devices brought
on-line thereafter would be, in order, the first followed by the third. |

As can be appreciated, there are numerous ways other ways to identify active devices

15 énd/or specify alternative devices, either by employing some variant or combination of the
above examples, or creating some other methodology, for example, by designating each laser
with a unique address (irrespective of its group) and maintaining a list of the addresses for the
lasers in each group in the order they are to be brought on line or providing space for settings
for each laser, such as bias and modulation, and filling the setting information in for active

20  lasers and/or setting the bias and/or modulation settings to zero and/or an invalid value to
deactivate a laser.

In an alternative implementation, involving no storage for device selection, the
devices incorporate fusible links that can be used to bring a device on- or off-line. For
example, each device may incorporate two fusible links. Initially, neither link is blown so the

25  device is inactive but available. To bring a device on line, circuitry is activated that causes a
particulaf link to blow and renders the device active. In the event that device dies some time
in the future, other circuitry can be enabled to blow the remaining link, rendering the device
inactive. A redundant device in the group can then be brought on-line by blowing the first

link for that redundant device in a similar manner.



TABLE 3 7 2 9 DEC 2005 WO 03/003619 PCT/ US02/ 20112 For exa woul d
indicate that the first device in the group Is active, di cate
the second WOWE®19 the group is active. A 10 woul d |nd|%%1flgsotyﬁ(§t”the
third device is active and a 11 would indicate that the fourth device is
active. Table 4 shows a nore conpl ex arrangenent for keeping track of the
active deV| cesStnlhoth& adtemaritd ioplementatiorsyshavanrynatiod of stoiagd arfddurd Wewice

groups. a n b I ddit ,

o e g - s BBk B chub R A Al A RE B8P b 20 Gt 1ty the

gart icular | aﬂenG dehda\ﬁﬁad dptd- Electtf?phmtd[a\r/]lbhaftthd: spt l;iemparm [FEG.\5 ifigrenter dethil ve)
evice as we as a hierarc or .t remai ni n vices i,n th

Group Pri ﬁ%?“@é‘&%ﬁ‘?&ﬁ?% octﬁ]gml"c@%ﬁ ithe ‘%F(S‘E S %’i"@“&d@%?@%ﬁ%& g[réou\el ce

X1X0A140BaHHdde up OF%@v{JdulﬁHeE@trors@ﬁamﬁle@ser f)d)‘l‘loxﬁé(nalﬁ 'triad&lhpadsf Fqdiress, an

entry of 01110010 mould I ndicate that the second device ( s, active. In
t he event rediadantilasars cAnghownnihe iividual lagegs §08¢0081R @ SFRUR(6 lQiéKﬂ Eéa‘at?cbb%e

brought o Qe\lléﬁenhﬁes%hf a.lfxcPﬁ{E ggug&}ﬂt Qéfyara{eti ﬁtoh?éacﬁj SMbCKy Y6lfind PerlcRdsl614t he next

devi ces brou ne théreafter woul e, In order, the first foll owed
by the third. Eeaddamnbherappraemlaak@wasﬂfeb@wwﬂédﬁemr%’tﬁs)fmlféd her ways to

identify acti evi / t er by
enpl oyi ng* EIBH‘%mvgfﬁr%Cﬁgpen&g%%ﬂﬁﬁ a{p I on oalfr Er%{%l%&ﬁ%tg@ e{h}e‘%ﬁ%\é In&?%e v@lck:) Pgat i ng
sone Qb hg gmmed hﬁajdieogyupnédby lesessmb beher oyvetbagihg that thoge dethhreldmsi@nt paiti ¢th' a
uni que address ective of.its Qu | Nt of the
addr esses ™3 Irep[rﬁfgnt aﬁa"g igpal lz}SFfs 85% Sﬁ?eq% %)thff ﬁgu@ a% hlcgzlalrg‘ée tfe(%}l be brought
on |ine odisple fod bidire8fdAGE afottier.set t i ngs

FIG. 7 shows an opto-electronic chip 700 similar to that of FIG. 6 except that the

array has been patterned as if four discrete devices were present to make up a group 702.

15 However, each group contains only two lasers 704, 706. '

FIG. 8 shows a chip 800 similar to the chip of FIG. 6 except that each individual
group 802 is now made up of four individual lasers 804, 806, 808, 810.

FIG. 9 shows a chip 900 like the device of FIG. 5 but having pairs 902 of redundant -
photodetectors. As shown, the photodetectors are grouped, like the lasers of FIG. 6, by

20  grouping trenches 904 and individual photo detectors 906, 908 within a group are separated
by device trenches 910.

It is important to note in connection with redundant detectors, that the use of
redundant detectors will require that either some additional device be used to redirect the
incident light from one detector to the other detector in order to switch between them.

25  Alternatively, the light can be defocused or defracted so as to be incident on all pertinent
devices on both (in th]S case) as required. As should be apparent however, if redundant
detectors are used and no light redirection is provided the system must be capable of -
accepting the losses due to such defocusing or defracting because the amount of incident light
will be reduced exponentially as it is defocused to a larger and larger area to accommodate a -

30 larger number of redundant devices or a large pitch among them.

