; rstue3e<Dp<At R*6Tp 10 March 2003 -1 I NJECTI ON LASER Area of Technol ogy The
invention relates to quantum el ectroni ¢ technol ogy, speci f+ @ cé tB

ef ficient, high-power, conpact sem conductor injection sou G 20P3di at i on
-with a narrow radi ation pattern Prior Art The inj ection |aser
(hereinafter referred to as "the Laser"”) is a device that converts
electrical energy into the energy of rddi ati on possessi ng a narrow spectral
conposi tion and high directivitywJEbTiONeNAsERPes of Lasers are known:
Lasers with a strip-type active lasing region and with radi ati on out put
through the mrror of an optical resonator (S. S. Qu et. al., Electronics
Letters (1992), Vol. 28, No. 25, 46), distributed-feedback
Lasers (Handbook of Seniconduct o‘?‘p{dgge?gﬁﬁlﬂgbhotom c Integrated Circuits,
edited by Y. Suematsu and A. R Adanms, Chapman-H ||, London, 1994, pp.
44-45 and 3934hy)nventiee relatepiq ayasium clestrpuigiterinalogustrerificaldy fq efffisienbowner
anpl i fi er higloppsyer; |cBEPagt, septicopAnstarminiEction rsonices qf mdipgpn with a agrrowo. 6,
pp. 2052- 28didhion pattr.asers with curved resonators and radi ati on out put

t hrough a surface (Electronics Letters (1992), Vol. 28, No. 21, pp.
3011-3012). Further expansion of the@rappArtcati ons of such Lasers is inpeded
by insufficiently high radiation powers, efficiency, operating life, and

reliability, iglidlicasn %éek'%hbx‘éﬁr%ftw tdrefoagode thaSiAer The, hanes ascri bed

by D. R %% I/é 188tri lenl’é t g?%a gt?on gsggsm ‘?1 979 e / 94. 5
H is close%lt '3 tnl es a aser et er struc 3 natter
referred t0 S.llo AB §1 recg re t hat cont ns .a act ve Ia er of G&As
posi 1 oned eI bey liaésts Ei Z%gtfagv %tapﬁ %‘%Féa“ sgga.
regi on ( heldiWith radiationquinyt ghrogeh, the-miror ghan Qpticalye

| engt h LGRElestroniisakerrece (83 20ciVobs28:i Np- @ﬁepacflﬁ%%%@)edlstrm%e

nonequi | i Hrasenn(Handhaskf Sewisondueton édsdpy and dhgtovic btﬁegr@tedcﬁtrcawsedltﬂﬁe GRis
t he medi urhyoY. Stemaipt agbA. Re Adams oChaphien-Hih dohdaf, 1984, BR 4t 4nand BieS-

| ongi t udi nEll7),daiser amplifierss invbudites maytef bsuillatorchoswer haxptifiet MOPAY (IBEE J.

refl ect or sof FnthmnedtrdmE3 (1998YMVSL- 29 Nox~6)pp. 2050-2087); hand00&ers?withf t he
optical remenatRiorafoadhyd PRIiHoh GifhiiGhRSh W subfabd EEle&RMiEs Léddrs pBORRat the
ratio ~= Lk bER. 211 pl 3019003b). tFRIr@ELex tlbﬁrsf Fhees 99@gttioag%f Widh Rers

coeffi cient 191 é%if E?q étf?ﬂm%h T‘%é; ré?i'?eﬁo r@aéﬁﬁ{enEf Gé]eg&ga AifdSand

reflectlv stu lgctors I cal
égsﬁﬂ?tcﬁr gDy, g%COP e il (U8 e‘t"?cle@o 5 géfl ns
ol adding | § H%S& %F%n?htt § B Os ey (heEPneliirs oo of
the RR VWI é?é’é 3 s eé%fﬂgrucf‘get h afa?@éalat aflf?é"n@ abieé SeHOSéW)ItC e

cl adding | enay@oetiealyohemesererys Fiadding deyespt Thegamaegion drereipafiqr R ar e

a cont i nuaeleorddo as thepGRNkef tie apeeatingf Laser, @f dength e, inppraetide qodridrst or and

are per pentitlc theanctive laper indogittichdinna¢quijibiriunaxamgieof atchimjeeRd By coeansg with a

r ef | ect i orohtidiekcdntacterifThecGRSe theomezdinm ¢fithe eptic! resonatef. dihedengtlo ofithe GR
“antiref | edérigvhe dodditudtha) ghis axppisibednded WNAatodndt duefaogt thavdct aaeeletors.

(herei naf tefe le@ftRIHEd to as "the facet"), while a reflective coating is

applied to the other facet. The facet with the applied anti

coating is the output surface. The RIRis made el ectricall yﬂ@wmwmmmﬂ“m and
an ohmc contact is nade with its outer surface, which is o

i nner surface. Another ohm c contact is nade fromthe directi on*aoxhe

het erostructure. The conposition and thicknesses of the active |ayer,

cl adding layers, and RIR are selected so that the condition for outflow of
radiation fromthe active layer into the RIRis fulfilled, specificall

that the refractive index nR R of the RIR exceeds the effect“mm‘mmmﬁm\@

i ndex neef of the heterostructure and of RIR 7, or (J. K Bu

| EEE Journ. of Quant. Electron. (1975), Vol. QE-11, p. 402): cp =6@é€COS
(neet/nRR) > 0. (2)



. Wien direct current is supplied to the Laser, nonequilibriumcarriers are
injected into the active |ayer, and generation of radiati O{bﬂﬁ E BSCI fied
wavel ength 7~ and node conposition occurs in the medi um of are ;??)
- resonator. At the sane tinme, by virtue of the fulfillnment of the
af orenenti oned outflow condition, part of the laser radiation fromthe GR
exits the Laser through the RIR Note~ £iat the use of identical
conposi ti ?&ﬁl g%%lle Gabs ricted
the r angeqjg]§ hd %{t}c%f;&%%gﬁd/rxgaﬂ fr norrugh%%h‘glﬁpgl%Q iL(g'If an(}jhe?ﬁ?out fl ow
angle cp to the range from 3to 0 nespsgLévely. The cited inventorg@)(D. R
Scifres et al., U S Patent 4,063,189, 1977, HOLS 3/19, 331/94.5 H), as
wel | as D.isRqu8icid pas Reflative (capiphgsewitRhy soelficlent tofrrefl¢d®ncsloseved .on29, No.
1, pp. 23-(BEr):inaﬁert edfereetl tdas f"edfleotiven godimgl' c agganmriiet e sthé aeflédiars fafbthe cat ed
Laser: a tdptieslnebchaedt MThatradiatisi inflow-FegidH (hereindfir qof2rred th iSERIRIMY agur r ent
Jtn~ of 7.shich &@uﬁﬁfa@o@@@ﬁs mgusédfl%rd&s loRNOdRfak® Bf @fle Gpﬁlegjlﬁddfmgsﬁ%ﬁs pul se
out put - pOowRy i@ ls&n\/\froﬁl mlefat:eveee AlTnét eplsew o?rt‘het R, QNEIRE a a1§€ ﬁlﬂ/o and

an angl e q t Q)?QH§ oc e 'bn c“I'eFf]rdﬁd o?gb% R{%le tion
out put thro g F ¢ at ??: ou ﬂ [o] naI
gain axis ﬁ 8? S n%f caufxg}mtu?)l? 8 % P éle é’§ Pe rg Kg cal
pl ane (her%’it‘ﬁ%lf e&p ator SR éﬂ“l tgfae l‘éngbté‘FiB’@ rt| cal
pl ane. Di SORBRY,rwit fa t1gHleqtione G051t ﬁle ¥ F‘hgzef‘h herging F'i dﬁ% %"nélsobj ect
of maki ng "antirggeetivigi qopting") dswenplied te one eéﬁr@i enficehfasefp ghageinphiery isfesied to
di f ferent wal"tlmf focgiemdyle a sl ceting ireappsied smtheantlérefocatt The fsegwitbe of
t he out putthe applatdi anir¢ftectine cvaingi isahe anpuhanrfaentid RIR anemde eddeainady
spectral cjoadagives argitdncehnoit cohtact ia aerde rveich ias owter, suaface xptdcld 8coppasigethef
direction jgherl agAhdeadaabihen SihieUlcon@fid ik Naiagas &dnef fiRCtdinetibenef hthef t he
optical r %@E?@sttﬁfcturé!ml‘lf‘ehcdn’fbo%ﬁﬁ)h%ﬁttﬁwkﬁe%k@stot‘ the 'aW@ﬁ?&d clRQdfak - layers
efficiency % c éd Sor thg-{‘ ré‘ondﬁf&;n f[ Yuftlo §t?§r1 o ARG 2

¢

Accor di ng Fidhe hi B aiégert ;a el ﬁgg R
1 TOStr an h
gg5)= %ﬁlmélll Bt %Stoosm bl Z :ant

an inj ect i qdﬁ hg e
forma gain region, and that al so conbé@@s refl ectors, an optical

*@.

contai ns dreR4r @b { Oué’f’ld’fcguéﬂﬁll Mogyer

resonator, ohmc contacts, and?oRT%LS RREAL: side of the active Hyer a
radiationinfl din
cl addi ng Wﬁ\é?]rf &géc?@%%ﬁgf%lppq&{ tothe fL%Eeg e Ei'ilﬁngﬁdéaﬁ?er;&%e 1? Eféﬁctl 8e
e gt b T A R e e
nR~R of t t i ndex
nere for tHEUGEH rﬂéf‘gg‘ﬁ@h%ws?%fl}e dgﬁfommqnﬁen? Qlé O £RAHAQ: (RaFTLP h&nlaserhe
adj oi ni ng 'rdiatien fiom thefGRwxitefiedmsesheeuehi thaRik, Natecihakthe vee of fforyalj
great er t rampositions fmdheactivedasier pad RIB{(bath enade of Gels) reshiecteshihe canigerad's onat or
i s made ofratids i pariz fran imoeé tHah®.9986ltoWw, ambiherowfiowehgkt o ketwtramgr fromaf t he
gai n regi oy @eespéctiveBst one of the reflectors of the optical cavity is

made with a rqfﬂee%a %eﬁ@%(])%@&ffre% gehed. M&Mé@ 199679 ERAkEy 19 han
zero and 'fﬁ ﬁﬁ&eu ) I@%cﬂfﬂes'e? a?n(%fééﬁd H* 9L s Q@‘? f’ltVOQHZ%f the
:m‘ Fg\tNl ?2 grS] »[P :'ins f %tﬁgtfol?owma%g ran1e TS orethe ?quce d sa%er:]rg Sart
10 haroh Shiandig b den ?ltydﬁeo fo/af KALER, PR Sl et o]

e condition for
radi ation outflow fromthe active Iayer |nto the radiation inflow region
also is defined by the relations: arccos (nef~/nRIR) <_ arccos (nefe

mMnRI R) ~ where neff ",~" is greater than nnf,, and where neff mn is the

m ni rum val ue of neff out of all possible neff for the nultiplicity of

| aser heterostructures with radiation inflow regions that are of practical
value, and nm', is the smallest of the refractive indices in the

het erostructure cladding |layers. A distinction of the proposed Lasers is

t he unusual and nonobvi ous choi ce of the nedium of the optical resonator,
whi ch consists of at least part of the RIR and of at |east part of the GR
Optical feedback is assured by the fact that at | east one of the reflectors
of the optical resonator, which is disposed, for exanple, on one of the
facets of the RIR, is nade with a reflection coefficient selected fromthe
range greater than zero and |l ess than one. The choice of the conpositions,
t hi cknesses, and nunber of |ayers and subl ayers of the heterostructure and
RIR in the working Laser assures outflow of directional spontaneous
radiation fromthe active layer (or GR) into the RRRwith an intensity
sufficient to fulfill the condition for lasing in the proposed opti cal
resonator Both for ~any Laser and for the proposed Laser, thls condltlon IS



10 March 2003 -5 fromthe optical resonator and which is equal to: aour =

(2LcR) ~~1 n (R~" Ra) i ~ (4) adiffr is the coeff|C|ent of |ffract|on
| osses of |aser radi ation at its exit fromthe optical resthd OQRi ch is
equal to: adiffr (LR i " In~1- ( a, LORhRR' SrefI)I i~ Srefl 1S
the area of the reflectors of the optlcal cavity, LoRis the length of the
optical resonator; which is equal to (' ~ LoR) (see equation ( 1)), and R
L and RZ 3 Gof heeh JI'% 36 4 e{fﬁ(& EII ra)ut ?fj Wthd?jf]‘é?}Enﬁire

opti cal ?@ c%n 0%5 4-?)“ 1nt erﬁ@&{l'o P,
equatlon( ta@g t f l )

density t rE u% ?% g paspf Pﬂ) ?;E %
threshol d B ma aeﬁsaﬂ thyt 1S m@sn e {orfh fe Y588 *’ds‘é&h‘l igal

shoul d not(hersingfter) nTliWr@ntab\h]%WS HCFPCBQ‘FH af {oide IYS%’«S? RIfE-D. F. Scifr es et
al. (U S Patent 4,063,189, 1977, HO1 S 3/19, 331/94.5 H) and ot her known
Lasers, is the medi um of t he Mdusare ofthedaventionThi s i s easi | y acconpl i shed
by sel ecting the node of intensive outflow, in which the value of Goucfl oW
(cm ~ ) is sellagkfdingehdmvehtiimewisaht bbjevaditalihg blias¢rovith afawer dudien-cm ~ )
of the radieatityihrdxholdapRidabdl diffetctalFficRhcyTREédICAE astighiRisih ardddhgledldfow ng.
condi tion §iger éﬂc@'éfi &d: odth Aufafish 8RGEe %H‘ﬂﬁ?@na hﬁ)rﬁ@ﬂtﬁls plaf€R enhfaelinow) is
smal | er Qt 1%E&Q%§Ig %% thAGEA: fg&*ﬁ%ﬁ T dxpAded)r X L

