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FOR BROADBAND COVMUNI CATI ON SYSTEMS AND ARRAY OFSAME FI ELD OF THE

| NVENTI ONWB 03loi4d10 nventi on rel ates generally to the fi el dpraffi/CA02/01746

tel ecomuni cations and in particular to optical signal based

t el econmuni cati on systens. Mst particularly, this invention relates to

| asers, such as sem conductor diode |asers,.for generating carrier signals
for such optical telecommunication systens. 10 BACKGROUND OF THE | NVENTI ON

Optical tel ecommunications systens _are rapidly _evolyj i ing. In
such- syst ens Titldi \SWRBEACHt i%\&ITTdNﬁri &F R d'FA%ERaI‘ §\?Rggqg{]§§§jn¥ac% t hen
nodul ated to VAN Wel1® HRAE Vs tﬂh BiARAY OFSANMEN
mul ti pl exed t%@%¢% wgehlr!;élel‘ervl\g\?gFengt %EA\?}I sion multiplexed (DWDM
signals. Inprovenents in optical technology have |led to closer spacing of
i ndi vi dual signal channels, such that it is now conmmon for 40 signal
channel s to éﬁﬁ&&ﬁmﬁw&ﬂoyed in the C band, with 80 or even 160
si mul tanequs i gnabyichanifb bibdGererlNBdneARiEtk tabsmMpTdIoNg {0 be
e. Eac ignal “c

depl oyed i'n the near futur annel requires an optical signal
carrier sourcgndind partictler ¢ooopticsl cgighainbased telepemmunicatiafy systae® is

typically a |laser. As e _ nunber  of i gnal ¢ n W RARESH t he
nunber of si gH&pt eaﬁwu%?'y, g’ﬁ%l‘@@é‘t'ﬂeer%e\ﬂ%l?%gaﬁeﬁ%’r %g@‘egé %EL ' % Ler , ?Ogs

optical netwofkg.Pushedd GHE Waichekatig t Rarikit asigaase fopngsduiul dpticklbones to
the data-1ight edge or end user connections, a vast nunber of new network
nodes are neflEmmmponieatiorasystem@ch with the nultiple signal carrier

sources required for DADM As well, the cost of supplying signal carrier
sour ces ones an issue as a function of data traffic since the data

density is | eBACKGRGUND /OB THE INCENFION t he network one is. A nunmber of
different laser sources are currenily available, TheséaI i g\%l\lf%e Vaanraj ous
forms of fixed, swDptbablelecammunications systems are rapidly g
improving.  In such systems individual optical carrier signals are
generated, and then modulated to carry information.  The individual
15 signals are then multiplexed together to form dense wavelength division
multiplexed (DWDM) signals. Improvements in optical technology have
led to closer spacing of individual signal channels, such that it is now
common for 40 signal channels to be simultaneously depldyed in the C-
band, with 80 or even 160 simultaneous signal channels in the combined
20 C+L bands beginning to be deployed in the near future.

Each signal channel requires an optical signal carrier source and in
telecommunications the signal carrier source is typically a laser. As the
number of DWDM signal channels increases, the number of signal carrier
sources needed also increases. Further, as optical networks push

25  outward from the déta-dense long haul backbones to the data-light edge
or end user connections, a vast number of new network nodes are
needed, potentially each with the multiple signal carrier sources required
for DWDM. As well, the cost of supplying signal carrier sources becomes
an issue as a function of data traffic since the data density is less, the

30 closer to edge of the network one is. A number of different laser sources

are currently available. These include various forms of fixed, switchable
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WO 03/ 044910 PCT/ CA02/ 01746 or tunable wavel ength | asers, such as
Fabry-Perot, Distributed Bragg Reflector (DBR), Vertical Cavity Surface
Em tting Wa9ens$190/CSEL) and Distributed Feedback (DFB) desrgm®2/o0C46rent|y
the nost comon formof signal carrier source used in tel ecomrmunication
applications are edge 5 emtting index coupled DFB | aser sources, which
have good performance in terns of nodul ation speed, output power,
stability, noigk tamblgiwavelengib wspr; estlomsr Babry-ReanSRPIstiibutaddBragen, by

| : ' . AR Can,
commni ot on WRIERBhIPRE)” FEHiel LRI pURRREdDLEY HhSER (FCSRED ar
refers to the prsomaittd FledbAciOb-BRASSIENS O Cimemtily e hdst EBRASIIPIIM of

| ongi tudi nal nodes having different wavel engths at which |asing can occur,
of whi ch one isigngbradierysogees used Entelecpmetnnatipg applicalBvBRat®Msideses a

causi ng more ponming Sidsd Atl-i PERFaRBESFUEES, BRER Ao R SETGHadR S
havi ng the effiacternfs bedasduigtickb speedscugblk Hewer, tdigbilityd amiisee dindodiie

emtting power at the wavel en%_th of gnot her DAWDM channel . A drawback of
edge em tting MPHeppressigghiatio (PR s In addiien, by selsetng SnaprPERrAe t he
formof a shor ' t i i i ' l,O ]
differing di veér%@%@gegﬁtgfe@%ﬁéytagqt I%\%%gscﬁn%@ﬁ',a%éé@pﬁfp em% (lgi? Iqt ﬂévge\ﬂ%hgmsng
area, which recan besreadiyproduaeder trethis set@ecBMPRerdfais i theapraperly si ngl e

node fibre, Th ecessary techni ques are i ffjcult and can be |oss

fesal ting T |G Pdasas leive o RucBrosely Toashili shefesdiine ditathce
once finished gRdelchgiR SAwhRhtIASING! Rirfoc&98f WHidH bRE iR itaARCdSsiRaY €
several fundanental “characteristiCs that make theminefficient to produce

and hence nor eand thex pthesiis/ sot. MBMS K penipfisealal measuregy theidisgrase tof wiitpe
emtting DFB If%sersd are cur(ientl%doroduc d, si rrultaneouslg an a tsi rb%{e 4
waf er. However" 'S HE e@'f%‘i dNtE P PR ’emure‘t Pﬂld)s"ﬁ:én?r é)rogve(i % "% hose
whi ch neet t hedideféd @tto the Preferredt Motie SWRAE fHlsAhh@ng the Bffatinetrddueg? gi ven
waf er can be |low due to a nunber of factors in the final fabrication or

packagi ng 5t eprossdalsfeamithe andgsires ceode emitingtprwerrati thiravayelersth ek er
must be cl eavegn&érer DWEM Bl Snel. THE dFAEENA 8 S4EE enlitting T5EB 119 PYERaPY an

end-fi ni shing step,
sources is that the beam shape is in the form of a short stripe, strongly

diverging in two dimensions with differing divergence angles due to the
small aperture of the emitting area, which requires a spot converter to

20  couple the signal to a single mode fibre. The necessary techniques are
difficult and can be lossy, resulting in increased cost.

Although they can achieve good performance once finished and
coupled to the fibre, edge emitting DFB lasers have several fundamental
characteristics that make them inefficient to produce and hence more

25 expensive. More specifically, large numbers of edge emitting DFB lasers
are currently produced simultaneously on a single wafer. However, the
yield of viable edge emitting DFB lasers (i.e. those which meet the \desired
signal output specifications) obtained from a given wafer can be low due
to a number of factors in the final fabrication or packaging steps.

30  Specifically, once formed, the individual DFB laser must be cleaved off
the wafer. The cleaving step is then followed by an end-finishing step,

most usually the application of an anti-reflective coating to one end and a
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nost usually the application of an anti-reflective coating to one end and a
2 WD 03/044910 PCT/ CA02/ 01746 high-reflective coating to the other. If
symet ri cwomani4rys (usually anti- reflective) are appliedPca/dxehi®arf aces,
then the two main nodes of the |aser are degenerate and there no a prior

di scrim nation between nodes, |eading to poor control of the SMSR and
therefore poor single node yield. 5 The asymmetry i ntroduced by different

end coatings ighpefd@iva dsatingl & Bieestper.t af epmnmatde aatings fesuaiieanti-t hus

i mproving the SMSR.  However, even though si ngl e node operat,ion itﬁ

i nproved, t heeflactiledrmyerappiedttaedatirsurfases. e stf‘?lt}"’oamﬁﬁ'he‘told‘c?ﬁ dtEhe phase
of the grati where, it t : ot bnGAYHEY, -
Uncertainty ﬂ%s?rh%rep%%%eenvé’?%&er%ﬁﬁ\\eéggTg %{}H@F}g&%ﬂg&'\}%tﬁ]&g\ g?@fpé Pesul ts in poor

control of theadiipgi tbHowr'cehtobsithe SVISRefrf thetefoss popr sidgleatode vietd-s way
general ly have poor single, node

yield, wavel ength yield, or th.and are
not opti m@l fbhe uayymme tragpsed nRY %lﬁef‘?fgo?f‘ nPO% cthegqs Bﬁeal\%
fabrication o 1 tting I f F sthd@timbRsvihdgsge SRISRNI Yy be
tested by inj érgﬁjr%gcgrqguiobgnﬁ%t 8@§ﬁetﬁ?a%ti%ﬁg’ _ce}vilrtn$ af tggr the | aser has
been conpl et eHywkiver, sived, though sitiggmotie @pienaiont is dmpravedathecwayelgngth

d-coating. Thi ds the jneffici f L gldh th
vt er e o ohineibAeR Rt bapgtee SRR aBp STfidgrel ¥hEVER MY 1 20
Desi gns i nt ended 4@ af e &3 6f iHaGa¥lAlitp! Uricaghintyiiitheasigsse intodudaty DFB

| asers have been proposed, nost notably by |ntrodu0|n? a quarter
wavel engt o phiagehehileaving step tasuits dnopoarheontsaleef g, ilasiNG HVAH thyi t h

anti reflecti coati ng both: facet. f ' | ff
rom spat i I POPETat: AERE RORBENR s ha7 el ndvy poph Siigle bt TErs
25 region of he PRas@eRbiH Vield horsbbthnaine drbenatubmptimalpfonesseoin DR¥Dlevi ce.

Further, the Taser 1s very sensitive to even small reflections fromthe
facets, addi ngysiessurce of instability and difficulty due to the need for

T e oo PRSP R B RAAES ishen a8i oy DR s o

15 is that the laser can only be tested by injectin“g a current into the lasing
cavity after the laser has been completely finished, including cleaving
from the wafer and end-coating. This compounds the inefficiency of such
low vyields from the wafer due to multimode behaviour (poor SMSR) or
incorrect wavelength.

20 Designs intended to increase the vyield of single mode edge
emitting DFB lasers have been proposed, most notably by introducing a
quarter wavelength phase shift in the centre of the laser cavity combined
with anti reflection coating both facets of the cavity. This structure suffers
from spatial hole burning as a result of the intense field generated in the

25 region of the phase shift. This limits the output power of the device.
Further, the laser is very sensitive to even small reflections from the
facets, adding a source of instability and difficulty due to the need for high
quality anti-reflection coatings on the facets.

Other methods for lifting the degeneracy of the modes in DFB

30 lasers involve introducing an imaginary, or complex, term to the coupling
coefficient. One way this has been achieved is to fabricate the grating

within either the active gain layer (a so-called gain-coupled design) or
3



30 lasers involve introducing an imaginary, or conplex, termto the
coupling coefficient. One way this has been achieved is to fabricate the
grating WwDtobiomoed t her the active gain |ayer (a so-call edPgaianociougs ed
design) or 3 WD 03/044910 PCT/ CA02/ 01746 w thin an absorbing | ayer that
is within the optical node field (a | oss- coupled design). These designs
have only recently been practical due to advances in the required

sem conduct or Witim iaratbsorbirer henjegutbat iBotithirgdihe opdicdl huste dekip(adosSFB

| nduced by ¢ heLPEAISROBE oIR8 Gerinasaue ol therbty Becninerlid RGSHbon
singl e node y'a‘?i(y‘éncé‘ffﬂtﬁ%@gbi‘r@@‘é’eﬁ'ﬁ&ndﬁ%r!féﬂffdé‘ﬁ@ﬁ t86hniGESNOBEM ddine. they
can be nodul ated at higher frequencies). Gain and | oss coupl ed designs

still, howeverand legsicoeptedel Bnigsarsdextvbit angjgnificanidy rédusedssansittyitg tohe chi p
can be tested., As |1, the.emissipn..s still fromth 0

coupling into tgefr?%&%nrpg]@épdgméce& g}ﬂltlé?nCFé@éﬁqg %tﬁgfafc%’%grﬁ]ss%ﬁ%ﬂggﬁ%ﬂgi ngl e
node oper at i onpNaiREIRighOSTRGIRX mddeUPleld) thdregeb Beswideh)i av@dmbyovesi Bg a
second or higher order grating ins ead of the more common first order

grating. In tHesperse die. dheycandoe aiasiiatgd Htilighen fleavenrcies) ngaimandt i on
| f th f f otk ' i ff , th
| {feing the ddginepifo8 adr s 3AF bevst. SRl SRy ahd Tt Rs: thus

