Sem conduct or device, nmethod of manufacturing a
guantum wel | structure and a sem conductor device

W@ opnieikng such a quantum wel | structure The POWEB2040051040
relates to a sem conductor device conprising a
substrate with a nultilayer structure, the nultilayer
structure conprising a quantum wel |l structure which
conprises a sem conductor |ayer sandw ched by further
| ayers. The invention further relates to a nmethod of
manuf acturing a quantum wel | structure on a substrate,
c o¥epmdordupigr deliige, gedpdofgianufactirow rignagtum wellysemetigé and a
el ghlcbidadb &éwwb%h{bl%ﬂgagchm%ﬁmnmn sruf@M ng a layer of
sem conductor material. The invention further rel ates
to met hod of nanufacturlng a sem conductor device
conprising such a quantumwell. The article "Miultiple
Si Ge Quantum Wells - Novel Channel Architecture for
0.12 cMos*, J. Alieu, T. Skotnicki, J.-L. Regolini and
G Br enond ThPnpoemdtlpigsio @ fentitrad 28t Heviea coyreiaing a substrate with a
S%ﬁl&’laﬁt' &Iu@tut@eﬂ{é Iﬁlﬁtﬂ% ﬁﬁ{cﬁg cg;gfﬁflsﬁlrg% Gﬁlturrj-\%lllvsﬁ'ﬁ]cmre which

Bel gi um - Sept enb -295 discloses a
f | OMENET 3 %?E‘tCO’Pdr“‘éfﬂ’sl?V§f WdWIq*ﬁ%bif f“éhed laé?rf ect transistor
i s a MOSFEThdiavehia fﬁtﬂﬂﬂlarateyma\/mﬂod St hahGtatHirthg QRuahtum well
5S|stmcquor‘rgonsayskel tgatc%m Jrl]neéﬁe %mvvel | structure
conprises” a YPEOUR | ayer encl osed by
silicon | ayérsing ﬂ'hﬁﬂrbfﬁlakmelysnsufatimmtﬁace | ayer is 4
nm and the. fuhih¢ Ry YEhitodiab fiighose the Sice |ayer

have a thi ckness o he epitaxially grown SiGe
sthajinyerion yther rehies & mefhadend manufactusing eschiqerlugipy dggice comprising
Prso@ay dubrdihdlvelt. 0 t he germani um fraction, leading to a

hol e confinenment. Due to this val ence band offset and

a lower hole effective mass, the hole nobility is
increased with a factor of two. In a special

embodi ment Tik zmﬂ: t"'M?ﬁ le%@% Al]sI ﬁogell éﬂnﬁ’é %jchltecture for

conpr|3| ng three guant um we struct

di GRSPHAR "aly S liey Ttﬂlf@ml,eﬁowr Regelin agk G. @é‘tmoflf‘ 5@?@%? ofifhet28”
mHutdeAn@oﬁl Sigte DAL REGaWR [ Jofiferefice Iaten! Bt@idnlN5.QY S&PRATberd S

I devi . . The. facturi f [t

15 1000 B pan o R Y G et PPEOPE THh /Bt BaRiar Qe
t hBVIsg 7 @ianted wEll Gaictu@\oe i stk sahsfritel Thomanthm Gell ftronretchdprises
Si @‘?ﬁ&é&ﬁ&%ﬁﬂ&t@ﬁ#a &OBRE @? L&ﬁ f I TRC R Mesg&ﬂg%@é%y%? 4

e Inventio I‘OVI em con UCt or evice o
t H@ ang e siigaitlaven éxﬂt qnﬁb%eﬁbf- %%‘é‘ﬁileﬁ brye 8 déckestof 4inf. whi ch
charge tr a'l'fﬁep:@ftatmallﬁ groWP B10¢ 86hikRA 1Rl Si Bvds M RBeRB Band offset

€sS.
20 prc}i)gmona to the germanium fraction, leading to a hole confinement.

10

Due to this valence band offset and a lower hole effective mass, the hole
mobility is increased with a factor of two. In a special embodiment a multiple quantum well
is disclosed comprising three quantum well structures.

A disadvantage of the known field effect transistor with multiple SiGe

25  quantum wells is that the improvement is limited to PMOS devices. The manufacturing of
multiple SiGe quantum wells is difficult due to relaxation of the strained SiGe layer and

diffusion of Ge from the SiGe quantum well towards the surface.
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This object is achieved in the sem conductor device
according to the invention in that the material of the
i nsul ati ng NeRET/iB2D04/051040
Solids that are insulators generally have a relatively

| arge bandgap (generally larger than a few eV),

| eadi ng to non-observabl e conductivity bel ow t he

nmel ting point. The sem conductor |ayer enclosed by the
insulating layers is a quantum wel|l when the

sem conductor |ayer has a thickness smaller than the

de Brogue Misvepieryeiiheghvention taprgddesesemicandusiondatiteef tha type

t BRntRhane 1R bopdniGs REBh GR WHIE Ldfee kBBt is intHRovdd bdEfoERESe and
in workfunction between the material of the insulator
afdPedni€dnduct or material deternines the potenti al

di f f er enceTié dfectih@higveamid lﬂimeﬂﬁiohducfﬁh&vmaﬁcemﬂlhgio the invention
dlf Lenge 0 |n t he nd ctl nd or in the
va tI;Ea‘r?(t:hee e"a ?LP %mﬁerl lsélflea%? elflseur%acegrél%lﬁmg)e positive
or negati v%)hdw‘\ré nreanselhﬁalrs generally havep rdlativeholafee handedp yeesaatly
D%g%%!uﬁel feéo’ e@)’] @La&ﬂgeto%xdé;dger%le BBkt bélc?w @e Iﬁ@ﬁﬁ%’v\mxﬁ The

its lie wavel ent t he artlcesm)rren
.genwaﬁtcroz e st hG PRBtRE @SR SSHEE el e the) =

h 2dtddoddaceo raf/ﬁ‘&mﬂﬁilblﬁlgss Tsﬂalfef @ thoid Broglle maiv@enkﬁﬂef a charge

Eﬁa{rﬁt(l (x:nosabﬁram ﬁ')e g g (Q’ the semlcon ct(irtla%ereﬂler erence 1n 09\%1110“0

&onf i nement
Vpetwienthe nppterial off fhie msuletor dnth eenp@nducmr mathriod dcaerfnmm thespotential

PaRRRR:V dr¥neQfaddfl Q1.1 N the classi cal l'y forbidden
band on. Charge carrier transport takes place

andgap reqi
in the eneﬂwm@r&abﬁ%@%@ Ppear ‘&H%?r‘ft’ tiga pgnd ofgdhe valence

r einatms@oﬂelafag@ff@mcemlbabosmwé 6@5@;{1@@ V al |l ows several
subbands i \th hgueacrzl;n% 15 con&' ed b some o%n{i Q/sand %Q \?Vlrdg'yof e
subbands functi‘on=ad crhanne il ar e carriers, t&he
t walhis gomparabfe t@meg?eoghawp\rebzngh it ;@mgln B fnpmamni bk is quantized.

