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HETEROSTRUCTURE, | NJECTI ON LASER, SEM CONDUCTOR
AVPLI FYI NG ELEMENT, AND 5 SEM CONDUCTOR OPTI CAL
AMPLIFIER Field of the Invention The present
invention relates to the key conponents of quantum
el ectronic 10 engineering, nanely - to a

het erostructure based on sem conductor conpounds, an
injection laser, a sem conductor anplifying el enent,
and a sem conductor optical anplifier. Description of
the related Art 15 Heterostructures are the base

el ement for manufacturing of the efficient, high-
power and conpact seni conductor injection em ssion
sources (her eHBREROSTRGTURE, INGEGSION LASER, wi th a

narrow far I a

sem conduct%#ﬂ@@p{:ﬁ%%gﬁtg{ﬁ@g%ng ﬁg %rg[?r ow

far-field 20 thmmDHCEORwORﬁﬁIQMaAMﬁUFAEBM% us,

1977, HO1S 3/19 331/94.5], [Patent 2142665 RU,

10.08.1998, HO1 S 3/19]. Fromthe standpoint of the

t echni cal probl em bei fplsof hedmantixenpl ary

het erostructure is proposed in [Patent 2197049 RU,

V.I. Shveikin, Russia, 18.02.2002, HOS 5/32]. The

sai dhgr @tggémnav@‘ftlohesteeatessttm b ey ¢asnmpeats 6h quantum electronic

sem conduct t aj SaASt n
engiReetgd: | y ccz)tﬂs?&e L{Ct easgg@ i Eé"m%BB{i c&ﬁ‘;?ounds 2

of  one subl ayer;
injb@&R- iddef, €81 samiatitictor aaspiifyiegt elémentenarsbaoﬁemmnductor optical
| eaks-in into said | eak-in region, the |[|eak-in region
amlifigh ed at | east on one side of the active | ayer, the

| eak-in region is at |east one; the | eak-in region

has at | east one | in |layer C ting at | east of
one subl ayer. The%§§?rb°t'ﬂe?éérrﬁagtruc%oﬁrAe IS

characterized by the ratio of the effective refractive

30 index neff of t het er ref ilRit, high-
i nddretarogirigtuies Arg QE?( base eg%ﬁé'nlfcfé\ltjﬁwgﬂﬁﬁcwﬁg of tlﬁé‘%ffc ig
&Wér%rna%mp@bwemednduemtmeomn lem?sisemtswecelsa(yeﬁeﬁ‘aﬁ?’éfefe"ed to as

.placed addltlfonﬁ Id¥)§ | east as one on each side of
IEPd VAR RAETMAIFEHSY PRESai d refl ective layers have

ref rﬁétbl’déﬁuctuﬁbscfaSa ‘aae&emduotrariES méthfleaky Enisgipreef @ parrow far-field

| east of one I8 C 2142665
o5 ol AR5, 7 LSBTt i

RUehb egt1oug Henw3/19]l n t he sal d | eak-in region two

ekt o NSk Uy RO ABFER o SO e
hétaaasi’ructaret is\iop@searin [patensamywe Y.V hgShvejkin, Russised8.02.2002,
H\Q,,'l§h 5538253 aog 83%@5(%@%’5% QOf{Tﬁg%B sftralétureS elé!;f BtQ ;%rplrs\%mconductor
coRPSlindsaiMd contaiths fAlass bhe gctlvay@yer obnsls’t@g@mast af enegublayer; the
1efa§grlrg$%it>@qutﬁ§?qr§§é{e%? gqr gg?ﬂ ﬁ\%gi%d%rﬁg :At@%% \Iehh-‘?n region, the
\daLih h&gion Idtatddestkeast draymes sids df doabetive Iayer the leakin 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 ne of the heterostructure to the refractive index ni 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
net 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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5inthe leak-in region. The ratio of neff to nINis

determned within the range fromone mnus delta to

one plus delta, where delta is a nmagnitude nuch | esser
than one. This prototype heterostructure has a nunber
of significant advantages. The technol ogy for

manuf acturing is sinplified; in operation of the IES

based on this heterostructu2e with | eaky em ssion the

out put of em ssion which is approximately normal 10 to
acﬁ\jéew@@ylﬁqbeﬁa,@fcohmn@n@;yemrm@d|a1aba§tacfebse|syblayer made of a

somIcoBTon N SN R PSR R -0 P o) RS ERF el R - an

plane
ad]g?@réf%?@ndof fHadeak- &Ofebmpéﬂl@hm key thet refama il toe confmlng layer, the

nce of eni ssion ase ot
satraiuLaD EReasmBd At IRl PLOTS RTaver rfise S |GRTR 1dyeF® located
in g.{? i@EBLioR! THY @hebf RAES Gy isdulerspadd within the range from one minus
aracteristics of the |IES manufact urr] It gﬁ 8n£a5| S.
delts tq epecelts geita, %s&d%'ﬁal"mﬁ}”%{“&g eﬁs§ H a
nar ﬁT\g.?%?J F%b@'%té?@étf&[d?e&ﬁ& knoewmber| Sasignificattcad\@dtages. The

oS et s Al 8 e o
? Cf%’}le WHRUGHKS eﬂﬁ&iémﬁuetcﬁmm Iof:ahlspuoo Inihéah i @pprgximately normal

an_exenpl ar e} ect
torihgpfgg@gs ioh thepgleays Etgzjag%g,ye e\medI grge gﬂt}gﬁ eh‘ﬁsszon power is
inEPeaSd A théBsife - 0@, erittifiy 2rb4 SaltheThertlsah plape otsomyt@@sed and,
injection laser includes a (get er ost Lug eg’aﬁtetﬂe‘%gme time the
cosesnpeustialy (e 2eaHiHIYRIgeNoPH eé‘%{?%%‘& er oSTructur

sHOMALR %tru&ﬁre' fRRs m@epa@éitbtsfeatltaisyreentcohshlg;herngnqu and spatial
east o

one subl ay eé cf G%Fm regi on nade
charasierjsdiee At the &S EIANSECBITRY AL PRYks-in into said
| eakpiditib® %‘s@r}[& wﬂhmealkﬁ@hrstslbn raagivith 4 paradve tar-fietd pastesn are known
on one side of the acti t n
Ftert a3 18huS, 1O 1100 FA98Y Fip S Al b PRE) e 008,
Hb?é"gﬂ Iayer consi st ng at Ieast of one subl ayer. The
sai het er ost ruct ur cterize

Che. Bicrads SENAEHEL Ao SHAER. REMS 87 s 1Schnicat bfbifkim being
{9 ra?ﬁé{é%éw%éétetygéanjéafohaaser\ae prapdeed iml[Ratent 2187048 RU, V.1
Spv@kla; Igb‘@?q ﬁjrBé)@tqe(ngg ? 5@ tsge?g ! er(f ﬁggolf%eui[]ﬁctufmlgser includes a
htat%?@étr%ctu?&%&-ﬂ&f §em|c@ﬂitlnc€ormh'tp@0hss Ths smi hetarostincture contains
h&gsgﬁne ;%3&”%8%cg{sru]qt@gsqtqg%ttFggfo?\ségsfu%?q%r %e Iéa°k -in region made

tr%ﬁ%a%‘nt f@PQm%%lthﬁatleéﬁs-nﬁarﬁtb safd Ibbieuramgmetheaiyek |n fegion located
said heterostructure at | eeae:}( two.. re |

at ippst enane s ebteRfdYVe ilayeL| |tk9/e -in Legion IS gt Itebélt one, the leak-in

b ks Rbst Be @édk'-lMelai/s?y@cﬁnSIdtlhg aiaeabtraff bm:tsubleyer The said

irons e e wa s b e HI S5 TRRTA! g IBRE Rl s of e

HebFbQRuchie| RF ah&drefragtivaramidxheaaki the lleakein tayer.aBeside of the

et Snicose: 06 BaIARORIRCIPAYEE Aetq TR, CERy . [oflectors

%h?rﬁé .BhiBets! 8y el %fs érh@ptlc@ﬂi@sbﬁatbﬁgm ouhich atad@si(pe\m ofiits medium is
e surtace of the active |aye

tadersidonst cipartakdte GAE GaliagEy ol ok gLt He sl ayer. I the
éﬁmﬁgf&%&tgfe a1yt %@%f@cﬂx@la%@%@lptaged Iaddibmaily,gat;jeast as one

active |ayer; ust.i

e ke Hcpcaliton aaeasaRG 100 SPRCeEH VAR g ayg e Fefdtive 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
| east one sublayer. Further, the said 5 |l eak-in | ayer
is located in the said |l eak-in region wherein at | east
a part of the said reflective |ayer serves as an
addi tional nmedium for the optical resonator. The ratio
of neff to nI Nis determ nedswithin the range from
em fbuﬁ’l tt)f’tl’%ng(;tf\’/le §yeqe tﬁafzoﬁ’t‘(ﬂﬁp% | fofmed %f at least one
ermned e nagnltu € nuc esse an one. In
sm:p@wamuroada)p tarﬁ,errpwtdgtztppewthu ;jbend igen $xeseding dre Grodwap of the
t
R Bk e o SR L o IR B0l RfkehY io%he surtace of the
apefining daysy. ﬂ&@@@ﬂ’ﬂp@é@!ﬁi’dﬁ@n%gf ghlearhers sublayert farther, the said
Ig\ﬂff Al I%?érr KCHEAEd iR¥AE Said! iRaklth éyioh m%.d tafs Iéé@l 'éepart of the said
S necessary for maintenance
refieaivérilyar sames amlalm agditionsal a@f@@%forttmomiw@t r@@yipmor The ratio of neg
I
terﬂ qgtdbfé?m‘n%ﬁ%wgﬁgﬁggﬁ‘ggegﬁn%ﬂ?ﬂ%?ﬁlhﬁd%{aztg Q)g'F dit%sé’éita where delta
ierdetarminpdable dhd maghitudgemucie agsspr ae ones larmperation of the prototype
@%Etr ﬁﬁgé\d‘l‘opglﬁén vhldBs %?%(/ﬁrﬂﬁ'gslgl EifeO i?\fensm(1 of laser emission

ence of enission fication of
ctoeménedalnmgtyefantlverdﬁuﬁraaetmedqgoytHn@ pﬁm@@&lwﬁ pad dhigkngsses of the
N@é#os@t?ctﬁ@%g/ér@aig'n@\&@fha fitse0 'Ei@@bvﬂl%h%‘%@%ss‘éw R rhaintenance of
roxi mat e ormal to the cavities of cleaved
tbptlasdjwthf&&bekis At the same time the prototype
i nj ec
ot Hiecalr A Bnae ol bREh HP ol 142t id € augmentation of the
laserifiugutgpmves e eylawemepbakinesize ofder emittingpieadn die vertical plane
e t t halineh e
ROt thdol The' (eraRg) bF nf QU bBIgefEe of emission, the
fimakfigatien of sherdedhaologséen mebeiacond th@pﬁleqt@mlgfers Rokell as the
Fegﬁza?ibﬁ‘rb‘fl %% O@Butg&ewﬁiﬁﬁ@hﬁﬁf{)ézma@y ﬁB?nbé?'t@ Qhé BhW&RS of cleaved

sem conduct of anp
@Jt@ﬂ’e‘ﬁ@etﬁ sAtﬁhQJ p@metﬂﬁ‘ﬁﬁh? petetpipe Q‘MV@NF‘S‘RUO a\pqrtam gagree limits the
%%E%éﬁtrbf %%ln threSh&ld cgPdts, s flé RigR 2kricieHas aﬁé'p@wer of laser
ncl udes et erostructure based on sem conduct or
S0IFPIOD mthef@nmaﬁsmlgigemlall dhasctasisbicsact i ve | ayer
con5|§édﬂr& ndlctor! Sﬁ\gﬁfgﬂ% ?!@%eﬁ’téblé‘)(@f arﬁ%ome aR8K-Addus World,
regi on rraetransp or em ssion t ke
Bentembar 200'eaR-13:/Hegi on, the |eak-in region |ocated
at | eggh, Cflg% %’f o?bﬁ#? &t th%h?ecﬁgigilvﬁrdb@(ﬁrbemgLhs%i\)eﬁa‘én' Bxemplary

regl on Is one, t he n region

pretesypeosrmiceaduciat ar@@lémn@@!emmén%prqp@sed in agento? 19R4E7 RU, V.1

?ﬁ%ll@ﬁ(eﬁussﬁ‘el shapetranerd “55“3@: U s5d S Rhab! Zaeﬁ{?tgbbstructure
ratio Of the effective refractive 1 ndex ne

baredhart aem@onwwr@mp@uwﬁe qostainieg Bl/leastrensxadtivy lavertdqasisting at

I%Q&t%f toﬁ@‘%ug%ééra?ﬁé the@@a‘“&-ﬂ%ggn Hb%ehﬁé pQ?én‘i \‘tﬁte‘r%@snoﬂ &t teaks-in

SO enc 0 nmpas mga
lntn‘ $aed; te@ksn reghion, $hecloak-ticiegioarerat tde@af |0ﬂ ymﬁ glde' offheactive layer,

h%%%k%rét[l@n WL Gétlst ofn@Cﬂfe IdaR- ﬁﬁ%@@ﬁ'r% 8f Ietagfa one leak-in layer
sem conduct or anplitying el ement propagati on

earsisting of 1635t cfmpkistiblarereithe shidrhetesosituctusa it chipapaterized by the ratio
Iﬁhlfle %ﬁb% vjeq@#aétloe r%%k ﬁgﬁ e A teL&ﬁ'ﬁEtu%tthé’f'efFat&ﬁYe mdex n of the

sal d heterostructure
$3i0 Ieraécﬂhé@starveesn@wef ﬂfleatmerpsta@cé@rea&m Rrototiae, SAE aiSJOe%mompasses

C%PFE}C Felato‘?é dcﬁm% cBEt?c@CéHdVﬁmel fing GiE 2t on one optical

|vé a ers have refract
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



10

15

20

25

30

35

i ndices | esser than neff and forned at | east of one

subl ayer. The leak-in region is |ocated between the

active layer and a corresponding reflective layer. In

the leak-in region two 5 additional |ayers are forned,

nanmely - a confining |ayer of the |leak-in region

adj acent to the surface of the active |layer, the

confining layer forned of at /east of one sublayer and

made of a sem conductor with a band gap exceeding the
Iasglnir} gr?efosg{il hteFé%{‘(fﬂc #V(? g‘ ?e})ég{ ta geglgc eaig %ﬁ eall‘é E)'Ia?gg eadgjftional, at
Ietahfeas: ong ioniaagh sitdw@‘rthetamavealayastthmganbay&ectrﬁ/eﬂam béveatefractive
. I i N, reaqi .10
R8s R e et 1Bl O Bk SFlp 3 TS ok i ocates
betwedetier artivedaydrtamdra toresapandiag freftattiom@yeniimile Beakiraregion two

; S d e . .
2l iR eRe e o R MR T b ot SR BRI egjgp adiacent o
theaaurfaos dUthearctiearalyer, Wer@néhlegmyter émrmdehf it least ofropdisubiayer and
f .t [ £ 2. S8 ' I

e 7 B IR o BR 04 o B e el oo 1 the'Betve tayer
aadrplanf adidstiegi lsgdroi thendakrpedegion tdd@csai ﬂuetsurbce af éne confining
S SRS SR g A b NS ARl SRAB3ETR e el recion
theflealitria layeaiis fogatad. Trfe tatis of hg t@ hpsedetermssed wttlluarhhe tamge from one

R r . f-excitatio

cur Pdeé#]%{ qg?ﬁe rrJe%edr? tgd\s@% ggg%%o ét%%'r?%dr %flgta 9@%@ (g]r Igsser than
ohdrdngipeptioniof #he eemisdnductor ammhtyﬁm:elaniengam edtitiohad gygdium of the

f. .t ' : .

a%gﬁﬁe%uélﬁ}églog ds aE agmgaééerg B{) W{é: 551 I %%cg?é ?ﬂeﬂé&ﬁgg&mwnsﬂy of
apptifichemisaiod @xfited retheusaids acm\tee!awduieénbdwby slee Campositions and

tﬁi&% gsee%u&ﬁqe %%{b?‘é)sttriu\gu?% fagzgrspé)l*oa{l'liezr%hé&ian %fo Fﬁ?%n{sn&%e clarifying
NaCter "em Sei on, as we as ~smal’l "angle SPHRe

filers, gsichnsel essgretiee. itsAmaghiéudsaat the theeshodd pepsityt gipeelf-excitation
has an insufficient sensitivity to an input

Signal and certain restrictions on the magnitude of
t he Tberalmlamsiagmmtamlof f the apiatatypp eBAKE carenthe Zmplification of its

néﬁgtagﬁ{ﬁgg Q%S{nﬁ%g& ﬁ\glouﬁdq? toﬁrgeeé iS%%Wh@LE A@?%L!e%rma! to
tise plieavase optic@d cefsp thd C9gerlaitahce Fandnetihepertuses) tbe medwrfed noise
oS, IO SBEARN ST BELAG RS Yl AR R SFABEP L ssion, gs well as

prot otype Sém con cal Perat g
small [2Rglecoit th 197i8eign Riyergénte. AStheesame] fimeuthsi mptotype SAE has an

MRt 9%t LPES b o Do 25108, Sl st o o
sMIsignerampirﬁdatmnoioeﬁypet SAE proposed in [ Patent

2197 vel ki j .

