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SEM CONDUCHEOR OPTI CAL AMPLI FI ER Area of Technol ogy The j eqt I on rel ates
to quantum el ectronics, specifically to high-power mnulti H;%%o e’ﬁB‘?f(%QB@Ie,
and/ or single-frequency radiation sources, and in particular to

sem conmg%“s{?pt ical anplifiers. Pritdr Art Traditional | yPca/mesiosssiduct or
optical anplifier (hereinafter referred to as "SQOA") consists of a master
source of input radiation whose output is optically coupled by an opti cal

systemto the input of an amSEMIGONBWEROR (her ei naft?’mlmmmm’mmm”mo as

"AC') (S. OBrien et al., |&FTiCALOf. AN ctronics 29,
No. 6, pp. 20522057, and J. P Donrg"l y e?LgPI,EFEEEE Phot . and «kggnol ogy

Letters (1996), Vol. 8, pp. 1%165‘1‘&11585)@" ical signals usually are
Iat

spont aneoui superl um nescent, or |aser radidtion. By virtue of the

speci fic f&af {fiveution relatesio quantym glechnmics, speeibically igrhiglrpowpemultiviade, engt h,
hi gh ef PPROMBALS, and/or singledfreqpeneyradiption soumesgndin partigulantocseni¢anduetof r oni ¢
ci rcui t@?tlfiél@nphﬁﬁé SQOA unquestionably has great prospects for use, both in
t he design of conplex conmuni cations networks, particularly branched

networ ks, and in the devel opnent ofrigr Artj ent hi gh- power radi ati on sources.
A SOA i n aTdiitionally o septicomincRkioplichlSaiplend? (hbreiraRbARIEGeElo A “SOAEFE - J.
QLClngﬁtdngﬂsﬁl ﬁ{idﬁ{h&ﬁkﬁ%oﬁr@@%@)impu\{%diaggn Wifdse Bt X Pis 6 i Ilg%é). le I 0%1
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anpl i fiqg)r d’g?i'zﬁ‘ }3?? %‘Eﬁgﬁg Oah ng:éhlfyﬁ%th &g‘hg&éﬁ r%‘we%gfé\ffé% Pt E%:' coupl ed
to the %?B'#r ACTS %% %’F(Zf‘gg (LE)s VBE 29, Nowibe pRAE0IDT | aser
het eroaggg 2% SHEOR 5 P &0 \iwd) Leglpology Fetters £199%0: Vole 8; poiex na
and a bandgap2Es e wpticassienals agualbt e spanigneens dwipaduingssenf, omlasech of

whi ch tfAdALon. Byayirtugof theyrecififofeatpees ofth §Ods tsuole againall sizgi highi gairi p@d enent ed
by usi iitdengthdiigh eficiancy.ipotensially dowreest, integrabilityantodpiessctionRe@rduits f r om i t's
i ni ti alete e BOA nngiestiOnably his groat progpectsk fa€ @sqbotihm M6 tdeli QRicOmpRi O, to
a fi nalcomingiiticaibns nefwotkd) paricillarlyBraabhiddUherdA&, 3hd ilGheY belSpright h" 91 N
The | eridiedtAGR-péwirhiaediSt¥h ¥WascdsD00 p, m Note that the [ongitudinal axis of

R s s T R

% TD42) whigh
mast er .an ontl $V's S, BuEiudes 8 Heasiesput
radi at Fsg%ﬂlé ﬁfm% rgfhgg?? \E}@t b”‘dflﬂug&ﬁj‘% the-atepl 1T LAY APCEAtag, #t&é?smuténglpher ef rom
after 2niBfo 99 A& pR¥ically cowpled g thecsourgeadibe ASf is eplempnted oadhe basit bfaact i ve
gai n r &gpisandictortlpser beferostnctazedbat eontairancastie{aybawith afrefritivadidexar, gai n
r egi onand\aibendgep odeV) positienddybetatdn fwa dladding layats, frageh of whidtthere is
ant i r ebt leasti ane sublayemghe apivd gainwhgise is ahplesiched 1ORkdd BirBBt rBiofRS0i N thi s
case RfornDa 818 stiip ehdt wisénsaRichlP FrohPltEin®iA dﬂHquL bf P9 5fh Althd h?facé’f .
ol i na f@oktd gffidedibn b A8 LA, f?@@‘“ﬁ CHIL obut e OPYICA Gai 0
axis, WhGh fﬁ?'lgn%ﬁr nal ﬁ a?qA n §0 e Y 1 it QbEIFAE¥Cal . |
| EEE . £ opo tuantum) é?‘ir% 1IE SQA 184500 b, Noteythat fs loggitudinal axipgf 2042) |
the fif&2 g} Qi region, syhich bes igdhoactivedayss and jsdhe ppticah gainexisef the AGe. The
si zes Brlotate! omibgsamp @ptical gris as ghat ofi thegnaster sotmse andthe opGeglisystéinl Ther g et
al ., mes of inpytting the:inputahdietion irite she activd Fain, relioh.and 9f odputtiig Adia-
2028- 26artherafrom sfter ampl#leRiM- afel the apfical fac'b?oﬁﬂi_@tiﬁ‘im%cemge WA RYHP838 - 2
- PCT/ g/ D@ Sptidal Tacbh@R-{he Usutpit2lack STARE tAckSE Yonin'Rich, Ghibh dés the
t hi cknesmlit@fnallBalp fifst ¥BLER Ak efsC Hithhntildhciivd f és}'a fied whdke feflesfis Lpm
t her ef efficitMR WiCinAfisQhsd RE e e C tic r esiga g at I%e '} of
Quant - £ hr‘@lné&f\lf gog . Vol". ) . n‘?‘a ﬁcff l‘E pasty aLangics 8l no nore
than 1 T an ﬁﬁ?eepgfﬂ iGer E ¢ optical gain axis, which we call

. normal plane. In the prior art (L. Goldberg et al., IEEE J. of Quantum Electronics (1993),

Vol. 29, No. 6, pp. 2028-2042), the first optical facets of the AC are parallel to the

normal plane. The sizes of the input and output apertures for the known AC (L. Goldberg

etal, IEEE J. of Quantum Electronics (1993), Vol. 29, No. 6; pp. 2028-2042) are:

Sin = dacrWin, 1)
and
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“Antireflective coatings applied to the first optical facets of the active

gain region are used as a means of suppressing spurious reflections and
rerefl.ecti ons of the output signal (SPPI) in the known AR P¢Pterear@ogey et
al., I1EEE.l. of Quantum Electronics (1993), Vol. 29, No. 6, pp. 2028-2042).
The | cr W@9986M8( L. Gol dberg et al ., FEEE J. of Quantum El ectymuviensosh1993)
Vol . 29, No. 6, pp. 2028-2042) uses as its master source of input radiation
a master |aser diode with nononode radiation and a power P-"t of 100 mWV
The |nput radi ati on was focused By tldkaidfidi, cal systeminto a spot asuring
X 4 p.mon the first (in ut), optical facet. In addition, the input beans
vver e i riSERECHKELY Whtte dagn 15 cknegypithe astive gairregian, wWhicht usually deesot Thi s
resul t &epef { i hereforenfar ¢ hé\(amﬁltlnd kowgn SO @neGoldbérgaet dlNIBEERDWET P
i n t he @@rahmFectitiriiast(@993) Vohi29 No. 6age ZOQSLmZES‘i,W flo 8f¥ir® thiahi Pfim? Wien an
oper at i did S3ilig ®inotd/Mak 160 pdA was passed throug known AC wth a length

LAGR of 15%1&?&:&6% &;ﬁhﬁ 1cal a% bts ?}gf‘bu El ect ronl cs (1993},

Vol . 2 = i t(glﬁéegf YOS povver
Pt sl ﬁ IO AR e Spipoi o
verti c "g‘ g CHhef A eduq V’Bﬁ%ﬂfoﬂ@sl(b?ﬁﬁ)tw; nal
axi s of and that is perpendicular to the |ayers of the

| aser het e (L-t Geldhergl @ adt [HEE ok gf Quentin Elestroiich (1993),udalal

i nj ect |2(9nN9p€s mﬂﬂl%ﬁ@ﬁms haitg mas@ppouwed oftihphtyradiation a aiadtet hgerlibdit

aper t uvathhvamneonaide, radiation randt i gpowkr (Ps, ThE B0 aOWi 18e g 3g\\temg{aﬁghv‘¢,=;,glsgence 8p

of t he fottispdby tRslbgiidab Byshein 8 Mot & sponds
to the fﬁhei fIﬁ %ﬁ&i‘tl@ﬁ thk %[Llﬁ ?e&hﬁ’ Wegeeﬂlﬁ) ?({ ?igﬁtxt{ﬁgﬁr@?q zgtp erFﬁwé‘lg‘ztng ,? L at

160 p, Lhote }q Sq s%”t% 1S ert(gﬁﬁ
asses i pro (feppenent Af an; igputinogyer Ais cal | ed
p 2\ EHH?(O LRHHW\I ARE P G%%‘fel&ﬁ‘ﬂlseﬂ'%ns i s tlhe pl ane o:‘ t he

hori zon

active |a r) ab"é’& &rcé‘“@m fies fPfh%e%tW?@rpaéﬁmleﬂﬂrwghga kinewnrA€nwitloa .was t he

obj ect # A edok50A gina (s choldberg ee vhy IEH#R J. ofiQuarmin EleetrokicON)99s), tVal.

