; N _e3ebPbM<(d: 6pT39#i 16 Decenber 2004 1 Milti-wavel ength sem conduct or
lasers FIELD OF THE | NVENTI ON The present invention pertains to the field
. of isem conductor | aser fabrication and in particular to a method for
manhuf acturing integrated single output nultiple wavel ength 5 | asers and
rel ated photonic integrated devices to be utilized in Mabedeatbgt RO vi si on
mul tiplexing (WDM optical comuni cation system optical recording and
measur enent system BACKGROUND OF THEl | NVENTI ON Mul ti -wavel engt h | aser
sources are key elenents for a variety of applications such aﬁmmﬂmmmww
wavel ength division multiplexing (WDM, optical recording, co
and optical color printing. Several nethods have been proposed andeshat ent ed

for the realization oMulteseavelehiztha¥fli€oHNCIGSPIsepsUr Ces and—the
integration with nodul ators, as can be seen in US Pats. No. 45’[

{ Meni gauxé, 4831629 (Paoli), 4993036 (Ilkeda), 5384797 (Wl ch), m~Mimmﬂmmmmﬂl
( Takano)EIEFRGF J&HE BEVENEIONed by the non-uniform current punping,l.S.
resulting in areas with different band filling, selective area epitaxy or

guant um wel i 3. xing.. The.| ast, t t hods can al so he. used to.

fabricate t he [{} ésgé{qsn Vf"hg’é‘ reé?gﬁat%iﬂ?%ﬁﬁﬂgﬁlsﬁql&f’g&_‘ L érf*,ﬁ’"r‘?ﬁﬂ?/“ #d e
mul ti pl eanteubdrad gt Methad dor SRULRCRINAL iAlEAYE JiAIE Ionihe InlIShIX \%Rreﬂcn ge
spati al separation bhetween different wavel ength el enents, and therefore

“conpl &x 1361y ed drliated ophatenic dntegrateduiievderst e be jugilizedhén iwavelengthadivisamer s t o
X SO tres- @ . | i
e, P aliplekBIwb{a) cRudB AR Ly . 4 Red ARG R R

restri ctsystam. can be elimnated. One nmethod uses serially aligned

sem conductor |asers each with a directional coupler [see US Patent
5233187, P Eur opean Patent 496348, Sakata]. An

i nevi taﬁéém{?@?%ﬁg\%ﬁ@hod is that there cannot be many

wavel engt hs i ntegrated together otherwise the device will be too |ong and

the i nt er naVultiowaveldgth fagerlsaties arblkey elehfentirfof i VaHidRyof afiftichticiRishél Z£d to
act both as a directional coupler and the wavel ength sel'ective reflector.

Anot h@r Waselraathy divisioncaplsiphrxingatWDM), onti¢al recording.eqoler displaysi andoomicel out put

t b : ' i at i de.al. t,
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. 944-94 9S m.ari sin romthe combination o ifferen
_algve! endl ﬁgs g‘éad%][ ngoq ?ggqgﬁa{ﬁf’mga‘ﬁ‘r 0§g3 162 kP aghh 998028 dikgdde | BRETHs are
i nevi t alyiwee1Sh)ws s fyami (@Q@Hnb).on‘h%ydctaﬁ g,eltrga&ted bZ}ﬁe heﬁ.lqgffo&m&lr eq,gﬁmgpfg;ef

el enent wil| be opti cal | yfgeurrpe t- acin ven on when t
rerit

wavel&ndesuliing é aggag yeth dj chandi felling,y sdi¢ctive chreaT bpitaxy nerequeshoe well t hat
h - N j t] dd | e. thaod is.,t dd
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littl e aonoghilatoat ed since it needs a | ot of additional electrodes to control

each 10 nodulator. In this patent we propose a new nethod, the introduction

of an isolator, to g{yg\éj ge t he needed isol ation anong different wavel ength
| aser el enem¥evefm the, muliiple wayeleagth faser soueees op asayssfabricatedyelioml e to

fabri Catﬁl‘a?ébdsp%ﬁﬁyseﬁﬂaﬁ&?ﬁél%en Hfitednt Qvagélgxétﬂ %letnna%ts, and therefore complex

20 focusing optics are required to align the individual lasers to the optical fiber. It is

e
=

desirable that all the laser emissions are combined monolifhically together on a wafer so

that the alignment restrictions can be eliminated. One method uses serially aligned
semiconductor lasers each with a directional coupler {see US Patent 5233187, Japanese
Patent 05090715, European Patent 496348, Sakata]. An inevitable drawback of this

25 method is that there cannot be many wavelengths integrated together otherwise the
device will be too long and the internal loss will be large. Also the grating must be

. optimized to act both as a directional coupler and the wavelength selective reflector.

