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Ar ea of Technol ogy The invention relates to quantum el eC‘iE%Ebt8§1berzooz
specifically to high-power nultinode, nononode, and/or si‘ngre-fredquen
radi ation sources, and in particular to seniconductor optical arrpl i fi ers
Prior ArWOT94683i onal | y, a sem conductlr optical anplifi erPGHRUEYUNOET er

referre SOA") consists of a master source of input radiation whose
out put lumwmw coupl ed by an optical systemto the input of an
anpl i fy (her ei naSEVIICGONDUCTORs "AC') (S. OBrien et al.,

| EEE J. of 'Qowétum EI ect r oni 9PTICAI) LIFPERNo. 6, pp. 20522057, and J.
P Donnelly et al., |EEE Phot. and % ?Wgy Letters (1996), Vol. 8, pp.

1450- 1452) . The optl cal signal g §@Tycm§ﬂo?@ont aneous, super | um nescent,
or laser radiation., By virtue of the specificC features of a SOA,. such as
smal | si ze, Lh¢ gieptiomiekses @mqanmglpﬁtrows@ Rpestfiqadly dobigh-proves mayl Hmoge, ow
cost, i nmegembid,and/or singledprquencyordiatipe s@ireesyandin particularttp sergicanductor
unquest i optival ymplifsergr eat prospects for use, both in the design of conplex
comuni cati ons networks, particularly branched networks, and in the

devel opnent of efficient high-powerPfiaEAgti on sources. A SOA in a discrete

i npl enent at Tﬁhﬂttlo?taﬁﬁ%bnﬁtb@n(ﬁ@ioﬁl tidaledmgllfier (h&Efatter RierfdaBtasmdIa Lot r oni cs
(1993), Msists?SF a NasteP soe of dizdion itobe b Lt flesptRallPeh le&; 99 e of

: 283{ ;ﬁ%ﬁ» ?ctdé%gt ?otth% tﬂl%'t’Lm %‘i’y}% rﬁ enl g%%elh&%elrgefgg (55? t an

i mpl enent’e a£ é%ﬁg 6’1"3 zo 3 hat
cgﬁtal ns %?&E@l\r/féﬁ gg‘ﬁét eJ;‘%C %ém a’E% (eV)
posi t i ontPOdtided 9vﬁpt@a1aalanﬂg ysyglly gre ﬁw%@ﬁu%fsuwlwnlrtemnb grslager | east
one subl mdiationTBy virbitei afcthg sperifie fatines of & 6126 rreph @sl singll sizienbjigh apain per

regi ons tutt fenpthn highresiiciaday] pmterttaattly\tbﬁe:nst irtegerability ihtoosptodlectionict digvuitsyi dt h
Wn of 1&chmea$OANIqueRidhablaGas gfeat td £ ugdliboth Boihe esikR ofl chbmpRik W dt h

Wt of écﬁ@mﬁﬂ"c@ﬁodsﬂ%t@é&@%a&&ﬂ@rl@ at ReP RbtwoekJaha ih Bt ABveldpiRedi&Tot D
LAGR of & gw;:p 1a‘9ioH‘sotNQ that the Iongl tudi nal axis of the active

gai n regh O ﬁﬁﬁ iy en%sgtamq X tse;wng é ngoglébefgo .Cqkpga) nyaxi s of
S

e the Bherte f/gfe'éﬁth%) 120, N0 Syt 207 %?u‘B?F% fto the

active gURceAdnRIK ragifiasy thefije piput. wtgmr B%lt“a?tl%?f ig Héwr% ¥ %tfat“éF‘P“ angle

anpl i fi caintoranah@ opHeallypedupled thdabesowte.tThe AGpstimpleowntstl anhibe dosis wé agai n
regi on aswethitdreluofpr lased hetaxogtucafre thae centhipsiin hctoe lafer tith aaefrasteregadax #,egi on,
whi ch wearonBarddgam &l (eV )@sltiohed étweph itwa lcladaingtisyers)ih Bachrdfi width artd e

coat i ngsaraRRk 0B sublaRe. TS A&Rk| At FREI IsGhpMmJR MBSy Liint Bhdict 3§Horl3 o 0. 003.
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Bl ect r onfa rf(glqrgéF $ ene&t APl thSOg wap1 09028 159‘&2513‘5 the,longitydinal gxiSiof 5
facets ofcmp@veinregiqn whidhdlestin therpstilg fayean and) is the optisal gaiads of the eC.i nput
and out pistlocapmranuthe sari@optidabaiin eswhatydt the maSet sihweapnsdthabptical HEEm) Thef
Quant um mkastsfanputtng tht983Yt radiadion Ay thidactiGe ggip redOR BaRORA)tptting radia--
dAGRW n~tigd ﬁheﬁﬁfﬂmr‘ WCMI@@&[@Q% epiRAl f22e0aF MOt AR838 the ative gain
PCT/ RU99/ ds?dét opti A FRO W thé Dt SRS bF V&L % mYé,h gtlﬁ fedBERwhRH 08

t hi cknes pm
her of Orgona ttotn gﬁ;‘&}/s??]gt?l%lpfe{gg@ it &V{;E @%3 g%ée ﬁeo[‘ ho ﬁ‘ﬁc‘j’mﬁ
Quant um I8 ‘8%5 ’(“f '5 >¢ ’i/ol ‘NE‘ p“ DYX “e%at a‘tgéesn"cfo

than 10 wﬁllnaéwa W' nd > Fﬂ) lang PF‘dHe ntpt %ﬁpthaéepec%wéﬂee}me

appl i ed neymahplang.ls theoprioreat (L Soddbsrges &. héE@Etfl &fDugeitnin Féegironicaf¥%sed as a
means of Valupps desiongps piiz8-2042); ¢lid &icdtioptisalafadets exf ethé At iaon pamatlelt toetheut put

si gnal (ssdthia) plafie.tThe skaze'ofi thdGnfit. anGohucfue bgerairesafor thel knokml AC ¢F. GQoldbérgm

El ectrongs, fﬂﬁﬁg)o %@ntunzglecb@mcﬁ(lwp) V8029: R48.)pp. T0m8—oyarssOA (L.

Gol dberg et al. f Quantum El ectroni cs (fSQ VoI 29, No. 6, pp.
2028-2042) uses as its nmaster soulSge digrMfpput radi ati on a master | @9ger

di ode wi th nononode radi ation and a power PMsut of 100 mW The i nput

radi ati odras focused by the opti cal system into a spot nmeasuring 1 x 4 pm
on the first (input) optical facet. addition, the input beans were i
into the active gain region at di ffer ent i nput angl es ﬂum“mlﬂulml‘ﬂm‘mﬂ ed |n
the input into the anplifying conponent of an input po AC of
25 mMVinto the initial face of the active gain region. \Wen+asiscoper ati ng
current Wk of 3 A was passed through a known ACwith a |length LAGR of
1500 pm (L. CGoldberg et al., IEEE .I1. of Quantum El ectronics (1993), Vol.
29 No. 6, Pp. 2028 2042) 2, 5 Wof arrpllfl ed out put rad| at| on power, Pt
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Di scl osure of the Invention Underlying the invention was the objective of
¢reating a semiconductor optical anplifier (SOA) with in of
the input and output apertures, a reduced angle of di vergieﬁgﬁgrqb dﬁregduced
astigmati smof the anplified output radiation, with the ability to obtain
di ff er enWOR946¥38i ons of input and outplt of t he anpl i fi ed RCIAREQS06067
relative to the optical gain axis in the active layer, and also with an

i ncreased effective gain-region length and increased resistance to the

br eakup nechani sns of the nmodal c8mpodidrMea, of the anplified input(2)

radi ation. In the r e, afore nti oned factor esult in the
creati onreé?‘?c&v@@waﬁqg é’i’ﬁ:é‘b‘: 't‘ﬁ}i}é( P ga'é‘frteglef"e‘ﬁ%ﬁ ﬂ't?ll"é{lﬁliof"f f  and
rel i abi | ¢xoped ésumethpreé%rehfcg Hhe pér af ﬂ@nléﬂo“@t 304 (Lt \Ooldherg eeali Hdds/ Of

Si npl i fi Qavrtom Eiécttdmcsf(dﬂ%)cafbl @A, Necb,nyl. G038-20d2) Seisatol thoteytham 10 ppilenent a
mul ti beagad Sp4lié hé hReethainkod hér as well of an anplifier in an integrated

desi gn, ar e ALRRIRBNvAIALRYLEhplicd 16 BfeTt Ralabdls bPfhe! a@ﬁ@sﬂ dift o &FEreSt at ed

obj |eCt ' Vﬁsedsas ;ﬁ@dn 1¥pr §s uflbugd Qﬂe%& ahd B bRE ARG 4"
ont aﬁgl . %@gﬁ tﬁ ﬁt <Tedhdly Tl @tﬂ&%éeg@aﬁ% %&EP &

12 Septe ée@@ 4 838 - 3 - PCT/ RU99/ 00067 i npl enent ed on the basi s
of a seni cohbeknewn SO (LhGpldbere: ¢ @y JERE vhaf Querua Blectaaniesct1P9d), Valier
posi t i on2Y Nieovpp 202802042 usts ag its mpstes souree efzinput sddistidnochmaster lasar diagle | east
one subl eitkrmomdmode calivtmat and ahmveert Pgsoamdl 100y i Thepope nbdiatien atasl east
one addi fdcasdl byl mmpu@dt s@étemdatla gﬂﬁ ndaS@inf 1 khqt;ﬁ%&h@ﬁts&teﬁabut) tisf t hat
Itggugdg'u B addichl, iRAnpGQRAMmserd fifpuli il ﬂ]@%ﬁt{&%&fﬁ ogich HHEER ﬁ@gaia the
of at | ehdesd %g@f%@ed ma*ﬁaﬁwgg b e 'tls?h o oo T s P, T,
and opti \ﬁ/ﬁ LYeegain region. 5 p are
defined as “ﬂteﬁgfé‘r 9per9tilngcﬁmaettdm 9?1 %éwemSﬁ%t thwrabea kngyn ABlleas of

t he radi kbgthrlacrphd 50 put(Lr Ggldbarg etsil.c Bl &dbfiQuamtim Eleotromidatpon, tVol.t he

het er ost 29 ™Na16epp.i2028-HH4G R AW ofjampiifiddf dugput radigtionqrowes, RyRdwagotanigéd of

i nput, 8Th®inpuhipértutedashd Migé@NHat D ah thedtiéaplak ﬁ@d%eﬁﬁgrh laheftRdt t he
anpl i fi eghg 5 g thE Rt Bhaf mmotfttﬁ'e A8y éraa}ﬁgrthzﬁrlg RHENLERS fhee

ref ract | e BARK 11GF hetgmtsg-ﬁctt@eﬁ Ghe ?.:‘?%{lg 9&&5@8}@@ R gtemsta g atior

I nput ~ut

 nput - OUBB Fmﬂ‘gedf’ ol Thitec SRIERTRIFTY 3 A A ofpd et R TRl

nef f - ni nthan braefioating apgleiof diveseanes 6y ahteputput radiation infheRorzaptr e ne, ~
m, is tplenmwm ﬂﬂﬂ%’ whiabecogfespands ffo thfe chﬁtacp@shnwteé divsrgehes for e indicatedl i city
of | aserapeetuer sizgé pfld6Qpes ,(The phagrikgds @eipehdiculad toathe orrticap piane uhg uhatr egi on,
that ar epfafespthequighCitb noamuleof @idamiplified sufphe raiidioneféntal cahel hefizaedli ve

i ndi ces dplané e tHeadBhd AC i heeshieh AhRSS ﬁfécpwk%fum%udé miéfction of the
proposed SOA consists in the construction of the neans of radiation input

to and output fromthe AC pr dpisclosuredf thesmventibihe master source in a nunber

ST rgg??s: {mﬂ’h in t?ﬁ’e nti '1§ d %n&L ¥ twreh(efr Srebt?n d&?rﬂ&)gt dud P%gucz%lh AC
el ativep ceﬁseedaaetaF theazggﬁ ‘anf fuf o) tﬂﬁ b aoregm g}

descri be@i“’ ellce 8? ¢4 astigmptism 3Hoge Vit 1 W§93)

