DI ODE SOURCE OF MULTI BEAM COHERENT LASER EM SSION Field of the Invention 5The
invention relates to key conponents of optoel ectronic engineering - to
conpact, hi gh-power, high-efficiency sources of |aser coherent em ssion in a
wi de wavel ength range, nanely, to a diode source of nultibeam coherent

em ssion with horizontal em ssion output and to a di ode source of nultibeam
coherent em ssion with vertical em ssion output, said sources being nade as a
t wo- st age conbi nathiepeofoardmrsver TIdEale N ASERIERSSIORt | cal anplifiers.
Description of the related Art D ode | asers of increased output power and

i nproved | aser beamquality are 15 known fromthe follow ng inventions: [US
Pat ent 4063189, Xefield oObeventddS), 1977, HOLS 3/19, 331194.5 H], [RU Patent
2197048, V.I. Shveikin, V.A Celovani, 18.02.2002, HO1 S 5132]. From
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contains at |east one active |layer, at least two reflective |ayers
(hereinafter r ef er PERIYN fdherpaed il o g ng layers), at |east one on each side of
the active layer, said cladding | ayers are formed at | east of one subl ayer and
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the active layer. The leak-in region includes a |aser em ssion [eak-in |ayer
havi ng a refr &€t W% ndex rtr, and consisting at |east of one sublayer: at
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conposi ti ons ?yer The ratio of ne to niy (hereinafter referred to as nes/nin) is determined from the
25 range from one plus delta to one minus delta, where delta is determined by a number
much less than one. The heterostructure contains at least one active layer, at least two
reflective layers (hereinafter referred to as the cladding layers), at least one on each side

of the active layer, said cladding layers are formed at least of one sublayer and have
refractive indices less than the effective refractive index n.s of the heterostructure. The

30  heterostructure contains also at least one emission leak-in region transparent for
emission. The leak-in region is located between the active layer and a corresponding
cladding layer, at least on one side of the active layer. The leak-in region includes a laser
emission leak-in layer having a refractive index ny and consisting at least of one
sublayer; at least one confining layer consisting at least of one sublayer; a main adjusting

35 layer consisting at least of one sublayer, having at least for one of its sublayers a

refractive index no less than the refractive index nyy of the leak-in layer, and adjacent



5 thicknesses of the heterostructure |layers are chosen such that for the
operating diode |aser the resulting anplification of emssion in the active

| ayer is sufficient to maintain a lasing threshold throughout the range of
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Summary of the Invention

25 The technical result of the proposed diode source of multibeam, coherent
amplified laser emission with various required emission outputs in a wide wavelength
range is the increase of many times (one-three and more orders of magnitude) of output
power of its amplified laser emission for stable single-frequency and single-mode laser
types of oscillation, the increase of efficiency, reliability, life time and modulation speed

30  with significant simplification of technology for source manufacturing and cut in the
production costs.

The technical result of the proposed diode source of multibeam, coherent
amplified laser emission with various required emission outputs in a wide wavelength
range is the increase of many times (one-three and more orders of magnitude) of output

35  power of its amplified laser emission for stable single-frequency and single-mode laser

types of oscillation, the increase of efficiency, reliability, life time and modulation speed



5 singl e-node, single-frequency master diode | aser hereinafter referred to as
the master | aser, at |east one diode optical anplifier hereinafter referred to
as the linear anplifier integrally and optically connected with said naster

| aser, at least two diode optical anplifiers hereinafter referred to as the
perpendi cular anplifiers integrally and optically connected with the |inear
anplifier. Said naster |aser and said linear anplifier and said 10
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20 | aser are on each optical facet fromthe heterostructure surface to a
specified depth in the leak-in region. In this case the integral connection of
the master |laser (w thout focusing optics and practically without loss) with
each of two linear anplifiers is carried out, mainly through the deep-1ying
part of the |leak-in [ayer of the heterostructure, bypassing the
nontransmtting reflectors of the optical resonator of the master |aser. 25
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30 frequency lasing (as well as single-frequency tuning), said reflectors of the optical

resonator of the master laser are made as distributed Bragg reflectors.

In the preferred embodiment in the lateral confinement region of the master laser
there are at least one dividing- confinement subregion and at least one confinement
subregion, at that the dividing-confinement subregion of a specified width is on both

35 lateral sides of the active lasing region of the master laser from the heterostructure
surface to a specified depth, not reaching the depth of location of the active layer, the



In the preferred enbodi nent to each lateral side of the active region of the
25 perpendi cul ar anplifier a dividing- confinenent subregion of a specified
width is adjacent that is placed fromthe heterostructure surface to a

speci fied depth, not reaching the depth of l.ocation of the active |layer. Wen
necessary, to each lateral side of the diviging-confinenent subregion a
confinenent subregion is connected that is placed fromthe heterostructure
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the present invention
of the linear amplifier has a reflection coefficient near one.

In the preferred embodiment the active region of the perpendicular amplifier can
be made as a fully stripe region, or fully widening, or widening with a smooth transition to

20  the stripe part. In the last embodiment the widening part of the active region of the
perpendicular amplifier is adjacent to the linear amplifier, and the smooth transition of
said widening part to the stripe active region is realized at a specified distance from the
rotary element.

In the preferred embodiment to each lateral side of the active region of the

25  perpendicular amplifier a dividing- confinement subregion of a specified width is adjacent
that is placed from the heterostructure surface to a specified depth, not reaching the
depth of location of the active layer. When necessary, to each lateral side of the dividing-
confinement subregion a confinement subregion is connected that is placed from the
heterostructure surface to a depth exceeding the depth of location of the active layer.

30 In the preferred embodiment the optical reflecting plane of at least one rotary
element maximally removed from the reflector of the optical resonator of the master laser
is made penetrating into the heterostructure, at least to the cladding layer on the side of
the substrate.

In the preferred embodiment the optical antireflection coating at least on the

35  optical facets of output of amplified emission of the perpendicular amplifier, has a

reflection coefficient near zero.



