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W TH NOTCHED GATE The present invention relates generally to integrated
“circuit transwstoesssand in particular the present invention PETAISe¥230p!

nmet al oxi de sem conductor (MOS) transistor gates. Background 10 Integrated

Ci rcwt produced using a standard conpl enentary
net al - IM mmw &Euctor (CMOS) integrated circuit fabrication process,
such as fect transistors (MOSFET), have source and drain

regi ons, and'dsgate el ect r GRANSHT ORSFETH NOECHED GATE f abri cated such

t hat each have an n-type doped polysilicon gate el ectrode. The mmmmlﬂmmmmm
drain regions are 15 typically inplanted into a substrate of sil

channel region is defined between thgegaihcEei@nd drain regions and benea h
the gate el ectrode. Because of overlap capacitance, gate overlap of the
source and drain reg]rhérmesie%t invantige 59l ftesgengmally tmeteg@t@ap@enttmwonSS creat ed
bet ween the gat Lt It is

desi red, therefaglgzrp %Q%Erﬁtﬁ"ﬂfe% [{Vgg%o\?ﬂ'r%awg%gﬁégoﬂg %‘ﬁ%?%‘g& ®RE amount of
overl ap bet weenM®S tpmbwtoagatesour ce/ drain i s conmpounded by the need to
anneal the inplant regions of the sougcg/drai[n to meet m ni mum depth

requi renents. One technique used to c he i npl ant spaci ng between the
source and gfain USegesRAL R tAGRRE frodwkdesiNgh band@hd EhepEALRaS) ectrode.
Addi ti onal fabrication steps are required to create these spacers.” 25 For
the reasons st aneal-ahdsreemiggiguetor (GUAE} mﬁ%a%%ﬁrsrcetté@waw PRcesRisoth wi | |
pecore appar ent,heob MRt chRid-BSF AL, niRABufEaM4 BiAREHOTEH 3t andi ng
the pr esent speC| rcation s a ne transT 8t or

whi ch has a reogmmedemdelﬁhﬁhmﬁfﬁmamepmhm febrmawdcsudgthbhachemu aned

processi ng steps t he 30 The ve nmentioned probl ens
with MOSFET' s %WSH@%’ }gﬂfcg%atgf ecré%‘%fr e@géﬂlrﬁ?arfadhcga’ﬁfg%‘g?ﬁ ¥ nventi on and
Wi Il be undes stiggidaliniptatddigoamibatawdyf silizohha dhehledvigith is@egnddi cation. In
one enbodi nent, the present invention proyi des integrated_circuit

transi st or conrﬁef‘%‘ieﬁéheas%‘&?raéé draip ggglonp andbrge a'%i't%‘ee‘fl@é't"ldédge‘faﬁ'ﬁ% froma

single 03 J%eggp%pm&% %‘ﬁ@%%xﬁglyf%e%%%lc@%w dralrPElona ichonawsieg a top

region, a bottom region, first and second opposite vertical side walls.
The first and sBebisda ‘matm@at issrapeedgiresn ingatepndtsepise/draimrdziane wheesh t hat a

first lateral dj, Sotv@xrf:g: >§t‘r§.t ;ﬁﬁ?ﬂesﬁx@&’ tﬁéré@?e ! ern?xﬁﬁ‘é"ﬂﬂs Yeddapeal side walls in

the top region i's gr an a secon di st ance betvveen the first
5 and secon#0verti cdlonsotlimgwbd drsotinh of drverlbp betwren thg gata and Rowcasdrhiaris

enbodi nent, an inte ircuit tr i St ate el.ectrode co i ses a
si ngl e Iayer of® 8@88’3@%\)'«%% g?‘i" %rfne%[}ﬁ g?"e HEEO fg}lf SORIc&/dka '?BQp region, a
bott om r egi on, ﬂ&@ﬁxnxmmmammmtbmmmmb cahtiél thainkgdant The first
and second vertical side walls have St epped surf sucgg\}tagat a first

lateral 10 di stSRACRE pawgensihe spuce adgdrain y Séeicﬁﬁdm@ it sid eol@FIs in the

top region is géa?@él&ftrohgaﬂdéin%ﬁﬂ‘?Mchti’énaﬁéﬁs aft r%éLﬁféﬁQo BREARGe shRefs! r St and
second vertical " side walls 1n the bottomregion. In yet another enbodi nent,

a nethod of 2§ abri catfongheemasions sgfedialayecanddon atharirepsensstased belowediehi bed. The
- method conpris @l]hb%?rr'nggéﬁ Dhe & th esfu]f%{i rff?l@gH%}abﬁ’Fe ga érﬁﬁndx grformng
t ¢t 0 def t

a first etch of e con ve ma erra secon opposite
vertical side wakbssaf specifatagomrtierd sacheed surtble q:refofrenmmgoawe@dnchada etch of
n_the first and second

t he conducti ve terial .to formrege e
opposi te verti cAUSER gXerian RACIRS Ckl%@égd;“ E‘égﬁ‘e rﬁgu‘éerdem?%eé%{f‘%a‘eﬁsf a bottom of
the first and second opposite versungairy 9t fhe Idhlién SO that a cross-section

of the gate
30 The above mentioned problems with MOSFET’s and other problems are

addressed by the present invention and will be understood by reading and
studying the following specification.
In one embodiment, the present invention provides an integrated circuit

transistor comprising a source, a drain, and a gate electrode formed from a single



