EP0390,614B Descri ption:The present [ nvent I on reI ates to distributed

f eedback (DFB) lasers and in partltgploggomtmnot exclusively to DFB

sem conductor injection |lasers. 5 Wth reference to earlier
application no GB A- 2209408, the Applicant has voluntarily limted the
scope of tR&SHBIPYRAt application, and submitted separate clains for the

Uni ted Ki ngd DEB, .| aser Q.n ' M .
convent | on FOIEL reser:E% n?el?%u 10} gtn%:ﬁeﬁ k‘ee&!{%ﬁke(rgﬁ Q%XllstaXd |Eg£r{<cg{a§bu?%o %cgé%elym
Scal ter ng T He Heb ot R tQEM B3 2hado mpqherﬁw his{BuBlAifya Rbodpi 1
of the as% wm,&gonpg aﬁﬁj Jaspessar y or |aser
oper|t i on. B3dsbrd db HJt m.séw uf%aﬁvaﬂen@?aw% shehs 1t raWEHrdiPén back-
freguency b rdgl bokttérng Fom pmadae paiuraaﬁ&.bbfltﬁé fofdibtive 1dax YaiPSRlasst hédfinth €S
In sem congmaahe 6JtiBal toBREIEnecdstidty foFiadeP BiefatiBit DFB bR tured Mavedliecadmtas o praviding
provi defd byetsPRéieny stabilly & theshdé crlosdmRltionUdn Fabry-Perbistractadd)i conduct or | ayer
adj acent t he i4lsanticdadustoADIEB Mserd, Sgeriodicipertirstitds apegenemliyrvavidledby thdaas ofraagrating
ext endi ng eehdigsaagin aseininoridhator thear ndjarest thagbvicea botisedayer, thé tepthasd dropvdsivtihegrating ng
ext ends t hexierging athopdnellyemthe devide's nplicél axié. Tyrineilyl thesgrating brdands throgghout tikaentire tepgth he
grating | soBtelasesbutiinsometdeeiced hei graling s lskorigr than theydevioel Shetgedting)ende heingremote frem 5
t he deviscethedemce eifie wavel ength sensitivity of the Bragg effect results in
DFB | asers exlhp whvelengih senpifivity ot the Brags effect sqsultstin BIfB lgsersaxbipitg a high degiep of srgotral

| i newi dt h &tlectipreThenamowslingwidth of Qi asers magns dhatthoyare, vepy atiractive;for use ip pptigal gomrpni-
optical co ﬁ‘ﬁ'ﬂ'l‘ﬁ sys‘t'@&' P‘?S fpast %“‘9 W&““‘I‘*é@??“d‘ék‘&ﬁ‘%‘@h H‘Pt ‘iaﬂge %"N’\?Etaf g gesult of

| ncrease i ﬁ%f’(s quaptopth ° hp opt-
er s?”on"’E'(?H ‘a l lm an‘%‘ t
Ort unat %n ity 0 Plﬂa r% be ul;\%aﬁ b§rd| iL :im% q X
nar row lin -
times thre %cﬁmcoﬁ) de QQ& Crhe unde{:E
dom “anis @ a.l. &nia&l%d&%lr&'t‘ﬁ\mﬁ f nf S b orbernder e
bet ween t he PoASH by #aGh shd %95 tnneéaeaomﬁeﬁo.saﬁmwm&oﬁ@%g £14, R, o, ep%szség

out put can g, tﬁomsa&%&fdm oPthe SR mnase.smn:g,é&em Kok EndBREK (1. ABS. QRS0
l'ies in engsippdde7-p338,ubFd) GorBitted O nBBEI ol URdsFidId SrvitRé? iBe of R\GaY 4t @ lcbitre’ fieqendy. M
i st o achi ewgussnélShahRndiBthat tHiAv@shiola\d6ehéthdy RSa dishdvartegbiin fradiiedl applicatiohd @herdingld- he
oSt semer moddbpération 8tk peediofible fraxjancy is Hesirg@iRdind i@y shaw thatantibpinmetric immking optheibaaibling N .
As 1 epor t edosfitiehiaEtte panitld hina situctune rhdylbE utilicetd imamowdithe@reshbld Hagehesary.Hans and Shavip| .
QE12, No. stahtighedBarabSictub®With an aitisynmtiie tappratk {therfeedifack pacameter of KogainikRdSHasig er
as anal yzeauppgrt &Kmgds atittie cant f@huanty o the lotgistopbantisy This muts has 4 BartiguisPip RW- RSB
1972) cons whenagedifi a jpseteavithf equal t hreshol d on either side of a gap ata

