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ener gy needatatiboin thedatdgapd tinss tet in the whibiidh. This resulis in a smearipa pidhaphporptigeedge whens
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of -t he dipole e Same anount. So the change, AE, in the 25 energy of

the el ectron hole pair due to the preserfce of the field is [err] (1) But,
by the definition of the dipole nonment and the polarisability, [err] (2)
so that 30 [err] (3) Note that the
shift in the absorption edge (which Is to the red) is the same regardl ess
of the direction In which



the field is.applied. W have seen that the shift in the absorption edge
varies as the square of the total fEP416839Bari enced by the el ectron hole
pair. Thisfield will in general be a conbination of built-in and applied
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| over s t he dyerslastrensoledaiEsasdipeles pray RLB%“"W 'P't'dt‘j'ém | ‘? g ?{f, rI"t"he
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first formi mighintuntEnBigy 18vel MKb préaerte rtiiel d8ép vdlls it the cahtiyatibreant Galénow'iainds skawsatreeamsr,
we further digbutiche eveh ilghvtne minituis ensrgyiavelneretabove” tib ebdngyIangps o e clnep weis.
produci ng asy Asmentioned @bbvete erclre lovpolatisability,aleeroveiis are pdckssary for thereleckrpneand holes.

el ect r oms hol eWbere the QW strlichurd ie to, be|dfiven with lowzabblied volfagenaderrekampid)\igss dhap aboyt 5 FQ'Fe-n
an el ect r oreptimure pestermancs Will mbnaltyabsycmmcbwmommhﬁtvﬂ@meﬂe|f?;<9mwt?dm toyabawt 1004 1 |
and there is no need to create one; the 'centres of gravity of the el ectron
and hol e chMatefialsdi stributions will naturally be In separate places.

Additionally, If one uses a narrow well then |f the vveII |snrro
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sensitive to variations In electric fiel® and well widths than the
conventional QN A nuch 'cleaner' electroab- sorption characteristic is
therefore expected of suitably designed QVand MM structures. There is

al so anot her advantage in using wells which Inherently produce

el ectron-hole pairs as dipoles which is reveal ed on cl oser exam nation of
equations (3) and (4). Rewite (3) in terns of the dipole nonent, 20 [err]



25 absorbance per mcron of .material is further increased if one uses
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for the el ect Namslyahechatiet la@rs wilbcomprise a'dinplesemibandiith, butithers maycbeapplicationsavheeiity en
with | ow appadvatagsaistage sljoyédmemigorsingidreorievangieriinsuiatars fan the Barjesilayers. Thp advaniage
per f or manc eof vdiriglsimplersemigbridyctdseis that thenaseeagipn tharowwellhvhat wi der wel |'s, for

exanpl e sup t oWhllschatrienngidiis wikparmally b ig thgaange 50 to AGOA,fh prtiyMyiR Topany partiguiar anRli
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| nAs and t hg cpéate sibifitem ahdideful dipoledidentIONn Wtk matérfalsavhich 8d rivEstovide@ery deeplwlls. In
quant i sat i O@rmabof the iRveRiiva] tBiY mhteneR systarhiie ery iMBdh@on-Gptimin 2but nelveitiislessabplyr@tiertiven-
| eads t o antoh &thie @Setydat niakosialsrsysietmdoasigive aprixiable athvanigges sWéllovidties| of 604 aperassemed
hol es i s t hiethess dxampies, but fhig ishotkliicaB79 Bl and hence the overl ap di sappears.
In particular electrons in InAs arevery |ightand hence are easily .

guanti sed. Exgpplesmal energy levels for the quantumwell are Indicated by the
broken Iines. O course the constituent conpounds, and el enents, of th| s

syst em can r eEeftwoppagauantymwaligof Ga'ﬂﬁeﬁ?@ﬁlﬂﬁaﬁfée“vﬁ?'ﬂ@ kafrierspgajculptions ?'E'Ed%
tail ored® ffe"r""eé‘,(?i'ﬁﬁ'l“’é‘°19§/f°'s Wf%?!‘f P'WQP“&’F? eAptepls f‘r‘[ﬁ?ﬁ‘ﬁp 0P pypstratqwasused, e, WI I

rer

| ayers 5 and there are
advant ages | n1'fFB'E°%??‘f‘§ SP‘FTE""I%Y‘"@‘ f"l't?'l? gglﬁ'r“sggf"d ?'Jd‘?‘dﬂ'a%kl nAs rich alloy of
I nAs and GaSb. O course, as those skilled In the artwl| appreciate, while

