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1 INJECTION EMITTER 5 Field of the Invention The invention relates to
the optoelectronic technology and namely to the effective powerful and
compact semi-conducting injection emitters including the light diodes. 10
Description of the related Art Various types of injection emitters are
known: the light diodes -[S.Nakamura etqal, Appl.Phys.Lett. v.76, 22,
2000], [S.Nakamura et al, IEEE Journ. Select. Topics Quantum Electron.
v.7, 188, 2001], [Y.Narukawa, Optics & Photonics News, April 2004, 15
pp. 25-29], the superluminiscent emitters - [Gerard A. Alfonse et al. JEEE
Journal of Quantum Electronité)EOTRANNENIPT TR 1988, pp.2454-2457],
[A.T. Semenov et al., Electronics Letters, 1993, vol.29, No.10,
pp.854-857]. From the standpoint of technical substance and technical
problem to be solved the closest injection non-coherent emitter-prototype
was described in the following \J\:/t?r'QJ Fhe/INveriRYkin, USA, Patent No.
US 6,429,462 B1, Aug. 6, 2004] including the heterostructure, containing
fhe SCUH MYETWATINA Y B1S BTG SRNIBTRANR BN ASAHEN B fective

emission w transparent ors ald emission, o ut reglor] ocated
peWerst @wtﬁ@mﬁsts?&@w@ﬁé%ﬂaenwépaﬁmmj@deﬁwﬁwe light diodes.

corresponding confining layer. The said output region is at least one and
consists at least of one sublsger The ?t%utp t re?g ion is characterized by
the refraction index norq, the €0 C”f?men GcaTlosses of emission
aorqg, cm-1, the thickness dorg, pm, where q =1,2, .. p are the integer

numbeygyiglesigpaiing %@ld’ﬂ#@?ﬁ%’?&&@%@ﬁs@Eth&@‘é‘ie%é‘%ﬂ@ﬂakamura et

which are calculated from its boundar;&wnh the heterostructure. The

Re BRI UHESith e DtsIPR-gidr - HBkABLR4%h ﬂ’lé%ﬁgr&%ﬂz&?lﬁ?t Topics

haeftectitleatedraction 1iddlex00aff. X iNbatktneay shptisso& Fehthiensftelitves, April 2004,
Epiragl QH&’%GS&GH%@JQ% GHasHon t&?érﬂ% WG EEeY). 'GéE'EhJ‘Bumal of

way that they satisfy the followin é;relatlon arccos (nen, nori) <- (neffmin
%ﬁytwﬁoﬁm@fﬁéﬁ has gheatér Bem198Rin? - i Tisgamenov et al,
Engvimonios\iedtersf 1egBavonpg, albpaspibleswadses of neff for the multitude

of hetegostructures with. the sion Quibu regions bei pragtical
value SO L R L 50 8RS SR G BB o be sonec

hettoserl digetioprifmirpheyens .eznItrwepnzt_e)mmwastdgécabﬁﬁ*elnn]b@tf@k*pwing work
Mt hvdiakotRsacopsishs IN®OSRIIlB 499 462 B1, Aug. 6, 2004] including the
heterostructure, containing the active layer, confining layers, ohmic contacts and output
region of emission which made transparent for said emission, output region located at
least on the one side of the active layer and adjacent to the corresponding confining
layer. The said output region is at least one and consists at least of one sublayer. The
output region is characterized by the refraction index no, the coefficient of optical losses
of emission dor, cM™, the thickness doq, UM, where q =1,2, .. p are the integer numbers,
designating serial numbers of the layers of the output region which are calculated from
its boundary with the heterostructure. The heterostructure with the output region
connected to it is characterized by the effective refraction index nes. At that the values of
the effective refraction index ne; and of the refraction index ny,q were chosen in such a
way that they satisfy the following relation:
arccos (Nefs Nor1) < (Nefrmins Nor1), a@nd while negmin IS greater than n i,

where nNeg min - is the minimum value of ngs among all possible values of ngs for the
multitude of heterostructures with the emission output regions being of practical value

and nmi, - is the least of the refraction indexes in the heterostructure confining layers.
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increase efficiency of the emitter what is achieved through the fact that in

the volume of the emitter-prototype a certain part of the spontaneous

emission is formed in the form of the directed outflow emission with the

following effective output of it. But further increase 5 of efficiency is limited

by the indicated part of the directed sportaneous emission which is

determined by the proposed versions of the emitters-prototypes in which

capture of the spontaneous emission into the waveguide and its output in

the formefiibsiclisecinthgeuibpubdcnlecasnispintenre spaipPy comiinad. dddsibility to
marpRaary |§}i1gr]1%r¥l. YR o RRSISLL ”r‘\.ee&?éﬁﬁg‘éd”H"Sﬁé"%”c'tstﬁ%? in the volume of
creation of the njection emitter (hereaiter - the Emitier) of the new type

e enoiiicprattierRrdBeTtBID Rt ol deecfrorieerangtRmissinie feomedliedhe form of

Pl BHESLABIRARN QHIsSM G e Mg EiRéaud Qltpbe dhR. NBIHIESPIncrease
it}?)e% fgi%té)m beams. Technical results relatln%to the proposed Emitter