F{)?p?%gt Ipr dlaﬁoﬁ {n%f)ea%d ef‘ c%ldenl[eggtﬁ' teth%% t gtof Swf?lrcﬁ

addi tion tacg Penrgg ?8} ir}cﬁ ét?Lng?/ ermﬁ: tjiij(il%yof)pz?ﬁ?% ﬁg:‘f %Eih ®anot her
di stincti drPS8%h ller]él Bieofo ase, Witk Sime €t ﬁ%}mB &) i ng
radi ati on @B ffor a wi de range of outflow angles cp (relation (2)), and
accordingly of the ratios (ner~-nR R). It is proposed that the upper bound
of the outfl ow Acgrdisg itm thmhs&h@wn,(tpmtatd:deobjeéti isexdtainedt the theefaat thmhsin ar ecos
(Yl ef f/ Yl Rhjegtion daser és ptoposdds whiishnitcRtes a~faser~hdt&psthiaturk 2batf comains ani n~ (7)
Wher e Yl efdctin@dysr adiecladdihgrlayensainu@hioh itiepbssible toforal 4 gainssdibh,endendt f or
the mul ti plldCédntairy réMRE®FDSh oPGéal renifok, bHNIE lcomtat8 Jaransh Akst 306 sile

practi cal d'fa!h!éeactﬁ datt'a récﬁatd?lenﬁ‘[m\“ Bn Qirh&s@‘%nﬁ&f §ARLE Wrddidighetel N the

heterostr @;léggo Mﬂi%ﬁ*@&%ﬂ é‘%ﬁ %rq»a[%}gfé@l& gg@%?%i Rf};a befe .

which em t
ect € ag gre at

out f | ow arfgf"8 E)g % egui% ef\‘/éereéﬁ

consisti e laser heterostructure an 01n1ng ra atlon inflow region,
specifically, arccos (ner/nrir) is greater than Zero, and at least part of the medium of
the optical resonator is made of at least part of the inflow region and of at least part of
the gain region, and at least one of the reflectors of the optical cavity is made with a
reflection coefficient selected from the range greater than zero and less than one, and
lasing is ensured during the operation of the injection laser in the above optical
resonator, there is at least one inflow region transparent to laser radiation and, from at
least one part



. The proposed Laser with the aforenmentioned essenti al distinctions i s not
obvi ous. Its nonobvi ousness consists in the unusual use of s L ggus
radiation directed at an angle to the |ongitudinal gain ak“% ARt
-followed by anplification thereof and lasing in the proposed nonstandard
opti cal resonator. The path of the laser rays in such a resonator
experiences a "bending" ("refraction” )4 Wi th sinmultaneous anplification of
the Lgd:??%'t?&tggé Bain'rfi oﬂqglﬁmfoa at. d fiRdectdit ewtrtéé{%& BEr‘ﬁbk{‘gg%ft'h B ongdt on
spont aneol€ ive lpﬁ)ot#@aardte&roéf fec‘tgeog’qﬁ %lrgr? he %\{??2 ersfétlolgsrt he opti cal
resonat or and that are dlrecte 5{ the R R bwp nto the GR The
af orementi oned feature ofHOFVEHIRIR aHWB% BeidRRhas used for all proposed
designs of the Laser, based on the known optical principle of the
rever si bi IWheye iriitie greajer Saaniming) aBdb Whewsl e e ieths miniwh vakie Hb gk @ ofo t he
mul ti | ayerall pesibldete fastheuntiliipticitn Oédgeeedmeeosmwmra RitR ratiatiomgntleyat e of
t he essentregibnetiat actafrpradtical vead, und 3,ade dredinmglestooft the refraitive imthtesrimi ned
t he pecul itnéhét'b@gtrﬁxftultemdﬁu@qaj’@gi ng and the advantages of the proposed
Lasers. Lasing\ aiRfindthe dMREpopol 19888 [Pihk Anudial hEnSGRILY RSP Rt Sf fledes in
their opt llﬁ@dluﬁl héb rlca@%éhaﬂp%lxh% nstsﬂgeot aseast ytsofnhema%e dfmatt he
hombgeneoys Xh{‘ % tlﬁ'f' LY 135 Sle Sfifhe! aser
Lays refl e ec ors ¥ ?1c %&; scl ? E ﬁgls eg’ fo 091 rte the {acets
eterostru g% o l e ion
and total 9 1%?46 f rre ¢ ‘t"ﬁ sficicay selptle ﬁ‘]8g}zr}1§hf’at§%$
corres pond?ie § than ‘I’n:‘fs tcatq S?IBP?S(W?}Ed SSF&
di ff er ent % apgd syblayers @nthprleqtfgrortwcm% angj RIRg aq ithe “Grleneclt%srrca%arﬁégu. de
of aGRb o \Winepiéonah dperddriecns cadiativn frem thptackive layes ¢aratd), intghihee
anpl i fi catRIBnwithcan $ntensitygsufficiertntoi fudfilbrthp agaditiom foaidsingnint the mpOSed Vi ew
of the forggoalngsoratve. Pothros eny Laseandnfor the propobezidl@er, thisjcendition id theer (or
di ode | asejohditiohhtha thesadiaibn gaini dxéecd tHeeloadedr BINBIM éag8letic aaskent hald is
di stincti qe&meet ﬁrmerte11t>hﬁ1gbaamreradva@t@ee$mgfmjet;ﬁ'mpra@étos@sdlgLasarsﬁredThe
threshol d \9 BlvafMbi thy ghi rkr}(,u ReM§Fank BeIOKHME RRiatibh! forh Shdlkigivko the
fact that jif rtﬁe AiE ‘gg}ﬁﬁ cP%g ol a%?s %19 0% 8 i i W DY (e
factor ao' E& g

g oI GR] aat i ?her ad trtoH
Conposi 1 dFES FebeE ey gt et TS,
conposi ti ch are
char act er it c[ié%fln‘é copdifipn dpppltaining ¢ %k@sﬁ g%ﬁﬁ%d O(faﬁ E@S%d 868 Per t han
the inter ﬁam%ptert@aﬁlyrlaee@scedn be hatnerthr&y@rl condy lmr)bnmféoeax be y4itienr egi on
(the fact @s: aGR) and by selecting the Fresnel number N (which is equal to
~'" LoOR'NnRKR "' Sre~) to bg nuch | arger_ han the known dlffrac& on

| osses can be nade negl i g7 tyiigw-tas reffRIR-tfirS Rgtl%ﬁ (B> as well as W
Meitland and M _Dann, E)roductr on to Laser Physics [in Russian], Nauka
Publ i sher sWhare Eyunopmy (cHD2-is 1y valup of Hie gl Fosied af theclasing Hareghold: irmnis

addi t i onalthpopteabilosstfacter (absorptioucattpringl of thedases ireiatio iarthe RdRsréuyis not
only i n cohpaetilessfagtot, whitteistrélated o thet laser rasitonefutpat Laser with a snmal |
outflow angle cp (D. R Scifres et al., U'S. Patent 4,063,189, 1977, HOLS
3/19, 331/94.5 H) but also in conparison with the threshold currents of
nodern Lasers w th quantumdi nensi onal active |layers, as for exanple in S
S. Qu et al. (Electronics Letters (1992), Vol. 28, No. 25, pp. 2345-2346).
The first possibility is related to the selection of |arger outflow angl es
cp (fromthe range O < cp < cpm), which is determned by relations (2),
(6), and (7) and results in an increase in the optical radiation

| ocal i zation coefficient r, which in turn inevitably | eads to an additi onal
decrease in the threshold current densities (see, e.g., T. M CocKerill et
al ., Appl. Phys. Lett. (1991), Vol. 59, pp. 2694-2696). The second
possibility is related to the selection of a shape of the RIR (including a
solid of revolution) and a slope of its side optical surfaces or facets
such that, in contrast to ordinary |lasers, spontaneous radiation is

i nvol ved al nost entirely and fromthe very start in the processing of
excitation of lasing. The differential efficiency, for which the foll ow ng
formul ae have been obtai ned, also can be increased in the proposed Lasers:
~d = ~1"' ~2~ where r)1l is the efficirency of output of the outgoing
radiation fromthe GRinto the RIR equal to ~1 = Goutflow (Goutfl ow +
aGR-thr)~ and rl12 is the efficiency of output of the |laser radiation from
the RIR, equal to ~2 = aout/( Gout + ( ~' aR-R) + ad,ffr). (10) The factor
aGr-tnr in relation (9) determnes the total radiation |losses in the GR
V\/nrch consrst of the optrcal radr atron | osses in the GR (the factor aGR)

S v o, M .. o

-




.10 March 2003 _g_ this constraint does not exist. If aout is selected to be

much larger (( ~. ~ a~R) + aa~trr)~ the efficiency rl2 canﬂgg Qﬁgﬁpélose to
one (see relation ( 10)). W will define the efficiency rl E t al
~efficiency of the Laser wthout regard for |osses due to electrical
resi st ance, for whi ch the follow ng rel ation obtains: where "t'1="~Id "
"~lthr~ (12) 'nthr (1 -jthr~joper)~- @13) ~d .toper is the operating
current density through t he Laser. It follows fromrelations ( 12) and ( 13
) that si e Y, | ri2 (relation (8)) and decreasing
j thr wl lrm% %géglnre%ar?\lgﬁoggé%%h&t lga??o I'ciency rl. The spatial and
spectral characterlstlcs of thgmhqgg&oﬂaqhaR|gglalso can be inproveg in the
proposed Lasers. This is due to the original design of the optical
resonat or ,agirniswhe cdeffitientnfdiéffiattidhstes € laseachdaationat its ekiasioandhk ywpgedler at ed
in the horregmareushiveissiRalab: the RIR (or of honpgeneous parts thereof) in
t he absence of nonequilibriummjority carriers init. In ordinary Lasers
t he concentration of |njagmee(b@®rrem$1and tZhe/meRrt Se@l ' gai n af f ect (FHhe
value of the refractive index of the dilineated wavegui de nodes of the
radi ati on,Srentis 8t apayaf thecgfedtorsadithe optiesd caviey.ilugtialthd lengthodf thpeptigalt i al
and spect rrasongtoay ahichr iss¢quab tof(1i niLewt (soa equateoms ()M anOs Rnskd Rt aml the | EEE
Journ. of oQaffitientsdfaeflectiondsr thyedflecRBs oflth8 dptigub resBady.. |1 n the proposed
Lasers the af Qepomiih oneiit gabstimeat ¢fithe Lhicdthprates S@pakse(1d] Shy rdngeed, and
t hey occurfr@n |aid 1ORINFatd 108 R0 THRAGrref dédaﬁy t1abash MRS at RAHidh teRRBhN-
Therefore,(sj ﬁ%fﬁﬁﬂ@tb sidld Qi¥fent BaL: S? nmode wth respect to the

(bl Bt 0l AR ®

ransver o T e
02 in the a fo ’f cant a

d n{ens.on %%1%5 11°Hler ﬂwflj“aﬁ?rﬁtﬁé égwgf leo . dhs s

di vergenceﬁaﬁ‘y?‘}?é Bsigi by setrcing His mpd qo Patensiygiontilomn tllltW galuerpinot

only the \/équmwc@m us seleesed thbe glose o theavalpt ahthe ol Rl Gorléem neot the

hor i zont alragiptiere raepaghiéeng limribe tGRt of gnerer pesnvitedyd dre fdlowing wenditioal ispl ane
and t hat |fslﬂlbdaﬁed1ﬁ¢remd®¢wueMe gaink 4065 - oot Nis sgetler thian ¢las®wial Wassshal |
def i ne t hefactot pit.q, ol A of shasadistonlpepagasiug fimcke GR. Medbadr] tie @itdnsive.

