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I NVENTION 5 This invention relates generally to the

field of tel ecomunications and in particular to

optical signal based tel ecommunication systens. Mbpst

particularly, this invention relates to |lasers, such

as semiconductor diode |asers, for generating punp

and Ier {
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di f eeanst or Pé\lgber @ﬁiﬂfcﬂﬁf’) basersurrent |y avail abl e as

optical signal sources for telecomrunications. These

i nclude various forns of fixed, swtchable or tunable
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Bragg Refl ector Vertical Cavity Surface

B0 nalis FuRaiqrees SanaraTTiabeils of JpeaRBuBications and in
| ( DF&Amaﬂﬁi BEpticAEidrRNbh¥ed féf‘ed&?r%uﬁle sanﬁ% ‘Rflost particularly,

gnal carrier source used 1 n tel ecormu
appihla:mweoh@n delateside laserst isngh |aajegmlmlqipb@d cﬂ)ﬁ@ lasers, for

ot P4 Sime 2 pRRE? 30 N5t 5% el caton

si deystarde. suppression 20 ratio (SVBR). In this sense
SVMER refers to the property of DFB |l asers to have two
19 ow threshol d | ongi tudi nal nodes having different

MVBIAEMFE@U?“D O AiE INOE fan occur, of which one
m—mgo‘ther IS not SVSR

corrpr i sed nambeaof diffeyent lased eglurees tave whrrehtly heailable as optical

d
¢ o BaMIROUMRS ol RocTBURRERS diRaaRiCSE YR IsCroB R F fxed,
havéwigchiable ef tatibl®wdvetbigtin tastressudabl FdeWﬂPfeF@t Dlstnbuted
undesi red nmode em tting Eovver at the_wavel en

1anoPge Rsfiscias KBRRS Verrtlﬁa @avity Dwfags Emitiag ée§¢rﬁgv§|$EL) and
o e St it A EE i oMy of signal
SUBSTFrigN$oBr} uskedn t¢irRcpmmunicaion Zppli¢atees #8e edge emitting index
PCTéo%? co ﬂF@qgseé sources, which have good performance in terms of
modulation speed, output power, stability, noise and side mode suppression

20 ratio (SMSR). In this sense SMSR refers to the property of DFB lasers to have

two low threshold longitudinal modes having different wavelengths at which

lasing can occur, of which one is typically desired and the other is not. SMSR
comprises a measure of the degree to which the undesired mode is
,suppressed, thus causing more power to be diverted into the preferred mode,
25  while algo having the effect of reducing cross-talk from the undesired mode
emitting power at the wavelength of another DWDM channel. In addition, by
selecting an appropriaie semiconductor material and laser design,

communication wavelengths can be readily produced.
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However, there are al so many drawbacks to edge

emtting |asers as signal sources. The major issue is
woheododskzand cost of packagi ng the | aser due PCO/CAR@4/000855

requi renent in nost cases of including an optical

i sol ator and expensive aspheric |enses to couple the

light into a single node fiber. In addition, edge 5

emtting lasers can only be property tested once the

waf er has been cleaved into bars and the edges
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and result- ield loss and are therefore expensive.
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surface-emttin B | aser suitable for use as

corAfgeeult |ﬂdﬂ%|d sgraad ase therefore pxpensiveo All s bag lieaé toasearch
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suddxpehsivetthgraekage andiisdherefdrd muehn tassrsgensite.ovenall. At the
105 Bner e ey Selted BHNALR EvRAEIRARRGrg 5t PEafter output

no Ciﬂ?\avé&télfﬁlcs%hé BotdiBleboRitiBh is AbaSe SMRBIEOFBIAdr 8fEcture.
can be considered, in the rest of this docunent

r ef er endesyifage-graitingdr B lasmmtapletf@r dRITRICYRARnications signal
?%dup&sccﬁﬁlét%\bf &P%cfﬁ%ﬁ péﬁé% &’v?lbhgd( BIMReBn %ﬁﬁ‘cal confinement

pertormance er gratings ca
dereayars havimg20latdrel czmmal qmrfmerrmhstnumihmsmhethaisthemlsa&mgle

d d f
152 GV ReBPS o B, e th oultos it spcond
wasorfHighistster §sméwhéretwiehid @966t C%FYndHé)&tll@rlﬁiEOWHnBGthe use of
spectrumof a symetric first aqrder

DFB
| ashé%er Pilerathalralig 6an o paREE ehied: mdh@ r@afnof this document
| ntgrdrehée wﬂ%ﬁ{aﬂ&yn rify %“Qe&%atc{rggﬁ %r\éﬁh% égé@%ggﬁts the

two primary potenti asl ng nodes
t hebest epamaleoandmmfwm;)cedm& alkhigledriander gratindsecaredgroanstrate

20,0 B8 SR o B e R PR ifertiafing, iy, the
t Wt eSsctamg-opdirandaxftatinginl gt gersmigtir) DIFR [0 Was proposed
equal ly likely to lase (assum ng the |aser is

syr’fﬁé‘ftrth% dggeheracy Repbleyh of fae spsetiupy of asymmetde fisst @rder DFB

oL R ErY Ry U, RIS ST ol B

constructively and destructively to produce two primary potential lasing modes
25 atthe edges of the stop band. The stop band is defined as the region between
these two primary modes where no other lasing modes can occur. In a first
order structure, these two modes have equal modal gain and are therefore
equally likely to lase (assuming the laser is symmetric at the ends of the cavity).

For a second order structure, these two modes experience different radiation
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WO 2004/ 109873 PCT/ CA2004/ 000855 | o0ss and therefore

there is now a net gain discrimnation nechani sm at
wol2eoa/1098TBe node with destructive interferencerPaf/CA2004/000855

optical anmplitudes within the cavity has |ess

radiation | oss and hence a |lower threshold gain in

conparison with the second node. 5 This approach for

avoi di ng the degeneracy problemin symetric first-

order DFB lasers is preferable to the nore usual

rret loed andithefiore tHeReishow Breakhndissiniuian histn8hishhst play.
ser by antj-reflection (AR) coating one facet and

h| gﬁh$ sladecitiy Aeplppgtive daterfatgneref eptieal ammlitedesswithin the cavity
b
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usu approach since ction coa
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ki ng vel engt h ortan even . g
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f or oidep'DFB Rgerd ROpRFErABR t6ithE Mnére hdfdl inthb#ewhich is done by
degeneracy. Quarter-wave phase shifted gratings are

pr obEBKinghe sypatetry s HheaSeby@nidefioetiond AR)eedtingoneracet and
facg hQQﬁédtBﬂS(HWaﬁag Wi B?\%? ersliid Beé % \elgi‘f\ﬁeﬁ'gth control is

si ng node in t I'e of the sto
cl o@lﬁlouti ushng th8ayg! appvedabraiinde) the lnaﬂedmas fra)nh thediR coated facet

S SR AR o, e SR RR 0 an

AnQHLﬁfﬂdn@E&%ue%Q@ﬁQiﬁbU’@IMSR yviel@Nbetiedg conpl ex
coupl ed _ggatl ngs. The term conpl ex coui)l ed grati
“refers t Qrﬁ@rg.%@ftm@woaﬁé@rérrmvmsimg erEnoggeafgld @Yé'ﬁ!ng the
of
ch(?ég\jen?;%bf So- ca%rwéi ?hl(égée@g@ﬁep ing g(s gé-lmn%o the most
coreangaionoalieraatifeoto mixadsARHR faestocwhtiogs hivhber ther [ibase shift

196 & Pid S piec e Pl 38 g Wkt e e to the
CO%ﬁagglmﬂIelelﬁﬁﬁhhﬁEhéwd l0Vest thieshelengid tiu 8@afoan8des at the
sa vant ages The radiation | oss node sel ection

sqtihester band apd irtherstere the prafeed lasingspedse dnother less
ab I
Sur i oINS ed 8 eofTiS EphBIo b BiRP Qatings, The, torm complex
si megluplethgrating hafees to tinesifuation adiermilhe, comphm@codfﬁcnent of the DFB

B A FEEEH ) ok 28BS st coup

Th e(gafmcblelos§ bo’nhgatitﬁi) @@dﬁ)rwct@ﬂﬂg @sdednd BERghepPURIeR Grating in
grati.n is not_sufficient to make a

| ase
s urWhig C@H'P'trig tﬁdh? sadiatioq fialg s respejisitipferdhe imaginary part of the

coupling coefficient. Each method has its own advantages and disadvantages.

The radiation loss mode selection mechanism in second-order DFB

25 lasers described above favors a lasing mode having a poor surface-emitting
near-field profile for coupling into single mode fibers. The favored mode, which

by definition has less radiation loss, also emits correspondingly less power from

the surface. Therefore, simply using a second-order index coupled grating DFB

laser is not sufficient to make a surface-emitting laser suitable for optical
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PCT/ CA2004/ 000855 conmuni cati ons applications. To
wonp4aees78 he shape of the | aser beam whil e reROYiIaAg004/000855

radi ation | oss as a node sel ecti on nechanism the use

of a quarter- wave phase shift region in a second

order grating was proposed by Kinoshita [J.-1.

Ki noshita, "Axial profile of grating-coupled radiation

fromsecond-order 5 DFB | asers with phase shifts" | EEE

JouaamupicatAs bEplidiRRs POiRSroviahe sREpe BP the H3Er Bdadm while

March 1990]. As w il be described later, this solution

i s FRNOdRgAdiationlass as g mpdecsalection mgchanigp| heiuse affa quarter-

t he, Qv - = em L NS, e :

cut PHEPRpse PR FSGERTN oS BT B EE Brop ARAEY Kposhia

a s[k-.a€iaosHith, ewixtal ipnofil®ieB gratiwrcatpled tadiationsfrémusetond-order
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ob DA Edtrars Wi ShPes R ikt 8 et R G BSRyoNcS, vol. 26, .
bl ugdBYaeMhidhMOOMIEY \ill bEeles &Rt alr s s@lidohfndtSomplete in
witten in an absorbing layer within the structure or

di r Beungersianding gapelufieny of theyougrall preblem aksyrfaneaemitting DFB
Whi | gejnteresting, this patent does not disclose how

the grafing affects fibre-coupling efficiency 15

(since i®Ouisdenof therekcorthwiitdtionsyfidld] anoaxample of a surface

licati Thi tent .al sp.faj t .
162 ety B3 tasht SR ap i b Bl Batard & P26 fufhis patent
POVWRIach&Sla sighy 1I8bE@ Ei@ﬁféé&erﬂftﬁﬂ{DEB fasepforpRyUcthg blue/green light
effectively control the node. Lastly, this patent

f ai Wheteotheegeernd gider gratingrs wiitign Iia sy abserbingslayer within the

' fAr | ol ' , .
s g e ) BT B3t 71 LA e WA ot
wi t thigipatentdeemnet diptlase hewi the enlatieBaffeds fibrkesouplingiesficiency
1" T By A D SR g S e o

nontotehER Wiapphiagddtefs ®nthol Wetﬂéiléhdel&ﬂNééﬁltotéﬁd&thtapq‘Wer and
high injection rates, areas where the optical field is

nostbrentpiieg ididarcysar hewtieceffrativelyurarkoy thiaode. Lastly, this
thepabat efal‘ﬁé‘r id feath %onﬁﬁfétc(aaténqﬁﬁllg;gaéé}estﬁﬁgriglaéggar\ble for

becone depleted relative to other areas 1n
cavidgconiuenitatiarheapdlasgth refdesct , this |l ocal carrier

epl etiqgn.in rn.leads to lLocal refractive index
2 ronge. WibButstibt pEBY Bebdn bt dwelSatR ol §rer-wave
Nonphddenstiifie@ DFS 1kel @asigAe & Be of BRatidHoks BaATKY. Bpatial hole
the | aser. The nost obvi ous sg&ptom is a decrease in

t hebWRNG 188 Noadiedn pifedtdbridesylts fen artighly ponundform optical field
within the laser cavity. At high injection rates, areas where the optical field is
most intense become saturated more quickly and therefore -carrier

25  concentrations in these areas become depleted relative to other areas in the
laser cavity. Due to the plasma effect, this local carrier depletion in turn leads to
a local refractive index change. The local refractive index change leads to non-
linear effects that degrade the performance of the laser. The most obvious

symptom is a decrease in the SMSR as secondary modes are enhanced by the
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PCT/ CA2004/ 000855 effect relative to the main node.
woOnommmwes7ext r eme operating conditions, node heppiaago04/000855

can occur. Spatial hole burning cones into play

differently for edge emtting and surface emtting

| asers enpl oyi ng second-order gratings. In an edge

emtting 5 laser, the coupling coefficient is kept

reI atively low by design, otherw se the efficiency of

?C‘ff A et SOl tHE n%ﬂ‘?nc‘rcfe |I|9Y\’10r-e[ RetrbRY dpRetirg €nditions, mode
Ielent 1n turn ps alleviate hole burning
beclammmghwomurcal field inténsity remains fairly

gﬂlr ]]: gg?%qﬁﬂft%r ﬁﬁ%ukﬁ%bte}ﬁ &\%é% ¥nito Ipﬁh&ég men[égﬁlﬁ/’forf 8dgé emitting and
CO?&ﬁfﬁldéaérﬁﬂllrﬁj Ialér%-émbleghngrstelcoadi ofdalgﬂahmgsa%a}g\edge emitting
opti mal coupling 0as ile
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to éfﬁEi%h@)?f)P&ﬁlS%ldﬁHﬁfrh e é‘@g’@ls%\ﬂsﬁwélbw doup(mg co@fficient in turn

t heoreti ca erformance also calls for a hig
coubdalpagillevz]eifef heledntrning bhaeprss éhe petica) ﬁﬁ&c@t%nﬁ'tggﬁm@ms fairly

ef f1 S Q?}Org,rpg\% SR oo BaSE R é‘&&féééeerhlﬂﬁ%gdla%ﬁ What is

t he'}y concentratin
opt Uéé#edf i @k@nbént@aited Bir@h@lobéh@pdxpah fiekd to achleve optimal coupling

surface-emtting 15 desi us s I

LGor 1 5206 roess therr BiigsahieusbledtuBh AT et hdSimptest
ear ‘sytoc?ﬁ%drgo alREFRF-WaveTphass SAFE Optinid iigbrélidal performance
| asers t erent confl ict between the
reqalsoecammbrfamgmouplmgngoqfﬁ@eeﬁotq daprovpelhg surface emission
concentrati o fro

it 8ﬁf£‘,fetrv &J JD9IE ﬁgﬁtg?c&wenﬂ%f‘e @L&Slﬁve‘r% ?Hgse shift. By so

mnim zi ngt concentrati on
f or higplyecdndenirating thessptisalMiesd mearie plade, the optmhbsmafmeeemlttmg

