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HETEROSTRUCTURE, INJECTOR LASER, SEMICONDUCTOR
AMPLIFYING ELEMENT AND A5 SEMICONDUCTOR OPTICAL
AMPLIFIER Field of the Invention The present invention relates to the key
components of quantum electronic 10 engineering, namely - to a
heterostructure based on semiconductor compounds, an injection laser, a
semiconductor amplifying element, and a semiconductor optical amplifier.
Description of the related Art 15 Heterostructures are the base element
for manufacturing of the efficient, high- power and compact semiconductor
injection emission sources (hereinafter referred to as "IES") with a narrow
far-field pattern. Heterostructures for a semiconductor IES with leaky

emission of a narrow gafeffetss PRURGHEHEAUIR JOTORR AlgARA063189 US,
1977, HO1S 3/19 Bswmﬁgﬁaéent 2142665 RU. 10.08.1998 HO1 S

3/19]. From the SEM fi %Mﬁbkﬁﬂr‘%@l&%ﬂ}ﬂ}g@an

exemplary heterostrSEMIEGNDOQTEER OAPaShAMPIGIERU, V.1.

Shveikin, Russia, 18.02.2002, HO1S 5/32]. The said prototype of

heterostructure is based on semiconductor 25 compounds and contains at

least one active layer consistin§'@lfiehtteoinyaatietiblayer; the leak-in

region made transparent for emission that leaks-in into said leak-in region,

the leajeingiegion Incata ! easion,one. sids olihs acive 1Vl e electronic
leak-in regi%n IS at least one;et & Teak-in regi n PAc Rt [ehst Ine Teakem
qagmeenngistiagelylealst 6f bateresiplialuse PReedarhheearisondeatre fgompounds, an
iffeafRAenzed by WihrHARICIae alifmifyRdelRaivMe, 3anadex satfiedibactor optical

hetm:.ostructure to the refractive index niN of the leak-in layer. At that, in
P& erostructure at least two reflective layers are placed additionally at
least as one on each side of the active layer; the said reflective layers

have refractive indices Iesggrsgpigﬂoﬁlegf qﬂg fines ggeast of one

sublayer. The leak-in region is located between the active layer and a
corresponding reflective layer. In the said leak-in region two additional
layers B&terts taneds raaty baseosféneaidye neirtadaalng sedienefficient, high-

;fb‘?d}%? %?J%ﬁéaﬁi@%%%%f u%t%r%‘f&i"f?o'r%%{rsg?gnssaé%ﬁ(%é‘f{ é@%r'\%}’t%F referred to as
orme _at east O one.su ayer, ma e of a semiconductor with a ban

| al e active layer, and - an adjusting layer
‘o ewibeonagr eMefafiRldaptisMhe active layer, and djusting lay

of the |aakribe@i0R3 W RS HICBIRISHIREEOl thaceRy BNk N dnarrow far-field
A, e e e 88" 95 R Ao BB 2142065
RU, 10.08.1998, H01S 3/19).

From the standpoint of the technical problem being solved an exemplary
heterostructure is proposed in [Patent 2197049 RU, V.l. Shveikin, Russia, 18.02.2002,
HO1S 5/32]). The said prototype of heterostructure is based on semiconductor
compounds and contains at least one active layer consisting at least of one sublayer; the
leak-in region made transparent for emission that leaks-in into said leak-in region, the
leak-in region located at least on one side of the active layer, the leak-in region is at
least one; the leak-in region has at least one leak-in layer consisting at least of one
sublayer. The said heterostructure is characterized by the ratio of the effective refractive
index ng of the heterostructure to the refractive index ny of the leak-in layer. At that, in
the heterostructure at least two reflective layers are placed additionally at least as one on
each side of the active layer; the said reflective layers have refractive indices lesser than
ne and formed at least of one sublayer. The leak-in region is located between the active
layer and a corresponding reflective layer. In the said leak-in region two additional layers

are formed, namely - a confining layer of the leak-in region adjacent to the surface of the
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5 in the leak-in region. The ratio of neff to nIN is determined within the
range from one minus delta to one plus delta, where delta is a magnitude
much lesser than one. This prototype heterostructure has a number of
significant advantages. The technology for manufacturing is simplified; in
operation of the IES based on this heterostructure with leaky emission the
output of emission which is approximate}y normal 10 to the cavities of the
cleaved optical facets is attained; the output emission power is increased;

0RS175,8F thRLIUILNGRHRAY 16¥ertichbPIanadsdnaeasedsabyer, mealde of a

correspondingly, the angular diveérgence of emission is decreased. At th
SEANROTRHEI VLR Hﬁr@éﬁu‘é’fﬁ?@‘ﬁﬂﬁté%é’ﬂ&&%%Tn@ﬁnﬁ%tmeo\@yer’ and - an
aijgbee nergydribtes atieih chbgiactadgiateatobtiiee| S favenufapkiemhimingSlayer, the
IS.: 15 l0iect) IS Wi iSS| | row far-fleld .
e RS AT TS TERE T BAG 5 i 0cateo
infhgdaakim peponR(he1@iissof gegto noig dstermuned wihim éhstsangsoiapne minus
deeateronicalis e, a_mértél_@éﬂlghg&:ahaamhlamgaﬁ?geﬂm%ganfé AL
exem rototype injection laser is proposed in [Patent ;
o R S RS 8 TR e Brso roa T rSegpigaes: The
tagientiogyafer mahwdedwingtésosimplified: binsepemattemifotitidio based on this
HeARHQH NS re MAGh S8ik SRR SRR B Ren Ll AR R RS Y Fol@¥RRely normal

consisting at least of one sublayer, the leak-in region made transparent ,
oiEnfiey %tﬁéﬁ@aﬁ?ﬁﬁ?ﬂt@%ﬁ?ﬁh&ﬁﬂﬁ IRGiRINee (BaIRIREGRIAISSion power is
inccededd attteastizen ohdradernittihg aantize iaytte therteak-plargios imatkased, and,
I . leak-i redi legk-j CRNSISt te.

B SEOR, TR AR AR SLATI A ET AL RS B ime the
satlo etaesteitice iefacile iRgexbigfiaheaniiodiightirensige and spatial

drefrastévs iosextnd Nesf i igaknird@yaritSesdde of the heterostructure,
the protolype piedlionlaser dsacomprises optieal accls, relloiOttion 2re known
ohmic COMtacts: as RS arYoptlca\ re&0Rator, hwhich &1eas par?onf fts
[RaseitirAd6 8@ IMa8e HriNéab0aSpant Df IR/ Mdatk i, rigitemt Hd 2866231 0f10.08.1998,
HR®Y & f/iiRg active layer. In the said heterostructure at least two reflective
layers are placed additipn:;lsl)lg at least as one, on each side of the active

r

layer; RS AEr SRR RalRERRICTE PAMGe IR TRENUFRhARCRSM being
sahedorsmeskeatiglast pfaotysellinigation lEsde dk-propegian irs |[Pasdeti2197048 RU, V.1

RANANSAE LSRRG ﬁ&%@/%‘éé’.”ﬂﬂ@%éf&f SR Ao ldh %88 dncludes a

I
eak-in region 35 two additional layers are formed, naniely - a confining _
halpspeirRkiIR DRSAF SR DICRTALIAT RPTROYDARCENST A ARiGEo RISt UtREONtains
#0eHsinghka et fermesr dorsietsy anaeasblaysie nvasiayefa thendeaidue§ibn made

e T T R
at least on one side of the active layer, the leak-in region is at least one, the leak-in
region has at least one leak-in layer consisting at least of one sublayer. The said
heterostructure is characterized by the ratio of the effective refractive index nes of the
heterostructure to the refractive index ny of the leak-in layer. Beside of the
heterostructure, the prototype injection laser also comprises optical facets, reflectors,
ohmic contacts, as well as an optical resonator, in which at least part of its medium is
made at least of part of the leak-in region, and at least of part of the active layer. In the
said heterostructure at least two reflective layers are placed additionally, at least as one
on each side of the active layer; the said reflective layers have the refractive indices
lesser than ng and formed at least of one sublayer. The leak-in region is located
between the active layer and a corresponding reflective layer. In the said leak-in region

two additional layers are formed, namely — a confining layer of the leak-in region
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confining layer, the adjusting layer formed of at least one sublayer.
Further, the said leak 5 in layer is located in the said leak-in region
wherein at least a part of the said reflective layer serves as an additional
medium for the optical resonator. The ratio of neff to nIN is determined
within the range from one minus delta to one plus delta, where delta is
determined by the magnitude much lessgr than one. In operation of the
prototype injection laser for given values of overthreshold currents the

alﬁ]&%&ﬂm&fﬂl@@ﬁ%@wﬂwé%ﬁ}/@mm fhe é&ﬁh’rﬁd&ﬁ%&e@?ﬁﬁﬁgd?%ft'&? least one

compositions and thicknesses of the " heterostructure layers, is no less

SHRIRYRE VARRSVAhiBnSENERRAUSIRT 18t dikanthioae GXIRedRg HEenPasAatdp of the
attive agier adivéintag esijobtihg o tfbeniedtionragen atddent to the surface of the
i t f , | nt of the size of .
AT 0 Sy ARG VPR G LR RTBIROSRL & SR REF R said eaic
i EfRrasdesated dhieHeilversdndespemiRaion, ahieashplfrrambinss saigl reflective
|d96hsatagy é@rm@amﬁ@yim@mﬂn&c@dm&f&mﬁw@sms réﬁ}%”éﬁﬂgﬂo N is
of emjssion Qutput which IS rOX|mateyn rmal to the cavities o .
IRt SO (DS R 18 BN (B SBIB Ly B P s iBschgrg delta s
detetaiimele griethienimagritudtamuseniasswthasingnthrés heperatinents, the  prototype
imisdlias gk sHiciRReY BN RN B Sk RS o ROELRRIOCRRINSFIMIASr emission

hi%h spatial characteristics. Semiconductor amplifying elements (SAE) are

RABDG [1'AstierBEReWRYRE, dRitethi B0 LORPorlos. BRdmitifknesses of the

hetenskiniotuné thedeshsinalipseltlean einglsolwbithan exeasskary faroataiyiedance of
i plifying element is proposed in [Patent 2197047 RU,

t?l@%@%ﬁﬂ?ﬁ%ssia, 18.02.2002, 7 HO1S 5132]. The said SAE _

includé8MeikAsrOtaaes BhfieRretelyRfdBisstiRtdRedNTEB ifiRIgUgmentation of the

|SsEalitNg phigaStimnerisiieniyes fapBistingf ahel@asittPigone S i kgevertical plane
agd the leak-in,region I[;na\d transgar nttfor emisFion hat leaks-in_ into
an t g(e OT

. For[(esrPondln v ecreas h? C?nglfar ivergence , of ?hmission, the
said [eak=in"fegion; the Teak-in region located at least on ohe Side of the
sipmiikicktiaT, ofhthéetechmolginids atdeakconngribedaleptioadrsermaaitwell as the

riAsh e HakriRRYFLIBANGISHNG 2bipoah AN SHRIANE tHENE=RAIEs of cleaved

heterostructure is characterized by the ratjo, of the effective refractive o
IR Rertdr R iimadne E’goﬁﬁév PEARIEFUBN RS 1PN BPHAY dggyee limits the
detaikrire leyafrioBessiegothtieshoitenastnisias wokk g5 bighy piiGekicyabsal power of laser

ﬁﬂggm?oﬁﬁﬁeP&Hﬁ%Jsfﬂfgfff%g%qeg?g}gﬁc%}rjg{ﬁgontacts and at least one

ec arifying fllm on an optical facet. In operation of the semiconductor
amplify Ry erasieTiethamrbiyigatfieraatiiuR AT BREm IR ehissior Reye World,
depsineet obte sidderk:-in region and at least part of the active 4 layer.

In the said heterostructure at least twaq reflective |ayers are place
i T ol o PHHE o e BCGR I S Al LR (REEgy an eremplary
profleiytigedaydcencagtorefraplifying element is proposed in [Patent 2197047 RU, V.1.

Shveikin, Russia, 18.02.2002, 7 H01S 5/32]. The said SAE includes a heterostructure
based on semiconductor compounds, containing at least one active layer consisting at
least of one sublayer, and the leak-in region made transparent for emission that leaks-in
into said leak-in region, the leak-in region located at least on one side of the active layer,
the leak-in region is at least one, the leak-in region has at least one leak-in layer
consisting at least of one sublayer. The said heterostructure is characterized by the ratio
of the effective refractive index ney; of the heterostructure to the refractive index ny of the
said leak-in layer. Beside of the heterostructure, the prototype SAE also encompasses
optical facets, reflectors, ohmic contacts and at least one clarifying film on an optical
facet. In operation of the semiconductor amplifying element the propagation medium of

amplified emission is at least part of the said leak-in region and at least part of the active
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indices lesser than neff and formed at least of one sublayer. The leak-in
region is located between the active layer and a corresponding reflective
layer. In the leak-in region two 5 additional layers are formed, namely - a
confining layer of the leak-in region adjacent to the surface of the active
layer, the confining layer formed of at least of one sublayer and made of a
semiconductor with a band gap exceedipg the band gap of the active
layer; and - an adjusting layer of the leak-in region adjacent to the surface

@ldharaniaing H@Y&Bs‘l%‘cﬁ‘ﬁ&@'%@%%f%ﬁ&%ﬁ A5asiang a%étyaé’ﬁnlonal at

urther, in the leak-in region 10 the leak-in layer is located. The ratio of

SRSt 85 ORFISUERTITRE %fﬁ%acﬁ%"?aﬁé!@rfrg?ﬁ B8R RiRGLERNEE diaye refractive
mlt&simaewhﬂre r@glﬁmdsf@iatemnleddn;omﬁ@mmbjaymutfhdessemhag|on is located

éﬂ e %%8 Pafa%} j%”%'%%?%‘éﬁ%‘%{% MR SPtlﬁ’l AIALRRR e gion two

|um (6) e am emission Is a st a part (0) he Sal eCtIV
a@%pnﬂlﬁmrﬁeafﬁéﬁgn9<bm%mﬁi}1ﬁea @@ﬁfﬁymmIamuﬁfewlmﬁbr@ara%m\aéuacent to

ti‘@@ﬁrfﬁ@éiW%B%@Q&Wﬂ@é&]ﬁﬁﬂé@%h@ﬁ@éﬁ@f @ 1B8st of one sublayer and
the reflection coefficients of the clarifyi films

truct |
éero e%uﬁ%ﬁé%?a V&E@%Rﬁ SRR Sy H%ﬁ‘g%@%p Ofn He actve layer;
%@If-e&tclaﬁloﬂlrtgmmt ihidenlaikadvagtayesijsict frdtetypeareEcirtieneontining

I%Pplﬂﬂéaétﬁﬂs%&ﬁa%@%#fﬁ%@‘%ﬁ%tt?é‘éﬁ?%ﬂeysdbl%ﬁﬂtmﬁr@@h%%%gk‘ in region

hich is approximately normal to 20 the cleaved optical facets, the larger
t@%{%‘fd@ pardsiiospiat e AECralileda Ruikedeleisrner wahindbg range from one

rsiensitieitg to potapizatideitaf Wneiapettzstetermisstbby asagdtuds mowhlllesser than

%%g'ﬁ LS RIS R ARASRR ARG grﬁg é'lg}ﬁetﬁ'teaﬂr%%mﬁa?%dmm of the

as an |nsu icient senS|t|V|ty to an Input s certain restrictions on
amplified) SIS ihertsiers!-giaat aiheicalbrebisstiisidayepswhile the intensity of

aﬁﬁfméar@mcetgbﬁpimlr@mmﬂftaéss@@ébwe leyewrnilfred Bjrakenigsmpositions and

tTel%ng oslg gtt%rg{e}/f)oﬁlq I ur Ola9 3ot bere]fkga tg érp lﬁ)lmeril’ts ojf]the clarifying
rom the standpoint 0 telfinfea prob eln OV EFHI ERem

filrstoiypehseeanideaseictbeopticanagniilifier & pﬂn@ptbmé@hmqnmﬁmmmm;exmtatlon
dBier¥.!. Shveikin, Russia, 18.02.2002, 7 HO1 S 5/32]. 30 The prototype
SOA includes optically coupled master source stk)gut emission_and

prototyp€ SREhBREAIRT PR e RITBAPR hveliGn Siipltigation of its
80022068y TobidbIB/ 3P anduutesicihe ¢ aissian ovhinh. 3-dpficsimaiely normal to

tﬁQVéIé%Q&S % Q%? E\@H%ty %é?ée@%ﬁ’éﬂ@@f'aﬂll élifPféBSruﬁ‘? ﬁﬁtHerEH:ed noise

technology, the output of t e emission approximately normally

feré%(véh%Eﬁwqac’é%ﬂw&ok?eﬁ%@ﬁ@ﬁ'a&tﬁbmmmB%mﬁéﬁﬂrﬁm'Eﬁ@ﬁea? well as
sael fandields, theiripiesied mmﬂﬁﬁ&@r@d&ﬁemaw the priitipe SAE has an

[ gur Irgfgrt]?rsserétltlt\f/}%%grgg |Ir|1rpr)]% S|gnal and certain restrictions on the magnitude of the
small-signal amplification coefficient.

Semiconductor optical amplifiers (SOA) are known [IEEE Photonics Technology
Letters, Vol. 11, No. 9, September 1999, pp. 1099-1101].

From the standpoint of the technical problem being solved an exemplary
prototype semiconductor optical amplifier is proposed in [Patent 2197047 RU, V.l
Shveikin, Russia, 18.02.2002, 7 H01S 5/32].

The prototype SOA includes optically coupled master source of input emission
and prototype SAE proposed in [Patent 2197047 RU, V.l. Shveikin, Russia, 18.02.2002,
7 HO1S 5/32] and presented above on pp. 3-4.