20 .el ectrode generally approximates a T-shape. Figure 1 illustrat &36»"”- 2003
~transistor fornmed with a straight profile gate el ectrode and oxi de spacers;

Figure 2 illugbhabpssa "T-shaped” gate el ectrode formed frompgglidophs72o
| ayers of material; Figure 3 is a cross section view of an integrated

circuit transi ¥ and h MBS Yorl B hottdd st drabgd BRe abricating
the transi stor%é/? ﬁd;:ljrg{:’& Ogﬁ% 0|__ﬂ|( gécr)ea S&ls"”g a g‘% aphaﬁegﬁn@;g{lﬁr drain
current ver sus vevieal ssdechalls3ThEétrsiirhdskcDubartiqal sida waifls héve alsmpped i on 1 n t he
followi ng detail ed description of .the inventio reference, is.mude to the
acconpanyi ng drdwgaec P%ﬁ?b&aw{%dﬁ%”?e Y%%‘ft?’?g‘ﬁsga? SW%YFT%‘? §'ﬁ6wn, by
way of illustrahll9mh theREFiekion 1 L5TEAGH tHRIY secbitl MWhirQRiidifRe batwREY the iRy be

Q 3 JUL 2003 WO 00/ 34984 PCT/ US99/29071 practiced. In the draw ngs, |ike
nuner al s descr pdsesapdvertiedl sideyvadlp i thapoléashfrgiRmt s t hr oughout the sever al
views. Q her embodi gt s, ay0fmih] bl Rk A00PLEMERUCAL cuk SGLER, and

el ectrical changes may bée nmade w t hou eparting fromthe scope of the
present invent compridhea sirglaaysal esndatiil esnhiaialaThe gstedlecttods Habe tdpol | owi ng
description incluyde any structure _havinpg an exposed surface with which to
form the integfé ¥ 3d° (eRiTFEIPhERd S B4 GrRNAPPORE Ysv@h e allsrnkres ol | owi ng
detail ed descrigpl Lo sdcohd VERESRSRE Yiallf BAveladtddPed S8R kikhAndtaMrbt 1Agrag eNSeE,
and the scope of the present invention is defined only by the appended
clains, aloly wistance hetwieen the Sictped ecordjvarienl eide svalle indhi idp rsgiomisc| ai ns are
e 30, APl R HERF AR BB IR Rl Shect T ode
regi ons to contwatl id the bboeatrégion.of an initial inplant of source and drain
ext ensi on regions. Hr? notghed Ir%/si | i COE g{ el ectrode enabl es. an of f set
of the extension frdtHBOBHA BTG gast °‘g fggf‘?ait‘eﬁﬁ“frﬁe%%ffl CiFditde

junction. The ehisbr Riderdes MR BARMDEbHsES AbriditigWIbRR ofictasipe to
perform an anneal operation w thout resulting in unwanted | ateral diffusion

under the gt e matesel.seferming afsiistoh of My copdistive muerighie dsboe Astiangat e
el ectrode descilBng oheddk feritALRIHITE of 3 elBHRckOIL Ll Btomirel 43t | NO 3
W th il el ec & 10

transi stor 100 fornme a straight pr e gate tro and oxi de

spacers 104. Feichbof thegmnduative tatdrialterforhd@cess regionson teedfinsihand sseoindt r at e, and
then a |l ayer of gate. polysilic s d sit.ed, sk nd .etc to forman
el ectrode 102. OP‘?DSl“S vgxglt%]cf“c{eh%ﬁﬂt h‘ée f%?sgrr@aglg%saaéggocfggaaan%ot%fb&gi the gate
pol ysili con ar €irsthdb@dhd ofpdsAyedriied sidx madis ssthhheerofsadeciirpdfene gater t he gate
polysilicon. The oxide is patterned and etched to form spacers 104 attached
to the strad%htlegrssssegeralinaprjaximalsspyfsi®Peon. Source and drain regions 25
112 and 114 are then forned i Qe oF 8 Asihd t he oxi de spacers to
define a lateral distance between the junctions, or doped regions. An
anneal operation isFigwen! jbstraeneuansistar formed vithed straighitpyofds gdtise t he
source/drain r%Qi:t?%an-Em?(id%gg%l‘sl ng operation also results in lateral .

