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Field effect transistors, such as MOS transistors, represent one of the
nost frequently used circuit elenents in nodern integrated circuits.
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Accor di ngly, ihrefisine Pﬁ‘hﬁé'@'l“é daggth i moderg QFIVF@(!F&W*SéQ pogipravge conductivity. However, in

some cases, it may be desirable to further improve the conductivity by enhancing carrier mobility in the channel

region without excessively decreasing the channel length. Accordingly, in modern devices, a so-called retrograde
channel doping profile is contemplated. As is well known, dopant atoms in the semiconductor lattice may
represent scattering centers for charge carriers moving under the influence of an electrical field prevailing in the
semiconductor region. Therefore, in modern devices, the retrograde channel dopant profile may be used, that is,
the concentration of dopants increases from the gate insulation layer to the areas located deeper down the channel
region, so that charge carriers forming the conductive channel essentially in the vicinity of the gate insulation

layer encounter a relatively low concentration of scattering centers so that the overall conductivity in the channel
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After defining the P-well structure 110 and the N-well structure 120 by ion implantation, the
semiconductor device 100 has to be subjected to a heat treatment so as to activate the implanted ions, that is, to
locate the majority of the ions at lattice sites, and to cure any lattice damage caused by the ion bombardment.
Unfortunately, during this heat treatment, an inevitable diffusion takes place and the boundaries between the
respective implantation portions will smear out more intensively so that the vertical dopant profile within the
P-well structure 110 and the N-well structure 120 will become more indefinite.

Figure 2b shows a corresponding graph with a typical dopant profile with respect to the depth of the

respective well structure. Due to the up-diffusion of the dopant atoms during the heat treatment, the initially
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Ther eaf t exfas bepO lisfifdd | bly GRANmpIEtaHRNN G IstnBnRAREE rBInt SMEEHe 1Y implantation, as well as the
subsequent heat treatment processes, are performed prior to the formation of the channel layer, which will
substantially accommodate the channe! region of the semiconductor device to be formed, diffusion of dopant
atoms from the well structure into the channel layer is significantly reduced. Since the channel layer may be
undoped or merely lightly doped, a substantially retrograde dopant profile in this channel layer may be
maintained throughout the following process steps, thereby ensuring improved device characteristics in terms of
enhanced carrier mobility and improved quality of the gate insulation layer due to a reduced dopant concentration

at the interface to the underlying channel layer.
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MODE(S) FOR CARRYING OUT THE INVENTION
Hlustrative embodiments of the invention are described below. In the interest of clarity, not all features
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development of any such actual embodiment, numerous implementation-specific decisions must be made to
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which will vary from one implementation to another. Moreover, it will be appreciated that such a development
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material and to the insulating material of the shallow trench isolation 302. For example, if silicon is the

semiconductor material in the P-well structure 310 and N-well structure 320, and silicon dioxide is used as the
shallow trench isolation material, silicon nitride and silicon-reacted nitride exhibit a sufficient and appropriate
selectivity in subsequent etching processes.

In one embodiment, as shown in Figure 3a, when the mask layer 360 is substantially comprised of
silicon dioxide, an etch stop layer 361, for example, formed of silicon nitride, is formed below the mask layer 360
so as define an end point of a subsequent etching process. A typical process flow for forming the semiconductor
device 300, as shown in Figure 3a, may comprise the following steps. After formation of the shallow trench
isolation 302, the P-well structure 310 and the N-well structure 320 are defined by ion implantation, wherein

several implantation steps may be used as it is described with reference to Figure la.
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layer 351 may be controlled within a range of approximately 2-20 nm to provide for the required diffusion-

reducing property without unduly increasing the number of lattice imperfections owing to the slight mismatch of
the lattice constant of the diffusion barrier layer 351 to the overlying and underlying semiconductor lattice.

Figure 3c shows particular embodiments of the present invention, in which the N-well structure 320 has
been recessed prior to the formation of the channel layer 350 and the barrier diffusion layer 351. Recessing the
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hindering characteristics, i.e., material composition and thickness, and the characteristics of the channel layer
350, i.e., its initial degree of doping and the thickness.
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di f fusi on hgo bi/ekBsesh ayer 351, process paranmeters, such ag , pressure,

may be sel ecteg, c olii A LoD hyel r 350
and of the_ di ffﬁeg‘fml Jlé?g‘?.?}igr@mq&e%&nﬁ%bﬂ?esgggu st annh P“S VAR es"f'?l"ﬁefjééwt’o t he
surface of Rhé erﬁlf’\}\')e'&f firg sfep e ies “3‘%“’“ BRUEH it REedyihout rF%fy'es thg ok i 36Ge

shal | ow t r‘”é‘ﬂt‘hPfFfsréllbaqomUnemiihqoenwmdﬂ sty tht ehartnelddybnBsureowaridtpdain bfie geannel

| ayer 350 inaumlod thyer 338l {nbff s Nra fnrtllle%écorld@béﬁ fa sé%éxll poﬁ?&ﬁ: @fnﬂe thQ rnsuﬁanlﬁérg?sns 350

overlap c ubst.ant nt al

and 351. ng%eg%mgﬂﬁt%mﬁ 5o i(gl mannhle nc%‘Pducﬂ’ée {qﬁgcedf‘eﬁ“f‘i%ieﬁ‘ﬁ"aﬂ%{’r‘?yﬁéﬁl ayer
351, the Pl ERYSkES tht istryduced Feperd Bk thieigespef tosterivhkid lanirt3bd provided ange of
appr oxi mastednyl 1ger2. nm t o provi de for the required diffusion- reducing

property Wi t hoMﬁ:lgMpgjéJ{hlengﬁgn%%k 849 hsshﬁ éﬂymﬁ[mnqiﬁrer 3§§ 1Jth aqirsif ﬁ'@kenr f %ﬁtﬂiaﬁo gn

owing to
barrier L%h ﬂg’%‘@%“f’ 'lﬂmﬂ ﬁ‘&“wB °f S'?‘? W& ingpfefion, laysa P35 yformey °§§ rﬁeé’dﬁﬂl sfeuetere 310afhis ce.
Fi gure SCe'Ebﬁ‘éimB“ P apecialiAdzantageriz Oehemnen types of trabdis®or HlEra®@ Bk plesaint @Ik iR chip Ereahi Ch

t he N-wel Forstamie talthie gﬁezﬁsuﬁﬁ"o% layReBE isle Qe Sfﬁqngp éeQJ fi eﬁ@ef&é?@anglg&mglh pﬁgrt t ge 28

channel | i.er usi o . Recessin

SEP 2006 WD aml; %@@gﬁgﬁe /‘%%6 szi?%é”e“l‘%ﬁp‘fﬁ/é’ﬁ““%s}/ E}i‘:‘?‘*ﬂtf ° eI Bethey Bk Bred by
vel | - est aff’ “é FrESiYe dhe e tnadapn qure bavisk e [sespnd tiiickodsn39@ tutberehy feonre fhe ragiing highe
shal | ow t peforaince 801 @dpbcp RSfast AdrIBHzdinRant Gigh BLfre rmmwem ahe b ﬁzﬁn&'aqgnstsaﬁ

