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THE INVENTION 5 This invention relates to arrays of optical devices such as
| asers amWopbmbssdet ectors and, nore particularly, to arra@gg/ush2/eptz cal

devi ces having increased yield and longer lifetinme. BACKGROUND OF THE

| NVENTI ON Over the past few years the dramatic increase in the use of fiber
optics in 10 comruni cations systens | reated a trenendous need for both
cheaper and nore reliable optical cments. Unfortunately, the limted
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reliability, and frequency of. defect occurrence. Once the active portion of
the device is produce by the epitaxial growh process, the 20 devices are
then further processed | BACKIGROIENDIOBTHIDINVENEIREN e processes dielectric
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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. Once 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 1s
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 VCSELSs 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



FIG 2 shows multiple individual VCSELs that have been conbined to form at
least a 2 X 3 array of |asers. The devices 200 are arranged so that the
spaci ng beowsemeach | aser 1 WO 03/ 003619 PCT/ US02/ 20112 pciuse2/2aihe
"pitch") is approximtely 250 m crons. Such arrays can be relatively
reliable, because each individual |aser device 200 can be operationally

tested pefore it ,is integrat into the array. However nce .t.he array is
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5 enpl oyi ng }lgai rs of redundant |asers accordi ng to the invention;
here remains a further need in the art for an array that is easy to repair at low cost.

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B show two variants of an example semiconductor laser diode optical
device of the prior art;

FIG. 2 shows multiple VCSEL’s of FIG. 1 arranged in an array according 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 functionally 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 chip 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 7 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

t he i nvenwioasjofshes. 9 shows the chip of FIG 5 enployi ng pamrnsoztomzedundant
phot odet ectors according to the invention; FIG 10 shows a device of FIG
5 enpl oyi ng groups of four redundant photo detectors according to the
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i ncor porat i t.he invention; d_Fl 13 is a functional block diagram of
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15 particular 1nplenmentation, further a van?ages such as reparability after
depl oynemtp ofimdo peviéasr nance optim zation can be achi eved. One aspect of the
i nvention involves an optical nodule having nultiple optical devices. At

| east two of the multiple optical devices are a group. Each of the optical
deviges in the group are i ARNAOIPTHEE IRSIBPTFONE! ative to the others.
The optical nodule al.so has a 20 controllTer, coupled to the devices such
that the conWeohdverdeviagl swheta crafte clecwb-ophenl dhips desaynd therpgoljemapf thiel | be
active at. _a given time. Another aspect of the invention involves a nethod
of creaPﬁl?lrgaIgn optical chip, having redundant devices, for use in an

opt 0- el ect r ofi partiéMilhr, We\Haly &%atgd @Waydo A6H1bY Ear OIS oBdptical 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 muitiple 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.



mul tiple optical devices on a wafer, processing the wafer to create

conpl ete optical devices, 25 creating individual optical devices, grouping
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Addi tional features and advantages of the invention will beconme apparent
in the following descripti onPERAILER RESGRIFIION and from the clai ns.
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array of |asers 302 créated according fo the pr|nC|pfes of the invention.
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304 to an el ectranic chip 306. As.sh t.he devices 3 are hottom
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receiving, top emtting or top receiving

will be apparent from the description herein, bottom receiving, top emitting or top receiving

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 concurrently herewith
(which are incorporated herein by reference) is employed as part of the process.

Because 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. Alternatively, 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.



20 devices can be used as well, particularly if the approaches of the
comonly assigned U S. patent applications entitled Opto-Electronic Device
| nt egr at i wo oBiob3sd concurrently herewith (which are incor paratsezi2diezr ei n by
reference) is enployed as part of the process. Because the substrates 308
have not been renmoved or excessively thinned, em ssions of the |asers
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this manner a group is physically created as either multi ple discrete
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fiber, 15 one contact in comon and have i ndivi dual opposite
pol ar i t whedhrlaser irsthe igfouphe attnan sriviantegeously, the purchaser or user of the transmitter,

20  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



were to send data through the optical fiber, the sanme signal would be sent
irrespective of which |aser was active at the tine. Mreover, fromthe
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can be disregarded entirely. FIG 5 shows the functional conponents of an
opt o- el B¥ad) & thedleyicesSGo 804 Pt GBMPIT Bhere éheeq?ﬁrrai}?%ga% thiy %@gﬁﬁ@%ca&r t he
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contgi ns grnvarray of ri %gi%/i dual Iasgrs’. The deSi ce z;?lg)o ilnclgggs a}yi%et ect or
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control portion 506 is provided which contains the control electronics for
accessi H%S?rﬁe i ndi vidual |asers and/or detectors. Additionally, a storage

portion 508 gafctRRIR AR EontPEpsHiON KOS, indSholk bl pRE teIRsihdest thdogbeat er 10
detail below. Finally, the device includes an interface portion 510 through
whi ch t h]@c@@nigchip 500. At least, it is the brains with respect to the redundancy feature. The
20  control portion 506 is physically made up of the hardware used to activate the individual
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



el ectronic chip may be electrically or progranmatically connected to other
devices or control electronics. Depending upon the particul ar

i mpl enmentwDI0d/00361he | nterface portion 510 may be functi omralriusot/eoat ed

bet ween the control portion 506 (and/or the storage 508 if this option is
used) and the devices 502, 504, for exanple where the control 506 and/ or