' m&}{&ﬂousm&gm@&gﬁ ECRY £ 205 &ﬁ@spbﬁm{%'t@ﬁéern%%n 8{ i the

hol es. The sem conduct or device can e.
ePFds MEspAhYPken gp intoenerpyibbands g syidmep ,mtegerp%le%ﬁs atse
O onfindn@SEV( 1) dsthotl lﬁﬁnaelmrpﬁﬁge 04tS NMieprobabilityrdr bekg if tha Blassully
wiriod B o 8 ooy oA S b s p BRI 8 O B o
q gantummaleTHegelatye tatw motsiakgtiffiarénce M allowshyeverml subbapdsen thap
E&a%ﬁlmeﬁlhﬁecmy ﬁnesfe léﬁ]e?éy' s%arQ{s f&%ﬂgg chaﬁ'r{e[sl f@rr cﬁaréeﬂ:aﬁl@ﬁ the

guantum wel I's. The overl appi ng wave functions form
e HEWRAR q‘}flmrasaﬁa%r.s ispigaifipatipimprrycd The tharse prgicgesan br qlqqons or

q H@&t nmsv&ﬁlunﬁpcrt@sl%de&aﬂ dlg. 88a O RCEEhn G d Wpoldr rARERNAL
%E’IH m ni bands. Preferably the insulator is a

hP E ‘d?ré"l Etric. The termhigh-k dielectric refers

t o di el ectltisedvatnagepysgvhan divehee qeanfug weedinspreseit stackedjer the at

t Eéé? oﬁenﬁgnﬂg §E19'onn1;l—é1§subé?ﬁ8£ee tl"hé:cﬁétzl&e l\/e%l/elét?thgt]uantum wells is

then so short that there is overlap between the wave function of charge carriers in the

quantum wells. The overlapping wave functions form energy minibands. The coupling of the

charge in the quantum wells results in an enhanced carrier transport through the minibands.
Preferably the insulator is a high-k dielectric. The term high-k dielectric refers

to dielectrics having a dielectric constant larger than that of SiO,. The theoretically value of

the dielectric constant of SiO; is 3.9. A high-k dielectric constant improves the capacitive



the dielectric constant O SiOis 3.9. A high-k
dielectric constant inproves the capacitivecoupling

whetdeenst he charge carriers in the quantum webdBIBE2NEH 051040
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enhances the overlap in wave functions of charge
carriers in the quantumwells. In an advant ageous
enbodi nent the sem conductor device is a field effect
transistor with a gate, the gate being positioned
substantially parallel to thezat |east one quantum
wel | structure. When the device is in operation and a
v 6Puphipbeiwserpthp¢hargel carders inghegnangum wils aggbgnbanegs heroy¢riap inyeave
C Ak SRS Sf%{rgeecfarriefs%nﬁpeﬁahndnmehbe at |east one quantum

wel | structure Char ge s can S lje
source or ar&r%arte@?"g §mb UFEE Y 8‘°b¢1’§€g‘h“ra 8
aménsistoniitida gat, thh gatabelﬂgq:asﬁonem@bmmamylpmam kd the {tlivast g
gglrlatrngu%rn e\}\llgsre]c]tu% %@F‘:n Fr gerllc%rr al% gder ft roozﬁegélragfgftal%g is%?ph\é\ﬁ Fol?he gate,
g dheaptatagiols fe Pmesemrct@nm@tndhe at least oxerquiysuns welbstmitterd. by

a@hﬁk@&ﬁfeis%ﬁ{ be s{lﬁthQd frdnt a dofrc¥ 6 (ﬂm@f‘ég@n tROQAIS addiBsh regions
there is a superlattice formed by plurality of

qd& wpkerhioiRs rtéeaﬁ@reowrtwe weh {Chareg ‘r?“t?bsér"’h%lf"&’ﬁ g%“e{f"&dlﬁa’@e

| Sad&nm Withth ceaid h@eeﬁgﬂex i Blec@éiCiRles pairslaRigederfiddrin ot f 1 ow
he source n or, vice versa. The effect of

hé‘i}‘?lrf’ﬁd%‘rmé &Pt %&SFI?aEaée (bf Bt e @ T t he thin

s e m conducit Biverd adlagtedepisovhkmiat &)a snegattite formedibyas garelitg of

al s S’e‘i’&aﬁﬁlé k%% f LT a%lt g@ is ;frieﬁ‘ @ e g%%']x‘?b{ﬁéé'tcgr@t a

conmon sem COI’] uct or ayers, cause

n errreztef‘roaf ftswhr %?ﬁrcefo c\r@r rj vica Veriim Viesteffi f kswiay a suppriattise
Wicthfhell R@h e S%Imoéﬁfu@to}ﬂuﬁ&mc%kfé) tRR i OReskRY 8f a HRSPoRntial

C al %}oaf) :{ sr | ?e cpﬁc{)u? %rlé%?%gnog or, g?ng];o&rtg?cmr @P'ers caused by non-
c ea¢ evetlapadl rvem'cail ngieﬁmct&as;edule with the gith& zob biag baly éhe top layer

! ﬁ?s%%gaq?e &l ere[%%gullatﬁo r]?eq g(‘} thl%r &gerﬁiﬂircg Glthe 1"1?’1‘ hé teycamer
proportfona e er 0 uantum wel T's.

t hencenratonds ipgieassd. whike threrﬁﬁ lq lehadeayeant iofedeged Tde errfeet lfand
dikKly prdptetlidn@Ro GO BSnBROSF qRnBiR \fvélﬁ antly penetrate into

t he quant_Léﬂwwell Shortfchg]]er] ffe s are therefore
reduced. THPEOVFEhGexFaRIOn of fisdeR %rrfr HUPARE Ay FuT RS ton
t deas potsigaifisantly panetsiteintd @0 quamgeawals Shot thannel effects hre haefore
ChANRE m&hS ae\%é' rm?%t%%a‘ﬁt EG: ENBS hRkREs W rsEbof dp’%c €.
In order to o capacitive coup omt he
gaatelength in weickyghar lemeweffelce domlhfée e §ztnalﬁteepetfemne@n t he

one qu ?ﬁnt URoMBY tb ol?&lﬁi a g&a? lcé;ifd&ﬁx*&?ﬁup@ih@ﬁ&ﬂ the \gﬁ% lo ﬂhesquaﬁxldt Grlh l
one an um we uncti o ate for e

f ﬁ%@r Slaergﬁ? Reicione BRYFE Wé@ e e tr"at‘rehgs Py

C 0Rpfid Gianign arclhfugrhtoks avafgae foathe fdmefrelﬁa)m hals an

equi val entprgfrc

In an advance
c ngra]egtgglcg] dxjde dhickness of less than 1 nm.

In an advanced embodiment the semiconductor layer comprises silicon.

0xia&e LAl ckness F
ablyé € 6rasuia nﬁtlaychcomgnsmgcao n%‘u C]Fa eria t%eref%re has an

Silicon can be grown epitaxially on several high-k materials when the lattice constant of the
high-k material s an integer times the lattice constant of silicon or vice versa.

