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the design o the prior the Tadiation intensity on the first
optical facet has been reduced on the side where the radiation is

extracted. The SOA designs proposed by us make possible not only the
realization of different directions of radiation input into and output from
the radi ation input-output region, but also the expansion of the range of
SOAs with large values of the outflow angles cp that are distinguished by

hi gher efficiency and | arger input and output apertures. The decrease in
the intensities of output radiation on the first and second optical facets
on the radiation-output side makes it possible to obtain high I evels of




Hereafter, the invention is explained by specific enbodi nents of it, W|th

references to the attached drawi ngs. The exanpl es of SOA
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particulars are reflected in the aggregate of the features in the clains.
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12 Septenber 2002 w0 99/46838 -15 - PCIT/RLT99/ 00067 Figure 17 - the outer
surfaces of each subregion, the second optical facets of h. sybregi.on
bei ng positioned at obtuse angles to the plane of the actﬁs%pFe&é}?ﬁg@cept
the input surface, which is positioned at an acute angle; and Figure 18 -
the secoMP MBI’y facets, which are pdsitioned at acute aRGF&RU? ?’g"‘l“ﬁe

pl ane of the active Iayer and which intersect at the boundary of the

radi ation | gLon th the | aser hetergstrucfure., ure 19
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18 and @cei Aghat i b formed paralfel 0 the fi%c?%ggoaatms

coef fici 0'6“%9 FLoPPRASHE 5 O@HF f%rtfP ﬁ“%e’r“é’“h\‘sslﬁo B . 1n
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di ver gence Iﬂnﬂ%ch MgcgaSSfSP S URIPPQsA byt the inpeqand opipuy of ff%‘t ment

of the andjpiéon-arespatishysepatated disaefly aththe seqand wptieal ficet. he angl e of i nci dence,
b, of the input radiation to the second optical branch 18 RIOR 17. The

i nner surface 20 of radiation input-output region 17 borders on cl addi ng

| ayer 8 and has a length LIORi along the radiation gain axis of at |east

| ength LAGR For the given design, the indicated |lengths are practically
equal, and the outer surface 21 of radiation input-output region 17 has a

| ength LIOR-0 shorter than the length LIOR-1 The length LIOR-0 of the
proposed SOA is practically equal to the Iength LpGR which is 1S00 p.m The
t hi ckness dl oR of radiation input-output region 17 was selected to be 260
pm The Iongltudlnal sectlon of AC 3 (see Fig. 1 ) deplcts t he sequence of
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12 Septenber 2002 WO 99/46838 -17 - PCT/ RU99/ 00067 The standard lines with
arrows show the directions of the collimted i nput radiat,j % % Er&ﬁzter
source 1 with an input angle 8 to second optical facet 1423588}
diffractionlimted anplified output radiation with a refractive index E to
second oPtQYM68IBacet 19. For the desigf-in question (see FPETRUINO0Mfen the
device is in operation radiation input and output occur along normals to

t he correspondi ng second optical facets. The same nethod is used to

i ndi cat e t hdo effeetaadishomeutpuigbraugh theisusface af theriBputzeuputisgionoppesitetiee 4 at
an i nf | oianangyirface, theautirefledive goatmg is ahdatonanpdrt ofthe sudace, as detemmined byre 4
at an outhilstwy ofnle eutpi apeitiie)of theliradiation inpptroutput megion;, ediidnisiopposittithe basi ¢
par anet ejnhef Qirfdeetof theh RutlBL hed adjhédne ko K R06nd bpticaliaded flohethRXdirdetien iof
quest! oneWehisn Ak BELwhknd H&{M@Am% 1e%iﬂ9ﬂ1e&ﬁ£ﬁe%ﬂ’fﬁé’a&%%§yr geqto a

pr”éﬁ?}ﬁéﬁecﬁw a&ﬂ{ rﬁ‘i‘%ﬁ oE el 4 (Toga). Vol - 1.