Another method is to combine parallel aligned laser arrays into one output port by use of



met hod of -fabricating the said isolator and other integrated optoel ectronic
.devices. 15 SUWARY OF THE | NVENTI ON The invention has as its objective, to

~ i ntroduce an isolator or isolators nonolithically integrated with the

sem conductor | aser arrayse and to provide an easy nethod of producing
integrated nmultiple wavel ength sem conductor | asers tHa&étDesmben2i@pendent |y
emt each wavel ength in one spot. 20 According to one aspect of the
invention, there is provided A nulti-2avel ength sem conductor | aser
conprising: a plurality of |aser diode sections in parallel arrangenent and
havi ng different em ssion wavel engths relative to each other; at |east one
i sol at oryp5RELiRRvaveRGA0bligRfdht Suck 8 the ¥ YhrRtiSh ca&AL, ?i'BSWtR@Fﬁ‘iQe .%th;hé}l egrat ed
with a respective one of Said laser diodé sections; a coupler integrated

wi t h t hetriretyess etli [Sge JapaneseoPatentr s 2096581175884 JEEB rRhotao Tachurol slestt. iVw). t 0

coupl e the_dj n 1 ssi on wavel engt hs 4 nto,one out put post,. 16
Decenbetr“ﬁzﬁ'baj"{’g&éhggﬁﬂ‘t ’-’W\éﬁgﬂbt g 0, o thét S?mgﬁgg?" c%‘irpﬂ‘f%"é@t three
essent i abavelRAPBE abgdther RSMAt tHeOSt0ss allts AMBng Ahesk ORFeldhpthsi &€l AbAtabRECt | ON;
and a coupler. The cavities of the |aser diode sections forma parallel

ar r ay’ t oVigioyy jagdditignals weatmente fhbs slopgery o vslensdh Hasepjelamend cowill\bg cipicalbhh

i ndependgl . The.C j e di.fferent 5
wavel engriiped (BHGRE A Gnty Wt BBl SrafSGal fosbE bRl EGUARE"Y'

j unct i orbissed.pTler comsequehiéd islthatreabh wavelgngthds aotindependently adivesgableleOne
directional coupler such ag a rib wavegui de directional coupler. The

i sol at orm%téecf Ish 2 ap sleqrohspiglipn tpermatiLApRLe s erglemeptt hhisangthed ent
wavel en : . j an ey i r vel ength
gl v or ' Raft, Bompfeafa ity ¢ Bteds ¥ 160K GRamBRArBLLrctel e oG PO

exanpd e, meduwldter. a wavel ength sel ective type or a |light absorptive type. For
the first type, it can be a distributed Bragg grating type isolator or a

phot oni ¢ bandgap..crystal type isol at.or i.ch ks transm.ssive to on

havel engt n Bt etk Hsrbrapdia nelE o, e ifpdiiyoh 37 RBUETvES ob Dotide

wavel enghisneedal isoldioal ameiveldefigeit Waselen@bUass €lembritssIndodsVaol dsed di ode
sections, an isalator nmay be integrated wth one 1 S or each of |aser diode

sect i onstdgditpngl gledrodes s ftiigsimplao Tabngate and eask toypperolsi We also providedhe r ed.
For the Lsal:at i RN ener gy
Franspar ooy o ot FEaCs Bl tbe BiEish Allr s Bief plaka UAQeRo0AIC B C!
absorbing to all other | aser wavel engths. There is no need for an

el ectldi CHIMMARXCOF TRIE INNENTHDNt i on regi on thus giving rise to ease of
fabrication and operation. 20 In another enbodi nent, the nufti-wavel ength
sem conduct.gr | rconprises four l.aser diode;secti.ons, at | { three of
whi ch are | eaBTalion Hh ihits SRt gLt DESHues R i REE PelRtor opalibicalie, ¢ he
coupl er imeegrate vddhe tiee S@hicenduetor Yiasetnafray@nasd up| moside capleas) methott of nedi at e
el ements or may.include a four-branch coupler. The integrated

