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b Exanples set forth in tabular formare generally representative of
pberati on at wavel engt hs of conmuni- cations interest. The purpose is to
pach conposition and design criteria for fabrication. Specific criteria,
bt h structural and operational, depend upon specific objectives. For

kanpl e3¢ devi ces may be operated, in pulse node by use of pul se generators,
5ing wel | known designs. Duty cycle may be varied. Duty cycle is defined

D as the fraction of tinme that pulse biasing is non-zero (consi stent

th usual convention, pulses for this purpose are treated as though
jquare) . Devices may be operated at very small duty cycles up to and

ncl udi g 100% (or continuous wave") As stated above, an advantage of the
invention in terns of near-termuse contenplates the feasibility of high
duty cycles due to feasibility of operation at |ow threshold current. In
these terms, a pre- ferred aspect of the invention is for devices

perm ssjve of duty cycles of at |east about 50% (easily attainable 35 for
reported structures having threshold current densities, [err] of
10kL{err]). In this respect, too, tabular exam ples are only
representative. That is, many of the observations reported in the text are
based on roomtem perature operation. While avoidance of cooling is

certai n¥y economcally desirable, there are many instances where e.g. heat
sinking in conbination with thernoelectric cooling nmay permt operation at
power |levels, duty cycles, or even wavel ength ranges not i mredi ately

attai nabl e for specific material systens/device designs 40 w thout
coollng Concentration on wavel engths within the general range of 0.84
[err]-1%55[err] is, fromthe standpoint of pres- ent.devel opnent, nost
easily acconpllshed in either of the Ill-V material systenms GaAs or |nP.
The first, usable over the shorter end of the wavelength range is easily
altered in accordance with the present state of the art to result in

el ectrigal doping and conpositional nodification to produce high and/or |ow
refractive indices for 45 wuseful Bragg operation. Exanples 1 and 2 depend
upon partial substitution, specifically 10 At % of Al for Ga for the higher
i ndex of the pair and upon conplete substitution (of Al for Ga for the

| ower index). Confinenment |ayers used in the relevant exanples are based on
30 At % substitution of Al for Ga to |n§rease bandgap. Spe- '
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5 [ERR] * Cdains 1. An electrically punped verti cal cavi ty sem conduct or
aser having an active region.(1) within a cavity de- pendent f or

avi t.ation. upon two Distributed Braggsfiefibest or s (4 t ng
uccessive pairs of high and low refractive index rriﬂu"mmf "ull "‘ u)

f the DB (4!; bei ng of n-type conductivity and the*ot her (8 Being of
-type con uc Ivity, together with neans (15,16) for el ectrlcally punpi ng,

ai d Means 4 I nA:A tncéll gunﬂ)@ veritSl cg\iltygénqgo%ggcfbﬂgseghgvfn acgl\nr @)%thd\ Eaﬁﬁty&-

ubst ang i al” Erofthvitatidh poworﬁsabme ,gwegéﬂ BldcddsiVé 1kt braigh

-type DBR hagqwréastes infitiHakfial (fe, 95105 Preldfiné 5BRA4) bbifig ¢ hBipk eoRButtivatd ankiGhe other
by a metal | i csfiing @G e codddbtivy)BgdtRer Withednd @ 5,8} for kiadt®aily(plehding: beitmdiins Indlud- he
metal | i ¢ ref | ggpdasage befeafitat curieht thtGugh BRedstwsubstdntil @lmbegof SBR phiesyiebath DBRs
adj usted in thi ckeHSACTERIZED INFHATIhé firpe MER Hab&lessesriumbiBE shahypaeirs botfis soppiemented
spondi ng r ef rict metsicirefidetr (12) adiot thattbelbBR lagdr { 1éoddsest totthe rodtailisseflecten; feferredie agdue
t.0.em ssion pibeebase maolring DRRJaed jscidjusted)in thidkeess sdlatifeltp Jhat of e najDBRtayerqf corre-
iingreasi ng r edpbeingirefiattiye Ingex|teansemmadete difestive tbickngss virigtiqardpeto@pisaion pepetragion igtp |
iin a hybrid raddiningtmsterial (12), the adjugtrantipeiensing efleatity Priegspaifgestruotye jifarierngenta re-
Jhl ckness of -‘t“ﬁé' %WP"F‘V@"EF‘E@ on is not rmr e than 1 [err] in the lasing
I

