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A further difficulty arises from the fact that the PN junctions are defined by dopant profiles that are, at
least partially, created by ion implantation and subsequent anneal cycles. Since, typically, reduced feature sizes

40 require higher dopant concentrations to compensate for the reduced conductivity owing to reduced cross-
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et ch, deposition and
35 processes. A polys:hcon layer is then formed on the thin dielectric layer and this layer stack is then patterned

by advanced photolithography and subsequent anisotropic etch processes to obtain the gate electrode 105 and
the gate insulation layer 106 having the required gate length, i.e., the horizontal extension in Figure 1a. Next, a
first ion implantation sequence may be carried out so as to form extensions of the dopant profile for the drain
and source regions 108, wherein the polysilicon gate electrode 105 acts as an implantation mask. Thereafter,

40 the sidewall spacers 107 may be formed, depending on the process regime two or more spacers may be formed
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The inplantation mask lsskmﬂnnmmqﬁomﬁtﬁpﬁﬁmlﬁé&f ace area of the
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on the exposed SUFFaea24Pel: SFFFEIE to the folpveingfesriptiofaken dn ¢opjupstign with t he
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ltematlve conventlonal approaches;

Figures 2a-2i schematically show a transistor device during various manufacturing stages in
35 accordance with illustrative embodiments of the present invention; and
Figures 3a-3e schematically show a transistor element during various manufacturing stages in
. accordance with further illustrative embodiments in which an epitaxial growth is not required.
While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof have been shown by way of example in the drawings and are herein described in detail. It

40 should be understood, however, that the description herein of specific embodiments is not intended to limit the
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conprises a substrate having forned thereon a sem conductor region. A drain
'region extends along a lateral direction and a height direction, and a
source reg‘hgﬁ ﬁ? grow ded that extends along the lateral direction and the
25 hei ght QY (1 Moreover, a gate el ectrode is provi dBET/ASPO&AL730ds
along the lateral direction and the height direction, wherein the gate
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i nt erest. f cl arbt% not, f eatures enentati on
descri betf fpﬁetetdﬁ? ﬁ&f’?‘f"?gc‘ﬁf“i‘s&t‘it wifly thW“}dFr S‘ﬁ‘fd“‘@d?ﬁ phege "t‘?éds aphphersesdy dhpse Sll‘iﬁlf’d inn
t 1286 devét ofaven brt.oNo apepiakdeGhitiauodf uadrmamiphdic[Ted) ta, defiitioRrigi § different from the ordinary

i mpl enent At @RS PEGhhE s &L@&Ltf q,g%no@s%(hhs’% HRGe n%fndg&h'beelvme 115&@ devel, Bk s’

specific goals, 'such as co ce wt tEm e iness-rersted
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an tlnE el,ess rout ! ne Un
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TRe pres@ﬂ?’ﬂfaﬁenventl on will now be described with reference to the attached

fi gures. Al 't hﬂ%foﬁlb\ﬁng H@zﬁle@ﬂécrﬁﬁgﬁ Qﬂqﬁrtﬁeﬁ]%lﬁéﬁwgﬂ%o@&eﬁﬁ of\the %f&&?ﬂ@éﬁ%n%
devi ce ar Slg icted_.in havi n?P very pr eci se, . shar

confi gurations I%Ht OFIS?‘{ Poén Sﬁmﬁ‘g’gm& 5 efeared fs SHES 4P cipenit Gishiterire ﬁa&reseflﬂﬁ
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Consequently, the present invention should not be considered as being restricted to silicon-based SOI devices

unless such restrictions are explicitly set forth in the appended claims.
With reference to Figures 2a-2i, further illustrative embodiments will now be described in more detail.
In Figure 2a, a transistor 200 comprises a substrate 201, for instance in the form of a silicon substrate or any
35 other substrate, such as glass, sapphire, and the like, wherein an insulating layer 202 and a substantially
crystalline semiconductor layer 204 are formed on the substrate 201. The semiconductor layer 204 may be
comprised of silicon, silicon/germanium, or any other appropriate semiconductor material. A thickness of the
semiconductor layer 204, which will be considered in the following illustrative example as being comprised of
silicon, is selected so as to conform with the requirements of an extremely scaled SOI transistor element. The