lj ncr eaQBCNarﬁsaog b@2é&—ﬂ@4d3)n©ﬁtWatfdnqﬂtﬁ&?tmﬁqéﬂefdthﬁ? podvek, FUUCREs GB8ingd.Of ) ‘
| ver gd@he énpus agertuitd vas thoAakded Ml 5 Min0Tn HaSciidd piang ¢ndVbd Fh W t

(ne aDphely UkuAP InIAAISRS O 100 S Folk o wgg}i ﬁ?&ef te

anmpl i f r al,n aX| I ayer,
and al l e\&rﬂ@%&meﬁegase KE?)}’ %, g %&mg)h Ifse"h Weaﬁaa |‘WEPté%t’5ed

resi stgice o ‘?,’R aé%tekﬁl p'f%f:’ﬁ?itﬁ s APeRYRpESi Imabl ngfmaeme

ampl i f BB & P%H‘fe(ﬂi‘g 9 ﬂf@lwefgaag?%g&ttbe optput W@nﬂntthﬁ)hemzdn&ait ors
resul t Plape t"’ﬁé &9eéfth1@}hc‘2ﬁres§01$i§40vth¢ ittradttonclirditedidivatgepaafer thedhdlicaiedncy,

dur abi #pertpre sigel of 4160 aipi.| (Tthy, plarss that is perpendivuldt tohe atitRaRplasd aRd kidty and

st eadi passes. thEoughl thkci watriabf ahe tahplifiebrdugRiti radiatiss *HUP& Q@éaﬂ’é&ﬂh& ]pﬁﬁ)' lity to

| npl enplate. dn M kidk@BAT ifgutdtonads BT pIRAESHS theict lye? an anp ler in an
i ntegrated design, are thereby achieved. I n accordance’with the invention,

the stated objective is at tlalsnbslutwof\theﬂmmfont he fact that in the

oo “?EZ £ Y ;ﬂesggss e D i ™

sour ceyo e engle 06067
i npl e &.h g B&%tas* fa S‘E‘«%"&%‘f‘f& oytpulradigtionrish hecbilite ta hat
cont ai ’ﬁﬁh ey, grections o 6%[?%36!46!2}1‘15&%@% amplified satiatiop telativedo ther each of

whi ch Btisplegain axis frodha aefive kayen apdralswomithcar invraased effedtieegdifieegion! i f yi ng
conporlergthiand ingredsed sesistarcedddhe breakiip heylemisns of theansdal @5@psdiaen sf t he
het er dbe amplified inmut radiation. e the dighiegae)] tHeaérfoenﬁﬂh@ﬁ&{‘facfo?s kedflt i
c\gt e[]aﬁzatiéﬁtcgreeSOﬁ dahicahaned (ﬂ&pﬁt?v&e?@ﬁic@% Hhrat)ﬁﬂ% Qﬁaﬁlﬂad&n' on to
i Ch ]l | n ay
a3 g b ead nes an A 9 faé’ U 31 0Rq

Egtnr aghd ad ) ﬁ@ﬂm ;h gg%% ©E 2y ot the
sequerit) 'I éggf e, F‘é‘iﬂll ation input-out put reg| on, ,
count ed fPEFFIT gnog “Vﬁ“t“h’nt Wé SF?é‘t‘b@Qi@QtWGdt attained by vine of theafacing

anpl i fthatrin tbﬁéeemqnég‘ﬁi@hQphgﬁlaﬁ@hfﬁe@f(sﬂzﬁowmduﬂmgod niasfen tsonrdi aft inpix and t he

net | dadiation; mod ap goiplifying tepmiponenthi(@d G ropticillyecouphsli @t the RowoE e A fy om t he

active layer and, the effective refractive index nea of the | aser

het erostructure, along with the radiation input-output region, and the
refractive i-ndex nloRi of the radiation input-output region satisfies the
relations: 0 < arCCOS neff < arcCOS neff-mn ~ such that Yleff mn 1S
greater than [ Zmn, - nlOR hlIORlL where neff mn is the m ninmumval ue of
neff of all possible neg for the nultiplicity of Laser heterostructures, in
aggregate wi th radiation input-output region, that are of practical value,
and nm |s the smallest of the re&actlve |nd| ces |n the Iayers of the



‘what is the sane, the outflow angle cp exceeds zero, that is:

~ ccos (ne~ntoR) > 0. (4) Relation {3) is a known condltlon see, the
Handbook of Sem conductor Lasers and Photonic Integrated 12$el %ﬂ"?%fzo@glte

by Y Sucrmatsu and A. R Adans, ChapmanHill, Lohdon, 1994, pp. 58-65) upon
whose f Wa%468¥nt part of the radi atisn propagat ed in the pepiR®dloodgaVegui de -
of the | aser heterostructure will flow fromthe active |ayer. For our case
of a muJtilayer heterostructure, in the design we have chosen, we proposed
to use implementadiopithe basimofa semiopiduckr laer hetsrestpudideithat déhtaﬁﬂkeamﬁége of
rays i nlapgt pasifioredsbatwserntelo Ryyqudinze fdygRd it Radh BPWMAES %er@ %‘Cc't't tlée@f' ohd) would
be appl subkdye€ ohdiic @ahdactsOivheaditat Mﬂlf?lﬁ%g&irﬁ%nbﬂtt f?ast ele'é% }tl

i nput - ql‘b{é}lﬂn eft%s@d?h@éi&e 3 ﬁx@ thérosJiﬁgfu?é 8 '&dtg}ge 1on he ra Wé’ge the

i nput -

correct ﬁargt d 2 ? eTH‘é’uEb é‘ﬁ’uétre Bﬂo‘%f:af ‘31‘% tBe ’SIEO‘F\}éd by
means [?ﬁ? Pa 2P tl% ?r‘? & b%‘ﬁtto?eaﬂ* yepand, hag refragtieg indieeg ruomglaffther | at
the i npi# rsra&’éﬁ anticah lass factgrs eory €@ ohdvisse igcall, Racet , pfare lefinatinat i on

i nput - dotegers, whishalenoteethe sequeotiali nventeds off$ublayetshuf the gidiatidn inppsoutplt equal
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of i nputhe Coinésponkdinis afigleOLAIMILE, of bt i 51"@1 Qﬁi’ih@% P kf be
[ | EEE JoP theQuaplified Edcﬁ‘éﬁdtt:ggil ) g:% : e ac?w% %e

det er mipgd Py Qﬁstep et@x%l ngtwfh ﬁlgua J ?
£l P "E%—(}%tarﬁg‘ﬁﬁ’
N1 OWihe rorBfy ge)?n %fotg }ﬂnllf’putﬁé}‘ti"ﬁée%‘e? Sdidice thedelagpng: he f ront of

i nput out put reglon
i nput inflow ng raq;atlon and the per pendi cul ar of the front of output
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anpl i fi ed 0 ddire¢o 4 arbeo [ stdbah@Ghi vglég SEr theh nl .t}e
heterostructure, WeRrg ~ = axcmy@ﬁ[e rtoRi); erefore the T0llow ng
formula is correct: ~ = cp = arccos {ne~nl0a) (5) In this case, the input

radi at WHere it I8 dhe misistuno malue pliterooft ghlipossibls ap foi tHe heltiplipief of Bk& t he
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fs
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refractut/jel: index reqr of the entire heterostructure with the adjacent radiation input-output

region, that is:

HIOR > Hefr,



Note that the aforenmentioned relations (3}-(8) are also valid for cases
where the radiation input-output region consists of several sublayers. In
this case, in the aforenentioned fornul ae, the refracti v $epdembari2002f or a
honbgeneous radi ati on i nput output region should be replaced with nioR -