A (1984), Vol . 1,

No 7, pp. 742-753) of Vi Maeg@; UGBS h t he correspondi ng
boundary condi tions in[@%}) q@er I Rﬁﬁ?e g)SZt)ru es. These
cal cul at Fensutpsteid whieh fthé b@cpungadiaﬁohualdudaw nong@llyctoZﬂﬂ autput shrfacd, the

mat er i a|ar%éaflhgln§é{foh\(§ ik 8y tecﬁtot gled to achieve inversion;, p =35
x 10- 16dCI 1@ {' os \QF @rgcﬁat"io uf %pu %?%Bg'e

Imr;ljt gﬂ gl 5 ﬂf T?t:} ?sg tfa cg Hbre o?s ‘the S fitst 9 %1 chtglﬁL|1> wall Fegftoeihe
nonequi I?’gf' F‘hﬁ?‘g?"e(ﬁnfl § SP e Sa‘E‘E PRRE. ‘?ﬁ/ Y, se¢ Srad 'éo%ptl cal

| oss f acQuputi Bpmagnch sybregipnayhile the ampli fmt%raéwm i Féﬂc P‘&HP‘& dhein the

active gfaces forgingrthe suliregions way diffe from the ingingfien ebthe|seepndiopticdrfaget in

radi at i otheidinectionofuatliatioy iimput. U7 js pdssiblevial this casssto sekesh different adinbinations

| nput - ousAIkE angle o thclikatiin Ypddd YMmostientadiatioh @utpul] in€ludirigaaeh 6itpad nor- Jour n.

Appl . Phﬂ‘lﬁl {d tgtg;%)ane\@khe Rtive Mger. 3. pp. 1497-1503) for a wavel engt h ~ =

0.98 pm an ﬁ@r ?}?z{nﬂl rt Gup Hé?i”z)t dcﬁﬁl\r&’k's‘?ﬁfa@é of the ¥4t 1 @nge als =
é’

15 cm~ < ﬁ% acflﬁ t 98ign 2 1ts ?od% Qa tive
an ﬁ’s ﬁi ? Cofilit Bl Ot 5 of
gai n regl QL f a&ﬁtsf AR ﬂwat“ g Bfling g aqﬂ ST L ons
radi at i ofangefthe activg laxstdefgrmedatan anglepf dpclivgtion i s¢lp geféa} @airataeons -

radi ati on i nput-output pe S n cal.ly _honbgeneous.
The assuned val ues of tf{gﬁg Qggét_e ZZ)Z? ﬁ@g c@(ﬁ Po%?g’ dhd that

| NnGaAs/ GaAs/ Al GaAsbased | aser  heterostructure, 4 .in sti o a | aser

het er ostqa%@flﬁcevw%mag berade i fhe aé%ﬁ%ﬂééhﬁlbﬁ@lchomgs? F‘?f-‘s‘? glasphese
par anet dieterasigucira appositeitee pasitiongfithe radintiondnpuérautpitregined by nuneri cal

cal cul at i onTd build #8080Aitha nultistegoAC, itihpropesedl oss factor aoR (cm 1) for
the net outigwanigastaed attivegain fgidnd evithcan identiral infloegargie £ ahd outfidnednghn

i nput - out Py fof @8HOEhiA fegich b&RIfncd OA-the Gibake of&ﬁ@rﬂd@aﬁ%nflﬁﬁﬁtﬂém{)&rre%'@hg0' ng
radi ation fpomthe active gain region into contact layer 9 is a'oR =1 X
10-5 cm 1; the effective refractive index of the aggregate of |aser

het erostructure 4 with radiation input-output region 17 i S neff = 3.4775;
12 Sept enmber 2002 WO 991 46838 -18 - PCT/RU99/ 00067 the near-field
distribution of anplified radiation in the plane perpendicular to the

| ayers of |aser heterostructure 4 and the |ayer of radiation input-output
region 17 (see Fig. 5); and the corresponding far-field distribution of
the anplified radiation intensity (see Fig. 6). W also determ ned the
following on the basis of the assuned paraneters and the di nensions of the
SOA as in Exanple 1: the angle cp of outflow of radiation fromthe active
gain region into radiation inputoutput region 17: cp = 930'; the

ef ficiency of output of outgoing radiation fromthe active gain region into
radi ati on input-output region 17: rl1= 0.8986;



the input e~ciency r12;" of the input radiation and the output efficiency
ri2 of the output radi atlon which are related to the optlcal | osses
(absorption) of the corresponding radiations upon passagdZ2:3apirmier 2808 at i on
i nput-output region 17 and to the losses to reflection fromthe