Vol . 29, ogin differspt dlzezlensz@ﬁz)put \ned [patput of étt?oeeﬁlfiqdatadtaﬁen welaliee ®f thenput  of

the i npuoptsab gain awigl int e pesivesiapér, oud piso with taneinarepsedf ¢fEactivaghinttiegionbe

uni fi ed, lehgthepd ahdragred Tdsisare aoniskubieakagp magtansnafoftthe modalerongiositiohwife

(‘her ei naght eimpligieleinp@f radiagion.t 1o B8 aghrgse, ihetaBrombitistied 'fRCtdrsabshlr adihat i on

I Nput - ougrBtion’ &G4 SO?\ (w"kﬁrcﬁﬂtﬂﬁd‘e'th{ut W Qref HRGIERY, &t&aﬁﬁ %ﬁ%lbabtlw td

i Crar [Tl SajeR Ol Jlifath Shgie eglﬁpﬁfﬁﬁ (BAEKEn
and 4 h‘if‘t?(f%tm?t Ig}p‘e ea ma ﬁ%‘ﬁ‘% Bfkef AmBlictr ot W, on

i nput t hTBRRfHeT dm an ot ft“F%tﬁPt repy,a Ytical facets Iini t| ng fromthe
end sides tHeadsepnes wigh nt’%loé‘nﬁleéfat?qﬁ‘ebl%tVW%atF"é@ﬁdd?Y wruaabiefadat i on
and f or nthagimthgl sesniednduaior iopticaloamplyfier (§Rh)yinoludimgra aygbter lJeurse lofdapwin of

t he conpodiationnmdamdamplifglngesagmonerdt (ALY opeivalyocpbdi toahd soyurees tiof AChis | aser
het erostructure and of the conposition of the radiation input-output
~region, such conditions are created that a specified portion of the input
radi ation fromthe master source, which is input into the radiation

i nput - out put region under the appropriate conditions, flows into the active
gain region and, after corresponding anplification therein, flows back into
the very same radiation input-output region. The conditions of outflow are
realized when the following relationship is fulfilled: the refractive ipdex
n~ oR of the rad| at| on | nput out put regl on exceeds the effectl ve ref ractl ve

r Y




Rel ation (3) is a known condition (see, e.g., the Handbook of Sem conduct or
Lasers and Photonic Integrated Circuits, edited by Y Sucﬁ%%”'ﬁ

Adanms, ChapmanHi ||, London, 1994, pp. 58-65) upon whose Plhen part of
t he radi ation pr opagat ed in the optical wavegui de of the |aser

het er ost MA6838wi | | fl ow fromthe active |ayer. For our J%S@BREFI 04067

mul til ayer heterostructure, in the design we have chosen, we proposed to
use the principle, known in optics, of reversibility of the passage of rays
in opti ciamplslylsntedrsnahﬂjbasisplftamemimdutthalasaxdiemmmuwﬂnat cdmtainf( ) actowel d be
appl i cablagempbsitiotied bedwedradiaicladdingulagers,nig eachooft Whichadiemt isoat leaguineout put
regi on bgiibléles OHnEIE doARLE! whBrel the Ginijdif§ih® Fotpendnd diadtat Aéhst GRS tadditibHal
region. f tgltchlez{t 1@&&&{4 dd 9ﬂ“t§e ABdrRIBALITE At heRhAiTiORA 1528 agjabR e feSS Of
this hypRiBESt S g dd aﬂl@ BliBLHA b l&f%&J ¥Rl FPARRAON: fshe fact
that the ) sﬁ T © %;)!51 eﬁ e 1 dlcgs n %fﬁﬁ

radi ati og’;ﬁa Pgﬂgﬁ‘“i‘ 8@3 ? é‘§| q\f ?38’ Pl on .ngfu t put
regi on, , Cpree (Ch g é" hepe an gefdis angl e
of inci dng@rs@wmqhedmtq thﬁmtawntlat begsopfagublgpens of ttlﬂﬁeraétﬁﬂpadepl&foqtﬁﬁ

(t hi s dexdgom, as camitgfifromdits bdwdarhemdethcdletemstmctu@)hmtimrqpeaattmgl a.mqliﬂEEE J. of
Quant um fHeadiregtindg(angR%T)inpi(0s, of Afiput Mediatfon 4l the B2Blodd fieior o Kerdetyer mi ned
based onfdrhge %ﬁtpﬁﬁt:a Qaisiort aee@ﬁtga&bmhbetwra thgma e efadtiventhiaive~, and
the angl Bt Qb thgwasetttetet Fri8fe) GlohSyilte e%algﬂ it bRl o difg) . and
conseque t cﬂg em %g{RBeﬁ e%y gttoanptit—gutP&tC%eéloﬁ) ?é" {hte rQlat le d

radi at|on “an I‘cul-ar
radiation with the pkane of theyactive layer of the heterostructure wher e

~ = ar ccos( De-naopi—4hexefroces tHEMb| kauki thet Ho@rai gredter o rgRt: ~ = cp =
arccos (neff~nlOR) Pbpphi s case,npRe | nput radiation fromthe radi at| on
i nput-output region will be input into the active gain region of the

pr oposedwB&® ramgh, ihthe miafmen viahe ofexs eSgbpolisitde atbi fheomultiplicitshef kser, as

st at ed pheeiostsdtyres,winl dggrdcawe hathkradiation tiyet-soasput rragioat than aran pfitpeactipalt

regi on ayalaé) s}, Wiha RaRest Bf (he @&frdctveindides irftthk 1dyerd dfehdh@B®s@hctlilee active
| ayer. Condirhé Qi‘i's‘im(:ﬁ’an 8 thel prbp &%Heﬂ’(ﬂk RBndi&iS i Qilléj&ﬁ'nsﬁ{lctw?leof fife" AEdrs Vot

i ndi ﬁes Hjlt iRfdonti Sut' Bf n(aV\tEtﬁ lf? Tg&fe{ éf{t]i Al?cwlof“ﬁ@ r sWﬂJc hn(Aepend
on the ra Ee Q em t e o nt? rt] i€ is CChanse i m ?dﬁrgghv 8ru:[d
t he angl o 8 'jgt, it ﬁ\g(ﬁqug 3t ? 3% % at1ons oposed
Lhe eanol e oyl cutpty gl ﬁét‘% iih P ivrefor (gplangyf fhe”o

front = rqthystlayer- @GS“ p-dopice. deert l@ n@(/vlmﬁi‘?lgbftrﬁee’ rﬁlm(m valQUe of
nee out Guanum @@stmmtse(lﬁ%)t Vobr29t Ne. fnnp: 2p28-2013), ofe haae @ropesedthastheuct ur es
t hat ar emefnsgpofainputcef the anpue signalt dndrthel nepnoof outputt ofahe puiplifiegiadisiohrbem whi ch
ACs of t beifipd opepestingOfll cerhidoadustisie  layad of\ tven hétsrobiractea(herdnalief o fhe
refracti wferredtd aSCREGH B 0sAORIrd N RPl2dRE3S inpub-outfaEidgRRIhERERed tddeCes of

the subl ?Bf@i’féii #Bfas“REORP ﬁq}ilﬂhr}gdnhﬁ&ﬁfnﬁut fxﬁ%u‘i&ﬁ"thrb@@?fhe Q%H’é‘iﬁ?ﬁﬁfn Q)tp%ﬁs the

val ues OI‘C befﬁ'gj’ll %alled‘rse ,{%{" f 1{16?( DLPRLIR:
accordi nal e ra fie @ ”Y@[ ar| es ver %FB%
gr eat er nfjtf’u h"VSHd %0 E’Hjlgpé
di sper si ¢#H!® | “ét optica ﬁ ﬁ’é‘goffo ht?f i nput
radi at | ordtivegeglen pbamplafigation il fqmlwg‘aﬁlgl%hélmhga@m%%d ﬂflzow cp (see (4)
and (5)) vadhicughdbpeeldction ofhthehenypsitionsland emploesses sofothe | semidondadtivat i on.
The maxi Riyeis\dT the ldsenhétbrobitectaring Ithe@YmP6Esitibrt Bf thet Aadiatisndepdtraup@p -

Qcp/ 2t Ordgbom, stdhtofditibiShR delated tﬁa&t@e@.@eatpu&ﬁmmt@l fit Auiaﬁbﬁlf% ffe the

out-flo tr?o%@et hq§ m @ﬁtebr){dtrinﬁl Q)tn n‘ﬂEr ﬁB aI band
gfheag'x;wﬂﬁ%%an%nﬂ%ws&{to agfiVe_FaipRglon ?.P% raapaog.aﬁtﬁf romthe

angl e cptieEindloshag @m 1D St A Ej MWpi2 Lo cp o Ol 2

Note that th&e sPpgitipsnmel %‘Hﬂa‘”r"é?éﬁ igers W 91) ﬂ(@s lgwingarelaliopsihip ds 58?1“% ses
wher e t hther eefiagti yeo inden praor @t thatradietipm Ainpwireiteutsregfons exaseds theysffagtises. | n

t hi s casmefractivd indexahgr efithe entin detefastmoctusewith Itlee adjdceat tadiagionnopu—outpadR f or a
honogenefsgion; et &t | on i nput out put regi on should be replaced with n~oR -
refractive index for the first sublayer of the radiation input-output
region that is adjacent to a subl ayam -ofiera cl addi ng | ayer of the |aser

het erostructure. Hereinafter, unless otherw se stipulated, we shall

consider the radiation input-output region to be honogeneous, and shall use
n~oR wi t hout the subscript "1" for the first sublayer. In the case of
satisfaction of the indicated characteristics of the invention, as well as
in the case of transparency of the input-output region for the inflow ng

" and outflow radiation, we obtained increased val ues of the capacity and
efficiency of the SOA at effective lengths of radiation anplification
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The task at hand can be sol ved al so through the fact that the net |oss
factor, aoE, cm~, in the operating anplifier, for the a |f|e Izzag ation
flowi ng out of the active |ayer at the border between th %‘F'B@%r t he
cl addi ng | ayer and the radiation input-output region, has been sel ected
fromt heWMmBI9e838f values limted at tiHe | ower end of the rRETGRUIINIRT" "
cms, by the m ninmum perm ssible value of the electrical power conversion
efficiency supplied to the active region of anplification during the
oper at i oor, ptat ik ¢heasapiej the eutflavoangie e paeeeds eéroathpt isf i ed r adi ati on, and
limted at the upper end of the range, ocoR ~, ~, cnis, by the maxi num
perm ssi bl e val ue of the densﬂﬁ?awoﬁﬁ’@#@m}%ﬂt of operation. The (Qcr ease
in the per vaI eof t he .0 ratlon cupr e = in the
A | oads. féh%% {Beh e Loy %'éf?;@tg gem hdyclor g .
wor ds, i RFlepnc &ﬁ%f i, e P St 0 a?‘ﬁecb?p&t?é‘sed
anpl i fi eHilLiLongden, 1894, npesrod) tpen whese fy llh’ée%f’alﬁ eétheepdiptiens propagated ing oF,
cm 1, of thewptitawavegtiide dlthe fser hotgrostofcturavill oyt frora tthe dnsivadayeve regi on of
anpl i ficati Bor otvecasel efCa enultilaybr hetefostrécibiep\in rihe dasige: wa aye-choseapRe< a0~~~
12 Sept epﬁ@&i 6sed A0 2is¥\ReFHiGHIS knowa in Ipits, RIFFBVEEIBBILY bf theSpaashge DARAE 0

§

| nt 1 0dUCERAI &jsimd Al ﬁyp%themzkb%ammw&l QBRAHHOTAD) Svod bé AppdsBle! fist
%”PL' }"eg] k‘?ﬁ dﬁa@i‘aﬂt fhito 'tlf‘eaéhlaﬁ u?;ﬁ}t Ut 5E5i6h HA aﬁ  ddatohon.