Ieg‘gt(::t gg&) 5‘t ? ,5§. as cz \n\etd in clalm ’? m%nc thﬁthl nxsi ofale a&.vé"tﬁ sno?{glargﬁttag m/n‘i iﬁ #Heﬁﬁﬂb
recedi ng clalrns "n whi ch the active region (1) substant ially consists of
ul k mat er gal AlaSer as Aeim@Sif ElaidS irCiidh g ctivity lﬁayeaeffgs%haéd&Bcalat;tﬁdB in which the
ctive ;egl on conprises at |east one well (31(a)) of active nateri al
osi ti onedibyAhmnsclgmedSIpamyeqfthﬁnteethnalcla'(ﬂsln vihigh Yheaastivg segios ('3 sbstestially cangisps of

coi nci de in podirdtesal. 25 W|th an energy peak of a cavitated standi ng

E duri ng'r 0 er at gn Oc{/@ r]yo atrgs gﬁltwhuch 'tAﬁe af: we g%n p@seggt(?ea&%n é%ég

| ch t he
cl ai m 50 n Wh Eena ositipned means pacer@ayw 31 b) abYo'sfb3 |n t aSI rllg
di rection tha‘f’ at"e ygp éf‘éﬁi\l en%t%g'n setdgntl rﬁi ﬁ‘g l'aracterlstlcs 8.
| aser asgCl Alas@@s blélmi’d’lbfcl@ifn sﬁrln WhidhB hebor lefch Baitl Welliblh mhanmharemal d active region
ipcludes at least two wells and at |east three spaces to position wells at
at |east tVo Alaesrgycipimedis clain San whishithesaidovelsis afpuffiaignt Hickeess initherizsing SEackan tb tof |
the sai® | ase¢videg®s substantiallybylkchasastedstisgy- med i n any of the preceding clains in

whi ch the gal g. 'ﬁseétgpg&.gggyeosga nFnCQPJ 3 G he & a.yact.vete%.o@ Hls26RI nRlwel SRt

one surfac st thrés pac Lt lodk s'it erB%] fa Bavitatdistdnding Wile durin
Conf| nenent 0 alil i of carriers V\ﬂ e Ssal active regilon, he

sai d confi nengh ayer aV| ng an energy bandgap which is greater than that
of the :BBRg.I ay RkeradjcRERd In dn{6F tROPédetifgBawhs inaWiicH the 58id lader lindindes aadnfihb@entiagleri N
clai m 9 i n whiz@hadjdtentanést dhe Birfabedreiatsaill agtied repisn forltee Renvee o nordasiigicenfingmény gfe
as that of theeedibcmicsteurieBBRhnrE saidactive redtont thesaiiafifineeentinyer haxipgan quersy bantigapa
subst anti al ewmcrgygrbaterrtmmnhatm‘tmeeMavebmdcentmeewtﬂnmntiayem nor| ty el ectrical
carrierg. 11. A Iaser as cl al rred in an of the precedi n%n ¥T&c udt|hrlg
substrate (“?‘)A inicjgim L ig which %ts %lmﬁ@mf o layar i gi P‘a' 2
claiup 11 in \/\@%% diaﬁ%m a‘; %ﬁ?‘fhrtget e iYL regﬂﬁs‘t 3 Y
| aser enis- IeGHPn PHMICTFC A ST 18) is provi ded |n the substrate for
accessi Ng LS Rias&iEs SigimBdlin adyof thd pledstiy clitns (cRbiRgSlsubéirate(Bistifpdilind thE bdidiéangy. an
optical«fiber (17) passing through the hole. 50 14. A laser as clained in
any of cl aitesAlgertagcidied imclgimiltin whicleth©BiR subsirete stidenees sihstantiatrbsqriioefof Igsep gmis-
n-type con- dsiet andiirf which hfole £18) ig groyidegdn t@mtbmwrwc@qswgrnsmemlﬁﬁwvml ch the

: Slesglt {jlec g':c E gPag %tg?l |51P<gljn lilzlgl(?ns1 2allnrg:lu§||nge gnt Jpgc%Fflb(erl(??) pa smg c}ugl'? thg nc;le.55

ntj arr%er to Ies?en

14. A laser as claimed in any-of claims 11 to 13 in which the DBR closest to the substrate is of n-type con-
ductivity.

156. Alaser as claimed in claim 14 in which the electrical pump path includes an electrode (16,46) on the un-
55 derside of the substrate.
16. Alaser as claimed in claim 15 in which the said electrical pump path includes the metallic reflector.

17. Alaser as claimed in claim 16 in which there is a contact layer (13,43) intermediate the said metallic re-
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16. A Iaser as clalrred in claim15 in which the said electrical punp pat
includes the nmetallic reflector.. 17. Alaser as clainmed in claim16 in
which there is a contact layer (13,43) intermediate themﬁwmlttm "wmﬂ _
11 fl ector and the underlying DRERosdss158id cont act m c
contact. 18. A laser as clainmed in any of the preceding clains in whi ch the
phase mat chi nﬁeﬁ%ﬂ& ﬂX@ﬁde*lﬁngq;BRS@légad &Waélayerassunﬁféhﬁ?c%h%& index and in
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of the next | dwexPRieeydDBR | ayer. 10 20. A laser as clained in any of

clainms 1 to 17 in whjich phase matchi ng DBR Ia er is of high refractive
ndex and_ 1 SELSEREeS fickiyBawIc) eiiciaps e regn TRIISGRR e 4P 2SR pes

rel ative to t At OfitRReKidO ing Hllaﬁ?iex DBR |l ayer. 21. Alaseras clained in
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ick
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dai med in any @k, the preceding clainms in which the said DBRs are of -