t he stor age b vi de arl ants, he
interf a%: X %}E)e%ﬁﬁ 589c1§/5fh%§1egar81 or ogdgr}{l&afo} Qlllllé’ﬁln%gl{ fiXe gler}elg%urgmrg eyl H‘I o f

t he cont}fecgrowﬂfhbmdSOG and/ or stor age 508 |f elther or both are present.
Functionally, the control portion 506 is, |l e or part, the "brains" of
the opto- el Betoample.diabls I5dgws asimplg sable ‘ihf*t Gag b@ﬁ@%?ygﬂrfgr &aowcré@ps@ét to
the redyp [y made up
of the Rar d&%%g%%?‘é%é F oL RadER G er B B O Al B B e Y ™ o
exanpl eindimétdy, rasmh discrste @rag. iAsihfle btsttionsegeo desigilate thbcacmﬁedﬂviop, foupdat e

and/ or chanet red informat i.niti Ilzeth reprogramit
ol | owi FEPIFt s BUranCoRPHG Ao BV hE AP S PEER, HPFORT O The
cont r ol HaQEdrANeWickin BR gowy, Ocessor, for exanple, a m croprocessor
operating under programcontrol, a state machine, hard wired 25 circuitry
or sone conbi nation thereof MepeAdiress uphetivieH2evpeer {i cul ar i npl enent at i on,
the storage will be in thelformof static rdndom access nenory (SRAM,
dynam ¢ random access menof y (DRAM or M, or sofre formof read only
menory (ROM) which may be, [for exarrple a device such as a programmabl e
read only nmenory (PROM), ap—et cu rom l,cu Fy—pt ogr-an mabl e read only 30 nenory

(EPROM), an el ectroni cal | y-erasable-pst rrebt-e—+€ad only nenory (EEPROV),
99
a programmabl e | ogi c device (PLD), F‘? ﬁg nane a few The storage 508 is

accessi bl e byapibe showt bR kit@R4tiveQitrahSén e €orliderki@yiht eher RevE @evadd i@vhd he
active device in each group to be specified. Optionally, the storage 508
canlbe storagheAs winFable b can addregeepidentifia uaiquelyddenddiss theipagiculs gkaupp)

devi ces 12
R e g e S S L T e
renai ni dgvictemi thegroup and iveusgd augignify whetedhatldeviceisanpeeactivieabl e 1 shows a
sinple table that can be epployed for rmmc of deyice pairs. Each pair
has a group address or identGPiRAddisy |uh t&é?%?”‘iedenti fies, directly or 5
indirectly, each discrete group. A singl tXd s used to designate the
active device, for

TABLE 2
For example, a bit pattern of 00 would specify that neither device is active. Bit
15  patterns of 01 or 10 would indicate that one or the other device in the pair is active.
Depending upon 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
X1 Xo

TABLE 3



exanple, with a binary 0 representing the first device in the group and a
binary 1 representing the second device in the group. G oup Address Active
Devi ce XWO 03ABISI®» 1 Table 2 shows an alternative arrangen®ad/ifSo2/20112
identifying the active device in the 10 storage. As with Table 1, an
address or identifi er uni quely identifies the particular group. Associated
wiih that addeeSedele 3 00"l naRhRAtK BYRREGe UG, BB6D iPldivE g gesponds Lo
one device 1n e r’ou to si that 'device is to

be acti W@uld%@id@te@lﬁkkeesm AsideVe tHaproweis aXﬁoeJA IKABbEdchE@dte eathelteirda bi t
pattern of 00 would specify that neither device is active. Bit 15 patterns
of 01 oflevige l\ﬁ@ﬁ‘IlYP*F}‘ilcﬁ]cla‘f’%mfiﬂf&’tlcaé‘?\@ab‘ihetwlb‘iQY&e lﬂé‘iﬂ"@e inthe pair is
active. h e npof 11
could, for e?gﬁg% Hﬁggnﬁﬁga&ﬁ@%gﬁ g{ﬂg %O E&g’t‘% ces ?ﬁ@%%ﬁgaé‘%gécﬁ gl case
or choul dpsiticplay atvay bavingmwdividhabfoat éewd'@gxbepﬁ Ahdhwsndl abied Inmludes arangenent

for a chip havin u e up of f devi c h a simlar
o bi ¢ MRS TRATER S Inegob A RS PP e Beh P BEO i) Rary 1 s
used touéea%@&énﬁgi aﬁfchrﬁﬁa@@rv(ie%e IIQ}@?P M5ﬁ§ﬂ1e‘}ﬁinhéfg (ReYEHrR) d&iZ®
TABLE 3 7 WD 03/003 9 PCT/ US02/ 20112 exanpl e woul d indicate

t hat t haes Well as ah@varcle' fomthehemgmumqueamuhvsroua 01 woul d indicate the
second device in the—greup ' S ""*"'" “""" Hdieat-e—that the third

o% ¢
£

device is active afjd HOH gﬁ%ar?’n E'ag gal?'hat St ¢ 'Hdlevice is acti ve.
Tabl e 4 shows a nore8UHH exPDe¥FSHgeMENICet of REACH HgDFYISEL| of the active

devices in 5 a particular arxacv Havi Agtd ndj viBaBal [f daCodevi ce groups. As
shown Table 4 incldudes an |address as noted| above. |In addiftion, an

ei ght-bit binary ndgnber (XLXOAI AOB1BoClCo) |s used to idegntify the
particular |aser device in[the grqup that 15 the priimary (ji.e. active)

devi ce 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  and/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
particular 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.



