; RSe3eOLL"n68T38 METHOD OF FABRI CATI NG SHORT CHANNEL MOS TRANSI STORS W TH
SOURCE/ DRAI N EXTENSI ONS BACKGROUND OF THE | NVENTION (1) Field of the
| Aventi on The invention relates:to the fabrication of in ed circuit
devices, and nore particularly, to a nethod of forning m@mi‘mwmﬂmﬂﬂg MOSFET
transistors with source/drain extensions in the fabrica rat ed
circuits. (2) Description of the Prior Art In photolithograpissevari ous
mask patterns distinguish between the parts that are to be etched and the
parts thatEshoDl@F rexes ICATHoe \sa3oR Td e ANNEdT MbsackRhrnpIeTOdrRet BITH he boundary
regi ons of the mask patdmrrReEymrRATGt BxeEweiiongefi ned, especially when the
line width of the nask patterns approaches that of the |ight wavel ength.
Therefore, as the gatgnmditding’ sempgondiyeierofdevi ces continues to be
reduced, it is increasingly difficult to fabricate devices with di mensions
of Ies§1g han. Py %E“Q{@rkrﬁ)’er{&'d?lg conventional |ithography nethods. It is
desired to find a method nyrﬁ) o, d lrgnnqeslgc& tS (Egareggl ;LLangisgers that will
l

e R i “%fnée £pE1804 i §§2ﬁ§deir§“°“
di scl oses soy tranﬁr{é % ere the gate
is forfid garf eq?réspllé]ce %étlﬁgﬁi‘loﬁ 8L By Safa%mqoo, 146 to

Gar dnef* Jé? T’ shows a trench etch process U.S. Patent 6,258,679 to Burns
et al shows a danascene gate rocess U S. Patent 6,214,670 to Shih et al

t eache$?h SRBFIIRHMIE q;r C$F to forma netal gate. SUMVARY OF THE
| NVENTI ON A pri nci palIfbtﬂlé&owtwa@hé’semarllﬁ\‘iénﬂﬁéh P3tE®rPpPovi de an

ef f ect Ayt dRguieh yoarrimdig a5 snéthiedd age fter kengtahsHopndchamnel MOSFET
devi cePant s ukhdlershpjlettrasfaithe iHewaveirondue teo gid¥irdetaonmet hod of formng
short ehéanes, MO8 thansiastioregigingg odxitdei mgski phogeaphingyt eehno¢ ogi es and
mask seesl defMetdanotdmeriaoblecthars tthe prioe dedahnethodeomadbr m ng short
channepaMiSrh ¢ amspistartse haviatg e thec laahed wgaté ewgdhh. Ahéuetfdbes, obj ect is
to prosbsdeha getéodi dfh faf dang cholictelanreli cMsScbnansiissots bavi ng an

i ncreagsedugade M did irsdmgnexighy rY Afitdwaar aphirebtreechbpel agireseand nask sets
wher ei withedgaées1@ss BN d SHRAWCAd miArshi by hdihhetoabigeiohs1t o

provi deiensgtaeely ohe fiasdd Ng hard haneel tMO8ihwaashetaka baving an

i ncr eaggdn 9ay esMb et henisd v ead St g dilsidear aphicc wtieehaegh ogi es1and mask sets
wher ei prgBi@ai tic capacitance is reduced. In accordance wth the objects of

this invention a novel Jfeihod Jprwofrq(rerpsngnslg(pl%t agtgaggg[e Lragsistors is

achi eved, néhh Je WSSt aféﬁoflscarégﬁ e %rdsa 5%& %tr@g | rst opening is
fornEd6t 9“9 + fﬁdl JE% e%h% 1h gngpgﬁgrs are
formed_ g s ge 5.0 ﬁéﬁe rfﬂ rate QPERI n% Q_er eby 1o E ? Sl%gnd openi ng
sn?IIeg an?éﬁgé m%ﬁ% ﬁgﬁ%'&“) :f@? %Fn %@%%ln946 to aganeﬁ h a

pol ysi ;L o2y Bl pa % égrlrgyg £o i¥5t ions
are i ed |n derl |n% ﬁog xide~“spacers to
form gg ?15? oc?swaéna éi?lssl co FeP8Cr enpved

wher ei raelrrat'ler’?sChaﬁ?da\Aﬁ ﬁé‘n§ﬂlb§ ?HF is exposed in a
channePrP‘éGF‘BntoA % ayer is fornmed over the channel region.