descri bed by Racdtadarfiraake@hip €an bk téstedy Astwell, B emlssi@udsstilnfrdrhelee r on.
vol . QE-21, pp.,B 144-150, Feb. 1985. Wth an index coupled second order
grating, tlfe <5 and eplingdntera fibee regaaingambeidem s dual -1 obed with a

m ni num at the cent i | & m@? SHRPHEBRAR/NRSBpIER this
i nstance i s a si ngl%ﬁh%ﬁﬁgﬁéﬁgﬂﬁ}ﬂkﬂﬂ ll‘eOfI engpea@e 3?“@% he c%ntre of
the cavity. Naomptihgithavbebgamoaichieved b@ausisg @anséddoe on higher lordér gatingns but
I's asynmetric i al ong

e o e oA el g Pl 0 B B 1T
laser. This | ajtigr grReg, thhrdIRY REiBRIEIJsSifAdm ttRe Rrfze8tofane!lagatisons, is
perhaps even nore Critical in the field of telecomunications because it
,more cl 0dél y difierentfor the s atiesmihus liting dhadeganssacya pedirgsultiog ia si ngl e
mode opti cal fsiirt1)g;rlg rr%]ge %%Bre;[t%%f %fsocfeescﬁged by R. Kazarinov and C. H. Henry in
IEEE, J. Quantum Electron., vol. QE-21, pp. 144-150, Feb. 1985. With an
index coupled second order grating, the spatial profile of the lasing mode
is dual-lobed with a minimum at the centre of the laser cavity. The
20 suppressed mode in this instance is a single-lobed Gaussian-like profile
peaked at the centre of the cavity. Note that the profile is Gaussian-like in
both directions but is asymmetric in that the Gaussian width is in general
much larger along the axis of the laser as compared to the Gaussian
width transverse to the laser. This latter mode, while being beneficial to
25 most applications, is perhaps even more critical in the field of
telecommunications because it more closely matches the mode diameter
and numerical aperture of a single mode optical fibre and can therefore be
efficiently coupled into the fibre. The dual-lobed shape can only be
coupled to a fibre with poor efficiency.
30 Attempts have been made in the art to alter the laser such that the
single-lobed mode of surface emitting DFB lasers becomes the dominant

mode, but without much success. For example, US Patent 5,970,081
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efficiently coupled into the fibre. The dual -1 obed shape can only be
coupled to a fibre with poor efficiency. 30 Attenpts have been nmade in the
art to alwerpimid aser such that the single-lobed node ofPCIuUrAv20€74€m tti ng
DFB | asers becomes the dom nant node, but w thout nmuch success. For
exanpl e, US Patent 5,970,081 4 WO 03/044910 PCT/ CA02/ 01746 teaches a
surface emtting, index coupled, second order grating DFB |aser structure

that int rOdu‘E@?:tr%sansﬁﬁ'fa%@i EmittingOirides teasledcaetond lnyder gratingoDFB
constricting the shape of the wave guide cavit in the mddle

such that t héasleaﬂnmgtum(ﬂ@tii@tr@di@%r%pbﬁ%éhiﬁdﬁ%di‘%Hi?ljcetércga%&g%mgﬂn%de. 5
Che” desi gn | Slaensiiofiylne SraBof I pteidde Laf) i duriitne Ml el o
e pase 10 Rhitat Relauhyhmidgiltholgreforgt appronely aesish ol

coupl i ng 6oeffhigimathodis tjiﬁfé',ﬁwtnt@egi/mg%'ﬁ‘ﬁ%gu@g?gh%%ﬂ}? r@f&i“hﬂwg@%%eéﬁ%vesi gn 10
lead to a | O\t,%hgo(#%\ri/qi fee%rfﬁ' _tt'%e? zc;’%t{a/fi‘&%g@ﬁ c‘fi’eéthe?‘%gé@ﬁ@étidh%' seldteghtot Aneshol d

current for Patent 4,958,357 directly introduces
a phase shiftinérease hurdpatiel émile t burging rideshe oegioad of skeomhaseddhifyr at i ng

DFB. | ith simlar difficultj i ng, i | ff

wa er - oval LatTHamOras i awph HIEEBRY of! 13 dediatay PRI RR A8 o oce™

em ssion, -t hi & RfthGRoeicRRf b n IFRERLGUDISA verdusl owgin opled Besignl t 1o
r |

buil d and even lcult to control. Due to a cusp i_r?bh{le opt.i cal
i nt ensi t yioat lehe to aclai power froththepsiagaces Bs welkantelalivaly g rﬁ?'ﬁ‘adr esul ts.

Whi | e various sch s,are . proposed to mtigate spatial hole burning these
add conpl exi t%}“%g%erﬁhﬁévfg' event are not successful. Thus, scale-up is
limted, by spatiagifighg, UBW4teAB4,968!357ddrattlytifteodueks eopimsel shittimas fi el d,
an exanple of a surtface” emtting DFB | aser structure ii}ﬁfE?Lfnd I n. WS Pat ent
5,727, 013. Théwfaset emtting e inslexs cauRlpH glsecPR® RII8Y Oraling PRy | aser

}c(r),r agr ggggir B?ﬁé‘ll AP UHEL HEERsLIARY WS BufdRiPiPofbraister-edaiahtiog ahg written
15 an elimination of facet-cleaving due to surface emission, this patent
teaches a complex structure which is difficult to build and even more
difficult to control. Due to a cusp in the optical intensity at the location of
the phase shift spatial hole burning results. While various schemes are
proposed to mitigate spatial hole burning these add complexity and in any
20 event are not successful. Thus, scale-up is limited by spatial hole
burning.

Outside of the telecommunications field, an example of a surface
emitting DFB laser structure is found in US Patent 5,727,013. This patent
teaches a single lobed surface emitting DFB laser for producing

25  blue/green light where the second order grating is written in an absorbing
layer within the structure or directly in the gain layer. While interesting,
this patent does not disclose how the grating affects fibre coupling
efficiency (since it is not concerned with any telecom applications). This
patent also fails to teach what parameters control the balance between

30 total oUtput power and fibre coupling efficiency or how to effectively
control the mode. Lastly, this patent fails to teach a surface emitting laser

which is suitable for telecommunication wavelength ranges.
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| ayer within the structure or directly in the gain layer. Wile
Interesting, this patent does not disclose howthe grating affects fibre
coupl i ng wefoBiogisemcy (since it is not concerned with any Peraxonmo1746
applications). This patent also fails to teach what paraneters control the
bal ance between 30 total output power and fibre coupling efficiency or how
to effectively control the node. Lastly, this patent fails to teach a

surface emtting | gRes resbhty bBedpid dblve Hesn trabde owmintiatiate overigglel engt h
ranges. 5 WD 03/044910 PCT/ CA02/ 01746 Nbre recen attempt s .haye been

|y, )
made to introeaMly swfagecamitieg iasprs(VEabEseWith _”%QB%? t§‘”'€ ERISHC0i ¢t h
perf or mance S@%%@y‘wg{atiﬁng fielf! %ﬂ?mrﬁ&%'% gé&h dinsabédsshlitferat s have

been unsucces nunber "of Teasons. Such devices tend to suffer
from a diffichbipet rofSrdabnscasSiuch didces temd: toasyffdrafremed diffiaudty uine

required as well as a lo ower output due to the very short n f
ga?gl nedi ul i f?qriﬁ‘éﬁ‘é'&\ﬂ%%%o @@H:j@?gr@g\/%{lgptpge éqog)éregy%%l\j\g,e eaéo% %iwg;hgr

noi se and br Oﬁg%r 'ohgfw' dlidto trﬂé‘%@r Sasteleddth oM gt rhédiisintthe davatgsmi ssi on
di stance of the signal from these sources due to dispersion effects in the
fibre. 10 SUMVBRRSHOR Thidity SVEsG|0sbwiset ofi Bighere neisei and bsaadeadisewiftht i ng

| truct ich is both .suitable for t. i catio i cat i
and whi ch avolge BiRadab fagrith yits S snsisSh RN F P SERePRBY o8 | o
needed is a | gste sJuUrbES HUE td BispBRich Efiect8Mdlthd fibreont rol | ed precisely and

efficiently to permt fibre coupling and yet which can be made using
conventiom@l |ithographic techniques in the sem conductor art. An object

of the present,,| | ide a | owcost optical, signal source
that is capab I Nl suitable for use in the optical

br oadband t el ecomymgtakirrsiedls 3 gurfdce amiitng Mxssr struefure atitigh dsibbtha si gnal
source would be in the form of a_sem conductor |l aser, whi,

h
fabricated us isldﬁafééﬁQétﬁ'@Qﬂﬁ‘é‘P‘@@éWi’%ﬁ%@@BPnﬁﬁﬁg ?@Pl"ﬂ@slﬂg‘gﬁﬁfj%ﬁses and
yet which would tﬁg\r/p?riorhérg.heﬂllo)‘é HaPfeuldIRN Wk i€ MeddReNY gUBSeraBfutiks can be

produced at a’l owe o
15 where the mode is controlled precisely and efficiently to permit fibre

coupling and yet which can be made using conventional lithographic
techniques in the semiconductor art. An object of the present invention is
to provide a low-cost optical signal source that is capable of generating
signals suitable for use in the optical broadband telecommunications
20 signal range. Most preferably such a signal source would be in the form
of a semiconductor laser which can be fabricated using conventional
semiconductor manufacturing techniques and yet which would have
higher yields than current techniques and thus can be produced at a lower
cost. It is a further object of the present invention that such a signal
25  source would have enough power, wavelength stability and precision for
broadband communications applications. What is also desired is a
semiconductor laser sighal source having a signal output which is easily
and efficiently coupled to an optical fibre. Such a device would also
preferably be fabricated as an array on a single wafer-based structure and
30 may be integrally and simultaneously formed or fabricated with adjacent
structures such as signal absorbing adjoining regions and photodetector

devices.



cost. It is a further object of the present invention that such a signal 25
source woul d have enough power, wavel ength stability and precision for

br oadbandwomsuviicat i ons applications. Wiat is al so desir @dTiGA02/01746

sem conductor | aser signal source having a signal output which is easily
and efficiently coupled to an optical fibre. Such a device would al so
preferably be fabricated as an array on a single wafer-based structure and

30 may be integraly y, B fehtiié lANRE Wibderht anvardionr relatbsitoatfidentied imdj acent
structures such as signal absorbing adj oi ni ng regi ons, an hotod? ect or
devi ces. 6 Winaduifodweng. AQE &xoer dhg geimbek @ t@fé@yqdeéﬂgjfag Urefre %‘?esent

' ti | at flici ' | . | 1, t nmb
of arrayed signar tohfeed A LBYERulTalPRRLEHAH, Thus TOF ) @BR; DAy furber

fabrication. shiuse alf'er/ e at 8 Viald oy 98%opercsoure ayill foubducsaararay a yi el d
of 98% per source will p

roduce an_arr 5 fabricagi yield of .0 45%
Thus, i mpBov dabrieaiionc sield rPfyP'é'Ndéf’%’r- ea?{*i“l‘ﬁ:)o'f“i%(ﬂi’e‘iE cfggﬂg‘?t'o@f 4 feéﬁise%{rgar ray
fabrication. A fur r o ' @Mon is that each | aser source of
the array ca{ﬁ\pﬁ)ﬁabg@ ?@%@%@%F r,abﬁgfte usefully, to different
wavel engths and nwstirtirehspedtiof the ineerdionanigt that wachilasemeource of the

tel i cat i i gnal 10 _bands. Most preferab ' | d
al S0 pr ovi de 8T8 Al deaset OdBeEs o'rBre weoiani AR WERIEEEE Al (o
al so hel p the,dj Q{o%t @Pérembf&gto Qi eRingif WRhinfHEtBRICORURLNIsatins signaloul d

have a built in deteCtor that, in conjunction with an external feedback
circuit, woulsars. uMest foefefable sushwveeHevige wauldialep BreVide ghaimiieidifenance.