- refract W@99/46838% for the first subl ayer of the radiation ipeRutusbist

region that is adjacent to a sublayer of a cladding |ayer of the |aser

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

consi depr, What isahié sinie) thel oypflow atiglp ¢t exceadsaerd, thdigs;honmogeneous, and shal |l use
n~oR wi t hout the subscript "1" for the first sublayer. . In the case of
sati sfaction of the indicatedp —dnmén@mcﬁd)m)s of the invention, )vvel | as
in the casR %TQ nsparency of, the input-out region for the i nfl owi ng
and outf| an &t is ditioadssenegodlhe aadbqrdrsofoﬁremzwduetpadmefs and
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of the fﬁélﬁa%" npytzoufput regiqr, may bwellmatﬁd mhennthp engleofiifgug, & zljua tothe he
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densi t
over heg‘]ln tidh Pl é) ﬁ O\Aéli’e fon ﬂ af‘ﬁ’h@ﬁ Jf“ H‘P'bﬁ“ ﬂ!em ency
of operp § 2 qlg? W%ﬁg gy hefprostragtuse, w rq% =8O Faitra); tthexeforqtheval ue of
t he ne ‘b‘g‘é‘g %R"E IscoEse: cm 1, of outflow radiation per unit of . the

| ength of the active regl on of arrpllflzmm;on be selected within the

f ol I owi glraas%e %F 12 Sept enber 2002 (&

99/ 46838 S %‘&WMQ‘}“BWB o t §a‘H€F\W‘§HWPb'°P6’“F Feiert wilk bp dmput éntor egi ons
in the raf’BYFs E2hJaeinBneS thedProposedk SO candnhent i afteri the ebwespondingt h at

| east SH® lﬁéﬁtioﬁéhﬂégi &# stedprpvipsly, avilloflowbiatk inte g sarheM\Rdigtion iMput- pm  at

i ts beghtpul regionaatdn Witflow mirgle @{(scetrslagionl(4))id the bians of Gtdca® layacet s

restricti @nfitions (Q&nﬂﬁﬂﬁd&t&ﬂuﬁ@ﬂiemﬂlﬁ& ofikk Fe?ﬁ%cﬁ’@mﬁfce& & 2hE 'Mﬁ%\{'eg' on of
er penit “i;f“@"@ St BiplE e*"’ § o ks o ¥ Ll p ot s i nal
axi s og &Lge lu i \?ggito b&mq ﬂ f“’!“ r‘BFE’P‘ 1§ 613 \l?e‘é %E@Lqmagn e

I ossesr%?tqnﬁ tg‘?ﬂ:l current carrl ers the anplification input-output region
must be made vvlth a W detscordrhadsed< arhens (Mhemafdh of the active (6pgi on of
arrpllflwﬁgrll on, and the surface of the radiation input-output region
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Note that in the general case the radiation input-output region nmay be nade
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" input through the outer surface of the radiation input- ut region, the
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To obtain a nultibeam SOA, it is proposed that the radiation input-output
regi on be made of at |east two introduced subregions, the first of which is
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anpl i fi ™0 9%46838 oper ati on. The inclination of the faces f ®OVR®kbss7
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hi gh-efficiency, powerful SOAs and high-sensitivity optical preanplifiers,
but also allows for a significant sinplification of the |abor-intensive
.precision process of inj ecting the input radiation directly into the
active gain region. 12 Sept enber 2002
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WD 99/ 46838 -13 - PCTI RU99/ 00067 The increase in the area of the out put
aperture makes possible a decrease in the angle of diver ence 61 in the
vertical plane of the anplified diffraction-limted outp SeptembariZ9f2 a
reducti astigmatism and a significant decrease a factor of
appr oxi ma ﬁ{/ 6'8‘{‘1%50? dAGR~- in the inteAdity of the anplifi e&'cg'ﬂﬂt?ﬁ{“‘mﬂ
[radiation] on the second optical facet during extraction fromthe SOA [3].

At the sa ri th the desj f the prlor art [3], the
radi ati onnﬁﬂt § ! thmi%q %B@P\A’& ?é’éﬁerf%%%& Hgéh‘b &liatiqny Uthe side
wher e t [f819 ﬂF%t‘Véx‘Eqa&BSéﬁl ormdl gothepart gf sho sursenseef the nadiatinke

possi bl B‘PHB'PUEPHF W&%mﬂeﬁl detertringd bbf thei sidecofghe irgiut epﬂrtlmm andthat fatiesis on

i nput i imoer stfico ang abuts roanthe Isecanddiptitalofiacet fiomt tieudipsgtion @@ikaMatidiinpal, SO t he

expansi whichffotrixean abigse aiglS@ith the plant af @R actve&efind WRicRY FdrRvdap gh es cp,

t hat ar@gqiégﬁnagﬁutﬁ,heﬂ dRlechiddtsin 18 dah .ency and | arger input and out put
apertures. The decrease in the intensities of output radiation on the first

and second opti cal fac[ézt/ﬂ)el(ﬁ/nhe(cﬁ/aﬂltaﬂmﬂ(ﬂnlﬂﬁz e makes it possible to
obtain high |levels of output radiation power approaching, as is
t he caswherg m iseeqpali tor3. k416 radiags.ewhilegss Hreeaiglepof cunsplstetinges; reflédtidnrfakes it
possi bl the tradiatien flowimg Daaaedleo;adraabn rigputidutpandgiog! ifale linpuit ralliatibe ipr oposed

SOAs,  edifsetedtnoinglly Rote ingh ¥edfice, Maengerdﬁma%ﬁlg ReleRicteldql befg(ﬁ/{}e val ues
of aI\/S , and a~oR makes possible a signif fi-cant increase i
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di ver ge’ﬁ‘élémi“ﬁnt‘ime omy thedangeadi cul ar pl anes. | ncreasing the effective

|l ength .makes it possible to re |zm&e ggom sing designs proposed by us
for rrultlbeam SOQAs and SOAs wit ource of input radi atlon in the
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extensively in the fabrication (g)f OAs. Brl ef Descri ptl on of

Drawi n i 2V Lon | | ai'ned S ific odi ngnt s of
Wi tq?\) E@%ﬁ)ﬁ{ fad a%fl rii "egtte%l 38%‘8 ?ﬁi B ut ‘E’ﬁﬁ% § igis iesi gn
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f eat ur €sating made parall‘rhsto th¢ gommeal plach dreatitfiow|angltepicidected gy §gileral

sect i othapahomgle betotgltintefilal giedtidixé Frontithie horambhtichell 34@ace. Of the design of

the anpl i flyieféccRARGDR Mpuehnd BE afﬂmfgﬁ%n%%u Meas@b&}{dg F ¢, ANd

dond 3n
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out put %ﬁl{; B tﬁﬁ@&(‘ﬂnﬂﬂhb&ﬂe e éoafﬁﬁ 't}e'lﬁg&‘e ;EBn?%i*h% eptsﬁrface

of t he cﬁhﬂhﬁe ene | &1 a,r?“c Y‘?/"é?‘ B8t op vi ew
of t he ° eg PRS! %f““? °P“ sdiggignanpyh is grovideskfor 14 -
PCTJ Ruév‘gl thisgutfage, Nélv?lbwdegﬁr@ewwehesmm@w daputapertreandn of a
speci f Whighgis do begisningcvith thehaundanyefthelsexpid nplicab fidceb withuthe iegiron, each
of whoswfack addhe qdiaticar mputsottpunsegion as uldisre ofitohmsRf thas L,¥e- laRQ, ces of
nl oR ‘dytadéatibnsouRItEs peaided e Bir6h meesa&le%aa&ce m 4 Hﬁfefe%i g lorye hndex in
the di ﬂﬁ%?f)élﬁaulﬁﬁ&z%@nﬂh@ Bfo’fsbséd)thﬁ g reffeé (/é m ﬁgg L%? Ef)tli'ﬁ%!l ur e
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depi ct r

near - f%eﬂ fdeﬂh,%o}t? 0 cgl ﬁ"t’%té‘r%‘raf (Hgtc&ﬁasewth t he
superpose 5 |n t refractl g |nd| ces |n the correspondl ng | ayers of
the | as Ss FERRASSdn b Uss thes inpyty and qutpitr of ehegpmphified | y

depi ct niaéerSPPFl SW‘?‘VBEﬂqﬁﬁﬂ&‘?&eh@nd ontisakfaget. of the anplified
radiati on in the normal plane (calculated data). Figures 7-9 schematically
depi ct |ongitudinal sections of the designs of heterostructures for

di fferent enbodi nents of the anplifying conponent of the proposed SOA:

| ~*igure 7 shows the sublayer of the cladding |ayer of the |aser
heterostructure that is adjacent to the radiation input-output region, and
consists of two regions with different values of the refractive indices; "~




Figure 8 shows the radiation input-output region, which is made of two
subl ayers of different electrical conductivity;, and Figure 9 shows that a
second additional absorption |ayer has been nmade on the 18feptenbep2002he
radi atign | nput output region. Figures i 0-12 schematically depict

cross- sSYQPHEE80f designs of the AC-H-the proposed SOA f BETARUDS/00ST

i npl enment atl ons of the ohmc contact, specifically: Figure 10 - with the
el ectrical ond tiive additional l|ayer (the radiation inputoutput region,
which is t %e am iaien outpyt; thraugh the surfgice bf thednputeoutputaegion oppesiteche ve
subl ay einnerrsrfapedhe mtireflective soatirngrid gaade amorpart dthe sintfaepusdaémiihed by addi ng
| ayer aibip aizef theooutpret apaxtirat dHihe iradiatiorvinppbutpgicgivin, d/hith 1Eb9p6§¢e112e Wi th
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depi ct L oRoldguilbRgh glg%? dc@ﬂéuo% déel%g%detn Avadsal Wt °”e region of
t he radﬂ at1on 1 nput ¥h r\ﬁl radi ati on i nput and
out put through second L ‘a(%@ L normal plane; Figure
14 - with radiation |[(Rp? Sﬁlr,z aﬁgie)@gﬁg gjﬁ{zlt)grawgacet parallel to the

