Bl ASED, TRI PLE-WELL FULLY DEPLETED SO STRUCTURE, AND VARI QUS METHCDS OF
MAKI NG AND OPERATI NG SAME TECHNI CAL FIELD 5 This invention rel ates
generally to sem conductor fabrication technol ogy, and, nore particul arl y,
to a biased, triple-well fully depleted SO structure, and valDbLglfret hods
_of making and op Iéﬁpﬂ,g?@ﬁh%WEmeﬂmsmmmcmlm anpstant drive

wi thin the seni condvaRgsus MEREODS OFMARNERSS OpRRAPRRY Slpy speed of
integrated . circuit devices, e.g., mcroprocessors, menory devices, and the
like. This drive is fueled by consuner demands 10 for conputers and

el ectroni c devices that operate BECHNWIAaHEND|y greater speeds. This demand

far increaseﬂms, n esl s u Leduct IS m|rn t he
semi condyct PR, 1aa g%wugraneg{}g?do%g%dfﬁ ft%l Chnd]n%f'h %ﬁﬁ%ﬂ%‘ﬁﬁ% t%? a

typi cal "'#f eV‘Ble'é"Flyé‘@’( ‘?"P're'é?lg?ls‘f%ﬁ‘“”( BT friougmeghods of imakingesind bmngnghame} uncti on
depths, gate insulation thi cknewecKcalltduﬂbﬂerl ke, are reduced. For exanple,

all other t l.er. the channel |ength of the
transi stor, hhhe%fag:ghsg?t ﬂyé%l?"athi;sl%? X “W’ industry toringrease theypperating fpagdeef jnteergted

const arfircitrdevigss.eg., micgepeasessare msinory devmcs swigthedike.oThisl &ive Refucto rbpcmgafensaeaﬁnda

' tigpi cal foﬁcbﬁﬁlﬁdrﬁx@éle&r@mé d}CnE@%ﬁEoﬂelQ@ aONE L dly g?eQFe sg &l ﬁﬂ%ex&and%? Ihteased'speed vel |
VI.CeSs Nncor por atl ng FI trans

as int circu

transis oir%gu(?tadr g ac?)°ﬁ't 'r“ﬂ{fa Yetiongip :ﬂ‘ et ‘ﬁ sﬁ%‘&‘ﬁ?‘ﬁ@’ frvices: ele “F’é'a‘efﬁr diretris, snaoy
advancwwgpqnwmf@l byigal fdldwifiee trangstdr (PET)] &y, diaﬂklafe@& %ct%ﬁ Sd@ﬁnsag@gi mm&kg@t i on

i n the OGS, afdkRPKRS, é!@.le&éaﬁ FoF BA%iSe, aﬁX&{thnr?gy g’%:‘fs&axg‘ %:l{‘| tge g\g%elt[ herat on

is often acconpan e uct 1 on
transi SIedpRnsisior, ﬂ?esfasffhﬁ’ﬁ/ﬁa‘t“ﬁ‘a't will 9paraiey nidins; there iseopistaptalrifetb radecathe dizo or scale, of
451 i conhegompongts ot Qypichl Haks)stos tbbﬁdrd’aﬁbttﬁﬁovaiﬂhépbédtof bx@trﬁxﬁ?&torpﬁ's"\t'éﬂragﬁ@gﬁte@&rclupw

oper at ighfces HQtoRdiSs ughmls% transi stors of simlar dinensions Tabricated in
bul k sili con substT at es e superior performance of SO devices at |ow

operating v {aRgistorsare cantigpally S%aé?d fithkeeping withi theabquiréngewss of jduamcitg echnelegyadevicances
obt ai nedialglity dittaeOhn assRisic @eda&oﬁ Wab&ﬂr EJB 19 VQHEJ( fidnkd, %%py gx@c\éésﬁlg tegﬁnol%é)m I ar

dlnen5| T. devi ce parates activ
t ransi sftc-hgl:riuornelg%g%gar C%O?" anr’ll%%&h ?‘KC?%ﬁ 'f‘lﬂb ??e‘?ﬂ‘és"ﬂ"’éf af the I‘fﬁf’é‘s‘f"édﬁdﬁ kgwp thatt i on

€hpaci fraister deyisesfabgicated on S'él@proeﬂil@ulaw (8RB mydbteatepéxhibit bétlet pesfbrinaick Widow b;&nzsngst or -

10 f abwbltagds @@n @ trands
olagds €dn tdri $fld§¢|lﬁxaﬁd1é6§or§ IedbliGR8 Y sihgog;%t%&agers.bﬁ}‘égﬁpte&%grr i aéxcell A

shown { 1l is conpris

“a buri eé’k’% %"Vndés & F’“’ °8‘F‘"""“F V‘l‘f%" is ‘%&ﬁﬁ‘}&ﬁh‘*&&'ﬁ‘i‘@}é'way@\ﬂm capagitancyyphtainedgign 8Plor 10
i s conpevics agicantpared gat ik silcon ddvice of $imijae dinkdsjona gatbanedeixﬂe tawdiEanlﬁm a&ligewal |
spacer sepdites adtive Erﬁisi@toxr 18idnd ﬂo@%bul@ﬂﬁw@ §r9tg rlﬁ:% redl?cgatg |]unctnop capacltan lurality of

%Srench |solg.t 3 lons 17 are orrre ayer T C Aso
epicted in B dép'i A9 &xagplg| f 28 | iHupkativg “@Eiﬁ‘mﬁ@tflﬁwt@mﬂt Qi\cl!lytr'ﬂﬁe Sificohonred i n
a | ayefnsubforisyisirteatli iy shewtnathéraia, tR21SOI TitRra:0N I €dnipi&d 69@5@6%&&&@ 19K QMivA&

el ectr pgdl1a g&pﬂ@e&h'aﬂ'lctk@l B;Qeilg S"he?trangﬂ(g lﬁ?ur Cﬁns{:ae &‘I é’gﬁat(g HnsﬁAlop #y?rﬁé agafe e

constrL{cte esapé Lsan5|stor nes
| ayer Ifetteutllspacpis 19 denin egion %rﬁ'ﬁa?%?y@? regign 18BheA Purkiky efireschrismtatonl | A

;b(s) n O{’ nglmisﬁ1 7 d® Iﬁgded/m thia active lay2p [ P I‘Als%'fdﬂalgéaﬁlaﬂﬁure Rt ?ﬁlhrﬁtty off corﬁuotlv@coﬁt‘a&yﬁe
ant el oY indiila i condhdi% ec oMl o0
p forhtd zaﬁy &R Mad %n&&r E dhﬁ Shadhd 8?‘“&6&@’ &8?/5%%‘:‘55 cwﬁzpwp f}V dmt"he

dopant such as’. arseni or ous
bul k sﬂ"ﬂé?‘?"%it’%v“’]?f B84 18- ﬁ%i‘?f’@sua“éfbﬂ\e#glsé@nl%dwf peat iclpnneBBgibe Vi tierctivedayar der

of appti®dienathelie\gatd Gikdating l&&érﬂﬂ[ﬁ'{he-mﬂ% stidbrdtecd A%oFlﬁ'all% ﬁ?ﬁg&k \F{ihszlsn a%crgga?%ts :agp)?l tn’at ely :

conpri e O anfiy €

200- 36%5%.%% 2%‘0‘40'&'?3 6%6 Fis) Hd %e'b‘é?: q’°(?& d1“é{%>‘é? of NMOE dises, gpan Nepypifiopabsrcys o -
doped ¥fepif ebwospa?fepsﬁvr RMQB dediges. Jypidalls Kindals subbtragpid Aowil heve eldgpn@-c&ﬁerﬂxm:c(n50 300
3B) . TrierBboisthe bided ﬁQbﬂr&&ﬁéf&B’ 10¥ iofemd URRL Buftld tg(lﬂgfl;yg-r lI 1%%2%@ lc%r@?lsgdoorf %Q

~advant Q ans ors_fabrjcated In at es.
exanpl @g‘?d(%io XE{ "t“%\? '°FF§fsa?lf RSO ately 2AT-260 e 20083600 AN Bhe 2etivg layasd 16 ab‘rhec at ed

compnsed of a doped silicon, and it may have a thickness of approximately 5-30 nm (50-300 A).
Transistors fabricated in SOI substrates offer several performance advantages over transistors fabricated
in bulk silicon substrates. For example, complementary¥metal-oxidc-sem1conductor (CMOS) devices fabricated
40 in SOI substrates are less prone to disabling capacitive coupling, known as latch-up. In addition, transistors

fabricated in SOI substrates, in general, have large drive currents and high transconductance values. Also, the

-1-



40 in SA substrates are |l ess prone to disabling capacitive coupling, known
as latch-up. In addition, transistors fabricated in SO substrates, in
general, have large drive currents and hi gh transconductance val ues. Al so,
the 2.0 DEC :2005 -1 20 DEC 2005 sub-micron SO transi st or 80 HWAU@00 npr oved
| nmuni t iyt g,gcrgrpgb} t%rrlls%one efferct when conlaar ed with bulk transistors
fabricate (UM | ﬁs'["%ﬂvse AITHBUBh haerhamel st Wier epmpsesdf wibnbuic e
advant aﬁ@é‘“@f\?@bf‘@@ﬁk)ssmlarqumﬂdew ces of simlar di rren5| ons SO devi ces

share cert ai RiupRasH SONR } stors. For
exanpl e t %ve %ﬁﬁﬁ%g&g‘&cgn %ke% Er?vaefllélflks(t“nl‘m g?vgesf (gﬁf’?apr ‘%’@8‘5‘10?? t he

thin-fi ?%t Ja]ec‘f:‘eis\f arg &?‘é‘f‘ PTP“Q‘“““SE&?‘?“HJ%’I‘WQ 19i all-thipfilm wansisigs. ST exanpl, Heradtiver
diSmensi dements @fjan $Qigrabdisak ade lfabntabu kheHm- f% abtiVe 196G 11 ¢¥ eschihy OF thih Jfim 'E}ﬁ‘nsiét@quﬂoced-

Ho a i : icknlS offif b

ol ot r1 s Ak RS By Lokl oP6} 1o bl EIc el Harsien § e fiPlesss et
This cBh2H%/lavenl ey sadnerd ﬂremb&mal sHistincasfhestetive lqyerrlflommﬁpbmn{gmm&sthﬁs
f abri cadah haveof n&graﬁvfbsinﬁﬁc@ lfon &8RP perfdrflanfe b&ARE lﬂfet fal}{-n%?t %9%?‘ ALY gleme | ﬂh

el ectri tance the drive current ransiste
Nor eove‘%’%“m""?ﬁﬁ REng ?1{“ mﬂﬁgﬁ'dﬁs“ia?fé reduges {he drivecarrent) ofthedfansisior H0) Mereweces

d@nt i nubsthicknestad the astire layarrlil @bl @ISO Hevick h@nﬁd&ﬁ ﬁﬁia&éa@l: V@hidRgR the(tMIsLole/olIa&e

devi ce (Qgcdg[h t SS e
decreasgs, ﬁgéﬂe?E@ olf)d& \ito%smgéhtémég J((f “‘déva?%{i %é&%ﬁéss‘hﬁﬁgf@lﬂvghagggﬂ%{:
resul t , deyjeebegqmes ypstabln s ATpsalt. wen qf such mwbm&amsmnmecgnahwateﬂ dircuii devid@yVé. €.,
e.g. mwwrmrs&@mmn&evmmicmmy b6 SBecorhed Od a.ﬁﬁw ,ﬁﬁo%rn p6dsBr, Decomes very
e

dlfflcult i f i b |on | | -state akage currents are
al vays of co%dgfe}%tﬁa"?p oty teelleg(ﬁ“fe cﬂ"%'fsraéeu‘? a’%@%f@ﬂ*"‘ %‘l'ﬁﬁ%ﬁt"&fﬂf‘“ designe sipgeesths

tidnd” t SUTRIFORY 16t Hmngtqﬁiehgmgs i eRg gRRep@mptan SSup tiriceised Hiveh condGHiptias %d

pover gadieukip uhd@sirabk in ﬂﬁfytnloﬁéhll ortable wﬂgﬁx@ll Jegieéseembﬂy i rm:) &ng} i€ Oergt abl
rated circujts C’C?O Fers.