FIG. 10 shows a chip 1000 having an array 1002 similar to the array of FIG. 9 except
that the array of FIG. 10 incorporates four redundant detectors 1004, 1006, 1008, 1010 per

group.



for .each |l aser, such as bias and nodul ation, and filling the setting
“information in for active 20 | asers and/or setting the biasZ@ndE&wzws

nmodul ation &b hiReget 0 zero and/or an invalid value to Mah6 2 | aser.
In an alternative |nplenentat|on i nvol vi ng no storage for eV|ce
selection, the devices incorporate fu5|ble i nks that can be used to bring
a device on- or _off-line. For exa each device nmpy. incorporate two

fusible Iinks. Havingishpwya nyaberigéfunchi ‘?ﬂ@l Yagiagis 3egerdins e pieniion; wae; s
inactive byl gxapt '%Péc?s usIE’le IR spELi e HpYdnteRiBnd WilGhowtdd frbilibddy 1S activated

that causes a particular link to blow and renders the device active. In
t he event that Fd@vlh“esltd»msmsfmethnlah@ammh qfh@lrf:lutmﬁ@angemhrérfometesmgﬁrqmcan be

bl ed o] h
enabl ed tQ ow :[)Iorem%%% dyrg ch,wg'elg aﬁéoﬁ&gg{%tﬁghnéﬁﬁm \19&@1%{)%@%1%1}{ %)

r edundant a(r]neVIg rou can't the
first &li nklsfemm;blla,aatcorrmhnrmlatrstgrﬂewmm 112 iacelimdctledtto a’rhrfnleerlaseﬁs W040i84 003619 2

9 DEC 2005 PCT/US02/20112 Still t h | t t at
Sombinati GO ATBP VAR e ane B A il Sk R Tl 1or fhe

functi ons &@hndckiensyeni gdtéctoarafaé ottost @f AGR: cofthdetions) BlifieReEFet0INGhepdr I oni ¢
device of the t shown in in greater detail _and construct ed

pe
accor di ng SPBTCFHX &for H’@ll‘ﬁF’éénQ)fhetl?férs “f‘ﬁ?éﬁ}tVF%nThe@mé‘Hé%ﬁmac“ﬁé (whstlese Py
portion 9,600 iksas FRSHR1aHBN BisedGs Lirdiby &%htrﬂ%ﬁ%qq ?O WleEM1Eﬁﬁ%r portion

602 is nmade up of 36 pairs of redundant |asers. As shown, the individual
| aser sl0608¢ceb @8 ppwera Adteonativell.On seree ¥arpaisathe thultiplexdesande replasad With 2612 and

t he groups %Et%r&%?%%&lgaa;n ﬁq’?&egﬁ;@gﬁ%g% groupi ng trenches 614. In

addi ti on, Fhere are aval | e ar eas ween adj acent rows of the paired
redundant | aserHG. [momodnsnagothqndumctxbmlpmmeuﬂ aaairchitrplaeaegﬁr@ht fiom atnooge ar eas

may be whaolly 10 u cec ed b asers.o el engt hs
than t hosé“8rr I ?g‘&ﬂjﬁﬁ q‘?t’ lcgaﬁcforggllg%t?ﬁﬁnveéwn ntmag cﬁcfcl’rg‘n’gltof\ﬁ Ysers of
the sanme texp@pRsa tieal sagtsdanis anailified bh el Bmplafie 1bteteamd cdn@atmhwlthtewsex@ne
reason or a)ggt her. FIG 7 _shows an o to-el egﬁronl 700 simlar to that

of FIGS 61 éfb’ta’f‘hl&i’let‘?féf"rért?atfoﬂ%&? INSEAT B P’F mps fongfelienskt o

devi ces WerR RHIGSIBKEr 1106 BBIERcIPisRoBEAIR 1x7£)§mtlaﬂa§axﬁl@m\HG,lﬁﬁCh group
contains only two |asers 704, 706. FIG 8 shows a chip 800 simlar to the

chip of FIG 6 HGcEhfunetoaellegions asemymaisation syster pobebng a opselggtpsicup of
Four i ndi vifuahvel 858 1ﬁcc§904atm%qge inS&ion S AQ shown, the transceiver 1200 includes a chip

1202 incorporating redundant lasers 1204 in accordance with the invention. The transceiver
20 1200 is arranged so that each pair.of lasers 1204 is coupled to a common fiber 1206. As
shown, optical waveguides 1208 shaped like a “Y™, are used to guide laser light from either
laser 1210 in the pair to a common fiber 1206. In other variants, other forms of waveguides,
or microlenses, gratings, fused fibers, etc., are used to couple the two or more lasers to a
common fiber, the particular coupling method used being irrelevant to understanding the
25  invention.