20 consideration it can be seen that the
lgpagpggnp@ﬂysbﬂm ﬁ@e(pléshb%e %ﬁ%ﬁﬁ%ﬁ]{j%'ﬁﬁgﬁ’ l8| %Ie burning.

the rgsicimydn fHiHacsscmen bf BGrf&&Behﬁtﬁﬁ? sammésm nlgis dnherent

guarter- vvave phase shift for the control of th
opt |coailhcirhﬁﬂ\eze@lmthefrleeutﬂelpeaﬂslfpré“amzlbﬂfr@rﬁ@wé{ ﬂ%ﬁ’rﬁ%%@tmﬂon

t
T
eI e@bh@éiﬂr@‘@ﬁﬂﬁirr ihete- bmmngEreasmsswmsedealdzedl | lowm the above
ol Gonssmelign epa K egef dhel eS8 reT SRR Rbld bl is of

t er @% cﬂﬁ?m% bﬂaﬁ%ennqnéidéélg@bf/@rfa@é@amhg DEFIBi{assérabnmtoymg a
t abrication and

oynent, | eadi ng
costoslartéluwatr@phgs@ shtfh‘@r,ﬁgﬁ @«pmtrql of ihe eptical naqf?e nd ?e{d profile.
| ndex- Co%eloegatgﬁ@tétﬂﬁnﬁﬁ]% E)oﬁlﬁlgate these hole burning effects are US

4,958,357 and US 5,970,081. In the first, complicated electrode geometries are

25  envisioned to allow stronger current injection into regions susceptible to hole

burning. This solution is at best partial in terms of performance and involve
greater complication in both fabrication and deployment, leading to higher
costs. Furthermore, the patent is based on an index-coupled grating and does

not teach that other factors can have a significant effect in mitigating the hole
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not teach that other factors can have a significant

effect in mtigating the hole 5 SUBSTI TUTE SHEET
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effects. In the second, which is al so based on

i ndex-coupl ed gratings, hole burning is mtigated by

di stributing the phase shift over a larger region

(defined as greater than one grating period) to

decrease the peak optical field intensity. This

et hAGhing'\Efd s, Th &R SecdPOfHRASs b%%%a%@é%n%@éﬁ%uﬁlé@bF’atmgs

profiles 5 and agaln requires a nore conplicated
f abheleiuroings seidgried. byA@étrwutm@rﬂ@e pBasw shifteenetisnlpragr region

?t hefenRkl aggr {h%ﬁt nrgg g? Jas] Biesc\'spttng pfegk Hﬂﬂ@al field

ecognlz er’ ¢critica
f acinterssitly e dlis me:thod,cwhm siably, prmmmelsyemﬂlan optlmal field proflles

t abl t The t ' t
4 S TBOAR sliRE s chreleaRi oGl Prdee B A fhere is no
Si N@aghieds ofee hﬁﬁgé!ihglféctéfen REBAtR Patdrite ke faﬂuf&o@%dgmze and
i n maki ngangtq’thuarter wave phase shifted |aser with

conpndsrs 8% critiaab majtigatiny tagtars legsisatecingansistesh ¢asgly and
Omuhac’cc’%pfécﬂrllé"rggﬁltst oTﬁé’%é&%ln :{1 n@%ﬁ e ADREAR' 'ag% Efgé(rﬁt_%e not

response
| asesmmekeiallyf vialsie. proposed the i dea of using a

e Sl M UL BB i R B e
Aokj ,q'l:Ja@@ﬂWb% 'pﬁ@e!@ lsBRted/ 14sershith b@ﬁﬁg@%grb .STHY dliarer-wave

flat FMresponse," |EEE Journal of Selecte Top| csS in
Qjaﬂ'ﬁ%ﬁﬂ ik epits e’ syiicient fo egntral e mede appiepriatelsHowever,

fnfbrel%?&)emg%vé fe Fﬂf tsgglgsé 5¢ 888 Qas%]' (9!33!th§[ 6r8gosed the

and 1 magl nary ternmns coup I'ng coerticlen
t heidsand Lmlrgmaat"mst-ordenomnmalelxwoejpt&nﬂgraﬂngsn a quarter-wave phase

15 BB P ), G O Rk "B EBE5 s

OPP&§itt & DFBhgséTQ ith@OETEN R6PBRSE” IS B JoGrnbPSIS HQUBN $8pics in

grating. addition to inproving the FMresponse as

desﬂueatuwoﬁéﬁctrang:@ Yotk dd pphé@114ﬁ5phm1$95]st\n iphigse complex
aﬂﬁ %i‘?\%hlgﬁﬂwesl%gpér?& g{\é@ﬁéﬂy’i‘ 0 Inetpg %ﬁﬂpﬂ% coefficient

ase conpl’ex t ensi
puramentjneamind efigrt nnd &t mdrdmelly @aejodimf &e ra“rgarreco%d/\badtmg it

2 EHOUETE! 30; PR GPMBIRLARINGTS bt WiAtbhe signs are

Wi t@&pﬂsﬁbh@leqﬁéét'c@ﬁ'ﬁhé‘ﬁ eﬁ@rﬂ Ie%en'i@b‘?oé&uédupl’éh gr%"tnﬁ&' Iﬁ'&idltlon
or conplicated and parti al so uti ons associ at ed

t hetogmpseviag the FM response as desired, Okai also noted that in- phase first

order complex gratings can suppress spatial hole burning while anti-phase

complex gratings intensify hole burning and deteriorate the laser performance.

25 What is desired is a surface emitting laser structure, which can provide

useful amounts of output power without the detrimental spatial hole burning

problems or complicated and partial solutions associated with the prior art

phase shifted designs. What is also desired is a structure which has low chirp

and is insensitive fo back-reflection.

SUBSTITUTE SHEET (RULE 26)



phase shifted designs. What is also desired is a
structure which has low chirp and is insensitive to
woacskmwes7Bect i on. -6 SUBSTI TUTE SHEET ( RULE ' B2X/CAB004/000855
2004/ 109873 PCT/ CA2004/ 000855 SUMVARY OF THE
I NVENTI ON The present invention relates to the theory
and physics of suppression of the spatial hole
burning effect in a first order quarter-wave phase
shifted DFB 5 laser. Wth a proper understandi ng of
t he physics, it is shown that a gain coupled, second
order, quarter-wave phase shifted grating with
appBUMMARY QEtTHE INVENTIOMSt i ttutes a surface enitting

| aser haying excellent optical ,mode and ectral -

oroper 1 LC A BEy S on alel Yo R PoPtiona AR suppression of

| mpthievdpitial hele Hodiihgkffedtoh & it 6rdBe quirtérasaVe Piesdedshifted DFB
ccor di itg"o t he present invention elimnates the

10
eckBSEl-tVithd ProReT Hpderriandiyg of Jeaatisics, Edmshpwattbat a gain-
desi@iiey <2 cahd Sierdfia Qﬂ-\ﬁav{bﬁégeﬁxlﬁ%’ﬁﬁgﬁm %ﬁrgpgréarte duty

results from gai n-coupl ed, phase

gr a¢yahg) chastéutesac sufatiengmiting lasep hasiagtexcallenttdpticalbmede and
al s ' i.ch nstrate the perfaormance.of .
e TR SHeRE s AR 3l lfo bRORB A IBRERiSls o spatl
I nviesleibumning. A tasthdesigh alccoidingPiet thePrégent fivention eliminates the
conplicated nulti-electrode injection techni ques or

1Gi £ peeasetly prdemytiad wayg gengtalygemplicated, desiiesite alleyiate hole
gr e&_tlﬂn}{*ng. EHBEAmMERRI REEME fr%ﬂ?%aigfcoﬂgie%', %Egg% Bk AR Hd order
e o na- or der g

mul tinmo peration of a sec aser havin
a ouratingrlaserseagsiordieg tehé tpresgitoinvehtiorugle jalsdi pravided which

choj h cle. .This possibiljty arises
fro(?nglﬁ‘gggt{%tg?hgﬁé%forﬁasrggooﬁlb%paegslengmfaph@xi s a conpl ex
coupl ed A addpegt by thetprese@Oinvadtion ti§ 3 SIUWItRAt without using
coupled grating. it is possible to strongly reduce -
Bspal C?faP'%%fL m@ﬂﬁﬁﬁqﬁr@déf nigcfien feshpidees v iffistts Bhase-shifting
Shi fybthcRCR RDREBR! to%’ré’%ﬂgﬁvbggué@ﬂﬁ@ o@@&?eﬁe%‘?ﬂﬂ%g)drﬁjgg-ind uced

t he past but 'w th very enonstrated resu
dat @ultisnade epatationusf agesondoadentdf; B thsker hadnas quarkemasvephase

f at i wdth tot ratin r.iod, . .
06 S0 B2k ORUR STl SERkE dr e PR b e BesiB arios
garfmmtﬂea; faqﬂltlma dé?ﬁwd—ordﬁh grakt)inge@@ ﬁ?rrﬂpllémh'tp@ﬂfgi‘ftfr@ Byshature

ecause, unt i now re S pbeen a_tallure 0 u .

20; ec%lfﬁ‘f"ﬁ'é SRR Blestarating ipRasgible lncstengnimAuee Spatial hole

di refhing effdceet spatial hole

Quarter-wave phase shift, second order gratings have been proposed in

the past but with very few demonstrated results. To date, duty cycle of the
grating, defined as the ratio of the grating tooth width to the grating period, has
25 not been considered as an important design parameter. According to the
present invention this is because until now there has been a failure to fully
recognize and understand the design factors which directly affect spatial hole
burning. According to the present invention, within a particular range of duty

cycles, the detrimental effect of spatial hole burning —which limits the operating
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burni ng. According to the present invention, within a
particul ar range of duty cycles, the detrinental
woehb@ciosaB spatial hole burning - which |imtspCinaA2004/000855

operating 7 SUBSTI TUTE SHEET (RULE . WD 2004/ 109873

PCT/ CA2004/ 000855 current of the laser and therefore

the output power - is naturally mtigated by nmaking
appropriate design choices. Further, according to the
present invention this effect can be additively

IrRed Wtﬁehlagergéh tﬁé?%lrc—? ?neg{)éig)'uf‘ Eo@@nsl &rha?tk‘f‘éhy niififdited by

aser.is virt I mper vi ou bur ni ng.
Th emaklog apardpm-tff d@mgm g‘nm@eaEudhell‘, @gcq:rdmgig the presant invention

ISEY Fst?l hg@ bta(h?%g nt gn%[@%cgwgﬁ gog‘iﬁi\ﬁ ggu%%%%%tmg%%gn such

surthat greaEbér lb Uy llrﬁpéwldmds Iﬁiléib&rrfimy 1ﬂ1ebea‘bre a laser design
coupling) wthout incurring

5ef f ing tethepraspit ,wmen%n Ba% (Jr[‘)ll % agee I“?tf aguarter—vlvave phase
mMdgyf gﬁ@h@f}ro%ﬂ%élﬁglesﬁgﬁe tdp@%tldnh@nd 4864 $0rfAés-emitting optical

i nhere and 1s highly insensitive to
backedefshape éat fibieghouplig) wrtholuianypeg thetypicabdefrimeatal effects

! t d
Isg\é l:q%lt(ggalgﬁald?oé? ngrﬁllﬁ r%ﬁ\e?éﬁﬁédé—hgéﬁ n% At the s?me time, the
It H&si§PRas Hherdrtlyiew ehip and |simghl§' |5$mts||tﬂvle thbbek—reﬂected light.

burni ng by judici ous ch0| ce of the {? B
1qr at i ng. In" onfepenant ©f e present W@Qt'% d%/éiﬁxlﬂ’ DSirgied At since a
sh o¥‘é di%f @rﬁ@{j%rraﬁﬁb o |ﬁﬂér%nﬂ9 a c%ﬁﬁiléﬁbra'ﬁﬁb 6t BWoRkBE: tbfreduce or

t he ty cycC a second order grating is chosen 15
pr opesid )spaﬁaurhdim buming by Mdg:|¢uﬁg¢hmg¢rgﬁthetduty, gygle of the grating.

car sel ection.of dut [

ef f SE? refgren e Eean IR (go%%%/%gg'gpl gﬁ%‘tﬁllng o‘aar:e's}é?ance to
ext sgaml iHORe Beitiihy it thet Qu@p@deﬁbf lobecdndr aideg.grating is chosen
Conver se according to the sent i nv

|
lauapmerlMé*m&ﬂﬁﬁ@ée §W§fm%@vﬁ6‘§§t %@'b%af@ﬁ%??'ﬁagorhquuty cycle
par LLg ll‘ula%la\‘\ ivePEFEQNIRESuSSd Wit 4 @bm%lfpléiﬂgratmg to attain

spatial hol'e burning 1nherent to 20 | 0ss-coupl ed
des Egineme sinaaikitivityelo spatiak ot Sustngf Conergelyy asgerding to the

necessar t 0 .achi ey ef p I

i cpranl inteh A" ai¥ e uErE ihasBP shiiRy I dupled gratings are

to Eéﬂk‘:méﬁ @o@ﬁbéﬁ@ﬂn@mdstthégwtbasﬁed spainald:blﬂ leurwirigdhherent to
ot h SUI table for tel ecomuni cati ons @BEld ations