corr espoW@ ¥§68Bcond optical facets Hland 19, are: i ' 12 =PCH/RL95/00060. 99;
the differential efficiency is: rlg =rl1l x r12 = 0.9; the output power
P'r of the anplified radiation for an operating current of 3.825, Ais 4.32
W t he eutthattatrleast awpmetive gain eegians be formedralong acsingle lpneaprsalidl tortbe act i ve
| ayer that suffacepfahe tadidtion inpttfduspataagion ang to-thePline cfnhk adtive dayak,evidh a

di vergenceﬁ&cmg\omﬁo Véah g Beivedt] B 8takts of tiRGicHV@fbgiorshe ef fective angl € Of

di ver gengce f

o ad: t at feald or{e ‘En%’ y%%gx%ﬁ@xﬁﬁ{ﬁdb eJra @ﬂé‘%ﬁh&% %lndl% 3\5 ”Q and
So - 3, 66b fof epoh eid o e frimerh a0 PRRO Bff ‘ﬁ‘é"'bH’tPHh I|f| ed
r adi atl on &RBIeMOTout put optical surface of the second optical facet is: p'
19 = 1. 09 thatetleagtome active giie réien be fonpedodong ehchof tab dines thatazerparallel

het er ost r ued gactsothenand kigwlliagé baPpogitet uifapel, widghshoddst dMtae dg@sin ¢
schemat i calpbivedft Mhecstaes dfthE hétbre ghirdregibY oRQpPOSHelsiRg. | f this were done,

the charact gpl $id,C dbfoséd‘esc%%“ OB G &t@sexﬁeadlﬂl\eﬁt a'na B Jint

| addi t.h d
1o, g Sl S Bl B
the firsfe @5 - subregi on 27, an alentht reof equal to 0.03
times LAGR spretespnbedimgnts gt Q%P‘fqpe%ﬁﬁ‘t ddbg master sopre lpﬁléflra iagion Bower

density ﬁonneches faatesonst amplifydng comperank (ALYi bnthis caseethei QA g pamee phcet
15. | n Fugerl@ningstieat fadiationyith ligh directiviyi on 17 i s made of subl ayers: the
first subl alnethe2éimes dBOrepenehibodiment tbfi thee$S@AS rit dsalpkoposeth dit t reflectéfsobe a
carrier jGedipeRtddalal the ablivegain Hehien 6fitid) secoad apHASOL 66lpSabdt. D ehisZAsé S
lightly glogesh sQ RuiREd yaairmmﬁal 1dse¥ raeﬂétﬁmt 0 1 x 101" cm 1. In this

case, absorpl b@iid PSORS Ctﬁé‘ i qdl Esupbdlufiind tpjdlédzsﬁ, 1%%;\ can
sed@lft?hera%?ld al?lré i oﬁﬁgﬂ) El‘fc%dllﬁl{l{e ?dﬁﬁs n& 0SS
: D o litnuss s é?'at'
|

be incre

factor ﬁoﬁ)ln ron 17.
Her e, arP"(SWle'Eg‘BBH e%“’&sgaé‘hown in
Fig. 12.regienofithgmmaster %qvécq:régéetmcalswm n#bﬂv&é@gleiﬁ (\ﬁ/thaﬁal\w)gqm region ef

cont act thd amphfyiieg ampangnini t h one of the cl addi ng subl ayers of 12

Sept enrber 2D0abidin 9 DOKE &B Ehe- indegratRCEMROIMBP 3dth sadadiatohaiyes ptposdd ch i s
adj acentthatGefledors be ditokpurixed githpuktivegiin fegioh ofthe aligwnsoutcd:i 9. 11. In Fig.

9 a highly pepadpiEdl sutpiahdRa6h 69BEHCSOAs |1§M@fuﬁﬁs%‘d®eh Hﬂdﬂﬁppbﬁeﬁ mal | er
than Ea {1 sﬁ?afll' &336?rdl%rgédb%hu@%oﬁhnﬁle”%%c%f & horiFHR e!; SitPlgced on

r adi atl put regl on the side opposite | ase eterostructure
4. The preéﬁh of t hi Sd ayer 30 | eads dlt{eon? st.a ztatl on of the
oper at i on B°‘§8§‘88ﬂt§ é"éﬁﬂ“%?mPH hem é’f‘B & spurious
opti cal 'refl}ee%’l"l"’ﬁrﬁ%g‘ the magterssapgce; a‘%P ‘%WPQ“"BB%@HH} the; mfecr ease
the resi st imeesusface Rhthe radiatieinputoutpyt regioor e, if necessary, the

st abi | i mat themotive tgaim mgematdfothe ghastdresoSoa a:ﬂnatbphﬂyhtgem;idxedt by arathei ng t he
i nclinati osaned lihdparakielao dthoonirfacalbof tircatiiafidn igpua-outputeegion And kathetplane