Confinement of charge carriers in silicon occurs when the thickness of the
silicon layer is typically less than 10 nm. The charge carrier density in the inversion channel

just below the gate strongly decreases when the silicon thickness is less than 5 nm. The



Silicon can be grown epitaxially on several high-k
materials when the lattice constant of the high-k
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silicon or vice versa. Confinenent of charge carriers
in silicon occurs when the thickness of the silicon
| ayer is typically less than 10 nm The charge carrier
density in the inversion channel just below the gate
strongly decreases when the sulicon thickness is |ess
than 5 nm Thecharge carrier density in the inversion
c Iebargseprrietinsith Bdbmiseersiearchangel thep Beeameso Ryt darenéro pinr e doping
C Qhearivhtichtor MB séficohifRiof RPEr CINE thaset ME ddpp@bncentiBor, AE GRdller
tQF F $ ag qfncent atlon he snaller t he charge
FPEs° AERIPYY fHhs HETIMATEFon channel . So
pr ef er abl ySdpneferbtily thk hessesodf thelgicei emcoriugariayeoin awot Somm.
I I S e
C%%lpr%élﬁlty vsél'?p ?\E%n %E%_&H‘tent%? %%ggll lng‘alglmqgéé eggmégl% Jf@&a f ew
maeadlaips eEsilsbn ssispffigien tq ast @@fqﬂanmne\mll Ths laS@tamwéayar of high-k

O ARk FrRibly. is A bW FidhAyefd Go Ay ®E vdPtfageIUf ﬁx@ -glfte E@tbe Eduplled as
pr ef er abl al so a few nonol ayers, so

v&%%adéo%¥’lett%@e B2TEE CHHTTS BehelyEst R ‘bé%mﬁﬁ’ él‘é?“b%‘%‘i”bl e
to the chade stiagnrdomp@ndslike B@ebﬁﬁ@é@tanpﬁ%&lwmeﬁtamu]ﬂmﬁr
of . | S. I C n or
Qb 6Ll L RSP R RN ol oF
alrdlatigely Hing felaxasion does not ke plags. Wéuahéyeqt@lal cAR bg @ﬁgﬂaélg grohve

Stfit ifdREh1dr @é/a%{ epit§xy f(ﬁ'BEI eeRlidl Janr'&epoﬁlﬂbrﬁW) QbnfO@wer NOt
t ake pl ace. material can be epitaxially

g PRRRHER2Pe drRsPBRLIALe VY G peloss begrgantohimical wapaificpagition

vagocvogposition (CVD), atomic |ayer chem cal vapor

deposi tion, [ i C v r
deposi tion f%@w%hh?%“?ﬁg‘lr'@gﬁ’%@gn}eth%%gmw%'\%ﬂ rglg%
| quanympyedsineitureof st tyrg dnepfionedin ticapeningi seriform inquleit thadenid of

SftHe%StEMfa?caQﬁerh@ type nentioned in the opening
section, in which_ the d%lpth of the potential can be

tuned. Thell§ BPJé“d £ ¢ method iSpehiqyrd 1h Le quappael sinygturgpgcording
q tteuhid il anueRl ih that thela e btin AREOY kdigl dnd the Megred dff ve@titon@itor N

%Eengl pl lro%%pltax allI Qnstlolﬁlfl) gfteacl?m% mat erial and the |ayer of
m-conadct at er are grovvn epitaxially on top of

eac h ot he rThe Tﬂqelaméqmrastqmgllmmnémaa an igteapstinads [therasticg mehstant

h 35th @R miiBL L6 mitdBES vtcb CerbaAh Ll £ARDh %mhe Aftict Bfstants
sem conductor material or vice versa. A certain

d &g SRssorhighifan pither e compressixg ffensiley Aglong a5 thejavesppdiin, a
Wadra 18@9 nfdntaltl ktilD@subORp@SRI 3t ewthIOH (BNGY stalline AbstraNGuallp a

il YLk cofu Ry, 27 ce msmateh stil

substrate Ts lb@ﬂfdr Yaver ntﬁMSft@racmd)qeamunswqﬂrsgs@m legsf sergitive to
S @ma%%ﬁlgfon.nﬁ&: %Ishl?ttng material can e.g. be a semiconductor oxide, a silicate,

or a metal oxide, as long as the insulating material is crystalline. The depth of the quantum
well can be either positive or negative. The large variety of insulator materials and
semiconductor materials that can be grown epitaxially on top of each other offers a large
freedom in designing the potential well. From the band diagrams, the conduction and valence
band of the materials can be calculated in the different crystal directions. The lattice constant
of many semiconductor materials can be changed a certain amount when compounds are
formed, like SiGe and SiC.
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The buffer | ayer makes the actual quantum well
structure |l ess sensitive to surface contam nation. The
can e.g. be a seni conduct PCT/IBAES1040
a silicate, or a netal oxide, as long as the

insulating material is crystalline. The depth of the
guantum wel | can be either positive or negative. The

| arge variety of insulator materials and sem conductor
materials that can be grown epitaxially on top of each
other offers a large freedomin designing the _

pot enti al Thsisemicqugesiar mgisri sacbechi 4igr Gans, Ik prany epigialénei on
aifdehal Bereap P AR sibafard Higa WBK REitidHPardddv RS bR utHcRE Rthel GH2
the different crystal directions. The lattice constant
of *fany seni conductor materials can be changed a

certai n andunttiplemtueongicanbisfomrce wher thegbjtaxial kewhi dBehe layer
ar(;gingll g’h ngéa?md%q F&f‘g mlpcﬂ)%ﬁl?cwr ﬁ'!ateﬁ N %at@ sev ’tlme
GAS, 1 nP or any st aI Ine materi eraeb
substrate Rasnaanﬂuogﬁe jtigg fay¢ricgn lmdughévdwll%ee hatmg a

f HRRUEOEIn RSt laFbel i K End 1a:rgmhe dRe1dPiiclchiRlaf ofl e ﬂighumrﬂ/é?ehhl the

can_be fornmed axi al

of*SiehYH Fhéi‘f“i“ﬁwf%t‘@f“ J; Pichy %&lafeﬁé' ¢ Qfépntemedse ﬂf“é‘é‘ﬂﬁlﬁ}é& Hiehk
madaetialaduch & sitiepaatihd I8k eslanticlon®s thaldfei ifahﬁtﬁblainataials to

t e 0

o L ST B S B P i Py e o bl o A
dilesy bant i const ant of t he hi gh-k materi aI t he easi er
the thi ckngseraflf b ReulhtRY yerQf folhed ikt nf¥REGAribedm §RRyDEhe

controlled in a reliable way. H gh-k materials such as
siflgt ebgagss s ggegnd;the ulfrg Pléleva&‘}ﬁ“s’ts é{?ﬂ’ siitpRjs for grgwing xgry thin g
akgitasidl liyal wethemt@taindtlasort 0 grow Si on top. The

equi val ent he..l

mat eri al IIél%{derqg c1¥c]u1'n9enl?§1§ grow otf in eﬁ%?aﬁ I‘Jeef 1§%1>a§£gt lﬁ)%r 18
| istifa geriepled. hﬁveplthel gr@wtheﬂthmwahtume@etmcalre the kapiers are annealed

e théXi¥a highiciut s%ten@fThgéﬁlSecrathl% i 8 maaagveEMo Whd hezdai gh
vacuum.is very suitable for grow ng thin

efraraxfdp theawlétewew t‘t?d‘ﬁ?rfi’f’ﬁ haf%ﬁe “1F‘Ha‘?ﬂaﬂ%$h° to

C isdnfitbmhe o istifigogt. cmtllsbaﬁcfns adi hdvt e thesdifak atddidppehhEhe in-situ
I gr‘f’n\l;lél%}:elv?n gs eaFXm&g% an m%err[le ia ?aﬂmce(:)a l&(?ug Tay Afhtke Flll(?OB Irox1 (2,( (I)rgil
am@hﬂﬂ@@ﬂﬂ nt he ultra high vacuum syst em The

t enper at ur,@h@aﬁ gﬁtehacl cbxﬁbr@ﬁ%‘ﬁ@rﬁﬁh 200y amblé #afsethQQal growth on

de l({zjrees C.Iln anneal ﬁg especi al | %{{ interface
%e‘ﬂ"iﬁéoqlh%ﬁ“ﬁe&y stalfjge Y ‘g‘é’ihgff’&ﬁﬂﬂ ‘Gllly fngthe ideal case
I RIYQViagk: cdobistt Foad doadat sGadureldve: sigersiri@urs rf @i alsaidgly well
d| staﬁg)ear The in-situ anneal prevents the formation
an

i nternedi ate anmorphous |ayer |ike silicon oxide
or a met al A say ghageilicon oxide interface is obtained, with a very thin interfacial

region of 2-3 Angstrom.