nor mal Ksiramégutadnovhich ﬂwutpmohadianon io di:recuéd hbmealhtoaths g sQifhdeC dle f acet
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out put fpesgienrmipg tha éegs%@cswq 91 amthawlmatmngqfrtb@sewn@m@bfwm caily
depi ct thedigeationiafapdiatéen inpns Il poksiblorin this easeS0kelsct differedt edmbinations
i nput - ofitimangledf iockinatiopar;aind dy iy effeciandiatipn outplit, itelisg suthGugRi abal
subregmwityto\!shéjslaﬁadfta‘eaatvdlwt t hrough the first subregl on and mul ti beam
radi ati on Ftaxdinpld)t6Usiiiput raditist RhOUEEthe 3030 P%{e ’ ¢

iy

PCT/ RU3BHEG6the fddsfibnCoflthe ral pa?l - SHpUE R %on d
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posi ti SHEF° gfheeﬁﬁ’ 15‘8!&)’81‘ hﬁg%*edéﬁan mf athnng r,a@@ facets,
whi ch are positioned |ve | ayer and
whi ch int elrosect at thgz%%yngg/zg ng&?]h ?ﬁ/@ a&’/gﬂg (‘ﬁ/&k t regi gn wth
the | ager Het erost .uct.ure. re 19 erratl cal ly depi ct s a | ongi t udi nal
sect | of\f“b‘? f‘ﬁbvecfé? bc?fm%de‘p‘flgg%g@as &r@r@e@msmthp sfaee pfitedases ent
radi at PERIOSITHCHAFS QPrPoﬁlFF‘e gResitipn of thespdiation inppt-entput waioms an anpl i f yi ng

conponent . To bufld g QA agthse multistage AAC.yit is@pomased a | ongi t udi nal section of the
desi gne ofthat gb leasioisedactive gaiatregitiywith ankidenticalliaflom ahgle ECAARATRIW ahgl

i npl enentee toragchk Baintegioh ibe TornisEén Melsirficd 80iha @Rl gﬂlt—oﬁ@ﬂ{ ion, Fi gures
21 24 schgpmatically depict various integrated SOA designs: Figure 17 t he
anplifying active regions of a SOA with superium nescent radiation are

pl aced on one side of the radiation input-output regl on (| ongitudi nal
section);



'Figure 22 - the lacing and anplifying active regions are positi oned on one

side of the radiation input-output region (longitudinal Eegtl on Fi gure
23 - the | aC| ng and anplifying active regions are positi %RQ %jde of
t he radi fsigIPut - out put region (t f) view); and Figure 24 - the |osing
and anpl | y| ng active regions are pos 7 oned on opposite ECARIIBO0G6H e
radi ation input-output region (longitudinal section). Enbodinments of the
I nventign osed schenatlc | I pi.cted i.n Flg 1 conprises a
mast er soutg% atplre EOA ﬁ? fg"f‘tfﬁ 3lgngasing ﬁélqenwwaatdlthcl on,
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| ayer 6, alct L}a%er 9 an dd| er 7.. Cl adding Iayer 8 1is
posi ti one%ﬁlon stDs 3 gag eI ﬁl g’é %ﬁb&étwwye%thgtqrappr Iehe

desi gn i n ® k&g ithat @E@gﬂl%ﬁ?sﬂessqrf@%%d’é&l a shomest distansh dier/siorg act 10
withit. ;Qe'é’é“@BrﬂéFmef@eﬁttu@tgamregmnﬁaugpmsuﬂassisrhstrate 5 on its outer

surface (s®& plsg. prappsedTHiOAstiny bothaian disersito renflxekimEitg and) ari SintegRit@TENt €d

by for némbpdiments dnsluding th2 tie 0P anRomstartdard inffste SRS oft Input Nradiltidn,
modi fi ciathudingtd@uli egm;r ation , of the acti ve gal n regi on has been

sel ected tm the dRY ASitiE f@é Q%{ lhf‘cl é%‘I n“é? . 2.. The
wi dt h = p put
VA"t |\s% inld ab e ? acpﬁ@l ?a}cgﬁ gt(g "H%\ f‘stah%’“‘éi?t e gain
region aﬁ?‘ﬁ: f out ut face of the active gain
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ant i r efiPEIPORALS c‘B ¢ A Vel@"aﬁiﬂ@fe@lfﬂ@ sepend amplifying emywnent. qudss case, t he

| at t er thevO4 ism)seuce oh highbs direstionaldasef radiztion, and substrate 5 is the

radi at i on Toebtainc$QAtin thginteprded edbodinent Wﬁhahpamm:ﬂéﬁéént%ﬂiaﬁbﬁ,ﬁﬂfs si de,

r adl at ipgopasa that thetqotive paigiregiod df ihe datird66kchYe PREENH tﬂEtrécﬁ&ionl g&il s 18 and
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that sc gp 2@ ed in F@ é theflrst optical facets 14 and 15
and seg l?tf”(?s%/ 1y thentegrated: embodimentywith laser radiation, ét isi prapesed pl ane
of act refigetqrs e“‘&ﬁﬂ’oé‘ft%dﬁitf‘%é?‘é@@tm@émeg&ﬁmaﬁ sentgees of inclination
to the norkhsiampli iied: oufpput radiation-of Suﬂohrsé)r\atseilﬂqlgaishecbbyh@mhtm& owbry4,

whi ch &vith emall| anglescpf dinergence hie bothy| the ~verticaboundl hbdzdng plagdseaCllowand has
a val uestigm®B6l.. - The permi ssi bl e deviation of the angle ~ fromthe angle
cp does ndhedslie@fitg inhwlifctions W’é%})t&ﬁééé&f&fﬂh&ﬁﬁe t%cl?@fnﬁb eﬂ .vergence angl e,

e eved ‘%ﬁ%&?ﬁ‘jﬁﬁdﬂ‘ﬁ@’mﬁwﬁﬂ‘ﬁgﬁﬁg%‘m@? cHEpfichs e gn'lﬁr e nput

radi at i onth {3 : bra Rt OR _17. The inner surface 20 of

radi at ron ¥ ARNES BHPP;?@"P%Q 61?‘F as BP%%%@PHBGP&QOHI@?@M@I%QG thas a

length L %ﬁz‘e ing| Rl lel bothe syriacs ofrthe sadiation isput-outpul rgion dndrigtthe plAGR For t he

gi ven destfghe active layedivdth @spacimgPukus/tan @ betveczhitledthnys eftthiehetivanegibhie out er

sur f ace 3le attiveaghimrégionsi oflthé nistep dburt€ ghd Bm HES compsiRat Qretd@g <@ shorter
IO

than thed Eitd-dtﬂﬁcés&ﬁlﬁet&%ﬂl &Bmp Rredi ﬂoposed SOA T's practically
equal §o th@gcﬁ@w 3 i ckness dl o adi ation

i nput - out é% e ec?r g’éﬁ QugRiyRe Hf"ﬂ section
of AC 3 ggﬁ RIZQ g‘ﬁf"i{‘% PR P gﬂc"@c fothssrandy b afoRB PRIt | ayer s
and subl gehetween the stagts af the ashee gain regionsyonrappositneous
subr egi oﬁuarcqsaswatdr ar/SiR @put - out put regi on 17 and a cont act Iayer 9.

d addi ng FetyYOAs cwithi &t mublistageo A€, bfonyboth, the2 disosbt® 3andachd Vifitehay

consi s¢mbadiments, it isprayesed tiendt lehd Bait B8 af 18352 bnSsGRRE 0B IS (Bl ﬁ&?@ug' ayer s 24

and Z&utbmegmaﬁe@wdelrémwﬁagl ation input-output region 17 see le 1).
To create the design in question, the sem conductor |ayers were grown by

‘the known MOCVD nethod on substrate 5 from el ectricall y conductive gallium
arseni de, which acts as radiation input-output region 17. The conposition,
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. thicknesses, refractive indices, type and concentrations of doping, and the

correspondi ng absorption coefficients of the |ayers of heterostructure 4 of
radi ati on i nput-output region 17 are presented in Table | -and also in Figs.
4 and 5. The wavelength ~, (p,m of the anplified radiation was chosen to
lie within the gain band, which is determned by the conposition of active
| ayer 6 and has a size of 0.980 pm When the proposed SOA is connected to a
power source, noneqU|I|br|untcarr|ers whi ch effect |n [the AC 3 J, as in

o A~ r b1 o 7~ 7~ N o " - Y a1 | peepe—p— - o~



+go = 200 cm1 - the material gain in active layer 6 that is needed to

achieve inversion; p. =5 x| U16 cnR - a proportionality factor between
(g + go) (cm1 ) and the inj ectedel ectron concentrati orl2Neeptembear 2092 wher e
g.(cW1) is the material gain in the active layer; 'c = 1 nsec is the

lifeti mV@PI#EAkqui | ibrium el ectrons-1r-the active |ayer; PCIABRS00B6TTM ~ i S
the optical loss factor for absorption and scattering of the anplified
radiation in the active gain region; aloR = 0.001 cm~ - the optical |oss
factor in rBidvisup of otalinferaal reflection gif aadiation froinsthe siferementioredkeficétive