?gp: :)1;] i ed bﬁglb@&ﬁmayéfwﬁﬁh%saéflﬂ Dol /tanSp Baweemme%%s o?thd &?ve ﬁp E?'Q
g ar d Tg zl&ﬁg 55%‘%9%1‘6895? tH&'m gt %e ]ghjgﬂ% co og 45 h g

(Jo) = Wt
= 200 pm mpwf’éﬁafﬁ&afx&fﬁ%r?ﬂa QF ipppt-gptpy %eﬁ‘qn 34"t he thi ckness dsoR of
radi ati dn thestive gpiniesiongiodhe magker sowne sad anplifng gompongnh s dormedoo pm
Not e that @lnog eaeh of \two Huesethabar pargHel( t0 pachn otheang | thatgareTore oppesiteous| y
consi der edsurfaces, thendhorestelistanct betveeep tipsiscio S actas gaitl rgiond oavppbstenast er
source 1 ofurfidedbting Agp/@inig@n Wi th 4.32 Wof power (for an operating current

8‘; e§e2t25 A)ForOS@)'A%a ifhy 2t %mlﬁstﬁ &@a%f‘%otﬂhethbnﬁié&rff@%ﬁt tHen lgyﬁéraféﬁlt y on

t he nor %Emtl{h él% Hé) %ﬁ%&ti@gﬁéﬁf@? tﬁ%agf%%g{a ?mﬁﬁoé\% |1E11§ ig. 1).
The nai AUHY FEBH em ﬁf%t Yrbodi nent I ay in the significant increase in
the power of the arrpllfled radi ati on at the output of the SOA (P', is 72 V~
and in the decrease in the angle of divergence 61 in the vertical plane (01
is equal to 0.6 nrad). The other enbodi nents of the SOA shown in Figs.
13-16 differed fromthe ones consi dered above in the size of the angles of
“inclination of the second optical facets. For the SOA (see Fig. 13) both
optical facets 18 and 19 were parallel to the normal plane. This led to a
situation in which the input angle 8 of the collimated input radiation and
angle of refraction s for the anplified output dlffractlon limted
radlatlon were the sane: 8:E—arCS|n (nICRsm cp) 3530 Inthe “next
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.of the two-pass SOA, there is nore efficient use of the Iength LAGR, here,
the input and output of anplified radiation on second opt,i e are
spatially separated, and the values of the angles 8 and de@tqnﬂ:g égﬁﬂi
for the SOA in Fig. 13. The designs of nultibeam SOAs depicted in F|697$
17-18 weMOR¥HS¥ed for a nunber of apfications in fiber- diT/RUI000
comuni cations lines for fabrication of optical power anplifiers in
branched conmuni cations networks. In these SOAs radiation inputoutput
regi on 17 c&¥syigpe obfotal intarpal geflyctioninf sadiatien Som (heiaforementionedsefestivel y
posi t i oneurfadesrthosehsurfpaesnparfirm epticabjcaip ing dtetmespsthe motivegain regibns imthe ar e
separ at edadistidnliapwecwtpat repgioh camnfonatettberd® and 18. In the SOA enbodi ment
accor di ng t GofiSDAS Aith e 50RO M bt diRERE andBintdpeatd®. de ﬁ@ﬂhattm
second ORjstif 1sﬁe@l dlﬁgrehpk?gé GlhfeE ck rﬁ?ikté)rﬁ 4 'the l%ﬂéé‘ce

of the

mster ds%\é sibn of 1 SeOA I RHBHCL AR iRt B00 S5 a%J qgi&&at on
i nput ra 2§ Vef eemi‘ ?z'cr)qmpl? H'Pl)hﬁté“g s depicted for the
SOA enbodi rFEﬂ@Ct!Vﬁcﬁ?@gSslor After traversing the first subregion 32 of