[IP¥HE YOUISA QY itO SRS REL 8T B E PR U ARANIBRCRHT i &on which
isldeterrtiretebygthy phepereidsiersiposvet theasnitteeapardaigesicanttych capture of the

nsiuding NIAgHicaBh NHEasE Y GUISE PAYES RRIRUIRIER 18fnt B directed

of the Emitter area), that the efficiency of transformation of electric energy
IRUIIBREN B RCR RSP AR YROBRIPEE emission (below - the efficiency)

has increased significantly and also that the efficiency rises with increase

of the density of the flowing clprent, Irthoef {ﬁg% gé gng - output emission
extraction has increased, temperaturé dependence of the Emitter

efficiency has decreased, the Joule losses have decreased, the internal

opticaltaeseat esnisaiphaedasiedsst somtcapbtidhedffaliBeriadia® emitter

eliabiljty haye increased hy simultaneous simplification of the

e el BB, i Enfier Hotn BT A e MG A broad range of
waraieiogthbavibdie tadicalied tethuicdleedsdion achibe atifeeddyendnfaloe form of
thahibeitle SARELEIEE MeasRroposed which includes the

semiconducting heterostructure containing at least the active layer and the

| h .
wavegURIM¥6dLYRE S FIRING o H19eBQRS5ES MR SAESEL RS fact that its
wfhmai;isimkearefimnriemiﬂkeyrtlirqitede(ﬁal_lﬁhaﬁm ialyees—_cnnesismigig)otm b_Ia'SBion power
A€ iﬁ&%@ygd’ QiﬁqiﬁangHpa%ﬂ'ﬂ\ﬂ#ﬁéﬁﬁ%%%&eéggﬁ R M%rsﬁé%er calculated

heterostructurein the direction o longitudinal optical axis at least one

s qlLienEe ebiaskmtisr Aemativy &ﬁi%?@ﬁ@@hefémf@@?@ﬁ%ﬁéigwic energy
slplienst DremHNagItD aisl RIPEsioNiSsithulTegoN-anesisifignel phieasicreased
sglgfﬁgg%g? tlog%é)%(lge%rnqﬁe ét{/\?ésreg (ftl?gEWr%gg\//ﬁthngr{graetggesgfqt'ﬁ%n&gngi?ytgfa the flowing
current, the level of the output emission extraction has increased, temperature
dependence of the Emitter efficiency has decreased, the Joule losses have decreased,
the internal optical losses of emission have decreased significantly, the lifetime and
reliability have increased by simultaneous simplification of the technological process of
the Emitter manufacture.

According to the invention the above indicated technical result is achieved
through the fact that the injection emitter was proposed which includes the
semiconducting heterostructure containing at least the active layer and the waveguide
layers consisting of at least one sublayer and also the lateral sides of the emitter, the
metallization layers consisting of at least one sublayer and the longitudinal optical axis. In
this case in the said heterostructure in the direction of the longitudinal optical axis at least
one sequence consisting of alternating emission generation region consisting of at least
one subregion and emission output region consisting of at least one subregion is formed.

At that in above indicated sequence on the surface of the external layer of the
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3 heterostructure on the side opposite of the emission output side and on
the lateral sides of emitter, as well as in the generation region on the
surface of the external layer of the heterostructure on the side to the
emission output the corresponding substances are placed the refraction
index of which is significantly less than tlge effective refraction index 5 of
the heterostructure in the generation regions. In the output regions
together with the heterostructure layers there is a semiconducting leak-in

FRy&rosausiEHNBIOiRL {rRsbppPesitLblayereanssiaisigpabelR thedexiaralateral sides

surface of the nerat n reqgions. Every out region o S|te
g esctlfrile ‘L’hes'dmrger?:{Fa 1on o&t%g‘%ﬁba?{?@lrﬁ%@{gstlc%lﬁémsgfg resf)rlc%ed nal layer of the

beigyas faustusel cratbe @iﬂfet%éﬂ@uﬁﬂ\ﬁe@nmﬁnatudwmresr@ném aﬁzub_'-:eances are

ﬁ%@@@@%‘?ﬂﬂ%{w '%@@Wﬁf&wtl&@ﬁﬁ%h?%@%% the Qﬁé&ﬁ%'%racﬂon index
?ﬁg"on At that the ratio of the refraction jndex nIN of the |leak-in laye

EHATRURSTRIFAEROR HGICREFP P IR 5 AP R AR %?ethe" with the
hetporstuttivtiecl dyaks ithkrges incadecbimtocting éepkaintdatbie qonsisieroggoéatdeast one

éﬁﬁ%&’é}ear%ggfé'ﬂﬁrﬁ%%rlﬁﬁoé}% HBFMﬁ%@f’tﬁ@‘é@%%f&ﬁ'%@l@n@eEvery output

new non-obvious "15 and effective way of achievement of the above
TREiRA Y e ARRREIGSidfe BdhendirrdioniRidheRIgiiepasenticht &Xifis restricted by
exdractipat of et siocateaim uhede nuéiesin WMGai*ta@eBndHorﬁh%iﬁgﬁ§tagﬂ theand ay,

§888§88§8H§1§m'§ﬁ'9e% A5 c}needéQtéhr?a?‘ “MS ‘ftH% ﬁ;%l%‘f‘ f re%'.on At that the

propagates two opposite directions aong e longi |na optic

wtimelrihrirefmahastndRavedfiderinakda inveidethr strrhhestiasion index g of

mi%térd&rhhm@ciﬁnﬁlesag@wetj?@nsmntﬂ%e@uﬁ e RipmBREBLTRTeed is equal to
m|SS|ons ase of the current density) get into the output

rbuﬁrs], WFI rﬁaa?é aen Etinuation of the generation regions. At that the
composluomlcsmdtsnreeand dinfeh siom®efdhenotigiutaegfiedrativ afevenon-obvious

%pgﬁééﬁ%%éveo?%%\%ﬁfé%tem'ﬁ%oébBUéOWdI%ét%@'?&91%%\1%9&!’9 %r the first

the qutflow emission with controlled directivity and divergence. The bes

aRihwas oRr R derRANEE FHEaTYRR RE?%%BM;S?JH&HF&’IHEGEM{Y&? Stages At
(e fiesttiag ey B podtipad us oy idapprepaiatt isizbs mctverfegpoisdiagtyred and