The main advantages of the prototype SOA are simplification of the
manufacturing technology, the output of the emission approximately normally to the

cleaved optical facets, improvement of distribution of emission in the near and far fields,
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prototype SOA has certain restrictions on the value of amplification
coefficient of input emission and on the value of output amplified power
together with high spatial characteristics of emission. 5 Summary of the
Invention The technical problem of the invention was to modernize the
design of the heterostructure, in particular - the leak-in region of emission
and the active layer for 10 improvemengof the energy and spatial
characteristics of the IES manufactured on its basis, namely - to create

iRigt-RAVRMpIgAGE ciRpek b Siokiieliahis BemiaARABROnINIRC e time the

emission soxer es with improved spatial and aE%ulafr characteristics, small
RIRNES R4 &?én‘é%r@l”bﬁ?ﬁfﬂtcé S8 NI e’ iamplticatipn cosfficient of input
gleissindenods cas thell esusvithf redtpe daphplifedndawernmapetisestamiteshigh  spatial

cﬁ%ﬁiar&gﬁﬁ%q lavel fmpgchanical stresses. 15 The technical problem of the
Invention was to further reduce lasing threshold currents and to increase

the efficiency, output power and reliability of the injection laser together
with high spatial characteristisgraiagast enaissientibaluding the
single-mode, single-frequency injection laser, as well as to reduce ohmic
and thermal resistances, to reduce the level of compressive mechanical

stressédetdanmpiedle R @R rRfutieh BV e waar tanthesiefieikgs e design of the
[RREESIRD AR Qi de N BRY adalei Al e Bg RHCBE A AIsHPARd PREARIE Siayer for

e b BB L s on
lsis sitamshe etturer elte highuyetverr, digh-Btfigiencgyaskifhjghip neliebte rseoaficonductor
iRjeLERe WRRELANSHNIBSRRR] iR ABtI QPR ARLE URlifRarl i Scteristics, small

technical problem of the invention was to increase the sensitivity to an

f‘l‘ﬁ‘ﬁl‘ﬁs Qfg‘iq‘é‘?@ﬁa% m&‘gﬁgéqw§gﬁérﬁp§¥%ﬁll§@ﬁﬁra&msIH%%&WW%@S well as
wiredusldctoim raptihegelbrasisiaaseyalha srial fideb ds e dii eesthiaanical stresses.

oactpenrapHiagacrossknosaaihys e e dioasinan
gl 1eEaloE et LTt FURAVER, et L RIPHEL IS iy thrho

BISERE AN indnsTraresinaletinigRey o UREpeIKES arougiabtity ofiesiiiection laser
W@fﬂ@gﬁﬂtfﬁﬂ@ﬂﬁ@ﬁﬁ#@?@ﬁ&dﬁ@ﬁé@@ﬂ e amisai@ngiie single-mode,
reauc sensitivity to arization INput emissio , IMpro !

R e B e an sl B i Fahiea i fed TsrmaLragigiances. t
redeck teel kv | df coephesios stechgaisal bsasssmitaliproblenthef distribution of the
ARYENRN ﬁé{@%éﬁhmﬁe@ﬁﬁs@?&n?rfbolm ' tﬁQe@mﬁéFaﬂjr@Q}étp%ﬁgéﬁ@é of output

and output power of the semiconductor optical amplifier 35 including the
RAYREIRG Ot fGe RR)ifheiaing'am 2RISR UreRidHpgt Bt only to
ertEssignhiganoitpodpotasre phictb o i fiek reegetioe thvel thidiig lispatmis sion spectrum

|ﬁ%"’,‘r?‘é3&8&?$¥fso?fns frequency shift, improvement of high-frequency and high-speed
modulation characteristics.

The technical problem of the invention was to increase the sensitivity to an input
signal and to increase the value of small-signal amplification of the semiconductor
amplifying element as well as to further reduce the nonlinear distortion of emission for
creation of high-power, high-efficiency, highly reliable, low-noise, high-frequency, high-
aperture semiconductor optical amplifiers with small angles of divergence of output
emission, with improved distribution of the near and far fields of emission, with reduced
sensitivity to polarization of input emission, improved temperature dependences, reduced
ohmic and thermal resistances, and a reduced level of mechanical stresses.

The technical problem of the invention was to increase the amplification
coefficient of input emission and output power of the semiconductor optical amplifier

including the single-mode, single-frequency (depending on a master source of input
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amplified emission, efficiency, reliability, with large areas of its entrance
and exit apertures, reduced ohmic and thermal resistances, a reduced
level of mechanical stresses. 5 One aspect of the present invention is a
heterostructure based on semiconductor compounds, characterized by
the ratio of the effective refractive index neff of the heterostructure to the
refractive index nIN of the leak-in layer, gamely - the ratio of neff to nIN is
determined within the range from one plus delta to one minus delta, where

Hedaisn stenmonad dwr aopt @anlm.mpctaé%ﬁw han K. shaatadflaracteristics of
het(f{ csjtruci;ure 10 c ntalns at I gtg ne a%tl ayer, at le Céfst two reflective
s H

ABSHYL SHEEIRAcHERL s il s £y8f”‘5t 5o FatiaagReand exit

dpgerse®rresticedeabnid cimel stislioyalr mmisthamre&ametdm:addneeelIezfsmechamcal
a0 the effective refractive index neff of the heterostructure. The said
heterostructure contains transparent for emission the leak-in region of

emissioR® TREAGSK-Pf rdffonREeaRl BAMGRLER e aBtiVReteyeptiHatyres based on
mnre@mmbnﬂgcmfmfde Iayeraﬂtauﬁamamtreg@mblocatecbﬁédmeétr@ma@nee index Neg

SFHLYILRENR el Inedeatin feon isabieatane, e 5k, - ne rato o

region as a east one a er avn% are I'aC?IVG n
%@ﬁ%lﬁun'g d@ﬂ@ra@mﬁow&wgumayéngeﬁéoga@@@l@mdﬁ#@é% opg mineasielta, where

d@i@@@d@@?@m i .I@@woals*éﬁma@éeaﬁh@gqe@séu%yfblda lt('ﬂifecééa rﬁe%rostructure
Ina er IS, addition introduced, into the leak-I n, the

e B e e B oA L L G SO BB R, & gl on each
sleiasofdh@ra@to'blt@wblaye@@ refleatitvedapeesx fnorledsathwashefrefractildayer and
HRgeX RdLoiJbe feaksn '?é/@éeﬂnﬁkérﬁlatﬁ%me%ﬁh%‘eHé‘f’rébifffaceﬁeébe ng of the

active layer, while on the opposite surface of the main adjusting layer
hlsresy H!ﬁté"@oﬂ%hﬁn?IQ;)%%%E&\%%%‘F@F&EER)@%HH@P@Q@* fﬁéﬁ’fHéS‘O” the leak-in
r@‘tﬂttw‘e srdexiaf thEhealeagdiustsgiplayeca?ad Tbetdistinctian attive layer and a

re BG5S Jlﬁjt%rﬁ)e%ﬂ SR (HR SR ﬁbﬁ‘&?‘é{é‘éz%‘ %}Qﬁ‘ﬁfoﬁ%%eé\ﬁé%f the active

e active layer of the protot e design of the
'é&ﬂ/ethﬁ/@a% legiandh af %h@ﬂ%tlﬁ\& IgpkriafROIAR Rﬁ,sa%'ﬁﬁﬁtﬂée leak-in layer

mﬂ@iaqé&ﬁewe iHRleak iéh@@mibﬁwg? bernpghangre - sUBRIGSHIVENRYEN leak-in
in the S does ot c ntain sublﬂ}éers 1030# be atl st on

O B RO AE LY VBT THLceD e AN MDA aq (s case
theamainl J@@waw@y@yaﬁflmed@aknallse@mdmaﬂonw itbssigekdn adgicente said main

A0RGQFH/BYRY %rw'%tkeJPI%t%h@ﬁé'%%@%ﬂ@%?%@%@gf@y&ﬁé% its sublayers

confining layer of the leak-in region is adjacent. In case, when two and

%HSF@%{R/M%@% Ig7s fBARdaSekactis, ipdRxdwn thingdgak \ByRyerfnd adjacent
vmrtalronentaalsadﬂcﬁlmg Ithiyseamvmtlmimed\hmwngtﬂme cppositer slofee of the main

(ﬂmlcoi (Est?éé %H§TQA9X?EJV|J&%f%&'&[vgqn%fesmesser than the

ctor
refractive index of the mam adjustlng layer.

The distinction of the proposed heterostructure (HS) consists in modernization of
the leak-in region and the active layer of the prototype HS, in which the design of the
active layer, the location of the adjusting layer and the location of the confining layer in
the leak-in region have been changed. The active layer in the proposed HS does not
contain sublayers and can be at least one. In case, when one active layer is formed, the
additionally introduced main adjusting layer of the leak-in region with one its side is
adjacent to the active layer, while to the other side of the main adjusting layer the
confining layer of the leak-in region is adjacent. In case, when two and more active
layers are formed in the HS, between the active layers the main central adjusting layer is

introduced having the same or close characteristics as the main adjusting layer.
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heterostructures occurs in the vicinity of the transient process of emission
leak from the active layer and its leaking-in into the leak-in region and into
part of the reflective layer adjacent to the leak-in region. This process of
leak in the proposed HS is defined by the 5 compositions and thicknesses
of its layers and is controlled by the ratio of the effective refractive index
neff of the heterostructure to the refractiye index n,N of the leak-in layer. A
transition point of the process of leak is the provision of equality of the

ratio nﬂﬂeaﬂ@rﬁﬂfﬂ)ﬁﬂ] heoma%w@@rﬁﬂccér@um&he IBREr BB EANGR Ofhe proposed
currents this ratio is eteﬁfglned er%gn the rangiﬁ of ma%mt des from one

hIGEOGEREESREFHIRUR SRR 8 FRSITRIRISPED QeRT RSIghogaK from the
a@t@ﬁe Iblre ahdtiis iekiogerating thevieaktive reglitnraetti rirtb deotezdbs veflective layer

%E%?E'@tﬁé”fe%’ﬂﬁﬂ%ﬁ%“ﬂﬁ%&@@s?& |$5'l€|ﬁfﬂ% ﬁé@‘ﬁ@é Héi‘ﬂwed by the

c osen ratio neff/nIN and a given density of current Wln through
cRRPRSILSIERAIHITE ES§RSCH P AR %ﬁrtﬁésv%ﬂﬂéf%'ﬁfégéﬂ rat'o Of the effective
refiaplilicationof. polisriowriordseaalive thayhe fiacthadriood ,Utﬁttlﬂéeeak -in layer. A

trraenssl’ll ngg%%e 5? B\ Cﬁ?&@e@ésomggkngl a I'f Igggrbpeg néﬁ §F fo e?aqlo n and N to

resona e losses emission In the active layer an Opt SSes |n
thegmageitydaithvPadnsheenasptingdararmascarg s ifivhiation éﬁt@émiﬁeﬁwlthm the

réiRgR. ShendpaxiaesTreAUSHef Hnﬁssaanaq&mégn@mmit’u@aﬁomvkeﬁsetr%:mgmtude of
J eris chle % (i hy Ipcation a | as by choice of thicknesses
S T b G B 8 heTEA PR ot P o Pe e esgases with
indneasihe mmenaﬂmrﬂngghay@fstlvﬁiﬂfm are additionally introduced into the
propoqﬂg 'é'rﬁméﬁ%WGFﬁ%s"f’éYs NRLOBIL QK GaRY ﬂ”'ﬂ%t'aﬁdrét&\léﬂw@”ﬁrt%? current

they also make it possible to improve essentlally "hoth energy and spatial
flomdpg ctBrRUAts BEIHEIES. th dRle TRAKIGBRSRB MRS P Intie agdUgs of resulting

aeslifitagcnmpfifieaissioaf é#missiondtive Sdheradtivie layeleestdddghanethentesulting

éﬁﬁcgp %a{ﬁg earnjr% g{léh Eg%n tsbng§Fet¥Voo 'svo%gar}/ %r?ogg%s of emission

pose e mtroduce Into etweeh oS8 tWo active layers
'@ﬂ?fﬁr@@l)@e'é%ﬁa%‘i%éﬁﬂ%ﬁ'é@?@§ﬁrh@ e/ ESRYRIE of its sublayers are

placehdar meshb‘sunfvlbgnd@l@cﬂeaaweaﬁactmmm%9a§ﬁpafr.¥h@nta| data, the
thickness ofthe aln ustipg la ert adyisable with th |
O B R RSt I T o0 R ooy St Sh R gy ccisely
ta/djacemnoameﬂsun@&:@wfQhelrcmrﬁfnthgﬂagreeseataeelsteiraqﬂne itsditde ahdhe main
d@j@gﬁh@t '|%9§Fs°f SP%%‘P'%BTaJé?éeCﬂ‘iﬁseﬁﬁ&“Yr%mogﬁﬁﬁﬁﬁ&% r@“ewhuch are

HS, the main ad usting aa%r the main central adjusting layer and the

%Qﬁfﬁgﬂ}'éd}ﬁgﬁHﬁ%yéﬁoa RERROSGth e 2RiNE TRERAEE 06 R tpfarepieling the
regiachivg, ihdethaiNsbthekeak podsives tovinleréhe dsedatediydsotf dnerggidnd spatial

c%%r%g{%ﬁé% Igf%%rg'gg? chosen within the range from about 0.005 .tm to
about 1.0 m.

In the preferred embodiment for increase of resulting amplification of emission in
the active layer and improvement of the energy characteristics of the IES at least two
active layers are proposed to be introduced into the HS; in between those two active
layers a introduced main central adjusting layer or one of its sublayers are placed.

For some HS, when there are restrictions on increase of the thickness of the main
adjusting layer, it is advisable, along with the main adjusting layer in the leak-in region, to
form an auxiliary adjusting layer adjacent to the surface of the confining layer, at least on
one its side and made at least of one sublayer.

To secure effective modernization of the HS, the main adjusting layer, the main
central adjusting layer and the auxiliary adjusting layer are made with refractive indices
no less than the refractive index ny of the leak-in layer, while the thicknesses of the said

adjusting layers are chosen within the range from about 0.005 pm to about 1.0 um.
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For the effective confinement of electrons and holes in the active layer
and therefore for improvement of temperature dependences and increase
of efficiency of the IES the confining layer is made with a thickness
chosen within the range from about 0.01 m to about 0.30 m. 5 To
decrease the angular divergence of emission of the IES, the thicknesses
of the leak-in layers of the leak-in regiog are chosen within the range from
about 1.0 mto 10 m and more, and at least one of the sublayers of the

reflective Igecfiottiiie topshdinshadinesttiordeirpkdireiayertis mesiR layer and
with.a reffractive index glofse to the refragtive index of éshe leak-in ltagﬁi%i &r?cy of the

IRRELRITDI THB"RERIGI S RBELE SRR AN, PLethg ©
IebithedindinispiayheisDaud avitit atieidkaksdagean svihowthevignge from about 0.01
upﬁf{@%t%%tir@(_j@(ﬁ]q_ual to the refractive .index of th(_e confining Iaygr_. In the
preferred embodiment for decrease of internal optical losses defining the
efficiehRydSFiARSRE Beraras 8f tAvgaspeseef AMissiod patha st | esses of

RN HRarMayRrd breRB i am vel o laxecrsssh lithP ek PagRNOE: BBdUt 1.0 um to
auxiliary adjusting layer (if any), the leak-in layer and part of at least one

T HI AN P oA ah R i 8l eI YRIENFES G TRiRC YR URKEe @ the most
pappadjatate topinddakpnritipsr appreadmaitctysfneiatiNes itddx it e3td QR refractive

. , the confining layer is doped with a level of appropriate doping
'ﬁ?p%?ﬁ%%%%gﬁ&l%%fely from 1017 cm3 to 2.1018 cm3. 20 Depending on
a numbe sl EagideCBRRRGR REGRSISS 6f PaRURGHYES, WveomaismYpeinents of

tied HS ednchst e HakiurRen SYHMRINGtH 3 PsTehativashauReltatiStHe refractive

.tge %¥nr1]metri HS ﬁhe leak-in regions are located on each side of the
in ?x the con |n|]n(§;r t’:ﬁ/er. L
active layerand € ‘'most part have equal refractive indices and equal

thickniss e fiiewsid surbgdinent foe dasiaasactfiinked ahapticallassesodefining the
JFRlsRY AL A8 IRMLAS ONRSIHRPOLBE REIVRdaYEIn AdjlRlitEEdVasER@ he main

on the side of the n-type doping. In the preferred embodiment |n the
CHRUR @GBS dPE RIS ARt ARSI SToMIRTe ARy RANB BiRY @ any). the
lcaitentingen coh pasitafna(oeastefiee trefidotilex)aybthadjteanindatyer legldah dayer are
I it] the refractive i . M| 115 3
R A R e R
%?@%ﬁnﬁm@dsmssqmtf&ém@éawui@,daﬁ@%mah;ﬂsléwh@fmmmr'@émmnglfgnpurities

BFSAARIBIE r SARAGY R e d3agh and the thickness of the leak-in

layer usually makes the larger part of the thickness of all HS layers, then

compre@RRIE R EAZHTILANREF L LOGRHRA RIdCRIHNTEURIS 06 RAEPABKPTS, two main
typdsiagfidHShaHa aed thzmutitvesistanegsimwdiree e csaasead, asfioherisulS. In the

SR B 8 LB S R P OB o
most part have equal refractive indices and equal thicknesses of involved layers. In the
asymmetric HS there could be one leak-in region located on one side of the active layer,
for the most part on the side of the n-type doping.

In the preferred embodiment in the proposed HS for emission at certain
wavelengths there is a possibility of selecting a composition (or a refractive index) of the
leak-in layer equal or close to the composition (or the refractive index) of the
semiconductor substrate, transparent for emission, on which the heterostructure is
grown. Since substrates, as a rule, are binary semiconductor compounds (for example,
GaAs, InP, GaN, GaSb) and the thickness of the leak-in layer usually makes the larger
part of the thickness of all HS layers, then compressive mechanical stresses in the HS
will be also considerably reduced, ohmic and thermal resistances will be decreased,
which results in increase of efficiency, output power as well as in increase of operating

life and reliability of the IES based on the proposed HS.