The first opening is f| IIed vvlth a gate electrode material that is polished
back to forma gate et @MARBIOT THE HAVENFSR stack is rempved using the
gate el ectrode as a mask. Second ions are inplanted to form source/drain
regions within the subseft@ral fomct @ft kbegrresepéctnpygaetioncdapl ete
f or mat £ONPBPVAIE haw t e EFrEiniele MDS! tveans imsingyf aich urhe Leabeitbadi oA of an
i nt egr &pediedr e ushorevirannBRIMEFS HIESCRIVRTIEON OF THE DRAW NGS I n the
acconpanying drawings formng a material part of this description, there is
shown: Figs. 1 through A8rSohendtjcal lof idHeustvahéion ¢soss- secti onal
r epr espntaideona anptlededre e df embiody nerdr tofchiameefr @9snt rengentoon. 2

using existing lithographic technologies and mask sets.
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Fig. 14 schematically illustrates in cross-sectional representation a
conpleted integrated circuit device fabricated according to a preferred
enbodi nent of the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The present invention forns short channel MOS transistors using
exi sting lithographic technol ogies and mask sets in a novel nethod that

sol ves the problem of decreased di nensions. Fabrication of costly masks
that correspond to intended gate wi dths or the usage of advanced or
conplicated |ithographic techni ques nmay not be necessary. The process of

the present inventioregarnoreeeasgijettectivel yréheadv dtdeafod he gate and

t hus I@H&encﬂaétﬁ)ﬂte%h%%%qeMoBeft§5F1‘sE_'9t89¥V ARG Endadd i ol atdsedo Fig. 1,
t here ?&é hewtan illustration of a portion of a partially conpleted netal

oxide field effect transistor (MOSFET). The sem conductor substrate 10 is

preferably conposed qf f%lgtlhgenoggghgglg £ 08}?\?{85%%% ag{aphi€ orientation

and ha be YR e, under tood by those
skllle ]fITr‘tl dsqpo}% %atnne Ptots ransi A rIlus aeseaaft channel

MOSFET®§ 1?1 ahedJ mg L?ths&eL ce tho opre ﬁa‘hn ?ﬁ]eg? a“tredd WS cuit device
coul d Be* ?o ﬁﬁI ﬁﬁ?ﬁFFBPFﬁngpﬁﬁg??% polarities to those given
for the N channel enbodlnent Also, in ,a simlar way, a CMOSFET coul d be
formed by making bot B NtaHdnfertird PPaRGANET H%vP%%%l?ﬁxﬁtW?E@%%ne

subst raf ef oI Ngh B¥FSr CheeneilnPSt fraRel aesEr i PRY O &l tHEEAIRM ngs t he

di el ec¥ate TibimtusdmdbEriedn ngei & 99ﬁa§hbeehe@m<yl%¥@$ and mEEdn and wil |
not besefescrlienaln padasditiic lsépagséanheyiareedere@nt i onal . For exanpl e,
shal l ow trench isolation regions, not shown, nay be fornmed in the

sem conduct or substrakeadummdantblwﬂShatkembbﬁebeSdeposmied on the
subst r ateerddiorFar rexariplmethadsdor foemdhgoxhdet | ayannd? NGS gr own or

deposi t eshoistdrwes si faatd edfed.he Asubstir atiekt stack hi skfessedfobet vieen about

10 andsJi5: Aingst r austi MNawopaniingl é@nfoirhetddentaygh d4tés weposidt ed over the
sacrifoei ahe Oxd e Maapherstbe k.0 dxtiflieckpassrsef abet reeneabout 200 and 500
Angst r oi@ewd e & SiHd Qi saxiopenliayethdbeb§ deprshéed ovesndhe nitride
layer dfedn@ drdickdressLf thet weencabpuhigQ0 ange 1000, AMastdoiey Finally, a
top SIIng)mmct rd oe, Iaawly%&lll%oete@e%ted PMELeh PEe PXI O | BYREe 16 tO a

t hi ckngss.of s bet Me&l Y ed 2 ‘%‘itrs%oqoﬁ@da%QOQmﬁ‘i‘QﬁEé&’@ntJh@ﬁf g?;g[(' a|U§| ﬁge