?ﬁ?gﬁ%‘#ﬁg N6 S EEB&% Af2eibAS WERY HRk r%ﬁ%ﬂ‘idé ﬁ‘é?ooﬁ-ﬁ&k?‘é% of the rigid

the fact that heterostructure in the “generation region on the side
W'B%@%Wﬂﬂ@ﬂj?ﬁd@% 'Bd@ﬁ)@ﬂﬁﬁpﬁrﬂﬁﬂﬂ@f%‘sf@@foﬂﬁe 4‘&)}@% second stage

whepeitbhpatikdad finemvpats) fesisieipniamissitnimtdie of the current density)

heterosfructure in 30.the generation region. on the %F%of em'sst'lgprgﬁé%ns At that

95 reall zeg %\L{t ato K% e ex{ernafe surface oPﬁwe heterostructure o
HerramponitieniciraHulecasid dioeasiension thatpuipat regions and of their output facets

are such that the emission output is realized in the form of the outflow emission with
controlled directivity and divergence. The best parameters can be achieved when the key
component of the Emitter (generation region — output region) of appropriate sizes is
correspondingly distributed over the Emitter area.

The technical result is also achieved through the fact that heterostructure in the
generation region on the side of emission output has such composition and thickness of
the layers when only partial (incomplete) restriction of emission in the heterostructure in
the generation region on the side of emission output is realized. At that on the external
surface of the heterostructure of the generation region on the side of emission output at
least one metallization layer with the high emission reflection coefficient is placed. In
some cases the said metallization layer is placed directly on the waveguide layer of the

heterostructure.
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least one metallization layer with the high emission reflection coefficient is
placed. In some cases the said metallization layer is placed directly on
the waveguide layer of the heterostructure. 4 The technical result is also
achieved through the fact that the sequence of the alternate generation
regions and the output regions has suchgompositions and thicknesses of
the heterostructure layers when on the side opposite to emission output
side only partial (incomplete) restriction of emission in the heterostructure

is realizad té&rﬁ]mt@emn%eaq@fwmv&mw@e ﬂh@t%@smmtm@ §&dence of the

ve said Ilgg arl(:e east one r%etalllzfatl?n la F?ler with the h| c:eorrrr11|SS|chonS and
reﬁec 1on %oeefflment IS %%ceaa r]n some c Ses ? e sald metaLszatlon ayer

iBighaesskdinidtly bataiesivacieirii@zdes/vhenthe thetsitssopResie. tPremission output
&%&Bmﬂfﬁmt iﬁ@ﬁ%@%}'%ﬁﬁ&’k’iﬁt@@m@s‘(@ﬁt|H1ﬁ{eﬂh%t€?dl%r@él9% is realized. At

igaons 10 are execf:dﬂf?e at east of two stripe qeneratlon sub I’GQIOI’]S

RO SR RIBIRE? e R AGIRIaR O ELP XIS AR & &K ikifabligast one
[hﬁ@tap&ogdaeeamm s regioemifsicheefEeiah coefitieg tregitensidarénfdlede cases

% the, eorrRsRaRding syRiange iistefraghion index ale WL IASS A of the

the effective refraction index of the heterostructure in the indicated
BRigErEHdFH WEbregions. 15 The technical result is also achieved through
the facTheatechniespesding anetaltizietien tayigis pladect Grathreogépytation regions

5R9I00S 8{&,&“ ‘?é% {%‘?'t %rf?ﬁrgp g; §rae}%lﬂ 'Qu6?§ r]-,s[l]gctgt(ég hcﬁkéeﬂ”e'[c%%}n of the

AIS0 achieve e below p executio the output regions

leroitydinal omcah@meahmam&ﬁoheaﬁg%stbetﬁtﬂ%tsgﬁm@za stBrRgigps (in the
@t@rsh@&miﬂguabt@n@aaﬁ’@ ﬁnearbpxﬁb%&bégﬂum»ﬁgl@assmt@wkéﬂact.on index of

tha ick of th k in er I in the outpu; .
R e e D e R T e A 85 et By he dpcicated
Q%Qxagdm splwedienemission leak from the active Iayer into the leak-in
layer wheredhérag!eesniis Qe‘éﬁéB‘"&%ﬁuéfearQr%ﬁ@? %éh?a@“%ﬁtetéé?respondmg

nIN. In practice by 25 absence of the clarifying optical flms on the output
ReaHiom RIS PR RGP YR RO Bt Fé%vé%?%ﬁ?e‘@’ the leak-in
leywgth values of the output region multiplied by the tangent of the outflow

angle ﬁ.ﬁ*gﬁg%ﬁﬁﬁé’ﬁfﬁ'%” 106 UDRRUANEPHR LRI ARREREN S ecution of the
om?tput regions of the Emitter.

The linear inclination angles of the output facets a; and a, are chosen equal to
each other by the absolute values and equal to (11/2). At that the thickness of the leak-in
layer located in the output region exceeds the length of the output region multiplied by
the tangent of the angle ¢ of the emission leak from the active layer into the leak-in layer
where the angle ¢ is determined as arc cosine of the ratio nez to ni. In practice by
absence of the clarifying optical films on the output facets the thickness of the leak-in
layer is chosen equal to two or three length values of the output region multiplied by the
tangent of the outflow angle .