different chemcal com position resulting in differing spectral '
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- Refl ektionsver, mtémr(fdy 2MRripbrR@Rn, wdbBiieZBstelidil Abd REGRRIonsvbrolehdRiIFtn VbriRdal

um ei nen HybriddkekiRkichdr strunéPRMtum, derHybridrafeRior AFJAbAISPT Uch 1, dadur ch
gekennzej chnet, dal die Starke des aktiven Bereichs nicht mehr als 1 glmin
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(1) imdesentl c nO"%lﬁrgn messivem Mat eri al besteht. 5. Laser nach ei nem

bel i ebi gen glen aRnadeh einsh SelibbidiinYerdorhedchenddh AHSHFGIRE ZBirdH HRkennAt Mt AEG 8df bkive
Berei ch m n- B@reich (1) im W38AtRAsh 4k MBssiVeth Bateliad Bésteh). aktiven Materials unfaft,
das mttels Abstandsmaterials (31(b)) so positioniert ist, daS es im
wesent | i_chdn ilasesescheinenfhstigbigender Aispricteridis 3E1?é¢fgﬁ @Bﬂﬂﬂ?@éﬂ%ﬂﬁ@ef?mmm'
St ehvel Pe wahdesiens gios Mpide (B1(@)hrkiveq Mates B aq pitielsy Apsipiismalpripist(3 (it so pesitioniert
Laser nach Andshdaftes mwessatinliptin seferRasiorunitainsatnergipspitzeipiper figenentepgienvisliewihread
Mul de ei ne QuARt BAYIRIPLHSs Besagten Laser fbereinstmta o nach Anspruch 5, dadurch

gekennzei chyiet ye Fi‘élh Ahdprddf 8 ABhnfron'ekerlzelhile dBYAE Glef B HEagrl Miidt Sirle Ruantenmulde

55 ist.

7. Laser nach Anspruch 5, dadurch gekennzeichnet, daR die besagte Mulde eine ausreichende Stérke in
der-Laserrichtung besitzt, damit sie im wesentlichen Masseneigenschaften aufweist.
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und daai, in d diirl-Setzusstratiung aafweisiaind daR iBdemSubsiralairgiroeh (1 8)izurn Gugrdifersaif Istsersttahlumyy
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si ch zweschén -BERY é gf“&}’ﬁ'r%i"am\‘ pekpinzsichagk. daf denbesaate §iTHTIRFaR T YIPPT YO dpn metal-
ti egenden DBRIFETTRILP MRE Kont akt schicht (1 3, 43) befindet, die

ohm schen 3f. LKQPhfkK nsphieh €6, bdtch lgekemZeick@B 84z AACRisSleh 85 pékét&hh&ﬁlf&cf@ﬁ Re-
vor her gehende meksrfdde{dafunter IbashdsPDBErRORK BRI oo KBMBkschishRl1B, 48] Kfindet, die ohmischen
Phasenarslgl ei chkonthiBEcHBrtdiekt or schi cht den besagten ni edri gen Br echun95| ndex
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Phasenangl ei c irifepimStrabiuagsrichiung Felalin 7y der der t!iﬁ‘i!!s‘%%@'@ﬁeh’@@?h'% it gipdsigenpindex ge-
ni chst e, DBR- R Bkt or schi cht nit niedrigem I ndex ist. 20. Laser nach ei nem
bel dsgb' gen ﬂe AR5 915193 Rﬁsp ucfy%?s g%ﬁ‘? cggilwnggﬁﬂﬁge%z 913 ? ’derd a'se eichs-DBR-
nang! €l ¢ Rsnadirotion ru o B0 BnGES pék RERLL  ahindeR e
beS|tzt und dali i1hre Stirke In Stra ungsric tung re atlv zu der der
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55 grad relativ zu dem einer den besagten metallischen Reflektor nicht enthaltenden Struktur erhht wird.

23. Integrierte Schaltung mit einer Mehrzahl von Lasern nach einem beliebigen der vorhergehendenAnsprii-
che.
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tors) (4, 8) c r(‘bﬁh‘f?f“p'@ &‘Ei‘ﬁ“”d? Es sr%'%“%‘(?&é%@?‘\??sd'

‘de refraction g%& (4 ty de “°t"’ y

de conductivi tgmﬂq[é% ?teueéu av rs U mol s tl ele al reﬂ SE

des m)yens (15 c rls nce u F ‘f% co p F F;J?m émtx%r?se llerr?a l%s mais est

corrprenantle pgg falhuel(ﬁ%( %%q&% j (1) BLDERG BRis HBcrd AR S teur

subjy t ntiel Dé\té &Sqtﬁﬁfkéggé t réglée en ép. sseupﬁar % éf d 2ffe

en ce que le 5alBuchy BEDBR LREROEh&cd H rdhQ! %%orFEQ;BoHEHn?p F“séd%lt ér@%a \Qﬁétiaﬁféépaus-

Mai S est assi SigyrBidctitéiub §1d fRR&uBN dFBREsSIbA bR rhalighd adifdente (125 R rBgie adgnicnldrtiie
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