10

15

20

25

30

35

9 At the same current running through the IES, to increase the output

power approximately by factor of two, three or more, in the proposed HS

respectively two, three or more active layers are made, the cavities of

which are parallel to each other; in between them a main central adjusting

layer is placed consisting of two thin heavily 5 doped sublayers of the

p-type and the n-type which provides the tunnel passage of current from

one active layer to another in operation of the IES. The essence of the

nonowiqué iﬁmw%&u@wemmﬁ@ss?mdugwemewt iBVﬂ@F@tdaﬂ‘l‘éi%utput power

modernl f| S leak-in rgqion and activ er: such dern iz
B Y e SR LG LB, FRCHEalE o SRR B REAR Iy two, three
oregioie; afityehiayeratisg mm,trtbelayeviiieﬁ tble Wnidhimne qierailelctramget, other; in
befben %Meda%%rﬁ*@r@g@%em&ﬁﬁg ge,sugblaxeé% 'EdHHQﬁH’&G‘d? M A heavily

was made possible by an appropriate choice of thicknesses and
desﬁsipagmah%f%@%ybrgpsf 08 Hre - breRrbighRrPUres imdynnel passage of
caaatifratioonef detive faye i@ picther actaéstitisn mﬁthel;ESthe value of

feSU'“ﬂQe I#ﬁ%aé’ﬁﬂé%?%tﬁ%'b{? A%Y&Iog"ﬁq B‘E &9l dng #r?érﬁresent invention

neff/n,N W est power and 15 spatia teristics ISSION O
'%%'E@%@éﬁté%@f %@%&@G@@cﬁ%@ﬁé@/ H‘Mﬁﬂeﬁh‘i‘i@ﬂ‘ﬂ@(ﬁiﬂ%@ﬂ consists

ot sraintinglionsdsapsiidertndreintremeiahts QH@rMSﬂdé@Bhe HERSRIRL location of
|nv ngon tP?hkeeaal?tu'rYe elem?sntc fqu n;%rcriw elec oana me{a

ac¥|oﬁ Iaser the semicen uctora fylng grﬁgn §%he
sgbw@mdactwmm afdblthet. wesAmader a@mbbobm@pr@@@mprlate choice of
1HRYeRECBSIS:AR 'B&\Q&é&iﬂ@%b@qwr@y@%aoﬂqﬁ{@rpgrwtélf@ep%egt{éﬁh the optimal
semiconductor compounds, characterized by the ratio of the effective

CRIRIRATRN nafextW%ffcgf fise MEiRFoSHRACIRIRIGhe PRPENvE B llG opf resulting
athelifé=gion itajrer aa&vaé@yertbedﬂhm@‘lmotdhel kai® daﬂarmm mshaower and
EJ&Q?cﬁQ@c?ﬂ%ﬁé@%ﬂ%%%&%rﬁBﬂﬁ@'f&’é H\é}%cﬁ delta is determined
esser t sal

a magnitude much an one. The 25 eterostructure

conta.meaatrea@tqﬁ%ér@@ﬁk@myr@?damg&& Porittiakitseliatjastions isdnsiuged in the

nORHeN sask Jieshesdbarmaiyelayernt ihearidrele ’bie dayessdiemeetsadf quantum
IS35h0L 8N Séjebrﬁﬁﬁe anahave 'iefraCEE’ees'Qd'%%%c'Fs?er ihaphe %ﬁ'éen%te‘é? and the
eonIC Shdasenng e NeRUaR BeRl S s SR I RE AR

seoneand-gien apdicehafaplidatission the leak- in region of emission. The

Ieak-ir)_\ﬁ@g{gp EKEé&d&efM‘@%iﬂe@ﬁ]ﬁQHV&wl@é'ﬁrl@%%ﬁfé@ﬁﬂﬁ%@@?’”&gmpnsmg a
reflective la Iré%/er the leak-in re glon located at least on one side of the active

helFEpS e fRKaRSREL S S8 B SOTPRUICH FORIBRAREY: R aliEoTalio of the
cfifadtive lefreictivaindexangebhicitieViestedsstroiitlean th dloe sestaotj\at iledest of @fithe leak-in

SR el S RIS H, f891 R AR PRI ORRCHRING!AUE one plus delta to

consisting at least of one sub ayer The injection laser comprise also

opptiviYacala s reltarmaetasmiaed bar@dﬁﬁsaltvéwam Iggser than one. The

said heterostructure contains at least one active layer, at least two reflective layers, at

g: the .
$ not contain

least as one on each side of the active layer; the said reflective layers formed at least of
one sublayer and have refractive indices lesser than the effective refractive index neg; of
the heterostructure. The said heterostructure contains transparent for emission the leak-
in region of emission. The leak-in region located between the active layer and a
corresponding reflective layer, the leak-in region located at least on one side of the active
layer, the leak-in region is at least one, the leak-in region has at least one leak-in layer,
having a refractive index ny and consisting at least of one sublayer. The said leak-in
region has at least one confining layer consisting at least of one sublayer. The injection
laser comprise also optical facets, reflectors, ohmic contacts, an optical resonator, in

which at least part of its medium is made at least of part of the leak-in region, at least of
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35 which at least part of its medium is made at least of part of the leak-in
region, at least of 10 part of the active layer, and at least of part of the
reflective layer. Reflection coefficients of the optical resonator reflectors
as well as compositions and thicknesses of the heterostructure layers
being chosen in such a way that for the said injection laser during its
operation the resulting amplification of ggission in the active layer
becomes 5 sufficient for upholding the lasing threshold throughout the

dﬁh@?t@‘&ﬁl\% 15? P&ﬁ@tﬁ’tgegﬁrﬁ%ﬂ@ftmé F&ﬁﬁ:t‘ib@ AR R@ﬂ&tm coefficients
éaqyﬁer is addltlonal |ntro§Hced into the leak-in re |on the sa(g main

U3t re88 fefs" Fé%%?o%n\@%h@%y%?’ﬁ RPiiRos R siigkngsses of the
r@kewsiumayeriaamefrhelmgeomno legshtranviag tefabdivéhndaid niMjettion laser

I E KL dAMRIn 3RS Péyﬁ‘iﬁﬁﬁté?ﬂmu%%&?‘ %Hﬁ?&?&wth‘? REINERY R %er becomes

whilé on the opposite surface 10 of the main adjusting layer there is
S&B‘iﬁﬂ%éoray%'ﬂq{amdh& Héﬁ*aettbéeﬁh@& frsuahqubieneheirdence pidag eperating

direertainradjlsstagelayemaheddtisingfiayaNsratutibatapintasingsdingheld leak-in

urrenﬁ? I%a(\jlgtr%rarmnae Jéj\évtlltnh' at)t]eer E%ﬂg%tgfa gnlt St fromaogf?e%a%as at least for

rego si O on?
0 one minus here e magnltu e of gam

Qﬂ@t@fﬂi&m@@bl@vqsmd@frmﬂ\éelm nedasgcitanitberrairactive cmeﬁdm@robﬁe leak-in

Ié@@rpééhlaocﬁﬁgfléﬂﬁ%lﬂﬂd?éﬁfs(Qﬂfﬁt‘éat%echéeté};%ff\%d{é‘?élls\ﬂﬁﬂe I@S@@ SPPSHHS surface
ernizatio ele N regjon an e Ive layer o

DB TN ARG BYeE R R s AaNG, TS Bl e (o e ncex lesser

thegiomemeiracdidfu sty |aydre anaimtadphsted, [tyedotatormtd the layarie dhe field of

ARG AR AR IR ANRPHR 134be BIARGBRIEEE 9RAR one plus

not contain sublayers and can be at 20 least one. In the case when one
R 14918 1OVRHST FRHB BRI 1Rt BRsE f &h 938 &R figjermoned by a
rtagiitalidnessgiohamidenae its side is adjacent to the active layer, while to

the Ot%r elnoél (?i %#é o"f‘?\i.%s“”%é%&thn}e corp m'grg aéf ngth? F E}lkecp to as the

regionis a acent case n tWO an more actlve aye
lﬁ@fbﬁﬁ@@smmgmecﬁéza&m@faw@réeamaufﬁs@ﬂranédnﬁsmgwgy@veg of the HS,

HRiss@brhavind the 88 9§ Gn'%‘i@f%ét@l%%f affenicass Hﬂ@ mdinealiustiBgion main
a{gger Thf{j‘functlorr(llm| of heéi t?aged ont ﬁ gr%{) leak-in reqion i
2PStr é‘ﬁf?esaocc B9 GHETe fhfl %%f&cé’é g JRRkdibifegio
dbahgdbritthadvtiy@yeydn Mnmsde@dlhlﬁdmsmtmtomegdmﬁe@@m can be at
ERK HEMHSRIOR A LRI HRl RS %%P@t$oqﬁfé5e%té'&d?ﬁ&"”ﬂl%ﬂtroduced main

quenching. To avoid this, the reflection coefficients of the reflectors of the
W%&Igé@%éﬁﬁa?o'iea% Wéﬂ%%”tﬂ‘(é%BH?pB%uﬁ'&'ﬁ#aﬂ%!%ﬁ%ﬁﬁ%é@%&@f“nﬁ@yer while
tbi&kaysefsms’nelsdtetttedmwmmb fayéhehepesafiniod-aser thictieskebitoth region is

%‘%@Lﬂ?aﬁﬂoﬂﬁ %ﬁho 'Wl&% NG And iSopueiRat %%P%%é%llﬁk%d between

ng threshold oug outt € range o operatlng curre
tbeoé@%%eudamaaaems regiebradivetiney layercimpecsdorha¥ng the same or close

characteristics as the main adjusting layer. The functioning of the Laser based on the
proposed heterostructures occurs in the vicinity of the transient process of emission leak
from the active layer and its leak-in into the leak-in region.

Excess leak of emission at certain values of currents can result in oscillation
quenching. To avoid this, the reflection coefficients of the reflectors of the optical
resonator as well as the compositions and thicknesses of the HS layers are selected so
that such for the operating Laser the resulting amplification of emission in the active layer
is sufficient to maintain the lasing threshold throughout the range of operating currents.

The leaking process in the laser HS is determined by the compositions and
thicknesses of the HS layers and is controlled by the ratio of the effective refractive index

nes Of the heterostructure to the refractive index nyy of the leak-in layer. A transition point
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thicknesses of the HS layers and is controlled by the ratio of the effective
refractive index 35 neffof the heterostructure to the refractive index nIN of
the leak-in layer. A transition point 11 of the of leaking process is the
condition of equality of the ratio neff and nfN to one. In the operating
range of currents this ratio is chosen from the range of magnitudes from
one plus delta to one minus delta, wheyg the magnitude of delta is about
0.01. Note that in the operating device the ratio neff/nIN decreases with

dhﬂ@%ﬁ@ﬁl&r‘ﬂ&ﬁ%@%i@%@%ﬂioﬁ %}eeauaﬁi&%fqh@igtlevxe?éﬂagwo one. In the

threshold currents of the Laser, the ratio neff/rIN should be “chosen from

ORFratiRAVE R VI RRIg Tt PaRsL fPrarbe fRSIBE19NRaBIdes from one

plly s ditdi coneftintiih s theltze gidreref indtialdghirsfeold)duidstabssalgrteNdte that in

t@%e&mrr%%‘r%"atoeeb’i'cé”{% trouthen'Q%g”dt“‘%'&a%feg%tﬁrfn'%%%s',‘ﬁgs'&??ed%%l&%l?(d through
rorrthe 1 ge of magni UdeS o 10 one plus gamma {0DRE MINUS

tgauha, where the magnitude of gamma determined by a value lesser

inan deaiscabas LA0% THesaRa AT RTISRLe! e bBSAYINA shoul be
osen value o e ratio nett/n 0 .a ge rmlnng egree depends on e .
R Qo A M STTER LSS T e SRCL ALl ORL bl 2e. This

rbg'yoc&ld_ulat'roﬂr@ ae@oocnifinitidc(ihyeehp@r)immaisdatgeliecmiprtbpo?&mbdiate vicinity
thARETmtHIRMPEREAR B8R Weth 38 Riuds rRAiek QfribickieseiR 8 maﬁ\rlﬂtudes from

refractive indices of the main adjusting layer at a chosen ratio neff/n )
FRSrRIHSIRTIYR FoPRe DY 98MI98 BB s DR HAR AP aPERH gRjermined by a
@M&@sﬁemﬂi&i@@taﬂb@bdhﬁ &posidllgdoasied maishatjusingntayetlse Laser at a
roau | L INTO € Propo
e R T e, 2 SBlpl T B WBRE i value of
restiifigaPmRibRaRN. Afse®isaiPtoiniprodetivesiargaly\ehemwpoetalculations and
d@ﬁhlfﬁ\m&ﬂeﬁ?_@hﬁ%ﬁhﬁégté}lﬂﬁaftf@ﬁiﬁi?Bk‘c}bd@é@l&bﬁéqug)sﬁﬁﬁ Hlitﬁaﬁ@aﬁh%' well as by
aracteristjcs (distribution of,emission In tne near fie AN ar .
B O KTNSO (RS 18, Rl Eecy e (R SHAL R Y ghe chosen rato
rerfbofione theoage came1dd0asing 96 sheltbasinahtatlclasingvthraghiold current is
deNRR AT RIePaRed ok ynbesugeddmalisshivg /BRMRRRtReSEMRionally into

active 25 layers a introduced main central ad'iustlng layer or one of its

l f _
BERRRAREY HD AERE 5B UL Q GRRKPL Hrf Rt BerlriBlb iy flso make it
posséfsaobtihetithekirdts ofdhricalgirobdimstingiristyef, atl @ dvisabte cakendgjally the
ith, th ' justi [ ak-in_.reqgion xiliary ,
R PARAL AU BRI RSP RATANER0 o som
Orreagiespiicaffistipationt 36 £5tissiondnsitisl agar. fRidT 8 e R engR of emission
iRAMETaPAGRIIEErS paskspatial characteristics of the Laser, the main

ayer d7e RS oA DT R e s Ss AR THe P T G st two
avtveiakertcateipeyesedntd be introduced into the HS; in between those two active
layers a introduced main central adjusting layer or one of its sublayers are placed.

For some Lasers, where there are restrictions on increase of the thickness of the
main adjusting layer, it is advisable, along with the main adjusting layer in the leak-in
region, to form an auxiliary adjusting layer adjacent to the surface of the confining layer,
at least on one its side and made at least of one sublayer.

To provide the high power parameters and spatial characteristics of the Laser, the
main adjusting layer, the main central adjusting layer and the auxiliary adjusting layer are
made with refractive indices no less than the refractive index ny of the leak-in layer, and
the thicknesses of the said adjusting layers are selected from the range of about 0.005

um to about 1.0 um.
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the thicknesses of the said adjusting layers are selected from the range of
about 0.005 m to about 1.0 m. 12 For effective confinement of electrons
and holes in the active layer and therefore for the improvement of
temperature dependences and increase of efficiency of the Lasers the
confining layer is made with a thickness selected within the range from
about 0.01 pm to about 0.30 pm. 5 To giecrease the angular divergence
of emission in the vertical plane and to increase the efficiency of the

Laser e thicknessasRhiBR SREMRIRYE S Rf HRRLAKHR L80IBNAKS and therefore

selected within the ran%e from about 1.0 pm to about 10 pm and more;
fafisthe dnpEBE L PiheTRSIAIeR SepfadeneesivR by Brressthehfilitipasy of the
Ladieaht teotiiimileplaysr iayabds witide ihitkresefsakitted vlthinclbsedogé@om about
rgf{acti\{e indeg(oo 6he leak-in layer. 10 To simplify the technological
0, m 10 abou FI; m. . )
proéless of manu acﬁﬁnng, in some embodiments of the Laser at least one
leak-i taylecisasadbanithgaleesfieivarge nngerfegmidsionhis rifearettisaindiexe and to
iR CONETIMBILANGT of B REBTeTRAGIRNRINBSE iR desieasay - NB TRl leak-in

optical losses defining the efficiency of the Lasers the main adjusting
e AFRISPIEGRSIN R RP 8RN TAPEP YT - A BAIP 9t TR gBvaRgmore; also,

dihezathetanf atusibngytayert (iiaretied ealeinitryre ansbpgattaididensto the leak-
RS e e IaNR ARceni e ha salcin aver Are PSR oW eYElayer
0 Yapproprla e doping |mpurﬁies approxima e?y fom 1015 6M-3 10 3 1017 2Y°"
cm-3, EndithRlifydhriteelralpaicsl dupeepsvihadeviecoirishiopitane @opiadiments of
tHeRYgErataeMosHE A RLH MYl RIM £ With 3 ALt 1RdeR ddeBPRARG refractive
onan berﬁnd location of leak-in regions (or leak-in layers), two main

‘?98&0 of Ca @@&n‘?}'g%anufactured: a symmetric Laser and an
asymrinethie paferednetihbsiimenttiic Haseateedbakeimatgintitalales tesadetining the

ALRACY StROT 106Gy Sanes RRHHDT4DE BRPHRAR ARVE R djusting layer are

refractive indices and equal thicknesses of involved layers. In the
nedlored ifcarauinviHBe Suliipne grinstan BYsHE ¥ Rleakindayshand part of at
|side o obtleetmetily dayadjdesriheoniostipaktionaye side apped wiypea low level of

doping. {n the preferred.embodiment in ﬁheﬂ%rop%%dé_rgge{oa%pf\dialgm_3, and the

W (P(-:He%g?th%o e 'ér'dggsﬁﬁﬁt?)gp a%%gsmgma composition (or a

aesffiainidaiied ds dopedenisale ile Yay of apprabriateldeping ime ediinp @gitxifoately from
{e Lefregtivg grdgyeof the semiconductor substrate (on which the :
heterostructure is grown) which is transparent for emission. Since
substraRRSNSIECR AuRUARS bR AEHRRoPIStOINCEREISAINGS (fGK-in layers), two

rexiaraples sfaAsets RaSedmaadibdtupid dhsiiiekiessasdibadeakasyairic Laser.
u§HaII mak(?st e Iar%ar Part of the.thickness o;al HS layers Inm
Inthe e ions a ca

Case the 1evel o ac%erﬁpresseﬁ/ke_qu"lé% Shical stresses Wb ccs)'rﬁjéal era’f‘)elf1 ctive layer

and for the most part have equal refractive indices and equal thicknesses of involved
layers. In the asymmetric Laser the leak-in region can be one, being located on one side
of the active layer, for the most part on the side of the n-type doping.