consu ng I nte

Last | ;n,% mflfe excx'f“c g‘p ‘irré' s %ﬁ?“’b“ ﬁ'ﬁ‘i“?ﬁfe dpcgeasteip rf\élétééplth &%memmwe slscy
struct Ghaesel effaqts may genr. Sthatrit, in wéhefiedepletd ®eica, MMMst SERRUE the il Tines of thé feckiidch

fully diemloptedrSlLHACRSS to Q$up‘e€@§l£ S%QAF‘E re?t)n tl%@f t‘l%ﬁanswt r 1'8%% uéta thféeq%*vely ﬁ\éclicl ¢

%bel d {00%9(? ral n 18A t end to c anner
F ansi BOHES e faws TRy 1 &f%’é#? thppleqericAld o(@@d.rmsw mmjactdein efféctominde
| ayer 3t Be trhmisooie TeseaBallyf fueh bR fafbe ekl 19 redidhl m&r@u&\esl A BWYiePGddet O

i n ef f egér 118 YWdhbr t robl ens may be
reduceg@ﬁ % u0|"£r;1'ln:aStl The d%@ E%i ﬁ%%’g&%% Fihe g‘ﬁ@?ﬁ%%“a‘eﬁu §°W°I"%W’§$‘ aetions, ff taky/ or

i ncreadf étet“ iy 'ﬂﬁfﬂsﬁﬁ'e é‘ﬁﬁ@éﬁ?ﬂaﬁ?ﬂcehetwentﬂnedmmhdd ssuirstegiarts 984,11 8B, andHthaduier |
such asibstars]IAL theteBK @¢gating WabfOthé Bitthr GenkfRE 6f3§(§lete$hnﬁoéyumtr5&8n %Bﬁ‘?dnr:ﬁ%gce
bet weep,thg,drain and source regions 18A 18B and the’ bul'k ate |

t her eby negatl ng one of ‘the primary benefits of SO technol ogy, i.e.

reduci ng sudPbf Pressetinsption dssditegiesite jatdavicand Firpupmelesn that mayenlvé, onat lé‘asdledueé;t ed
to a desticoealbufthe dRFeh@htBnddPiddREAS that may solve, or at |east reduce, sone
or .all of the aforenentioned 85{5:?1 .. DI SCLOSURE OF | NVENTI ON The present
invention is generally direcf OéuﬁEﬂFané@NTWWpl e-well fully depleted SO
structure, &kdpressw igvention s gewerslly atirectadfto mEtidsely tripeclvel) [Fellyadeplerer scalr@ucdxre, ane
3d | ust Vaaiblls\hﬁthem%k’iﬁg’htnd opeRtBingdGNd. %?orﬁ%ﬂ@th‘u?e%?nb&%%{(n@%s 3 hiQ c{mépnses nsasl%a

silico +ove tor subft rate conprised subst
i nsul at’lon 3 S KReromsulatpr sybifeate %?@Fed 7o byl pubsteaigha b'md @Slﬂéiongﬂyefoapédn with

a fir stctiyejper, til? bdb pisttaterbaingdapall with a fiekt Gpef of a&;fant\hﬁ{ehal faﬁd AFek Weﬂ fJnhé‘d iR th Kulk

SUDST I abirate ttﬂeﬁrgt'vfeﬁ tbel“ﬁOkreMﬁ Qg?cgrﬁgﬁ:q oWlogant e Bnds SRS opposnte ther}lrst Material

that i sfdof a gge opposi
of dopant material. The device further comprises a second well formed in the bulk substrate within the first well

35 the second well being doped with a dopant material that is the same type as the first type of dopant matetial, the

transistor being formed in the active layer above the second well, an electrical contact for the first well and an

electrical contact for said second well. In further embodiments, the transistor further comprises a plurality of
source/drain regions and a source/drain well is formed in the bulk substrate within the second well under each of
the source/drain regions. The source/drain wells are comprised of a dopant material that is of the same type as the

40 first type of dopant material, but the source/drain wells have a dopant concentration !evei of the first type of

2.



of dopant material. The device further conprises a second well fornmed in
the bul k substrate within the first well, 35 the second well being doped
with a dopant material that is the sanme type as the first t pm dopant
material, the transistor being forned in the active Iayer 0he second
vwel |, agopsh GGhEh 68 is & cl and an el ectrical contact
for said second wel . 95{‘&3} a3 %éc&ntlaﬁ nlct]drr %%erl]}t,vgtlhe frseRe gﬂ‘é"l“%‘ B i Phispond

conpri sgdl 5 plurality of source/drain regions and a source/drain well is
formed in thea 05&Jillkstﬁﬁbb$ﬁlbﬁﬁl&nu\b Bthéd dff@mm Q%lewﬁﬁdovmﬁ;ﬁn-ﬁﬁgsnlaglf subs‘irmg

/ h d o d t
mat er | af Ppyaq SAQRER il E B DR 5% ISy Tyt oy s birp ot IR
bdt t hetyriofidepant oetgriiah isvdistipssd.Ehg eleﬁiodcb@pams pexforning b fidt ibroimplhd p@tesfsing idcdnd r St
type of type?of Zoan Qﬁ@xa? QI%S ofq(ﬂ?)@ Gﬁpoﬁgﬁlg Hs@#’p épg’ogank ﬁatLr??t% fc;[r+} %? R{Eﬂ?&%n thhm

concent a i on | evel rst t

wel | s, BETRTInG & SN A PogesH SR GHORSI ety dhe S 1695 b

gbovedaf rstitype cfolopantmaterialilo ddr@mra sdehB\&ella&gibn lrﬁtﬂéh wbld sﬁ%ﬂat@%mﬁm R fide B@w bﬁettfaﬁ’sﬁs%a a ]
urie the sustr e_bei ed wit

a fir St&mb ?};?/mégq%?g zg%q r?%pabg tﬁe A7 onoaiye‘ﬁdﬁ)mgrrgc?scg uc“ﬁ‘]ceo"%f rif &ﬁlg%dg

B8rf or ??Qd"&“"f’ cpngact i°dﬁ*f= sepqod amtl priothesembadiingrty, the sethothfirthet youeprigs aquplaﬁytof

mat er i asourtelipdin ﬂegior@fandiwﬁey&ﬁsamﬁﬂ fRhdr hﬁnﬂrﬂsé’s%&rfﬂlp a e Q)q t PAe&d uﬁ‘ﬁ ato
forma‘{0 substra E or m ng aseuond

IQn W
i on inp ‘éanfmatér,r\%lc éast és Rt °81p°8‘8;5]§r1'{“t Rt ‘éfrq°Bﬁ“‘ il tp §es‘f‘ a§%‘é/dfay‘m?"éf’s‘h? he
first tly}i;éuhgtratmpq iwachwhie elufality of utadrsin agomcd e wdistor, (e gtbtﬁda/dtaﬁ\ v&ehamabihg X
subst r afofant¥ohdRitRtidnEvef dfrtlﬁtﬁr*ﬁ#)i of dbpafit nfalef HaP [%Es ha§! 'dﬁ;?m c?r(c e Ghioh vl ifp@ct f ve
uctive co fopleve!;

yer Qve t e seco ormng a con r'St wel |
ﬁd f or' i g° of pﬁ"tc?ﬁﬁﬂﬂé“t‘f‘?/%‘:"@ﬂ)m"act to the second well. In further
enbodi'ments, the nmethod BRIENBESCRIPPIONSGSTHE PRUWANGEY of source/drain

regl ons and ’m@ﬁ%ﬁh&l n%@'bg li?@xrstb&ftyfre%rént'eeig ?ﬂg\?xln%s &s%'gtxog n{?(yxblg n%‘bﬁ%lgi‘ yith t{w;,'gn

i npl ant _process using
first §EEPGYefdnes “h’é('?'@f‘r‘fkarefe[“ecer"@ﬁm‘%'d¢nhf>'ézkesﬂiﬁmeete/a@ﬁlawhch7\el | in the bulk
substrate umgere 1daciosstectonpl vidweds bl MusRitive prib 6@ ethicBAdlctbrRBNIQ T mEad abbeGn SOI
b ansi ke, t he source/drain wells having a dopant concentration |evel of
the first type of dopant material that is |less than a dopant concentration
| evel of th&Buwes 2ARF arg Seosofectigenb dieiws depitting jopd illistrativh exehetafiis: pvsént invé@RbnEbr

DESCRI Bobin@h\pddfonddtfan MRAMENGMI@mica&RE ldle B3Ve ASoHABRSSAPD by reference to
unctjon With the acconpanyin

thefollovvl tion take n

drawi ngs. | DAL B oSSR i ERBIEOE TEmDE methed of derar Healonddy |
whi ch: @PQ&P@'OES ?fﬁn !ilu%ﬂaty\@fmcstml@mwctowdem abbveamSOlshbssdte.at i ve prior art
s£m conduct Whlléj@l! inQ&m&pfs Qﬁ@l‘.tpﬁ@@t\'f Sarfdls n%gf cat%gs aﬁ&%&ﬂ%}\k?ﬂmf Ts&&ﬁce ént%émgk!%s are

Cross- ﬁle(étflh 6}) Vi, ews one illustrative net resen

T oent BERIGIBI Been/ BN b B Gt il gt th drapings s oy g G IRIGIG e

devi ce umb@tv@, bowe B0 thag this descriition heevincbf briegifit eaboBflenBHs 1k Ritefded SSlinGiARd ihvemidh td/I ews
depi ct kh@Qarﬂ&ﬁr fohjr\m;cfo%dl ¥Rt o R Q%ar?fthet in@thB ?sstg @3 611 Blvlg&it tl cgt%ns etwnvglaqg

pOI"[IOSOt gﬂ g} #FEFIVGP semcC
subst r A{FEAS Wﬁ‘i" iyt Pi"ﬁ?f‘éﬁ‘t"?“dﬁ‘hF@V@H@@é&fmmtgﬂleemeﬂeﬂ dﬂ@s nodi fi cati ons
¥nd alternative for s, MOPEWE)FOR CARRYINGOUTSTHE IMERTiOMaV e been shown by way

of exanpl e jghie eQB&M&HQ%ﬁ&Q gwﬁ{u% (ftLeJeghped bqgé C{nlﬁpe ncljte op cgan H;ot gll }eatgrpsom d

be understood however tion herein o
embodi Hetastusl dmpfefpentations are deschibsd i %tspesﬁeatlpmvérwil eﬁcqum b@ lapregiated itheinabe f or s

di scl odselopnienttof any Ed‘t& aCid] tetnBbdiment, IﬂﬁndrdilE Qﬁﬂlénﬂ:ﬂtaﬁo'ﬁ-sée@lf i€ Q¥&dion@rust be made to
nodi fi %qgksdeve %Lc%}t %%l 5 fsucq as COB‘;[/’ f natlg\égsZeﬂgg]l teé ?@ bﬁsgm%s-rg\atecr| g)nsstl‘gilntgl t and

scope of the |nv ned
35 which will vary from one implementation to another. Moreover, it will be appreciated that such a development

effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.
The present invention will now be described with reference to the attached figures. Although the various

regions and structures of a semiconductor device are depicted in the drawings as having very precise, sharp

40 configurations and profiles, those skilled in the art recognize that, in reality, these regions and structures are not

as precise as indicated in the drawings. - Additionally, the relative sizes of the various features and doped regions

3-



30 MODE(S) FOR CARRYI NG QUT THE I NVENTION Il lustrative enbodi nents of the

I nvention are described below In the interest of clarity, not all features
of an actual inplenentation are described in this, specifi ﬁﬁ]bg@ It will

of course be appreciated that in the devel opnent of any suct £00%

enbodi numerous i npl enent ati on-speci fic decisions nust be nade to

achi evgE ﬁf&e d clf'etr\l}gﬁ%vﬁ'@?ssma bp exepaeraed §U§$ ed a5 Gorppared tathergitei ofihose feafutehor regions on
syst em fablicateédeviserd Novstheles sheredott dowingnsd in@idad fo,des3be i &BlaitiildtratiR oo led M

one i npbefBptRht ivRndoR. eriit vgiu |, be, appreci.ated that such a
devel opnentﬂgeftflorttgoﬁri gﬁ?k e&(i:ng I%)%XSS‘EIH %?ﬁ%-léiobﬁé’ﬂ‘ilﬁ‘g?ﬁ? a1\ jreigied tp have a

never t hBFARLE CHEISENt it the yaderstading of thosrgwardsrand plyeses byf those sidliled arr e slevdnt ari. NG he
arst - havipedal défeitioe ned feim @fphedd] ., duamliosHESs difhe RbE §8 Wdink) YR @R Whdghi- NOW
be desc/.i Lt qef ecence to the attached figures. ,gf t‘ﬂou h the Varirous
r egi onsirsal}r,}}geqjsstatglfi t?gtutlf(r?eesg“lg? math%%rh‘i’sc'BﬁH{i‘iPo'?e Ippelisd by capsistepieiAee pletbe fem erbirase

dr awi ng¥§reis Todly axtgntibat g tepm exrihees, is mlvadepd to 1@ CPadidl gidinile) 12NS meARe Ph& iah @8

t hose Siltidéritesd Hy skiiBe® aibahs, & ' it in o realj hese.regi ons and
struct yy fs t ar e Yot a8 _£ar Sééﬁcgggsgg&?g%@g? é‘}ic]plbene’ipffést'yd$eé\%ﬁ“ﬁd%fh? s‘%ﬁi‘g‘faf'?'b’r?aﬂ ly,
the rel SUTUE2I0E thyfdireqtly ang ypsapivecaliycpeavidestiee spevinl didipition forstyi tomer phgas® 0 DEC