15 Therefore agc irggiéﬁgﬁqowgcc&hr Sitaﬁfé’?ﬂi@}grsﬁnat' BE NS5 ngégﬁ@&émiﬂbher.e is

provi ded a suf aser conpr a sem Conduct or

| asing struct yfigicRaKsNIF@herichea dayies, couphaed a blittddi dejedtay #rad, in
contiguous to said active layer, a substrate, a ref r@:?}i ve i r*de . Structure
to lateral |y conjfnetionawithpencaxtemalefopgbase cilitecabid 588599 BY T ch

current can bveva{/&jeﬁg%et%nin%tgnc?@fgﬂa?ﬁgirﬁé’r%b@ or lasing structure, and
15 Therefore according to a first aspect of the present invention there
is provided a surface emitting semiconductor laser comprising:

a semiconductor lasing structure having an active layer, opposed
cladding layers contiguous to said active layer, a substrate, a refractive
index structure to laterally confine an optical mode volume and electrodes

20 by which current can be injected into said semiconductor lasing structure,
and

a second order distributed diffraction grating having periodically
alternating grating elements, each of said grating elements being
characterized as being either a high gain element or a low gain element,

25  where the low gain element may exhibit low gain as compared to the high
~ gain element, no gain or absorption, each of said grating elements having

a length, the length of the high gain element and the length of the low gain
element together defining a grating period, said grating period being in the
range required to produce an optiqal signal in the wavelength band of

30 optical telecommunications signals, wherein the length of the high gain

grating element is no more than 0.5 times the length of the grating period.



a second order distributed diffraction grating having periodically
alternating grating elenents, each of said grating el enments being

char act erwpad/oa®ibei ng either a high gain el enent or a | owcgaianzelmeent, 25
where the | ow gain el ement may exhibit |ow gain as conpared to the high
gain el enent, no gain or absorption, each of said grating el enments having
a length, the length of the high gain elenent and the length of the | ow
gain el ement togetdierdifghb B fstonddspechef herpredentsiaventiprathieng ipalsbod bei ng
in the range required to produce an optical signal in the wavel.ength band
of 30 opti calproededoanmstheg iafnfabsicgiiag sserigRPEHGOF H%Se?réng?@\ﬁé?etﬁﬂg hi gh
gain grating el enent.is re than 0.5 tinmes the length of the grating
period. 7 WSOHENGHE g%ﬁ?gXOZ/OlMG According to a second aspect of the
present invention fhhAINg 4 plLabky ¢frsenidenductorelabed stfictiieds by larmiagd, In

sem conductor |asers, said method conprising the steps of: formng a
plurality Sf suaeeegivelryess onasavbsdtaieict ures by fornming, in 5 successive

| ayers on a substrate. lihgt | AGivb A Ger afd 264dofRl tladeihgaagera second
cl addi ng | ayer on i{%&a@%‘jrd;'ﬁ%?ﬁ%l'ﬁgqa&gﬁ urality of second order distributed
di ffracti on gsbivigfer; on said wafer; 10 form ng el ectrodes on said wafer

for injecting current into each of sai rat Lnds. ‘ Y |

seni conduct or st r JSfMINgs 2RIV i%efisﬁao%‘g.ﬂ?%%& dlsﬁ?bou‘[ggi%dﬁr%é@éﬂ%{%@ S in said
waf er form ASHQéﬂiWQfe?'O a third aspect of the present invention there is
al so 15 provided a surface emtting sem conductor, |aser for producjng
out put si@nal s of fodmirignekbchpdes ain saidrwafer forsinjeading LLireni Jaip ?é sing; a
sem conductor | asin st_rugture havi ng an active | ayer, opposed cladding

| ayers conti gﬁ@aéﬁ?@"gﬁaiaﬁ‘ active layer, a substrate and el ectrodes by

whi ch current can f&tihgisek} eEmidriustirdtsetires mytiofeating asimegt #tte weidir e 20
to produce an output signal in a tel ecommunications band and a second
structures in said wafer form.

According to a third aspect of the present invention there is also
15 provided a surface emitting semiconductor laser for producing output
signals of defined spatial characteristics said laser comprising;

a semiconductor lasing structure having an active layer, opposed
cladding layers contiguous to said active layer, a substrate and ejectrodes
by which current can be injected into said semiconductor lasing.structure

20 to produce an output signal in a telecommunications band and a second
order distributed diffraction grating sized and shaped to provide, upon the
injection of current into the lasing structure, a lower gain threshold to a
single lobed mode than the gain threshold provided to any other mode
wherein said single lobe mode lases to facilitate coupling said output

25  signal to an optical fibre.

BRIEF DESCRIPTION OF THE DRAWINGS 4
Reference will now be made, by way of example only,.to preferred

embodiments of the present invention by reference to the attached

30 figures, in which:
Figure 1 is a side view of one embodiment of a surface emitting
semiconductor laser according to the present invention having a second

order grating formed in a gain medium;
8



order distributed diffraction grating sized and shaped to provide, upon the
injection of current into the lasing structure, a lower gain threshold to a
si ngl e | owed3nwpeo t han t he gain threshold provided to anyPorhao2aode
wherein said single | obe node |ases to facilitate coupling said output 25
signal to an optical fibre. BRI EF DESCRI PTI ON OF THE DRAW NGS Ref er ence

w Il now be nade, by way of exanple only,,to preferred enbodinents of the

present invention gy, ke R ANERd it BEthatdrasddithenBof Figgue ds, in whi ch:
Figure 1 is a side Vview of one enbodi nment of a surfaCﬁnerrit

: > hi n
seni conduct or | asdiigurecdridi mgchematie plpk sk e igalie FOHBANG £ lj"%‘tsP&Wd

d ti for.med i i 8. 0 _ 0 8
B gure o1 s drc @R cblp T SRt e iptek O QiSSP
schemati ¢ pl Qinagfndpaaebntrrounii egutingf ddefficterit Kg:+ K, atidatheosoupdingl i ng
coefficient Kr, i ndex coupling coefficient

., the i ' f th
total coupli rajrangdt f(Kei entiS vskihe MﬁW@‘éccﬂj;??Wth%gwgﬁ%P%ﬁ{ FRSO+ Hne
Kr)/K; vs. the n%é%réd%é?ﬁgppgﬁr%& .gain elenent as conpared to the

ar s a-si

grating peri ot e view of a second enbodi ment of a surface
enitting seni condigore Maken sideoviginngf teo sebengrarsediment &t @ ovriagdi ng a
second order grating fornmed in an absorhin r loss | " I e 5is
an end vi ew o@Mithing EamiRANGYIGIONJRSES; @‘Eﬁoé‘aﬁg q%?‘@%rpée%eqtzxgé'g@#&né&%%pl ot of
node | and no, | hesinafforrRBd it ah aBsabidg & 1dsé Myemsi ty vs. distance

al ong the |as§ejef‘3°§33{r%tb%§'8§rf8r7 Is a top vi gw of a f_ﬁ?t her enbodi ment of
the presemt i nvenfigore 5hoanepdidewiofshe embpdignentfiFigynietf or m of absor bi ng

regions at 15 either end.of a_ laser cavity. Flgure 8 st k f a
further enbodi ment"8H% Ese'si ﬂv%?h%ﬁ'cpf’%\(rﬁtfd‘d%’gé%}] %(ejr gilo?eoggrgp@g’aﬁd
term nation r@ﬁ&?ﬁehﬁfi@dd%ﬂ@&?%. Fs@uee aforigsthe laser odvity; of a furt her
enbodi nent of e present i
Figure 7 is a top view of a further embodiment of the present
invention showing termination regions in the form of absorbing regions at

15 either end of a laser cavity;
Figure 8 is top view of a further embodiment of the invention of
Figure 7 wherein one of said termination regions is a detector;
| Figure 9 is a top view of a further embodiment of the present
invention wherein the termination regions include first order grating

20 sections; and
Figure 10 is top view of an array of surface emitting semiconductor

laser structures on a common substrate for generating wavelengths 1 to
N.

75 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a side view of one embodiment of a surface emitting

" semiconductor laser structure 10 according to the present invention, while
Figure 2 is an end view of the same structure. The laser structure 10 is
comprised of a number of layers built up one upon the other using, for

30 example, standard semiconductor fabrication techniques. [t will be
appreciated that the use of such known semiconductor fabrication

techniques for the present invention means that the present invention may
9



I nvention wherein the termnation regions include first order grating 20
sections; and Figure 10 is top view of an array of surface emtting

sem conduwD@®B/04498Eer structures on a common substrate for PgErE0201MG

wavel engths | to N 25 DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Figure 1 is a side view of one enbodi nent of a surface emtting

sem conduct or | aser structure 10 according to the present invention, while

Figure 2 is apeqaBricdtew e¥ficidity palarges humbety withdbeahpsew stanutaciuringlo i s
conprised of a nunmber of |ayers built up one upon the other using, for 30
exanpl e, st antRahdigesi keing (RAWed abri cation techniques. It will be

appr eci at ed t hat tngtHr%edgmo%ﬁ?@ tHECKORATY TR RN habe | Al iMBwing

techni ques for the present 1 nvention nmean e present invention may
9 WD 03/ 04491ohRETMJSAOR/PD 1di6n dia demiicorduator isfd ragiemtbped withaglegeratunber s

wi t hout any new manuf acturijng echni ques being required., Inythis
di scl osur e>t h@CFQi?tPEﬁM'ﬂgWE‘@thné‘oi@%RYa £ 1 IV%W?& bﬁé‘g?}iﬂﬁsth% p-
region of a S%%ﬁﬁé"lﬂutﬁ}r%nti%rﬁeﬂsegﬁ\ﬁm—dw&%Tahre‘gli(ﬁ?bf @NserhicBAGEGBOT S i N

whi ch hol es (vacancies in the valence band) are' the dom nant current
carriers. An mopeegbdhai i has argéxnessfof lestions @sdedtasit cagdgred Abo¥tREE it has

an excess of electrons as current.carriers. A ' any
optical si gnals'gmﬁ grang %’?yoaaﬁ“e% signa! e i B&?@%ﬁégry tqséagégﬁicgﬁﬂﬁﬁér present
i nvention. The,dmas tMel jtEBertEiADSNidiE ThEURBAE Vol@mhinehns fiee epluineain node

exists, nanely, where there is light (signal) intensity., For thev\ﬁbjrposes
of this dil8cl ehcte tha dpisal i medededsss reamelyn Whargt hegei & ot {($i90#H ch t he

grating is assgciated with t LV | ny: OlisPIRRE P th of
t he | asing ca\}nﬂFQS'}syo th tﬂreeggﬁogo%%f(?fo?‘hﬁ ﬁéécg‘ébg{r?hé‘ alcsause('%:(lpi(ﬂ'?(g#3 erence
effects that arhtiw oHd inattien ties graBigng assbdsiated with the activesgaialeigingt hs,
which the interference reinforces. The diffracti r(}n 8rat [ Eﬁ Ot]fh thet.lpl)resent
invention i s corabsPEIAg dengtlof thedpsing grYIlY 3¢ dhatfeedbag FEMhe4rating

alternating gaciaﬂsgé tfiEl8rentWosffects that allow oscillation or lasing only at certain
15 wavelengths, which the interference reinforces.

The diffraction grating of the present invention is comprised of
grating or grid elements, which create alternating gain effects. Two
adjacent grating elements define a grating period. The alternating gain
effects are such that a difference in gain arises in respect of the adjacent

20 grating elements with one being a relatively high gain effect and the next
one being a relatively low gain effect. The present invention
comprehends that the relatively low gain effect may be a small but
positive gain value, may be no actual gain or may be an absorbing or
negative value. Thus, the present invention comprehends any absolute

25 values of gain éffect in respect of the grating elements, provided the
relative difference in gain effect is enough between the adjacent grating
elements to set up the interference effects of lasing at only certain
wavelengths. The present invention comprehends any form of grating
that can establish the alternating gain effects described above, including

30 loss coupled and gain coupled gratings and carrier blocking gratings

whether in the active region or not.

10



adj acent grating elenents define a grating period. The alternating gain
effects are such that a difference in gain arises in respect of the

adj acent w0 ogoaviing el enents with one being a relatively RCglcayabrr4ef f ect
and the next one being a relatively low gain effect. The present invention
conprehends that the relatively low gain effect may be a small but

positive gain value, may be no actual gain or may be an absorbing or

negative val ue. Thygs oldiaIIRFRTE d AiffatioANgratngratentisg anthapsedante 25
values of gain effect in respect of the %rati ng el ements a‘grovi ded the

rel ative diffiaventon may e defisiedeas beiagda dmihlaper arairtioneoAinet ORE Ar at i ng
el enments to set,up.the interfer t.S: .as) i
vaver engt hs. Bt bSdnbOhiaft 3B Bhbg, dufyaliase PAdRlonArioeniRies! 1
can establishydiRg ahpRiyBat togudhén dekfgectise daser isbekl thiabvanly i ancsiogleng 30

| oss coupl ed and gain coupled gratings and carrier bl ocki r.at i ngs

whet her i § t hlengitedingl mede dﬁwst@glaa@ﬂ\f.'ngihq/@s@%?@@&@%“W/“@ﬁd‘%‘%&?‘fg The
overal | effect i cl:lon i~n ing to the present invention
may be defi ne%eﬁéfeﬁg&h«%g%% %lb%%tﬁpgégygpo@g agti on to either one or both
of two | ongitudi nahs kRswndn Figles, 1,whe we auisids layess 12 angl 14 ecthgilgsrRls  bei ng

enpl oyed to further design the | as such that, onl i.ngl e i tudi nal
node is st abl SlrUGHR %af%@lepfée‘é?&a?ﬁ%w&wsl% (ﬁéhﬁeg%%ﬁ%ﬁé%{on%(gab%ggr eferred
to as a sing ﬁ\?é??%ﬁrr?ﬂf RS 1 BRBF strdstuFaBN 1 WilFba HoRdlthat BRctrode dat si de

o] e

| ayers 12 and l'aser structure 10 are el ectrodes. The purpose of
the el ect rodemclugles@nbepating 160 Thappening dbrrarmitsrihe aptisal etert 9Pkt ur e

10. It will b d that el de 1 '. 1Lonen; h
openi ng 16 pelhPess PHRVERRTBING Jewe Sy To £ pedRRRe i rg Bealy

laser structupgiohl, ASHERE ik iptes@iteindehtion, tHeebpeningccan dilsy eo t he
present invention, the opening can also be forned on the opposite ‘

el ectrode 14. forxsedein thea)nmﬁgwlgptqu@g@.v\é%@y; giho asidoe %qu t he
D et e O TBGUE Y, BRSSPt s st for

present i pyentirgatuesyTBhEMER S0t bRanpie,od taried heterostructure. Although an

opening is shown, the present invention comprehends the use of a

continuous electrode, providing the same is made transparent, at least in

part, so as to permit the signal generated to pass out of the laser structure

10. Simple metal electrodes, having an opening 16, have been found to

20 provide reasonable results and are preferred due to ease of fabrication

and low cost.