as well as a hierarchy for the remaining devices in the group. G oup
Primary Secondary Tertiary Quartic Address Device Device Device Device
X1X0 AlAowBlBmossio TABLE 4 10 For exanple, for a particwcarvsagidoiess, an
entry of 01110010 would indicate that the second device (01) is active. In
t he event that device was unusable or failed, the next device to be

br ought on-1} I r. [ t devi il..the next
devi ces br ougﬁgT O{h%ﬁglllg?qﬁ;e&{éﬁél leegﬁ%ﬁtea?l%%%{e(f (%zt?bnlgaﬁl\ég(rbggr&igt%ﬁégp %I?ls‘%’mfngl | owed
by the bhfusible ixksaaacdoenpligh fleduadtidils of the centaslandiometoaigs. ways ot her ways to

identify active devices 15 and/or specify alternatjve devices, gi t her by

enpl oyi ng softS et oaREnSPIeRBIMER Do Heiupe sisevendilGnp e 8reatst defdat i ng
sone ot cdﬁ@&lﬂ&g&ll&gi’din% wth@gm@@s oPie ﬂg@hﬂ@ﬂ%%@f&é R8&for ptiidh @
T p) an I

uni que address (Irrespective S grou maintaining a list of the
addressedt fsonadehp ofl3@sedisidual detectorgamlihe laset pretior 6@ istnhasle uprod 36 pabreobr ought

on line ar providi ng space for settings r _each | aser, such a i as and
modul at Tegndazhfisst RsRBoTmane BTt FRrs ShB S Frer oo Lot vwested il o
and/ or §&fitd tchchbes 2 A9 tROSolps B detaritbPRomelath BESr bPeapRgARALIRYS 628,
invalid value to deactivale a laser. In an alternative i1 nplenentation,

i nvol vi ng nolmsadslitiqye thfeps ard @viibnblesatasdtlp batwachedjageniirewsof the pripest at e f usi bl e
links that can, be used to bring,a devi.ce on- or off-line.  For . ex | e,
each deVORRIRAYSFitc HFBeidReRdidns paig o rmlspmctiging fngsq §reas By REMPINL | o

bl oy SEmisbe ey Beydcapicd ByilNRBtof vehed whavelyidithaibhe those obihe Agiuad & aizoron

line, circuitry is activated that causes a particular link to blow and

r ender smekgenteseniaddifaqnal lasers af the sanag bive 2 Mstredundepirais adudppayededie  in t he

future, i i enabl ed to bl ow the remai ning |ink,
renderi%l{ésl{lg%fogé)é?géea%g?\gc f}%g A redundant device in the group can then be

br ought on-| FI@ 7ghobisawniopm-¢lberdnia tip 700 siknifaoto thixaif Ri@do nxeept thdethece in a
simlar nmanner. 8 WO 03 OQF%;‘Q PCT/ US02/ 20112 Still ather al te?B tive
i mpl emeftat liwérbg%g@teén%%ﬁ f figpretsrdedicst Wge PIFRFhIQIARKA YR 80U %4-usi bl e

Shose. o ae g Bl e L R e P 200, fown i n FI G 6 1n greater
detail and EHRR shostsecthgred@)y sindgr toshe ¢iep pf FEiopixesptdhaticheh indivadval on.  As
shown, L he 46 $ELRb 3L b 3 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 this 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.



5 604 is made up of 36 individual detectors and the |aser portion 602 is
made up of 36 pairs of redundant | asers. As shown, the individual |asers
606, 608 wi B/0gscoup 610 are separated by device trenches PéTAsandoiihe
groups are separated from each other by grouping trenches 614. In
addition, there are avail able areas 616 between adjacent rows of the paired

redundant | st s SRS LA RIS AG PR YR BEHIAfb s ar eas

may be whol | cclpie ase er "wavel engt hs

than t hegaenpés dhepdcadiuasiamér Patific iRplem@BatibaPWEERW bap@videanal | asers of
the sane type as the redundant pairs which have been disabled for_one

reason or anBlGdlA shows one &i6lianal sxyppls Ok p 6B EHEN AE RNy & selepiingfromy t hat
of FIG t d i j t

o AT g e, PO D i el
contai nthiedayhpleya coameinsdatdzignal 66urcd-1 182 i8 cofmmared 3o alhbPth8Mdbessi ItiOKam at o t he

chip of FIG 6 except that each indiyidual ro 802 i s now made up of
four i nEoupadsIshpys By onare latsss argomtheon. pf gl ‘%’f?cSvléa%(fgh?ptog 0 like the

devi ce wnngétﬁns’jsorbéléel&?&i(ﬂﬂ 1P8-NSor e @bnifcBRMRY ?slrlhserﬂéh BLOARh fItd wer AS

shown, the photodetectors are grouped, like the lasers of FIG 6, by 20
gr oupi ngpurceeNdBdor B0 Jasarschnd tleti laseadsitilemsélveso ThetosotrolrisfoamatiornOghehier bitn a

group e separate evice trenches 91Q. It is.hnportant .t.o note in
cpnnec?{’%ﬁg\ﬂf S-WS/ F@gﬂﬁg‘éﬁg“&g} Sapetly theggptr qt?é’“ﬁ?éleﬁ&p qg?%%‘%ﬁ”&’éﬂ'{olaﬁeét ectors
Wi | {0 r eudéifes ]%(Rﬁér. A itchakiveion® saediviatienal thdgvitiRedde catbedrehRcé®Rithact the
incident light fromone detector to the other detector in order to switch