The transceiver 1200 also includes an electronic interface 1212 through which
electrical signals, for example digital data can be received and sent. Depending upon the
particular set up, the transceiver 1200 may be constructed to convert received digital signals
into optical signals to be transmitted over one or more fibers using the lasers, to a receiver

30 1214, which may be a standalone unit or be part of another transceiver, having photodetectors
1216. Additionally or alternatively, the transceiver 1200 may use those digital signals as
control signals and/or receive the signals for use as in any conventional electro-optical

transceiver. Similarly, the transceiver 1200 is constructed to detect incident light received on

10



FIG 9 shows a chip 900 Iike the device of FIG 5 but having pa| rs 902 of
‘redundant hot odet ectors. As shown, the photodetectors ary gfgg {fmﬁ i ke
the | asers OfC 61§ by 20 grouping trenches 904 and i nditiToad ot
detectors 906, 908 within a group are separated by device trenches 910. It
is inportant to note in connection with redundant detectors, that the use
of redundsntetedwreitl8rand earivert thatlight ¢o digigal sighalhdat are fhen auitiothal devi ce be
used to redire i.nci dent ht..Lfomone detector to the other
detector i ﬂec(t)rlpaxgrthrgach i EAVEY: O\ﬁ‘%‘%ﬂél}"%em 25 Alternatively, the light can

be defocused orAdehtgeudd, fghasatiatdran bacordendtedofor altbmpe:rfaliloventFIGd &¥isces on

both (in this case s,.requi red. As shoul rent wever

r edundant a%‘@?%‘@b&‘%&é}’@rﬂg éo%?rféa‘HBlelwaém I“F%Eﬁ?%‘?‘tﬂ‘f’gﬁ RIOVEY gV SB%‘Hn’tahe
syst em gnusgrohie1 WARSRLE: @ of tR6 Bt 1 5@, 1 v doQﬁlSd?ﬁ) aohdmm fﬂiéf; hfoxdﬁfuﬁplu,sd ng or
defracting because the amount of incident light wl re

exponent i afcpye’zps “funnels shapedwaguide §3¢p. F*‘é?‘éé?mﬁlﬁﬂ tq %Pﬁlg@ﬁer%}wé %3(94ag36 nmrodat e
a 30 |ar geéonﬁyf@?gg@gelécﬁ%m&ﬂ%er Qef%h&qg d?l'ipl@tlrlgaarlgﬁc@'ohé:s'r APWsdnbgm FI G

10 shows a ¢ having an arra simlar to the array of FIG 9
except t h@tosmmntalrsnbg/omut Pf (Be actiye |1mro quxa;még vip synplingdhaeimitt pererest or s

1004, 1006, %g&avaheﬁ%%epﬁfd fe&{s%ﬁ%sé]% b})ﬁ& t?%/ el Rdnfrofter P50, 48R m. ay dqrng ‘o

PCT/ US02/ 28'1 Vving shown a nu unctional variant's acco
the i m/(bntmamnot%mrt oéohanqnitm@exolfmébp@sﬂmcmby ghofwmrsepaasely ffprgurposes of

| mpl ement at Id%{}?agwfngnage”é’}_}?vefg?n?rolll rel%lo 1S 1 ?d tjéjdb‘teﬁnl%\év%f tﬁpgctltrgﬂgér'sﬂ&f% & xanpl e

of a circuf? Pect'r iig re redundant
devi ces acsdtctledignt i fak Bicofiansthertiasenin thmgruwbam upoascme dalagretatedSo thei s
exanple, a c data signal source 1102 is_ connected o aLI of the | asers
TI0a" T ' o PTREYe LIS ABRE TS OPe RUPE oSehr RIFAETE HTHE TR A

mul ti pl exofnpledtdtioRl an of @ mahn dmmlemd“mrtsahnfqueafoseétaamﬁg {ffa@alule isdt@- 1 or
nore connections) is inserted ﬁetmeen the power source 1108 for the |asers

and t hES | aldsit9r wHbigpgpRgssan Yy esed: oﬁ‘i’rr%PmPIﬁﬂ‘ao‘roﬁﬁ’P{aH’r‘i max ke Lpdrto girectly§hsed or
bi as/ modul 1%%1091 %gﬁge)thb SanpiER AMrebHof GO § BlgeBOdah ib@ et 1A wiRen BRI @fblewhi ch

| aser 10 re ower. Ai'ternatively, in some variants, the multiplexor
can be r epfaebelowiatthresholds efcect or that can sel ect any one or nore of the

lasers. FIG 118 5 Q&M@gp(ﬁﬂoﬁlg Elser p\d%} faﬁ@@élo»@ﬁ@@éc@ﬁé&fhnﬁt & groeé%tttgﬂe the

arrangenent from
desired range, that laser will be deactivated in favor of another laser in the group using one of

20 the techniques noted above. For example, as shown, the failover controller 1310 is connected
to the storage 13 12 so that if a failover for a laser is required, the failover controller 1310
changes the value in the storage 1312. That causes the controller 1306 to de-activate the one
laser 1302 in favor of the backup laser 1304.

Depending upon the particular implementation, it may be desirable include circuitry

25  or stored information such that, if a substitution of one device for another has occurred
(whether automatically or manually) the “bad” device can be designated as such to prevent a
switch back to the bad device if the backup device fails.

It should be understood that, although described largely in connection with an optical
transceiver, the invention may be straightforwardly employed in an optical transmitter

30  module or an optical receiver module, there being no need for any particular implementation
to have two different types of devices (i.e. transmitters and receivers) to be present in the

same unit to use the invention.