' cont re% fr edisunrng Shankipyndihet DER iapecs WithasteppedK strgture.ithet s aneonith a ghageshift batween s g
di sadvant a é"sF on Starating Bnd-a39Fqnd ectien S oinfingr kad £p Hyshald degenepgyind Giptuphibgier at a
pr edi ct abI wipation b%%ﬁ“ thedundarpents) ﬁ%“{‘ ang,tho first higher osler 'E ¥ ‘f‘?? fqun %@P i ng
of the cou ‘i"ﬁ E?Pé iondietwsen the d"f‘W@"‘ﬁ@F‘? ¥4 WWW@PM&M@ 5‘?5“‘8?? Red ed

t d_Lenoye st @k’%(g

pemye ML e:gg%fﬂiﬁéﬁn Rk s e

Kogel ni k a m 4 i Brdla lth

st opbands h h&d &i ﬁ, pﬁrim E.T nf

cavity. 35' a %KW ti{faa trols ﬁ@dédnemmia @e&wm&nﬁmr
ST U i, gz uﬁaﬁawhran ok heda&i6 hedr oberktoh are @R#bASY thFbughout

grating andpgjeSiaeR tﬁeas:a Mhekﬁrtﬁlmfem%vﬁmﬁiﬁl@h&nd%ﬁ@ﬁfoﬁéﬁéut%&&'
had much  begfajorgortioh srmexinfumt 6rGibdr e Mritddie@fsaldieaRsind tehds tdviaisd a6rb adjatent BNeHSt cra d
the first bitgdheids 6rsaiemaj@dttion.They al so found the frequency separation

bet ween t he duemavetisconetithatifdindtdad of the bdbacidheing pand@ntitiroughoutithe Fength etthembans

t he st eppe tbrgtvidigitherdistribinedfeddbsckitteamadified byrafunstiansach thatst is akfiaximum at ohseanthe miidib t

of the wor kfseid meanssndiacts Bivardk zer@tBnd axbeth of tizerepdsad tve maehs, improved plodesdiscihindtios d
gratings. Fkahdwelabeved.he | engths of the first and second sections are each
equal to hal fPreferably the functign istsuehthat sherst ave no/gbiryptchapgss indeedback gmplifude dhieugbqutithe
gratings ilenghafthefeqany, beneficial, there is still a demand for DFB |asers
wi t h i nffr ovedraferpbisiie mgangicemprised haretingrProferebli the DFR daser 9 pfieaespriiusted- Rreferablyife  he
first hig “Sﬁé?%ﬁfém%%g% % Map 'EB“%"'?H"’F‘EF“%[%‘BE%FWF?F bithe PBF*@?«B‘F&“““'S at

i nvention edback yetor
o R A PR T T BB S FROBY Ry agpyhore
operation are distributed throughout a 2zmjor “portion of the Iength of the
- laser, the l'evel of feedback provided by said means varies throughout said
maj or portion, is a maxi num at. or near the mddle of said neans and tends
" towards zero adjacent at |east’ one of the ends .of said nmajor portion. W

- have discovered that if, instead of the feedback being constant thr oughout
the Il ength of the neans 50 for prOV|d|ng the dlstrlbuted feedback |t S

Y




)

PreteraQIy the function is such that there are no abrupt changes in
f eedback anplitude throughout thg dfggideePf the means. Preferably
t he neans corrprl ses a gratl ng Preferabl y the DFB Iaser |s phase- adj ust ed.

nlgf renr:)gbl e ph °F sp rov ed b ar']%ggg‘far ptlﬁgemshl ft ;lno
the | en ?%g}s (98 i ::Lg a OI’ I tll‘i;c eSI gé ce g
i nventiQ lirlg EP 0