40 overall dimensions of the transistor 200 are defined by an isolation structure 203 comprised of an insulating
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regions on fabricated devices. Neverthel ess, the attached draw ngs are
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In some embodiments, when the implantation mask 220 does not exhibit a significant etch selectivity
with respect to the isolation structure 223, a further photolithography step may be performed with, for instance,
the same lithography reticle (not shown) as used for the patterning of the implantation mask 220 so as to form a

40 _ resist mask exposing the implantation mask 220. Thereafter, with or without a resist mask, the implantation
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Figure 2h schematically shows the transistor 200 when subjected to a further ion implantation

sequence 225, which is designed to increase the conductivity of the gate electrode 205 while at the same time

40 substantially avoid any detrimental side effects as are known in the conventional approach. That is, the
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apply as already pointed out with reference to Figures 2b and 2c.

Figure 3d schematically shows the transistor 300 after completion of the anneal cycle with

correspondingly formed drain and source regions 308, defining a channel length 324 therebetween. Due to the
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presently existing cutting edge photolithography but may be reduced on the
basis of well -establ i shed: sidewal| 35 spacer techni ques. Wth reference to
Fi gures 3aw3f00 ?J‘ Lhyer i Tlustrative enbodi ments wilI-'now be describ

wherein the epl axial growh process, as described in thEC E/Fé%q%/ﬂgmh
enbodi nent s, $ not required. It hould be noted that conponents sinilar
to thosefeé‘hefebﬁ o nppfagigon masicpripr tOéPeeanaehbrPeéﬁ ¢i{fusiop intesthpghapne} a8 fipm AbRve-s
except f dyingtaees is substyntifllypsdverdédgi t and a detail ed description of these

conponents an I h ,

o Tt ed o WSO BeL bt R by PO b el sp B ogy SRR, oS
conpri sedicaPwiPg$2Gaandn Bt fusHlatondeyeF Horferened ﬁetﬁfe@ﬁmdﬁeﬁlqiilsi{w and thagenisgnaicte Mer

; anf a senidconeidbiodthe Sideyall spads 3toh a&temﬁneems R ebudked 2kte li&th @Mb O Saleleldbtodt

303. Arg ove the. seni.condu er, 304 and
exposes an% géleéﬂ?%% tgigoenlﬁ%\gl%g Aapmc Pt fﬁ‘e’ﬁg‘?‘%t 1%?‘% “%‘r?B %’53?173?113 heRsl i s
+~also for Wedatpa }awravq maywitistabtially bethe gime eoprelisstlppuilineg with B@dncath Eigeksdtit2e.

openi ng 320a GXPASRS RoceBith,CANOME tHaton’ U %ree alécnfoﬁleemsﬁ@ g%&u%%ciuaﬁ{@r
304 havin %@h}’den ss 304a as is required Tor a channel fegion of

transi st ?5’ &iih Eriagiaponyygle may B‘? ReSfPrRgd timdary b fslreadh d%sfrfbﬁ‘é‘t"lﬂ‘r’éfe%%
miy be ftofigacskfRia simlar process as previously described with reference

to Figure 2a. CJrE&;uEn%?'a%‘& uﬁ@ﬁﬁm%ﬁz&néﬁ f?o%%&ﬁﬁlgy p&{de(% Witho ﬁ{ t%? he%éss1§"%?£ se&ec jve.