11



two.or nore redundant devices according to the invention. In variants
“accordi ng to this exanple, a signal source 1112 is anplifi 28 BEC 2005
anplifier 0:’z‘fnaglgonnected to the lasers 15 1106 via a nultu@lexor (for
1-to-| conne S or a selector (for 1-to-1 or nore conf&YY¥HN12 The
mul ti pl exor 1106 or selector is controlled in a simlar manner to FIG 11A
FIG 12 functionally shows a comruni cati on system i ncl udi ng an

opt o- eIectronldﬂomvﬁmsﬁépwébeE@&@ﬂomhbmnb$mVﬂmgnhhgbeﬂm&ﬂﬂﬁmwwd@s shown,

the transcg 2 in orat e ant |asers
1204 in acg]rl i ae%(‘:’vé Wi gFalser{\?gv‘fe %e el”}'é §CBMYE Stgb ti‘ggﬁéhagk ar r anged
so that ee(DﬁBpmsers,dfolsﬂrmted Brak%%ﬂbﬁoﬂ@ﬂ)&ﬂeﬁs@n@loﬁzﬁmm dfiphetodeteddfs. As
shown, optical ve 8 shaped I ke a "Y', are used to guide |aser
light fromeit ﬂga 4POMR AP Qeﬁ%{ ¢d agous cXamplshemplgwing thearvention,ot her

vari antss, ipdhdeK tfe%hﬂ&st@&d bh@t\/tﬁgwodgaescnﬁt'ion% 6hIP k‘é?)?é@ﬁamgro@tﬂ'ldggﬁwef used
fibers, etc., are used to couple the two or nore lasers to a comon fi ber,

the parti c?ﬁﬂbﬁfhn&&&pll:i"ﬁ@e ﬁ@@‘ﬁe@“%@%éﬂm thergbayedaseriptiop hanhfvessd andi ng t he
25 inventi I face
1212t b oL CSRARyS SRfPREGH AN PorsiD g iftel 1l ET oA SO el Eple b P U
recei ved ah@nﬁemtTheEd@pmmpmgaSupmttemmed tpaxltamsiwleb{rensmbrattmll foksbler anscei ver

1200 may t r celved nto. optlcal
st gnal o t QBN HHERfal® SR BEL GRS RRHES: bistot Rl 7 s Barist o

recei M€r 3Bk ih@ddionydritien furﬂaytr Meﬁribéﬁﬂt&&iﬁ@nhﬁﬂirﬁenﬁorb&epadrhblﬂitloﬁﬂgﬁ her
transcei vey hayln hot adet e 1216. Additjonally or_ alternatively,

t he transcdéfc\?gf R?ﬂﬁ&)s qlf’ 'Eaﬁ? é”lfl’it[ﬁ eaCPn%%g#aa55%%%%9935|at§wﬁa| s
and/ or r ecmbwmidnfs 31 cgﬁab Sp;fr&:liatétﬁtﬁataﬁadyrhf%ye GRIBYRBEd SRRddiRbRELE YidRt | cal
transcelve IarI %“F transceiver 1200 is constructed to detect

i nci dent ‘fg‘HFm ¥ORY OVNE\RIHS/208 Shey ae upRle 005 PCT/ US02/ 20112 its
detectors 1218 and convert that light to digital signals that are then
output via the electronic interface in a conventional manner.

Advant ageously, further variants can be constructed for automatic failover.
FIG 13 is a functional block diagram of one exanple way to integrate
automatic failover. As shown, a 5 group 1300 is nade up of two | asers
1302, 1304 coupled to a conmon fiber, for exanple, a "cone" or "funnel"
shaped wavegui de 1305, that is common to both |lasers 1302, 1304. The
controller 1306 selects which laser is active by outputting a |ogical one
or zero. A sensor

12



1308 nonitors the output of the active |laser, for exanple via sanpling the
" out put power of the laser when in use, and feeds the result back to a

fail over controller 1310, which nay or 10 may not be part of zngg%%qol | er
1306 but is functionally shown separately for purposes of understandi ng.
The failover controller 1310 is used to determne if the active |aser
should be switched out in favor of another |aser in the group based upon
some val ue rgdat efs to1 4 hgeqPeLf ormance of the laser - in this case output
power. Dependi ng upon the particular inplenentation, any of the many

di fferent known techniques for determning if a value is at a 15 limt or

within a range n._he used. For exanple, K a conparator may be used to
directly orn91g%?&£%%F %ﬁﬁﬁiQEFEP 90 a threshol d value, a trigger

can be set to fimexMhigslé heptspsml eqedabds, bed ove At hlfv‘\??hgfdthgtrﬁulti%%%s?t

sone point, the |aser power falls below the specifired Iimt or ‘goes de
the desPrefREffe 9HCTnRI1ING 19f e ewueen \daeike t ypeoanadf anot her

| aser in theQrouhdts NghPne, of; tgﬁ 5 [,ques. not ed above. _For
exanpl e, as shown, gtlﬁ{e fail overlnc%gat ro eorerg%rgyal'%t cso%n%%?%?i %%fjcrhee %t orage
1312 so that9fdura feadrowet thor @t |lesest itsva egfitted, mihei g 8d | @vercgontrol | er