390 14 l | tﬁgv?o Jmads b@evtﬁhe stiJeﬁﬁ Sdﬂertﬂanﬁym& i cal
COUD' | ng QafphL %h.&rnﬁ;th t}ﬁerpﬁééagdjmtﬁm t BRI b 'irRme% 8813 sbrhiSonbceRPDEB lasers. Se-
char act gbreaRCBrbtibrg, Réyamb, FuryLHRE Bhentalt il JAR.SASI Blys | Vi 28N3l 100 bsk, RG7oR-784, Be.NO
@br upt  GhdBE Bhesb-Bcjidied dﬁl&ma trefidctoF R$tP IniwWAZh pliaBadjlieeRts &bonsplshal by Wovidng@t a
MBXi MUMtRhch@(15/if dbeplafi 125imI6HgRiciods théWidt lofthé R€kr's graslel Bubktiitd (tRdeAcetalng ap- | east
one @f tpRRiMatLEFBOGHM bR Ughliquid Phdsb SpiUDPE) aGufie? R§is nomibdll DM 5 thick wds@rowh
Fol | owi regertieqyrating, Kility thé-transh ghed PElgminth rate Beliig Highek iidhe trénch)OTHe@lkwcelsadtve layer
consi demeslthirogrownah herbuffdnlager bsingl PE] thk remaigngprozheaing stegeibbing contentidnhlcThg bpticalng,
phase- agropagatievcbnstapt dver tHedrenainis differentteitiatinthegestoftiemavaguide, thBisby Aradgeing phéde-
kar t edj shiftBrthorronggatioyaven, Furuya and Suenat su i.n Jap. J. Appl . Phys., Vol .
23, Ko. 1(0Soda,d¥nkao, § 9'[’9“%ﬂ" anddmai §aveptoposad, metuw@a Nﬂ%“t PRIB1R-10a8,
ref | ect @Phasggdistedp which haseragivpimentin achieyedas theqskit of Hidferenpps P@msaﬁ'qﬂ a
trench @onst3 ‘H’FB’@ (?QH'H %P’PI"‘?‘BJH %HPW"FH@W’CR’H“W‘*&WP@ thepulk jugif (5?5ved
subst raP@"i ﬁ'é"eblﬂ\%"ﬁtee'ﬂ e’°’l° 'bk‘it orgqap n rpgignand the unifgm’ire-q i
phase e|9 ix‘c: V%i{": ﬁ?ﬂ‘??’"ﬁg‘f f?"ﬂ‘ie% ut e %ﬂ“‘over
E he hon the p er{s ve eere aLnI;E on tnat oéﬁd Qgtﬁ)ﬁg%lfﬂ't%? nP
renCh) msuc Ta a?‘?teﬁds ro'gi rovvn er USI ng
LPE, the odihdse % @99&@@5&& %pﬁkrofl%ﬁlpﬁ%w et
propaga hﬂ&tﬁﬁn@ﬁ @ 5 erent to that In the restof the
wav egul fo's€DYy pro 'alfe'aQGne@o élﬁﬁ‘s |§mb§a;ma'pﬁn$ {iewing ﬂ@@tﬁg%"s infikb PRI Gion O
Soda, WaKao, Sudo, TanaBpgBiasédfknbifypdiave proposed, Electronics Lett. Vol.
20, No. Figtre PP1016- 10185 spahtiaiserpiadél Wérsstivelviow lofS Enventiondftid§d waveguide DFB
phase- adj ustment i s achsameddaerid® result of differences In propagation
const anfFighetrween a [ err s alsivilar pprspetiveaidiv b DFB fitigelwagegOitle lidat &-bordiing tithel pries-Or
narremwer than the bul k ‘entivémionyillust@tingtheomew gadtingeariahgamestnd of the | aser. The
di ff er effigereiBa W dt h bet isexsphematic glanojergtthe gnatingolthelasensidwh mdFigucer?t f or M r e-
gi ons | figael8beved by vaisypiegofitdeth density pgainal ndsition foFithe grating eifigure8ms of t he
gr ati ng Figee 9f or med t hr oisgisiniler schemafiepriapactizgvievodl aphaseghitiediese( aroaging to et hout
a phase shift In none ofreseatineaiasr s ref erenced above is there any
sugg®st Flgretfat nodi fyi HQ’SE’W'P@%' Qfﬁgwg g fenyise igadaspriageordingde thp inerfign, thehat i t
tends to zero is |.n any9Wing PERYiging “‘PP'ISfaéF'}‘é‘Ef ?fﬂﬂ'ﬂp‘f?é?ﬁt?ﬂb‘?ep'(hhe
present FisHeeHeesh!i 11~ A8 ”Lfé'da'egi‘ﬁh B"'e% p?q%" f‘f? ref -
gg nonﬁn Laupling, asesul

erence to the accorrpanyga ‘é

\are g S‘x’:r of section M %ﬂ%ﬁ SR el By SHERRG il s o
product | ? a DFB | asE& 161 s Use@W IEh%utr%or Iognyfor %(iam geffe a
parti al 'F)ﬁu.%%" oded pers %%Fn’m\énepl WmB he%ff&c?&\é uﬁfﬁp ﬁg &fe\éé-VegU' de DFB
sem congidglql | aser, Fi gihwEgsfn difference measured as d fincBlondr Ri. P&n@ﬁﬁoﬁﬂ%b#é’lﬁs—v' ew
of a DFB ri dge wavegui d@rs'aﬁ&tﬁ&se%&ﬁﬂlnﬁ td1Be présehtiifertioRand 30
ent ksnNveRlleas, il Uustr abiowd yleld® of ddWcdd! salidryhiy §iven NC IPiirerie@ibroR@ntional

. 1s a schematic plan vi eRSDOFB dnb thogs dtbdrdify tO the plegent Idationshown i n Figure 7;
Fi gur e 8D Inthe following descriptidn,an@élstivheé in tHpbrifibativn) térghs Sh TSk top OFSarid "Whderkity” t he
gr at i ng amfusddi ThaseterBa are iéegffar eonPenience only and should not b takerstb danbta i partidulanaientation
per spec bt ang device unless itds qeacisom théncdntestdhat a particulacarientation iy intendedae pr esent
i nve#t i on;In Bigure Sfanguanepleld a semiconductor DFBilaserof sertventianal type; ispacifiodlly a QBaidgeng f or
use i n waveguds laserasriegdrined in ourErropdan patent applicatienAS3Qfi588. B.rigyshow Rhdii iadp relation
non- uni fteshipiyesnd jaserthgt theinyentionwilkhe partigyiarly despribed. B ghould he unsigrsigod r, tigt thar es
11 a and Pregant invention s eaynly apalicable ig atherdasensifuctires, nelyding glassiapersianddyp qrvencbqaat i ng
for u s e tipyiprly toothersemicenducios Pa?’ﬁﬁ““f‘ﬁest fﬁ’é”‘?“f‘ﬂ%‘?’!f‘?"dﬁm*ﬁ‘émﬂ? 'e&emgd ‘H?‘?Rﬁ Yhg

Eloghrgl ‘(‘)‘T_}I’ﬁe{,f%fgagesﬂtﬁs a, resul ew ar at| sus ooth de':a ééhf . ved.
by DFB ttrf “é’(g' sof out

correcti on g]!OOI’