Fur t her noraufleh ahbde gepritehblenfoefthe ipigdased regereNsicé as edsultadh dhtrefse@an be
achi eved idHi¢ibeyP 1R RASREN LBSRE Sn&dév@ﬂ' oM veCsutTIGN ST fafliaGibh MRS She RO t he
so-cal | ed au6fef RIigibEGH of(tﬁe &"L Bd i éhd% th% mdrt §RL T &arn Letters,

vol . 20, %%&%tlorpﬁl é?ﬁ &ﬁgg gfp ﬁ‘d 1@
applicati q ﬁ Yin shift
of the | a§§$ rt?ta bOE %ggsﬁ 8§ed thgd i PPP% g‘rit_gg_thﬁ et ?ﬁ?ﬁﬁ - Pcurrent
anplltude fgg”%ﬁh V@ﬁ E‘é"ﬂfltlcantly Note al so that the proposed
Lasers have a feature that Slz" cantly sinplifies the technol ogy for

maki ng them In [the inve#Eqod %IRD— = AECOSHefrme/driB) = Pmacs (U, S, Pat eff)
4,063,189, 1977, HO1 S 3/19, 331/94.5 H), to elimnate undesirable | osses
one reflector of the optical resondbonaMMSTnﬁm made with a reflect(®e
coating, and the optical facet of the RIR that is an extension thereof nust
be made, byha@oniash thennidimam wabid 6} @at ofvatl pessibleg fdthths nudtiglididyiaful t to
do in vi evieedrodtfue tudsowidh irdloWeitgiode Shadfard Spra@idab ¢410¢, andinfes theenialit@nsi ve
out f | ow ngethe GRiffabti@WinddS) in' thel H&Eﬁ)@’ﬁ'ﬁétﬁﬁ tRUdMmBelaRERP WG hafefigaland
since 'asecfalcht’a@lb §'f rh hét ﬁ%lércgire%éé 'IﬁGM@GQRs/AlGaﬁ \ﬁBﬂi tul&is ftl?a

lify t
St I@l‘?{ %%m Glghe ﬁ es O?lil ﬁgtspgllglt I éon I g(r:]tr on

out put char WY

coe?f|C|eﬁ? %ﬁ th?ace e&?wtﬁe R R and adj acent end surfaces the sane.
The stated object also is attained by virtue of the fact that the active

| ayer is fornmed of at |east one sublayer, and the active |ayer can be

i npl emented as one or several active sublayers, including sublayers having
quant um di mensi onal thicknesses separated from each other by barrier

subl ayers. The cl addi ng | ayers, which are respectively positioned on the
first surface and opposite second surface of the active |ayer, are

respectively forned fromcl addi ng sublayers I, and Ih, where i =1, 2,

k and ] =1, 2, . . .., mare defined as integers that designate the
sequenti al nunber of the cladding sublayers, counted fromthe active |ayer,
with refractive indices n,, and nl~~, respectively, and wi th bandgaps El
and Ell~, and at |east one cl adding sublayer is made in each cl addi ng

|l ayer. |If the active |ayer consists of sublayers, the cladding | ayers
generally are nade of two or nore sublayers on each side of the active

| ayer. For the case where the active |ayer consists of one sublayer with a
thlckness of approxrnately 50 nmor nore, each cIaddlng Iayer may consi st
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.-10 density, and to ensure the necessary value of neff (2), (6), and (7).
For sone preferred Laser designs, barrier regions for fornhgﬂ ﬁge&gg

flowing regions are introduced into the heterostructure. THeVP ction
of barrier regions makes it possible to nake Lasers with a strip gain
region (i.e., inthe formof a strip of, wdth WGR) that have small | osses
of injection current to spreadi ng, as -Rel | as mul tibeam Lasers. It also is
natural that to elimnate current |osses the length LIR-R of the inner
surface Ofgb §“Eh5§ ich |s deternlned anng t he Iongitudinal gain axi s of

the GR, an %{f' | engt h
L~R and at | e POIPORY 4$e % 5%??€%¥§m%*3%1 é ‘gogﬁ t he

t hi ckness 1 dyot‘ﬂlgsﬁ(ﬁs’éf Eﬁ u’&‘??u? ‘ése Haneony radigion FF@teI é’ﬁ@f‘h LcR,
and the arfgelsstoghe lopgitudingl gain sis inethg (f li,c loyige by amplification herepfiandd over
a wi de rargung inohe propopsd rensaindad optieal sesonsioe. Thsi patof the leamaat&truwctly is

t he passi \aeresiatorexpérianies @)bbqr@mg"r('érsﬁwatomf’) withasimpHensouy amplifieatioRIR i s a
necessary thoradidtioanhdrerthe egle ynaft radiatiog outfflotnizomprtbhg gasiadedias ér the TRIRoist ai n

hi gher ef fadeestyl @f thiehadiatis€infldwmangle B foorlaser gaidt spohemeafs) ragssthapogrenade of
an opti calitfledARERNHC UEAEBAIS Of dhe opfich] trBS AR eﬁﬂ' thheghicadirQ@ed %ﬁﬁﬁle' nit

(to absor FﬁI'Roﬂacﬁrlﬂtosz@t(ngrTﬁ'eg fd?HﬁEnt eH“l%Qtu?érBf ﬁca{l*l% Lp&gf‘agiaﬁ&n ses to

| aser rad'ﬁ%ﬁ sy a‘ﬂg}r ﬂrgse HOb s o‘?tﬁé’fdk ?‘bas&isf?ﬁ'ﬂ-‘g?;5 geﬁc ple of‘ﬁ%

d
) - (14 LR iy laé“&P“ NN S A e L Tl
the reqwr ?tgroé?uﬁ%gggg?g%}}ewl a\‘ ‘ill relation (14) the RIR rrust have

a bandgap ERi R a?%éqga% thenessentind ghpractsristin featies @eqoyding fpcthe ahgime

det er m nedletanmingd\ide aeguliarities of tbhé‘umca@emgrm e aﬁvantagq_SOOﬁvdxecmoewg 11
Losses t o lasersr pasiog and gh& poevess of generetiore ofi i orirespoading empdaseint ihairl vy,
dependi ng apticalresotafol ecamasosts taputtesnlageiR ray sepropdgate(ihl.théChorhbigangows, wabkly Jour n.
Appl . Phy sibsdrbib@Sdlumd/el the@UR, bad obly dfier tHed8ser k3t flected fremubie fides ofpt i cal
| oss fact Qe RIRRrd FRIdbhE S EhecaRRFEAHRRIE Ywhieh akhdhlly (J dyyAmehttiéa ot Bcdli gh

g: ](cafsg:]'?nit | AplE{chiGl 8RaYtdiddiR8Hal PMdcRBs ) ofOREPT odetie nglkngﬁhslagérstﬁl% ¢ of
el eas %ﬁc@{%gﬁﬁ&dk 8? ?a%?ﬁra'd[ﬁgﬁh'%pe on’h@&' fh 'f aﬂl%}ﬁ\‘faﬁy er@n{\%}”

desirabl e’ ?"“ E%x“ ‘8&“?‘8&%%"%“‘85 °£@§H€ %Y@ ﬁe
optical |d8 e%t%ret %rop 5 @é Pf&ﬁ E ﬂ? FAPER OGS ﬁ nsr “Btr0. 1 cm
1 or |ess.PrPRpepien a ¢ n Vg CHUNGrS PRRROSEH Lpsgrmay be

sem conduc@led %tlé}eF%{PI!s asqrt(oi @Oii?ﬂ?é?rﬁ &'ﬁt!h agiRtQnanteAVity{'s char acteristics,
particul arly flhe aferemgetiongd esseatial diRtinRtignsl defprmisalthe basic adventagen s fef or
absor pt i orprapused Easersliheghrestdd coment dessitysar i thergwan deeedused. 2his {sélue (7),
and (14). téahsfawplthdtyf tHeee hecéyual agylodses torrddiationtdueput,adedined bieh&Fddtoray be
made of amy,j, Nkdlaticey), SHd Dptiadl ossrs Whithd valupst 6f @SHomipletiédsi FBIRY (WHbke

furt her mor@mpobigioR ifayTBY LRcFBAS @FRE ot Md Yorh &%&i b¥ he aaﬂlcbﬂddcmrs case
an ohm ¢ qonk-a6F tHeShelc?dRA ) Whidhears ‘dﬁ&%&@n&fd ‘?)hffle%loa'ﬁc zﬁ% }?@ﬁ?r e the

Eln? Pﬁgfggz c'él{? g{bg?g%ltlay%eth etr?g[%g@okgptﬁg ﬁg&(gf) |c\e<ﬂzftlﬂu§sonator and the

out put radiation power P (W it is proposed that part of the volunme of the
RIR that borders on the heterostructure, of a thickness no greater than WR
(p,mM, be nade electrically conductive, and that the renai ning vol une be
made of a material with an optical |oss factor aR~-R of no nore than 0.1
cm'. Hereinafter, for brevity we shall call the part of the volune of the
RIR that borders on the heterostructure and that has the specified

thi ckness the first layer of the RIR The other parts of the RIR nay be the
second |l ayer of the RIR, which is adjacent to the first, third, and
subsequent layers. It is proposed that the parts of the RIR that are |ayers
parallel to its inner surface be nmade of materials with different
refractive indices. In such cases, when the difference in the properties of
the aforenentioned |ayers of the RIRRlies not only in electrical
conductivity but also in different refractive indices, the outfl ow angl es
cp (2) in the layers of the RIR can be controlled, and hence the thickness
of the RIR and its layers also can be controlled. It is not hard to show
that the outflow angle cp, inthe i-th |ayer (wherei =2, 3,..., s are
integers) with a refractive index nRIR, is equal to arccos (neff~nR-R,))
(see relation (2)). Therefore, if for exanple the refractive index nR~-Rl of
the first layer is smaller than n~R2 for the second 10 March 2003 -12



_layer, the thickness of the second |ayer may be made smaller than for the
first layer, and vice versa. Decreasing the thickness dRi

sinplification of the technology and to a | owering of thewggclh??)gﬁakl ng
the RIR In both cases an ohmc contact is made with the electrically
conductive part of the RIR whose thickness it is advisable to nmake no
greater than the width WER of the GR “I'n Lasers whose RIR is nade to have

an optical loss factor aRIR of no nore than 0.1 cm~, it is possible to

hi tel
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bandgap. PReith ahasal loattrw daglegps(D.nRvEuifrbs ef af., UASgRateal 463089 1R7,it is
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simplify t d% In% long((m}ﬁ
surface off?® Orbégca LR e ‘é’ﬁ’c‘f Bftufrh%"dgﬁbﬁg ﬁ lf ga sarre
angl e of |4’f&‘fe?‘§?df‘| fnthyffs umefl et“ﬁ’é“”% 6 &f Forker ffrffle.Aé'ﬁ% %5t he adj

acent opt ikedh (PQ&bVas 9[ﬁE H9%-2688)-not ed pr evi ousl (pa Qeﬁi in practice
this will not Thegeennd Hoﬁ%blﬂib)f’éﬁél@@déoéhe &e%tleragéas apiefoff gh R @ntlodingent s of
t he inj ecta snlid eflswvoktienpamshastape apity side obtieatsyrfagest drefamitik sugtethat.iiant ed at
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to the | onbe vergtistudd inghe proasssthg of aktieioh o€ lasmgral or per pendi cul ar pl ane.
For clarity, tihesliffétehtel effididiel] foatihidh the fHIRIWIBE forlithe a8 ®8emr obthiged,

per pendi cUj|@y capltR\kcreRdd APthie pofsgcpggsegl ane - is defined by angle W(see
e.g., |. 1. Bronchtein and K A" Senendyayev, Handbook of Mathenmatics (in

Russian), p. 170, 1953) and is arbiwg=anjly,said to be positive if (e facet
subtends an acute angle with the inner surface (or with t tive |l ayer,

whi ch in pVhse mpu%thesef IgienewRE Otlmuh@? the ﬂletgomséa@a&%fmgm a@é igingthene
active | ayRiR. ga@alpdiral l el to each other), and to be negative if the facet
subt ends an obtuse angle with he i NNE g surfpg Ehe i ntroduced |n@)| ned
facets with specified angles o I L S e it possible, by using
si npl e t ecdnaqy, agihe atfic&c 'f-)fdfﬁﬁ@ut éiOth@lRiséﬂ ﬂadaﬂo@%hpﬂhemm&ﬁiag@ of an opti cal
resonator with negative feedback, as well as different directions of |aser
radiation output. It is mzap@cstgdlottrfa(tu aﬂle)eJagdrffrbne optical facet 6f0)the R R

be made in theyfqs PL a rﬁféls P09y b & aﬁamo%gesamha@ it be
f or med vmthag aﬁ tio 1 fc a etlsest§~ equal
formed L gy Bkt oY foc ?6?1‘?&% 559 s 12 %rfﬁ}‘ ARG 0n eve
the abili trf}d%orha Bu&zﬁ Y BNEY a5 Biaee FRFL é‘i‘?HVe cp t hroughout
the entire range of its valuesy(2)=dfMa@nd (7), up to cpm-, inckuding for
val ues of the angles cp |arger t han t e angle of total internal reflection
a, and hence thy sdehtiog a paintCGuestriguficantlyegreatde thant qar-ti-ne edl eobtdie an

ef fi ci encyefficidngonefsee delatiem$?)) tchase angine. dlotadthatiméhdR Beifreher vbriigal

pl ane, andPadrtec@630L89pUD7Af HOBS 8r19; 8d1/4%i50H) tthy imegdasée fve tlappaia ab,hAaclst of
the RI R whanstdifed Bihalindeask $n thenasid thrdshelddantntoRor the plsposdd Lasats facet .