end,
thfi X I,F.flo n@qﬁ‘g uttlgﬁ Pﬂ er &1 ul%tl ons ban'a ¢ %nen{sz th
\tlamnd ofI :a(é‘fgg'ﬁi%k& ‘ioérﬁf’tBﬁS & ﬁ"?&tl on andef gpm ng :ngfglsnof n.g o ©
i nclinationy é( fas %a@ﬁﬁ ’alsW'bter}e§ rﬂgéﬂg'o(f é”‘facpﬂhgpﬁe i 2p radiftidntbet he

t

ad 1 oniech OrPef B%F‘“{p@)‘%F} AE e 52 103‘4% TGy Bt

carri er sad{atign ApRY-QUERUL Feeden. may eﬁﬁ%lf b é“ C%HIFP wi dt h
no | essefnghahincklencg eftthe éﬁ’lllﬂﬁéeddép‘iltvfé iption Enthgrsuefpss offinpuit(this devagrdist he
sur f ace wiiqudhemlikelihgtdeyiveiof juGoddhergier ale iEdk b oy @uantuy &ectrmics (1993),

het er ost Volc 20y do. 6app.c2028A1042]), iidéteineinedhdasedi drhtle tedevgibh df-th©Rgyationm no
| esser t BatvebdihelaBPIG o idfRIW, EPARd thE@nsle JF SULTIN, @C FdrtRd 3h 82 radiafidh Aipaed by
virtue ofy Gterefgﬁﬁlt aB@%anEeﬂﬁed’M%g:) tm pel(pQHalcQIfar b h@FHohY 8f GRIR lﬁﬁ&m@ i's
sel ect ed Dfron rfebuég\ﬁ/] ﬂlfﬂeﬁ%ﬂﬂﬂoﬁ) dhhfhet ‘o

. radit
fabrlcatl eV| ce IS 0 S
ordi naryP t?éayare%ﬁ, @83’5 PGS 7] ARG r&ﬁ“‘&hi’ ?lé {:t[é 5 ﬁ' t he
unsaturaf "PB iDFOTEICLL he i nputradl at i on side. If the Ww"t of the
active gain region is selecte g} _be O% ?e an W~, a decr ease |(5)t he
diffracttngn limt ddlvergar%nc§ g adi ati on IS . tal nthe
pl ane pat sefaog. g il Bgion forp i liaglga P H‘a{"é*&wg%&‘ﬁ? avift o gl WBre

i s propof¥dacthist 2eife reeRyl Afi i iPHIR®EC douﬁ%t ands fhefy mikfe cofresnondipei cal I y
honogeneduplifigation ithgreipi ashstated peaviqualy, wilh dlowf backdnophe stmg radiatianeinpitrel engt h
~, (gym owputragion atarasutBowhegleg @Gopladtioad4 e thetflanedd\theactivs layar. oper at i on.
The af or eme@bhditiess (4@ and (Hroetirméicah® vhluenof the réfeative hadiceshdy, tHeanilogoi ng

A e SR e 54 bafols DIAPRTH R Bl BT & Q?ORt .
ang scat Pthte gﬁﬂ i hzlrleehﬂ) b&Rl[d ‘g@he a?lgfegiﬁ?i‘blaéé]gjg?“fl ca ?q{}?\th t81@\9 P

rin | oss
factor afg él aroaq ~~ 1 /LroR~ ( 10)~ where L1IOR is the maX| mum of
t he | engt hs LIOR-f ~d LI Cﬂc@Sf(ﬁqﬂ/"mﬁé<raé‘dﬁ°§(’Fe@mm4”ﬂmbt out put regi on{®)
Qovi ouslgvh to satisfy relation ( 10), it is essential first of all that the
subl ayer the radiation input~utput region be optically honbgeneous, and
that the bandgap EI ORq of subl ayerns; of tnhe radi ati on i nput-out put Eﬁgi on be
| arger than the bandgap Ea of the acti ve |ayer whi ch determ nes t
spectral ogai n band of the SOA. Absorption | osses decrease roughly
exponentially as a function of the difference between EI ORqg and Ea.
Theref ore, naki ng the radi aﬁtww@mmlﬁarﬁﬁoélﬁﬂmm Bgibn from materials fOr which
t he wavel th m falls thin thei ans rency region.results in a
reduct i off ﬁ?)’g Refin & ﬁﬁec‘H’ImrP‘é'?V ue OIIC]?QG t ﬁﬁ etf’é‘ﬁ%‘%—f tﬁ%“ﬁﬂ@‘éﬁ‘ a(?fflrrent
of one o S?‘H@‘%‘Pﬁ“&'&‘t"ﬁﬁéh%ﬁaf? REaFARb Ke! P‘E)r?“th 1998 BRI O YL REORT KRRt | ve
| engt h oWhicheACsidf theipsepasep §0Lo0ambe madeyi and. zunis tthe sipaléase pf the refpdtvenent s
of the device, the radiation input-output region nay be nade of a
sem conductor with a bandgap width EIOCRI (eV) nore than 0.09 eV | arger than
t he bandgap width for the active layer Ea (eV). In this case, if the
concentration of carriers in the radiation input-output region does not
exceed 1 x 1018 cm 3, the optical |oss factor al OR- abs for absorption may
reach values on the order of 0.1 cm1 or |ess. 12 Sept ember 2002 WO
99/ 46838 - 7 - PCT/ RU99/ 00067




Note that in the general case the radiation input-output reg| on may be made
of not only sem conductive materials. It is only necessap % cz}loz
characteristics, in particular the refractive index nloR &P 8'5‘?? | oss
factor aloR for absorption and scattering, neet the necessary requirenents
(3) and WM®)9/46B3% t her nore, we proposedSthat the thickness BCTZRUBH/O0006E

radi ati on input-output region be selected fromthe range 5-50,000 pm Here,
the choice of the thickness dl oR depends on the outfl ow angle cp, the

| engt h LA@Res ahthetshblagery o€ thealadding laycas.ifon reaf lasercheterosingtusex the ablubsicft s i n
the AC.  NatanghlkIEyon, dddepgsh didy DY Ppraximbiet 3GADAtandaceditinglyotit patige o gheon Must
not be s lé@&aﬁ&@@aﬁ&%%&g?ﬁ froind eéﬁﬁth‘éﬁog?dlésiﬁ%gm"ong the ent| re

l'engt h of th@ Qs%ng Sf em&i ?s‘ioﬁhelsa@é 9&%9E aﬁ&“ﬁo

pl ane of theatlv % t laty I h ¥ ers ace of
Phe addi %E‘ﬁ%}‘l fatipn fads thg?ﬁs i the 2 ng @G99 on i n
t he af or & avaﬁaéag pfﬂ e OFf th@h@eafé%ll Gampopsals ol pub rpdiadon B ¢ he

anpl i fi emagpeumtvasatierf pethe dnglerp nayrke within thevarfgedrom ipe- ARl wum-vip/8e. Thi s
proposal wherei Arpisahemp@dlré)mgkaof divesigntof ehecnnitilosving diatioh detemrhinad biy e

i ndi ces apdpRRS@IdH bpfhecspeétialcvaﬁ@w aﬁiphﬂbﬁldn%ﬁhé)?.(ﬁ@%i RirgdenesTsRE, Bf the

| ayers o Bffanké‘%s% tﬁé%&ﬂ{ gﬂe%ni’ég%lé B&q&tfo‘i’l [iimﬂdﬂl%{ l'eQH{lHH(r)wr gi on.
Th|slea o$|m t|o %r())ralo (#:creasel t he
gain for geio tﬁ"’f"ﬁ‘e R% Tt \V/%Hgg—(% |y an increase
in the eff] Oé%é‘}f" g gaentipned H%laB?R &F"af“?%ﬁ’a‘ acmﬁﬁ@}cr% thezases,
at | east rashatioss ﬂtﬂ%—%lmta fon Gpngisis @ sevarelg spbloyars B thise cpsgsdin the

het er ost piptementioned ﬁm:allaeo theaxedragti veefndex wiordor adwmagendopgaadiatieminpubRi .

Thi s nakestpit rggossshiouk] borepldced twith momt+otdfmdtidemdea$er tha firstesubllyeresf of t he
out 1 ow giegladiatipn (HRe-cugludiégion () )s afjadengioad sublayenof & bddiakdhyed of id ow
angl e ~ (436 héRtodtriéire( ﬁie)remaﬂaert hiled ToRisdrivise mpueatap%@%ﬁsu Id&bnhamhel tis

d bl
val o - i‘%‘*‘f"’" a&%‘g%% 5 Aot S APk SiBBLBG AR, |

| ar ge galn a.li ckness dl OR S possible to
make the | ay e S&ﬁéfﬁctm b ndieisl & afa}‘féﬁns%jégit the "i‘f‘?@“?%d‘?é‘ﬁ"g
i nput - outawtt heggroal Brnsparengy ef theputoptgltegion, gt wdorhg

sur f acesrahiatiope Wsephipised dncreased raluss »f dhecapasity e |qfﬁcm§yepf thensf)m 8t case,

ei t her t hBeativkrlamngths, of irariatoms amplifidation Hhigriiemwly sinafased easnesinghenext kanther egi ons
of the sullahylaradditions itlees aread of e ohphf etde nttpuil gertuesy afthed defrice heers raldd er

t hi cknessigaifidh@tly Ineregedd; tief aadds ofedivardionamdsditpinaltide op tiacedtputartplifaelt

proxi mt Yadtiéilohhﬁ‘erfa isTgRlficaRrily Qédredsed 8hd, als'l l%ﬂllfsoicﬁé ‘%hsttxhlﬂltédﬂ ﬂ{S hﬁd’ o@put he

out goi ngf Hf ﬁhéc‘? adx&‘t%negﬁ)ﬁg th Qﬂhlfe' &&{% g 10P df%m 1 , of €adi ng
to a sigy SAGIH es aF 14 B gélhaXmms aees ru”c%on ofet '°” on
the face e q respon ecrease
in the aﬁ%‘ﬂﬂ §gh E@‘?daﬂpgttrla W“?%N%H‘&é%ﬂ‘se te that t he af or enent i oned
addi ti onal ﬁ@!& il eancbe; selvedaloytheugh the faghhakthe gt las laptoprposrciihe

first opts |lealne epecdtinggoplifipsider the ayep)ificd|radipdon Hewingsawt of theggstivaldyagat i f e
and oper ttei bordér betiveebithd syblayer tdfethdekidding Fayet hed iy egdidtioni mpproppsted t hat
t he out eregiulglihhs beeal scleated frdme tieaag® bf ealnes kimited at thatiowdrsawdhsf thdeangadi at i on
bei ng anphif, &sh, The il hheisue fperhissiblayslic| & the EBaHER pdiadr Earversion
absorpti emc@‘ncf%ﬁm%etosﬂw AQHR rfeBlohC6f hAPRAGHRDN' Alrfly Giet bRsidal oP PR 1 i ed
radi ati opy,, q;ﬁ &y th@@%&@ 6f Sﬁéﬁﬁ'&{‘ a?iartlgﬂgaddnﬁl‘ﬁftg)cﬁgpﬂl@tﬁﬁg§rp&1d0& thOTAHGES 1N

the layer. sup SI,0 uri_ous

radi at i oﬁ%“"‘“’an‘an eﬁ%et ?nmfnﬂglug} a{}g[‘gl ‘ﬁse i O &rﬁ’g %HSHY z{/’é %froposed
SOA to hPBfatien Jbe ingrease in thepermissigles %f‘rfa“on ougreat ”é’r%b

99/ 46838in thg AE |sads, fojoeyanmide to prnp@rnussmlépwr edtingpfdle A in pthey ymd@nm

i nput ~ut prder roegyisure higloeffigieney nhideeratiarcefithe atdppsaﬂmnlpldiqr,\nels rmoemingndsdner

addi t i ondilat teyehe afrthe petdssnfactot, ey, ¢md, sfhmuflcw badiatbaepe lunittafitbaldnyth
conduct i yfthe beti®:, regidn @f BnplifiedtioaChe seledidl Withinwhd follohngStangace of the

el ectrically conductive radiation input-output region and, if other

addi tional |ayers are present, el oQ c L ntact is formed with thegyee

surface of the additional Iayerém‘“'l“n a? nu of cases it is advisable to
make the radiation input-output region froma material with an optical |oss
factor aloRg of no nore than 0.1 cm~. In sonme cases it is advisable to

formthe radiation input~utput region fromtwo subl ayers; here, the first
subl ayer bordering the | aser heterostructure nust be electrically
conductive, and the second subl ayer nust be nade of a material wth an
optical |loss factor aioRg of no nore than 0.1 cm 1. Here, an ohm c contact
is made with the first sublayer of the radiation input~utput region. The

| ow val ues of aloRq result in a corresponding increase (see relation ( 10))