quantun&yell structures according to the present invention are preferably
based on the above described naterials system there are other materials
systens which could be used. One such system which |Is capable of providing
quantum wel | structures according to 10 the Invention is that conprising
i ndi um antinoni de (InSb), cadmumtelluride (CdTe) and mercury telluride
(HgTe). It is known to use HgTe and CdTd alone in quantumwell structures,
for exanple see the paper by Guld- ner et al, In Physics Review Letters,
Vol . 51, p907, 1983, but not in conbination mﬁth I nSb. Fortunately InSb is
| attice matched to CdTe, so Its Incorporation Into the known two conponent
system |s possible. CdTe would provide the barrier |ayers. Bulk InSb has
only a small band gap, 0 2eV and bulk HgTe has no band gap. Cpan- 15 ‘tum
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cancel each qther out, with the result that greater overall thicknesses can

be grown. 20 Also, it should [BPawieezdBIhat Figure 4 illustrates what
Is in effect the sinplest realisation of the invention: there are just two
regions in the quantumwel |, one for confinenment of holes, the other for

confinenent of elec- trons. ile of course it |s generally epr ef erabl e,
fromthe point of vIFoFORCRYEaLEo owiliole o kFdgCtanB RiFERFENSE conponent s
and the nunber of -differest Pl ayer typeDipelen miDipolen iniflae’ still be found
wort hwhisl e to in- corporate nore conpo n r iffaqrent |ayer
types to enable the use of different aﬁﬁ%&sﬁgfs%ﬁénﬂ g’:? e{"&)iperm't t he
prosdcti on of nore conpl ex structures which have good el ectron and hol e
confinement and sepg.garation. Barrier widédis of o284 100 Aggre typical.
Normal Iy the barri e6 | ayers will conprise_a sinple sem conductor, but there
may be applications wWere It is advant ad’e%s tolud® al IW@d sem conductors
or even near insulabass for the barriereleders. 168 advagbage of using

si npl e sem conduct oxS,al s that they are jer t ow well,. 30 - Wi | e
barrier vidths willimally be In the ratge 50281 ‘,sthhe opt i mum wi dt h
for any garti cular &@5 i- cation shoul d8e®l det er2aPhed H8+0Routi ne

experi mdhtation. The.3warrier wi dth shoulgdgpe sufsfigi entgitig at | east sub-
stantially prevent nel l'i ng between I whe e working potential is
applied, the obj ectﬁ'giéi ng for adjacent Vﬁeﬁs torlbyfunaf @Bt ed by each

ot her. Because the Prd@bability of tunnadlOLshg is4dB82ernisdd by the effective
barrier hieight, thigngrwells will In gggegpl negdsdhi ckerggbarrier layers,
al h_ot hgst hi ngs bei gnﬁequal . Likew se ?19 ?%:teri §Id2§35 kgse;}gtens where the
effective barrier h%'i%@hts are necessar i¥y29 ow, €1%ill Hferally be
necessary to use bagssser |ayers thickenitgan thegsgzrequstged I n the

GaSb/ | nAs/ Al Sb syst¢ o It i's undesirabl q %f ‘use rier Ilgyers whi ch are

t hi cker han necessa ;E since excess bar 1Pt hi ckde®d wi 14 Y¥educe the field
intensity 'seen' by0iMWe quantum wel|s fldsSany p&82cul a3.18pplied vol tage.
An additional and sygpificant di sadvantjages of eppcess bagigser thickness is

that it is wasteful epi taxial grow | me d,abilify - generally it
woul d be nore usef u?'%o grow a nul tipl 21%4% qugﬁra vveli'ogtructure
conprisi#hg a 2r eat ir nunber of wells. The foll ow ng exanpl es based on the

| NP/ Gal nAsP/ | #EarR0A syhowellwidtis:50A InGaps A GainAsRew how it is possible to create
significant and useful dipole nonents even with materials which do not
provi de very deep wells. In terns of the invention, this materials system
is very puch non-optimum GeRCeRtEAtAoMe| ess DipalieyMementhe i nven- tion to this
‘ever yd§§/' materi al s syst eg¥ GAGSpHAIrYE apPr asifreficvant ages. el l widths
of 60A are assuned 45 in b se exanples, but this is not critical.

Exanpl es Fortwo-part quant Il's of Gal nA2%nd I nGaAs bet ween | nP
barriers, calculations of 0iQ#ol e nmonents 509.6r el ectrons and hol es for

di hfLereny phosphorus cont eplgg i N Gl nAsR ARl 1y substrate was used, the
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the refrac “sense, and so on, a structure is created in which, on application of a sultable potential thereacross, the refrac-