N-wel | st éléﬁﬁﬁtm&@\g%Qatmlam\{a?ertg%%th th %rstr tfn esOHEB 2y be R traqs:Ftor C[Tﬁeé“ tpag ! tt he

dopants into the N V\ﬁ Lstructure essent
i npl ant at P'OR" “PATEIRE Y 'SRere U EsE ?iésethe Cé? '%MM@Q%wabe‘ﬂew tPﬁfeliﬂ'éY deekroe! t o
Fi gure 3alengfhyis ipcrdaged priden inerepsed ctiterenive enstris@ niibinne leakagh burid@! THeRby3ROimbSved gaessed

af ter i nphantidnmgerigfiGry dﬁﬂl&nﬁc&a@cﬂ&lrrﬁf rhoBiity Hue tg(ﬂ;e (Perdﬁtech ?4{; c{o%cﬁrﬁgtg)?g ﬁl%qgaPrgel have

2ecor di nop - LadRVERr g Bl DeERECy b Rdpaie eshtsmeRaon ot o
speci fi ed°YEpesH “G‘PS‘S‘PW”RF‘%AE‘F?P"%'WW{‘% they aBcharng! erpnsisthie ofNH-vhernt! ratsistors twill € i S
r ecessed. exfibipimpiosd ddvheperfbmmicaamadrdd@d“cowlaﬁ&taefs&r a&ﬂntWﬂ}th ke Qu&gﬁ%d% dn

| t t hgorflo e ec sistof’ elements 'Tequl t
i 5 dept i | SeORRr S e ARy, WP (U B Pa5G 68 ey by

msu#atlon aye) IS | Ocat ?eg }?e‘f%g
conpensat € YL Baycbe oY e pihounaddipgprocesseppleisr e 320. This may be
acconpl i shed By Aselemasically shoethd sipkariicat dedre 3eneihgycolyle@bodinn bn3 Q%6 or a

recess deqﬁﬂ hcdﬂialet@df)l]ﬁflﬁﬁﬁblWS%VM@OTI{LQDChﬂE@l tl‘ﬁ%glgtﬁ'r:‘;.?’d. &E?\%&I h@‘ﬁ‘."&\g%"’m s%ée all11d

structure :

channel I%%@?g ok Qﬂ gmlf]iéslgeg Rk exmns'onég}s/zc‘?'ihlﬁ'é'&f W?ll‘f“}“&‘f el n?f’é’e‘i"ff EBtfure 3b.
Recessi nd ec‘f"ﬂ"e”ﬂl— ?/\)é’fafed St fhetPeirel stopigre GG, eaparates! thafinrby te lpete @pilatiandized 33§. gr own
| ayers 35Dgce3Bihenprgdrciesididi thasiulls bfankiddidyodeysan surface, thereby

i mprovi ng the fus.dhhRk onduct or _devi ce | gure 3d
shows the, se mTcon hg@tl tﬂfg%ﬁ%ﬁgg nsQJhe&vh)ﬁp §°‘EQ i a?ldgc{ﬁm T4 Ch ’41? g’?’ yf or ned

on the chgws e’fte"S’?"é e Aner!l eise 390 |4 ga§te¥eﬁ'€{*“uﬁ4é is Proidedpoyer gy thalljleltlwg

f or mat i or?>dandt ih eepgasedetherafigm |battlie eare lirauazion BRH 335Whiipader aEntD @13 £0pRided @dneof a
sem condumtmns@mbgteéeﬁamwmd such as silicon dioxide, the mask | ayer 360
and, if providgd are renoved by a selective etch

St er
process. Accordif rOCEsts Jow mv‘%veﬁﬁrbpﬁnﬁn ¢ se'b'F‘i“%‘}mf FVien 48 sgerivrd iy Bewe s at i on
| ayer 335ncluge srgjlag sﬁésr as plfﬁﬁqya!ﬁsprg{eq with reference to Figures la-1c. Therefore, a detailed description will

be omitted.

According to the illustrative embodiments described with reference to Figures 3a-3f, the N-channel
transistor 330 comprises a channel region 336 located below the gate insulation layer 335 and between the
extensions 332, wherein the channel region 336 exhibits a dopant profile that is similar to a dopant profile as
shown in Figure 2b. That is, the channel region 336 does not substantially exhibit a retrograde dopant profile. In

contrast thereto, a channel region 346 within the channel layer 350 may exhibit a dopant concentration as
iHlustrated in Figure 4.
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process may be perfornmed to adjust the threshold voltage of the PMOS
transistor to be fornmed in and over the Nwell structure iég%p @Iﬂé,
additional inplant step for providing for a sufficient thr I ol t age
for the PMygooissassi stor may preferably be used when t he e‘F/:ﬂﬂ?Sl%l ation

| ayer 335 is SHG uegg,} ,yl G 0 rocess or
by a rapid ther %ﬁg !3 a cafl 8&8”&%3‘2&5/%%6 Ash 8 re’(’:rﬁsems gﬁ‘{iﬁh ‘L"é’ﬁ%‘éjlrﬁé‘ﬂﬂ’éé@

t enper at ul"&"SidIcsPanpeh@er ?5&1 J?%B”??P‘ﬂéé‘% ’é‘d‘f‘i‘eﬁ@ ‘sonphtion rprseats € omeeartionoal
furnace ptoedewsy atomppwithinftie s pedirptresfureci3p andttheach e layes 350) zﬂlki B&bibly HOdiffisRAban@s a

consequeneger 81, n‘heompaﬁdmkhncldﬁssdhﬁé 1hbeds 941 ablHsh REha LG vf t‘t?! Mke‘rs‘aﬂ?eﬁeﬁ% af]‘s% of the

gate i nsulafd o] AYEk 335 i L £YUI T E pant “concent ration ing a
desired thﬁﬁees Tlda% } ?ﬁ, nldlcast dno oBEE Ptﬁ‘gﬁ OPRLOBFFRYPG PiFhe N-pedl strugpyegi329 tEi‘hal

i npl ant  pPYLEde %’F“va"ﬁe”%d up distrippgiongs ppracprvergivrellychopentured dnice Mctoating @ dadvé hi n
t he channél, thedppant @ipthtrbtion sighificartif @ecreRE Withif? the Blmis%ﬁ he@xlleq layepkﬂtl AlGhe chz{rlneti Qﬁ
enbodi rTenBSOttm;fds t'hpé;le orl l%r 5 ffu §(l) 91{11 cotr)lgél;xtl; Imenrat the %sme Fgr ée c@g@el Iager USI on of