15 consists in the proposed common heterostructure for a single-node (and
singl e-frequency) master |aser, |inear and perpendicular anplifiers with
unusual |y large sizes of the near em ssion field in the plane perpendicular to
the active layer of the heterostructure. The essence of the present invention
consists also in the original and efficient two-stage process of integral
connections: at the first stage the connection of a 20 single-frequency,
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35about 45 (nodulus). Besides, the possibility of em ssion output in the
direction perpendicular to the heterostructure plane is achieved through the
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the direction of the optical axis of propagation of twice anplified Iaser

em ssion at a certain distance fromthe rotary elenent there is at |east one
out put elenent, additionally introduced, including at |east one opti cal

reflecting pl @&ﬂaﬁﬁ@%‘i”@é’stt&}@ pt aRe smbleandsuémﬁf |eorteqheﬁ@rmagtéu@touéaaéeayers at
5 an angl e of nat us) .inclu

o art oty St e PR P asi%%ﬁve*‘ﬁeénatﬁ%?n& Blsscafed fibifr bedaant

The e;s_enh aI redérsddi tocdd the lokart mleeom@aﬂy re@w dDMEoMEctmldmtmmld Ineastkeasi s of
an ori gi nal @rr %?feak't Wg il:aﬁta%zdhf‘eré”ﬁef%inah&‘ fefl! reEVP@ééttﬁQg %q?&ufa?t ed
conbi nati on o a’ master aser ereinaiter referre e master

| aser) conpece@dlifigrs iRtegrally md PRiicaly eaneecteqd with thedingaearoplfipc SRidanpatertlaser

(hereinafter pgd %élBQﬂeérOarﬂﬁméhﬁnd lsél@%fer@ﬁ&ibuléﬂ %bhﬂe&%r@ fbl'nﬁb%lalh #Adphinbher bei ng
in turn connected with |nt r at ed E pendi cul ar # (?% ca a lifiers
(hereinafter %‘F@P%ﬁ“?c?a Ph&epis 'Ef{é‘ﬁ'd’f CAPBUNYHpPY! S‘FE‘)S"“GPWS RBGESA of the
proposed DSMCleastVénd sctivhdayerrhat lieastegp adladtimigniegdrs, camdoén tehssivasite-inl mgien Wi t h

S L ol e R UL (LRGSO OBMES o sl b 5o 5 20° the
real i zed, 19 n toespenting ¢lansingilayec el loag %fon@ﬁ@emmec@nveabaw sﬁld bﬁbpargaiph on of

em ssions of gaisndBSELK oli@REH Ia%‘rd Sbid%?éroﬁﬂ@thieflb ChargQbriYel @? theMatié Betheecond
stage of integral connection of | inear anplifier and t per pendi cul ar

anplifier the traiseefrariye H\deb%ﬁé‘ﬁaﬂ"%wsﬁ?cuﬂrﬁé" @Bf?f@éi'ved&%eé‘ ”@*fOfEWI'%%ﬁ“'an of
sai d anplifi ersgeanemantttaldty metopandiic theatngelien bhow afe haseyaemasshaa from
e lnear 2Bl bBhl A e pPRERTRTh G AR I el Sa G s gt i
the use of orrginal rotary e P {101

acti ve redponsctye stripe lasthgpeaidn @ith apnr@mmnﬁet@lnzgtwrolawe dnagraipsion einflegmert t he

active regi ongoh hiflfal doRfcteBliAting Qhyer, 8P LoGRembNGHY X [oXatBdSnUdcgi Nal ity
of the proposal” consist 1n the fact "that additional original output elenents

are i ntroducetft§'dlt ¥de Weth%@f;'i"’\?éa?”é%fe@f?@ dithe Mastselasende ol &5 A FIMRES in the

25]c |d| recti onI opticalratdts, opflecoad, aﬁ)@ﬁﬁcm @abrihte! @ﬂBﬁthS)p}ldwﬁudetmeMdrﬁlaﬂ the

re ectlngpae ace arossteact ve regiLon of t U,

Lol 11 er CandSREABIS TG R PoRITAEN SRp AT Tl Ere it Febe L Heion Peak- i n
| ayer (to2pt ssmﬂa;rﬂteyl \adinignofalegdtionodf thecddiveatayen obfthed Seterostiudturs) Ead lingwrs case
the real i zatigp,fHer %FuBM 4 Aea%FBh' c{i\Ped rhﬁ\ﬁi étioﬁ%@éﬁ QAth %Gﬁ'ﬁéc}e%“u%tbh‘zdt.@nt he

"vertical" direction i cul ar eterostructure pl ane becones
possi bl e. 30'aiyﬁrst'?l@cﬁfa@ﬁ@maéa‘ee‘?ﬁ?)'éﬂ@F@rﬁf PIAPIAHIRPIof EMESgIoN RS He TBASIYdA®A i s

out put both i aouhch@esdwmeeﬁd @Bndaf a&.beofemé aiheal amglfier. Echt fgpdhalctiaP Shiplifd-ur e
and/or in the.d|rect| ct.or

bst 1e. L | th
o rod oo HER e PR o e PP lE R Faieh with A sPeinetaliretion U ARRe ¢ hat
i s maxi makby mewpticatiodtpwiadehwitlr e apticakdrginadiattion Soatangds [peatet isathahthedméipali nt o t he

35het er ost r ucty thggénjﬂgnd?&ﬁaq%h'{ﬂﬁf el ?sygéat t%h@gf@@ﬁ@opglpﬁetgy% sp'h@agl gxilgI

In the preferred e di e
optical resonéat 8¢ Beat p@pifigstlarthe azscwtmf@tmsa@@a of rtegmoptral BEe &f dke HiRA ur e

surface to a amﬁmlefwmdm%@hw bXs bmch@%ehd?cwaegah@nﬂerlmbré hlaﬁ iRagal didifertnt egr al
connection offt f gter aop Wthf'}’ f ocusi ngf OrEttthS and ﬁ]r Ct'tcatlnl y
wi thout I oss) "t 8héh SeITEdoPTiMeat AhpeMsonsieg the linear aplifer 1o
30  perpendicular amplifier that is arbitrarily called a rotary element. Said rotary element
consists of at least one optical reflecting plane perpendicular to the plane of the
heterostructure layers, crossing the active layer and part of the heterostructure leak-in
region within the thickness of the leak-in layer from 20% to 80%, and making angles of
inclination with the optical axes of the linear amplifier and of the perpendicular amplifier
35 about 45° (modulus). Besides, the possibility of emission output in the direction

perpendicular to the heterostructure plane is achieved through the fact that along the