bet weensal¢ton thasapseletrnay Pvepymoref the lgsars.can be def ocused or defracted so
as to be : nctgﬁgapgsﬁllg{avls lan&ﬁért flugc?tﬂ(}nal gx%.\lﬂp?ﬁe T a?%g@ﬁég%rfa{nga%?ﬂgﬁo%mngs use d

required. As e apparen owever, i ors ar

and no {wgtt moeded@rhhtitvicss fcomiget thb enveytidre M Vagintd eccoadind teethif
accepting the | osses due to such _defocusing or defracting because the
anount efammeiagagnal peuger 111415 pmpliiedby aeymbdssdéht aad ¢pngeted to the 1aseSocused

to pslay gr%rVigFg?ngﬁlg%r (ﬁfrqatot- Pcc?ﬁg%m%aesfgecgﬁ (Sfo‘?rl g8 dyhhe rcoﬁﬁecfiigﬁsg.ndant

devi ces a I tch anong ws a chip 1000 hav an
array 10Benmitipléxot 1106 dtheeleator dycamtroRbdan Dsiexleembnnet haklG.fHéAarray of FIG 10
I\A;l)cgg/pg(r)g%iSFf .U;ZLjrgg%uoglng}?_énoc\iNest aegotrr?rggnigzggﬁ’sy%cggeiﬁcl&(gg g an %gt%g)elgc?rronicgr oup. 9
transceiver 1200 incorporating the invention. As 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



Havi ng shown a nunber of functional variants according to the invention,
sone exanpl es of aspects usable for specific inplenentations will now be
provi ded.wBloG003b14A shows one functional exanple of a cireairtusg2/arnnangenent
for selecting from anong two or nore redundant devices according to the
invention. In variants according to 5 this exanple, a common data signal
source 11 .S n ed t 1. the | asers.1 i roup. As shown
two or TopaerSedrdB R Com/ef i el e SRES ikt i Bupftepie 15 °)
connect ElefEoni® ntéfwelies torivenfi®ral hanh@ 1 or nore connections) is inserted
bet ween the power source 1108 for the lasers and the | asers thensel ves.
The control PAveRagRoReY, fuhet weantsican begansiugied fraujompdgifaloven Blssdd)ysi s
used by : i i CAl 48 nPQver .
At er ot T B Relet BBl o ofe: dinble S RE ot b BRRE 0 L o PR S
sel et ogroubdB0¢ &msdd grdf tavoylasersel 302, Mieoopled kea taamos fibEt, Gr ekiBpEhoews
anot her fungtignal exanple of a cjrcuitry arrangenent fro Wo or
more r eciffdant ﬁ@@ﬁ_lc PSL ¥ eRUHYy 13(9%;% lﬁﬁ%‘ﬁfc"ingﬂ bothasgy ﬁ?ﬁf@@c ding to
this exaimligy h?()éde%?s' w56 id 2ty ARRldidd £6oRY &t &PRMd. FA 8nsdd 14 and
connected to the lasers 15 1106 via a nmultiplexor (for 1-to-1 connections)
or a sel3@R wpnitdre theloutmt df the astivelasonfoe exdrapls yia saifipbingthetdutpus powerdD6 or
selectoy, i.s controlled in.a sjimlar ner.to FIG. 11 Fl G, .12

Funct i ositRy SHENE wcuidoRh o LhR e PAILET N AL 35t ShishRet 8 o

t r angcema@mol BOPart HCAE RStAI leP P3G WUt iR dANY sHSwis fparitely he ptugﬁfs) &f ver
1200 includes a chip 1202 incorporating redundant |asers 1204 in

accor danederstprding. nEhe faylevaricentroliend 31Q isnsediodetermen thy acyvelapasheddds t hat
each palg. I r i l. t fi bher own,
opticaIk&%@%&ﬁﬁgggﬁTéégigﬁgggggﬁfﬁgwﬁﬂwﬁmgggyg JS% P@igﬁ?ggﬁﬁ%§§$ | i ght
from ei poi€srmahesef thd 2kér -+ i thizeageoutpit@oavet. oDEEERd fnighpon iRQGrtidutarot her
variants, other forns of wavegujdes, or m.crol enses gratiggs, fused

fi ber s, iBplementatien. 38y af ths reanyslilfereniknoys teshniies farlelepaining L a valisie Al 4 i ber |
thejpar;}.6 16 ' £ | i jng the
A e R R L A A e L S
1212 t hiogughlywhinphre th¢ samplée cad thsdsholdlva]uef atrigeencqpl be sdi i firaiwhdatle aplde
receive nd, sent.. endi ng upon the particular set up, the transceiver
1200 nagﬂgéekﬁh%hVﬁ%?gﬁe?O“convert received digital signals into optica
signals to ber b RRRPiltethe BSBF pANG Alls BERIVE tHel sPBEi Sed! BinitDr gBEs A8 the L0 @
recei ver 30 1214, which may be a standal one unit or be part of another

t r ansceilestied ringei gt lobrstvo de deacsivated i fagor alpaothicn taen iy tlsr granp vyingoneef v,

t he26 FapR gc':h\{l‘iaqrueg' rzlgt%d Bdvet For teQan?p e,da{s%hct)\%ll, the gari]l%{/esr @itroller 1310 is connected

to the storage 1312 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.
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control signals and/or receive the signals for use as in any conventi onal
el ectro-optical transceiver. Simlarly, the transceiver 1200 is
constructwo o3ooxes ect i ncident |ight received on 10 WO 03/PQ0360920112