exampl g S0 Y. Uer, T l.S b Hsed.! oF. L. et o e
convenf 57 $tﬁw g sao%% et%ﬁhhngtﬁstgw%t aito fLiTige layer 18 is

pattern m wa | erring now to Fig.
3, an o§ a eZIZYl queﬂ eBlnghe(renmaa vand WEI z)lsrilﬁ}be?t to a

lS e pCbS 1n a C r le
select £S5 O 0

’J

‘ﬂéo.”too A?l romse w,©

e
0 a
sel f - a | aocveerr iﬁcl% N p%nl
ani sot} EE ]r‘? "ejttt:}hl% tI? c&éofjg gﬁéﬁ E}P% chi S}teft% oxi de shoul d
be per}P °thet gl. M1 &é’dle 59 05eld D \A?e%n t he oxide
spacerEeQQIVe h‘eSJrIPQr Rfe 9adhfersd efé’frg g 18 ar@aékcheﬁe%‘%ﬂ oW i3 Fig. 5 with
an et ch™Riapted the Tt FOULHPTEID TRELPBE HithibetPyerPABr 31 et ched back
to bel 8W 2 AR hetYhihDfIatfe PadE sifater §Ogﬂlepﬁe¥%ﬁ%¥ B ?kattive ion

et chi ngheR EYPIRNPe MO RN SHHtOTstapths pabProFablorocfar?|itate subsequent
chen cantegedized calrpolt sHEe-CWP). Referring now to Fig. 6, a polysilicon
| ayer 30 is deposited over the filmstack and conformally within the
opening 19. CVP is paRIgdEICR IFAITOFh OFh&@HEuPRAEENGS t he substrate,

| eaving the polysilicon 30 only within the trench opening. The polysilicon
wi |l act as a bl ocki nigh neEsk asvempkayinggdrheisgar Cefdiag na ext ensi ons. Next,
t he oxmdeespatessr2d Arehirenmsed,ippieher ahkyebysRskowmt t h an et ch stop at
the nitride layer 14. An ion inplantation 33 is perforned through the
nitride and sacrifi cimlgoxildeHrayehs 134 sandmd2italior m i het stk ced drai n

ext enstepss3et i diel stlystdsire: atnder by bitg rbhecgounpeaprent oxf denspacers.

The pobyggéh@oma&lmls sel ectively renoved as shown in Fig. 8 to | eave a
| arger opening 35. The sacrificial oxide 12 exposed underlying the now
removed polysilicon layer is renoved by a wet etch to expose the channel
region of the substrate, as shown in Fig. 9. Now, an optional ion

i nplantation into the channel for threshold voltage adjustnent can be
performed, not shown. As illustrated in Fig. 10, a gate dielectric material
40 such as silicon oxide is grown on tRe substrate within the opening.
Al'ternatively, a high dielectric constant gate dielectric nmaterial can be
deposited over the substrate by chem cal vapor deposition (CVD). 4 As
shown in Fig. 11, a gate electrode material |ayer 44 is deposited over the
filmstack and within the opening 35. For exanple, the gate material nay be
pol ycr ystal I | ne 5| I | con ger ITB.I’II um poI y5| I [ con or a net aI The gate
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The integrated circuit device is conpleted as is conventional in the art.
For exanple, as illustrated in Fig. 14, insulating |layer 50 is deposited
over the surface of the substrate. Contact openings are nade through the
insulating layer to the underlying sem conductor devices, such as to the
source/drain 48. A netal |ayer 54 is deposited and patterned to form

el ectrical connections between the elenents of the integrated circuit. A
passivation | ayer 56 conpletes the fabrication of the integrated circuit.
The process of the inventioh qurendesaa 1getinedset-atabrigati ng a short
channekr¥p5-E&a05b154 DI réiSt e red Stdma Iddrpaghaphiiatbgehnbquesr and: mask
sets. &Byscprosesscetd@cddvtyidLduses drieeehannehpbangbhc ¥hiehein turn
causespachehatiN@ehhgsease in the width of the gate, thus reducing gate
resi stance and parasitic capacitance of the transistor. 5 Wil e the