10 March 2003 -13 For the same purposes, but with inplenentation of |aser
radi ati on output perpendicular to the plane of the active |ayer, at |east
one optical facet is formed with a negative angle of inclination yr equal
to (~/4) - (cp/2), and at |east part of the outer surface of the RIRis
made, at |east at the point of projection onto it of the formed opti cal
facet of the RIR, in the formof a reflector of the optical resonator, or
at | east one optical facet of the RRRis formed with a positive angle of
inclination yr equal to (~/4) + (cp/2), and at | east part of the Laser
surface opposite the RIRR is made, at |least at the point of the projection
onto it of the forned optical facet of the RIR in the formof a reflector
of the optical resonator. In the first case, radiation output will occur

t hrough the outer surface of the RIR and in the second case it wll occur
in the dianmetrically opposite direction. In a nunber of other cases, in the
af orenenti oned enbodi nents of the proposed Lasers the other optical facet
of the RIR |s forrred vvlth an angle of |ncI|nat|on yr of zero. A reflectlve

. o Y o o, r . Y " o ~ o~



.If the angle cp is smaller than the angle a, the use of an external
reflector (outside the RIR) makes it possible to create a o%ég@§aser in

whi ch both facets of the RIR subtend an angl e of inclinatl W

~zero. This sinplifies the technology for naking the Laser, since there is

no need to nake the facets for the RRR_sloped. In this case, feedback is

generated by using an external reflectéﬁ (or reflectors) nade with the

correspondi ng angle of inclination. is possible to make one of the

refl ector f p ont e, ext ernal
rof | 6ot or ,Sthf% cohgtﬁtﬁt&deg?ht Xt hya Vi@'séi?ct%: t&c%f gh‘fft_b%it tfug t?' N the
form of a Egﬁfimtﬁcrgnﬁ ’:Sffh 55 ft? U0t he
form of a UBHERTCA| as e fopal hfic CH A ig %Hfng%{é OBH"ifF%ttdi“ﬁ

Enbodi ment&eccal ﬁeém&nsfyofgwhtcaé ¢ folloydngelatigpobiainse in which 10 March
2003 -14 an additional lowering of the threshold current (with a
correspondi ng increase in the effi cigmeynms) is effected through e
conpl et e uwvhdrezati on of spontaneous radiation in devel oping the process of
| asi ng excitation. In a nunber of cases, this is attained by virtue of the

fact that at Ieast one of the mtmtpdut{(pegthrgg, dg optical facets (her@igpafter
referred to as "a side facet”) of the radi ation-infl ow region i s made

?'Sogg?p‘é“n dzé?t a“pe,%%@ogéraﬂ g% 'cféHsAy%E&lgﬁﬁ;héf ¢ .akQ. ttheb&% g %"gelﬁ’tll(ﬁﬁe t hat
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i ncl i nat i d# yrthaharigentalqrieney o bovpeaservew foragignificantieJanger dimeasionnaf thee i nner
surface) adrip Handangtdindyghaesrs Caseqpenipritie divergescao e oipubtadiatioalwillpl anes
from one pwmi significantlyeeducee imhott dndy thei vertirad batt dlsnthe hbrigdraal Rlddel Vaddd of a
truncat ed def@btthehsrizoneal ptadneas thdpland ¢ae ioperperdiduleatto oie vertitad pla@sanded

bet ween t hBatdignesatdd bix thef ordtp@ suefaeesand teh@npel peediveshall deéfigheOsutpute 1 nner
surface fréﬁ%a&é!;easpﬂhb'ﬂa%etoiurfaké fbxnléaﬁia‘ii%ﬁtdu%htV\Fﬁﬂfhén%reg%fhﬁfea dretatiohesre, the
angle is é'-'ﬁ% &hcl rlQéé} td¥atidh b%lé'&hfé@ tlﬂs 'ééc?‘Eé(se}‘! el iillert NE
angl es of Jc] |of‘%h of ahd the B4 ”%ﬁ E@ GpLEH T el e

g' sper5| on la gonzcs et rs %;oqeﬂfq%é? tl §8? ic 1su r?e]‘blgfor Iver&e nce may
e | gnpre ﬁ‘f %{e ’r| son
which is 8? 1885 Y“é E'Bﬁl 5f the outflow angle cp as a functlon of
t he mavelength ~,, Wwhich varies over the range of the spectral band 0~, for
spont aneous radi ation. We determned the angle Ccp by a nuneri cal

cal culation using relation (2) for the known dependences of new and nR R on
~, in the range 0~,. The cal cul ati ons showed that for the nost frequently
used heterostructures with 07~ of 20-50 nm the angle Ocp lies in the range
fromO0.5 to 1.5. In another |aser several GRs is that they are successively
connected into a unified optical resonator. In this case, the GRs are
formed along at | east one line parallel to the |ongitudinal gain axes of
the GRs; the spacing between the starts of the GRs are selected to be

2dR, R/'tan cp, and the outer surface is nmade optically reflective, at |east
at points of the projection onto it of the gain regions at the outfl ow
angle cp. It also is possible to formon opposite surfaces, for at |east
one CGR having identical outflow angles cp, RIRs along two |ines that are
parallel to each other and to the |ongitudinal gain axes of the GRs; here,
the shortest distance between the starts of the GR on opposite sides of the
RIR is selected to be dR R/'sin cp. These nodifications nake it possible to
increase the radiation output power while at the sanme tinme reducing the

t hi ckness of the RIR and |nprOV|ng the condltlons of heat reanaI
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10 March 2003 -16 I n anot her enbodi nent of a nultibeam Laser, a

mul tiplicity of laser beams forns a two-dimensional matrix |n whi ch each
beamis independently controll able by the operating cur r ent0 Mereh; 3008 gain
regions are formed fromat |east two sequences of GRs in each of which at

| east two GRs are disposed so that the gain axes of each GR in each
sequence are parallel to each other and-are positioned at a right angle to
the line of intersection of the active | ayer with the extension of the
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gener ati ng® Addltlonal advantages of the
proposed Lasers are the ab|I|ty to obtain different directions of |aser
radi ati on, including those perpendicular to the plane of the active |ayer,
as well as increased service |ife and operational reliability and high
manuf acturability. An advantage of the proposed. Lasers with a multiplicity
of gain regions, in addition to those nentioned previously, is the

i ntegrated technology for making them The technical inplenentation of the
invention is based on known basic production processes, which by now are
wel | devel oped and are used extensively in | aser manufacture. The range of
radi ati on wavel engt hs of the Lasers that have been put to use to date
extends fromthe infrared to the ultraviolet. Depending on the wavel ength,
appropriate heterostructures are used for different sections of the

wavel engt h range. For exanple, heterostructures based on sem conduct or
compounds in the AlGN GaN Gal nN system and also [in the] ZnCdSSe/ GaAS
[systen], are nost effective for ultraviolet, blue, and green radiation
(0.36 ~m< ~, < 0.58 p,m; conpounds in the Al Gal nP/ GaAs system [ are nost
effective] for red and yellow (0.58 ~-m< ~, < 0.69 ~, n; 10 March 2003
-18 conpounds in the Al GaAs/ GaAs system and in the |InGaAs/ GaAs/ Al GaAs
system|[are nost effective] for infrared (0.77 ~m< ~, < 1.2 wn;
conmpounds in the Gl nAsP/InP system|[are nost effective] for infrared ( 1.2
wn < 7~ < 2.0 pn); and conpounds in the Al Gal nSbAs/ GaAs system [ are npst
effectlve] for |nfrared (2 0 ~.m< ~) < 4 0 V'n) In each of the
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_Figs. 1-7 schematically depict |ongitudinal sections (along the optical
gain axis of the GR) of different designs of the proposed Laser vmth GR end
surfaces made in the formof planes that extend the planes 1 Magghe?00
correspondi ng facets, with one-way radi ati on output, specifically: in Figs.
1-3 - with facets of the RIR that are inplenented as reflectors of the
optical resonator, and in Fig. 1 - witHtwo inclined facets with a positive
angl e of inclination yr equal toin Fig. 2 - with an external reflector in

e oo bl hR0E AhirShe b ?Jluwfneff gﬁ% els, inFig. 3 with

one facet W ro; in Fi

Wt parts. of IPhAOBAErIEd LaSer draiens.oakier (4 f? mwﬁ%‘glng
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~/ 4 - cp/ idth #dr) ¢ghatshavenismhll dassex tofr inggctipnf quetsnb ito j spraadings @s nwell as

di f f ract i onulgbesn hgser®o one of the inclined facets; in Fig. 6 - with another
facet with anlaalgbés ahturalchatn@t elomingte anteat l(meszmeolﬁngth kg .of the imhdrh one
inclined fsaffaée of theRIRRIWRiIM isdderifed alvBg anglongiidinalCidimakis @T thGRgnot her
inclined fgehe Width W RTIhd Rﬁzaaﬂlr@ad@ftolﬁacdmém o Mengfi ggma&t & least of
schemat i calilph Pbeheﬁ(Cﬁ(‘Q'b sections of desi gns Wi t parts of the

outer surfaceqg ?hﬁ- m tda,reoﬁﬁ@m f@pd I{aglo‘ar{ﬁ@s 1 hegors of
the opti ca}I ﬁio %thaihei eso 1cl ati 1}1%% e(ﬁé acgats andrp %g lr{l%%iééﬁ Elgda?gl:gts
%

of inclina V&‘Ifi%

with an an ~/4+c/ ), and the other with
an angle of i r$é‘?qe § éﬂ%@c@& REN ezé’raﬁﬁlqul luni@ c Maseptical) r SPOB#PIct s a

| ongi t udi rigAnSBARY R Rels @ensceanyt congitionr p&@eﬁmgra@wg of the mrmosredcet s

wi t h angl deasert Tonahitaindtighen efficienpya¢f the Laserp theaRIR bt & petittherep i) anush b

ref | ect or snide ¢fhan éwicallphoplogereons materil, Fidghe opficdl 3adist@nitssasahliy (tdepi ct

Cr 0Ss- sectabsorptiod asd settdesg)gnastdie rhich gmaijes siec thasier loases ao dasagradintidnf f er ent
i mpl enent ajutinsfrarh thb@pebali esemmsraspecificatly} iR cindatdn ofr i< Whi ehustibe RIR is
| ocat ed: ififffied;orll - on the outer surface of the RIR

orir << 2p - Lop)™" . In(R; - Ry)™. (14)

If the RIR is made of a semiconductor material, in addition to the requirements of
homogeneity, to fulfill relation (14) the RIR must have a bandgap Egjr larger than the
bandgap E, for the active layer, which determines the wavelength A of the laser
radiation.



in Fig. 12 - on the electrically conductive sublayer of the cladding |ayer
adj acent to the RIR, and in Fig. 13 - on the electrically ﬁoonldu%té'o\ég part
(layer) of the RIR adjacent to the heterostructure. Figs. -
schematically depict a |ongitudinal section (Fig. 14) and crosssection
(Fig. 15) of the proposed Lasers with sjx GRs that are galvanically
seriesparallel connected, with a single' RIR Figs. 16-18 schematically
depi ct |ongitudinal sections, and Fig. 19 a crosssection, of the proposed

Laser with @ bt% ﬁbﬁ%reofm d HQ&Q&%@% chmeQt@i ﬁé’ﬂt all CQSHeB ab' e
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proposed Lase g)ﬂ exs‘?l'iéﬁ %er)pﬁ Lede 3pd,t hat

ar e_ di spos : ﬁ_ % L \MHHEO%& ucg) ; Eﬁ%fr E? in Fig.
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Enbodi ments§rigee effbe RBBent i on Herei nafter, the invention is expl ai ned
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dr awi ngs. dgrie (canlQuarell inexease thes efféctivedlenighi pa of theheptiRabiretonatoarandnthe

uni que, arsitpurphdiatidrepexersP €Moeit if popbed thatpadt of tiesvolinns effteaRIR akatar e
refl ect ed Horddrh @nalierRerbfruefurdé, her 4 ahitkiie®s nongreler ehani Mer (IAY, Pé apized
Laser 1 (sg&tfdally cbndidive] &hd tll&t ﬂue'r&ﬁhlﬂﬂ‘%svcﬁu%@‘b@rrﬂﬁferdfci HaRridl wiiaah
conpri ses A Aqbis ﬁctbﬁﬁ;ﬁﬁ Oﬁmp%géﬂé‘lﬁ:@gq Ivveen tvvo cI adding layers 4 and 5,
respectively, Izéérél aftat 1It wel u'nﬂ: of He fisthye |ayer
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in the foraie davess parpllgd to dps inperasusface By made of materlals with different refractive
indices. In such cases, when the difference in the properties of the aforementioned

layers of the RIR lies not only in electrical conductivity but also in different refractive
indices, the outflow angles ¢ (2) in the layers of the RIR can be controlled, and hence
the thickness of the RIR and its layers also can be controlled. It is not hard to show
that the outflow angle ¢, in the i-th layer (where i = 2, 3,..., s are integers) with a
refractive index ngir, is equal to arccos (ner/mrir,) (see relation (2)). Therefore, if for
example the refractive index sgjr, of the first layer is smaller than nrir» for the second