In the next version the linear angles a1 and a, are chosen equal to each other
by the absolute values and equal to (11/2)+(¢). In this case the emission output region in
the longitudinal cross-section has the form of trapezium. For increase of the Emitter
efficiency the clarifying optical films are applied on the output facets of the emission
output regions. Thickness of the leak-in layer in the output region of emission is chosen
not less than the length of the emission output region multiplied by the tangent of the

outflow angle ¢ and divided by one plus squared tangent of the outflow angle .
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by the absolute values and equal to (rr/2)+((p). In this case the emission
output region in 30 the longitudinal cross-section has the form of
trapezium. For increase of the Emitter efficiency the clarifying optical films
are applied on the output facets of the emission output regions.
Thickness of the leak-in layer in the outpgt region of emission is chosen
not less than the length of the emission output region multiplied by the
tangent of the outflow angle cp and divided by one plus squared tangent

of the qutHewtrslecpbrbththeaptigescssigmitng bineanangles@lad@ach other by

re chosen equal to each other b sqlute. values.and equal to L
e AR TaRe QEPen NG el PP i R e Rk butout region in
hedengitodinahers sheststipnohasctoptinme P trise gifringsd trapaginpuand the output

SW@W&)%@%@UHFHQ %@%ﬁéFﬁ_é’P%bﬂéH@Qﬁ ﬂfém%ieﬁt&h&t%ﬁion by direct
iE?etglon b% direct 5 incidence upon it. In the next version the linear angles a

ARNSEMRAD dhosen equal to each other by the absolute values and
equal to (BerABxt (gyA9nlthehiseasanthesautparid egiereinhiveer @ugilttiresch other by

gretigadias Najorm,f LaRerimang) the oY arussien W%&?ﬁ‘é region in the

through the substrate by direct incidence upon it. For increase of
lengittainsficratian thes 1beciaRfy fidrBpeeaMifng e eoimHbemiFdRtodrRs out through
substibde st legstirethandideasolipen emBsiongoesget.of tRdeEmmitteal efficiency the

E%SrHiﬁri% %éﬁ’c%?'f‘iil?r%’se‘%}{r&%‘rﬁw@&‘eedf%ﬁéhﬁtet@%Bgs'ﬁﬂé'iteerai{‘%ﬁg{eﬁwat%éesgces of the
fwo Said séquences of the alternating generation regions and output
PEYRSHY edidbécted in parallel by the current. Through this increase of the

emissigRORWRARItEI kosarhieyrd. ddneieehiicrigie st iscalsatasbiev@er includes at
through the fact that the Emitter includes at least tyo said.sequen
Yo said g@éﬁ) teral \

es of .
RPL ISR SEREAESH PEJIbhSERE BB LY PRGN (S Hintedfh Qufhal regions
eyntresiedrienpatdiieuigh thés ¢nordsd lobtrgh ehifs siorepesvef iheaehissah power is
20,Ehedechnical result is also achieved through the fact that the Emitter
contains corresponding luminescent substance on the emission out

. ) ut
side. ThPEUGATHRE! CERESRITMEREEbIRTALSh tBFtF?&*fFB&hEP‘?cEm'Rer includes at
kaaetemg ca‘dihegmﬂmioassis?adhéamkérrhadhgjiggr@bmhfﬁngpgibﬁe kegplat. dm_lmjt regions
8ahaal rﬁ?%‘éﬂ%é"ﬁg FebicvRdAnreyal gae dagt iﬂb?éégg BT SRREUAS power is
25 corresponding epoxy substance having appropriate form and
gentRgsbnding value of the

The technical result is also achieved through the fact that the Emitter contains
corresponding luminescent substance on the emission output side. Through this
corresponding transformation of the frequency contents of the emission is achieved
including obtaining white light.

The technical result is also achieved through the fact that the Emitter contains
corresponding epoxy substance having appropriate form and corresponding value of the
refraction index. This corresponding epoxy substance is placed on the emission output
side. Through this corresponding angular distribution of the output emission and increase
of the Emitter efficiency are achieved.

Essence of the present invention consists in creation in its integral execution of
the new type of the Emitter with surface output of emission out of the active layer in the
form of the great number of beams based on the proposed original effective and non-
obvious way of the emission output using properties of the outflow emission. The
proposed original and non-obvious key component of the Emitter: emission generation
region — emission output region, distributed along the whole length (in principle unlimited)

of the Emitter secures effective capture (collection) of emission into optical waveguide of
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refraction index. This corresponding epoxy substance is placed on the
emission output side. Through this corresponding angular distribution of
the output emission and increase of the Emitter efficiency are achieved.
Essence of the present invention consists in creation in its integral
execution of 30 the new type of the Emiger with surface output of
emission out of the active layer in the form of the great number of beams
based on the proposed original effective and non- obvious way of the

filigsindia IS gipr ape fdrsvahtheredtilensebssieur. Jitee IGPASEsYion in the

ri%in ang non-ohvious key com openté)f tqe .ltEmitt r:demission . .
orm_ of,.outflow . emission with con r(f led . |re8 IV{rY an ver ?Hce. Tr“e Emitter is
generation region - emission output region, distributed aong? e whole

thaganteiizpenbiplénuntintield) BStofithitet nelimensiviredrffeiohvetugsiore extraction

é@ﬁﬂl@ﬁgﬁnwfl&miﬁt‘i’é@ﬁ‘aingbﬂﬁi%%&‘&\{e&ui@ﬁloj&léh%&%@?rﬁﬁqwe&ﬂgity of the
with the foIIowinﬁj effective outflow out of the output region in the form of

