1 EP 0 419 256 Bl 2 Description

ling hot-carrier generation and inject i'on, nostly in- volving positioni ng

of current path and |qn| zation re-mg OF THE | NVENTI ON :
gion to mininize adverse effects edd aches al so are onIy step— gap PR
measures which will eventually This Invention relates to a seni condictor = -
devi ce Peseriptiog; | as devi ce sizes continue 't‘@)hﬁéa@ﬁ’aﬂewatﬂb\m’ injpetion.imoglly lomy .-

met hod and devi ce or .. suppr essi ng VP'r"'B%E%%‘P Ettpgt“(?ﬂd '°“'zaﬂ°""°- |
hot --car WFGQQV%OEF%E &VE'ES TONt carri er eff "\ngﬁe%@ wm .
and\/consr er, entBX et al L 1s. recogn a§ m eventuany

par t1i cul -9 tji(ﬁl: ] Info ;gg?., Iglt ng r%oassr Fsglfm@:{a "gg°‘;f:‘enaso

nunber gl das?ein de-
gat e- | engh, a ly@&la@lﬁ‘ﬁqﬁ@ ﬁrfzm&h%&p' ng %ﬁmﬂl Br&fﬁ FET :
deyi ces.gss-related aging effects in short gate-length MOS- ]éﬂes anl that i?ﬂ)pﬁ@htﬁh@&ldﬁ-@lli lnterfaoe TR

degr adatrEPRevice®UNt er measur es: The probl eng ;G thb flainGalsk bedesraddiieh! CohteRhbabies?Nd
rer i ncl Ut pfoBieiid oF Got ddiibrd)levidé ddingartGe-a hi Jhindilida forrhibig 4 indRtalning & high &MIWGM%
been r ediagity #fd badh r@cvgniak ab loge. SraheOmajor! ayer . lfyagand edking1d réddce/SBH Y6 bisakagh AN

br eak ag@onitraints iaiew¢ersedling. Theiinjectianof loecas-C al i NJng Hbkeameninjection.(The Iafter apgroacisipropos- ng
hot - car miessigenergted by inpact iohiagioh intthiedsigh deaipr oach gstagprives the hydnogengentent aiithe devioystruc- -

| npact ifieldiregian;af near-micramsten angsubmictpmetere s 74 o tweduce t he hydrogen cont ent of
the deviMQSFET dewices fegmdes the gevisn charactelierr - ni cr onHydmaen hep ledg brep uendete é‘ﬂ dﬂ'mng
ture. MicEEe ugua MPREET prmgessenand ‘!eﬁ'@* UG ce cH’&F‘&cP@F‘FQ&s"H at the °"'ﬁy§!} |

I ong be(%ﬂ'fe"ug‘ﬁ’!!‘gfsa”??xfd e layerin n}za_i si-
: Bﬁ‘ﬂ’é"" 'ﬂE ° 3
TS t?éi? E%ﬁ
sp re

The Sl ) l_m% Hﬁ? daQle trappeggar;rters c-tn:; aeover er t Ithas en ﬂg théad'sevi Vmﬂt

easily egﬁ{eﬁth 1 hO enaéﬁen
hot - car rvhl%ror fn&aﬁﬂlsma& Eunﬂ%ér s‘ thaﬁ trvn gecam hedbdd toQ@JlJ doﬁﬁ op%f-aﬂﬁ&n' €
site of ydpgrelafrettcd by QQ@ dwesh&@%l&g@ta@stxﬁc €25 ThRidge BRRRE tﬁﬁéﬁdvﬁ’&r%ubﬁﬁ&dm

over | teefi® tdehatige SueEtBO LA Rletintd obditbuitlus-t Ut € fdsporine for hydro- tine and
~gradual lage. iemgbtiéed it eansittat cidcults dbignédathd Vol t agRnotide Bolutioh toOthé dahgiag bbrticprablem
devi ces suth davices tovexyeldsetbicrapdemt mitiflfy op-he dewascprédosdd oS \wamatad int JapanesecPat)
tent hs aative a1 tilelydo fall aftey don@getiod ollien Act  al  AppinC{Kuichi) 56-126/846,led Maedht7s 1980 and

nor e. Threcentagigle by Chentet 8. entitied {Sugdmessigmofa s ge  t miblishdri@etaber 201981 . Ay thetime, the state ofar v
t o scal dlotiGarrier 2 inj Sumiclometer,GMOTecect ed e HhindMQASKEE tehhmoldonispd gatpdengthe of

i sus-  2mologygiE ngaetions gn GlegtrorDeyjces)¥l.o\y f o sevesy mk‘mma Het cargeriaging was ot thene
to- chang"’é MR, Rt PRS- 1R86-Ra09s 1249-2218. SyTvexs; [ cuij (2 RjRblembe S%tgémte P&Eﬁ?@@*‘dl"t -
means t rf&t" 'P‘c’(fraf’??f@%srtﬁ?‘%ﬂ‘g\)ﬁ“? fhe PrRROL her tg%ﬁelﬂ"feg 59 angfﬂg

1
PR agng. nc'ggm
s €0

" probl em"¥W

d pie y Bonexis gxpl { sysem
g:)(r)rgoggrim §a i | gt %l 8 e.‘.;‘;; m'b 56 l ﬂméc al e§ e% %ﬁ%é@
recent ol : i gd Supp ep, ,pg_ : in-
Cotober ot o et o, Of LD Etﬁa%rn °&.tt§,s amm':zsﬂ.
Submi cr qmasmm&e@&mpauy by VShiza -Jnhh-n MOSHds vottegss AiR8! Ivekiatiu prapubd) S

of nol ogctof dediFdurrdrit Suifvorsulith B SiliconsubbtRes ' ON OB Vihsian® earwl into ths Sii6dh dlibstrate through
M Cr oetigtice strédfire it AKIGH eictrid fléld) @s deRiBesddt | henthe Bate Hiie 1ayver followéd by hef Sreatpag@ita
2210- 22 lstaledstd smaties size widle palblainage lkeaans e hot hyd@dgen stmesphers.cSafat agyloan ay appli N
St at e- ofdrdinneitagetVpimpiielrbsivergth ihepeagesaWheng Wb t heahiscthip teclinique bds@otrbedresidopias] cominarn g
gat e- | erfigidiatrehgthiincesgses Abavéiabout @Avoitian., hbie s - of cidip Brdappearscto havg igiven way to the conven-
35 | warnawiens upaydidablydegin forbs genstited f2negpob| em tishaldsee hydmger-dans aydistussed abvedo
was Vi r tRiegch o mapaging hol camier effepts hasbeentarends, - esaturate silicambantiing locationp atthe|oxide silicem
has a cdiwee QPGT‘!"!Q vemmmqu 'ﬁ%%"!"h a galpierfacenFhis-prestice; bowsver as appligd in the

el ectri g"%&f’ Es A chrs tq °"E"H'§s ﬂ?ﬁﬁ;‘;ﬁ%ﬁ@%ﬁ&@;
noti cea I Beca 'fﬁ“?é ‘fphortgate-len
|nterfac‘1 "fhat"% T'Ip'g ‘g Qg"g ﬁri"crometJ Peco tor tach
density bén |ts %ac?flog urth‘?err?.I under s&?py ss:g' ?gEz rtf:eghe
mcr orret t
to seta ugggr{og ga%ma“ o nt s caus;ﬂoﬁwk g'r?sza idov?r %m

ol d vol t,Qq&ud daal wﬂg@ dVRiERsSU proposes pact of dra| n current

carriers Wehéhdth ed,sa, slog,g,rh gsrtag&,trdio i npl ant carbon into the silicon -
substrate through lattice structure in a high electric field. As devices

are the gate oxide layer followed by he%tt treatnment In a scaled to snmaller
size while maintaining a constant hydrogen atnosphere. So far as known by
appli- drain voltage VD, the field strength increases. Wen 45 cants,
this techni que has not been adopted commer- field strength increases above
about 10[err]vo|t/cm hot cially and appears to have given way to the

o I T T T ' I Y 1 ~ o M 1 S Y



g . EECT) Rl s b ol s ot At
e e e T b o ke ot agadhea Ty A Y R BRI NI AL ST e
¥

3 EP 0 419 256 Bl ' 4 SUMVARY OF THE = . -
IN\/EI\FI'I ON or' less, a device according to the
iavention builtto op- erate nornall rr] = 5.0 voltg has a threshold
iohe- obj ect of the indention is to %19 IBdng- shift of less than 70 -
mllivolts at an aging tine of 24 termreliability of very |arge-scale
T'nt egr aguMARAGH JHE IRCENTSONEN oper at ed at  erless.afgyice aeceing @‘WF'!“& '@??
circuits without reducing operating drain WP‘HQ‘E'Q“VU?VG' =0 veity) "‘17

gat e_vol t @gepigect bt ths indanfion.is It improveriensher obt‘\éf&?f '%%“‘F’N“r'gga@% aﬂ'e%ﬁ'

agi\gg etbrm mlﬁbwtyfmmgbmhﬁmwb ects th volta me D
shot t - cérmmitseithaviefueig mﬂee%m'a < nd " nh'
beconme noAeothes ghiedt i “aﬁﬂ“ ? é"d’g uch CI

appar enfects r“bPH°EtT‘FB°“f‘ﬂI aﬂ;ﬁm descr h mﬁﬂf@m\ﬁﬁi %ﬁm&’ ption of a

i-oni’zat ?’lS‘rPPP§ "ké‘f pr ef S wi

Wi'th revisid ré't;[ aBembi € ;onvmﬁé@m@g aforemen- 10 to the-
. nv
- Hfaw ngﬁ ﬁr% mlzetimgel