2197848 Bl o Y s, 98 By M gl ooy
Laﬂiaran‘lfdgb'ts Nln‘ ot Beptpmberot%ﬂsepﬁmgaﬂd Ol nplification of

t he c

e T EACkAh L S, A8 DU Mol bl o cxermpiry
poypbtyea | seframmtdsctor mptlmreampﬂﬂeofls dirggased uini Pateaft 2197047 RU, V.L

Y A r f fields, 5 inproved
SO S0t SRR BB CLes s et
t he Fhewprototypet3@A includes optically coupled master source of input emission
and prototype SAE proposed in [Patent 2197047 RU, V.1. 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 val ue of
anplification coefficient of input em ssion and on
the val ue of output anplified power together with high
spatial characteristics of em ssion. 5 Summary of the
I nvention The technical problemof the invention was
to noderni ze the design of the heterostructure, in
particular - the | eak-in regiSon of em ssion and the
active layer for 10 inprovenent of the energy and

m’@ﬂﬁbd &bmﬁb@hﬂétﬁpleﬁ@ér%‘és off thé %ult;E@ ;révémétaﬁst Wt&He Qanid Sme the
basi s, - to create hlg}?t power h-efficiency

praﬁqafpﬁlwyaﬁéaerfam rgsEigiins ot et Grue anf“é'e lcéﬁorbﬁ?%fg‘f‘%'ﬁ of input

erfigsibl esndVohhtheRaR¥ E6F DRI HmFified rafogether with high spatial
characteri st| cs, small angles of divergence of out put

charactasist ??W%?%%d tenperature dependences, as well as
with reduced ohm c and thermal resistances and reduced
| evel of nechani cal stresses E‘Sr}The techni cal probl em

of the invention wasSU®MaLY PHEE InveatiRe | asi ng

threshold currents and to increase the efficiency,

out ower and. reliabjlity of the injection |aser
toggf e echinical” Rrogle, gh the invention ufas, fos fademie fhes gpsion of the

he%?o§t$udﬂj‘rel ﬂﬁbé&ﬂbtﬂgr L ftﬁé &iaRth @eg’laﬁi%f en’ﬁsd'tﬂ"l and ftl@eﬂ Gefiey layer for
ecti on | aser, as s to reduce
6 I%,S manufactured on its

ve
efent phiesengigeand S@“‘%é@ﬁ@éﬁr Igicy el e

ba‘smém%!%ﬂ VR dreslangiepbwet hemsetcieddd atrfmﬁlgfvﬂ? réll%éb!e semiconductor
stribution of the 20 near and far fjeld

'n@ﬁ’i@s EBYSSIqN, SPYFEPH WL, ePrp éP%‘ﬁHr%’ddéB@H%I"eﬁE%@de‘St'cs small
ar@éswtdwefg’ﬂn@%f Bliput ériisEiBAURPrdveg té}ﬁﬁér@ﬂ@@ﬂeﬁ&rﬁkﬁéés a8 well as

em ssi on contrlbutln not |y inin
W'Hhieﬂu?edp?i%'%” Birrma| 'e8ist 36‘0%%%?‘%5%‘54-“3&’ Of\ef ”k?g' $fresses.
en SE{eOfachmes! ﬂSr‘émen"l bﬂ@he hQ&ktohl Was € furttferfrémeléﬁb‘lg threshold
shift, |nprovenent h frequency and hi

cuiais 4nd BeRETSRe g0 pa. R ABRRRIABIN o BB stion laser

togéthbrh Rith W@ﬂbp&l@al Wﬁérat:i%nbtitfsf &sraggert HRission Shéludlhé Yhd @inglk-mode,
nal tho i ncrease the val ue of
I

|
5‘% 1frpngr§>§dn;egm9 347t Woh asrlo retice ARMio ARG Higsmal resistances, to

re@U&i tHeVeVd) of lceRPRissE Mddhbaniasl dtesbal, ttd /hproed lm‘eﬁd(%ﬁi%utlon of the
nonl i n%\;\é‘e?l st ort| on of em ssion for creation

ngar gqup ShP 9 BUSSIONG it ﬁf@grOVﬁ | taﬁ | tﬁmpgralugm c@pengences of output
pdr@iYel2ed, SB, rdduBd-thé aBHBRGAY, dibloBtion 8P efideich contrsbutlng not only to

ol U oH S0 B et e P o s specm
hr(él $éddoh§rﬁ ldﬁntsoifreddéﬂc?%ﬂﬁt amgrovameht &f HRIhGfeq@BhES bAM high-speed
th reduced sensitivity to polarization of input

m@%”%@qnocr?arﬁcﬁﬁilsﬁ%d t enper at ure dependences, reduced

ohm Theataehife piddlerh &% itfd ADERDN vdttoandresltCBd JeRYiBlitydb an input
nmechani cal stresses. The technical probl em of

SIQ) G 5 INERBSE o MBr 3 Un SPHA SO 1 RIAEGR of inG. semiconductor

ar@ihd féleerrént @k Welpay toefwtﬁé:* Fé&iu@é' %eouérnubafp&%ﬁmf oftdiission for
semcon uct or otlca | er 35 includin

crealing @f- mghraowss, r#@queff'?'s@ﬁyemghly( eRliBRIA dioW QBT g\ig{hgscgpncy, high-

aﬁ.‘?@?é?%eﬁhfcohﬂﬁ%{br BpticRMaRlifers ﬁl@msﬁ%db&ﬂ oP Rivefgince of output
ifier, together with high spatial aracteristics
erayasmn 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 thermai resistances, and a reduced level of mechanical stresses.

The technical problem of the invention was to increase the ampiification
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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anplified em ssion, efficiency, reliability, wth

| arge areas of its entrance and exit apertures,
reduced ohmc and thernmal resistances, a reduced | evel
of mechanical stresses. 5 One aspect of the present
invention is a heterostructure based on sem conduct or
conpounds, characterized by the ratio of the effective
refractive index neff of the 6 heterostructure to the
refractive index n,N of the [eak-in layer, nanely -

eh&@nohﬁkemlc@ﬁdm&f oﬁt@al mehﬂe?’ ségbmenmadmgh ispatial tdReracteristics of
rom on e m nus del ta, where

e
RN POS00r GRS, B3R agHIN (RIGe rTERS | dclse EniTage and exit
afét@res edacdd] oRRlicAGt the@hdlr RsieRinted,Ns rRtiuddd levab bf ARdthanical
actlve | ayer, at least two refl ective | ayers, at | east

SBhie on each side of the active layer; the said

ref | @gé ia¥Fedt @y efeSprésuw&deaﬁoH i€ aHet&rbstAutture Wak&y 8k samitonductor
have refractive ndi eslessierthnthe ffectiv

CRBRQURGE; ¢ r@ﬁtﬁ%@%e%@e/ff ratige o dhe eHSEVEC T fia@t'verm@eéaw of the

hétefoefrgatureuettué eofRRAVRINGSX hi o ﬁ@elamnklb%r ABIMBRI-GRe kAR of ny to
e eak-1nre

-in re of emS|on
" GBS WA T BngdioToneios dali .ol SBlia Hpre deta s
dét@fnhufi@d bye rhélg‘rﬁmdetrh@cﬁlféséﬁﬁkaﬂ Bné GQ'IeOé”a!d ﬁ@t@fc@ﬂ‘u@bre contains at
ast on.one | ayer

leagipnsnagtive éqyerq %qust AR ref@ﬁqu Byw'si at 'ﬁ@ﬂl %noqeagn ﬁ?Ch side of the
abt%&éye@ﬂﬁe bﬁa@K'eﬂébtll/éllé@érsffal\hhétgataeéﬁbf a6d s&tﬂeyeﬂ éﬁd hBld\refractive

onS| stin f one subl ayer
inPIBGR JPSer ST e LS Ta stV e 1 T Mo grutiure. The said
hé‘t@ﬂfstra&turegc@ttaaheaﬁatnsgéreﬁmr%m&@meﬁhe leraktuhlrégm%e etnhes;on The
|n adj usti.ng | ayer |t|on i ntroduce

IoPRi 1SS PRAPR GeBteenthe aghiderar Ao et PRa PG ectve layer, the

RV lré?dkﬁn Ricaféd dtaasst opforengds @beryﬁétlvaﬂéﬁ/dﬁa&h@‘leékﬂﬁ&églon is at
for one of its. ubla}%/ers arefr%ai( ('a i ndex no

lepplene hider'edk-iRIepior Neadtleast Rng ayghRaying Pé?fé‘?“"’e index niy

aﬁ@dor%ﬂitl Wﬁ%ﬂfea@t 6ffbn@%ﬁbte9§r Fhié 546 fedkan ﬁfé’@on ﬁ&lat\l@ast one confining

| |y gﬁa g opposut e sbl_bf ace of tfw l

aé(ﬁ &8'?%'%@ gl &ast 9bquIe; SURIGYET- HH AP feRg ayfa?mha@wﬂ@gaavef is

aamfcsr@my IIMQJdUIS&f«‘}hté &%seémrhw%]dnh ehd €4i8 aedih \eBjusttraydrf consists at
t he mal n SThﬁ di stinction

leﬁﬁfogocg'gosql?%))gp agq Bg%tah\%@St(fPB?”%B it syhlayefs a refracftlve Pndex no less

tHERARE PéfEaRtiveOMdeX nytdiend Rakrn Ry&€Ehe %dﬁﬁdnttvhfh & lllcts}/tﬁjrface to the
no

| a er of the rotot

aglivei lpeen é(Xhé'P ﬁgﬁmeowr%pe%} f%sorra@t ?‘ﬁ ﬁy’é}’efam?'e is the
chbATRINgORGér RaVIRY at l‘éﬁa@ﬁ%f inB&xX\ Geskay gfani the rbh@ctlv@&hdémof the main
regi on have been changed. The active layer in the

agjp 8Y¥'HS does not contain sublayers and can be at

| easth® aRtindtidn A s p%@&d%lﬁet@ﬁrud(@re' (ﬂﬁ? Cohsisté Q‘f ﬁ%dernlzatlon of
the 30 additiopally r oduced

thenigak-Balegian FEh GrAGHVE IPGhE! (sPOITe 8 w%&%ﬁ%e fgSian o the

a&tﬂ% |3 e 1beatieh, of e b@uétﬁlgtlbﬁr%%e %c@ﬁor@fuf m%dﬁﬂhlﬁg layer in
confining |ayer of

ustin er the | e
'ISP’W %% ayechigen ertsageThwewet \%era'ﬁdhﬁrmpogem/% does not

cbrﬂyaﬁrs%beyersfmr&d HeMatll&st bive. IRREYE 8hdnlheaddtilve RaybAKEHANed, the
he main central adjustin gﬂl ayer is introduced havin

a?ﬁ@'?ﬁﬁé“@”&?%é@a'ﬁlﬁﬂ%e? st i9¢ Shendeakna TRaIPR with one 8 side is

adidbatitttoNble | AYi06 -layer, Whe fta/Misd lofHdlr NGUePbf tREE main adjusting layer the
sem conductor |E based on the proposed

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.



10

15

20

25

30

35

heterostructures occurs in the vicinity of the

transient process of emssion |leak fromthe active

| ayer and its leaking-in into the |leak-in region and

into part of the reflective |layer adjacent to the

| eak-in region. This process of |leak in the proposed

HS is defined by the 5 conpositions and thicknesses of

its layers and is controlledy the ratio of the

effective refractive index neff of the

het efiRsSt fudetidhi r% ter the redmidsiduttr! NESX ¥ukdd Ofort Nhe  proposed

| eak-in layer. transition point of the process of
hqt@raﬁtrucéuneﬁ @cwré\m Heoficipity elthatiangienl proprssy¢ftanyssient feak from the
adivd Iaﬂ/eNah@ its tléh%r[@iﬁ htbUAE IéHk-lﬂ’rggtorﬂ Bnd o %Bﬁrcﬁtthé‘ Gbﬂectlve layer

range currents this ratio 1s determned with

adiwét%wed@ajwmra@@% Thippiosaes ¢f leak wdhe Rraresesh é‘sn*ﬁ ﬁ@éned by the
cdﬁ%dsﬁmn%ﬁa @h.&mﬁeswaﬂ ﬁsuﬂ%refanaqs @shmeafbth@ W&tl@oﬂi’xe effective

te that in the operating device the ratio nef

re&é@“"éd@@‘ ek Pfhthe hA FREHSICRIEE tou Fhee'ﬁtmtw@m% Wf\fﬁfdrﬁ@] ﬁ%‘l‘fb'ayer A
tré*rl%#tioyb%rrﬁfof inel pﬁéEé)és of Ietal?‘?s hEDr&Visiéh Sgﬁfﬁﬁ?r@%é’ratlo Net @nd N to

%I ven densi ty of curr [ ow n
the imagnikde ﬁfe1 § s theoRpradciende Phepreastsy bis ratécp@rﬂﬁermmq%ihm the

ra¥gb WE ngnitesds ﬁérﬂ%neaﬁmé igbit£ & bRE MMhuLBEIES IviHerd Mhd h'%gnltude of
active layer. I s understood that the resultln

dediqpisi qqo@hplodn Noge theé in it'?ﬁapp%[ﬁﬁfl‘g fipvieg ity rajie w@sq%:ﬁeases with
lnf::reﬁaﬂg%erérﬁ%@%ﬁﬁ‘%ﬁrobgﬁ%%%gf em ssion in the active
 ayer "and optical |oSses in the HS [ayers. As it was

showhh§ffigianeueldhe dRS 2hAChOsAN 3ivetiyDy a4 FegiveRApagity of current

fféiﬁﬁ?’thrbhéh tl’i@’ngUtH‘ & %le%é‘?mﬂxfmq begreal diedeﬁéé“o‘h' f?ﬁ value of resuiting
fication in the active layer is achieved

arpp!g@ag@] )pf wlsplge atni &e astivel i{angs lbys cHuierdogs that the resulting
aﬁwbﬁfféﬁf@?'%ecﬁe aRsl drdifiegionVd? ariisliGeRed of R8oMEHB 18{es of emission

adjusting layers (or their sublayers). Thus the main
indy agiverieyer a0¢ paticahlepess iartee Hadayears-onal |y i ntroduced

i nt oad he WIsORRRAS b’?'scaié‘ulﬁtld?%cﬁﬁé%o)‘mﬂ?x%d %‘9' ¥xpfe‘ﬁ?nental data, the
controlling the ratio neH n ey also nmake it

mMaygyiInbyalue ef tﬁ‘ﬁﬁﬁl‘é‘\ies@fsb@e@fﬂpiélpﬁwmbaﬁmﬁ @qﬁ@e dAyehiscachieved precisely

b? W&,ta'u@fh asCW@ﬂ st By 'cﬁ&tb@sofoﬁwlckhé‘ssleg%nd Féfltalaﬁvé“rﬁjfc%%r&dthe main
nmbodi ment for increase of resul tlng arrp fication

a@m"tg‘g. &yersn (or2dhaim sublgyeroe  ThykerthenBainnpeiosiénee iyest. thh are

aad?ﬁbr@nffrﬁabdséw R Bkl p%b&s%dqinsté}e ebss Rty h&a&m¥ %cmontromng the

active ¥ers are proposed to ‘be i ntroduced in

ratig; neﬂ/'hN W@éﬁ'sloﬁb%*@ pRssiue famprovgyassentally ﬁ@thoeem@ﬁand spatial
cﬁ’@b&eﬁﬁi‘&& B,aﬂhqusustl ng | ayer or one of its sublayers

are placed. For sone HS, when there are restrictions

on | e peefersed embodinienkfes drerserqigestiting angpijfigatianrf emission in
thleaé/&i(/e Idyler 'aﬁd %Hl‘o%éﬁbﬁt oﬂh@r@\e\“{ﬂ Ehér@&ef%*c@ o@%éjﬁ':*s BOleast two

ayer in the kK-1n regi on, forman auxil rary
aglypUayarngre ap@ps%l fage nvtrctctsw@ﬁ éntg Jh¢ &t ipfoepyren those two active

1aG&Rd iRirS&Lded Y& c@ﬁtra'l géjﬁgtlr%r]ayé?'b? ohé f ifd SRR srRGfacel.

east of one subla To secure effective .
nodelor soas b, ‘@'ﬁeft @rq_ge f@ﬁécﬂmﬁ Pnarfreass ofghe dijekpess ¢fdhe main
[hg 15RALIF Rlagddhiist 418 ddiR iRy b iAtde leak-i t
a&gétugtf&%’m Féagr gl?e éma lﬁr acrzbt%”@@e lynd‘| ce% ean In region, to

fOI“@s%‘ aws&'ﬁryt stiag fayer amécema@sherﬁmaw of fhe coafiping layer, at least on
oh@b@&de Wh H%ﬁ%%?lefagf &Kﬂﬁ@%ﬁﬁ% y&f the said 35 adjusting

| 'ayers are osen W thin the range from about 0.005 m _
t o abogecure @ffgetive 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 nyy of the leak-in layer, while the thicknesses of the said

adjusting layers are chosen within the range from about 0.005 um to about 1.0 um.
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For the effective confinenment of electrons and hol es
in the active layer and therefore for inprovenent of
t enperature dependences and i ncrease of efficiency of
the IES the confining layer is made with a thickness
chosen within the range fromabout 0.01 mto about
0.30 m 5 To decrease the angul ar divergence of

em ssion of the IES, the thicknesses of the leak-in
| ayers of the leak-in region are chosen within the

r angeof feMeAd@VE chnfhdmd? of et cMRdanPhbles aﬁdthétadt@é‘%yer and
one of the subl %ers of the reflective |ayer,

theesfere fRRiMProys Rt temperature dependencegpad ingr gasfea%feeﬁmwy of the
n'_% fh@fcbﬁﬁﬁnhd %yéﬂ@%d@' Wea irﬁbkhls@s él%fséﬁlWithMQhe H‘r@@frd?rf about 0.01
ak-in layer. 10 To sinplify the technol ogi cal
Wprt@@b@'ét Q30 wwnuf acturing, in sone enbodi ments of the
HS at, 8 ﬁgﬂlfa | i
r ef rgct | vetalsﬁ xhe ua{ Jl\tléora%lﬁ'ree ?ﬁ?@rggpﬁ\?‘gﬂ%k extheftm% néa sses of
thededk-ini lagers af the. Iealwntrhwp aed efased vém‘mwotde mamge frem about 1.0 um to