In view of the large experience of the semiconductor industry with Si
technology and the compatiblity with existing CMOS, BiICMOS and other embedded CMOS
processes, the semiconductor layer preferably comprises silicon or a silicon-germanium
compound.

A further object of the invention is to provide a method of manufacturing a

semiconductor device structure of the type mentioned in the opening section, in which device



A high-k material conprising yttriumis very suitable
for epitaxial growh on silicon. On a Si (001)

waubsvoate crystalline Y203 can be grown epit ak@EIB2¢04/051040
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In the ideal case the YO |layer consists of one domain
structure, but a superstructure in YOis also very
well suitable. A very sharp silicon oxide interface is
obtained, with a very thin interfacial region of 2-3
Angstrom 1In view of the |arge experience of the

sem conductor industry with Si technology and the

c dredenth ¢f] thet spurgg anf deaipjregiqnp iy nevIeS ssaply cigashallay corppead to other

estedo el MR R ICORTSEASstort. e sem conductor |ayer
preferably efﬁgprl ses silicon or sili, COF er mani um

conpound. & Lirhigyset wdat e mleﬁ‘gd FOMPESTE fugfierithe SF’BSO
provi de a Jrfenﬁmlumlagafe ditkowit ectheljuamgmave epdcmenduct or
device stryctu of. the type nentioned in the opening
section, in cai‘F devi cethe depth of the source and
drain r egi v‘ﬁ@mgsa sawrte mgiereand a diajmregidntby pringing dopipg atoms into the
C gimRAmSIsRuAk ORI afthbd bR RRORABhIoPRBal VSR thickness of the
transi stors. The object is achieved in that the nethod
cB\‘i’ﬁ?‘f“s”éeél SIYf¥Her the steps of: - fornming a gate
dielectri cn@@odrdeandqdramdgnmmh be &)hﬁddeélﬂﬂ@ned td oe gémlg/ a
1mp?an1atlon tg.rou%hnlge aatesgr A %?{uglgtgilom elev 93{1 %ﬁu}%{f\%l c{] drg e%l 2 Fs u%k%gwn
S emamdlyu rgnté@ltht: eatft ﬁb,e gptetand the elatadelbt gnovaf regagns Flreabemtaﬂle
t Qb@ded frbth GA%H 8dsr Blspdedte Tﬁ@@@&%%ﬂ"@é 1l-shapek Wid ddh &3 as oHR&
source_and drai n regions can formed self-aligned to

t FRECGHORIMB" P HAS %4 RYCHPE?! 6 F%‘EF@ S e trators Thype ch and
d difafnléStefsivnf ﬁsﬂﬁllyenhﬁld@fee b aSsendl exend lovdtha pate, Foe glbtﬁlﬁhﬁg gpa@dn

%Iat% g))r(l{ral vt the c l% Jw onh sg@e o?the‘ewlfﬁs ngls [ ?ecause %F dft-ple don

aII I ons are rica
f iammOééag houme h@rdr@yjuscpm dqes not Tlla@ﬁgapésc@n@ra@amo the quantum wells,

s&h%pﬁgel %ﬁ&ts%?c'}hé?&‘&e ?c%uc@& fagts aS\Q%)ClﬁlEﬁTafnoaﬁvantage for CMOS
npl ant ati on of extensions of the source and drain

r 8@‘}5‘65%5 withgals 00 oy gaiclengtihig wlich Fl??“éki‘“éﬂé’ffwoﬂ%‘ﬁ hejrangisgor
| pamtegcd 0 a small extent bel ow the gate for

obt ai ni ng at e co trol v [ t he. channel
on state o %‘n gﬁ/%g P L eacion gaﬁ%sglctc?%c%ncef gtcang?]e
| fuytber imporatido duse the saund ammumupmaz 2] rowhdomssmi@for a good

S ingegﬁ(m of %ée%arggrg ftd R ﬁlallmml Qfeﬁshfﬁe @éﬂﬁﬂlf Wﬁﬁ@@&c}n&hoﬁﬁ] 8L &t

channel fects are therefore reduced IS is a very
lfﬁ%#'@éﬂﬁl %O%iﬁ?fébeél“f"ﬁ‘fm ERBEPFRHSst ors with sub 100

nm gat el e MQHed ah@othd iftires RrativaadgRRLthe PikdemGi@ntiba WilDBdkéme

t Qpepartexqt Tom tﬁe 8ﬁ0wmg detailed description, taken in conjunction with the
accompanying drawings, which illustrate, by way of example, the principles of the invention.
This description is given for the sake of example only, without limiting the scope of the

invention. The reference Figures quoted below refer to the attached drawings.

Fig. 1 is a schematic view of the semiconductor device having two quantum
well structures according to the present invention.
Fig. 2 1s a schematic cross section of a superlattice comprising two quantum

well structures according to the present invention.
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much as possible. For a good injection of charge
carriers into the quantumwells, the depth of the
junctions should be at |east the total thickness of
the quantum wel |l s (superlattice). These and ot her
features and advant ages of thé present inventi on wll
become apparent from.the fol

descri pti oﬁ 3 t ok Eﬁemaﬁlc ool S?fﬂ%‘f? Sﬁgw ﬁﬁct Fﬂ‘é‘smr having five
acleompeamli Sngcttdcsawong&mthhlpmkrm ihteugdnr at e, by way of
exanpl e, thRg ﬂﬁémﬁeqh@&o@fvoﬁaggvérﬂyw Tk of-myféld effect

descriptionis given for the sake of exanple only,
WITERSIPF 29 Syt in Fig- 3 Ailledgiisls® compargdeo 7 pppusatiprghtrangifier (open
r efaregnce Figures quoted bel ow refer to the attached
dr awi ngs. S

sem condu c%:% r Sa‘é%t@ 0?51‘:&'{% ?’ﬁ gp %ﬁﬁe% ﬁ&’{j‘mlﬁ}\g%ﬁilled circles) of Fig,

s Breompapdesa @oemidialtgntigort(byen pluesvnt i nvention. Fig. 2
I s a sche I’Tﬁ% I&thQﬁ‘esouﬁw]ﬁpcth%i ?&ergtflcs oﬁcyﬂ%g) o@thte 'fglﬁ effec tgmmstor

n}prl si ng uantu tructures ‘accor
ieFipegmpared %@éﬁpmvewwml ¢ransgtoy @aséeckleﬁ@rﬁrawochf@rees«kam-source

SQS]talg@rVd@i](ﬁvﬁﬂdG\ch =ef yect transistor having five
guantum wel | structures according to the present
invention. Fig. 4 shows the threshold voltage versus
gate length of the field effect transistor as shown in