IR dependent threshol.d shift in such
‘devi ces, abpoldel o . pRIEFDESCRIBOBNIOFI TEE DEAWINGS

DRAW Nﬁsﬁgﬁﬁi&%@kmﬁﬁ%m&go@ttal n the foregoing.ob- jects wthout
¥ wit y

mat er i aj | RehplicatihgMeQFcBss fdror Fl @61 is sscrass-gectiensl viewof g mataloxide-c\y

of a NMetlicafihiofsich devieks shdicidaits. Of such dewi stieondield effeet dransistor (MOSFETY illustrating: oy

field eff anb idvbritios isSd Rot-eleblanrdgihy-raskstentst r at mnweffwﬁﬁiwmwwﬂeammmﬂm- in-

" hot - el egefaPdkidagilicon-field Bifect transistohMMOSEET)r i er. decHianand taprlRg- di ”ﬂ ot hbeSihoid
gener at iafitn prévessifarfablicatior aisuch ieviceimartite| d ef f SBP- 2 sl E ¢ carriers.
jection tegfathd tircajpgriarsificoreenbbtrate having @8YPPEror fatS’Pii"C ionyA: Nt 1S Sﬁ&apﬁh&n
i h-\_Fl @Jbsﬁatesxrfaoesmté@yalamfhmféﬂg?@ﬂﬂh & thr® T‘gf’

silicon oﬁﬁbs&stmnﬁmg'%ﬁeﬁ adaty BRS 'i. J qgg at
hot car mt"éﬁ%’bﬂ@%ﬂm{‘é"g‘w‘f" e OXI daeo (ei;‘g Rarch hﬁﬁtnDi?&énti&ﬂ
FG- 3 |f‘§'"&“d'l° ?ﬂ?ﬁﬁ’f‘“ of a poic_-| | Algei of thidstivld %ﬂ@tl&vﬁﬂdng
forms arfeie °§§, % I3l B beliRg robults SF@Rarhps@f dubraieromet-
Lattice Ts"’U ﬂm |r§ur acédeﬁxé@adwaéddwemaﬂmewmmmvens
a “subni gJ¢ rfion o&.!i@t Of o With rbstitofor® conaroierariples gate
oxt de. - eBold Yoih nm@g&g@ i n accordance with the invention. . -
drain cq iffikiSns' o B ﬁhﬁﬂmﬁéqmgisg%nd t hi DEFAREDDESCRIPROE. 4 is graph of

“t.hr eshol Séﬂﬁi Lo bf WS sulidGts|Gespbctively, Ofsot he substrate on opposite 5| des of
t’he gat earpagm,, od B defihd BthareNétiginagohtiashet t s of eimlmee@neﬁ"bsdmhmﬁ“@ﬁ{!’@“ “
l‘ayer. Aeaﬁ-iaaaf&%land?dﬁd‘ldtﬁéﬂt&paibmtnasmoou mpur i ed cirsuiticpmprieing Rl
accor. dangigstitelulider fidemal bpepating ednditidng.imathepor t | oﬁel@effeme"aﬂﬁs(v‘Pﬁ'F@ L‘}
gat e OXi wiids, the surcemddurairedititsions frespacedsont r ol bse 05 édh@a
viol tage wiétfibit etréngthiirsthe channel BGUPQ?emaYﬂ'}sdrs&l ns'?ﬂ“f'f"d: |tes
in the spmcentibBferwiietOs Befficiewt fororegte inngrt and t |“F"d1
riespect i ioaizajion praiucing kot garfiash geafirstpodienafne _

t
The | nvethe siinon eybatrateis g F!ﬁb‘ﬁ‘["@ atf"'ﬂs' A |nte ueisﬁcﬂénﬁélﬁi Er&lﬁi&@fs &sub-

thé.fi r seongrsiratiop af 96'P”Lt "%’f’ﬂ '°°'1§?]‘ ir UI Qﬂsﬂ% S Hahd h/ugér sub-
et al - o e P{;’zﬁ QEE JofI °§ & D MonG ehddizer ?shmmmm.
field ef f¥ee su ﬁ.}ébﬁes falaﬁyf&ﬁh@émtbﬁbdsythﬁrhﬂoammenm
drain di F‘Fﬂ ?ed ace ) l)y Ot NEr Wi S Qoo b B8 bubeted. The axitle Bger sontastsdhe
as that fofant & tHelieRtiBRANNE!  istbstibte bias ind s erdxide-silieH Intestrenn
a,re piariee (dfAed fftolal | WSt r18taithb sbstrate surtecevBrias fo fopming fhepxjde

in FIG

sufficie ij § sdU3RRE immediately befleahONNEC tidyer) a\ohdninel aliffublon {sforme\rassrabiy-ty
devi ce, |g ﬁiﬁﬁg@ graasturz‘:reﬁgodi{ﬁém, air 1 er dow-ddsagefianrimplantasion pfcbarop foraptiMPul
used in lg’ Joitete e ddpe Ewihaaibonktaay Thamxnel | . teké ths first pastin ol thrqubsirate upder the, J?é%
wirth car mtmaanm&fdoam indiRib Gydroge atbios, Il G, 1, oxide.Thia jmpiantis diffused duriig

concent r ahich Rasef a aibstastib porfiey of|theatydrogen sish | ct@nto@m&resam%eﬁ% m a%
MOSFET deniré bonfie toerbamatoms. @afbaw bes gor ef erf&bﬂ‘?smﬁ" dagagithe y
of 40  Highi-topqieg stiphgtiviormydseden than dess B 1y | “’aﬁ ‘-'°:° r%

10[ er 1] s ccob srehiot eleckiops areylees ikely,to dipseciae.the_ s't §“ ‘:ﬁbng A1 balRen-
| ayer 16 Hy@%ﬁ%ﬂ;@?@aﬂe iptacace ﬁi‘%rface‘d? q E" efdidepos-
t hr esh-  form het qagier,{Eappin er abl er ifa }’ on -
vol t age shi The igs@ation jsjmpst applieable m%o%)—‘aﬂ‘ Ib :;:tr; and pat tg mgmfgk‘%mmw’.
The oxi deviqepipwhicktheé E’i°§'°'ﬁ|'% &Pﬁq th&;opfe Reactive 168 Bichifg?,
subst r at emeerp;WhsR the fganngllapgt eﬁ1°"8 e- Sl I | con nt er ace the carbon ators are
inplanted or diffused into a 45 18 at 8he substrate surface. Prior to
form ng the oxide shallow |l ayer of the substrate |nmredi ately beneath
| ayer, a channel diffusion is forned, preferably by the substrate surface.
I n_anot her enbodi ment the | ow- dosage ion inplantation of boron dopant
Irrpurl- entlre substrate |s doped W|th carbon at ons. The OX- ties, In the



& -_—.:'.-e-;:w_o‘\r d et Y R L I T LI RO Lt e eaene . TehL R R WRSUA S seas s AL e ¥
‘

-vi-ces in which the channel length is less than 2 micro- both sides of _-_t,h_e,‘__‘..---;._':_f:
gate structure 16, 20, conventionally - meters. Wien the channel length is.

one mcroneter by degoleon and anl sot ic reactive lon etching. 3 5.
EP 0 419 256 Bl gﬁie structure Bnd sidewal | 7 T
spacer serve as changing the threshol d voI tage to about 0.9 to 1.0 a . - “un
sel f - al i griiia gaterstictufesnd $idepiibapdensprares N- t y p@hahgiag the tireshbld voliage @ about 09its 1.0 ..