VG55 SRE R o P cNBL L3RRS oL Bl BB g fr th mos
pargiad;aaei]utustthm tpakay &yeqrigl g‘tddedvmﬁu a refﬂdi:tmaemtieﬁlciose to the refractive
, t ;
'”38&555‘89%%81 %r?f ?LS Ingyer o?lef gﬂy)gr O¥Mh2g| etak?i n |ayer

and Pastmpify thie téﬁmtogmaépn‘oeéd;seoﬁ mamfbcaymg &dfane mmbiodiments of

iy o et Bt B PR br TR Mt ek b patihiq grgroractve

indeX of the canflidy lagdf 3 | and the confining layer is doped

\éwp:)?gﬁ hﬁg?\%%eje? egrﬁf 3{2'[? %edctrogas%g%‘dﬁ%lur{gmopﬁ csaéd)osses defining the
efbeipand oﬁmedESanadmbémewpodwwdﬂS othe ofaih ediusting fagr ang the main
o ANt S b et e G T S SRR Bty . the

leakén Iaw;amaiad rpact &iSatt lbastl aekreflactivegaysrsadiacent ac tteeidakiin layer are

of t he act i 3
apapoh et 3t AbbHate AHE0e BB U Es APt ERRLBR gy om0
3410VCngE®nHary@b®ﬂnlrig &y is aspeanmitl a evEiSoftapprapriateudapiregimpurities
one | eak-in reg.) on,|l ocated gn one side of the active
appgwmately Bomal0™; ¢a FPo%ﬂopﬁF’t on the side of the n-type

dopi pEpedding biea RURDEF ér@lo@ﬂmcﬂf ERRLin i‘é'gh H%Q)rﬁ’éékﬂﬁ%%}éré'@vo main
for em ssion at certain wavel engths there is

tpes Al biP i B bR RAAURAUTRY & YBIRIG: HbANd o gsymmetric HS. In the

syrﬁifnte%tws the 1IBSIRIN reGions Bfé 105@@& ohfkabR¥RE oem@éctnoé laCylepﬁﬁ‘d for the
the conposition (or the refractive index)

moshPROAAVR Poel Seftastivainglices aRAAsMPLIHCKResSes 7 ggfptyﬁd Tayrs. In the

a%ﬁﬁ:ﬁ@tnﬁ:h@ MRICESR baohy 'Ie%khﬁ reflodioRHBe onidheSside of the active layer,
substrates, as a rule, are binary seniconductor

fof §¥RBaRRa Ibihe Sidgas e Nt A9PINGNP, GaN, GaSb) and t he
thi clnegs p%fe?r@& étﬁ%u‘n@ni Y &he U&HP&S‘@)& MRK 98y teﬂﬁsswn at certain

| ar ger s)art of t hi ckness of | ayers,
wayesipneths these ﬁe%ﬁ%ﬁﬁtd‘li!’ o eledding 2 ¢WRQ§§'°PI$W £ qfqacg\@ mdex) of the

1Rk S® 18041S cHGdIaB} ¥idsRAUS Qe m&ltﬁﬁd%&h%”?éfractwe index) of the
resi stances will be decreased results in

S?'ﬁ@%‘é@éoroﬁu@ﬁ'ﬂ%ltéﬁf@’?areﬁhtf?fu?mﬂﬁéw@r o8s Wiiigh| thgs hetgrostructure is

gt %ﬁ?&% bes%’l%& add 99ule3§re| barﬁﬁ'y%@%doﬁbu&&* Edrbpoulds (18 example,
| ES based on the proposed

GaAs, InP, GaN, GaSb) and the thlckness 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.
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9 At the sane current running through the IES, to

i ncrease the output power approximately by factor of
two, three or nore, in the proposed HS respectively
two, three or nore active layers are made, the
cavities of which are parallel to each other; in
between thema nmain central adjusting |layer is placed
consisting of two thin heavil9y 5 doped subl ayers of
the p-type and the n-type which provides the tunne

passagandisanfeUblidHt LhAAY ARBUEK tthy AaEBAXE indrBagt @i 8litput power
in operation of the IES.” The éssence of the_nonobvi ous

apefoximsdely QY fanter g twpdaies o Maredn fierenesadive fesPeRtively two, three

ot cte! 4Lt URJehd 27 InfllieOkhd Eavitidakt wnuch%%ra:m t@Céchebther in
| ayer; such ‘noderni zatlon consists of main adj ustin

bphiRensIG;  Hnain ol SdivEBg YR oS tIRSCCEANSISNg @@.twa hin heavily

dBh&P shﬂﬁyér@ccﬁtthé’g) -8b eJaQ.dt e A-8perehie prdiidsedé- tuAnel passage of
region i's change and an active | ayer that does no

Cb"iﬁﬁ‘?tei'l'qm O%QJ%‘Ft%@ daver fosanafier dreraesationafiing IRt was made

possiThE @sH3hcB by m&ﬁb{/t%@h@tafﬁsﬁ@c@fe prbbééé‘@nﬁ HRLSredEM invention
conposi tions. of | ayers of HS in order to

laystiaimpderizatipn Mfrﬁﬁ 'e%ﬂﬁ?m‘a@ ?Bﬁ’\ aB‘f"et iReropush modeigation consists

of h%"rﬁé&;@éﬂ@tléy‘é‘is WARRRINY introbli e dvittoUie MakLif Fedibh; rhﬂso the location of
ification in the active |ayer and the val ue of

t he
t‘i‘éﬁ)ﬁy@' sneff e ded-iRneriopHe chargedy GRd ranadtlive 18vey Jhal gqes not contain

sGBlﬁfléﬁtigrinﬁbﬂtﬁ‘c%dOfAllema'iSuK/é’J‘ n®ddet baﬁuﬁ@ By %na‘éFﬂ)r@ gste choice of
The above descri bed new noderni zed HS with

tRirknessrs ?6‘?\§°F§’°§‘H@P%8§&Fq [yeiseof Hgnberingprdghé attain the optimal

cBrBRRESH dfntvkhfbfpftﬁﬁﬁé]br | RYRRErigtcst Nankaly -aQﬁé V\iélue of resulting
el ement s of quantum el ectroni c_engi neer] ng

alideatiegin V‘ﬁﬁFve lewer %’é’rﬁ‘% ydlde et be rﬁﬁ'ﬁ)‘l‘ﬂﬁ’f‘% Vﬁlfnéh% Retipower and

spafhl CheraceANS AN Bridsn P Rid IER araBBhiblder - 20 Anot her
aspect of the present invention is_an injection |aser

conpringiahguededsabed Baw MASPTNZEUHS Wiih Gh s SisingiRas s iBriuded in the

nefiiRP BN e pr‘%?%éﬁﬁﬁﬂwbzﬁ’ésaﬁ ifVRAti6RAOKES athR elements of quantum
effective refractive index neff of the heterostructu

elestreRis sPginearing: (he inicalisn 1asel e sericangukior ampiifype P'eme“t and the

s@ﬁ'@ﬂnﬁuctoﬁ&tﬂlcélaérhﬂm@if neff to nINis determned within
t he rang]etr rom one g us delta to one mnus delta,

wher &ngiier Aspectdet dherirrezenbnventian rp t A dniREHoR [ases epmprising a

HeRBstRlBire BE@ed?én%%hﬂcdh@h@t&@é&rﬁﬂ@ddd%ecﬁé?a&@hib% B the ratio of the
| east one active |ayer, | east two reflective

effgglivegefragtive F@&ﬁ“efdg tfbﬁ@efSWSté%westP&e isfragtye indax Rpeof the leak-in
JAyRY, Q{amélyheth‘é%ﬁb 6ﬁf o 8O KQickadrfied i@ rBhge PeRTonpius delta to

one sub er and have ref ractive indices | esser than
ONRNigH$ é@ 3, where felig isi dateminaskbna maggjtudg feich lesser than one. The

BRI &R YA ®ntalhe afRb aﬁt Sdtﬁé ttéyé@t é{rléaﬁq{%%fb%tlve layers, at
trans arent for em ssion the N re

leat 88 |°6ﬁ ongaeh sigiafithe agye cbfwer db%@@e foéQC\%&é% i@yteﬁeformed at least of

cﬁ‘uﬁtéu\é%yéraarﬁf h@é@eﬁa@tﬂ/eqm&@@%&w& frRfdfRetives %fﬂaé&ﬁ%r |ndex Negt OF
-in region |ocated at | east on one side of

t'&% FPW@SW%‘@( 198 hedgropiruGtygiconiaing teanspargst fop ﬁ@'sslcﬁ’ethe leak-

i Q'@bibhnofr 89iseRnhahedfeak F7354iON Gl befvdedY He actll'\évla%r and a
a refractive 1 ndex ni N and consisting at |east of oné

SUErREREing refirctiva jayer. daadeplrin reaign deratitkatdeast epone side of the active

I?y@?‘f kY 188k-IP8ion G9ASIbadtidRE, Me leBRF re@fonq'%% 31 IsBYRS leak-in layer,
he injection” |aser conprise also optical facets

hewing ez feffastivep ide Neomcheonsistiag abeast &f opeswhigyer Thensaid 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 nediumis nmade at | east

of part of the leak-in region, at |east of 10 part of

the active layer, and at |east of part of the

reflective layer. Reflection coefficients of the

optical resonator reflectors as well as conpositions

and thicknesses of the heterostructure |ayers being

chosen in such a way that fogothe said injection | aser

during its operation the resulting anplification of
peﬁm)!stﬁé %Etl\}enla%\e af¢ bt Kgst éFYF%H HERO PERceSIHYdr Rbﬁéﬂtlof\ @befficients

P [ asing threshol d throughout”the
ofr gepttsfa trmnai@érr&ﬂ?qi@rs %%M‘Qé’n@% compopiiprs @agethtcheesses of the
hé’i@rb@tr@c@tﬁéslbyé‘rg Bé\&@e&hés‘énﬁﬂdénkhoé‘aluby tﬁéttfbp%é?%id' Mj€ction laser
regi on, the said main adjusting |ayer

dyringdissereration| f@asrfeswng;ﬁ@pwetiey et emisgionds thg artégsiaygropecomes
Slﬁﬂﬁ‘erﬁffor' dphoRSHY tﬂ}é%sﬁngaﬂﬁé’sfhb%ﬂd(@hb&dtﬁé Wﬁ%lé BfR§e bhﬁ{é operating

he refractive index niN of layer,

Ctﬁtﬁnh?c dnthigcase tmemam@dmﬂnewef e @MIO@@HY Woﬁegﬁéirmto the leak-in
repwn' feQBid MEinR ﬁhé %yé#&fr@%@’s Q{Qeé%ft of e SBidYePdhdifid Seast for

er there iIs e confinin % aV|ng arefractive
onm@feﬁ@ gublpyers a fefeastiyehivdexnp an {hegefraglivetingexrm Af the leak-in

?@Hs Hed hiidcer¥th-onthe §Lﬁ¥abé’td1tﬁ5facﬁvé1ib%ﬂ Whﬁé‘@n ftHeeJ);‘}bo%fte surface

ing threshold currents is determned within
of thadeaip divang ayaethers Briherronfining layga hrdng & r@ff@ctmeﬁugex lesser
thaA TR reMRAUE iddak dﬁﬁé"n‘xéﬂh‘i’%dﬁfstn?mr I thedgig Ll Negl iR%hé field of
magni tude | esser than mai n di st1nction
laging tthresheld sogeats injdetarmiied wishin the, gangeneft Magnitudee foayone plus

gérﬁm@stot &% nhiRSE GAmPRNSIIRES thd hRAIRLAE Ze@tdr?%é’fis tdB&rmined by a
-in region and the active |ayer of HS, based

m@ﬁ“‘Wﬁ’ﬁd‘?ﬁsﬁh@aDé’@B@ is manufactured. In this case into
the "'ﬁé"ﬁelnﬁjl&tﬁ&h?ﬁ‘of‘ﬁe rbrop%@eéi‘%édﬁgn |1a'.*>\é?(r%ré’rﬁ§ter referred to as the
i nt roduced ocati on | 'ayers | eak-
Lasegi eansists Incrgdpératiomef ércq leals in agaien rand t“?% agtrvepléxerdof the HS,
babeddOe SVhitPl the A<t s FePLAKEFS. %%i@%s@%t@tth3Qeél@Ff\5rteg:on main

one. In the case when one active |ayer is forned
a@uﬁingu Giens| gre mtrpsemdedhﬁdpeﬁtload?fuﬁtq i?geTSayterthQ)fleqm@ region is

chpkdl fher £ na;)é“r H‘th@ rb?oﬂds%d ﬂ?@oé%&%%%@ub‘a@e&h&d can be at

active ayer whi | he other sid he main

legglj angt imtgel w@pe rwheﬁe)reoaﬁhm laygr lsa‘yened;fthq ﬁ@dm@r@uy infroduced main
aﬁjﬁﬁl Naye? of 9‘@ 1@&!@Tr‘\t regiloﬂ v&ﬂlﬂeon%aléesldg‘ﬁ%djééeﬁh@ tﬁ@a&t% layer, while

re active s are formed, between the act IVG

tq %#@rél%phtheern@maadmapemeh@bq eandininpdayar f e leak-in region is
a&]ﬁc‘,’édﬁglgtthg cﬁmh@ﬁ if E@ﬁs%@o%rrﬁ&'eeédn% 'la“y%rsaé'etfaﬁned between

maln a ust I Ng ayer unctlonlnE§ Laser
troaasise dayarn @ Mgino peryead adétsm)éamem @ gd,om thensame or close

c érrgdr:;(?l‘lsﬁbés ;%% tfmgzn:flﬁ %’a{ﬂsﬁﬁ@ |a%PCﬁt%5fuﬂ§t|r?%|mrg];5§f' 8 La@@:kbaslerc]i on the
pm@gwmhetgﬁé@eeuneé@@cw i ieswginty oftthe Epnsiem pmeeeef ernission leak
erMrtﬁ@Q&ﬁ/e‘??ﬁer bR§ HL-, ;eakrin RSNl i8dd-RRegighienchi ng.  To

avoi d l'ection coeffici ents of the e

r ef | B¥aesp ot of ﬁ@lsiﬁmﬁ ahrertadn valkies rit@Freats o resyl ip m@cﬂlat'on

i i t |

oGRS, ST, N PERNES L St I B o o oot
rese8aiPt an ek apithe cemposiirngfandrihisknasses n thad1% aypiseare selected so
tHa@¥@tfh H?ne%{ﬁgeetlﬁgﬁggerttﬂe PRI 'th ifGatibA St é\ﬂas&i’%h%ﬂﬁl dttive layer

roug out nge of pera currents

is] selﬁlclamgtw@lemthﬁr\a&lmaﬂm@eld th@ugbowémeemgﬁ etiogsyatingecurrents.
ConPogd idRMS Hcess 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

ne of the heterostructure to the refractive index ny of the leak-in layer. A transition point



10

15

20

25

30

t hi cknesses of the HS | ayers and is controlled by the

ratio of the effective refractive index 35 neff of

the heterostructure to the refractive index ni N of the

| eak-in layer. Atransition point 11 of the of

| eaki ng process is the condition of equality of the

ratio neff and niNto one. In the operating range of

currents this ratio is chosenifromthe range of

magni t udes fromone plus delta to one mnus delta,

r &0 {
om\% c{‘?rl]éeamo ggg?gggstsqggwevéogg%{)] B éczl.{a"i‘gp& trf1$ ;a%) negg{l:f oy & t?g‘tone In the
operating rangead icugects rthismatid Isaskiongn fromotbg rande ohmagﬁ}tucﬁe from one
t : £t he .
P A8 o Bt AR el AFRRE Y SRR e It fE Mo, A0 et in
tma‘ opasrgmg dei\e@ thieamtia har/r&adebremsmifh iogrebsing auoredt B&wing through
ratio neff/nINin the region of initial
hreshol d) currents is selected in the i nmedi ate
vi ci Abtoptaih dow Fesingatpréshodecwifentnef the Usseh the satdi tlegmy should be
I f r u
O al oW b 839 B EBI B Sl 8L BofiFo Pl 0o, This
rafest ek N m'etﬂ\ebgglan of/laitnab(tlhreslmd) auhrantsde Belacteet zrauneummednate vicinity
0 t C t
t(g) F]h% rLf_‘la uﬁe o?%k\g & t%{trgftggld%g,f ﬁrﬁgﬂl fr%t'n h% rtalé@?n of m%énﬂjdes from
ode@tws@awm tdeneominul ggavaha) evhefe theersagmtudg of gamma determined by a
[ OR..0f ; <& [

gﬂ@ Iééég?@l’ééa Qelﬁa |é§ﬁ§'§l§?§)5 28% rﬁh‘lr%&olloaxgr?enrtm%?n tth? Laser at a
casesn f/aiue tofi éhgp ratjyo pexthil_atoea dejtemmmmg/ dbgneat demanels anethe value of
r@sﬁnt% %ﬁn%ﬁﬁgfl eagt(am#%'iq%kﬂeﬁ%e%cu@gq eggﬁgfﬂom N‘g'ai?ﬁlﬁtlons and
coefirfedl by éxp@mﬂehal datagfar ﬂlne)mopo@ﬂﬁLas;ermUQOBy idvatibreas twell as by
cﬁﬁllcg Bf ﬁmﬁcklrl?%eg%ntdn%ﬁ%ﬂl% ﬂwoﬁ:clé gie ﬁwgm ziacﬁ/e'rtlgé' ? el %Qé’%h%sen ratio
=00 fromrthblrgngmir@n Tt OR5 t@r@;ﬁ%thﬂ} Ib&ta.tahien@fdesegutiyesmﬂd current is

| N flE
algﬁleV%cgj gl'shl%% {é) té&e‘éi‘%ﬁx/{o%ﬂle% rﬂgltwtegdg.}s%% #el cgﬁspr oegzoam%ally into
tieé poposdd S lare necdsapiyaod osly s nonmtel trys tatie ngdwp dukthey also make it
b elsfe argsge ffd :
p%g%\@ ) as%%/e {i{ug lﬁiﬁgl !eg r%'éi aré{%rtngr ﬁsr?ﬂ ngfggl{ c} rtrﬂ&ﬂ:&gtessentlally the
pofvee npaygineters n(thrlaéwci@acurfen@l efficengul autmit veowencandfthe spatial
) S , -
cﬁma%ge'rnrggc (gl%nggﬁorI 3{ r%lsg:og n %a@%‘? 51%@ gégulépgl%}ggrhco ca‘ emission
lru:therfernfnel@)toflﬂmasetvvo active layers are proposed to be

intr e [ '

25 1 dg EcPteletefl ptaltnt 1t EHABE Ry 1A4RTnletoBElrkf o foast two
aotiee t@lyeist resurbpeegdrte teer mtrpdlmeddntoFme KHOne tetweers those two active
l?{%?% g hrﬁn%g[n%oq{w%n c%ﬁfr;gl a%&l&ﬂﬂi aggr érrb eo"f‘ﬁg s?lg ?ié?g are placed.

advi Fabbeme dbserg, wherla thére amrestrwdipmbm ng:réa;sysmf thenthidkeess of the

AR el SRR B, ARy M9 e
régias,tto dorrmoare autikarg adiestnydlaperceljatent wdbe saffacmef the confining layer,
R ons 1 sdf el et P8 o oHE SBS:, Pa" i o ® "

adj uSitoi prgvidetherhigh bavereiarancetetsraaid smdpals:hamgtdnaytsrofaimﬂaser the

DIF pBliS el 8ot A B SRR Bror TR S bHiary prigging laver are

nmad% with tdfracliveaikdices halese thamitle refractive index niy 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 |ayers are

sel ected fromthe range of about 0.005 pmto about
1.0 m 12 For effective confinenent of electrons and
holes in the active |ayer and therefore for the

i nprovenent of tenperature dependences and increase of
efficiency of the Lasers the confining |ayer is nade
with a thickness selected wiltzhin the range from about
0.01 mto about 0.30 m 5 To decrease the angul ar

di vebgemsctive torfiieAehoor élBctidhe andHoldsah tid astfreasbriadd therefore
i ncrease the effl ciency of the Laser, the thic 8gsses

foroihe; ImproveRient (pf | tapep@tye fepenfenges; #id incrask g gfficiency of the

La§éth @15 Eshfininghayer id@at@n@s of thRRhédedlecleddwifRih theldayé fréfh about
m and nore; also, at |east one of the subl ayers of

OQM@MW%P:&Q@%yer for the nost part adjacent to

t heTbeé’é%redsﬁ %@yﬁ{guldrsdlﬁg?g&nd@ theﬁ‘ns%?ofnr lﬂcﬁ\bv\?erhc%‘i‘%ne and to
close to the refractive i1 ndex of ak-in 10

INCTRASE th9|e|ﬁfqpnpy]@f ﬂ@cmﬁgr,o@péalpkqﬂsg@seggtr@fleak in laygrs of the leak-in
reqm'g eraﬁlé{fi% eawr '?hcf géﬁgeﬁfm gbgﬁnlt@ #ﬁJ to éb'% ﬁ'{ aft more; also,

st one ri1Is a re rac |ve
at lensiconecefiiag suldayereot tbe reftsctivasiayen ths theomostrraricaniadent isghe leak-

in iaﬁ%{re s m{acﬂa Wia P%f?z{ cfld pde£h gpgéj id“iﬁgﬁ'?]ff'ﬁi\é??u%f @Ffﬁeq’é%k-m layer.