muf t i - weRFefusieg mtegrated matipleevavclengthnsrmigensiistoy lasehy thaktat indspenglently s
quant um W | i on sem conductor |aser structure. The

sem condég@#g?&ﬁ%g%éﬁgﬁhghﬁgyp eferably made of either GaAs or InP. The
quantum wel | can be made of GaAs, |InGaAs, |InAl GaAs, or | nGaAsP. The device
can B8 nadeAcdordiog thbyoreecispedti ofetharioventionakheps gmpravidedpAr mphawavepagtihxy
(MOVPE) or .b ost. growt h gquantum wel |l interm xi ng technol ogy. By
controllﬁeﬁac‘%l‘}ﬁlgwtﬁ}’ Pl "e i conduct or | aser surface 16 Decenber 2004
4 covered by the interm xing inhibiting |ayer, such as the Ge |ayer, a one
step sel ective area plifalifyl 61 lak&ciode aBEHONs VRl arhlﬁﬁlez{rfﬂ'nﬁbrﬂgntc&m paviged to
fabricate such devices. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 a is a
schemati ¢ wavéi§granbemissignavelepgthy redative toaadiadbeit h | aser source

at least one isolator section, the or each of said isolator sections being

25 integrated with a respective one of said laser diode sections;

a coupler integrated with the laser diode sections and the at least one

isolator section to couple the different emission wavelengths into one output port.



5'wth nonolithically integrated Y junction coupler and isolator. Figure Ib
ds.a diagramof the device with ridge wavegui de and vertical |ayer

. structure shown. Figures 2a and 2b illustrate the band di agram and the

experinmental results of the relative photol um nescence spectra for the four
different sections in the dual wavel ength | aser sourcdé6dbéoembar 20084 st ep

sel ective area intermxing. 10 Figures 3a and 3b are schemati c wavegui de
drawi ngs for two types of four wavel efgth | aser sources with nonolithically
integrated Y junction couplers and isolators. Figure 4 is a schematic
wavegui de drawi ng for a dual wavel ength | aser source with nonolithically

i ntegrated Yhi umdtiivavelsag ssmiosritiudios tlisep oRpriBsag@ecd s Rbhtd ScompoReris:IUr €5
5a and 5p are schematic diagrans of a Y junction coupler and arib

wavegui desef l@fiﬁt sesHams; @plspstame isglatoy sectpipmandalcowplen Cre TayitigsNfEhe lag

Ref erri ng; { ' . o A Lde structure of a
dual \/vavg1ogggsf§lﬁg)r‘g§%@1§ El‘r?l (E:Igl Anr%lepg)mlgea 'ﬁ%‘;’%}iﬁ{e}é‘gsrsgﬁe HEOSHE W g9ch o1 and
a Y j uncwiavele@fth cindepoadentlyt addragsablas Thaseuplti Gsleussé Cloi 6\gpld. e WiffereAt

i solator 3 and a Y junction coupl 4. The structure includes_cleaved | aser
facets SWaYﬂgnngi L‘J‘FFJBt‘?’lanE‘BHtpP%‘R i{‘? Soprlerymay be » JF expmplend ¥rignetion from

the | asetogbiade maa s wivontide Bdlgler 0l AR Rbclohll Quiebbldl & o1t PU

port. The l'ength of the gain region and isolation region ar m and
300pm r esibekavieguidy direptéondl coupderi The isolatdresection? i uwed doripmiate dhotrossvalld- bends

with a radi rvat ure, of ,1328 The ceniral .space between the two
br anches %ﬁxg Hg A%deﬁﬁeﬁ%nq b‘g?'nv(f’}eg'éthls 99 S&’sl"%? ?q?greyt%]a{] h’é’t ﬁi‘%’ﬁce\/&}’e ERtRAtheR 53y be
kept smakavelengtheingBsordthieir Gésired cbmbiaubns he schematic diagram of a ridge
wavegui de 16 Decenber 2004 5 and vertical layer structure. The ridge

wavegui de can he fornmed by either wet cheni cal etching or plasm dry
et chiMy (1 chhgsqigtey section may be, fog examgpladeither gwavalensah selectiventypnamrent

het er oj u i | / he. - e substrate.7,can be .
ei t her Ggigfs“! %’Emlﬁ)ﬁgé g’:?’ gb;ﬁkétﬁﬁglgte%%w Jédg%gc?od-rll- it SErl ?Eagg ?86\%5 %Féﬁ%i}(i?fg | ayer
8 is S poowiphetbmid bindgap ypetall opienigolator ehidh-B-teamsihisatviel to iz wapRBMgH eddi ng