PCT/ US02/ 20112 its detectors 1218 and convert that light to digital
signals that are then output via the electronic interface in a

conventi onal nner .. | Vi, t. var | S tructed
for autonati%ﬁag?%%J%ﬁgﬁgﬂ%ﬁgﬁggﬁgﬁigﬁ?%%@?%gﬁﬁfkﬁp%éUﬁ%ﬂ&gﬁ%ﬁ? f one
exanpl eemployt® wiithta@g tiieto faaseod@tides i.€.autfactadmittig 1adeepdistrébutéd @edbapk 1300 i s
made up of two lasers 1302, 1304 coupled to a conmon fiber, for exanple, a
"cone" GPFBX lasmie|Distsivyicd Prags Reflcirs @@@9 lasepsndios apy e Af PeotedateriEser s
1302, 1304. r I - [ j 1 : :

out putting aﬁgsgi“g@l@t\%ér?{ealvgrs h%%?%@%@g%?o%b%%%ﬂ%géﬁie{r%rlgﬁ% gﬁéﬁ%l%ltt}to rl’of t he
acti¥ve Itabeuld bt andextanptiat theabseangdscmygtidnhe oolytrppresepaiee obillustrdtevel aser when

in use, apd,feeds the result back to failqver control]er. 1310, which may
or 10 nEGOHIEERES. A DeOVHETEOA HEITFalEh TROBG £ RPHO R BREFTn Ehown

separ at flpyest i PAERBIEST Af posuibReRbELRY- smgleftﬁhtl tMBEs GRPHASPIRLr #RL0 s
used to é%ternlne I the active laser should be sw tched out in favor of
anot her irivastéon. | Fhet descriptionhap astertempitnd te oxipaugiayale enuheate dlltpostible

per f or mance. of aser - .in.this case ,output power. endi upon t he
bar t 1 cupaationsy Bt al B smbol s mER B Bt P Elen REBSRC BRIl "F o
det gg M fHeRBvdntion, HtahatGuiterahd@chbed dlfBiiatO@Embbdifbiits 3r biRBOG B Aatlas ysed. For
exanpl e, a conparator nmay be used to directly or logically conpare the
sanpl e tescabedpertpe May be awilablet isinggierbeccansipered adisclyimerqf tgwé dltemates anpl e
falls b . r l,d, e : S%QE i - owerafial s
bel ow tgllggé\%glglkpi Zts ib%atp B%egraéegégitcﬁlj%gio et ﬁgi?&%%%?%dg% l4r0?11?1rgéerftpt hatltl{lgser

w || betlddaehl scapedf ihe foldomaing ofairas)ahdethetsageequivalédie group usi ng one of 20
t he techni ques noted above. For exanple, as shown, the failover controller
1310 is connected to the storage 1312 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 |aser 1304. Dependi ng upon the particul ar

i npl enentation, 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.
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It should be understood that, although described |largely in connection with
an optical transceiver, the invention may be straightforwardly enployed in
an opticawotmamsn? tter 30 nodul e or an optical receiver mpdalusp2/ehier e bei ng
no need for any particular inplenentation to have two different types of
devices (i.e. transmtters and receivers) to be present in the sane unit
to use hﬂﬁ iann%?%¥. 11 WO 03/003619 PCT/US02/ 20112 Moreover, it should
be under sFoEE #HEY ¥ he i nventi on may be straightforwardly enpl oyed with any
type of |asel. deviA@epticalénoduld fong@istig:tting | asers, distributed feedback
(DFB) lasers, Distributed Bra Refl ector (DBR) | asers. and/or any type of
phot odet ect ofd!tipleaptical dgiiges. ddeasbine fitbanulinde erical dayisss sRating FCoBRRMD| es
enpl oyi i t i ;

doscr | prrisstRhBE il catl dr GO, R oREE I ARCo bR SRR B e 1
conveni being irafivitlindlyr seledable el vatoontkerd @sthe igpiupomdnas f ocused on a
representative sanpl e of

|1 possi.ble e di.nents, .a sanpl e that teaches
Lo princ pl BEOBTORhEoTp g ahi SRt PR BV BreRurt ik T on e lea i o
exhaust {,\ehYo FRLUTBERT BvPdpticROESARS B th¥ BFduBtw iR actit@dt v @I tiaée enbodi ment s
may not have been presented for a specific portion of 10 the invention, or

that further undescri bed alternate enbodi nents or ot her conbi nati ons of

descri bed portions, may.be available .is not to be considered,.a disclainmnmer
of those a|térnatihe8%%8@Fﬁ§ﬂ%§&°%¥“&aﬁ“ﬁgn&Eﬁ?3%?%?%Hﬂ?ﬁ%?“ﬁﬁﬁvn§Fa hose
undegcr ipeskseBhpekeRRéSs. are within the literal scope of the follow ng
clains, and others are equivalent. 12 WO 03/003619 PCT/US02/20112 Wat is

claimed is: 1. An optical nodule conprising: nultiple optical devices, at

et ining a ofoup, THaehtar mRRUSPH AT ARR IR bildh QTR efftHElers, oo

in the group 5 being individually selectable relative to others in the
group, and a controller, coupled to the multiple optical devices such that
the control | 8r cahheepied! moame@g cyim 2ryeheggin theslasers (BRI HELERPMEBVIEEs i n t he
groyp Wl be active at a given time. 2. The optical nodule of claiml
wherein the at |least two of the nmultiple optical 10 devices conprise

| asers. :

5. The optical module of claim 2 wherein the lasers comprise distributed Bragg

reflector lasers.