tive indices of alternate layers can be varied in opposite directions.
D An example of such a structure is shown schematically in Figure 5. Such structures are useable as tune-
b 40 able Bragg reflectors in either waveguide or surface configuration, the latter configuration being illustrated in
Figure 5. In the structure illustrated, which is designed for normal light incidence, the mqw stacks are each of
a thickness approximately equal to one quarter of the device’s operating wavelength - that is, each layer has
a thickness of A4n, where n is the refractive index of the layer at the wavelength A. The operating wavelength
can be near the band-gap -equivalent wavelength, in which case there can be strong refraction but with the
45 possibility of absorption, or longer wavelengths can be used with correspondingly reduced refraction. An elec-
tric field is applied, normal to the planes of the layers, by means of electrodes on the end faces 50, 51 of the
structure. A material such as indium tin oxide ITO, which is electrically conductive and which transmits light,
may be applied fo the end faces of the structure for use as electrodes. More generally, metallic contacts will
be applied to the end faces. The number of layers in each stack and the number of stacks in the structure are
50  not critical and the optimum numbers for any particular application may be determined by routine experimen-
tation. The upper limit on both numbers will in general be set by the maximum thicknesses which can be grown
while maintaining good epitaxial growth, by the operating wavelength range, and by the requirements for the
driving field and for optical performance.
As those skilled in the art will be aware, in order to ensure electric field uniformity, It is desirable to provide
§5  charge separating layers of intrinsic material between the electrodes and the mqw stacks. Conveniently this
intrinsic material may have the same composition as the barrier layers in the MQWSs. Schottky contacts can
be provided to the structure using appropriate contacts. Alternatively, a PIN structure may be used, the mqw
and charge separating layers constituting the intrinsic region thereof.
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cl ai med i n ¥ny\ountugrwel pigy *’-"P‘B‘%‘“"'E‘B‘M)M"S'P‘H@ef' Polespomentis notiess Hign 12A\npstrams-
| ayers defining therebet Ween a quantum con fi nene(p the Nt um
conf i nemant"réﬁ! U ¥ °°3 ing f "V°“°° gﬁ’ﬁ&fﬁ"wgrfs'"ﬁa?rl Lantiponider a
first mieriaP'tRYBA? "ﬁ’lﬁdn ‘éﬁ’\?" mgpide: g’ea frier layer a second ma-

I al ' d f
e SR iy R

t hroughout itg, mn| mumin sald first
maker i al, region being at a ower ener gy than that in said second materi al

regi on and {ghe\ qialiGhwé skadtle BRUIAEHEIaREINE BF cilnds 11 T5) nhdgddium antifdnilie SRcad
material regi Giunt BMiNdd dhd Frdrclryfdiiirb, or Wogy thetsof.t he probability 15 density
distribution of electrons in the conduction band of said quantum

conf i nement1gl @gjudritum WelbdtRted atcdrting tsang anechf tlims 1 thth; canprisidgcbamier, layarscf tddmium
probabi léty dadlaridelr ahi sdlby thddedf,iaodia qfantom|carsinement ragioncampnising indiamantintonide antl mer-
quant um conf i reryasfitride egglioys thegeok kewed t owar ds sai d second barrier layer. 9.
A quantumwel | structure as clainmed in any one of the preceding clains,

wher ei n t he20diAxmharsumwalbsttucturs ag glaimed in apy,ene| o gajme B:HiPr & oA &‘t-”r‘iﬁﬁ'ﬁp"“‘i"ﬂt onggny of
quant um wel | slaimsd: Giprd. whoreln the hagrier Inyerscongishef tdiupypbosghide. (e, guaptur gp Bm@wngqm
not | es$?t han consisrps fistang seoprd distiet et apolontof materialsthe {irstregion cqusistiy ' "8 m
10, wherein tﬁé%?ﬁéP%WfBﬁ?fqag‘ ot |ess than 8Angstrons. 25 12. A quantum

ess 1 Lraﬁcéz‘*k‘?gaﬁsrg' 5 ”ﬁ%t'ré‘\ Pyt Gk i o R ok baley,
|

wherein _t he di is not |less than 10 Angstrons. 30 14. Aquantum
wel | str UCt#' %ﬁﬁgt&lﬂ@}eﬁr& llug %lc@in'gh Tbtaini D6 Whbrin bAl@rid rQé?AnGis ENEB Hvich s thiek as

| ess than io quan um we structure as clainmed In claim14,
wherein the di poI e no | s notless than 12Angstroms. 16 A quantum wel |

structure according to any one of the preceding clains conprising gallium
ant i noni de 35 " “and indium arseni de &hd al uni ni um anti noni de, or alloys

thereof. 17. A quantum well structure according to any one of the preceding
clains, conprising barrier layers of alu- mniumantinonide or an all oy

t hereof, and a quantum confi nenent regi on conprising galliumantinoni de and
i ndium arseni de or alloys thereof. 40 18. Agquantum wel| structure according
to anyoneof clainms | to 15, conprising indium antinoni de and cad-