dopant s |§eaq1u m - gl a con tironal furn ’byed
for form a;% e é%{’f“& RS hﬁ'fffsaﬁf tl‘eafpf’eve‘ lagen 50, theyjpjtial degigeof doping offes] chimmeblatenge  may
be adj ust & Wyprosigingaidiffusiprobaerer lﬂm5amdaﬁelt)¢aofpbmﬁ&ﬁ akdOaykrQRikhds aqpaa%r 3ﬂt ons

wi t hin thﬂld@ﬁﬁm akdAYRO11i2 a ﬁlgnal ¢ itAplan r as is previously descr
o n%ﬂ dd tﬂr@éh&@t&gg 9%1 t§t E&@&% r!'t*'p tslag’ ngeéto a

previousl ¥..Ag, ion

t hreshol d Vo JS‘ g’g“‘gﬁﬁfé’f T °°’%“"“g'°" °“”% 2 Fgg! ﬁé‘tﬂ "H‘él&‘/’ec"ﬂ‘e@ﬁ“‘ﬂé‘rﬂl‘ed?‘ﬁ@@ oy t hat
the thr e%affd‘lsﬂa‘i%bl’eé a4 bredpye Wrdyece condesigl kieniens lyepivespondenoe of 0 t he
dopant cohe®pepatmears. Wictrid 401 tepresedd daBAllernatSE dophat ddhBntrdiel withh{ WA chinsel 1ahd7 SsodoPanNt

d d s Rl . ; ogess t t_at
5%° 1s %“’9% ok Bl f B AT SRl B8 5 SRl B e et ohmed O
e

initially e“ﬁ"sﬁg? fS'PeﬁIed"he’@l therdorat prafile ignde tilpred indenyesnendelersie feformance
accor di nglegpirgmset? efalwddd eifectrarsotosdiiant itoildbe rbiad @& halodenvi@! 1ﬂu&@ﬂ'e|em%§at i on

process hasr theardan- bz@éarsénﬂcfomger egﬂ%eﬂyﬁmz {)lys’of Ihp B’esgrn n@éﬂ&l xga %? red ?%’HHB%

adj ust ed by takingd.l ko, account the ini conc
N-wel | 32‘8‘3é Steﬂ’gé gfgtegsé;‘?lce of “th "°’a* a?’?‘ﬁ§?”8?‘i"“5‘a‘?’ F’iyé’fh"'ll’éyéf II‘fS’SSIm‘a‘?’i‘éPci"tSs

correspondi ng Th fartigdsr enbodimpnidiiseipsadiabes arealbrstetive Stly, @sthe invegtion mayet @iodifidd and
co rrpos i ti matiahth diffreokine s@ivalan thainbre aphiad Q&Ih&é lsléilﬁeld Q§ h@fart 1Wi\Ghg Q&%&ﬁ! of Y er

350, €. teactide$ hdrdih. T k@l ex r d L he SEP 2006
VIO 03/ 083I§a§1”tgpé‘:w it 3 A e RRL 09 B G B SRS et el on o

the gate i nsulCat [oH 'Iaté?f)se?re §§5de?r’é’y‘h°o ‘alﬁse?ffcwtﬁ‘é‘d’"lohdqf*%her@ By, othgndredsn i n
the fi rstdeifxt**éf)mttk?eclagxatbelow Nk il tigetefoprevidany @at (13 Potidusar mbmts\ms&&m%ov@ @api ng the
mask | ay @b, modlad Gl dISsu eatlaroﬁsbiry c&lgﬁ%'\étﬁﬂ o)) SC&L'M? Nigl 4€,;,50 that

t he channgl J&qu 3?9 recel ves }, ortion of irit of the mYeht{on
| ayer 335 %orrmt f’]e(foe)uonm%therem'satsﬁeémsﬂe‘ﬁ hgeinsbelgw: a second port| on of the

gate insulation layer 335 is formed after renoving the nask | ayer 360 so
that the P-well structure 310 receives the gate insulation layer 335 wth
a thickness that is reduced conpared to the thickness of the gate

i nsul ation |ayer 335 provided on the channel |ayer 350. In Figure 3e, the
N-wel | structure 320 has the gate insulation layer 335 with a first

t hi ckness 380 that is higher than a second thickness 390 of the gate

insul ation | ayer 335 formed over the P-well structure 310. This enbodi nment
is especially advant ageous, when two types of transistor elenents are
present on a single chip area.




For exanple, a thin gate insulation |layer 335 is essential for high speed
field effect transistors having a short channel length, as is previously
descri bed, so that these types of transistor elenents ar e ‘F{ﬁ@[ﬁd by the
mask | ayer 360 to receive the gate insulation |ayer havi r‘@? second
t hi cknessCRHMIMS> t hereby ensure the required high performance with respect
to fast switching tines and high current capability. On the other hand, a
transi stor elenent having the gate insulation |ayer 335 with the first
thi ckness 1380 mByMR§4 8f Fdrflisd nt that needs to.  exhibit
extremely 1 ow | eakage cﬁré t?gﬁog?%ﬁﬁgm&?g@]ﬂnﬁﬁ eﬁf%’a%tj,afhﬁgr ein,
pr ef er abl yifedt transistan tled methed gofpiisingncr eased and an increased gate oxide
ensures a mni pum. | eakage current. Thereby, the inproved gate insulation
| ayer quality Mg wWel struciursdn @gubsteate; nobi | i ty, due to the reduced dopant
concentrati on gditak3fl q,ﬂfé ha] , i.de for significantly inproved
DC char acteri stfiﬁcs o?,%}ﬁ.e co?rélspor%c}lg}ﬁeg atbpg%sé%ugt‘g?l &frd té".’heﬁl?él's%e | ow
| eakage t demgt eansenteitionenttbs channelsiagart is Ves Whet the dopdie toideatrRticANRe |
transi stof; 19 N-channel transistors, will exhibit inproved device
per f or manc ESWFed to conventional transistor elenents wthout the
retrograde dopfhing¥ @ité iRulaflod BEeFARMSte lel%?t%de?’a%gm whe E:ﬁdn[ﬂ L layer;
si mul taneously, high speed transistor efenents requiring a Ri A date
i nsul ation | ay@ﬂnmw Heaitp aod iadedrogi regiontin adidi wejl pracesswelosgil @khinel Fi gur e
3f sche Leal t em conductor device 300 wwth a conpl eted
l\l—channg}altegir%glr#s)‘!yaéioere\e%%%ﬁgg I%r%%?‘@ttiﬁswmﬁ’r?é‘ﬁ aq¢ ansi st or 340. The
N-channel t r ansingoling386 d@ﬁdmrcbﬁ&%trﬁﬁﬁi/iﬂ fhe !Nh&iﬁﬂﬁga SOUIhthat e dipdil

tl 3 XWI'[ in the

regions 331, including li y doped extensions -wel |

st ruct ur eCORePNralypn dusreases drognthe gase detulative 1834 towatdsathe etllostercturbigo P- wel |
structur refrom.by .t he .gate insulation | ayer, 335.
Spacer e?fg}?r%%%es grgg{ag%: ?gB%‘gg‘f @gelg ‘%{h%ﬂ@“%‘?lgmﬂ <geby; the cgudustixite of r ode
334. The tRe chamneklayer &nef shic0sandd QoRdUTH Vit @)Sveh@batﬂé ébnﬁn&R@tgrdoisﬂ&E rg&) and
drain regions 341, including lightly doped extensions 342 within the
N-wvel | st ¥EWce 320. A gate electrode 344 is provided over the channel

| ayer 350 and is separated therefromby the gate insulation |ayer 335.
Spacer elenments 343 are provided at the sidewalls of the gate el ectrode