12 Septenber 2002 WO 99/46838 - 9 - PCT/RU99/00067 To effect radiation

i nput through the outer surface of the radiation input-o ' t he
antireflective coating is formed on the part of the surfgicg tg‘hﬁ%‘eﬁ)@

radi ati on input-output region that is determ ned by the size of the input
apertureVWh¥p/46p¥ faces its inner surf@&ee and abuts on t hePEEBENHH08¢ i cal
facet fromthe direction of radiation input, which forns an obtuse angle
with the plane of the active |layer and which is formed at an angle of

i ncl i nat i onltyis 3dvisshde teihtfoduen barsier regipas i the various embpilimenisagigl) o make] ( ~/ 4)
- (~/2) the(angjfjcavibue refement svithgataleagtoons. dodivé region @fi amphifichtdorg with tdagthangl e
of conpl gig mﬁnwm,r;ﬁﬁl fCitd Bﬁglﬁﬂh L&l wadi akd, QB ifs| gl REthOfist bptidadFadedi at i on
| nput - OUERH g sﬂcmthe dndb i beBitling A6l el & dfsthéihétﬁfet Fa%oﬁ%%lﬂhﬁcitﬁmt he

| nput Sufrﬂfl c{%mﬁ ?&go éima'n”&' n@r&d I V¥1t the enﬁlcix e 1e \gnt ARe To

ef fect f‘?’ g eco

antlrefIB ?P‘é“p ??fgto tonEygt ?{E{ ) vmththe pl ane of the
active | ayefd afditip, ipgorderyfo %ﬁm‘%}’ﬁ ewa SPei R |'&W° QEreat cAgersy $18 t he
range: ( amphféczytlononmw-outml)t regign gyt ke mpde withla widdh ne desper thayethgtwidth efhe

i nput r atlieaddtive rcgloni iof aotpificatgonyaing \the ourtfave csﬁthc eadiatiéro mpdt-oppiceigidnacet
then thebeddetify 6h thelwterosthichiie, dalled et et 6@ nidde beitles) tenigth Dydgl) §un, Mol oW

angle ~. g Qer?ﬁ Etﬁélch i3t A, | nput through a second optlcal facet
|ntroduce R o] n out epc~--w th an
antl-reflectlv«g a? r’ec IVF*JESP lguﬁ gﬁ&djég) ‘%ngltg ;gacg) at?hetwl iV {]” e” f\CI)V:‘ t he
active LHifaetivg gaipge efw &AU ﬁaﬂmﬂd e¢t.W& ‘Faélef‘é’ ther om t he
range: (E4brication teghralegy:fogthe deyigshiszichieyed, rﬁatls,rladaomr@%rﬁo erdlwép%ranm ly
to the oshaspideqeast ae bosags o enleh@oracm‘rqms iorthe ynsaturated rgaini regiontdncthe iiglug- of

i ncl i nat radimtienssides I eeckit, g @f elpuadtivieogdim ecgiert fd salecsatigtoebe pargeFahad g ta

radi at i odecqetspuh thdidighion-lisandiveigehcadf fha Gritpudirhdiaish &ndbtained ireeiel Ve
coating pReepaAanalth e lafers BEthe UsePhet@odpfoturthe out fl ow angl e cp Is sel ect ed

to be small ‘FFJ é‘rﬁ{b LNeid QJ tHaPttl?é rdd%ﬁhﬁﬁgut—gﬁtgﬁtcxte' RJB ﬁe 1}
el

f ace d
g Eher by e EShs pateral $ith o PR 'bO”%B Rilisoaittoy i, B¢y

reflecti Qé“b@fefb‘? Frgliation being agipldicd vitendthgdevicednin OREALOM f acet s, and that it
be formed pdhalafetementioned feavinethens| sigras from thenfact Abatawhan dre| mgpingeandoat i ng
be nmade outgbing radihton’s pmpagate én shecaublhyopst ofche ridagten; inhetr-eytpntdigan the i nput

I s provi dptital hissdstuf ohegl radistions (o abborptios asdisdastering)wherein st e tsmalt) andd by

the si zesgliftdaRy, tRPbticAPRES fh&@,r&m whische:i s | ocated, beginning with the
boundary of the second opti cal facét with the inner surface of the

radi ation input-output region, atorgdi<sVaage of no nmore than LAGRO)tan cp,
and radi atlon out put is, provi ded for through the sanme surface in a
di f f er enWhpgrliorots the maxigum o§ thsdprgtes Liar1 digsborp for the prdiginndapytnoytpyt
refl ectiwg€l®@oati ng be applied to the first optical facet adj acent to the
second opti caDbimaely, toi sakisfiyhelatioh I( @), itvie essatialnfirst oMaldthhe tha sublayerseafse t he
out put pthsaadialion fipab-cutsut paHen BOBPtiHRIvBRsEeldobuySand: thet thebahdgpdr gyt put  of
t he anpl pf h\ﬁﬂa}fe?sdbﬁiﬂe%dﬁfﬁn smhi&h%@ BAR! Bfbef kKAACThE YbaRBodpE, afeménd
optical f ﬁ)%tla er, WhichCRUEMRRES ﬁ@oﬁ) @ofltﬂe 'SdD.IQTABééq &P@&Ze
ef  ect. 1 4gual 08, b AboliaNp s st %f%he hithénck Tkt Bk, ok

1 & o 5:?1 ﬁwpart of

t
oPDOS s § Thisetord @@F@s hﬁeEPd wflhalpgﬁa oy rewgnofﬁ? LPattsiaR, fifew

radi at i oWaY‘ﬂﬁ‘iﬁt dufrpmt £ lé N Heir SRNSRArISE Jegion r@ﬂr\%tsunr?efedslmqnae%ﬂ@f t he

| atter anplicatijogsssrotionq(cih'd asédunce opthe etthinmeneef dneahtbdebjditiveafitin imf

radi at i onemishputandncteaseiin thesaffetividiength of liciadiatiowinputdotitput regiqal ane of the
active | ayein fhe référré@érﬂB&hﬁknt@%fﬁ&gdte&f thie REdihtisH inpR—YitpusSiekoanad Be0 be in

the ranggaql ()f/ mnccﬁl@lﬁét@? w1th(@62r)dg Qvnﬁt@ﬂ?{(ﬂ%] (e\()Cxﬁél%) thidn 0923V larFQ
out put i HpWEh qtﬂﬁg ¢ ad tat hon S nor mal | y to the output
surf ace, C‘??é‘figapo‘f” TG S h 'L ?ge s)el ected to be [(~/4) &cp/ 2)].
In this case, if the concentratlon of carriers in the radiation 1nput—output reglon oes
not exceed 1 x 10! cm™ , the optical loss factor ayor-aps for absorption may reach values
on the order of 0.1 cm™ or less.




To obtain a nultibeam SOA, it is proposed that the radiation input-output

f egi on be made of at |east two introduced subr egi ons, th?zééﬁtér'hbgrfzowy chis

optically coupled to the naster source, and the subregl ons-ar e separated by

second optical facets for radiation output fromeach subregion while the

anpl i fi eWQ®/46B38operati on. The inclinadtion of the faces fdJGH/REIXAGR67

subregions may differ fromthe inclination of the second optical facet in

the direction of radiation input. It is possible in this case to sel ect

di fferent cdiets that inothe ssheraheasethy madistion Aeputreutpusmegip® maycbeymade of uétf ect

radi at i oonlgsemidopduative nditertpls lidk onlytreodssarg itha lits gharactedisticp| iapertofilat the acti ve

| ayer. Feifragivdildex iR éﬁdtdﬂﬁbalrl@@ fAkioP BydrNfoP 48D g@thﬁl &ndr dcak&ridyf nideptHeaser

het er ost puek Qi?é}ﬁét{t? é ition of the radiation input-out put regi on,
[8)

it s prOpo he 36 sgm B ARRLS 4 e A 0 S &,' on_
;&2 e, fﬁ 8 iR 8

out put ,
f or med a éﬂe % t'he r?f&ﬁ 5n§ﬁ1 8ﬁ”§“ ‘&‘c?ﬂ 'rcaﬂ?é +
(cp/2) -opdhopnt AGRaé vﬁh e angleg afinelinghion raff é@??

coat i ngsopticahiabetsi in thhé\ rl‘éaatgr ¥, thpavidthp m;aeqftthe)rmhamntlnputsgmtpafc@gmh t'he
| aser hetnmsiosdtrbecsmaller shgpothetweidtthef thesictive gaiafregibe alawg thticatird lepgth-afut put

region. ieAO0IiId a SOAwith a multistage AC, it is proposed that at |east

tC WOf gft Ievgg%& Q{Jgﬁgwr&g;ﬁ‘éﬁ ft i8progiRed kigdlthd Mehaw P sg thea%lfw@% yer ¥ angl e
p e alidthe %é‘ t e Q

![ EpUt ~ut agl?pqgv\g r'a ?tl%l d%tgetbﬁme‘%ae 1an 0?'%8 Es% ctl\llié1 W "ngf/ 00067

at at ?la gjr

par al | el Vg theanp) lreaegera d‘?oa't“ OB to the

pl ane of thdhidrPRRsal igyepl enm by tailormed mmwrt@@/@lzweﬁrﬁctky@t%ew ade

starts ofbsopionc cpeficientgi ofighe olﬂyers)hatlda idkaesses ofiethaclayers ghitherlaggron with

an i dent hatedosirudtimevandrit eadiatendinput-dliput eagipine This feads wacptingation efyihen be

formed oopappasof theSAICS ac airdabe irhther guih fdri inputi ragiation i te dceige dayer,aind t hat

at | east cofaeqitly W itaéale i@k efidkch ahdpsval Tk Qapd radiafio? | ines that are

paral | el tOIr?Q%Dm%EP@Fca@ékdaHé t ofib of Bie ﬁBB@éﬂs%?tMlE&ﬁﬁ la wStthﬁe ELE'&rtGSt
di stance 9[ Iﬁlrﬁdt B &%e\'\‘ﬁ)eﬂa\; £ r%@s%é 119({53xtr¥]be b i ? r%l%g hiake

opposite S nSI and an

PP ogr ar B bt b COP‘E%‘fEE‘oneﬁ’&af%'é‘ bl B e S sl BB g

i nput r atfhef siationcanddibs gelatedyinflowrangle déseel glatinn (§)s by theediesetioniofent , it
is pr opoé@meaShan thene Wasﬂmlrabbtmhatathlnﬂawmnglea@ iand ithe obidlofroangiel pakava second
anpl i fyi sigalt ealpenenfor(ehtinple| fortths purpaseofttiuéldifgihée proposalS@As ofith a large

super | ungig & Lx(ﬁcblﬁhllﬂﬂte\dﬂthnhkﬂfﬁsgbloQI rectivity. In the sane discrete
embodi ment  gf 5ikhgs PERIbIE tro ingakier @RAERY IMAE 1ELE RIS cRR: HAF U ,F)%saﬁl%d In
the acti Ya%xﬂi%h@nﬂnﬁﬁk}] t% ﬁ“éf QQEa%E‘Rv@fH?Jodﬁé’é ngflsﬂma ord r{h ditfcdzase the

SQA is a_saqurce | onal at | QA in
the int e§f%1ﬁ%fn8w@a ‘ ‘rVF s&h it hSHeP %iwegn ¥Sposed

t hat t he®™ gknesses o |r¥5’hg Pr‘% g?fﬁ'ét"g °§B 8%”‘5 chy ‘P”ﬁ@ rad| ation
i nput out put P%gFg)‘ﬁnch mallers thi e%o%?ﬁ‘é?fe gCEGC?Mkvetlﬁ@c%ﬁhQ bngle cp
of the aplapede igdiractr ergixtmlt)oﬁo tthee fing sapsicals Bgete dn jthis| epeartthe dntensityt ofethienf | ow
angl e ~ oftitgoing radibticeingemiasesrsegpiificanty in te iadichted yegion, deadpgntond sigiificadit ai n a
SQA i n t Becreast ey tirt itknsioofiiheeaniplifiet tadiadar on i fatd ofitheiactives gain eggiomd t hat
ref | ect ofid gick BERERSEPORIIng Bedréife AT thic\ithotiai 6F spRALEY raBfatibh fl¥BRHENoEOUT CE.
The anpl tn‘at ﬁfé erh ibrid! a% R)Balo&ecﬁéé%‘ nﬁ%fimhalglo%tth@&ﬁ G2 ramﬁutah% out put