miumtelluride and mercury telluride, or alloys thereof. J,mm ’"Mm ul,
structure according to any one of @ErPaimes7d@Bio 15, conprisin

of cadm um 46 telluride or an alloy thereof, and a quantum ‘confi henent®
region Cor‘rggl R o tudd Vol SERARUN b BRith&dSn %%nmrcraun%%l’o 354Hetdini &8 q@ntuiH dofihSment
thereof. 2 gygg;tuggn\a,gla f1b Ahlsirsthewiges Cl aimed in any one of claims 5, 6

or 7, or 9 to 15 as ependent on any of ‘claims 5, 6 or 7, wherein the

barrier | aggr A qsatumwel stilictud W ickdiel R@RPNe Gfulaithd B0 wadmmmgcuamw IAVRRR dlunkifigh ON
50 5CONSi gbénidef a firbtimfateridiéhion BEARCuHtGH tdifilemem YégiR Sorfifrisiigin@#AsPA secbridéna-
first region ﬁﬁﬂﬁdgﬁhbmudaﬁanﬁaidaﬁmanemndioﬁEuanpﬁsa@cmsbmsegl on consisting of
GaAs. 21. Aquantumwel| structure as claimed in claimz20, wherein said
first and 28cAnubntusgied stsuctureasaiainsadlircdiam 24, alhérgin 6@ qedntunicoofinemard regidb is2éss than
quant um wel | $a0rAngstiomeindisickadsai ned I n cl aim 20, wherein said first region is
at leaste twice as thick as said second region. 11 EP 0 416 879 Bl 23. A
quant um wel2f. Aavantumwelbsteygtuteiaedorsing tojany anp of tharpeecerting claims wherply theguartumgaefingment

sai d quant um tegian dqes At Axcepd-R9Agstoms I dhickprss 40 and 110 Angstroms wide. 24. A
quantumwel | structure as claimed In any one of clains 1 to conpri sing
barrier | aflr & myltivle ayaptury walstoucture “mpﬁﬁ"gé’rﬂ"ﬂ%'ty %qYﬁ"?"E'tw%‘f"@?”i"%ﬁ to Ay, oris 9f e

sai d qu¥ntum E’S?ﬁdi"ﬁ@ﬂﬁ‘ﬁ't regl on conpri sing InGaAs a second na- terial

1% MR R e O o

region is | esBFH ﬂd.aL'B'ﬁ' ﬁre"gtﬂ}e ﬁq nes“gﬁl uant um wel |

structuge 3gc Rroghrﬂ»gi (itnﬂxltﬁia}ﬁu% Wi {ﬁ,%&@%ﬁgﬂg%lﬂl@ df Su Mm Ritifle bRARAURRT UM

cokLi neirent W cidint 96 G A@Q&%l@gﬁasﬁﬁrytsnb ving J senéb of their
mul tiple quangigmsv;g;}e}se&t fucture conprising a plurality of quantumwells
according to any one of the 15 preceding clains. 28. A multiple

quant um welsh, ah bpiicdi modulatd? BdpriSing Whuantith WélRkruétire Bécordingdtahydnéef thesprévading dhimes d
in any ene of the preceding clainms, wherein the dipoles in each of the
wel | s are afi. Afé6pticaibduenasiaintd in clfn 30Arrargegioprdpagatian of lighttebeanodulated in aviidettion
struct ure conpubstantially parafil tortisd pldngs @ thesayblrs otthewelis.nul t i pl e quant um wel |
structures according to claim28, alternate ones of said subsidiary '
st r uct ur es 3Rahn opgical meduiatonasslaipied intglainy 30@iTangbdfor prapegatienafiightdobe mudulger in @ difection
nmodul at & conpybstantiaty rerpqudictiiexfathpuplanesof the layens & thewel di ng t o any one of the
preceding clains. 25 31. An optical nodulator as clained in claim 30
arranged for propagation of li'ght to be nodulated in a direction
substantlalﬁ‘SP“&&F&‘l‘ﬁ"E? to the planes of the |ayers of the wells. 32. An

t | _nmodul t t
be. moduPat dg .%Hs’nzean a' Vi teg%enuni‘zwegﬂ%g%ﬁ”%n% B e ara g eongdon °
pl anes of the enn |chn IIs Pat ent ansprCche 35 1.