Adjacent to the electrode 12 is an n+ InP substrate, or wafer 17.

Adjacent to the substrate 17 is a buffer layer 18 which is preferably

comprised of n-InP. The next layer is a confinement layer 20 formed from

25 n-InGaAsP. The generic composition of this and other quaternary layers

is of the form In,Gai,AsPs, while ternary layers have the generic

composition In1xGaAs. The next layer is an active layer 22 made up of

alternating thin layers of active quantum wells and barriers, both

comprised of INnGaAsP or InGaAs. As will be appreciated by those skilled

30 in the art InGaAsP or InGaAs is a preferred semiconductor because these

semiconductors, within certain ranges of composition, are capable of

exhibiting optical gain at wavelengths in the range of 1200 nm to 1700 nm
11



continuous el ectrode, providing the sane is nmade transparent, at |least in
part, so as to permt the signal generated to pass out of the |aser

st ruct ur ewO18/048ilnpl e et al el ectrodes, havi ng an openi ng PC&/CA20ET4been
found to 20 provide reasonable results and are preferred due to ease of
fabrication and |ow cost. Adjacent to the electrode 12 is an n+ InP
substrate, or wafer 17. Adjacent to the substrate 17 is a buffer |ayer 18

whi ch is prefgrabhy EbFBFe N theProddisarmesptitawpectra df theriB0Aenent
| ayer 20 forne rom 25 n-1nGAsP. The generic conposition of fhis and

ot her quat er mamybdraly é1270-183@nmpethEoPrhangx (468xas {2 Pnhithe '@@ngy

| ayers have t eneric It 1 X The e yeHilsr an
active | ayer @gzg%@ei%p1%efso%of a%%}?ﬁﬁ @g’ggr gﬁof actnlnl]é qg)gﬂnet?um wel |'s
and barriers, s akbndGQFP maRia®s, frGakampls GolEAhss, AGahlAs lzeeapispeci at ed

by those skil’?ed 30 in the art In&AsP or | nGaAs | referred..
seni condudt orcaregreheadetheby th§erW%%ﬁmuEWSP%Qn’WPfW@?‘ﬁetB?aPH{W‘inﬂggalof

conposition, are ¢ I A | AL \ cal ' V) ah in the
Fange.of 12000MRrBAIAUS Mihin S8 o PR BB Db T e
- LD o e om0 bl S50 i 1565
nm and the Linbanipn ¢oed Q%dﬁﬁiﬂﬁeﬁd’}s.'nétf‘ﬂa?rdp”? %ﬂ&ogﬁ&%@e}ﬁ g&s for

le Gal I d h ighvent i on,
exanpl e nl\b‘g?ﬁ%é'{é%gﬁf@%‘eﬂeé% Ethgogglqi&hqir@ﬁﬁ oy toh®opr asentvhichvent i on

provi ded t he Si gha rated f s wthin the broadband range.
Ct her rel gyantomespeineisgiohthe amestscashmpelye eneatnieiest weNelengo rangR dok or

whi ch devices following this . jinventiaqn C i.gn [ opriate
mat eri al corrpBBWPl@n@pﬁ@%ramQ!@?fﬁl ang 3@5%35%&3&?3%‘?:5&?? ggi gﬁ ?r o{n 810 to
990 nm (whi chyd e&%&ft@ﬁ&@?ﬁﬁdtﬁéaﬂ%omt(c@ﬁmw yised donshert eangadataengt h

range for punping optical anplifiers and fibre |lasers based on Yb or
Yb/ Er doped trahemissias)). dndheeembedimentof Eigxent.ya dEEackQ} 9533'6‘&5'; $hoe data

orned o Churate a0y 2, i udn 2 ki famiam 2t 1S

15 high gain portions 26 and low gain portions 28. Most preferably, the
grating 24 is a regular grating, namely has a consistent period across the
grating, and is sized, shaped and positioned in the laser 10 to comprise a
distributed diffraction grating as explained above. In this case, the period
of the grating 24 is defined by the sum of a length 30 of one high gain
20 portion 26 and a length 32 of the adjacent low gain portion 28. The low
gain portion 28 exhibits low or no gain as cémpared to the high gain
portion as in this region most or all of the active structure has been
removed. According to the present invention, the grating 24 is a second
order grating, namely, a graﬁng with a period equal to the wavelength of
75  the desired wavelength in the semiconductor medium, which results in
output signals in the form of surface emission. Higher order gratings also
display surface emission, but with more beams at different angles from
higher orders, thus decreaseing efficiency into the desired output beam.
As can now be appreciated, since the grating 24 of this embodiment is

30 formed in the active gain layer it is referred to as a gain coupled design.
The next layer above the grating 24 is a p-InGaAsP confinement

layer 34. Located above the confinement layer 34 is a p-InP buffer region

12



15 high gain portions 26 and | ow gain portions 28. Mst preferably, the
grating 24 is a regular grating, nanely has a consistent period across the
grating, wOWM3i0$4936 zed, shaped and positioned in the | aser PC@/GA®200BPri Se a
distributed diffraction grating as explained above. In this case, the
period of the grating 24 is defined by the sumof a |l ength 30 of one high
gain 20 portion 26 and a length 32 of the adjacent |ow gain portion 28. The

low gain pordd op e HBolkliSydrovs %ramnwp&métcﬁmanmrtﬁﬁtfﬁbemgh gai n
portion as in thrs region nost or all of the active structure has been

removed. ACCQHM@Iddelirid faydr &4 pr@Me@d isummotihtedgbgita g 2GafAsa cepcond
order grating, namely, a grating with a period equal to the wavel ength of
25 the desi r dayetedi| ength in the seniconductor medium which results in

output signal s in f ifi ORGSR RS TIBHIN tha bARRAt Sedafcdridticiargs al so

di splay surface e ion, nore beans at different angles from
hi gher Or@erSaséMbtﬁltdﬂmm@sleymg @dn‘flgur@:has dieacribechabaes capdeoingdttobeam

As can now be appreciated, since atl 24 . of . th di is 30
fornmed in ttherUPQ/ea@aPH{QUéyéﬁg"'iai e'?@ Ee&mﬂrbedaswé\§%§ﬂgﬁ‘coétj%mqu desi gn.
[he next . 2YSfisGRAKS %@eb%l@?rbﬁgth%“d?fﬁacﬁloﬁ Jraffgaiiteanihithersativo layorer 34.

Locat ed abov € confi nenent yer 'S a_lp I nP buffer regl on

03/ 044910 PCTRA8RY (HE7 feer 36 singhe anedte hfb?@Ve he erecise iwaveleNgti f P etch
stop layer 38. The

pvor I nauas cagrtpiicgapaliafl b vl hBEer Shvafe REAARN FYATRIR 7%,

that a sef Copgied Aé’t’éd and aﬁéﬁte@uﬂd bth@rt%ﬂd‘nﬁeé f ethe mafls;wdaﬂeam descri bed
above can be tune produce an out put signal _ of aﬁ%r g e{\
REHN Uyl

wavel engt h ascarhplexdvay.r Fbuwanmé%dww Cffrf(lslm yajiahles
breci se wavel SAgerareiphdh gl RFEPhaR o Arrbrding) F'%nﬁ‘td?%ﬁﬁé%ﬁi@‘ﬁ’&‘n&? of
vari abl es, whjkha@bgtivd) éorfhelibritnbadrehddingd lapersr @Waclednt’rurmt’tywﬁa%rl abl es
of he Laser, g Bwecrs B grel S iveRen e S e o
the grating, phe LRfekfibnd FWhRA 4B8ts the layer strain, gain wavelength, and
index), and the thickness of the various layers that are described above.
Another important variable is the amount of current injected into the
structure through the electrodes. Thus, according to the present invention
by manipulating these variables a laser structure can be built which has
20 an output with a predetermined and highly specific output wavelength.
Such a laser is useful in the communications industry where signal
sources for the individual channels or signal components which make up
the DWDM spectrum are desired. Thus the present invention
comprehends various combinations of layer thickness, gain period,
25  injection current and the like, which in combination yield an output signal
having a power, wavelength and bandwidth  suitable for
telecommunications applications.
However, merely obtaining the desired wavelength and bandwidth
is not enough. A more difficult problem solved by the present invention is -
30 to produce the specific wavelength desired from a second order grating
(and thus, as a surface emission) in such a manner that it can be

controlled for efficient coupling, for example, to an optical fibre. The
13



of the active, confinenent, and cladding |ayers (which in turn typically
change with tenperature as well as injection current), the conposition of
15 t he acwowe/oswgi ons (which affects the layer strain, gaPaTwaswebengt h, and
i ndex), and the thickness of the various |ayers that are descri bed above.
Anot her inportant variable is the ambunt of current injected into the
structure through the el ectrodes. Thus, according to the present invention

by mani pul at ig tléh%ﬁgra‘éﬁfrls@i%e@f #heé asieputsisignet zvec an biae dfieict tonwttheh has 20
an output with a predeternined and highly specific outpyt vvave”egg%i Such
a laser is ussupling afflclwcyowﬁlillHﬁ%&ieiabﬁgap%aﬁ@grils'ﬂﬁ@r@0 Pgtaele-98Gd ces for

the individu %Qg,hs?%el u§“'f%°%ngb"ﬁ'ﬂ é]ﬁﬂzbﬁ M\&thaéﬁgetthtwd einfapPM

spect rum are ese | nven I on rehends varl ous
combi nati ons rﬁédé@mud&ecm@mnt @mamlcpmdu nubdeZ«"amdn@ emmgleﬂomd ngtte.and t he

ik whi ch nmb | d
wevel engt B arthame auiersdiias © e Kop SBSITRCEIBAS A58 et ons.
However, mer oY 894)5?%18 J?ﬁcia‘i'%ﬁbr I @ﬂseﬂéééhs%“ﬁ\ebﬁm@maﬁb sifigle not

enough. A nor |cu em so y the present inventionis 30 to

produce the spgasdias ma&al e@ghheccedy, r’&m singin a\olS@tdﬁ@dQ)ereﬂﬁegiaﬁelTriQ (and
thus, as a surface em ssion) in suc

for effici entCasifarably easigr %@Mr%eﬁp@ﬁﬁggépélg P aff%%ag'#E hg%%fa&ol e

03/ 044910 Pdéﬁﬁgzér%égﬁmt stlocG i B8ARISANCER mlich moroutipsaly siasnal have
a big effect on the F efficienc with the ideal shape being a
si ngl e node, mer@a@elm’mwﬂb@msdearﬂccp ing i the Brasent tnvegticr g fict or

<ol -1 obed BAENG oph SRR b gt B WFICBFe PR RRATRASYACT 2

node fibre asy %ﬁlﬁé@&essary for nost tel ecommunications applications
because the fibre has a single Gaussian node. ConverseI}/ t he m@gil e | obed

mode of the |aser As notashebes sBVpReEafpis: todhE SHPPESEHPN O tha UpwaRtstol e to a
mich Tor e ol oSy fad¥d " HE Ragentrd ThETRSYY o ARsoRRRGCE, HER st o
present i [y eniiventien,erdorise good SMSR operation from the surface of the laser
10 requires careful attention to the design of the duty cycle of the grating
24 and thus to the spatial modulation of the gain through the active layer
22. In this description, the term duty cycle means the fraction of the
length of one grating period that exhibits high gain as compared to the
20 grating period. In more simple terms, the duty cycle may be defined as
the portion of the period of the grating 24 that exhibits high gain. This
parameter of duty cycle is controlled in gain coupled lasers, such as
ilustrated in figure 1, by etching away portions of the active layers, with
the remaining active layer portion being the duty cycle. Alternatively, the
25  active gain layers can be left intact and the grating can be etched into a
current blocking layer, with the fraction of current blocking layer etched
away corresponding to the duty cycle.
In Figure 1, it can now be understood that the second order
distributed diffraction grating is written by etching the gain medium to form
30 the grating 24. As a result, the two fundamental modes of the
semiconductor laser 10 exhibit different surface radiation losses (which is

the output of the laser) and therefore have very different gains. Only one

14



emtting |aser structure can be built in which the preferred node reliably
dom nates. As noted above, SMSR refers to the suppression of the unwanted
node i n fwoean4oio t he want ed node(s). According to the pr@ecEntA020B46

i nvention, to achi eve good SVMSR operation fromthe surface of the |aser 10
requires careful attention to the design of the duty cycle of the grating
24 and thus to the spatial nodul ation of the gain through the active |ayer