radi at i eurfaceputhoseususfates paform dptical couling betweechethe detive gain (tbgiofs ittlRng et
al ., Jouadiatioipput-&litpet refidACHmmdal to them. No. 3, pp. 1497-1503) for a
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paraneters %sééﬂ@@gﬁ ¢ [}Esehf l{wféﬁ\ﬁ&g lsr B! Solbh foul Hir GG rlpk r ycal
gﬁ{ecg{egidgap %ul Ded e i i ?mﬁ i ahek "J;EE ) for
i nput - ogw ‘gﬂp eff’ %;ffmg lm“f —,r W?%%‘ ?ﬁ(g‘r"’ﬁo@@l? g&de)\fergqppe

out goi n lqﬁg EomPeRen dn ithy ’@BPWdr%‘ﬁ%ﬂlei input ofdhe innut sigpak libej s a' oR
=1x1 wuamtof theygaeplified aadiptien, oeeyra simultanpoulixalong theeentiggyleagtht of thé | aser
het er osamplifyingecompenent, velithaisi eual tpthie-longth if the gitive gaid regiomewhick i8. 4775;
12 Sept savoml tidB2grédled HahcBS hiekifdss. TIGHT /iR M7 virfub cofndiarndnoblidus

di stri baggregateoodf alinphd éssertial dehivares, ARclubinghie RARR F Hﬁﬁlﬁ%@i‘&lﬁbﬂ By dsthgt e
layers gfllina&abeatifciastt ay eérfﬁd%grb@ onBe hﬁ%@& lg{e' ‘i‘%%f r&@‘d& out put

region ﬁ‘lZl rgﬁ(ﬂx inth ealﬁ% nﬁ%neﬁts % %\ ' C)n Of
pige

t he aer ,fahlg tbl?l%o Dsel gl}g%h Of'lﬁl@ g%faﬁiv of t he

follo O

SOA as f t’é‘ﬁ 85 F eppstiigiyre, andy An add active

gai n reé‘i"8 “‘fe r8g¥°30‘? E?HOP ek %‘Lti?‘-ﬁ ° ¢l O the endpfacesoby)additiopally

ef fici el tORS‘Ica'of?P% g # 8o sttqftgﬁmﬂsr enobiioua cequirmgatsiformyi on i nt o

radi at i ’@Wdl bypuse f@dhp@hamefgnsmsmif the |lager he@r@0@6ture used, the material of the
input-output region itself, and the inclination of its optical facets.

The essence of the present invention is also the new SOA designs proposed, with
multibeam radiation output and a multistage amplifying component, in an integrated
embodiment with a master source of input superluminescent or laser radiation in the form
of an analogous amplifying component.

- When compared with the SOAs currently in use, including the device described by L.
Goldberg ef al. (IEEE J. of Quantum Electronics (1993), Vol. 29, No. 6, pp. 2028-2042),
the advantages of the proposed SOAs are as follow.

The areas of the input and output apertures have been increased because of the
increase in the size of the aforementioned apertures in the vertical plane. In comparison
with the prior art, the aforementioned increase, which is defined by the ratio diog/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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21 24 (in contrast to Figs. 19-20) include several interconnected ACs 3,
which operate in a nultistage anplifier circuit: the output of the
anplified radiation of one anplifier is the input of the next. The active
gain regions of naster source | and all ACs 3 for the SOAs according to
Figs. 21-23 are positioned along the gain axis on one inner surface of
radlatlon |nput output reglon 17 Fbre, coupling between the active gain
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licability In addition to injection |asers, sem condu r optical
. Qpngl i fiers a?’e used to punp solid-state and fiber | asers?gzptﬁﬁp?rcﬂo% I gser
radi ati s in the visible region of the spectrum(red,.green, an

bl ue |i %?%Jkgslgﬁg second- har noni ¢ genetati on i n nonlinear RSPYREYN00847yst al s,
nmedi cal equi pnment, |aser process equi pnent, and systens fox energy and data

I SSi ' ' dern f.iber-optic conmunications
syotomss FguREl e Mol SisBloes R pach suiripm lhe gpoon optical fegaof $cb O b O
~" 0 0 O O Subegion being positioned at phtyse angles to the plane of thetdotive Nyer\except the~ VNI,
due,’ M MiRPW syriReeymdich isipasitionedatan’acietdngleoatd ~ O ~ O O O O N O N ~ ono
O td N e Figure 18 — the second optical facets, which are positioned at acute angles to the
plane of the active layer and which intersect at the boundary of the radiation input—
output region with the laser heterostructure.
Figure 19 schematically depicts a longitudinal section of the design of a proposed
discrete SOA with superluminescent radiation, in which the master element is
implemented as an amplifying component. .
Figure 20 schematically depicts a longitudinal section of the design of a proposed
discrete SOA in which the master component is implemented as an injection laser with a
radiation-output region.
Figures 21-24 schematically depict various integrated SOA designs:
¢ Figure 21 — the amplifying active regions of a SOA with superluminescent radiation
are placed on one side of the radiation input-output region (longitudinal section);
* Figure 22 — the lasing and amplifying active regions are positioned on one side of
the radiation input—output region (longitudinal section);
* Figure 23 — the lasing and amplifying active regions are positioned on one side of
the radiation input—output region (top view); and
* Figure 24 — the lasing and amplifying active regions are positioned on opposite sides
of the radiation input-output region (longitudinal section).

- Embodiments of the Invention

The proposed SOA schematically depicted in F ig. 1 comprises a master source 1 and
an optical system 2 for forming the input radiation, which are positioned on the same
optical axis, and an AC 3, the longitudinal axis of whose active region is not an extension
of the optical axis of the first two elements. AC 3 is implemented as a semiconductor
laser heterostructure 4 positioned on a substrate 5 and consisting of an active layer 6,
cladding layers 7 and 8, which are on both sides of active layer 6, and a contact layer 9 on
cladding layer 7. Cladding layer 8 is positioned on substrate 5. The highly doped contact
layer 9 (a p-type design in the example in question) is intended to make an ohmic contact
10 with it. A second ohmic contact 11 is made with substrate 5 on its outer surface
(sce 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 pm, 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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wi dt h nehesdasignein queatior (see Biglt 1), ohei i dsvide/ 1ﬁ%p&re{ti%ﬁlxﬁdiatl&i‘%ﬁdﬂ%nd

radi at i ontpunpetur alohp ubrialg kdthe okt e deddng eﬂﬁfs% ﬁ whi ch

i s cal | gfduéddetol iﬁiﬂi%testﬂé f(ﬁ’t‘é@ttod of ﬁ%ﬁﬁfgo{‘a f’atloﬁrlﬂfohl[akér%térogt AP é Qreer

t han th%ﬂ&p é] ouz r@a% F h Flfcitﬁ Ay any

of cl al JAﬁ Jugolg radianion f e\tmo%% “r?éaééllélﬁ aeglee equal

to Wt %‘éﬂ? ottt sgiop i cal arrpl ifier as in any of clains 1-6,

whi ch i s d| é‘PlRﬁéam‘ﬁel’ﬁrfat bothythe heteseqtaictuee] and thre SO irethet éxamplé in 9. A

sem conﬂ\!ﬁ?ﬂ@ﬂ vise jobtdinesinby iaf nwmerical lsmlduyombexcfdnmeldsacboﬂimgl\ﬁm @hprogram

di st i ncespeeially developedhly ngdirdeilging i wikich is ehet Rufrix’ @Bihoa (SCRBASI dqn

(():Ipt i calg maiggs%g%eguwpmw i her. wam;evmcqnwt?or 09&2%3 %@‘I%UJ ras in
ai m IMawkielllR equatlond Witht thé€cd ion is

made of h&e@%&é%guct or havi ng %S%andgéaggléﬂ@ Wﬁgﬁ%@g I'n Ia?rﬁ:t I dgap

for the ac gs% MBEOMS re th?«?ﬁa 09 ev' 1 1. A sem conductor

optical r-as in_an ?f which is distinctive in that
AP o o e %56‘? i3t ilfhﬁ&tﬂveolnysnﬁ thepiipmepdedstsl echied to be
in the raﬁ'@@f%o%ugog p,m 12. A seniconductor optical anplifier as in any
of claitsH=ix l%lc@h <A propeiitionality dadter lehwtent (ge- gﬂ)(hrﬁﬁ) Mdathe igibctbde acti ve
layer is Iemumdomenaambrsi\/’a(mﬂ‘ by enetehg (emmieiis ther haggangaih he B didyeonal

| ayer suclayefiat the anplified radiation intensity in the aforenentioned

medi an I 321 flectifhe KErKCof AHEGIBALmULAEs HGR 2LV ﬁfgn' itier is in

t10 Cea iV
di sti ncrive in élf A of the subl ayers of the cl addi ng | ayers of

the het%r 8&rRTA00] em s‘ﬁﬁ%feol%f"?h ogs fastqrda radiationmigpnt-ontpat rdgéust7;thisRt . 14.
A seni condH8e 8fas daken dan radinpion finpit—cutput wegiot 13 fof @hlliunsarkeriide frohi @h G.s

di stinct i Veang ef wht Jotwe. hénpdr Bbps (2990)e Vohy 67, NOj 3¢ pt m97-t1tse3} Tot at i on