I
pover W i B f‘ﬁa Aol LA, o el B A T
t he |nte ,lgglixlgy (ﬂ tive |ons of he naster sourc and
anpl i fying € m, “a'ﬁé""?ﬂ?s? that therouies sdditionalriayes Bffmldﬁé’ aprigngl dhat

i nput - outlpatbsr Bgi eadiation being amphﬁed. The purpose of this layer is to ensure that
maximum absorption of possible spurious reflections and rereflections of amplified
radiation, as for example through strong interband absorption, occurs in the layer. This
results in more effective suppression of spurious radiations, and hence in the stabilization
of the gain mode of the proposed SOA to high values of the amplified output power.



the active gain regions of the master source and anplifying conponent are
on the sane line parallel to the surface of the radiatio t
region and to the plane of the active layer, with a spac?zngg@g'ﬁ%%ogg cp
between the starts of the active regi ons the active gain regions of the
mast er sYRVEERd anplifying conponertd-are disposed on op%‘iﬁ'é”@@?thes of
the radiation input-output region; and the active gain regl ons of the
mast er source andé npl i fyi g conponent are fornmed al on %F[:‘fOf tvv? | i nes
that are pafhfhedireieged sass.dhneadiation INPRroYPY 5&o8SHBYLt callyne

shor t est cefidyetiyes andiftophes additienal dayerssare present, they topeshguldrbermaad Qﬁi@ctwlldpposu te
sur f acescdreiuntved Jddesian apnicFomtsOAs formbd awithulthé sudgee AC, the crledtieablyt he

di scr et ecamtfctiVteradiutiog riapuecorpitodionningd, ifl sthersaduitinb dyeishat mésehgant part
of at | egphicdftadtiis faaRdakith 1he fredGudhdeT thdiidiHaPlayers€0i On be nade
reflecti ve aﬁ%nﬁé‘rnh%aéé@ﬁt 1%%9 sl &%&é@&% ra&1§tlon i (J&{%g( &g{?)%&u avirtue

(r)]ef T gz,‘?: V trle natlh afneo cal foss fac orro‘?dI aér R ne B% t he
active gl R %@fﬂ@aﬂl%rwmﬁ thut, %&1%3&'% fWﬁ* s °1 ﬂﬁer{ﬁ‘é%them
For SOAsSWh WH s@rmga!af: dases rhemoqswwre.r%ﬁt é{eeelaﬁacal egﬂdal@w, qad; hss t hat
are di st sacgod sitdayebynudt bé madeof kinratieriab fwitheadoptich] loss fackorpnaped @d morst t he

refl ect ottmndf.1 bhe‘ didré,van glanit congicots afade Ivdtts teofidt subpayet oif nige edigtionent -
t he rrastﬁfu{_@a amd the reflectors of the actlve gai n region of t he AC

be rmade, 1 O,E1ATRRes bioh Ea& BhURE ihdtEast Q8! Bfion Plo) F @ | but ed
Br agg ref%f%g&g Iiat0ht ol cpsgﬁéésfawg & h@é@ vgefoaaa g e

| ength o e c of the
or esent hﬁxﬁS?ﬂ‘\ GitblagerdS ngwle%aﬁ%bmoe}ﬂgc B’Fo gé}rls PopEstot [t 30 hB of
col i mat B8 foRisttceradifatheoralis of the,aefmetive fidexgmomnisosaaller fordhe second

di st ri buswdaysuthantforthe fins oapythisfleasts to didetreasstindhe putfiowehgleap asitadistioni t h a
smal | anptopagdtesdn vier geoeksubiayar, bk canpduehily hga denpasnémthe tbtal thiknpssafosed
SQOAs t hettienjadiatioh inpgi@-dulid tregibAlNPrthekib, thie ntkep it pedkibld 16 aiRe isédodd

radi ati OPpti@f Fhtlets ﬁdrﬂi!@ltténtﬁ@%ﬂalabﬁﬂa Whigh&RbiifsCin| @R KiMphficdtion &Mkl Fyi ng

:x

corrponengabnmioql ek o‘? or ttt?e Qﬂﬁéte 143 M LPtﬁﬂ:%seaﬁmt {ht‘ée fﬁ%@e L g{ho&i ¢hghich is
sever al rea E talned by-virtue of the
nonobvi o l?’g’ & arfhe’gglfm >4 H?ép%W% e CIENH ures, | ncl udi ng the | nput of
i nput radi af 9\“‘ f%l‘“‘g ’Go‘Fqn Heee E’ind%ﬁthe 8’6|%? Ies on

the i npufeetQiy $ancke formad tyith prespbih %ﬁtrefellwed\lmver }aa@rScm“ th*hc

anpl i fyi lagercdnﬁptsdebﬁtwgm tthee agye (bﬁ)’et tad nthe, radiptien vinputs ontpih segien. rhdﬁsat i on
i nput  pr aposbit thet ansphmib ceritadt be amadgivithl thy eleotrishliieconiductivedaynrithiat dds the

(1 nt egr asmallestrediisofithe bapighp.out put that includes the entire | aser

het er ost r uctTté gropostdanodifiéitiond fer thakih@bhiriRUoathcfsa8duliin Qe Sia@lifitaton of

i nput | oumg%brpﬁggggeqmo yer aRkdLces by additionally introduced second
optical Tacghs.yy tl?at e P&fedqg' @Eo” inéaossp%eua gl%qfd tr &%?%S%;BB%EN ated

b for.the. cl
materi al U r%%ﬁédﬁs i 8, b by ol il o AT ST

opt i cal h%terets%uctqfﬁ%vvé@é eﬁffpotsﬁ egpmasspf ArglehS pad guidlew anglasety soa
desi gns p¥ dplegriacd vt felations i(He4bn Taghermase, watmgposgdoraélam tm@tte@eput

anpl i fyi regions npithn elifferentnargitesi of engtinatenh enbd diemsrcbndvioptical faesis,efromothiece of
I nput sugie¢dtions of£bath rhdistion inpet andaslitpit] (We stipulated thoit theodngdnofinelingions
anpl i fyi Bgtte%meaeﬂa&et Y\ Be GBARA R Aciite! e h@m§%5wﬁw o {hy dpﬁcmacet

i ncl udi ng, gy %W ﬁl@l %ﬁff?@edot*)ﬂ'le lradlgi% Ll ofi utal'e Fat is fop&dgnt um
El ectron &2} ble (? 3% S wﬁh é%lter ﬁer%cgf %zlt’rou & ﬁ@l@i}ﬁ Sndl the
pr oposed JLures

have beeﬁ“ia e;l%‘g'éf B‘B °8"rp“ ﬁBe %eaé?gere fpe H“é‘g fg‘&

af or enen®¥tBHeRd ?tfﬁrr eren ectmst agputgndneutpytyo @ﬁﬂé‘?ﬂl ragligtion,he

prior arwhﬂ@h@l&lfﬂﬂ&ﬂ@rfﬂbrméantq@bl’“éagje which is defined by the ratio

doRI dAGR~ niy effiectunadiation infus chironglos sbwmirrmlhsal fabetustrodized do tinoradiatidhe

| ncr eas einpat-bitputatgian af thieead iof fts inpap @vithuincnabdures anthirefluatiye E@iting nigduct i on
of | osseﬁmelflelttbethé %Hhals;ng&altheﬂfﬂﬂﬂt lahgleSs {halld 1@ shtliey Ad boRlitici0hREinand,
accordi ngj% he input of higher Tnput power into the AC and an

i ncr ease’ 1R He |ts I nput e~tciency, which is inportant for building

hi gh-efficiency, powerful SOAs and high-sensitivity optical preanplifiers,
but also allows for a significant sinplification of the |abor-intensive
preci sion process of injecting the input radiation directly into the active
gai n region.



12 Septenber 2002 WD 99/46838 -13 - PCT/ RU99/ 00067 The increase in the area
of the output aperture makes possible a decrease in the rgence
91 in the vertical plane of the anplified diffraction- Ilfrlan@%@e ?'diow

radi atio uction of its astigmat{sm and a signific e (by a
factor ogl %&gﬁl mately dl OR~-dAGR) in the intensity of thﬁ%ﬁﬁ@@% out put
[radiation] on the second opti cal facet during ext ractl on fromthe SOA [3]
At the same t| npar.i e desi |0| ar.t

Fadi ot on PR fadﬁ glpflf ppt %Jl?“@ggt“et ShgE, f 8 8‘8@&8%‘&{56 Bithe s de
wher ot hEBICRy 38 PR SRR ths, wée @' g

possi bl elfigt-obipuy regien thakisids the pize r0£ Hhe apytapertuieandrthatfacestitson

i nput i ninbensutfaseapd abits @mthcheeqoadl patwat fadeh from- (e tdirectioneefi mdiatibutin@itso t he
expansi owhizh foles amoltescodngfOAdth thd plahaofithe valiveclay@afantl vehiduisffoonedtgines cp
that ar eail& bf inglnaA1d8 Gy;RKlebicd R Befrhgdeency and | arger input and out put
apertures. The decrease in the intensities of output radiation on the first
and second optical facd(®w4pn(d/Re- (cd)]ad [@hHeuE)t (87 nakes it possible to
obtain high levels of output radiation power, w thout approaching, as is
the casewheretmis qguplio hF416 radiansvhilme intheanals ofromplete inner fftﬂﬂcgomﬁkfes it
possi bl ethecradistion dlowing eut ad thepradiatipm gnpuitfoutpamn degien.i fishe inppt eddiatiom jsr oposed
SQAs, evgitedidd mirfiallp ey ihst ShSace, the adglerof sinaticioy silselettcd fo bE [(khg —val ues
of aI\/S , and al oR makes possible a significant increase in the

ef fect ;’yggb kS i Eﬁthsio%%m oo oﬁt{lﬂlsfaé‘ét EEPARGRARL DS ugeag;
output - phiikruBsends; %ﬁcattang R ThC Mt DY T e e

di ver gendelingiionys seipcted frgm ther8Bedi cul ar pl anes. | ncreasing the effectl ve
| ength nmakes it possible to real I@?ﬁ; 4[ogt si ng desi gns proposed by us
for multi beam SOAs and SOAs with %‘tg’r urce of input radiation in the

form of an gnghild bﬂeﬂﬂnﬁlm%ﬁ% @abnMhk Nnut PMibdic RURrea¥R! dokinlly td fie! udi ng
those wij Eggedu%fcﬁé& c%ﬂfa‘égtb&féhﬁ%% ?ﬁ%u{)mgtsts% LteddY 38 g @Qﬁ u?{het Ihe

pr oposed, operat | st ea

out put-r evel s, V\/nl ch are determ ned by the proposed fundament ally
new mechani denefectdrdiationinputithragshes sesand aptieal &f@butntl[osibchr indhe fasdationt i ve

gai n reginpnt-ouput regiaalr atvthe tougnt icod—twith he ahtigefldching codtimgt thethsibtadds an

i npl enmenjaitd eiplewithhiie Plab@Tele ftheilayddais eimade WtR\WA dagRi of iRCIAMUGH WON
processegolecdtdll hmlie AAYe:have been vvorked out qU| te well and are used

exten5| vel y i n the fabrl catl on 0{1 ) Brl ef Descrl ptl on of
ngsT & g ¢ (pIS f %dl ment s of
i thIp P é‘l»“e 3 r (H:j 5&" e&&?@f&a P“ 28 PSR si gn

present efPeiftion, the angle qf ingfi H%%\V“éﬁ‘ﬁ? tt?l ee%t 8?f ot her

enbodi ment sTmf@e prdiationypetpyt Htf@ughem ek optical rfeceégg\tle@ataéltldﬁﬂﬁmve
f eat ur escoating hmadcltmra’rtel td-thguroemal plahe the putdllolwargdpipds selected tgbe smakherd
section {haheigarigheofapial hddrmgatilectish & ﬂr@n&ﬂi@afaetnenﬁoﬁeamf&c@f the design of
the anpl i fyiTgre@TRARESH inpht dliouRHARRSE &%Wth@s&ﬁ@é&&h&@pﬁdﬁpfﬂcetaﬂd
out put thr Hg&eatﬁe& ARblcl [EAGELS cB b@ﬂﬁﬁe %B d?l%qﬁq @@géoﬁa gfﬁé

pl ane of t t r surface
of the o th?;f it e?felg%g %Inginud- uo ﬁﬁb%‘ ?‘é‘“ e@fw ntgop Vi ew
of the d OHP‘I’—%“Q seqon °Pi‘2 r‘ér‘a {RBbl/RIRYded fory

PCT/ RU9Ofhieiedy 70nnn ttrOé this sufecravhickis eta@anet by thesizs i theinpyl apseuis ad of a
speci f i cwhighds lm*eér beginning with the bpundasy phthesesand ng@lt fagritwith thedgnesn, each
of whoseswlaeddi ige tadjation inpuitaitpst regiensathd digancabf o nefre dehni Mg - ki g.es of

ni oa. Fi gat &dthtios At icplohided € titcughhiBe Cdiad Qe fdcd it Aliffathtagit ofiti Iadex in
the diregfid paiPRLPERE! 164 E&dtthﬂ d fétﬂ%éﬁ;veocioahh bk ap aqﬂtedht%ttﬁé Pidt(opeibalr €

depi ct ed&ﬁ&ﬁ&em?m tﬁegwo q gﬂ&f}F}%} g itV Lyl &gtadzgta aden®

near-fie n 1ate V\nththe
super pos

nsi t
ﬁ) t he ractiv ndlc SJnthe correspondi ers of

A AL S AN B A aaﬂgﬁltfaa%

depi ct s tadetmaﬁrqsp@tletlmee@mteétﬁlteswem wscqr#t@ﬁgat@c f the anplified

radi ation in the normal plane (cal cul ated data).