érn op t1ca osses d I nin I Cl enc
t he Tpaesmpléy theetenmqlpmﬁ! wsadeny) of weufaaﬁudng He snmerembodlments of

st ’
th{ﬁéégeg %&(% ?gﬂaérh% Igﬂgln Ité’?' g@g r\.\;h?l %gﬁg@qg%é%cg{ggw 8 refractive
ind%yﬁéth%ﬂmflpﬂamayet at | east one reflective |ayer

ad] fi'l‘??r{ét prteféntelaeerjnt?@chméﬁ‘t I’of")ﬂ@&re%eeofjﬂfé?ﬁal F?R l?aia\oés%‘é’ ciefmmg the

| evel appropriate dop t1es approxi
efficiamey pt)fr@ tmersﬂ eswalmmuetmg lamfcandrtbe nwntenwahgdju@ty@riayer are

: . |
ol Sof ARSI ANing) the Ry BLIGAR DS ALl B B MBS drtdFort of a
leaé poadiefiertive layen adirsentia theoleakiimtaysf are dkpedh witbga dows level of
Leak-1.n I S )., 150f ase cap..be
arp e ion tl, iMEGHS: afBxBR] Aok 4010t 8807 St and the
cohfirsmg layed in dohed Wfrmelevel of ba}sv@pnaﬂaeiobmgkmpnntresgappmlraately from
10h;oca§ d:}?é‘qseagh side of the active layer and for the
no g’ 1V h&Ve equal refractive indices and equal

t hi Qeperdiag obfa nomokw and idoay@m of ldaR-it ln@guam/(umeam-m layers), two
nre el n ocate

e s GhCassis g b, Bl BRVERT 2 it D3t Sne 55 ShaPeig Laser
In IthBsyErhldetrmeafSBIGthﬁ Iéaipi?u ltégwntgare Id&atdﬂeorpéﬁqf'emﬂe@f the active layer
I ment ase cert al ) .
aniooieEerPath bree BhEh TRt Iidied) i S Quickppsges of involved
iayResTNO Het a@lmnﬁeﬁﬁc aasreeftma@tak»geregtm&)ah t?forteh eehgsdr?awm on one side
ayer, egua Cl 0Sse 0] e.co OSITIO or e
of 18 5ces TRV fordhs ont Sarteh bGP PaiARdIG: o & ( on
whi g thidhgreteeteararsidaiméntrie the p@lpomb Lader @b cérgain wavelengths there
nce Stra

s P PRSIy ! ShoRRRE S ETBORIRTL B A EEATat e, pahe ipkripfayer eaual
or G, to I corpdsitidna@Pb the rmdtl\téﬂﬁdéhlcﬁkwssmmfonmmor substrate (on

o Bt TR - Wk B8 1gP B S0 sypsrtes
asCd m,@slbmrm@rhaenmorsddmaas ot bxdveple,0BSASIERRPEYN, GaSb),
and the thickness of the leak-in layer usually makes the Iafger part of the thickness of ail
HS layers. In this case the level of compressive mechanical stresses will be considerably
reduced, ohmic and thermal resistances will be decreased, which resulits in increase of
efficiency, output power as well as in increase of operating life and reliability of the
proposed Lasers.



10

15

20

25

30

35

reduced, ohmic and thermal resistances will be
decreased, which results in increase of efficiency,
out put 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 nore, in the
proposed Laser respectively t3wo, three and nore active
| ayers are made, the cavities of which are parall eI ‘to
eaCha 0B @bmepritRig W& FRnt, K6 mc?eas%ufb& %Bhéﬁb?ﬁgki df‘ By factor
| ayer 1s placed consisting of heavi
ofdwBl Kyes andmase; 'néhwrcgqs’ée%aserwesmﬁqhyw i @Fﬁei ?ﬂd more active
laf8 R Inppl tH@%ﬁtne@r&%rﬁ& hrdCpdraidned oRETSHEF é?fd between them a
current fromone active layer to another. It should be
maist eedrtrahadiustingtlaer by Bjsee@ gonsiyivg A dwe ithie Areawivsdeneg wilayers of
th@oélwpbbéi'w e ﬁ-"t’ypet Wﬁacﬁﬂﬁtdp@ratio%lt Eé’de'r dryvi@é tRe k@Rl passage of
eam and resulting in |limtation of output power in
Cbtfﬁ?é\t framgiie@stie layejte@PHar| asers is considerably
r edun: %%Jlf bg‘no%d ﬁnﬁ?h‘l thg'ib %AOSEQ RG¥er Adhliky: rﬁléllé%ﬁ contrlbutmg to
el ekt roni , 1067-1079
the paéa *BVE“P’W#, qfaactaswa@am @”dtrﬁ%lilmb‘o‘ﬁ@éﬁt@as(érouiﬁ%tpowr in the
h%ﬁ‘-%o%#"?n;@étldna%%rse% SedriliekdRO Y R3d O/, 'Ehseev Yu.M. Popov,

r opagat ed hr ou the transparent |eak-in

Kvarﬁ@@fya e tronika, %n&'anéT%WérﬁQﬁ? 1949k This ig ﬁ@JSpp@y ﬁ(‘e fact that in
th@%”l‘@ bsdd 0% st |o?~°tl§é flu® opﬁégéﬁ%l@é?oﬁ RUE I99@9%) |s propagated

nonl 1 near active di um his determnes obtain

thfﬁ@ﬁ' tb%ntfat]%paﬁ%m/é?% indyey (ﬂ@ H@eaé |"’t‘@“§nl‘ Iaéﬁ FeYREY Sl“ag pﬁ'@ of the flux
(a@%uw 01 C?ﬁsari’a(':’ lé’s%? re aﬁr%p@éaté@ ahijugh ha orf]orﬁinéé’fe Gk \Hammedu%m This

i ne, reduction its frequency shift, 1nprovenent

detp@nifegy KDL e&sbymam pRvS disdiindhrsigledraasRncy lasing as well as
d&EhSERCERhd RidtS §f £5pddMRinPHRP Q&RQtu&ﬁéﬁfssfrequ\é'ﬂbfghlﬂ S'1m9fovement of

gr eat practlca |nportance in their use In

thp. ah-frequaosy and ehepeedamprulatiarn mﬁactwﬁwéﬁ éfm: erqypsed Lasers,

whies 905 i Bké%tléé?srﬁ{foﬂémﬁﬁ%éimuii@% Rh&FEN tiber links and other
I nventi on consi sts in noderni zation of the | eak-in

apriigatinsand the active layer of the HS, based on which

the Tﬁ@éﬁenbé of‘iﬁg%nldﬂ)vfot\‘s %a@e?%@o;%i@d il @\Gadree%rn't %@ﬁ‘ﬁdnycon&sts
|l ocated nain a g?stl ng | ayers a {h\g’cent to the surface

inghoqafaizatian afdhg iggkin FﬂSEOTbeﬁ’t the qeting layasiod e E‘SaP%SEd on which the
Laddr ré’%l&@ qn g Cadd Suditiiar ¢ bﬁbmdll?%c%’ibd R é?ﬁlﬁsﬁﬁg Iayers adjacent to

orlglna haracteristics [Tfocati on OSI
thersiese 9k s aptipdryeraot ceat@irw@ STiyerie it nFoseed into the leak-in

re%iBh' 'ahérd(he"%cﬂriéﬁ{al Bﬁarlgé‘t)éﬁ&ﬁss (Fo'&ﬁ |<ﬁ1°r&5h1‘ﬁb§90r|\sa¥ﬁ6}§res§éhe levels of

K-in a ers el r sub ayers t he lective

dmw)r@ tfaﬁw@amdra@w@rya%u@maﬁ@eﬁ cﬂpﬁa@@ﬂmmﬁay,qﬁs Hae leak-in layers
afR @il SudRfRsd the réﬂécﬁ@fa?@?s‘ ﬂ@th%h%uﬁ%y@fs ér'@' &6 €%hich has

and conposi tions of [ayers of to realize
m[aﬁ@ nchsslmgﬁ;t@pﬁgpmate @hmng ot tm:kn@@emng rcomposmons of the layers of

thiehas ?&Fe%ﬁiegﬂw'egﬁatlmuw&rﬁﬁﬁé‘tﬁ&n' (ﬁgwo ‘?"tE’Pﬁdr%ér' &@Féc@é}lsh& -t A8 resulting

active | ayer he rati o nef
amplification Ql't e gpidtedipyerc and dbg gatmanefm mtheh&efﬁégtmltlal (threshold)

ol t&)Yat Qh%ﬁ@ﬁésqlenérkégraﬁatsﬁéﬁt?q Ehﬁrﬁct@ﬁsﬂc@ f H@L%e%r% achieved.

|eve 0 Anot her “aspec resent 1 nvention
| s aAa@therc@wt:obﬁﬂeawsserftynv@tf@m esrérﬁemwcrr&ugton@mpéwmg element

r[)gég@ J(e?d rdBrré@F {dGasSARY SNBY' cSinPlsiAy NSt PLRFSINEEME Chased 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
Nes to Ny 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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sem conduct or conpounds, characterized by the ratio of
the effective refractive index neff of the
heterostructure to the refractive index ni N of the
| eak-in layer, nanely - the ratio of neff tonINis
determ ned within the range fromone plus delta to one
m nus delta, where 35 delta ig, determ ned by a
magni t ude much | esser than one. The said
ero tructure cont s at ne ac
oPEips Strast ol efiroier pElenry o gl ¥Br{ &b 50 gs gpg on each
s @famb acm/@ld’ay@f mbesaat:teﬂwnfeaaws foineedsati ldastedfl aret subdayer and

| ayer rmed at ast ne suhl ayer apd .. have
ey EATE | faess et dhaf i st (ARFoE fRdex nay of the
Hedrostalcture. Thedeaid hefef‘osnijcwhsEGOMaher asdrsparent for efiesion the leak-in
i het e{ostructure cont.@eqs trans aren

Sae" MERIE T SN kS Do R B OB A R B i, hve taver
drﬂ@(cdrresb@rg:lnﬁm rdflectdieaalyd stheieain-ih hegiarc bicated laalgeast oranrdk side of the

1t U 2o et resfen et eBlSts. PRLeaGoqeh hSlaastgge eatci
lbﬁa@,lk har\v{rfge@ir@fr’adtme aﬂdeb(eqsbn@mensmh@ hielaksti of oregsuitayeasThe said
eas

f
i aRaordne 2iens e Bk sD3) R inbdy af plBnb Jiver. The
$ARkomprisesgilsmoftival fatets petahic eortacsrdridtha glarifyrey film at least on one

DOt T ——
a8 tae ichpipogitind mcathldkeaﬁesmﬂ tl&nleetemptructaﬁe lbgareoeinghehosen in such

%@H &Cﬂ}t itt?eggélggfo e :Bb%nﬁ@ﬂ%aﬁ@nﬁo&%ﬁf nigrggi lgg@/quyérr\ﬁroughout
thél\ﬁl#cm@&aﬁge of théeopeedtidgosirrants does I:wyMeémltm@ valuesef the said

h t L
Aol T ol AL P fRyariemce o
ontg ic Q roasyggyatién el ified agissionrieat least part o
BSOSl LR v 3 B 8RR e
@dmeaomduaé oealadplidyey.i Ing thllsa:coaaﬁrthe mainwadjostinghayerds waditionally
ified.em ssi;

SRR 5 B b TERIRL e 5 st of oo

abldyee ahayes , atadesaktdor beast ltpaublavérsteheefraefhbeecrtdexmo less than the

S LT B A P A I A S e s
ey, Waik onnthe egiposite Sirtaceadfdhamnain adjusstg rayet theee is the confining

GO TN ot e ERE R SRer Bondhe Rl AR g et bstng layer
t han THemaihafistmetiorvef the ﬂfnpolaecNSAE doneistsda kndderrizafien of the leak-in

reﬁf?@?arJd\aAt,ﬁge %tgtl\@nlayﬁre&g%%& ?Jégé Plii g/(%]éch tﬁ’g f.rsr\é{ﬁ%nufactured. In this
adplnto the leay-ar réd’mf nairs aﬁ;hetir@mfyeml ag mtra;teqedhma togaimn of the
refractive

f d t h
Y e Rala o o Shaetndi S6h B pitiin IR BfoeBre HS does
ot epASets bidycensd sirsbé at lwasted singiatdnenInodaskvehdnearie- aative layer is

G Bl RSP Pl St g B5ef QB i on

sigdle- advade_agtootne ative |a9bruwhilen@ thaybﬂ'feﬁ? sileaf it maihuexiukting layer the

atiop of the eak-in region is
G GBNG b LS R Bps O 3 S F e Wb bEER o trcasyive tavers
aet foarnsd abétwéérbhlﬂe'@cﬁvéimifemaan bistreducke asain aceditralgbdiusting layer is
one. I.n case when one acti

Seech | B e ee ool Sosa Arasiles Ay MEyBRNpdline lever. The
fuBationiny sfetBe SABVbAdedoBe thet [roPésedll itkterostrastjiras @oturs in tHeevicinity of
active layer, while to the other side of the main

adj usting | ayer the
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confining layer of the leak-in region is adjacent. In

case when two and nore active |layers are forned,

bet ween the active layers an introduced main centra

adjusting layer is placed, having the sane or close

characteristics as the main adjusting |ayer. The

functioning of the SAE based on the proposed

het erostructures occurs in thge vicinity of 15 the

transi ent process of emission |leak fromthe active
thb #4RSieAFobdss ch RAlfssidh Iééﬁ feorh nﬁ‘e LaRK1dyRr aﬁ@ @ %‘ék—lﬁr o the leak-in

process of leaking in the SAE is defi'ned by t
regi®fiposi ti ons and t hi cknesses of the HS Iayers and i's