| ayer 12 . s, proyvi gded wt ~type doping to S x 10 ~ 8 ctri_ 3. There is al so
provi ded ttfeo\?g‘?r dé?i% S Q‘Hﬁ}w@iﬁéﬁgﬁﬁv‘? g’y%‘ggr ‘@avtﬁi"d‘gitl?; Fona duglvamslangtly he
active r efeOsourtd dondprisu iwday@ | diode! ebiidrd! £h isBlath Bk Syitiftogd 15
for the el ect ruode. n?ph_e“gg;i n regi cl)%s 1 and 2 1r?ave rcrj}iﬁ%}fié?gﬁt wagnggehn%t S ~, ~
and ~1%. origachyof lagen digde sections and tuned to reflect the other wavelength which is not

desired. For the second type of isolation, the isolator has a band gap energy transparent to

the laser wavelength of the laser diode section but absorbing to all other laser
wavelengths. There is no need for an electrical contact for the isolation region thus

giving rise to ease of fabrication and operation.

20 In another embodiment, the multi-wavelength semiconductor laser comprises four
laser diode sections, at least three of which are integrated with a respective isolator
section. In this case, the coupler may include a series of Y-junction couplers coupled by

intermediate elements or may include a four-branch coupler.

The integrated multi-wavelength laser source is advantageously fabricated using a

25 quantum well based heterojunction semiconductor laser structure. The semiconductor
substrate is preferably made of either GaAs or InP. The quantum well can be made of
GaAs, InGaAs, InAlGaAs, or InGaAsP. The device can be made either by selective area
metal organic vapor phase epitaxy (MOVPE) or by post growth quantum well

intermixing technology. By controlling the area of the semiconductor laser surface



10 coupl er region has a bandgap with an equi val ent wavel ength ~ that nust
.be. short enough to ensure that it is conpletely transparent to the |aser

. wavel engths ~. 1) ~, 2. The isolator 3 has an equival ent wavel ength ~, 3 that

shoul d be | ow enough to be transparent to ~,, but be absorbing to ~,Z so
that the laser light fromchannel 2 will not opticall yledDeembea2dt 1 when
only channel 2 is electrically biased. As a result, the two | asers can be 1
S operated either sinultaneously or sebarately. Different band gap regi ons
in the wafer can be realized by either selective area MOWPE or by a one
step selective area quantumwel |l interm xing. Fig.2a shows a schematic band
di agr am tdversitbyecht igednfiRidedbhibilingf1eyee uch an g Ge apeH 80he sepbdledtiveyeaquant um
wel | interm xing. The enerPy | evel s in the quantumwel |l are 20 represented
as numer HRRUBY free quanfumyedliptermgxing gandhe wied o fabegate spelndevicgs| at or secti on

3, laser diode section 2, and Y junction coupler section 4 respectively.

Due to tRRIENDHWHIPYSORDPTHEBRWEVINGSd barrier el ements, the quant'um
wel | shape and conposition changed thus |eading to blueshift of the quantum
wel | energy levels. The p and n type cladding |ayers are represented as 16
and 21 respecFigueg J2 i98 schamplis wanpgnide sjricwrel of addal2@avelehgtle pacratoarce

confipenent. | .S apd 19 e provided. Taki the | nGaAs/ GaAs | aser
Somml 82wk e Rikrse, ¥ RnBta gl oA S Kollirt Bliore TR IS4 Faeom, oF v
| Onm GaAshelfevice &¥ith ridgeiav@gaidsafid vErtidal 18yer strorelsh6whOow t enperat ure
phot ol um nescence spectra of the sanple after using the technol ogy of

quantumwel | interm %{;‘g with a Ge interlayer controlljng band gap tuning.