4005 depi ctledeieml,ttheprebem idvagn Badiredd 16%BHSQT BloRAvefTrul dto
the si 284K mefd o ot d Iég}i&%@?@%@\%@ﬁ)ﬁ{e ess,

: . reqgio 0 fabricated d ) 1
the attached d?ﬁﬁfﬁé‘@‘gﬁ’%g{eﬁé‘rgﬁﬂ% Ao e pregrat rrRatienll bs initially diselesed injthee
exanpl &8ntexhf theforgiapapceftaniitiuseative NMOS Faesisiuny iese akitledoinrs@swilladkrhad Qitd

shoul d chapleta eading Ok SEdnt iapdlidibs LAk . i istent with the
underilgﬁggiit A%t x%pq%g V\@re sugneg quaﬁsr%esd?%\‘@;[uﬁ%nsse@ g%}il{&?%‘gq?c?{k PWécu}rarelY’etVant
art. “spect al TderiRPPYC A B eRctiep Mrisl obisphaeglegies e.g, NMAS,FMASHCMDS et hat
1S di {784 By be emplesied wish divariztyyof difftires uypt denduey, el ARIBG devides, Wbl 193

t hose gskidideb@d. in the art, is intended to be inplied by consistent usage of
the termor thr e, herein. To the extent that a termor phrase is intended
to have a specicar PR rH{usrtive NMOS transister Fforeh énraceondance with bre cablémest afde by
skill eare_agn; ingratien, Astsblmaheash ¢ atnsief 337 i ibblelan 861 A6 38!  AElbREN | N
t he spegmbddi RO . . nner t irectly and unequivocally
provi des. t Iﬁﬁea% 3%§Ci aIQUb%rea%eids,(r?i "lf %ﬁhsggrg}_ﬁ e Stugsrtr?ﬁe gﬁ’p"ﬂ‘?"&% 'PS“}J‘/:’B"“HW‘”Q@%?@I?‘ t he
% ‘esenf U RVERTEn Ficowter Bigtre dA toply slemitna erall portion|of ameritite substraty ordeqRre tie the SO

st 1 uct illugratierhbodicerit Otie MENMOS Sevith is Forked) Gk sPRREABIA a3 WEed gb%d) E‘Egﬂ;@ the

presenfyd Lon, W i tially disclosed in the context of

formati| oﬂrﬁm\é'%mgﬁ’ ??’Yﬂl?gn’r %?ﬁnv@uﬂl&t%ra% R F‘B’ 2 dppapRanceptrationead anprpxioiely Pt wi | |

under s{BHH af Ther bugied drsplptiontlaver 3R imay hok & Hickgese #BOtin apD bhtddink0viiBaohhe

_pl‘ esen_hpprdiinﬁt‘ﬂyi 3350 rln‘S(SO-LSOO ﬁp _arld"ifﬂlztng cOﬂMﬁEﬁﬁ OIP,Q'&Ie& lé';ih%ﬁn d*o)l?iﬁe. 'ﬂgg i%p }ayer

jvent %‘%B’g%th%@s%% w th respect to a variety of technologies, “e.g

NMOS, PMOS,- Lete ey éﬁamlaeprﬁgv%%éw 63Pc190 1 39d.cin the c4se piangfMOS

di f f er gavicetitpay by donted wisth a B-tyge dopant moterjal. dEhescCkitled MitRIAWIOGPRERNE Bat theQGitiGess

devi Cefingeets. thd b Tsddiorl 2YrCHoB i@ggﬂiflic%lﬂlztlgsgtlﬂax%eNm;%ggnrd{aﬂ? %}Iﬁc?qt) A f3 2 ‘;}\-)%5 red
p :

in acc nce with ope odi nent ~ of resent 1 nven A5 k8

t her ei ﬁ%"?a?i%ne%iy?raﬁ% f’ﬂg‘{']tlfr"gggni Gughesegh apdhees descrisefl in idssbackeraund3 Sectignnofothe

i 1| ust#palidas. Hombisditheerited dehaiss db@le consinmtionads ehe JOT isibsdi M show@GhoOe cansiited s
WUbST I @hiRtiehthe Prebbif invhtioh Dttt &k ﬂxﬁlmlio%yg{ T&Q&a{lﬁ%ﬁfo@?iuﬁ% 'a@gxﬁ:dH & 2yer 30C

O course, gisglure, A only depicts a sha alms St rate or
waf er. 'I'n tAEOVTGBIF 01 Gelrasitns & eampriseH ef zeaterinsnhBB liyend6 ot gats ckarodedl, t he
bul k  siidswalf spraers30 Andryredidraial expiont 421 Ao Bepiited iPRigurt SR ARLisolREGE ik 48 Brfled'in

o B0 s i Tl RALE B L el
i clrPAQHOEhSapiacts §, 6 andeth chivlobi recomiael b tecshilledsihcact e ks B6 ROvIBa
3650- 50tkans)for eaatdishing efetyicad ConBEWRh the Slrec@firain FedlonE9UFRE Gansiibl 3,€0N di oxi de. The
active lay e.t{ccording to the present invention, a plurality of doped wells are formed in the bulk substrate 30A.
More particularly, as depicted in Figure 2A, for an illustrative CMOS device, the bulk substrate 30A is typically
manufactured with a P-type dopant material, such as boron or boron difluoride, at a concentration level of
approximately 10'%-10' jons/cm’. A first well 50, a second well 52, a plurality of source/drain wells 54, and a
plurality of contact wells 56, 58 are formed in the bulk substrate 30A in accordance with the methods disclosed
~-herein. In the case of an illustrative NMOS fransistor, the first well 50 may be dope;l with an N-type dopant

40

-4-



25 30C may have a thickness that varies from approximtely 5-30 nm (50-300
A), and, in the case of an NMOS device, it may be doped with a P-type
dopant material. Those skilled in the art will appreciate POAECY

t hi ckness ranges for the buried insul at | on layer.30B is SI gni f | cant ly |ess
t han thg,a@,qy;rsfc ul.ation y k&

traditignal SOﬁQés)?géGg?) G&’ms%%%%t ggo ?}1 "g'gg’ﬁ:'ev g&aqpppxmg 03 c’ll%r’B’EfFfH‘

sect i on/ABH™ iHEe casgfiap MMQSeevicrsdliesseond Wf'h@ maydk demd dish aiPitye dbpattiveterial, e.g.,

const r ubdrbrom b@én ditheri®Cht aslofmt doadefraBéh lalamkﬂard}%te@q 02988 {oRRF OTiRd sourtfdrain
'imtations are

spec 1 o et B8 FhEERY Lol B AalEmEle e deerEmonir MY BB Det he
gan5| stegting ponpegtratignrpf the e@r@fd@ ‘g%ls €4 rangssi fravh iagymoxinguyetyr 1(18‘619"‘6&%@}8&9 P-type
eI eCt r Odtpand thateriab foll QVAIMOSSRIRET Pheltbntd? Qrelﬁ% %%Qj%) 4 wné &9 t9|')1 dﬁ%an :{tenaloat Payer

depicted in Figure 2A. are isolafion regiong
30C, a [STAl¥elhief Gonsentatingyes « 2 1 d0'c oarenter @n%@fém@y ﬂnbhtynwaymct wtll $3saylbat i ng

mat er i adopé}ﬂ.wlthéu”xﬂmlaadd\bédtr&mmlevspéft}a%egdoﬁﬂnt atSrs, @Qdm@e’ﬁxc ﬁr%sﬁ%rlnls, qe A@&ﬂg,@' zed

by thos he co S 46 provi a neans
est abl i %ﬁ’?ﬁgh gflg%se ?‘f"ﬁ:egﬁn @8 At %‘%:e AP tetr é‘“%%fd'?ecpéefﬂf ﬁ’P'r‘Fa?‘é‘gﬁh%Y?‘éw% 2°"6’P“et“ﬁe

#P ansi stfdfhe mpistonego the igpty elearotns qm! the g insuhni@ribyien3s, malucﬂdlglhﬁrhdnbey ifhidl aRgd
wel | s adremhda iR inﬁteﬂaﬂeof Qbﬂs&ucﬁ&p S r‘l@ﬁ no %g& thosg/g{ lﬁed F?rg{hF ﬁg dg{htl h[oaé g%ig I cted

in Flguogmz [ﬂ' H&ustratlve
typi cal Py CiEBA 'éf‘é’?’h? f REFSEH yerbion Ynkgss %Hﬁ&ﬁ?"%ﬁé?ﬁeﬂfcalbs%ﬁﬂ'aw thaprended r

bor on d:llq'imﬁuorl de, at a concentration |evel of apprOX| mately 1012-1016

8. A bk lfidat . | f / d |
yol s ard® MRraEttis! i ol 48 Sl s Pofos 53 B PREA W PRE. L

bstr iieé’e%%’ﬁ\d Mﬁh &EEWB?ed‘arft%"WPﬁFt Hdtialh eibown idiFisyte @Be ol matking driyer.37 lisfotmed. case

ﬁ: an |a5;\@§te RQiYé !asg:r B thelsabRSAS 300 I’rhe ih&lﬂné lhfesfw i bt coﬁ&rn%%f&lﬁn&?&ﬁﬂwmlé h an
type [Senic o rous,

a dopant ggﬁﬂgtgrﬁ ?tag{% O‘QE%eve?n r°feossx35r?é?' gf @f%?'a‘f%mfmhﬁ %ﬁg’/’%ﬁ‘g‘" the Bl n

in t he Sgbsae A dhe Nmﬂé@zmﬂbbﬁw ? 1’?@‘“§@@b¢ﬁ darigefrdm Sprorimytcly SO-isped Agmb i ﬁc

P-'t ype coapaft thadineakibradf, aneNMOS devte) BidioR fmi(mﬁ( ﬁ&egbfsln’:é rble g'fo u@in 4P}

ncen e natel 1 |ons e  sourcel"train
A o R R B R SO e R el PR A
nmore f r‘fSplg;ngrﬁgt &t SQhes Pé’PlPFnt WC&MI@EM& that gang® fomnppradimady 0fS- oM eons/anfr @gd dr ai n
|1 ude i rbce i d
wel |'s Sdplind B@RS$ ud ﬂQHﬁ Wﬁ%'rﬁ@&@b ¥eedsOr5 4 #é’é{?&p@ﬂﬂﬁge&bﬂg J@bxf 3}‘ Xo%%nh atoggant

mat er i The cont act
dopant %n"a{“ge?’ g fye ﬁ"ﬁ’f’ﬁ"&?&?‘y’ P BosRbesAvseif the denaphmatesialy the lrmﬂ%ot ey may

greatel”afvﬁﬁsﬁwmma@yﬁﬁ-ﬂ@ﬁkey, the N-type contact well 58 nmay be doped with
B simlar C@I@:@,Qﬂht rﬁ@fqhé)f& Ar@yglspugéd iNFRYPSB gqgf?on%]d a%%orr%ieT 1nasgm$ lay%ragls formed .

phospho!g ous (i Ajé recogni zed
a conplete ?%3‘3 e BF of ﬁ55'1,3§t@§éprtm g‘ﬁ?ﬂ ‘PE&‘YFG‘P} Thetgaftey andthstion impleptorresst.es 10 of
't he tr indisitetbyrrove 38, is pd‘fnmegaitbmahﬁétdl@dalﬁ%tﬁdﬂm&sﬁﬁnﬂﬁiﬁ ITRS bl {vgnszl.@yer