radi ati om idigtributodBragg reBgitors, a7, the radiation will be output, as
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19-2Q) include several interconnected AGs 3, which operate in a nultistage
anplifier circuit: the output of the anplified radiation of one anplifier
Is the input of the next. The active gain regions of master source 1 and
all ACs 3 for the SOAs according to Figs. 21-23 are positioned along the
gain axis on one inner surface of radiation input-output region 17. Here,
coupling between the active gain regions is achieved as a result of total
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The increase in the area of the output aperture makes possible a decrease in the angle
of divergence 0, in the vertical plane of the amplified diffraction-limited output radiation,
a reduction of its astigmatism, and a significant decrease (by a factor of approximately
dior/dacr) in the intensity of the amplified output [radiation] on the second optical facet
during extraction from the SOA [3]. At the same time, in comparison with the design of
the prior art [3], the radiation intensity on the first optical facet has been reduced on the
side where the radiation is extracted.

The SOA designs proposed by us make possible not only the realization of different
directions of radiation input into and output from the radiation input—output region, but
also the expansion of the range of SOAs with large values of the outflow angles ¢ that are
distinguished by higher efficiency and larger input and output apertures.

The decrease in the intensities of output radiation on the first and second optical
facets on the radiation-output side makes it possible to obtain high levels of output
radiation power, without approaching, as is the case in the prior art, the extreme breakup
intensities; this makes it possible to assure increased operating life and reliability of the
proposed SOAs, even at high power levels.

The corresponding selection of the values of s, aagr, and ajor makes possible a
significant increase in the effective gain length of the device, and thus an increase in the
volume of the active gain region, and consequently an increase in the efficiency and
output power of high-quality laser radiation with diffraction-limited divergence in two
mutually perpendicular planes.

Increasing the effective length makes it possible to realize the promising designs
proposed by us for multibeam SOAs and SOAs with a master source of input radiation in
the form of an amplifying component and with a multistage amplifier, including those
with an integrated embodiment.

Another important advantage of the proposed SOAs is their high operational stability
and steadiness at high output-radiation levels, which are determined by the proposed
fundamentally new mechanism of distributed radiation input—output [to—]from the active
gain region.

Let us draw attention to the fact that the technical implementation of the proposed
SOA is based on known basic production processes, which by now have been worked out
quite well and are used extensively in the fabrication of typical SOAs.

Brief Description of Drawings

Hereafter, the invention is explained by specific embodiments of it, with references
to the attached drawings. The examples of SOA design presented are not the only ones,
and assume the existence of other embodiments whose particulars are reflected in the
aggregate of the features in the claims.

Figure 1 schematically depicts a longitudinal section (along the optical gain axis in
the active layer) of the design of the amplifying component of the proposed SOA with
radiation input and output through second optical facets positioned at acute angles to the
plane of the active layer, and with an ohmic contact with the outer surface of the optically
homogeneous input—output region.

Figure 2 gives a top view of the design depicted in Fig. 1.
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Figure 3 schematically depicts a longitudinal section of a specific laser
heterostructure with the radiation input-output region, each of whose cladding layers
contains one sublayer with refractive indices of nior.

Figure 4 schematically depicts the change in the refractive index in the direction
perpendicular to the layers of the laser heterostructure depicted in Fig. 3.

Figure 5 graphically shows the distribution of the near-field intensity of the amplified
radiation (calculated data), with the superposed change in the refractive indices in the
corresponding layers of the laser heterostructure shown in Figs. 3 and 4.

Figure 6 graphically depicts the far-field distribution of the intensity of the amplified
radiation in the normal plane (calculated data).

Figures 7-9 schematically depict longitudinal sections of the designs of
heterostructures for different embodiments of the amplifying component of the proposed
SOA:

o Figure 7 shows the sublayer of the cladding layer of the laser heterostructure that is
adjacent to the radiation input—output region, and consists of two regions with
different values of the refractive indices; :

o Figure 8 shows the radiation input—output region, which is made of two sublayers of
different electrical conductivity; and

o Figure 9 shows that a second additional absorption layer has been made on the outside
of the radiation input—output region.