By defining 3618uEes 23 ad 2 lluskatgthepanddiagram and;the sxpesimengal rests @iihe ng t he
spaci ng bak¢ d6min “fﬁmﬂr j 4

di fferent %m% rr(r)}xﬁllg egéeggnrceeéﬁeg% engg?&gﬁfffgpte%cqgﬁqg’sﬂﬁ%r(llh\%\]/avg{e‘{egérfllé{%s can

be achi elaser solitre aBer ¢ onestap seléaivetane ihemmixiggi ons, 1, 2, 3, 4, in this '

device are 100% 45% 25% and 0% respectively. The Ge strip arrays were

ol 1 alfed by | FIUEY 72 575 (i 1 GaHTA oG SEBVREE 1D BK drsr S0y i 02

and undefgeeledgh dladsée 'stafce MR mdHolithitallR SmespPned Riohagowplé§alind
wavel ength_ at 916nm or 1.353neV. The peak position of the PL signals for Y
junctionisobkSer 4 (0% Ge cover) are 77.8neV and 52.4 neV larger than that
of 1 (100% Ge cover) and 2 (45% Ge cover) respectively. The bandgap of

i sol ator Q5%Ff'§1r ver,) 4VA qer I Y er
than 10 channe 2§Q|1:§ %gdht%Fn;éﬁsparJg%%lgfggr %‘ﬂggr{g{lg@ﬂ@uw%ég%yfﬁgrs%&r@%%g to
channel ithAngnolBbicalhdintiggate@ Y -minctionsainplen and dismibatpdi Rlagg gestingss of a
four-wavel ength | aser source emitting fromone output port. Four different

| aser,di ode seg¢t | 3, .angd_ 264 Wt h velengths of ~ 1. ~. z,
~.3, '~ 4, rez*(fpéjcr?%1 3%%@‘%?%% seasi® Aladtiids e s Y RRCUT Ep e ad a'Hh 5" 573
and 274 wavegiide diséctidnilruplehe i sol ator that is in the path of the 15
shortest wavel ength | aser diode section is not necessary. If we assune ~.,>

~7Z >~ 3> ~ i tor_274 can he saved and replaced wth the
mat eri al mT@Q%%ﬁﬁﬁ&@é%mwmer In Fig. 3a, the four
channel s 26 are coupled by two Y couplers 28 to a set of two identical

i nter medi at QAR NbSFig 1a)MHerd id Bhdwf 3 @h@mﬁ@ﬁma’%ggthde Ytra QR f33 A0 the
g b, the f

20 out put waveguide 31. In Fig. 3b, our channefs are couple y one
coupl er 3&avelengthelasert paurcaranvaeglithienlly5int<gpated spidc ianl iselaoatamdnad Yshowtidn

advant ageousl e taken to . this four-branch "Y' coupler,.such as the

o o rartBUBE ¥ SRRAE Taset dipd: Rt b Zeahdsolpiah R HBY S v G Sl pover
di vi si on THe stheufcoimtluBefslenRd lashe faedisgxanpl e, we assune the energy | evel of
the InGaAs/ GaAs Quantum wel | 25 structure sanple, that is for 26i or ~, i,

's 1.360eV. ’I-‘Iigeg-jhgcetio%ngoru% erI £is lugecic o dgrgcet t?lg htsvro signals from the laser diode
sections, (i.e. gain regions) 1 and 2 into a single output port. The length of the gain

region and isolation region are 700pm and 300pm respectively. The Y-junction coupler 4

25 is composed of two S-bends with a radius of curvature of 1328um. The central space
between the two branches is 34pum. The t;ending loss in the Y-junction waveguide should

be kept small in the design. Fig 1b shows the schematic diagram of a ridge waveguide



t hree branches of the | aser diode sections 262 (~,2), 263 (~ 3), and 264
(a,4), wth equal spaced wavel ength difference of |2nmeV, could be 1.372eV,

. 1.8384eV, and 1.396eV respectively. The energy level for the isolators 27,,

272, and 273 could be 1.39eV, 1.402eV and 1.414eV. The band gap of the Y
coupl er region could be t.440eV. So the 30 isol ator 2716 Démb2raDo4d s
transparent to | aser diode 26, (262, 263) but is absorptive to the 16
Decentrer 2004 7 other three |laser di odes 262, 263, and 264 (26,, 263, 264;
26,, 26Z, 264). The wavel ength spaci ngs between the two adj acent gain

regi ons can be changed within a range of 10 to | 7neV. These bandgap tuni ng
can be radl veztehl ayes elr@cthicy Fhe ridge Waabitioe val be fmﬁeamymlmer ®8f HegtflcAut on
the sane wafer, as the nmethod descri bed above, by selective 5 area