Quant ent rog-S \eefbic fef A ande d BilaBAst
el ektrischen é%ﬁme%i fm%He%g,@ éﬁ E;} :35“ %ﬁd?ggsd dag”feﬁ %Eﬁektmnen
gekennzgj chne]n de Qﬂ d%ln efBAHAprbf W& dab8azu tendiert,

abgest ufterZu a@mas@ammdha éi'.@é sditd Beslﬂ%l% cﬂ@z’i seifidben, so daR die durch
Quant en- Conf i g mm@wngu&btmmedzwgﬁeunm Iriabre Init BiRdm DifckSorsbATerzeuGREIdEH. L ,
die El ektronen 40 I'n dem Berei ch auf eine Seite des Bereichs zu

schi eben, @ndQeantenived-Stiiktupmicgpstaiunt zwedn EleitadenlAin Antegsnaines dlektridéhen Ed\dshenkrecn
dem Ber & ch awi dedisehighepelsarivags) | egende Seite des Bereichs zu schi eben, so
daM di e dur chdaptch gekamnzdichnetgdaBg der St r ukt ur er zeugt en El ekt ron- Loch- Paar e
mt el nem Di pdérRuanten:CapfinemenjiBaesictisaibst aus eiay Heterostrukiygmimweigkirannten Beseichepmit un d
zwei t en El ekt temgbiedlichenZymammensetzungerchestehtenabeiidio Anerdpupg.sadat, dab AR el pptisghp Anre-
zu den Schi chewg der&-arwr@g@-ﬂ"d%ermtegEk'éwnieqhd’ﬁﬁrefn'te'aﬁBD'a%Wmentefze"stwefden
Qjanten5”Conf| nement - Berei ch sel bst aus el ner Heterostruktur mt_zwe

get r ennt en 3Be fusrianireg-Firuktugmit erptenuad ryyelten Elgkiseden zumAnieaen pinas elekifigensn %@PW"“‘

nd Tr _
wobei die Anoﬁmh elgggzelchne?%l di e durch optische Anre

_ die Quantentrog-Struktur einen Quanten-Confinement-Bereich enthélt, der selbst eine Heterostruktur
&5 aufweist, so daR die durch optische Anregung der Quantentrog-Struktur erzeugten Elektron-Loch-Paare
mit einem Dipolmoment von nicht weniger als 5 Angstrdm erzeugt werden.

4. Quantentrog-Struktur nach einem der vorhergehenden Anspriiche, mit ersten und zweiten Sperrschich-
12



gung der Quant ent r og- St rukt ur. er zeugt en El ekt ron- Loch- Paar e

Di pol rmrrenterzeugtvverden 50 3. QuaEmtosrié s7a@1St r ukt urm terstllm!m] EMJ“'I.M”“I
El ekt roden zum Anl egen ei nes el ektrischen Fel ds senkrecht .zu den Schichten
des Trogs, dagyrflwikelen 3R Shdntiten-Clitfhethof- eehbitR béginzéM i b bikd HdterSltAIRD vor-
Quant en- Conf i ReeRke! 6i8te Bhd FveRidlbtaralion deFFietsr6atrftbr UAteRBhiddAdnS LaRhdstiidMininund -
aufwei st, so gadhdlieRichNaehzEaRdmeXIfa QurhBEIWEHS] (A6 ErstoWBiRfid Bis' ritdrigate’L\élfingdband-
erzeugten El elinirilifn, @A vekiMdtatialdab hherto/alehbRfHMARIMNER aufwoist, dhd Wabei W18 fdsgifidrerdb S 5
ANngst r om er Zevegtkerring 4 TrigefwahfedtidihlichRéits dightePbrieiklfigei sinembipol erzéugwéh@die Quantentrog-

vor her gehende Strékipptisctedgersgt wirer st en und zwei ten Sperrschich- 12 EP O
416-879 Bl ten, die zwi schen sich eonen Quanten- Confi nement - Berel ch
begrenzen, s nQdanuanarbgq&nﬁm gach sihenu tdr Anspriche 1 bis 3,gtit einsmiianten-CanEnemedt-Beygich{ ie
Mat eri al i en ddem blad BhedarpungdeciWahnseheinlichikaitsdidhtevetieilungen derElpkticasniim Leltungsbaredcind
unt er schi ed| i dérd.Seliar ievValesahahdrvsilieat wobsi piné Heterostnyigirdanethglh des Quenten/Gentinemgnt-Bey s

ni edri gere Lerediohngindsaiche Versehiahyng, det) Yestehupgen: herviomyf daf bei @iner qatiashancAnregung des

Val enzbandnax@uentanientinement-Bergisos ejoRtinoimogest innerblh des Quantan:Corfinement-Bergighs srzeygl n g

der Tr ager wahr ¥hei nl i chkei t sdi chtevertei | ungen eonen Di pol erzeugt, vvenn

die QJantbntro St rukt ur o tlscnlcan reg% wWi.rd. 5 ﬁb%[?oig gtI’LL
o i Coorf ”@ﬁf i il
enz vor