Figures 10-12 schematically depict cross-sections of designs of the AC of the
proposed SOA for different implementations of the ohmic contact, specifically:
¢ Figure 10 — with the electrically conductive additional layer (the radiation input—

output region, which is the substrate);

e Figure 11 — with the electrically conductive sublayer that has the smallest bandgap
among the sublayers of the cladding layer adjacent to the radiation input—output
region; and

e Figure 12 — with the electrically conductive sublayer of the radiation input—output
region that is adjacent to the laser heterostructure.

Figures 13-16 schematically depict longitudinal sections of different AC designs with
one subregion of the radiation input—output region:

¢ Figure 13 — with radiation input and output through second optical facets parallel to
the normal plane;

¢ Figure 14 — with radiation input through a second optical facet parallel to the normal
plane, and without radiation output through a second optical facet positioned at an
acute angle to the plane of the active layer;

e Figure 15 — with second optical facets positioned at obtuse angles to the plane of the
active layer and with radiation input and output through the outer surface of the
radiation input—output region; and

¢ Figure 16 — with radiation input and output through a second optical facet parallel to
the normal plane, with a single reflection of amplified radiation in the radiation input—
output region from the second optical facet.

Figures 1718 schematically depict longitudinal sections of the proposed SOA with
radiation input—output regions separated by second optical facets into several subregions,
with radiation input through the first subregion and multibeam radiation output through:
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the operation of the SOA can be 1ntensnﬁed by varying the inclination of the second
optical facet 19 to a value such that the amplified radiation reflected from it is not
incident on the active gain region.

In other embodiments of the SOA in question, as depicted in Figs. 1, 2, and 10, the
active region was formed by a strip with a width Wi, = Woue = 200 pmy; the length Lagr on
the order of Liory and the thickness dior of radiation input—output region 17 were chosen
to be 10,000 um and 1,700 pum. Note that when this was done condition (10) was
fulfilled. The previously considered first embodiment of the proposed SOA was selected
as the master source 1 of output radiation with 4.32 W of power (for an operating current
of 3.825 A). Optical system 2 for shaping the input radiation was not present, and the out-
put radiation of master source 1 was sent directly on the normal to the plane of the second
optical facet (not shown in Fig. 1). The main difference in this embodiment lay in the
significant increase in the power of the amplified radiation at the output of the SOA (Poy
is 72 W) and in the decrease in the angle of divergence 0, in the vertical plane (0, is
equal to 0.6 mrad). o _

The other embodiments of the SOA shown in Figs. 13-16 differed from the ones
considered above in the size of the angles of inclination of the second optical facets. For
the SOA (see Fig. 13) both optical facets 18 and 19 were parallel to the normal plane.
This led to a situation in which the input angle & of the collimated input radiation and
angle of refraction ¢ for the amplified output diffraction-limited radiation were the same:

& = ¢ = arcsin (nor sin @) = 35°30'.

In the next embodiment of the SOA (see Fig. 14), the second optical facet 18 was
made parallel to the normal plane, and the second optical facet 19 was at an angle of
inclination w4 equal to the outflow angle @, specifically 9°30'. This embodiment differed
from the previous one in that the amplified radiation emerged through optical facet 19 on
the normal to it (the angle of refraction £ was zero).

For the SOA (see Fig. 15) both second optical facets 18 and 19 of radiation input—
output region 17 were made at angles of inclination 3 and y4 equal to (n/2 — ¢/2), in this
case 40°15’, which were obtuse relative to the inner surface 20 of radiation input—output
region 17. Here the collimated input radiation and amplified output radiation were
directed on the normal to outer surface 21 of radiation input—output region 17.

Figure 16 depicts one embodiment of the proposed two-pass SOAs in which
amplification of the input radiation takes place not only during forward traversal but also
during return traversal of the active gain region as a result of the formed reflective
coatings 31 to the first optical facet 15 and the second optical facet 19. The latter were
made, as in the SOA in Fig. 13, parallel to the normal plane. In the proposed embodiment
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17, and the aforementioned process will be successively repeated in all subsequent
subregions 32 of radiation input—output region 17.