{er gn s |3S g L Ir lln F’g%m%&fnﬁén? §t) th s‘éﬁ'@fﬁﬂ{dﬁggtd‘éﬁé‘e 1019 @“\}/%ep&le (s)url])qrate 2isa

en s uares
oPfiyResHipei 00y fubftﬁ*@ Vflihéldapve% cfoe@ﬂﬂqﬂpla?fsluo‘s?taéqm ©f hicky
C infulll&)str@urds © gro%rncmagﬁdmk the ﬂluﬁ@@yﬁﬁﬁdnﬁg @e native oxide of
tran i stor “5‘] g sg,gar es h% 6 shows the outp ult
o Hi P uhsisg e . Pu e substrdtepaay!lgyer stpatuge isgropragpriaxially
t K:taﬁpnsmg ar unldﬁpcﬂ:slgcon Bufte parof 20 v tShbsaquéﬁlly\kﬁmhﬂuﬁmabll structure
tr i REeSs er

e HRb ! Bl PR ol AESbanfi Wl & Efliscs 3 gm 4104,
e ﬁweﬂi?frf’éﬁ Fig o), trmeSidrpiberonia diigt Bran%w ¥eOs(mimber &, Fig 1} he
s @bt quali® adpde& 1@e1pz1tlyg3&wsanh la 6QBnd( ghGHNm wbcﬁsrgam epitakiBilyBon

mPF F& conc ntration %tt (%1(; at/chB on whic
Pf 18 SREFCT & 1 R el R ecaliG S Og BT ! ee‘m‘r%‘wﬁwwl}w@ the e as
e tfikst quasom Sitel Ul secend dulrgunnatli Q/ﬁa)(bomdﬁsemﬁﬂ'et'elﬁehlgh-k materials 8

SURSH Gk & §elc'fucro§cmgt\&elgyer Q;'s &{ﬁft&lﬂgﬁﬁr{ Qufy @ mul tilayer

structure 1 s grown epitaxi nprising an undoped
si l'i con bufhe dieleptgyeqnstaft ofle righ-k Barerad i u@nt dbyut30.uetth was

V‘@érl”orrﬁédrlﬁlﬁ W cKhndbSr HhiE w@cﬁ’hﬂ Q@%h@t{ %LM sWtaEl@ fAV%E glhﬁh of Si
drg gase&"%mpousr’ltdsr l'Il'l(it léIILCGG c%ns(t:agt f Y2 3 (10 6 A) is about twnce the lattice

constant of Si (5.43 A). The temperature for good epitaxial quality crystalline Y,O; on Si
(001) is around 450 °C. The Y,05(110)// Si (100) is the dominant orientation at relatively
high temperatures ( T > 350 °C ), while the Y03 (111)//Si (100) is preferred at lower
temperatures. The formation of domains is a direct consequence of the particular hetero-
epitaxial orientation Y,03 (110)// Si(001). At higher temperature around 610 °C a reaction at
the Si interface results in the formation of an YSi, phase which degrades the overall quality

of the epilayer.
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(nunmber 6 in Fig. 1), 5 nmSi (nunber 5 in Fig. 1) and
3 nm Y23 (nunber 6' in Fig. 1). Subsequently a spacer

epitaxially on top of the spacer layer. In this

speci fic enbodi nent the second quantumwell is the
sane as the first quantumwell. The second quantum
well 9 may conprise different high-k naterials 8 and a
di fferent sem conductor |ayerg7 as the first quantum
well 4. The dielectric constant of the high-k materi al
Y203 i s abdwisutate i@yteriat is notdisitpdtp fidicamedthérnsuitphle Gipstrate

charhe! c.f QéJGeP I@ﬁﬂs VU}:N‘orC’l’JP Eh%%lrh%m&%néy bzln%@ Bﬁalﬁéaras MﬁEas
growt h of Si Si based nmpounds. The lattice

c Sﬁé‘tbé‘m‘e hep W@@m (afigge gonatpnt; agd '5%‘8%11 -k maerak hasyadatiicgcprsiags of
C atvst aAAlidtegof tinks tHe Fatdkd cdistant bin Bre E1®ERES Bdtdae BEdatise @RawhItilayer

?I tﬁ)c(?l g’lg{?)‘%g%l e}y%ﬁm%lﬁg&?aicfbl ?eyfrz én V(e?lgblj‘l sen(lcq[néactor ?ayers the

dbmirnente grepseht ati on at rel atively high tenperatures (
T > 350 OQn):lg M}hé &eltgp@lagfgl%r(}é%)t{lz{yg su{w“}mn ljlgS la is shown.

preferred at | ower tenperatures. The formation of
d & erantprg wall gfliscaes cneigh dae] e ﬁé@v@ffortarféargeaqame&&hﬁtaﬁn move in
h Eﬁﬁdcﬁ)@ﬁjaiaﬂé( kcathe QUahi@m twall (i9 ﬂle}fﬁﬂgof@f-kib@hlédnd&lt({rmr) ThE

h| r te 1zl:\tuealr ur11d %‘ﬁ I %
DR eiod SPEE AR e R R o s oG S e

vvheugﬂn offegymerde bartidn betwveartiz quargquraivelisyWirn atch@geqirieayeh astine

S leéltoﬁ ﬁ'cts(?m %Ig? rE'l E}! cah ﬁlo%obéh%etd?sgre{egnééyl éu&%ﬂd E (}/m 1s called

sui tab mat er 1 al can ,
| A FhamEbWaséPca‘red HE‘P%?I'{‘?%‘F%“M é(trh}fl@g b@éﬁapwéthe mna?qﬁ@atoagmtenal

I mi@&tetehagﬁlub:&tawdeanﬂa& b mz:eﬁateahm oft tAd Ty e€stin € mﬁlttﬂw&r

d the hi h tt
BB e T SRR Tt B PR Bhethe v tows
s sﬁystxlrsawb@ndsm tbe quahtnm Bel diesasd thase engtgly ishbbyrds fugttion a¢ dhnraels
akg%%énéfr? élyu Jad ngrt E'f‘ cgg}éé(caHﬁISQ{ AlﬁlllﬁCLIﬁ% @eg dTh\é %ﬁayge

t sSem con l ayer ayers e stressed
1 P@mﬁrfgcan P%eIQCH@Séhml@yvh&ha@wamlx ’@F“ﬁqwféo“?m POUICF EAgiop connected

Storthe:c;uul&@n bv@llsFRé]liatlbIﬂsubﬁasillikfb\lmlghl' dan mhﬁgeﬂaaa&lw?om&é pa@s in
eve carriler

{
S e S A e
wetlll. (in the plane of the sem conductor Iayer) The

wor kf unct i\gg;,0f , mﬁlawl g%clsreréabe%rg A %ehﬁhéetlg }égmt%wh Ornf e

semn conductor materi a termnes t of the
e FRERGYIUSIRF loyesy S, hefttheewn ataRamyTel SEushr g ats. eawewraépd by an

P%Fg@%arﬁéiﬁﬁ&%ﬁoteﬁtﬁﬁh ’ﬁfé hgghtef RELERD biIAG iAdV. gner gy E,

It can nove thro e discrete en ubban

whi o 00 e bl ot et b S G e S the b
C lagg Sin déd dpiciffcembodhten cdob Veldpdgyedfas ddam agigchined nﬂlmm Ol

"ﬁl &ﬂc‘s@éfthe-'éf‘ﬁye‘?# %crﬁ’?&ﬁ SNGS D lYe(ze'hﬁz O%I%P %e&a% AR &Y

e materia ers In
seleqiensyn the qepgtugeydlls @sul%yl anjgrergyrnyigiband E@maen\b’hﬁnu thgrthickppss of

F Gk 8ioh-¥ Graleffl GEruRRE RESde@kne@hdrfyhiRMER oM B |ided and charge
carrier transport is further enhanced through the energy miniband.
The higher the difference between the workfunction of the high-k material and
the semiconductor material, the more energy minibands are possible. The workfunction of a
semiconductor or a high-k material is dependent on the material parameters, such as crystal

orientation, stress inside the material or in between the semiconductor material and the high-k

9P( BIROONIF1040
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significantly inproved. The charge carriers can be

el ectrons or holes which are usually injected froma

source region connected to the quantum wel | s.