5carried out mainly through the deep-lying part of the |leak-in |ayer of the
het erostructure, bypassing the nontransmtting reflectors of the optical
resonat or of the master | aser. In the preferred enbodi ment the |inear
anplifier can be |located on one end side of sthe optical resonator of the
master | aser, and on each end side of the optical resonator there can be one
linear anplifier. 10ln the preferred enbodi nent the master |aser provides

| asi ng at Onea(f:th'/@d@g’i&ﬂét&éas[@ﬁ&me%endi:ulaﬁ&ﬁ@ﬁ@rr|M,theodllﬁé\éildilﬁc& tigd S\ s afxrsetﬁiuency

| asing. To achi eve stgq? e uenc é) f requency
o e 1o PRBRSRD B VisE AIvuTas e ErHeh AL Dot e doat et oy o rade
as d! stri but edle&eaigtgeneeé lakzlstr ;e dutput Iabnpnefaedmmu;enntrodilcafennclumng aicledsat er al
confinement regig .c9|freﬁ ‘ﬁngﬁaﬁee&o& trhle gﬂaﬁeé BeX Rus o‘?‘hetlaf%éﬁﬁcugé'% ers at

di vi di ng- conflne on an one conti nenent ron, and the
di vi di ng- cbnf ranemiﬁpf IQQIIlDaf@@lQ5|45°o¢fﬂ0du|§§ﬂee¢lddllmhwdtm ldyer anvl eotiatly thetleakah si des

of the acti ve|a}y§,sh5\ge|§q,g,hpgbcy9{o dddeormstishelaser fromthe heterostructure
surface to a specif depth, not reaching the depth of | ocation of the active

| ayer, the confi neT@ﬁSS%rﬂBP‘é&I”GVPW o thgPreRtsRd INgY EPMCLE e s7age o8 depasis of
di vi di ng- conf khengndl hetebdsegitoe dohases ilsn efﬂ&erhew@m@gé rnwgtra:é@cmwﬁamee of @ a

e Ty e P Rk (fisRER Tt 3R o R ey o Bsf cpiBecladV il o o

provi des tihe imtadeated Atxal idtoge @btldaasmpllfem(rmelmiteateferrﬁﬂrteaa§etde llipesze rangolifiqo) t
povers. '5‘ |iﬁ$b¢ aﬂ{ggﬁe“r‘rb(faﬁg .@{U?@%{ﬁ%&%a WRE uﬁ&jrbt\é? E@th‘ﬁ&lé}fdu&déeop'n&eﬂear

anplifier can stripe region deni ng, or w deni ng
with a snoot ha'E”P'Hﬁﬁ feesinafter fel‘%regttplaéethe zpsrpﬁaﬁilﬁularl ?f”l?'ﬁ@rs} ade RAPlS; nthe he

Wi dtenl n? part p@bo§e{deD@MCLEQ/Ef fégﬂhQﬂth?flnteB%I |cbriﬂ1_%@fon?16ﬂ3{hbfm%teﬂdré?@rdxlvﬂﬁeélfl to the
mast er aser, and. ansl on O. S eni n e Stir

Tl ve 1o onarBiteti c3BR0 pit v BRGbosRB satcs abetn SBed el Paele hesBhont -

I'n the preé$er petieemstedilavenand the dinedn anglifear ad resliagd, infthis lseseathit idirectioag bfothe of the
linear anpli fbﬁfcaﬁla%svgpbg)g %?A?Bﬂ'd?emﬁsg orRUSY 84 AL fr 185 PHG FHeSF’a gﬁiﬁe

adj acent that romthe terostructure surface t ecifie
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amplifiers to the lateral sides of the active regions of the linear amplifiers. Besides, the
novelty and originality of the proposal consist in the fact that additional original output
elements are introduced into the active regions of the perpendicular amplifiers in the

25  direction of their optical axes. Said elements include an optical reflecting plane placed
across the active region of the perpendicular amplifier and penetrating from the external
layer into the emission leak-in layer (to its part) at an angle of inclination of 45°
(modulus). In this case the realization of output of amplified laser emission additionally in
the “vertical” direction perpendicular to the heterostructure plane becomes possible.

30 In the preferred embodiment the amplified laser emission is output both in the
direction of the external layer of the heterostructure and/or in the direction of the
semiconductor substrate.

In the preferred embodiment the optical reflecting plane of the output element that
is maximally removed from the rotary element is made penetrating deep into the

35  heterostructure to the cladding layer on the side of the substrate.



10 In the preferred enbodi nent the active region of the perpendicul ar
anplifier can be nade as a fully stripe region, or fully w dening, or w dening
with a snmoboth transition to the stripe part. In the |ast enbodi nent the
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provides the mode stablllty of Iaser emission at mcreased laser output powers.

In the preferred embodiment the active region of the linear amplifier can be made
as a fully stripe region, or fully widening, or widening with a smooth transition to the stripe
25  par. In the last version the widening part of the active region of the linear amplifier is
adjacent to the master laser, and the smooth transition of said widening part to the stripe
active region is realized till the nearest location of the rotary element.
In the preferred embodiment to each lateral side of the active region of the linear
amplifier a dividing-confinement subregion of a specified width is adjacent that is placed
30  from the heterostructure surface to a specified depth, not reaching the depth of location
of the active layer. When necessary, to each lateral side of the dividing-confinement
subregion a confinement subregion is connected that is placed from the heterostructure
surface to a specified depth exceeding the depth of location of the active layer.
In the preferred embodiment the optical reflective coating on the free optical facet
35  of the linear amplifier has a reflection coefficient near one.