Figures 7-9 schematically depict |ongitudinal sections of the designs of
heterostructures for different enbodi nents of the arrplif j correg @&ft of
the proposed SOA: Figure 7 shows the sublayer of the cl b % of the
| aser heter ostructure that is adjacent to the radiation |nlput ~ut put regl on,
and consY&%M46$38t wo regions with diffé&ent values of the rFEfI/RIE 006

i ndices; Figure 8 shows the radi atl on i nput - out put regl on, which is nade
of two subl ayers of different el rlc uctivit and Figure .9 shows
that a secoﬂ% SRt Cll%}ww%&abfﬁvg teisifore SHAGS fguie i Fegion pRPOSIE Wege of

t he radilgneiowriass the airpflactive goating img e%amtt thecrtane.ias detepminedibyt

cr oss- selbeiszasf @lte qidputgpertwe, afithe mdxabmntlmwtﬂtﬁmdsregiosmhmb is eppiofide thet

i mpl emeninat¢r sumface bf theelatitman adjatieaicto, the semintli aptikalyfacetHrqmitke didectionidth t he
el ect ri cabiayiof 60@uciid®hiol ibteridah obRie iindlé hethrthe pRhé oNthe BVl EEndr €gi on,
whi ch i sig %@L&g%ﬁﬁ%@bm{:'l%{&& Letectdltd bE ﬂ?thﬁ' ﬁ%@’l cally conductive

subl ayer t has est ban gap anong t bl ayers of the cl adding

| ayer adjacent to the [(amat(tpm)4(em;}ml{(7ﬂu) (@) os/29nd  Figure 12 - with
the electrically conductive sublayer of the radiation input-output region

that is Bafjauspuitintwhiclnéhe eipyt tadiation st divestest romplly e dbe vBtpusswéiventhei cal | y
depi ct |apis sflidelivekion §Gtis sebevtedf to de f{¢nét)ente/DHT desi gns with one subregi on of
the radi ati 9§ obtafitd mattitedi S@AI #1is plopgdedahadIhe ratfidtioniaglitadutpit regiotbeand

out put tR5EIGNaI84P AFo MEddadd §u® chsPie Hrbedf Which MeopRamRomiiad & theFl gur e
14 - w t a£té’1d§cﬂﬁé O%ng Qﬂélkuﬁrgil ?Qxe%e@&&féﬁdbfgédoﬁ&' Lé‘ﬁet‘ac&é‘rfé’ﬂ {a%kat*oﬁ t he

nor nal I C f acet

it lg)r i %x% (%R)n
p05|t|on P %fﬁ V\%ts angre” g HE?@% R g'é )éﬁre 15 -
with sec%ﬁ?f HPF‘(S& LA LS JBY ¢i hmgr“ lﬁ%t@ z%%“f"a? plia faﬁﬁ‘e‘nof t he
active |thydireelion of radiation|inpuf. dhisineptibledn this gesse Sﬁlﬁﬁfcﬂj ﬁreph@om'em@tm@urface
of the rddhaanglq of imglinativntypuandregto effectandiatidi gutpet, ix&ludmg suchromtiivdnonon i nput
and out puallﬁtmhugtanaoﬁ&remnﬂv@lpyucal facet parallel to the normal plane,
with a singFer 66! ioobutpht AdRkiohi BEbupRAh& siice bf tHelas@dhd@tloSthucture
i nput OUt(EﬁHos{t@%eD odificHTof MR SREARE AP&L6@puf AGRin, 1F 9 PFopd éH7t}111§ second
schemat 'gﬂc V£ 81@'1ﬁtth£ Qﬂ%bﬁ&i{jbf‘i’a{dlaﬁ%ﬁt%ﬁgi Qﬁbté %{?pa%ﬁ{%d?@

cets | nt 0

Coveral s Shs RVl Bedime B ah Wﬁ%ﬁ% ‘l"h BI5en GREG on anc

sever al

mul ti beam radi ation out@#@ leﬁ%g 5/2 |)] tjoﬁ ,ﬁgp;ggjg?q g%zsu 1P/ 46838 -15 -

PCT/ RU99/ 00067 Fi gure ace region, the

second o cal .facets of ea br e bei n ositio se angles
T the piiselesrive Foidet be Bin e uk &85 eyt couiPe Sulie R,
posi t i ondergstructiirg eppesits thi @S‘%‘?d’ t :? tion Mput-ONPUE EREY opt i cal facets
whi ch are pbebuildaS@Anwithamultigaga AC, i é rrARossane of the active | ayer and
whi ch i nt ettlsxt at leadt twhactveugadaregions withenridehtzal inflowrgpgtedidndliutfiewiaoglewi t h
the laser Refoeefdt g4if tdpich bdfdhiee od IhSarRRbLE dR! falliatlew irfpus-oatgud Agiiénidi nal
section of gfhe de5| gn of a proposed discrete SOA with superlum nescent
radi ation, in which the naster elenent is inplenented as an anplifying
conponent .



Figure 20 schematically depicts a |ongitudinal section of the design of a
proposed discrete SOA in which the naster conponent is |£Qié%ﬁg
injection laser with a radi ation-output region. Figures ena i caI |y
depict vari ntegrated SOA designs., Figure 21 - the a ctive
regi ons @’?’93@3& W th superlum nescenl11 Tadi ation are pl ac@%@&?@gﬂﬁ?i de of
the radiation | nput - out put region (longitudinal section); Figure 22 - the
| aci ng and a if ive regions.ar 0 i oned. o ne SI of the

radi ati oh i 16% ik é&? iy ﬁ%sggf' tbadﬁe AR, 2lope % sl suflg 0. e

| asi ng and S¥M elq hergdigtion input regiprand fe;th ‘?Blﬁﬁ‘?jo%‘il?edﬁ’éves]?ﬁeé’ withahe

radi ati on ispsing 4nm’tam edlebvﬂe(lttbq)st&mmﬁthe astiveFegions o4 - the | acing and
anpl i fyieg tizat tat leastiongiaotinge i rgpisi with arddenticalipfiowtatgizitderl mitfléwangladi ation
i nput - out Py for QAEH Paih |r9%]&'1 bl dorAfdd GEEPPRNS surlFAiRe dF MRNadiabibn ilRutldigRL | on

The proposed,;§23rsche ically depicted in Flg 1 conprlses a nmaster source

1 and anoéj% tem.2 for formng th n i at.

posi t i oned%ban a‘ﬂ"?gsst C%Yﬁ%‘éregé n?% ﬂ’é‘ﬁagélr? @a%h aﬁ‘f@ “Z)eﬁ l?ﬁ‘?ﬁaﬁﬁejm s of
whose acti @ epdypihar f“sd HiBt aBg0m RPRARE SHrfages; Wathch shasigst dig a§°‘°of110t<4§@ ®ir st
two el enentbstweatTt® starts ofthesrtive gaingegignsempprasiesides: | aser heterostructure
4 positioneWeonlsa prapesedatS®As dndbotbnsi discrety embadinamt i arel |any éategrated| addi ng
| ayers T7erabstliBent\inelbdiag ethenuseobh ashelstandrdagiastee sbaicer of6 inpn dadiaien)t act
llayer 9 mBladlmddhilistagyAC. 7. O adding layer 8 is positioned on substrate 5.
The hi ghly gopediscQ dfbodi¥ @ it & frdptsel YR tﬂexﬁhﬂé} sbﬂrcE%?nﬁfﬁf‘%ia@ioh&
questi o Iﬂn@d a&“ag{é rQ{ hif @'&\1 ‘fzﬁztlﬂc is aséé\'1 i a Pl {ohm ¢

CO{]t act g%“)ﬁrl? megﬁm ?g@tlgp S lgl?glr? dejr) s]dr ace (see . 1'£he
aCcll ve nent e orm.n arresasrl
by means, ofl nbrﬁ}er same (isgrets smbediment L‘ rﬁfd’g"f it c‘a%/PrBHO%eHet%ébﬁ?ﬂ E’F%\tbFoP\ of
the acti mém@araﬁpdrlegthenctn@sgmm@w%&lee@cq yeplifyipgreeamoacntan thiheasat i cal |y
i 11 ust r athe$QAnisr spurce of itghlyickctiondl lasgt radistionnput has been sel ected to be
10 pm and % obtam DVOALIN thbirtegrated 6Mbpdimeqthwitbptiparhimihescert radiatidn, tithie | nput
face of prioposedtthat ehegXive paiBirogioR bltHeliRastisba@t bé pluetd kthetadisibndHpiut face
of the a&thmqe ah Iafﬁegdnm, ¥R ic6hp dﬁexﬁ%%att'ﬂﬁg‘&]lth %gie (élbfﬁfe a%ﬁ%hgﬁh facets

14 and ?eg%o ta%t@ﬁgolu?ge fsv n%%glttlor{ge irtiow,. og}heoa%i gaglnrgg iof of 25 In

question ref I'on coe substrate 5

i's the rEg@ P ﬁ“ FPIRSHY puy 7. Ont rad| ation input and out put
si de, radi aT?@ %&ﬁ%tﬂbme f’gﬁf E‘?I%Pém}%hﬁ’d iRty bt Prenesed acet s