Fi gure 13 is a simlar plot show ng the effect of correcting

for ‘proximty effects; Figure 14gp o390 614B1 shows gain difference neasured

as a function of KL for conventi onal PSDFB | as- ers and those according to
t he present |nvent Q

deV| ces ”@“@%ﬁ% P‘?) e{';f;if:@'@g?ﬁi %gg')'{‘ \f ‘Pﬁanﬁ iﬁ%}ﬁ and
L‘szsmg(r: 0.61 é n Jﬁfﬁﬂ&k is siff %&ﬂiﬁ tthatltis' ZAL and
are use thel y f"% uﬁ ven| hce on y and saﬁgu not be taken

to denot € s%rr&b"a{eﬁ hﬂ&l eﬁ ﬁﬂ%uﬁﬁ%ﬁ'eﬁ@trdﬁ%&ﬁ-ﬁpr&ed'r&sus%ﬁﬁfn th¢ om

the cont &qnenl bé’il b Webtbobk &t b, Qéétﬁm&ﬁ!e{t&@ 1082, ¥dlinRE Gidges883-865. THetdistrib@ied € 6

QJ exa b%ko&&%&@%%ﬂoﬁa bR perd oaqwamﬁmgmmbﬂmumm peetchingal | y
DFB 1 | gl seiMeHg ahdl Rsiithg & tri@fgulalaicoiésaattl (111)A 8iié wills) Thp govep aiea@pproximately

appl i 16 at 6. Pepmasy) e IQit-linfitingi natulonthe etclivigGrdcéss imakes for reprodsiciblity andcdntrel f thefgeer of

| aser t hrédbadkatrérgthenti on will be particularly described. It should be

under st 00d Thén@urugeted layenSwasiohergrpwrerith a tayer l Zedepedin-tyrs) indijmahbsphideiyatneasbhiede t o

ot her | agresserbmatal erganis, chémical vepbur genpiitions MOGYRY whileymeintaipiag the intagety ottheigrpfings

ti cul ar | 3s freyicoshhdescrivechfEuroprd catent anptication 848G0240:3 and glso Nelson gt iackonics Letters,

bur i eld- hifBavoune 19cragesd4 o8l Tonchisys thin irimptayiiadiur iristhylghpsphing dimatyizing, gsphine, T

first stangdydrogen Wﬁepﬁﬁﬁ'is’(ﬂ!@,ftfﬂeéﬁmﬂ? atﬂ%c HWPQF@"‘P'%"?'EF“%@F'P'%@sé‘egf"f‘wpg'hom

wth ogeuedgkayrd]
'[;Qa? | F’;r?m@sﬁpw wﬁé@f rervme' 0 E} aﬁwﬂé%@ iiZ<pide o MRy B o
Gy o o my be% i B B .

\r-d dicq! yanoun deposipn ¢ | 1.15
Te- doped ;}né& i %.n ,atgal}h.ﬂmé@ Q%Fgﬂeﬂu e%fh{n;égﬁé thpfﬁ}é s la¥ét a%nﬁ,e
' ya.e,pasm 4 #aJr@ma;asﬁalowm 1luii%? 5

nom nal €O LSty ksHss
I'S S'ig‘ ! Fft&ﬁ%ﬁjyéerﬁﬁf;y 08 bold ke hy we\veS Ghe(silicd MR, TherPabBiit 14im of t
Wil De 2pReétedbiFddakedo to/ifle b@d/ﬁi& a'dﬂrktfiaﬂ nfabl(’étﬁb’lﬁ!dnglﬁ\ld e gratiig wagyer s

3 and 5 esreetoﬁnakewﬁpé QNG 13 BBkwBSHPdas 6Bt AL AR, Wiiowstdrs trer4'ym, b amednd 15 Next ,
layer 5 yfwerd®iatidlshod shidlelsfekhem cal et ching through an el ectron-beam exposed

resi st naskné flefsbefarmFace 3desas lvas, Thystkiéstenaseiposet toah solfibred potasskumpdide

Let t edns, (4%gP&nd ioditel(1Ligyin 403l offwatpe st 28€Ferd6G6 11/2Timutesi(whichi ekrhant attacleadid daykr 11) and

cor r ugat toC0sunflovat sicsrediodue eteh (1011)" dr 2 k22 mirlutep et 2022 (whicki Gehant attagks fitanjunt layer he

110 di r eca arcinjlice liner 2t Theiresgit basian gndsesuf etdhingdewnrtestha fart Iaversh af sqmiggndugtor materiayul ar

grooves By expogingkiiy sequéntisly defilarentsTif evapgreting tignium é"%br aximage 1) 15 of he windew g p

deep. Thwasxibtained onthe expepedeaminondugor. Atitae same fime, Hiapvrp @rass 16,18 and oflg favers 17, 17

r epr ouc were denogited prtop.of theresist 17 12'.Tbe Y"'ﬁi&?‘“#"@é‘ﬁ‘lﬁ’a‘@? @FW@W@VFP’" thetereetan? e gat ed

| ayer 5 Mneswue @nﬁ'%r’eﬁ'ﬁe‘&w e+t°‘r"'zn d bp % | ndi umE
F ure |s

h m w in l?} hi, de by
at nospher i Whl | e
i nt gl nith ztaﬁ‘e"‘F ‘E" 1% %ia J’ to oD 1) opean
ipat (?,‘ntg a uEa m ?@5 an %cpr% as I |e nl I‘ld9 f lg ﬁ\g Je@
1 83In thlsca eove ald i d 41%n and ﬁigt]fstgny betvthd ddbd¥F é/llné

triethyl q)p h@ (% y rogen Were passe

overthe Sd ith E@weci r%emeﬁﬁat@ada&@’@' 1620 sécBnda 3P fminkid @6 €UPON
growt h OQ ﬁg ﬁ)ram? theRRitPPRA MikiufPdySbiMimé ofontahtiefd hlidrochidfd aciding 00 fry