Radi ati on such as visible Iight can al so generate

el ectron-hole pairs in the sesiconductor. The

el ectron-hol e pairs can be separated from each ot her

biratsrial eihg ayufilayef strpqtusg §ay qORPISegne o moraayegsjof a@‘éﬁent dielectric
Stdnsaitdki@esIcledpAifRG the g&&@e)rh@hﬁm 64dd @ESHWEbnium & lde (Z10y),
sen conduc

S SRRPRPHESSgiGY Taammit oRbe fatosl By MRS TS i s

W(Ti0,) BBapion ernata{BaViO:)T hethingmghimimfe (L#Péoeﬂelnglymubla;pmlﬂmm

| : r barrier is determ ned
§M&H&agﬁﬁﬁﬁ%gégm%uOLﬁ%Aﬁl hgi layer. In this specific
enbodl ment The #rigknegp gfighg W@Pndnﬁglaghdeﬁr@nqsme@kﬁés ngy 3

n H'htnblhﬁn 1k alne s@luasn SR dBrelc@NREy 1bv@1s9duR O wmtgb cz@rnz:rt op
ve functions of rans

e _overla
PR AT PR comRue it B o Ve gy e ERt oo
Ehénﬂ‘mmlreéﬁhem thderrhiléve Buriths shagde dedssy lnis @ rakimom tf@failaykr | S
HE LS oedieed, the energy m niband can be w dened
d: %arge carrier transport is further enhanced
t hrough t he ae#piaeeys anbrdieent of fite. hithshsemicandected idevicsiseedd

b efraeemsibtbihaiRy Kfatenad § mQidple f:hatlﬁl’.@s i i fenfbotie Rt the ETANSh
t he sem conduct or naterlal the nore ener%ﬁdnlnlbands

aNMQdras e he PR BPIRYATRE {sipaorptd Wihderp ebindtlyztop fosy
hbfyx1¥’ mﬁ&‘kﬂnzﬁdt aii Giege pRtiddninsted of heginghille Si fatming the channel of
p %%QIE st%F %vhrcﬁ &M‘a as ifr £&ﬁ§énﬁhnaﬁﬁéﬁ%§ttﬂe%gbeﬂ%{e‘?ss ol tﬂee

t he I n between the sem con ctor teri
aﬁﬁﬂWh@mWFQﬁﬂWWaterlal The nultilayer structure may

conpri se OQflafket lﬁp@fe@ S&L@M%@lscplfugdutg if e Q(turéé 'r%lldﬁcﬁ hhdthe drain
const ant OX|des sel ected fromthe grou hafni um

o¥E B I Hredsposid:ap gﬁ(si}ﬁ?i HR ity e(q‘ZFad"“?‘)’“ eé‘f‘fli?ﬁst* E{of 0.6 nm
t whenatealbadly GB) 3 nh Sntvhianduping Yivelef Ak 208 hom¥tmT dnd Fapeated

o AT 1L SRR Er L 8 oo o
s & avrdfumvedix fupeiofingS@EBynngind al um num oxi de (Al 20B) .

The thi ckngss$m@fad NQHRNE 4RHGHE bfeferéb@mr afé%tefeem R&high-k
t he ch?rge densj t dlstrlbutlon The f % evol ution

ofratepl kg il -Based haghek djgfeqmaes bk a8 g L OrY- W&P@Sgweb pltpragtively

C baafy meheRides and ﬂlhlﬁmﬁiurrefslﬂlm’}lluhﬁiaﬁﬂﬂfdm&lu&d (shiigattdh e IVery

r seu§tgb C%nldV v%) %:Sl gé’@nﬁl tloI eSf}lg e%(ﬁ‘ .ilﬁ)Vl mﬁ gfj gogcp: eo%gla%ngtu e reducnon
na%%ﬁunk@er a layer thickness of around 3 run. In an
advant ageopss Fﬁm 99&;&6%1% subtanfid 419 pergendfcngr & ﬁ%@@(ﬁgﬁ’f&rﬁ Qkll

device i s a
structures. The capacitive coupling between the gate and the quantum well should be as

strong as possible. The gate material can be a metal e.g. TaN or TiN with a workfunction
midgap of Si, or highly doped polysilicon. In this specific embodiment the threshold voltage
implant is performed through the gate with As at 4x 10 at/cm® at 70 ke V.

In order to reduce implantation damage it can be advantageous to perform the
threshold voltage (V) implant into the p-well of the in the semiconductor body before

growing the superlattice.
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effect transistor having a gate and nultiple channels.
In this enbodi nent the FET is an NMOS transistor. The

i npl antati on dose of 4xI O 13 atons/cn2, at an energy of
4 keV. Instead of having bulk Si form ng the channel
of the transistor, which is the case in conventi onal
FETs, first the superlattice is grown on the

sem conduct or substrate. A blwanket |ayered structure
(also running in the source region 12 and the drain
regi on 12' Thewadcedtheyesn thisgmbedimont tog a|vary ehoriygate fpngih of 25 nm.

G s\l a@mrt ghi@le@l tthu.r&is Ae&sd BET tbhol & AR iNES G0 IRe
altern(? nmSi. wth a doping | evel of As of

SRR et PPl & 1 moe (See Fig. 8). in
this way aAMWDSIgatd formdtion Bopatatoing Ane\uls inl the jpdriaitited form

SRS M HIAL L 5kl ot U DL 8, ARSI
g&ange diltéllffe%::ti fiom aubsffea 13y¢repR 1dp Oﬁﬁlt: eypesttice| Hogn- apmmlslsfa@ dd

hig&pantkatotis @1 BE ool HrakirSdng Bar@sre As b Iohﬁhrs BinERMRABHE 4008138 12
Al ternatjvely. heavy netal oxides and their nxtures

WP A AP e g el A4 S a1 4P My ot of
sw$ tralHoethzpdrpade|Leshaped affserigacdewaretueed0. 5 nm EOT,

i di - f t t
P a9 Pt USROG bEAG LSRG g, | 1 0t e

| eakage. osl t1oned su
per pendi culhg rdenﬂboftthﬁesmﬁrpwd %anwmnmlprefembimw g santFlag