2 RS PIGSAS TS MTRCR BN O RReRgPS A ‘Hplygnecessary
pr okl St%?\?éé%bﬁﬂ% tl(‘,“éltﬁglott!i@trlBUtlé’r'i art 25 designs. An

obj ect res invention is to provide a
| ow cost Itdgpamn objlecbmfgh@presgatmg@nttqﬁdp pravide g sifaceemitting laser

generati ng &l 8nal st ARlE thRcoHRFuhiBatidhe appliétRhs and which

avoids or minimizes spatial hole burning problems associated with the prior art
25 designs. An objéct 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 signal range. Most preferably such a signal
source would be in the form of a surface emitting semiconductor laser which

can be fabricated using conventional semiconductor manufacturing techniques
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br oadband t el ecomruni cati ons signal range. Most
preferably such a signal source would be in the form
woho@/wes7Bace emitting sem conductor | aser whi egT/Caa004/000855

be fabricated using conventional sem conductor

manuf acturing techni ques 8 SUBSI 1TUTE SHEET (RULE ' 20

WO 2004/ 109873 PCT/ CA2004/ 000855 and yet whi ch woul d

have hi gher yields than current techniques. Thus it is

an object of the present invention to produce signa

soureasedivhith WYRE h%ﬁ%éthlgiﬂ?eﬁl Ykt eth%ﬁrﬂi’,lﬂreﬂg te%cﬂntcﬂ%s PH it is an

art techniques referred
obj @bjecbef the eresesd iventioviermroduce sigial suuntcea aba wadr cost than as

St asprpered G B R e B RS cati ons

appl i cat ltdna Whémumjemhétp@éséiﬂ m\lahhaﬁlthétaéuchld%lbﬁal source
gueto at|al ol e burnin More particul arl

5 wioDlsbBEVE efoyalt apwet. mvethinglinA@baLY ARG PraRkios feiparoadband
is @Qhﬂnﬁ'ﬂrﬁ@éilohg _aplichiiorts Wtﬁotﬂomduﬁﬂerﬁ@dlﬁﬁﬁlcﬁ%ﬂ Gkhits due to

can be nmade using conventi onal
mat €patigl soleduthiningudere partingadywhetis :meadenttsca lagert struthure where

e e SHeB s Tortlied B e Sbid SpofBBiankly et wcp gan be

per matdepruamg tb@hvdr&tidi@‘p‘ IRhographigUan@ OnRiteridls AebRfiglié®Nh the
h1 aser. Further_such a device would display

n?ﬁ@rcoeﬂp?fﬁrta& pes what gﬁq%s'ﬁdawsﬁcﬁqrf@pem&tﬂw laser which
Maniildsiadiedhd U HhelidtaR Cs‘\?xgﬂ%lzw RWE@O?EF{@?@%‘C&&I values of

Still further, the device
i nseurtput ipevey ‘to @risecikomethedasernd Rurthet suelh lzodévige twaild display

d it ed i cati
S b  Js6: BS ol FARRLRRL) 358 it winout -
opt unadceptzié ajLMe thpoaddrmdi %tnlsfmmeff, oG fd@!ﬂ/l&n('&/@uldv@ﬂﬁlblt an
S SO sem nauct ar aser SiJgnal source
avﬁﬁsn%fgﬁé' @n%%iﬁ sGted; 'ﬁ\t qllowdag it dﬁhiéfegf’fh%%@fﬁ%d as a
coupbthunitafioRs Bnal BRtee Wﬁwbﬁ?‘iheart)r | Sor tieinSdsidnabs an opt|cal

devi ce woul d al so preferably be f cated as an arr
on igokterdpenaiatain S@@&éﬂeml‘mﬁﬂcare and may be

i ntegral S fabri.cat ed
o g 30U KRS oo BB g
adj slgnalrtgxtpstﬁghms eaarythrmm@dmmi@ledi@\a sﬂﬁ?e nfdde optical fibre.
2@ T% atureo t[%gﬁ'ﬁ%’& invention relates to
£ PUFfR Ac§iRdcT ol rRFEERIRBIY i By fabrivatadapg@p arry on a single
numﬁfer%séﬂ rSAREIrE | SHBMayBE ﬁﬁ§grtah}¢ aBb e BlahdBisly formed or
fabricated with adjacent structures such as signal absorbing adjoining regions
and photodetector devices. '
A further feature of the present invention relates to efficiencies in.
25  manufacturing. The larger the number of arrayed signal sources the greater the
need for a low fault rate fabrication. Thus, for example, a forty source array
fabricated at a yield of 98% per source will produce an array fabrication yield of
only 45%. Thus, improved fabrication yields are important to cost efficient array

fabrication.
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need for a low fault rate fabrication. Thus, for

exanple, a forty source array fabricated at a yield
woho®RBegrer source will produce an array fabri earica004/000855

yield of only 45% Thus, inproved fabrication yields

are inportant to cost efficient array fabrication.

-9- SUBSTI TUTE, SHEET (RULE . WD 2004/109873

PCT/ CA2004/ 000855 A further aspect of the invention

is that each | aser source of the array can be

fabricate ﬁth'hBr AR 0f wh@ﬁtl&?‘l?ﬁthgf ehéh Biskf e6Griak of the array
wavel eng nost preferably to wavel engt hs W t

t heahdlecfabrivatad taopeate sl t@aaarrtmrdg diffsippuavelergibs aad most

devi c d have
corpareany ey 2Pibihe e PG lis s pands. Furher
coWi@h kéQié»vﬁféCbohWhavwblhxlt irodhétEctor thgzt an domanmmmen external
BRI EF DESCRI PTI ON

erenc
Sbe. fredeoky oy souHd B3 4B B ROYA reiond appaieintert3hte.
enbodi nents of the present invention by reference to
the attached figures, in 10 which: Figure 1 is a side
vi BRIFF DESCRIBOIONON THE BRAWINGS em tti ng

havi ng. dXeleinEe s Eot Hel8, kY aifoEERaRRIe biF ™ Hhétered

9" adhBEdifRINEERsF the pregit inventon by réfegence {2 the atiackerdifigures, in
vi ew of the enbodinment of Figure 1; 15 Figure 3 is a

10| ovhigbde spectra fromvarious lasing structures;

Figure 44 ur% g‘ |§ il VB SRS ehtbddimheAuby aC)éQH@c@femlttlng
greater tRan 0% lgure 4b is a plot of npde spectra

f orsei‘aicymdwtblelasér dosording tnthsawgsentiinyantion having qoquarter-wave

ctrum f wher e
_éh e*#&%ﬁ?eec%d osrggr @J}gbg(ﬁ e%oH%e %Bg‘gﬁlﬂﬁgf or a
gal n- couphek Blsadr egd Wew f tha lenthodfingotr & Figurs ‘a pl ot
of a node spectrum for alog oupl ed ratJn ngg
cira clurss;

1%L=2; Filgjauee 3isaplet plaste spe Vel IAginds ol
i ndex- CoHBLRAIISH plRYoIhRIE spdetrX korhity cycle of greater than 50%;

Figure 4b is a plot of mode spectra for duty cycle of less than 50%;

Figure 5 is a plot of a mode spectrum for an index-coupled grating where

20 | Figure 6 is a plot of a mode spectrum for a gain-coupled grating where

Figure 8 is a plot of a mode spectrum for an index-coupled grating where

25  «L=3;
Figure 9 is a plot of a mode spectrum for a loss-coupled grating where

kL =3;
Figure 10 is a plot of a mode spectrum for a gain-coupled grating where

xL=3;

10
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Figure 9 is a plot of a node spectrumfor a

| oss-coupl ed grating where icL =3; Figure 10 is a
wol20i4/109878 node spectrum for a gai n-coupl ed gr &CTAA2004/000855

where xL =3; _10- SUBSTI TUTE, SHEET (RULE '2G WD

2004/ 109873 PCT/ CA2004/ 000855 Figure 11 is a plot of

a node spectrumfor an index-coupled grating where KL

= 4. Figure 12 is a plot of a node spectrumfor a

glral n-;:oupl ed grating where KL=4. 5 Figure 13 is a

plot o [

accordi ng&\ﬂ%o fﬁs{eg r(gs@nfﬁ?dr?\%g% éltg{]ﬁﬁ]lil 'g%ﬁ érﬁjéxf’&ﬁfpled grafing

pl avhee A sgectrum for a |aser according to the

present _.invent.ion, fo current just r

curr ent ;FIgHE 1% igaret i’ga 1P saegirumuf%ga g%@%‘?‘?ﬁ@?ﬁ é?eﬁ!g\% where
| asgr qccordl ng to the present 10 invention for a

current far above threshold current. DETA

5DESCRI PTHigmedS is gl qﬁptpmﬁemrmmqvemsﬂﬁﬁéef alaper gegprding
Si dt%tme %f Vgnﬁ&tpodl ment of a surface emtting

sem con aser 'structure 10 according to the

pr esent Flgumn14 @na plitidfea spectiting fiorea tases agaording {oi lbw present

of the sa struct The c 10 is
con‘BP"?%tEH‘ a&”ﬁ&ﬂ‘ﬁ@?t%l?owe{b Sg‘%%fgll"fe'ﬁ rgne upon t he
ot her usgiggre 1®s 8pidtdfea sp&dtanddsida mrmbﬁimidmpto the present
fabrication techniques. It will be appreciated that

1@ heinvegtiorofor §l%'ﬁeﬁhfﬁmb§é‘ﬁfl?!8ﬁ|&ﬁlétcw eg%\brl cation
techniques for the present invention nmeans that the
present invention nmay be fabricated efficientl
| ar ETAKEILDE&GRIFWION:)OF'EHEHRE/F ENTS

technlqus beln ired. thls di scl e s
fol | owi ng'gf“@r rjrs e VASW q hane oqmlz%? ﬁ\&ﬂﬁé& R ts[]?face Emlttlng
P- £&4IceRdAtoR Ia%%ﬁ‘sﬁ@ﬁtﬂ#@ﬂ@f ad:@ordlnge@ e prepent Mwellmon while
el ectron acceptors in which holes (vacanci

15/al Biguee Baisdpn and view @bie sAMecairv@Hie cie Faéﬁg Strusé\wre 10 is
%&%b%‘ed éfaandrﬁgé?ﬁgéégeré"bﬁlﬁ TGl ohdhe SRR UsiRG, foFé@tample,

astan excess 0 l'ect ro S as current carriers,
An stahpatd sérgicahduatanfabecytiooptechaiues.ghill hehappreriated that the

use of such known semiconductor fabrication techniques for the present

invention means that the present invention may be fabricated efficiently in large

20 numbers without any new manufacturing techniques being required.
In this disclosure the following terms shall have the following meanings.
‘A p- region of a semiconductor is a region doped with electron acceptors in
which holes (vacancies in the valence band) are the dominant current carriers.
An n- region is a region of a semiconductor doped so that it has an excess of
25  electrons as current carriers. An output signal means any optical signal which is
produced by the semiconductor laser of the present invention. The mode
volume means the volume in which the bulk of the optical mode exists, namely,
where there is significant light (signal) intensity. For example, the mode volume

could be taken as the boundary enclosing 80% of the optical mode energy. For

11
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produced by the sem conductor |aser of the present

i nvention. The node volune neans the volune in which
woheodnodsezof the optical node exists, namely, PGIMEAR004/000855

there is significant light (signal) intensity. For

exanpl e, the node volunme could be taken as the

boundary encl osi ng 80% of the optical node energy. For

11 SUBSTI TUTE SHEET ( RULE ' 26) WD 2004/109873

PCT/ CA2004/ 000855 the purposes of this disclosure, a

di sfhiel furbeskdlbfl thisahiédiSsure! AlistHbuted GifPactiBn'YPatiy is'oR8 in which

grating I s associ ated \_Nlt’h the active gain’length or

absHeSHAENY isnasectated with thexaetivg agitylangtisor abhaerbing length of the

fee ' i I ffec

t oSG GaN 5B WA (o R o PHRat 4 12 G e B eBors that

wavallan gstillatioshorclasingerilnaecértaie newelehgthes, nfhivtc®. infEference

5‘dif er'rﬂ@;ci Qn grating of the present invention is

co Pi E§ of grating or grid elenents, which create

al t er nat heg diffrtien graking ef the@PesdfifveRtidH RIcBRIpYised of grating or

alterggatl ng gain_and/or refractive index effects. Two

adj AL ARG NG sraate sitetnatingeoticgl arensgtigssrmest. preferably
Th eg]?érh%ﬁebat%;érl]iﬂ%Sg?dr!?eﬁzgétﬁ/‘étiﬁd@{ é?‘fe%ﬂ‘i[:) H’v{dj%r;ja?%né grating elements

di fferenc gain arises 1 n respec
ad]j defineta gnating pgried ciferaltermating gareetiedts greesuchahatta difédrgnce in

[ .gai n effect an e next one heing a relatjvel )
1411)8\5%_]%%{ E3(§1Sf 'é‘cfe.Spe?ﬁé E}?eeggmcepﬂ%qﬁpgogleg&% é‘ﬂ%‘nﬁ%‘g being a
t hateldtivelyr g igairebifedtaNdIAE ekt bAE beiRya PRafvely B bain effect.
but__positive gain value or nmay be no actual gain.