d es i g ned self-fliguingmask Jor implantingr ant Netypst drein di f f uyPltsniniarsireuit designestetiitientiyr to preratedt at h é_ -

t.r adiEfusion In @p axpesed HPitienyef thersubstrate opo| t 5 AN ‘Q"‘%}?&t"e°%\f°lt%1§f@[aelﬂh]\ldmo\feof
5| d of °'E°n%d F\QQE?PM‘E? gnda-wimilar aquiep | ar s@rﬁ*’&'&s

can di sfiffysio GP'PS ide 19 oﬁ (r‘? . AlRRA 4inqces e
P‘B 'i? id ?IF'P B‘g Fatio Ag patiad Batis

of the JER™. 8ﬁ'é us 4 ‘H f? @E m;@f%ﬁ%%& stx;&r;; SR

Structure. | can g

peri od [;as two s “ﬁﬁ-"“‘?ff’tf Bruity,

._pl’l or t WMm ﬁatioﬂ s&ﬂ-& gel;ber a hg{dal n

si dewal LigaP@ndi ' sl@fSPﬂé‘ ﬁ[’ FhST Qg ats&.s on fﬁﬁ

Iﬁnt
-to causgaﬁmﬁeaneamtsmmw thask foPthd1 NY t 148 RHGRE) pe %ﬁuoﬁ&e oy

pr ef:er a Nl ympidie Salskquent hetd Gbdtaéht @frusgaing | englign uyfdeﬂemaé:nbommomsml RAbedtundét
W t h t h@niEatsRlowivaktiCdntl laRrallyl£shorft- didtancdbss hoWs  tshadLieRa oMo iV, agioRgts, Ve = 2.5

msc'\ﬁb‘ﬂwdlsmmsommttgmu f t"

( thr-eshabah the gaestactineiangsidwalbspagas k . or  ¥s1e vbits. Dapoinkd alohp the bildeissatle gateletiisO n) o

on M3S gatAcscohduetye (metdleay., Al debih domtant 2@jiat € St rofi@iSumieroaeters sind) & aniicrantatars dicats aa
mask - f oderobited ofet thé Sxpusedipbetier) of thersilsstiate f opeitizeshald suft oiess\tamtonomiiivolhdke.| bejolvant
Subs equ esntairtingshe draindiffusiomanddisinfilersotactine | i @it Moastrsble Hmite-gonsiseat DI WRTISECE
“deyi ces depesfied on apsppasitesidg olthaatesxidaiaver at er alpPrgr ttaths P'It °ﬁ#‘%‘1 Qﬂ%@gB@‘OSFET de-
st arar ot E‘s"?“%ﬂ'ﬂl the euptratersilican surfape ij. voF"[ '° s a

fstruct uFB" efvpntianpliy.annealed jna hy; ) ¢ g th ” ?:‘tﬂ;g
mozzrgﬁ;ta ﬁ\"ﬁ%é e-sh n| teetg‘;@['%?ﬂe a d mb%é &_I on

dirialyal € i
scant act figbrit Posktivébidsidapplieddo theGiath 20; fnvekr f ace abbmplishél byw;msnef.&t&atoaoﬂmsmaonat n
2.0 m cspohmejee3FormBintHe Bt regiordforhiig ah Nityple 060/ 1 GabstrateCwtiohauntiériiss dhe gatedddte 2B6,.owlthi .N

ofthesu P | Ie to ’[I.

ot o e ’hﬁ .s;ron °Z1nt, Jte, 3 areoo,&p@e 'qfnmtﬁirs@tkﬁmwh o o
li-mi t s- G&W:Sé %tdﬁﬁ&loﬁ‘hg :ﬁ%&ﬁ‘l’sb&%‘ﬁt GLQOS' teqmﬂﬁn rddiditglapding 3

oxi de | @yp@hnd P-thpe rétionk 6 tHeldGbsRStY. Witbn £4ur-SOT U afiging corRéHibAAI R tris 18P

a hy- ibidesiropah sfthirneldneathaheljatd éxidel t . Froamiod diorhs i@ conbentrdion gtat least 10Wem? .

at nos phds.dhe sppcingigbveemthe smrcp endyipi diffu- - at thia pxidehatliceh istirifdce 18, pefesbly insa con- -

exponenioad defines charinel lengthgif thetMOSEET He-t he g avewtration mageunf d0'8onP th dPFom’o This has-—....... - .
dangl i nyice Amicrometeirsizaddenice, lR@ngadrann gate5 i crbeendoge two difig@ntweysaBoth techniguns hends .. - ..

at the dagthef $ miceemeter fypicallyee an effective  35° mm‘ew suepgesful JOPRRssiag the t@p-
ni cr ometc@annet lengh Bf\PB?“t P ﬂ "m\?@ht i onal oper atH"lSr?f WP “ﬁéﬁl’h’ﬁf‘d‘?‘tﬁ%@"e‘?"“‘e ipterfaceq o
volt at 0N “‘ ion, the source yj ¢ o rYP'E’FY)ﬂ"f "‘l“’ern‘gt h

The pre *h é‘ﬂq ® hot c‘ﬁ‘?f
reBron ’é’jﬁs‘ e h%% 1% e %Eﬁ‘.’%& S
‘materialg m%o.s W ittt Ne, %ﬁ; S m%

. T?} n:ﬁ:‘)“t .

&
CO”VE‘”“ &nPé‘Q FaﬁsdhfﬂﬂionTh'S | dodn rStethet
appl | eds&»ia mrmedea&corm i b&ﬁmta k{ﬁiﬁo.pwﬁnéﬁ on
of the g Heﬁ%s%lp%sﬂléﬁﬂm@a: R [Bothé the Fnd ﬁmrmm i Bohman N- {ype

subst r alcamerdfareQijectsadits the @Ridd-SitoniMeRacaxi 48 16, 1iGL 8 desidisline bilican-oxidblinterfike struc-
channel uhduneweighte bkife igyt. ¢ iiverional @aVidadN at OnNfireioNa ROSKETGWRWES wileh Edfbof bopad inlagast
10[ err] theQatted bapriety e irapPedaat the/ofde-silibéh ISOUr Ce darinddiwith the iiéntion: Carbin atoln@ covalent-
oXi de- sitériaceand fawh eurfiuietive chérgesppf imlea BRixIdy | N Ay band-in \@riams sited &f thegiicomlattiba iR relr

| engt h @lectrdne 40OBIeEet dumulative brapedisharge  angeinterffacs 0§, endmiay klgo feiistin sifes ke oxidm s
vi ce. A enentyalivrhetawes dominated b eleatrens, fomigng sa  dayeni6. angiing boodsat dreraxide-piticon inter-

di f f er eratnetmaiestial @thelntarfocswhich ofésetsitheelec] engt Hacsfarelsatbratad by hydoganatoms.npdonvention-
has an dfidfiskdindueed by 819 poteatighapplied tedie dale s uC c cal dgvices Ingking the pareanaioms, esdentially ol of
channel 20¢hhgmnet effect isirshift the Breahold valtage af | the hydrogen apmq ‘!ﬁ betbmsiem F"'@&?W‘T‘%r s
at the <Sfheh EFAUN ‘U@“ﬂ“ thedversipnehangelcpm- ¢ o nt e‘?ﬂ" borausel

sour ce "‘a‘i‘f}if’m n| t hr esh I&i vol t ag&® shi® V" s" %ﬁ h°‘

di f f usi qps; ’%@v q’?%? (’é rrler‘? };}?’?E%ﬁk?%%
atons ar ron an

I mpact use %' o’aa st%a ?'3'\'/'\/ tf’-iyer or' t he s %J con i1 oni zattlon
of drain current carriers in a high el EOQI’IC rredl ately beneath the
substrate surface. This is pre- field (field strength at least [err] volts
per centineter) ferably done prior to form ng the oxide |ayer 16. The
r-egion of the channel adjacent the drain diffusion. second approach sinply

‘uses a silicon substrate that Some carriers (holes-36) are ejected from-the



S Wt e e

R

{4

whi ch conduction through the inversion channel com and, because of
relatively | ow bond strength, nmany of nences. '
55 the hydr ogen- S|l|§on bonds moulg be disr pted by hot én conventlonal -
i cromet er - si zed devi ée car ?8??23?15 t he hydrogen”at ons repl. aced by_
a trap- threshold voltage |n|t|aIIy set at about 0.7 volts will ped .. :
carri er nearyall hysiagemgtoms are mejeited@f the inferon t 0 hytdr (MOSFETG.#aid triansiston pdmpriging: 200 to
300 ni | [fdeq e thas trgpping sitesiemain peamenpally gateat er t han  t Hatllicen subptrate;(§@), having an upper
suf fi.ci éﬂhdr so that 4 7 supsivalp sufags i) B