In the preferred embodiment in the proposed Laser at certain wavelengths there
is a possibility of choosing a composition (or a refractive index) of the leak-in layer equal
or close to the composition (or the refractive index) of the semiconductor substrate (on
which the heterostructure is grown) which is transparent for emission. Since substrates,
as a rule, are binary semiconductor compounds (for example, GaAs, InP, GaN, GaSb),
and the thickness of the leak-in layer usually makes the larger part of the thickness of all
HS layers. In this case the level of compressive mechanical stresses will be considerably
reduced, ohmic and thermal resistances will be decreased, which results in increase of
efficiency, output power as well as in increase of operating life and reliability of the

proposed Lasers.
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reduced, ohmic and thermal resistances will be decreased, which results
in increase of efficiency, output power as well as in increase of operating
life and reliability of the 35 proposed Lasers. 13 At the same operating
current, to increase output power approximately by factor of two, three
and more, in the proposed Laser respectively two, three and more active
layers are made, the cavities of which are parallel to each other, and
between them a main central adjusting layer is placed consisting of two

thin Mt danRAGHURLRNEISLRFeh N RityBEsBNL DR BAYRE WA ately by factor

operatlonal Laser pI'OVIde e tunneeﬂfassage of current from one activé

ot o sk MR N eProReE SR AT PIHE TR I RsdheE ARk 4pore active
|ajstertion waa;abeng victhefspalinl Hrstabrilienicadaskrdieamamatbetween them a

n”rngianIé}%aablélgg §tt'0 dé’g/ tsolp__zié%% er@yﬂmg 09%0 o H}ch A%ggrsuglayers of

consli Iseev opov, 1 RvantO\y

tiee RityPfk NS4t 1P BT memze.@‘ﬂgpamgsgrcar@yé&bﬂm@m thagsage of

ci@rrgﬁ@fmﬁpg@gdﬂqg%y@p@; ahdheflux of laser emission (about 99.99%) is

propa: at ht etrans rent leak-i er (a linear medium

Vory ST CRLEA DA o Sk 5L R PGB i S Buting to
the siadial stiskilityefi mﬂaﬂ'dm@eameanﬂn@stdﬂuwlmn@ﬂﬂ@ﬂmn@buﬂtmﬂ/wer in the
H@ﬁ%@&ﬂ%@r@ﬁ%@?y '@'QG@%\Q’%‘M@S r%ﬁ&%%*eﬁfé Ofé'i}Ee\é@ﬂth/Bfr\ﬁ Popov,

pectrum ling, reduction of its f re uencys hift, i ?§rovemento

%WW@@{G&%%&F&H%.&H NP @&tht 86 7cAl &t&h&.&%ﬂﬁ?@%ﬁ&f@&t that in
thegetpovdd dhaseohgrsiabpaetittak infpesememissidhei(abee i romegeEmisipeopagated

A 'Iﬁaalﬁﬁ PRIERIRNR '%Y% iﬁﬁ@&?rﬂ%%ﬁq Qn8bé"9é’r§ 'sﬁms?eﬁ art of the flux

pro € present Invention consists odernization o

(rhginG&dion ang ﬂﬁéSa\ctﬁ/dorapé%metMmgBa@ea%wrcrﬁﬂﬁ@%w@ This
dé@ﬂﬂldéstMBtﬁmadgﬁiWu%Wiﬁm%|Q@J@ﬁ\¢“§ﬁg@di#&$m&yg§ng as well as

qa#acentt the surfa eof th active Iag(ir r;(lotc ntai gsublﬁ)(ﬁg t of
RESatRS) g st e &%'%%d TR iMprovement o
thbmbﬁfmwmsams;qmeme@segdmm shatepieigtiosthé ihaiprapesed Lasers,
wavilialy sdireling layess) thesRafiBGhIaners e ieakdndayaisetSiakd and other

their sublayers the reflective layers and their sublayers are proposed,
BRRICARYRLS- made it possible by appropriate choice of thicknesses and
compdgitassaidb efldye roofobivn tS_teee aliagoisel apthaynesentinatiion consists

n‘?frﬁ\é’&)eﬁ? ﬁ%?\ro?qﬁé #Fi!'ﬂ' oWSrE??Q‘é“Q& Y%r%%égﬁéglt Ql—rl‘§h8a‘§8HV&1 which the

layer an eratlo neff/niN in the fiel initia ) currents, at
LapREHSt e stehis gFshadsiional ariginalxirerieb AL pdiystinglayers adjacent to

tashieMade 3 ﬂanéBWea&%itmttherné&ﬁ@@tsurmavéh@nalﬁear&mmmmﬂwe leak-in
am I|fy|n lﬁment naft r re{errc—ip to.as the SAE? comij] Sing a
region, and gther or c? Shacac eristics {location, compositions esses, levels of
terbstracture ba
doping) of the main and auxiliary adjusting layers, the confining layers, the leak-in layers
and their sublayers, the reflective layers and their sublayers are proposed, which has
made it possible by appropriate choice of thicknesses and compositions of the layers of
the HS to realize the optimum combination of two its major characteristics - the resulting
amplification in the active layer and the ratio ng«/ny in the field of initial (threshold)
currents, at which the best energy and spatial characteristics of the Laser are achieved.
Another aspect of the present invention is a semiconductor amplifying element
(hereinafter referred to as the SAE) comprising a heterostructure based on
semiconductor compounds, characterized by the ratio of the effective refractive index neg
of the heterostructure to the refractive index ny of the leak-in layer, namely - the ratio of
Nei 10 Niy is determined within the range from one plus delta to one minus delta, where

delta is determined by a magnitude much lesser than one. The said heterostructure
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semiconductor compounds, characterized by the ratio of the effective
refractive index neff of the heterostructure to the refractive index n,N of
the leak-in layer, namely - the ratio of neff to niN is determined within the
range from one plus delta to one minus delta, where 35 delta is
determined by a magnitude much lesser than one. The said
heterostructure 14 contains at least ongsactive layer, at least two
reflective layers, at least as one on each side of the active layer; the said

cEﬁﬂ&ﬁEV& RYSIS I MAN A GaS LR o08 W'@f%&ﬁ\'féjla%}/@ (R1184VEs one on each

indices lesser than the effective refractive index neff o

s lRBHHE e s4i ﬁét@rE’f‘ék?ﬁBY&réaasfﬁafm@ﬁ%ﬁéds?éhtﬂfo?”e sublayer and

henessieinaittvde alkditds relgissem ithem thihe mesfaclivie aksractiVae liedéxinn. of the
he‘?&@@t{] &%P%dﬁ?é‘@%ﬂwgl&é&‘m& NYeloaRhe C éﬁ%&ﬁ%ﬂiﬁ&@ﬁ%’?‘g&l&ﬁ the leak-in

ayer the leak-in region 1o cated at east on one si he active ayer,

regioTeRkSFe P AMiISEiPTEisksre, The I1e3k-IR regiihpeaied Refwesndieaactive layer

ah@d/@rc&%@b@r&jﬁﬁérmw@éﬂ|N@I@él@@ﬂ%§it§‘rﬂl@éé&ﬁﬁéﬂ%@§l@on one side of the
aid leak-in region has at leas conf|n| laye

BNEERG s e R e e, R B T AP ay 3 spas one feaicin

laa@@tsh@wmcﬁcmftaehyeaﬁtﬂax leas2rrhstaisnggatiiteash ohenestikdyacethe said

Iddkeralardionsoalieniey tpmimyyingflaantifeRniss fsie @ﬁblayer The

well as the com osmons and thicknesses of the heterostructure laye

S DIRSSER AMQRRICR N ARP e IS A0Sl R G 3SR RN fim on one

optitgkiacein e activeitayeodfimeagismftthelartipley rimgeoofttieeopticahiaugts as well

a%“tﬁ&’&#ﬁ% iBAS %Pﬁ%%ﬁ'ﬂ@s‘é%@'%ﬂ%@ﬁ g%gsjfr%&{}?é"l%értéoﬂem&gﬁb‘&éﬂ in such

the self-excitation of the Og ratlng semiconductor amp |%ng element, in

aieHiab heoalg 6F FroyiaaAsrPbi cAtios b RTEiasian kLR Rkyfelayepifitoughout

tigd mﬁolealgh"gée@ibwh@tdmupgrtc@fr@&samIamremubatm@swaét of the said
the rfefI(?ctlv% la er ?ﬁent IH;) thel ak mtla%er In thls case the

o R oo B el e i propiing
a@mﬁrﬁdywmgwlé%mﬁﬂmt@f @trmga@pmﬁé e sntbiied amissian i aideast part of

tlﬁ@l:\llgﬁﬁﬁfr-l%@@klﬂl bﬁTY@ﬁt q)é%ffﬁgﬁg%ﬂ}%?ﬁ}@ﬂe§f&@%m p@tﬂé‘pﬁﬁfr@f%ﬁve layer
n (0] e leak-In yer an ent wi one Its su ce 10 actv

AU0EN O (B T S T ARE CTAF TS T GEute L achaSs AFctionally
irtoodiniad lmwh@dmhgraregimtthe Bai@xﬂemadjﬂwnghenyMMSMdgast of one
S5, A et APGDalR AU A e IBRASTSARo tess than the

con3|sts in modernization of the leak-in 25 region and the active layer of

rei@eils pdsxdorrhviierapkis Aayss rﬁaﬂm@@&ﬁ@dwm PRe tasuufagenie the active

Idgak-inHikgion Meiopdisiriisgriayersfateeimaurdstihe lagatioeef iBehe confining

Iéageks 9 5?% ﬁgcltrl]véelgo%x %saslert g qgggéf?@?v%c%g ?X %nnl%gj% Efdjustlng layer.
ropose oes not con aln sublayers an can a Sin

one. I faggeawmﬁlbﬁ@aai\tbaay@meﬁ)ﬁﬁ&mn@%mtmﬁdﬁwnm%we leak-in
rERR ARl EOAdaYE RN IpRKHB regiuy WHWARS 18384108 imadliRe@Dide. In this
Ahe aclive laver, while to the other side of fhe main adlusting lavgrie .o ot e
layers of the leak-in region is also changed. The active layer in the proposed HS does
not contain sublayers and can be at least a single one. In case when one active layer is
formed, the additionally introduced main adjusting layer of the leak-in region with one its
side is adjacent to the active layer, while to the other side of the main adjusting layer the
confining layer of the leak-in region is adjacent. In case when two and more active layers
are formed, between the active layers an introduced main central adjusting layer is
placed, having the same or close characteristics as the main adjusting layer. The

functioning of the SAE based on the proposed heterostructures occurs in the vicinity of
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confining layer of the leak-in region is adjacent. In case when two and
more active layers are formed, between the active layers an introduced
main central adjusting layer is placed, having the same or close
characteristics as the main adjusting layer. The functioning of the SAE
based on the proposed heterostructures occurs in the vicinity of 15 the
transient process of emission leak from;the active layer and its leak-in into
the leak-in region. The process of leaking in the SAE is defined by the

HEO PRI PP RRALICKRRIRSS ik RE i AYQISAR IS A RIEOUSH RYithS the leak-in

ratio of the effective refractive index neff of the 5 heterostructure to the
"?8iPActive index nIN of the leak-in layer. In the field of operating currents
the ralibeopraetids ofl akiog e mereaE s rddiires bl thé oompbsitib hsOdntbthicknesses

o?lﬂ%lji-ifg % e;rshgn%e l}f?é%‘ﬁ%ﬁ)é&'laﬁ{ %Eréﬂoagfiﬂ%uéﬁ&lp%qgfyggu\%si%x Neir Of the

evel or noise, amp ation coefficient, output power for a given operatlnge

heipresifaribrata i dehaaiyeanieorihetdhe RamnNexea detemfiriAgf operating

URgree tepritidssimibeovalyesclsrsniiig aropliticatiandel RonisaisutMtde to about
éive layer. As shown by calculations for the proposed SAE, at a chosen

ratio neff/nIN precisely by location as well as by choice of thicknesses

and refrectpeasitiite 2bfthee PARNtadinsimylasiantdrass walhlagetiy thryel of noise,

amammmnvewfefem,e&ﬁmepﬂw&%@k%ﬁmﬁi SharcEUaIRAPSHEIAY a chosen

current is achieved. Thus the 15 originally located main adjusting layers _

VI R AU Gl R0 e T BRE 98 PRI Slbll o i Ohdesulting
amphfrrbaﬁbprobbmissiqmgthetedﬁvprmygreﬁseahm lﬂrbeafaIaMatimTarimetﬁm proposed
é}iéh%t%c}g% 8'%!'{,%&0 ?éklgaytb?%@éﬁm’?AQWéIPEQQﬁ%hOice_ of thicknesses

amplification coefficient, ou FFE%CFOWH’ as well as to increase the sizes of

apd refiaeiingiaes @ hpenal ,Jt&?@ﬂﬂ@l@b@?&ﬂfﬁéﬁ@r‘%@ﬁ%iﬁ\ﬁt@éﬁ'ﬂ‘ﬂ% value of
teagidiar cgangencanplifdaiRsiost ia thert2ia fapdielechgl ewtehitlize Hafieved. Thus the
amplification mode of the SAE, the reflectign caefficients pf th arifyin

it e et e R R S
niigée lilchersdite taupelvg/ibsstapbnicri seatieru dlamelay tehiatprryve gitreotially the main

JReeRg < atigronARMRALTCHINK tBeAGHYEt 3RRALRE IBRaTBIIRGISE!ERRbIification
does not exceed the value of the 25 said amplification Iead#'n to the ,
Q8L afiEP Yt FRGhersiNgG é}%ié%daﬂéﬁgﬁa BIRAS YlehRRTARAG and exit
gperfaresdte meund i featinoreasstioftp anditivitang war idipatgegembaachission in the
fperggse of amplification coefficient at least two active layers are proposed

to be introduced into the HS; in between those two active layers a

introdGeBiFRURP SN PITRIR IRRARPERR GHE ot Siisriiper Sepicients of the

duasgetly films on the optical facets as well as the compositions and thicknesses of the
heterostructure layers are chosen in such a way that the value of resulting emission
amplification in the active layer at an operating current does not exceed the value of the
said amplification leading to the self-excitation of the operating semiconductor amplifying
element.

In the preferred embodiment for increase of sensitivity to an input signal and
increase of arnplification coefficient at least two active layers are proposed to be
introduced into the HS; in between those two active layers a introduced main central
adjusting layer or one of its sublayers are placed.

For some SAE, in which there are restrictions on increase of the thickness of the
main adjusting layer, it is advisable, along with the main adjusting layer in the leak-in
region, to form an auxiliary adjusting layer adjacent to the surface of the confining layer,

at least on one its side and made at least of one sublayer.



10

15

20

25

30

35

For some SAE, in which there are restrictions on increase of the thickness

of the main adjusting layer, it is advisable, along with the main adjusting

layer in the leak-in region, to form an auxiliary adjusting layer adjacent to

the surface of the confining layer, at least on one its side and made at

least of one sublayer. 16 To optimize the main parameters of the SAE,

the main adjusting layer, the main centigl adjusting layer and the auxiliary
adjusting layer are made with refractive indices no less than the refractive

index TeNbpliiigel @k walayelsaanstdRedhiB s ease thef iarsaifuafiy$tyer, the main
Iamer ?fe cfhos]enevrvith@ ttﬁ]e range frogn apou 0.005 m to 81bouthl.0 m.t5 indi
SRR AUV RS VAT A AR SSLEY (RESS RES SRS ET{Sffstive indices
neorfinithgnidye réfractive dexathiokinessahis@ystitanditne thigodesas of the said
a?ﬂ%%& 871 1920 IRHA QR IATRIEAOIRD 18650 M A AUt 1.0 pm.

ecrease the angular divergence of amplified emission of the SAE, the

thicknERJBROM R IRIRGERJEFE BepsaqeaRre PEYIS™AtE PRIAMRISED the confining
|AVERiB thedeange irentiaiidtchéson RidRPtHelAgHS /B Aese: aod giledsbout 0.30

one of the sublayers of the reflective layer, preferably adjacent to the

H&%9k-in layer, is made with a refractive index close to the refractive index

of the Tealkedndaytbe Naiskfyalifystlzadaoldwagisalthecmegdafdivergence of amplified
ARcliing, SAEOTE AmBUIEIeLis Chd R AR TERSERHRISEEI region are

layer of the leak-in region is made with a refractive index 15 equal to the

chefsgotwvithindes ek ftonfaiagt ik Permtoiab pretérisa ardbenenantfal least one of
e af @Qﬂ@‘ﬂif%ﬂ@éhé@éﬁe&@i@%f}gﬂjﬁc&m@lﬁﬂ@ﬂ@ﬁﬂhﬁ iafeE, 18%nade with

maijn adjusting layer and the main central adjusting layer are not doped in

AR RGN G, e SRR O U CHEKS). the leakiin

layer Bmdipgiifptiz leabtangiceflpcibesdayfemadjdaehurityilie sealeiardetiments of
tREeI@PEH Math GAQVVeéj?-,ﬁ\fgyl/g PO, ABIBH IWRHHERith a refractive index

approximately from 1015 cm-3 to 3.1017 cm-3,and the confining layer is
e96REE TaTeMReidedNdBh RS SHR et 3R urities approximately from
1017 emntibtprafddidd asmBoddapanfbindevtcaswiofbateaanal logwtinnoskdalefining the

reagions (or Jeaksinagyers), two .main t f SAE can be manpuf ed -
FERS T CEREE R T 618 $h s TR B over oo
nekaopeAdyiBifsRIs 968 Afcaroingh dhesgisilinhadiuaing ayer Hfansor e leak-in layer

dn@phRat hrvaeral iaTEaGlY eaiuticaf st esit [bdKneasesEiaYpEEith a low
layers. In the asymmetric SAE there can be one leak-in regiog located,on

IBYR! QlRPBRREALE ARGy B YRS ARG aRIRln Bt oFthe R-§p& of M and
tde pinginindHayerete teskdmithcintesd iof tigppoppaieedopil atmaities approximately
wavelengths thereis 30sa possibility of choosing a composition (or a
f?%??ﬂﬁv%&d%’x? (f? th& Teak-in layer identical

Depending on a number and location of leak-in regions (or leak-in layers), two

main types of SAE can be manufactured - a symmetric SAE and an asymmetric SAE. In
the symmetric SAE the leak-in regions are located on each side of the active layer and
for the most part have equal refractive indices and equal thicknesses of involved layers.
In the asymmetric SAE there can be one leak-in region located on one side of the active
layer, for the most part on the side of the n-type of doping.