22. 1N this dRsgl 1iRb e BIHR the oM QRIIHREShaRPRN 144w résuling imgodd t he
| ength of one grating period that exhibits hi gp] gal n as %ﬁggiared o the 20
é

grating peri @MSRn T presenplnventemsomprehendsythal thecdeaive BEfTASY as the
portion of the period of the grati 4 wiidh R ' i is

par amet er of '%IU{)@;/S'E‘Q% lQL?‘g e ﬁlﬂtlr%ézal' nggél n cou%ldeeg‘%?glgggg,%gagﬁﬁas
I11ustrated ighdehedtce. In this WaE tHeasrigayioge e drese axfily tdoelplest fova fibegyer s,
with the remaining active |ayer portion bein

_ the duty cycle..
Al t er nat i el ysinaehghez prafide of shga1awaragiepignahnt "IyefaPH'}t#ﬁgqouQHﬂg A& grating

can be etched int.0 .@pﬁgr reenk bl ocking layer, with the fraction of current

bl ocki ng Iayé’r'“'t@t'tc‘oﬂ \%Iay Corresponding to the duty cycle. In Figure 1,

it can now be undershaes thidaesirde: siepoiubent chede adi ther sibgleclasingr Medet i on
grating is witten by etching the in mediumito.form. t.,.ng 24.
As a resul t, agserding to thriprasenkl Vﬁg‘ggg’ ihfs Wmt%gﬂﬁutggodﬁfacgérg téo

exhi bi t_di ffef epboRURL@Reof ibad Tl IRRBAT0L S Reksaintlavithatutenat | he

| aser) and therefore e very different gains. Only one 14 WD 03/ 044910
PCT/ CA02/101746 Figoes,(which sbowsvihetdepeadenoeeof thgagaint radiafian ayd iadex | ase,

| acing mode FRIAG CEPRgIents Uhe ferdibk: P oREBNY” TR et oL e TER T T
Gaussian in @pReATBMEEcobMciehl BV, S BAd tias cogplmedstraraih liEea VKi).coupl ed
faci 11 tates coupl fungliome! thatdsdy ovpisnal T high DBREBOTENHEVE THEHEY r ed
Pl - | 900, IR TIPRbF, AABhED, VBEE ngSER Uthihg cmasncR
15 defined as K; + j(K, + K.), where here j is (-1)". The important features to
note are that the index and gAain coupling coefficients are sinusoidal while
the radiation coupling coefficient is Gaussian-like and negative. The total
coupling coefficient, taken with the cavity losses Ki = K +i(Kg + K;) has as
the imaginary part Ky + K, while the coubling strength (K; + K/)/K; is a
20 measure of the imaginary to the real part of the total coupling coefficient.
The real part of the total coupling coefficient (Ki), taken with the effective
cavity losses, largely determines the gain threshold while the coupling
strength is a good indication of the degree of discrimination between the
two fundamental modes since the imaginary part of the total coupling
25  coefficient favours one mode over the other while the real part (K; ) does
not discriminate between the two.
Of the two fundamental modes of the laser, the one that will lase
will be the one with the IoWest gain threshold. Referring to the curves in
Figure 3 for the case of a second order gain coupled laser design as
30  described above, when Kg + K: is positive the single-lobed mode will have
the lowest gain threshold while the dual-lobed mode will have a lower

threshold when the value is negative. Since Kr is negative, the sum Kg +
15



a specific range of values. The reason for this is explained with reference
10 to Figure 3, which shows the dependence of the gain, radiation and index
coupl i ng woeBfiwmients (Kg, Kr, and Kl respectively), the ipcagiaany4part of
the total coupling coefficient (Kg + Kr) and the coupling strength ((Kg +
Kr)/Kl), as a function of the duty cycle of the high gain portion of a
distributed second order diffraction grating. Note the total coupling

coefficient i i debi8eR @sgdtvefor UKlies dfrduty Whelbeatimree0 5. T$1e(crd>$3-| 2. The

i mpor t ant features to  note are that the index and gajn cg R@
coefficients avar p}JlmilMdilainYWbﬁI'@SS thﬁiﬂ 9 &qlioaty appreasipingify d’@éqrf rént is

Gaussi an-1i ke a ative. Th t | f topdr@figinigM th t he
cavity | ossesiit herl? '§ tb? Hng?Mtﬁgut}gg t&gfﬁ%%léndaér\sly%garpér Kg +ISKr whi | e

the coupling gt emgt Mm@ disdfimindion & snRénaeehfourargel walhes obfimaly, to the
r eal part of the total coupling coefficient The r%a% rt of the total
coupl i ng (ﬁoef$h@M@lt’[h€KQ9ﬁm@b alHesiiof 1dUbh eY@e 15 ek 9al BESEEN | o gely

determ nes th t fad

i ndi cation ofﬁ‘iaﬁijh%gép@ﬁﬁg %réﬁqﬁﬁ %g’ e?cggfé%&égis\h/\{)é@g% anent al

nodes si nce t hgd it@eforany npaatmajbr fautor prioaideddbpiviahee Eosytieiently.lasge. f avour s

one node over the other while the real (K d (o] i nat e

bet ween the tHother isste b Must Hpalngﬁﬁngaéfr?af gqggsg {ha?k@m(’)lhﬁeg t hat

will |ase W ldwdifd dianoRnrbidie i ioWRS aiikiatdrn esbedrd anBdehighag to the
0

curves in Fi gure r t ase of a second order gain coupled I aser
desi gn as1@®0 d%emalhﬁinsalaoeveequm akghe duty ioyclgoisi lowgeed.-hel fﬁ$ s§Haliomped

de will h the I th | I
nave & | ome?vgk‘ﬁl'r‘%%e ool eHgegapuns i gt BOHRLIO RIBRTER Y o

the sum Kg + .éé%&ﬁé%@%t&@l @A/ OTreken N widethe, W'etys imaen’ergatl ve
for val ues of ty cycle above 0. The cross- over point L ﬂ’e s be
| ess than O. 5pomﬂrthMSr@ashiuhgem0l50@\ﬁéW ®i§le-to bebetyaen 3pgHE 1P ad%per
limt to duty g/:le to achieve desired operation is 0.5. The node

di scri mi nati of°"& enhanced f or | arger values of Kg + Kr, 5 show ng that

optimal vabues of qwhMdiEyete tiks modeadisrirdmatibn (Smmbdmqueslgatoftth@
coupling st rerI]agster; c%\\/net;r/, \svglaslscg ec%hglrclzle(r)fthed %E)th%ﬁ%r? %olssl\/léﬁ 8 tNe ljb?é
coupling step. Since only the generally Gaussian mode is easily coupled
to a fibre, a significant improvement in SMSR can be realized with the
power of the other mode not being coupled to the fibre. Taken together
20  with the high discrimination betwéen modes due to the cavity design, the

overall SMSR of the laser is excellent.

Turning to Figure 2, a side-view of the laser structure of Figure 1 is
shown. As can be seen in Figure 2, the electrodes 12 and 14 permit the
application of a voltage across the semiconductor laser structure 10 to

25 encourage lasing as described above. Further, it can be seen that the
ridge formed by the top layers serves to confine the optical mode laterally
to within the region through which current is being injected. While a ridge
waveguide is shown in this embodiment it is comprehended that a similar
structure could be fabricated using a buried heterostructure sized and

30 shaped to confine the carriers and optical field laterally.

Other forms of gain coupled designs are comprehended as a

means to implement the present invention. For example instead of
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and therefore is not a major factor provided the value is sufficiently

| arge. Another issue that nust be considered in a final design is that

wi th the woomaesiong of the duty cycle there is | ess gai n nmecerisk/oprnesent
and so higher 10 material gains are required as the duty cycle is | owered.
This situation pushes optinmal duty cycles to be as |arge as possible to
alleviate the requirenents on nmaterial gain. Taken all together, this

| vention CORHIRYAAESacRvESRbIn b dietribbd Mtiverwcfusitton tighlpen-deped about
15% and 35% n additionto the node discrimpation é)SI\/S(I% dug to
desi gn of t héaydraserbe depositedrbarasthecaiivedayer and 8 SHatnd Gen &F T8%VBR due

to the fibre. coupling-step. Si -k !gzgh@' dpde i S
easily coupl &9 |§gay§rf i@se',%yf%’?éﬁ% ﬁ%h?ﬁ% H‘?tn%"rﬁ gge(%glhtg"l n Sﬁ/ﬁslglr(‘:an be
realized wi t hydafos REMBKhiBIts . Otlsteadpildloks tiwirgg castigiseliomdbeing f i bre.

Taken together 20 with the high discrimnation between e Q the
cavity desi grinjectss inky theaastiveNgreoywherpyver fhas m@e%%bﬁﬁcgﬁg.awgﬁ[%g to
Figure 2, a side.view of t lL.aser: r r& digyee id tfughshiawt. As can
be seen in Fisémcé'y'Jf, W{rheane{égigter% égﬁ] 2%&1@ 14LR>|f|oeerm't t he aégl i cation of a
vol t age acr ogsatihersienR cRobsiet Br Matheorasingyét Glugargaden. i 5ileehfe | asi ng

d i bed ab . Further, it t hat i f by th
Fop Taver o Sl doSelat | FepichdIamnrentianm s ko pb' SPEa7 fley the
region thr Ougj{beé/rggi)gﬁ%@ﬁ%s{eﬁ?tin\}e?ﬂigﬁi BSmbRdIRGde tnodlyjih@ sacth iadgiructiavtegui de i s

shown in thi I's conprehended that a sim/lar struct ufre coul d
be fabri cat edirisithg carrienblosttirgelageots hadoaapesingsdndhwith 20duly £y6lg ¢l

confine the carriers d tical field | lLy. in
coupl ed desi gfgs dhan Q%F’g‘ﬁr&}i’g’eﬁ‘ the '?%gﬁgélfﬁ%% (ggioﬁ% %?&gni]e%@egrgggnt
i nvention. FoL,&SxaPs gé Rpbaad. 78fblodinyy0 03/ 044910 PCT/ CA02/ 01746 et ching

the active region as described above, a further highl y n-%%gegd .ha er can
be deposited aboveTumingta iRigueader Bideh egpkadimgnE 2f BHeu M s

L5257 bs o oS4 AR R R 0 By ST o 0 o,
15 electrodes 112 and 114 are provided at the top and bottom. Adjacent to
the electrode 112 is an n+InP substrate 116 followed by a n-InP buffer
118. An opening 117 is provided in electrode 112. Again, the opening
could also be in the opposite electrode 114. A first confinement n-
InGaAsP layer 120 is provided above which is located an active region
20 122 comprised of InGaAsP or InGaAs quantum well layers separated by
INnGaAsP or InGaAs barrier layers. Then, a p-InGaAsP confinement
region 124 is provided with a p-InP buffer region 126 there-above. A
grating 125 is formed in the next layer, which is a p- or n-InGaAs or
InGaAsP absorption layer 128. A further p-InP buffer layer 130 is
25  followed by a p-InGaAsP etch stop layer 132. Then, a p-InP cladding
layer 134 is provided along with a p"*-InGaAs cap layer 136 below the
electrode 114. As will now be appreciated, this embodiment represents a
second (or higher) order grating which is formed by providing an
absorbing layer and etching or otherwise removing the same to form a
30 Ioss”coupled device. The grating 125 is comprised of a periodically
reoccurring loss or absorption elements. When taken together with the

continuous gain layer 122 (even though the gain layer is not on the same
17



5 injected into the active |ayer wherever it has not been etched away. This
structure for an edge emtting gain coupled |aser is taught in C