36, | N@épedlivitth ddfd W[)pahﬂnm&ﬁﬁ] ths Qg%e ﬁppf)sllte Wa?o dogﬁnfe mg%%?usqicﬁﬁgx glgth oul d

COI’]StI’UIL%)g ar e known to |nt
not be“elthdp & Fase otenillusirative NMOS drnsisiee the sesausiielliSh wanbd doped withaiRstypdopent
30i m t amateninl, saches Spow; i bforomallﬂluﬁn&eebtcf ahé Rcdnd well 62 ﬂﬁ?ﬂmeaddepﬁlsga Hhe vafiiSom

illust OF r. rati nsi stor 32

dep |ct£e ﬂx}r{;ﬁtﬁwa:;?gmgi In '% ,H&SBQ.VQ 'me'g t&cfef g&em BBIE AVEFHOEPUr es
‘ZB- 2F. aﬂpﬁ’l"ma‘alrf Y, l%s‘°'ésfﬁ‘5\/m lq the Fqn'g’éIrOéthQBm%tomgk INMPS dryies, 11 Foni implnp proeess

above $hmaybi pesermed yith awopm&at%hﬂp%tgr %x%n %anmﬁomsa ng 4l o%g [ do3d ofBY De

conpri ar e ter phot or esi st ter an -
ion i n%’?gxm“el oéclziegcsI '@é/ Er% 'meé?tf?ﬁ'%’fé’éfﬂtdﬂr "ﬁd'i'erﬁ“!’ﬁ'é PFQcfss 9 \‘I(é‘l WaWWCP‘H“gt he
3Bul k %bs?tersm%s ghihe dangat mmSSltnplAmtd B0henitlystriniay embodih@pt hePeObrdnhia the \dagahte s

from a:amrﬁxthampﬁh%nég&nﬂ@&a.@%mmxnmey %E cont ext of the formation of

an NMOS dev. process performed using an N-type
) ]llext, the m qcmgqayer ETP deplcted m Figure 2C is removed and another masking layer 45 19 formed yP

above the substrate 30 as depicted in Figure 2D. As shown therein, an ion implant process, as indicated by
arrows 43, is performed to form a contact well 58 for the first well 50. In the illustrative example of an NMOS
40 transistor, the contact well 58 may be doped with an N-type dopant material, such as arsenic 6r phosphorous, and
it may be doped at a relatively high concentration level, e.g., approximately 2¢® jons/cm’.  This may be

-5-



20 dopant material, such as arsenic, phosphorous, etc., at a dopant dose of
approxi mately 5el0-1.5el4 ions/cn2. The resulting first well 50 has a
dopant concentration |evel that ranges from approxinmately 10#& 10' 9
ions/cnB. The inplant energy used during the ion inplant £JW535 wi | |

d : ts lanted. In th
T st 1t O BR85S RRE B 2L SiRen it ol il et

i npl ant N imelppenssgrwill yagy ?P?@@gw@p medsmanmmhgd ifanidd Quri Vhe imSaniN@¥dess 48.N8 the
maski ngillbsaytve sidationl @Pdre hr@elic lis imbladéd & d impha L TRski | ayer
4l is f%g&ﬂ%}elg e {:he al((::tll r\]/ng,al ayerr"?ggl(l)é gfﬁ?ﬁ\éggﬁﬁg%'a@a" % &Ry Vgﬂg&ﬁ

Fi gure ter anot her ion inplant process, as -i nd| cated by
atrows 39, iEhe ge&kﬁlelamw may thortrrdniveedzed mbtlerwabkingd2/ed 49- maS' beroltdd & iiithed mat e

oS s B4 R o R s

that g ﬂlf dvs?e Op@gﬂélte to t
well 5 55 pfen diystiativgrNMOS ﬁrqnm@rt theeopipet “Rmmwtamanmtsairo,fal’-kwe dpapmetegl | 52
may be soibe tiorod, bbromdnﬁ’udrmﬂetcdmmeraﬂe bG8 ieftls6 &'ﬁa@e %3151%9{ cﬁﬁlent}é’t(?cfnqgel ¢

ro

d|f| uor, oLhe, sec nd wel | have a vari es m
appr oxi 4 G‘x. a%)(;%)e %’c ﬂ?ls & ‘1°‘f°f“ag¥¥da‘tyl Ysine é’hﬁ'ﬁ’g“ﬂh@m of appieximatebin?el-Sek| | 52
s a d‘lﬁ’f/&'ﬁt /’é()‘flfb é\qtoﬂlatlmdmt focessp tireGoplana tretgy wilDvary &%Qm ﬁlﬁﬁ {h6 B8pant hidrelidi €

cont eXﬁmlﬂimeH 'ﬂ@rmﬁﬂfe”@&d@ﬂ o&gs 4§nln sﬁ]a%\@ s(ftﬁatxorg n'ﬁere boBO(B\ nng\pEa‘%g rdgﬁﬂﬂ%g'?eeﬁiﬁﬂm% |9 drem'y

be per %rcerre% I g% dopant materi

etc., at a oﬁ’&ﬂ’f" aabeg ay V&'BWB‘)@PW‘EQ‘S}Y Bio kel’e]:\sthombﬂlmme aiheillirevpdnizat

ener gy afigs @cbomipleté regdinighef therppdsann bpplicA161C B c&ﬁacw'vélis 58.298YmdY R GeHedbd Whker3Re HBOR4 T hE
-speci e&c&fdﬁeﬁﬁ,&%&%m@& %h%ym}'ﬁe%med e ﬁeél | lustrative enbodi nent where

lgoron is th dgars)ant mat’er | Tgy may vary from
ppr oxi mat e&{iﬁ Sepiqsd\ip Figgss 3F, atrwelstm?gka fnngmetﬂ myieractiv laje30C bixbk sulistrité BUrMRe 2C 'S
r enov eillustativearaadstoe 32 ﬂﬁﬁd{ddngFig&i‘ OF isfomprised OF Btk ms%gﬁ?(ne]a)tep §6, §lcép¢§ 'élfec%rbge A0 as

depi ct e eln n i on ess,
i ndi catgglac‘ll\l aggibegﬁogﬂé %f?%mm rffé‘?"f g%j né 5‘|’°ﬁﬁ“ée°l¥6‘iﬂe%1§ld "%@F?‘S By bIed‘fsedt"he

first {RENine arops gopppornient; pithe almtxvtyem:splr 82 ddpiceed ilNMigive 45, FJr&i?@xip&I ik gatd he

cont acinsuleibd laPe3 36ty Be carprad o‘t"sﬂn&n ‘%ﬂ)xi% gﬁé ta%&?o%lz 35?15? {;nsﬁy E goped :

r seni ous, and it nay afe
goncen r a{ | 08'%9?& s'?ewalzgpécm 45y 8?(?‘1’?&??59 9“2&‘0"‘“‘4%‘1 slixmmdr hinghawase dfen . 5 2

g E)EC Slggg?ﬁ""e nge@etﬂgommmg regions minfynﬁet apse with aﬂﬁﬁﬁ@ﬁﬁm@emopam
e ial, Qath/ a6 Aseni rbud €an Nt p srmoce sles e |
birhr bl g T8 ey BORCFORER snpdtn WRARA™ he

energyo}/l\lgc‘leléral &py depl} upon t he ant errra
i npl ant pr o¢ edwagts. Thus, "m '°‘f1?‘ mastizleand pethagdologiestisestin fireingthaillsseative trargistor
i npl ard2etoudfinot begronshiered lipitagiovs oﬂﬁx@ﬁé‘s‘ax& ifv@atiort msd shmJ lﬁxﬂ&au&‘@% 9&:19?&( folaft int c}hef rom -

28ppr Oﬁpﬁaﬁiﬁlc}ﬁuﬂsoﬁpeoke?\{’ e@F-Iglggsn IBRk! et 2l étﬁ 1y remyve
PRRA 37 oL Rlperirtt wi = Tneier o grampl
Ther e a'@‘t%’f”c iR 4

There Kops ‘120‘PFY i "Prﬁl ‘%ﬁ‘l?‘e%oﬁ@ees@otwown)s fopraadfabovenict dctive flayerrBOC CaR/AC t
wel | 5l pilidideaesbme e idmibe bi th ource/liin tRRn BRI AE gﬁéknéchkdé%krﬁli&ev s'uWQ?tans
L8NS ol dph B ioASbe U] S0 Y D compri's€d of '3 Bt ype dpalt

mat eri al suc oron ron difluoride, etc. I\/breover the contact well
56 may hav ezt Hopraytin Eigne e ign imphntpeoet, agihdicazd by exowsat, a4 gérf&ﬂ&ﬂthﬂo@éh&“ecnﬂ

30Thi s nmmskidgelayen 6T @ik SEWR/ARM Wk BY idihe biRls @ygtf'atéjﬂﬁ\ewgﬁm %B%c%d[ naf ?ﬂ y"lrhe

2et 5- th the other i ant ocesses
ener §€\&é d?a%vge?@géjfe%aveeﬁ é’ﬁl wﬂﬁl@hm’t‘%‘@ryoff?ﬂh"rﬂf"°ﬂﬁ?‘élp’ |‘§19° At ﬁh?@ﬂ’lequfﬂg t he

i mpl ar'fPP'ﬁ\‘ BeesSs ﬂn&sourqeﬁraumens I5# will beatoinprisedsbft aliddpan® Matehid? it $ e Qaind t§pe| Aleant ed

duri ngoﬂah&ndtd’lﬁﬁﬂ L@&If‘or e %&ﬁ%veﬂ%ﬁ guhﬁe Ja@zmm FOeEf o%’ g&)‘rra?ém}li%%\& squece/draige o o 5

appro keV. t hose
conpl )é}te{emgr“e“é{ b° I tf'a“ttheec"ﬁ?eé‘?é‘ﬂ‘t 'eéﬁB ﬁf ﬁ'%‘%{‘E material t!'h'ée qumdazeﬂl Saeli e B6¢ o8 rmy

3500 f Oplmngﬂgl@ﬁs trgistor, it sotedtiraiss @eIRI5d v bk SoreV sy DERMkeLRpHIERnRRD MRSy may
be f Obam%ilaﬂfl |§bx{el}ﬁ1f)od%é1? the source/drain wells 54 may be formed by implanting N-type dopant atoms,
e.g., arsenic or phosphorous, at a dopant dose ranging from approximately 4e''-1e" jons/cm? into the P-type
doped second well 52. The implant energy for the implant process 51 will vary depending upon the particular
dopant species implanted. In the illustrative example where phosphorous is the dopant material, the implant
energy for the implant process 51 may vary between approximately 15-90 keV. Thxs will result in the
source/drain wells 54 having a P-type dopant concentration of approximately 10'>:10" ions/em’.