El ekt ronen |
wobel ei ne He erogtru I?ur Innerha qb]alﬁe éa' %mten Confl nenent - Be- rel chs ei ne

sol che Ye S \d?.fh& &&ng %pe.@ PeRS hIAIItan a6 AMAcRSH sich 8M&T quaRtbr-E5RRS
Am&ggung des &3 M ﬁ?&e eksdRRhtSREFter MuisREIBSHibh A€ on-
Quant en- Conf i Gﬁﬁﬁﬂ& an%%rzﬁblﬁlsﬁerﬁﬁlﬁéﬁ%n Wieitsh MaleralbéreichufialeCidberatbertion UkdzwhiteR 2C h
Anspruch 5, Dbfateflfierdiin€andbifienirbnki whd jedsrMatbridiierdldh biné imleSenbiciel bieiohngiige kelet

i st, wobei dasarkRénbétA@E bR Se¥ien DioRe Bufwaist] @Bl dss Leitunddbardminimuiti Gént brstarillaterial-

ei ner gees nger gsreitingr ghet géringersheEnsrglerils2n/\diri 20mitelviMatarialiserdioh fiegt ol das éalénzhandmakh s
Val enzbandnmax imumia def eehtamMatetidlisreidiiatfembrehishaencEnergie als im aveitenMakesiblbareich litgtovoheie

al e | m zwei t edieltlickedds atsive ure zediteh MatgtialbeRiichs Uhd d@eaniisbmmnensefzuBy seisind.daldietWahr-
ersten und zwecheiptichiyitsdichipeduieitung dan Flekitopervivdesd eitungsbamstdesQuantan-Confineresnt-Bsei¢hs ne -
nent - Ber ei ch lsogweiten Sperrsehisht hirwgrsehobemwid die Welhrecheinlichikeitsdishtevertelling.dor Lashas iadem
ersten Rat eri Xelrabanddps Quantenfonfigeraeni-Berejchs in Riehtung e erstencipasrschieht versphehen sipd,
zwei t en Mat er safiafeinsioptische fnpegyngides GanfirameptrBeraichs; Elektroprkeehpagpe; mitginem Dipolmoment
Mat er i al ber ei €fféu%nei nander angrenzen undj eder Materi al ber eI ch e| ne | m

ﬁ;glnt ld:al(s:hﬁnl &Hel chmfl Zu- sam‘rense'%%: is %ﬁr §e| per S h%;t{
ei ner g I nQEIsgﬁ ' némﬁb c |cr‘t;§ne?| tep I re ﬁes
rs un % \é‘ﬁé Jgéwﬁlle‘ﬁ er?Jnd
I e

Val enzbandmamauf : wobel
al's imzwelter], vgers L gpwwg Le,_

Zwei-ten Nt er C @ﬁ&l&m@iﬁenéﬁ.@ e o o ol
schel nl '&hke' Ii'e? uﬁ 3&@5&6& H torViReNalboteictdtt difek ARBYSS ﬁner-
Quant en- Conf i RRRRRferdRsFdich %umm%mh&mﬁmmmm;mmﬂevsnanafa @ fent gl

di e Wahrschei | %Jﬁﬁd*ﬁdhtﬁhﬁ@ﬁﬂﬁeﬁﬁhﬂﬂdﬁﬁhﬁﬂ ers8f BpemrsdhithrthiWerddhoben und die Wahr-
Val enzband descHaldfohkerBdidhmérieMmyaerLaENer it iderh ValérizbaniRidestuantgn-Ganfinanient-Beeichs zur
Sperrschi cht vesiss Bpdaethicki hinhersstmbéleist. €i ne opt sche Anregung des

Confi nement - Ber ei chs El ekt ron-Lochpaare nmit ei nem Di pol nonent erzeugt. 8.
Quant ent r o@®- SiQuariténtrog-Stadtur sach einensidsr Yonkssngeheriden Ansiriiche,Dei def das Bipelmement migiit gerin-
zwei t en Sper r getds@Angstrdomdste zwi - 35 schen si ch ei nen

Quant en- Conf i nenment - Ber ebch begrenzen der angrenzend an die erste

Sper r schi cHto. &“ﬁ'éﬁi‘"éﬁ@l"éﬂ‘"Méﬁﬁpﬁl"b%r"@l"eﬁaﬁﬁlﬂ E?fg?"éﬂ'ﬂ‘é?ﬂﬂi“%a'ﬂ'( Angstfem iste
Sperrscﬁ‘f cht einen zweiten Materi al bereic d Q
derzwei t e Mt @Pﬁ?%ﬁﬁ%’ﬁ%@ﬁﬁ?ﬁﬁ%?%ﬁﬂ Fﬂﬁ?%wp%?ﬂeéﬂﬁomﬁ'@ﬂ ai"I erf&\”?%&‘ris ei ne
tlich I h d nt

i v St v SRSy et SR POV P PR EE ok PR D APy
: E I

S;PELZEE%“ Efﬁwﬁ#‘fﬁé G e ABRARE b, P PR b g g A foipot B 25
als imer- e| ? Srﬁ# bﬁul&ﬁ E&hgpﬁpucﬁ% bei QENEY ﬁipoquén?ent nicht dgermger als 11 Angstrdm ist.