8 nyer| Pg@ﬁ P8 %FF'@"P’%P&‘F ned at the 'delax(eﬁée) -
it Gt e
tar ;nﬂ(s: Blfripe EI - p ‘ ol e lrp:‘r[fplr ra].tg?e terf;aé:’?: 8)at the su mtesﬁ??am 993“g9§ltu '. o

subst r at,:ges i %9 ﬁiﬁg “es agi ng, ﬁuectrmsgta%csm%dézo) gredyng " -

a gate q e et e T rst por - M%&&M&&aﬁmm es
of -devi bed.--. he dohtfi! ib, ypst ra&fe ﬁoﬁ%&‘tﬂl&uﬂhﬁe on onesideof
oxi de- si dq:ggmﬁ o wmeafam W't -2 HOPs ddefyanp! e

i nt erfaqo v&al%aaatm bitametinice; four examh&&m&aoomamemgamm

M Cr onelsGhstrate. METrsdﬁmmple of the inven- a Fovtivel e sUlbstige banoppdsisdide Ok
over | yi mgn, wifeets, foiwhich redultsiaee isdiva®ed tyodar | Ot ,  agateoxidis lagert 0 t he t he gate

oxi de; peints olpausvedt2{vars madewithanaqitiombsep streps .and . caxhennelidiffusion ofdopant impuritiesin
conduct iof/ ehallew (26 Ke\idmplanjetiof 1B)6/d ewrbdnng ex ceplhe fiest paction otibe substatejundai the gate
control atspainks the substrate biepre farmingdpradtegisr t i on  of oxidedefining sﬁMdd wiitagereéths trefgisof- -

whi ch r ddelayersWafer29; fwmh&areeuitsw irulmtad oi nt s ontoGurve - at e oxide -
I ayer s, date poigis en cusypAdyvasieade agmsecondiedct abl e car bo?‘?“"P?P‘ldH@'"d'f uslons (24, 26) of do-
conedct {BPEe iathe same maRnaras watsr, s cani 2 sub 'QP‘E"'“A&'BW'\‘?Q“Q‘W‘?’P%

exanpl e 8‘?'“\" m |20/ tﬁ't" '° ?fe subst rqe& ¥ rte 5| i the
tion, I ndi cat Ie ° %ﬂ?@tﬂ
poi nts gﬂ{% na% o‘f‘k e,addl ti 0” elisatl

diffusi tNl'f&H’B{atnblbﬁerJt&t&un-Sh%“ OW .
carbon derthesamBFb%tJoth&hs RPE 7.0Q8its Ay 2B Subst rﬁﬁ@atu&ﬂﬂ@ﬁeﬁr& éﬁ&tﬁéﬂlﬁn éuBI‘G T
t he SUb?vBIfsaﬁﬁseQﬁifldﬂfoﬁstgﬁeruhﬁnﬂ%sﬁ- 0X- Shakdignadef 1 ni ng a threshol d '
vol t age abdpefali® dofidhidfs for sucki@evicaty @ich woal €1 29, T 0T tblirstportiobdfihib Silicdh Substratebe-~
.- ndi cat )igsidhgd toloPérate BN \REE SHWION Curve 44, Wag déped wittecarian atome mch dncentration -
sour ce andrhércarive 4aifof fhel SéntroiSexéraple abiditsal  do-  anpd atieast 10tlamaanthe ineface(18)as that

waf er 13yplrettcharhdteristicafhot caitier agingiof convepur i t i es  trapping of tiehotwauiera pidhet iitorfade is sup- -

por t i ondions shigtkchanngl IMOSFET devices ft rifagishdr- A t hi r dpressasiprida shiftdn the thres'!dt’e'dtaseovef.,:.
subst r atply,at firetd20aniiiivotts ip 1,08 minuig)andthers separ atie @aieizedi npl ant ati on step..

but” mdua'lvdtwm'we&eiibﬁﬁs'wxn saflal anged to define a substltut ed a o
waf er whicdme ot Sﬁg apdliedifitthe 35 3y 5 Abeintegrated, (JRegerding e dal"h

the fi eleﬂ‘él?fﬁghg‘t"‘fn dWP'Bﬁ‘ﬁWW°$WH&ent rati Hw ﬁPt‘ af the.sllicon sup Ié‘l

n the oits; t |east 105 volts/cm millp I°°F??ﬂ'ﬁm
:axarrpl egers c@%f"a‘ o ug;\&ﬁy X hot car f4"¢% ?‘fg'?"gfaed by i npact
deft hg %%%% i o ;N}Zﬁ vat}g;tat Fﬂi’é’ﬁ‘ﬁ“&‘%g' faifé:?,mmt he
d d aﬁa‘as}‘
£han t Neddsstian 10 ks iter AEhcdle. RRAINARS N conds&m&aﬁc ool HGEe LB Aot

wer e in 15 hourb, 3Rd 60 niifNolt©R B4 AR, IRéonfid6d Si | | CONtepsibStrate be- desi gned to
oper at.e o@&aﬁoaw&aﬁndir&nmhie%holdsmﬂofsuch i ng doped with carbon atons in a
concent rdavices feveifiif #t ebouET5400 nlivoltshWittoopnt rdl  £X Ingihtegratsddiriitascobding tddlaim 0,72 ofid

| east [ ertinjizationtdh the iproibess lacmaling td3the imeentidnat t ypi C il whidh aitecoaibes aters are Grfpldnt or dif-
carri er fethermgdustions drthmeshold shiftapexpegtedf t he hot fused into @ sisallow iayeeofithetsgbstrate tmmes
sup- ti onaHavigdustratddanddsscrivBhefincllesiofes. |t diablybenshthithe substratorwfaiced and a
shi ft i reur imeention ip ainoefeired embedimenbthereofpity at first (200 nillivolts in 1,000
m nut es)sha‘f'ﬂjbetfhﬂﬂv apppiept to thoge; siiledjinythejart gr@du&l Tye iptegratacaireult sopprding ImA, 2pr3
rising chgidhpdnentian cap be modifled\3@ranaemant on t r ap i witishdhe qatire gubstrate g doped with sgid
35 2. mdﬂt@iﬂ?‘ﬁf’%“l?ﬂ'ﬁ‘ﬁﬂmmml ng to cl &F’H?“l‘t‘t“ﬁ end of 24 hours, the
threshold shift for the control is which tgleTLl I st rtion of the sil
substr at S 240 mllivolts.

emteg cn'cuit according to any pre
with carB8M%atoms in a concentration Al Fhree o8 PFE:? h° s“éfg l“%“'gq

i nventio aging c con are
simlar ‘m%mdﬁg%tgéﬁgﬁdnmferemfrﬂo Ofthecontrol 40
The |ntegrate circult according to claiml1 or2 In exanple. Threshol d” Shlft
occurs nore gradually, no whi ch theSsource and drain diffusions are
spaced nore than 10 mllivolts after five hours, 30 mllivolts so that the
channel length is less than 2 mcronme- in 15 hours,-and 60 mllivolts in 24
hours. In conti-nued ters. operation overa | onger period, threshold shift

of such deV| ces Ievels off at about 75 100 mllivolts. Wth op- 45 4 The

T 1 - ~ 1 " . Y b1 o o



A B e A A S S f“‘r‘gﬂ,lllﬂllﬂlliflllllllﬂl || IIII
pri nci pl es. carbof atons. 6. ThEPpategéBied circuit agcording
precedi ng d ai ns 55 cI a| m I n

whi ch- t NReaptafl RyaRdghd &GS aretr&&iﬁea%mamudes Ny dipP@RRFE) Vel trafsisity bdnigh Q.af
whi ch ar gcDeH A thapphg bitesNeindin HeRBEnatG dat I CUi T havi ngslmgmhﬂib ?Ibfﬁaihn& U@er
carbon atgdgs. resistant metal - oxi de si | i con*f i Qostralf dutside (145;2NSi S-