Kazm er skwp oRo480bei n, D. Mat hoorasi ng, A Qugazzaden, an@CWICASRhUEbheE,

| EEE, J. , Sel ect. Topics Quantum El ectron., vol. 1, pp. 371-374, June

1995. The present invention, conprehends nodifying such a structure to 10
limt the carrier blocking |ayer to having openings in it with a duty cycle

of less tha f i hisate8n®f126.cth o viRwald and grating
preferably g%\%dt%sgth%g%%lame%nalg%%?qo %g_blg(;cki ng). Turning to &ly ure 4, a
further enbodaviny perodicallyrreaeatingrhiah gqjn elempeEntitasd Iqugé‘lm I%fi'&ture 100
I's shown. In this enbodi nent 1 C oHbi hged at
the top and BBRY Bﬁ]noﬁﬁ?'aé)érﬁvetnon%@g%l ée‘éﬁ%@%’eJFﬁZ%ﬁg an r{ﬁl%ﬁoPrp{s)ﬁgg rate 116
fol loned by &nshigk gawf élBment 188 avel emeliwngait Elernenipt4fdefitbs apefiedt r ode
112. Again, the opening could also be in the opposite electrode 114. A
first conBi nel@nfor aaidigiaing p2Payer 120 is provi ded above which is |ocated

an active regi OnGﬁ'DA% g;cﬁ‘?{r@g&ﬁ%‘gs@nié&  195er Q@Aﬁr@@ﬁﬁ%ﬁg'ih layers

separated by In arrier layers. Then, a p-
confinement  drRpivisw.12Asi Garpriay indést, wat tureerg- carP beufifjectedetiirengh Abe

t her e- above. A ting 125 is. f dint t | i Che | ;
I nGass or . dleesas B2 ang] Bt ierentendiclt Hsr et 1R e, a0
is 25 foll 9"‘%@}53@0?6&]%‘??@%“)'” V%irﬁ]i?\ha§8é’§brib%ﬂedbol@.2-As'ﬁhﬁgur@ p-thaPdgkaddi ng

| ayer 134 is ‘provided alo a p++-InGAs cap |ayer 136 below the
el ect r odei ol 14profiiesi tHe naterdie capfresnénit &af, thehioptisabdgldrehiouref d8eflt s a

ayer and et NI O ePRicel Thatg i e pebLTeuy ¢ gt 8ot o
device. The grati NGwikgd drdi G9NGEh&ily Ohplicaeld adi bett yof treomeviously | oss or
absorption el enents. en taken together with the continuous gain |ayer
122 (even t hodeguribed appbodimepts. As shownsrt the midHe Ofibe\mqs%ﬁypg%
v o " aRahch Ine el SEAGEINL S UE LS ipramZe oo e,
and | ow gpd n fabw 484, whereas the mode 2 (the unwanted divergent dual lobed) field
intensity is at a minimum 146. Thus, at the middle of the laser cavity the
optical field is much more intense in the mode 1 or Gaussian profile. This
Figure 6 theréfore illustrates the highly effective side mode suppression
arising from the controlled duty cycle of the present invention. Further it
20 illustrates the need for the opening 16 in the electrode 12 in the middle of
the cavity to let out the signal as shown in Figure 1. As noted earlier, this
opening can be located on either electrode.
Figure 7 shows a top view of a further embodiment of the present
invention, where the grating region 150 includes finished end ’portions
25 152, 154 for improved performance. As can be seen the grating 150 can
be written onto a wafer 156 (shown by break line 158) using known
techniques. The grating 150 so written can be surrounded by an
adjoining region 160 which separates and protects the grating 150.
Because the present invention is a surface emitting device, rather than
30 cleaving the grating end portions as in the prior art edge emitting lasers,
the present invention contemplates cleaving, to the extent necessary, in

the non-active adjoining region 160. Thus, no cutting of the grating 150
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may be no gain or even net |oss) elenents 140. The conbi nati on of any one
hi gh gain el enment 138 and one | ow gain elenent 140 defines a period 5 142
for said wypasimy1d25. Figure 5 shows the sem conductor | a®em/ctovactdar e of
Figure 4 in end view As can be noted, a current can be injected through
the electrodes 112 and 114 to the sem conductor |aser structure 100 for
the purpose of causing lasing in as described above. As in Figure 2, the

ridge 10 proyedas, 4ind abaviRl RNheNAEpaiicbar cabis anthé galtirfgsel 3l o gur e 6
is a schematic of an optical near-field intensity versus the, di shance

along the | &eerspeifically designedgepredgtarmingshl ARGAMEILED RARTYRI A2
previously described, e di ment s ..sho a Lidd! t aser
cavity, the Sﬁﬁﬂﬁoﬁfﬁq{gﬁaﬁgﬁa@wcgBﬁﬁlgég'yv‘@au&égagﬁe%lﬁgﬁgdﬁ%rf?gl_rgg(ij%t ensity
is at a 15 pgaln Addntepfarmasbémer grtiagddridds andeatteddicest geatingdaal | obed)
field intensi tty Is at a mnimum 146. Thus, at f{ he n]] ddl.gseof .g%\kﬁgéisaser
cavity thé oyafecdb56fcan be witiancle herdenticabps difierenthiiomyili Ne! lissi an
profile. Thi Fi re i || HSt ok } uersi de
mode. suppr os<Th onby ol g S e Lot ARG ARy P et

i nvention. Fygbhestiont tePniduesst napesantie uelike the prie aypasiaegemdting t he

electrode 12 in the mddle of the cavity to |leL out t S| shown in

Figure 1. As seonieandugter asers Hies IrahenPiogeeias \H@,\' rI"ig)l[c Q%@eohggﬁ% rlésrser

el ectrode. Fisqmc‘ﬁflrés%t?é’ﬁﬁcl@aéé}p view of a further enbodi nent of the present
h ti

i nvention, where the gr ng region 150 includes finished end portions 25
152, 154 tior i npr otesl presdrdr myeoton Abrtben compsekendshanajing ithg 9%8Ngan be

witten onto a wafer 156 (sho y [hrea phe 1 i NgyrikRO hni ques.
The grating 1SHNERHRRP; PO rl?a\rll%gg Qg‘r"r %ﬁé'@@?%y%@mvs;dj glﬁ?né@r%égsﬁ@n 160
whi ch separ at g5 AdisREQURCHS m]&gagaidrm\t 1116 .the Bewaination megipne ssnithe

invention is a surface emtting device,' rather than 3Q cl|eav] ng t he
grating end pastiviedayeris absorbiag prhesy nelr RUrBBe® ¥ ENEFg& IR NS PR present

e o orh SRR R By ARl Sp SRR et
03/ 044910, PCT{EARR iInt4B direction, thus fulfilling the function of the anti-reflective
coatings of the prior art without further edge finishing being required.
Such absorbing regions can be easily formed as the layers are built up on
the wafer during semiconductor manufacturing without requiring any
additional steps or materials. In this manner a finishing step required in
20 the prior art is eliminated, making laser structures 10 according to the
present invention more cost efficient to produce than the prior art edge
emitting lasers. It will therefore be appreciated that the present invention
contemplates cleaving (where necessary or desirable) through an
adjoining region 160 distant from the actual end of the grating 150
25 whereby the prior art problems associated with cleaving the grating and
thereby introducing an uncontrolled phase shift into the cavity are
completely avoided. |
A further advantage of the present invention can now be
understood. The present invention comprehends a method of
30 manufacturing where there is no need to cleave the individual elements
from the wafer, nor is there any need to complete the end finishing or

packaging of the laser structure before even beginning to test the laser
19



occurs during cleaving and the properties of each of the gratings 150 can
be specifically designed, predetermned and witten according to

sem conduwO®B/0k49thogr aphi ¢ practices. Thus, each grating eem/d®2notde wth
an integral nunber of grating periods and each adjacent grating on 5 wafer
156 can be witten to be identical or different fromits neighbours. The
only limt of the grating is the witing ability of the sem conductor

fabrication %Frp&’&ir&él% ARRRIaaRt | YRourialeilé hesferny tar Figedgel etha t i ng
sem conduct or [asers t[h [ '

e grating properties will not chanég as. the | aser
structures aekqradead@14kveToeneg sdeihe shvelre dA Futhendf %Wﬁp'?@r@hds
maki ng the grat,i . termnati ' S i il . This
is easily a@@gn%ﬁh E‘h@d’veﬂtﬁr &%r?'qi %%‘ch ?ﬂg‘%%ﬁ%‘%ﬁeﬁ? ﬁtb oé)étrﬂg% 19 %@%ﬁlﬁgw on

regions as theg) @@t ifen | adpceht Shsoduleisngvivérenomotvafenpbyl appdpiede
injection. As such, these regions wi]l strongly absorfb ogetical eigﬁrgy
produced and petterninggandh depastion i slsstrafes sRcteoWaehu LG i ng t ne

function of the %ﬁ%'g%@é%ﬁﬂ'ﬁ?vgdlgﬁgﬂé gggigpgh&hﬁetWéeWgr%'ﬁhgwafshWédf urt her

edge finishi fG°'B i'red, ing regions can be easjly formed
as the | ayer gpene. bhhdrefore, electriche pvadestiesl of ieagh sérthe critlietures Gadnb® act uri ng

W t hout requiring an addi tional steps or terjals. .l LS

fini shing gt é@Stlequﬂ X/@fe'"la Pefere; ARY HACKRIING SRS e%CH{’n%{Fﬁ’&f %ME@QH%SQ

structures 10,6601 fid\%dd iind daRRirel NBANbAOWAMGY & That, kfddtivent to
ge

produce than e prior art emtting lasers. It will therefore be
appr eci atjed tdtaictdree ganeisenlisdanlaxhor dejecteshbefpfe an¥Paakadingnepiife

necessary or desirable) through an . adjaini i Qn LSt om t he
actual end oftak@R G’P’ﬁf‘i H@%i%og%‘”ﬂﬂér ER?W%%QQ‘B?fg'PQaPEOQ’S‘P g%’ﬁeérrgtl%gs%oci at ed
wi th cl eavi ngyt hg @5aidBrIIRG % thdPretsntiinvémmbucisngueh moweoefficient eddphase

shift into the cavity are Tonpletely avoided, A further ad %%a e of the

present i nverthusresarxpensive thamireika oear %whg%géﬁkaglﬂgéﬁ;ﬁ FRor ehends
i el ol GROAES E ANESIRION Gl SR THES RIS
end fini S]{?Si NGy ABkaghRe ke nendf fikiBRingasstepst farc nonefubefianiag ewen Me¥giYnni ng to
test the | aser ’ . . . crer
malfunctioning laser structures required in the prior art edge emitting laser
manufacture are eliminated by the present invention.
Figure 8 shows a further embodiment of the present invention
including a detector region 200 located at one side of the grating region.
20 The detector region 200 can be made integrally with the laser structure by
reverse biasing the layers of the detector region 200 to act as a
photodetector.  This detector is inherently aligned with the surface
emitting laser 10 and is easily integrated by being fabricated at the same
time as the laser structure, making it very cost efficient to include. In this
25  way the signal output can be sensed by the detector 200 and the quality
of the optical signal, in terms of power stability can be monitored in real
time. This monitoring can be used with an external feedback loop to
adjust a parameter, for example the injection current, which might be
varied to control small fluctuations in the power. Such a feedback system
30 allows the present invention to provide very stable or steady output
signals over time, to tune the output signal as required or to compensate

for changes in environment such as temperature changes and the like

20



19 WO 03/044910 PCT/ CA02/ 01746 structures for functionality. For exanple,
referring to Figure 1, the electrodes 12, 14 are fornmed into the structure
10 as thewetmoew e is built and still in a wafer form EegCAvR/01e
structures 10 can be electrically isolated from adjacent structures when
on wafer, by appropriate 5 patterning and deposition of electrodes on the
waf er, leaving high resistance areas in the adjoining regions 160 between

gratings as nphied ml?ﬁ?&l%enﬁi@@@éﬂ@é%e@bﬁﬁjtrsig?%ll tmwenééﬁl‘ﬁsrlaifor\eamanof t he
structures can be ested on wafer, before any packa }gységg S occur,

sinply by inj @dpuhgptlwrsrml qantl@eéb@nﬁaf@"ea@qm@e@%at% @%F Wafer .
Thus, defect | ve 10 stru uretg\(?c(ﬂ“lr}g ﬂ 3§ ﬁjﬁ-}g tﬂ légérecwthge\x,gyer@ny
PSRl (e

packagl ng st e neani ng t hat

production of He@.éﬁf ln\ﬁatn'tlUﬁtQérﬁénﬁﬂ@t@édanmlttmtd‘e&emtoes‘entthenwpbsenoﬁ s nuch
nor e eff|C|ent and thus |ess expensive than in the_p

packagi ng 5 s eehlishinga Habis ganahsowequPyeda barge é’f§998'g'8§§’| 'ﬁ%v'%%r? occur.