Wahr schei nl | ch tevert ung der El ektronen in dem Lei- tungsband
des Quant en- Confi nenent - Berei chs zur ersten Sperrechicht hin verschoben und
di e Wahr- scheinlichkeitsdl chteverteil uly der Locher in dam Val enzband des
Quant en- Conf i nenment - Ber ei chs zur zweiten Sperrschlcht hin verschoben Ist.
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S, QpnLnL o5 L1kt nach ol ner deruorter genendn s < T VO

Quant entrog- Struktur nach Anspruch 9, bel der daes D poI m)mant nlcht

geringer algg, &ém&&gs&mkiuﬁﬁach Rbspriadn 14%15&9;%.&%0%&%9%&."@&% 12RRgaErsIA Bt 10,

bei der daes D pol nonent nicht geringer als 8 Angstromi st.

Quant ent r 0gg.Sklatdnttbo-Staskiur midR Biherrdbr J&heﬁbﬁéndﬂﬁﬁnsﬂ‘ﬁ&eﬂd@lIﬂﬁﬁﬁﬁfﬁbni@ﬁrﬁ diumar-

geringer ale Genf@&NuRNMumEitimoRi®oderd derenQegistuyeh subgeistt r ukt ur nach Anspruch 12,
bel der sdas Di pol mroment nicht geringer als 10 Angstromist. 14.

Quant ent r 0g7.Suahtdntrog-Steukiur Adeh pinent der ¥atherfishendde Anspidiierse, dib Ppeimsehichtal ausiAtuntinium-
geni-nger al s adtimanigeierdesseh Idgieruii@en sowid dinen QuantaneSonfiregerfBenakch mit Galimmantifosiund c h
14, be! der dawliubapeitodarderen kegietungegeufweigter al s 12 Angstr8mist. 16.

Quant ent r og- Strukt ur nach ei nem der vor hergehenden Ansprflche, die

Gal | i unemt i18o Quententro-Stridiiurmagh einetder Anspriiche Abia i, dip iIndiumantimenid ynd Gadmiurgieliukdynd
Legi er ungen a@PQﬂ!ﬁ'@!ﬂe“@dWrdmiefﬂﬂmgu"sﬁﬁtukt ur nach ei nem der

vor hergehenden Ans&oqlfche di e Sperrschi_chten aus

ant i noni t od@r Q¥ kiur nach einpmdor Anspriehe  bis @ﬁ‘&‘u iu i t
Gal | i umant i moRiner Lﬁﬂﬂ“ﬂgﬁﬂY"ﬂ elnepy QuagiensContjagme d‘ﬁ ?ﬁb’@ﬁ“‘ 'Eééf‘t‘g; e'”18
Quant enf% og- Sfﬁ"'('ﬂgt"ﬂ‘?’d?fa'b'tfg %% derAnspr Cche 1 b| s 15, die I ndi umant i nmoni d

d Cad | | b
e ot ”?@eﬁgjf é;m ﬁEgz, st ‘*i“?ﬁe%%‘}? Sl e
Sper rachi chbt €n ic de gﬁten%% @Xﬂgﬂdé}'a e ekbfcH’

QJantenéoCoan o] |nggHe ec Si | ber -
teNLurid oder eren Leg erungen 20 QJantentrog Struktur nach ei nem der

Anspriche 34, Quatiélrog strikiiPhiach ARpfucH 20, 5& dtidle R ARCLWSIitenBareRhd 6B iflVesentlichen
Ansprliche 5 gﬁ.cgm&ezufwbiegn der die Sperrschichtbn aus Indi unphosphid, und
der Quanten- Confl ne- nment-Bereich aus ersten und zweiten getrenntbn

Mat er i akderazb casritentrog Stalkeun nachahspruchl 20, béirdsitder diste Bereibh Aibdestens doppett sGditkwie Berund
der zweite BerwéieBemissisGal nAs best ehen. 21. Quantentrog- Struktur nach
Anspruch 20, be! der die ersten und zweiten Bereiche eine i mwesentlichen
gl ei che Di ci8e Cmarftenbpg8tmukiu® bach 2Rem G Anspeiche 20pisR2y belk dar derQuatiens@anfinement-Bageichh e
der der ersat zBeshen ¢tundiltichegstdmdraitishpel t so dick wie der zweite Bereich

i st. 2330 Quant entrog-Struktur nach einemder AnsprOche 20 bis 22, bel der
der Quant erR4CSuantentrag:Hirukiys pach eiRem dar é(’ﬁﬁ@ﬁhm'ﬁjﬁd“'gwem%@?ﬂ)ﬂ"lslﬁ‘”&"'t'“"lagsf’"'d' 30
24. Quantentr GqﬂSﬂsl?R Materialbepeich des {iuantensForfia WWS Rt lnGaks ung pinem zweiten Mate-
Barri er eschi CWPBWMSQFWWWWE‘F‘E’ERF@“S@' & sten Materi al ber ei ch des