EP 0(419 254, Bkompares aging characteristicsbvera24- * C L M gab ckideraydr (18) c@»behn&'ﬁ’ﬁ&tﬂ&-en ’

at ond ar four Pérdd BEMred lexdrfipfesioNtidvices made fac-( MESFET) tionstthakubstaeandiomingen dxde-dHichtd

face so térdihg foriepipveantionsivithescontedrexamplpoAlinanent:| yinteetsoe{18) at the substrateislrfaee;n '
subst r at euf &@nplaswera miccometeppicsd MQRFET de- - a conductive gate contact (20) overlymg _
subst r at sicesumdde dreth¢ g wier®t, abcardingtathes agi ng hhastewdder i stics over a 24-.~ -~
a gat e owemicbabig fabricafiohdyocess\steps ang conditipnsst por - houra@mswmmmnges____, )
of devi cexreptid @ext described). Thej cpiralipxample frubdq r at @ sasendineition of hesubsimtedn ord dideobn
cor di ng which fegults jarp indigated by ate points E'bﬁ!‘feol exarrp!hegat%?ﬂ‘de laypf-er f ace (-18) at -
the subsff.aes mede without any defectable-caPRa theer e i cr onpt 2§OIRtVA g WI@\"%&‘““““’

a conducf”i'b%“ M"E‘EH? a&iﬁf T"Z@Z’e %’é&‘??‘ﬂg vi cesp‘ﬁi’déf t}'ﬁf“?ﬂ‘f@“§%\ﬂ’é"’9\ﬁ‘%ﬁ"’°l°ﬁ't‘°

accordin °"t'8 3 for which a8ne basi ¥ cess st

and cond T'taﬁ'éc';;{)e;zwasm d réo(S’urée con&gg&tmﬁ J'ft%gsg'if

next des the ';D %x for _18 t t %et
subst r at are indggcate ata polnts on

cur ve EE&%Q °'%§°'s"b A éﬁy made i tkomsoﬂ«@yiﬂﬁhﬁ{&f&bﬁs (ﬁ.aaa%ol n

the %" am emufsss.qa %4% F@Ib&ma&ﬁct 26 0V ET hdhimPlrRlad iFne48RsridaAd tird portions of

Accor d NBorf MpRntidogesdt 1820010 Stnd exbiifle W&V EN-  POfhb bstrad, rdspitivelyPSt rat e on an
0ppPoSi t € natiélatolth BepalateRarboimplettatibstepb@r  Whi Ch 1 €S Uthé Giffasicns béirl ahahged thgefigkod a .

" gat e oxi deabslitatg@s wafr@ihith ®asaidpetiwit@rbédurnas” madechandeh lengthasldih tthebninl ussi e fieldl 5

a channelingdiliédnigeaweirin @ bordanatidn of 2 paristperes |.n of stedngth Inctire ¢h@tnekle ol least 105 voits/em,

| npl ant awiliipnoreurte 46aAllifmmexamples werdtestddiunst 2por t | whergby hoh@rismowe wenestedtydmpache
gate at ouder thesame tehtonditivps: Vot 8.0balfs Mee 2fS0r mi ng t lonizagion i taedirst podied ofctheisificom syt ™
a t hr eshabits. Thesetcanlitiond are there sqvemthartheysge | ayer . stigtgiand 29, for which results.

are i ndi ebapertingconditigns forymeidaigesnwiichyyerec ur ve 44 V\/a‘ée?'f‘ﬁd@"'ﬂs"fﬁ'%‘@@ﬁﬁ&s@@“‘

sotr ce adesigtphioRPerate Al MoiTOfes 02’4?"5 26 of do- a 9 °'~'Ie ggation . - -~

waf er 13 bu?he\ﬁ»'rwfé\f%ta? °°"tf2 1%“’ ““'at
portions® . f'?‘i?'“ ﬁ‘fcf a“he :'ss"p'
subst r at é'f t ' ln tt"ﬁ al'a separa gssémm"(? %thfea'fl oitagp gyer-. .
but. . py %% m d to de Ine a su stltut ed a wafer -
whi ch va fnlled Atthe ssChf‘”‘i‘ﬁ‘J teGrall Rirctl Glookdidito dlafin 45"
the f'e' n&&%ﬁ& ré‘t‘h% ftl‘op he cenfRTRNL T al 1 ORnEH o ﬂétda%héftﬁﬂumﬁdbﬁmﬂ@
in the chagifitonss s errﬁ ts/cm ml hhddl wiR by Gtofhs- .n/éé néeRtrdtion.
exanpl es meﬁﬁn&@é&ﬁaemmm.zg‘iomm%n@&%xhot Carr dgsof Qe P d by i npact
der( e hbiBgitg@hiradtittls iHabiSquitddinfartfofd VOl ts, [err] = 2.5 - i onization in

t he fi r Stangifer but StikiRdly diffRenBirdn th& Bf tielébntrol Ol4b S . 3. THRSIRteGRBIbIrbLitaB R dRigeo ¢lakhe or 2 in
sever e t laasinpledThreshdld shiftiotaitsamoregredually, aper at i ng whichttie domosisndidain diffusibnscheaspaoed
whi ch wem®re than 10 millivolss fiter five tponstdoantiivolks t he si | batbattectzmbel rhgsh i less thianeimicwene-

t 0 oper atiret5aburg, @nd 0 milligitin 24iiours. In continued i ngteoped with carbon atons in a .
concent r @p¢rafion Prepa longeyreriad) thfeshold shiftofsyeht r ol exanpl e exhibits a 30 of at

| east | er 1dpviees leyeleoff 8 alout 78100 MillgpitssWitharat 4 p‘Fca 9‘&%‘%‘1"@#‘1"5?%9& clgiml, 20r3
carrier A5fzatpnsf the gregess according "eﬁ‘l“’“t he hot n atores rp frapignied o dit
sup- ti ofythecrdctions indhr ﬂP‘dﬁfﬁ

XI&F o f 8 ‘“‘gﬁa “°‘”'ay ?fé'?sS'EF il
shift In, ta'é:"f“ﬁf"téﬁﬁfﬂd . ?W Sat 1E| ;gg Sefsathithe s ff§“'§aﬁel 000
m nut es) % ‘% )‘_ d]ecreta es in sio
rising e sr?df? ?’nsfraphat%?'?gm?a ']9331 H
35 2. T at t §f1 °H I the entl ritzish
thresholt}%a'm%? Tﬁ %ﬁ asi“\/\/nlctlotrC]eal|rs portlon of the S|I|con

substrate is 240 mII|voIts :
W th carhgg.atons in a concentration All éhr%el&%ﬁ&?ﬁ%ﬂ%ﬂ:ﬁ?m?ﬂm?%ﬂg
invention ex- range of [err] hibit aging char §gi&jeh sthrhs: & pdriflorviHich aftibbridedto
simlar t ANReglel BRLIL RVihg ShdiblkédBhgingdi T f er entabérilanishat of the control ..~
40 3. The jeBtiashtabekidolgilicst flelPeie@idaszg tOo claim 1 or2 in exanple. .
Threshol d shift occurs nore gradually, no whi ch the source and drain

di ffusions are spaced nore than 10 milivdlits after five hours, 30
mllivolts so thatthe channel length is less than 2 m crone- |n_15 hour s,
and 60 mllivolts in 24 hours. In continued ters. operation overa |onger
period, threshold shift of such devices |evels off at about 75-100
mllivolts. Wth op- 45 4 The |ntegrated CIrCUIt accordlng to cIa|n11 2

- M T L o " o o



ol IR I L Sa Sl S RS L AL T L e e e et . . PR © e e ks st e

"o_ur.-' Invention in a preferred enbodi ment thereof, it should be readily
apparent to those skilled in the art 50 5. The i nt egr at ed CCHIWIHHI""I""Il"“
according to claim1 2 or 3 that the invention can be nodifie III

ar rangenent in whi%h the entireE88#¥#%™! 1 s doped wi % sai’d &nd“detaid *

wi t hout departing from such principles. carbon atons. 6. The integrated:-.:
circuit acdtel d ciscuitagconding toady prepedihgai N5 13. Theintegrated circult process according toany of, .'-'._'
55 . crigimia e peurce paddraindiffusionsarg con i nt slaimeédt PWE'FMMP‘MPMBSPW

atoms; a’' pBRacedRq thst thashanne! lepgth lSQPRIBIENCt 0 1.  An VidiRg agypait swbptrate acsilipan methvg
hot -l ect r BReERsieRy-  carbon atons. resi st ant r'r‘?ﬁyaﬂf"@%'ﬂ@m‘t"ﬁh@wp“fmd
effect t 256

effect 1 ane iberategoiut i roui 14 'i
12" i ggﬁt?gttgt%? el ”Et%ﬁi‘{ﬁ‘ﬁﬁﬁfw e

source and usli on are alnms 8-11 I

ncl udes pr'o- - SoaRECh Sitod mmtmz)qtawelml emtme.hégrm@c.rmus.ro@mmmmwtt}%f as
sai d subst pRlgperbubstrate SRYALET . Lhe en- et er’ oimsl fSincluding spacing the source and .
tirety of whi Clamiifye esalde/weh@awaﬂrsat ONB. S dflin dﬁﬁ:slb:t%tseﬂn&ﬁanpeﬁﬂa:ﬁblieﬁbthisone