In the preferred embodiment in the proposed SAE at certain wavelengths there is
a possibility of choosing a composition (or a refractive index) of the leak-in layer identical
or close to the composition (or the refractive index) of the semiconductor substrate which
is transparent for emission and on which the heterostructure is grown. Since substrates,
as a rule, are binary semiconductor compounds (for example, GaAs, InP, GaN, GaSb),
and the thickness of the leak-in layer usually makes the larger part of the thickness of all

HS layers, then the level of compressive mechanical stresses will be considerably
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or close to the composition (or the refractive index) of the semiconductor
substrate which is transparent for emission and on which the

heterostructure is grown. Since substrates, as a rule, are binary

semiconductor compounds (for example, GaAs, InP, GaN, GaSb), and

the thickness of the leak-in layer usually makes the larger part of the

thickness of all 35 HS layers, then the lgyel of compressive mechanical

stresses will be considerably 17 reduced, ohmic and thermal resistances
redlésidenrsiasedl inbieharessittancincianse deaiiencweipdbp@ariarease of

eleiein isgorss aloneriiadle end elabily oLhe B3Rosed SABLAY of e
& Sane Opbrating curren 0 Mereass th WpdPpower of armplifie

repmiesrshSARpproximately by factor of two, three and more, in the
IOr0p0$@@h§%§rﬁ€$¥?ﬁ8t{ﬁb’éﬂ¥%nfhf@ﬁ]@f@%@@rﬁe a6t !ﬁx@és&@nﬁaﬁm&j emission
the cavities of w araIL3 | to each other, ﬁ tweeg each
SRRTRURE I DY TRTLPE (i DS A8 6 PTORIAEE AL TERRRRvely two,
tbfeevanttiimoreagiijivd dpeer s abdtayadeothibepviigre adndhibe apdyparq;ileivhdlagch other,
o arerag AR e sl eassanc o AURCBLAPA SBRAFY RN placed

to another. 10 To obtain the polarization insensitivity of the
qenwsingps fwe dhinbsrYlY Acned bagss e tH1BfH?e§§daB}?r6‘xWﬁ§t8f)9V'd'”g in
thg uakiatihg leheftﬂmanm@humkﬁttmﬁar(oﬂrmsaémneé Iegiptoeinother.

current fowai IR %? 03¢ S.AEeﬁ Selifong gedugiionof feacku‘ﬁe@%rr‘téf he leak-in
clarlfylng? ITms can ained it the str pe region of current flow fs n1

RERACE REER Wi BriskeesseRPXiBatedy @are) f the wigticaf ﬁﬁ@eﬂtMﬂced stripe
(mwgau@t.%gl;)%gmaﬁgfrm paposed SAE the entrance and exit

apert are forme fﬁ %tc rrﬂ] to the aperture of an. O(%)th er] In,th il

chse 11 GG OPORF S AORCAA T BUL O bl ST S Qg fims car
tepplotsireed ptittel $higet sagioheoSaUFEr¢niflowhie wladidyimgifitch steypipdrapriate angle to
tﬁ@gg)@r%ﬂggqﬂ{%%g@d with optical fibers not only with 20 the use of

optical_coupling elements, but also directly in immediate contact with
optmaf?fb'@?é"'%% o T S RPrPeCeriiSsiBR st AN fetiigpertures
arerestieitbmatkctivey foibe Emiatuad died Aftichhibessenttisaidse foewiput of an input

r%%'?aPE’PQPHS% 30t Y"SPEIPa%l'i?QE ‘eehfed] ?ﬂﬂ%gé%gﬁg%dﬂ?lcmgé%§§e&tthe SAE (with

ention consists In modernization o the In region an e active

g elarifying fives-agpirdvridhestionionrtisatimavpleeaEn arirrbiipestingt only with

ti@y@@aﬂjapﬁéﬁlt@mmﬁgtysdﬂwé aéatiaté@mire%qynmlmmé@aéfértéﬂuﬁ@nwuth optical
swei_ ther or|g| Ichara terlst{cs ocatlon L0

(R Rnd 08 2°LRANE 8 o%sﬁ?m%) FRRELRTIRERY Buk ?n'a@ g&?uéi“ﬁg‘”léy%?%“m of the
nhQQ:tmﬂmmg tas/&AEthe leak-in layers and their sublayers, the reflective

layers TRRGLIBHRUN WETSH HOFINRERS SRR IRHE IR PESHRIEH Broposed in
improve considerably
the present invention consists in modernization of the leak-in region and the active layer

of the HS, in which additional originally located main adjusting layers adjacent to the
active layer are introduced into the leak-in region, as well as other original characteristics
(location, compositions, thicknesses, levels of doping) of the main and auxiliary adjusting
layers, the confining layers, the leak-in layers and their sublayers, the reflective layers
and their sublayers are proposed, which has made it possible to improve considerably
the major characteristics of the SAE, in particular - to increase the sensitivity to an input
signal, efficiency, output power, to decrease the angular divergence of amplified
emission, to reduce the optical losses of emission at the input and output, to reduce the
level of noise, to increase the operating life and reliability together with simplification of

the alignment technology.
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30 the major characteristics of the SAE, in particular - to increase the

sensitivity to an input signal, efficiency, output power, to decrease the

angular divergence of amplified emission, to reduce the optical losses of
emission at the input and output, to reduce the level of noise, to increase

the operating life and reliability together with simplification of the

alignment technology. 18 Another aspagt of the present invention is a
semiconductor optical amplifier (hereinafter referred to as the SOA) is
prOpomdtMtaib@optimaype@wiedwmatﬁr i§wmmémuaaﬂsa|hmarﬂnplifier

emlcofnduct amqllfyérgg rF? nt.com rlsm (ﬁm&t%rostructurmbased

serr%l%%nc[uc?c?rr%egmpoun S, Chara terl %DB e ratio O tﬁgtg E‘C?Vgled master

seufierctivd il nemisgicne ﬁ@tbr@ﬁm%m@@@fh@miéﬁﬂge ple@eniNcomprising a
hiteriakibluia s nBte YentlRe Hala s  QaHSURHY, iémw@ﬁassl Wit o of the
e from one plus delta o one m|n s delta WH% elta is, d%ermlned
o5 VA GHRHE FRIEH T bR AR GHE LTS e e TAGN R AP E Bpral fge lealcin
Iatelea&trmeig attteveimye nat e agt indetefdotderitys iheata hgastam one plos delta to
oﬁé%ﬁl?seﬁn@%%%@é% H&Jﬁrﬁ%ﬁ%%'éﬁ%ﬁ%ﬂlﬂ@%ﬁkﬁ??&és@r?t%lc?ne The

sublayer and have refractive indices lesser than the effective refractive

Sﬁ‘i8é?@Ff‘éﬁWér%%?QFBEﬁlﬁﬁLﬁésﬁ?fées%?Hﬁe‘@f‘%fstﬁﬁéﬁﬂ% SuAtEfsctive layers, at
|éwﬂs|@a¢a6td‘@reaammmfhaéeﬁ{r\m |5ggipthefrefleiationaydre foakda segiast of one

% 29 Behverd ?hﬁgac \féeag A3, ?ﬁ’éreﬁfeogfi%%%e ref'SﬁBXﬁ 'é‘¥r‘?r thﬁeﬁ of the

i region loca on one side 0 ayer, t
h@gr@&ttycéwneaEhng@,ldh@er@mtw%g’mm@m [EaRERATENEEK |ﬁﬂh§@@,n1$'e leak-in

ra@%iﬁ;goi refractine iLFF'\@X {éﬁk%d@@aﬁisga&taalméﬁn?éumta?«% Eyer and a
Ssald lea lnr IOI’I S a e .conftinin consisting at lea

eI SR B R iR Akl TRy CERd AT BRsL SR SR the active
IéaeetgheHmiclomatsmﬁdlmséaeeonbe tgakifiyimgdibm lasthtlegsicaiddealt-in layer,
hEUﬁéeQ%H%et%eﬁ%% Oafﬁaec&#%rwﬂ@gaﬂ'reaé?rbﬁ%é)eﬂsﬁ,l;fé\cefﬁéléa.d leak-in

well as the compositions and thicknesses of the heterostructure layers 20
"BeiRY Bﬂ%%H‘?ﬁ%uﬂﬂ?a“%ﬁ?l’P\%t‘%X%rv%é'ﬁf%ﬁﬁlﬂﬁﬂjhﬁfpﬂﬂ@aﬁ%%ﬁr The SAE
irturpsiaitelh ith ehes S0 A ctviephinay dlvo uphicalt fiuetehateniangeatatihand at least one

?aﬁ'ﬁ @ ,%ugﬁem %&%%|'}8E8€<G|‘%‘%dret#‘eec%(é\¥“<‘?08ffﬁé?§n§ é% %p&gﬁa}'ﬁﬂlms on the

r|n the self-excitation of the operating semiconductor am

O@Itdﬁﬁbfﬁceﬁtﬁ\@mwl!rﬁs M@dqmmRﬁsﬁr@mgaﬁdh@ww|¥mh@ﬁ%§iwt§e layers

b@ﬁd@a@ﬁwﬁ qﬁ mmeawrwpmeabém%bmétsaﬁﬂgeaaﬁﬁwﬁcw Arghdsion in the
(it e Ia d acenf ?ﬁ the Ieak-ln I

|
AR e B e el IR S e St i Rt 458 not exceed
tl"eg'muehefsale manh ad]pkﬁmagldmy@mrmn@lstbaﬂw@amlbemt@mmmyethan@peratmg

SRS RI&ASLFURR ’\I)&}detéléH@ﬁt\"?ﬁ%fﬂr%'%dﬂ%ém&%%éméﬂ H#8he amplified

refractive index ni he leak-In layer and adjacent with one its surface
SRR R BRRPAHALBR AU RRRE 8hIRaSh RATRL IRGACHHRBIRE and at least

daptesftireraeflective layer adjacent to the leak-in layer. In this case the main adjusting
layer is additionally introduced into the leak-in region; the said main adjusting layer
consists at least of one sublayer and has at least for one of its sublayers a refractive
index no less than the refractive index ny of the leak-in layer and adjacent with one its
surface to the active layer, while on the opposite surface of the main adjusting layer there
is the confining layer having a refractive index lesser than the refractive index of the main
adjusting layer.

The proposed SOA is based on the modernized SAE, the main distinction of
which consists in modernization of the leak-in region and the active layer of the HS,
based on which the SAE is manufactured. In this case into the leak-in region main

adjusting layers are introduced, the location of the layers of the leak-in region is
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30 is the confining layer having a refractive index lesser than the refractive
index of the main adjusting layer. The proposed SOA is based on the
modernized SAE, the main distinction of which consists in modernization
of the leak-in region and the active layer of the HIS, based on which the
SAE is manufactured. In this case into the leak-in region main 35
adjusting layers are introduced, the locagon of the layers of the leak-in
region is 19 changed. The active layer in the proposed HS does not

cﬁ@ﬁ@%ﬁ& JHe ek angeanthe @bd@a&&mdﬁb&@o@%ﬁtm%@ma@e@&a’w@ can be at
gEr is fqrmed thea dltlonall tro uced a|n 81d!Hst|r(1]%ta er of the
?Sa

n reglct)rﬁewﬂ% oNe Tts su?e |% XGRS SIESe {08 REIOnAN N iged main
adiketingdaysf gichedéalatjusgion wybmh@lmﬂﬂauum@yeﬁrdftméw@akm layer, while

téeﬁ@%t'ﬁe'? SR CF el MHEIR SERRINGSE IR EIRMARENEG 18y 8HS R%k-in region is

formed, between the active layers an introduced main central adjusting

AdIAEPTL h i CRSG ING IR A AN JPRIGseCMRRYerS Rif 0 HES e tfﬁ‘élYﬁe“ the active
| s tangindnpeiu cEdenfiaitctenirad ol plrsticgDiAywitiis thia GAIE havindy ¢tk czzoaes or close

'Hat*a‘é‘té! Fg'{?é%’ ol the tﬁ%ﬁ'%%‘d%tﬁ?g‘na 75,8 SRS SRRIsRAIng AP tt%ie 86Wiith the SAE

layer and its leak-in into the region. 10 The process of leak is
IRNCHYRY IRFHRR Rl st Ch MRt HiRPIESS @506 RSCH &M aiers IgAl feom the active

| SR ERIERS DYk r.at@tﬁétbgt@ﬁe@@\@qrefractlve index neff of the

heteraﬁ]ruI%ture to tot}e| ere&r:ftsctlv % nIN c#‘ c%the(}% k in Iar¥de D neS%es of the HS
operatlng ange of currents |s ra i0 o 0 ) e ermined wit

lgyerparsgd fisncomeofids belttheo wie mfnmdeﬁactn@mwaoﬂm iagext N of the

hefelol9ratiom @ogtﬂe]f%fﬁé&%f 'ﬁﬁf@@rﬁ@%ﬁ'ﬁi@néaﬂ%otéwpwltﬁé db@#a'ﬁn range of
the level of noise, the sensﬂwﬁyﬁ% of the osed SOA to_an input Sé:;na at

YRS BRI S fhrs (i IR ARISME'Y ét’ Hﬁﬁ?ﬁ@“&&éﬂ%@cﬁ’é\&eﬂ flelta to one
nitreusaledaohaaselitiniyamghdiacation tf eboissiodoin the active layer of the

SAE 'ﬁﬁggﬁ%@%@ﬂ%&%?% bow Ly FRlrRNEPRJRE the éa sensitivity

propose éust by location as wel as y choice of thicknesses an
dethechrRRPRAceSOA dP AR MMAH! A0SR RYLRFNtYAUBIT RS TREinn to a
d&&mmfd@&jégtddaﬁﬂaﬁg aimnplificatian ds Béﬂ’um\f@daﬂibhfﬁzﬁﬂ@r@mﬁlﬁ&ﬂymon in the

aﬁcat d malptﬁdj Ie B ﬁersﬂljr\llter{%du%?ggpgrodg%n?llx theltp %Bf%u?qlons for the

poss m, first o %o imp

ma@m«émha@%t@mmé%wﬂ@ sprheisevedthiskneiraeasd tﬁféaCthe indices
clizfs pidne ﬁt@@mgelap@t %tt %eﬁhﬁ%'%/et@,)@ﬁ'él%m@%@éi% SR8SEAHYresulting
aﬁg%fo decrease the Er dlver%@: 0of eﬁ:SSIQnI far field. TC{ duced
fed %‘e'%r%ﬁ?fﬁéfs o 8 P S AR AN AP RR YR B nroduce
atiditioteaify inty i p mpokedobdficaldez dtpasfsinie BXdolas theltashtieal problem, first of
400 996#89@%?é&t@t&'ffﬁ@§§%5p%fr£%tb%959§téuﬁtb')&ea?w°erﬁa%f BGREERd e sizes

such a way that the value of
of the entrance and exit apertures, to reduce polarization sensitivity and to decrease the

angular divergence of emission in the far field.

To stabilize the amplification mode of the SOA, the reflection coefficients of the
clarifying films on the optical facets of the SAE as well as the compositions and
thicknesses of the heterostructure layers are chosen in such a way that the value of
resulting amplification of emission in the active layer at an operating current does not
exceed the value of the said amplification leading to the self-excitation of the operating
SOA.