i nvention has begﬁs@ﬁgﬁaereﬁ?}wﬁﬁp&ﬁﬁﬁ%%gmﬁﬁggggggggmggh reference to the

preferred enbodi nents t y those skilled in

the art that various qggsd&ﬂ:fqﬁgg%ﬂghd%%%lls H%¥tb§hQRS§lm&6§OUt

departing fromthe s 'S, clained
|Sp 1 !t gn%il. ‘Enrs u Pn eXlS (gln §F ?ﬂgtlﬂ%

fabric ?F8n18f aﬂoY%f ? @? &5 PGFRTNG%a hard mask
stack GvBPNEehRst r bR l%??%ﬁqn quﬁ Néﬁméﬁénl GttﬁP asﬁpan?o portion of
sai d haPHCHESR 9REEKYIE i Mg GG dFagFaddr SYRNSEIeRE] FSmBEicared i r st

openlnélFHQQéBQh%%rﬁ??ﬁP%ﬂ%%%dﬁH’dﬁﬁhkﬁgn§ﬁﬁﬁFéFYthaﬁh§aPHOF??§tO%pen|ng,
10 fil FPAGPEEPENSeERYRI bpehi TR betmears afdespazedy whenwadpbl 95i1icon
| ayer ; thRepehet @ndr epy | FRA%RE dahd dessipd@acs:- inplanting first ions into
sai d substrate underlying renoved said oxide spacers to form 15
sour ce/ drai n ext ensi oRsfethereafdvemammpanitg csdiad lpokypsEligcoh, | ayer wherein
sai d fithsteopenshgwn eami nEl @drathicrreiaf saipdrIibst pdt @ parexpdded in a
channekompgebad hetai ngxbdegaf =1 e fBfttad ¢ daaydrstover(MoaraThannied 20
r egi onsefiibbhagcecsar dstibsstaoperd nigs wWidr e agatye celpokeadernaieitah and
pol i shhagihgck s$add) gatesied Brdd s imtariiealt aitq ohoeAdanhgat Beghect r ode;
t her eatibpedr eBOME NG Sat godaseb Sask St ack WsiINg beadddes@abe Blectrode as a
nmask; aRdsknpkant £a9iseeRadaionsdt0 Jronm %ql@rscelldrtakeuggﬁgh@ns within said
subst r at e, 8draceNknt @ SFd £h IR BFRC L AdRy {8 CORRhelL e  f gepBEEONa 0p Sai d
short %héﬂﬂ@h Mo iﬁ@é‘éfé&@cﬁ ENeddie FahriCatdon 0beS2bedmbAt 89 1gd circuit
devi cey,, suEQ‘élH‘éEbﬁm 85585 L 0% 40, I &l T vglgle ” o39k %prtﬂg orm ng
sai d h%g AB$K5ha gﬁgpr'p?féo rpv difg 13, S3ek) T Cbﬁ sperdg hayer on a
Surfac%eo o§ﬁé ﬁéﬁ?ﬁ& 'both N channel and P channel devices upon

the same substrate

In an effort to simplify the description and
the drawings the dielectric isclation between devices has
been only partially shown and will not be described in
detail, because they are conventional. For example, shallow
trench isolation regions, not shown, may be formed in the
semiconductor substrate.

Now a film stack will be deposited on the
substrate 10. For example, a sacrificial oxide layer 12 is
grown or deposited on the surface of the substrate to a
thickness of between about 10 and 150 Angstroms. Now, a
silicon nitride layer 14 is deposited over the sacrificial
oxide layer 12 to a thickness of between about 200 and 500
Angstroms. Then a silicon oxide layer 16 is deposited over
the nitride layer 14 to a thickness of between about 200 and
1000 Angstroms. Finally, a top silicon nitride layer 18 is
deposited over the oxide layer 16 to a thickness of between



5 depositing a first polish stop | ayer overlying said sacrificial oxide

| ayer; depositing a second oxide |ayer overlying said first polish stop

| ayer; and depositing a second polish stop | ayer overlying 10 said second
oxi de layer. 3. The method according to Claim2 wherein said sacrificial

oxi de | ayer conprises silicon dioxide having 7 a thickness of between
about 10 and 150 Angstrons. 4. The nethod according to Claim2 wherein said
first polish stop |layer conprises silicon nitride having a thickness of

bet weegpaheut 0@08n@ants GO MNastdnis. ThesthaaRt-hadsageer dkfgpiosC aim 2
wher ei Bn$ai do SREPNH O ¢ 4 aa/%/ KORS589 rSichieC @R rdi fXsAespaying a _