Thus cl eavi ng b?ﬁ! and end finishing steps for non-functioning or
merely nalfuﬂ@%?dﬁ?ﬁ aseér structures required in the prior art edge

emtting |aser rramgbae:tgurseaafuaher iembuatimenbpf the preserdrinventisenwiiégh  Fi gur e
8 shows a further enbodi nent of the ent .jnventi et ect or
regi on 200 | obstusiesangReed caal feﬁmﬁﬂgoéf‘m%a %%qrotﬂeqd t‘ég‘%ﬁ%‘tgﬂgt@f
regi on 200 cage bge r@%ﬁce%]”t Q@5iR) oY ndntiRal %réé‘%rmsééé\t@ Uisleurniggelse

bi asi ng the Iayers e detector region 200 to act as a photodetector.
Thi s det et orex;seotedinemenoﬂf@et’amg @d@dnmgehIStﬂi@t he fsudace @missiPAGSIMeE 10 and

| t ted b b t ed
Ctroatur s, e SRR topliped uidhd BtheERLR IR W ATyl T8 BebREiNG ST
signal out put f;rééer Rﬁcyﬁmaﬁeﬁh Smhbaydeteativievd @fs assult methipuanbbgiimerit, t he

optical signa In terns of power Stability can be nonitor cz I n reas‘I tinme.
Thi s nonitori tie cantrélepartedf et lasgh str@ﬁt@er@qna%%@éaﬁ:@ep‘é)@(g Pbhighgrist a

B TR N T
the presept i g¥eshd @Rddrogidtinygirdgiorepy. sSephetorlatieddy H2 pod 304 are
provided to activate the first order grating region 300. The effect of the
adjacent first order grating beside the second order grating is to enhance
the confinement of the output signal.
Figure 10 is a top view of an array of semiconductor laser
20 structures 10 according to the present invention all formed on a single
common substrate 400. In this case, each grating 24 can be designed to
produce a specific output (specific signal) in terms of wavelength and
output power. The present invention contemplates having each of the
adjacent signal sources which form the array at the same wavelength or
25  specific signal as well as having each of them at a different wavelength or
specific signal. Thus, the present invention contemplates a single array
structure which simultaneously delivers a spectrum of individual
wavelengths suitable for broadband communications from a plurality of
side by side semiconductor laser.structures. Each laser structure or
30 signal source may be independently modulated and then multiplexed into
a DWDM signal. Although three are shown for ease of illustration,

because of the flexibility in design, the array can include from two up to
21



signals over tine, to tune the output signal as required or to conpensate
for changes in environnment such as tenperature changes and the |like 20 WO
03/ 044910WB@3h@ADR/ 01746 which m ght otherw se cause thePomtqaor/osidgnal to
wander. Variations in an output optical signal can be therefore
conpensated for by changes in a paraneter such as the current injected
into the laser. In this way, the present invention contenplates a built-in
detector for R RRTE fdividest aldieRtigne sightRiovreéggreh sovomenorover a
range of conditrons, having a stable output power. Figure 9 is a further
enbodi ment of sulbsirgie d8nt i nventi on which includes enhanced confi nenent of

the optical near-fjeld to the. r & in-Qf: | Y fedrom nal
i ncrease in spati a|t VH@P@%RP?%?'%%% éﬁhrg%gx%%l?@elamgﬁgﬁ‘é??g@l%\inﬁge@%dvant age
is that the sHg§aeen@mdESiOprefaradembodimants oy theopeisartlinvantidrevalionnsi onT
ry. To

along the laser cavity, thus achieving closer to cylindricgl sy.

achi eve this pkergtions andniasiatipB® @r siblg Wgh%létrff?pﬁyd'%?@n?)gﬁe[ ﬁé‘%@er
structure congis f STetalylo BT oRel vaBedh Hidcasédd st
order grati ngﬁ%‘b%'%ggacel%nfso eace(j'e§8mo§8fﬁhleaselgé§§ioor%&ﬁ%r de? ar atCi ?lg region
24. Separate abevé andesha8vibe paramtdo tiposeyskikat! indhaa@rt. vBerexaraple r st
order grating region 300. The effect of the ,Ladjacent, first r ating
besi de the se¥éW Rf?f%‘fedg?té‘t'@w@ﬁ 4 %h%'ﬁg‘?fc@eqlﬁ}ﬁ%rsc%fnt}'ﬁn_%ﬁ? ﬂg\fmg f1e
gutput signal o QiRHE driné ifRhtioneuther selcRfdsinagf alse e asdaiaitiich | aser
20 structures according to the present invention all formed on a single

conmon subst r gledd 400epthhlet tessiltsasSycheattuctyres may e eiher Issdeinigbart o

produce a specific out put ecif| i ). LR .Ler t nd

Ut put powsr . Ofift cprBels (SAbBA: 1 Shddncsribed drRREBnEl MIRVERT due

adj acent  si 9”%Pc|§9H‘tl‘?§ ratdPigCAt 16€Y MalnlBD% aind)nadt drbferaisiyelowevel 269t h or 25
specific signal as well as having each of themat a different wavel ength or
specific signal. Thus, the present invention contenplates a single array

structure which sinultaneously delivers a spectrum of individual
wavel engt hs suitabl e for broadband comruni cations froma plurality of

22



side by side sem conductor |aser structures. Each |laser structure or 30
signal source may be independently nodul ated and then nultiplexed into a
DWDM si graiD.o3sdmdugh t hree are shown for ease of il ustr&Cramo2/obecause of
the flexibility in design, the array can include fromtw up to 21 WO

03/ 044910 PCT/ CA02/ 01746 forty or nore individual wavel ength signal
sources on a comon substrate 400. It will be appreciated by those skilled

in the art thgypvEMEBODRIENTSCOF THE IBRENTEIN INOMBEHEANEXCHMSIVEENt s Of
the present inv i on vari ous alterations and variations_a %p ible

wi t hout depar PR@ ‘ : VHLEGE e b Do AREyt DEHNED o

these variati 9§im§ébeen di scussed above and others will be apparent to
t hose skill ed— rt. For exanple, while preferred structures are
shown for the |ayers of the sem conductor |aser structure of the invention
ot her structures may al so be used which 10 él:“ﬁl d acceptahle results. Such

struct uresS may- be eit hef Suiase SSUBINSSBRICORMFOLBSHT EXMRESBHown. What i s

believed inportant is t Vel & Gt iand agfivd 8gyert han 50%
and nost preferably cl ogeg@éﬁggfﬁ% I@%%B%&é}g;l%%gd 0202/6]01746 ﬁeTHE

EMBODI MENTS OF THEoppb4RTI €btdiNg \\iiy@irs ABDIRIGTIOUS] V& SEIRORERYY (YePRIA/ LEGE

| S CLAI MED ARE DEFI NED AS FO.L - 1. Asurfa em tti 1 uct or

| aser conprising: &UB¥MEAdEERTHS 'Qaﬁﬁét@fﬁ’ﬂ%}%%ﬁerﬁmﬂc 5‘“@%@3@%& ayer,
opposed cl addi ng | qysfsyName SHPEfckBdsaby vitsith CareAyedn be inpetsl intd e, a
refractive index structure to laterally confine an optical node volune and

el ect rode$0by whi chkaidsaneicondiasioblasing sotcddrei 6@ 10 sai d seni conduct or

| asing structure, and a second, or hi.gher ery. di. b i f fractd on
grating having periodi 8aSP§ORd @ H}@?eﬁg Og‘ﬁé;'t idhsg'l'lgllt]télrjremr@,gc@arit‘f'{rgﬁﬁ%ai d
grating el ements beL)ggCparisaicany zatbrastimei gratied t Slement$)i glachabh said

grating elements being characterized as being either a high gain

element or a low gain element, where, upon current injection, the
15 low gain element exhibits low gain, no gain or absorption as
compared to the high gain element, each of said elements having
a length, the length of the high gain element and the length of the
low gain element together defining a grating period, said grating
period being in the range required to produce an optical signal in
20 the optical telecommunications signal band, wherein the length of
one of the high gain elements is no more thén 0.5 times the length

of the grating period.

2. A surface emitting semiconductor laser as claimed in claim 1
25 wherein the length of said high gain elements is between 15% and

35% of the length of said grating period.
3. A surface emitting semiconductor laser as claimed in claim 1

wherein the length of one of said high gain elements is about 25%

30 of the length of said grating period.
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el enent or a |low gain el enent, where, upon current injection, the 15 | ow
gain elenent exhibits |ow gain, no gain or absorption as conpared to the
hi gh gai rweloaiesg each of said el enents having a | engthpcrhaokenmgsh of
the high gain elenent and the length of the |ow gain elenent together
defining a grating period, said grating period being in the range required
to produce an optical signal in 20 the optical tel econmunications signa

band, wherei ngthe | engthsgffac®Bmiihgtsemitbrifucgsyi lase @nelatnsed & claimrdr e t han
0.5 times the length of the _gratigdg period. 2. A surface emtti I’(l:g
seni conduct or | asewhersirc paidndisitribated diffiactionzsyaling ie PRUGHY FANEIEHNDE sai d

hi gh gain el ement 3‘8'@.%8&1%% %Bg%@,\ éié’@'@rgqnt YRk L& | ength of said grating
i or

period. 3. A surf m conduc l"aser as clained in claiml
wherein the I ength of one of said high gain elenents is about 25% 30 of
the length of said grating period, 23 WD 03/044910 PCT/ CAQ2/01746 .4. A
surface eritthng seni coh@unee emiliivg semiepndualer AReas FRIMSYALFEIM 1sai d

di stributed diffrggti At . S, Ok i Sactiverdmis n a
gai n' e um i n ¢ na e, S ALt Rbh brathy 1ol acth T S o

| aser as cl ai med ifsrnedchinna [bsswhedieiminghe inatissyolumet. ed di ffracti on grating
is optically active and is forned in a |loss nmediumin the node volune. 6.
A surface emtting sem conductor laser as claimed in claim1l 10 wherein

sai d distribuged diffragtd pacalphitti@ demiBOhd@R6F Bk} ¥s aRfihué imoldimits f or med
froma current blocking material. 7 A surface enitting sem conductor |aser
as clai methin cl aiwhereinwed elistributied djffraction gsalingr isdws opticaliv agiveiansunber  of

grating 15 periods, 8. surface 1t 1 i gonduct or | aser as clained
inclaiml wher ei'%f%rgleﬂﬁé‘?m&?‘ﬂff%ﬁ%&%@?n]sa‘ri%ﬂ'%des an adj oi ni ng region at
| east partially surrounding said grating in plan view.
7. A surface emitting semiconductor laser as claimed in claim 1
wherein said grating comprises an integral number of grating

15 periods.

8. A surface emitting semiconductor laser as claimed in claim 1
wherein said structure further includes an adjoining region at least
partially surrounding said grating in plan view.

20

9. A surface emitting semiconductor laser as claimed in claim 8
wherein said adjoining region further includes integrally formed
absorbing regions located at either end of said distributed
diffraction grating.

25
10. A surface emitting semiconductor laser as claimed in claim 1

further including an adjoining region having a photodetector.
11. A surface emitting semiconductor laser as claimed in claim

30 10 wherein said photodetector is integrally formed with said lasing

structure.
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20 9. A surface emtting sem conductor laser as clainmed in claim8 wherein
said adjoining region further includes integrally fornmed absorbing regions
| ocat ed awoeBvh®10 end of said distributed diffraction gr®CTmno285440. A
surface emtting sem conductor laser as clainmed in claim1l further

i ncluding an adj oi ni ng regi on having a photodetector. 11. A surface
emtting sem conductor |laser as clainmed in claim 30 10 wherein said

phot odet ect or 1ps i nt egr Al §infdcer smtting sBnicordiucasilager 8¢ cltined én MO

03/ 044910 PCT/ CA02/01746 12. A surface emtting sem conductor |aser as
claimed in claim111f Juither inetudieg ng afepebadiackoopoRMHetEt & £8'%ai d
phot odet ector to c r e u I L: i ut put
signal. 5 13. A sugﬁ@@g%gﬁ¥&f#%§6®gﬁgéé2%%%@%? éggﬁ@é@a@wgﬁﬁggélﬁxglaim
12 further includi agtpamsimhalister for adjusting an input current to

mai ntain said output signal at a desired characteristic. 10 14. A surface
emtting s&mconductor laser as claimed in claim8 wherein said adjoining
region is forggd from asngl@ldbmitiNg YenfcorRRici! BEECaS Wdimelian cldif
electrically isolate sald grating, en sal |l aser is in use. 15 15.
surface enmtting | d8efurther dhcludind am adjusiten forwkdjusting aeneinput cygeat to

el ectrodes includes a signal, emitting,openjng. 16. A surface emtting |aser
as claimed in clai Fﬁaim@ﬂg?%‘pr?%%‘i‘t(f'g'?aélag?éﬁsaeg5&‘?(%1[%@3”0& ractive i ndex
structure is one of a ridge 20 waveguide or a buried heterostructure

wavegui de. 17. A surface emtting sem conductor |aser as claimed in claim38
wherei n sadd fdser struétsuréadelemliiéng semicondyctar laseyips GRimer in claig 8

wheréin said adjoining region is formed from a material having a
resistance sufficient to electrically isolate said grating, when said

laser is in use.

15 15. A surface emitting laser as claimed in claim 1 wherein one

of said electrodes includes a signal emitting opening.

16. A surface emitting laser as claimed in claim 1 wherein said
laterally confining refractive index structure is one of a ridge

20 waveguide or a buried heterostructure waveguide.

17. A surface emitting semiconductor laser as claimed in claim 8
wherein said laser structure further includes a longitudinal field

confinement structure at either end of said laser cavity.

25 )
18. A surface emitting semiconductor laser as claimed in claim
17 wherein said longitudinal field confinement structure comprises
an integrally formed first order grating, and, said laser further
includes second electrodes associated with said first order grating
30 to inject a current therein.