10 March 2003 -21 bounded on the sides by barrier regions 6 is 400 ~ m
The total wdth of the |aser crystal is 1000 wn A seni cong ctorﬁlg 7,
bounded on the end faces by facets 8 and 9, which are inpl Eh¥A (B F0Q
reflectors of the optical resonator, is |ocated on the surface, distant
fromactive layer 3, of sublayer I1", ?i cladding layer 5. RIR 7 is

i npl emented as a substrate 10 to which'¢he required formis inparted. Both
facets the first facet 8 and second facet 9 - of RRR 7 are nade inclined
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d % R i
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end surfadebch3, itikipossitdeteadiove a laegd wolgiie offthd hetivgaGR (b gicosasingE grar e an
ext ensi on t@fapbfb&uﬁ&éryels e Vit splafinaserahdiatien ilogsks e thd R sndBtoadtidaifl and
have the qg@gvm@g bAE bafput ARchtloRPosRFE reflection coefficients as facets 8
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t hi ckness WP#0of RIR 7, for which the relation dRI R ~ LI RIR ~ tan cp/(l +
tan2 c~)), (15prthose Lpgerdesigns in vhichp &6 largervalmesfder, lta%/@ﬁdeimahl%top]@ﬁéﬁetl oned
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coefficie a§er0f Iayers 19 27 of heterostructure 2, contact Iayer 14, and
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het er ost r ystpemdicilar pldM8OF omelatity, Higangle afithdinatsarby dgtresen thiogdane@—1the 14,

16- 18, andpezfbndiculae pharenirndoopticad fic@tvplanbowid Hefinbdr Bcthglasy ddeeps.@pdght i on of
| aser radiBrohéhieinnd R A, Sunsbndidyel dHahdbookasFaViathei@tcsh Rugslan pa1vdier nal Iy
conducti Vﬂ%hﬁﬁhc{ i@%bﬁrbﬁ%aldlofue%snllve 4ithk fidct Ehﬁtélﬁls%h%ut@fangié%ﬁl gRnt act
15. The rg a&f’(’éﬁrwﬂl@t‘-’hesa‘éHQ | t\z&hl&hm% PRk IC R ﬁleacﬁﬁlx 1§inceTﬁ1% basi c
par am?ter n[%[ts 4L dldGhd- é‘@f{fe 15 é ﬁz{rhl%]’to E@e&té a%ﬁ o bt ? AHRNE

?3“'5'53221%? gl nﬂ:ﬁ%@ & ? i 4 SPﬁ% e dydor
and |. cée el pﬂSS USI

imple technol glceﬂp
742- 753) &P ‘%’F‘WH né E%{glil gnﬁptecw f9sanatgy w&gﬁs&ﬁw&g‘e?ﬁ&aﬁlaary

condi t i onsasiwelhasidi ¢r§9"edqucﬁ%sr0f aea Faskiation QuiRués. The cal cul ati ons used the
fol I owi ng i ni tit iiprerasedrihat pkleastioac optiealifaget ghthe RIR bemade in thedpr ofieeded to
achi eve i meBecoronf ithe 2pOcal mesqnatdreanst tporit ibonfkied Witle taopodititenargie tdfe gai n
and injected-el ectron concentration in active layer 3is 5 x 10-6 cn2, and
the lifetine of the nonequilibriumelectrons in active layer 3 is 1 ns. The
cal cul ati ons al so assuned: an optical loss factor a~Rin the GRof 3 cms
(see D. Z. @Grbuzov et al., IEEE Journ. of Quant. Electr. (1997), Vol. 33,
No. 12, pp. 2266-2276) and in accordance, for exanple, with H C. Huang et
al. (Journ. Appl. Phys. (1990), Vol. 67, No. 3, pp. 1497-1503), and with a
value of the optical loss factor aR~-R of the laser radiation in RIR 7 of
0.1 cm ~ . The | osses to output of spontaneous radiation through end
surfaces 13 of the gain region were not taken into account in the

cal cul ati ons because of their smallness, so that a~R-thr (relation ( 11 )),
is 3 cm~ . The values adopted for the paraneters are typical of the |aser
heterostructure 2 in question, which is based on |InGas/ GaAs/ Al GaAs. | f one
turns to a heterostructure 2 using other conpounds, such as Gal nPAs/ I nP,

t hese paraneters may change sonewhat. The follow ng results were obtai ned
by nunerlcal calculatlon the threshold current den5|ty j~,,r is 89.3

. o, . L R T ) - M T O



. -23 the effective refractive index nee is 3.3124; the total gain GGR and
gain Go"tflow for the outgoing radiation (reached for a cur eq% %@ﬁfity
j aper of 2,500 A/cn2 through Laser 1 ) are 320.80 cm 1 and H2 ~,
-respectively; here the difference (GR - Goutaow), which is 0.73 cm~, is
smal l er than aGR-cnr (relation (11)), which is 3 cm1, which neans that the
node of intensive outflow has been sél@@red and that |asing did not occur
in the GR (see page 5); the net |oss factor ao"t (relation (4)) for the
out put | as f.ro 5 t factor
defined a géln{aagfl t%&?al to tﬂég g]fZV an lje ,t%’ﬁlc 1s eghla]bg) F&%é fr?E/‘ El R tnr
(relation ag§ ieye ﬂ?“né‘ to m g’cﬁ"%"ée‘! rlrgseéﬁ Pﬁ‘ *8‘ ?“ Og angle @ g?
ad, ffr), i s if5|TaRgs <111t56 ngd./}-f4p @afvwla‘fl& ng gy Bfa %‘ﬁ (5) is
negl i gi bl yAn8leaIR largqrﬂhalhﬂ@aa%#e ehiotal dnismab geflsstierr. pad hegpestorgdycesthp. * t he
t hr eshol d tbeshaldtcumrent density, insteasss thg efficiencys@my -power,odegrease thayangle of
di f f er ent idivergbiidecire they vertidali plafe, 08KV effseteontpliabf dase( 8digtioanthrough the
conponent sopticali fadet ®if @i RIR (MBEn thenddiafién (srirabily incided) dn dtrthe 0pRD Tacand
0.9919, respectively; and the threshold loss factor rhnr (relation (13))
for a japer of 2,500 Ais 0.9643, and the efficiency rl (relation (12)) of
Laser 1 is 0.9476. The output power P (W of |aser radiation is determ ned
as: P=rl ~J ~ (hv), ( 16) where J is the operating current through the
device, equal to 40 A, and (hv) is the photon energy in volts, equal to
1.265 V. The value obtained for Pis 47.95 W The radi ation near-field area
(out put aperture) Sap, defined as (dap ~ WAR), is equal to 0.51 x 10-2 cnt,
where dap is equal to LGR ~ sin cp, specifically 1,368 wn and WAR i s 400
)am The angl es of divergence G and 02 of the output radiation were
respectively estimated as the wavel ength ~,, divided by dap, and the
wavel ength 7~, divided by WoR In the vertical plane, the angle Ol was
found to be 0.72 nrad. In the horizontal plane the angle 02 is 2.45 nrad in
the range of currents for which nononode | asing is maintai ned. The out put
of laser radiation on the output facet 9, defined as P/ Sap, is 9402 Wcn2.
Anot her enbodi nent of Laser 1 (see Fig. 2) differed fromthe first one in
that an antireflective coating 28 was applied to facet 8, and outer
reflector 29 10 March 2003 -24 was inplenmented as a plane mrror
measuring 2,500 x 2,500 ~n2, with a reflection coefficient of 0.999, which
was parallel to facet 8 and 10,000 ~mfromit. The width WER was |, 368
Vim and the total width of the |aser crystal was 3,000 ~, m The basic
paranmeters of Laser 1 in this enbodinment that differ fromthe first
enbodi mrent are: SGR~ ftnr~ foper~ p (relation ( 16)), and Sad ar 2
respectively equal to 5.47 x 10-2 cn2, 1.43 A 136.75 A, 163.9 W and 1.87
x 10 cm, and OL and 02 are identical and are equal to approximtely 0.72
nrad. The difference between the enbodi nent of Laser 1 (see Figs. 10 and 11
) and the previous one is that facets 8 and 9 of RRR 7 were made with an
angle of inclination y~ of zero. As a result of the increase in the
t hi cknesses of |ayers 21 and 25 of heterostructure 2 (see Table), the
outflow angle cp was reduced to 12, which is smaller than the angle a.
Here, the plane of external reflectors 29 for providing negative feedback
was adjusted with an angle of inclination relative to the normal plane of
42.3, and the angle Ccp was 1.4. Laser 1 had unidirectional radiation
out put, since one reflector had a reflective coating 11 with RL of 0.999,
and the other had a coating 12 with R2 of 0.05. In addition to the known
advant ages i nherent in Lasers with an external resonators (in particular,
t he enhancenent of spatial and spectral characteristics), another advantage
of it is a sinplification of the fabrication technol ogy.



The next enbodi nent of Laser 1 (see Fig. 4 and Fig. 11 ) differed fromthe
first one in that both facets 8 and 9 of RIRR 7 were nade 'tlga tive
angle of inclination yr equal to (~/4 - cp/2), specifical}l\ip g(ch%ﬁg | engt h
-LR,R was 1,000 ~m and the width WGR was selected to be 340 I xm The
t hi ckness d~R of RIR 7 was 500 Vim and its length LoRRR was 1,700 wn A
reflective coating 11 with a reflection’toefficient R of 0.999 was forned
on the outer surface 17 at the point of the projected of facet 8 onto it,
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det er mi ned t hdt fsqloksiblie no- ndke ane bé the: reflectorsicf tHPoptdht eRityamtlichdl fornednr, p ,
and (w ~ adthB) orathe exest eéflecedryorldn the ®itpht Adfares &f the KR, orcheebrOstiBure M ~
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Ehe| OPerats!(pHeré%‘Pﬁﬁﬁ&t of Rthe Y6t 516] @BERGoh @rdigl3- 8 M\, the output power P
relatil on

rla (relation (8))
is 0.7139 and@rﬁ)lbo?re I&?Pgﬁgﬁ%{o)ggd Egéegglgbge%?ﬁlg?%@pl generates in a
single longitudinal node, its wavelength is practically independent of the
punpi ng current over a w de range thereof, and the angles of divergence O
and 02 are identical and are equal to 6.4 nrad (0.37). This enbodi nent, in
addition to the others (see Figs. 4 and 6-9) is conpetitive with Lasers
with a vertical resonator that are now being studi ed extensively (B. Wigl
et al., Electronics Letters, Vol. 32, No. 19, pp. 17841786, 1996). The
enbodi nent of Laser 1 in Figs. 7 and 11 differs fromthe three previous
ones in that the facets 8 and 9 are nade different in sign but identical in
absol ute 10 March 2003 -26



val ue of the angle of inclination yr, which is 30. This nmakes it possible
to obtain output radiation directed at a right angle to the Iane of active
| ayer 3, but for smaller values of the ratio ~, (relatlon ﬁ 3in the
previ ous exanples. What is conmon to the enbodi nents of Lasers 1 |n Fig. 3,
Fig. 6, and Fig. 9 is that facet 8 of RIR 7 is nmade with an angl e of
inclination yr of zero. For the enbodi Hents of Lasers 1 in accordance with
Fig. 1, Fig. 4, and Fig 8, this | eads (provided that the lengths LGR are

kept th di at 1 1
oo e, R 1%»9 fakwﬁg i Wgﬁg hytshId GRRAL <}:ﬁ%a ekt 'n‘ére' %”@2‘1’1 1in
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made, for asglngflieclingtivh forebitiag do tikSvarfical lpdaii that ispeepenBiculas ts lnactiva Fi g.
12. I n thilsyetaaé tHak Baséesrdirolph tha lonpsutiabl guin arig) aml, thelahgle of asdlinatiad ps t he
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refracti véq}‘ﬂc@)@ SAng Fné“ P e eth&r@a%g icmade apat least pareplythe 10
Mar ch 2003uter purffee ehhsdiierit 8t kst pastep! the(pyaisctirygnto jig ob the) fogmed éxdef rom
the previ daeetohths RIR, phat their designs include two or nore (a multiplicity
of j gai n regi ehkastAne satedatat of gt RIK sdbrmel with mpositiveangleadenclibatién §s. 14
and 15) i squilab tBaxgl8On/GRsp2hadnded eefleetiveesptinglid lade otijat &dstoyart bethe

oper at i ng satféecot thalasel GiposiedtheRIR) 6n ankast sl 6f0e pt§ediondiito Tt oflthe | engt h

and w dt h Bim&PGHe fetdfehe’RR.and 85 p m respectively. They are arranged in
the formof a rectangul ar grating whose spaci ngs al ong and across the

length L, R~R of the RIR are 300 and 100 p m respectively. The length L~RIR
and wwdth WR R of the inner surface 18 of RIR 7 are 9,600 and 3,000 ~ m
respectively, the thickness of RIRR 7 is 3,214 p. m the length LoR of the
optical resonator is 10,216 p.m and the reflection coefficients of
coatings 11 and 12 on facets 8 and 9 are 0.999 and 0. 32, respectively. The
basi c paraneters for the | aser beans fromeach GR are: jtnr, aout~ ~~ ~d
(N, " aRRR~ with values of 182 A/lcn?2, 19.95 cml, 35.2, and 3.52 cm ~,
respectively, and consequently aR R-thr is 23.47 cm~; the threshold
current Jtn~ is 43.7 mA, the operating current Joper was selected to be 600
mA, and the output power of |aser nononode radiation P (relation (16)) was
592.6 MmN here, rld (relation (8)) is 0.8421, and r~ (relation (12)) is
0.7808, and the angles of divergence O- and 02 are 9.0 nrad and 8 28 nrad
respectively. 10 March 2003 -28 Thirty GRs, which are in each of 32 rows
of the grating that are positioned across the length of the RIR are
electrically interconnected in series, and the rows thenselves are
connected in parallel. The gal vanic series coupling of the aforenentioned
GRs is inplenented (see Fig. 15 and Fig. 14) by introducing an electrically
conductive first layer 31 (with a carrier concentration of 10'8 cm 3) of
RIR 7, an insulating region 35 of wdth 15 Vim netallization |layers 36 to
ohm c contacts 15, connecting ohm c contacts 15 of two such adjacent GRs,
bet ween which is an insulating region 35 that borders (in contrast to
barrier region 6) on the insulating region with layer 32 of RRR 7 (see Fig.
15). The aforenentioned netallization |layers 36, which also provide a
paral l el current connection of the aforenentioned 32 rows of GRs, are