t hi ckness” of between about 200 and 1000 Angstrons. 6. The nethod accordi ng

to daim?2 wherein SE@%%¥ '6%%1559Q bﬁ%é hEQ”HEHS§§cﬁi£§C°n nitride
havi ngae BQ&QK”&?é 5 pel o ng 1%n 8 MRS pBbe 1. The met hod
accordl g Eﬁ &g 2§te%e%e qkﬁlggw tga%§ di Pegﬁrlc | ayer
over %nne1 glon uﬁ%ﬁﬁ éi g a tg?dgh old
voltage S n D R ShA reql g ng to
SRRie L Wt L, bﬁgc 9l ST gty o ¢
channeNOWegFﬁ c% 9?% f ?rﬁEQ%F ggé gaté $|PF06 HPodee | ayer
over | yFhg- sar dP¥upt FAtEOPCa e oPfiiA§ t8YEFarhAr 1 WHReFein said
step oFtFBFﬁgnﬁfat@%t%ﬁ%ﬁ%ﬂ%RRW%Q:QQnﬂﬂxﬁ9ﬁ@@dS§PdtéH§nﬁEP Pé@Fbﬁeconprlses
deposi tRHGTalfi §h exRPRY rhetwsAsttdift Ydde @palceser 24-1 ayer overlying said
substrate. 10. The nefhediecoililmyars A4aiamdl Ifherei atshrd gate materi al
| ayer i5ownl éot BUgf romitie ap ®iclc arfgistatnghef oxpdeydrystal i neTkél i con
ger manitem npokydée| iever ahtl metetl ghedl backhdéombeiod abeohdighttofCl aim 1
wher ei nhsabpdigel sshcags batk sRepfamipni segealedivealiomeehahinal pol i shi ng.
12. A nethodisfpéoformgda shord stwgnned pdoSctrmanisitet dacibitheef abri cation
of an snbeggated chémlicdl devdlcen caiprdcsliingyinioriaMpg .a hard mask stack over
a substrate; 5 formng a first opening through a top portion of said hard
mask stack; formng oxéderspaseisy aib Sidewal,l 8 @bisaiditbhslagpeni ng
t her ebygof @5MhBHo 31 666 0Hee PPEN NG ISIBI LRIk N Bnfotahbd1li ($tnoReni ng;

the opening 19. CMP is performed to polish the surface of

the substrate, leaving the polysilicon 30 only within the

trench opening. The polysilicon will act as a blocking mask

when forming the source/drain extensions.

Next, the oxide spacers 24 are removed,
preferably by RIE, with an etch stop at the nitride layer 14.
An ion implantation 33 is performed through the nitride and
sacrificial oxide layers 14 and 12 to form the source/drain
extensions 36 in the substrate underlying the now removed
oxide spacers.

The polysilicon 30 now is selectively removed
as shown in Fig. 8 to leave a larger opening 35. The
sacrificial oxide 12 exposed underlying the now removed
polysilicon layer is removed by a wet etch to expose the
channel region of the substrate, as shown in Fig. 9. Now, an
optional ion implantation into the channel for threshold
voltage adjustment can be performed, not shown.

As illustrated in Fig. 10, a gate dielectric
material 40 such as silicon oxide is grown on the substrate
within the opening. Alternatively, a high dielectric
constant gate dielectric material can be deposited over the
substrate by chemical vapor deposition (CVD).



10 filling said second opening between said spacers with a polysilicon

| ayer; thereafter renoving said oxide spacers thereby exposing a | ower
portion of said hard mask stack: inplanting first ions into said substrate
t hrough 15 said exposed portion of said hard mask stack to form
source/drain extensions; thereafter renoving said polysilicon |ayer wherein
said first opening remains; renoving remaining portion of said hard nmask
stack 20 underlying renoved said polysilicon | ayer thereby exposing said
substrate in a channel region; formng a gate dielectric |ayer over said

channel region; filling sRjuh fild $1 QP&RIL NG Yhtb a188t L& 6kl ¢ OHR RS
mat er | f‘é éf‘d4490ié S&!ﬂ'&ﬂs t{ae%k o%%'xdt %t %ﬁlne%EéQQeaH@t gltalntodorma gate
e: ectr lﬂ@ewa El% Sc%' RaLdyoRs 1§iaﬁ§ Usé Ng sal d/ gate
el ectr Pihe l%ﬁco 89% M S &f‘ rain
reg lc’n% Sy MLt o ?aigﬁtrr% l%%épp Bg% gs BB Toti, Lo
el e O ranS|s he fabrication
of sal% F%%egréf &10|rcuf}1:eV| f? ?he met hod accordlng to Claim12