1310 chang he value.in the storage 1312. That causes the controller
1306 to de- ?c%t‘%lva S I ST TUR e i AGGA e Gin ¢t I adhie |ardr 1304,

Dependi ng upioniitvielupartyi e 1aicd Ml RNtati RN, £ d to Y e desid abl g i ncl ude
circuitr 25 or stored information such that, if a substitution of’ one
devi ce fi8r &%t her has occurred (whet her automatically or manual ly) the

"bad" device canb i f.ed to.prevent..a. switch back to the bad
device if the bagk%g%gzzﬁl\??“cqgersai(foz{pi%t%s SO LR ORI G 4(6‘@%%ugh
descri bed | @ugdl yhiat dbren et Midh cam oilicea] wHirdnsFeitMey ,ad hesddwvention
may be stra%%ptforwar I%_enplgyed in an optical transmtter 30 nodule or an
optical rec&VePPrd&dlle ISHESE B fdeng e widrl Bey asdrinicwtara given

i npl enent at it@me.t 0 have two different types of devices (i.e. transmtters
and receivers) to be present in the sane unit to use the invention. 11 2 9
DEC 200%° WO 03/ 003619 PCT/ US02/ 20112 Noreover, it shoul d be under st ood

that the ingentian rai.ght f.or war.dl npl qyed with any type of
| aser devi ce, fjhg oggrxipggeﬁltgr% tlt%i r?gfolcﬁgé&?i H%?trr":il g@(‘? faé:eaﬁé‘c% SWSFB)
| asers, Distfi bbeeduBtagdeRebltachar dePBRE sl ager 3 agrd/sor any type of

phot odet ectors. Thus, while we have shown and descri bed various exanpl es
enpl oyi ng the invention,

3. The optical module of claim 2 wherein the lasers

20 comprise top emitting lasers.

4. The optical module of claim 2 wherein the lasers

comprise bottom emitting lasers.

25 5. The optical module of claim 2 wherein the lasers

comprise distributed Bragg reflector lasers.

6. The optical module of claim 2 wherein the lasers

comprise distributed feedback lasers.
30

7. The optical module of claim 1 wherein the at least two

of the multiple optical devices comprise photodetectors.

13



5 it should be understood that the above description is only representative
"of illustrative enbodinents. For the conveni ence of the reader, the above
description has focused on a representative sanple of all pdsPER

enbodi nents, a sanple that teaches the principles of the invention. The
description has not attenpted to exhaustively enunerate all possible
variations. That alternate enbodi nents may not have been presented for a
specific portion of 10 the invention, or that further undescribed alternate
enbodi nents or other conbinations of described portions may be avail abl e,
is not to bedcdhs¢ depteiical disdlibe nef ofathodeviadternatke sHHOLHEEAESOrSt
can be apprq&&gted t hat naq¥ pf, those undescribed enbodi nents are within
the literal SCHPET YTR Forfbidny RIQFARCteRtCRt hers are equival ent. 12 29
DEC 2005 What is clained is: 1. An optical nodule conprising: multiple
optical devices, at |least two of the nultiple 5 optical devices being of a
comon dévi ¢ tihfe el Cavaveednke ho ar@l ahar T igherenmmbine conttede sectsrs o

define a or Qi hofed e multiple optical devices
in the group belrn%ocat%dhgﬂé%eijﬁg% eél)({:%%&%%%ct?ﬁﬂ vidual |y sel ectable
relative to others in the group, 10 and a controller, coupled to the

mul tiple optjcal,devices uch that the controller can select which of the
at | east tm]b&‘opq{}}ecaqptifegﬁiégoq“#]? h%£ SR v ITheee bRt Baleiglieen tine.

15 2. The opdpttiada by cdd &bl de WSESHD 418 Aot &aStedr s Of the
e

mul tiple optical devices are | asers. 3. The optical rmdu? of claim2
wherein ®he | asers 20 conprise top enitting |asers. 4. The optical nodul e

of claim 2 whereify tha | Asensq FImL 4 S t em.tting |lasers. 25 5. The
optical nodul e of cl it 2 wher el h t%e c[elags?% sPn%up%her cqomprlsmg memory
configured to store activation information for the at least

two optical devices.

15 12. The optical module of claim 1 further comprising

redundancy selection circuitry.

13. An optical transceiver comprising:
multiple lasers,
20 multiple detectors,
storage,
a controller coupled to the storage, and
an interface via which an optical fiber can be coupled
to at least two of the lasers or at least two of the
25 detectors,
the number of lasers being unequal to the number of
detectors,
the storage being configured to identify to the
controller an optical device, from among a grouped set of
30 redundant optical devices, that will be an active optical

device,

14



conprise distributed Bragg reflector lasers. 6. The optical nodule of claim

"2 wherein the lasers conprise distributed feedback |asers. 30 7. The
optical nodule of claim1 wherein the at |least two of the @ué&&ﬁﬁﬁ optica

devi ces conprise photodetectors. 13 2 9 DEC 2005 8. The op?ic ul e of

claim7 wherein the photodetectors conprise top receiving photodetectors.