20 6. The optical module of claim 2 wherein the lasers comprise distributed

feedback lasers.

7. The optical module of claim 1 wherein the at least two of the multiple optical
devices comprise photodetectors.
25
8. The optical module of claim 7 wherein the photodetectors comprise top

receiving photodetectors.

9. The optical module of claim 7 wherein the photodetectors comprise bottom

30  receiving photodetectors.

10.  The optical module of claim 1 wherein the multiple optical devices comprise

lasers and photodetectors.
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3. The optical nodule of claim2 wherein the |asers conprise top emtting

| asers. 4. The optical nodule of claim2 wherein the | asers conprise

bot t om erwDto30361b | asers. 5. The optical nodul e of cl ai mPETWsez/2i1m2 t he

| asers conprise distributed Bragg reflector lasers. 20 6. The opti cal
nodul e of claim 2 wherein the | asers conprise distributed feedback |asers.

7. The optic no | ai h €4 - ;yg i ple
opti cal dev?ges gg%%?@%%ﬁﬁﬁgggééﬁgﬁ€3?@@£2§m@h“#§§§%bt c%ﬁﬁ%%gﬁ?gM%% claim
7 wher eadivhtien plienodieh deit the st leastprd sgtidabgevidescei vi ng phot odet ectors. 9. The

optical nodule of claim?7 wherein the photodetectors conprise bottom 30
recei ving photodetectors. 10. The optical nodule of claim1 wherein the

nul tiple optjsal tffﬁy'gﬁc%l H8ARE o @muhq%ﬁ&ﬁer%aﬂhpﬂmgQéiﬁhﬁﬁcwsaecé&lhm

03/ 003619 PCI/'US02/ 2 11. The optical nodule of claim 1 further

conpfi scinguitmenory configured to store activation information for the at
| east two optical devices. 12. The optical nodule of claim1l further
conpri sing redundancy selection 5 circuitry. 13. An optical transceiver

conprising: 13ul tiAplBribAIRLScivLéhplignglet ectors, 10 storage, a controller
coupled to the storage, and an interface via which an optical fiber can be

coupl ed to amultgdetasero of the |asers or at |east two of the detectors,
t he nunber of | aser ing unequal to the nunber of detectors, 15 the
st orage beinﬁu%%ﬂ?péﬁagﬁ’to identify to the controller an optical device,

10 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 detectors,
the number of lasers being unequal to the number of detectors,
15 the storage being configured to identify to the controller an optical device,
from among a grouped set of optical devices, that will be an active optical device,
the grouped set being defined by a grouping trench, and

each optical device in the group sharing a common electrical contact.

20 14.  An optical transceiver comprising:
at least two optical devices of a first type configured for coupling to a single optical

fiber;
an optical device of a second type different from the first type and configured for
coupling to a second optical fiber,
25  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.

15.  The optical transceiver of claim 14 wherein the at least two optical devices of

30 the first type comprise lasers.

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

lasers.
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from anong a grouped set of optical devices, that will be an active optical
devi ce, the grouped set being defined by a grouping trench, and each
optical dwoimmoiensthe group sharing a common el ectrical coarassn2/20129 14. An
optical transceiver conprising: at least two optical devices of a first
type configured for coupling to a single optical fiber; an optical device

of a second ffer fronlt fir confl d for coupling
to a second i%tlci ePP% fm%gﬂWﬁé)é%m Wﬁ¥§Bt@bgﬁﬁéFma §°H¥ the first
type bepRgihglatgd to each ot her by a common connection such that they can
each receive a single source signal and are individually selectable for
activation a given tine. 15. The optlcal transcelver of claim 14 mherein
the at | east e co ers.

The opti car ¢ Pans bt peftabfitieE T dheiqlicl ol frphafs P Eo iR i dEny B3

emtgi nBraéga@ﬁé(ﬁ@r 1440 03/ 003619 PCT/ US02/ 20112 17. The opti cal
transcei ver of claim15 wherein the |asers conprise bottom emtting

| asers. 18. The optical transceiver of claim15 wherein the |asers conprise

di stributed éBf%ﬂgof,ﬁéahﬁaas%vgf@g 1159wheTgagé %gﬁ g egxg%dof claim

15 wherein the | asers conprise ted The
opti cal fdedbarkdadeyer of claim 14 wherein the at |east two optlcal devi ces of
the first type conprise photodetectors. 21. The optical transceiver of

cl aim 20 wherein the photodetectors conprise top receiving photodetectors.

15 2. The oppi calpyt B?P&@ﬁ‘aﬂs%élvgxfoffdlz?ﬂnm42\9hé’i@1ﬁrtﬁé i LR RNOHIRAPERALRS

conprise bottomrecelving photodetectors. 23. The optical transceiver of
cl ai m 1theffrstrtgpacerhprisaphoiqoetectopt i cal devi ces

21.  The optical transceiver of claim 20 wherein the photodetectors comprise top
receiving photodetectors.
15
22. The optical transceiver of claim 20 wherein the photodetectors comprise

bottom receiving photodetectors.