NOCVDys ac&n@&ﬁﬁp sPhBIR 2o iaf Tk Slol'a0to 40 debdhds (d stackilg qlidtétkary byef ), the pedlt shevint ih
ternary pRigbistbceeE grown. The material had the nom nal conposition In

[err] 20  In Fig® 5R1bHRIg@hrbuUgR leyérs 8 @hdIT Basbershowr &5 virtical, dithough inraoficeshis ks ca,
0. 2 um t Bhlirély toBESe GHse\MWillba séehjthat in thectgramolSgytpreviotisiymeed, the base agmicondugtopregtioni on
from si | @renstiutbd by jagee1, 314 @nd §; ltre fisah bistatesitsemippnductdn portiendcanstituting) the mdds\of the
chemni ®al lasérrtyiTmgnd &irthk sehand lotavdtedsemicenductas portigne by Biang,8; gnd the third by 7casd Balt will on

t he undebenatsd that whilh the fisstbuphenpesion carieq mataligyere titapiure 1A-and gold 1541 plestrical pontagiiberey o) o
and subswiitbeetherppriisns nery thietrisiqoirigailitagead §- T@ﬁB@iﬁﬁBfe?’i?""P'F é%ﬂ?’@'ﬂf"bé?“tla\'i’émﬁ pper
| ayers, afsﬂ'#%mca%dﬁ@ure 2, was as follows. 0.1 urn_ of h‘Zrh | tag L{P I ayer

10) and 0. Asinsoprentigpplgal t!‘ a& wege infact pey °§ #

Then ﬁboaf"e’f'qﬂ"FFsdﬁs“‘&" ?og %gﬁ’é' BIOSHRS & °ttsh°: (i d and
a dark fpeyapd "ﬁ'fct‘?' ! sa:v%eio Lt Q8 '3t dealc ri pe
W ndow 13 ré?c(%herthmss:!ie e%s su esam rea %f zsd}'was "9

and 15 uf‘ e on a s ng evvaer esas anr as Flgure3vvere
as follows. The structure was exposed4to an soI ution of potassiumiodide 30

(4 g and iodine (1 g) in 40 mM of water at [err] for | to 11/2 m nutes
(which etchant attacks gold layer 11) and



Countdown silicon dioxide etch (10:1)" for 2 to 21/2 mnutes at [err]
(V\/m ¢h et'chant attacks titanium | By §890%948d silica layer 9). The result
was an undercut etching down to the top |layer 8 of sem conductor material.

g)cl)l §ng?\|'¥|1 ;é’“ir %ggnt | al @/ to fi I g(t% h&F) gva ora'ﬁlgng ti tanl um and
P

sem Cond £os 6 a 7 hg t hel l‘iﬁﬁ)ﬂréea ﬁ? A{%Qrsa:; [';";?8?3
j vari

17,17 3

used v t& VF@\}% nash kacta
deDOS' t e Mﬁi\ﬁo@ %Lle hélspumg bb QnL f erﬁ M%Mfe@ is%h‘ﬂ%eﬂti?neg ihg'f'lfn@a nwaﬁa ak

I'n acetorkﬁ,,;pr two mnutes so as to renove the resist 12, 12' and therevm th
layers 16, h¥igureb/a buditheibiostructidladePdeednlings the hGetor! i€shBimbith@ ghatihgisinalar to thiad t 1 al
sem condushbvai in Eigiirel 8 bipartIromaRe ificdfpbratiohf & phadé shitt dt@SMRGbInt O t he second aspect

of t hae | NveTHe eadifateds of yHe deyices'EhoRein Bigiites &dnd b vy aiitiefiétiod Ebatetii gbhersl @ RPéefedablieg

sub- | ayertshévd asiowla teBectivily as pyssivie becaliseebenetif of deviebsatarding tOthaineknon, is indneasdt

| att er aras fdchtrefwativiteis raduced,fat Isast desvs tadd, EpekcantdPreferably, thetefdre, fiibet zafilelctivifiesaon tipet-O'

and 11'. chhteridéssreused Moretprafarably; the facet gpfigctivitiestaredessiiian lor dqagl éor 5 dedcent1Sillanoee t he
edge of tHneferghiyzthe facetireflecivitios are\@,t pergeptayjessrAll veflgctivitieg inthis gppcifisationt arewdptarhvined

st r ucttr eatap eraraling wauslerigth obibe devisptas isparventionahi103 at [err] for 20 seconds to 1
m nute (to At MARrgtve fevagying saptyspapingograting pruplingmay, be,vatiediacaqrding fp fhejiyerfign e of
concent r d’@%‘g dertin Agehematicepample ffithig@pnseach is showp i kigurs 0. if Fﬂ?g AP W&B?Yd at