In the preferred embodiment for increase of sensitivity to an input signal and
increase of amplification coefficient of the SOA at least two active layers are proposed to
be introduced into the SAE HS; in between those two active layers a introduced main

central adjusting layer or one of its sublayers are placed.
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resulting amplification of emission in the active layer at an operating
current does not 30 exceed the value of the said amplification leading to
the self-excitation of the operating SOA. In the preferred embodiment for
increase of sensitivity to an input signal and increase of amplification
coefficient of the SOA at least two active layers are proposed to be
introduced into the SAE HS; in between, those two active layers a
introduced main 35 central adjusting layer or one of its sublayers are

Fhiii?ﬁﬁﬁ%gi%ﬁ%&ﬁg%ﬁi‘é?% T AR LSS e oss of ne

rafin gdinatnadayrnRTdhf Sivig iy drimadnisabia. Morgivi tbsapainggriusting layer in

tRgXBiEKYrR i adassrhRaiaceidienihaorstiage fshedpudining iRy eudce of the

anst.on one its, 1°,|de and made aé Ieasc} of one ?Ha SeE%&gtlénrlze the

égn ning layer,, at least,on ﬁls ide and made a blgltygfr'
main parameters oﬁhe g@A tﬁe main a(?Justlng E’:lyer,?ﬁe malny céntral

adjustiry ealjeizenthenezinxraamatsahthfa pérof the BAE ad B stirgriayde the main
Witharefipeivg indiceamp desaibmardhadelagiveyadsx AN Ehadealksitade with

layer, and the thicknesses of the sajd adjusting layers are chosen from
HERPIMY NSRS aBB BB T thE BGRTHWD MAIb Ty Righsealein laver, and the
trechpesadsref dependemtiastob iy &Oirganaswmidrontiisccoantipifromayeu0.005 um
tthe SA{E| I(-)IS is made with a thickness chosen from the range from about

B.BH.OH‘I to &B6ut 0.30 m. To reduce the noise factors and to decrease the
anguldrodivergea dbeofempplificide denesidanoéshef 8© /4 Mepdiaketsrseshef confining

Ig“ﬁﬂ%?hi@éﬁ#ﬁg% thia BTN YRR oden T e AR %%H&’f&‘t‘ 0.01 um

the range from about 1.0 m to about 10 m and more, and at [east one o
thabaubRy8ref the reflective layer, for the most part adjacent to the

|iit\'inll'é%ﬁclj§ m@c_i’r\%i‘éétkh@_téﬁfrhaﬁg"@ H%@é@@lstﬁet%ﬁlﬁﬁlé?ffﬂﬁ@wgﬂaéi%\( amplified
o1 tne leak- r. SIMpIJl e tle (0] ICal process ! R
SRR e S5 e RS aR e & RGBT iseigalgifedion of the
%EBHSfalredeakehn ﬁreg‘idha)ffa.}thSD%E\ HiSois maqw&iraaomm tefiraciive more, and at
AP LAY B R e IR B IbhScRiEERl e eaicin
layendsstnderdtmaireBiaptivaiotry sloas itie rediactivatingderdpl Sum ipplyey layer.
the Sﬁ& éﬂrﬁﬁﬁf? lttﬁ@tt@@mfdgi%rpfwmlsassﬁﬂtafaﬂzﬂlﬁac?ﬁh%ﬁtm@@re(iétfgiments of
n e leak-In layer n alt o east.one retiectl a e. .
AR R R den B S oS TR i R A Made with a
refrpatipeiindecagsingl ito theitefaaiye dxderacé ihéroomflrdng leye3 to 3.1017

cm 3, ANthEEERINFEISHBY SN Rordde dasis mﬂ?é#r\%ithaié%v%é%ofelss defining the

appropriate doginp(\; impurities approximately from 1017 cm3 to 3.10;
%fﬁggpcy of the SOA the main adjusting layer and the main central adjusting layer of the

SAE HS are not doped in growing, the auxiliary adjusting layer (if any), the leak-in layer
and part of at least one reflective layer of the SAE HS adjacent to the leak-in layer are
doped with a low level of appropriate doping impurities approximately from 10'° cm™ to
310" em™, and the confining layer of the SAE HS is doped with a level of appropriate
doping impurities approximately from 10" ¢cm= to 3-10"® cm™.

Depending on a number and location of leak-in regions (or leak-in layers), two
main types of SOA can be manufactured, a symmetric SOA and an asymmetric SOA. In
the SAE involved in the symmetric SOA the leak-in regions are located on each side of
the active layer and for the most part have equal refractive indices and equal thicknesses
of involved layers. In the SAE involved in the asymmetric SOA the leak-in region can be
one, being located on one side of the active layer, for the most part on the side of the n-

type of doping.
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Depending on a number and location of leak-in regions (or leak-in layers),
two main types of SOA can be manufactured, a symmetric SOA and an
asymmetric SOA. In 30 the SAE involved in the symmetric SOA the
leak-in regions are located on each side of the active layer and for the
most part have equal refractive indices and equal thicknesses of involved
layers. In the SAE involved in the asymgpetric SOA the leak-in region can
be one, being located on one side of the active layer, for the most part on

the sigle tﬂfetgﬁefé'rFXBethfb@i}m{égn%thHQe r%?ﬁ%@&ré‘%%eé?k&%ﬂgﬂﬁﬁtsiagt%velengths

proposed SOA at certain lasing wavel there Is a possibility o

thersdsiaPassiiiyodirhieesing refrERoaiRade) B aiERRNR-IRdexkPf Staneak-in layer
oS A HARIef8icabaticibee dbe tomposiinmogiidhe seftastietrirdex)itdex) of the
the. semiconduct bsjrate, tra rent for.emission, 0 ich the .

o S R G AT LB R e st s
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cfﬁgihiﬁmet;f@r\ﬁf%slw,alsﬂa_ lﬂﬁle_thiéﬁﬁaél% mlai@fe%f]eim%%rp@éaamﬁekes the most

ICKNess \'A N tNis case the level of compressive ) .

PRI e ckpest o Al i BYRS Bl AR, Fa%R a2 REL AL SERFessiyg mechanical
stesisesneidibweitidneidetansedyoathi cinmes wits ithénmalarseistbatiisiavitye decreased,
WHIRYERAEH AR Ml kS NiEIERSE 8&@9?%@ aOifq aedTelaRiLy &k operating

the proposed SOA. At the same chgera ing current, to increase the output

. POSEC
lifs et St e therhieeriehpYoximately by factor of two, three and
more, A tie qarop efetabitl clespectivlyrdéass tHereatpotipnoee eiciivelified emission

Aﬁ%ﬁﬁrﬁégﬁe%‘é%ﬁ* &f ?w@aﬂ%eﬁ‘gn%aHE%‘Fe? o YMQ:%E@%Q@% .Fé’sﬁr?g&'i‘vely two,

een each adjacent active layers a central adjus
teperepr Iareasive PSS SatAIRSISIAL chafe dhin FRAHAR @fopaigh are parallel
t6 &Rl StReRf i Béwp@e?%dlh@d]a%gﬂ Qéw#i'&%ibﬁ tmaneba:tss%paﬁ@ﬁng layer of
ur rQm one active layer to another In the . operati . 10 tain
S o o e e A DA SRR S BT e P-ype and
thegieiynst pheviging tHS tisnmel da ssalyexahickrens Srapprogiativlyaygn b andieer in the

dgg}gﬁ,qg #1820 introduced stripe region of current flow. In the proposed
OA for additional reduction of requirements to clarifying films the stri

. ction of ren . e .
(or el iAR e ABRTAAER RIS B RAntade RISt hihe leak-in
ragipropfitite SAgIEHD Ehenadeityithl thihioktiesd tppetxirnatelgdieirizlto the width of the

i ﬁ@@ﬁé@gﬁ%ﬁ%@ﬁlﬁg&%ﬁéﬂﬁ \ the entrance and exit apertures 25 of

are't o the aperture of an optical fiber. In this

case fbiy thﬁlﬁrgﬁ’oéﬁq n%@tqsfﬁhéldéﬁ@'ﬁﬁ!tﬁﬂ%*iam Bfiﬁéﬂ@ﬁf&%‘ﬁ% tgglarifying films
tRPRASHS CRtigRIdacRpef agiSM b wilhdmerharibyingeliBasappir@déoitimmad at an
S SRHee N SRUR G ik ORISR R gL oy

For individual embodiments of the proposed SOA the entrance and exit apertures
of the SAE are formed matched to the aperture of an optical fiber. In this case for input of
an input signal and output of amplified emission the opposite optical facets of the SAE
with the clarifying films applied to them are optically coupled with optical fibers not only
with the use of the known optical coupling elements, but also directly in immediate
contact with the SAE. The decrease of losses of input emission in its input into the fiber
results in increase of efficiency of the SOA.

In the preferred embodiment for obtaining high-quality amplified emission at the
SOA output the master source of input emission is made as an injection laser. To
increase the efficiency and output power of the SOA, the master injection laser is
preferably chosen as the Laser proposed in the present invention and considered above

on pp. 9 -13. For this embodiment of the SOA the efficient optical coupling of the master
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with the use of the known optical coupling elements, but also directly in
immediate contact with the SAE. The decrease of losses of input
emission in its input into the fiber 30 results in increase of efficiency of the
SOA. In the preferred embodiment for obtaining high-quality amplified
emission at the SOA output the master source of input emission is made
as an injection laser. To increase the efficiency and output power of the
SOA, the master injection laser is preferably chosen as the Laser

LARRORAHR ERPETALL %Wuﬁﬂﬂrﬁ@&\%k@%&ﬂ?&%ﬁﬂ@k@ﬂn RithSut the use

For this embodiment of the SOA the efficient optical coupling of

ofRRtielLoupliag elemenie éh@'%&ﬁ%?é%%@fm’%méafdﬁe%%fﬁ@@!e in which the

rﬁﬁwemgbeamavtﬂwst\memsma@baﬁtw sapling e tynestiselmisepassdiments of
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qurgﬁnpawmostbﬁ%a%@p@gaum@mdmﬁ.@nﬁmdm@m e edtrortlistipe region of
tRE1RR §eG10R LI SrUNIREH HvakitRePME SrpRorRiiomdediidentiowidid SAE is

the mtroduced stripe region of the master Laser, or when the width of the
e“?gafbar? §f current flow of the SAE is made widenable. It should be
noted hsitabiel ree sotesk thatehkypessimsiorninahieyreatssidrasetrenaatier Laser and

tl%gA@’%VSQéB RSROSTRSIULR 18 WEn‘é‘ﬁﬂ@érﬂe&éﬁPéfsQfdﬁﬁ%QméPFHB%F?}%I losses

losses 10 (leading to increase of efficiency of the SAE) and to reduction
@Fﬁ&lﬂuﬁ%&?ﬂ%ﬁéﬁu% SHrgiAG rrRdEpand MstaBHRYST ahpiinpar distortion
oemmaunngaltml tressitutElinnsnaibiiprootaplified povieicon thedhtgbufibiyean limitation of

at+#n.th I j r
o SR AIGORR NS T8 ReIRESTE) B HLE R B proposes
S%éb@ﬂ@ﬁﬂea&tﬁmayw"(@ﬂr%@ﬁﬁféu(ahwt%ﬁa(wg BHAER) jfaPf @Fagated through
tﬂé%rﬁ%@?érﬁ MM@Q&@%@).&BF%@@@W Hﬁ@lag\bbajmameaha@ﬁiwe flux (about

This determi bt t t
EIERCESH B3 drob FERS el BRSPS L B A MRy dhRegeifrmines not
qely uai@inivigitbifie qudpialy pbferimr@reissien, ofuhalsig ldetegasenc) thedwidth of a
dishraresHeMaduiation charaeierstiss i&f s a8y 1§hﬁteﬁﬁ‘§%ﬁe9¢eﬁ1€of the high-

new non-obvious SOA proposed in the present invention and 20
TRENRNSY APR HikResdunas deipLeRarsisrliahe sk faser) and the
SAE (unsetseicenoitibenizatioo obihdoleaBOArpgiposad drihiesaatéseidjrerenfion and

e uD:?ﬁ %%S‘iHJ?tt%%ﬁtQFt éS‘deEQSB‘?r %@%%lghe EriDopdy ?r%@&? UB8%he sAE

Ol’lglna ocated main a Stlng Iay rs adjacent to the active ayerare
qﬁﬂw@cea inftedeEnaalieh refguéwe dﬁakdﬂwem@naa%akaete?@ﬂ& layer of the

K&@@Wmﬁﬂ@@@ﬁtﬁ@ﬂﬁaﬂfe‘i't%%?’%ﬁndqm|SNEC|QPW}§]¢\J25&H|%§5H@#@EBH& located
S R R TR R SRR FRCHE i
armisqﬁmng)ngmal charactenstlcs (location, compositions, thicknesses, levels of doplng)
of the main and auxiliary adjusting layers, the confining layers, the leak-in layers and
their sublayers, the reflective layers and their sublayers are proposed, which has made it
possible to improve essentially the major characteristics of the SOA: efficiency, output
power, the angular divergence of amplified emission, optical losses at the input and
output, the operating life and reliability together with simplification of the alignment
technology.

The technological realization of the HS, Lasers, SAE, SOA proposed in the
present invention is based on the known base technological processes that by now are
well developed and widely used. The proposal satisfies the criterion “industrial
applicability”. The main distinction in their manufacturing consists in other compositions,

thicknesses and location of the grown layers of the laser heterostructure.
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possible to improve essentially the major characteristics of the SOA:

efficiency, output power, the angular divergence of amplified emission,

optical losses at the input and output, the operating life and reliability

together with simplification of the alignment 30 technology. The

technological realization of the HIS, Lasers, SAE, SOA proposed in the

present invention is based on the knowsase technological processes

that by now are well developed and widely used. The proposal satisfies

the criterion "industrial applicability”. The main distinction in their

manufacturing consists in other compositions, 35 thicknesses and

location of the grown layers GMREASIANORPONA LRSS Brief

description of the drawings The present invention will be described in _
detail below. i . i ith.Ei - . F iS.a.. -
ohern e TR VAR W b S Epad i el I ek igntn Figures
TonBaMii@sayer, two main adjusting layers and two identical leak-in layers

I%c?]tepli@m @@?ﬁi@&@ﬁdﬁﬁj%@w@'w&ﬁe@g@t%ﬂf‘o@ W%H"ﬂ?tﬁ%&ﬂc HS with
of the section of the propos mpmetric H ith. 10 one Active layer, two
RRFCANE (V8 R AR AL A e SR s o A e s e geted on
ethehsideioh thethetipedaysred asymmetric HS with one active layer, two

main FaguSURG IYREm AN RNQraRI B MECLs RLHTBPIRO brENEKBE S Atmetric HS with

located on each side of the active layer. Fig. 4 is a schematic illustration of

IR MR iR 28 B AHIIETY RAUSTBYIAKS R0 active layers, two

main dilju i dayehismaitie ihatratientrall Hdjusiotigriayfethangropesdeaksimmetric HS
ers. of different thic Eig. 4 i¢ llustration. of -

e, GRS 8,315 ORI W TR el of diferent

taiskhAtRes Aosries A srfcete AfithopeieiRielayer, two main adjusting

layersragd4vie adedriiabtraldstiayensop easast ctibeasgtirderopsbedagiy@metric HS

vah BYsTa 59, 6.5 a sehsmatic lystration of the Jongitudingl sertian &t heaver and
PropoSed Symmetiic Laserwith fetiectva’coatnys on the opfical facets, &

twetteslvéndetiees aldiffereot Wiakmesaeswo auxiliary adjusting layers. Fig. 7 is
a schematis ifugiratigenefibeeRetiding! sectonPLERPreRARRA ofRhe proposed

asymmetric Laser with reflective coatings on the optical facets, with one
Sé(EEW&tfé%F‘,SﬁW'méﬁi‘%ﬁ]ﬂ%ﬁﬁatla%r%%m ArgabIasAt IR BPaifElkRdaver. two
rtaickadissénddapdes] aml daochidedbcalfldak-arcibyelayecated on each side of the active

layer.

Fig. 6 is a schematic illustration of the longitudinal section of the proposed
symmetric Laser with reflective coatings on the optical facets, with one active layer, two
main and two auxiliary adjusting layers.

Fig. 7 is a schematic illustration of the longitudinal section of the proposed
asymmetric Laser with reflective coatings on the optical facets, with one active layer, two
main adjusting layers and two leak-in layers of different thicknesses located on each side
of the active layer.

Fig. 8 is a schematic illustration of the longitudinal section of the proposed
asymmetric Laser with reflective coatings on the optical facets, with two active layers,
two main adjusting layers and one main central adjusting layer.

Fig. 9 is a schematic illustration of the longitudinal section of the SAE with
clarifying films on the optical facets with two optical fibers coupled to them, with one
active layer, two main adjusting layers and two identical leak-in layers located on each

side of the active layer.
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Fig. 8 is a schematic illustration of the longitudinal section of the proposed
asymmetric Laser with reflective coatings on the optical facets, with two
active layers, 30 two main adjusting layers and one main central adjusting
layer. Fig. 9 is a schematic illustration of the longitudinal section of the
SAE with clarifying films on the optical facets with two optical fibers
coupled to them, with one active layeriyvo main adjusting layers and two
identical leak-in layers located on each side of the active layer. 24 Fig.