wherein said step of form sai d .hard stac ris provi ding a
sacrificial oxi Yiork q§5§HFF&9§/85n§§?Bl§ﬁbg??aggdeSEH osjting a
first 55??§h %f%é?% %ﬁuﬁqﬁﬂeﬁba§§ﬁdu§é89|Fpﬁlﬁﬁtﬁx?H%cF% 4%eposi ting
a second dxied (ﬂﬂﬂWRAQR?f£%W9VP|r§F bBEi BRTEL 8P/ Pajee: l%ﬁ%r%ep05|t|ng
a secoh#l/ b%dl%WP%@dﬁ“H%%br]ébeﬂﬁyﬁﬁ@lfﬁaéald second oxide |ayer. 14. The
met hod according to Claim12 prior to said step of formng a gate
dielectric | ayer overR&fdnriglhameel toediign fldrt her ieonprpsamgatorn i npl anti ng
a threéhoid portfagesddustamntsdurtce saidd dehannekgiegsof8, 1601 Tdwedret hod
accor dbpgat o2l @i thd@nawherrgiaa lsairRd 29t effoaf ekempilag dogateidaed ecliei c | ayer
over saodachannelhiegiom lcomy iResathienmalfl yhgr enbng ahgathel sMds con di oxi de
| ayer ovensystgr saixl withst rgitee hbe bEee mabbhodaaedonding &oi&tahdgn 12
wher ei fashs dasd epi i od APA NG st rgalicdi.el eakr kedbayghtoVREs SBbWk channel 9
r egi ONgEO8PF&SESt AePOSitd NedudihbadHaglieclr bepeenshant . gat.endigyectric
llayer gyeebytag: Sghds swst rate, pkl.caBhermehhedeageaedi gt &ratme 12
wher ei preabf 0t eI | al i apam 1is sehectied thomhthenghaup P@@iﬁ@t'ng of :
p0|ychﬁiéﬁ'bQ@oﬁéé'§ﬁH&£E¥rFHHd“Bn Q%%Y%'thOQr%nd 58£a£§am he net hod
accor d,ggnt @'rﬂé}%é!"ft?éﬁri%é%lsd Pl L h@QnBagE&ﬁ‘c?HgCO”P“ ses cheni cal
mechani ¢ gﬁogpébﬁylng

techniques. By using oxide spacers 24, the final channel

length may be reduced to 0.03 &m. Hence, the top portion of

the gate becomes "wider".

The integrated circuit device is completed as
is conventional in the art. For example, as illustrated in
Fig. 14, insulating layer 50 is deposited over the surface of
the substrate. Contact openings are made through the
insulating layer to the underlying semiconductor devices,
such as to the source/drain 48. A metal layer 54 is
deposited and patterned to form electrical connections
between the elements of the integrated circuit. A
passivation layer 56 completes the fabrication of the
integrated circuit.

The process of the invention provides a method
of fabricating a short channel MOS transistor using existing
lithographic techniques and mask sets. This process
effectively reduces the channel length, which in turn causes
a relative increase in the width of the gate, thus reducing
gate resistance and parasitic capacitance of the transistor.



19. A nmethod of form ng a short channel MOS transistor in the fabrication
of an integrated circuit device conprising: providing a sacrificial oxide

| ayer on a surface of 5 said substrate; depositing a first polish stop

| ayer overlying said sacrificial oxide |layer; depositing a second oxide

| ayer overlying said first polish stop |ayer; 10 depositing a second polish
stop layer overlying said second oxide |ayer wherein said sacrificial oxide
| ayer, said first polish stop |ayer, said second oxide |ayer, and said
second polish stop | agterld athe arhasrd ies kast dekn parteoeaiagia first opening
t hr ougbnsah dase@ caask piabd s heistiopr d Ryt@ince aoithg pxederspacers on sidewal |'s
of sai gmbbasheRPent gradier eit vsidi1d keeed r@xoda bayenowkt ki sakd first
openi ngni 6hal et I enmy eeh A el Lh frifdd NG 3020 saeondcapesi pgyspal | er than