18 and 1that neBeciprisbg ingornqrated é ﬁ\@etlmm regiome tb@ tnnstar Joafdeect i on

coef fi ci ent Thé aplificd dwputi mdlatlomnﬂswhtﬁ‘@z&s isadistagumhedvby drigh swpatppiweed. | n
the  12wilkpineaibaengl200? AMRrE&icd6B3Bothlthe- véXiddl RBD hoAdEialdplangnat low

corr esposptigmgtié. t hat schematically depicted in Fig. 1, the first optical

:‘M atCﬁt tshé4 apRe foloMivth HESPOAIRR Wt prohasator thd uﬁegetaéa emgﬁ'ﬁ%tan acut ainalngl e
of incli ngtlfll?é;%a&é gﬁ?}éigf %‘%{fg%%gsfou% ﬁf argb ﬁf?ﬁ‘% L\c/é\)nnlﬂ;é)ﬁl&gtr %@2}%&2? ?ﬂ g

yl 3 and y glQtnhe an le ~is equal to the angl e
cp and h%s the alivigeady r@ws ofth %%F%S@ETCEI@ Rl i“SrFOmPOPﬁ%t Hpgnethe £ rom

t he angl e &pmeldiag parstieldpdhesurfdge of thecradiation inpat-wutpyt reghen andsiocthe iplane

di ver gence ofitiglaetivédaper, vith aopadih® e tinag bclweere«haaiarts of the.acliVxeregibins;st ment

of the anglig active gafnveoas of MHeOHater! foarcR! anﬁrwm hponéillage @ifsgédaﬁi dence,
8, of the 'OHQB%oﬁtQQhﬁ'ﬁde@'afﬂﬁrM@tl(ﬁ?ﬁl oo Bhfé ion &ﬁi”'Ch 18 RIOR 17. The

i nner suj f | n orders.on Iad i ng
| ayer 8 an ?%l'naacsgg %am Hn?f %; np#{er 33%" &ﬁbﬁomm gr gl east
e

length LAGR Are Py “F at g %aems&a ly
equal , and quﬁ%cew "e? ogiqﬁtfdaeewz etyyeep dbg %(%“%)‘Pf ﬁwtvecgatnpregwpégn 8PPOSHehas a
Iength L~oRutdacsh being diorfstm@t he | ength LIOR-1 ~e length L~oR-0 of the
proposed SCRor SQAsaotitlcad Inpuldstagd AOC, tfhe Hothngthh diséetewland hthies intéditte¥i m  The
t hi cknesgmbbdiiests, it aq;lraids@dlthanméasug (6f ate@sﬁéhe]shrfa@@oﬁtﬁb esdigibntigplre 260

pm The §g Irgé,lgﬁ[}@}naag&‘tﬂegpvé)f AC see Fig. 1) depicts the sequence of
opti cal ly honogeneous | ayers and subl ayers of a |laser heterostructure with

one optically honbgeneous subregi on of radiation input-output region 17 and
a contact layer 9. Cadding layer 7 consists of two sublayers, 22 and 23,
active layer 6 consists of one sublayer, and cladding | ayer 8 consists of
two subl ayers 24 and 25; |ayer 25 adjoins radiation input-output region 17
(see Table 1 ). To create the design in question, the sem conductor |ayers
were grown by the known MOCVD net hod on substrate 5 fromelectrically
conductive gallium arseni de, which acts as radiation input-output region
17. The conposition, thicknesses, refractive indices, type and
concentratlons of doplng, and the correspondlng absorptlon coeff|C|ents of

o o o o, g, P— o



WO 99/ 46838 -17 - PCT/ RU99/ 00067 The standard lines with arrows show the
directions of the collimted input radiation from master h an
i nput angle b to second optical facet 18 and of dii~ ractl etﬁie?ﬁbeﬂ'zwf
arrpllfled output radiation with a refractive index E to second optical
facet 19WOHM8¥e design in question~d%se Fig. 1), when tHdR (08%67i sin
operation radl ation input and out put occur along nornals to the
correspondl sec 0 tlcal ets sa is used to_indicate
the di rect | BY ¥ ﬁrS F'sfal Sho of BB QR o 1 agesBined Hsitay

i nf | ow asHgfages, th %ﬁéu@aceélmgfemgpwﬁaiucaﬂpm batyaen theeactive gaingsgiope fnuthe 4 at
an out f | tdiagion irputpuiput hégion eammon tnmthemput - out put region 17. The basic
par anet ers For SBotshwithelabet mdasibn uiat both disctetehandSiddegratet] hdesipnanthate aten
quest i ondidaighished bl defterét kind3 Witsddbadk, &llﬁf_yo@bsddﬂhﬂ&hé fITRedraoehE géthg to a

progr am gﬁﬂ@@g@ﬂ bmn@ ‘§é’&)‘n9 F&ﬁﬁ')h@ing‘@om tH?:Qnéﬁ@érQQsek S—tahg uPiliketofiet hod

Chi | Ki ( 1984), Vol.
No 7, pWatlh hin s"g?‘@l’?‘“n(g: %(sz\t/eel fa?texa st ons W t%fAt he correspondi ng
boundar y cc5 Cf“"(‘)ﬁ P85l til ayer Laser het er ostructures. These

cal cul at?o tﬂé‘&ﬁip%gffﬁﬂ@&ﬁrﬂj initial data: go = 200 cm~ - the material
gai n i n actdismabyted fedbackirefledters alongdbe entira d¢righy ef the\aetivé gain regior-ofthe 10- ~6
cn? - a propotdrisourat.i ty factor between (g + go) (cm 1) and the

i nj ect edel eThé essehc@NGRMht paéseMintentldhl isia Fow, nWA6bHOGs f)ﬁ)F)bial ¥or distribaged

mat eri al j ﬁ! Bf b&llhﬂﬁedaﬁbhtv Rdlaf¥Rinto, the 'arrlplﬂ'?l%@ do?nﬂoh hlfx@tfémsﬁifbuted

nonequi | fleSrhgl % Hﬂfr& fon té/darc tﬁaac '11 oT c'i Bgeopti cal
Lgflsvfeagé‘o Lor E‘%ﬁfq}“ one % EERWROI;;E q\:ﬁg %g] g;r; in the
fadiatio b atzpra ofirgs eFBﬁlre s %Pf

i nput - ou@lﬂﬁlﬂ rr@gqqmpomnto isieqinlatostbailength psm ptive gain reglpnevhigh is jour n.
Appl . Phseyeral |tigges) greafet thag7ifs thackngss. plhis 1549t1a1&@b y vigue af whe apeohyidus~. =

0. 98 pm agpicgatecal all ¢he ¢ss¢rdial famyres; oncleding dbé orpuobf input t@liafionnbBusiaged a, 5
= 15 cm dollimided bearndndidait at sgeoified adgles banheimpugsunficafroimihe emdtepkodrbg acti ve
gai n r egitefindotpsrigdh ihithé Amplyingaonipdaeit ofthe SOASIMhEndw 5HA6bWOES MeisOr t i ons
of the r@fiﬂaafah&m irlpuPPopoded bydR @hicREs brafHAIPsnBIbed Be Qnm%izd @Mﬁegmed)

radi ati op,geahd ﬁgh it tﬁaﬂ‘ﬁ%hﬁ%% it ® 1&8{58%{95 drﬁ‘ct

S Hdionty -
radi ati on I H tyva % e 0 )y 3&&){70{9&?1 eous.
The assuiEanet igioRcof, i 2 dpeyt it Lo o @ rfaces b

| nGans/ GRIEAUGed secopdontical aeets andat 8ot Gl e npno ‘&H%é%“&ﬁme‘i“ﬁ fampuys e
het er ost latrgt & as dor e r?@a@mer@rqs Rf the et brisrstimetuenpiedy B mastialaef thenese
par anet einputraytpohieaiye itsifcntdh¢ walinggionedits optiodd facetsbt ai ned by nuneri cal
cal cul ati onThoessehee @0heipresguesivention istdi® thet ndvoSOA detigns proposedywvith f or
the net auttipebmgradadbatougput fandna hivdtistadd w@plifing ce@peorent,ninOart dttegaiedn

| nput ~ut HbodiRGhORNItH 4 niaSter SeUiRceoflifputdupéluminedchft drdgser taKARN ih Be BHhIOI N

radlatlogf agm(;gg@s fyfe@Bihipoh&A! ON I nto contact layer 9 is a'oR =1 X
net or 821 : ur & i m&m £ SOy B ﬁcﬁlﬁﬁlﬁ%&’@éf“ gic- OWE
12 Septe iy lichent B L AT
distribu é‘ﬂ"?ﬂ‘agé he pgepos $9 8??‘15 pl ane perpendicul ar to the

layers of |3&be rarqaétOé rthe tlflm&t%ﬂeo‘ltp‘én@wsl lwérbe@ﬂ ingrgnsedi begasepefi theut put
r egi on lincfegseeinfthe sizg )of tinaforementioned apertures in the vertical plane. In comparison

with the prior art, the aforementioned increase, which is defined by the ratio dior/dacr,
may amount to a factor of hundreds, thousands, or more.

The increase in the area of the input aperture allows not only for a reduction of losses
of the input signal when it is fed into the active region and, accordingly, for the input of
higher input power into the AC and an increase in the its input efficiency, which is
important for building high-efficiency, powerful SOAs and high-sensitivity optical
preamplifiers, but also allows for a significant simplification of the labor-intensive
precision process of injecting the input radiation directly into the active gain region.
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preV|oust considered first enbodi nent of the proposed SOA was sel ected as
the master source 1 of output radiation with 4.32 Wof power (for an
operating current of 3.825 A). Optical system 2 for shaping the input

radi ati on was not present, and the output radiation of master source 1 was
sent directly on the normal to the plane of the second optical facet (not
shown in Fig. 1 ). The main dii~erence in this enbodinent lay in the
significant increase in the power of the anplified radiation at the output
of the SOA (P't is 72 W and in the decrease in the angle of divergence 01
in the vertical plane (01 is equal to 0.6 nrad).
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10 with it. A second ohmic contact 11 is made with substrate 5 on its outer surface
(see Fig. 10).
The active gain region (see Fig. 2) is implemented by forming a mesa strip 12 by
means of barrier regions 13. In this modification the configuration of the active gain
region has been selected to be expandable, as schematically illustrated in Fig. 2. The
width W,, at the input has been selected to be 10 pum, and at the output Wy is 160 pm.
The optical facet 14 of the input face of the active gain region and the optical facet 15 of
the output face of the active gain region, which we conditionally call first optical facets
14 and 15, with antireflective coatings 16 applied to them. In the case in question, the
latter have reflection coefficients of 0.001, and substrate 5 is the radiation input—output
region 17.
On the radiation input and output side, radiation input—output region 17 is
bounded by second optical facets 18 and 19, to which antireflective coatings 16 with a
reflection coefficient of 0.001 for input and output radiation were also applied. In the
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he composition, thicknesses, refractlve indices, type and concentrations of doping, and
the corresponding absorption coefficients of the layers of heterostructure 4 of radiation
input—output region 17 are presented in Table 1 and also in Figs. 4 and 5. The wavelength
A (um) of the amplified radiation was chosen to lie within the gain band, which is
determined by the composition of active layer 6 and has a size of 0.980 um.
When the proposed SOA is connected to a power source, nonequilibrium carriers,
which effect in [the AC 3], as in the AC of the known SOA (see the device of L.
Goldberg et al., IEEE J. Of Quantum Electronics (1993), Vol. 29, No. 6, pp. 2028-2042),
amplification of the input radiation of wavelength A (um), or of wavelengths within the
gain band of the device, that is input into the active region are injected into active layer 6
of AC 3.
Twenty-five milliwatts of input radiation collimated in the vertical plane was
incident on the second optical facet 18, with an input area Si, of 2,475 um? (247.5 um, the

vertical extent of input, multiplied by 10 um, the horizontal extent of input).
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A semiconductor optical anplifier as in Claim14, which is distinctive in
that the refractive indices of the adjacent regions are different. 16. A
sem conductor optical anplifier as in Claim14, which is distinctive in
that the thicknesses of the adjacent regions are different. 17. A
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18. A sem conductor optical anplifier as in any of clains 1-16, which is
distinctive in that the additional |ayers are nade el ect{gdgéal elerbeCr(}'agﬁJCti ve.
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AVENDED 2{iGlic 6&Sht GhlBlagd? 29 is lightly doped to a concentration of 1 x 10* to 1 x 10" em™
! In this case, absorption losses can be reduced, and the efficiency of the SOA can be
increased, as a result of the additional decrease in the optical loss factor oyor in the
second sublayer 29 of radiation input—output region 17. Here, an ohmic contact 11 can be
made directly with sublayer 28 as shown in Fig. 12. Note that in the case of small values
of W, and Wy, ohmic contact 11 can be formed with one of the cladding sublayers of
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which is distinctive in that at | east two active gain regions are fornmed
along the sane line parallel to the surface of the radiation input-output
region and to the plane of the active layer, with a spacing 2d~oR/tan cp
between the starts of the active regions.



43. A sem conductor optical anplifier as in any of clainms 1-26, or as in
any of claims 32-34, or aim37, or laim38, which is &é;nwﬁ%er\ﬁ&i n t hat
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To implement MS-AC 1 as a coherent emitter (see Fig. 20), we selected for it the
design of AC 3 depicted in Fig. 14, with additionally formed reflective coatings 31 on the
first optical facets 14 and 15, on second optical facet 18, and in part on second optical
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that the width W, of each successively active gain region of AC 3 exceeds the width Wy
of the previous one to the extent that the losses of the radiation being amplified are
insignificant. The amplified output radiation of such a SOA should distinguish not only
the monofrequency nature of its radiation but also the ability to obtain high output powers
with small angles of divergence in both the vertical and horizontal planes with low
astigmatism.