25



confinement structure at either end of said |aser cavity. 25 18. A surface
emtting sem conductor |laser as clainmed in claim 17 wherein said

| ongi t udiwalo3piwia confi nenent structure conprises an i nPegreloky1fior med
first order grating, and, said |aser further includes second el ectrodes
associated wth said first order grating 30 to inject a current therein.
25 WD 03/ 044910 PCT/ CA02/01746 19. An array of surface emtting

senmi conductor {@sers as ghabneg oh surizice Enmvitiegeisensiedrdiuatorayasers| ades two
or nore of said lasers on a common substrate. 5 20. An array of_surface
eni tting seni conducd@aimachieslaimyd whergingaidiairay Bekdes WA dNAreaksfigs said

two or nore of sai qa%é’éerfr?a cBﬁW%s@%’té’Ut put signal having a different
and can

wavel engt h and out pu power e i ndividually nodul ated. 10 21. An
array of surface emtting sem conductor lasers as clainmed in claim19

wherein each of said two,or nore of said |lasers raduces an out put si gnal
havi ng thessan%)-wavel ength. 253y Q\Pr%F%’GS &imi 'e%’ris%érf'f: ugiQry A%%erg.rﬁalsti ng

sem conductor 15 | Qs@h& in @&ihfl1 TRHRPENCAIFRr dfSaOtidI8r ForPof Sdid 156881 ng a
plurality of sem conductor |aser structures by formng, in successive

| ayers on a comon prafeces absutput sjgral havisg afiffeésnigvavelength andsstpute | ayer
and a second cl addi ncgly | ayer og iﬁjd \Ma]Ier Su téate; 20 formng a
plurality of secondPGYEHFIGhER" BF V'QF@ yrrinSQfJ CC-di ffraction gratings
associated with said active |layer on said wafer substrate; formng

el ectrodes on each of said sem conductor |aser structures on said wafer
substrate Hor 2hjecting A0reBAY PhtBIriasen esnittings seaigoriupiomdaserghé@se one

of said electrodes ag,anA08H Y6 GiHeleindd A% 4 tws Bl ok Bf s&idasers

produces an output signal having the same wavelength.

22. A method of fabricating surface emitting semiconductor

15 lasers, said method comprising the steps of:

forming a plurality of semiconductor laser structures by
forming, in successive layers on a common wafer substrate;

a first cladding layer, an active layer and a second cladding
layer on said wafer substrate;

20 forming a plurality of second or higher order distributed
diffraction gratings associated with said active layer on said wafer
substrate;

forming electrodes on each of said semiconductor laser
structures on said wafer substrate for injecting current into each of

25 - said gratings, where one of said electrodes has an aperture to
allow light emission; and

testing each of said semiconductor laser structures by
injecting a testing current into said structures while the same are
still connected to said common wafer substrate.

30

23. A method of fabricating surface emitting semiconductor

Iasers. as claimed in claim 22 further comprising the step of

26



testing each of said sem conductor |aser structures by injecting a testing
current into said structures while the sane are still connected to said
comon waWwerossubsirate. 30 23. A nmethod of fabricating suPCagaoemiisi ng
sem conductor lasers as clainmed in claim22 further conprising the step of
26 WO 03/044910 PCT/ CA02/ 01746 sinultaneously form ng adjoining regions
between said plurality of distributed diffraction gratings. 24. A nethod

of fabricating sur Eﬁtﬁﬂha%@bh&lyﬂgrrﬁm@iétﬁﬁiﬂw Rigiofs bemeseh asid gllaiatigdod n cl ai m
22 further including the stefP of providing a refractive index structure to
r

|l ateral ly confine distriptted diffragiite @Btingaich of sai d seni conductor | aser
structures in the formof a ridge waveguide or a buried heterostructure
wavegui de. 10 25. A nethod of fabricating surface emtting sem conductor

lasers as clabged in cl ai metRod Ustt fesridatinguduriged hemistirep seiniomddater  at
either end of each of said gratings, an absorbing region jn said .adjoining
region. 155 26. A nﬁﬂ%@aéﬁla'ﬁﬁfji"&é?ﬁ"ﬁg??sf}ﬂ'gﬁémg\‘é'f‘g it%S{seé’rﬁsf&HHW& ro
lasers as claimed iLn glahm go LUt &lid fbcla‘t@aﬂﬁ cbh@né}a‘ﬁf’o;ﬁfcaﬂrﬁﬁéy Bg said

: .re|J
waf er al ong said a&, SR ng regions to forman array o asers.

surface emtting seath@idaid semicanducoonasarsstrugtures im tise fdrovatiacidge | asi ng
structure having an active |ayer, osed ¢l addi ng | ayers contiguous to
said active |ayer, “@VGngS’QQré{@,’”%fj gg&%%f‘f%‘@%‘ﬁ@@%%‘%uct ure to laterally
confine an optical node volune and el ectrodes by which current can be

injected into said sem conductor |asing structure, and 25 a second or
hi gher order @5stribut ed dnéthodcof dabreatiniongurfase oemiting SaMMIBOBAUGEE i ve

| ayer of said |lasing structure, said. djstri e i |0 -1 g
havi ng peri odi cal | {ASA'® &My 5%%1'?!%?23 @Inggglqcifﬂéégﬁégiépsgfl gjrrgrrll ing
el ements having a gRidknef EREtof each of said gratings an absorbing region in said

adjoining region.

15  26. A method of fabricating surface emitting semiconductor
lasers as claimed in claim 22 further including the step of cleaving

said wafer along said adjoining regions to form an array of lasers.

27. | A surface emitting semiconductor laser comprising:

20 a semiconductor lasing structure having an active layer,
opposed cladding layers contiguous to said active layer, a
substrate, a refractive index structure to laterally confine an optical
mode volume and electrodes by which current can be injected into
said semiconductor lasing structure, and

25 a second or higher order distributed diffraction grating
associated with an active layer of said lasing structure, said
distributed diffraction grating having periodically alternating grating
elements, each of said grating elements having a gain effect
wherein any adjacent pair of grating elements includes one

30 element having a relatively high gain effect and one having a
relatively low gain effect wherein, a difference in such gain effects,

the different refractive indices of the high and low gain elements,
27



wherei n any adj acent pair of grating elenents includes one 30 el enent
having a relatively high gain effect and one having a relatively | ow gain
ef fect wwoeB449a0 di fference in such gain effects, the diPCraranni746
refractive indices of the high and | ow gain elenments, 27 WO 03/044910
PCT/ CA02/ 01746 and the grating period cause an output signal in the range
near 850 nm or 910nmto 990nm or 1200nmto 1700nm and wherein each of

said grating el em@rﬂthé%rﬁtlﬂgeﬁéﬁdid chlige hebatdut eigridhin thel mingeelear 860gh gai n
effect elenment and the Iength of the relatively |ow gain 5 effect e enent

toget her defining agren9Hmie SQQHW\,ﬁéﬂgﬁﬂan@ 17089081 angs WHRESIBLAERe

relatively high gai A of the
grating period. 28. o'f&%ﬁﬁ? ® ﬁ%t%g{age%nn%t} Ifeoiér{@ze(%mg% rg[égpﬁlg in
claim 10 27 wher eiHigis gath leffeer slemert enid tenpngét oédheé relativelgxost gaiot ure i s

one of a ridge waveguide or a burjed e?terostru fure wayegui de.. ﬁg A
nmet hod of $tabili zﬁrf%chr? lemeputogsthprndefinipg g gralipp p%ré 'g’hﬁbe"? €st eps
of : 15 ener gi zi ng f t he
Taser: oner gi 21 ng dpiuth, Gl e Rt o oA Geicnts B hg e R ¢
t he | aser moni t or iM§ tindes thedéndgth affthe peatimgtperiodsi gnal from t he. surface
20 emtting laser wwth the photodetector; and adjusting the anpunt of
current injected into the laser to prevent signal wandering. 30. The

met hod of claigg 29 furt bﬂ?rsul’fgéé ‘é‘i‘hlﬂ&gasé%ﬁléoﬁaﬁétopiase?%sf Slalthed irs aigiim
phot odetector 1 ntegrally w said.laser. 31. A nethod of stabilizing an

out put sidifal from2y Whasegin a;gld ttenathe ¢onfiniop defragiiver HEXSUCHIEUEIONG t he
step of connecting sal d hot odet.ect qr compari ng
said detected 30 ¢ &%cﬂg%w?ﬁ%gu%etqq a b%geqal?gtgF%t@%g’re W%U%bd

29. A method of stabilizing an output signal from’ a laser
comprising the steps of:
15 energizing a surface emitting laser by ihjecting current into
the laser;
energizing one or more associated photodetectors
associated with the laser;
monitoring the quality of the output signal from the surface
20 emitting laser with the photodetector; and
adjusting the amount of current injected into the laser to

prevent signal wandering.

30. The method of claim 29 further including a pre-step of
25 forming said photodetector integrally with said.laser.
31. A method of stabilizing an output signal from a laser as

claimed in claim 30 further including the step of connecting said
photodetector to a feedback loop and comparing said detected

30 signal output with a desired signal output.

28



28 WO 03/044910 PCT/ CA02/ 01746 32. A nethod of stabilizing an out put
signal froma laser as clained in claim31 further including the step of
provi di ngwvan3doadjlust er and adj usting the anount of currenPCrrgaenedsi nt o
said laser to prevent signal wandering in response to said conparison of

5 arising fromsaid feedback | oop. 33. A surface emtting sem conductor

| aser for producing output signals of defined spatial characteristics said

l'aser conprisigg; a sem AORMMIKEPof| ASBIANG LA Sutsid nghlaﬂﬂoﬂrﬂ adfsky @ad ayer,
10 opposed cl adding | ayers contiguous to said active |ayer, a substrate

and el ectrodes by weliaihed inr elsimcah foghenjiraludingi theo stent @f ReMdihd@ict or

| asing structure to I.Gat band
and a second or hi gﬁ@}@%}?@i}%j@%ﬁ%@ r%lg{tfoff r%g@ |noﬁ1 %ﬁ%@wngséﬁz'égéﬁnd
shaped to provide, wp@heddret $ighalcwabtedly of respoesy to ndaid tdeenparisongof
structure, a lower gain threshold to a single | obed node than the gain

t hreshol d provi ded 8dsiagyfrosnsaid fepgbackigePei n sai d singl e | obe node | ases
to facilitate coupling said output signal to an optical fibre. 20 34. A
surface emtting sem conductor |aser for producing output signals of
defined spati aB3.charact eAistrface aﬂltMQai;emntohducﬂoailaae’ﬁSor plosiueing adpdt

distributed diffractio IS rlsed f aternatin rating
el enents whi ch def iSH 58 3@ '?%j %Fé@t r\ﬂﬁ@”@?ﬁs saiddager %‘%ﬂ‘%% M&nents is a
relatively high gain el ege@ém%ﬂdh&%r ags@rgl SRGAreE HRRY anS adtiveelidfdryel y

| ow gain. elenment and wherein the length of the relatively high dgain
el ement isltho nore osbmseﬁi Scladding Iayees | eorjiduons ttdmesgldataqfige péyesd.a 35. A

surface emtting sem ser for du0| out S of
defined spatial chat% @S ﬁr\?ic%legtgociq ﬁ'q% %&gﬁj H{tg;%%k:s
distributed diffr aCéérﬂibo%Héb!omQaélﬁgastﬂﬁittﬁ\fecwlBP&ﬂJc@r ahl &@put Bighal astd ve
region of said structure. 29
telecommunications band and a second or higher order distributed
diffraction grating sized and shaped to provide, upon the injection
15 of current into the lasing structure, a lower gain threshold to a
single lobed mode than the gain threshold provided to any other
mode wherein said single lobe mode lases to facilitate coupling

said output signal to an optical fibre.

20 34. A surface emitting semiconductor laser for producing output
signals of defined spatial characteristics as claimed in claim 33
wherein said distributed diffraction grating is comprised of
alternating grating elements which define a grating period, wherein
one of said elements is a relatively high gain element and the

25 adjacent element is a relatively low gain element and wherein the
length of the relatively high gain element is no more than 0.5 times

the length of the grating period.

35. A surface emitting semiconductor laser for producing output
30 signals of defined spatial characteristics as claimed in claim 33
wherein said distributed diffraction grating is a gain coupled grating

in an active region of said structure.
29



WO 03/ 044910 PCT/ CA02/ 01746 36. A surface emtting sem conductor |aser for
produci ng out put signals of defined spatial characteristics as clained in
cl ai m 33 watvaeiomo sai d di stributed diffraction grating isPcagoeougbed
grating in 5 the node volunme of said structure. 37. A surface emtting
sem conductor |aser for producing output signals of defined spatial
characteristics as clained in claim33 wherein said distributed
diffraction grating is a current blocking 10 grati'ng in said sem conductor

| asi ng structure. 30 . ) )
36. A surface emitting semiconductor laser for producing output

signals of defined spatial characteristics as claimed in claim 33
wherein said distributed diffraction grating is loss coupled grating in

5 the mode volume of said structure.

37. A surface emitting semiconductor laser for producing output
signals of defined spatial characteristics as claimed in claim 33
wherein said distributed diffraction grating is a current blocking

10 grating in said semiconductor lasing structure.

30