i nput - out paavelesgh ar= 0.98 pEOMA cadied (e@sﬁoﬁ)\mnééhhraﬁskvsﬁﬂxrlw &Hs

S6m contud L%LE"“? %&@s Hilor forgisongfion g eatieting of g pplificd

A ser L‘Sﬁ?@%",ﬁfﬁﬁ‘s@; ;;h&gfg,f%égg%* Al dni HBAP o 5 AT 'ﬁ% .eCe i
f:

that th t d ff t. 16. A

o e G EEs LRl PEQ? rifafigy Frﬂmrfir‘?'raﬂmo”Sf@%rq?gut%w?ﬁtﬁggme in

sem condu r optlca
that t Qg ‘*ﬁ’ﬁq E‘Hﬁ%‘ é’s“’;‘fe"t“lgew% gtken ’r‘g‘aﬁ‘éﬁ%m ¢iFaleeations —radiation
seni conBRITOIPY segion &%wsm@# teke ppti y bomogengons 1-1 b, which is

di sti ncti vihe; #ssumed velves @fitthe pathametérs rma¢ typigad rofi ﬂxenhﬂiaAeﬁGa&smmAsal t hat
absor bdasadelaserdheterostruddatc i imrquiestione df alRserAhaterbtesuieiecl QisingPliffednt

anpl i f icenneationsis amployed distdadpthdselfranidteimdyschdagd i nctive in that the

ddi t I THeagtal I t P RTI CLE
o) ZES@B??WEZ’#‘%S%W%*S?%‘%‘%‘%@W w5 %ﬁ‘}%@ﬁﬁw 354

sem copd s distjnctive in
that an o %nq{: géo%%]t b %Qngf(sl?‘nﬁcf"wﬁt“n“?th%‘ﬂwl% rgq}?tl“?ﬂ; gom thengetiyggain onal
| ayer s. region into radi atlon input—output region 17 is: aor = 177.2
the loss factor for outgomg radiation from the active gain region mto contact layer 9 is
a'or=1x10"% cm™

o the effective refractlve index of the aggregate of laser heterostructure 4 with radiation
input-output region 17 is ner = 3.4775;



~ 20. - A seniconductor optical anplifier as in any of claims 1-17, which is

distinctive in that the radiation input-output region is_nude eI ectrically

conductive. 21. A sem conductor optical anplifier as in 1&1%‘(’1"@% 2098 chis

di.stinctive in that an ohm c contact is formed with the surface of the

radi ati oo PHIEE out put region. 22. A Bemi conduct or opt i calPCIRII0PT as in

any of clains 1 21, which is distinctive in that the radiation input-output
region is de t g}ga n.optical |oss factor ocloRg of no nore than 0.1 cm
1. 23. A ?ﬂ‘@é‘hg t%?t"gﬂﬂ‘i"bgf fed jradiatien jim theplase pexpandicularXo, thehi ch i s
di sti nct i ayars of lzaer hetesostengtuze #and |tluqolayercnftrp¢1atmteg1put+ouqm orgimd 1 D{setwo

subl ayer s,Figuphandat the first sublayer, which borders on the |aser

het er oser uhié Ltfd?x;es%&dﬁige%rr-ﬁél@'dlk’tﬂﬁﬁﬂfiﬂ%‘f' the, axﬁﬂfﬁédh?a(ﬁ&f&ﬁ%téﬁﬁ r(§e§ made
of a matergjglgyi th an optical loss factor aloe of no nore th I cm~.

i nput - oﬁl ductor optical anplifier as in any of
clains 1 ;gts a&%é@’n"f Qut Pg’t‘?frf@@‘iav%“ I ﬂlgtacgne 8K regien intecadiatiominms—
direction Qbﬁptttml@!amaarQﬁm'Nput output region is made with one of the

el ectri ealthy efficienoyt nfr@uqmbleﬁyattgomg fabiiatioh afésth nthe | &0tive gm&iﬁegﬁﬂemt@et ween
the acti vgadib@deinp ggl@u tare%ﬁgll Qomt out put regl on.

sem conglu t m,.45 distinctiye in
that an o%{ﬁ)g%lﬂi? e*ﬁfﬁt';?’ ot B ﬁ{ei iﬁﬁ%ﬁh e “'32 gt g.é F With
the smal | €st: ba X aﬁ TeRME %8@ ‘fs % in any
of clai ns ¢SO d'ﬁ 1l O‘Eﬁ upon-passage thrqugh, mdiationdapyinowp Pﬁ @ﬁlonf card with an
i nt r oduced® 8¢t lpssss F%@ﬂﬁwrb%@mthﬁgcormpmh%sepmd @[mi‘@bﬂlcﬁtﬁ 18aad1Qdargt i on

i nput - out pUENBGF B9  rom t he direction of radiation input, is nmade parallel
to the sorthediffetenrial efficigndynie: 704l xapeH ®IB i s sel ected to satisfy the

condi tlontﬁ’é&ﬁ ﬁ't @ B, 8F the anp lx?édrﬁitﬁﬁﬁ'fépﬁiﬂggg&%e@%&%i;?@k Aigr as in

any of cl giy% which is dIStInCtlveIn antireflectli've coating
is forngd [ det er.m zeof rLu ure, of the
radi‘ation tl:i)ea(gﬁ‘{)@tétﬁ{l H? isdfeﬁ{’}ﬁ 6?1 pilaéle clt& W@P %Pso‘?ﬁwélol nner
surface afQ cﬁ‘ﬁ eyangls @ ﬁe9 e lt-‘bﬁ‘!ﬂ "cﬂf dwatgéacer%m thpvegticabpleneis of

radi ati on3t ad; whi ch subtends an obtuse angle with the plane of the
active ¢ ybfrefﬁtrwvc engloofidivergenaa0 pofthe @itputirediatian irotheyhodizontal planaéy nal

pl ane, sebd@tmrhdftomthe range [(~c/4) - (~/2) - (al2)] to [(~c/4) - (~,12)

+ (al 2)d , theess of theinparald L@ns he p total
i nt er nal ;&Pg&% gmljn?r t he %ﬂ‘?é‘o?‘ﬁ%"f g%l%tl g;}@? nt?hdelﬂr‘%gl aﬁlg(?l@”&

i nput - qut r.opti r aim 28,
which is S?I n%%\f Oflztﬁet ug;[u P§E$faép%¥°"| %ﬁﬁeﬁﬁﬂmﬁ’pﬁ% ﬁ"gisag%f’ggl Ced to be
[(~/4) - feclo‘i’ﬁl]op‘ CFh’é BLﬁp W(BR-i s directed al ong the normal to
the i nput WheRQA degign gonsdered ahens, dscop beteroatruetnges i4 and radeation iapyt-of

cl ai s oty re@m d %, which jarg schemptically depicted in tFigs. 3e2,anay beptriodified! Hothts wi th an
ant i r efwere done; thockaravtpristicsofithe SOA wonld@hargle asdoll@vd.on i nput, whi ch

subt ends dn Bigu? ehaoltdingi sublayfie2p hdjacendiio rttteeraafemomn bRty Silitpul FegiIR W t h an

2&%:\55 Qﬁadef‘tﬁit%%hb& 10\‘1§ §6%ﬁh 99t§éied(ti'h @tﬁf& A Zg%‘gzlﬁ e mgal) &\9 flest
PCT/ RUY ‘ﬁf Fegem con uc % r as Agho \iv?nvgg whi ch
is di StIHET] %;g:ﬁnﬁg %RﬁIO'ERSWF%%?\S

face 9; (?FEHC £3he equal
to the ?&’1‘?1‘8“/ SEOPM e output radiation |s directed al ong the
normal t o Ipfde. |8nf?dtat‘§¥]rm%e°“tﬂg region ¢ hiiv made of sblayers: the firshputilayee28as i n
any of igB@umethicka@d iswlectrically ctinduétivet(fora darridrivahcenhatiorecphst 100t dmd), f acet
wi t h amndiiid seebndaiblaser 29 lighaly dopee bo 4 SoricBAGRHACTA X 10YhE 1200E PN
| nput - dUkPitiis £RB] MyofPtRI 1b58s Chnf B rbfiRedf Hatﬁé Aidihe é SHU calgkends an