f abri cat i 0porfidn@t the Substrdte Witkan oxidelsilicdiim- | nt egr atnficlonteter rildsk. pr.ocess accor di ng
to any of teffgceq18) afthd substiatels@ifac&gi Ng-r esi st ant netal -oxide- - clains 8-13
~i nwhi ch hydr ogferminyt ®eBndudtivé bete @antact (20) com fiel d effect transistor (MOSFET)
conpris- ovedthegaté oxddon i nterface are bonded®atenteaswsaeheat ons. I'ng: providing
a silicon subsfominga gondeytive ssigegontacidver 15 The i ntegrated circuit process

accor di ng #8ecapdpogion gfithe sybstrate o pretsidg surfa-c@'@Mmswﬂtu@mﬂdﬂmg@eﬂﬁbﬂﬁf .
claj ms 8- 1§‘°ﬁﬁ€P’ﬂ‘?ﬁ"ﬁ;’%‘ 8?’H yefdainel ce . and IR ‘ )
(16)~over B4E9 "“ F'dPﬁ’%?tg" st hat q;'_ﬁ?‘ns's e y ?'fBbe
portion of 8 %Fﬁl de-sili coif® % "Pﬁ ; e°'"8'br?%%[8't .
tggf ace (1§3 ??m”f) der e ateo de , forrni bs ; g'a o
(20) tran and ' Cf‘,. gxidschtcht 165 die eingn ers

Pat ent anspli snddﬁfaat 95( Gaisin doé SRUI C© AE Qi hbe SutatatdbeddchHT ot o O
of the subgid tﬁi Qigns%fﬁe b Silizium-Grenzflache (518) an der Substratober—
Ei nei nt egderte%&&gttmmstoﬁéfa%mggﬁynl berder t3ghediided OXI l'ayer and a

conduct i venélieagth seh Brat, in ubb, RITRSLshgihGh hei Be Eaekwttaﬁgéh eask&wzzon dMEhlﬁH -
Jact (28)  eméenannel isfat 1oakt 100 vdlts/om, whbreby 1t SUDST I atdem@ate-Oxid@egt;Oxi-d- Si Ri

wrel def f sk taresere genanted yHngat) ionizatidndr the arso0p PO Sinkelelsthltgan SburdekHonigkt(28), darielhen -

| ayer, first portion dfdhe slicanssbsitlerantiol gende Mer | weilee Absshnitcdes Sulistataiauf@iner Seito
channel di f f uséaping the firshporfioniofthe gilion subei N Si | | HeyPata:Oddschicht Hedetkt ni t el ner .
oberen t i optratf withivarben dtemsiinna econeantiation ofiab  gat e . oreindeleitf8higgn Drain-Kontakt, der einen dritten”
Subst | at obiest1Were® gt the jnterfare{d8)£0 that teaphol d v ol tAReRbnit les Sybstrats auksiner gegentibaiiie-
ei ne Gat e- €}¢ G's’bh!’%l%mfie the [pfegface; i8I~ or %t bn - §GEH°B§°"&HH %Pa‘?’ﬁ‘f’sﬂ#"f"f%%s

(24, 26) i nPrepred hift in the threshjsivokage p¥er jes Sub e @t A
and t hi r-d B‘F{sl the substrate, respect| ’M‘F‘g vg’l
-an gle |“bst‘lﬁat‘mber- arra E&% the di ffu ™ ah ?FP&H“"“Q
f' ' e bl" ' gg W - ' ” se, téﬁi e@::tg trUdEen (d4026) G150
| ei tffhi gely %Lr'[zo ina he’ C m den zweiten bzw. dritten -
| cast o1 1] ol i e 4 it o O e in S zosen

generated by | npact 1oni zatllcon in t he 30 almdggmug,a,{ghgﬁgbﬂchmmd um eine
Sour ce- KentrRdshtedrat8d circihFocads B6ddrding foclain® Or t | 0N adandiiBfye olait G4 bedtiviaih, dik el dand
zwei t en Abgohgthdiiding Sacimythe bduith Gndidin dkeness Sak (Varvbaging,YeidbraielFbladirke Moot i@nel Of
t he sil i cofusridso that the ichdnadl Rngiistiasthbet  bedeC lhindebterdie5Vidnbbtragt héiRu Trdga@®h i N
a concent r aticraetees. at - einen leitfihigen DrStediddsatbai{dem eteten Atraghnittcas Siltze n

| east[err] at the Interface (18) so that trap-umsmamustmnfmbwbﬁdmeauf
eaner getfeThe integratedcircyli prngessiacdording kedaine ar r i er s atg Atisthoittides Siliziumsubstrats mitiohlen- 35
genden Sel Be? otd0 including smcing the poudeandyiraie ckso pr e ssiaffdtomenin gingiikdnzentration en minde-

t hr eshol d iffugionseso gabthe chapnehlengtals aheiink f us| on vatans [het/ere?ran dgs Grenzfidche ((18): dotiery
time is mi(fTofeeeey less. 'Stv s0 da“ e@&fﬂvgs@tdehh%ss drgagrep

des Substr ta unter das G'g;t -Q(l d, d|°? el ne a4 % @g?‘ﬂ“%g‘:{““ t}’%
t t | 8 |e
o L e é@ % ?C%na;ubmat% gl
Dr Diff t
ai n- ,ﬂ stf'B‘“‘Q‘?‘ B2t e |9 4o iﬁ%ﬁ%aﬁa C?gew. cAEb&gé
SC es

g?“[ce“t ra- thesub Ha@%
wobel d|e Di ffusi onen ei ngerichtet si nd, 8um ai ne 10. The Integrated CIrCUIt
process according to claim Kanallinge derart zu bestinmen, daS bel der 8

or 9 including spacing the source and drain dif- 45 vermendung; bei der
di e Fei dtdrkae In dem Kanal fusions so that the channel length is |ess than
2 ntndestens 105\Ucn1betrf|gt heIBe Triger durch mcroneters.

~ -, . e LT Y ~ *



P e

3 g TGHEI P TIT r: B -

unsubstrats erzeugt warden; und wobel der er- 11. The integrated ci rcwt
pi'ocess according to claim ste Abschnitt des Sillzi umsubst rﬁlmmlllmmulm“lll
Kaghl en- 8, 9 or 10 Inc| udi ng spacing the so [ ce and drain

| n eaner Konzentratlo?l von m nde- d&??ﬁ@l g so that the ?hannel ength iy -
one m - stens 1016l crm an der Grenzflache (18) dotbert croneter or.|ess..

i St, so ddiehiersieffaiomémincpinamdionzentestionsben Tri ger 0fV/erehetrégtchellp TragerdurohSteiatisec i d
wird und delpharoragieem®bis 19fYem? dtieyrtat ed ci I‘CUI ttio di, fere erstep A\bahRly dee Shipymeyk- .

schie bung der Schwel | enspannung mt fort- cl é'ﬂ?%‘&%‘"ﬁﬁeﬂmﬁﬁ"ch t he - d0p| ng
st ep~l nd ?WFR'“’ %@“‘%&WF‘@?&%@GF“ Yei t mi nigpUeeR (g: Psehpitts dps Sfliziumsub--

diff odera 5 |sé g mit Kohlgristo
e o R PR RO S LA

t he substra%e sur ace der Gre

'-des Sl ' R.Z'W ggﬁltmg ge sarlch1 schlebung P
12 3, bei der die Kohlensﬁffﬁgl?ﬂ ﬁf'f agpmen icﬂre nEB?E iR hieRt atl OnSbe' S
10VA/ Cm b%g%tmghﬁtgﬁhm&|ﬂpﬁ,@ad§t ogi oni s&- rei ch von 10161on8.bi's
1020/ chz  dabdtRoberhéidhe implantiert édePiffirdieAeM er I edasAlREaIeH fuk inthgfer®i Sohaitungenghi-