Thus, in comparison with the prior art (L. Goldberg et al., IEEE J. Of Quantum
Electronics (1993), vol. 29, No. 6, pp. 2028-2042), in the proposed SOAs the input and
output apertures of AC 3 are increased by a factor of more than 200, the divergences for
the input radiation and amplified output radiation are reduced by the same factor (here,
diffraction-divergent radiation was obtained in two mutually perpendicular directions),
the effective length of the gain region in the SOA is increased by a factor of 6.6, and the
output radiation power is increased by a factor of almost 30.
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AMENDED CLAIMS

(Received by the International Bureau June 18, 1999 (6/18/99)
Originally Filed Claims 1-51 Are Replaced
by New Claims 1-56 (11 Pages))

1. A semiconductor optical amplifier which includes a master source of input
radiation and an amplifying component optically coupled to it, said amplifying
component being implemented on the basis of a semiconductor heterostructure that
contains an active layer positioned between two cladding layers, in each of which there
are ohmic contacts for at least one sublayer, said semiconductor optical amplifier being
distinctive in that at least one additional layer is introduced on at least one side of the
heterostructure, and the additional layer adjacent to the heterostructure is designated the
input-output region for radiation to which it is transparent and is made of at least one
sublayer and whose sublayers have refractive indices norq and optical loss factors oyorq
(cm™), where g =1, 2, . . ., p are defined as integers signifying the sequential numbers of
the sublayers of the radiation input—output region, counted from its boundary with the
heterostructure, and in the operating amplifier the angle of input 8 of the input radiation
and the net loss factor aor (cm™) for the amplified radiation flowing from the active layer
are selected accordingly, and the effective refractive index nemx of the heterostructure, in
aggregate with the radiation input-output region, and the refractive index mor; of the
radiation input—output region satisfy the relations

n Pl i
0 < arccos—=ft < arccos—eff-min

PIOR1 MOR1

such that #egm, is greater than ny,, where Regmn is the minimum value of nqg out of all
possible ner for the multiplicity of heterostructures that are of practical interest, in
aggregate with radiation input—output regions, and #p,, is the smallest of the refractive
indices of the layers of the heterostructure.

2. A semiconductor optical amplifier as in Claim 1, which is distinctive in that the
input radiation of the operating amplifier is formed to be collimated.

3. A semiconductor optical amplifier as in Claim 2, which is distinctive in that the
input angle 3, which is equal to the angle of incidence of the input radiation on the input
surface, is determined by ensuring that the inflow angle £ and the outflow angle @, which
are respectively formed by the normal of the input ingoing radiation front and the normal
of the outgoing amplified radiation, to the plane of the active layer of the heterostructure,
be equal, and & = arccos (Me/mioR1)-

4. A semiconductor optical amplifier as in any of claims 1-3, which is distinctive in
that in the operating amplifier the net loss factor aor (cm™) for amplified radiation
emerging from the active layer at the boundary between the sublayer of the cladding layer
and the radiation input—output region is selected from a range of values bounded at the
bottom of the range, Alormm (cm™), by the permissible minimum value of the efficiency of
conversion of the electric power supplied to the active gain region while the amplifier is
in operation, into amplified radiation power, and on the top, Clormax (cm_'), by the
maximum permissible value of the operating-current density.
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6. A semiconductor optical amplifier as in any of claims 1-5, which is distinctive in
that the radiation input—output region is made to have a width no smaller than the width
of the active gain region, and the radiation input-output region surface bordering the
heterostructure, which is called the inner surface, is made of a length Liors (um) no
shorter than the length Lagr (um).

7. A semiconductor optical amplifier as in any of claims 1-6, which is distinctive in
that Wj, (um) is selected to be equal to Woy (um).

8. A semiconductor optical amplifier as in any of claims 1-6, which is distinctive in
that Woy is selected to be larger than #j,.

9. A semiconductor optical amplifier as in any of claims 1-8, which is distinctive in
that the radiation input—output region is made of an optically homogeneous material.

10. A semiconductor optical amplifier as in Claim 9, which is distinctive in that the
radiation input--output region is made of a semiconductor having a bandgap Ejor (€V)
exceeding the bandgap for the active layer E, (eV) by more than 0.09 eV.

11. A semiconductor optical amplifier as in any of claims 1-10, which is distinctive
in that the thickness dior of the radiation input—output region is selected to be in the range
5-50,000 pm.

12. A semiconductor optical amplifier as in any of claims 1-11, which is distinctive
in that the median plane of the active layer is located at a distance from the inner surface
of the additional layer such that the amplified radiation intensity in the aforementioned
median plane of the active layer that arises when the amplifier is in operation differs from
the maximum intensity by no more than 20%.

13. A semiconductor optical amplifier as in any of claims 1-12, which is distinctive
in that at least one of the sublayers of the cladding layers of the heterostructure is made
with a refractive index of at least rior|.

14. A semiconductor optical amplifier as in any of claims 1-13, which is distinctive
in that the heterostructure layer adjacent to the radiation input—output region is made of at
least two introduced regions whose bordering surfaces are perpendicular to the plane of
the active layer.

15. A semiconductor optical amplifier as in Claim 14, which is distinctive in that the
refractive indices of the adjacent regions are different.

16. A semiconductor optical amplifier as in Claim 14, which is distinctive in that the
thicknesses of the adjacent regions are different.

17. A semiconductor optical amplifier as in any of claims 1-16, which is distinctive
in that the outer additional layer is made of a material that absorbs the radiation being
amplified.

18. A semiconductor optical amplifier as in any of claims 1-16, which is distinctive
in that the additional layers are made electrically conductive.

AMENDED PAGE (ARTICLE 19)
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ohm1c contact is formed with the free surface of the additional layers.

20. A semiconductor optical amplifier as in any of claims 1-17, which is distinctive
in that the radiation input—output region is made electrically conductive.

21. A semiconductor optical amplifier as in Claim 20, which is distinctive in that an
ohmic contact is formed with the surface of the radiation input—output region.

22. A semiconductor optical amplifier as in any of claims 1-21, which is distinctive
in that the radlatlon input-output region is made to have an optical loss factor aorq 0f no
more than 0.1 cm™

23. A semlconductor optical amplifier as in any of claims 1-21, which is distinctive
in that the radiation input—output region is formed of two sublayers, such that the first
sublayer, which borders on the laser heterostructure, is electrically conductive, and the
secolnd layer is made of a material with an optical loss factor oyor2 of no more than 0.1
cm .

24. A semiconductor optical amplifier as in Claim 23, which is distinctive in that an
ohmic contact is made with the first sublayer of the radiation input—output region.

25. A semiconductor optical amplifier as in any of claims 1-22, which is distinctive
in that an ohmic contact from the direction of the radiation input—output region is made
with one of the electrically conductive sublayers of the cladding layer positioned between
the active layer and the radiation input—output region.

26. A semiconductor optical amplifier as in Claim 25, which is distinctive in that an
ohmic contact is made with the electrically conductive layer with the smallest bandgap
value. -

27. A semiconductor optical amplifier as in any of claims 1-26, which is distinctive
in that a second optical facet with an introduced antireflective coating, which is
introduced in the radiation input—output region from the direction of radiation input, is
made parallel to the normal plane, and the input angle 0 is selected to satisfy the condition
arcsin (Morq Sin &).

28. A semiconductor optical amplifier as in any of claims 1-26, which is distinctive
in that the antireflective coating is formed on a part, determined by the size of the input
aperture, of the radiation input—output region surface that is opposite the region’s inner
surface and adjacent to the second optical facet from the direction of radiation input,
which subtends an obtuse angle with the plane of the active layer and is formed at an
angle of inclination y3 to the normal plane, selected from the range

[(n/4) - (£/2) — (o/2)] to [(n/4) — (£/2) + (c/2)],

where 7 is equal to 3.1416 radians, and o is the angle of total internal reflection for the
outgoing radiation in the radiation input-output region.

29. A semiconductor optical amplifier as in Claim 28, which is distinctive in that the
angle of inclination 3 is selected to be [(n/4) — (£/2)], and the output radiation is directed
along the normal to the input surface.

30. A semiconductor optical amplifier as in any of claims 1-26, which is distinctive
in that the second optical facet with an antireflective coating from the direction of
radiation input, which subtends an acute angle with the plane of the active layer, is made
with an angle of inclination y; selected from the range from (§ - o) to (€ + ©).
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determined by the size of the input aperture and which is located, beginning with the
boundary of the second optical facet with the inner surface of the radiation input—output
region, at a distance of no more than Lagr tan ¢, and radiation output is provided for
through the same facet in another part thereof.

36. A semiconductor optical amplifier as in Claim 35, which is distinctive in that a
reflective coating is made on the first optical facet adjacent to the second optical facet
with the reflective coating.

37. A semiconductor optical amplifier as in any of claims 1-26, which is distinctive
in that the antireflective coating is made on a part, determined by the size of the output
aperture, of the radiation input—output region surface opposite this region’s inner surface
and adjacent to the second optical facet from the direction of radiation output, which
subtends an obtuse angle with the plane of the active layer and is formed at an angle of
inclination 4 selected to be in the range from [(1/4) — (¢/2) — (0/2)] to [(n/4) — (¢/2) +
(o/2)].

38. A semiconductor optical amplifier as in Claim 37, which is distinctive in that the
angle of inclination w4 is selected to be [(n/4) — (¢/2)], and the output radiation is directed
along the normal to the output surface.

39. A semiconductor optical amplifier as in Claim 32, or 33, or 37, or 38, which is
distinctive in that the radiation input—output region is made of at least two introduced
subregions, the first of which is optically coupled to the master source, and the subregions
are separated by second optical facets for output of radiation from each subregion.

40. A semiconductor optical amplifier as in Claim 39, which is distinctive in that the
second optical facets in the direction of radiation output, which subtend an acute angle
with the plane of the active layer, are formed at an angle of inclination y;4 selected to be
in the range from [(/4) + (¢/2) — (6/2)] to [(n/4) + (¢/2) + (0/2)], and antireflective
coatings are made in the regions of their projections on the surface of the heterostructure
opposite the location of the radiation input—output region.
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active gain regions on opposite sides being dIOR/sm 0.

45. A semiconductor optical amplifier as in any of claims 1-26, or as in any of
claims 32-38, which is distinctive in that the master source of input radiation is formed as
a second amplifying component.

46. A semiconductor optical amplifier as in Claim 45, which is distinctive in that
reflectors are introduced into the active gain region of the second amplifying component.

47. A semiconductor optical amplifier as in any of claims 1-26, or as in any of
claims 32-34, or Claim 37, or Claim 38, which is distinctive in that the active gain region
of the master source is located on the radiation input—output region of the amplifying
component, and the outflow angle ¢ of the active gain region of the master source is
identical to the inflow angle & of the active gain region of the amplifying component.

48. A semiconductor optical amplifier as in Claim 47, which is distinctive in that
reflectors are introduced into the active gain region of the master source.

49. A semiconductor optical amplifier as in Claim 47 or 48, which is distinctive in
that the active gain regions of the master source and amplifying component are located on
the same inner surface of the radiation input—output region.

50. A semiconductor optical amplifier as in Claim 49, which is distinctive in that the
active gain regions of the master source and amplifying component are located on the
same line parallel to the surface of the radiation input-output region and to the plane of
the active layer, with a spacing 2djor/tan ¢ between the starts of the active regions.

51. A semiconductor optical amplifier as in Claim 47 or 48, which is distinctive in
that the active gain regions of the master source and amplifying component are located on
opposite surfaces of the radiation input—output region.

52. A semiconductor optical amplifier as in Claim 51, which is distinctive in that the
active gain regions of the gain region of the master source and amplifying component are
formed along each of two lines that are parallel to each other and that are located on
opposite surfaces, the shortest distance between the starts of active gain regions on
opposite surfaces being dior/sin o.
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53. A semiconductor optical amplifier as in any of claims 41-52, which is distinctive
in that at least part of at least one surface of the radiation input—output region is made
reflective.

54. A semiconductor optical amplifier as in any of claims 4653, which is distinctive
in that the reflectors are implemented as reflective coatings.

55. A semiconductor optical amplifier as in any of claims 46-53, which is distinctive
in that the reflectors are implemented as distributed Bragg reflectors.

56. A semiconductor optical amplifier as in any of claims 46-53, which is distinctive
in that the reflectors are implemented in the form of distributed feedback reflectors along
the entire length of the active gain region of the master source.
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