MOVPE. /Atehing ortBlasna dry séthing (ICP3or Rid)aThe é’Yﬂmelﬁ f gradpd mdexrrsegaxape in
he f
St ack of *inhie hattoReRbE MIRAISEI) Taver BRGCAI THBOORERUSIHE Fickh 485, °

vavel engtitheoiGaAsebr InRspeathér eelgann semipoaduct@ds. andlodiér dhaldingt hgedigsisr i but ed

Br agg gratl ng.does not act as a rgflegtor but as a 10 wavel ength filter.
The o BIPEAGS & BiPe depinedpiI0F can viilesn uaper dagdingrlavar Jgus provideds or

cavity r 18 t.3| o] eed ack DFB)
| aser or‘béhi’?ﬁ%gﬁéhg%&gggorg éc |eg§ls( Oﬁﬁiggsri(g& haé?ll%lpﬁ e two
di f f er enlaygs Oeinddoawhegin 80 dndic ablivd fegivh WitloP q@@itha el §tﬁﬁtdr@ nd Eﬂftala dual
wavel ength integrated | aser source, isolators 38 and 39 can be a

convent i esactyl ’g%rrdwi% ‘E%&ﬁ?d@fatl ng but be highly 15 reflective to the
| aser wavel ength of their opposite gain regions 37 and 36, rather than 36
and 37, res e ra t gth
di fference ?ﬁ‘f\%% }%hogy;fdjﬂg%en a%glaﬁfc?% tﬁ)anvteﬁﬂﬁi h§98ain91 2 ﬂ]% @X&}t}%gbecause
of the vedupleth@pionhaseh eaglifaps alidCin @quivaRhe &lafElefith CK m‘at tn'ﬂ&t ®eadhoRgs

Such an arrangenent has a better performance in isolating the crosstalks
anmong di ¢favghrie enswrerthataiv és eorgpletely ikanspakent 4b sher [esérowavelgngtizol 8pl Bieor .

Ho t t ed t The Y t
coupl r 101l T p DB WYl S A AR b ot Fyafids vf BenohleBt e por
is dividgg bﬁ%@&ﬁsxsmﬁgwx sé ﬂ?at%é‘%crtl‘fghtm ShantlIe2 W%b?%tléa%g)rﬂﬁrﬁ)at such

a coupler can take is tha a single node wavegui de 4 i ch
di vi des ahanaelshwhenamgt ehamt:bZ tiswolestricaile bimsetb Ascy exyult,dbe twa laséB. catrbe

| t t f d 2 d di t I I :
cont 1'9ur absrasd e BhAnESay Pl ety Fagoa: (e GRS, R aer P40 o
regi on Wherdlikéd byp cméﬁ\feaérké’M(bWB%j b9R dielstepSeRBfivddred fRantidWelf two
ot her wavegui des 46, 47. The overlapping of the waveguides i's such that

power | alM@HE®NBNt 0 the Y junction coupler via waveguide 44 is fully
coupl ed equal ly into the other two wavegui des so that none is reflected at

the end 45 gf i$§h§\¥r§§{[sé’l@¥ﬁ%iﬁﬁd @nghanﬁﬁs«ala &%tﬁ@%ﬁaﬁifﬁ?en?fbaﬁlﬁg d;m

ports should e surficient to provide~no nutua vanescence coupli
Decenber regihs réalized by epualtomewelk piteimizinige fhe @ncrgyl fevelstih¢hepqumatuine wellfard he

o OO aTiEFGRUCa AP 22 € 25 454 1 G508 ey T ol rion3y y pe

seni condygbOlgfodeVédtidnt ize ahdVehhQidnN 8sugl&e BeciidaCA | Jae,sécwelyt Puer &f §he ed
enbodi nents, it is to be 5 undérstood that the words whi ch’ have been used -

are wor dsntgﬂlfﬁt;m ofpth ovelk andnlearriehel empitsi the quantumnwelt stape ahdingiapositign be

madevmth arti the true scope and s hel ention in

its broaﬁ gglg a(mg %m hlﬁ irtg an% ‘ﬁglgfn'% vePs ep and ntyp
cladding layers are represented as 16 and 21 respectively.