Thuhe presept ip¥antion sampreberds bahihedalatively lavwdainsfieatay be a
val ' f ' Qrafi .

o e BB, TR S A 30, T s
ef figegntiomdcompeshends amymbgolvietvabes dfhgaiadiffaceint respect of the

AR Sl AR T B s
| NvErtiughnbe @Rl teeadiscaitygrahdn el meniat ionget! B3 thé dterference

estaplish the alternating gain effects described )
abd¥EEcts nefl UASIRG ghienlkocpfaia yweueleRg®Si nlheeprgsenty dnvention
regl ‘ | £ T ' [

RSN TE S haE il O, A SRR BigSA B
beidegctibed ahove,lindudinggairl tatplethgtatings @ thie dofiwe region.

| ongi t udi, nal es..Whi ¢ch be referred to as
20_si ngl e- ﬁllt;gee °¥§f3ﬂuéﬁ%ﬁtgﬁ£ %*5@8@%’? cﬂrﬂ{ﬁpq @CFWéﬁkﬂ 2‘% dhg present
| NvRvdriton Ny loel siefined tisqb6ipg AbEliriMAsieskdiRtibH tbhede of two
desii n, the laser such that the node profile is capable
of glggl ingl fraedes, whigh may be referred to as a single-mode output signal.
According to the present invention various techniques are employed to further
design the laser such that the mode profile is capable of being effectively.
25  coupled to a fibre.
As shown in Figure 1, the two outside layers 12 and 14 of the laser
structure 10 are electrodes. The purpose of the electrodes is to be able to inject
current into the laser structure 10. It will be noted that electrode 12 includes an

opening 16. The opening 16 permits the optical output signal to pass outward

12
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25 coupled to a fibre. As shown in Figure 1, the two

outside layers 12 and 14 of the laser structure 10
weanendalogsyBr odes. The purpose of the el ectrodespcs/daoda®oosss

able to inject <current into the laser structure 10.

It will be noted that electrode 12 includes an

openi ng 16. The opening 16 permts the optical output

signal to pass outward 12 SSTI TUTE SHEET (RULE ' 26)

WD 2004/ 109873 PCT/ CA2004/ 000855 fromthe | aser

St UpdrH'tRe 1sheratr @R s 1 %% de@cﬂ?%]@lﬁjmo%l 05l BY RYVT Although an

Al t hough an opening is's resen | nve

conpshéieds shawnuthe mésentiention oumpreﬁesndsrtbel ase of a continuous
rov, made. t ranspar ent I ea

gar tél&stg&aeé I?)? O‘ﬁ&ﬁg th‘étsam?e'sﬂ%%ea raB%‘?\%rPQF@& iﬁ%\%ﬂ so as to

out pErmititee kigmeal geriaraidud addoubithe GaseRbalictbre 10, Sxmple metal

| ectrqde an openi ng 16, have been found t
S oA R BaMBBar Poehing <1t v g fsni cbiuiter @asonable

eas getlits A AfeAbrofireddld g;"é&%s&f *faﬂ_rg,%ltl ‘?19‘% c?r’ g@g window

for the Iight output can be situate
14 (apesingfoniherightgutpul cantbesiluateddn tlweleptrode i é(rahide opening).

o BIERAEFeAa i SR ¥BmoRtndEh it ey Bl S e Slbstrate
aI | dsvchroeivzdie @ithinche spirit of thRanvdrilioPitb iafialy fObdttr access to the

jacent tg the electrode 14 is an n+ (nP substrate,
18r \/95’?8?' ol'gp”t Adj acent to the substrate 17 is a buffer

| ayer 18 miheént ® ﬂfeefafebﬁf@&é! ﬂol@égsﬁg in®fs fs{rgfé oF\Gafer 17.

next layer is a confinenment |ayer 20 forne
n- | Achaespt torthe supstrate t7 &aﬂpuffarﬂayan 18fwhith & mefbralbltn eomprised

NI HS Tl LA TP Db Frbnehace.

| nlg)én@acxéempabmon @k this |aﬂ§l @t?equL@ifemfaty Mt@eﬂsaiy%ﬁ g?nethSrl;]m InGas.
t ayers o actil ve

132‘|d| A8l 1STRG Itk hove ihsrdesetic spmpREHAB I pBaAS. The next

NGaefyer issn ¥ktivle IQﬁ‘er 2%%%%\88 Lgopditth ]@hﬂgﬁgn #yekd 6fadile quantum

the art I nGAsP or IS a prefe
senmiweln dered d?afﬂé@amhtmmsedmédn&aﬂsé’r or WQdAisn As will be

ce SRPRARRASH Mooy BB By e

of ?.sé@ﬁbannlut:tmrlﬁ@cﬁhusm theshbi s&alcondhitobs, Caithine bensm tré}@es of

band (127
I ,ﬁ@%%agaﬁéecﬁt@;%ﬁﬂwgggge}l%n Sl vAelengiinin the range

( 1535 208 AmLRGE7 (0m g Swhich2BthrdR&ESd e 60dBURd optical
spectra of the 1300 nm band (1270 -1320 nm), the S-band (1470 — 1530 nm),
the C-band (1525nm to 1565 nm), and the L-band (1568 to 1610 nm). Other
semiconductor materials, for example GalnNAs, InGaAlAs are also

25 comprehended by the present invention, provided the output signal generated
falls within the broadband range. Another relevant wavelength range of
telecommunicatiohs importance for which devices following this invention could
be designed using appropriate material compositions (for example
InGaAs/GaAs) is the region from 910 to 990 nm, which corresponds to the most

13
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W

n

sem conductor materials, for exanple GalnNAs, |nGA(As

are al so 25 conprehended by the present invention,
pnowiidesdi3t he out put signal generated falls weChica20d3®00855
br oadband range. Anot her rel evant wavel ength range of

t el ecommuni cations inportance for which devices

followng this invention could be designed using
appropriate material conpositions (for exanple

InGaAs/ GaAs) is the region from910 to 990 nm which

Cordopghemgd entourntBdWateleAGhS! Forundibibg bpli€di drhiplifiers and
- Uf_ WD 2004/ 109873 _PCT/ CA2004/ 000855 = commonl y

endct?@ﬁiaéﬁéscpﬁlw&rbﬁ@t\fp PRYBES ﬂ@Peﬁ@Pﬁ}?H@Sopt i cal
anmpl i fi gfg r?éiﬁglayfd BBbvé A58 &IJ@I%Z% 9 ihp -M@aWsPYéﬁrﬁnement

doped mater The next ayer ove the active layer
22 lagers4p- | nGaAsP confinenment |ayer 34. 5 In t he

errbodl f

P TR bbb Efufe 52 E PERER A e i the
34.aclibe Igyert2ngnd4cardinemept ised 3. Trad gmtimgtimg}s bogipnsed of
gain portions 27 and, | ow_gain portions 28

pr alternating highgain @Pﬂtq'\‘%g?%qqnggal“’éa‘?ﬁ'ﬁﬁs ¢? Qﬁg%referablv, the
n a'ﬁ?éﬁnd?@ns% rﬁgGI%F élréttlng EharREly REk! %Sc%nts{é%t gERdd é’&otss fGrating,

isSlIze sha and sitioned in the |aser
corgndi is sizedd sbawedoamcé @oamonkad frr thetlagsr 1;9 t ¢orgprige a distributed

105 HifiaE 5 3046 7o el ARRE: WifR 88 P et g orating 24
Ogﬂs he@’tﬂeclﬂaj theant d)ftlarllteaé’trﬁ}‘ngfaaTriﬁm‘ligﬂ Qala(;borlttfn 27hand alength 30
adj acent | ow gai n portion e lo

o liTing SopGaN oW gait fign 3. ThRw Gamn o 281 hl%ﬁa%qw or no
pPorddiRs %mﬁére‘d"’(ottl% ﬁlg%’@u@ﬁoﬁi@ﬁ@?qis id'tthis fgidMost or all of the

active structure een renoved. According to the
pr exndine strooteng ihea baanerqm@daﬁcngrdmg losthe pesendingeation, the

e PR RO PR T AT Bl covt o

I n theypide vwaEveleigth withihltke tavitpwinch msuftawmmdtskgjnamin the form
Lo§ted central lr%hi n the grating 24 is a neans for

SUHAFS BMIRPIOMhi ch  conprises a slightly wider high
gain "t q’_%EQted?c@ntrjéW m l‘i’\@cﬁrﬁtlr?gﬁ% & éhzeea%sa&dpha%% SHigRg dwhich
to deliver a phase shif one quarter of
wa\asingnigeh .a twrw@mh@fng@m it hc@ﬁ‘pﬂ'@ﬁetﬁ@ﬂ\ @bhiersized and

o] g RPN b BREET B BHBH L T presen

25

pr duvealgioanoorgprediends other forms of phase shift elements as will be
understood by those skilled in the art. What is needed is to provide enough of a
phase shift to the grating to alter the near field intensity profile to change the
dominant mode from a dual peaked configuration to a single peaked
configuration where the peak is generally located over the phase shift. Such a
mode profile can be more efficiently coupled to a single-mode fibre than the
dual lobed profile. Thus provided that the mode profile is altered to improve

coupling efficiency, the amount of the phase shift, and the manner of affecting
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phase shift to the grating to alter the near field

intensity profile to change the dom nant node from a
wdued4/pesgBed configuration to a single peaked BBT/CA2004/000855

configuration where the peak is generally |ocated over

t he phase shift. Such a node profile can be nore

efficiently coupled to a single-node fibre than the

dual | obed profile. Thus provided that the node

profile is altered to inprove coupling efficiency,

h §ni i . ; f.
a1 ane aso Shif 3 B3 43fe8 Yt ARRrhG FEHEE et g prsent
PCT/iaygrgiom. 000855 the phase shift can be varied

i t hout ' f th irit of th | S
Fvent1 on O 5P B ABTBIE Rt Bits g SHBPYST Hefingan overall
enplquseiér Wled shilt, ¥g.0NRS A8, oIt LR h/GRY LR E5mb§,a%ons are

two 2,/8, or two 3 X/8 or other conbinations are
ConpioBteabeadedaAs el agcandintipusly whirped bratingcorga atdduated pitch

al 1 AR o Qo Bonrer Al Bl B3 SRTRREERCER to fabricate,

TapélLamagjng tilee effggiixdei‘ip?;eﬁ oﬁmﬁ Wévetﬁhitie\/iﬁ\ﬁ@?tﬁeﬁ Q/a'ﬁ/_&o dishtribute the
anot her tg.d,stribute.the ase shift wthin the
caviftse S witkin g ey fis wrastanhia nalgithat witlkeather methods of
" et Ipbase ehift diasEemplolbd GAB i -
desirpéﬁed careful ly gg/be co%gﬁlssfgﬁtje%lgﬁw ?ﬁ%‘ﬁ%ﬁgeﬁ’gs'“em
1§ onivinbaviag dhe domisantimege gif ¢he deiringicreavity mepnairt ak the longer

| on Sl eB T 21 ot 15, ABEREY B8 g savo

axi ¢he Iongitndiral &a@s.er above the active |ayer 22 and ,
confinement |layer 34 is | ayer of InP to bury and
in-fill nﬁﬁ& r&?‘ﬁ%ﬁ’ﬁba%{e ﬁ%&@é’?‘é‘ﬁ‘%&@@ andeogfineingpt layer 34 is a
bur yayeg of [HP fol ke and n-ilp ] f I i i
Loc;atygg Oabovg %e? 36 li,tgéag[P %ﬂf'fbr?%%°f§§{%dnagﬁ’k’?g§‘/€§m£89 burying
19ni &ver 35iiha punR beifferiaginneed . dypcateshabova Gayts 36apa papPreiadding
42. 11 whl | bﬁ.underst ood bry%(ajgose Skilled in the art
tha!?ygr?f@nwt!@ Rl Y pugaqunted, py @ R tinGans Gap/layer 42.
conf i gur RavillSe dRG&EIJBADYIREYESIGREY ihgwé éi%féth%eﬁﬂéb‘i‘\‘dﬁgtor laser
an output signal of a predeterm ned wavel ength as the
di sPHiltyithdhelaeapeeigureshas desaibediabbracan be hyrest topgoduce an
W | i [ t l,aser a,single
modg - Ft Snal e Sk rr et b RISTOR otc HERT Gy fectbak rom
2@i gt diffidctiob gradingwrittsindn s activeldnes Fendadrs tharlhgéH BSingle mode

which are in turn interrelated and rel ated to ot her
var [égsﬁ élg’nedye?lﬁ%wave engtrh of?he output signal will be a function of a number

of variables, which are in turn interrelated and related to other variables of the

laser structure in a complex way. For example, some of the variables affecting
the output signal wavelength include the period of the grating, the index of
25 refraction of the active, confinement, and cladding layers (some of which in turn
typically change with temperature as well as injection current), the composition
of the active regions (which affects 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

15

SUBSTITUTE. SHEET (RULE 2Ry



| aser structure in a conplex way. For exanple, sone of

the variables affecting the output signal wavel ength
wonedqdes78he period of the grating, the index 8CTZA2004/000855

refraction of the active, confinenment, and cl addi ng

| ayers (some of which in turn typically change wth

tenperature as well as injection current), the 3

conposition of the active regions (which affects the

| ayer strain, gain wavel ength, and index), and the

t higsngr st diBSrotRisl ORsus, ay&dcidingato atre gessdritbfention by
above.  Another inportant variable is the amunt of

cufmasieulatingthesa varaljes Ataser pireetyrecan hebulipdighigsan output
SHﬁﬁ-ﬁgi f)ﬁdeétérnﬁngd %d%lﬁﬁ%@é&ﬁ@ %Zﬁ)&{f Ve Q982 Paser is

t hrou el ectrodes. according to the present
i nusetul antheycommemnisatiens industnewbereasigaall sesirees fas e individual

structur,e can be built which. out,put ity N
501 GHEESIS, ioSoRg Sithitnd i Shis P, B BEL RUb sfbetrum are
\?ﬁ@bsﬁedjﬂi’r@lrs thé praseaf i?beﬁtbrr:tcbmp@étmﬁd_ i ileﬁbliJSJdm A binldmrtsr' of layer
ere signal, sources 1or the | ndi vl ja . annel s r, .
si disknesspaainderiedyiRiechomeneeniand e 'mem?\fg\ée Epmbingtigh yield
desin” §8mpuf Rithd Nfavi 86 werTEViyts RN BASAWRIth suitable for

i
vari ous conbi nations o ayer thickness, gain period,
i nftelecormmuninatiens agplicatines.| i ke, which in conbi nation

yield out put si | i ng.: r ,
108 o BEP BbERbp AU ShaBahAue nt
appinbaghi A ftore HiffitkivgroBlem saived by tHy priesenigntédrionids to gadduce
wavel engt h and bandw dth is not enou B A npre
di e ERFEITIG MEPIaROibAGIEdLYom r?esmfgr ef QiAsingi (gRd jtaus, as a
to sﬁﬁggécegniséfﬁﬁ%ﬁrh’%ﬁblé Io£ piRYRH GREL ! IRShe &bnbbREa Jor efficient
second order grating (and thus, as a surface
emcegpling, fon exaniplen tormamnepticah fibre. tTheaspatial sbataciriséigs of the

for efficien coupl i X e,elQ an (o

1}, B30 L 1L o3 BRIy o B et sheve
si @a@tlg haveiml®i gnafef esinglriobbé @uusiang €bf i sudacy , emitting
with the |ideal shape  being a single node, .
oi FEMICAnSkictpTAaRAIS  the e Ry R fydivergent dual-lobed
S e G ARG MR fBFrhEmS YeRRARISulk RESIPR: B a single
di \rﬁ‘ar gé%ﬁﬁﬁ?@?gﬁcﬁd ﬁ\?r&;%e’ afggmgﬁs?&ngl e- | obed dPrru(t_%de. g
Thendde filme dsds necgssant for mast telesosynpnisatenseapiliggtians because

node fibre as . is far nost tel econmunications
20apgﬁ? bé’iel ﬁ%%ggg@é{lééﬁéégﬁ i(rhoéj%f i bre has a single
Gaussi arheotéem diitg dyelenmeahy tioy dlaetions aifi shé hengdtih ad tonengrating
of the | ength of one grati nr% ) . )
period that'exhibits high galn as compared to the 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
25  coupled lasers, such as illustrated in Figure 1, by etching away portions of the
active layers, with the remaining active layer portion being 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 the grating 24.