5 9. The optical nodule of claim?7 wherein the photodetectors conprise

bott om recei vi ng t o] h i dul f claim 1l wherein
the multiple Opt?’ggl 8%2%%%85%%%%%%% %%ggrﬁésggﬂr’%n%h%’fgﬂg%re‘%tgF%I_‘CEo 11.
The optical amdueclofort bcal 1déuttdetnconprgsdmy seabiyg eoqbtguieguto

store activation information for the. at |least two optical devices. 15 12.
The optical HOPEIRR PRi ¢ IOTNPE hetCebhpresi AYRt#8Hundancy sel ecti on
circuitry. 13. An optical transceiver conprising: nultiple |asers, 20

mul tiple detectors, storage. a controller coupled to the storage, and an
interfaceé vibkd wirehopihiopti cadnscdererapomereoimyed to at |east two of the

e O % R gt LS 5 PELPCAT Bl e per S beLo
identify to ¢defigornédofdbercaumpbdbphgcad devigglefsptiasbngibegt ouped set of
an optical device of a second type different from the
first type and configured for coupling to a second optical
10 fiber, the at least two optical devices of the first type
being related to each other by a common connection such
that they can each receive a single source signal and are
individually selectable for activation a given time such
that at least one of the at least two optical devices can
15 be automatically substituted for an other of the at least

two optical devices when the other of the at least two

optical devices is a bad device.

15. The optical transceiver of claim 14 wherein the at
20 least two optical devices of the first type comprise

lasers.

16. The optical transceiver of claim 15 wherein the lasers
comprise top emitting lasers.

25
17. The optical transceiver of claim 15 wherein the lasers

comprise bottom emitting lasers.

18. The optical transceiver of claim 15 wherein the lasers

30 comprise distributed Bragg reflector lasers.

15



30 redundant optical devices, that will be an active optical device, 14 2
9 DEC 2005 the grouped set berng defined by a grouping trench, and each
optical device in the group sharing a data input in connonzgngﬂgzmgnnon

el ectrical contact. 5 14. An optical transceiver conprising: at |east two
optical devices of a first type configured for coupling to a single
optical fiber; an optical device of a second type different fronlthe first

type and co econ I b h
| east two op |cqﬁ%g @gé%éggfé%%% %8 s?§t§%eg%%ﬁﬁgf$e % %I%ogé%c% er by
a comopn conreghr Dde sdicdt r i hat ed hEyedlasicleathse¢esei ve a singl e source si gha
and are individually selectable for activation a given tine such that at

| east one of the at |east two optical devices can 15 be automatically

substituted f@r e ashe!cof ’@f‘@h@éel@@?toft&@aﬂﬁtIQ%hgﬁéiﬁeﬁh@hSB the
other of the at least two optical devices is a bad device. 15. The opti cal

transcei Ver k#ast diwe 1dpwhea ki devheeatof 20h¢ ebsrst woyppt Fembrideei ces of the
first type 65%% éégfgs 16. The optical transceiver of claim 15
wherein the Tasers conprrse top emtting lasers. 25 17. The optical
transceiver of claim15 wherein the |asers conprise bottomemtting

| asers. 18. The optical  transceiver of claim15 wherein the |lasers 30

conpri se di stti bthedCr Ryl ref?Reeet Veaset sclabmogl pprevpps the

photodetectors comprise top receiving photodetectors.
10
22. The optical transceiver of claim 20 wherein the

photodetectors comprise bottom receiving photodetectors.

23. The optical transceiver of claim 14 wherein the
15 multiple optical devices comprise lasers and

photodetectors.

24. The optical transceiver of claim 14 further comprising
memory configured to store activation information for the

20 at least two optical devices.

25. The optical transceiver of claim 14 further comprising

redundancy selection circuitry.

25 26. An optical chip comprising:

a group of optical devices of a common type, arranged
for coupling to a single common optical fiber, the optical
devices being selectable based upon an active indication,
such that one of the optical devices in the group will be

30 an active device and another of the optical devices in the
group will be a backup optical device, the active device

and the backup optical device being individually selectable

16



19. The optical transceiver of claim215 wherein the |asers conprise
“distributed feedback | asers. 20. The optical transceiver of claim 14
wherein the at 5 least two optical devices of the first ty?g[ﬁﬁgﬂ@bse
phot odet ectors. 21. The optical transceiver of claim20 wherei
phot odet ectors conprise top receiving photodetectors. 10 22. The opti cal
transcei ver of claim 20 wherein the photodetectors conprise bottom

receiving p or The. opt | ranscei ver of claim14. wherein
the 15 nulpﬁ%ﬁgq%p |baffd@%?d%gg%ﬁgkﬁééiféagéggshn ep%%%%%%t%%Yﬁ?%. 24.
The optical wikbnseeidese Dicttddi and4tierbdekus ompt i caNgdevESDr yi TONHE gur ed
to store activation information for the 20 at |east two optical devices.
25. The opt it rehs T Vate of N PLAFs 12F 1t RFLEURpRe i ag 27 eduReMncy

sel ection cidetidd Ydever26. An optical chip conprising: a group of optica
devices of a common type, arranged for coupling to a single common optical
fiber, tRe optical devices being selectable based upon an active

i ndi cati on, u one, o e pptqcal vices in the group will be 30
an active dé%?bgﬂg% AH0 %ré%égt%g %%?ﬁ%a?gd%$¥% %r'?PT%glsbg%Up will be a

backup optical desismsgd heomtidweedevd cetopddidieadarke piopléged odevi ce
being individually selectable 16 29 DEC 2005 such that, if the active
device fails, the active device w Il be desel ected and the backup optical

gg;/: ce \éweil: ng;e. B &Pk Oreiss f PLAGR P4 dierdfl i vk dgViGs 36 a new
10 oﬁtical devices comprise lasers.