10is @.@chﬁtrlnatls 'Hb'lzé'}ﬁélf?@ mﬁ&*ﬂ%tl?ﬂg&qu\h@aio?@%@ﬁtﬁf &@t@tﬁ)%ﬁ]f:'dﬁ% SOA with
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S|de of the active layer. Detailed DeScription of Preferred mbodiments
lg2kriEyRYEED IREAISFEPRISATS TP IR MR 35 YRAAEECription of concrete

embodiments 10 with references to the enclosed drawings. The given

examples of the embogé%ﬁ%sd)esélg cﬁb PF er%’é‘%n%%%%pl are not

the only ones and assume the aval other reallzatlons |nclud|ng
the known wavelength ranges, the features of which are reflected in the

sum qtléh@rr‘i’éﬂ@ﬁQH@rﬁi/éﬁﬁ&ﬁdm%m@ocﬁi'ﬁheﬂ?ﬁ.@f@ﬂﬂﬁﬁ@ﬂconcrete embodlments
heter structur see Flg %%ntams e active layer é’?} s of
RGO RS A B B VR D A 0aS BT SR ents o
ti3edri8, 4.asm reaékEeamrrEEéMreratnm tbemnlyaives |apdag) gk ttveoaneﬂllebthtye of other
rEERichaNM QUHRTE tdiarstl- WA R IsfigRtiuAdaverR iRipGISAPHRR §r‘<1,ereﬂected

of the substrate 7 of the n-type GaAs. The leak-in regions 3 and 4 each
IR HIRSHE 853‘%95%‘86?%’3@@?8%?@%6690 affacent to the active layer 2
on eamm@bmpmsi@d eathosmeafieonfiséegHiay dischbtaind dde2dctdidegat 2, on each

§§&i%d rﬁg ) SN éHﬁt%‘%rlﬂyz?We‘?eaQ&? AN8RA Y %gﬂ @H’s 3and 4

adjacent respectively to the a Justlng layers

onh%aabtﬁ)é%rwr(gelgt'rﬁdaéhﬂ ﬁ?@\éﬁ&@mﬁh%ﬁu@ﬁwes%wm@wrsrﬁeand 6 were
dasesMavalsnatiineurle Helarmsisicishetis LIRS NS FBEMRithe n-type

djusting | 8and 9 h dth thi f 0.04
G i T AR RS0 Ao FRCD, SORUPLE e P s 2t Ber & and o
asimmpoisiadhe ativie 13365 2006 Dashatiithsidemechickeefsesiificgdayers 10 and 11
aﬁfﬁéﬁ@kegbé@ﬁ'\%@/ Qtﬁ@‘rlné?h haf dRsAMS dHClHessesl4tR MeBEleak-in layers

were grown of Al0.19Gag.81As. Both reflective layers 5 and 6 consisted

LR g%mg@@e*br%ﬁeegarﬁef B AsRHAIHING Ry aficihaedet! i metive layer 2 is
readdayernBhADS with a tiiginess affOhousagiacentidolcefraspaneidgh in such a

NSRS VLG P bBb NS R0 RN SN IR N 956 2 fre same
thicknesses of 0.04 um and were grown of GaAs. The confining layers 10 and 11 had the
same compositions of Aly3sGagsAs and the same thicknesses of 0.04 um. The leak-in
layers 12 and 13 had the same thicknesses of 4.0 um and were grown of Aly19GaggiAs.
Both reflective layers 5 and 6 consisted of two sublayers of the same compositions and
thicknesses. The first sublayers 14, 15 with a thickness of 0.5 pm adjacent to
corresponding leak-in layers were grown of Aly20GaggAs, the composition close to the
combosition of the leak-in layer; the second sublayers 16, 17 with a thickness of 0.6 um
were grown of Aly.sGagssAs. Let us note that hereinafter to each composition of
semiconductor layers for a fixed emission wavelength there is a certain corresponding
refractive index. When growing the HS 1, the active layer 2 and the main adjusting
layers 8 and 9 were not doped, the confining layers 10 (of the p-type) and 11 (of the n-
type) were doped with the known impurities to 6:10"" cm™ and 3:10"" cm™ respectively,
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30 composition of the leak-in layer; the second sublayers 16, 17 with a
thickness of 0.6 4m were grown of Alo225Gao0.75As. Let us note that
hereinafter to each composition of semiconductor layers for a fixed
emission wavelength there is a certain corresponding refractive index.
When growing the HS 1, the active layer 2 and the main adjusting layers
8 and 9 were not doped, the confining layers 10 (of the p-type) and 11 (of
the n 35 type) were doped with the known impurities to 6.1017 cm-3 and

tRelBAK- A3 LRSReC YelndiRe R ieakilydayars ]lgié]fgtr%n%ﬂ@@ti%faﬁers 5 and 6 of
sublag//ers 14, 16 of the reflective IaYers S and 6 of the p-type and the

thennstPespRe sy RiuRe dopReCty YL 8P ioBedn tie! SecSMy+ and the second
ssibkdgyesrd 8,51 719t diidhefredlaetivgdey Srarl Snaf thefithigpp-typetiand-thee respectively

WEIRE qgcztj)(s{y are doped to 21018 cm-3. 5 The chosen
compoé%uaons and tﬁﬁ:‘knesses of the HS 1 layers provided at current

densite® OSSR ARAPPEHENERRAIANESRAAREINS ISt By e PERINGdedat current
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A OB TeShENE e, SR e fover =t @
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¢ . e .
i blod A ELERR VIR TBPIG QEA T3 1S FRIOREKBCE Vb,
2.5 m.Tiretfedawiss wrakedinanea R S0t et iremafthe aRew eardhat in this

dippsiiinas mftRsthiddssndeanst 2 kédrmAayere 1espedtielyer9889%:anshd equal to
0.99933. The resu tiQC%?f?mEIification at a current densit}éof 0.3 kKA/lcm?2

ek B PSP & XAYRS o 18 ERVRYen R 1 ShAHESOEARDgIes of 0.3
k\ame? abaccutferiAtensityvefd OrefpentZelas(09999e 4oloviing933. The resulting

Iﬂﬁgé%%n%fjg t@@n’éﬁ ﬁiéﬁ@ﬁy%g O.?SQ QNSWE%”} (Srt? &ﬂqb Gmg"?gltcul_ated angle of

schematically presented in Fig. 1 in that in this embodiment the leak-in

dixpeagnce Andnihe weTicyrpiAREAt RI0LSBRECOS L OB KATBA &V RER R
regionT foBiaQinyg e dinddntadiiing @g’@;@dﬁi@n@ Aiffracistiane embodiment
a

T e
wenefigrogn lafyAks Beandhd, laaddinthéHe ddalnitasegio 1.2 @gatihed withdhebtzaimeadjusting
IEVerduedRutae doya GRRLAP Laf sl 185 RV $5Sahd: fP R P iR desiitshally that

ohmic and thermal resistances and compressive mechanical stresses. u
el PBRER/RIgRANBEIfERRICRe BESN SkteatitesgdiveirefBRiREN the confining
leyabodimamd 2P sabamatesbinpessenterl untig3l Théhabtainbts HS due to the low

embodi nttt’@t' ne fth Ji.)e 4n layers 12 and 13 e .
R § M 013 8 1 o ey e T ositances
Jagde08 HasAVO FNeC IR SteadERsdiment of the HS1 the calculated

magnifyesRiiig) 'aiesdipiéde dINaHS e deRsitieaintR S KéHrine aMdodiment
slc:%é(nﬁ\é%rc%%lyvperg%ented in Fig. 1 in that in this embodiment the thicknesses of the leak-in
layers 12 and 13 were respectively 0.5 ym and 7.0 um, and the thickness of the main
adjusting layer 8 was 0.06 pum. For this embodiment of the HS1 the calculated
magnitudes of the ratios nes to niy at current densities of 0.3 kA/cm? and 10 kA/cm? were
respectively 1.00004 and 0.99984. The resulting amplification at a current density of 0.3
kA/cm? was 10.2 cm™. The calculated angle of divergence 6. in the vertical plane at a
current density of 10 kA/cm?® was 8.1°.

The following embodiment of the HS 1 (see Fig. 4) differed from the above in that
in this embodiment two identical active layers 2 were formed, the main central adjusting

layer 20 of GaAs with a thickness of 0.012 um located between the active layers was
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respectively 1.00004 and 0.99984. The resulting amplification at a current
density of 0.3 30 kA/cm2 was 10.2 cm-1. The calculated angle of
divergence BL in the vertical plane at a current density of 10 kA/cm2 was
8.1 . The following embodiment of the HS 1 (see Fig. 4) differed from the
above in that in this embodiment two identical active layers 2 were
formed, the main central adjusting layeys20 of GaAs with a thickness of
0.012 m located between the active layers was 26 introduced, and the

.rmm%%s %FH‘%@@H%QH&%“B@ 1RYSh SNV agi 0 BRPLEyEE Ss SRR UNENEor this

he HS 1 the calculated values of the ratios neff to nfN at current
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preseqpigd 'f?olﬁ}\girgb indRabEHYS eRQAiMers the Rt EeNHBHANHSNGhbodiment

layer 20 consisted of two thlnéeach with a thickness of 0.005 pm)
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wed @@mlﬁbdm”f(t%ttﬁﬁip@‘éa‘ﬁ @ﬂrﬂé%ﬂdﬂrféﬁs%fﬁmsqmmyé}e of the n-type
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ty 8, sk RTINS eBROHiReRbsSEReAIRANY RIGSSRRd Hardgivk | 'I%yer of the

that in this embodiment the Ieak-in layers 12 and 13 15 were made with

e AR SRl ARG BRSore with the same refractive index) as
the coftiminfgllawyers %arnbdmmame‘lytlmé ARS3gIGatiffedss, faowch thee  embodiment

StHisCIE] (? éﬁ,%ssséT 3 em 'tE?HEﬁé{ Fﬁug@rﬁé‘&’d R%HP{N&%%H‘?E layers 12 and 13

*K16.45Ga iment of the HS, as compared wit o
Vtﬁ@/m@%teo\ﬁ&,t%ﬁ?dnfeem&%(ﬂﬁﬁé*ﬁ%ﬁfaﬁf@'% GrafEactive index) as

tﬁ@@bﬁtﬁﬁﬂﬁg&@ybwmﬁ@s@d WA, @ffmieé@ggiﬁﬁam@sm@eémhve layers 5 and 6
S o T S LSRR R, SO UITRIARESP: the Hs, as

aser was made Wi
ogymmedrmylmsr@ mreym@n&ﬁgorltamdnelgmtmmbeofthew—r@ad@muer it was

g L9826l [ByertdasdRr Rk EmaebAmibeonBRRtesSi dRdnRISheY4idRces and

the Figures) the metalllzatlon layers (not shown in the Figures) were

COBRIESS R ERAGING! T Tififcal 25 resonator L,es was chosen equal to
2000 iTheT) prdpeadd&mexérf@@e(lse@]Ft@eﬁbezﬂmhmde:mﬂM@s BRenrfdB8amtiodiment of

tﬁ SRR AEsICepL J&ﬁ@@%}"ﬁ# R 7o IRe%ARL 3R 7 3 ?h‘gﬁ{‘zr‘ypaeogﬂﬁ‘?he contact

e’stripe regions o current had a mesa stripe width of 1
'%Eu%té‘ﬁﬁtméiéﬂ%ld%mﬁénpaeﬁﬁt)ﬂ?ﬁpwﬁs g9p ANGinshama tie the Figures) the

nelftaneation edfieten@vnehown in the Figures) were applied. The length of the optical
resonator L.s was chosen equal to 2000 um. To the cleaved facets 31 the reflective
coatings 32 and 33 with reflection coefficients respectively Ry = 99% and R, = 5% were
applied. The stripe regions of current flow had a mesa stripe width of 10 um. The
calculated threshold current density ji, was 350 A/cm?, and the differential efficiency nq
was about 88%. At all values of overthreshold current, up to 20 kA/cm?, the resulting
amplification in the active layer was more than at ji,,. The angle of leak ¢ in this case
varied from 0° to 1.65°, which provided the single-mode (in the vertical plane) operation
of the Laser 30 in the range from 0.35 kA/om? to 20 kA/cm? The known calculated
confinement factor ' defining a share of laser emission propagating in the active layer 2

at a current density of 10 kA/cm?was 3-10™. The calculated angle of divergence 6, in the
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was about 88%. At all values of overthreshold current, up to 20 kA/cm2,
the resulting 30 amplification in the active layer was more than at jthr. The
angle of leak cp in this case varied from 0 to 1.65, which provided the
single-mode (in the vertical plane) operation of the Laser 30 in the range
from 0.35 kA/cm2 to 20 kA/cm2. The known calculated confinement
factor F defining a share of laser emissign propagating in the active layer
2 at a current density of 10 kA/cm2was 3.10-4. The calculated angle of

' i rtical [S) ; . r o
R BIMRST AT NI EERInD S HROS o o 10

kAreR At BRSNS BATY AigRAGhiRal R §raRdnecidRutaptisahéacet of the

resHiSRIr Dl eevasiee i o Avariéat ford BAGIMR)d0 BIEMARAD K ASM@h (at 10
k%hg proposed Laser 30 (see Fig. 6) was made with the use of the

e Wo)jiment of the symmetric HS 1 presented in Fig. 2, in which the
leak-if teyenaptedricadd 36 veekt &0 116¢ viast rmabtaydtisthe asel dferef eéhebodiment of

tHEISHIMRIRY RIS P PSR aAdadVBNiINGAIP heCRIIER IQ%@)ISO{Z and 13 as well as
Alo,05Ga6.85As and of Alo.05Gao.86As respectively. In this case the

thg Kty Y Ba BN ANd s § A tBe BRliRety en Qe 8 r T LW SRR iR ith the a low
cHritditesEsod AD.2Ga A ABhand OfeaneBanNgnt ot spedtashl. B thdcase the auxiliary
increased efficienc wer and reliability,of operation., The propos .
LRI IELR 15 T et ah g A LA R AR5 G124 . This
eaxyadimentoHBe1L pses 8AtbadinFigasedrefiibivcih odeesik-amdaratiability hdperation.

13, 1d§HEGHIB SRRSO (NRAFRICHNGESGRIGSRRH R0 G EnbBdiment of

m. By choosing thicknesses of the main adjustln% layers 8 and 9 a ) ]
hRBSHBARURER HEFRSENADLS KA ctn® WALH S5 RriGIHaYRIs Jaidndy identical
irnoghepot divie,r e dedkhanside reepictilpaoetes tisd deci@asBy cliomsingt{gknesses

urrent density.of Q.3 kA/cm2 7.2 (at 3 kA/cm2) and then incr 2
of, R Sl i by (sl e e, O 620 Rom was
achieve3). drivehealoulgied epitalofadivetdahesr8simtherverticel ydatiead bfasiedscreased

frférrﬁ\t ?EJQ?QPSQJF% 4éh Lﬁ‘ti‘bﬁo% Wzi% 1y Ge e aSER M8, 3. rﬁ@tnﬂ%‘c‘?reased to

following embodiment of the Laser 30 differed from the above in that in

8t s (@ B delvprank: tRctiNsarasel e eiZE2c ep 18 iiRG ATeadatith avel SrAd 3) on the
SLRSUPBSIHAN S tRENEBNMAEYFIthe ADHicH pRAE ekt increased from 4.6 um to

Alo.38Ga0.62As. The reflective layers 5, 6 (without sublayers) were
"rate arhitermdessRRseAl §s®mbodiment of the Laser 30, as

companeslfNGRiHCRTBY IS RNEIStheoniaiesh AIRSRRY fbimiBies abtaxels Bkt in this
8) was magde, with the use of the

R B AR RCIACTG (o B LGP, TR e fon as the
cifdiningllaystiscdageds Wwwreeliade Aand3setvise  tiseraftéetivediayeenfrab (without

SAOIHSERY ARt Atniedese OO L2 vadRsHRIBERR 1R4BIS30, as compared
embodiment of the Laser 30 the threshold current density was

with the previous ones, contained a lesser number of layers of HS.

The proposed Laser 30 (see Fig. 8) was made with the use of the embodiment of
the asymmetric HS 1 presented in Fig. 4, in which two identical active layers 2 were
made, and between them the main central adjusting layer 20 with a thickness of 0.012
um was placed. In this embodiment of the Laser 30 the threshold current density was
reduced to 0.25 kA/cm?.

The following embodiment of the Laser 30 differed from the above in that the
main central adjusting layer 20 consisted of two sublayers of the p-type and the n-type,
each with a thickness of 0.005 um, doped respectively with carbon and silicon with equal
concentrations of current carriers of 510" cm™. In operation of the Laser 30 such

sublayers provided the tunnel passage of current from one active layer to another, and at
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reduced to 0.25 kA/cm2. 30 The following embodiment of the Laser 30
differed from the above in that the main central adjusting layer 20
consisted of two sublayers of the p-type and the n-type, each with a
thickness of 0.005 m, doped respectively with carbon and silicon with
equal concentrations of current carriers of 51019 cm-3. In operation of the
Laser 30 such sublayers provided the tynnel passage of current from one
active layer to another, and at 28 the same current, but approximately at

thBe pnbled Anplief v aliRas RteN! RPWRE RRISIRICH B VORYEGE bl power
The proposed SAE 40 used also in the SOA was made on the basis of the

NG RSSaHRTSRANSL S MSresented in Fig. 1. The SAE 40 of this
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Rt BE4AKE SRMmUAR §%@$6Péx@é&?j f@&%’é‘#& dehSRERITE yﬁﬁﬁ 0.3 kA/cm?,

approximately 6.0x 5.7. The following embodiment of the SAE 40
ToearglarrtHeak @ Andifiereaparibsienseatiove BY #héd wikivcs e Sipeat 10 kAicm?,

TRIIgRIee TSR ARY SaYR QAEPHD Bie169RRAFIIRAS @Q‘F’Otmﬁﬂmea?ﬁﬁh%f angular

the HS | layers designed for a emission wavelength of 1305 nm, as well
aRENHER AR FARBPMAPIAEAXF With the clarifying films 41 and 42 (for 20

whlchﬂ]ealfaqéda/ﬁm/@rrﬁbd@mmﬁll ?mbm@cg% tmd)(%e‘;fﬁ)gthg QI@J&EHIWShOA differed
were couple e Input tic iber 43 for Input emis n throu
R B Al B NG A1 RIS (TROAD S o BLSH SOHEL Firm. the

chdmimrsiioimsbod dntksass dsorh ttiee P pdoksiye rogesightat &ir3d eniksihe wavelength of
1@65'%‘]'%%'%‘?1% H%%F?ostﬁé‘&?tuegl“fa@&% §'i“3vﬁ?§'¥t?e°&§:‘#ﬁﬁ ?Oﬁlrﬂé%%ﬁd 42 (for

al to 10x10 m2 were in conformity with the apertures of the known

%%S%Jcénﬁb'é?é”%ﬁdS’ﬁff'Ha%ieaﬁfﬂ)@%ﬁ*JléOtQ eélfﬂﬂl@%%pimtf'gﬁfﬁﬁﬁﬁéioﬂgled the
i b)sticaltpveromsical ﬁrlimltﬂeﬂ‘ t&ﬁfﬁ%lﬁptmu@ﬁeﬂs&hwtmm&al facet 31 with the

yipving i ding 6o 8“[?1% ”d 42 dEE tly 139 pu‘?'§fw{‘ﬁ?ma°t%"’ A 1RE opposite

IS em odlmen can USG |C|ency

O@él%\f@@ehmpmrérm%ﬁﬁammvftméa Jlbﬁc%\me@/fett@\gﬂirance and exit apertures of

the SAE 40 equal to 10x10 um? were in conformity with the apertures of the known
optical fibers, which made it possible to couple the input optical fiber 43 and the output
optical fiber 44 to the optical facets 31 with the corresponding coatings 41 and 42
directly, in immediate contact with the SAE 40. This embodiment of the SAE 40 can be
used with high efficiency as power amplifiers, optical switches, optical wavelength
converters in modern fiber communication links. Its main advantage is reduced noise
determined by low losses of input emission in its input into the SAE 40. The noise factor
in this case can be comparable with that of fiber and Raman amplifiers. The near-square
form of the region of propagation of amplified emission of 100 um? makes the SAE 40
practically insensitive to polarization of an input signal. A small-signal amplification of a
signal in such a SAE 40 more than 35 dB can be obtained, and the amplified power of
emission without its saturation can reach 1 W and more. An advantage of the SAE 40 is
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converters in modern fiber communication links. Its main advantage is

reduced noise 30 determined by low losses of input emission in its input

into the SAE 40. The noise factor in this case can be comparable with

that of fiber and Raman amplifiers. The near-square form of the region of
propagation of amplified emission of 100 m2 makes the SAE 40

practically insensitive to polarization of ggn input signal. A small-signal
amplification of a signal in such a SAE 40 more than 35 dB can be
a%t%mdtsaedtﬁm Qfﬁ‘ﬂlff&ﬂé?ﬁ“é’ﬁér‘Pfléng%i%l@ns‘ﬁ)’rﬁﬁ%ﬁigsaﬁat%@é@nlow angular
can reach Jf W and more. An advantage of the SAE 40 is 29 also that its
NHHG S PRSI ssion is practically symmetric and has a low angular
divergémedadibaiing storhobiivechutil ofvithg SSABodiimesedirthih s SPAOdifserddnfrom the
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gnb 14%61"the embodiment of the HS 1 presented in Fig. 2.
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F&nbd@@nemlﬁﬂmefuasewm euosk nedddtionigosffisieript fhaand tRe of 0.01% were

giRed facets of the HS 1 the clarifying films 41, 42 with equal reflection
coefficients of 0.01% were aéflled The foIIomQ%embodlment of the SAE

40 usdA2IPRTRS SHE AfTERAralRe R RBERNNER B13R PRskesBas™s of the

enitodimeeactive thgeksSvith presentettlipaSingd afnclircentpleetiyeesiribided with the

e‘?ﬁ%‘é@%é‘?\fﬂ%ﬂ@@ EQ%JP%'@B‘%%Q&Q% GAHRg JUpy f'ﬂwaf‘?o%g %a(?eoz?’acets of the

he proposed see Fig. 10) compriSes’a ma ter source 0

Hnlsbe rlamiying dmpd 1. deev o i anfiecdapieerliirie e aS AL 140 wese applied.