f oris uggd inthe grating defipf f?ssﬁ fog inpuhich, fogf 9 e, 10, by
Shown . 1 g ey Facomiy ?‘sj? plsizsn P%ﬁfgi : '9§ 1%'%15-
'@d 72?16‘5 t!s #‘qcf%\ﬁae mlit“ formog ng is m& fg auni orm ; sewutha y to
be t he cap ﬂagg d’f rb rim ﬁ‘j ™t he
st ol dadh i fﬁg Eﬁsﬁfff'ﬁm&érsm AXL&L 'é',"fcﬁ E” oy E%
i Its i h
| aser )y b*orzhosaﬂa,c@arem @%o%ﬁ@d & Nzét‘l bf st%@e'g‘tlfé osife!do éeQ'Qch rY b D@nd

and the tduehglinBywhen adiebolc weidhtingunctioni$us8®hrRiGo B&}ﬁﬁtlom afe fof YRoxirhily SHects] Pke
portion Qéwest eaﬁosmetsaéceivmmﬁes&dw‘aaa thie Bhdlf thd gltigMhikh Aedeive by 78 fdr Eérk aiftheGea act
there- Widxposlird Qogel SUeh ardppiobchiésultsi fait, UkeerCbr MisSifid gratig Rreb.i TR pfdblér Banbe.ovel-ne

i nsi des adomé bywsing las nébbas pbesitty Euntfornce i idodel iywiitihg e oatingl FigutciXilustratssdheadt al .
AS | S s& Orfeutivd éxposarle doselréceivéttby atDEP gratiiywith thieesame paraiolioieightingffanctiancs tiat ueedvaf er
whi ch we Riguesri2witen ppxitmdy sffeot cdrrésBon is used.rBylincrbesingtbeswriting Uhenigt lnessat tie eddefithee
bei ng shcmiingthh worgl dase(minimum) expogiue hes Beenlinerelasey (i 4.43per ¢enteof the peakexpoavte tdser d
el evat ed reultingio adweh were saiform etehingof grating lines.ciince thiszappreash istyexy egsyde implempat it is

rel ati ve toareferredeprsppcf t he ridge and the glr ating. The reference numeral s
up to %55 halyie of 9ourse paspible foyaiyarating roupling by nombiniag teetly depth-and density variationge devi ce
is a cl eaveﬁ’af"}?c"@'ﬂp"“q 'ﬂ%y ‘lﬁt"ﬁ'@f‘ "tﬁfeéfé'“gﬁ"&’éy oy dicoetly "§{¥8‘H the sefragtivg indexof thedayero
(scri bed (e 92:' g ‘E@B factive index may fopexgrple bayvariqd by vafalecal gser
rmdes ot P""F 'B%'“ éT“'B'EP Rrergh Yithpugh gt HPoAY: @ Emgre ratipg ghivo-

nt inventi Cl n e J) sl u aFe Ilcre
SEmadt Sozam% o .gﬁ %3 ;megf’ %?%f%‘n &*reaéi?" %E'ﬁfé’ s
at

tooth derﬁé éﬁdQﬁ ek ﬁriétﬁespe o&rﬂ% a'} ¥act use-
r ef er encepiy Qingl auae@ og?ca avé hisd<hbw %?S'd?nbﬁni?\aftmé h&&%uﬂ

varies pahigd dcﬁﬁlgbbfnodwnfp stsﬂﬁ telo ctin be athigVeld idn is B&Eiﬁ@&uda%efpﬁ%@étﬁﬁalﬁﬂ%uﬁn
the guAt i1aghows theghiRMfrerents AR bEledntRE pribdkRil Ihshidlntbds RAGieGorigist B@E-mbda chigidtedd
cont i NUOE afuREtioAIKE for pHaSs shiftdCstiiGtuleSbr iRt ybe A6 etheiith sitnfe talcufztiéts fop & confentidhal

| Nt eger tph#seshittéd-DFBULSECERUNIRY zeldfargQeffectvity) s canibe Sdef) trom thid figére, AW ILifa? these non-

het er ost runitdrm getihgs somoratherotwitee tigt forthd Sidple phesarshifted OFB (R3SDFBat\l ¢2) amd cghitiaiesng
sim | ar ttoriselatliargertkbihisiincreRsedniscsl. 18ada e substantiatly tatper singleanade suppression adtio.Figoteas e
shi ft &t 1iSiskowsithd-pemeniage yibld of devices Biatisfying givar &d.iSreadireinénd. adeiv cahwiated Fop weighited

Fi gur es Snduniforon REDEB siructurasf gssumingauesidial facet refipgiivityofi@:3 per cent (a tygical facst eaflediivity t o
have as [f@#iRgosted faeeta qf pdept quality) gadsg igndom disiributien af fadebphaees offsithose skillgd pjtiecast
accordin qv“t appresigte.aigyehyt nopigerp ?sF\'ﬂEfaéﬁi?@EFt% willdendto imprpyedhq ginglermodpdnesscafj e

at | e%st WDF B deyicss, ‘éf‘”g‘éﬂ‘f’m Y'éa g&’é ttflgﬂr%?’ér"ée"“?%'é?"e fodhe @éff’"'}??l}?:lt es
f 1 LS cle n
ar e |e§2 o g%fw'fgﬂ 95'3* s gl st A R

refl ect i a1 AREcheY | In_t

speci ficati %%retlr e'rﬁ' Q er m ? Tgbedwfth rggrenélhl g{" etﬂga\?\grgtmp Ltﬁug Freor M{]ﬁéou(%"{?i ce,
as |s conventional. As an alter natlve5to vary| ng tooth spacing, grating
coupling may be varied according to the invention by varying tooth depth. A
schemati c exanple of this approach is shown In Figure 10. If el ectron-beam
lithography is used in the grating definition process, a grating In which
tooth depth varies, as shown in Figure 10, may be produced by varying the
e- beam exposure dose. Schematic sectional views of the alternative



f20 mhrch coupling Is-varied by varying tooth separation also shown in
Figure 8, is shown In Figures 11gp3ydodskdd. Usi ng el ectron- beam
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there woul d be advantages in having diat- ing coupling tending to zero at
only one end of the grating. As has already been nentioned; the present