BRI RAYSTORWINT BB SIS e BRIGONRE THORIY SR, SRR REEYqYement of
crhracaeresadtolstadoomtiel@agst Amited dimensions, by high emission

extraction efficiency, by low internal optical losses, by low Joule losses,

by low density of the 5 emission power on the output facets, and

consequently this securesBliglideerrRiRbR e fRYINGSults listed on the

page 2. Brief description of the drawings 10 The present invention is

laingd wi h f the fi - 14 Fig. icall
doscring BEToR N RIS o s Rerh STUTRITRRY it e

alternaftig dtrasbejeriEallioNese)ibas vl bngtndiegictievnsardieaminiie proposed
sHhsdRIsVIR el Ehatiay tbvibiageterftihie reyion EREi®%ateegions on the sapphire

rpendicular to the external surface. of the generation region. 15 Fig.2
A e i T VR B i TSP PR e pe g dicular to the
extaeiiz atidadepé the genesdtivorediengeneration regions and adjacent to
them '@%VQ' s@@mﬂeaﬁﬁ/gi@éh%%%éoﬂgimﬁé%'f%ﬂﬁ%%{?gOBfOtfh‘é’hEﬂiﬁ%fr with the

the Emitter) is sketched out in the Fig.1. Fig.3 schematically describes the

ReliRliaf IApels ERD I HE SRBPARIS SRPIRGIoAGr ANPETAy them lateral
tonfjitingdi megioras thedatigitudinahicbsis skatiched whichn (fetied=itteig. k. sketched out
i%cm%rp%t_iq_ally describes the longitudinal cross-section of the proposed

Emitter’in which - on the side opposite to the emission output side - the _
metalliZtidrsqas@aticribtrecssHer (iR plase-aetliprARRSNBVING YHsigrgeneration
eYiveefepd e thigeranémagitudinal cross-section of which is sketched out in the Fig.1.

Fig.4. schematically describes the longitudinal cross-section of the proposed
Emitter in which - on the side opposite to the emission output side - the metallization
layer, electro-conducting plate and heat-removing base are connected to the confining
layer of the heterostructure.

Fig.5 schematically describes the cross-section of the Emitter passing through
the generation region the longitudinal cross-section of which is sketched out in the Fig.4.

Fig.6 schematically describes the longitudinal cross-section of the proposed
Emitter through one of three generation sub-regions wherein the metallization layers on
the side of the emission output and on the opposite side to it the directly connected to the
waveguide layers of the heterostructure.

Fig.7 schematically describes the view from above of the Emitter with the
metallization layer removed from the generation regions the longitudinal cross-section of
which (of the Emitter) through one of three generation sub-regions is sketched out in the
Fig.6.
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layer of the heterostructure. 25 Fig.5 schematically describes the

cross-section of the Emitter passing through the generation region the

longitudinal cross-section of which is sketched out in the Fig.4. Fig.6

schematically describes the longitudinal cross-section of the proposed

Emitter through one of three generation gub-regions wherein the

metallization layers on the side of the emission output and on the

opposite side to it the directly connected to the 30 waveguide layers of

tEe heua@).st@aiwﬁ%tiliw ﬁ@é@m@éiﬁﬁﬂycmﬂégt?mefviﬁw framerlAEiIAG through
e Emitter with the metallization layer remgved from. t erati :

I el ot T g RS SR o VTS Bl s setonec

ewldrothefée @eneration sub-regions is sketched out in the Fig.6. 7 Fig.8

schemeplically GrRecsReN e bEs apdonieh T RMeT Pass e tRIRHER with the

the generation region the longitudinal cross-section of which (of the =

BRiAtSS e KRYER &08[]?%%%%8?6.eﬁ?&%ioébr?é‘rtﬂé{{iéswaést fibeogfidinal cross-

ssetiofrarh sbiotie(of the Emiitts) wetbsthg tbrougtaltinatanthaye rgerenaténieslib-regions

RS ERSSiRMAUIILERAIMR R danaitiding] HosRagestian fiybich (of

the Emitter) passing through one of three generation sub-regions_without

the saiblignElafenaiom R detiHRRfe PRt TGP Ry el Ritp eEmigerowith three
sehesnadical\rdestsipasnh g sirvafiomaiiove afdhe thoittefionghwfiitteare in parallel

SEMARET S I  TRL SO O REA o

off v iod i peedsnftter) e AeitHde DViethedricuse isdhadi@ds coincides
with theigigtung indhiemigtidallyig-ddsddbechamaticallydesaides (ikBaUtiEYRrs):  the

etallization layers): the longitudinal cross-sections of t ropose .
RO o Se b o] e e FTLEE e ATetng generation
regjimrssang ennigriofiaadmibfeglnot thredntdinddcetsidonnicheard hiitieed and form the

iReipAgRARMes AR eriemalsrdass-eldne IgaREAINIh 1RBIBRS: I
the Fldg,ll - the angles are equal to (rr/2)+ In the Fig.12 - the angles

((p)
el (r4VEERPFS MRIELI2 4T ?ﬁ%ﬂﬁhgles are equal to
(Bthd Figp2). Fithd4sglesraaticqllyl desaribp¢i®, passing through the
HERETBHPNICTloREa552ARe6H0N Bf {Bf sy, with four sequences of

the alternating generation regions 8
Fig.14 schematically describes the passing through the generation region cross-

section of the Emitter with four sequences of the alternating generation regions 8
(including by two generation sub-regions 18 each) and output regions 9 connected in

series by the current.

Description of Preferred Embodiments

In the following the invention is explained through the versions of its realization
with references to the enclosed drawings. The presented examples of modifications of
the Emitter aren’t unique and assume presence of other realizations including certain
ranges of wave lengths the features of which are reflected in the set of features of the
Claims.