subst ant i aaﬁ% sane teria teral  di mensi on
321 as h#¥ éWWB‘dFeht‘*é*EPbbﬁgﬂlﬁﬁaﬁfH TSE Cmé?’@?%ﬁ‘?@@m?’@tyi‘ﬁ@fmvalﬁtemsl ohighfisgrke 420
:c n Fi gugam}}axbﬂﬂih\emammvmgs@waubw Elhb(ﬂjuﬁéfl@ uﬁﬂl Hlta(i&ﬂdgﬁet@rthel 1?6‘1&%f arﬁe@ﬁaxmf@ymbﬁ
or ne otropi ¢ et ess simlarly as is performed during the
f or mat i onpgtgJI ?ﬁ%‘% gﬁen creasedan E u(r’“e°°§6’§aytﬁ5ﬁ AENOHE ‘11‘{}) Jcor r espondi ng
pFocess tech ni\mre%ﬂtafhee’f%eﬁ iﬂVeErPabﬂOwQ%edeChmqwe Het adipws th¢ forngdtiondfch tigmsiston elengxait,

that an dSISUcfall)al)f S('h I &k&@ Sﬁtwﬁff alohie Ié}%ﬁp 16:9 Ak th%es;lxﬁxiﬁ Pty ‘ﬁ:n%tﬁ of @Lln%ﬁtiyegalﬁgle as
to repres %ﬁﬁ i nal. hei nsi st or. el enent wherein the

ani sot r op| c s REE tg f:aB’r?t‘?‘%'reISté‘Ef‘Sé rgsest nigRe PR BS ust‘°11'1e Fyhamerethe
shal | ow effSctivh fihupbinesof 8@ 4lapaasconsnigeion indbdgapyeletthde &pp nepof the daib pr@lssuretrayions
per f or MgRGLdes 2l difRcel B8k EAtabiahe slggt résRlah &SRR gﬂﬂ%amgmn§ %I;rgﬂﬁoctheeéhgpcteﬁxsncs tch

processe naé be established in advance in a’very accurate nmanner

pPocess %Hg? gelegrade; Zlyys, thepressns dryeption pEwidesthe poigntiajity forAn aggesqsejye saling ef tghsision e

-t hi cknestnddby usEiggpttB@thbelEésfhemted maiuraytuﬁ;kgqmloﬁdwetxstlﬁ aBGdus Fom tRGBovaldésbritad
di el ect rj r mher ness

320b i s Sg?cleu?%(ngs dthg’gr%lalg e?éinzgéjﬁ)r%% |1 ve?ﬂc‘nlare oereso wéeﬁltngblgcga 1CES al?nﬁufﬁi}n}e agpq%aglon

sem condfifeae is bishly @gdvantaggouoand thelS‘T Tesrugestin éqvxcefffomln@orswkmwp@uetsr subst¥es- on

Fi gure 3b mayrhe @alﬁ&iﬂh@ Bfﬁi)ddﬁﬁbﬁ@ d*ibﬂo%ﬂ Q&Q&Jetafer]ﬂusﬁrzhﬁe bﬁy Es tI?eZQ@nmnt 1ﬁayafé modified
propri, i con di oxid

PP 0P B SradlR T e R o B3R sy ot i, e s o v 16yt phhS o

schemat #@wmgy hgthl@m§0t Freangiley the r @G0 stebt ext fpthaahavei mayniop pdmfennqdpoglr diffdagnt ofdert he

| ayer 32(Mheffboré@So hhlﬁatﬂ)ﬁ)é’ 4R BRnbdiRb cmte;anpsr m&lfcu@@ O a@sfgh ulae{n Qﬁm@,petmr R %ﬁOa
0 a | eave er above t

The CWP ned s S

surf ace d‘gsfr?bt ﬁép t@%ﬁ%@%‘f‘?&ﬂ%t‘]&g therghup eeéeéf th%féh‘i Pémgﬂ?i\ﬁf?bi"ﬂmffltb‘iﬁc segiabovgmay pg,

ot her eniyodli orentdifiedtané aCAMR prrivt@s sravepsit@edCwitiii HisedoOandSspird of Wlesiasfidnal | y
SO1P! St RLdkrdi AP pidfRkiof Wi BerlRils s bork QUL blis peh conduct or Tayer 304.
Thereafter, an 1on 1 nplanfation process I's perforned so as to deposit a
required. ion concentration at a specified depth 322a. OM ng to the

i npl antation mask 320 fornmed within the opening
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320a, a channel region 340 may renmain substantially unaffected by the