344. The rocéBwe mkthadi ofvdhived, ifurtierrovintigistngeei@rialgNeE6imR 2 iiGs, 300, as
depi cted bl n.Fi.qure .3f ma%’l include simlar steps as already described with
r ef er ence P ETARGTPEET foLrp .nglﬁﬁéjr g@&?@,laﬁéﬁfd‘é‘h%wméhfﬁ!%%pf@nauﬁ medeht be

om tted. vAgaRk&HRIBubfGe hkdubil | Y s ' .ﬁIdSe cribed with reference
to Figures 3a-3f, the N-chann Sﬁﬁ%ﬁfgflsgg%g%g%%%l FT€€S a channel regi on
336 | ocated below the gate insulation |ayer 335 and between the extensions

332, whergin e channel region 336 exhibits a dopant profile that is
simlar t%’ a Sa{ﬂ%}ﬁ?f%# Fliag‘qals W@Wb‘%\fi’%ﬁ“&? Jistlestrpptureringtudes implaatinghannel
regi on 3¥palacsndiio SPSIRRhHNYhaX Bk r ! file. 1In
contrast thereto, a channel region 346Qﬁv1\}gtﬁ}enﬁtbﬁgg%%gﬁﬁtg‘%%a{ahfe&p%g may
exhi bit &tepadito curedattice datnage.as illustrated in Figure 4. -8 2 8 SEP 2006

WO 03/083951 PCT/ US02/41312 In Figure 4, the vertical axis indicated as the
"depth" represents the depth in the NNwell structure 320,

4, The method of claim 3, further comprising controlling at least one of a

thickness of the channel layer and an implantation parameter to control the retrograde

dopant profile in the channel layer.

5. The method of claim 2, further comprising controlling at least one of an
implantation parameter for introducing dopants into the well structure, a thickness of

the channel layer and a thickness of the diffusion barrier layer.
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i ncluding the channel |ayer 350. The horizontal axis indicated as
"concentration" represents a concentration of the dopant atons within the
N-wel | structure 320 and the channel |ayer 350, and possi?l % p?@]ﬁdi ffusion
barrier layer 351. The corresponding thickness of the |a grg and 350
is indicated by the brackets at the left-hand side of the vertical axis. A
curve indicated as 400 represents the dopant concentration of the N-well
structure 820 thamethodphrlaim tlp Sunthepicontprisingamplaiting tinsdingd thehubaimd as in a

conventio : : vice: .According. to a curve 402, the dopant
concentr at[%}n&s‘?g%%"?‘g‘té‘% ﬁ% gag% %résggaggn&ﬂeﬁit%%flﬂét EliﬂF"FEm?‘BNOB%eereﬁhel ayer
351 and t heldoiffeotiednsiseprer 350 towards the gate insulation |ayer 335. The
dopant concentration at the top side of the channel |ayer 350 nmay be
adjusted by controlling the thickness of the channel |ayer 350, the initial
degree of Wopi apne 350, by providi.ng,.a di ffusjon
barrier | a73er. gg%q%er%&fﬁgQ%ei’o#"ﬁ%rgir’?p%?aﬁa A %ﬁﬁ'lr}ga%ﬁi gq‘ﬁ:\’%‘?{h adIehf t he
| ayer 351layeminglues gnntrollitignie anterizd 0bmpbdiiiiinaiddidiusiodNAkridries hal d
vol tage inplantatian process, as.is previously described. Accordingly, the
sl ope of Y m@&ﬂgc%ﬁl‘? SHAf said Giffusion barsienlayer tosadiess adiffustan-hosletegt r at i on
at the i np@pérdgef the diffiRiondHrfer 1By ation layer 335, may be adjusted in
accordance with design requirenents by controlling one or nore of the
above paraneters. A curve 401 represents one alternative dopant
concentratgi on wthin the.channgl |ayer 350. Thus, the present invention
al | ows ontg' to )rp;frleO\?’}e od,of (SPaI‘IBgﬁaﬁbe‘é’cS‘péme%re@ﬁP’ﬂénY rgr‘t“ﬁglgcﬁfﬁé(hﬁbmﬁbgi on of
a field laférestopdndbsiceh@btical @Eﬁi&tohaﬁﬁb‘ﬂazleﬁistcgﬁtr&i?e‘aant profile may be
tailored in correspondence to perfornmanc requi renents of the field effect
transistor elenent. It. should be noted that, although the illustrative
enbodi nenys refer Fl hcon-based .sem conductor el enents, the principles
28 ent X Hettiol 8t e "r"@%‘iﬁ‘ﬁ ?Brawpﬂ i%e getfagrads; apant eprofilhdsict or

of the present invention na _
devices qumfprined sglecthvely RixasgthicondIRITRBLU Yored WY Qibliatel bid Yl |- V1
semi conductors. The particul ar enmbodi nents di sclosed abové are | Mustrative
only, as HBINE { stBIctyran paubsbates perdprses  practiced in different but

equi val ent ma hose.skilled i.n the art having the benefit
of the teachirﬁr}g{sﬁﬁgdﬁgg{;n‘.g& %t?&éérg?r%flg,rS%Pﬂ’é‘loﬂr"(ggéess?ms‘?‘%’ﬂé‘c@é{egf%t h above

may be per for rferining @ setiohflewelhistra¢tdRr in a KEEInASITRLE of e | seidoAlLQRS are
intended ta the details of construction or design herein shown, other than
as descPP®8% in the clains below. It is therefore evident that the

particul ar emi@gﬁiﬁ@%ﬁasﬂ!l%%‘g%&‘{h?%@éﬁ% ggﬁg%g%aelte ed or nodified and all

such variations arée consi ed w afnd spirit of the

invention. Acptadallgisowinge chamict tdyenoves abig fitst MlRitAichite, Asha8h hRr th in

t he cl ai g‘lgaggl ow -9 2 8 SEP gq%G CLAIMS: 1. A nethod of formng a

r et r ogr ade S aoPAhPESPYF Brevipg ok theicharnsl layerpemothe secoadiwall structiré.ect

transi stor, the method conprising: formng a well structure in a substrate;

epitaxially grow ng a channel |ayer above said well structure, whereby the

dopant cdfcentlihgtmethod of chémhdurisdr domyeisingsseleetisely pRatibgy @Rﬂﬁﬂ% a

concentr atd0Rn | .h well structure; formng a gate insulation layer and a
8l Utich e rior gt sbhannel lbes. Y

gate el ectrode

I1.  The method of claim 9, further comprising controlling the retrograde dopant

profile by controlling at least one of an implantation parameter during formation of

said first well structure and a thickness of the channel layer.