35frequency master |aser, linear and perpendicular anplifiers with unusually

| arge sizes of the near emssion field in the plane perpendicular to the
active layer of the 11 heterostructure and unusually | ow di vergence of output
enm ssi on. The essence of the present invention consists also in the original
and efficient two-stage process of integral connections: at the first stage
the connection of a single-frequency, single-node naster |laser with a |inear
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Fig. 1 is a schematic illustration of the top view of the proposed DSMCLE with
the master |aser, 'f\viBeArgfesgd 8’9?5?‘1”?‘?'&@6\%{'??' FAtrefedirnco3thl #dedst Rgsten t he

external opti 6ptlca| &Qeffsa&remputwcbnﬁmﬂéd RMiRRAdI CHE gergmpiculbi @mplifier, has a Fig. 2
is a schemati c, I| tc)ustrfg i on oIr the | ongi t udi nal section of the proposed DSMCLE
al ong the optfégf' 0 ReMAF IR 280t er | aser and of the |inear anplifiers

i nt egr al | Y0 connectledhenpreferrethemiedimnent theagmical reflecting plane of the rotary element has

an angle of inclination of plus 45°, the optical reflecting plane of the rotary element next
to said optical reflecting plane has a angle of inclination of minus 45°. This has allowed
the realization of emission output in opposite directions.

In the preferred embodiment the common heterostructure contains at least two

25  active layers electrically connected to one another by thin heavily doped layers of the p-
type and the n-type with a tunnel transition between them.

In the preferred embodiment not only an asymmetric heterostructure may be
used, but also a symmetric heterostructure, in which the thickness of the leak-in layer in
the leak-in region on the side of the substrate is equal to the thickness of the leak-in layer

30 inthe leak-in region on the side of the external layer of the heterostructure.

In the preferred embodiment the master laser, the linear amplifiers, and the
perpendicular amplifiers have independent ohmic contacts.

The essence of the unobvious DSMCLE-VE proposed in the present invention
consists in the proposed common heterostructure for a single-mode and single-

35  frequency master laser, linear and perpendicular amplifiers with unusually large sizes of
the near emission field in the plane perpendicular to the active layer of the



Fig. 3is a schematic illustration of the top view of the proposed DSMCLE
differing 35fromthe DSMCLE schematically represented in Fig. 1 in that the
active anplification region of each of two linear anplifiers consists of a
wi deni ng pad snoothly going into a 12 stripe,part, besides, there are no
antireflection coatings on the external optlcal facets of the | i near
anplifier. Fig. 4 is a schematic illustration of the top view of the
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15  substrate).

The technological realization of the DSMCLE-VE proposed in the present
invention is based on known basic technological processes that are by now well
developed and widely used. The proposal meets the criterion “industrial applicability”.
The main distinction in its manufacturing consists in the features of the heterostructure,

20 the integral connections of the master laser with the linear amplifier and the linear
amplifiers with the perpendicular amplifiers, as well as integral output elements in
semiconductor amplifiers.

Brief description of the drawings
25
The present invention will be described in detail below in connection with Figures
1...8, where
Fig. 1 is a schematic illustration of the top view of the proposed DSMCLE with the
master laser, two linear amplifiers with antireflection coatings on the external optical
30  facets, and four perpendicular amplifiers.
Fig. 2 is a schematic illustration of the longitudinal section of the proposed
DSMCLE along the optical axes of the master laser and of the linear amplifiers integrally
connected with the master laser.
Fig. 3 is a schematic illustration of the top view of the proposed DSMCLE differing
35  from the DSMCLE schematically represented in Fig. 1 in that the active amplification

region of each of two linear amplifiers consists of a widening part smoothly going into a



25 Hereinafter the invention is explained by the description of
concrete enbodi nents with references to the encl osed drawi ngs. The given
exanpl es of the enbodi nents of the diode source of nulfibeam coherent |aser

em ssion (DSMCLE) and a di ode source of nultibeam coherent |aser em ssion with
vertical em ssion output (DSMCLE-VE) are not™ 30 the only ones and assune the
availability of other realizations (including the known wavel ength ranges),

the features @ffnpwﬁar@fbe@a@s e @fel RantifefleBRnSdBHnRE ohhige Bitsthaiptitd RzeREOr di ng
to the claim t he DSMCLE desi gns proposed for consideration and

repr esent ed |WeﬂP3§a”T“m§ the fol |l owi ng designations are given: 3510- Proposed
DSMCLE. 20- Mast erFigidide sclesweatic illubtsation nptba éptviaw of13e @bpoeseMOBMCLESTiffdring i ng
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coating, opposite directions.

Fig. 5 is a schematic illustration of the top view of the proposed DSMCLE differing
from the DSMCLE schematically represented in Fig. 3 in that one linear amplifier is

10  integrally connected to the master diode laser on one side of the nontransmitting reflector
of the optical resonator.

Fig. 6 is a schematic illustration of the top view of the proposed DSMCLE-VE
differing from the DSMCLE schematically represented in Fig. 3 in that in each of four
perpendicular amplifiers along the longitudinal optical axis three output elements for

15  amplified laser emission are formed.

Fig. 7 is a schematic illustration of the longitudinal section of one of four
perpendicular amplifiers of the proposed DSMCLE-VE, in which the output elements
realize the output of beams of amplified laser emission through the substrate.

Fig. 8 is a schematic illustration of the longitudinal section of the perpendicular

20  amplifier schematically represented in Fig. 7 differing in that the output elements realize
the output of beams of amplified laser emission in the direction of the external surface of

the heterostructure.

Detailed Description of Preferred Embodiments
25
Hereinafter the invention is explained by the description of concrete embodiments
with references to the enclosed drawings. The given examples of the embodiments of
the diode source of multibeam coherent laser emission (DSMCLE) and a diode source of
multibeam coherent laser emission with vertical emission output (DSMCLE-VE) are not
30 the only ones and assume the availability of other realizations (including the known
wavelength ranges), the features of which are reflected in the sum of the distinctions
according to the claim.
In the DSMCLE designs proposed for consideration and represented in Figs. 1 -8
the following designations are given:
35 10 - Proposed DSMCLE.