LaSher'ﬁQe&BﬂoWE@éfEb%erﬁéﬂtrﬁﬂﬂfé\sﬂEm@ Us&edaiIdeis aneesenbd@ifisngntrom the
of t

embodiment o f?\C“Egge?%% |ﬁ1 g/vo active layers with the tunnel passage of current
between them only by reflection coefficients of the clarifying films 41, 42 of 0.01%.

The proposed SOA (see Fig. 10) comprises a master source of input emission
made as the Laser 30 optically coupled with the SAE 40. The Laser 30 and the SAE 40
are made with the use of the same embodiment of the HS 1 described above and
schematically presented in Fig. 1. The Laser 30 coincides with the above embodiment
schematically presented in Fig. 5. The distinction of the SAE 40 from the Laser 30
consists in the clarifying films 41, 42 with equal reflection coefficients of 0.01% applied to
the cleaved facets 31. The stripe regions of current flow of the Laser 30 and the SAE 40
are made with the same width of 8 um. The exit aperture of the Laser 30 and the
entrance aperture of the SAE 40 are identical and equal to 8.0 x 8.0 um? and the
calculated angles of divergence 8. in the vertical plane at a current density of 10 kA/cm?

are 6.0°. The output power of the Laser 30 in the single-spatial-mode operation for two
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schematically presented in Fig. 1. The Laser 30 coincides with the above
embodiment schematically presented in Fig. 5. The distinction of the SAE
40 from the Laser 30 30 consists in the clarifying films 41, 42 with equal
reflection coefficients of 0.01% applied to the cleaved facets 31. The
stripe regions of current flow of the Laser 30 and the SAE 40 are made
with the same width of 8 m. The exit apgjture of the Laser 30 and the
entrance aperture of the SAE 40 are identical and equal to 8.0 x 8.0 m2,

t@ﬂgmeqﬁé%%t%d@@MSr RE @Y@é%@q?;'aliBﬁtﬁjt\’%@?@r@@pﬁ@%ster Laser 30
current density of 10 kA/cm2 35 are 6.0. The output power of the Laser 30

A RBIEAGRAGSEHER lotE SHE oM AbP hBosS i i FLole i iasss bager 30 and
ttw.Se 4arge and mQaUdhmlﬂpaipelrm mﬁtﬂna_ rstasftestl__dismnaé teetdleen them with
sﬁﬁfém‘f%&?ﬂ%ﬁ%ﬁg F&&@&%g‘l& @ﬂl&%i&@%ﬁ?&ﬁ'ﬁ, '%natgﬁﬁgﬁi’é [hower source

aser 30 and the SAE 40 on one longitudinal optical axis wit ortest
of igtheealbtwiesle terP\Aite SR-fEpi LRI RSP RIS IPTosses of
emission. Such a SOA is a superhigh-power source 5 of high-quality
single-mode and single-frequency laser emission. Industrial applicability
The heterostructures are used| (%)réts:%é%t?(g)ﬁ o 5sﬂ)gmn%conductor injection
emission 10 sources such as injection lasers, semiconductor amplifying
elemeriia, geRrsONGHeS SRtigatamRlilRisiHifRISHReShiERR QBN emission

communication and data transmissign systems, in gptical .
SSUp&hight p@%d’E%?Hﬁﬁtfﬁaeéﬁdsﬁm{%ﬂ'ﬁga%I%t@PHB‘,"%”&e@éﬁﬂ]&%énﬁ%?'°°”d”°t°r
optedicahgdifigos ehét |ase rused stridibequiptite oy rimegoeatigrd anl| ethtastesmsmission

S?Ql%r%’ HUSBHH?ﬂ %&ﬁ&ﬁ%mf%%&m@ﬂfﬁé @W/ﬂéﬁiﬁﬁ@}s/%ng!-m IM@ielopment

. The heterostructure based on semiconductor compounds,
o raesitali ARy eBttnaseider b fOLIRB SRl dRAE HYeIOHBIP S 'RRers. and for
pugipingoiRiratodhe fisbeatiptiiadexndidéelthe leak-in layer, namely -
the ratio of neff to nIN is determined within the range from one plus delta
to one minus delta, where delta is determined by a magnitude much
lesser than one, the said heterostructure containing at least one active
layer, at least two reflective layers, at least as one on each side of the
active layer, the said reflective layers 10 formed at least of one sublayer
and having refractive indices lesser than the effective refractive index neff
of the said heterostructure, the said heterostructure containing
transparent for emission the leak-in region located between the said active
layer and a corresponding reflective layer, the said leak-in region located
at least on one side of the said active layer, the said leak-in region being
at least one, the said leak-in region 15 including at least one leak-in layer
having a refractive index niN and consisting at least of
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one sublayer, as well as the said leak-in region having at least one
confining layer consisting at least of one sublayer, wh e r e in into the
said leak-in region the main adjusting layer is additionally introduced,
consisting at least of one sublayer and having at least for one of its
sublayers a refractive index no less than the refractive index niN of 20 the
said leak-in layer and being adjacent wifh one its surface to the said active
layer, while on the opposite surface of the said main adjusting layer there
is the said confining layer having a refractive index lesser than the
refract 6 m% x of the said main adjusting layer. 2. The heterostructure as
deflne im 1 wherein in the range of operating 25 currents the ratio
of neff to nIN decreasing with increasing current is determined within the

range OHRagUASSHRAL e TalR PGP s8mldR ARIRIOSHBBISRS &%f?ggt%nzmg by

in claim 1 wherein the said heterostructure contains at least two said

thr (i1 Q) dne SHEMYNEVEEATEH TR duaRricha REisiRRItt et spffagtive index

radinstiagetayier s catedapnistingableastohpne setblayreandiavirgrange from

30 re fra |ndex no Iesst the refractive index of the sgid leak-in
yé)r ni !\f}\ﬁe Feterostruc u[:e as ge?lnge(;/[ in clgerx%e mv'vnheerzm {Hagnltu € much

lesaRcithaBA66, éfme aawi|Imﬁe@@fas¢m§e|a9@iam@deﬁﬂﬁé%amlmh@t least two
rféﬁé@tﬁ?ﬂﬁ&iéﬂg, falab;eaéﬁ &t@@&ﬁ@adﬁ‘fl&éigf%%ﬁv?al@wﬁﬂ{b|§¥?rré?lectlve layers
orm eas one s ayer a avin ractive index no |ess
TR A IR HhER bAAYE A T RV dehiesser than hE rctive
rectetvstrinciexeras défmedsald:lduaheltoathm@me atheasaohdetkthstsichieg eczgntaining
t%@}%@iﬂf&?@?ﬁ&&%#@m [23R- %f%f%ﬂﬁ%'}é%gﬂéi&xb@%FPtﬁées%ﬁH %%Ws layer and a

index of the said leak-in layer. e heterostructure as defined in claim
cPTRsERaAing féﬂ%%‘f?e'%%ﬁ& fBgisaid IRy T60IAR 195RI9d aRtils e LRSI ORESide of the
sty antive irgex idierticaidvidakhe re@'antlbemgdex lehghersgidheossidingak-in region

lJn%YL?anél Weeag‘te#%m%téﬂc 1By 8 m%mw '&l% ?PW Fne'%f?é 8% é%'}'m% % least of

the sublayers of the sai ay ro esald eglon

QSRR icRnticall 8F d@%éﬁiﬁtiﬁ%%(ﬁﬁ%lﬂ@}wf@ﬁ flelaeperecanfining layer
dUﬁ‘é@lﬁ@%%ﬁash%‘i%ﬂét@dﬁﬂ'éﬁ%ﬂs aronve r10iGh TieohBIEAFINEERIA Asgion the main

A e e e A G B AP Sne ey having
avéeasidarthaench ite athilbpeainaardgingtitivg |agiexi s doeatethaoothsiseafrgotifenndex ny of
tHasBaaulk-HARGS SHRIBER,) AdRedtnem B the SayR& RECHdIRGiE Sctive layer,

tunnel passage of current from one said active layer to another in
HErafdhoPRREsHfeBHERCERIE® T RN 26 ¢stingdanfsdhsieiisiie said confining
lapampging @ reéteibairncien deasenveibasiaptfed fddvetitdex of the said main adjusting

layer.

2. The heterostructure as defined in claim 1 wherein in the range of operating
currents the ratio of ne; to Ny decreasing with increasing current is determined within the
range of magnitudes from 1.01 to 0.99.

3. The heterostructure as defined in claim 1 wherein the said heterostructure
contains at least two said active layers and between them the additionally introduced
main central adjusting layer is located consisting at least of one sublayer and having a
refractive index no less than the refractive index of the said leak-in layer ny,.

4. The heterostructure as defined in claim 1 wherein in the said leak-in region an
auxiliary adjusting layer adjacent to the surface of the said confining layer is introduced,;
the said auxiliary adjusting layer is formed at least of one sublayer and having a

refractive index no less than the refractive index of the said leak-in layer ny.
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reflectors, ohmic contacts, an optical resonator, in which at least part of
the medium of the said optical resonator made at least of part of the
leak-in region, at least of part of the active layer, and at least of part of the
reflective layer, reflection coefficients of the optical resonator reflectors as
well as compositions and thicknesses of the heterostructure 20 layers
chosen in such a way that for the said igjection laser during its operation
the resulting amplification of emission in the said active layer is sufficient

for uphkolgiiachiierJasinauteres RRhEY AreRpHUIMEBAI I AEE SFdNS the sublayers

gperating currents, w h e r e i n the said heterostructure made as defined )
Ih Ry IPERIRALVE 13y SRR thEPHRT'Gr RERGEIARPiP {He FRIFEMaLAGX of the said
|e|a|re3hbalycbcqrrents is determined within the range from one plgs gamma

2510 %‘“%ﬂ&%ﬁ@&?ﬂu‘ %ﬁu}’&h’f’i‘éed%ﬂ %‘n'sc%%”?%:%iﬂ‘%@ﬁ&y&ed & ¥did leak-in
than delta. 10. The injection [aser as defined in Claim 9 whereininthe ~

I5e o R $Rid IRAKSHIREIATH AR LHFRITPALIVE BARXIFRIHGR iwitieteeripfiagtive index of
thoruitesamaegfreperabout 1.005 to about 0.995. 11. The semiconductor

amplifying element comprising aheterostructure as 30 well as optic
facets, o SR Gl ST R o e A PsEhelk e pybrevers
ol thehsid Imektinnape pedae Sedh letlhie aeajsifidasmiesiopositioaiddentical or close

VWRITIEO BEMBIYIIHN R UNE KIDSRIRNGONHIEhaRR 3hie AstdBEiRictlrR: IRaWnN.

region at[lea t part of the active layer, and at least art_of%\%‘e reflective

layer, ATt RIS ED ARCSINEF o Qa1 IAHIGTRURFIRS GFpGaRp erostructure
aoptieiabfat étazs twellsaglcastipo fatyerss thedddvitlaseskebiohthre qahBE to each other,
Jﬁ%&%%ﬁtkﬁ&ﬁaé’%%ﬂr%%%ﬁ?deﬁé‘ﬂ%‘@y}éﬁk‘ ibile YANRMJSPUEGin heavily

amplification of 33 emission in the said active layer throughout the whole

JapRfd SIS atitfy RbPentdk hesBaYRAHIIME NG oo pRgsage of current
fesnpdfieatiim duting iagah® smictigrarading sRmictheusiestiamgifysich source.
elemept to _self-excitatiqn, w h e r e.i.n the said heterostructure made_as
detnod i oo P oSt ARG TR e B e 2 otRar facers.
refeapient 2havgiseatasis amopticehesepnats, ¥niwhichlaineagtparttabtaaimedium of
t}ﬁ,f@%iﬂa b?gi'&? _Jé@érﬁaf&%ﬁf&é%ﬁa?%?@m%w ﬁ@l@b@iﬁh%g‘l&iﬁ@ﬂéé??qf part of the
introduced stripe region of current flow. 13. The semiconductor. amplifyi .
R Aol PSR IR £1 R apire e YAt CRE PR B ElRt e optica
ﬂemnMadedﬂmtho&d &S tWeraﬁtpgﬁﬂceitigﬂis:edﬁdgéﬁd(rwssQ@ séithe heterostructure
IBPRORABLE AP H 2 THE,SBIBICRIRAHEIRLRAMRLYIBA Rleareat A% dRfBBEration the

in Claim 11 wherein the opposite said optical facets with the said .

reHiine @mRiEcaipn<f fRMissipnpBilteRIe Ao RYRId Vv TREYpREAIPhOlding the
IEibiacs thtesHdie therugitond ustowbplioaingeplities cpenptirsincuopticallw herein the
s%%"%'&%r%k?%&hre made as defined in any of Claims 1...8, while the ratio of nesto ny in

the field of lasing threshold currents is determined within the range from one plus gamma

to one minus gamma, where gamma is defined by a magnitude lesser than delta.

10. The injection laser as defined in Claim 9 wherein in the field of lasing
threshold currents the ratios of ng to nyy is determined from the range from about 1.005
to about 0.995.

11. The semiconductor amplifying element comprising a heterostructure as
well as optical facets, ohmic contacts, and a clarifying film on at least one optical facet, in
which the medium of propagation of the amplified emission of said semiconductor
injection emission source are at least part of the leak-in region, at least part of the active
layer, and at least part of the reflective layer, while the reflection coefficient of the said
clarifying film on said optical facet as well as compositions and thicknesses of the said

heterostructure layers is chosen in such a way that the value of resulting amplification of
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15 source of input emission and semiconductor amplifying element
wherein the said semiconductor amplifying element made as defined in
any of Claims 11...14. 16. The semiconductor amplifying element as
defined in Claim 15 wherein the said master source of input emission
made as an injection laser. 17. The semiconductor amplifying element as
defined in Claim 15 wherein the 20 injegtion laser made as defined in
Claim 9. 18. The semiconductor optical amplifier as defined in Claim 16 or

eﬂ@%rﬁn wherain dbp eaid drigrtiagHaserrnehke ﬁﬂ\ge?'%mﬁé)ﬁglé@%g currents is
| am? fﬁlng element gade of the same heterostructure and the optical

nPRIAHRR SRREORRPOHEaEPLRIRRIR thR AR ‘i@pﬁbat%@ semiconductor

amplifying element to self-excitation, wherein the said heterostructure made
as defined in any of Claims 1...8.

12. The semiconductor amplifying element as defined in Claim 11 wherein the
said leak-in layer of the said leak-in region has a thickness approximately equal to the
width of the introduced stripe region of current flow.

13. The semiconductor amplifying element as defined in Claim 11 wherein the
said stripe region of current flow made inclined to the cavity of the optical facet at an
said appropriate angle.

14. The semiconductor amplifying element as defined in Claim 11 wherein the
opposite said optical facets with the said clarifying films applied to them being optically
coupled with the optical fibers.

15. The semiconductor optical amplifier comprising optically coupled master
source of input emission and semiconductor amplifying element wherein the said
semiconductor amplifying element made as defined in any of Claims 11...14.

16. The semiconductor amplifying element as defined in Claim 15 wherein the
said master source of input emission made as an injection laser.

17. The semiconductor amplifying element as defined in Claim 15 wherein the
injection laser made as defined in Claim 9.

18. The semiconductor optical amplifier as defined in Claim 16 or Claim 17
wherein the said injection laser and the said semiconductor amplifying element made of
the same heterostructure and the optical coupling made in the immediate contact

between them.