23. The optical transceiver of claim 14 wherein the multiple optical devices

20  comprise lasers and photodetectors.

24. The optical transceiver of claim 14 further comprising memory configured to

store activation information for the at least two optical devices.

25 25.  The optical transceiver of claim 14 further comprising redundancy selection

circuitry.
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20 conprise |lasers and photodetectors. 24. The optical transceiver of claim
14 further conprising nmenory configured to store activation information
for the awolosmsici¢ wo optical devices. 25 25. The optical tcansozimer of
claim 14 further conprising redundancy selection circuitry. 15 WD

03/ 003619 PCT/ US02/ 20112 26. An optical chip conprising: a group of

opti cal deV| s arrangag Eor coupling to a single common optical fiber, the
opti cal deV| s bePABUSE CBP OBIPLS8sed upon an active indication, such that
one of the opLig@lof P4l Ggﬁcésrhrltahgecﬂﬂ'oi?b'&lﬁﬂnh'to E’@m?]& RainhotEoIRYI Ei6er 206
another of the optical devices in the group be a backup optlca

devi ce, ontiveal émwévem\scl@etabln@awd@ppa@n@pm@pndl@@ttorwmhctbatmpﬁéthelqmpa/h dual ly
sel ectabl e such that the ve dev ce.fai Y will be
desel ect@¥sah t%%upo‘ggbﬁeparbapctlvﬁgFV18eeV| ahoher P%%‘E OBP al% aé’sfm‘ﬁ?e ér%SPn pl ace
of te aql ba@bgﬁmp@@naeﬂ daviBEuhe agive devideMmdle ba&u%puarzhele@lpe beiag chip of
claim26 further trrgrl Si n& storage configured to store the active

i ndi cat ingrvidply syleetaplsishelnina Hi the agtiveldsyine SBlswie peiive denicegyiBbs dsselesed cal
devi ces r n the
gr oup o#&)&??’%&{fm& \%}?%ggv‘gé%&?%&mﬁ%@{&hg%é Etc;ere 2) fﬂg afclu gé‘ggetauﬁc}?‘r[‘&%:m p of
claim Z&tmhelleenca t he common connection is a substrate. 20 31. The optical
chip of claim26 wherein the group of optical devices are related by a
grouping trench. 32. The optical chip of claim?26 further conprising

nul {4 pl e fushhle 1Théé‘tS j@lehi %ﬁcl‘éﬂf?Q@'ﬂhﬁeP@o }?ﬁéu‘{ device is deternmined by a
state of at |east one fu3| ?e of creating an optical
chi p having stemgndamﬂgmi@mocsweﬂ@ractm@mdrcaam opt o-el ectronic unit
conprising: growi ng active portions of multiple optical devices on a wafer
usi ng a sem conduct or

28.  The optical chip of claim 26 wherein the group of optical devices comprise
lasers.
15
29.  The optical chip of claim 26 wherein the group of optical devices comprise
photodetectors. '
30. The optical chip of claim 26 wherein the common connection is a substrate.
20
31.  The optical chip of claim 26 wherein the group of optical devices are related
by a grouping trench.

32.  The optical chip of claim 26 further comprising multiple fusible links and

25  wherein the active device is determined by a state of at least one fusible link.

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
30  matenal,
processing the wafer to create complete optical devices,
patterning the semiconductor material to create individual optical devices,
grouping the devices by forming grouping trenches in the wafer around sets of at least

two of the individual devices; and
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30 material, processing the wafer to create conplete optical devices,
patterning the sem conductor material to create individual optical devices,
groupi ng woa3dessices by form ng grouping trenches in the waftarsoaecund sets
of at least two of the individual devices; and 16 WO 03/003619

PCT/ US02/ 20112 connecting each of the at |least two devices to a control

circuit such that, e received b he at t wo
Govi oes bur | eomReC RN BLe X et Tt b R a Bty i £Se ORE s Smofintayy

lleast tym glaub&Ge l‘)}naﬂyhtﬁF tHE fUBast KA ddviced BuBlik cHBnd@\datBwilPonty be RiRIleEET hod
of claim33 further comprising: storing data that identified the device of

the at beadevicewof tdie\at It tiv deviecsgn dhgsroathal is antapveadaviafe devi ce. 35. A
met hod of recovering froman optical device failure in an optical nodule
10 having multiple optical devices, conprising: identifying which of the
mul t3 pl e opt 3£al WY efdios cRiM3S Kuthdroomprifiag! ed optical devi ce;
deactivating the fail ed optical device; and activating the backup opti cal
devi ce. 15 3801'1%éat?fél!%éﬂf%ﬁe‘b‘lhﬁldﬁ’i’lssof@F@h@?“éﬂﬁﬁ?]’@?sﬂﬁ thegrRpp 81t iy an

out put g{i§n$@§ cd0 identify the optical device failure. 37. The nethod of
claim3 erein the identifying further conprises accessing 20 data in a
menory correlating the optical devices with activity information. 38. The

met hod of claim 35 wh t he de ctlvatln es .changi ng a .val ue,
nesoci ated vt « AP BeERER Mot GRS R e o4 Rongy G o4 Be e
met fipd Rivigd Aulpteophal &vices h@nfRAglg vati ng conprises blowing a fusible
link for the fai'l ed optical device. 40. The nethod of claim35 wherein the

activating cisleptifyseswhichegthegnultiplgloptcal davisercis atbeckupi foha failsdivatitalp opt i cal
devi ce stored in a nenory. 30

" dev
deactivating the failed optical device; and
activating the backup optical device.
15
36.  The method of claim 35 further comprising:

monitoring an output of a laser to identify the optical device failure.