20 - Master diode laser. Its components:



34 - Wdening active anplification region with snooth transition to stripe
10region. 40 - Perpendicular anplifier. Its conponents: 41 - Wdening active
anplification region, 42 - Qutput optical facet, 43 - Antireflection coating,
1544 - Stripe active anplification region. »0 - Heterostructure. Its
conponents: 51 - Active layer, 52- C adding Tayer on the side of substrate, 53
- Adjusting layer on the side of substrate, 2055 - C adding |ayer on the side

of external layer, 5621 -heakadshitiRDicRBctObf Peead tedBnRér RXdiRIRAlefdrRNas asS7 -
Ext ernal contact |ayer OﬁhBHEMEﬁsmﬂ%gbpﬁgPéﬁég%ﬁ for heterostructure,
22 - Optical facet of optical resonator,
23 - Stripe active lasing region.
5 30 - Linear amplifier. Its components:
31 - Stripe active amplification region,
32 - External optical facet,
33 - Antireflection coating,
34 - Widening active amplification region with smooth transition to stripe
10 region.
40 - Perpendicular amplifier. Its components:
41 - Widening active amplification region,
42 - Output optical facet,
43 - Antireflection coating,
15 44 - Stripe active amplification region.
50 - Heterostructure. Its components:
51 - Active layer,
52 - Cladding layer on the side of substrate,
53 - Adjusting layer on the side of substrate,
20 55 - Cladding layer on the side of external layer,
56 - Leak-in region on the side of external layer,
57 - External contact layer of p-type,
60 - Substrate for heterostructure,
61 - External surface of substrate.
25 70 - Rotary element. lts components:
71 - Optical reflecting plane,
72 - Optical reflecting plane penetrating to cladding layer 52.
80 - Lateral confinement regions for master laser, linear and perpendicular
amplifiers.
30 100 - DSMCLE-VE embodiment.
110 - Output element,
111 - Optical reflecting plane,
112 - Optical reflecting plane penetrating to cladding layer 52,
113 - Antireflection coating for output emission.
35



61 - External surface of substrate. 2570 - Rotary elenent. Its conponents: 71
- Optical reflecting plane, 72 - Optical reflecting plane penetrating to

cl addi ng | ayer 52. 80 - Lateral confinenment regions for naster |aser, linear
and perpendi cul ar anplifiers. 30100- DSMCLE;)VE enbodi ment. 110- Qut put

el ement, 111 - Optical reflecting plane, 11&- Optical reflecting plane
penetrating to cladding |ayer 52, 113- Antireflection coating for output

em ssion. 35 14 The propokB€& DBVERRESIRdS -2 QoftsiRe tHel Ffye-hodd maQ&tiaddns t he
si ngl e- node rrﬁaﬁ er | aser OFO |i';1?i rgg aF] a u%darrent 9I r}%c{eoﬁlad Iri nt cﬁgr al by
connect ed wi t A° {3913 AUPIARIFHIAT MOBF 8B A1 SRPEF S0V YO MRS &AM R PO 20 on
both end si desonndtted tie thenasstef latdre2d ars both onitli sidels. Aetersiiorof tHeelasmndptieatsm t ti ng
Ot oo oot FaFRehe WBALERER ol LASAL 20IR BALAL T D882 o0 L
connect ed Wit Hat haveioB B¢ exieenal Srued) fedeg@arihg apgrefipgtinn tdeatinge PHalie tirar
anplifiers 40inddrdnytdoand¥teeRitRanaebé \68 thdTRbthiyl Aahes 70egittPife Adpendi@iput put of
anplified |aser emssion 1S carrl ed iout t%o?q]hr tihﬁ a?.t'llhréec]:ult eu(t:to} on I%g(tjl cal
facets 42 of EmBNgy A4 §lh MFeHiEtRg cuia A RII5FIG Epghs g - The outpul of amp
laser emission is carried out through the antireflection optical facets 42 of each of four
perpendicular amplifiers 40.
10 The DSMCLE 10 is made on the basis of the common laser heterostructure 50
both for the master laser 20 and for said diode amplifiers 30 and 40. The heterostructure
50 is grown on the substrate 60 of the n-type GaAs. The integral connection of the linear
amplifiers 30 with the perpendicular amplifiers 40 is realized with the use of the rotary
elements 70. The heterostructure 50 is grown on the basis of AlGaAs semiconductor
15 compounds with one active layer 51 of InAlGaAs. The laser wavelength determined by
the composition and thickness of the active layer 51 is chosen equal to 0.976 pm.
Between the active layer 51 and the cladding layer 52 on the side of the substrate
60 the first leak-in region (including the adjusting layer 53 and the leak-in layer 54) is
located. On the opposite side between the active layer 51 and the cladding layer 55 the
20  second leak-in region 56 (including the adjusting layer and the leak-in layer) is located, to
which the semiconductor contact layer 57 of the p-type is adjacent. The metallization
layers and corresponding insulating dielectric layers are not shown in the figures. In fact,
the set of all layers of the heterostructure 50 that are located between the cladding layers
52 and 55 forms an extended waveguide region. The leak-in layers are made of AlGaAs.
25  The thickness of the leak-in layer 54 on the side of the substrate 60 is chosen equal to 6
pm, which is an order of magnitude more than the thickness of the leak-in layer on the
opposite side. The values of the calculated ratios of the effective refractive index ny; of
the heterostructure 50 to the refractive index nyy of the leak-in layer 54 (n.«/ny) at current
densities of 0.3 kA/cm? and 5.0 kA/cm? were respectively equal to 0.999868 and
30 0.999772.
Based on the above-described heterostructure 50, integrally connected one
master laser 20, two linear amplifiers 30, and four perpendicular amplifiers 40 are
formed. On both sides on the optical facets 22 of the optical resonator of the diode laser
20 the reflectors 21 are formed (by deposition of coatings) with reflection coefficients
35 near one (the nontransmitting optical reflectors). The integral connection of the master

laser 20 with the linear amplifiers 30 is realized mainly through the deep-lying leak-in



10The DSMCLE 10 is nade on the basis of the common | aser heterostructure 50
both for the naster |laser 20 and for said diode anplifiers 30 and 40. The

het erostructure 50 is grown on the substrate 60 of the n-type GaAs. The
integral connection of the linear anplifiers;30 with the perpendicular
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two rotarysel emRedions/@Gol Brdwhein the figures). The first stripe dividing-confinement subregion

contiguous with said regions 23, 31, and 41 is formed by etching as a groove of width 2.0
pm to a depth of 0.7 ym not reaching the depth of lying of the active layer 51 of the
heterostructure 50. The second confinement subregion contiguous with said first
subregion is formed by etching as a recessed groove crossing the plane of lying of the

30 active layer 51 and penetrating into the leak-in layer 54 to 60% of its thickness. Both
grooves are filled with a dielectric.