CO“H‘HH ﬁr@?eé&yof'i&%nbarﬁ iR GAE (WerBbd B¢ iHeV&‘)rrﬁﬁstfts@% b¥& thicknesses

i ndex nef heterostructure to the refractive
ofithel&i6 layarsaind:insoniseliediby thayatio ofithe ﬁﬁéctfvﬁéﬁiﬂatawe index neg of the
ﬂ@r%‘é%dtm toUhé Qgﬁictﬁ@‘?ncfe@(thﬁ’ opihenfégf(-ﬂ f-ég@ll N’lltﬁ% field of operating
eterm ned fromthe range from about a
cuyrents, thpHatie o Skt fovnig yo éﬁtefrn!ée@mm theafanpe figm §P@f~ﬁa1 O%hdo about
vell as the level of noise, anplification
coefficient, output power for a given operatin
cur rEim sansitivity of ’tbﬁog h to1an Ul sigial agewelh@pothe level of noise,
arﬂ@fffcéfbﬂ\'cééﬁiéletqe%@ fom BbRer ﬁjﬁgef el CpRRdRg Hurdehe aHé"ét'ea chosen
resulting anplification of emssion in the active
valyg, of th%at@hammbgp 2 determining e gresr densady oppibgeplussaE resulting
arﬁbhﬁéaﬁtﬂp%fs@bh% pef édti% 'Niy‘éf e&d 8Rdwh Wcél@@@ﬁdr@%ﬁ&e proposed

choice of thicknesses and refractive
Sﬁﬁd@fc%§h‘éﬁent MABO g v a@p@gwuhydowgwér%(w" 2% BY shejira gk fhigknesses

arﬁchr%frﬁ@ﬁﬁerfhmé’@&fqﬁe Rfain 4d)6stRR 118 er ?&Lﬂstéuﬂﬁy@r@?{ efm%hf‘?ﬂ/alue of

certain operating currént” is ach

thfSSaﬁ irgsuiting gmplificatien] ate GeRRIN LRPET iﬁt}j‘gl %W@né i @PP’@U@F& efhus the
oﬁéilﬁ’én&' %QE@M Bfnésﬂtéaufs'ﬂ fé?é)?nﬁ%dhl%d %anﬁorﬂatuyﬂﬁt%sfh@ SrobSsed HS

solve t t echni ca pro | em nane
m@&%érﬁ’?ﬁ%‘P'B)ﬁo sole the techipeal Rrabiem Snemely h@ 'SWEWetﬁﬁée“ﬂa“y the main
psYaRRidré ¥f ik $AE:-aRe 5B k&IBRnput BEnkieiR! e of ﬁbl§§ ampllfscauon

a [ifrcation coefficient, output power, as wel

iGieftr eutpet pawers asewelbPst Reingivesaiae sizrs &xhe entrance and exit
aﬁ’é?ﬁﬁééJ "tc‘?l%duéé’ pélﬁﬁiﬁ%n REhGHivit§ 3hH ik é?d‘u?dr%‘iv‘él@éﬁc@%ﬂerh@%on in the
di vergence of emssion in the O tar field

far89|§t abl lize the anplification node of the SAE, the

refl ?&%ia%ﬂnz@?ﬁé fah%hﬁc%én ﬂfodtehﬁ th& 'swe ftrvd Fb@;eéﬁdméoe%ems of the

t he opt 1 cal facet as wel n‘p05| tions and

clariyierrins es toe omml fatetseaowel aétﬂaﬁ éoma@ﬁelroasané thiglaasges of the
hét@ro%ﬁ?&ut% rst %t HolB&n Yr@'sH&T %fwéﬁﬁ'&'ﬂt Ithd QoG8 cﬁ%@tﬂnng emission

ication in t e active layer” at an operating
appkficatien Bdbe aplite layerat @ntaperatiab gurrent dags npbexagied the value of the
sél@Bpriﬂc%%h %dkr@"%@j 'tﬁ@sélﬁeicﬁ?ﬂoﬁ%fﬁh@B +rta§ﬁd Qé?m@cf)n&déf‘or amplifying
opera I'ng sem conductor anplifying ement
eﬁf’ﬂ@ﬂbrred embodi ment for increase of sensiti VI ty to an
| NpUf, Heg8iater@Rdemb C?rﬁéé‘é[élff fil t | and
coef @’\I @Fe‘ﬁt@ eé'%e eergsékﬁrﬁgts g’é |(i/re age%ér%arv g)ppt)? oaBolgpu sngna an
ingeease rafr dnplifisatiomwcoeffipientst least dewpvwedivetiRyyre angoproposed to be
m%&uéé@ ih@y %SH§ lnnﬁé@@gﬁ%s@% Q&NF r@ieeés 30nAGuLeli AGin central

'ayer or one of Its su ers are pla
ad;ustlng 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
regicn, 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.
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For some SAE, in which there are restrictions on

i ncrease of the thickness of the main adjusting

| ayer, it is advisable, along with the mai n adjusting

| ayer in the leak-in region, to forman auxiliary
adjusting |l ayer adjacent to the surface of the

confining layer, at least on one its side and nade at

| east of one sublayer. 16 Toggoptim ze the main

parameters of the SAE, the main adjusting layer, the

mai n -

ad] 1§ PRk 1R idht beloHE bt HRCHAS 303 Wi eBfuting layer, the main
ceréred adibstimat Ingerranidr the tauyidary ragiisting Reyef atcheatie auithi rafractive indices

I S f ' .

B o T B e g o OBt G e TR of the saie
adjjustmgdaueraa@ ainos&n Wishin i range frhm ab@n'p@ 085 umeto about 1.0 um.

o o6 655 e e oe el MpRAB ek or U SABHA AR dng gontining
lalyeoignadaiewithCa thickmessoctaisenivithin3Re ramge Tront alshiut @.01hem to about 0.30

noi se factors and to decrease the angul ar di vergence
MY amplified emission of the SAE, the thicknesses of

t Ee ﬂ'@@é’dutcﬁ th@{ﬁﬁléé f&hort E:?\d |t@@l§crb8?é’ gel a?fguﬂ{r @lvgﬂdletnce of amplified
chosen within_the range fro Qu ou
ewissionanef thereAEag M"kﬁ%%&?? ‘{Frfge deak ‘I'i‘e‘aﬁfﬁl %{ygﬁs legli-In; fRgion are

clﬁ&feh%lthithﬁe |ré%%rfrorﬁ’ BB&RMaPLM 18 dbaRemt uh and Reord e étrbast one of
| ayer, is made wt a refractive index close to th

theeq*w&@d@i% thwélﬁctwre layes nreferabinadiagant to the leakipilayey, '{5 frade with
ar&FLR0s PRk Bbsd r&fﬁswré&wmaai 8Cthl Tddkan Idy@r some

enbodi nent s of SAE at | east one leak-in | ayer
t he Tegiorify V\@@ﬁ@woioglq%a@cm of rgandagtadng, %Sng@gqbog;@ents of

tH’quRE attq’eést‘ Bné ?édk%%)}é? of Weeléaﬁ’-fn FforCRMhadd Rn |aaﬁé?réetlve index

pre erred di ment for decrease of internal

e@\dﬁ'*@:ﬂﬂe reircling 'W@f(ioﬁthﬁéof‘ﬂéng BYeh ci ency of the SAE the
mai nAgieUst E@%d'eﬂ%@m@é}ﬁ oG diBdR SaRFR oﬁﬁdaﬂ‘%s‘sﬁg defining the

| ayer are not doped in the process of grow nq
efigienty af theaidhe mgin adivstingilavesapgd the ma"n Sartral pdjusiing layer are

n@ﬂf’op@@ﬁﬁ th‘éfpré'éeSB %@@Jomm(r]ge tHeeé\JxﬁlﬁFy éb‘fuétl% ‘Féd/e@gi ﬁﬁ/? riﬁe IRk-in layer

the |l eak-in [ayer are

B pRd oF ?Hﬁést&@surﬂf@mma@wert ac&%ce&bmfaﬁﬂeﬁéweﬂqyef a&ﬁq@ﬂwﬂh a low
f 15l Qy-ek 17

e o adfortiat? hépihpurites Sppldiine] fidh 16 i He 5307 om. and

trgppandiringeaysirys depeshwitlo adevahod apbrosuamsmmgampgemmmgxrmately

11 d acation of leak-in regions (or
fr?@ |ﬁﬂ?gc{/%?§) wo main types of SAE can be

manubDapéndirgg on aangyberednd bcBAB afndalein segyonseor ieakShiayers), two
I.n Y. rj e_leak-in [ a ,
ey ORAE SR P ke g SRS e SER AEpf srmeric saE. 1n
theosyimrpetrit Sﬁeﬁlmedqmain regibnaate weatied dincehamintk efqﬁ;alactwe layer and
thic Vi | a
fqrﬂﬁ? En'?)ggﬁaevﬁ hgve %&Hag Le}f%g,ﬂve %gf;:%s ap%%gg%ﬁh%ﬁﬁ’e%& vo%@%%i layers.
Iri the asginmedric SA& dingre fcan be lvee feektin pegion (mateldmrsmmbesmbé of the active
th e pf doping. | h referred enbodi nent in
k’{yﬁgf rtﬁ%%?ggpﬁ%#g}%g%deer?r}éﬁ%gmfe fg{géwﬁs there is 30 a
possirbinkiprefenéd embodinegt & the ppme'sed SAE(at rcedainefavaiengine there is
a prclj § aityoc}cf chgc?sir%geg léér'rleoslit?élne{oré ract:%‘ 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 conposition (or the refractive index)
of the sem conductor substrate which is transparent
for em ssion and on which the heterostructure is
grown. Since substrates, as a rule, are binary

sem conduct or conmpounds (for exanple, GaAs, InP, GN
GaSb), and the thickness of the leak-in |layer usually
makes the larger part of the jhickness of all 35 HS

| ayers, then the | evel of conpressive nmechanica

P end (L RS kb asbBREEG T Fslif Plincrease of

efficienog,redset miweredsf iell exscip, incretigaltof ppemtingdifevahd rakability of the
[ ncre@\ggEof operating life and reliability of the

p[ﬂp(?ﬁ% SAE. At the same operating current, to

I ncr Aathe dahe apergting quonset, toinceaape ittfd aadptﬂrpos@r ohamplified emission

<BPBHEET Sto &g B! Hlp cplidfores A EE oRpsHE A, lebplien two

thray @ng naore acthdelayérsare madeL 4 civitiebiof Iwha:hearpqxaﬁdlibbio éamh other,
ach ad{;ﬂ%cent

<R et e A A Yeaae 2 GREC o g R precec
cbnmsttrigl the avin Ingadiypdpes Lsabyerssof diie pHgpepand fre :altmetmevldmg in
S,
BN M peHos AR RLRed B Gutctie RD B agotner.
10 Td oo:thit:.?m thet ;!mjarrmham lmfah5|tn\nty|crﬁ$li;mISﬁE1 thiet lgzglom_ layer of the leak-in
SAE - 1,.n . ,
R edneis SRNa Lo orb by 8RS g FRLTT b 1 TBHGoe0 stre
(d}r’rreesmstnprfjue@dr of curpat fldor nesa Sét ri pe) region of
n e nr.opos
o "t &b et rBhact"oAR SliBRgE g ol o WeleR Rt o eitubg hims can
blefobtdlreedsrf thepsdrigeaggion of cucentiflewtis iades indinedadiean aggdroprede angle to
at an P&rgdpmaa}’tf_% §\ngl e to 15 the cavity of the
epfz%glo A 8 §¥"i ndi vi dual enbodi ments of the
]Pr op@seuhdﬁiifatn émb@mmeatsgé ttamdrrowﬁd zﬁéﬂhwerﬁ-ncalaed exit apertures
oL ne |
% PR UGN B 8 gk ST Bt 2B, 18R Bty g of an input
s:;gmpamd tn]:r ?ﬂ“ |ofA Benghlifesd ersltSﬁgntthe rog);}mxitmdpeﬁmacembf ?he SAE (with
acet.s. . .
b6 SEling ubd Spple Bith Myl e doyblsl e BB R fiflonty win
tion Liye of omlﬁocamn@seMnmm asb d:nauw |nng1nmé(mte rebstachbwith optical
Briorte Bieate o esB¥ O TriL SRR i Hsufodtobdft ructon of e
no:]se factprudf theeSAEL s i n reduction of the noise factor of
t he

the | ggias%'\cgrﬁﬁlgnﬁﬁwg{pgtpo%gé)ase\gﬁ 'ng}gl' éirpﬂsér%lssaon proposed in

thmpmsbnton\éar?ﬁs lcems?sts in modemixation bbmedéakt-iheeglambnd lthe active layer
e iV

i3tk S Aamrighs afitang] origihelstalaft mai askiRing b flacent to the

aatiycalagatare mtttohaceltmtwteellaken rega@n iastwadichsantioleri anigmat thearacteristics

[ ori

inre s, well as
(R, Papbfe. Rxisses Sk Bl RORE meipiang avatiay aciustng
idyevelthe @bnfd'mg agerspthet ieekﬂmiayeana:hcamelrlsuatayemd ﬁh@telflagwe layers
| ay, t.he confinin ayers, the |le ers and
R SHUPETRAES PRaRBSrL IR ot Myl eosshie Y fighp onsiverably
tisel Haﬁr%ara&fem’qﬁrsmfﬁb‘@&AE\Mn edrtidudes -rtadrecrédsephs sehdittvitydo an input
L rﬁp{ovlg? consi d? a} Y
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 iife and reliability together with simplification of
the alighment technology.
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30 the major characteristics of the SAE, in particul ar

- to increase the sensitivity to an input signal,

ef ficiency, output power, to decrease the angul ar

di vergence of anplified emssion, to reduce the

optical |osses of em ssion at the input and output, to
reduce the level of noise, tgincrease the operating

life and reliability together with si rrplification of

the gl i gnmen e I e t he -
or es Pt ahet il 18 Bbent TysAl 78 AHAGG o Rlor) Hfcal amplier
(hdremeiterafdfered ¢f esribed SOAJIs tpln@osal\)mcpllsdlm GI@@JS@IN coupled master
i ncl udi.n t p u

sefces b Puflh SERHREATLT bR, ATRULEG, HerdRbomprising 2
I"(Bd'BTpStrLEiUIg based et eseostardlatior eontuaemuso nhayentedzatdby ther ratio of the

eil%f; Ve, re&%ctp/%;}%r&%t e&f th€ getQYOSErP?(uFefatB te &Era{:n% |ﬁ ex ntf ofrtge leak-in

ract Fve 1 ndéx ne the eros
Iayer,t mmnelyef theatfiovef n.ptbeny isf déterminddewitrémthe rangd ﬁgmarqne plus delta to

éﬁ éiSH' S/xg{%?% Hgltagr e(?é e?d F%QI ﬁé:’]gen%r%lﬂﬁ ums@.cﬁz%s\gi' H&inrbne. The
saitbhetedxstruaun&scmlm at leadt btye activagayer ugieleasictivol refisaive layers, at
I%?]s %ggotrﬂlgvog-r%g:h s]so%' cq: tﬂ? & \%SI% é*cfhlérr?ﬂecc‘ﬂ% ?d Pr‘s f@Fméc?Qttleast of one

dublayer asd bane mfraetmehndncele lestert then diuos eﬁ@:tlway@ractwm ndex neg of the

TGO RELAYE LR, IAGRP, e 8Bl [R5 3 PRI o e
regibnact iewdssiondeXheneédk-inf regien Iheited detwest the. active layer and a
e
Ihyﬂraulmjlehbin/\mgrmntlhet bash are, | thy eakamcbgion hasy atdegsd naé tegk-in layer,
kzrﬁil];nlgﬁ trI f?%év@?’n%{eh éll\?:ghss%t‘%&;?tg!%?ﬂ Af Po&%iﬁ{%rl]a‘“\‘)rere l'ﬁ‘%sgald leak-in
negmathdseatslteasirm]e tdwémir@alﬁyﬁmccv@gtmg ah desashtof Ioeasiublayer The SAE

'B%(HE? gfl ng)ﬁi‘{ Spé\aso?ﬁpv Fgg ﬁgsoszhbfzﬁ%&e\(g _Pﬁprﬁi@ éorg&% %E&i the clarifying
filmgatdenshas oat dpeeaétfamteTrumrdﬂectlamg:deﬁgzanta:Qﬂﬁe ﬁarlhgﬁgaﬁlms on the

| .
@%%glgfs%§ 99 %veﬁ A St§¥ (;%p p-gglﬁorfé;‘gnc{ H‘&R%%s%%a%fgﬂ? ggttegcl%gr%lure layers
theirey chtzaenfll_ylsngh afwaynthat theewalte of resnlémgmnﬁﬁd:atioaoéte.mission in the
§T iaét@%{l?yﬁe}r 'tl‘ﬂ”n a@%t%g (Haeg\'/vﬁ&ﬁargi éfh ﬁ\ecn%n%?ét n\é'tc?ugrﬁéfs d%s M3t exceed
thii edtuee of ébe caidt hmplitadipo styrimgatgur ® Hwyeeié—emﬁtap@] rof) the operating
0155 SgPobobiele MG HegRly SEHbal of e emotri
érhlsemg feoattledsh pamiodbthe !eaingﬂegrbntatéeasp parhbf thg activa lapers and at least

he. ' f
97 AR o7 vk el B fic 965 HBkE BTG cabeBid Aldin aciusting
lagen isoadtitchally antpduded irgo dhenmkt-m neguomhlrteh sanl:iemmedadjmtmg layer
%J&sf%{sg?ta @ﬁt%t' ﬁno f§L}rple} eglrgg\ eﬁllgagésﬂférg&%{]of ?s \Fl]blfl:lyeez?sc‘% refractive
mdéx ue léssytban thenefrattivieanséx 2 op tret leak-int lagen afd adjadent with one its

{ I
R0 R P PP Sl B PSR 28Rl ver v
its hige b@ﬁhmlgrhayreegamng atrbieadtize thdemilassadihas thargfraetiverindex of the main
Ccﬁ Stl stls at | east of one sublayer and has at |east for
FHESOR TS subl ayers a refractive index no |ess than

t he refe poipoved ISTeis bhdedbntthe riaisknizatd Safethembin distinction of
o th ve

(R &0 oo B i sl ol 1, WGt B Tayer of the s

baweer ot lnioh the SAE is manufactured. In thls case into the leak-in region main

adjusting layers are introduced, the location of the layers of the leak-in region is



10

15

20

25

30

35

30 is the confining |ayer having a refractive index

| esser than the refractive index of the main

adjusting layer. The proposed SOA is based on the
noderni zed SAE, the main distinction of which

consi sts in nodernization of the |eak-in region and
the active layer of the HS, based on which the SAE is
manufactured. In this case inpo the |eak-in region
main 35 adjusting |layers are introduced, the |ocation

1%{?958 eTHANENE 18fer IR PG HL I M dt SoABin &J’B@éﬁ@%dand can be at

€ active layer in the proposed HS does not contain

legsiansy &t hegase seninnezactive iayst isdaemed. ihe pdditienally ipteaduced main
a&][]ﬁm@gé&e\f%f HeYIBAk- !nsref;a%ﬁm orfeh{% s?ﬂjéjistdd%@hi tlS the actlve Iayer while

I'ntroduced main adjusting |ayer of k-1n
toniherptiogfeside of tiegrainadisting daver the t:m"éma?@tlayﬁs qfat%#ea -m reglon is
é!}’ﬁéérﬁ inttRe (cASe %Bﬁ "twé bﬁ& rﬁgretalaﬁvmysrsaéib Lfé:‘fﬁéé% bb@WRh the active
e conf I Nl ng ayer k-1n regiron I s
laaGrSaaremtrodwect mélnc%%érahﬁ@nsﬁmmlaaﬁrdlswa@da@am@ theypame or close
cﬁarrsct&ﬁéﬂ&@das megﬁaﬁ rade%ﬁn@%yev eThd ﬂ}ﬁ%ﬁc(?jn @ of Md g@AC@,ﬁh the SAE
main central a ust | er 1s | ace aV|nq
inyalied @ecuss ds the Y!ﬁa'ﬂa@ @ﬁ‘ltﬁfﬁ@ﬁt Q@C??ﬁéohﬁmﬁs'ﬁﬂj @ﬁ_lh ff v} the active
naba.yé{d itsIB&k-InAG!thORaREh Rlgidnhe SOA with the SAE

ifnvol ved occurs in the vicinity of the transient
pr oc €88 PEICEs$os gakris Idetined by the rempetiijons andalpicknegsgs of the HS

lﬁ‘yén% la\ﬁé‘k 'Bodtl‘b‘iié’d tﬂ}ﬁ‘tt\ee@gt‘d of ! @l Qﬁectﬂ:Q FEh%ctRfeoﬁ%ﬁ o%, of the