G St RS i e 1 R e B

nach Anspruch"?ﬁrasn rIr(':I""e"r‘m’@?anton Conf i nerrent Bereich eine D cke von

we- ni ger gjgs §{.J &HL &er ot RigEiRbaRlet il bidte BRGHnfh-RSHT
der vor her gehg Bber tc e an en- Co

f i keirent,; Ber ei chs n| C er 50 Angst rom h| nausgeht

Vi el fach- Q&?nt\ﬁ‘eﬂﬁéxﬁﬂa&rﬁ%éwktﬁhﬁt mERiBleR ©RAhtdR:8g3h aauhre&a.a raemahrgatenaammarm-
vor her gehendennd\nsprf- che. 28. Vilel fach-Quantbntrog-Struktur mt nmehreren
Quant ent r 6gen nach ei nem der vorhergehenden AnsprG 45 che, wobei die
Di pol e | n jazBdevafdch@@aiénteg BituktuDmit emehrer2n Muantentrégee ngobreineil der vorhergehenden Anspri-
Ver bund-+/i el f ahd)woheidié Bipdle i jpd&h Mol tieselbaOtientiernmgsautweisen.

Mehr f ach- Quant ent rrog- Unt er st rukt uren nach An- spruch 28, be! der die

ei nander al®fe ¥abuidiiriiachQuafitentoon-Strikdyr mimetyieten Mehrfagh-@ean Rintprgtrkturen nach An-
Orientierung isruely280babdsr die ginenger abwechselglespyséitelishansitnidyren pier Hmopkahrie,Prientiaryng
Quant ent r og- Sthre§ibirgle apfweipene| nem der vorhergehenden Anspruche. 31. Optischer

Modul at &¢ h A h 30, Ober t dem Li cht
'n einer R ¥n pp%ﬁ%h‘éﬁmwm QU PRI A St e BARSTOTSE AR e

des Trogs aq S Nbdu atzcl)lr Sendb‘nrﬁ% "%1 §Q der
zur Coertr Ugﬁg mwesenthiﬂn paraSI‘itegl?:é :gen(%ﬁcn rji'rogga iherblldet ist. I Snere

55
32. Optischer Modulator nach Anspruch 30, der zur Ubertragung von zu modulierendem Licht in einer Rich-
tung.im wesentlichen senkrecht zu den Ebenen der Schichten des Trogs ausgebildet ist.
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tung |mwesentl i chen senkrecht zu. den Ebenen der Schichten Hﬂmﬂ
ausgebil det ist. 14 EP O 416 87%pPRl41RereB1di cations 1. St WII"FHIINIHII
guanti ques conprenant des premiore et seconds el ectrodes pout I applFcation -

d' un charrpc!g Afdhe nornel aux couches du puits, caract 6r| see on coe guo
la region de confinenent quanti- 5 quo est formee sans regions a -

variation ge QRuRs b plithubiieds @ambréifantdes BRmRA él'48tohds dideibdas pif réppiiehion @R Nt
quant i que pr egRirlp@iektiquUanerial auld Soubte d€puils, cﬁﬁﬂd’ldé‘édn%qﬁsbﬂdﬁﬁﬁd HnbHénEGuahtt S
6l ectrons de lyge dsBGMBEsafls Mfiore@ivAtiatih db SonipBiioR Progredsivi & ep Eetjub la rédfon Bedbafneflent
val.ence qui t QidMtique pRBéHTAIN profibdel baRdéSde @ondudlion BAdaft possser Iésbleetidns dp [a0&gondien | a
reg}mn de t ol lc&ts 8es tegionwounthedTil (ciahdede whiare g tend & pausger IBsitious e lapéyion Xas teadtE O0N
opti que de | aoposdiielarégionale tie sorié que desppaires éBctevn-¢rou produitesipanekcitakion dptig®d de Ja sfrGe-2 .
Structure A pturé soientiaoruitegaes us owipent dedipdiecdes prem ere et seconds el ectrodes
pour |"application d un chanp 6l ectrique normal aux couches du puits,
caract 6ri sde Strucre §wpuitd quantigugssamerenaptoies ipresVpee et seponde: dlactredes peur I'appieating d'un
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