12. The method of claim 10, further comprising controlling at least one of an

implantation parameter during the formation of the first well structure, a thickness of
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formng a drain and a source region in said well structure with said
channel region |ocated between the drain region and the sgﬁ£ﬁ$ @ﬁgion; and
controlling the dopant concentration in the channel |ayer t t he
dopant concentration increases fromthe gate insulation |ayer towards the
vel | st rudhachannel laffepand b HeckRty Oha dEAdRRARMTiR18fd! © i n the channel

regi on, whereby the conductivity of the channel layer is of the sane
conductivity type as the conductivity of the well structure. 2. The nethod

of claim fu i §hing o iallyv.grow ng a diffusion, rrier

| ayer pri g? toqglrggl\%lmct%g&rgg: ﬂ‘lﬂc aghﬁlﬂéﬁt[ a‘%’é?,n%?%W%Jﬁn%iaf’feﬁ%sisdﬁ ¥id %g%ant s
present wottionrof i stm/iedridustbrtagidﬂﬁidrhb@ttﬁﬁng%idcﬂélﬂepﬁ%r&ﬂ barrier |ayer is
reduced. 3. The nethod of claim1, wherein formng a well structure
includes inplanting dopant ions into the substrate and heat treating the
substrate14o aglichatshdub®r d8RaNtomPiGHe and to cure lattice danage. 4. The
met hod of claim3, further conprising tontrolling at |east one of a

t hi ckness of t Rdirghensistor blayent imoliding: i npl ant ati on paraneter to control the
retrograde dopant ggﬁ%ile %ﬁ %he hannel |ayer. 5. The method of claim 2,
further conprising ks Qtormed una subshiatebt an i npl antati on par anet er
for introduci ng dopadiffusidt Barti9avs! 3 i ckness of the
channel |ayer and a thickness of aﬁ?ﬁ?ﬁ%ﬁaﬁ%glé?tﬁ%% ayer. -10 2 8 SEP
2006 6. The net hod @thangl layer, fofred omesaid diffisioni bagriériplegnt i ng i ons into the

channel layer prio . 1 ng._th ate insul ation | ayer to adjust a

t hreshol d vol tage o g%t}%em&?a}q}gpgayeef? edtqnatﬁgglgqngpﬁay;e_r; The method of claim
2, wherein epitaxi ahkyte@idwoadformed oflishiiwatedRs1fdn 18§er; | aver includes
controlling the material conposition in said diffusion barrier layer and
control ling a thickhéwcetegen dndig fain mgidmfarined it agid wellostadjurs tnd

di f f usi on-hi ndﬁﬁ)ﬁﬁ%diﬁ’fﬂ%ﬂéﬁ Qiohhe diffusion barrier layer. 8. The nethod
of claim1, whefein, during eprtaxially growi ng said channel |[|ayer, a

dopant cowbenimr at dopanofconeentratib@rinethel ayfhel SedOMtih@Lies frdn tﬁeggé bod of
claim1l, .V\,hﬁrei n formng a retrograde dopant profile is perfor &

sel ect i veltyuptionlagertowaris the diffusiop bamier daverd on a substrate, and wherein
forming a well structure in a substrates conprises: formng a first well
structure in a first portion of the sem conductor region; formng a second
wel | st rubt ur eAimethodef fonlingor tetropradé dopent pedtile a8l UkdnREl region of a field

effect transistor, the method comprising:

forming a well structure in a substrate;

epitaxially growing a channel layer above said well structure;

epitaxially growing a diffusion barrier layer prior to growing said channel
layer, wherein diffusion of dopants present within said well structure through said

diffusion barrier layer is reduced;

forming a gate insulation layer and a gate electrode above said channel layer;

and

forming a drain and a source region in said well structure with said channel

region located between the drain region and the source region.

16.  The method of claim 15, wherein forming a well structure includes implanting

dopant ions into the substrate and heat treating the substrate to activate the dopant

atoms and to cure lattice damage.
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region; formng a nmask | ayer over the second well structure; and
epitaxially growi ng a channel |ayer over the first well structure, wherein
said mask |ayer prevents growi ng of the channel |ayer on ZieSE8iftind wel |
structure. 10. The nethod of claim9, further conprising selectively
epitaxially growing a diffusion barrier |layer prior to growing said
channel layer. 11. The nethod of claim9, further conprising controlling
the retrodf-adeTHopgihod of sldime1Gyfurthet comprisigg atontreling mrieastfonanof a

i mpl ant at § r ring formation of said first |] structure and a
t hi ckness ﬂ%?mtg %e c E%‘?\Hnaggé}ll 133{/63&“8 fﬁ.l@%é‘t%@f‘ patrmster tp ﬁP‘Fﬁvﬁ dhe refrograde

conpri si ndoanprofild inAlle éanh€ldayerone of an inplantati on parameter during
the formation of the first well structure, a thickness of -11 2 8 SEP 2006
t he channel |ayer and a thickness of the diffusion barrier |ayer. 13. The
met hod of (gl ai 4y, t IS formng a recess in said first
portion of the seznn%eg%aﬁdgﬁ%%rﬁﬁ%i%}ﬁﬂ%rfoﬂm‘:s f%OEIbn%g‘q ['}a?,lh%ﬂ?n R ayer.

14. A senimpadatidiroparaiaster for dnmpdicig@pan® ihiorthé well 888bHE0R tRICRARI LS
including;, a vveIL structure formed in a substrate; a diffusion barrier

| ayer for nE&hyMellayer andia thickpessofi the diffysiom hamvier layetyer formed on sai d
diffusion barrier layer; a gate insulation |ayer fornmed on the channel

| ayer; a gate electrode forned on said gate insulation |ayer; a source

regi on and9a dFls methodiofwldimr Ife duwither sahtpriskl|implantias W iafdthe $RRRAt €d by a
channel rggion ein dopani concentration in the channel region

i ncreas esﬁ??ro?ﬁiqr%eijsg?‘é‘gatpﬁ% CansYRtion {ayer fadingisr threshaldk veltagerofhe ri er

| ayer. 15ficlhefeéthRdsighr.f Orm ng a retrograde dopant profile in a channel
region of a field effect transistor, the nmethod conprising: formng a well
structure in a substrate; epitaxially growing a channel |ayer above said

wel | str ur ep. epi haxi al | y. W a diffusion barrier |ayer prior to
gr owi ng g}e‘{)}. d xléenﬁlgfh()élOgjycé%frgé\/gewg‘%ﬁ“ﬂ?ﬁlfaﬁf ]éfrlgrewl%fi’%tdéfﬁé‘% 1€ t hi n
sai d el |lagdrrinetdgs@ohtobiug thé Mattrialbdhpesith ilﬁ%ﬁ{di &fggéig% Bhrrie? 1a{y§f’ gxﬁcf’d;

formng a gate insulation |ayer and a gate electro ove sal annel
| ayer: controlling a thickness of said diffusion barrier layer to adjust a diffusion-hindering

property of the diffusion barrier layer.