29. The optical chip of claim 26 wherein the group of

optical devices comprise photodetectors.

15 30. The optical chip of claim 26 wherein the common

connection is a substrate.

31. The optical chip of claim 26 wherein the group of
optical devices are related by a grouping trench.

20
32. The optical chip of claim 26 further comprising
multiple fusible links and wherein the active device is

determined by a state of at least one fusible link.

25 33. A method of creating an optical chip having redundant
devices for use in an opto-electronic unit comprising:
growing active portions of multiple optical devices on
a wafer using a semiconductor material,
processing the wafer to create complete optical
30 devices,
patterning the semiconductor material to create

individual optical devices,



5 27. The optical chip of claim?26 further conprising: storage configured

"to store the active indication. 28. The optical chip of claim26 wherein
the group of 10 optical devices conprise |lasers. 29. The g@t@%? hi p of
claim 26 wherein the group of optical devices conprise ph &MWor s.

30. The optical chip of claim26 wherein the cormbn connection is a
substrate. 31. The optical chip of claim26 wherein the group of opti cal

devices are related b rouping. trench. .20 32. The optic of claim
%6t ur ther conpr | SR Rar T e A PTE S| TR Frer B PrefEhBr vhnGevi ce
is determnm ngtk bya festatund @éti esstaoneedsisi he &f nkhe 2bnd@Bvidusaet hod of

creating an optical chip having redundant devices for use in an
opt o- eIectrcﬁﬁ???ﬁﬁtoﬁxﬁnﬁ?@W%@ CYPoini #y active portions of nultiple

optical devices Qbhn@ed@f S I8N0 f Siedl LONMUCL O fBIGEY PlesPEQCESSI NG the
wafer to create conplete optical 30 devices, patterning the sem conduct or

mat eri al 5t o @onEI@l ¢1mwi1d®mclmp¢h@m cenersiatly Qamg DECreoo5ved dopi ng
t he deV|cesEg¥ qu ggg@ fren Qefcég lthe maf ug Hnd sets of at
| east two of°The ] ne V|dua devi'tes of “ & tonon %ype n %oﬁ%@%??ng each

of the at | essta twmlple:ympﬁsm Oh&ndLEOBY 04 Ed¥ Lekk toBUEhe t At 1egoMPRo dat a
can be received by any of the at |east two devices in a set but the conmon
data will orHI%/Vthee%aJerI@be bSet BT ckS 0N tdet hYe | €%t ce wo

10 34. The method of claim 33 further comprising:
storing data that identified the device of the at

least two devices in the group that is the active device.

35. A method of recovering from an optical device failure
15 in an optical module having groups of multiple optical
devices, comprising:
identifying which of the multiple optical devices in a
group is a backup for a failed optical device in the group:;
deactivating the failed optical device in the group:;
20 and

activating the backup optical device in the group.

36. The method of claim 35 further comprising:
monitoring an output of a laser to identify the

25 optical device failure.

37. The method of claim 35 wherein the identifying further
comprises accessing data in a memory correlating the
optical devices with activity information.

30
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devices in the set that is an active device. 10 34. The nmethod of claim 33
“further conprising: storing data that identified the deviqg ?; tﬂﬁﬁal
| east two devices in the group that is the active device. %.E& hod of
recovering froman optical device failure 15 in an optical nodul e having
groups of nultiple optical devices, conprising: identifying which of the
multiple optical devices in a group is a backup for a failed optical

device in t gr ; t] i t f.al optic ice.in the group;
20 and activa 1&@9 Hgﬂggc J%¥§% ?%%I§§é@%%%§ﬁ%-$%% g%%€€¥b§§%h#he met hod of
cl aim 35 furédmsrcosrdtsamging nNvd Dii¢ Ngassooldiped witla thasefaibeddentify
the 25 optical, device failure. 37., K The nethod of claim 35 wherein the

i denti fyi ng IRIF1FRY dLEHTT i sBEPLRL e HPHRREYin a nenmory correl ating the
optical devices with activity information. 30 18 2 9 DEC 2005 38. The

met hod of claim 35 wherein the deactivating conprises changing a val ue,
associ at éd wh Thr mefihed obpeladn Jevwheresn opleedl deaatweabiyd 5 39. The

ik Tor the T Sef ot ekl dat e B L SR PEe OB A M TR o e

activating capid¢eses 10 changing a val ue, associated with the backup
optical device, stored in a nenory. 41. The nethod of claim 35 wherein the
activating conprises blowing a fusible Iink for the backup optical device.