i npl antati on sequence 322. Thereafter, 30 the inplantation mask 320 may be
renoved by a selective etch process which nay be designed as an isotropic
dry or wet etch process. Correspondi ng selective etch recipes are well
establisheg AmmMg he art and, thus, a detailed description nay be omtted
here. Next, an anneal cycle is perfornmed so as to re-crystallize any
anor phi zed seni conductor regions and to activate and diffuse the dopants

i npl ant ed {by the edi-ng.i npl.ant at i sequence 322. The, paraneters of
t he anneall'cyc ema{llgsggf(@%{‘%nggﬁ@h&feﬁg&mﬁlsﬁgq@?r“éetﬁh (PERUISHREr ati on i nto
the 35 channel foragh@an BAPlantatiOPHANNEI0) bR eBYstARAd :{é'hlﬁgorfauédaﬁfé fd£d channel

| engt h. Regardi ng appropriate inplantation and anneal paraneters, as well
as the | af@¥l dimension 321 of the openi ng 320a, the sane criteria apply

as al ready poi Lih.refere t o .Fi s .2b and 2¢. FEigure 3d
schematically Zirgﬁv\gé’ ?E‘éa% If%ﬁ(;slll%r{ Jt rgglpgﬁﬂ@g%pgﬁ?lgﬁmggn{aﬂgg al cycle
with cor (22anidas @ y fitimplntitioh BeqiRAceSQAR Candrift @i seddhd3RBlanitiohni Ng a
channel length 324 therebetween. Due to the -10 WD 2005/017992

PCT/ US20089¢7¢F0523) 86 diain and gavicq Teglonn{208) eschrhaxingm top sunfapetlpeateshneal
process, UsduPf : . - ing.areas is
substanti glle‘{? pr ev‘ééngtﬁte%uCI %ﬁgﬁ@@@%@@éﬁ%@ élﬁgﬁl Efi@ﬁ’]o‘&g&fgﬁefoﬁgﬁg?@t or 300
wi th si devedin ahwusegegions 208)indludes efimxillgeraking aakystillige spsicomtuc®20a and
a gate insul at) .ayer. 306, forned, on the_channel region_ 340 and the

sem conduiaIYSIP @@ﬂ%‘i‘a eg{ togAd WWWP“&F“Q‘K@S i g vwaid) firstmpdandation seguenes i nes
t he final [2p29RrFhingd : 3 Lar med

W thin ¢ he e ol S AR AR St R e FuAg LA RS b RpRBaAY |
spacers 3@mwingthersemironductomlepéra@l brandagidrse@Hd implansationtsamicned (223pfort he

same as previ.ously.outlined with re ence to Figqures, 2d and 2e. _The

further p{rtogrélé%‘%sfah%fhafn. qnd sopyee r?%f’?ﬁa{zlsg%lsé’F ﬁr%eéilt eéFB‘&’ﬁ‘%E’egTPWmcgﬁge openi ng

320a i ncl suhibgnducop eflef (X1ah; y designed gate inplantation cycle may be

performed simlarly as is already described with reference 10 to Figures

2f - 2i . ConsequEEmawng spi¢ weplantaidon mask @RANaixposeg sunfagel@reamysdié pr ovi ded

wi t hout t i | ive epitaxial growth step, thereby
B5PREShIctled BERTAE

significa ucing proc ity, wherein, nevertheless, a high

degree of  confuaininy 4 gdty insulabioh MyeP(206) osdid edfsed hiteke ardaodi ments is
mai ntai ned. Duge to the |lack of an epitaxial growth step, throughput may be

i ncreased and gate clepisede (29) oresaid gate insulation layee@06k@nd 15 As a
result, the pr j: i kdes a technique that allows the
formati on of a&tr Séa{ll(%%rgtegl%g?r%{rl@%gespeci ally of SO devices, having a

gate length |l ess than a corresponding gate length of currently avail abl e
cutting edge Vi ce&hév\ge ein the sape well-established (Eéqcess t echni ques
may be used. FUPEREPRECECIad, Wasreriorpingsaidaat ¢legirade (200 incdpdast