40

-6-



15 Then, as depicted in Figure 2F, a transistor 32 is formed in the active
| ayer 30C of the substrate 30. The illustrative transistor 32 depicted in

Figure 2F is conprised of a gate insulation |ayer 36, a g £ g[t(ﬁ]@%ode 34,
si dewal | spacers 40 and source/drain regions 42. A variet P

Lechni ques an k&6l il SuRBRRASES | el RLALAD LS, YALLOS, Gomponent s of

the ill us%gatl ve transistor
i nsul at IPoll® PS3Petnddpratidle Sefcffﬁﬁﬁr'ie%‘e‘él 48f°fsﬁlel mm’qorcmotm tharsby t daeagrathe judtion t rode

34 rrgy teaciargofitgschreldran dgas d2.20heiapiys bxloberOﬁ o rohrgué' &lﬁeé/arlﬁin welk3% Gl

may be r icon pitride. In case 0 an

i LI ust r%?%g&ngdl\a/%sagi il MCP&'Q Fgé 2 érg(geo%rocg e §rvige s forrstokiowarsr hpigally dhedmnistl wi t h
"an appPBgEsicAmal Nﬂegfﬁ@e@@f]@ame or frateesidewdll spaerc D @6 fonieiesdjacentifie gah&&&hﬂkr nus,

and t heBerfominghie rﬁﬂﬁdmdcebbsﬂl'lﬁerttﬂe%@h\bdllg W%E'eefgmeg Bet a;% %)mg‘ngpttﬁat@ Gkoﬁulgga't

sour ce/ artr cu ar mat
used i nﬂ)f‘\ glr1 ﬁ%e ﬁrnp‘f"aéttqe ci‘aﬂg"‘h‘ Feﬁ'ﬂ‘ v‘ie° l"}eé’ﬁ'ésls@f Hrremayp aéﬂffé'@‘l“(ﬁlmcsb dgpent canpeniration ed
linmtatlpwheg o#PPtOh@atplv deemte ds thacefitheGErobd WeallS3. Mafebvet, lp@ﬂf&nﬁﬁxg 8 SnpBhSpréctse A | Y

A L e e )

of t h onents of
ﬁqegl ons‘e"& er}E Racsd & the second well $2drarg Wﬁsonéhwerslhcm«)e/dfm negichs @b ofitke ttahsitons2 | Ve
| ayer 30Csomawieht paced W&bm%dchaﬁhéﬂ &giﬁ@@d qfﬂ@doﬂgxt &ﬂée’ﬂﬁﬁlm‘? Rydi bﬁhe%gﬁge%ﬁln(érfeﬁsl n
c S

regi on tr su
deg. ct 33%%3@%9%%'3%23)%}5% ¢ ﬁ‘ d?‘if‘g ‘ﬁ\&?{ e ‘é{‘é's §‘h w?rtqtﬂlgweés%ormalrw
i npl antd°Ei’PU€@§§%“am&§eVFln'd¢€ml@deeSQAr ows Si, is perforned through the 30
rraskln | ay emherbader @e I L Q.. bul k strate 30A
g Y &the ’t € %'kﬁ% ﬁi%l' 59 6f ﬂél@é IFi Y‘ﬁh\h@d §rﬂl ltlgrEFprﬂcessmg §CEEH eqfﬁs ﬁlayslzfd t hat

thin ytofely] source/draln we
y vafy 'J?"?"‘eg m é’°m‘?'é§§ %“ﬁﬁ?’%’?‘i? f’g s drapiinor A2 Ferexeeniplzestionn imFisrnaA, 4 kst eft
proces S"S“'?tﬁé msfefml Elenayiba farmedabbve the 4ctive layer foband ® ﬁmrnamy‘ eﬂso&}f:e/&and&ﬁﬁd?st% oY lﬁr ' aI

h 0 e al @onn 0 region f
that i $orinhﬁ %ma $106RRal 36n I:Jﬁ@m ‘ﬁ%&@rﬂ%/d%t gea i?‘lq lﬂgnrag%)ag%gtf rLleﬁorm%m

but th 1 aﬁ}lonleve rna

54 wi | %%‘" € °°§‘“f SHAneEpRe ‘%&ﬁ@eh‘r?' i 9 anathprgontadt Gamzp:am formeed eorfirgvide electrichle
second copa¢ctiongP the begonti well $2ase of an 35 illustrative NMOS transistor, the
mour ce/ dr ai Rswakdy a count i ng fechnique. Mre
particularly “ in o%géemgrﬁ?&tge vaﬁﬁg dgaéd 0Eee rfdeéwlg‘ the s Pl dpfted by
i mpl anfPSERh N—et Viwe QobaRe B sxample, fer ag. l"uswﬂsﬂemd@S oansiston shpiseromiigs]l Satthecbutitopant
dose r subgrarGoA Mmma&axmm 5 afl:&il dlﬁ& 5mﬁ QP%/pG ngaﬂt%a%rxﬁlh%oﬁev%r)’ﬁlg ?,mggped

second nerg ant process
dependflér%é lltﬁ%@ﬁ " 3 gtpﬂgr icul th ﬁ’ d oﬁ%eﬁ'fs 9568’81“ ngf‘ﬁ’rﬂl%‘?ﬂg%a' soipg cagep, they may be.

i | | ust FaEranal ee‘k&&‘rﬁ#@%ﬁéﬁ”@%m@%b@b@sﬂm 8(zcand dpactbndVeISL indy be dofe@usingp| ant |

240 enebaoh diftworide@hile MR saudde/dREOGRS 54 lﬁély baRYped @ftly?oPcﬁlt ?ﬁ@ﬂm@?ﬂ&cﬂfé} nﬁ%te(salzs\éd 'égpgg i

keV. T. I i n.the source rain we
concen{a@t%% varlois 'mﬁ}am FHYP SFRicoeEs! %F“Td 16 b FeFidered g5 9 HpREODOOBe T
pur pos'é"ﬁﬂ!‘°“t‘ﬁ@55§m!rr1@éfﬁ'mﬂam ewedsatlls re§itkd iinsth¢ gppénaellidamd. NoRORA e vaRECHRPhAat | ON

I Nt heregiods kdepittes héréih hay QA suthi&ds & he source/ drain regions
42 of eans stror gg towtJ terdgi;n@&rggﬁngggﬁg&%%&a}@r bie 'mﬁP'Hmon EFTENER of

the s Jpg"e“ %r°é PrioweL fimpRratug Annep} prodess,fay be Pﬁ?‘%@se aq ¢flog dgj limip nrommttoﬁ@e -
3Qour ceimglast¢ddopgat ateriBl. nay be performed at any time after the gate

el ectrode %e%mErﬁtﬂorﬂ@fVi fhsistSr i?fnrgég)rdamvﬁt\ﬂ%e pres\éng mvefnlli%s%cn'&efigsr EIBQ(O!SC&?

procea)smgrgg pfi‘_‘r‘),erforrred alter_one or nore’ s
for me a %r ef‘a“E 2 “iFa e tansistor 3%k eff 3 megative vpltsementhe ardies of applozimetelpridceds 51
af t er vvhremmbd enpti¢d to Bipsccami sveld 62 @5 @nh@ cmreis;aleda&mg QawaMﬁ&t tvﬁbﬂﬁhefd%e Sul K

subst roft ealted@dVelyNw e chann he transi stor 32
emai ns a?lte rgiyat 'fcegheaéaﬁlﬁs#%g% o;f,]![ﬂ, ec%ﬁ%ﬂr@ Se%t'f‘%'nbe ‘T"é'\)eel?y bigsecyby applying a

3%ppr oXPYRss gﬁa %prpﬁ@atgléﬁé lé)sv t$ ¥ig cqyfacttqze By @ppdyirg thie posity2 biadvior theowedir 52, tpedriver i ng
t Ee i Fpraand tpractes |32|5ilay b&ftfcﬁﬁse& ﬂ@&@)fterfdﬂé disqﬂcﬁ'e‘aﬁ ALePo ﬁl rgspée&) of M Reof 2L
the sgy Q&ﬁhtgé’rﬁéﬂxr%t mc%rpgréalt" ing s{?' \Q at nsnst(c)>\rNe'1[hls abi t?r' rt]o[ mgd?xlrzlt% the same transistor to have low

leakage current and high drive current is well-suited for incorporation into low-power, high-performance
integrated circuit designs.

40 Figures 3A-3F depict the present invention in the illustrative embodiment of a PMOS transistor 32

~device. In the description. of the PMOS. device, corresponding reference numbers wrll be used for similar

.



10 level s (as conpared to the second well 52) are iti d , pos one under the
source/drain regions 42 of the transistor 32 and somewhat spaced away from
t he channel region 44. The dopant concentration | evel of the source/drain
welI's 54 should be as | ow as possible, and the doping | evell BEC i0Be wel | s
54 can ater t t or. equal to the dopant concentration
| evel |‘%ﬁ] (ﬂén ?vl'<°"s"(1gﬁ”"’&‘feﬁ?ﬂ?&rﬁé“r“ét&'f Poetiepiced i Figueek BAGF Imeny &¢ fob@eddy, iki gur e
2F is respgRheerfoamide xlm@dnmpiaoWeq@e;smmessudesgnaeerohmb sves d@ﬂ?dé dbﬁccedwxéﬂsaﬁ%t 0
comp! etuging Bebnk Qb bitasi bt Biohi AR ol own | .n
ALIME R0 bt SUobirE Al Mol Brolubty AV inion s Eprise

Fi gure ;X I nsul at| ng
active (1 afé’? ing t%?ﬂday o 3% te et telpetide Shusidewaltispasers "d@nd amits/dhit regiops B Afser med

-t pr oviepigedsh Bigire JA @t isclaon es3lon OB fosinel hﬂhes&weqﬁé.% Al BT OBl cortfhs 46
addi ti g orrre ovi de el ectri‘cal connec
the fi rﬁk%?%g%?'nma&@ %%%151 A g\E?"”’G% O3ed €20 Avdepiqied "ibF‘é‘V?%l‘befan
el ect r ilfusiative MR davice the bk sibstratesi9drmoay\be IdbpeB Rith 2ON-HPe CPSE MabRl sike aﬁarsamc sone

of theovy ﬁlﬁob;ihbﬂiusdﬂF&anc&rﬁﬁﬁdﬂn&en@fyapﬂﬁxrﬁlgggqo W?&‘hlor} feHf & S.Q r}::a ][wxulgﬁpg{ sre\(;logx

mat er i For e
transi g%z somfj firgin ?é@yﬁ% "’U\‘)&W"‘@ Zgnst 16, B3 pe f°"51€FbB the a!leLQMteéﬂd intaerdance with
Kour cefhémethods diatlsed iseina drethaiake atap istdiivie PMOSTrahRE (PiPsiiﬂl-ll 135G de@bped ver,

t-he varg,lpotg,lpcc ggoqg ed .no th the sanme speci es 0
dopant ; &aﬁ‘q,,rdlo al ger{aﬁglﬁf? Ess?oﬁ&sogrlﬁgm d%""‘fh@ﬂ '%%ce“'mfi?ﬂ ’eﬁk%ﬁ?ﬁl”%"‘m’ﬁ"dy t he

case o O NRERT Y e%alf‘e"‘ therfasernf 2P MQbhdavicaittes SOA aﬂbllsa ey de depadiwitein N-Bge may
be dopdapantsmangial?s.gharsenic 6k I)Hobﬂhf)doﬁlse at Wmobzﬁnt tc«t?x@enﬁ‘ﬁfdﬁ gee/éld&a}}_pgroy}ELtLﬁ Iﬁélém y be

ot anitnthe BB F wetl 154 B S i by Hboensams e anebadsds buderrbadenrs on o7
. Phe pr B¥ghtrein v qreﬁqltm@e@strasimbfthq sirtadriionals a4 en@xﬂares;@koxmfae@ub'&@b” n the

appendpds/ad’ af dilim-typé\&bﬁ@hiﬁénal foh & PMRSS BHS, 'T@Loﬁ@%t well § may eg d}e) 'u| er el n
may be su anneal processes afrter t 4

pr ocesS®an Qjmat@"a' &r ?%’P’Q&'H gh qopcenfratiop,g ., 2 éﬁ%e?’@t@ﬂ%l@orahmeaﬁrmwlndeg’smwd@e
per f or welbi158 rma)ab.e dobédorith atsimiki OhdentFaRVERRI bf Riypd ddBant Afns BP) %%r&%ﬂﬂl de,

mat er i @t.s as i transistor 32 in accordance wth
ZFr esent_ | ﬁf/en?’f S%B%Ez(%éj/?; igSS’sQ ﬁg];lﬁ/dam st 2R prapete geadipg pr @%aﬁiﬂ“é‘l’l’l\ﬁﬁ@h tl“ihe

r ansi Y8} camponentsyifthe transistos 2 meluwﬁ lhagem@n int Whdchahayae mhdeanpd t‘hexnaféﬁilebﬁ/
- 0. 1- cofistiiction, atet véellikBywnae didfdkiliedint the 4rhShdSREO PR/ be %gnsnxéler?q{ Y R.ﬁfaﬂ fi 0 %

t here ur rent device 3 terna |ver
when B}k{{eesgttﬁﬁ'g%ksl%n%%%ggm'm%mﬁmsﬁeév}h'gggéﬁz"% the agw#&yla@@ posi tively biased
by “appl yi ngOns ilsralivs meshed fag formjop thesilluvtedtied PMOS fantistér nmk;tlaedrh Riga®BA amt no@Z By

appl yitegleictited wil felferdndeto Pigdes 38238 NRitdR) bs hdwn dl?l I}%ur? 8131 a m?sea ([gye(r) 1\;1/% iy ﬁrmed

ransi r, 3 creased thereby ten :
2%)per aﬁ%{:]\% the agtwgp}é/efr 9&1‘@!&{ e‘ﬁgﬁ 65300 Theregftety pryjion implag)peoeesti138imay b¢ perfPrmedtofomat i ng
such dhg 'éh‘sqﬂs’é@ rin 4i¥bulk salbirite. BYA.t Thediektmall @50 Gy KR8 deptRNSIdSHA rvaﬁe@ f.laave Iow
| eakaggpren.mtaﬁso-godm Nighih, Alitke\cEnebld bf il Yornlat ng | hvr@g ﬂ%vfec‘éﬂéoﬂ,,b}ﬁ,gﬁ,%& st 135

into |n(1)V\/- V\% 8 perfornance | ntegra res
3A- 3F "§epr &t Pﬁelél %! %gé’ iPe i dpRARt PR ter R, |5Whtaﬁé°rpm,|be@o difluoride, etoutrodidpmnt dogf ofa PMOS
t r ansiapRro¥ima@y Se'’-1.5¢' jons/cm®. The resulting first well 150 has a dopant concentration level that ranges from

30 approximately 10'-10" jons/cm®. The implant energy used during the ion implant process 135 will vary
depending upon the species of dopant atoms implanted. In the illustrative embodiment where boron is the dopant
material, the implant energy may vary from approximately 10-45 keV.