The proposed Emitter 1 (see Fig.1 - 3) contains the heterostructure on the
substrate 2 based on the AlGalnN compounds with the active layer 3 of InGaN, the
waveguide layers 4, 5, and the confining layers 6, 7 of AlGaN, correspondingly, on the
side of the emission output and on the side opposite to it, namely - on the side of the

substrate 2. Non-conducting sapphire (Al.O3) having the refraction index of 1,77 is used
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(including by two generation sub-regions 18 each) and output regions 9
connected in series by the current. Description of Preferred Embodiments
25 In the following the invention is explained through the versions of its
realization with references to the enclosed drawings. The presented
examples of modifications of the Emittegaren't unique and assume
presence of other realizations including certain ranges of wave lengths
the features of which are reflected in the set of features of the 30 Claims.
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9 al ong the Oﬂ(%ltUdlna axis are perPen icular_to the external surface of
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86HF?H|'}15‘3%!2&569 Fi"ﬁ#@gs%%o Peﬁ%‘f‘s&éﬁﬁlﬁ‘ﬂa&f‘@?@&eﬁ]f ﬁ%%‘f&%& MWpurity. The

regions '8 have the form of the rectangular parallelepiped. The thickness

Teigdigtine 2giavend SaePrrind BufiuePRBNPdaYRE fritHBeyepRG IR region 8
sadieh Balsteredupfitaeseeiiohs Th&long the total length of the Emitter 1. The said

metallization sublayer 13 made of silver having the reflection coefficient approximately
equal to 95% by direct incidence of emission. On the side of the sapphire substrate 2 the
so-called “lateral contact” is formed through connection of the corresponding
metallization layer 14 to the n-type doped confining layer 7 (see fig. 2 and 3). The length
of the Emitter 1 is chosen equal to 4010 ym. The lengths of all generation regions 8 and
output regions 9 are chosen equal to 40 um and 10 pym correspondingly and at that the
number of the generation regions 8 and output regions 9 formed in the Emitter 1 were
equal to 80 and 81 correspondingly (in the Fig.1 only two and three correspondingly are
shown). The thickness of the leak-in layer 11 in the output region 9 is made equal to 4
pum. Output emission of the Emitter 1 consists of 160 beams a half of which is directed in
one direction along the longitudinal optical axis and another half — in the opposite
direction. Through the corresponding choice of compositions and thickness values of the
heterostructure layers and of the leak-in layer 11 the outflow angle ¢ was chosen equal
to 10°. At that the angle of refraction B on the output facets 12 of the output beams was

obtained equal to 25°. The chosen thickness (4 pm) of the leak-in layer 11 is
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confining layer 6 on the side of emission output is doped with the p-type
impurity. The metallization sublayer 13 is connected to the confining layer
6 in the generation region 8 20 and to the lateral confining regions 10
along the total length of the Emitter 1. The said metallization sublayer 13
made of silver having the reflection coefficient approximately equal to
95% by direct incidence of emission. On the side of the sapphire substrate
2 the so-called "lateral contact" is formed through connection of the

spprospautdingedualalbzatiorptayectl drtaHbedhitpecloped«rairbingdayat fegion 9
(8580, 3,80d 3 e fength 23 of the Emitter dln 5 chosen £gual 19 400 o1t of the
pm.qjhe le g\fﬁs oA genera‘ﬁon region ati ou%pu regions 9 are P

emissienequitiitio @0 gavkiadinddsmceonkefeentingty Hed ittt theet 12 makes up
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femge ttfe?c&%p@&%gion 9 is made equal to 4 30 pm. _Output _emission of the
Emitter, CAMSRIRLhO IR EERMS A Rtuhicds & .&Igﬁjdf?fep&?gom the previous

direction along the longitudinal optical axis and another half - in th _
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ometihy thepactabet egemaercmsiommazimienn g DifieQstipe generation sub-
Feésif%ji%,r&eﬁ@%vﬁﬁ RNEWiBEEN 35,5948 Sy APSESFRSMWHViRlUR Aig.6-8). At that the

ciency of the Emitter 1 (without taking into account ohmic losses) is

WRHCiEe AWK PSS 20885, ARk Athg TddIfdatRsA SPHRIEMganiining the
¢ererbipd-&)bdiffgitad fi@npriinsiqakyvioy shenatheatighribssfattibaterstesadicture are

fﬂfé&%ﬁ%”&%‘(&&ﬁ&’mf{ 3351%51%% %/Me]%%loﬂ@’ Elrjr:TIIt:tEr ‘]Q‘df%rigéeﬁéneration

Topics Quant. Electron., v.7 p7188, 2001 metallization layer

PHREHPRIVES ARrb tisnineTRIdoRnTNNgiowiRRg (M) dher MsiallieationesERimyer 13 (not
dhtngethethavithythe was negrsl candustiagridiéei ddidieageetiigiamiedes a sublayer

R SR A e SRR SR RIS ot e
oiefterizptiamsuapees/ibhignd 15 are connected directly to the waveguide layers 4 and
5.

The following modification of the Emitter 1 (see Fig.9) differed from the previous
one by the fact that corresponding metallization layers 19 were connected to the leak-in
layer 11 of the output regions 9. Connection in parallel by the current of all output regions
9 was executed at the level of the external surface of the leak-in layer 11 through
expansion of the metallization layers 19 towards one of the lateral sides of the Emitter 1.
At that parallel connection by the current of all generation sub-regions 18 is made by
application of the metallization sublayer 13 onto the opposite lateral side of the Emitter 1
(the metallization sublayer 13 on the generation subregions 18 is not shown in the Fig.9).