sai d fhegt RPEMLRY; &L Ny back said s'@eﬁqr&daaal LsBpstgp LRyer to bel ow the
hei ght ; gfc 58{ &n OXi de spacers and renoving said first polish stop | ayer

within said second opening; filling said second opening between said
spacers 25 with a polysilicon |layer; thereafter renoving said oxide spacers
t hereby exposing said first polish stop layer; inplanting first ions into
said substrate through said exposed portion of said first polish stop |ayer
and 30 underlying said sacrificial oxide |ayer to form source/drain
extensions; thereafter renoving said polysilicon |ayer wherein said first
openi ng remai ns; renoving said sacrificial oxide |layer underlying 35 10
removed said polysilicon | ayer thereby exposing said substrate in a channel
region; formng a gate dielectric |ayer over said channel region; filling
said first opening with a gate el ectrode 40 material and polishing back
said gate electrode material to forma gate el ectrode; thereafter renoving
said hard mask stack using said gate el ectrode as a nmask; and inplanting
second ions to formsource/drain regions 45 within said substrate adjacent
to said gate electrode to conplete formati on of said short channel MOS
transistor in the fabrication of said integrated circuit device. 20. The
met hod according to Claim19 wherein said first and second polish stop

| ayers conprise silicon nitride. 21. The nethod according to Caim19 prior
to said step of forming a gate dielectric |ayer over said channel region
further conprising ion inplanting a threshold voltage adjustnment into said
channel region.



22. The nmethod according to Caim19 wherein said step of formng a gate
dielectric |layer over said channel region conprises thermally growing a
gate silicon dioxide | ayer overlying said substrate. 23. The nethod
according to Claim19 wherein said step of formng a gate dielectric |ayer
over said channel region conprises depositing a high dielectric constant
gate dielectric layer overlying said substrate. 24. The nethod according to
Claim 19 wherein said gate nmaterial |layer is selected fromthe group
consisting of: polycrystalline silicon germani um polysilicon and netals.
25. The met hod accor dinyg ties diaiimeld iwherein said polishing back step
conpri ses chem cal nechani cal polishing. 11
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thereafter removing said oxide spacers;
implanting first ions into said substrate
underlying removed said oxide spacers to form 15
source/drain extensions;
thereafter removing said polysilicon layer wherein
said first opening remains and wherein said substrate is
exposed in a channel region;
forming a gate dielectric layer over said channel
20 region;
filling said first opening with a gate electrode
material and polishing back said gate electrode material
to form a gate electrode;
thereafter removing said hard mask stack using said
25 gate electrode as a mask; and
implanting second ions to form source/drain regions
within said substrate adjacent to said gate electrode to
complete formation of said short channel MOS transistor
in the fabrication of said integrated circuit device.

o

2. The method according to Claim 1 wherein said step of
forming said hard mask stack comprises:
providing a sacrificial oxide layer on a surface of
said substrate;
5 depositing a first polish stop layer overlying said
sacrificial oxide layer;
depositing a second oxide layer overlying said
first polish stop layer; and
depositing a second polish stop layer overlying 10
said second oxide layer.

3. The method according to Claim 2 wherein said
sacrificial oxide layer comprises silicon dioxide having
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a thickness of between about 10 and 150 Angstroms.

4. The method according to Claim 2 wherein said first
polish stop layer comprises silicon nitride having a
thickness of between about 200 and 500 Angstroms.

5. The method according to Claim 2 wherein said second
oxide layer comprises silicon dioxide having a thickness
of between about 200 and 1000 Angstroms.

6. The method according to Claim 2 wherein said second
polish stop layer comprises silicon nitride having a
thickness of between about 200 and 1500 Angstroms.

7. The method according to Claim 1 prior to said step of
forming a gate dielectric layer over said channel region
further comprising ion implanting a threshold voltage
adjustment into said channel region.

8. The method according to Claim 1 wherein said step of

forming a gate dielectric layer over said channel region
comprises thermally growing a gate silicon dioxide layer
overlying said substrate.

9. The method according to Claim 1 wherein said step of
forming a gate dielectric layer over said channel region
comprises depositing a high dielectric constant gate
dielectric layer overlying said substrate.

10. The method according to Claim 1 wherein said gate
material layer is selected from the group consisting of:
polycrystalline silicon germanium, polysilicon and
metals.