I nvention may be realised in sone formother than a sem- 5 conduct or

| aser, such as, for exanple, a dye |aser or a doped-glass |aser. For the
avoi dance of doubt, it should be noted that the terns distributed feedback
| aser and DFB Iaser used In th| S specrflcatlon are not to be taken as
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effect the grating or .gratings function as wavel engt h- sel
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wherein the anount of feedback provided throughout said major portion
varies w thout abrupt changes. 30 4. A laser as clained in any one of the
preced n&'&i}'ﬂal nms wherein the means (6) conprises a grating. 5. A laser as
claimed in elaim4, wherein the variation in the |evel of feedback provided
by said Ri2¥REfqrdhe fallowing Gontrapting States; AT BE(GH, BE, + PReEYFR CRo Tyl 1Y r‘lﬁ--al ong
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wavel engt h mdrtidniveried @4thotabript ehlanges. 1 percent or |less. 50 12. A | aser as
claimed in claim9 or claim10 as dependent on claim3, wherein the grating
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t he waveul Alapey ap dgimed (nBlain 69@#@1%@ variation, in dhef lenstit feedtbagioprovideq! by,saidymeans (B3, A
| aser as cl '&FW@“‘F# ws@m@ﬂm@n&mnviwg@e&ngt&2fthwetme1 n the | aser
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speci fi cat i jestionragernot to be taken as referring to distributed bragg
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| aser th&2ghlgsers c!alwnﬂ in@lagemrrcaim 40 asslapanderit on ¢lgim 3)whereimthegratiag isifermed none t he
active | ayeyurfags k3 waveguifinglpyer (§). thedasaiadpitienally-pomprising poagivoiarer (4h variatiqns jndhe
grating | entjicknessAnd/opneth gtsbewavagyiding Iayer ) resviiing inepié fepdbapkvanialien-i ve | ayer

I engt h)

13. Alaser as claimed in any one of claims 9, 10 or 11, wherein the laser comprises a ridge-waveguide struc-
ture.

14. Alaser as claimed in any one of ciaims 9 to 12, wherein the laser comprises a buried-heterostructure.
6
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DK, ES, FR, GR, IT, Li, LU NL, $rodgoethptA distributed fmmml”muwﬁ”m
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eration e, fll | r ut,.a lor. .portion of the Length of the
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25 25 Alaser as clainmed in claim1 wherein, In use; substantially all the
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provi ded t htheughottttie I6ngih@f thegrating DRE Hégfd oF cpliRgGis ¥l & miRiniumabérABkr theRiduePthe 30 4.
A | aser as gt (Bxdnd the asupling tendOSmobifly td e LN Eat fagtiondof HaRhdd ofthb ratiigeans ( 6)
conprdses a grating. 5. Alaser as clainmed in claim4, wherein the
vari at i ofilajms fon¢hd follewing CohtraatingStatpr: 68i ded by said neans (8) is the result
of a propertg/ of the grating varying along the length of the grating. 35 6.
A | aser 4s Adisiiiyiedfepdback sanigergiuctariaser eamprisingan indiamiphagphidesphstraty wikndinthe means es | s
t oot h dept H8) which grovide the fegdbagk necepaaty fonlagdr aperation are fistrikuited throughapt amajorpoiomper t y
whi ch®var i e thedength ot the lages therjgyel of fedback provided ey sald means(6) varies throughaut ssidsnajor n
whi ch t he tROFOR Rfspwimusmn gl of nedithe middie.of sgjd mpans angltends toyards eergadiasent atiqagigne 9. A
laser as clBMREEAsOF s {YAIBAIIYK ¢ ains 4 to 8 wherein the grating extends
al ong substanti al | e entjre lLength of the | aser. 4 10. /A |l aser as
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1 percent or less. 50 12. A laSer as clainmed in claim9 or claim 10 as
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wavegui di ng | ayer (5), the laser additionally conprising an active |ayer
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resul ting Iiisthe esult df @ preljpesiylof tidgrating ivariing didng thelehgth/Af e gratdg. Cl ai med i n anyone
of clainms 9, 10 or 11, wherein the | aserconprises a ridge-wavegui de struc-
t ur e.30148. Alaserasrclaimeddn caimSdwvhereindive grating proferty Whichnwariés i ooth depthvher ei n t he
| aser conprises a buried-heterostructure. 6 C L M S 15. Al aseras
cl ai med T-n Adpapr txrriaind indigin fevhgreindheigeating prapertyy whidhyvaries is Yaeth paciphiosphi de
substrate. 16. A laser as clained in any one of the preceding clainms, the
| aser_ habi ftjassrassisimedin qiaim feit whiety g taotl feptheand togkb pitch pf the grating are bptyverjeds 17,
Adi st i byt f eed acé,laserV\(/_?erei agrating (8) is provided to give
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th,

along Its Iee"ﬂg ®¥if&re are no abrupt changes in the degree of coupling
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8  183. Alaseras claimed in any one of the preceding claims, wherein the laser comprises a buﬁed-hetemstru&
ture.