The following modification of the Emitter 1 (see Fig.10) differed from the
modification shown in the Fig.1-3 by the fact that the Emitter 1 contains 300 (in the
figure only three are shown) sequences of the alternating generation regions 8 and

output regions 9 connected in parallel by the current in which the width values of the
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one by the fact that every generation region 8 consisted of 100 stripe
generation sub- 15 regions 18 with the width of 2 pm each (only three are
shown in the Fig.6-8). At that the width of the output regions 9 was equal
to 400 pm. The lateral regions 10 confining the generation sub-regions 18
practically by the whole thickness of theqlfgterostructure are filled with
dielectric of A1203 along the whole length of the Emitter 1. Over the
generation sub-regions 18 and the lateral confining regions 10 the

m@allizaji@rﬁssgrmaberrﬂa%ér@a@ ghownirthedhigs bivas @@a&e@hoﬂﬂegrons 8 and

said me llization | es a su ade of SI not _
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the Emjtter 1 cont f ly th
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and equal to 2 pm. On the side of the emission output corresponding

Wﬁ'ﬁér@f Wﬁﬁ?ﬂ@éb%?ﬁﬁlﬁfﬁfg&?cﬁ’ﬁwg gl plied on the Emitter 1 and above
them epaxyeesmafifibetiappf dpei @ittt ((seedhiguid)idiffeeciiitoas tveithodification
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eterostructure In the emission output region. T he propose Emitter 1

t8dBAiNgd 19wt derrrRate T PR alille st atintenianshanthahthsé the angles

&rigahd by dhe éaglathat taeio Wit fapate 12beoniivingltBe-PdiRgURIOBDY For this
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ety dasrisetitiathansgshte whieaatigniand goes out through the external surfaces of the

output regions 9 by direct incidence upon them.

The following modification of the Emitter 1 (see Fig.13) differed from the
modification of the Emitter 1 shown in the Fig.1-3 by the fact that the output facets 12
were executed as inclined towards the external surface of the generation region 8 and at
that the angles a4 and a, are equal to each other by the absolute value and equal to
130°. For this modification the output emission undergoes full internal reflection from the
inclined output facets 12, changes its direction and goes out through the sapphire
substrate 2 transparent for emission by direct incidence upon it.

The following modification (see Fig.14) differed from the modification of the
Emitter 1 shown in the Fig.6-8 by the fact that it contains connected in series by the
current four parallel sequences of the alternating generation regions 8 (with two
generation sub-regions 18) and output regions 9 placed on the heat sink ceramic plate

20 made of aluminium nitride with three corresponding metallization layers 21, 22, 23.
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10 absolute value and equal to 1000. For this modification every output
beam of the emission falls under the right angle on the inclined output
facet 12 and directly goes out of the Emitter 1. The proposed Emitter 1
differs from the previous modification by the fact that on the output facets
12 the output emission from which is dirggted in one selected direction 15
along the longitudinal optical axis the clarifying optical films (not shown in
the figures) with the reflection coefficient 98% are applied The next

m@diﬁsati@nrfa‘rfhe&mﬂﬁq%(&saf@ﬂﬂédﬂéﬂa@dﬁéombtbmz’amﬂifi@@&em1ohoi|e the

th Emltter sh wn jn, th &4 St? he fact tha ut fagets 12
ut curre n ac lu§jdst nn %h to the meta I|z ﬁ1
e execu e asin owards the extérnal sur ace o e generation

reglon 8 and at that the angles 20 a, and a2 are equal to each other by the
absolute value and equal to SOQ@ermlng‘ﬁeggfmtlon the output emission
undergoes the full internal reflection from the inclined output facets 12,

changes its direction and goes out through the external surfaces of the

output irggntine Brhitelisertinstibinchelpitethmme Bhedplicationg modifbgieformance
Qélm%tgf@'gwr&e@%?’gﬁﬁs%@nd'ffﬁfﬁ%fée&tgﬁd %ﬁd@ﬁ%m%tégﬂtcgr{h?ers in a certain

Emitter 1 shown in the Fig by the fact that the output facets 12 were
mﬁsofﬂﬁﬁ‘éa%rtﬂ@'ﬂ?é”Sﬁevﬁ%ﬁ%a?%@%P'Eh‘%f YHe A fordigiting-
8 and at that the angles a, and a2 are equal to each other by the absolute
value and equal to 130. For this modification the output emission
undergoes full internal reflection from the inclined output facets 12,
changes its direction and goes out through the sapphire 30 substrate 2
transparent for emission by direct incidence upon it. The following
modification (see Fig.14) differed from the modification of the Emitter 1
shown in the Fig.6-8 by the fact that it contains connected in series by the
current four parallel sequences of the alternating generation regions 8
(with two generation sub-regions 18) and output regions 9 placed on the
heat sink ceramic plate 35 20 made of aluminium nitride with three
corresponding metallization layers 21, 22, 23. 11 The input current
contact (minus) is connected to the metallization layer 21 while the output
current contact (plus) is connected to the metallization layer 23. Industrial
applicability 5 Injection emitters are used in the wide range of applications
as high-performance
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solid-state sources of emission - light diodes and superluminiscent

emitters in a certain broad range of wavelengths, including sources of

emission of white light for lighting. 10 15 20 25 30 3512 CLAIMS 1.