11. The method according to Claim 1 wherein said
polishing back step comprises chemical mechanical
polishing.

12. A method of forming a short channel MOS transistor
in the fabrication of an integrated circuit device

comprising:
forming a hard mask stack over a substrate;
5 forming a first opening through a top portion of

said hard mask stack;
forming oxide spacers on sidewalls of said first
opening thereby forming a second opening smaller than
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said first opening;
10 filling said second opening between said spacers
with a polysilicon layer;
thereafter removing said oxide spacers thereby
exposing a lower portion of said hard mask stack;
implanting first ions into said substrate through
15 said exposed portion of said hard mask stack to form
source/drain extensions;
thereafter removing said polysilicon layer wherein
said first opening remains;
removing remaining portion of said hard mask stack
20 underlying removed said polysilicon layer thereby
exposing said substrate in a channel region;
forming a gate dielectric layer over said channel
region;
filling said first opening with a gate electrode 25
material and polishing back said gate electrode material
to form a gate electrode;
thereafter removing said hard mask stack using said
gate electrode as a mask; and
implanting second ions to form source/drain regions
30 within said substrate adjacent to said gate electrode to
complete formation of said short channel MOS transistor
in the fabrication of said integrated circuit device.

13. The method according to Claim 12 wherein said step
of forming said hard mask stack comprises:
providing a sacrificial oxide layer on a surface of
said substrate;
5 depositing a first polish stop layer overlying said
sacrificial oxide layer;
depositing a second oxide layer overlying said
first polish stop layer; and
depositing a second polish stop layer overlying 10
said second oxide layer.
14. The method according to Claim 12 prior to said step
of forming a gate dielectric layer over said channel
region further comprising ion implanting a threshold
voltage adjustment into said channel region.

15. The method according to Claim 12 wherein said step
of forming a gate dielectric layer over said channel
region comprises thermally growing a gate silicon
dioxide layer overlying said substrate.

16. The method according to Claim 12 wherein said step
of forming a gate dielectric layer over said channel
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17. The method according to Claim 12 wherein said gate
material layer is selected from the group consisting of:
polycrystalline silicon germanium, polysilicon and
metals.

18. The method according to Claim 12 wherein said
polishing back step comprises chemical mechanical
polishing.

19. A method of forming a short channel MOS transistor
in the fabrication of an integrated circuit device
comprising:

providing a sacrificial oxide layer on a surface of

5 sald substrate;

depositing a first polish stop layer overlying said
sacrificial oxide layer;

depositing a second oxide layer overlying said
first polish stop layer;

10 depositing a second polish stop layer overlying
said second oxide layer wherein said sacrificial oxide
layer, said first polish stop layer, said second oxide
layer, and said second polish stop layer form a hard
mask stack;

15 forming a first opening through said second polish
stop layer; forming oxide spacers on sidewalls of said

first opening wherein said second oxide layer
within said first opening is also removed thereby
forming a 20 second opening smaller than said first
opening;
etching back said second polish stop layer to below
the height of said oxide spacers and removing said first
poclish stop layer within said second opening;
filling said second opening between said spacers 25
with a polysilicon layer;
thereafter removing said oxide spacers thereby
exposing said first polish stop layer;
implanting first ions into said substrate through
said exposed portion of said first polish stop layer and

30 underlying said sacrificial oxide layer to form

source/drain extensions;
thereafter removing said polysilicon layer wherein
said first opening remains;
removing said sacrificial oxide layer underlying 35
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implanting second ions to form Source/draln regions
45 within said substrate adjacent to said gate electrode to
complete formation of said short channel MOS transistor
in the fabrication of said integrated circuit device.

20. The method according to Claim 19 wherein said first
and second polish stop layers comprise silicon nitride.
21. The method according to Claim 19 prior to said step
of forming a gate dielectric layer over said channel
region further comprising ion implanting a threshold
voltage adjustment into said channel region.

22. The method according to Claim 19 wherein said step
of forming a gate dielectric layer over said channel
region comprises thermally growing a gate silicon
dioxide layer overlying said substrate.

23. The method according to Claim 19 wherein said step
of forming a gate dielectric layer over said channel
region comprises depositing a high dielectric constant
gate dielectric layer overlying said substrate.

24. The method according to Claim 19 wherein said gate
material layer is selected from the group consisting of:
polycrystalline silicon germanium, polysilicon and
metals.

25. The method according to Claim 19 wherein said

polishing back step comprises chemical mechanical
polishing.
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