Only one mode (the mode with the lowest gain threshold) will lase, resulting in
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period that exhibits high gain as conpared to the

grating period. In nore sinple terns, the duty cycle
woayodnesstef i ned as the portion of the period oPCTita2004/000855
grating 24 that exhibits high gain. This paraneter of
duty cycle is controlled.in gain 25 coupl ed | asers,

such as illustrated in Figure 1, by etching away

portions of the active layers, with the remaining

active layer portion being the duty cycle. In Figure

1, igoo@QIMSRV\Tﬁ@P#H%@ﬁf RO ndoR d)réngn&eﬁgpﬁe%egﬁ{ed hasmé; mode

distributed diffraction gratin W
t he iy ginglariodednand appioxinates gr Gauagamproﬁl@hytmwawﬂe lasing

Bl AR e iy 70 pover

200#@@9&?@%&1@&2@@%0&)@&% OIWS@NQ% aTibﬂa Hh@%)ﬁaée shifted
hends t hat thelré@dea red | asing

i.nventi o node
81 noPROTS It RsiiverspiRiss 9ating hascibyas mades thet can lase, with two
t hi I
o, ongts hading aigNer JEIAY SAOInd ISR EBling ofifithlch o a single
i nt apdafiperi abrpqmmsw w,itmbe deminan nmdqa\uhlch ||sgmsuhgledntmd mode
fib cti,vesco e
OGRS L B2 906 e PR HSE ot o
h ?¥ |pnglt|an bf ttyllequhagalshlﬂt the:hlgmb?lrdg’(gjtoltﬁé BrexempinvBstion is ﬁlaced at

i,Ci en 0 e r jn conparison wt

he iR iRt 9@&%‘%% BlRuGtar eafogpia@v@‘ FRHRG e fhiag

havi ng t arriyves Figiré 2, td%l@énﬁévgof The 14y @{urg&ﬂq:;%ure 1is

has a peak at the position of the phase s
accéh%ﬂ"ﬂg 8 FFambe fesseint Fipukee At thﬁn elestrpties el® and 180permit the

thea fRBbRt oG ?&Eard ag os§tﬁ180%%goggpgt%gfla§er structure 10 to

coup ng rnto a urni ng
si densowageiadifmeas deea:nlﬁirabuver Euther-it®anebel séén that the buried

h 2, the efectrodes 12
15 Mtprdiinefite e By ke vasiviast cacarsulatad by diasking imgers 38
senbevas U tOfileheroptbaluAbYS RitdIy & wﬁﬂrﬁQHé ?Qﬁoh ﬂﬁhﬂ&h which

as descri bed above. Further, it can be seen

bur P@aeNts bring injested.cA dickeqtie kaver 44 istnevided kefwiedn the electrode
enc t k rs. 3 onfine
SR, B A7 46y .90 50 o W e

t hr betgrosiictiire. clhis elnatleotlsc Egien gonfiguratienl limitsdiLete®E injéstion to
) d y 12 and the

L auBtsifihe SsB Tt bRt isesfCetins i ke fisgmer. Whie o

bur b@rted hetbRisasibiuds i sownTiithis Ereb&hfnehe it 'lsaé’c%prehended that a
configuration Iimts current injection to 20 pos

cl o¥Bapstyeiung souldhbe tabecated usinae @dﬁlmwav&mwdﬁdaﬂglm&rconﬁne
Wi thg drriers and optical field laterally.

25  Spatial Hole Burning in First Order Quarter-Wave Phase Sh)'fted Gratings
Understanding the role of duty cycle in suppression of spatial hole
burning in a quarter-wave phase shifted gain grating can be related to the
theory and physics of suppression of spatial hole burning effect in a first order
quarter-wave phase shifted DFB laser using a complex grating. In such DFB
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buri ed heterostructure is shown in this enbodinment it

is conprehended that a simlar structure could be
woOabsios76d usi ng a ridge wavegui de design to eomidAn@4/000855

the carriers and optical field laterally. 25 Spatia

Hole Burning in First Oder Quarter-Wave Phase Shifted

Gratings Understanding the role of duty cycle in

suppression of spatial hole burning in a quarter-wave

phase shifted gain grating can be related to the

t helgbyr SRRLIBYS s opfica’ HPRS SFbAGlY PhaRGdRin Ak dePl of the cavity
bur ni ngheffect in a first order quarter-wave phase

shi 9¥esdhenpasashift: eredore. bolis @% QY thei ratg of stiruiatecrgmission
17 4 1
pcrf ExsiTigbetr S pt R B6Rent, ngremsing fre, nfoin

i s aurrembgand rb\@akedstlmulatir@ Dene reeission héepjatﬂsttyle carders at the
, he phase,shift. eref in thiis regi on the t f

Lt s ey % GRS skBioh bk Betlpdrhs ofBEiwPiere the
I ecifacihas in08y increddies Mithia ddonesgainicadicr Bendity) efetre@actwe index
current, and hence stinulating nore em ssi on pl etes

t heinde higbrfeld regipr increasesemaking: the refsstive '“‘319)1 wmﬂ.tfgmcawty
fi elllghl?%no@mg@iﬁ Tifls tr&’?adﬁk/ésl )?f:lflérggi e YRS t‘h@ephase of the

refr ive In i ncr eases mn ease In carrie
densyticp) fi fietldh éeffe@livelymmg ﬂndeentraquuaﬂer-wﬂgmplﬂaﬁ ghift larger) such

ihere ng th frc e index wthin .
1 tnBlyieo88 2 Rie, SRt i Biria 5B 1Yo P! dcstes with
Chath@ﬂnamdhi)d@%t the cehRs of e tlop bemzi Tl mfairedn@de and the two
(effectively making the central quarter-wave

shi $emingptide mades of @ qURHEr-WAYE PRS- %h'ﬂQqJ@S%rfﬁfP ﬁB@Wﬂ in Figure
wave 'bgofﬂgbe A 'hq ?lgﬁfre e é&?lﬁorp ?d“fﬁecrﬂBES "sgéct%&l hof d cﬂ?arter—wave

mai n he” cent er the stop
rmdw\amdslmﬁed tgmetmgj@hnwanat Ai iheramizlag lotrlnslc mode spectra of a

1] el RSP RSG S ot ot B Byl Re Mt i rBting with

S pegydtidnhdlé barrﬂm@éﬁ@étSW&}MﬁiedFdI@a syhirhéteid erbﬁéSeﬂ(@aln coupled)
shown at A there is an intrinsic node spectra of

syrﬂfetw ot Drafka syipiic griphAge desecouniedharating et E. Note that
e ?rgdé Pﬁé’ééoéﬁ%ﬁ ré%@g'tlé‘ %cﬂaﬁd?ateﬁﬁﬁtDF% la@@fsﬁwfﬁ"f‘ FHY &%ectra shown in

S 1 nclude symmetric 1 n-pha
(gafigs 8d3pl ed) grati ng at D, and a synmetric

nti-ph C at No n

2Ghase’srid 2o AR Wb Bar e Mok Shiiub Bttty as o
t hesupipesds the shatial Hole bininiisy fddt bt is2efld tal@sfirgnthe®ncept of an

cavity with_ .a quarter-wave phase shift in such a way.
as piinsic cavity. By intrinsic cavity we mean a cavity obtained by removing the
quarter-wave phase shift from the grating. The mode spectrum of the intrinsic
cavity plays an important role in the corresponding quarter-wave phase shifted
25 laser. To reduce the spatial hole burning in a quarter-wave phase shified DFB
laser, the dominant mode of the corresponding intrinsic cavity should be on the
side of the stop band such that make a balance with the mode competing with
the main mode due to the spatial hole burning. In other words, the dominant

mode of the corresponding intrinsic cavity should be on the longer wavelength
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suppress the spatial hole burning effect, it is useful

to define the concept of an intrinsic cavity. By
wOonvo#10s476 cavity we nean a cavity obtai ned byPCERA2003(00855

the quarter-wave phase shift fromthe grating. The

node spectrumof the intrinsic cavity plays an

inportant role in the correspondi ng quarter-wave phase

shifted 25 laser. To reduce the spatial hole burning

in a quarter-wave phase shifted DFB | aser, the

donkinant tHerdsh Band fof pfaticSiga_BE biaitdrast! Tﬂ@'n%déﬂﬁélt\ ¥uppresses
should be on the side of the stop band such that make

a bHlednede an the shestarvaelepsiiesidagndidonrs netallaveit to eartieste with
dueyHOniafte n’ﬁagi%t é‘?‘{heﬂ Qtlel’?tep i '?IH@ % d Baﬁ& hﬁrsh‘eﬁlfod Be ﬁ({lgd that in

dom nant e corresp ondi insic ca
shoconlebntonal quadetr-aage rph\aae/ ehlﬁrigEB laSla% \A&UBEét—cbrﬂbt Endex grating

HEET (RULE WO, 2004/ CT. 000855 i de
S TG 5t R Wavelanats Ride 406 Sfon batg ampelpiiath the
m dﬁ?laimmadé UPIRuRSS 6mphis tB teodspdttraFbefireBbrder index-coupled
wavel ength side and does not allow it to conpete wth

t hediAHNGs iteand Wiout spatial knleteniggogensidared, in-phase active
h t ' t t :
Snedtshohe AP 13l FANGELT 0o RISELEE B ot onase
t he(gmd@@ed)lgeamrwppremwm epnjtdh hsledbarmrhg effectdf thpy are used
1§ oS FRERERAYS HhasSrn R BrdlESim e nbamroant-phase (oss-

gr ago VridhindBg-coupled rafigt indd qhater-RavdpbRsse shifted design
consi dered, in-phase active ratings, and anti-phase

act intansify a srpdial ole RLenieg effegisinceithe deminask madef the intrinsic
o1 R0 s AR, B the horkdt M RS RRIET  Ha® R bud, thus

quadeterionsting thﬂmsespbhﬂ ingdjuartehrivare phase sl@ﬂed/ lsegpgrformance.
nti-ph i ndex:coupl ed gratings
L B! 8 Tie Bl Sk S BES L SOMRE SRR apHment of
s pagpaial helk buhﬂﬁ@lﬂfﬂst&frﬁ@ﬁduaﬁiéﬂ-@@v‘é%aﬁ@ Bhifteblag®esehdpresent
the intrinsic Cawtﬁt?l | ocated at the shorter

vaviBreigncamiprehgpds f@i'@wmsarﬁwlt& hus deteriorating
th
e C?%ﬁigaﬂé’% 2 S REY %ﬁm&kove Wltfwtffé* dr@érelﬁdexgratlng,

perfo ased on t physi cal pictu

suppr essheittarrchsuppeession obr ars pabardentaitendehamismg of spatial hole

irst order .quarter ve phase shifted | asers, the
2({)resent QPW&BWGS@ rehends the follow ng results.