The injection emitter including the semiconducting heterostructure

containing at least the active layer and yyaveguides layers consisting of at

least one sublayer and 5 also the lateral sides of the emitter, the

metallization layers consisting of at least one sublayer and the longitudinal

optical axis wherein in the said hetergstpueigre in the direction of the said
longitudinal optical axis at least one sequence of the alternating emission
generation region consisting of at least one subregion and emission

output Tredion ivisvtienrmmitert insigdiondhsubeativondy donmbetaiostivehese containing
%@\é@t'ﬂf@%@&bl@y@?%@%S@@dl&%ﬂHﬁ?@ élfrié'!@ti%t%\*rﬁ' [ gﬁéi’@u blayer and
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segiays amthéhsuldagiudirthle aptieahakiayeh efeine isattle heser dsttercisireature in the

Hiecldr 1 the SOUSRING AR SRESPERRPONAIRG YARSLAREER Y © oPAEHiternating

the refraction index of which is significantly less than the effective
PEHERIABORRAIRIPS SPEHRNSEAIHRIBAOSIrGE RSN S4REFgiReARItbRMISSION output
r@@tﬁﬂ&:d‘lhmﬁmnghefsatdI@aﬁptdﬂegtobfegmgetheromttéﬁtmsald the above indicated

be ﬁ%%téucﬁu{ﬁe %gq?r'ascéh‘éf‘jﬁ% 2! qndgc%’t‘%'g%‘éfﬁ‘ YElosil %lﬁ%”&q the side

o east one sublayer and raising a e externa race O the said

ORISR Oh REYRINSSIPRACETRIA Sigedandtpnt theglaienal ridascebdhersai emitter as well

SPRASHR SRS Ebﬂé?aﬁﬂfﬁ&ﬂ@fbﬁg the aaédégﬁg&i@d&ﬂah@pémlraeﬂi%aethgf the said
% ut acets Iocat[ d un rtaln 20 linear g%ﬁﬁ s of inclination at and

o) AN (158 S EHA P40 STARE gL Botances are
plened:tierratsgitinraind ek af mbc’an"@aﬁmnﬁi@aemtsaeﬁeﬁhadéxerﬂfﬂeoﬁ‘thee&aaﬂlon index

Jﬁ%@éﬁy ﬁéf@ré@ﬁﬁﬁ‘éﬂ’ﬁeﬁ@f@ﬁ'@@d@pﬁ%ﬁ‘?étgﬂiﬁ@ed?é’}'ﬂw the said output regions

heterostructure in the said output region with the said leak-in layer
{RSRIRYG AT IR BR}jH N ebetRETTHR 385?@%@8{&6«% Gh&emiconddcting leak-in layer

consisting of at least one sublayer and raising above the external surface of the said
generation regions, that every said output region is restricted on its opposite sides in the
direction of the said longitudinal optical axis by the output facets located under certain
linear angles of inclination a; and a,, correspondingly with respect to the external
surface of the said generation region and that the ratio of the refraction index ny of the
said leak-in layer to the effective refraction index nes of the said heterostructure in the
said output region with the said leak-in layer included into it is equal to the number
greater than one.

2. The injection emitter according to the claim 1 wherein said heterostructure in
the said generation region on the side of emission output has such compositions and
thicknesses of the layers when only partial restriction of emission in the said
heterostructure in the said generation region on the side of emission output is realized
while on the external surface of the said heterostructure of the said generation region
from the side of emission output at least one said metallization layer with the high
emission reflection coefficient is placed.

3. The injection emitter according to the claim 2 wherein the said metallization
layer is placed on the waveguide layer of the said heterostructure.

4. The injection emitter according to the claim 1 wherein the sequence of the

alternate generation regions and the output regions has such compositions and
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heterostructure in the said generation region on the side of emission

output has such compositions and thicknesses of the layers when only

partial restriction of emission in the said heterostructure in the said

generation region on the side of emissioygoutput is realized while on the

external surface of the said heterostructure of the said generation region

30 from the side of emission output at least one said metallization layer
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layer with the high emission reflection coefficient is placed. 5
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|nject|on emitter accordln%hto the claim 1 wherein the linear angles a,

and
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9. The injection emitter according to the claim 1 wherein the said linear angles
a; and a, are equal to each other by the absolute value and are equal to (11/2) + (o).

10. The injection emitter according to the claim 1 wherein the said linear angles
as and a, are equal to each other by the absolute value and are equal to (11/4) + (¢/2).

11. The injection emitter according to the claim 1 wherein the said linear angles
a; and a, are equal to each other by the absolute value and are equal to (311/4) - (¢/2).

12. The injection emitter according to the claim 1 wherein has at least two said
sequences of the alternating generation regions and output regions connected in parallel
by the current.

13. The injection emitter according to the claim 1 wherein has at least two said
sequences of the alternating generation regions and output regions connected in series
by the current.

14. The injection emitter according to the claim 1 wherein that contains

corresponding luminescent substance on the emission output side.
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9. The injection emitter according to the claim 1 wherein the said linear

angles a, and a2 are equal to each other by the absolute value and are

equal to (Tr/2) + ((p). 10. The injection emitter according to the claim 1

wherein the said linear angles a, and a2 are equal to each other by the

absolute value and are equal to (Tr/4) +1(4p/2). 25 11. The injection

emitter according to the claim 1 wherein the said linear angles a, and a2

are equal to each other by the absolute value and are equal to (3rr/4) -

((p/2). 18. ThRéjpiEQdENBiRIcACEEsOIAM O theardaiEminwiergiardas atat contains

least two said sequences of the alternating generation regjons and output
e RS e SIBSEee £ e S HBE S e o cpony
suiadier) hastsergahanting &eimandsalrkspongirg saitiesddhe nelsactipriadex.
alternating generation regions and output regions connected in series by

the current. 14. The injection emitter according to the claim 1 wherein that
contains corresponding luminescent substance on the emission output

side. 14 15. The injection emitter according to the claim 1 wherein that

contains corresponding epoxy substance on the emission output side, this
corresponding epoxy substance has corresponding form and

corresponding value of the refraction index. 5 10 15 20 25 30 35 40

45 50
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