In another embodiment of the multibeam AC 3 of the proposed SOA (see Fig. 17),
the second optical facets 19 and 18 of each of the subregions 32 are formed at acute
angles to active layer 6 and intersect on the inner surface 20 of radiation input—-output
region 17. Input of the input radiation into the first subregion 32 is performed by analogy
with the SOA design in Fig. 13. Output of the outgoing amplified radiation is performed
upon total internal reflection from the second optical facets 19 in the direction of laser
heterostructure 4. The angle of inclination vy, of the aforementioned facets was chosen
from the range from (n/4 + ¢/2 — o/2) to (/4 + @/2 + o/2) and is 51° (for an outflow
angle @ of 9°30). At the point where the rays emerge, the contact layer 9 and ohmic
contact 10 are removed, and antireflective coating 16 is applied.

Figures 19-24 depict other modifications of the proposed SOAs, including integrated
ones (see Figs. 21-24). In the latter, output—input—output of radiation are accomplished
within the unified radiation input-output region 17.

SOAs (see Figs. 19 and 21) in which a second amplifying component (MS-AC 1)
(see Fig. 19) analogous to AC 3, or a second active gain region (see Fig. 21), which in the
absence of feedback will be sources of directional superluminescent radiation in the
discrete (see Fig. 19) and integrated design (see Fig. 21), are used as master source 1. To
accomplish efficient input of input radiation into AC 3 from MS-AC 1, all inflow angles
& and outflow angles ¢ were chosen to be identical, and the outer surfaces 21 in MS-AC 1
(see Fig. 19) and in the integrated SOA (see Fig. 21) were made reflective (total internal
reflection from the surface).

To implement MS-AC 1 as a coherent emitter (see Fig. 20), we selected for it the
design of AC 3 depicted in Fig. 14, with additionally formed reflective coatings 31 on the
first optical facets 14 and 15, on second optical facet 18, and in part on second optical
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regions are positioned alternately on opposite surfaces of radiation input—output region
17, with selection of the shortest distance between the initial faces of the active gain
regions on opposite surfaces to be dior/sin @.

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

A feature of the integrated SOA (see Fig. 24) is that, to effect lasing at one
wavelength, optical feedback in the active gain region of master source 1 is formed by
distributed retrodirective microreflectors 33, whose spacing is related in a known way to
the wavelength of the radiation being generated (Handbook of Semiconductor Lasers and
Photonic Integrated Circuits, edited by Y. Sucmatsu and A. R. Adams, Chapman-Hill,
London, 1994, pp. 402-407). The active gain regions in AC 3 are made expandable so
that the width W;, of each successively active gain region of AC 3 exceeds the width Wy
of the previous one to the extent that the losses of the radiation being amplified are
insignificant. The amplified output radiation of such a SOA should distinguish not only
the monofrequency nature of its radiation but also the ability to obtain high output powers
with small angles of divergence in both the vertlcal and horizontal planes with low
astlgmatlsm

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

~output radiation power is increased by a factor of almost 30.
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aggregate with the radiation input—output region, and the refractive index mor; of the
radiation input—output region satisfy the relations
0 < arccos—2— eff < arccos eff-min, ,
L(0):3 PioR1

such that #eg.min is greater than npi,, where Megrmin iS the minimum value of neg out of all
possible ner for the multiplicity of heterostructures that are of practical interest, in
aggregate with radiation input—output regions, and myi is the smallest of the refractive
indices of the layers of the heterostructure.

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

3. A semiconductor optical amplifier as in Claim 2, which is distinctive in that the
input angle 8, which is equal to the angle of incidence of the input radiation on the input
surface, is determined by ensuring that the inflow angle & and the outflow angle ¢, which
are respectively formed by the normal of the input ingoing radiation front and the normal
of the outgoing amplified radiation, to the plane of the active layer of the heterostructure,
be equal, and & = arccos (n.g/nioR1)-

4. A semiconductor optical amplifier as in any of claims 1-3, which is distinctive in
that in the operating amplifier the net loss factor aor (cm™) for amplified radiation
emerging from the active layer at the boundary between the sublayer of the cladding layer
and the radiation input—output region is selected from a range of values bounded at the
bottom of the range, cormin (cm‘l), by the permissible minimum value of the efficiency of
conversion of the electric power supplied to the active gain region while the amplifier is
in operation, into amplified radiation power, and on the top, clorms (cm™’), by the
maximum permissible value of the operating-current density.

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

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

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

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

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

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

13. A semiconductor optical amplifier as in any of claims 1-12, which is distinctive
in that at least one of the sublayers of the cladding layers of the heterostructure is made
with a refractive index of at least nor;.