40. The method of claim 35 wherein the activating comprises
10 changing a value, associated with the backup optical

device, stored in a memory.

41. The method of claim 35 wherein the activating comprises
blowing a fusible link for the backup optical device.
15
42. An optical transceiver comprising:
a number of detectors;
a number of semiconductor laser transmitters organized
as a group defined by a grouping trench, at least some of
20 the laser transmitters in the group being redundant for
others of the laser transmitters in the group; and
a controller, coupled to at least the laser
transmitters that controls which of the number of laser
transmitters are active transmitters and which of the

25 number of transmitters are redundant transmitters.

43. The optical transceiver of claim 42 wherein the number

of transmitters is at least twice the number of receivers.

30 44, The optical transceiver of claim 42 wherein the number

of transmitters is equal to the number of receivers.

19



15 42. An optical transceiver conprising: a nunber of detectors; a nunber
*of sem conductor |aser transmtters organized as a group defined by a
groupi ng trench, at |east sone of 20 the |aser transnitterZQiEEQImmggroup
bei ng redundant for others of the laser transmtters in the group; and a
controller, coupled to at least the laser transmtters that controls which
of the nunber of laser transmtters are active transmtters and which of

the 25 nunbge of,iraperihletsanbeet edundantloianddi whereinheThamngs cal
transcei ver of c?ain142 wherein the nunber of transmtters i.s. _at | east

twi ce the nofiberanfmibtergseis. thgegatimge §PEi EHOCrafc &S 6T %l ai m 42
wherein the nunber of transmtters is equal to the nunber of receivers. 19
2 9 DEC 2005 45. The optical transceiver of claim42 wherein the nunber of
transmtterggi, SThEr eptitaes trhescaiver of cdedinydis whegeifhdspiEmer

transcei ver of claim42 wherein the nunber . 5 transmtters,d,s four tines
the nunber 6f FEEEFWéF§?r§7FST%QquFF@SF FP§n§@%F§§$ oflilafh142 wher ei n

the nunber of transmitters conprises at |east two groups. 10 48. The
optical transceiver of claim47 wherein gne of, the two groups co .ses
two | asers. 429. Threoppticed! treRssEdiveer odf Qﬁ%ﬁmn4%7Wﬂﬁﬁ 'qtghﬁa%#%qié t wo
groups conprises three.l aser 4 ahefein Alr @astgigs 15 of the three
lasers is a%a ﬁaﬁspéggFi%S : e ébtical transcei ver of claim49 wherein
exactly one of the three lasers is the backup |aser. 20 51. The opti cal

tra i f claim49 wh i | f , h
bacﬂzge:l\éggt‘l%. (':I‘hael rc?pticalerterlar}lsecxeaicvte1y 10,1 o the JHE &1 ASRE Sofrend e

two groups comprises two lasers.

49. The optical transceiver of claim 47 wherein one of the
two groups comprises three lasers, and wherein at least one

15 of the three lasers is a backup laser.

50. The optical transceiver of claim 49 wherein exactly one

of the three lasers is the backup laser.

20 51. The optical transceiver of claim 49 wherein exactly two

of the three lasers are the backup laser.

52. A communications network comprising:
a first transmitter comprising a number of usable
25 .channels,
a first receiver, and
optical fibers connecting the first transmitter to the
first receiver,
the first transmitter further comprising multiple
30 lasers organized into a group, at least two of the multiple

lasers in the group each being selectable as either active

lasers or backup lasers,
19a



52. A communi cations network conprising: a first transmtter conprising a
"nunber of usable 25 channels, a first receiver, and optical fibers
connecting the first transmitter to the first receiver, thegfj 5
transmtter further conprising nultiple 30 | asers organized 1nto a group,

at least two of the multiple lasers in the group each being sel ectable as
either active lasers or backup lasers, 19a 2 9 DEC 2005 the nultiple

| asers bei ng cont thkl ablléipleh lelsatrs beiag spacirtild abignseichi $hiag,usd By an

active laser and,a,laser failure occurs far that, ch I d t

| aser can beSpgﬁﬁgﬁFtﬁE§8n@3rlPhénayﬁﬁvgylggePF%ﬁﬁg ?§§§565ﬁ¥{?h§%%%§nd 5
the active | agenykei Bgcliremadie thane ci=ome 13nd, rajlduerdanite 1 asehstdanutieon,
the specific channel can be used using the redundant |aser. 53. The
communi cat i oR¥basLRItRIEH &hm SELYE: diasetthe Theo Feadantad&sie énd

further compLseshioar aumehl odiaserrociehad! 10meE U arkd. sEiRr the

communi cati ons network o "'ai m wherein the first transmtter further
conpri ses tranbsictitet ibai,| amhe spEaddtiectcdhemnednsen bE5 usHie usdmeurvibgat i ons

n rk of claim52 further risin n i fail r circuit. 2
lghmo o) Crghungantul%s%r. conprising an automatic failover circuit 0

53. The communications network of claim 52 wherein the
10 first transmitter further comprises programmable laser

selection control.

54. The communications network of claim 52 wherein the
first transmitter further comprises transmitter failure

15 detection sensor.

55. The communications network of claim 52 further

comprising an automatic failover circuit.

20
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