Thereafter, as shown in Figure 3C, another ion implant process, as indicated by arrows 139, is performed
through the masking layer 141 to form the second well 152 in the bulk substrate 30A. The second well 152 is

35 doped with a dopant material that is a type opposite to that of the dopant material used in the first well 150. In the

: case of an illustrative PMOS transistor, the second well 152 may be doped with an N-type dopant material, such
as arsenic, phosphorous, etc. The second well 152 may have a depth 152d that varies from approximately 40-100
nm. In one illustrative embodiment, the second well 152 has a dopant concentration of approximately 10'7-10%
ions/cm’. In the context of the formation of a PMOS device, the ion implant process 139 may be performed with
40 an N-type dopant material, e.g., arsenic, phosphorous, etc,, at a dopant dose of approximately 4e"-le ions/cm?.

- ... The implant energy used during the implant process 139 will vary dependmg upon the spec:es of the dopant

-8-



device. In the description of the PMOS. device, correspondi ng reference

nunbers will .be used .for simlar -7 2 0 DEC 2005 conponents previously
described. The PMOS transistor 32 depicted in Figures 3A-3F be fornmed
by, in general, perform ng simlar inpl ant pr ocesses to thémﬁé%ri bed

for the, NV | cted in Figu sing a correspondi ng
opposi tef %qgn g$¥d d@ ﬁ R Vee?‘?bé’fhﬁ' %bw}’ge '5?"[“1 & H‘Ieg?qa’ff magerigl, ‘Mmgetreaw mFor 32
i s conmpY¥ds apermalatglatl%3ﬁ k¢¥ul ati on | ayer 36, the gate el ectrode 34,

si dewal | spamei,ss dickat ﬁg\h'é W/aﬂ&ﬁ’e‘r 'i'bnrnﬂrgén(?pr%ce?éas 1ﬁtlrc§gd %gﬁ&% Fbe I;,)arf%)mtledgur €

3A are ﬁ%hat}‘e on, L egl.ons ? he active g
conduct TVes COnTaers 28 1458 famm 4 c?rﬁachw?"a'%f“&e fipshwell KD ’rﬁ'gherfﬂﬂs'éﬁ“}’%qxame Ofand
addi ti ofMdPS @r@rmsm tthe @@tacamelll G5B mAsbecapidotitich p- typ&:u@urt hat3rl, st.énras 86ton or boron

i 11 ust r @fidoyige, Emngﬂéé' dofed af ﬂﬁla@&é?ﬂr@%@&&tg} jon ?YS S baYp rﬁ)gmategf fed, l@’#ﬁ'&gﬂ?“ﬁ ation

N-type dopant mater, al
| evel fhﬁﬁf%%??fﬁ%déryymimzmmmosr Shappronmatels 26 -5elt ionsiein. As56th the ogheciaplant wel |

152, squoccmésdﬁaimplan&hér@y Wit 4ary adpehaeig { t he
bul k supst @&lgm’a “renSl cor d%adge \AG.II@ ! [M%lg %%ﬁlgﬁ%l%g%h thtgﬁﬁspenjfc%s

t he case o an |g¢‘ St ra ™ Whe ’sr ’31‘?’51“%‘{ éﬂ““g t dmaiant Repeestelfid: thedmplan gretge
d8ped vWiterary&WPﬂEW@%ﬁaWtkerterl al, such as boron or boron difluoride, at

a dopant Comﬁrﬂﬁffeafak %wﬁ %Vﬁkurcogl':‘ adﬂ&ﬂep)l(dngﬁb\é* %roi%g trid Q%Bnné / Qg:hﬂ?{]ﬁsk g‘ | n,

in the GaSe he seco

N type B0l (R ey 56 i e srand uek 15 Toiosmnof eulsreiee BGH et e
conce ntcpmqt el 156\sly botorpyigd Ot'(anrmtyﬁd prawﬂaﬁeriaﬁ) 3&h ad SRAEE %Hﬁ%pho%bse et8.OMbfe&/edr @i N

wel l's iRlconam. welﬂelsg %amgrebdy do\f) t c9&é§n troP eve{ ofd aﬁE’gﬂ'ﬁ?@E %%nlogs(cmt hg'le'ns crlnea§ %g | bed

nor e 15fuIH herei n whereln eres

Bour ceFPRPYheidy usingan implangdose rframwwm ﬁa eh#ﬁo&ﬂvlm@@mbeﬂ iopiott p@ssef  an

N- type ﬂu?mpamt enmgyeavg ill abry fiepending rammwnmateﬁ;hﬁ,pmm dfihg M@inlplaﬂéﬁc{cg@yﬂb% dopeg
Wi a v . ncentration, e.g

X 1020 ek AR et Bigkle o Blca it fmplop et L P on ey TEK iy be
doped \iORPROXM3isly 1-200ksc éﬁﬂlpfatskﬂdﬁd in @%ﬂ wiBlfrecBanizy pfter o oquiplete raatlingse; thepragent

bor on, ajydicaion, thefcbritdt wale156, BB thay RYored ih eifer &:&F.09NI zed by those skilled in

e art aft resent application, the 20:
\El‘gl‘l ous corrpe%%éntdgﬁa%qe E'é"rf ?gﬁggﬂst&}%“‘zﬁgﬁeﬂ& tirfictits IS0 afthesubsirse Hhmias t hey
are nadediigng nefapaningr fchhiquep fand gwreAly. Udt itencas@bE av@llustrakROPMOS Grahdivass, Sthe

ski | | eeburde/diahCregibds @nﬁk Hedfed vAROUM 0 i mtation Of the
present e 4 uiﬁﬁ i m aggrl ontse a?"ge 551%‘13‘2?‘{“?@% b S bom tb?'l In the

vent
| appende'éllug} dg’lanrrstgeydlraé °T"Ef§f‘?"3¥t‘7"‘9‘8°"ﬁ‘é"f“ﬁ‘6l?“ f"@R'a“'FSG‘P“rPP‘H@/WmNM%st r at i ve PMOS
transi stor 3gxtgasphanduiFigue 56, guioe uﬂ)hnt/‘prbdessm\lﬁdzch@d Blemewd 13eds Wrﬁbneﬂ ekqgence
30 Fi gihe s T skin r 137 is
g 1:§'E 158 B fBrlmasl:nljryer’drﬁﬁwéQ gﬁ% kh? bF Igle st %ﬁA wath secoFﬁ Je @Xﬁ( é’?ﬁ

formed 2/ @&2% active X. B<0P &t
ion i mpl'a P”Brwd’ Biod hqvgs dephy 1 S‘é Py ¥ayrem erprokimeielyt19rg0 run r Atthegembletioh Of than t he
bul k sirpdant process, GO sourcitheinfwellss t54 Wil be cbbPrissdyr 'yt RatbaPihkt isROGm: RAL aif | €5

f . g f
PADS di“v*’“jgf;gﬁte“?‘%‘%ﬁ% st PALISER B aftnbaln, KT prd el B FGeEdBin | po
|

dopant ™ e lest topp ‘Q%C%@F%‘P“ ksest efrtlophinf inatesial idghe sedond wellalts2. alndhmautof @hos e of
Wppr oxillpstieyPMEES] Ganbistbrethd sives@iabnlells N Ray BSfolridd B o fcbrin%&-d&ﬁrg'tecﬁ% 1019

d t f 3
s A e R e o e

vary ﬁ%p‘é’FﬂﬂPﬁB"’%deﬂP"f‘#ea‘éﬁ@@m@ss%#ﬂg'dz)@am sppeoixiprelyi4aip dhivretim? ihmo tieNedoped
i || ust seadntl well ESZD Q6 ipRit eMdRE/T6r tm{nﬂﬂnt BI%CCE;]QI JdAPAR e e%ﬁgqupbrﬁt‘le pa“tEglalJ JJP!Ltant

S A MATIET I S TR L i UL
3erf orimelgat H%?%&@‘H“kaqnng)rd»mymly D45 kee. Tis willtrgsel haleatdcenedil w254 n t he

b | k bl an n e o 15 d |
hat | e oNar L Bt ot ol rehaal o SRR it e RHERe 1
lmp?aﬁtp &rﬁ(:é?s lg? used to f?)

well 1 rm the source/drain wells 54 may be performed at any time after the gate
electrode 34 of the device is formed. However, typically the implant process 151 will be performed after one or
more sidewall} spacers 40 are formed adjacent the gate electrode 34. Thereafter, the masking layer 153 of Figure

40 3F is removed and traditional processing techniques may be performed to complete the formation of the transistor
32.



case of an illustrative PMOS transistor, the second well 152 may be doped

with an N-type dopant material, such as arsenic, phosphorous, etc. The

second well 152 nay have a depth 152d that varies from approgE | mat el y 40- 100

nm In one illustrative embodi nent, the second well 152 hd

concentratiop 8]‘ I\éprom mat el 1017- 1020 ions/cnB. In the cont ext of t he

formati on of "atBMASCEe, chen (it PMOS fransibtamns?2 iy offes $ositBO vobage be deebliar sred

Wi th 40amxxmart=ly [061-2000bas) inay Tt Apbliied | to the s@ond WISBH 'vﬁ’coﬂ&p%h@)F%%duaﬁ fedkagal g
se

dOpant gﬁ%lﬁ" WRJH ﬂ%@\;ﬂ%}%b Iirsaothe A%g'ga%vely lw?xen the p@é%gﬁ'ﬂ?tﬂ' &-{ ﬁhq %%Qéﬁgg%ggme t he

during the nt process
dopant nesaﬂz@y BEei Elomlymatadn%ag? ni)apamle)dtelyl—hl thio ivolls wiatcomict V6. ezmayln@mts

wher e areg@mm it§ h'&b/@lldﬂ @ riveRdnt YiporaLty I rom
S e ot bl g e g S

i npl ant TRECRLE °p§§t"ﬁgﬁ'%ff‘l: MQ> tzapsisiand2 and integrated gesmf ineomochtingsheh@ trgisisoh e
maski ng | ayeFhe brSent inventennis @enretaﬂ;t diedctedV@d b b&S, tﬁﬂé-w&lhﬁlljf bdpfeted ‘Q@l Ltmlén@ anin the

i 11 ust rafi ransi st or, e co ct wel 58 may be
doped it ﬁ:&’ﬁne@&é‘m&gggng% © Eerl ar °"§ﬁl(‘:' raxe gy B‘ﬁ"to S’Ff)‘i?ma"sﬁ Wﬁ‘% and

it may ed Glﬁé?ja icog-op- gqs%qr \Flbstratpy P@wrl&dmfemﬂcabbsme lacbuidd, ins@lagpn, layer and an

#ppr OX iantive vy, Rk smsamé &mﬁ dopImvﬁh a f@fyp@ 8f &E&.Puﬂ%?%gif {]}.‘3‘2 fBKwéﬁ%rﬁm@q fthe < bip! ant

d fg 15
or oces SRRk RS oIR 1ol T8 S0 ehd U 5 cauBomsT P s beRsvensih e |

i mpl antoédopery FnFtPrgﬂ t Fre divig father cpmpsesisecoidiBell tbrlihedl fx\%elbhlk &%Et?a?etwnﬁiﬁ tlﬁ'fﬁs‘!‘%li on

wher e li@rsedand ﬁell'b@n’ﬂé MEMtMoFﬁgmLtg‘%l Eﬂ\:]} ﬁ% %I?e f;lisigy’pg REsiQpan %{a‘%@? geg%y