i npl enented as 16 lines 180 ~mw de and 9,600 wm |l ong. In the working
device, to each GRthere will correspond a radiation near field and an

out put | aser beamon the reflector with a partially reflective coating 12.
If the dinensions, the length of the optical resonator and the | ength of
the GR itself, axe chosen properly, they will not overlap (see Fig. 14).
The total operating current through Laser 1 is 3.2 A for an operating
voltage of 48 V ( 1.6 V for each GR), and the total output power of al

| aser beans is 568.9 W A characteristic feature of the enbodi nents of
Lasers 1 (see Figs. 16-19) is that a commobn RIR 7 with conmon facets 8 and
9 is fornmed for a |inear sequence (bar) of GRs. The line of intersection of
t he plane of the actlve Iayer wth the exten5|on of t he planes of facets 8
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~The enbodi nents of Laser 1 (see Figs. 20 and 21 ) include several GRs that
are connected in series, one after another, into a common opti cal
resonator. This is acconplished by virtue of rerefl ections?d MarRh 3030yt er
optical surface 17 of RIR 7 (Fig. 20) and by virtue of reflections, with
the corresponding gain in laser radiation, fromgain regions di sposed on
both surfaces of RIRR 7 (Fig. 21 ). The $2- enbodl ments provide an increased
effective length of the optical resonator for smal | er th| cknesses of RIR 7,
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MMM MW gam axes of the GRs; here, the shortest distance between the starts of the GR on

opposite sides of the RIR is selected to be drir/sin ¢. These modifications make it
possible to increase the radiation output power while at the same time reducing the
thickness of the RIR and improving the conditions of heat removal.

Embodiments of multibeam Lasers also have been proposed whose designs
include two or more gain regions.

A peculiarity of one embodiment of a multibeam Laser is that at least two gain
regions are formed with identical outflow angles ¢ on the inner surface of at least one
RIR. The gain regions, which often (but not necessarily) have a rectangular shape, are
positioned with specified periods, including those in a mutually perpendicular
direction. In a number of cases, an independent ohmic contact is made with each GR
from the direction opposite the location of the RIR. Such a Laser using an output
reflector of the RIR will have a multiplicity of laser beams, including beams that are
spatially separated from each other and that can be turned on independently by the
operating current.
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In another embodiment of a multibeam Laser, a multiplicity of laser beams forms
a two-dimensional matrix in which each beam is independently controllable by the
operating current. In it the gain regions are formed from at least two sequences of
GRs in each of which at least two GRs are disposed so that the gain axes of each GR
in each sequence are parallel to each other and are positioned at a right angle to the
line of intersection of the active layer with the extension of the plane of the facet of
the common RIR for each sequence of GRs. Furthermore, from the direction of the
RIR, on at least part of the outer surfaces of the aforementioned common RIRs, ohmic
contacts and metallization layers to them are made in the form of strips, at least of the
metallization layers, for each aforementioned sequence of GRs. From the direction
opposite the location of the RIR, the metallization layers to the independent ohmic
contacts are made in the form of strips that are insulated from each other and that are
positioned parallel to the gain axes of the GRs.

It is proposed that, in Lasers with either one or a multiplicity of gain regions, the
gain region or at least two adjacent GRs be galvanically isolated all the way to the
nonconductive part of the volume of the RIR, and that the ohmic contacts of the
aforementioned gain regions be galvanically coupled by a metallization layer. This
makes it possible to increase the value of the supply voltage and to perform effective
matching of the proposed Lasers to power sources.

The essence of the present invention is an original design of an optical resonator
the volume (bulk) of whose medium includes not only an active
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czo..UW ~~~U 10 March 2003 -33 I NJECTI ON LASER CLAIMS: 1. An injection
| aser conmprising at |east one gain region having a IongituH?N@F*ﬁ%] axi s
and outputting laser radiation outflowi ng at an outflow angle cp, said

I njection |laser conprising: a |laser heterostructure conprising: an active
| ayer formng said at | east one gain rébron; cl addi ng | ayers conprising at
| east one |l ayer having a refractive index, and ohm c contacts; and

layer but also the volume of the gain region with intense outgoing radiation, as well as
the passive volume of the radiation inflow region, which are formed with appro-
priately made compositions, thicknesses, number of layers of the laser heterostructure,
configuration of the radiation inflow region and its optical facets, ohmic contacts, and
metallization layers, which made possible practical delimitation of the region of
generation of laser-radiation modes and the region of injection and stimulated
recombination of nonequilibrium carriers.

The aggregate of the essential characteristic features of the proposed Lasers
according to the claims determined their main advantages. The decrease in the
threshold current density, increase in efficiency (including differential efficiency),
improvement of astigmatism and production of small angles of divergence close to the
diffraction angles for two mutually perpendicular directions of output radiation,
including an increase in the stability of monomode lasing, a significant decrease in the
dependence of the wavelength of the generated laser radiation on the pumping-current
amplitude, and the ability to increase the effective length of the optical resonator and
radiation output power are due to the main distinction of the proposed Lasers - the
rejection of the traditional dielectric waveguide with an active layer inside, as a lasing
medium generating delineated waveguide modes. Additional advantages of the
proposed Lasers are the ability to obtain different directions of laser radiation,
including those perpendicular to the plane of the active layer, as well as increased
service life and operational reliability and high manufacturability. An advantage of the
proposed. Lasers with a multiplicity of gain regions, in addition to those mentioned
previously, is the integrated technology for making them.

The technical implementation of the invention is based on known basic
production processes, which by now are well developed and are used extensively in
laser manufacture. The range of radiation wavelengths of the Lasers that have been
put to use to date extends from the infrared to the ultraviolet. Depending on the
wavelength, appropriate heterostructures are used for different sections of the
wavelength range. For example, heterostructures based on semiconductor compounds
in the AlGaN/GaN/GalnN system, and also [in the] ZnCdSSe/GaAS [system], are
most effective for ultraviolet, blue, and green radiation (0.36 pm < A < 0.58 um);
compounds in the AlGalnP/GaAs system [are most effective] for red and yellow (0.58
um <A < 0.69 pum);



.at least one radiation inflow region conprising at |east one portion
adjoining said |l aser heterostructure that is transparent to said | aser

radi ation, said radiation inflow region having a refracti v M@0 R and
an inner surface and an outer surface, said radiation inflow region being

| ocated on at | east one side of said actlve | ayer and being separated from
said active layer by at |east one Iayeﬂ of said cladding | ayers; and
reflectors that toget her form an optlcal resonator at |east part of whi ch
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Brief Description of the Drawings

The present invention will be understood from Fig. 1-26.

Figs. 1-7 schematically depict longitudinal sections (along the optical gain axis
of the GR) of different designs of the proposed Laser with GR end surfaces made in
the form of planes that extend the planes of the corresponding facets, with one-way
radiation output, specifically:

in Figs. 1-3 - with facets of the RIR that are implemented as reflectors of the
optical resonator, and

in Fig. 1 - with two inclined facets with a positive angle of inclination y equal to
0,

in Fig. 2 - with an external reflector in the form of a plane mirror to one of the
inclined facets,

in Fig. 3 - with one facet with an angle of inclination y equal to zero;

in Figs. 4-7 - with parts of the outer surface of the RIR that are implemented as
reflectors of the resonator, and

in Fig. 4 - with two inclined facets of the RIR with negative angles of inclination

]



conprises an optically honbgeneous material. 6. The injection |aser of
Claim1l, wherein said radiation inflow region has an optical_ |oss factor
aRi R of no nore than about 0.1 crri 1. 7. The injection | at:Maggh 2803 m 6,
wherein said radiation inflow region conprises a sem conductor having a
bandgap ERIK (eV) and said active |ayer conprises a sem conductor having
bandgap Ea (eV), said bandgap ERI K (e‘\/)9 exceedi ng said bandgap Ea (eV) of
the active layer by nore than about 0.09 eV. 8. The injection |aser of

Claim1, %ﬁrle&) n?é?—i@@ adi ation inflow region conprises a substrate. 9. The
inj ection %seg.os diml V\:hFI’ i& a, grgi on lpf ngi q.radi ation inflow
reion conpr i SLETE S eyt tellgelpCinhe Toiep 3 giiaction Srdhe Gedfe. 10,
The i nj ectNORCIAXLIACHS: G ai m 9, wherein said plurality of parallel |ayers
conprises mat & Fig 6 -Auith angther facet with an angle of inglinatiow \¢ qual to1zerGhe i nj ecti on

| aser as in CiaFie 9,- witleped mchrgdifageidifdhg BIR iwith appsitévg angld efcinglistion fi r st
portion t hatl abothdeinslisdi fdcdt adthra tepptvosigleicf inclinagiod. i s el ectrically
conductive, sd&iig 8«dschematicdllyfdepiet l@gitndinahveclignaioféaigid with partsnof that

conpri ses duldrasutfate bﬁtﬂenlget@;astmmrsaﬂlatla@@&gf)l@ﬁieﬁfedad& 18f16dtoR Qo MRE %Fti&an about
0.1 cm ~ .redodiatofNRdi Nj ection laser as in Caim1ll, wherein one of said

ohm c cont act feor e ' i UMM | f said
radi ation q;/ ?%\?greggl gﬁﬂ.t%-xﬁg%ﬁ%Hﬁ‘%ﬁsgﬁtg#ﬁ@aeggf 0 %ﬁ;& %eelql,gglv\%e@g ﬁ sai d
radi ation 1nrlop [ 99! QM bRE kn%?lggd tcc::tI ®R%n %Hgleod:ftih&ﬁllati&? (\:peéqu%f)&r)p (r1t|/4s Lhg one
of said ref/&ec &){% ?lf1 sa{ﬂ opLtCals Jinat

©/2), and the other with an dngle of inclination y equal to zero.

Fig. 10 schematically depicts a longitudinal section of the design of the proposed
Laser with two facets with angles of inclination y equal to zero, and with outer
inclined reflectors in the form of plane mirrors.

Figs. 11-13 schematically depict cross-sections of some designs of the proposed
Laser according to different implementations of the ohmic contact from the direction
in which the RIR is located:

in Fig. 11 - on the outer surface of the RIR,

in Fig. 12 - on the electrically conductive sublayer of the cladding layer adjacent
to the RIR, and

in Fig. 13 - on the electrically conductive part (layer) of the RIR adjacent to the
heterostructure.

Figs. 14-15 schematically depict a longitudinal section (Fig. 14) and cross-
section (Fig. 15) of the proposed Lasers with six GRs that are galvanically series-
parallel connected, with a single RIR.

Figs. 16-18 schematically depict longitudinal sections, and Fig. 19 a cross-
section, of the proposed Laser with a multiplicity of GRs independently galvanically
controllable, with separate RIRs for three different sequences of GR, to wit:

in Fig. 16 - with two inclined facets of the RIR with positive angles of inclination
(see Fig. 9) and output of laser radiation in the direction perpendicular to the plane of
the active layer,

in Fig. 17 - with one inclined facet of the optical resonator with a positive angle
of inclination and a second inclined facet with a negative angle of inclination (see



resonator, said facet formng a positive angle of inclination yr with a
pl ane perpendicular to the longitudinal gain axis that is ﬁ(g@al E?&P%’he
outflow angle cp, which is 10 March 2003 -35 equal to ar grc{n /I nRIR),
the angle of inclination y~ being designated positive if the facet subtends
an acute angle with the inner surface._14. The injection laser of Caiml,
wherein: said radiation inflow regi on" 2#cl udes at |east one optical facet
that is oriented at a negative angle of inclination yr with a plane

per pendi cuk.areyt i i .gai [ §: i O (.~ (cp/ 2)
where cp L:E'ng'r8 cj%d ﬁne{)@p ﬁﬁ@g%e??%déggdr?gf@% lr‘%é?n@hﬂrelgieﬁgl{réa% qu%’%r%ﬁgeoéfi ghat ed
negative | Cfhe é’t subt ends. an .obt usfe aﬂﬁge. ith the inneg. surface; and
2t least part P& 4P otk eo aclindd saeclsobthER S i noawvggflflswf@&lr&ﬁwphat

coi nci des (¢ Figalhang withjoytpub ot Bsprragistips 3t 29 augle o 9rthe #lang &f &adtiyens one
of said ref¥&ctors of the optical resonator. 15. The injection |aser of
Clai m1, wher &igs: 20a3ldsehgaiaticalyndemi¢t] longitedjnal rsechensuele theapropesedt Lasan
optical f awith GRs thatiaen galsaitally seoiss tonrectad ghe tluft aradisposad ialomg\theimbwh a

pl ane per paidixeylad td Dsdpamtd RIRYidnddi nal gain axis that is equal to (~/4) +
(cp/2) where GPpFig. 30CGAth the plabém&lt BY threh @R 0@l oRe SlirfadeDfitaRIRQN yr bei ng
designated posh Y@l I wiiant BERENRHPLERT GRs U BpfRe yHcdshsr naner

surface; apgh at least part of the inner surface of said radiation inflow
regi on that coincides with a projection of said optical facet forned
t hereon, forns one of saidr fll‘%ﬁtors OE sa%ltfj optical resonator. 16. The
injection laser as in Claim upeaty o VeRUPY optical facets is
oriented at an_angle of inclination Wwith respect. to a plane perpendi cul ar
to the | ongit direiBdfigaths inysnsion iy explained thipughospeeifis embpdinygpds phjtewithon
| aser of QeEErences to \theahehed adrawinggi dbhe oiddpedd expmples oh thomssige e theo
optical f aRastiator @aaht wptve ahd implytthe existenesdofaitherrenehogineenss whossl featatdson yr
wi t h r espent rdflectad ih theegpmgpienditleufeaturdson i addaimengi t udi nal gai n axi s equal
to zero. 18. Tihe preosed Laser Il dseerFigfl &ldalFip 1) indledesiahesdbsinepire 2ahicacet
conpri ses @npeist£Ghl ¥QiveORlyeNS fpakifiBaed MefvRRn. twid . claddthg MyRed i40and asser of
Aaiml, wageelivelAlwile dftlayRRel, @ d?ffjih%trsﬁ@c)»kzﬁ% £l 19fAGRELdaRR B &Abists&Tonat or
conpri Ses g4 a%ﬁ{/@gd}f?AyefseeHdeacl;anrier sublayer that separates them (sublayers not shown in
Fig. 1, see Table). The length of the Lgr is 4000 pm. The length of the optical
resonator Lor is 3760 pm (see relation (1)), and the ratio p (relation (1)), is equal to