?ﬁﬁf?nq‘?‘?oﬁﬂ“ﬁi r “pl’f‘ﬂl% d“'i B s '5; | e sa‘?wﬁnﬂpﬁ“ oe 7rom
&

T that g g lerd (%“Ctﬂé f@‘%’h o habif o ?&3%39?@%15‘%%%@%3 Fati on

(cp - § ia OIE 'BH@HE:{egl'O ai m 32,
whi ch t”.l Su ’ﬁY? as;shewa g Fig. d2 |¢lﬁdp| cayﬁﬁ&fusglaﬂévlab@sed to be
equal ©F KinandH#oi ehmisregintact p1 cam be dorradi with vne fthopleiddiap sablayérsiofr as in
any of clains 1-26, which is distinctive in that the second optical facet
with an antireflective coating on the side of radiation output is nmade
parallel to-the normal plane, and the outflow angle cp is selected to be
smal ler than the angle of total internal reflection 6 fromthe

af orenenti oned facet. ‘



~35. A semconductor optical anplifier as in Gaim29, which is distinctive
in that an introduced reflective coating is nade on one of t he second
optical facets, and one is fornmed parallel to the nornallZpieRtrmbes 3002
antireflective coating is made on another, opposite second optical facet,
and rad™QP48338nput is provided for “t‘ﬁr‘ough one part of i PCT{RYIYPOO6T
determ ned by the size of the input aperture and which is | ocated,

begi nni bou dary of the second optical facet with the inner

surf ac e&gﬁd‘m‘&gaﬁé ‘T’ ﬁﬂ@?ﬁfﬁdpp@fhaﬂegu@nﬂ%@tpat teiam héeasoshawn imr e t han
LAGR t ahigepl- and rad| atlon output is provided for through the sane facet in
anot her pakt Figh@adighly dépedaddeminabsethicomiuctopiayenB0 subpbé bardlgamiz somallet ai m 35,
whi ch i thanl i foractive tayen6,t sueh as onefriade bf U sGaRASN & placedrsieradiatibh hputL St

opti cal oift gl@ﬁ‘]lﬁ@)ﬁﬂﬁe $ifle bposiE tRBAhStbste@urk AC The ﬂe%&xc%%?tlﬁ?l ay&Cid ve
coat i NOleadk’to AAdARMACRBIHE RN (ﬁﬂﬁé 8 1 ﬁ&f Fie®0ASs ' et @E a trB‘:h 1

whi ch '&gdsgfbﬂ@ drl\{ﬁs o t1 ]aﬁ%ﬂé ﬁ) %C§ | \éetlﬁnanl gllajé it B8 1ll?e to" part
determ %’t | ze ?E?? 0
mput--% hFé g,g e§mf’{§ “Pfﬂ@ stablizafion ofyq 4j
acent t raé‘@&cﬂf aﬂanft?fc e‘\S%%'PBhé(a'a’Fﬁgeg’c"l@ﬁlwmﬂa‘éf tei sseonsut put
whi ch sQnstCéh freeta b9 dprayaluariyrle that: thetareplifiedheadistionhrsflagted \ieonh dy év naind i s

f or med iacidamt carthe actfe gahctegivat i on yr4 selected to be in the range ftom
[(~/4) - (lpsthdr embfoaliAnls bﬁtl{e(S(DA)m-qu(aﬁtian)as delﬁaﬁba)u]l F1g%81 A@annogﬁfeduct or
opt i cal activ® kdgidrwasfornBd 6 aistFipwith Wwidhh 75 Id&nangl e of

i ncli nahb efeY BffLioﬁ §€d ﬁl‘éttﬁqkﬁé%s bR [ F ﬁtmn ﬂ) tﬁew&lé ngR
radl atl 8"bd 10! Bb6 Sith ehadl 9 JrQrGN%i)r e V88 which
| s d| st1 : oy Vﬁ?ﬂrev’r?é]‘i BS‘ fiaﬁ} “t ttbﬁprqu

ﬁswwkﬂcw at

| east tHd \‘Hﬁ@‘aﬂ?‘h @"“Ihl 4 Vopt mwrr{f@rsand:mem&lag leyrreupl ed t o
t he nasqférffl’éoﬁ)r Qé’tw%lrﬁﬂStﬁ fou shaping the input radigtioawasings\presenioantl thetoutal

f acet s Hup rad@ajtoptﬁf nyfster selirae 1 oves seatrdiratii os thermeginahto thé plade sthiececomdct or

opt i calopsingl fatetenotishovm H Bigmn! B 9Theniatrhdifferahics i Misik ievbodindnt ady ih@esecond
opt i calsignificins iricfeakdn the oGkl @ﬂh@fan{pﬁﬁ'edtrdtdié‘h&iﬁtﬁhﬁ outphi Sfthe 8O an acute

angl e w ‘7@ W%@'l@ﬂ% H’écrézﬂ@ 1ﬁ‘gﬁél %ﬁ'%l%%}‘%'ive n?e F"’t% %:rti@gl @Q%fﬁ 5(6/2)J

inclin ecte to b e rang

ﬁgl[g(r:]:sLZ) m t)]dt refle glt r-e delnthe .
g f ‘?8{3‘%‘{% 18 %8 t%ﬁ%ﬁ gﬁW&B eltzh'g ﬁé@%%%é‘ﬂ

0pposi t ‘Z ¢R slinatien of, the second priical fARENIflPD PAGE
(ARTI Lt PPE@b opfy Hopadsd3 gvere paralic) o the/roopal7plane.

sem corldig fedrtogpsituatipn dmpwhich the inputi anglnd offthe collinmtett Dyt mdiation ang of

cl ai s aBgledf refractiGh aifon the amplifiéd autpuCdffrastioslimiteddudibliticiveieahé sanidiat  at

| east two active gain regions that have an identical inflow angle ~ and
outflow angle cp for each GaiTeresiyiaos singd fH°8@d on the sane surface of

t he radi ati | nput ut, re S onduct ptical anplifier as
in daim ﬂ?ﬁ%\ﬁz@ HHB tq{éﬂ? gg)A ZSEFﬂ‘As g‘{? ﬁ\?a%ef’o‘! é@i faget 1§ “ﬁsregl ons
are foffada tq the plage, aagd the sacond, optieal faget d9ewas at arvanglelioit i on

i nput - denlination weequal sonthetautfiowe apglane spécifieally:2°80" Thiscymbrodiménthdifflersgpaci ng
2d~oR/ ffiom thelpreviewsortetin thsdtahd ampl’liﬁédlmdambn\emer@glth@&gh épticahfeni emduct or
opt i calthexwgeiviaf iodif (thSarigle afh)éﬁ@étldi{ AWlPzekog6, or as in any of clains 32 34,

or dalm Fbr ae SOAYsER Pif: seSorfd GE hlo¥ 1'sraéfdhfz} offadl R e 2t i Ve
ggl:ﬂ ggg{gﬁpr@eg?o‘ﬁ' lnlgwag ok d’lttgﬁél s Of) Lacr: ngt%)ﬁqlf an “{L)lﬁg (?@Id' (g@?| hlE for
' nput - 8 wqg s gﬂiltg L}E}? g}nebsw@g| Oofgndiptien inpyt-ontpat ai m 43,

whi ch r%um ¢ he icallimated anput cradiation candc amplifieshiontpue gadiations weoe ned

al ong dH@W:(bbn tlmormaidg outensurface Aanfabdietion impetobtpat fegional¥d t hat are

| ocat ed oFigupedsi tepistsr diec embotlingens heft RS proposédanwe-pasd WeRy iheviélarts of
act i vea@lificativfiofie RPuORARSOA Cakih gmie et 6Al ;,Qmaﬁé 5’1’61‘0va?cptra\5]e'§sal But also

seni Coadm;é?étuﬁp&h alad}“pdhbfacﬁ{r clifle @ny of

cl ai ns [ | o

radi at g ggfl\éi%:g@o 1&5%1?% glg@gﬁg‘; tl} %ﬁzg@h“@ﬁeﬁductor
opt i ca AT Y ‘?ﬁgCI y ? “?‘ iRFePqsed pmbediment oct or s
are introduced into the active gain region of the second anplifying
conponent. 47. A sem conductor optical anplifier as in any of clains 1-26,
or as in any of clainms 32--34, or Claim37, or Claim38, which is
.distinctive in that the active dain region of the naster source is |ocated
on the radiation input-output region of the anplifying conponent, and the

outflow angle cp of the active gain region of the master source is
identical to the inflow angle ~ of the active gain region of the anplifying



52, A sem conductor optical anplifier as in Claimb51, which is distinctive
in that the active gain regions of the gain region of the master source and
anmpl i fying conponent are formed al ong each of two |ines’?Raptember 23| | el
to each other and that are |ocated on opposite surfaces, the shortest

di st ancWOBAE8n the starts of activedgain regions on oppBETREIYMOFECeES

bei ng di oRl sin cp. AVENDED PAGE (ARTI CLE 19) . 12 SeptfanberI 2]902 WO

991 46838 9 PCT/ RU99/ 00067 53. A _sem conductor optical anplifier as in any
of cl ai Methe fwe-pass,BOA, theze i moreefficigat pse ofnthe | mtlfém, hgegy theoinput andeast one
sur f ac eousputtafeamplified: tadiation patsecondepticabfiicen1 8 srenspdtiallyesdpertddy and Se A

sen concilues@f tiepdrighes!d i dré dey sap®e dsiforthy SOMA 1 EigmE3. 46- 53, which is

di stinctiVvEhd desifid of HBulkiBédrRCSOAS RpRtddTRI ﬁ@nthdlgiivérgfﬂr sbgefof;oﬁt i ngs.
55. A SRiisR r&u@ﬁp%amg' fﬁahPa. td fé&ﬁma&wat n’gl%eg P'f§6 % ch is
e el U Tyl s Y;%

- b--53 O‘i’{m?lrtg&ﬁw FieSPHiRE S égeflﬁs of sibres %m E Sty Shahea ™ 11
f orm oféh i 9540 axfs Al sgyal feac arecssparated | bynihe heegnd; he
active ;glé%l fagets dhand 18.a th@a%@ére@menta& rbo BigeH 7¢ thmse@ma optical