21.  The method of claim 15, wherein a thickness of said channel layer is in the

range of approximately 10-100 nanometers.

22.  The method of claim 15, wherein a thickness of the diffusion barrier layer is in

the range of approximately 2-20 nanometers.

23, The method of claim 15, wherein at least one of phosphorous and arsenic
atoms are provided within said well structure and said diffusion barrier layer

comprises a silicon germanium compound.

24.  The method of claim 23, wherein a ratio of germanium atoms to silicon atoms

in said diffusion barrier layer is approximately 1-30% atoms.

25.  The method of claim 15, wherein, during epitaxially growing said channel
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and formng a drain and a source region in said well structure with said
channel region |ocated between the drain region and the source region. 16.
The nmethod of claim15, wherein formng a well structure ing} Qefegs

i nplanting dopant ions into the substrate and heat treating the substrate
to activalset, h&io?&ﬁ@ﬁhcen%@éﬁo%ﬁi SRnAYS e W ddnfiBndpmage. -12 2 8 SEP 2006
17. The nmethod of claim 16, further conprising controlling at |east one of
a thickness of the channel |ayer and an inplantation paraneter to control
t he retroggade ofhkle in the .channel |ayer. 18. The_method of

cl ai m 15, g?'urt eﬁﬂgtgﬁ%r |8f5| %e'é;e"f‘é%ﬁlt‘/r PIRE &t r?téc?%%/‘%orfjé’pé‘?t Fofile i adt at i on
par anet er sémiconduictod tepiom Hrehep dh laSubdtiate, (EMYBbA cShpliGhyr € a thickness of
t he channel |ayer and_a thickness of the diffusion bartier layer. 19. The
met hod of cl ai HArMSNE 3 first el svetpre iviarfiyst nestiemef the sémicendustas regien;c hannel

I [ t - 1) ' [ | t [ust t hy eshol d
vol tage of the P g skl BRIl B G0 Rhrilh AORNGferieindhios

wher ei n epigianxi al |y growing said diffusion barrier |ayer includes
control ling thf mat eri al conposition in said diffusion barrier |ayer and

control ling a fEmugRReskkyeHver therseepndorelbsructuese; | ayer to adjust a

di f f usi on- hi ndgyd e, di | rker. |l ayer. 21. The
met hod of cl ai %éfg?dﬁgr?%?iﬁh% g?{gl\‘v%r%naeglé 0 lsisaglr‘grd 8{2 fahR st é’f/f(l rStrf'lémTen t he
range of whereksaidimeisl 14@r podentsngrowigy of theZhailid 14k vAdhe fse€dndi Well 5,
wherein att hickness of the diffusion barrier layer is in the range of
appr oxi ma?’eqcb“ - nanoneters. 23. The nethod of claim 15, wherein at | east
one of phosphogpesivalRde { . i .t i i
structure and said d?f r}ﬁ%?%gyggéﬁﬁ%ﬁlcgf;fgsﬁ&{ %éﬁrr%?ﬁ%}\gg @egitﬁgcﬁgsﬁvgéeli mani um
conpound. Stpugturq prontetgiowingfsaicl channe? Byyemher ein a rati o of germani um atons to
silicon atons in said diffusion barrier layer is approximtely 1-30%
atons. 25. The nmethod of claim 15, wherein, during epitaxially grow ng said
channel 213 2TRe FEod0Hoclainf 26! whireHORM imARERA AL Ge Spkiflognanne

or m ng

| ayer is controlled. 26. A nethod of selectively f a retrograde
%p}chg silicox nitride and silicon-reacted nitride.

dopant pr

28.  The method of claim 26, further comprising forming an etch stop layer on the

second well structure prior to forming said mask layer.

29.  The method of claim 26, further comprising controlling the retrograde dopant
profile by controlling at least one of an implantation parameter during formation of

said first well structure and a thickness of the channel layer.

30.  The method of claim 26, further comprising controlling at least one of an
implantation parameter during the formation of the first well structure, a thickness of

the channel layer and a thickness of the diffusion barrier layer.

31.  The method of claim 26, further comprising forming a gate insulation layer on

the first and second well structures.

32.  The method of claim 26, further comprising forming a recess in said first
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sem conductor region formed on a substrate, the nethod conprising: formng
a first well structure in a first portion of the sem conductor region;
forming a second well structure in a second portion of the sgdiSebabbict or
region; formng a nmask | ayer over the second well structure; selectively
epi t axi al pyrtidh®fithdsein r r.uc wher ein
sai d maskbl ayer prever%téés}ﬁg?%\%\nr%]gg&g n%@ gé{lu ﬁelld{dlsaa}gr?él aa/%{ r%heiéeé%gar’{g wel |
structur eﬁrsénweléeqtl@létuwefl% foemd: &xi whl impjantufiorg pﬁodlté ffoahing &t réEs, | ayer

over the L ruct r| or ow n said channel |a
The net ho 'f%tbg On\m” “&FQQE‘E SRt nmgw@&ppgﬁ@rgfyﬂegm i con
di oxi de, salafmrwemlgwmdﬁe@ﬁ&r&ésémaﬁ@lﬂct ed nitride. 28. The nethod of

claim 26, further conprising formng an etch stop |layer on the second well
structure prior to formng said mask layer. 29. The method of claim 26,

further c rig the retrograde .dop rofjle by .
control | i ggpat gg%e,‘[ﬁ?dgi;éf’%l%x fnggz’l NPT St S&f“?@%&?%ﬁgﬁ&rﬁfghw%tr?%ﬁ on of
sai d firsperfireddtyrion itiplantation aftérhbﬁmg%@dqécefsbe channel [ayer. 30. The

met hod of claim 26, further conprising controlling at | east one of an
i npl antation parameter during the formation of the first well structure, a

t hi ckness3af kness, of. the diffusion barrier

| ayer. 31. spTheﬁ“ﬁg{lﬁggﬂ (r;t?H % lg%/fnqr %oﬁﬂngm%%}ain Pglbonlsd?tﬂlsﬂ‘é cg‘a'@f}f?e

i nsul ati ohyblatybeudjushathrm&dvcﬂtagand second well structures. 32. The net hod
of claim26, further conprising formng a recess in said first -14 2 8 SEP
2006 portion of the sem conductor region prior to grow ng said channel

| ayer, whgs.ei nTg I r I i i npl.ant ati on
prior to forni ng@?%ﬂa&dr giz&elgis?ﬁ 2|6V\h%Hé Hltir?rlﬁ aeﬁgg’tf:{g%cp%'?‘g% %rfg 13%6

control | e@ngQ)Oﬁmm@)nmatql)emﬂlﬂédndopant profile in said first well
structure after recess formation. 33. The nethod of claim 32, wherein said
formation of the first well structure is performed by ion inplantation
after for36.ng Thd theftRAOTlaid®26, Werdi® h iRidkedss gf &dildd an%e#?%Q z rising
inplanting ions into sai d channel 1layer to adjust a res age. 35.
The net hol the rasge phapmoximatale220am.hi ckness of the channel layer is in the
range of approxi mately 10-100 nm

37. A method of selectively forming a retrograde dopant profile in a
semiconductor region formed on a substrate, the method comprising:

forming a first well structure in a first portion of the semiconductor region;

forming a second well structure in a second portion of the semiconductor
region;

forming a mask layer over the second well structure;

forming a recess in said first portion of the semiconducting region; and

after forming said recess, selectively epitaxially growing a channel layer over

the first well structure, wherein said mask layer prevents growing of the channel layer

on the second well structure.