(1) | @ guar gesriorevsvepphase shifddeDFBFBskasfh Hiflrét order gain-
first-order index grating nei t her a_suppressi on nor

an enhanBeYRIa¢ gf?é@aamesqwr@ﬁp@%ﬂg Htringdg eavity supports the mode at
the longer side of the stop band. Therefore, there will be some

suppression of spatial hole burning in the corresponding quarter-wave
25 phase shifted grating.
(3) In a quarter-wave phase shifted DFB laser with first-order loss grating,
the corresponding intrinsic cavity supports the mode at the shorter side
of the stop band. Therefore, there will be an intensifying of spatial hole

burning and hence deteriorating performance of the corresponding
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20 burning is expected. (2) In a quarter-wave phase-
shifted DFB laser with a first order gain- coupled
wgnred4#10gs73t he corresponding intrinsic cavity SBOD@ARSI4/000855
the node at the longer side of the stop band.
Therefore, there will be sonme suppression of spatia
hol e burning in the correspondi ng quarter-wave 25
phase shifted grating. (3) In a quarter-wave phase
shifted DFB laser with first-order |oss grating, the
correspo rhwvel ghals t ports the node at
t he shorgékéﬁg de g?%t%§ﬁ§¥géﬁgg Therefore, there
will be an intensifying of spatial hole burning and
hencu{pperasér @fr&lal‘lﬁéH ker Bloningniciieass in Secarmt Ortep Gralinmgs

peT/ Caood BT RaE contdi e TRAIRITsHAL dverfid ogteseratipos. The

Supffests deésom‘be&nmlovalcaHolhepnﬁw ifle Nk BHHIRE o EEHSRIRGRLr order
O der G at can now consi der the inplenentation

of - CERIEIGR. bR Pigelea Aga depaaivg Teppene wo dRsgeitbeiscussion to
bel @Wc@@o#d@r@fdtlﬂg ﬁ‘lr% f2oABRkIS ré%ﬁﬁﬁfr&&&sr}?gﬁﬁve field (and

or der ?ratlngs for practic descri
r eadhiprsfare sudace $mlSSlonéaelM@dila?ss:omple>ocotmng ndeiﬁcrd;et which can

aarhripled MR RGeS o) i pRobRatiEGopments we show

10:e] heesthat thel duty cpelplof ageeond fordérfméung/\ébrc e ©88d aB% means of

applied to the urning issue. In an inportant
coy ep Sl 'SP ey PLenG: s, dasciibrd iadhg Toyedustion, we must

SeCﬂéBbgﬂiz@eﬂhegéé&:bha%reéﬁglké%ngjl R a&nﬂa{l&?%ﬁﬁg@é structyre. When

controlling spatial hole bur escr |
i nt FaIdng this moveleapnreach,rwe anisider tie effecbatither dehy cycle of the

st ryct ur,e.
i o3 SAiBTREbEANG Fle Fdt] LG5 delfagh 45 the Mhto of the
15lut granmglteotbwaitheo ther gratimgpemod: Ringthe hﬁ&tﬁo@ﬁ%ﬂdé&ﬁnbed above
vvher dut bﬁels defined as the ratio of the

gr a9 npsie cavly, @’P&qwlwqedaodque@rq ageshown in
et F@d 4ffbf §%egm5*ﬁ?%ﬁfé¥-%va\féfpr%é@%h%d dek- hﬁaln- and loss-

intrinsic caV|ty we can cal cul ate node spec tra~a
sho@puRlad gratiggs forithe casewobeidty sydes greaiar then amMess than 50%.

pha d a a oup
PhagE Y AR oL BT EPELPLAS vt 4 for
20 eskdek QA) gam(B) Ehdlkzssifcgdtmmléd §FEQN’\§S Bnd forsP@Gty cclas 50% for
foIJ for a J > 50 % for
(D gain ( Io ) coupled gratings.

From Flgure 4, we see that in a quarter-wave phase shifted DFB laser
with second-order grating with a duty cycle less than 50%, the intrinsic cavity
has a dominant mode at the shorter wavelength side of the stop band and

25 hence the corresponding quarter-wave phase shifted laser suffers from
intensified spatial hole burning. This is true, to a greater or lesser extent, for all
3 types (index, gain and loss) of coupling. On the other hand, for a duty cycle
greater than 50%, the dominant mode of the intrinsic cavity, except possibly for
the loss grating, will be at longer wavelength side of the stop band and hence

30  will result in suppression of spatial hole burning in the corresponding quarter-
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20 index (A), gain (B) and loss (C) coupled gratings
and for a duty cycle < 50%for index (D), gain (E)
wanw4#10%w3 (F) coupl ed gratings. From Fi gure 4, PGE/CI2@04/000855

that in a quarter-wave phase shifted DFB | aser wth
second-order grating with a duty cycle |ess than 50%

the intrinsic cavity has a dom nant node at the

shorter wavel ength side of the stop band and 25 hence

the correspondi ng quarter-wave phase shifted | aser

sufwaresphaseahifted risef.f i ed spatial hole burning. This
is true, to a'g%{eater or Ies

|1 .
L opes IRdBSTagar R Bness Shted o Fbeh yiihce SpFRndipiier gain-
hanéi)upi&f %l%tlﬂﬁt Por S/ Sycled 18as ﬁ{ar{ ban, tﬁ@%sérfb%vfﬁp ma'%}‘th have

nmode of the intrinsi'c cavity, except possib
| ossuftigientgain tolpse ab“@omtenm%ur enahbich l@,v%ofcgalm héWlth a

S pabnd i b BOGRIE, etticib B 1 Mo 4B 6B BRI gnd the
S &&Ublikg Eo&fiEient dlEéEEthé Gadatiaohidd 1@9;8&)3:ancel each other and the

ARG RV RRoo FnENaE WASR S hREHiLas faF o5 spatal holo

SeCcRilimeridRoneaindd. T8 4RbRIGa Bight mAtkrial ?ém%hbﬁr@rﬁ@hﬁénd also to
| ess than 50% the | aser cavit have

sufhiavsi aantor@amat deld ggdiatien paéﬂm wwpémmﬁ@;pliagmeﬁ'tcient, the
| Vi .1 . .

10 el B e e thiga Branc Ehey i inp ol fogion (oain-

th ecoupmqjland gvithaediity cydatarderthan 50Peis peefeatd dforthielaser, since

tend to .cancel. ea oth r and the

becDRITRRF Co AN et e 1eer vl tiath s F offF iRt Pand 0. M.

hol gdarRg M ds SJ. ‘P@Wﬁ[é“F@Fm-EﬂJKWID* GodiicHil, "eafi-tdipled DFB

gai n requi rement and al so to ave a proper near field

r adaa@rﬁwtwrmted drantua welbgecopdpiriegrabeds. | Eleskenic Letters,
h
1 DA 2. 4211852 S TR AL LAl O ont e
a dottlye cadiation faqut;emharims tt‘ié)@@n&opplafgemeﬁ‘menlt:(spatldﬂ iele burning
I origae faTETRarsiTy afatrde e it gy Syfniddarressed.
W8 fsoand thit théliisthote Buafté@hle phadttsHitt c59 B eitideth Fractlcal

Gal n-coupled DFB |asers wth truncated quantum wel
secBlitacsrafaiting dqvings W'tEPlétctr%Wlag Lexypg, messyggs, such as

2037'CL{H?pI|c% ectljo'ii%é é?%?eg{r%f\ﬂe e Dptied ona+ %&)ﬁle through

coupl ' coef I Cl ent
en rmm:bstlmgwmegﬂlase chiffdvieng largef drieai 'éImB is rsqm’mlnlsaVenymmmh true of

2 E H] b%@-@é@}e&g&q@g@;\{r@ﬁ F@thﬁ%pgg@éhﬁ{y}%ﬁear@ ?os g lesser but still
useful degree, in an index-coupled device with a similar duty cycle.

Following the same line of reasoning we find that spatial hole bumihg is

25 particularly intense in a quarter-wave phase shifted second-order DFB laser

with a loss-coupled grating. In this case, it is because the duty cycle must be

less than 50% in order to avoid high material gain requirement that wbuld follow

from the high cavity losses associated with a greater than 50% duty cycle. Then

the spatial hole burning and the intrinsic cavity both favour the mode on the
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This means that the discrete quarter-wave phase shift

can be nade a practical surface-emtting device,
woi2bdanwds7B equi ri ng extreme neasures such as 20PCT/CA2004/000855

conplicated el ectrodes or degrading the optical

spatial profile through distributing the phase shift

over a larger area. This is certainly very nmuch true

of a gain-coupl ed device with higher than 50% duty

cycle and, to a lesser but still useful degree, in an

rt%PWv@FénggYnig ¥f thB oS ibEntaleaditig/ to- ¥ahanhced rather than

FoI ow ng the i ne of reasoning we find.that
spauiparedsedéndbeibnining eect25 particularly intense in a
quarter-wave phase shifted second-order DFB | aser
with a loss-coupled grating. In this case, it is
beq_aym,dtmeoﬂgmramnhe must be |ess than 50% i n or der

t d_hi gh t | h
T ol Tow T ArERBenpuPresn o 1petas AR, bl e, AREHE thepush a
gr e&fn%lné@t ﬁQ%’e@Hﬁd’ ofdé? lg8in-ddifled HRAINGRALH @Uuﬂprby@le greater

burnin e intrinsic cavity both favour the
on thhe 50% SiBSyS Tt EC ey c(mcﬁerﬂﬁyo e 2@0{4@@9%@0“ being

PCT/ CA2004/. 0 5 f.

bandC9 Pé%?d\'%ﬂg&?gh eH%]aEg@éﬁ& éﬁat?dsnﬂ gﬁ‘?ég‘g'ggsﬁd pélupling
bur gdetficient I8 Sthek beauficil fef@ct!smom:tchﬁomtmsth@ cﬁm@entratlon of the
extrene suppressi og?;%;] spati al . hol e

18 hreptigal Hieldc OptINGTS index-goupling ¢p (agl? r&ﬂp @ﬁptﬁredshold of

gr MR laséh AhePéiteen IS8 \spdritaneous
coﬁ%l p%ségvc?%? Lér??% g)e very hlagsgh Wi t hout Dbei n%ﬁpﬂ@emdth

ac cemjssinds cbypledéo theaserrodeohigh isca Megha épigdyee
i ncyease
T
Opgbpiﬁhe Idheﬁﬁncibh vmer:i mngé@?@ec:irﬁcn?denedolamd rhlgansmsiarms@utce for
reduces the thres e |lase u :

L) Wramalen, Eal eseior e bt aralen 48e sofind B§fsiy at the
em éé%é’sn id SI?]\EOWHEﬁdthbochbﬁnb assffidideleisMHrgd. Mhisarewditssin the

to reduce t I new d LI newi dth reduction is

i nsspanteneaels emuasmmup@edcﬂm thg differenidapgitsingl gnedgs to become

rea

tr a%gﬁ]cggeﬁ@ﬁ Col &fﬁ\y h@% g_h‘ﬁl‘éf BG!r'%inL%tEIJISIE ﬁﬂhélllﬁgﬂﬂtﬁbﬁﬂe laser [P.

m r 8eEzdpameki sasdralAl. erKquawsi@“Nhe-aiJuheanalrhy ewsi ttlye atongitudinal
2qt) 2?@@%9\%%%53%@' §tggp§d:fg§d§a§:g%§legg’e ﬁ@cfsf(;g' %&aﬁons vol. 87

couplessd 06 heoghf f erent | ongi tudinal nmodes to become

Numerical Results
To support the above models, the effect of the in-phase or anti-phase
25  grating on the spatial hole burning of a quarter-wave phase shifted laser is

calculated using numerical examples.

First, we consider an index-coupled, quarter-wave phase shifted DFB
laser with a moderate normalized coupling coefficient of xZ = 2. Note here 2 is

the coupling coefficient due to refractive index modulation and L is the length of
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| ess correlated, giving rise to a further reduction in
the linewdth of the laser [P. Szczepanski and A

wéupevwdd73 " Non- ort hogonal ity of the | ongitudi n®CTZA2004/000855

15

ei gennodes of a distributed feedback |aser,” Optics
Communi cations, vol. 87 pp. 259-262, 1992]. Nuneri cal
Results To support the above nodels, the effect of the

i n-phase or anti-phase 25 grating on the spatial hole
burni ng of a quarter-wave phase shifted laser is
calijsallladerdcarstyn INOW NiBatL Giis xpling epeffldigrit wouwd be considered

consi der an i ndex-coupl ed, quarte ha e shifted
o eslafivel Plogte BnepRighek o RePRIAIYRASEDIEBIRNE RN Sdge-smitting

coglelice! TRk Ié}ger’stwell Behé\@dee\}é%raﬁ a7b|é§levb|”@f Wﬂk\' d’é;gllustrated

coefficient due to refractive i ndex nodul ati on and
| s in igureAgtrirogicinga SD%SQH"TOJTESSHEEWMMGEF cientid- phase and

t
S04 LRI HE e Wl D S i o
r eldabictel in Figbs Baantﬂ?e r¢.’fxralel'1tlve0§7 Hmievgr fdntrediding & gain-coupling
ke o T P H b kS a1

i1 lc8abkif &sbffidient(F @7§mak@§ tmb\gémoﬁ; JHe@Bid to@patial hole
| oss coupling coefficient (in-phase and 5 anti-phase

r ei’i’lb'%'f‘g Vghb%) 'Ssﬁvlldenkmeﬁ@ inaeasecbrelative Hietensitgloé the dhorter
%'e%%g'ﬁgé%&d in Figures 6 and 7, respectively.
u

Cifig a gai n-coupling coefficient

: e o 1o sSREEL SRamhls e nele fiiEndi WRERSHTatizag coupting
makesfficlemt Ediic@ E3NPhe biels|oﬂlﬂ1‘eﬁbis%g‘am $@G i Atk @urrent injection

bur ni n This is evident in the ipcreased rel atjve
; ni@iebithg lager isndin Braceras SRRy EIGuR;B HIQWaEb sdnteresting to

th%o?@ﬁ%@%rg?é%ﬂ%ﬁe MEgdRay }fa_rh&ﬂéﬁﬁéﬁﬂwe@%%rt@%ﬂ?éléﬁgﬁﬂ side. By

coupl 1 ng clent to he bias current
agantrodLeihgi % sstdoupling antphase peating pthe lasey BJHS intaenultimode

| & SPhraspoats TP dorpel s Rp i R Bl Sausdd baay
b bvianaie ohe ?*rﬁwzi?':‘w#g@w%@wm"“g -
| asbAse GrRING) FeAaes A 'vedﬁté\atw ofhgansed abine a%esref pide of
F' Qe @tog ‘bahQUhdIRACE #he i}%tﬁl IE Bhﬂﬂn@éﬁe&%iﬁlgﬂg%ﬁbbéssed as

degraded performance. the ot her hand, introducing

2010%L@a1ated:m@gumg1q i n-

25

Finally, we consider a laser with a strong coupling coefficient of «L = 4.
As shown in Figure 11, the index-coupled laser at 100 mA current injection runs
into multimode operation. We have already shown that the loss-coupled case
runs into trouble with x =3 and so we do not consider it here. However,
including 10% gain-coupling by using an in-phaée gain grating, the laser
operates in the single mode regime as illustrated in Figure' 12. Thus even very
strongly coupled lasers, with the accompanying lower threshold currents,
improved optical mode for fibre coupling, narrower linewidths and optimal

surface emission efficiency, can operate without detriment from spatial hole
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phase grating) reduces the relative intensity of the
node at the shorter side of the stop band and hence
woheosgipgd7dal hol e burning effect is highly suppCegaea4/000855

as 20 illustrated in Figure 10. Finally, we consider

a laser with a strong coupling coefficient of KL = 4.