C R a1 dyMhiQQER bi Y sulas‘rta%@m teR@riifdd tifecASHLE kA @E@t UgieUm
wel | shoul d be as stron possi bl e. The

gat
mERkadiment thedepiids 3 bty 4 bis @iva“f%‘éf’\lthé‘rthef‘? Nnmeﬁ foé ultra-shallow
winktfoi1ct i on m dgap of Si, or highly doped

pol ysi | i cop, vol{?age hhs 1§Fp§rcd h &e%ﬂb%‘%'hﬁf ca}h li%a}e m;?cgﬂiﬁe

vol t age |rrp med 1 Ar gu
aguagmpeily IlathlS@n@lP@tthe?@fiﬂg@vmcrwrftﬁl@é?mtQ)lt rf digupolarity is

i UHJ ﬁ@kﬁth@eﬁémgarﬁetls kabie ANt ageous to perform
the threshol d vol 5%:Cfg)arlant into the p-well of

the in the"S&pf e%ﬂ*& ?ﬂols BB RIFIThY! thhaantum
Supll TiatchirgecarRe itldy tiaeneSkeanthé gutd finclioreasaqal: foe e nbas a

very short, gate | of .25 nm F ych a short
oSBT B PRl B BB SR V0 1 age
i npl ant at i Bw depiitien bipgriotibnehutst and deagryjnctiomdpedeot piptifidanilyi ¢

Skdidn@ @o méﬁﬁa%mtms %&@”oxfe He ¥R cqammgl%@f@ms 1&uIBTIR 1 &luction
brought in the superlattice to rmthe source and

d P%ﬁh?fT f‘lﬂﬁl’fl ¢H5prs is S*ﬁé“ ‘8%6aﬁ15 “HfSBﬁ‘é V%‘QﬁF Yo ﬁoﬁf’ﬁf&dw&’éﬁa"ﬂ?{/
| eddudedflr &ﬁwmmnﬁﬁtorﬁam SHﬁaIﬂMM dl:lfsf(ﬁll&e dirdldspeomparbdifofaer

F%ﬁemlo %1 Pqtuﬁ%lera m{:,) b&léktﬂll\%S% H%nsmtgr q,oeé{l%qu&reé) If thée & te is
gaired aff ghebgsare Sidy ch@r.ge bfﬂrletr hiessneinthe dhamegl tlosektgo the pate @hek@
charge carriers determine the off current.

In Fig. 5 is shown that the off-current is reduced with about 3 orders of
magnitude for the NMOS transistor with 5 quantum wells (filled circles) compared to the
conventional bulk NMOS device (open squares).

In Fig. 6 the electrical performance of the NMOS transistor with 5 quantum
wells (multi-channel MOS) is compared with a conventional (and equivalent in processing)
bulk transistor. Note that the total equivalent oxide thickness is 1.5 nm for the bulk transistor,

while it is 3 nm for the multi-channel MOS. The 25 nm device in the bulk case does not work



and drain 12' were sinultaneously inplanted with As at
an energy of 1 keV with an offset of 15 nm For this

w@opoer4l - shaped of fset spacers were used. FOPCPIR290K051040
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transistors B or In can be used as doping atons. The
depth of the source and drain junctions is preferably
al nost the sane as the total |ayer thickness of the
superlattice in the vertical direction of the FET. In
t he enbodi nent the depth is 3rnm It is a big
advantage that there is no need for ultra-shall ow

j et Gde)sg%d ling9), vehilg e raptiiechaymeMQS phewaprpxpedigntidegint sonrcgerent
t hersaggafeg&ueearortage raas-ags@ chrif ©dHd Bles). Thd H8in UBRETWR Ids S

| B PR da s seiBes (Vhekd Bofd fu TFhe "care 1 s

appl i cabl eTheddd)bdiegsefted tefergditoes tho brecvred] lot 8320 EA/Bmhitbthe off

C 01 S 11 Bl A0SR nbid @1@4 i {m&y ntumwel I's. The

charge carriers in hanne om1t gate function

a<Ong cijrorclydp from e f?fé‘%tth@ﬁ ekt ahppnglaVIPS “4“9151P1H ihas apgytremigls good

C RABIAE] Serfderhands c PEKIG @cﬂ@lécéﬁﬁ mmm génerat-ﬂﬂeSdi@rplt B1sibedA
and drain ction does

’ of he sourg
s i Pl Py Mo Bl 1 At e bR B AR P SONGSEET
t e sikipribblcobunimetaskliceed to a e 4 dmlble@ale dehive witk diudira-tin O f
S effects is seen in Fig. 4. The threshold
Q&&&d?pﬁvﬂﬁa roll-off is significantly reduced for
the NMOS t Matigl geagrumiells o bguseA petenkién NXIOSfor PMER transistors,

CitkiGh @Iﬁf)seﬁf%'ﬂaacft&dle%& like G@&Xrﬁﬁﬁdls‘ﬁﬁs HaRe dRAM Méﬂl&f‘ﬁevic@s
in bul k NMOS transistor (Qpen squares

process u
t r?8‘°g%f‘é°n T fPHBECYF, The Hapngions eafa?ﬂ' “?fﬁ’é}”b%' Ce%ﬁ“F‘P@F of
prcmmmm by hﬁotﬂh&lﬂ\hﬁ!hys ah ogesint folx ahdh @Jagtaﬁleﬂech"HB&E

off current. In Fig. 5
i s §ﬁ&m£§hhat t Qg%ﬁ%g%gggéﬂg is reduced with about 3

orders of magnitude for the NMOS transistor with 5
quantumwel I's (filled circles) conpared to the
conventional bul k NMOS device (open squares). In Fig.
6 the electrical performance of the NMOS transistor
with 5 quantumwel I's (rmulti-channel MOS) is conpared
with a conventional (and equivalent in processing)
bul k transistor. Note that the total equival ent oxide
thickness is 1.5 nmfor the bulk transistor, while it
is 3 nmfor the nulti-channel MOS. The 25 nm device in
the bul k case does not workat all (dashed lines),
while the nmulti-channel MOS shows an excel | ent

drai n-source current versus gate-source voltage
(lds-Vgs) curve (solid lines). The drain to source
current Ids is shown for two different drain-source
vol tages: Vds=1.0 V and Vds=0.1 V.
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The Ids, being often referred to as the on current,
lon is 520 M/ um and the off current is loff =7 nA/ nm

fromthe results that nulti-channel MOS transistors
has an extrenely good el ectrical performance,
especially for the sub-35nm CMOS generation. So far,
it has been widely regarded as inpossibility to

achi eve such performance wi th2a single gate Si MOSFET.
The only viable solution was believed to a be a
dékbBbiS:.gat e device with an ultra-thin Si channe
(1.5-5 nm. Miltiple quantumwells can be used not
only in NMOS or PMOS transistors, but in any

sem conductor device |ike bipolar transistors, HBTs,
di odes, nenory devices, opto-electronic or quantum
devi ces. The invention is particular useful when

conf i nenensemondubRdi @eic€ @AY EdnfpFisinddysubstp® (D Mith @mulilfgtay s
RobPRL B R UM CHREh 3l o whe

d earnpriges@lsgwhihBducior la@errh)camidirbeddry faiehei leyers((4.p) efanpleétgiahg
a;_lsLhakga(2) With a nultilayer structure (3), the
mul tilayer structure conprising a quantum wel |
structure (4) which conprises a sem conductor | ayer
(2) sandw Seh@dnduyiof aekich@ asl cRyiRddSn {18mA’, JhaREterdBd in that one or
electrhqal iEsuIatinglnaterial 2. Sennpqnquctgg
BRI YRSUFURT R ORPETE AP EREPNRTIPEE) 1 @

t fathergivetrical insgater layat @) drast@kedsuliist quanttnuwebstreetarh forming a
cg&g&h&%ng a further sem conductor layer (T) and a
further electrical insulator layer (8) are stacked on
the quantum wel | structure formng a superlattice. 3.