37.  The method of claim 35 wherein the identifying further comprises accessing

20  data in a memory correlating the optical devices with activity information.

38.  The method of claim 35 wherein the deactivating comprises changing a value,

associated with the failed optical device, stored in a memory.

25 39.  The method of claim 35 wherein the deactivating comprises blowing a fusible

link for the failed optical device.

40.  The method of claim 35 wherein the activating comprises changing a value,
associated with the backup optical device, stored in a memory.
30
41. The method of claim 35 wherein the activating comprises blowing a fusible

link for the backup optical device.
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41. The nethod of claim 35 wherein the activating conprises blow ng a
fusible 1link for the backup optical device. 17 WO 03/003619 PCT/ US02/ 20112
42. An opwioaaslooienanscei ver conpri sing: a nunber of detect ®cyyusaz/ounber of
transmtters, at |east some of the transmtters being redundant for others
of the transmitters; and 5 a controller, coupled to at |east the
transmtters, that conhrC%Is which of the nunber of transmtters are active

transm tters4 'nd VA\)F?iO ftratnﬁcee“ﬁﬁﬁ%rgpn%%:t ransmtters are redundant

transm ttersgnfidberldicaidrgal transceiver of claim42 wherein the nunber of
transmtters is at 10 |least tw ce the nunber of receivers. 44, The optical
transcei ver @hugbgs ohtrppsittareiahleasi somapbiie tensmitigrshaing wdyndast Bggiers t o t he
nunber r i . 45. The optical transceiver of claim42 wherein the
number gﬁthte‘r%%ﬁésr}r{ﬁ%{efsé?%éis three tinmes the nunber of receivers. 46. The
optigal tranaeentvsler,abupledittratdasniiert@inimitiess thaurdoatrofwHictashe hivabsr ofs f our
times the nunber of receivers. 20 47. The optical transceiver of claim42
wher ei ntrRFEUHERHSET achve {rangnaitiesiapd whichphihe swabegof trepupitieiisrgiedupdant 48, The
opti cal tr%s%ﬁ%‘@i ver of claim47 wherein one of the two groups conprises 25
two | asers. 49. The optical transceiver of claim47 wherein one of the two
groups conprises three lasers, and wherein at |east one of the three

| asers is a hackup,laser. 30 50. The .optical transceiver. of claim49
wherein exactly ofbe §piahuaRnPeE Tdurci ChereuR b RERS S a8t B ™ e
opt {gal 1dabBRsEahdy BimBér FlradeMeid Wherein exactly two of the three | asers are
t he backup | aser. 18

44. The optical transceiver of claim 42 wherein the number of transmitters is equal

to the number of receivers.

15 45.  The optical transceiver of claim 42 wherein the number of transmitters is three

times the number of receivers.

46. The optical transceiver of claim 42 wherein the number of transmitters is four
times the number of receivers.
20
47. The optical transceiver of claim 42 wherein the number of transmitters

comprises at least two groups.

48.  The optical transceiver of claim 47 wherein one of the two groups comprises

25  two lasers.

49. The optical transceiver of claim 47 wherein one of the two groups comprises

three lasers, and wherein at least one of the three lasers is a backup laser.

30 50. The optical transceiver of claim 49 wherein exactly one of the three lasers is

the backup laser.

51. The optical transceiver of claim 49 wherein exactly two of the three lasers are

the backup laser.
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WO 03/ 003619 PCT/ US02/ 20112 52. A communi cations network conprising: a
first transmtter conprising a nunber of usable channels, a first

recei ver ,warnd/oeopt i cal fibers connecting the first transm®cCrtusn2ait he
first receiver, the first transmtter further conprising multiple |asers,
at least sonme of the nultiple I|asers being selectable as either active

| asers or backup lasers, the multiple | asers being controllable such that,
if a specific channel is in use by an active laser and a |aser failure
occurs for that chamomehynicatioesvetdark cdnamesingzan be substituted for 10 the

active Iaser nd, aft r the substitu he .s i fic channel can be used
usi ng the SRy tgggc}mprgsgng FhEn ?frﬂgﬂﬁqtb&ea‘fl? BH net wor k of clai m 52

wher ei n the gqﬁ§qakh@p%ﬂutter further conprises progranmmabl e | aser
sel ection control. 15 54. The conmuni cati ons network of claim52 wherein
the §i rst traptm fibers comnrectieg the dostiransaiter toaths firstreseiveni | ure det ecti on

Zﬁ?i(r)r;t i o zg‘%efgftl [ rr1]1|1 fer trf\érﬁ}e{ cé‘r%%’l‘é?ﬁg m%]itip(itla f%xiséps,Sa%lJa&rs%Ql%rof?l?enB{du%ﬁeng an
lasers being selectable as either active lasers or backup lasers,
the multiple lasers being 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
10  the active laser and, after the substitution, the specific channel can be used using the

redundant laser.

53. The communications network of claim 52 wherein the first transmitter further
comprises programmable laser selection control.
15
54. The communications network of claim 52 wherein the ﬁfst transmitter further

comprises transmitter failure detection sensor.

55. The communications network of claim 52 further comprising an automatic

20  failover circuit.
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