concent r addmgitihf alghfe HRBdE hﬁ%{?@g&vfersgﬂ' %Bsxﬁgtgﬁhﬁ &r(%@ aiﬁ(iierﬁgxlfiﬁgﬁ
regions provides an enhanced channel coritact and s el T edi st ance ile,
at the sagnsessimaerislmisaidigaty dléntrodb aratatiabtd fotmake 2Ae olectrdde @Sk el ectrode.
Thus, the present invention provides the potentiality for an aggressive
scaling of transistor elenents by using presently-well-established

manuf act W ng TR kediad ofelairk 10RHERHS ficPdl\slR%r 3hA 1fpARBEDL Rt (SpyRdl ment s,
the principles of the present invention are not resPrlcte [ 0 evi ces,
al t hough gredtenihpn b designmalue hta gan lingthofidaldgatalelacttalge@05), and may al so be
used in devices formed on bul k sem conductor substrates. The particul ar
enbodi nents di scl osed above are illustrative only, as the invention may be

modi fi ed 4, The method of claim 1, further comprising performing an anneal process to

activate said dopants.

5. The method of claim 4, wherein said anneal process is controlled on the basis of a

desired channel length defined by a lateral distance of the drain region and the source
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25 and practiced in different but equival ent manners apparent to those
skilled in the art having the benefit of the teachings herein. For
exanpl e, the process steps set forth above nay be perforned in a different
order. Furthernore, no limtations are intended to the details of
construct iréhloP(2088Si gn herein shown, other than as described in the clains
below It is therefore evident that the particul ar enbodi nents di scl osed
above may be altered or nodified and all such variations are consi dered

within the sco nad spiyit. of the.invention. 30 Accordingly, the

prot ect i oﬁ' sougﬁ? %}?gtPo P(?fc:laémags vhsteip 3 Iarn?‘???PWée*‘i?llﬁ‘ﬁﬁ%sl?eﬁ[‘}gw%ngqlfY@EAl S

1. A net hperfeinddoimet 8ad &rdtiBbRnekibe séquehanehsy ?{dl I?rid?%o 554 BQdngorpri si ng:
a

form ng an inplantation nask (220) over a crys i ne sem conductor region
(204); f otRPlABlatonseguenqedd? Hin said dirs anneal cxcle bejng norfn8yd wssubstarsizily

i mpl ant at | . | [ fi.rst. i npl ' . 222
and i o SonpRRR el bnofl et ey 3 SERBRIRTERR Sour ce. r gl ons

(208) each having a top surface |ocated above a surface of said
crystallige senj conduct or . regiaon (204), wherein formng said drain and

eqi
source redions ! %T@}hqdrﬂflcm@gﬂéwlteaﬁp@pnyngf@min@sidewal spagérs (2(8) on
sem condughekalld &% . j : g ntation mask (220) and
said first in%}sant g{diég%kia}élgggél%g?%ﬁg@@otﬁmtag?%apﬁaes Efn&f’rvéﬁgws(‘lé(ﬁd source
regi ons ( Ro@hntagorpmaslo226y prior to epitaxially grow ng the seniconductor
| ayer (211) and said second inplantation sequence (223) for formng said
drain and source regions (208) is perforned after epitaxially grow ng the
S Condust or TRYRietod bELlaih T AHsh 2 3t () AN Aa YRR KphER0R0T e XD
a surface area of said crystalline sem conductor region B ’ mng a
gat e i nsutentiodad payher basizadp tangetsgatallcagihdorshid gaté alvetradee@05).f or i ng a gate
el ectrode (205) on said gate insulation |ayer (206); and doping said gate
el ectrode (205). 2. The nmethod of claim1l, wherein form ng said gate
el ect r ode9( 205Thd methad @F claft@NOHhbicDfRmSR! GidE éﬂt&%ﬂﬁuﬂ@%ﬂﬁ' bove said
gate insu] ation |ayer (206) and renovi ng%t e§<ce S nmateria o?@’gza@d gate
el ect r odeinghides foamingx fegeshin heenyizpadustardaye dueclding yaid 8rysilimenet hod of cl ai m