Sﬁm’ condu QSeﬁﬁcoﬂcﬁn\z’tbﬁ@via&asQlaﬁﬁeﬂﬁxﬁclﬁiﬁ 16k | cH&raqt@ill:z]edEn that the
charact.erl.zed 1 n. at the 1nsulator 1s.a gn-
eurre HEGE Ry Pingaler dF et el b AR han

SiO2. 4. Sem conductor device as clained in claim 3,

C tiar act eri éﬁﬁjcohd’l]lct{)p&t/lcg %%laﬂﬁegl?ﬁ &ai{x‘{%g &Bﬂaélé iztPin that the high-k

crystalline, 5. Sem conductor device as c aimed i n

caferil s cnsiipact eri zed in that there is epitaxy

bet ween the high-k material and the sem conduct or
terial of the sem conductor .| ayer, (5). 6. . :

S ConduCEB OGP EE ST R et ingigp e is

C kpliargebetwebnthd higich anawddl end thiestmiconduttort mdidnigl of @wrisooipchdattar

dﬁ%}%ﬁ,(l) is afield effect transistor with a gate

( %, the gate (11)

6. Semiconductor device as claimed in anyone of the claims 1 to 5, characterized
in that the semiconductor device (1) is a field effect transistor with a gate (11), the gate (11)

being positioned substantially parallel to the at least one quantum well structure (4).

7. Semiconductor device as claimed in claim 6 as far as dependent on claims 2,
3, 4 or 5, characterized in that the at least one quantum well (4) and the further quantum well
(9) have a distance whereby the at least one quantum well (4) functions as a gate for the

further quantum well (9).

One canPCDIRAWAB1040



waleawsoeas clainmed in claim6 as far as dependeCiI/IB04/051040

10

15

20

25

30

bei ng positioned substantially parallel to the at
| east one quantum wel | structure (4). 7. Sem conduct or

claims 2, 3, 4 or 5, characterized in that the at

| east one quantumwell (4) and the further gquantum

well (9) have a distance whereby the at |east one

quantum wel |l (4) functions as a gate for the further

quantum wel I (9).8. Sem condugtor device as clainmed in

any of the preceding clains, characterized in that the

i Bsul at i ngemapeductpiledity Ssakingd ireqyiof/thé prededigg tlime shayaciedecd

t mtdm@%ﬁulsﬁng h&8Se, E?ﬂ;@ arteddiVhlerd s.lmrmaeme&wf 1€,

as claimed in any of the preceding clains,

characterized in that the sem conduct or Iayer (5)

c 9rrpr i ses &mhoiomaor dkOice SR M@IGA ﬁmlw} bbhe pledsitiagclaims,Chaicreiged
ize t hat the thickness of the

s B dksf L B Dif st bR | Lhe o exnes

Sen1conductor device as clainmed in claim1l or 6,

c li]@r acteri §§ﬂcdn &oli] aéwc Q@clﬁlﬁgﬁ 1ﬁ 9191% Elﬁfac!eﬁié@ fn tﬁa';_? }heI S

encl osed tertals wth different dielectric
&meamféhe smworeermréwd@cf ls#s ﬂa’e\}Peé as claimed in
claim7, characterized in that doped regions (12)

endi ng hrou h t ua tures (4,9

5 m el orimeaiti et SPirelitTym 4 it Fuififersed ' mabine
S teamihdices layet 8) isSertrsedndugt-lomaterens vod defirent diglered comptants.
claim?7 or 11 characterized in that there is opposite
to the gate ( a further gate (13) present, which
f it her gaieelqo uglatylerisg as@lained in 4 Toderaciesized Mehabdeart um
VWRkglonsS(l 7)WkientlifSthrough We. quarum Vet Saelured (4 OPfaLH @Ediital ddBtadis to

g@ntun1mehl structure (4) on a substrate (2),

AT RS ™ eps of: - forming a |ayer of

el ectrically insulating material (6), - formng a

:: ﬁ%e r of Ss%mc&?dﬁgﬁﬁe%? ik ﬂ%faﬁl{ed %1 cle(mri)7’o ?p ggaf‘agtregfeh ﬁ'nelﬁiat kfdre

t the layer of insulating materia
| iypaposigfto §@ gite odbietsr sredl @mrearnt,avhechéwgma@pﬁ seepxdted frop
Ofhe L 2PbyOthe QABHIM Ve efuckd (7, dyet hod as clained in claim
14, characterized in that a further |ayer of

electrically insulating material (6') is grown
epd.t axi al | Methad of hendfaypeng ofuasemiveld siciootc@4) onateisirad (2),

(Q%uw;ﬁgmgg&ggp as claimed in claim14, characterized

Steps are repeated at |least two tines.17.
Met hod as cfplail%edasﬁewf@lewlwﬁv ingulating maferial ),

char act er i zghidgh 14y8Rdf sénkl6onBR R fnhiddial ), characterized in that the layer

of insulating material (6) and the layer of semiconductor material are grown epitaxially on

top of each other.

15. Method as claimed in claim 14, characterized in that a further layer of
electrically insulating material (6') is grown epitaxially on the layer of semiconductor

material (5).

16. Method as claimed in claim 14, characterized in that the steps are repeated at

least two times.
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the electrically insulating layer (6,6') is a high-k
dielectric having a dielectric constant |arger than

characterized in that the electrically insulating

| ayer (6,6") is formed with nol ecul ar beam epitaxy.

19. Method as clained in clains 14, 15, 16 or 17,
characterized in that the electrically insulating

| ayer (6,6")is in-situ annealad. 20. Method as cl ai ned
in claim17, characterized in that the material of the
hilgh- k di eMethedras glaimsdprolairessl 4yt 5tar il ¢ whar@terizejin thesdheofaterial of
MRUfeaRLM] inSdatRS 15 4rdb BPE a high-k iRiebBc Hin@ % dRRetric constant larger
cgﬁéggterlzed_ln that the sem conductor |ayer

c Tses silicon or a silicon-germani um conpound. 22.
Met hod of manufacturing a sem conductor device in

L, Cch ' d f . the. h | ai med. |
\3’?!3 ch use I{/[gtgo%s ¢ a?ng? ¥n c?airﬂrs_%tﬁlg(,j (1:(2 %‘pﬁ c%!ar%gen%{ajdrr}{l ﬁngytﬁ) nhe

the preceding clalms £1°S] 't he
s elegiscallf insulatifg lapdr (@6 ais fparned vdihadodeselpr beanf dpdipxyon t he
guantum wel | structure (4), - formng a gate (11), -

form ng a source region (12) and a drain region (12')
by”br i ngi MYERIGE AgIaE Bril T Tito! % Heorddahrentarigs in that the
Stlkttidally @suiaipg Bedr{6,@) is pr@dlardneniddne gate (11) to a depth
of at least the total thickness at |east one of the

guantum wel | structures (4,9).
20. Method as claimed in claim 17, characterized in that the material of the high-k

dielectric comprises yttrium.

21. Method of manufacturing as claimed in claims 14 or 20, characterized in that

the semiconductor layer comprises silicon or a silicon-germanium compound.

22, Method of manufacturing a semiconductor device in which use is made of the
method as claimed in anyone of the preceding claims 14-21, comprising further the steps of:

- forming a gate dielectric (14) on the quantum well structure (4),

- forming a gate (11),

- forming a source region (12) and a drain region (12") by bringing doping
atoms into the quantum well structure (4) self aligned to the gate (11) to a depth of at least
the total thickness at least one of the quantum well structures (4,9).