. A{ 9. A fagits A¥ amd: 19f exxeptathepsesond\@ntical fagdt. I8 A which@heA@pASRadiatiodNisA
A2, A s&@l&@( fdmAh4stekisobrca, g afe fopndd €56 sath subregion 32 at angles of inclination

Bk$LZ) hyesahibitien e aqwa b ealtcaherhsharld vathe 3F a6oid Cd fple aksacal cav] o
a] ca\/] Ci?dtﬁ Fe‘?]sﬁﬁ’r\& qaﬂ;q APt doA € &?‘ o‘f e SOA me ti A
Nun* i ++ i@ ca 3 ?Eza a ca]cI a]Sc
A +++
%@%@ e %@5‘& e
210 mod ca ca
gE]E(I:EE]E o ; : toRrtisal Jaess d 8 st thesawias) twa]mal!!]—ca] cal ¢

al]calc }QgiQ!} é&] Ebﬁ)]em}msb;r oh thecappleﬁqdaa]haapm atﬂ]pa@t&h]mﬂl]: aatifeglioal ca] ca
U] ca] caegion will enter the next analogous second subregion 32 of radiation input—output region

ssuuwz 477 ahd {th¢ | dforementioned. Yrbckssaliit dec aldcessiveBUrdpeited h callsade a&rﬁaU] caj ca
] ca] calsablegiabk 82 be alditidblismltcaltpalegibh ¢l cal] ca] caj Ca] Ca] Ca] Ca 6+

=Ly{4(U} x %bfﬁéﬂexﬁ%&xﬁleﬁ@ &fé]rﬁ ibed Cd’f] ﬁé‘ a] ca] caVv
] ca] cajga e ZTjd Y
T] U cal,g ca ﬁga;ﬁa ca 1{[‘& §‘§1|1 %]ca] cL:J]aU] i?
a] cay ¢a¥, ca cal] ca

CLU] 'E:J]a C'?,‘ b% (L!)IAT’J 1gst Etaf%‘awgaﬂ qu]rﬁlﬁ]ié’é(%@ aU] ca] ca
U ca]c f%&‘K dU] ca] caU
] ca] caUP@la} f@athﬁ é%qoad]qpagi}lcfa?mw datheadirectipoaif]lasef caV] cal ¢

afh(*9 @@@mwﬁ oThié‘ afrglq: ofjindidhtion gq dfdh¢ aficdmaitivatd fdetapaatiiath cal cal] c
a] ca] c &idht tiecrahgelroal ool e%ai-wzy] qtfwﬁ ;5{2]& aﬁé]) caﬁ]i Gabjc @for an outﬂow

$/ 9=HZ3fg 1’3)6) Bfﬁbﬂlf Mﬂ‘g ca ca ca] calal 3%/5%4

goa/(JCOCARO 30 ‘g‘lf’ﬁ : B& C%L% &;@ ca c(gU] ca] ca]
v Sﬁ (EtR T W e e

) @||\||\||\| A s m éaé’[lj}t@&] are peegnenlished cay) caj ¢
aU] ca] Withay é‘&ﬁ@lﬂ]"é‘é‘]‘%@é&]o}lﬁ)&} tegignckdl caU] ca] ca] ca] caU] ca] caU] ca] ca]calc
al?Qde] ;! § &R Figs. P p0do2D) g whichrh 5666nd ddplifyingichftfffioheritqM9-AGB'11.0%
U&' ( ) (dee Fi)4®) analogous to AC 3, or a second active gain region (see Fig. 21), which in the

absence of feedback will be sources of directional superluminescent radiation in the

discrete (see Fig. 19) and integrated design (see Fig. 21), are used as master source 1. To

accomplish efficient input of input radiation into AC 3 from MS-AC 1, all inflow angles

& and outflow angles ¢ were chosen to be identical, and the outer surfaces 21 in MS-AC 1

(see Fig. 19) and in the integrated SOA (see Fig. 21) were made reflective (total internal

reflection from the surface).

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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facet 19. In this case, by virtue of the generation of feedback MS-AC 1 acquires the
properties of a laser diode, and the outgoing radiation generated by it, after being
reflected from reflective coating 31 on second optical facet 18 without any optical system,
is effectively coupled to AC 3. Here, second optical facet 18 of AC 3 must be built in
parallel to second optical facet 19 of MS-AC 1.

The SOAs depicted in Figs. 21-24 (in contrast to Figs. 19-20) include several
interconnected ACs 3, which operate in a multistage amplifier circuit: the output of the
amplified radiation of one amplifier is the input of the next. The active gain regions of
master source 1 and all ACs 3 for the SOAs according to Figs. 21-23 are positioned along
the gain axis on one inner surface of radiation input—output region 17. Here, coupling
between the active gain regions is achieved as a result of total internal reflection from the
outer surface of the radiation input-output region 17 common to them; the longitudinal
distance between the initial points of the active gain regions was selected to be
2dior/tan Q.

For the SOA depicted in Fig. 24, beginning with master source 1 the active gain
regions are positioned alternately on opposite surfaces of radiation input-output region
17, with selection of the shortest distance between the initial faces of the active gain
regions on opposite surfaces to be djor/sin ¢.

A feature of the proposed SOA using discrete components (see Fig. 19) is that the
thickness of radiation input-output region 17 for AC 3 is greater than the thickness of
radiation input-output region 17 in MS-AC 1. This makes it possible to reduce, without
degradation of other parameters, the diffraction angle of divergence for the amplified
output radiation and also, if necessary, to increase the distance between the active gain
regions in the case of a multistage amplifier. .

A feature of the integrated SOA (see Fig. 24) is that, to effect lasing at one
wavelength, optical feedback in the active gain region of master source 1 is formed by
distributed retrodirective microreflectors 33, whose spacing is related in a known way to
the wavelength of the radiation being generated (Handbook of Semiconductor Lasers and
Photonic Integrated Circuits, edited by Y. Sucmatsu and A. R. Adams, Chapman-Hill,
London, 1994, pp. 402-407). The active gain regions in AC 3 are made expandable so
that the width W,, of each successively active gain region of AC 3 exceeds the width Wout
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 niorq and optical loss factors ayorg
(cm™), where g=1,2,..., pare 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 & 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 zeg 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 Pt i
0 < arccos—ff < arccos—eff-min ,
PIoR1 PoR1

such that egr.min is greater than npia, Where #egmi is the minimum value of n.s out of all
possible nes for the multiplicity of heterostructures that are of practical interest, in
aggregate with radiation input-output regions, and sy, 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 8, 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 (#eg/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, cormia (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, clormex (cm™), by the
maximum permissible value of the operating-current density.

\
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8. A semlconductor optical amplifier as in any of claims 1-6, which is distinctive in
that W,y is selected to be larger than Wj,.

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 nyop;.

14. A semiconductor optical amplifier as in any of claims 113, 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.
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uctor optical amplifiér as'ih any which is dlstmctlve
in that the radlatlon input—output region is made to have an optical loss factor QUorq Of no
more than 0.1 cm™

23. A semxconductor 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
second layer is made of a material with an optical loss factor oyors 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 ccontact 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 § is selected to satisfy the condition
arcsin (norq 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 mput
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 3 to the normal plane, selected from the range

[(7/4) - (§/2) — (o72)] to [(w/4) - (§/2) + (572)],

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 y; 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 vy, selected from the range from (§ — o) to (€ + o).
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that e second optical facet with an antireflective coating, which is introduced in the
-radiation input-output region from the direction of radiation output and subtends an acute
angle with the plane of the active layer, is made with an angle of inclination ;4 to the
normal plane, which is selected from the range from (¢ - o) to (¢ + o)

33. A semiconductor optical amplifier as in Claim 32, which is distinctive in that the
angle of inclination ;4 is selected to be equal to the outflow angle ¢.

34. A semiconductor optical amplifier as in any of claims 1-26, which is distinctive
in that the second optical facet with an antireflective coating on the side of radiation
output is made parallel to the normal plane, and the outflow angle ¢ is selected to be
smaller than the angle of total internal reflection ¢ from the aforementioned facet.

35. A semiconductor optical amplifier as in Claim 29, which is distinctive in that an
introduced reflective coating is made on one of the second optical facets, and one is
formed parallel to the normal plane; an antireflective coating is made on another, opposite
second optical facet, and radiation input is provided for through one part of it, which is
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 Lagg 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 yy4 selected to be in the range from [(7/4) - (9/2) — (c/2)] to [(n/4) — (9/2) +
(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 4 selected to be
in the range from [(n/4) + (9/2) — (0/2)] to [(w/4) + (¢/2) + (6/2)], 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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radiation input-output region and to the plane of the active layer, with a spacing

2dor/tan @ between the starts of the active regions.

43. 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 at least one active
gain region having an identical inflow angle £ and outflow angle ¢ for each gain region is
formed on opposite surfaces of the radiation input—output region.

44. A semiconductor optical amplifier as in Claim 43, which is distinctive in that at
least one active gain region is 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 sides being dior/sin ¢.

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 mput—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 @.
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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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