I's defined t he COﬂpOSItIOﬂS and hi cknesses
hetgeospracturentpethng raﬁﬁ@ptlw@, ingiextmoPl e Iegk- mhleyqrain Bedperatiag range of

ﬁf“érﬁﬁﬂlé’ Batib & rnafPtB'nYw ls'cféfg?%nr{é%fxtntl‘ﬁ’ﬁ tﬂehr%nge from one %lus delta to one

et erostructure refractive index n, N o
mirgideits, nayly - from &bﬁlét bpbinakag 0%8nge of currents

thi SA lificatioh CHQT éleﬁtoo*}km ﬂoﬁveq &k &l 438He Y@!vbhbfrhott%e tqe sensitivity

range ronlone one mnus del ta, Yy
of tffer arapapeAISOA manomawoﬁmn@ &oa @ssmaluﬁquaﬂwpdﬁﬂo Nes/Nin t0 @

d&@ﬁﬁﬁwln@' @éHree Qb OHQH‘@rvfa@t% delekuisy tah?phh@a‘ﬁ%h Sfemission in the

nol se, sensitivit propose SCA to an
agthglayes %m SAk Hg femgwﬁn vaweéngwurfemé Asaghiownriar galgyiations for the

debo@ed gei ej’JEﬂ ?‘} Bgat%giseﬁelﬂmgwd?& 6fhﬁol¥r@s§§s Qrﬁd refractive indices

r esul tln fication of eni ssion in he acti ve
of dyremai i N iayas (Pbritsasllansrs)otber @pﬁhgalearqfem sgi@ resulting

ﬁ@ﬁt‘f&%m@ﬁ{ icaki e%lt 'TQU§ th@bribiRgily R Gsrﬁglnggiusthg'jéyew introduced

cation as we choi ce “of thickne _
agditionadly inie th%@rp@@%edzog makehbpmibie Rajolsttha deahaigal problem, first of

all Eosl eaé@[aﬁt)atlylﬂ% A2 ba ﬁﬁ*‘e\ﬂfﬁ s @f tr{-jehéﬁ’.)ﬁ ak Grel %%%% frlc%se éhe sizes

ation 15 ac e ori |na | ocat e

Of‘rﬁ‘ﬁrﬁnéféj"% and gxit agastuses i residge @Q!arlaaimntseaﬁrawty;@ndripcﬁecrease the
rFH.&H? ‘ﬁgg‘fﬁ% lhttheP@ ﬁélgl e to solve the

tec nlca I rst all to |nErove

ess eﬁ@ismllyetth% agwiitcatian mpéteeefsth@fs%; sopflegdonepefiigignts of the
claflf g‘r@c fiRASent e §itkas fac@fs bheéns @A@%ewélf‘qusefﬂet comFosmons and

rtures, to reduce polarization sensitivit
tm@ee%aseoft the hefgosigilraayery ergeiesendn seah Ssvay ihat theevalue of
d nS ' ' tdife d t
by RfncfRroRMEE | 1%, 2SRy DI Lt e o
exqaenghe Yalureof dpe B@alamm@at@ndeadmtm &4- ex@ltaﬁoa@ftﬂh@ operating
epposi tions and thicknesses of the heterostructure

l'ayers are chosen in such a way that the val ue of
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 anplification of emssion in the active

| ayer at an operating current does not 30 exceed the
val ue of the said anplification leading to the
self-excitation of the operating SOA. In the
preferred enbodi nent for increase of sensitivity to an
i nput signal and increase of anplification
coefficient of the SOA at |1ea8t two active |ayers are
proposed to be introduced into the SAE HS; in between
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ot RS ReteRad e Rotme dor, dusrease, oL dRBTE! PPk Rsse figining the

effi6iBhdyofMBe 5@ Ethe nhdin bBRsigEhRsed therbReH eaittal &gusting layer of the

ase of i nternal tical || oss
SBEME g dopf M OGt Hes Rurler e S orI 4y ehviadtp lefisin laver
argﬁibékt oeat kabt Gl ﬁéﬂt&dﬁ% lé@y?f tf sAldaeHs tsejacénlﬁ taniee RAk-in layer are
(0] I N e auxi ll.ar a usti n 1
st RIS Sl Bt arloRrble dhbing JpeUies sppibuseAtoly flom 10 cm” to
3187 IcReY iand tha¥:Bhfiffg lber SiAhe ISARFISAS /dbed With Relel@adt-dpBropriate
| ayer are 25 doped with a |ow |evel of appropriate

deriipg wgounﬁ@wmrp@@aéq&pﬁ@nﬁﬂat@m tofF 4 ¢15 cm 3 to

o B, o WA SETEARS Bl Gl oo B )
majiplyesd efeS@Acan bermamifactdied 3a symEetg1sOs @ngd 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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Dependi ng on a nunber and | ocation of |eak-in regions

(or leak-in layers), two main types of SOA can be

manuf actured, a synmetric SOA and an asynmetric SOA.

In 30 the SAE involved in the symetric SOA t he

| eak-in regions are |ocated on each side of the active

| ayer and for the nost part have equal refractive

i ndi ces and equal thicknesse®1 of involved layers. In

the SAE involved in the asymmetric SOA the |eak-in

regi C

e \%t i g@ﬁe?@ﬂ%od@%ﬂrgg% f%a@'tbsgsr@n%@ﬂ\eatS;bqﬁp%shﬁd@avelengths

theye és @powpﬂltm §f chopsingra eerapesitionder a defeantivel inder) ofi the laak-in layer
i t bRNGH e

og é@ésjl%@i‘lj}-@%eﬁﬁ (;%gsc{f’dns’é 4?@%2%%%? 8?}”@”? e éﬁcﬁvé §nc%x) of the

SEMRERYUGPr sh@stna@ktra%pawéﬁor emissipa, smewhsm &rmhe@mstructure is
Rt S Libsllies CATBAI! RMIE SLlifodnBlLEAC birk oRdRT6 example,

sem conduct or su at transpar ent

Gadiss §1R GaNb rBadi)cand e th@k@eassctfrtmiagken layep ugyalirmakes the most
I I O,
p?l(r)tn%pgﬁ% ﬁh‘ﬁi‘?ﬁ Sise?(ll ﬁg iayéré' Glg thid ﬁ%sgt é&eﬁ%@ Qéé?\% fechanical
stragseshyit ke @gssrdﬁrablm éed usgt- ehmir apd rthejg@arasystamaé wilt predecreased,
wHRGH resﬁ&r iI'n aﬁéreé&eoft &G 2] v%[‘trréé\k er iR \lrv 88 $h inkFeabBiof operating

case t evel of conpre ani ca stresses
lifg qnd nebatiliy of e pearioped 8MAced, ohmic and t her nal

resi s ﬁ{é‘:@cﬁné"?éérafﬂfg ARhe "’\‘éﬁl‘éreasyﬁﬁé:guté \Afé of Qmﬁlified emission
i ncrease i ci éncy, output power a

appeoxisaaiely ¢ty fagier at tweg thr@@ anﬂfr@oranm thelnrmsed tSpPAfespretively two,

el %ﬂﬁ%r@%w«ﬁ% ér'g%f W@Aﬁﬁ% l’ﬂ? gﬁé ﬁé‘\trltiest 8 which are paraliel

i ncrease the out ower o em SssS
t@ppﬂbszﬁhﬁﬁta@ri;bebyﬁmaaﬁcts radmcemtvm:ﬂve lnyees eammwéral agjusting layer of

t
8 SRR SRS CHREI At i nob R yRA BB By an
teg B-tyrerripYiding theotuapelipagsaas of caFrantieanens agtinsHayatjta@eether in the

kg dcpyers a main central adjusting layer of 15 the
0%% 'ﬁg pl aced consisting of two thin heavily doped

subl Jp@tgalaﬁhq pelajization insgnsitivityiné the BOhe ther leak-i lﬁgert 9fdhe leak-in
r&%&r\‘ OF (SRR Rf madk WAL thi Q%#%gg&gdwé‘t‘ély] B td Be width of the

other in the operating n the
Irpimdapectatflpweglcrrs@‘rwrrenwow of the SOA, the |eak-in

| ayerln ‘ﬂi%f)ll’b%ogéaoagdAnfor a@gl'neﬁ’erl%dﬁ P%?‘Eeﬁ?eh%ng@ﬂ» cl?rlfylng films

ckness appr oxi mat
th@hétnpzo(or mﬁ&?S@dSIGE%D regionpef wmr@rﬁlowf ofciner SN i¢ Ineade inglined at an

a&)g %\m? 0? ?Qqéceqeductl on of
qwrerretstoc ylnag?‘l I''nms the stripe (or nesa
stri ey indegduhembodmenisif td papoded: HEA SxEentaansaded exit apertures

dr i $Rl‘|? 9¥ fork rft&d E%EH%G%? t/hl% da%gf}[l@ nﬁ and ttu@& f‘B@?’ e msoéash'?& input of

optic odi
gor iopetssighaband ohtpub at ampifiederdissign ttheapmqs;m @@tlceﬂ Jagstts of the SAE

V& I X Y fi
S Pl RS SRS 1 151, 58 PREABREI B ofia fors not ol
mtfgﬁw ugendf thet bmwrofopmqélqulm ekemestsorbut Idscopipenily tie immediate
RicC Rl HRCSAE | iR gs fi

B fa]cF éhil‘ﬁe %emméer g&ge?@%%f ﬁ!‘és%% 83‘?\%535@3'?{?}‘: onE?(Is éﬁﬂu%to the fiber
remﬁt@n@ ingesiase pf gfficiency 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



10

15

20

25

30

35

with the use of the known optical coupling el enents,
but also directly in imediate contact with the SAE
The decrease of | osses of input emssion in its input
into the fiber 30 results in increase of efficiency
of the SOA. In the preferred enbodi ment for obtaining
hi gh-quality anplified em ssion at the SOA output the
master source of input em ssi@n is nade as an
injection |aser. To increase the efficiency and
; r

Qs 98 B 4958y f Ao Sl G50 T i e uso
of optieat ¢capligheenentsi thethisdcaab dveeSQB epnbqgipmerd is preBeraflein which the

: . ¢ . o cal .
e BRI TR AR et el or Sl hetefilu@ill 38k opppodiments o
habtmiwes $ QA atenaiea ipassible ointvattich et widtimoft the nintvddubed: stripb @egion of

ol Bl 708 SPE SUBLI0R SRS ol BBl Bipe reion o
theapestenhdserher SAEN dhe widtld ef difie shige sagien of current flow of the SAE is
rﬁh%fe%‘?gﬁgb\é‘?t ure. The enbodi nents of hi gh-power SOA

56 arss possible, in which the width of the
i nt r dckhosld k=t notpd thatighe presienge olileabnemidsmn iofthe ms®AR.aser and

: h . : ; ' /
02 SFROREEP LSS0 Bl I Byl epRLteruifal b tosse
(lsadinpdo riegease of effidenanof feoBARS andhdo Bdtictien ofrmdelinear distortion

j R t hat__t.he caf e
BB .ok e bR 0 B o AP PG o mation o
outpub lpewer inntheHdgiseewerSOAL Jhisnis iageed by dimt fabd dhad ds éhe proposed

S 6P 6 Rl GbSRLET00 AL SRl cuor

thi transpiarent leadrin ddaveai(a figearonediem} patiaavery sotadilpart efytheflux (about
Lifi el Lti . i St .

B8 B B SRR 7 A e UL gogynes o

onlyeolptaiotngt high ‘_dqﬂatﬁrmw{ﬁmmmssoicsﬂﬂbtﬁh&qmpqeawm thef width of a

SR 0 SRR B0, 02 AT, hbroomen g e mon-

flebinerzny anddiighvgneedmaodulatienychsraateristixsrdaf thef SOAe f | ux

( abo%e Je%s@nc%%f%@n%ﬁ ﬁrﬁn%-oﬁi;ogé: gg@g@%&’s&ﬂﬁ %éqgrgg?r;/t invention and

nonl i near active nedi NeEsS no
tiado iredlusied gin it grrestart gnurcep ofvisit emissions gthermadiert Lasesp and the SAE

it i el
SRERECIE, Ao sty 1), e eafFCIGHE, 0 1 SLZIGBr of o
hetegbstructusepietby neamderHiagler spddw SABUhavhignadditional originally located

SRR B8l TR M B IE TRk o B reson
ap0 dttee arigirial dieattactaristics satam, sompostiafs, thiguesses, &sesof doping)

o 65 ShRF sk 15 AT . g i tvers ano
tiheiiymbtayfers_t, tres refiettve datersiatdithes soblayére anastoeosemsxéﬁch_atm made it
o3t e A4 0 LRl of 62568, By, o
powner, ottie cangy uian tdivelrgnan ce eatkamplified ggroiasion, aomticel losses at the input and

| gi pal acteristi J L,on,. .co 11.0NS .
i, B oSIAE R, b Sl SR,y B TRy e siormen
teahaologgr y adj usting |l ayers, the confining |layers, the

| eak-i,n [S.. ' r e fleeGt | .

| ayer Do AN FIERN Taabaalel o e S OBt AR SR, pbosed in the
prescb@t intvention 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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possi ble to inprove essentially the major

characteristics of the SOA efficiency, output power,

t he angul ar di vergence of anplified em ssion, optical

| osses at the input and output, the operating life

and reliability together with sinplification of the

al i gnnent 30 technol ogy. The technol ogi cal

realization of the HS, Laserg3 SAE, SOA proposed in

the present invention is based on the known base

technol ogi cal processes that by now are well

devel oped and wi dely used. The proposal satisfies the

criterion "industri al Brigfsisseridien iof the drawiRgs nai n

distinction in their manufacturing consists in other

conp05|t| ons, 35 thicknesses and | ocation of the

gr owdhe W@* rentice wihbe deswibed dsdetal belpw. in zgnnegtipg with Figures

1da9cihdet on of the drawi ngs The present invention wll

be described in detail below in connection with

Fi gu,Fgga 1 iga pchematic illysdiation pf i§e sgction of thepropasgdsymmetric HS with

ohé'déﬁ@é Patybp %Qfmélh%dﬁ.%ﬁﬁé Vel add Bvd [RARSR YeaiATTR}dr focated on
one active layer, two nmain adjusting |ayers

eaﬁlasrsimfmea@tlvet@uen eak-in layers located on each side

of 't gy 8G§ h\BheANRY iludtiallon 8f the sBctRMNIMME bfoposed symmetric HS with
illustration of the section of the proposed synmetric

OpIs agiivenayerotweriaaig @ o prxikary agietingdayerand t wo

auxi Ipigpry |53éjkéi§énheﬂﬂ ih@yatien of| tr@ se%tnb@ oﬁt!ﬁacﬁn%'ﬁ%é&asymmetnc HS
illustration of the section of proposed asynmetric
Wil oRg taﬁt'\tﬁq@yahtwemaayéwusfmsolawarSnaijt\u@tleafglm @yarissof different

tﬁa&e%ws lb&#Ka i bR ebéﬁ’&&é op{fhe(ycf.ma?&t thi cknesses
 ocated on each sid the active layer. Fig. 4 is a

schefrig-i4isi3 ISQEQ“F%[CI 'Hi-l‘ﬁtr@f*o'f Rk t@e‘{’ﬁcp% opthe ﬁ@PB?Qﬁbéwetr ic HS
\Aﬁt?:ytmeécﬁl\é id‘ﬁrs hRo Whdih abRHRE ly¥8 bRY lain cbMPal HlURting layer and

usting layers, one main central adjusting |ayer and
W akda layprs Qfé*jf@f%ﬂt@?w'@ﬁ%@r ent thicknesses. Fig. 5 is

a schgyeg iig 4 %J:Hé‘?ﬁdt@t |'|i&’élra%nté?ethb qeﬂ%duldﬁ'iaﬂ abcifChi @ proposed
of the propose mretric Laser wit | ective

5&6‘513"!'&} Q@ﬁ"\ﬂthée@ﬁ&}/w% apatings endhe apliqal fﬁ‘?@tSaMth\Pé‘eIQ&?@ layer, two
rﬁé/iﬁ’ adﬁﬁ@hrﬁb %?ér’ésén'd"t@o idORiCS| I@é'ldm“&%ré dRatddcH eé&ﬁ&dé Bf the active

| ayers | ocated on each side of the active 20 |ayer.

lajes. 6 is a schematic illustration of the |ongitudinal
sect i) §fis tJ‘@cﬁérn%f&Siﬁgstra?Mm@t ﬁwbcloﬁé\ﬁﬁfnastBtlon of the proposed
reflective coatings on optical facets, wt

SyEMefic l—%ﬁﬁél""'thtrﬁf&?m‘\fmp@ﬁtﬁ'ﬁl onvibe qobiqal fagets. %pme@gve layer, two
nhaw%hmwc%@«na?yéeﬁuﬁm@%@aftI c illustration of the

I'ongi t udi nal secti on proposed 25 asymmetric
LaserFigi { Hs raeﬁpfmat%ﬂlwéaﬂpng@‘ BA lopgitusial artiqnaebithe proposed

a%hﬁte%é%ﬁ {N}{ﬁ’ réfl%)éﬁ‘\fe éia‘ﬁﬁgs HRiHe dﬁtﬂbéﬁééé?@ wi esac."t“?éi layer, two

k-1n layers of ferent thicknesses ocate on
r@a@ ﬁdypmg laygrs @n@ e teiplydn |aygisrof 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 |ongitudinal

section of the proposed asymetric Laser with

reflective coatings on the optical facets, with two

active layers, 30 two main adjusting |ayers and one

mai n central adjusting layer. Fig. 9 is a schematic

illustration of the |ongitudimal section of the SAE

with clarifying films on the optical facets with two

Opt' 9’-% fd hegs c‘ﬁgfh@h@‘ﬂlutsf?a JHEBT oﬁgfﬁfb‘?nal SHiiore or the SOA with
two mai n adjusting aersan tWO|entc

nmmndentlydywsd bomeeaptlgai m&:ﬁhe giagter dpsemwitta cafiegiive coatings on

: I t

{‘é%g{'?al 2Facet.J[: 'agcé élﬂ'@ grﬁéo rtl? %E—Jﬂw mnitsh'!)r\]%fg Qﬁt'ic%f‘fa(t?:lggls, Rfade of the

daotasyramelic 4 withtaneadctiss layer.t twe maistasijusting éayend ahd two identical
' t j facets and the SAE