1, wh [ ' f i d il ti Kk 20) i ter th
2 desi gn atecsyFloRestirt o3 a8 Phniy B 3y Focs R Botsh b o BB et nod
of cl ai m ilppléntatidhernaskq2R0,830)2g perform ng an anneal process to activate

said dopants. 5. The nethod of claim4, wherein said anneal process is
controlled on the basis of a desired channel length defined by a |ateral

di stance fj t h?héj&@fh'ad of gfaﬂﬂ 9%ﬂe}e&eﬁlﬁgﬁl &8 relczessr i%giuggs cﬁe%%gtlihg said mask

material with a thickness that is sufficient to completely fill said recess, and removing

excess material by chemical mechanical polishing.

11. The method of claim 9, wherein a lateral dimension of said recess is greater than

a target gate length of said gate electrode.

12. A field effect transistor, comprising:
a substrate having formed thereon a semiconductor region (204);
a drain region (208) extending along a lateral direction and a height direction;
a source region (208) extending along said lateral direction and said height
direction; and
a gate electrode (205) extending along said lateral direction and said height

direction, said gate electrode (205) laterally located between said drain region and said
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6. The nethod of claimb5, wherein said anneal process includes a first
anneal cycle perforned after said first inplantation sequence (222) and
prior to said second inplantation sequence (223), said first anneal cycle
being configured to substantially conpletely re-crystallize anorphized
portlons IsBued irébise an rther
conprising for mékn @%%%d?})%’fég?ﬁg %&ggénd%gﬂn@r lg?%ﬁ\/\glalcggté:l glslgili 18%; n and
sour ce redf¥nssaid 88\}11 mumeeemp@@@a) bgtenchr@arlong saidihdight dmalcaum atleast mask

220 di h 7A si dewal |
gpac)ers (éggﬁ Fﬁér ORt T Ro SP a&hélF‘%’%ﬁZ%@% Wyerﬁmtsél‘éﬁﬁ é‘ﬁ "I%Zk AS #or sai d
gate el eCtléasdpmﬁﬂ%&omﬁlseama%b&@&nﬁéoxﬁh@ﬂoﬂrﬂater%%l@réb ylpdakng said
i mpl antati on mask (220,320) includes form ng a recess i'n 'a sem conduct or

| ayer i nclcﬁﬂ‘f%a%n of dopastsan paid gatesiqeirodn RYS) trlessdbiron peakEonGOEAtiomdf
filling s to formsaid inplantation mask
(220, 320) Qfoﬁ?t?%s%?dﬂ 0 osgﬁf:clléalg%gﬁ{dﬁ erein filling said recess includes

depositing said nask material with a thickness that is sufficient to

conpl etely fill a}l cess, .and renoving_ excess material by chem cal
mechani cail3pol iTKitleY of ect trgnsistaieefirbaimot2, svherew said fislsk effest tansistasrisg SOI

di mensi on Riq Sfdcd 5§%ﬁ§§ is greater than a target gate length of said gate
el ectrode. 12. A F effect transistor, conprising: a substrate having
fornmed thereon a sem conductor region (204); a drain region (208) extending
along a lateral direction and a height direction; a source region (208)
extending along said lateral direction and said height direction; and a
gate el ectrode (205) extending along said lateral direction and said hei ght
direction, said gate electrode (205) laterally |ocated between said drain
region and said 13 source region and separated from said sem conduct or
region by a gate insulation |ayer (206), said drain and source regions
(208) extending along said height direction at |east to an upper surface
of said gate el ectrode (205), wherein said gate el ectrode (205) is at

| east partially conprised of a doped sem conductor material, whereby a peak
concentration of dopants in said gate electrode (205) is |less than a peak
concentration of dopants in said drain and source regions (208). 13. The
field effect transistor of claim12, wherein said field effect transistor
is aSA field effect transistor. 14
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