The following embodiment of the DSMCLE 10 (not shown in the figures) differed
from the embodiment represented in Figs. 1-2 in that in this embodiment the
nontransmitting reflectors 21 of the optical resonator are formed as distributed Bragg

35  reflectors providing the stable single-frequency lasing of the master laser.



10 active anplification region 31. Each rotary element 70 made by etching

i ncludes the optical reflecting plane 71 located at a right angle to the pl ane
of the layers of the heterostructure 50 and penetrating vertically inside from
the contact layer 57 to the leak-in layer 54.to0 60% of its thickness. In this
case said reflecting plane 71 of the rotary elenent 70 is turned at an angle
of 45 (nmodulus) with respect to the optical axes of 15 propagation of
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regions 80 co regions (not shown in the figures). The first
stripe dividi %éﬂgygﬁ%a\ﬁfgﬁéﬁp%ﬁﬁbregl on contiguous with said regions 23, 31, and
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that in this em? t he cocﬂrrﬁn het erostructure 50 contains at |east two
active |ayers“¥l '88'?? 5%9?'&7’35 A&l to one another by thin heavily doped

| ayers of 20he p-t yPe fatmvinghenodingge ofshe IDSMGLHE(not stamsiit itterfigoes) didenmdt hem
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The following embodiment of the DSMCLE 10 (see Fig. 4) differed from the

embodiment represented in Fig. 4 in that in this embodiment in the active amplification

30 region 31 of each linear amplifier 30 the optical reflecting plane 72 is turned with respect

to the optical reflecting plane 71 of the rotary element 70 at a right angle (90°). In this

case in the perpendicular amplifiers 40 connected to the linear amplifiers 30 with said

optical reflecting planes 71 and 72 of the rotary elements 70 output amplified laser
emission is propagated in opposite directions.

35 The following embodiment of the DSMCLE 10 (see Fig. 5) differed from the

embodiment represented in Fig. 3 in that in this embodiment the integral connection of



15 Besides, in each rotary element 70 nost renoved fromthe optical facet 23
of the master |aser 20 the optical reflecting plane 72 penetrates into the

| eak-in layer 54 to 100% of its thickness. In this case there is no nore
necessity of manufacturing the antireflecti coatings 33 for the linear
anplifiers 30. Let us note that in Fig. 3 and Figs. 4-6 the |ateral

confinement regions are not shown. 20The follow ng embodi ment of the DSMCLE 10

(not shown i niHeh@ehi Qﬂmmsa 3cdwftﬁ @feeﬂaétéﬂasetrfz@ |§’rc§r\r‘|le@lé§t @i’ﬂ@né Bidé hrﬁfbughnthé hi s
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thi s embottirent | nierarad GBboieT A et dOHCLB OB RO o I Predig e Bar

anplifier 30 thHaeiropitsi @abodingfnit asthengaqnéraa&rm fostht Uinesechnvilifidrs 13éspecto the t he

tical fl | . 4 I 90). |
opLioal e |50 haGokhy 2 5y PR Lo TR Dol AR o °0)- 1
ampl i 11 or 4030 ragitsd maintodystor el thinediyigog istigeppeineen e eimelc TEtaizatidrelavess ar y

el ements 70 og{opgﬂomnpmefﬂgg,@s)l aser emssion is pr opagat ed in opposite
di rections. he fol | ow ng enbodi nent of the DSMCLE (see Fl(ﬂgfﬁ?é%% differed

from the embodi nenthe RIpPIsE PcSé’H:'-lEnV"?:ﬂB)O represenie 4t thierfo'PWi”é’ fgHES S P he
integral connewtamie @SMCLE éhbodiméeeain tapini the @erpddivdldrhantgigersast fongl taser 20 i s

carried out op.on a@ﬁ‘. uonr%g%ﬂstﬂe oM 2 S”Atﬁte@% LGl ES e%en?s%?@] d:.0e
opti cal resona(f ?’n osite side of f’ resonator e
nontransmlbt i ﬁgdlm@fallxef@tmﬁd Rietehing. Geivedleroents hd @ﬂeé@nf@d appracidialdistances fra®. The

active anplif &rféa:fo'taw e[RRhORS aftd tRfwdeRUReR&IRENEhiG WidHher®dTRYd fafeeaésugfh@d%e j oi ned
to one active anplification region 34 and three stripe active an;p ification

regi ons 31 of Oﬁtﬁét IMiiiBeg 'aa?fpﬂm'ﬁmmébe V?ﬁ'eﬂj@ﬁeq"ewﬂh SesREG tRIthRIARS of7h
The fol | ow nglekedine®steratruitiie. DSI\/CLE 10 differed fromthe previous one in

that in this enbo to th st.er. lifiers 30,
and to the per pengT Io(ﬁﬁw”égt’rﬁmﬁ?c[m?'g PH aﬁ%@%éﬁ&&n&%@%t@a e)7)§ﬁ§{ tflrcn&nt acts
are formed0t hitte megouskeriretiial inelnis lbybodimentchach integrafoutphi ¢lementi1dD frgmsd by pes
between the obphfiq TREReL FALLARI FALEHR SIS 1PN e LrhShrld sk SHIESN placed

across the stripe active amplification region 41. Said plane 111 penetrates with crossing
the planes of the layers of the heterostructure 50 (including the active layer 51) at an
angle of inclination of minus 45° into the leak-in layer 54 to 65% of its thickness. For the
25  output element 110 most removed from the rotary element 70 the optical reflecting plane
112 penetrates into the leak-in layer 54 to 100% of its thickness. At places of output of
amplified laser emission on the external side 61 of the substrate 60 the antireflection
coating 113 with a reflection coefficient less than 0.0001 is formed. The metallization
layers and the antireflection coating 113 on the remaining free surface of the substrate
30 60 are not shown in Fig. 7.