10 may tr\égssyr{) rp%rﬁ\?cpr oxi mat e
anot her r-on I Bribscasive @'&WabP‘ée throtepand f‘f@'di ap HFQWghoetam ke riﬁgt wélbandan 149
150 f or eleettat %@Ct\fﬂ'l shid 5&6nd welll 116 fis@aQRBodiénks, he a'anSIEtGr fufdRr mﬁseg)g pRFAlity of

I 11 ust kathdeMBinPidRs Hd@@&]rc%}d w1 o W &S %%sg%%? gﬂgnn;ﬁgieﬁond Vol @rgéfggc% of ¢ he

N-type d\%&’( material, such as arsenic,

cont act™® drpigeseeipns, e saurce(drain vl arecoomprised efatdbmnt nlateris thatif ofppanEt eRL e v

2e20 i 6inbtypn.dofidni materny bh&helﬁmﬁaﬁa@iﬁmeussﬁh%ja Ga(paM%b&gmx@an 100 e HQ %F

approxugm};tq,{a)énﬁqgaf §§}§adado D MRS hr& ot her | nplant proces t he

Pl ant ener gy ‘wi FRary depet nﬁ 'ﬁa’“ﬁf%ﬂ f'l'fg dish e ﬁ%ﬁ"@ﬂ“ﬁ&?‘er}ahﬂl“&rﬁf@ﬂd

Auring™the inplant process 143. In the illustrative situation where

arsenie i< .,mm, Ao, By B PSS M o L TRl SIBLOY Y
10-2Q t hose s ATt T'a

vary

r ecog n{: z Qar bugc s@%&ﬁ?"l éf’ wied gxidg ﬁ@' “lﬁ‘f’ an 3otivedayess g pulk %.'b’ﬁ?tF é%{'!gl dGPFd “tlth efisbnt act
vel |'s mf dap3® matesjal isadistlosedreTheinrethed ¢opriseopetoiming 30irsT foR implaaspr&ese hﬁﬂgQQec’oﬁH

Fi gur etypdof débaﬁt rnﬁféﬁdl Qe of%%yp'e ° Jog{em% {sk @Fé J}% %tn{at\éﬁal ltoa urglsa fgﬂ &elﬁﬁ%'g? Vit |

2{$>ubstrt§tgl nlg trad it 1 onal tec
he case Bt s"ﬁ?ﬁmﬁe’l femge |5‘?F8“dF’R)[1§‘P!aP‘d¥i%°Fs§t“€W& a ‘M\@t myeml tbat/isthasame typgasains 42
gay befrgdﬁe of dwz.rhmatmaap[fggmsb@hew&-&gmﬂn dﬁaamiubatﬁ&e\mhlahn fiastiwdll, Eﬁé wR@5HN Or
or on p M ih ra xt ensi on.
edllg i @actlaanlgyel; Ve coht? w&ﬁlé ang (gugtbmoqtaﬁt o} Qﬁpbw%lrgnd iRz,

npl ant s gnd source/ drain |rr@
| rrpl ant “PrsREsantach o the,spqnd Byﬁlalrer ovkodin@ats, tiegnatied ﬂimhcre:dmprhescmgﬁrahtfaf t he

maski rigurbedrain rediod ahd)wﬁdﬂd’rmaﬁiowﬂ%e/ﬁdﬂx@rl oammleé p%rférﬁﬁ laramfdh&. imdia& Fod L§Bsﬁ e 30A"

wthl Nobdpe : dra| n have 'a depih 154d
{hat ﬁ’ PuReRpas 6t st mosbife il B et LA T
i mpl a M‘ﬁf“ﬁ%"s‘é“dﬂt% °§6B\“’@E‘N&f muwefdweiln Ir@lonsdf thei thahsisie, teonpred/dadwels havigapant

mat er idapant doadenttasior 1@ irst o er les ofHn eve d
ot bt et gl B o

source ese‘f"l" B ‘l ess than the concentration | evel of :
dopant . nat’df pasticujapembadimentsolisaldsedbave &8 Dlusthativel dily, B aAanvertion Maydkt mddlflddinaat i ve

3PMOS tpraniied §i Sifferedt rB@t &WJI&%nQﬁr@}srhpﬁ\ﬁénl % Bdse TN tLeOzrar{Tanfin% YhePbenefit of the

count ¢r - dopi t
?eachmg? hergn q-%r exa ple, the process steps set forth above may be performed in a different order.

Furthermore, no limitations are intended to the details of construction or design herein shown, other than as

described in the claims below. It is therefore evident that the particular embodiments disclosed above may be

altered or modified and all such variations are considered within the scope and spirit of the invention.
40 Accordingly, the protection sought herein is as set forth in the claims below.
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particularly, in one enbodi nent, the source/drain wells 154 may be forned

. by inplanting P-type dopant atons, e.g., boron ot boron difluoride, at a
dopant dose ranging from approxi mately 4e"-1el5 ions/cn2 into the N doped
second well 152. The inplant energy for the inplant process 151 will vary
dependi ng upon the particul ar dopant species inplanted. In the
illustrative exanple where boron is the dopant material, oty lj@@fant ener gy
for the 35 inplant process 151 may vary between approxin&te y - 25 keV.
This wll kgzgﬁﬁ§gn the source/drain wells 154 having an N-type dopant
concentrat i | : of approximately 1015-10" ions/cnB. Simlar to the NMOS
device, the inplant process 151 used to formthe source/drain wells 154
may be perforned at any tine after the gate electrode 34 of the device is
formed. Hodever A demides edtaprising i npl ant process 151 will be performed after

one or nore sidewall, s ers 40 .are forned adj acent the gate el ectrode 34.
Thereafter, the? M@Q@y{@?ﬂﬁ aboye miswptor substrate(@6) egraprised

- tradi t5 onalf RRGESVsse (B0AY AMER: t _
formati on of the trgnsies(t o}rsﬁ1 32. ggﬁ%%a%é%gg%gg@ﬂa%{ﬁ?é%{%ggﬁ%gﬁ)’when

t he PMOS t seid bulksubstaste (30 A)fbeingaloped mith\acfirsictypagdapantt thetedalgder  of

contact 162, "t naTEf el R R s Bl ibsitle (Hfon St dre v LesORbels "o 1
Al ternati vebpyed wifien séddad RfeDidopii intQial Bt i%ﬁqg%é %@oﬁ?&?{ﬂ@ﬁi’%%e@z may
approximately -0.

be negatively biased by applying a voltage of - -1.0
~volts via depanhaateriBR. By applying this 5 negative bias to the well 152,

the dn ve currept t ransi st 2 may be i.ncr.eased,. thereby

1 endiqr(l)lg to inc?esg(ggéldogg% E%S%’é?adg?’i %ﬁpé‘f}gé&g@/ﬂ‘? &8‘63’ rs%‘ﬂs’%@t BF''32 and
i nt egr at ed(S0)) said secombweld (52)thelig doPed with a Pt ThAEral 1A % tAE %@i&ﬁe%e”t Ion
is generally gl rected to a biased, triple-well fully depleted S

struct ur e, SH &rss ynenfdopantipaierials saightcansiston{a2)mingformed suseid adtivedayer
illustrati i j\ce conprises a transistor fornmed above a
sili con-on@rﬁgpgfuo%%;%eggﬁ]g?g?%%hpri sed of a bulk substrate, a buried

i nsul ati on | ayean electriaal coh&cacaobﬁ&shiasfﬁst,wélrgonlaha substrate being doped
vvithlg first tygl?e of dapant %ﬂgal,, and a tirst well fornmed in the bulk
‘substlPate, the £ plept Iqonﬁ’@{%t& said serand vel@@bnd type of dopant nateri al
that is of ciark hit &id Bendd t ' : evi ce
further conpr idgggegeggg%tn%l%mfﬁ%‘tgfggzyfﬁm{nﬁg v%%ilzgspuaglg{)fg{e?mwvgﬁfyﬁgt he
first wel | (30Q)ehigle tion @vercdn atseidefinetbby daidi seborsl welp5%) svathet, iimlusé,hthe i s t he

sanme type . e fir e.of dopant terial, tr.ansi gt or _hei ng
formed | n'%%lééggc%rr\ﬁﬁ%%@é% %‘B%ev‘éu‘%ﬁ‘é Ogg@‘oﬁﬂfl%?q &3E§Wa¥lt§c?¥’ wated ¥R act for
the first veltdgeapgliciito bbidel@tridal EcHtact 061)F6i salddeci Welbfszgnd wel l. I n |
further enbodi nments, the transistor further conprises a plurality of

_sour@@/drai n regions and a source/drain well is formed in the bulk

substrate .withi ; ch of..the source | R regions.
"The source/dr ai %‘%/?/e Z‘ggggﬂgﬁﬁlpélfl@gg’%&pﬁ% cé)gﬁ’é}ﬂngnaa?oé\%célweilﬁég f&gm t he
sane type mssaidibulkfsubstrate {peA)Owithiapald firsawelli (80), shidtconfiet sRI(E8)Y BiagnN wel | s
have a dopant coacgnt ation Ievgzﬁ Qf ‘Lhe first type of dopant materi al
that is | eSYPRTFEH © ad{%%%m%tﬁ‘ﬁtl tis,of the spmg dypegts spidesecendstype pfdopant dopant
mat eri al i pateligl S I Nyithie i | ' t t hod
of formng a trslén_gi%)?%rm%go%h a(SEs;? i con-is)érll(l-l F%%Eﬁg%ﬁéﬁsmggiﬁgfg dg}gar?g‘rai sed
of a2Bul k ewnsentraion level bfisdid second tpe lofidopana nriterial that is\peedterythin a tbpanbul k

substrate pej oped wWith.a fir t ype of dopant terial is disclosed.
The met hodg(glg%ﬁag gi”ﬁﬁ”?f%ﬁ“ﬂf%amﬁypfﬂ Pgﬁoﬁaﬁﬁmﬁmgﬂtsg&%é@é’gn (Mng a second.
type of dopant material that is of a type opposite the first type of dopant
material to forma first well region within 25 the bul k substrate,

perform ngd-a sedolediceds dlaipedin claimdeersclaisi A gfugtheiopamprising zcoatacttwell is t he
same type @g) klined in said bulk substrate (30A) within said second well (52), said contact
30 well (56) being comprised of a dopant material that is of the same type as said first

- type of dopant material, said contact well (56) within said second well (52) having a
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first type of dopant nmaterial to forma second well region in the bulk

. substrate within the first well, the transistor being forned in the active
| ayer above the second well, formng a conductive contact to the first well
and formng ‘a conductive contact to the second well. In further

enbodi nents, the nethod further conprises a plurality of soHéEce/dr ain
regi ons and wherein said nmethod further conprises perform Bird ion
i nplant process using a 30 dopant material that is of a type opposite the

first type opant  mat e sul t source/dr in well |nthe bulk
subst rat & deret SBErtrBROL ey oid R s i apegh BTt oisaBrexerthen

transistor doﬁdih? cBRLHNERGGH Rivel wpkdxé il éypa ofd gaﬂ%e&zﬂgﬁ %thfs%t&fanw&ltve' of
the first 6%Zpe of dopant material that han a dopant concentration
| evel of tKE). first type of dopant material in the second well. The
particul ar enbodi nents di scl osed above are illustrative only, as the
invention may be nodified and 35 practiced in different but equivalent
MANNerss appar eni déiddasdaisled! lheﬁﬂy'dﬁefotf%lﬁhs 1189, Rehetdi® sﬁﬁ%‘aﬁéﬁtop{&he
teachings herein. For exanple, the process steps set forth above

per formed fusther gompeisene pneadity of Boutchidrain rregions (#2)mandatheodevier urthet ended

he d f d h hqw
descr i bed FMPAEs & SIRGABiREN (F4r GPnAL i peif Suu PebReeer AR PHBTLSHY | cul ar
ermbodi nent Secdhdi el @hiél/ SadIinf saRl sodtdefRirfid r@émﬁ@@&j is8d BfkeAdin SRA

variations are considered within the scope and pirt’t of the invention. 40
Accor di ngl {#4) bpiag spepesed ofa depaghmatesiabihat iSSDfabe metfypeamandtﬁtsh’s'pe ofi s

for g abotdrinetah vl GhRdhaid R 525 pa BB AR orP o8 186 B bt

substrate §3dA)st tgpebofrdopdnt matetistt theyis |1@¥Qﬁan(é’>@5i)anﬂ&$hcéﬂra&féhllé&%l beysed (300),
sai d bul k ubstrate (30A) being doped with a first type of dopant material;

a first welfstppopP ﬂ@P%H‘*‘it‘?ﬂa&&?ﬂl‘bﬁﬂcRn%%Hﬁ@te (30A), said first well (50)
being doped with a second type of dopant nmaterial that is of a type
opposite said first type of dopant material; 10 a second well (52) forned
in said bubk suBstaviceeas(@ffed\in ahy oneaf dlaims Stto\nelvdhereﬁxﬁﬁald baki sibstegeond wel |
-(52) elng ed V\nthadpnt mat.er.i al  that type as sald v
first type(3g’38d6§8mpﬂﬁ84 'sifcong saig ttqngﬁslpgtlﬁton( 5171‘ gISfcmp@aect Afsaid
active | aygilicor( #0He ah@YAd 286 1IBRFB6C ectrical contact (60)
for said first well (50); and ?g&gn e%%%??@?dogggtogét (62) for said '
second well (52), characterized in that said transistor (32) is formed

within a part.o thve laye whi Il es over re fined by
sai d secong mel%‘(%eg’%e%% c@%‘ﬁfl o 5y 8§ % ﬁzﬁléaﬁ’ CEt Faé‘ig %ﬁﬁ‘gftﬁg drive
current of (3043 Hasaenabﬁztmrco(naé?ﬂtraﬁaﬁ lbﬁbl r’tﬁ@tUiaﬂg@ﬁfrBih r&ﬁhﬂa@&? 19Ppjgled to
said_electrical contact (62) for said second wel % 20 2. A device as
cl ai R8d i noB¥EMm 1, further conprising a contact vveII (58) formed in said
bul k substrate (30A) wthin said first well (50), said contact well (58)
being