0.9397. The width Wgp in the form of a strip (or mesa strip)
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aser as I c1ent > Of ldi 1S %rm %rTBn tﬁe S con rTflacet %e end surfaces 13, which

determme the length of the gain region Lggr, are an extension of the corresponding

planes of the inclined facets 8 and 9 and have the same inclinations and the same

reflection coefficients as facets 8 and 9. This simplifies the fabrication technology.

This simplification does not have any practical effect on the parameters of Laser 1,

since strong outflow is realized in the proposed Laser 1, and there is practically no

laser radiation through end surfaces 13. The accuracy with which the facets 8 and 9

were inclined was kept in the range from 17.6° to 18.4°. The thickness drir of RIR 7,

for which the relation

drir > (Lirig - tan @/(1 + tan® @), (15)

is fulfilled, is 1,286 um. Contact layer 14 is positioned on the surface of sublayer I; of
cladding layer 5, and an ohmic contact 15 is formed on it. An ohmic contact 16 is
made on the opposite side of RIR 7, on its outer surface 17 of RIR 7 (in this case, on
the surface of substrate 10). Inner surface 18 borders on heterostructure 2, and is
parallel to the plane of active layer 3.

Heterostructure 2, which consists of a number of semiconductor layers and
sublayers 19-27, together with contact layer 14, was grown by the known method of
MOS-hybrid epitaxy on substrate 10 from electrically conductive gallium arsenide.
The composition, thicknesses, refractive indices, type, doping concentrations, and
absorption coefficients of layers 19-27 of heterostructure 2, contact layer 14, and RIR
7 are presented in the Table. This heterostructure 2 also was used



adjoining strips of nmetallization for respective sequences of gain regions,
said strips of netallization forned on at |east part of th ﬁut rface

of at |east one of said comon radiation inflow regions. gqoﬁgection
| aser as in Claim23, further conprising independent ohntc contacts f or med
with strips of netallization that areuﬁgsitioned parallel to said gain axes
of said gain regions and that are insuf@ied fromeach other, said strips of
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f r om r es pedhmiq eontactdS nfhereguisedpoer wasgappliaddgiobmic C@rﬁ@t%t tlléhlsﬁ part of
sai d out er sufThadmsiofpasaneersafir dothothei dseowm qeegtion, Ladendi, dndgubdegherd
proj ect i omedifisations @diin weagobtainedthy miméricabpiddeBhg perfefnieelcadcsrling aThe
i nj ection dpasiglr pasgrashaimdetlyinghevtedh wat thee dgdtrit WRet@il agenthibln an@gi.ons are
el ectri Cal d/dldu?s@hayfﬁﬂnw zasa@r)madu@ 19@2 Pesit 10Noswl§b r7adiBBY §fsdlPinkOW
region, a0 §e %ﬁ&%ﬁthatﬁé Q:%h@é ditfg ﬁbuﬁ Qhdgdhd 93l Hikeg QRS are
el ectri Ca' e¥er8s?1‘t1@ eaCa 11% d f'oﬁé(x@fn 1?1ﬁla1 n{eft‘érs Sht'RRedigser as
in daim galn 1nnBct1ve ﬂtger 5 nee&ledt to \é\%leqve 1nverst%n 18500 cm™ , the proportionality
factor between the gain and injected-electron concentration in actlve layer Jis5Sx
107 ¢cm?, and the lifetime of the nonequilibrium electrons in active layer 3 is 1 ns
The calculations also assumed: an optical loss factor agr in the GR of 3 cm’ (see
D. Z. Garbuzov et al., IEEE Journ. of Quant. Electr. (1997), Vol. 33, No. 12, pp.
2266-2276) and in accordance, for example, with H. C. Huang et al. (Journ. Appl.
Phys. (1990), Vol. 67, No. 3, pp. 1497-1503), and with 2 value of the optical loss
factor arir of the laser radiation in RIR 7 of 0.1 em’. The losses to output of
spontaneous radiation through end surfaces 13 of the gain region were not taken into
account in the calculations because of their smallness, so that agr.ur (relation (11)), is
3 cm’™. The values adopted for the parameters are typical of the laser heterostructure 2
in question, which is based on InGas/GaAs/AlGaAs. If one turns to a heterostructure 2
using other compounds, such as GalnPAs/InP, these parameters may change
somewhat.
The following results were obtained by numerical calculation:
e the threshold current density ji is 89.3 A/em? (relation (3) is fulfilled for this
current density);
e the outflow angle ¢ is 20°
e the dispersion angle of divergence Ag for the outgoing spontaneous radiation (for
the AX of 30 nm used in the calculation) was found to be 0.8°;



. each having longitudinal gain axis and adapted to output |ight at identical
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radi ation inflow region along two lines that are parall el 1®OMarb2098ner and
to said | ongitudinal gain axes, said gain regions having | eadi ng edges
nearest to a conmmon side of sai d hetergstructure, said gain regions on
opposite sides of the inflow region b %g separated by a distance of
dR~R/'sin cp vvhen measured from said | eadi ng edges, where dm" is the

t hi ckness of di atiop inflow .3 i njection |laser conprising at

| east one 'gal éﬁ’g‘?ﬁe Fﬁﬁflcﬁ ’&df Al 3812\% gain axis and out putt| ng | aser
radi ati on,® sal AqriPis ﬁ@utgamgawtlon reapld foria curen

conpri sing: adeRdVijne CPf é@o Mrm] ﬁ@%l Iepsgr 1) ags¥20ai9ecrgaiand r389106r¢m ¢l addi ng
on opposite sﬂ@ﬁ@gctmelysélew thetdifferehery 6€gr aﬁ&tmwmwldnmt(hﬁl snf'olis enaldarr i cal
connection totlsmi dewt @leser (EH)urwhichnd Atend b ashichmeeanadthat thenmiodé | afw

regi on conpri sategsivd outflawthas beerpseldcteal) andijiat ising didindt basein thetGR ¢sser uct ur e
that is transpagesy, to sai d I aser radiation, said radiation inflowregion

havi ng a refragd héf%ésrfg@c& 1%'&9; g 8 tlhg%ﬁhﬁg la@@r Pahlaltl‘éﬁsffonﬁ) RerSi de of

saldd active Hs})f -1. sal dd| nMa Sﬁpgagtl sal d d active ﬁyer fromhsal d
radi ation inflow e rc refil ectors that together
forman opticdi€ Ig’scghﬁf%ftacr‘gf qegﬁgqasdhrf““&’flsgwgg% &8 nci des with at ?east
part of sdid F}éf‘d‘ihéfts o lpsseineiar qraryindFelatina & {ﬁfrﬁtne@\as thei s4my@on *r egi on
such that | asilgcetelt sairh isequal foaki.¢49, end rhwadmwal@gmﬂa frophestasion (8kisd | aser
het er ost r uct umeglagiblysaiall; adj oi ni ng radi ati on i nfl ow regi on together have an
ef fecti ve o« ef Macirbw of the @ein ragibh Ssuish.6 ka0 rndk, exceeds ne,r. 31. An
injectiondasefe &%ﬁélﬂ%ﬁﬂﬁn@ghrjd@ﬁﬁéd A% 931D, [«aPg @an having a | ongi tudi nal
gain axis andy %thm}énwpeﬁﬁ % @bw%%% aﬂu&&)g) %daifggéo%n FRH
:’gzgfche: gr 32'( BQb ) @ (ﬂﬁ are 0 é Lib% respe vely, apdP’ ! > ng- - a
° the t%resilold lo factor Ninr (relation (13)) for a joper 0of 2,500 A is 0.9643, and
the efficiency 1 (relation (12)) of Laser 1 is 0.9476.
The output power P (W) of laser radiation is determined as:

P=n-J-(w), (16)

where J is the operating current through the device, equal to 40 A, and (hv) is the
photon energy in volts, equal to 1.265 V. The value obtained for P is 47.95 W. The
radiation near-ﬁeld area (output aperture) Sap, defined as (d,, - Wgr), is equal to
0.51 x 10 cm?, where dap is equal to Lgr - sin ¢, specifically 1,368 pm, and Wgg is
400 pm. The angles of divergence ®; and ®; of the output radiation were respectively
estimated as the wavelength A, divided by dup, and the wavelength A, divided by Wgg.
In the vertical plane, the angle ®; was found to be 0.72 mrad. In the horizontal plane
the angle @, is 2.45 mrad in the range of currents for which monomode lasing is
maintained. The output of laser radiation on the output facet 9, defined as P/Sy, is
9402 W/cm?.

Another embodiment of Laser 1 (see Fig. 2) differed from the first one in that an
antireflective coating 28 was applied to facet 8, and outer reflector 29
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to approximately 0.72 mrad.

The difference between the embodiment of Laser 1 (see Figs. 10 and 11) and the
previous one is that facets 8 and 9 of RIR 7 were made with an angle of inclination y
of zero. As a result of the increase in the thicknesses of layers 21 and 25 of
heterostructure 2 (see Table), the outflow angle ¢ was reduced to 12°, which is
smaller than the angle o. Here, the plane of external reflectors 29 for providing
negative feedback was adjusted with an angle of inclination relative to the normal
plane of 42.3°, and the angle Ap was 1.4°. Laser 1 had unidirectional radiation output,
since one reflector had a reflective coating 11 with R; of 0.999, and the other had a
coating 12 with R, of 0.05. In addition to the known advantages inherent in Lasers
with an external resonators (in particular, the enhancement of spatial and spectral
characteristics), another advantage of it is a simplification of the fabrication
technology.

The next embodiment of Laser 1 (see Fig. 4 and Fig. 11) differed from the first
one in that both facets 8 and 9 of RIR 7 were made with a negative angle of
inclination y equal to (/4 - @/2), specifically 35°. The length Lgir was 1,000 um and
the width Wgr was selected to be 340 um. The thickness drig of RIR 7 was 500 um,
and its length Logr was 1,700 um. A reflective coating 11 with a reflection coefficient
Ry 0f 0.999 was formed on the outer surface 17 at the point of the projected of facet 8
onto it, and a partially reflective coating 12 with a reflection coefficient R, of 0.02
was formed at the point of the projection of the other facet 9. The length Lor of the
optical resonator, defined as p - Lgr (relation (1)), was 1,940 p m, and the ratio n =
1.94. The following parameters were obtained for this embodiment of Laser 1:

. the threshold current density ji,, is 42 A/cm2;
° the loss factors aqy and p - agpr are 3.913 cm! and 0,194 ¢m™ , respectively;
. the agifr calculated from relatlon (5) is negligibly small, and consequently agir-thr

(relation (3)) is 4.107 cm’!

. the efficiencies 1, M2, Nas n[hr, and 1) are respectively
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10( ( is O and n (relation (12)) is 0. 6693 This Laser generates in a single
longltudlnal mode, its wavelength is practically independent of the pumping current
over a wide range thereof, and the angles of divergence ®, and ®, are identical and
are equal to 6.4 mrad (0.37°). This embodiment, in addition to the others (see Figs. 4
and 6-9) is competitive with Lasers with a vertical resonator that are now being
studied extensively (B. Weigl et al.,, Electronics Letters, Vol. 32, No. 19, pp. 1784-
1786, 1996).