I%\Aaq{-hq%felaﬁérlﬁc g@ﬁg"l n][é% hgﬁe O?t‘}%eéag%% Ifa?%l facets, nade of

the sanme symetric HS with one active Iayer two main

adj usting | ayers [ ers

| ocated on each s?l%(fj%e% ﬁ%ﬁgbto?\%ef rge elgﬁ% hfg\’

Description of Preferred Enbodi nents Her ei nafter t he

i nve

o nbog-ﬁérglﬂ?ftec‘r tﬁ%ﬂv@htﬂa‘ﬁ ?g?léiﬁgcé g??rgé Jti ehgtnfbnlocff cﬁﬁa‘éfeeérﬁbodlments

vdﬁawfwgecesmethguami@sed(drm@ dihet gieereexasailes at Heggmbodiments of

tBQ ?‘fﬁga?ﬁggg‘%a?@go ngﬁll\o rﬁy B‘ﬁ’érseirfbeazsgtﬂb% tRE'89aiRBHty of other

realmaUGnmg\dmg(tﬁevhmommvele@gﬂn rraaggeaéhe felaéire%at whieB agg reflected

|We0£hrﬁ‘5?thﬁ%%tlﬁeﬁo%? acb&d@]ﬁ% HYYQh L he distinctions

accordin e proposed heterostructure 1

(see Tme@rom)se@ldmtqos@c@ne Tdsee Ti. Iagentains opa aghiehlaygrs?, on each

s?%éjgfc\gﬁ%:ﬂ“lﬂﬁf_&o aﬁl’?ﬁ’régﬁiﬂ% :‘F]eruﬁe Qgﬂéﬁgs‘a&g}?&c@ﬂdXé tM@{e%k-m regions 3 and 4

cerxe@crm@xter@ab(ralawsetq tbetaﬁ@vealwewé) bidg dwo @flestrvmlaw;@ 5 and 6 were

tHve | B6E -

J@{%eggt?héereklgﬁglrﬁﬁﬁ olg%étﬁ’gg%gnlﬂtg hsgdés%tgeo%"u%s%ate 7 of the n-type

Gahst Thet @aix-irofreglm B- etnylpé each Aontaimseone aeain mdivstindiryeg 8 and 9

éad(i%jceﬁt f%atﬂ? aﬁﬁ\{? @gélf'z 8:93 mﬂtsaéiééj%tabﬁ‘gné ?V@énfiﬁ ggye?s 10 and 11

ad] acent e ayer on each o

athadenbrespedtivelyns thei rngm|aay.§tlgg [mre@rﬁjarldlg md@gpa@gﬂpf leak-in layers
[ t n

TZ8RE 55 2UEpbot Bt DB Ul 20 S0 T ¥ aofBayer 216

maedpedtinGaliy with tehéhicawEs mfng OD&yms The laser waveldhgth in such a

%‘%%{Iﬁét?‘ﬂﬁlt&%ﬁi'sﬁ%@él’ to\?\g@):prg abﬁ g@fg%%galag@s%(gﬁds 8 h%d the same

thekedsses biC.0d uen And \serecgmdvn bDGQB@ T cohfigingtayers 10 and 11 had the

adj ustin Iayers 8 t he sa thlck e
S CHTBIRITErS Afareets GBERle SRS QUHPPRISH GLFe T leakin
t he same thicknesses of 0.0 k-in

%tyéefmutze yars13and§ consisisdras tw |Séklﬁ@§@§tf@f Sw@cwa?fdﬂons and
fe t t I Sdi

t@fﬁk d%&g‘é"g'ﬁg féﬁe%“@%%ﬁﬁ?aﬁﬁsg @%@h@s‘ﬁs 'of’%éaﬁlrﬁ 8djacent to

mtqapsmctlmg)te@kaméﬁyetshwmrwgwesaf AheGadssAy tha bolap@slts;omqlose to the

%og?ggg&% 'ilﬂe !% ?rkl%yé’r h% 55e gk&ghﬁgge% \11\”%]92) % with a thickness of 0.6 pm

| ng ayer Wer e
wWere. g@%mo 0B WM GadrA dngioss triotmn tedtobereinafterhé 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 conposition of the leak-in |ayer; the second

subl ayers 16, 17 with a thickness of 0.6 m were grown

of Al 0225Ga0. 75As. Let us note that hereinafter to

each conposition of sem conductor |ayers for a fixed

em ssi on wavel ength there is a certain correspondi ng
refractive index. Wien growing the HS 1, the active

layer 2 and the main adjusting |ayers 8 and 9 were

tqel e(ag(frpfqgfers @é%oarﬁ tﬁé\ﬂ%rt Iégg o)b&s ]TQ f@g {t{.@erﬁf?écwgﬁabe%@and 6 of
thenpiype iand the ﬁrtmlvespmtweiyawelresmonéd em1:®" cm®, and the second
PRUFE 5T pLrE tondche GBI 4 Bnd B 713 e g0 gevectl
vﬁereﬁopedma)mf/pm and the n-type respectively were

dopedyt, hgaﬁéhoég éﬁlt%ns and éﬁ Q&&%S&@Pﬁpﬁ% ?é’y/%?ssgﬁgld?% 4t current

of th
densijipe oufeﬁsipé@lfcmzelayd ‘I\Qekb’odﬁrx@dtutadse@ vam@s ariBe rBtihees to niy of

5B 9RO BBy M ORRBEED I ' B e ot
du%nmmersay ofb.a5 &d/owdlwess? . & tmi'hEhe adicdstedenpletad divielgenite 6, in the
000006 and 0.99964 T |t
BiHEP PiPes | S ATTon SRESYEE N BNl cfes O nefiiapih M)
denflﬁh\éf@govﬁné%rﬂb@dmt\m?éhg HS C@ifﬂeredTl’remlctabCaﬂioaé ®fe that in this
0 lvergence ver ane
Suiamendn Hodeatesis holkehs’ a6 A th a5 s Banch and equal to

T @?M in t:h% CH38 tﬁ@bél&%t@g velibo i tﬁB'ﬂénd&fne# {oen .\Hﬁ chrrent densrtles of 0.3
Iﬁ{@mfred romthe above one that in this

W@kﬁ@sé‘ééc"bf weRe [eSARCYVAlY| &5,%9,9§219ngn999g33¢,\eﬁge resulting

ArASEAtRl ata Busit &lenti 0120.8 KVcrhwhd1H8.0ca8 e tHecalculated angle of
cal cul ated values of the ratios neff to nJN at current

dlesrgendeds imthep/egticakplapgrpt apdrent drRagity P 1Q&ALm” was 9.0°.
r esple?qté BRIWInG e FBBdmeRT Bf ﬁeﬁ%%seghft@ Eﬁ&ﬁél’eb Hdm mg embodiment

ation at a current

smemat;cmﬂy pregeategidn &ig- dtie dhagriy fhés @ﬂnboqlmeat \h@rlg%weéas@ifs 12 and 13

oW ng enbodi nent
I@gsg@ 8Fargi 9, 2yo @umh@'y@@qshmﬁaywé 1Srasd] freate mtroduced additionally that

d 606LXs Q dcrd O A Qde &f fhg 4dned 1dyBr b&thveen the confining

ment the ayers WEr e gr own
LTS 0SGars, 9554 tamisaicht EBrRe? 8a Ton Thegbianod A5dk et (o the low

Lrkdht P A1 IR té’ﬂdrﬁ%' ) ang%y%rr%dsreaﬂéjec?gohxﬁ%n@%énjnﬁa'llrré/&stances

adj ust1ng | ayers were introduced
amwmasanwwmeﬁwn@ostmses made of GaAs and | ocated on

h f
oo TGt Rkl ol pAsis HoL4EeR, R0l gmbosimen
wlemaheeilylﬁ&sentmien 9. tIHe thad o th@mwm@ﬁ the thigknesses of the leakin
Ia &1 Q'r‘?d 1§'%fe?é]gesg>ect§/eh |'v %ﬂég ar'n @;ﬂ,%neflﬁe 'ﬂh&(n%‘%] gf the main

Srstances  and ¢ stresses.
éd}hétm\gn ragereﬁbwdsnens prh tAoe tHE &mbsdiendrit gof B HiSHIf theedalculated

f t.h

Lo PRRINERS o € ahE R SRR ok g ot e

tehgedtﬁélk -1i, CFOOOH&)neIr(SSt)QQB4aﬂTHe ié%u%iagﬁmm;ﬁcm-hlaéel ouri@nbdensity of 0.3
e main .adjystin

PRl wgoulod B  Fie RefSRet Sl ob BaiBR0 % 2T KR Nhp lane at 2

S@tent gty of MBgAIchiides sto the ratios neff to nIN at

current densities of O. and_10
The following embodiment of the I-%T% see Fig. 4) di éa}lfergg from t‘ﬁe above in that

in this embodiment two identical active layers 2 were formed, the main central adjusting

\k%’f Cq?rgwil( &f Algo%ao %h@%gqrtoath& Wak&Rte %de)(hé?f\mt?ﬂQhe mlam 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
anplification at a current density of 0.3 30 kA/cnR
was 10.2 cm 1. The cal cul ated angle of divergence OL
in the vertical plane at a current density of 10
kA/cn2 was 8.10. The foll ow ng enbodi nent of the HS 1
(see Fig. 4) differed fromthg above in that in this
enbodi ment two identical active layers 2 were forned,

A P e AT A

anstoditfentiafitireold8 dlettie caledlatduevaidsisck s mtio ntdte medtrcurrent densities

AT, p Ty R alerd Teihec iy 1 TloBoz FHICEIOEH. Ble resuting

anhpﬂlfiaaﬁonmtrae ntrrerd roensityesf 0.8fkAJcrB? kwas @ camid The daNudm@j angle of

0000 d 99984 |
bt e Gricaloibe ara SHisnlpRgr 03K s 48
8 9 cme foiﬂnmg:aérﬁbd(ﬁhem amgte ¢iS 51 ddifferegerieen ethe igmbodiment

TR R F TR TN RUIE L By

|£yé?r20tdaﬂs@eéb@¢iweemtn (eéﬁlhefﬁﬁbltmalkdéﬁs pf 6968 1L.a0 sUBIaE&rS of e n-type
inthat in this i ment tenancer‘gral JFUStIn

gl e szap%cﬁ?@reéﬁwesweﬂwtm IRIHTa AR GRIRan 19 enlratiogs of 510'°

@h2 OrHaO&ubByep BbindYetype Mastdiaced- dﬁ/ﬂh@ s;cwwf t’hb&embdtly@%yer of the p-
doped respectl veI wth tell

o Gl raeoRT G s By e Barel O e S Eer ooty laver of the
mwﬁmdwsms&g%f% ,ﬁ_k},@em de of the reflective | ayer

of the p- t

O] acatheiioldtiig,; aEoemens va' Aieled ST embodiment

dEhbbrRBcAN hrédentedUR H Hg atig it |ﬂi h@s 8mbydidentline |éa14-|hoavdr@1z and 13
enbodi nent of the 1 differ dfromthe enbo

WRRET#S Wi [P SAMes ePRRFIOR (RNG thefefpie wilyine it active index) as

ﬁ%@ﬁﬂlﬁlfﬁj‘%yér@q olpakni ﬁahélyeéfSAngZGémgﬁ\sland e Méﬁw@f&éi@rs 5and 6

sane conposition (and theref

th t
MFP%&%‘J{%GESM@% eOnRAsitio rﬁ*qm@wﬁ‘f%&g&erﬂf’%a“ﬁa}‘e HS 1, as

étﬁl?}?ﬂré!d weth trd §re3%§§@n§§%ntaﬂr[§$ 4 Ressrafunasdriol eayeRy @bweder, it was
an w t hout sub]| a\)éers had the ¢o

qiaaéaqﬁz;'@gg By, Aacregsgds Vaivgs g¢f n@ﬁmucof’estlsﬁgrﬁ) % therg@l resistances and

Sommassek methnidaestRis@¥é ous ones, contained a | esser
nunber of |ayers, however, it was chara teriz

i ncr eHRropaasdsaisey 3O Meed9-ivasdnrdawity rH‘?&IO he dmbodiment of

the SymnfElER S aNsteseled PNAE €6 SToviBe Eﬁﬁé’(ﬁﬁ?é g e ﬂi—%‘é%ﬁnd the contact
The progosed Laser 30 (see

gy 8f theyep- @ﬁaoferfn%tonofhe pﬁeg%%ﬁ@?rfne Ow"pwe%?wm) the
meta'ﬁizgnonllayg@ @B?st&%ﬁﬁw '@bqﬁjun@é) e ébrﬂl}é@eTﬁe'%nbhﬁof the optical

contact |ayer of the e forned on the o
resgeatpihbes ¥iaSVAROBEN ?ﬁ@al#p@ﬁoegmtﬁ%th%‘@mq Ea&ﬂSo%'f the reflective

+c§%\¥|ﬁ§ﬁ 3b %98 ﬁhﬁ%re'ﬂg(ftfoh%ogﬁigiéh%%)aspy@:’n@elﬁ‘m|=4 8$bs, ahR, = 5% were

eng optic 25 resonator L,es was chosen
applied. Tbe 200 regmnST@‘ eureent |flowy bad Batess sYripa width of 10 um. The

53%4@8& tNr%ho‘?c? %rlrémsdeﬁgl f;/] w§$’.3 38“%5}'7 rﬁEf hg%é g[fferentlal efficiency nqy

I éSpect
wpplabed. 88PheAL ol Nﬁees; 9@ ioertnreshatd puretmt fib dov 2Raeh/emirethe resulting

%’UPV@%P%E‘L@G acta\}ef mye\rl\gszlgégc%g ,&ﬁ%\n‘g £d '!tcs\%r %rzcﬁé’ og leak ¢ in this case
Ghrfiera@n P &d 1 GBf Ivmmﬂmbv:ﬁbdi the single-mode (in the vertical plane) operation
of the Laser 30 in the range from 0.35 kA/cm? to 20 kA/cm?®. The known calculated
confinement factor I" defining a share of laser emission propagating in the active layer 2

at a current density of 10 kA/lcm?was 3-10™. The calculated angle of divergence 9, in the
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was about 88% At all values of overthreshold current,
up to 20 kA/cn2, the resulting 30 anplification in the
active layer was nore than at jth,. The angle of |eak

cp in this case varied fromf,to 1.65, which provided
the single-node (in the vertital plane) operation of

the Laser 30 in the range fromO0.35 kKA/cn2 to 20

kA Crv%rt|c£h@aﬁfél@atr|*ea“e@bq#dna7%d (atGOdUrieRE 8@ty bﬂOBeﬂ(Ach ) to 6.0° (at
defi ni 51 a share of |aser em ssion

RAGE ) A pizo of ke emigtineraser abRirvet @fr o3 %at' thst %5@8* facet of
tﬁéers%napS% fl vericat s@n@mgh@d ﬁBmOB 7?&9@9 @%SQ(A/b:ﬂz 1B fhm (at 10

veri) cal plane decreased from?7 at a current
KzPémOty of 0.35 kA/cnR) to 6.0 (at 10 kA/cnR). The

size §fg 5r8§os%@L%Eéf‘i§b (%6@%(%‘%) ak S¥Rle With Belde W tHdEnbodiment of

out put Optl cal facet e’ resonator in the vertical

the swemedic /Y 1fpresanted7intig.ad. imWRBh kg teakn tayers. @ #nq 1 as well as
tﬂQélré\M a?@%)eﬂ Ihe @ Qp%e%flb&%rlagé} Qf’%ewgl'egma@a WS the a low

use of the enbodi men ymetric
qastent of é’ééf@ﬂ‘eé«topaﬁaéasﬁ\s gnd fremydds. C@ﬁactsh@s Irééikeqt'MeW alpethis case the

a’ltﬁullﬁm?%r}stﬁ\ﬁ IéfV'élré 18%3nd t1'@%§rbﬁﬁ$d§%§¥§ﬂvﬁh %ﬂué\ﬂﬁncﬂr@s@éa of 0.24

ectrve layers 5, de the a | ow
wwontkiatempodisent b theAlLaseo%dwdgsma%avdefﬂel@my, power and reliability of
@!a?atfb%Gm 94As, respectively. In this case the 10
uxilrTary adjusting layers 18 and 19 were nade of GaAs
wi t h Brupibpededdiases3@seofFi@. ) avasmadenvith thebisgiaithe engpodiment of

thé %sgrﬂﬁ%ir 39s Wa&eééh‘féofﬁ%ﬁ& ﬁfr{ Which @I’?é’te HWeLeRND ?nsc.je1e3' identical

Irél erati on prop ose Las r 30
|ﬁ|cgmp6¢|t|wa31adaluieknﬂss¢s ltelapecmsely@f Oﬁrwdehbum By rehoaging thicknesses

ool AN Gy 13vdn® SAEY Fnlobn g gBndl) 60’5 Evem* was

@cﬂ’fﬁi@&l The ﬁalchaﬁdtdmg@(m@sagemes@ﬁntthe/ eénicalf plénebatafitet decreased
choosi ng t hickne

7.0 m B%/ ‘ , eg of c,he i.n_adj uggjl ng
e dr% (8t afuTent depsipvefot }@rﬁ k(e 9 apd Fren‘increased to
Mﬂ‘ &\Movmcmﬁcm Hisehse the sﬁ@'o‘f ‘tﬂé‘érﬁﬁtlrﬁ}ﬁ%ﬁ (8f a level of 0.13) on the

di vergence 61 in the vertical plane at first decreased
dutpuh optisal faget af therresantatatdm dier yeriisfal plage rfitshippregged from 4.6 um to