As shown in Figure 11, the index-coupled | aser at 100

MA current injection runs into rmultinode operation.

W have already shown that the | oss-coupled case runs

I Nt uthifg Rrehdvbldfekbd coﬁf@ﬂgtl&?of"ﬁ sgébﬁboérd‘ép gélbdc,%ru gléd ggra’ung

here. However, 25 including 10% gai n-couplin

an |V\ﬁth|cﬁ1é'§§re§%ﬂﬁa@¢ra\t\/m'@ phafh’:esflllﬁ%d grepter #tees50% dubecycle.
single node regine as illustrated in Figure 12. Thus
even very strongly coupled lasers, wth the
accdﬁpaﬁybn@#ﬁhmaﬂsthreshold currents, inproved

gptical gﬁde for fibre narrower |inewd

hd opt i PP reéﬁ»ﬂpé)éspavé@efé&w%w.weaeHer;ter-va@ve Piseeahited DFB

Wit yer withtsecBRMorddrasnis-eatpial Rl amidut 9
SUBSTI TUTE- SHEET ( ST v@) 2804/ FELuty cycle of 75% has been

Pdwepsfﬁybwmmmal% i 8 tM@CcheV!q% hpvieg ex dulyl cycle of 75%, the LI
c 0 nf I at [

LA 2B B 5B LR A28 . T
t h aspéﬁ%m of I;hfedasérea.t albh'éherxlﬁurregieot 28 miRas shdwn i Figure 14. From the
1S SloRarT £ N5 S8 e0URiTg OSBEBRPDGelbvica s K, > 4 Forsuch
gai a-HighHedupiing! E@éﬁlﬁﬁen@%@ bié‘étlé/véw ﬁéﬁleﬂ‘; fa? @R tPr%%Hold current

verified experinental I'y. In a typi cal” devi ce,
dut pneyweuld expecumuttieoge operation fos %ty@ldﬁé(ﬂ)ﬁ& gF‘atglgrstructure

13 sfaqwBe F\@ shﬁ%ﬁ%#? ?ltg%aé Y5 r%ﬂeﬁw 45 be?%)so %R/e 15@ rﬂ& Which is more

spectrumd Ias cur
S hovbran mtuﬁegtl‘reethﬂs‘ahoﬁ andnitehd thset sifll rearittns $ihgle mode W|th side-

Eo i zed cou coe nt for this device is

o apEReRi dde s 4. TR cloghy fiBmensiratas ing sizong spatial
| evabe mﬁhlng%wf)i‘-e%ud‘rf&rﬂwéaésrbhr eshol d current one
woul d expect ti-node operation for a typical DFB

grating structure. However, as shown in Figure 15,

evep 150 mA, which is nore than 7
wreg@% ﬂQ res'jﬁgi\’(@gltl‘grvrent the laser still remains

single mﬁd@hw Mpcstaﬂﬁadiﬁarrtagl@osuhrpmeesﬁdi ordetlsaffacé erﬁiﬂng DFB
B. Th| cI eaébé dem)nst tes . the tron spail al

ur ﬁsﬁ‘g Qﬁ?ablﬁep ed'@gwgrﬁ)f pgokthg r@ﬁla(t)lon out of

| nSﬁ@Sdatvity irbllections within the optical path can not result in the creation of an

external cavity, which would compete with and destabilize the internal cavity.

The result is a la}ser much more robust to back-reflections than all traditional

designs, including edge-emitting DFB, external cavity, and VCSEL lasers. This

25 feature is particularly important in telecommunications applications over

intermediate and longer distances (typically over 40 km) where optical isolators

are routinely employed to preveht the performance degradation associated with
back-reflected light.
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Anot her inportant advantage of the second order

surface emtting DFB 20 | aser design is that because
wohoddesstat ure of the coupling of the radi ati oRCOLIA20H4/000855
‘the cavity, reflections within the optical path can

not result in the creation of an external cavity,

whi ch woul d conpete with and destabilize the internal
cavity. The result is a |aser nuch nore robust to
back-refl ections than all traditional designs,

1 nclprgicn@dsEtgBo@ichtd Nng DFB, external cavity, and
VCSEL | asers. This 25 feature is particularly

i mpor t antl herakoveedesion sobsitewmtionamani kaimplesnented in numerous

i nt | i t vical | 40 .
B PO ORI, SHEAGP BV e
pr evgsientsieze heBaAsPinR and AnGdAS I sings € yedreghd\blifent primary

ack-reflected light., 24 SUBS11TUTE SHEET (RULE 26
S A GS R BT Prcs sty BB0auay ety e ranGS of 1125 to 1.65

Enb geh. itever hewaP A8kt §)<18mS BASE S6H ﬁifrio%%%lr:% raﬂdéi%evelopment

i npl emented in nunerous Tmaterial systens.

t el SRENAW alspibersiitapls for talecomamunisatipnsepplication. .
terial f | | As/ L.nP
e
for Stnréctdteztbfrﬁgtol ‘E(Bemarwamhalsg‘bh?rok/!ﬁiirltd@ih tﬁfﬂ@\% dk?‘sirég Havelength
o 1, ver. r i al. systens, based on
TN O T A T o
sui taglerd-shiapea gammgwith %dt@&?clé‘(ﬁ@ﬁn%@_tds?ge fridfonal length not

preferred enbodi ment enpl oys” an appropria
nul efchgd dm tharotating fornatinn) @f @reatesthan 505 qundniessriivael 98% and

f ovidi in i desi | h .10 band. ...
o RSP GRhol  RO5 HIE  DedB8Tfra
pr ola&r@gg?:_oppﬁrw ce?fﬁcis?umr?ﬁgihmlwﬁagk taﬂd Tf@tld/\bér{ibe?]htrgmbﬁ along
C ne S e racti_ona en no et chne I N .
1§ cwip S5k Meafila baiingrSasten, NERias dha ity gede drops to
t haﬁO%Q%e?\rddiiathé\doﬂglilﬁd‘isqméh wat th(rjeiaca&&‘)liﬁé cBEriiEr didlsXo 0. As

produces a bal ance between provi a strong
coule HEY cyde fincreasas, e caurlingresstiiviek ingraaséstcda maximum at

cong td‘ b | Qhe i i i lve c l.i ng - .
coef ??’c iug%t mel\lot e %@?e%gﬁsgtogj u?{ﬁ %@%1 Qﬁ'iler %ﬁsr‘%ﬁ %tlve %ouphng
509nonpienicatly decreases tpDiadd00% dhityleybist Thils asastpledngbove, the
oef ficient drops,to g dut cle increases,
2 et Thoos BR0 €7 Bk ine ba%uiabob hstedhe criimiag s elatively
75%tebrigyfor YeddbaaR dnide o AREdE sl hidbde Whildl 80He ¥thé Sme the
the radiative_ coupling
radiative coupling has not decreased too strongly. The depth of the grating is
chosen such that the normalized coupling coefficient xZ, is between 3 and 7,
and is preferably between 4.5 and 5.5. These high values minimize power
25 emission from the edge of the device, minimize linewidth, maximize FM
response, and minimize chirp on direct modulation.
The grating also perfdrms admirably though not as efficiently if it is wet-
etched, which typically produces a triangular (or possibly trapezoidal) shaped

grating. In this case the duty cycle (here defined as the fractional length not
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nonot oni cal ly decreases to 0 at 100% duty cycl e. Thus,
as stated above, the 20 optinmumrange is below 75%in
woOher4649478 ange where the coupling is rel ativel pCTEARORPO0SSS

for feedback and a | ocalized optical node while at the
sanme tinme the radiative coupling has not decreased

too strongly. The depth of the grating is chosen such
that the normalized coupling coefficient xL is between
3 and 7, and is preferably between 4.5 and 5.5. These

hi ghtcked dethevidiest &t BPIIgrafn r?n§§tl s bR yﬁcemgi% -60%, in
of the device, mnimze |inew maxi m ze

r esYEREE optiaizathg fﬁlqtyegqqupbng)ﬁogfr ieiepts. nodul ati on. The
grating 'ﬂhé@e@@é £oh B Mrﬁéﬁéhyuég@mﬁﬁ%ﬂﬁkypﬁl nppe waveguide

efficiently | I's wet-
pr diRWe& saucirureamgal baried betepm;ssa:tmm(ai—t)zspazmrdamus eredner is

1498 s Aok AL SAASh e S5 ma

2008eridHRtande Cdn GRS 88IRaton Gb?lﬁh@i@daﬁ it é]@o Woﬂﬁ§ bf note that

part of the gratin must be smal

4o fopay RS shugiewe.t ecﬁb‘ffﬁﬁ?zeénlﬁﬁ@“ﬂ%béﬁﬁy &lseeém ithgy n-side, or

R e A EA S AER 1 i shBBng osorode
burmp@tm@cw@ptmﬁm@ndg@dﬁgmdeﬂ ttaperforianice. fventrastrae have
abri.cate the uncﬁl on

05 rqtngistfibo IR PRI Siar G Beeh hehiaRelEiEn s openings

an aglenaglae@sanm iicaBHSretaea dRswinglighStodeSakER frofty thefp-side
note that for a RAMG structure, the surface em ssi on

i s tHRSUrasRJFORT aPPlical Rerspestive, botly gasas: aeeasiy wWorkable.
devi ce grd?%%spﬂfa?magaéﬁmgdc%' %@H%Mﬁef&ge 'g,oté,% fOYEd cfd?fher in
egra

el ectrode. 1njectin urrent 1 nto
t hefapeedte rtMBtbstructureolhtsrmeferrembthlatame c:L(DreuMa blockingatredture be

1, P o558 S 1B B BE e o,

al | Tivé fogmer ghde dllpwReerihakead tHermal itinageméat totk¥Pemployed while
surface. From an optical persgectwe both cases are

eas‘ieﬂyc'ﬂﬂrthﬁkﬂaéas'%PaB%@ianPﬁé fleags tp giagspdationaingpigh-speed
st raiidhgoriss preferred. Further, in fabricate the BH
structure, it is preferred that the current bl ocking

st r uct urfe fusther B8vaniage oF disé pessatinvenion aan mpwibe endatstood.

o' at . ver se- bj,ase -n.J unction. r .
N R B AR S e Dl ere s
whi ri@edcetdwléavg thémdpadies elentertafrani thameder hatishtietEany need
to degradation in _high-speed
to complete the end finishing or packaging of the laser structure before even
beginning to test the laser structures for functionality. For example, referring to
Figure 1, the electrodes 12 and 14 are formed into the structure 10 as the
25  structure is built and still in a wafer form. Each of the structures 10 can be
electrically isolated from adjacent structures when on wafer, by appropriate
patterning and deposition of electrodes on the wafer, leaving high resistance
areas in the adjoining regions between gratings as noted above. Therefore,

electrical properties of each of the structures can be tested on wafer, before any
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applications. A further advantage of the present

i nvention can now be understood. 20 The present
wonvenn9son conprehends a net hod of manuf act uri RGTAEAR00/000855

there is no need to cleave the individual elenments

fromthe wafer, nor is there any need to conplete the

end finishing or packaging of the [aser structure

bef ore even .beginning to test the |aser structures

for functionality. For exanple, referring to Figure

1, pdekaglrecstepsiescul2sigipty By irfé&ingQsurrsht imd @atRQrating structure

structure 10 as the 25 structure is built and still

a vilt Wafero ! Rus. giefectiye sibetuses Gen heclisarrdediAr riected before any

el e6ddkha %ﬁ'r 's)(e;ﬁssérla@él?e‘#r E(/é’i"f‘b@ﬂ@&l%%mg nﬁ’é‘édﬂfﬂ‘ﬁa ;br&ﬁhctlon
wafer, Dy appropriate  patterning and”deposition

el e@fﬂ@w@’ uolureshecoardieg fo the pvésant invghtiorisinsudmoere efficient and

r et ween, gr.at i
ot idbssaBoA R to AR E BEP AR 8t Fopa gamplex
of al’fcbrekp.rl‘rad tbefars apgtesiingtoastadunm el dsavilks fratkadiy and end
SllT}JT §HF1T tit it 1 mWO 2004/109873

BIeRso ggonggegwlqggog p@ﬁglyd@@Lantlng@ I;:sqrystructures
' nj r‘éﬁhir@&l irf e éﬁf&r att¥dge @ilting1add Hamthbtle bl elﬁ’i‘ﬁ ated by the
waf er. Thus, fectivé structures can be discard 3 or
rejmgﬁwlbﬁfﬁpé any packagi ng steps are taken (even