The following embodiment of the DSMCLE-VE 100 (see Fig. 6 and Fig. 8) differs
from the previous one in that in this embodiment the angle of inclination of the optical
reflecting planes 111 of the integral output elements 110 is plus 45°. In this embodiment
the output of amplified laser emission is realized at a right angle to the planes of the

35 layers of the heterostructure 50 in the direction opposite to the location of the substrate
60. In this case at places of output of amplified laser emission after removal of the



The proposed DSMCLE-VE 100 represented in the followng figures differs from
t he above DSMCLE enbodi nents in that in the perpendicular anplifiers 40 al ong
the active anplification regions 41 two and nore integral output elenents 110
are 15 additionally fornmed by etching. Saig el ements 110 are formed at
specific distances fromthe rotary el enent % and between thenselves. Said

el ements 110 are designed to output anplified |aser emssion in the vertical

direction w tRedvityBérsel c'b@ta&th@yepbﬁﬁl%l QhddifyBajer B8 ke Dlirchi&@ioNesRNGIIE WA sire. The
fol |l ow ng embo ers from 20

the previous 6‘32'80‘I°H ‘E‘I‘?h'tc'el‘h'ets?n Rene ﬂﬁgﬁfﬁeﬂép%ﬁ%{ T%ﬁt @ﬁﬁaEIFg“(?Ut'BXﬁrS anfént 110
formed by et churfegeiohibk udsctidyer Dpare ol showh irefig.igng pl ane 111 for anplified
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ou u el enen rom e
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t hi ckness. At upjsaemowﬁuvangbrpnetofoﬁtpatrthlsdiared | aser em ssion on the external
side 61 of the substrate 60 the antireflection coating 113 with a reflection
coefficient less than 0.0001 is fornmed. The netallization |ayers and the
antirefled®ion coanfysyialagplieabilithe remai ni ng free surface of the substrate 3060
are not shown in Fig. 7. The foll ow ng enbodi rent of the DSMCLE-VE 100
(see Fig. 6 and Fi 8) differs fromthe previous one in that in this

enbodi ment the ang'g'@d%POLIr??élqfﬁ'&’ﬂtlbﬁﬂm&r"h?rﬁ IB3SY IBURSION &% HR/Y APrIFSiNdasei11 of
the integral oatepidl pedoessmy S(IaiérOClltﬂngpl weldifhb,. driling, hsmfaearbmdmn@ntjmtehaowt put of
anplified | as si.on d I I h I of the
35l ayers of tﬁFocgg’%ngréggl I'(%Ju%tplf?g Igée? maa}% H@arcﬁrg ir?\?rg(ﬂ op SoesIr \?C({)S fg{]%&rg?%catl on
of the substrane peder tharaphi & leseserangefipfiers elaserftatmgt gesignatoranfol irdalizatioh pfer

emi ssion af t efehRABNAuLRY B5&Gs, & ReaNidoh apé'rdar%p@&facgtaté 3Y&ks Bhd 4! addi ng
| ayer 55 the antireflection coating 113 w a reflection coefficient |ess
than 0.0001 i 8Mall565sited. The netallization Iayers on the surface of the
contact |layer 57 are not shown in Fig. 8 The proposed di ode sources of

rnul ti beam coherent |aser em ssion, nanely, the 5 DSMCLE and t he DSMCLE- VE
make it possible to produce unusually high powers of coherent | aser em ssion
both in the horizontal plane of propagation of em ssion in the device and in
t he pl ane perpendicular to the active layer of the heterostructure with
unusual |y | ow di vergence of output em ssion. 10Industrial applicability



D ode sources of multibeam coherent |aser em ssion are used in precision |aser
mat eri al processing (laser cutting, welding, drilling, surface nelting,

di mensi onal processing of various parts, |aser nmarking and engraving), in

| aser devices for surgery 15 and power thegapy, in laser rangefinders, |aser
target designators, for realization of frequency-doubled |asers, and for
punpi ng fiber and solid-state |asers and optical anplifiers. 19 CLAI M5

1. A diode source ofaigl ti beam coherent | aser em ssion containing at |east
one, at |east single-node single-frequency master diode | aser hereinafter
referred to as 5 the master |aser, at |east one diode optical anplifier
herei nafter referred tivdasounm ¢fi mekibeanplohéreat lasat egisaidnycatedhicpat leadt | y
connected wt S
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connect ed net ation rs and an optical out an opti cal
antireflecti oﬁpt@ébrﬁﬁcmjt%éﬁ\ﬂ'@ﬂ lefedipR goafiisiantratear pre quﬁ‘@lp'a&ﬁﬂ i 1B spasified

per pendi cul ar v.@.rmw lofuwau&elonghd @@ta.teera @;t ofathrel g&éroatﬂ@me (éwluimsb abrlifiene

optical axis of 30 i } he vi n|t |nter ection of
Che opti oal *alicwBs =t Fasi e MBI ParaRn bR aeihpd By ESGH

per pendi cab ar loaatpt isb itreit thehuptieal iasis ahpropagatjorabf ephissiendf tme)maétbolwsenfcoiamslpgci fied
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anplifier arbitrar d a rotar I ncl udi ng
at | east one ébtapfdj/&laml@f'@é@'ﬂ rwnpvlmn@np@q%ﬁma&wtwﬂ lgyerg Pl@ # apticalotutrdie
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heterostruct u'beerpenc?cular ampﬁfger%emgmlocateg a% Q%gﬁthalngleQmogulus) tcg tr#]e olptlcall< axis gfothe
30 linear amplifier; in the vicinity of intersection of the optical axis of the linear amplifier with

the optical axis of each perpendicular amplifier there is an integral element for flow of a

specified portion of laser emission from the linear amplifier to the perpendicular amplifier

arbitrarily called a rotary element, said rotary element including at least one optical

reflecting plane perpendicular to the plane of the heterostructure layers, crossing the