ﬁ%“&*ﬁﬁ%ﬂﬁ%ﬂ ﬁr%ggeé E;eé‘ Q{?r eased to 8.1 (at 10

case size of the emtting area
( at aTHmeafodibwng e(anmu’d)mm of ftree Reseo 30 mlifferepp frovathefaboee inothat in this

resonat or_.in rtical
E?ﬁilﬁ\ee{] ﬁ]eq%ak -ig Iéyréﬁ? iﬁ gnfjc@ w%g%ﬁ% ae;\sé/ g( He> %arh@%rﬁﬁ%ﬁtgon as the
éo}iflhm\yi lagere b cohd mMelnhamielyt bé Al a3, 6.38. Tné f&ﬂeetWef lepersthé (without
ahove i\n that jn.t 0 Y
R gt speitnd eanpolisbEng Fas@ s compared
with fHerpragolisagresss cdrilainedl a ldssenauretber of Eyerkl o HEBGa6. 62As.
The reflective | a (wi.tho 2 | aye
made 01° APBOELB el IRt HE P35 e BfbSament o
ﬂh@ aseymmeirrq:)&ISsdi presdnltect meFigr dy inowkicbries, |dem|caha¢twd Iayers 2 were
ser ers. of 1. Th r .
SR e RUE B serRL A1t BURERLR iRt or 0012
th wésh@laaéd/ NAehiS ietnbid@inderired sed tLaseri 30 Hegthreholdrounentdensity was
e\gfo C?ent #é?}f\/ agtive layers 2 were nade, and between
FERERRY 19 “Central adjusting layer 20 with a
The shRAGTy eMbBdiRbAt 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" ¢m™. 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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30 mwas placed. In this enbodi nrent of the Laser 30
the threshold current density was reduced to 0.25

kAl cn2. The foll owi ng enbodi nrent of the Laser 30
differed fromthe above in that the main centra
adjusting |layer 20 consisted of two sublayers of the
p-type and the n-type, each wth a thickness of 0.005
m doped respectively with c2¥bon and silicon with
equal 35 concentrations of current carriers of 5.1019

subByérs OFrgvit@ﬁemt@tthmeli phsdage ota@feént%ansar@at fctisel bslyéy@f@to_ther, and at
rovi de e nne assage curre "0 one acti ve

thE .3ANe (CHTERlo b EPPIIalE o8t they SPURed @pplicst valiaos, rutput power

inéreBsw] bypmepager eftweur rent fromone active layer to
anot pher, and he sane current ut approxi mately .
STOHHE Bsttred 545 A o8y i i oo SOR raS BRaE o The thsis of the

erhwcﬁma?te@lf thy Htshhe Msoo\ fedoih Ei%\m. ﬂ’H@?ﬁREW@O@m isfSeﬁ«h‘iot hdl:@mgnt and the
use .SO I N e. S nmade on asl s Of e

mEBH A 18 A B0 GEMPSle B eo e Rad M RERe emibodyn §hgheybaser 30

pr@ﬁerttfbdi mt Hgmtﬂxfi@pﬂtthﬁ{td tﬁeh@leam_tfg&gs of tth'ﬁtl-ilﬁ 1 therrtc)la(rjifying f{lms with
manur.acturi NnQg. co ete C ed w e odal n

e B R is R cath e 6 . [ iare Sbbibel AL al PHlags prurrent the

reb_tﬂte?]g bm@mﬁslaﬁéralghlethsta_@ﬁvet 1b@er]td]§fiﬁed btfe tr@R@frﬁﬁQCﬁ;itlggs fa;pu gfﬁckln(;sses of
W equ re ectli o cO I Clents K, (0] . 0

g talerg S E ISR 2 e, Ut TeRF B RoR fREnTS Bo. A Rigwas less

thafmb itfﬁrjetgr@dldi Qalué gmf t%ﬂ_ﬁefiﬁbﬁdfﬁud) a%/a%eslfﬁéﬁ?@l?sbw 1tdwmt /cm? and more.
co oS U1 Qns ,an | nesses. o e eterostruycture,.

Thegaiiione! gayseegs fFomdns SEMaleysto Medesr-ni Bvars win a Signal at

theitbURZbotRs tb 88 nettimansd dfextbsddsd @ lcdrryit dédsigf more than 0.3 kA/cm?.

sel f-excitation up to current denqsi ti ei&ﬁ%f A0 kA/ocer »
Thangi ok leakmip this f@se insreases diems 87 8h0-P Ry ton]-phieat 10 kA/cm®.

Tl?ite'hﬂgnéeaéf k@ of e 1S@ah Nyt RY RABME }Matsh&?! 05|u4P8ncthe angular

e I nput) began to be net 1 n case of exceeding a
apariurewas dpprokimateinf&°x bah 0. 3 kA/cnR. The angl e of

) 55T ovpl SRRl R RESRE Ad B, Bt ofdudalfiE B aitered
frdQ the almkayctme width 8k e stfipe aegion loé ca_rrguﬂ Bow egpel touBeum, the
Qe IBRE AR TRt feertiating 5 1, B freldiEl 4 BRRFloRaivetonth of
130%0mm| deewelbay i thyt tbhiee wptitiahfaoétst3ewitht the piarifyégy imsef and 42 (for
whih £ g fciesp Wittcnientt oL B0 A BETRRN b ipre gopped: the

inpatvepteapfiterof3 &0 id@A%framission Wwebligrathe impuhaptidab fadee 31 with the
ns, 41

optic facets, 31 with the.cl i fyi fil nd 42 ,
ol Hi 48 i ing oythab SplerE s A bramBul o lfission FRM 98 opposice
o;ﬁic@ﬂ%efﬂ?aﬁid’pﬂwbQﬁdrif;firhd)ﬁlnﬁﬂlsﬂ}he stzeu pf e erfttadce 'ﬁn@ gkit apertures of

optica i ber 4 r i,nput .of ep ssion throu t he
trRPSNE e o {10 e e R g Tor it iy R AR RS the known
o;?fo‘,dl m{eﬁs,wﬁ@uhat@etiﬂ ;&o”stlsi_bfé il@eclgou%t ff’ngrlln@ﬂtbﬁti(%arll Gibercdd afd &k output

rom, e osite . | ca ace W ne .
oRtical fibgy; A 1 ithenopoal TRESIS; HleWiththe HroNEaRansHide Coptipgs AT, and 42
di%bﬂ?,t iHi@fmeafate Borithe WihEthé G AR el THIS eHBudithaiR ofPESAR 40 can be
con he apert ures. o e nown opt

orm.t tht ..of the i ca

usq%_@'ﬂtﬁ, h'a%i icisRicas PoYsEABIESTo 0@8_&% SUSTE ﬁafmall wavelength
conveHem! infrn&@drn 4B BOMIRIcAtIGP Whks. MBtrh&iRl advehRbe 4¢ réduced noise

t he opti cial facets 31 with_the caorrespondi ng coat hn%s,
dqgrrgﬂgcs ly low losses of input emission in its input into the SAE 40. The hoise 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
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directly, in inmrediate contact with the SAE 40. This

enbodi nent of the SAE 40 can be wused with high

ef ficiency as power anplifiers, optical swtches,

opti cal wavel ength 30 converters in nodern fiber

communi cation links. Its main advantage is reduced

noi se determned by |ow | osses of input em ssion in

its input into the SAE 40. The noise factor in this

case can be conparable with that of fiber and Raman

fD T ' . _

o O 0Bt e PR pRTNACR, 1 N e B Ao & g SaE 4o s
alsggﬁaﬁots putaet poelifleg emissinriis pastieally gynanetierendmasfa dw angular

divBR8hes baiaksiot smal | -signal anplification of a 35
m%naf In such a SAE 40 nore than 35 dB can be
obt ail hedolloaing embodiment of st SARe A0 aseddn theiSeA dliffered from the

i Ithe i il . oli
ol UL 0 S L LGNATIITIES s v o

cawityl ¢ff the dbpiod! Secadratian argietof 4l This dpmmeadd & possibleaty weduce the
| . of sl on ’ :
el eARA @ ing AHELRRRBEIOR, cRARMR, dd ke gPpieBly oy an orcer
of megnitidafd¥ mes). t hat t he i ntroduced nesa stripe region
of c Lipgl.i [ e
the”Shf Topdepd SAE 30BER LGN 168 SO S Bl ok pasis of the
epbedimsing of ther 3 uceresended irefigi 2eiba SR 40 oh thiy ambediofent and the

oA s PRRRE L 6B SR ARER L TBLTRIGPY 8 Losor 3
pmedtegliis 6id. 6, eXvepSDAat tedbe wmeemfacghs)f _kﬂassH§ ‘othetdhasifyingfilms with
o§7REh el Kol R EPEDL Bl apbiies, = The 54 40
manufThe truopasgd coRp |48t esed aistricitbe SO twast mede rdnothientaris of the
oftbolitferkdcihe s, B GREHIES, 166, 1, ofip ARkl Bihclils win the
emibotiment obtherleferedl presentedfirf Figi énexsepl thantd tRe cleived Batets of the

i ; - 4 I ' h
HiE L g ifg (RS yBhCORRF forklliyt SoUfBEnS RO ahd Hatdr PR were
applgdesented in Fig. 3 and conpletely coincided with
th ' t ; d,.| Fi Vo
e TRRGICTRE'SAE 4 R3Rh 1 Qpd " SIR R e e vasis of e
eoibadinfent gf fhiel S Wi plesenjadl inr il ek tand ncaariételyc ceintigdedr with the

Q19 i h

ol PR s, 1B ORGP P8R0 et of o
Hsb trei alaiiying filmshdd , W8 withmqeslerileion nodfligentd cafd1% were applied.

S0 oy Bk Sorbufit SftEfed driné sAe R I8 e SOE 3R from the
efripodinend fof theelLadd® 30 wikietwd activieylayrys fwilhntbe 4dnnel Dagsage of current

| : ey 10 . )

o5 5 FRIARS) ENGRRh oA S 408 o

the 3@a miofdsed BDA (erw Fige 10 odyoptiseere mabter Iseutcas¥rin@0 emission
b 8 S AE L o\ 0B 0 B, 0288 o e s o
agp efddecwitmttise ofe tdfighelsanief ginhgdifriehtrsf 41 HE2 1 ofesOrilgetl ebove and
sg%ﬁrcgwﬁfegsﬁgé é'ﬁn %gcgﬂg'r']fgle Lja(gér 56" WBihtiaES witn RS ta%'bve embodiment

sii?:nrwgtﬁ:ally 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 6. in the vertical plane at a current density of 10 kA/cm?
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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 sane enbodi nent of the HS | described above and
schematically presented in Fig. 1. The Laser 30
coincides wth the above enbodi nrent 30 schematically
presented in Fig. 5. The distinction of the SAE 40
fromthe Laser 30 consists3n the clari fying filns
41, 42 with equal reflection coefficients of 0.01%

area®pr.i B oulputt fsver lof theelthdea 86tis {18 sinJlaespatialinpaler egpralitm for two

aflgfo R ISl ok S entl SELalfritar e el Laser s0

and ketraraseapediraaoiiine IBAE 40 hrakadiepassibid tor digofthe has@AEadér 30 and

PSR A5 BE JonBRftn S SBicrl 3G 2 8pchedl pislite it them wih

suffitianteacatiraay @nd tenlossksns icnyisxidn. Blick A/ DR is30 sugarkigh-po@er source

of iRl EhheRarEin Al T 2B desd b iomnsyer oo

indices is 0.5 W The | arge and equal output aperture

of the master Laser 3 d.ent.ran aperture of the

SAE 40 maeke it possi b&'gugg‘gﬁéb%aa@ﬁz mast er Laser 30

and the SAE 40 on one |ongitudinal optical axis with

a shortest di ce b it i Cl . e
acouna P i ARPT B BRE R ot e dLblabiRiiog emission

sosrgpe rsaciy raspinjestiors tasece  sendicdnidghtoq Eatilifyyngs eleglemtsyoaeniconductor

onfih . st 2HE Hob B PSSt g, vansmisson

syster@a} inooptichl supertiginshestdorommytieg taind rswétnhiag isgstemspinr deslopment

such_as injectipn_|aser L.con tor amplifyi
of Bkl B, BREE P SR ERRE, i Por SR blelt M. an or
punpérg dolidfidbe andfiberanplifiersrndddseon and dat a
transm ssion systens, in optical superhigh-speed
conmputing and switching systens, in devel opnent of
medi cal equi pnent, |aser industrial equipnent,
frequency-doubl ed | asers, and for 15 punping
solid-state and fiber anplifiers and | asers. 31
CLAIM5: 1. The heterostructure based on sem conduct or
conmpounds, characterizing by 5 the ratio of the
effective refractive index neff of the heterostructure
to the refractive index nlIN of the |eak-in |ayer,
nanely - the ratio of neff to niNis determined within
the range from one plus delta to one m nus delta,
where delta is determ ned by a magni tude nmuch | esser
than one, the said heterostructure containing at |east
one active layer, at least two reflective |ayers, at
| east as one on each side of the active l|ayer, the
said reflective layers 10 forned at |east of one
subl ayer and having refractive indices | esser than the
effective refractive index neff of the said
heterostructure, the said heterostructure containing
transparent for em ssion the |eak-in region | ocated
bet ween the said active |ayer and a correspondi ng
reflective layer, the said |leak-in region |ocated at
| east on one side of the
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said active |ayer, the said | eak-in region being at

| east one, the said |leak-in region 15 including at

| east one leak-in |ayer having a refractive index niN
and consisting at |east of one sublayer, as well as
the said |l eak-in region having at |east one confining
| ayer consisting at |east of one sublayer, wher e
i ninto the said leak-in redlon the main adjusting

| ayer is additionally introduced, consisting at |east
of one sublayer and having at least for one of its
SUb|§¥R| arefractive index no |l ess than the
refractive index n,N of 20 the said |leak-in |ayer and
bei ng adjacent with one its surface to the said active

aa at T PPl lphs p8RRPBh 5ot G Bhhgidiaylp@Btefang by
thlecrationgf me m‘bcwet refractiva dedex| res sfethe ttileémotthﬁsture %t_a;] #et refractive index
o 6Bl 8P g P 52 o, Mo M panse o
omapys ddltacpeors mimus @8tac wheendsita fe deterimedfbynafrhagritude much
B SO REN Gt bR REEERC A HE P Mt o SHES ByBP Dt east o
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s RTaleh s 8ok sl o gfthd & Gadt o bltp MIEpyna having
at laysztrfohem of itsedubtayersva refradtive inbdes ao tiasstthan tr@f neﬁtad;tlveendex N of
n N
ot (ke (¥ Eh b ittt M anetrs faseetorthg said.agve taver,
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Iq@%ﬁtéaivi%qeg ?t%afﬁatézh\%/ naeg ge§§+rdtﬁﬁr§; il*l% fer\é\ﬁt |M}\§< cgfetﬂé & Ej main adjusting
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madry egntiad alijastirigeidyercie nsdasdd ccgrstshng\aoletalst of tremasutligyer and having a
re‘?%@ff\?%lﬁﬁ% r?% grgg gg;]:g %? reé&cb%eﬁlﬁdgxno the satg Iéa}f(p " IR 'é?\rﬁ'Nd' ng
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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fromone said active layer to another in operation of

the injection em ssion source. 15 9. The injection

| aser conprising a heterostructure as well as optical
facets, reflectors, ohmc contacts, an optical

resonator, in which at |east part of the nmedi um of

the said optical resonator nade at | east of part of

the leak-in region, at |east33f part of the active

| ayed., Therheterostrustige agfdefiaged inof claitre T ewhereini vé legglerone of the
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thatgfpge ?wgérés"{’r‘ugtu Ecote'nﬁéﬁ krﬁ?l‘éfm qUihgin étsleﬁg’te&?é 598 leak-in

the Tresultin |ca|ono em ssion in
lagertaf e baig dﬁakrla r%gm hag arefractive ingeoldgnticgl witb the eeffantive index of

thg%gﬁs&g},gné\,%pghout “the whol e range of the operating
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a&tﬁra%yer "!Hd'e? I%al%?gir ﬁiﬂa&gﬁé FE?IeEthef %ye?' efkctdh cBFﬁcéﬁfs%f the optical

ritying n opti cal acet as wel
resonglos ireflestass mdwelhua@kmmmos andethickpeisses of the heterostructure
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j ctor anplifying el ement as defined in Caim
tos%y\l\ﬁg?glgn the said stripe region of current flow

made11.nEhd aediconductas araplifting efemeht coppiising afhetesestaictun as well

as %‘Bﬁcfﬁaﬂe@ hgﬁr{g r? gé@ dgnﬂxp ganf;{ H%ﬁﬁ*ﬁ %i@q%trog@nopncai facet, in
wbishodhe enediul ofppricpagatioacest thewamplifiet eersigsidn oif agaiid iepiconductor

infdctiBf eARRIdnSbut R 4B8MRE! Bt ARhd RBk iV 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
emission in the said active layer throughout the whole range of the operating currents is
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coupled with the optical fibers. 15. The sem conduct or
optical anplifier conprising optically coupled master

source of input em ssion and sem conductor anplifying
el ement wherein the said 15 sem conductor anplifying
el ement made as defined in any of Clains 11...14. 16.

The sem conductor optical anplifier as deflned in

Cl ai m 15 wherein the said md3ter source of input

lesprssthen nidle eduan of njresutingn ampléicatiory brimpieg the said operating

%&ﬁﬁbﬁm%ﬁ% beflenf Pl ifd é)&:ﬁt fioh, def i ned, iy geat' ,qn 1E’che said

erein the i'nj'ection [aser eas defined In
heterosiyugigre made aeAeftned duamoef Qipimsc‘al 8anplifier as

def i pedrjd &\ﬁbﬁa g) mﬁfﬁﬁd‘b%ﬁen‘{‘@%r@éﬂﬂe& '}?no.gf‘rhdﬂ wherein the

I nj ection ase I'’d sem conductor a
saifl deaknin laxen of d1e salﬁ éeagaﬁéemem Ead &t thisgkneascanpieximately equal to the

wgﬁ’rﬁ bﬂgﬁ irtﬁ%‘dﬁ]&é&‘;%nﬁ%%ﬁtdnrbftcnﬁeﬁtW' ate contact

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 optical amplifier as defined in Claim 15 wherein the said
master source of input' emission made as an injection laser.

17. The serﬁiconductor optical amplifier as defined in Claim 15 wherein the
injection laser made as defined in Claim 9.

18. The semiconductor optical ampiifier 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.