38.  The method of claim 37, further comprising forming an etch stop layer on the

second well structure prior to forming said mask layer.

39.  The method of claim 37, further comprising selectively epitaxially growing a
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36. The nethod of claim 26, wherein a thickness of said diffusion barrier

|l ayer is in the range of approximately 2-20 nm 37. A nethod of
selectively form ng a retrograde dopant profile in a sem @rﬁcﬁgdﬂ%r regi on
formed on a substrate, the method conprising: formng a first well

st r uct ur ediffusiadn foarrer 143@F bt toProwing sﬁﬁréhﬁﬁ?ﬂb@%rkf?r region;, formng a second
wel | structure in a second portion of the sem conductor region; formng a
mask | ayer over the second well structure; formng a recess in said first
portion ofysth 1 i 1,0N;. d after farm.ng said recess,
selective%% engig#% yggégaﬁ&%egwgﬁ%ﬁﬁanFﬁy%g”ﬁﬁ@?ﬂmgﬂb%W?%EFﬁWG?I

struct ur eremalvarrgethe nesk thyepakd foriig e @URThSIlATRAIERG fthé At GREBREAA | ayer

on the second well structure. 38. The nethod of claim37, further

conpri si nf® gpﬁmﬁﬁ&an etch stop layer on the second well structure prior
to form ng said mask layer. 39. The nethod of claim 37, further conprising
selectively epitaxially growwng a -15 2 8 SEP 2006 diffusion barrier

| ayer pri4k t ollyrmeihng of alain ébawhertinl fopteing adte ih\gatict apet influddsai m 37,
wherein fornim§eﬁﬁ£§f insul ati.gn | ayer includes renoving the nmask |ayer
and forning the"Y iTSsRATHET Shthe gats ingHationdayqrogithe fiest wisH stuctusge| |
structures. 4lembRfmgtRE Hﬁgk%fyeplaﬁ&m 40, wherein form ng agate insulation

| ayer includes: formng a first portion of the gate insulation |ayer on
the first wel |fosmingca second poethmyomdhet seeondisielll suueture, anbild icrdasigg ahsecond
portion o) k%ge Sﬁﬁpgg Fel. structure, while increasing the thickness of
the first porerohredys et hod of claim 37, wherein said first well
structure is forned by ion inplantation prior to form ng said recess,
wher eby iﬁflantation paraneters are controlled to obtain a required dopant
profile i4¥ saithe methodvad] ¢laigt Blcwhereirasaie firstewels strudtoreniatfonmed BB ionThe

met hod of; i T, rein said.formation of the first well structure is
per f or ne n@g&lﬁérﬁ)ﬁi H%%ﬁhag? gflf’ p’gliqgaﬁuirregeg?,mwﬁare %i Wnlupaion pARmetREs afpt hod of
cl ai m 37, cohtrolidteto elmiprd fdqaed ABpAN okl iQRSdIfkOweR sty rede@yer to
adjust a threshold voltage. 45. The nethod of claim 37, turther conprising
form ng dOMP#AN. and a second

43, The method of claim 37, wherein said formation of the first well structure is

performed by ion implantation after forming said recess.

44.  The method of claim 37, further comprising implanting ions into said channel

layer to adjust a threshold voltage.

45.  The method of claim 37, further comprising forming a first and a second

transistor element in the first and second well structures, respectively.

46. The method of claim 45, wherein first and second transistor elements are a P-

channel and an N-channel field effect transistor, respectively.

47. A method of selectively forming a retrograde dopant profile in a

semiconductor region formed on a substrate, the method comprising:

forming a first well structure in a first portion of the semiconductor region;
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transistor elenment in the first and second well structures, respectively.
46. The nethod of claim45, wherein first and second transistor elenments
are a P- channel and an N-channel field effect transi stor,zﬂééPpéQﬂﬁively.
47. A nethod of selectively formng a retrograde dopant profile in a
sem conduct or Fgi)af REGRAWAN ArtHRE it A Secohd HoREIMBE ufeO Wik digior f OF M N9
a first well structure in a first portion 019 t he sem conductor region; -16
2 8 SEP 20@®n;f ormi ng a second well structure in a second portion of the
sem conductor region: formng a.mask |la over the second well structure;
sel ectivel y ep;f rglg?gaﬁl?’?%{agﬁ %’&rtal‘ecsﬁ%\‘?ﬂﬁle‘%gisﬂ}&m@ver the first well
structure, whsileitivelaghaimly dowaiy Pemiiel fydf OV dirst fEIGRHEBRRL | aver
on the second well structure; and Tormng a“'gate insulation layer on the
first and™eeEBhepidumask Jeyeypreveats, gramingphthef dhannel Jawaioh thatsecondswelht i on
| ayer CO”HBL%@@* fjormng a first portion of the gate insulation layer on
the first well " structure; renoving the nmask layer; and form ng a second
portion on t hefamimpalgate insubition tdyer 6n thatTirkCandi BESRBSEINGrnidhged, Miteldaess of
the first _portion of the gate insulation |ayer. 48. The nethod of claim47,
further c m%¥ﬂbg¥%ﬁﬁPhgoﬁhﬂﬁt%ﬁmgﬁﬁﬁ | ayer on the second well structure
prior to form ng sagd.F yer . 49 thod.of ;claimd7,. further
conpri sing selecti vg%yq%;?tfg% géquﬁgoﬁggmgéa{ggms fltfl?rhéafygﬁ B ?iﬁéft Veyer pri or
to grow ng saistruchaernel | ayer. 50. The nethod of claim47, further
conprising formng a recess in id first portion of the sem conduct or
region prior to grotW Y Reng mask iayer apdyer, wherein said first well
structure is forned o [ n QN ri f.orm idr S,
wher eby inplan;atiO%P%g¥gE%fgggﬁa%gﬁ%%npgoF?%ééggmogﬁgﬁ%nga?ghu§§§§ dopant
profile in saindrepsing thevthickness ofitedfiret poiti@r ofithe gats ifsatatehilaer. 51. The
met hod of claimb50, wherein said formation of the first well structure is
performed by ion inplantation after form ng said recess. 52. The nethod of
Cliai m 47, 48.Ur U meQisRIof eldl 470KIFiHRE combridif Gt Pad BEARE 1%{/&%%'@& or
element in the first and second well structures, espectl&% .o-1

second well structure prior to forming said mask layer.