The embodiment of Laser 1 in Figs. 7 and 11 differs from the three previous ones
in that the facets 8 and 9 are made different in sign but identical in absolute
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at is common to the embodiments of Lasers 1 in Fig. 3, Fig. 6, and Fig. 9 is
that facet 8 of RIR 7 is made with an angle of inclination y of zero. For the
embodiments of Lasers 1 in accordance with Fig. 1, Fig. 4, and Fig. 8, this leads
(provided that the lengths Lgr are kept the same) to a doubling of the linear size of the
radiation output aperture, with a corresponding decrease in the angle of divergence ©,
in the vertical plane.
In the embodiments of the Lasers in Figs. 1-10, mesa strip 30, which determines
the dimensions of the GR, may be made of a specified width by using barrier regions 6
(see Figs. 11-13). For a Laser 1 with a mesa strip 30 with a width of micron size,
ohmic contact 16 can be made, for example, with sublayer 25 of cladding layer 5, as
shown in Fig. 12. In this case RIR 7 may be an insulating region, which facilitates the
selection of RIR 7 with a small coefficient agir. If a two-layer RIR 7 consisting of a
first electrically conductive layer 31 and a second insulating layer 32 is present, chmic
contact 16 is made with the first layer 31 (Fig. 13). In this case, the second layer 32 of
RIR 7 may be not only an insulating layer, but also a layer that differs in composition
from first layer 31, which also facilitates the selection of both small values of agjr2 and
corresponding thicknesses driry of layer 32, provided that the refractive index of the
layers of RIR 7 are selected appropriately.

i 1ot
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f110% (& % "Ehe( lepgt:ho d( gyl -ofygagh Y@K -are:28 zap,giu&é(@rrf, respectlvely hey are
arranged in the form of a rectangular grating whose spacings along and across the
length Ligir of the RIR are 300 and 100 p m, respectively. The length Lirir and width
Wirir of the inner surface 18 of RIR 7 are 9,600 and 3,000 p m, respectively, the
thickness of RIR 7 is 3,214 p m, the length Log of the optical resonator is 10,216 pm,
and the reflection coefficients of coatings 11 and 12 on facets 8 and 9 are 0.999 and
0.32, respectively. The basic parameters for the 1aser beams from each GR are: _]t]“-,
Oou, I, and (- agir), With values of 182 A/cm?, 19 95 em™, 35.2, and 3.52 cm’
respectively, and consequently dgip.ir is 23.47 cm’'; the threshold current Jy, is 43. 7
mA, the operating current Joper Was selected to be 600 mA, and the output power of
laser monomode radiation P (relation (16)) was 592.6 mW; here, ng (relation (8)) is
0.8421, and 7 (relation (12)) is 0.7808, and the angles of divergence ®; and ©, are 9.0
mrad and 8 28 mrad respectively.
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themselves are connected in parallel. The galvanic series coupling of the
aforementioned GRs is implemented (see Fig. 15 and Fig. 14) by introducing an
electrically conductive first layer 31 (with a carrier concentration of 10'® cm™) of RIR
7, an insulating region 35 of width 15 um, metallization layers 36 to ohmic contacts
15, connecting ohmic contacts 15 of two such adjacent GRs, between which is an
insulating region 35 that borders (in contrast to barrier region 6) on the insulating
region with layer 32 of RIR 7 (see Fig. 15). The aforementioned metallization layers
36, which also provide a parallel current connection of the aforementioned 32 rows of
GRs, are implemented as 16 lines 180 um wide and 9,600 pm long. In the working
device, to each GR there will correspond a radiation near field and an output laser
beam on the reflector with a partially reflective coating 12. If the dimensions, the
length of the optical resonator and the length of the GR itself, are chosen properly,
they will not overlap (see Fig. 14). The total operating current through Laser 1 is 3.2 A
for an operating voltage of 48 V (1.6 V for each GR), and the total output power of all
laser beams is 568.9 W.

A characteristic feature of the embodiments of Lasers 1 (see Figs. 16-19) is that a
common RIR 7 with common facets 8 and 9 is formed for a linear sequence (bar) of
GRs. The line of intersection of the plane of the active layer with the extension of the
planes of facets 8 and 9 subtends a right angle with the gain axes of the gain regions in
the aforementioned bar. The device may contain a fairly large number of such bars,
which are monolithically joined by heterostructure 2 with barrier regions 6, which is
common to all the bars. A separate laser beam will correspond to each GR in each such
line of GRs. The direction of radiation output from such multibeam Lasers 1, with a
multiplicity of separate GRs, may be either perpendicular to the plane of active layer 3
(see Figs. 16 and 17) or at an angle ¢ (see Fig. 18). In contrast to Lasers 1 (Figs. 14
and 15), the thickness of RIR 7 in Lasers 1 (Figs. 16-19) may be reduced significantly,
and the density of the laser beams per square centimeter may be significantly
increased.

In the embodiment of Laser 1 in Figs. 16 and 19, 32 linear sequences of GRs
(bar), each of which contains 30 GRs that have the same dimensions and parameters as
the embodiment of Laser 1
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involvement of that GR which is disposed between intersecting strips 36 and 37 of the

selected metallization strips. Each laser beam (of which there are 960 in all) has the

same parameters as in the embodiment of Laser 1 in Figs. 9 and 11.

The embodiments of Laser 1 (see Figs. 20 and 21) include several GRs that are
connected in series, one after another, into a common optical resonator. This is
accomplished by virtue of rereflections from the outer optical surface 17 of RIR 7
(Fig. 20) and by virtue of reflections, with the corresponding gain in laser radiation,
from gain regions disposed on both surfaces of RIR 7 (Fig. 21). These embodiments
provide an increased effective length of the optical resonator for smaller thicknesses of
RIR 7, including [situations with] large outflow angles ¢. Furthermore, in them
conditions more conducive to heat removal are provided as a result of the distributed
nature of the heat sources in the gain regions.

Note also that for the embodiments considered for Laser 1 (Figs. 14-21), certain
electrical connections of the longitudinal and transverse strips of metallization layers
36 and 37 can be used to obtain series, parallel, or series-parallel galvanic coupling of
the gain regions in the embodiments of Laser 1 (see Figs. 14-21). This makes it
possible to perform more effective matching of high-power multibeam lasers to power
sources.
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divergence in two mutually perpendicular directions are reduced, the effective lengths

of optical resonators are increased, near-maximum values of the efficiencies

(including the differential efficiency) are attained, and the dependence of the
generated wavelength
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of the laser radiation on the pumping-current amplitude is reduced significantly. High-
efficiency lasers with output of laser beams, including output in the direction

perpendicular to the plane of the active layer, and multibeam lasers, including those
turned on independently, also are proposed.

Commercial Applicability

Injection lasers are used in fiber-optic communications and data-transmission
systems, in ultra-high-speed optical computing and switching systems, in the design of
medical equipment, laser process equipment, and frequency-doubled lasers, and for the
pumping of solid-state and fiber lasers.
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one layer of sa1d claddmg layers; and

reflectors that together form an optical resonator at least part of which
coincides with at least part of said radiation inflow region and at least part of
said gain region, at least one of the reflectors of the optical resonator having a
reflection coefficient,

wherein said laser heterostructure and said adjoining radiation inflow
region together have an effective refractive index #es such that

MR €xceeds Hesr;

arccos (Mer/ARIR) < arccos (Meft.mm/MRIR);

and

Peff-min 1S greater than npy;p,

where Aefr.mm is the minimum value of nes for laser heterostructures with
radiation inflow regions that produce outflow of radiation from the active layer
into the radiation inflow region, and sy, is the smallest of the refractive indices

in the cladding layers of the heterostructure.
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8. The injection laser of Claim 1, wherein said radiation inflow region
comprises a substrate.
0. The injection laser of Claim 1, wherein a portion of said radiation inflow
region comprises a plurality of layers parallel to said inner surface.
10.  The injection laser of Claim 9, wherein said plurality of parallel layers
comprises materials having different refractive indices.
11.  The injection laser as in Claim 9, wherein said radiation inflow region
includes a first portion that borders said laser heterostructure and is electrically
conductive, said radiation inflow region having a second portion that comprises
material having an optical loss factor agjr of no more than about 0.1 em’,
12. The injection laser as in Claim 11, wherein one of said ohmic contacts is
formed with said electrically conductive portion of said radiation inflow region.
13.  The injection laser of Claim 1, wherein said radiation inflow region
includes at least one optical facet comprising one of said reflectors of said optical
resonator, said facet forming a positive angle of inclination y with a plane

perpendicular to the longitudinal gain axis that is equal to the outflow angle ¢, which is
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the angle of inclination y being designated negative if the facet subtends an

obtuse angle with the inner surface; and
at least part of said outer surface of the radiation inflow region that
coincides with a projection of said optical facet formed thereon forms one of

said reflectors of the optical resonator.

15.  The injection laser of Claim 1, wherein:

said radiation inflow region includes at least one optical facet is oriented
at a positive angle of inclination y with a plane perpendicular to the longitudinal
gain axis that is equal to (n/4) + (¢/2) where ¢ = arccos (ne/nrir), the angle of
inclination y being designated positive if the facet subtends an acute angle with
the inner surface; and

at least part of the inner surface of said radiation inflow region that
coincides with a projection of said optical facet formed thereon, forms one of
said reflectors of said optical resonator.

16. The injection laser as in Claim 1, wherein one of said optical facets is
oriented at an angle of inclination y with respect to a plane perpendicular to the
longitudinal gain axis that is equal to zero.

17.  The injection laser of Claim 16, wherein said radiation inflow region
comprises two optical facets, each optical facet oriented at an angle of inclination
with respect to a plane perpendicular to said longitudinal gain axis equal to zero.

18.  The injection laser of Claim 1, wherein said optical facet comprises a
reflective coating formed thereon.

19.  The injection laser of Claim 1, wherein at least one of said reflectors of

said optical resonator comprises an external reflector.
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having a longitudinal gain axis and being disposed parallel to the inner surface of at

least one radiation inflow region.

22, The injection laser as in Claim 21, wherein an independent ohmic
contact is formed with each of said gain regions, each ohmic contact positioned
opposite said radiation inflow region.

23.  The injection laser as in Claim 21, comprising at least two sequences of
gain regions and a common radiation inflow region for each sequence of gain regions,
each sequence of gain regions comprising at least two gain regions, said longitudinal
gain axis of each gain region in each sequence being parallel to each other and being
disposed at right angles to a line of intersection between active layers and an extension
of a plane of an optical facet of said common radiation inflow region.

24.  The injection laser as in Claim 23, further comprising ohmic contacts
adjoining strips of metallization for respective sequences of gain regions, said strips of
metallization formed on at least part of the outer surface of at least one of said common
radiation inflow regions.

25.  The injection laser as in Claim 23, further comprising independent
ohmic contacts formed with strips of metallization that are positioned parallel to said
gain axes of said gain regions and that are insulated from each other, said strips of
metallization being located opposite said radiation inflow region.

26.  The injection laser as in Claim 21, wherein said gain regions are formed
along at least one line parallel to said longitudinal gain axes of the gain regions.

27.  The injection laser as in Claim 26, wherein:
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having leading edges closest to one side of sa1d heterostructure, said gain
regions being separated by a distance equal to 2drir/tan ¢ when measured from
respective leading edges of said gain regions; and
at least part of said outer surface of said radiation inflow region
coinciding with a projection of said gain region onto it is optically reflective.

28.  The injection laser as Claim 1, wherein:

at least two adjacent gain regions are electrically isolated by a
nonconductive part of said radiation inflow region, and

ohmic contacts associated with each of said gain regions are electrically
coupled by a metallization layer.

29. The injection laser as in Claim 1, comprising at least two gain regions
each having longitudinal gain axis and adapted to output light at identical outflow
angles ¢, said gain region formed on opposite surfaces of said radiation inflow region
along two lines that are parallel to each other and to said longitudinal gain axes, said
gain regions having leading edges nearest to a common side of said heterostructure,
said gain regions on opposite sides of the inflow region being separated by a distance of
drir/sin @ when measured from said leading edges, where dmin is the thickness of said
radiation inflow.

30. An injection laser comprising at least one gain region having a
longitudinal gain axis and outputting laser radiation, said injection laser comprising:

a laser heterostructure comprising:
an active layer forming said at least one gain region;
cladding on opposite sides of said active layer, and
ohmic contacts for electrical connection to said heterostructure;
and
at least one radiation inflow region comprising at least one portion
adjoining said laser heterostructure that is transparent to said laser radiation, said
radiation inflow region having a refractive index ngr and being located on at least one
side of said active layer with said cladding separating said active layer from said

radiation inflow region; and
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reflectors that together form an optical resonator at least part of which
coincides with at least part of said radiation inflow region and at least part of said gain
region such that lasing occurs in said radiation inflow region,

wherein said laser heterostructure and said adjoining radiation inflow
region together have an effective refractive index g such that npig exceeds #gg.

31.  An injection laser comprising at least one gain region having a
longitudinal gain axis and outputting laser radiation at an oblique angle ¢ with respect
to said longitudinal gain axis, said injection laser comprising:

a laser heterostructure comprising:
an active layer forming said at least one gain region;
upper and lower cladding layers respectively above and below
said active layer, and
ohmic contacts for electrical connection to said heterostructure;
and
a radiation inflow region having a refractive index nrir and being
located above said upper cladding, said laser radiation being output through said
radiation inflow region; and
reflectors that together form an optical resonator at least part of which
coincides with at least part of said radiation inflow region and at least part of
said gain region such that lasing occurs in said radiation inflow region.
wherein said laser heterostructure and said adjoining radiation inflow
region together have an effective refractive index nes such that light leaks from

said gain region into said radiation inflow region for lasing therein.