35  active layer and part of the heterostructure leak-in region within the thickness of the leak-



in layer from20%to 80% and maki ng angles of inclination wth the optical
axes of the linear anplifier and of the perpendicular anplifier about 45

( modul us) . 2. The di ode source of rnultibeam coherent |aser

em ssion as defined in Claim1l wherein the % gflectors of the optical resonator
of the master |aser are |ocated on each 5optical facet fromthe

het erostructure surface to a specified depth in the |eak-in region. 3.
The di ode soufcigydffrofiibdo RESS cmemamg é@,&%rofm.@ﬁ.b@w.tﬁt%ed@fubéleasteé Brhtaim 1
wherein on each end side of th resonator of th e master |aser there is

one |inear anp§3f F"@P"f'er andof the perpe@d'C*ﬁ%a'ﬂ?"ﬂﬁlreab%h%cém%cf“ Y$Ul t i beam coher ent
| aser em ssion as zjafhlememburaaaf mulibdOmberegdnn Idsbeemiesibread aefde®in Clam opti cal

resonat or of tFg‘\rel ?cgflecta%e(ﬁc tﬁé %Pt%laF es!)tpalfl eoq tr? ﬁggelr %g(% rli- ?chtedén each 5. The

di ode source O
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fromthe heteamplfiict ure surface to a speC| fied depth not reaching the depth
of location of the tive confine t subregion. s located, on both
Cateral sides of <hBedia dEHEe cbimEREREAIIL Heg TR Ib A erBendt ERBL it ur o
surface td0a wpereinfthedefidetptshofdixe eidalngsdanatr deiemaster|lareabreodistafutéchBraggt | ve

20l ayer . reflectBrs. The di ode source of rnultibeam coherent |aser emi ssion as
defined in aim1 wherein the active anplification region of the |inear
amplifier is w dent-rigediodesayice ot mplipeanyFoherant Faéﬂrg?rh'sﬁ?ﬁ pheeigpdi ©fint he naster

| aser. wherein in t?le Etbr:—,u @bm@msﬁure@@mwf the Uh4stdreiaser GRéver e nit Iéa%ﬁ%he em ssi on
as defined in Caim6 srmtﬂtransm on o w deni ng

part to the sfPIpE cBgflln[ement sfbreglorgana‘]e-ﬁfe?éa?to%wg COULE PGP ﬁrﬂv er ent
| aser eni $§i onordisemdertisnb@gion oCh apenifledwhidth és located bn bathdatelal sideteofdiie adtiee act ive

anpl i fication Jegi, %ﬂ?r%f thB%nds t ka?%% ﬁ(ﬁﬁftﬁef hé?éro?tﬁﬁuﬁ‘e di¥icd01g-d ;688?. d

subregion of a's red w romthe terostructure sur a
speci fied deph#, re,q@hmq rc gty ot aﬂj@p@fhthéfacﬂ‘(ﬁ:W?roﬁh%ﬁoﬁf'h@“%tSW@gloayér 30

9. The di ode mw&eeo@fbmlﬂatemag,ﬁa&owm &.ﬂ@.ﬁ@ c@ﬁhé@émns@ﬁeamlfw th@ Caima8
wherein each |ateral side o divid @3 conf | nenen
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exceedi ng2ohelagept h of | ocation of the active |ayer.

6. The diode source of multibeam coherent laser emission as defined in Claim 1
wherein the active amplification region of the linear amplifier is widening at least at part
of its length on the side of the master laser.

7. The diode source of multibeam coherent laser emission as defined in Claim 6

25  wherein there is a smooth transition of said widening part to the stripe part.

8. The diode source of multibeam coherent laser emission as defined in Claim 1
wherein each lateral side of the active amplification region of the linear amplifier has a
dividing-confinement subregion of a specified width placed from the heterostructure
surface to a specified depth, not reaching the depth of location of the active layer.

30 9. The diode source of multibeam coherent laser emission as defined in Claim 8
wherein each lateral side of the dividing-confinement subregion has a confinement
subregion placed from the heterostructure surface to a depth exceeding the depth of
location of the active layer.

10. The diode source of multibeam coherent laser emission as defined in Claim 1

35  wherein the active amplification region of the perpendicular amplifier is widening at least
at certain part of its length on the side of the linear amplifier.



10. The di ode source of nultibeam coherent |aser em ssion as defined in Caim
1 35wherein the active anplification region of the perpendicular anplifier is
wi dening at |least at certain part of its length on the side of the linear

anplifier. 21 11. The diode source,pf nultibeam coherent |aser
em ssion as defined in Claim10 wherein there is a snooth transition of said
wi dening pad to the stripe part. 12. The di ode source of nultibeam

coherent |aser emi %Im@ dﬁfaecteuﬂc@@ﬂmumbéanabtsnelewmeéeérﬂ.sea@as bWadretah cride of the
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15. The diode source of multibeam coherent laser emission as defined in Claim 1
wherein the optical antireflection coating on the optical facets of output of amplified
emission of the perpendicular amplifier has a reflection coefficient near zero.

16. The diode source of multibeam coherent laser emission as defined in Claim 1

20  wherein the optical reflecting plane of the rotary element has an angle of inclination of
plus 45°, the optical reflecting plane of the rotary element next to said optical reflecting
plane has an angle of inclination of minus 45°.

17. The diode source of multibeam coherent laser emission as defined in Claim 1
wherein in the common heterostructure there are at least two active layers electrically

25  connected to one another by thin heavily doped layers of the p-type and the n-type with a
tunnel transition between them.

18. The diode source of multibeam coherent laser emission as defined in Claim 1
wherein at least each master laser, each linear amplifier, and each perpendicular
amplifier have independent ohmic contacts.

30 19. The diode source of multibeam coherent laser emission as defined in Claim 1
wherein along the active region at least of one perpendicular amplifier in the direction of
the optical axis of propagation of twice amplified laser emission at a certain distance from
the rotary element there is at least one introduced output element including at least one

optical reflecting plane crossing the planes of a number of heterostructure layers at an
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