. strata amaeugt werden; und 3. Die integri eradas Sapradh 100bei gander erstatactinttn |
Dotieren des ersten Abschnitte des Sil zi UNs Ubdes Stligiomsbstiatst mitiKohletisteffatomen i~~~
Sour ce- GndidntagriertDiStialiwigmentf Ansprucist, Rat 1R KeideimeKankdntratisnshereich ver §0'¥and bist ra .
derart beadetJbelcies darigesatate Sthstratiainden| ange | dtP%cm? datiedwird,on i ndestens | '
0161 cns arKohens@ffatomen dotiertisor al a- 2 M kroneter 1st. . -
( (18); SO daB elin. Einfangen der hei teqYTr"Q-g‘?ﬁs ‘&ﬁfa W""ﬂeﬂ ge-: e

tier dr fic dir intggriegfe §ﬁ'lf"é’?9r$§m%1""°m bejjebi- pstanden
Ansbruch. vveF"t ensegu e‘ég* D‘i’lﬁ"q % n ejnsotijeft,

chvrel

Anshr’uch gen vor "°"9°h°

“der di e KaHEUR Py e 10 0cH® %ﬁ“w 8“?1‘\5!?’@&.
che Schi cl'ff 'ff ﬁpt"l' &% unter d€**'Shbstrat oberfiache
i npl ant | er’t” oder. qdun rert 9. Das Verfahyefasf fdralrbl &9 %k F,grpe ﬁ%&uag_en

190-: si Bd.pie integrierte Schaltung gemaB einem beliebl- _ 26 ma8 Anspruch 8, 90 107 P idd

bel dem’ qghviPherdeRerdBRAlaPutt, beil disbdur-2i UNBUDSHhalie? Shiuice Gt BRMmLIHrlsRhaY BRD

In S. Di e deNiROblaiDifusiensiibdrar BeaBftiRabt ANSPI UCkhilost, o daBldi KAMBIRAGE ein Mikrometer.. .. ...
Konzent r atsind/al @le®afidhanye Bindn Mikrombier odbli S Oder Qier fififigefliet das gesant e |
.Substrat rmdeinegistn | 02/cnB dotiert wird. Kohlenstoffatonen dotlert

ist. 10. Dss Verfahren fOr integrierte Schati2t Dasgvanfaigren fir iffegriétiecSchaituagpniger t e
Schal t usg Eie Haa@Sllunbsverfahicant filic lbine integriertenl . Ans pméRsine® belidbigerGier Ahepriaiia8bis 11, bei
.Beabst andeivhajtung znov Hrestejlemeinesangenliosungch, be! drarderbatierdpgsgchritt dey 'mﬂmﬁe%ﬂee-— e
und. Dr ai -n-dofch hejBe Elpldrenenresistanten Melall-Ogig-| | 7 um CPiEfHodidrendpgionipgsiotiatome i pinefiashe: .

el.n- S““b'ﬁ"ﬁ!@ﬁ@ﬂ‘@"%lﬂ“&ﬁ@@”-zml M kr onghisht deseBubgisats unmittplpas; “"“‘G\/CS'B%I
ein Teil d@?%‘é?”&"l‘i’“ﬂ??“f\'(ﬂ?ﬂ rinder i s “bsﬁWPFﬁmﬁEﬁ%unden i st.
11. Des VeYorss op fséﬁ)@'tg@?fal tun W Lrad |nte r

.Schal tung }f 25I nRS Ans %‘u g a %%‘ be|
Beabst an- Qe Y " U bel de e Dol -::cr:,'md [ oinos
Sourcte- u ﬁzﬁﬁ?ér@_ﬁ l( gpﬁg} @e, u DX akfizd 'J S>gls chlie&t.

beabst andeds sC | . di e Kansl bﬁ&@sﬂaﬂm a gegyg}-, %hlenM
deg die Kaén%hemgﬁuﬁh@a\rbawkanﬁﬁekz@rubader metl@tietiikd. Nger tat. ki'erner
ist. 30 I1@dmddason®rfahren fO Integrlerte Schaltungen ge- 8. Ein

‘Her st el | UrgRefeidealaitianigenSourcs-KeataktBUIRES €T t € 14 Das VerRRreR CINiMEribieDS@EIEungen ge-
der Anspr Ccdem fveltdnsabddhnitdash Sdintiets kufleflerz UG | €1 Singt bifdin Bélisigen Glegansprittie & bistd,
;dem der DossitederGgedduschicht uldeindsigittahiganoor en  0dbdi dem Wassetstolfatbme inBbredxid-Siiziom-
r esi st ent eDraivibathlits (28) (ber elnen drified Absalighiter en  der Grépiflachesinid fKoklenstuffatbmen gebunden

ei nef | achede8i Substratamatifcbinke fdegdnliberiivgendent or s ( MOBRET) , das Schi cht des
Subst r at e SeitederiGaterRuidschich®r der f ol gende Mer kanal e auf wei st
35 SuBjigen sipeydtanaidiffugine indem efstep &bt o r st Bps Yerfebren &ir|intogrighie; ﬁ%‘f‘#“&?“sg"'

(12) nmit e¥helit agidamSybstiahunter e Eé?‘l‘qx‘&c he (14) Ma8 einem beliebigen der Ansprl

‘Ver fahren ¥ r°'"|°n§‘i-9 P'!eeﬁpe'@“% H%a ra B |d%*n°‘ |Bea |
ver fahren s ngeﬁder'mgg m;lgﬁ%%ss I’&i‘éiéf e

Abschni t t ) el d?ﬂ‘f‘”"’ P hchritt dos
Vor sehen s . %&?% R&nﬁ@én a18) an der Substratober- 4o
SIIIzmrrwae%ﬁéﬁre eer I1lelt, wo- flache;

n

bet die Ce % hstof fat o- Bilden ednes |eitfahi gen’
Gat e- Kont akt s rren Qotiert wird. dem Gate- OXi d; Bilden sines

| ei tfihigen Source-KontaktsOberei- 14. Das Verfahren fO integrierte
Schal t ungen ge- '



TR ATt S T e e BT P T T R NImO el Wl T Lt et

{

nem zwel ten Abachnitt des Substrata auf ainer 45 nfS el nem beI | ebl

der Ansprlche 8 bis 13, Selts der Gate-Oxidachicht und sines I rlim‘"lm“"’ |

bel- dem Wasser st of f at in der Ol Dr ai n- Kont ak

dritten Abschnitt" gznzfl i che mg iv%ﬂ%'ﬁ}&offatorren ge%ﬁinden cfes
Substrats auf - etner gegenflberl| egenden sind. Selte der -
Gat e- Ox|Reyendieations Bj | den et ner Kanal di f f usi ®nCirpit intégréseion @rﬁe"ﬁmcﬂw 2963

Des -Ver f’ahr en fOr |nte ri erte. Schal t ungen ge- %’Ef?ﬂ'?’!'f"té&@f“éﬂe%ﬂaﬁt%@!lm
porant e i A gen'ea‘@'r‘amgsd%e&‘ﬁ@% bW 14,
si. né"’Schwe?"P@H

das Beabst anden der

éne. _

e

Sour ce- unﬁ:r: Vigil '{t%ﬂﬂS&E‘Hs cha% ®on 550u$ C 'une queloonque c::s reven- .:.

Di-f f usi one §° e smcﬁxﬂn kr‘g?er Kanal | ang '\“ﬁfaﬁam
l :

odor gg hée
Lchten der D|f onen um Si ne

Subst r at a, une couche d'oxyde de gri
%@ns@-eI 15' ers. V@fr%ﬁ ﬁ\@b\‘@ gelont?@ﬂe a8éongliedes reven- -

Zvel ten ‘bzyy J;Q,,eu.-edskifbs §
Kanal | i @gevrﬁiﬁilﬁﬂrerﬁ&e &ﬁéddmﬁsat

Fel dat ari erhfl ubRisHedd SlydEbiRARR18 I sur- dications précédentss, deniiBquel skhkrugloms | 8" 8

14~~---~- £ Gaoedusu&trat S1 Revqndl catl ons desouroeetdedramsontespacéesdefagonque o

5. Circuit intngbacsddlgime comiustewr@utbcoat i on 1, B loiguddr delednsl soie@aler micromatre ou -
| I'nt 6gr al | trint tkydedb giilleat est dope avec * t molgs.r cuit | nt egr6 conport ant
un. transi st or . v cefticktie sharce canduhitdus(28krenegs de car bone. chanp - L
met-al - oxy desuwiit ke AsPENOSIFIETI suBtRtsSUEUN.  coNt 3o Progédé defptivicationda piseuit inpans pour réa--
6i ectrons @F%ﬂ?ch“"?"eﬂ'“ydﬁde!!"ﬁe G r:cui t i nt 6gr Bseswn tigpsistor A afet de cbprmpmétel é’x!t!es,
reven- dit trdﬁ§?’§‘! pducteys ecouvrant silicium (MOSFET) rés|g{apt.contra e vlellllsse-

pr.6c6dent e‘é“et’(?'é'ﬁ@e?a&glzsfubﬁ“ﬁtﬁ{’@ﬂtﬁﬂ@“un subst Mapt P! "FE'] %{%

Cone eore. e oot Rl e 3%“%?@’“ et S

8008
-SUDEI eour epanEdans a

w0
b el o gadiobtd & (16) Febo oG GBI grt

cons

de. car bons

partie du .{%&E} G RAUI tﬁfﬁc ng midtE bartie du subs-
quel conque desyek Giretlons bl 88thce $0G drilh B4 2GE OXY e ave h&'im d@sn ms(wma
~dictions pge@inparmiss e dshamdeshatfiviilentdais di T f UST Qitfacs dsaksfra€lU SUDSTT at
desour ce efeslebcsiiaa btiroRRib parfla@lbstad; f agon quo un Qmﬁd'dﬂ:o&ﬁdthéﬁilleoonduo-

canduct eur ( 2Qps diffns étarlt ambrageps deifagsle Canal  Sedr (20)di6-dessusieCogaEierghile@U VI ant' =~