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

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

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

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

18. A semiconductor optical amplifier as in any of claims 1-16, which is distinctive
in that the additional layers are made electrically conductive.
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0. A semiconductor optlcal ampllﬁer as in any of claims 1-17, which is distinctive

in that the radiation input—output region is made electrically conductive.

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

22. A semiconductor optical amplifier as in any of claims 1-21, which is distinctive
in that the rad1at10n input—output region is made to have an optical loss factor oorq of no
more than 0.1 cm™

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

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

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

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

27. A semiconductor optical amplifier as in any of claims 1-26, which is distinctive
in that a second optical facet with an introduced antireflective coating, which is
introduced in the radiation input—output region from the direction of radiation input, is
made parallel to the normal plane, and the input angle 6 is selected to satisfy the condition
arcsin (orq sin &).

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

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

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

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

30. A semiconductor optical amplifier as in any of claims 1-26, which is distinctive
in that the second optical facet with an antireflective coating from the direction of
radiation input, which subtends an acute angle with the plane of the active layer, is made
with an angle of inclination y; selected from the range from (€ — o) to (§ + o).
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31. A semiconductor optical amplifier as in Claim 30, which is distinctive in that the
angle of inclination y3 is selected to be equal to the inflow angle €, and the output
radiation is directed along the normal to the input surface.

32. A semiconductor optical amplifier as in any of claims 1-26, which is distinctive
in that the second optical facet with an antireflective coating, which is introduced in the
radiation input—output region from the direction of radiation output and subtends an acute
angle with the plane of the active layer, is made with an angle of inclination w4 to the
normal plane, which is selected from the range from (¢ — o) to (¢ + o)

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

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

35. A semiconductor optical amplifier as in Claim 29, which is distinctive in that an
introduced reflective coating is made on one of the second optical facets, and one is
formed parallel to the normal plane; an antireflective coating is made on another, opposite
second optical facet, and radiation input is provided for through one part of it, which is
determined by the size of the input aperture and which is located, beginning with the
boundary of the second optical facet with the inner surface of the radiation input—output
region, at a distance of no more than Lagg tan ¢, and radiation output is provided for
through the same facet in another part thereof.

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

37. A semiconductor optical amplifier as in any of claims 1-26, which is distinctive
in that the antireflective coating is made on a part, determined by the size of the output
aperture, of the radiation input—-output region surface opposite this region’s inner surface
and adjacent to the second optical facet from the direction of radiation output, which
subtends an obtuse angle with the plane of the active layer and is formed at an angle of
inclination 4 selected to be in the range from [(n/4) — (¢/2) — (c/2)] to [(n/4) — (9/2) +
(c/2)].

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

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

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

formed on the same surface of the radiation input—output region.

42. A semiconductor optical amplifier as in Claim 41, which is distinctive in that at
least two active gain regions are formed along the same line parallel to the surface of the
radiation input-output region and to the plane of the active layer, with a spacing
2dior/tan @ between the starts of the active regions.

43. A semiconductor optical amplifier as in any of claims 1-26, or as in any of
claims 3234, or Claim 37, or Claim 38, which is distinctive in that at least one active
gain region having an identical inflow angle & and outflow angle ¢ for each gain region is
formed on opposite surfaces of the radiation input—output region.

44. A semiconductor optical amplifier as in Claim 43, which is distinctive in that at
least one active gain region is formed along each of two lines that are parallel to each
other and that are located on opposite surfaces, the shortest distance between the starts of
active gain regions on opposite sides being dior/sin ¢.

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

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

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

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

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

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

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

52. A semiconductor optical amplifier as in Claim 51, which is distinctive in that the
active gain regions of the gain region of the master source and amplifying component are
formed along each of two lines that are parallel to each other and that are located on
opposite surfaces, the shortest distance between the starts of active gain regions on

opposite surfaces being dior/sin @.
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54. A semiconductor optical amplifier as in any of claims 4653, which is distinctive
in that the reflectors are implemented as reflective coatings.
55. A semiconductor optical amplifier as in any of claims 4653, which is distinctive
in that the reflectors are implemented as distributed Bragg reflectors.
56. A semiconductor optical amplifier as in any of claims 4653, which is distinctive
in that the reflectors are implemented in the form of distributed feedback reflectors along
the entire length of the active gain region of the master source.
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