25 Graded index layers 17 and 20 and separate confinement layers 18 and 19 are
provided. Taking the InGaAs/GaAs laser sample with a single 8nm wide IngGag sAs
quantum well confined by two 10nm GaAs barriers as an example, Fig. 2b shows the low
temperature photoluminescence spectra of the sample after using the technology of
quantum well intermixing with a Ge interlayer controlling band gap tuning. By defining

30 the area of the wafer covered with a Ge layer by varying the spacing between the 1pm



CLAIMB: 1. A nufti-wavel ength semiconductor |aser conprising: a

.sem conductor substrate; a plurality of |aser diode sections, formed on

. sald sem conductor substrate in 5 parallel arrangenent, and havi ng
di'fferent em ssion wavel ength relative to each other; at |east one isolator
section, the or each of said isolator sections being irdBegcenitet2004 h a
respective one of said | aser diode sections and forned on said substrate;
10 a coupler integrated on said substate with the | aser diode sections and
the at | east one isolator section to couple the different em ssion

wavel engths into one output port. 2. A nufti-wavel ength sem conductor | aser
accor di rwgde oGel stiipn itrraymelliiﬁrmtsaﬁtmmdg?aﬁgre&%mmhehﬁdﬂ ﬂff&e@ﬁ&hisﬁﬁn: S a

| i ght absorptiye type isolator. 3, A nufti-wave| ength sem conductor |aser
accor di ﬁbavte@“a\{]éicﬂg%c %?fé?"’é n*@‘afsjﬂ c&veqa§%§?rm@‘ﬁéjo%fﬂg§%‘§f ls2cl.iderin ithis a

wavel engfelice e §00%E 45902506 MAOAS resﬁ’ec_tideelpy’rﬁé GRaNE) SR wRR T RREE ECt or

| aser according to claim 3, wherein sai sol ator 20 section’is a Ya"gg

gr at i ng evgparating Ggt ento dhe photoanesist pattedupadpGeAy sudicet fpllowed dlyalifooffiMTheh i S

transdm ssive to el ength which j ivalent to the wave] ength of the

res pegcn_t i@éo\i? 8%’8?’%&%86 & ttF%‘.’o‘foe.redAg}"rSfa% 9%%‘#%?@‘ dhereshepnceling. | aser

accor di Mthet &-gibwh Farhple RAT £HEAkSRAVEIHBHPAT 1 6hih G 1Y35HAGY | PRk ;féangoal'iiona
coupler. 6. A

muf ti-branch wavegui de coupl er or a wavegui de 25 directiona . 6.
nuf ti - wetfdhe Rt vigradniferoXduection Goupler oGti enyer)care [74i8me], anh62.4ime¥ai d

mul ti e r ' daal  wavel engt h, sem conduct or

| aser M@gﬁ%&g}rj}%g‘f 12@@?%8}%58@%? ?;(4?0 \fb@?gg\éerrymsg Wgycﬁ%ﬁgn B an
i sol at orofsisclhtoor(Z]i?W G@raiviec) isi ﬁjmem lmfgcgﬂﬁdn aialnhael tand ]Siﬁ@Jd 14H &dthlan A
sections., 7. A mfti-wavel engt em conduct or_ ] aser according to claimé,
wher (?n pRel 2oli 3¢ Eansparegt tp ﬁ%ﬂ-ﬁ'& it paythyiabsorbigggo chanegk 2. - wavel engt h

sem conduct or | aser according to claim1, wherein said multi wavel ength

sem conductigg 3 ASEI FEOTRsheE Schétid m@%\%{’fgﬁﬁﬁgﬁfQE&r-@&vcieﬁgg{ labdlr ee of

said | aser drode sections being inte a respective |
sect i on.sogrceenmtting fromverieccongpit et Roon diff¢remt lhses eliodecweotionsn2p,f 26,5 128i,m 8,

wherein said coupler |ncludes,t junction.cquplers, each of which is
i nt egr at & %‘ﬁ‘tﬁv%avﬁ*en SdoqS é[g\éfz’ %0’ &’JBEPC%E‘QY G¥& Proyiged as gre isgBiri cal
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couplers and a further Y junction coupler coupled to sai ernedi at e

el emtht sshogegirvoveltogthaliaser aliodectection is. not decossamuf ifiwersssene gt i, seianduct or
haser ACha gslopagortiﬁ.; %lal? be sg\’ed%n rrgll)lgce%avlvi% &%%Ateerrial of the same band gap as the

Y-coupler.

In Fig. 3a, the four channels 26 are coupled by two Y couplers 28 to a set of two

identical intermediate elements 29, which in turn are coupled by Y coupler 30 to the

20 output waveguide 31. In Fig. 3b, the four channels are coupled by one coupler 33 to the
output waveguide 35. Some special treatment should advantageously be taken to this
four-branch “Y” coupler, such as the employment of flank wings at the outmost two

branches to ensure equal power division in the four branches.