J ' oxyde dea gstink lid;longusur de canal telle que lors de DI Nk. fomiatiaD rdlua Céontdet 8O Woares
conduct bur rufil8gion;lintensits Do champ damse camakess ecONdS  parkitidtsir sludessus Siunaseconds pertie du3,
Pr ocki deof abmeisede) 10hvoitgiors,i ce per quoiides par6 pour r eaubst:ssveuni@téldalmmbhd}owmyde
de gri l.| e; teurs chauds sont générés pardonisaientdiimnsi st or & eidiupconthet detrisainp canduckeur

un cont act pagtdans ipremisomeprtierdu gubstratde gilir ant - degsps dymad Mdﬂwwawﬂe
contre le 9’1"@3I°FI i sse- une trol bibme. artle du &t preesege

ment par 6 ectF %ﬂ ¥ de | a ogy d'
20 | 8 Ug&s?rfm I %t rat en% %ﬂ? nsio g: uildu s r
Fc)gna dans dsis .‘%@;@? us I %H a;mesg E égt

d61£l|"F1| ssan %e%?ﬂ%é e&p&%’“ édan.J, a J;,eal | mm une couc e

gril- trangleh . l’aménagemer|td difﬁﬂ;ioﬁs”de IﬂJS ‘

d' une prem bre part i e du subs- des di f f usi ons d@ﬁ“,a,gyp,ﬁ@e@tde%mdae,

25 tratz, BEinkg@ sbitd 1B rdvaaind®@msiel | Ci UM ( TGthisabiod, Rintdfbits du ichampl RhHR odﬁhl

dopant r esp®fibkprémisRpartiéldisabstrat de sifidiifedce du SURGHt divhoins! A 0SRREEH &e hr quoi des

trol si bmre papeé ave dedlatomdssderdatbone selon une 45| a f pomekits chaudd' sont Génaise par Gaisation
gril | e condiagedelcomendiafidnide 10fhlomba t0¥t/crebnenag6es dimpactadparia premiére adiedu 6@Strat de

au-dessus de |'oxyde de grille; A d6finlr une slligwgebur de canal tolle quo

| ors de 3. Circuitintégre selonda revendication! qu@rdaget de sour ce le dopage|de laremidse partie du subs-

| ' i nt ensi t teagpbles Hiffugiond de souros ebdadmin aopt 30 cdm‘@%a‘&eﬂmdﬁw

seconds paetragfegite fagen gyn Ialengyaur do eanglepk s/ ¢om céo efitratins au mojins de 101 fom® &

‘slbstr at sii‘fé”EH'ie%%f“Wﬂ'é"?sa couche d' oxyde de @bﬁmww'égmdesw-

'96n6r65 Par Ionls tion d e e d un ¢ 5?'@9 ?fq}""e
Sejon 'jo:f |e du sub fd%'%?‘l‘ °“ decfieuib sl inippise

troI SI erre §dag? one bsk Fu ansle lemps

cQti oppos aggll s 0. | Bloddl LG l,%g uat

de siliciu ormat | on une di ffu3|tB cﬁnsq vr&‘

avec des atorre e car bons sol on |l a prergq mgu“pé; &&g fa%earﬁcpus

' oxyde de une concentration au noins de 1016 /cnB8 Al |nt br- gri

d6f|n|ssantla tension de seuil du transi 8 or face (18), de sorte quo le

pi 6geage des porteurs et dedi ffusi ons .de source et de drain (24, .26) re-
chauds soft suppfine a li'nterface, et quo |l e d6- pectivenent dane |es
secondo et troisibme par- calage de |a tension de seull soft mnims6 dane
40 tles du substrat Ie tenps .-

o o T o o o o < A



B e IO DU G D LT e PO L T s St eme e e s —_

d6finir une | ongueur de canal tells quo, bors de 2. Grcuit IW

l'a roevndication 1, .dane le- ['utilisation, I'intenslit du c
canal quel la prem bre partie du substrat desiliciumest _soi m ‘Hﬂu“‘“‘

106 volts/cm ce par #uoi des dopeEPRAIB2RMRI at ones de calfbon

45 portours chauds sont g6n~rhs par |onisation plage de concentratl on de
1016 / cnB nedelddiOe piagede concegitratiopdeciD®@as | a prem ere partie du substrat de
silicium ade2&m3.Circuit Integr6 solon |la revendication | 'ou 2, dana | e.

dopgge de I%é(@rem ere partio du subs- lequel |es diffusions de source et .de
drarm sthfro r%’%‘@?‘?ﬂ'ﬂ%‘%‘@&d‘@es atomes de carbono se- espac6es” g

f agon quo“? aﬁ‘gr’“i IdPs""so ¥l on une concentration au mol ns de - -

1016 k$n f'ﬂ E’g%?té' il ‘I nterface.

(18), de é’BP‘T’?‘ T '38'3@ e s por- tours chauds solt supprl m A T

"1 nt or]hag,?d cth réglong }e‘t,enb tegr6 solon-la revendication 1, 2 ou 3

décal age %&.;3&339}' pims6 dans | oquel | ee atorres de -

carbons sy eas‘Bumetde q% [aq : tl\/ls ou di ffus6s dans-une couche du

substr at: Q@ég,,duéﬁamameqqggmﬁgew%ng uste en-dessous de | a surface. 9.

ProcWi6 pour circuit Intégr6 solon'la revendica- du substrat.

tion 8,17 Proeadedq dirtuithidgre sl e uadtique € du substrat.- - de siliciumoet -

dop6e avedesievandibabionss a8, dasd lipel 'Eape de nefssel on une pI age, de concentration-.de . .

101 | cnB kiofaglosmpvite Iiidlantition o6 Gdifaslon circuit | nt6gr6 sol on | a revendica-

tlon 8 ou dés atomegpde carbane dansewnecowherde des dif- 5 fusions de source at de

drai n tel sepstrat pgu profondse situéeljyste amdgssays| t i nferieure A 2 micronetres. 11.

Pr oggdG poalesuifacedp substiati gr 6 sol on | a rovendica- tion 8 9 ou 10, oonport ant
paoor ent des 10 d| ffu5| Qns de sou?"ce at de drain tel quo la lon- -

ueur dt? 8&}‘@5 i’ﬂb"t u nohns. 12. Proc6de de circuit .
Int| gré6 s E% reveny q% ifgn ”H% Rvend| catlons 8 a 11. dans |equel |
9@

tape do e°°m %T:" tatl on.ou |la diffusion des atonmes de ™
car bone d?{g%s ﬁ peu,pr of onde, SI tui e Juste on-dessous
de -l a surface trat- ~~~~~~~~~+~20 13

Pr Oced61£_)(ﬂ.ﬁ’°é§é|d’m,&uuh,{%m“ﬁﬂbml&“ une quel con- quo des rovendications 8.
a |, dans ghe@sGhbvehdi@tione® 42, @RPRERI dMPorte |la realisatlon en tant quo dit
_substrat mﬁsaﬁmmsﬂe&s&ﬁﬂﬁm@dﬁptl intégra- lite eat dop6e avec |es

at omes de dedliclyorsont liesdux AdmedYe@a®6tR. pour seci rcuit intigré selon |'une .

quel con- quo des revendicatlons 8 & 13, dans | bquel des atones d' hydrogbne
Si t u6s @R rReockdd pourxirfuitdrtéanseplon tiwe ilelcgh-um sont 116s aux atones de carbone..
30 15. Pr cwedss rqyendicatiang 8314, comperdgiueessel on | une quel con- quo des .

_r evend| catPresmeniglegdiffupiong ekdpdrainteles- pacenent des di ffuseons de source.
et de dramne'@@ns‘quf&er-@a! yomicropdiraslinaPs solt de un nmicronbtre ou 35

noi ns 40 4%inS0 55 9

“