7. . A device as claimed in any one of claims 1 to 6, wherein said first well (50)

has a dopant concentration level that ranges from approximately 10'%-10' jons/cm.

25 8. A device as claimed in any one of claims 1 to 7, wherein said second well (52)

has a dopant concentration level that ranges from approximately 10'7-10% ions/cm.

9. A device as claimed in claim 2, wherein said contact well (58) within said first

well (50) has a dopant concentration level of approximately 2¢*° ions/cm.
30
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conprised of a dopant material that is of the sanme type as said second type
. of dopant material, said contact well (58) within said first well (50)

havi ng a dopant 25 concentration | evel of said second type of dopant
material that is greater than a dopant concentration |evel of said second
type of dopant material in said first well (50). 3. A device as clained in
claim1 or claim2, further conprising a contact well (5@) BtgrppEd in said
bul k substrate (30A) within said second well (52), said contact 30 well
(56) being conprised of a dopant material that is of the sane type as said
first typdlof dbplemice pstcdaimad indaim 3owherein seid coxtse) well t(ﬁﬁ)nwit_éhcsaisiecond

Cype of - toneeueL(s?) fa y Aipne ol el PRBR AT LB G BbRR o 8 el o 1 cvel

of said first type of dopant material in said second well (52). 5 4. A
device as clainmed jn any one of clains 1 to 3, wherein said transistor (32)

further corgri ses dgvise @b slaimed gt clam e avherain said sguise/dryin Mells (54 have devi ce
furth i i | f. d.j i .d | k bstrat
(508 i 1 i opadriERoduaul RELHHA ol thord B ot 10 40 pdtingc ai v gt ons

(42), said source/drain wells (54) being conprised of a dopant materi al

that is of the same .type as said first type of 10 dopant naterial, said
sour ce/ dr ail 'V\el‘ﬁ‘gg‘(lg‘%/lgs Hamedgnany g ef clame & e da; whereinesaid figst well £5Q) £ r st
type of dopagh Je%hskd j ﬂagb_ ant concentration |evel of
said first typg&of dég%ngﬁgﬁ%ﬁft%rp@?&#ﬁ sal gsgg@bnd well (52). 5. A device
as clainmed in any one of clains 1 to 4, wherein said bulk substrate 15
(30A);~is comprised... of _.siJicon; said-,. buried; insulation=-.|ayer.-

(3. 082 . .39 - cOhfFYIER 88 °’8+meim Woﬂnﬂpgm bt 13awhergimn sajd seoapd wefl300) i s
conpri sed @52)Hiak h@epth tBat rénglS WotLartRokihtdlpe0. one of claims 1 to 5,.
wher ei n sa?d )gil?l Kk sgtbstrategé (30Ae)1®?1’%s ate%?)%rll?()%centrati on level. that.
rangesfrom approxi mately 1012-1016. 20 ions/cm 7. . A device as clai ned
in any one qf clains 1 tqo 6 erein said tirst well (50 h dopant
conce%trat ilg'n | & 8Pvies, at &’%ﬁ%@l ¢la A BHESI AL é?’ifcilég @MQ?gﬂﬁ’?f’E% 25 8.
A devi ce adepthahateshdes fiofyappiskimhtely 8098 nh: t0 7, Wherein said second wel |
(52) _ _has a dopant concentration |evel that ranges from approxi mately
1017-%%020 ions/cm 9. A device as claimed in claim2, wherein said contact

appr oxi it oy 2800 ied 4 formlf » Sdten B 50 ORFOASRTE S Bul GG | 7

~ claim 3, weemprisedsaf al balknsubstrateaBOAY; 50 buiéd Hisilatié: thyep ¢SOBaniehit aéthe) - has. a -

dopant concentration |leyel of approximately 2e20 ions/cm
P (I:ayer (%é), salde \{Ju{k substrg e (30A) bgmg doped with a first type of dopant

material, the method comprising:.

20 performing a first ion implant process (35) using a dopant material that is of a
type opposite said first type of dopanf material to form a first well region (50) within
the bulk substrate (30A);

performing a second ion implant process (39) using a dopant material that is
the same type as said first type of dopant material to form a second well region (52) in

25 said bulk substrate (30A) within said first well (50);

forming a transistor (32) in said active layer (30C) above said second well
(52);
forming an electrical contact (60) for said first well (50); and
forming an electrical contact (62) for said second well (52),
- 30 characterized in that said transistor (32) is formed within a part of the active layer

(30C) which lies over an area defined by said second well (52) so that, in use, the

13



11. A device as clained in claim4, wherein said source/drain wells (54)
- have a 5 dopant concentration |level that ranges from approxi mately
1014-1017 irons/cm 12. A device as clainmed in any one of clains 1 to 11,
wherein said first well (50) has a depth that ranges from approxi mately
50-150 nm 10 13. A device as clainmed in any one of claims 1 to 12, wherein
said second well (52) has a depth that ranges from approxzmg éﬂﬁs 40- 100
nm 14. A device as clalned in claim4, wherein said source wel |'s
(54) have depth t es from app OXI mat el 0-90 nm. 15 15. A
met hod of ar% st aRd g hveacgrqqt %Hapsﬁ%ﬂ‘l é?é,magu% m&vlétedg‘w
conpri sed: véliagd applidd:to sﬁﬁ@fécfﬁéa?c&?ta& 2 fia iPbEARRAYSAL 1 on | ayer-.
(30B:) .and=- gnyp%lctl ve: layer (300, /& o bab %lrf %@ lﬂz?e (30A) being

doped vvlth a first type of dopant materlal,. t he net hod-conprising... 20
performng fi Q l.an cess.(35) wusing a dopant. mater,al that IS
of a type %ppo ?‘8"‘*‘8@3& fnﬂtj 'Bfg mo$5 ?fg%fﬁ’cn ﬁ’é‘?éﬁap%{?tot g”f)d%ofﬁpéls?ﬁ?st wel |
regi o8 ( SOplutlityrioR sotifee/dedih “’re%MQé; 42y gnd %ﬁi@em R&Tdl AefHol YuAn&e ise®N

i npl ant process_ (39) using opant ‘'material that is the sane type as sald
first typep%fowa}%htm%mrlmam@r¢®sm(ﬂ)swmgmldwpaht mategiabtha( 52f a type 25 sai d

bul k subst ald f| wel | or istor (32
in said acéﬁ%’g 4%8@%1'%”% é’\%t m, l@é@ﬂﬂé‘“\éﬁ“%ﬁf‘m@{?& {fﬁr‘ﬁ %ﬁﬁé (32)
el ect ri cal bulloRtilsstiate( ga)‘\)ftﬁﬂeﬁéddﬂ df dasd sé‘lﬁl:é/dr@tﬁpl)e 10%5 42)f Q4il1sB8rcBrain

el ectri cal li:mt act for said second well (52 characterized in that

sai d transVeilsoes ?:bzymgg denant gongentiatiomleyel of said ﬁm@ type of/éopaay mater(aBOC)

the' 18 "es%%cﬁéf)%&h%fegﬁggﬁé&??% e A 3 AL et 3F ot el iS¢ o
(32) may bsidsedomdtveld (52) voltage applied to said electrical contact (62)

for said second well (52) 16. A nethod as clained in claim15, wherein
said transistor (32) conprises a 5 plurality of source/drain regions (42)

and whereify sai f ARINAQIad WidilEd HOMREhL S ? %&J‘e?{ %@gtrﬁnswbrr gﬁ)o&r{hgpl ant

process (51) using a dopant nmteria IS O te said first
type of ddmmsma@ateaelecwodee@db tand mvlaeremwaaieﬂntﬂanon mfplldnt (p’ﬁék)ess (5134¢d bul k

substrate A ach f S urce/drain regions (42), said

: sour%ge/ dr aéeﬁpr%tﬁéj?@ )gah% FW@O%%%}JE mtegncent ration | evel of said first
type of dopant nat erl al 10 that is | ess than a dopant concentration | evel
of said first t]%pe of dopant material in said second well (52). 17. A

met hod as 18 ai nomethod| 2s: wlaimed vineclim i wheretmsaidt tandisay) (32)« fifsther..
comprises a gate electrode (34) and a sidewall spacer (40) and wherein said third ion

implant process (51) is'performed: after. saidasicl’evéalh-spacem (40)-is:formed: .
20 |
19. A method as claimed in any one of claims 15 to 18, further c,omprising
performing an additional ion implant process (42) to form a contact well (58) in said
bulk substrate (30A) within said first well (50), said additional ion implant process
(42) being perfortned with a second type of dopant material that is of a type opposite -
25 . said first type of dopant material, said contact well (58) having a dopant concentration
level of said second type of dopant material that is greater than a dopant cont:entration

level of said second type of dopant material in said first well (50).
'20. A method as claimed in any one of claims 15 to 19, further comprising

30 performing an additional ion implant process (47) to form a contact well (56) in said

bulk substrate (30A) within said second well (52), said additional ion implant process
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conprises a gate electrode (34) and wherein said: third ion inplant. ~
- process- (51). is 15 perfornmed after said gate electrode: (34) is forned..
18. A nethod as. clained, in. clainP16; wherein said..transistor . (32

. further . conprises a gate electrode (34) and a sidewall spacer (40) and
wherein said third ion inplant process(51) is perforned- after said:
si dewal L spacer (40): is .fornmed : . 20 19. A nethod as cl &b ®#ed7j0h any one

of clainms 15 to 18, further conprising performng an additional ion

i mpl ant pr s.(42) .to forma,confact well (58) in said bulk substrate
(30A) wit it oG ?ﬁ)@@e&w{ﬁ%@} : %?é?e&\gﬁﬁ‘a? 151 the sanemtypaps sd fipst oes s

(42) "bei ng relohat Mferidl{ i oG R $BPLAing 2 BBl b lr%aidf @

t ype opposite gS said first type Qf(gggantn te |§F?&§%P§ﬁ%%ﬁﬁgé#%ﬁgll (58)
havi ng a ddisstriype ofidenant matesial thagvegreater tminch demanh donoepwrativin Woglaftsaidat er i al
that is gr r.t a dopant, .concentrati | evel of said second type of
dopant mat gﬁ‘%tgypq?r}a@ggr&r?%zrﬁllmy S?C@Gg“’%ﬂ)ﬁ\ net hod as claimed in any one
of claims 15 to 19, further conprising 30 perform ng an additional ion

i npl ant process (47) to forma contact well (56) in said bulk substrate
(30A) within said second well (52), said additional ion inplant process 14
20 DEC 2005 (47) being performed with a dopant material that is of the sane
type as said first type of dopant material, said contact well (56) having
a dopant concentration|level of said first type of dopant material that is

greater than a dopant concentration |evel of said first type of dopant
material in said second well (52). 15
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