14. Alaser as claimed in any one of the preceding claims, the laser having an operating wavelength of be-
tween 1.3 and 1.55pm.
55 _
15. Adistributed feedback laser wherein a grating (6) is provided to give optical feedback, the optical coupling
of the grating varies with position along its length, there are no abrupt changes in the degree of coupling
throughout the length of the grating , the degree of coupling is at a maximum at or near the middle of the
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2 A | aser as clainmed.in claiml| wherein, in use, substanti
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3. Alaser as clained in clalml or claim2, wherein the andunt of frxee
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(8) conprises a gratl ng. 5 A | aser as clainmed in claim4, wherein the

vari ati op, t‘eﬁ'ta“l? vel of feedback provided by said neans (8) is the result
of a property o e grating varying along the length of the grating. 30

6. Alas i € r h varies
st o0t hyslamanbirSLATHr tolushud Yinirage Ol r BRCCATE, RS RO BRI IELE T
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di e Ver-asdesssngachlBgandbiiemftiethnepridhb belo o, depelass) 8ned SBdrbiMBiRlRES auf-
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14. Laser nach irgendeinem der Anspriiche 9 bis 12, in dem der Laser eine beerdigte Heterostruktur aufweist.

50
15. Laser nach irgendeinem der Anspriiche 9 bis 13, mit einem Indiumphosphidsubstrat.
16. Laser nach irgendeinem der vorangehenden Anspriiche, wobei der Laser eine Betriebslangenwelle zwi-
schen 1,3 und 1,55 um aufweist.
55

17. Laser mit verteilter Rilckkopplung, in dem fiir eine optische Riickkopplung ein Raster (6) vorgesehen ist,
wobei sich die optische Kopplung des Rasters entlang dessen Lange #ndert und keine abrupten Ande-
rungen des Kopplungsgrads Uber die Lénge des Rasters auftreten, der Kopplungsgrad ist an oder nahe
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eiin Rgster enPhal ten. 20 5 Laser nach Anspruch 4, in dem die Veranderung
des durch,d A0 5 bni s
ei ner Ei gen,%a(?} %éhtirgéndg%'s&tég\{oggﬁe%&gwg s{ﬂgﬁkent ang "JHSY ﬁ%@elg gaagfers
andert. 6. Laser nach Anspruch 5, in demdie sich ander nde
Rast er ei g&nsfebidbdn idbReidanidr ¥in@etefidon ABSdricHe, in do A6 LadtR6iRe tRBRIGIeWHeldroatruktypn dEM
di e sisch anglgweénie Rasterei genschaft derZahnabstand Ist. 8. Laser nach
Anspruch 5, in demdie Zahntiefe und der Zahnabstand des Rasters geandert
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50 15. Laser mit verteilter Rickkopplung, in dem fiir eine optische Riickkopplung ein Raster (6) vorgesehen ist,
wobei sich die optische Kopplung des Rasters entlang dessen Lange &ndert und keine abrupten Ande-
rungen des Kopplungsgrads liber die L&nge des Rasters auftreten, der Kopplungsgrad ist an oder nahe
der Mitte des Rasters (6) maximal und verlduft langsam auf Null, nahe zumindest einem der Enden des
Rasters.
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lequel le réseau de diffraction est formé sur une surface d’'une couche de guidage d'onde (5), le laser
45 comprenant en outre une couche active (4), les variations de I'épaisseur et/ou de la largeur de la couche
de guidage d’onde (5) résultant en ladite variation de réaction.

13. Laser selon I'une quelconque des revendications 9, 10 ou 11, dans lequel le laser comporte une structure
de guide d'onde nervurs.

50
14. Laser selon 'une quelconque des revendications 9 & 12, dans lequel le laser comprend une hétérostruc-
ture enterrée.
15. Laser selon I'une quelconque des revendications 9 & 13, comprenant un substrat de phosphure d'indium.
55 , .

16. Laser selon I'une quelconque des revendications précédentes, le laser présentant une longueur d’onde
de fonctionnement entre 1,3 et 1,55 um.

10
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13. Laser selon I'une quelconque des revendications précédentes, dans lequel le laser comporte une hété-
rostructure enterrée.
14. Laser selon I'une quelconque des revendications précédentes, le laser présentant une longueur d’'onde
55 de fonctionnement entre 1,3 et 1,65 um.

15. Laser & réaction répartie dans lequel un réseau de diffraction (6) est procuré pour fournir une réaction
optique, le couplage optique du réseau de diffraction varie avec la position suivant sa longueur, il n'y a
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j Ll 11111 1 *C L M S * aucune variation brutale dans
| e degr6 de coupl age surtoutb | a | ongueurdu r6seau de diffraction, |e degr6
de coupl age presente un maximumau mlieu ou A proximte du mlieu du
.rése de diffraction (6), et |le couplage tond regulibrenent vers z6ro A
fproximtMd au moins |'une des extr6mt6s du r6seau de diffrao- tion. 5 10
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