As an example, we assume the energy level of the InGaAs/GaAs Quantum well

25 structure sample, that is for 26, or A, is 1.360eV. Then the energy levels for the other
three branches of the laser diode sections 26, (A2), 265 (A3), and 264 (A4), with equal
spaced wavelength difference of 12meV, could be 1.372eV, 1.384eV, and 1.396eV
respectively. The energy level for the isolators 27, 27,, and 273 could be 1.3%¢V,
1.402eV and 1.414¢V. The band gap of the Y coupler region could be I.440eV. So the

30 isolator 27,(27,, 275) is transparent to laser diode 26, (26,, 26,) but is absorptive to the
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and 37, respectively. Using the grating as the isolator, the wavelength difference between

the adjacent gain regions can be made very small because of the very sharp wavelength

selection characteristics of the gratings. Such an arrangement has a better performance in

isolating the crosstalks among different laser wavelengths than the absorption type

20 isolator. However it is more complicated in design and fabrication.

The Y-junction coupler is a 3 port device arranged so that optical powér fed into one

port is divided equally between the other two ports. One physical form that such a
coupler can take is that of a single mode waveguide 41 (Fig 5a) which divides at a small
angle into two single mode waveguides 42, 43. An alternative form is provided by a

25 balanced directional coupler configuration in which the first waveguide 44 (Fig.5b)
terminates in a region where it is symmetrically flanked on both sides by the start of two
other waveguides 46, 47. The overlapping of the waveguides is such that power launched

into the Y-junction coupler via waveguide 44 is fully coupled equally into the other two.
waveguides so that none is reflected at the end 45 of the first waveguide. The lateral

30 separation of the two ports should be sufficient to provide no mutual evanescence

coupling.
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L A multi-wavelength semiconductor laser comprising:

a semiconductor substrate;

a plurality of laser diode sections, formed on said semiconductor substrate in
'S parallel arrangement, and having different emission wavelength relative to each

other;

at least one isolator section, the or each of said isolator sections being
integrated with a respective one of said laser diode sections and formed on said

substrate;

10 a coupler integrated on said substrate with the laser diode sections and the at

least one isolator section to couple the different emission wavelengths into one

output port.
2. A multi-wavelength semiconductor laser according to claim 1, wherein said at least
15 one isolator section is a light absorptive type isolator.
3. A multi-wavelength semiconductor laser according to claim 1, wherein said at least

one isolator section is a wavelength selective type isolator.

4. A multi-wavelength semiconductor laser according to claim 3, wherein said isolator
20 section is a Bragg grating type isolator or photonic bandgap crystal type isolator
which is transmissive to a wavelength which is equivalent to the wavelength of the

respective laser diode section.
5. A multi-wavelength semiconductor laser according to claim 1, wherein said coupler
is a Y-junction coupler, a multi-branch waveguide coupler or a waveguide

25 directional coupler.

6. A multi-wavelength semiconductor laser according to claim 1, wherein said multi-

wavelength semiconductor laser is a dual wavelength semiconductor laser
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10.

11.

12.

13.

14.

A multi-wavelength semiconductor laser according to claim 1, wherein said multi-
wavelength semiconductor laser comprises four laser diode sections, at least three of

said laser diode sections being integrated with a respective isolator section.

A multi-wavelength semiconductor laser according to claim 8, wherein said coupler
includes two Y-junction couplers, each of which is integrated with two of said laser

diode sections, a pair of identical intermediate elements each coupled to a respective
one of said Y-junction couplers and a further Y-junction coupler coupled to said

intermediate elements to provide said outlet port.

A multi-wavelength semiconductor laser according to claim 8, wherein said coupler

is a four-branch coupler.

A multi-wavelength semiconductor laser according to claim 1, comprising a

quantum well laser structure.

A niulti-wavelength semiconductor laser according to claim 11, wherein said
semiconductor substrate is formed from GaAs and said quantum well is formed from
GaAs, InGaAs or InAlGaAs.

A multi-wavelength semiconductor laser according to claim 11, wherein said
semiconductor substrate is formed from InP and said quantum well is formed from

InGaAsP, InGaAs, or InAlGaAs.
A multi-wavelength semiconductor laser according to claim 1, realized by selective

area metal organic vapor phase epitaxy (MOVPE) or by selective area quantum well

intermixing.
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