49.  The method of claim 47, further comprising selectively epitaxially growing a

diffusion barrier layer prior to growing said channel layer.

50.  The method of claim 47, further comprising forming a recess in said first
portion of the semiconductor region prior to growing said channel layer, wherein said
first well structure is formed by ion implantation prior to forming said recess,
whereby implantation parameters are controlled to obtain a required dopant profile in

said first well structure after recess formation.

51. The method of claim 50, wherein said formation of the first well structure is

performed by ion implantation after forming said recess.

52. The method of claim 47, further comprising forming a first and a second

transistor element in the first and second well structures, respectively.
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2 8 SEP 2006 53. The nethod of claim52, wherein first and second
transistor elenents are a P- channel and an N-channel field effect
transistor, respectively. 54. A method of selectively forninglSERZ#06gr ade
dopant profile in a seniconductor region formed on a substrate, the met hod

conpri si ng3. f oTke Agtiddf dff Hhimvsd, |wh%}élﬂ?fré%raﬁd'sgcoﬁdfﬂahﬁgtopﬁ’l R 28 o
sem conductor re |0n form ng a second wel | structure in a secon portl on
13

of the sefi@® o8 -ch@gliebﬁel ﬁppﬁtragusatmspebax@y over the second wel |
structure; selectively epitaxially growing a channel |ayer over the first
wel | structure, wherein said mask | ayer prevents grow ng of the channel

| ayer on Hhe sdAcanethvé! bf @ldcﬂeélyr dornfing horetdpgad fdopit fia?&hl@ $ecepnd
transistor elengnt in th irst and second well™ structures, respectively,
wher ei n sTyePn ré?ﬁi%é%@ﬁélovﬂéﬁbﬁt@t%ﬂheem@the@@@nmma P- channel and an

N-channel fiel ﬁ)rﬁlﬁﬁ§&ﬁr5¥ %ﬂ%ﬁﬁétﬁfe’m aqﬁgt otl'{lve' tg? SC(SIHC?I’H@ PE%%%%BOL\BH aim

54, further conprising formng an et

structure pri oforting ersetog wall chtmmtike Ilm)aesecoﬁcﬁ poﬁhfﬁ e tHaogénfordudiof 54,
further COfTPI‘I sing selectively epitaxially growing a diffusion barrier

| ayer pri%® %o growi ng said channel Iayer. 57. The net hod of claim 54,
further COWDr'ﬁirﬁﬂlg@ﬁlH%w yé SRPERSeloSAU kil portion of the

sem conductor region prior to grow ng sai annél | ayer, wherein said
first well st rféﬁé@mwdylﬁzpltamaﬂp(grdmymgom chamkhhiyat bost the ifest well keusfRg sai d

recess, b ntati on paraneters e controlled to obtain a
requi red %prgl%[ yab# ?}%s? &R, presvgﬁta FPVHE %&’F chppnel dayep opfthe seqond syl
f or mat i onstreflire;Andet hod of forming a retrograde dopant profile in a channel

region of a field effect transistor, the method conprising: formng a well
structure in afosgbg @ drs;andfapsecond tlatnsmtoesbemem $ta|tht ﬁﬂst and seaontiuvel] - 18 2

8 SEP 200 id rec |ta a channel | ayer
above sai sgmmceﬁﬁtr%s g rg{;}(f:(%e ?%Prﬁah‘gﬁ“gﬂ@ Fr ql V\f’é?‘gP S48 %P yat e
el ectrodecmhmazansanm-aimﬂeﬁeldiaﬁfwmanﬁaar frékb@ét%ly’" drain and a source
region in said well structure with said channel

55. The method of claim 54, further comprising forming an etch stop layer on the

second well structure prior to forming said mask layer.

56.  The method of claim 54, further comprising selectively epitaxially growing a

diffusion barrier layer prior to growing said channel layer.

57.  The method of claim 54, further comprising forming a recess in said first
portion of the semiconductor region prior to growing said channel layer, wherein said
first well structure is formed by ion implantation prior to forming said recess,

whereby implantation parameters are controlled to obtain a required dopant profile in

said first well structure after recess formation.

58. A method of forming a retrograde dopant profile in a channel region of a field

effect transistor, the method comprising:
forming a well structure in a substrate;

forming a recess in said well structure;

b
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region | ocated between the drain region and the source region. 59. The

nmet hod of claim58, further conprising epitaxially growing a diffusion
barrier layer prior to growi ng said channel |ayer, whereinl8iSER éfon of
dopants present wthin said well structure through said diffusion barrier
| ayer is reducgfier 68ninkN@i [ By of WLt hen |.Sd

controlling at |east o-r%aﬁ g%gé&ﬁ]ﬁ%ﬁﬁggg %o‘?ﬁg ﬁedhg‘ ﬁ%ag&??@édgféagﬁgelén

i npl ant at FE¥OE8r aneter to control the retrograde dopant profile in the

channel | ayer. . The nethod. of. claimb59 erejn epitaxially grow ng said
di f fusi on barr Fog%l g g%%tF I?Wi%d’&elgyeé &H{Pﬁcﬁaﬁ %,‘Yn“f‘?d@ %?%Farl‘ilcﬁ@é‘ﬁbgg?rﬁi on in
said diffmsd on barrier |layer and controlling a thickness of said diffusion
barrier layer to adjust a diffusion-hindering property of the diffusion
barrier |ayer. f@gmingradrainapd@ souresl eionso saighwelb istructurel witls said rebamfel
phosphor ops;; ' ovided within said well structure and
sai d di fft%f%gg%%‘%éflgg{rvgf%@tgmggérgg?rpgs%ds/thgS%‘FF? Eeghonger mani um conpound. 63.
The net hod of claimb58, wherein,. during epitaxially grow ng said channel

| ayer, a gié)panlr concentration of said channel layer is controlled. -19
_ . he method of claim 58, further comprising epitaxially growing a diffusion

barrier layer prior to growing said channel layer, wherein diffusion of dopants present

within said well structure through said diffusion barrier layer is reduced.

60.  The method of claim 58, further comprising controlling at least one of a
thickness of the channel layer and an implantation parameter to control the retrograde

dopant profile in the channel layer.

61.  The method of claim 59, wherein epitaxially growing said diffusion barrier
layer includes controlling the material composition in said diffusion barrier layer and
controlling a thickness of said diffusion barrier layer to adjust a diffusion-hindering

property of the diffusion barrier layer.
62.  The method of claim 59, wherein at least one of phosphorous and arsenic
atoms are provided within said well structure and said diffusion barrier layer

comprises a silicon germanium compound.

63.  The method of claim 58, wherein, during epitaxially growing said channel

layer, a dopant concentration of said channel layer is controlled.
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