P eser st B B SEER 608 SRS PR beR i Fetrrenge hes

mudbeem meads fto cprefdrrean @nfbddimientses$ ths pprasenie lﬁ\)&ﬂﬂorh 'various
the prior art where packa |n!glﬁ| s both nore conp

ancfl ganseand@ritigns e passipiggvithoyt ggegrftmg-fmr@ the spirit of the
cl §5F8hd @laiMa Gaohst Sﬂ?ﬁe SF‘ﬂHesE'\)éréﬁér‘i‘éJhéJeetS’éerf @5cussed above

non-functioning or nmerely mal functioning |aser
st rangt gihess wﬂégau aparent bh@oﬁﬁl&hilledrln tbl&g@‘t elﬁmrt exangple, while
14 SRR SR, A G ATSE Ier N o SR ppar tecer

i n gthetwet oft theat mmbnllcm o stnactudsmaljesiso rmlase@ which yield
pref er rFag’%nbﬂg of the present inventjon varl ous .
al t#CEP re tS e t $1BHEUrRS MRy s it indgyygoupled or gain

depsyiu Elé%&)rftfdﬂmw H@t iS Béﬁé\kdeprHSnt i8 T&ﬁ&ééﬁh%src cavity Qavmg
attached. Some of these variations have been di scusse

abcvdominaat sraderan giangepwayplenginside of theostep brhill ed in
the art. For exanple, while 15 preferred structures
are shown for the layers of the sem conductor | aser
structure of the invention other structures may al so
be used which yield
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acceptable results. Such structures may be either
i ndex coupled or gain coupled or both. Wat is
woebievest3i nportant is to have an intrinsic caPCTACA2004/000855
having a dom nant node on a | onger wavel ength side of
the stop band. 20 27 SUBSTI TUTE SHEET (RULE 26) WO
200 873 PCT/ CA2004/ 000855 WE CLAIM 1 A surface
erﬁﬂﬁ%ﬁ conductor |aser conprising: a
sem conductor |aser structure defining an intrinsic
cavity having an active |ayer, opposed cl addi ng
| aytrs cAmsuriggeesnitiingssendicondt¢toelasay eempasi@bst r at e

and el ectrodes by whi¢ch current AT ed..| :
oA sert ConaR o EPAE S sER sy M8 Yot g BhAfju} LS cavit
struct Uiy 8RIC?S |8ErPEbpSdcanaladiing! Iagedsacantigtioas to said
| east a surface emssion, said intrinsic cavi tﬁrrbel n

conf : gu@@ﬁve dayeive subsiratacand efasirodes Ry mbigepurrent cdn be
. i Y . [
conti ni AyeeRd BiT bath SHBfenaior Begh SIRghRe 12 EhB5E sl aser

confi ni a second iSstri
di f f r actgt@ietgreatoi @it ans ogipat eihnai tirh the &oreth dhiat lewst @ surface

cavity, said diffraction grating havi a urality of.

gr at i ng ereiseiean S3ichEaiNgC paYho ‘Bﬁlq(&n%_gpf%fkaé?\‘% a.domlnant
optical RbAEBHIA PhoBPEAVERNEin SHEoR A stbs baRiiect ed into
said | aser "structure said grating being sized and

shaped t o genarméans furtaterallywonfiniodhedpdicabuedewi t hi n

che intring tealidioi naaguee y |
cyol e of | or eapsecondpragnistiuse et dian Falis afabeted wih
means faly;$[Hefikdie E?\ﬁtygﬁéia%imfa_cﬁ&h HrtPigMHaRing A/PIikAIBy of grating

gui ded nodes wt e intrinsic cavity to alter a )
node pr adlementsavingipetiodieally altemsting opfical sirepestiep uhen said

signal. 2. A surface emtting senm cond .
21 a1 et Gt et B it Pt STLPREY b B3 Eingfized and
properti &%@%ﬁ@@eﬁ@%tébbﬁﬁt@%&ﬁ\gn?@uide@eﬁo@és within the intrinsic
refraction’in conjunction with alternating a gﬁa;_i n of
the act i cavityavhareinsaidgeaiingdws @ fuby GYp gbareatdtien 5p% and
| aser as, cl imeg dn_claiml wherein

ess than'90%; and

a means for shifting a phase of said counter-running guided
modes within the intrinsic cavity to alter a mode profile and radiative

intensity of said output signal.
2.  Asurface emitting serﬁiconductor laser as claimed in claim 1 wherein
said alternating optical properties comprises alternating an index of

refraction in conjunction with alternating a gain of the active layer.

3. A surface emitting semiconductor laser as claimed in claim 1 wherein

said alternating optical properties comprises alternating an index of

refraction.

4. A surface emitting semiconductor laser as claimed in claim 1 wherein

said duty cycle is between 50% and 90%.
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said alternating optical properties conprises

alternating an index of refraction. 4. A surface
wemd4tioysg3sem conductor | aser as clainmed in cl aCmcA2004/000855

wherein said duty cycle is between 50% and 90% 28

SUBSTI TUTE SHEET (RULE 261 WO 2004/ 109873

PCT/ CA2004/ 000855 5. A surface emtting sem conductor

| aser according to claim4 wherein said duty cycle is

bet een AGurfacemitthg sermidohddctoeRiset ackbrdingito erimet Wherein

| aser as cI aimed in claim1 wherein a center

wavel engfaldgiuty gyaleds SpMRANO0 @87V the range of 1.25

to 1.65 mcronmeters. 7. A surface emtting

sem conductor | aser according to claiml| wherein said

cavbty i Aduwrtbes efmlmﬂgéefmoamrﬂmmomlabbr &9 claiched i adinb! wherein

10 quant um n em conduct.or

Faser acedaayeBnafiohSal aer RandJies i§lle ragos ord 25 to

square sharefidbictdighed grating. 9. A surface

em tting sem conductor |aser according to claiml

wherein said grating has a depth such that the

o e Bl B L BB pors
t0 C| al MeZidVARALG irtluced éjmﬁft??ué}ﬁuﬁﬁﬁelﬂstﬂﬁt’@ﬂé o‘f@wmhﬁbntum

the normali zed coupling coefficient s between

and 5.5. Wells. A surface enitting seniconduct or Iaser as
claimed in claim1l wherein said distributed
diffraction grating is optically active and is forned

in 8. gaArsmﬁdﬂelﬁmittmgtéem@@hdmﬁormaracdo&dm@t@@ra‘mcmherem
emtting sem conductor |aser as clained in claiml

wher ei n~ S3idi grading ik sALamEFhaned drsteord 9eatingdj oi ni ng
region at least partially surrounding said grating in
plan view. 13. A surface emtting sem conductor | aser

as @l ai mAdsurfacel emitliriPsemi8onductor laser according to claim 1 wherein

said grating has a depth such that the normalized coupling coefficient
is between 3 and 7.

10. A surface emitting semiconductor laser according to claim 7 wherein
said grating has a depth such that the normalized coupling coefficient
is between 4.5 and 5.5.

11. A surface emitting semiconductor laser as claimed in claim 1 wherein
said distributed diffraction grating is optically active and is formed in a
gain medium in the active layer.

12. 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.

13. A surface emitting semiconductor laser as claimed in claim 12
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Si 1TLI TE SHEET (RULE 26) WD 2004/ 109873

PCT/ CA2004/ 000855 wherein said adjoi ni ng region
wouodshess7ancl udes integrally fornmed absorbi ngPCEGIAQME/000855

| ocated at either end of said distributed diffraction

grating. 14. A surface emtting sem conductor |aser as

cIaimedl rther i.ncludin ai nin

regi on havi %’%ﬂ%‘%t%ﬁgwg@t 5‘?9'0'15“%}3198 dP&Hgﬁg émﬁgﬁgh’g formed
semi condughsurbingsetions |6¢abAB eitierdi of skid di%’ﬂ?dlgé@dﬁractmn
sai d photodetector is integrally formed wth

| asing <9@tiBYure. 16. A surface enitting
sem conductor laser as clained in claim214 further
i ncluding a feedback | oop connected to said

phot ttlet eAsarfat@entitingaemicordiricestiaskraistdimes igeflim 12 further
wWth a desired outp Ht signal. 17. A surface emtting

seni condUREBENGRR 2 E’én'ﬁg 5¢9ieQ heNingl aphetogetentomer

i ncludi ng an adjuster for adjusting an input current

to maintain said output signal at a desired

char Het erA sturfacel 8mittinguséraicenduttot ilagers esi clainsbt tirclaim 14

| aser as cJ ai ned i laim 12 wherein said adjoining
region iV ?%rﬁ%éafci]cﬂiﬁogo%?épfﬁ IHgerally B’r"}eéisMéﬂWa%d lasing
sufficiendirdcpu@l ectrically isolate said grating, when ‘

said laser is in use. 19. A surface emtting | aser as
claimed in claiml wherein one of said electrodes

i ncl nal ttin n 20. A surface

e 15 ng A sdiEPEEEm g RefbatErlot Heet aaclieads laim 14 further
means fOﬁnclhéihgr al kdedtaieki lﬂioﬁg cbhfe&BY! t@'sa&ﬂ’%gtédetector to
conprised of a ridge wavegui de structure

surface EHMRITAR dalsetedeutpbbisignal with aldesined oatputesignal.

said nmeans for 30 SUBSTITUTE SHEET (RULE WO -
2004/ 109873 PCT/ CA2004/ 000855 | aterally confining the

opt } 17al mtodmaee S0ting Seicendacior ldsed as RRfiRkaIh Eldfh Y6%urther
configuration
g including an adjuster for adjusting an input current to maintain said

output signal at a desired characteristic.

18. A surface emitting semiconductor laser as claimed in claim 12
wherein said adjoining region is formed from a material having a
resistance sufficient to electrically isolate said grating, when said
laser is in use.

19. A surface emitting laser as claimed in claim 1 wherein one of said

electrodes includes a signal emitting opening.
20.  Asurface emitting laser as claimed in claim 1 wherein said means for
laterally confining the optical mode is comprised of a ridge waveguide

structure.

21.  Asurface emitting laser as claimed in claim 1 wherein said means for
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22. An array of surface emtting sem conductor |asers

as clainmed in claim 1 wherein said array includes two
wonrommes76f said | asers on a conmon substrat e PCREA2603/000855

array of surface emtting sem conductor |asers as

claimed in claim 22 wherein each of said two or nore

of said | produces an oytput signal having a i
di fferent @g@% %Q%'%%dt?‘gupﬁﬁ‘fﬁpmﬁgre Lhfommpyisege of a buried
i ndi vi duahétgrdmkg{@b%nﬁg&raﬁeﬁ_ array of surface

emtting sem conductor |lasers as clainmed in claim 22

wherein each of - said two or nore of said | asers

pro es ' hayving the sane wavel engt h. .
DGO A ot R ar By O i e PRGN MibobOBaRE HRefSes B laim
sem condutiwiverbins eail, agay dnclEedadoC8AMhO® BE Sal lasers on a
steps of: formng a plurality of sem conductor | aser

st ruct ur EOMPEN SK§Yate. plurality of intrinsic |aser
cavities by formng, in successive layers on a comon
waf er substrate;. a first cladding |ayer, an active

| ay €23.andArmasay ofisurfhceniiting semizondacialaderddetlaimed in claim
substrate;,, forn.ng afﬁl Pr ality of second .order
di st ri butedVHeFePRAGTHAT SBidabhgE MFeqe $3id aserg produces an

intrinsi r e o P LS i
have a dgorrljii ﬁ%ﬂnétlglﬁ%é]g\oﬁﬁ eﬁi}@e o%glgygﬂﬁgggf%@g@ﬁ%g@%ﬁa nd can
t he st op beviadividdadlymodulataghase shifter in said

grating to alter a node profile of an output signal
fromsaid sem conductor |aser, said grating having a

dut 4y clgh afra@bfairficd mttimPSamidbnd 68 B8R agsogf%ilmed in claim

i
form ng a nmeans of laterally confining t{?e optic
nmode; and2 ghegiBSEChOESSHERD ORUICFe 2H) sal lasers produces an

2004/ 109 004/ 000855 faorm ng, el ectrodes on
each of 3’%&%&%@%@&5&@‘? ﬁa&%wagﬁeﬂgmﬂ es on said
waf er substrate for injecting current into each of

said |aser structures,
2 A method of fabricating surface emitting semiconductor lasers, said

method comprising the steps of:

forming a plurality of semiconductor laser structures, defining a

- plurality of intrinsic laser cavities 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;

forming a plurality of second order distributed diffraction
gratings to define said intrinsic cavities, wherein said intrinsic cavities
have a dominant mode on the longer wavelength side of the stop
band;

forming a phase shifter in said grating to alter a mode profile of
an output signal from said semiconductor laser, said grating having a
duty cycle of greater than 50% but less than 90%;

forming a means of laterally confining the optical mode; and
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26. A nethod of fabricating surface emtting

sem conductor |asers as <clained in claim?25 further
woao1iosi7ag t he step of sinmultaneously form nGCT/CA2004/000855

adj oi ning regi ons between said plurality of

distributed diffraction gratings associated with said

intrinsic cayylhes. ctro@ege&p e?ac‘?mf of il C?c%ﬂwﬁgnguctor laser

surface emtt| ng el CoRduct of THsers as

cl ai m 25stfoeures s shideeafer sfibdtedterfal injeatingf ¢urrery intbesach of
optical node is a buried heterostructure

conf i gureaid !ﬂﬁ;erggucigm%t hod of fabricating surface
emtting sem conductor lasers as clained in claim?25
where said neans of laterally confining the optical

nodz6.i s A mettigd ofefabgoatifg surface engttingdsericendbioidr ddsers as

fabricating surface g semcond cto | asers @as

cl ai ned 9'?\%1@&; al? %LHJE}E%Q%‘P%%' '??1? ESHPUI%”GOUSIV
form ng @imfg! %EOIRMQ égjloﬁ@%tﬁlfeeﬁabﬂldgbﬁirbngs ofiMdistributed
absor bi ng reg| on"in Said adjoining region. 30.

met hod ofifffastioh@uatings associated wifhtsaichnigesic cowitigst or

| asers as claimed in claim25 further including the
step of cleaving said wafer along said adjoining

gil%%?n?Rﬁ Egé%@ SfaRCANNP sutfass ity sEIRBSRUTLIBE lasers as
claimed in claim 25 where said means of laterally confining the optical

mode is a buried heterostructure configuration.

28. A method of fabricating surface emitting semiconductor lasers as
claimed in claim 25 where said means of laterally confining the optical

mode is a ridge waveguide structure.

29. A method of fabricating surface emitting semiconductor lasers as
claimed in claim 25 further including the step of forming at either end
of each of said gratings an absorbing region in said adjoining region. ‘

30. A method of fabricating surface emitting semiconductor lasers as

claimed in claim 25 further including the step of cleaving said wafer

along said adjoining regions to form an array of lasers.
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