di ffusion of the dopants under the gate polysilicon. It will be appreciated
that the variabl es Exgpee 2 dhswaes n" Telppsd’t atgysle@dedeieddramuindhi ng t he

_oxide Spaceys rlaeyse%lc;tfsmétgria% vari abl e di stance between the

Figure 3 is a cross section view of an integrated circuit transistor;
. Figures 4(a)-(f) illustrate one method of fabricating the transistor of
Figure 3; and
Figure 5 is a graph of transistor drain current versus over etch.
30 Detailed Description of the Invention
In the following detailed description of the invention, reference is made
to the accompanying drawings which form a part hereof, and in which is shown,

by way of illustration, specific embodiments in which the invention may be
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edges of the spacers and the polysilicon edge. The lateral di ffus'u JoL Qg[ﬁ
_extension regions, therefore) often results in an uncontrolled overlap w
the gate el ectvoa@dsqosdhi s overlap results in degraded perf or nemereuddyr9o7
creating an 3 0 3 JUL 2003 WD 00l 34984 PCTI US99129071 overl ap

capaci tance. | rprastided.i Pnthe BRG] @ nIRELS &dsBEbsdubfsnRily kil ng t he oxi de
spacers are not desired. A transistor having an alternate gate electrode is
i |lustrated i ncPmyar@tpthroygBoydhesersabizycOteneabadimentoman pprihacdat es a
"T*. That is, t ' i - ase. The
transi stor gat églgssgrﬁ&glflﬂi’cl)éggaé’ga@glr%‘?%ﬁésli%%ﬁs%gﬁgﬁ?% g@éﬁggﬁeh@gn terial,
but requires tHeonldpasoid aithe patehemnemignatie ednnbwaer afid aubseaonstdinl ysil i con
| ayer 116. This tf:f\lnsi.st(%Ls r‘EﬂrOVi'd s, a larger interconnect conductor, but
requires th mihg il B eSS IRIOp NG ‘fd_efaBY RRGUre haVigS PEXROsE-SUFIaceWiin t he

addi tional gat R ¥Stotrh G InAERRAILANICH SR oM ifffefiflord. Orfeor m the top of
the 10 el ectrode. To reduce overlap capacitance, while mnimzing process
steps, a not chddlleing defaded desdaption il dreiptsedotie betakemin alimitogfersaed from a
single | ayer of nductive,material . Refernring to .Figure 3 Craoss section
of a fabricat ecimlgn egrat %%h% rregetﬁlt f}‘ vf?tg)r?s}?g flclz)nregfﬁg' blystg? PSR a4 and

descri bed. The dlonansitistherfull scope bfdéquilekens tgathécheduelttlnipghear@ORitfeabri cated with
not ches 204. The gate el ectrode i.s separated froma subsfirate 250 by a

| ayer of gat® oxi de 2B} g%sc’é‘i’FdﬁHF%‘? WE‘PC Jroagae gsctipds Wiy dred (such as

by ion inpl anti-aglhddMRofilee ThERSEK AliSrm NS oFOBGR SoREard RAiR réL&HsqHS | ncl ude
extensi on regions 210. The area between the extension regions, and beneath

the gate el ect reoueo! thelocatiasr ofed inialdmplankok souresiand drainxextensigy regienschannel
region. It wll i at: ' e t h he not ches
204 all ow the dVPFOCRaFoy AHEh el ARADE. SlHblccRll oerof el R ol

di stance from ahwelgeiof die g fadysilicoh td fate noide funciidrat THeffsetwoddgt h of t he

not ches defines a lateral, di ffusion distance which can.be used during an
anneal i ng sigejp WTS@GW%F&E‘{S?%&?%@CR@%?ei%ﬁ'in n g P%eﬁg}boélt‘?f\@lfﬁijt he bottom of
the gate el ect red@ingSnantahide | sQ@urGBistmimier @@igaRelecRsdeexpl ai ned bel ow. It
w Il be appreciated by those skilled in the art, that the_transistor

illustrated in Fi gurld® Besedulhppnderstand gheanosehiedigpisiclesirada desemhed dsigitact s to the

source, drain 3ogrg8d & IR tb EPatd Efflusti@ink AGHRsiNRr | FEHORAESR T alsiiMigRt | ON,
t hese, and other optional features, have not been illustrated. The gate

el ectrode 202 ipsofilogaiecliectrods H2sAnd gkide spagers 19d Fireis sate oxpde leyrdA6 30 203, a
ot omT <3180 vyl Eafghe s et bl p90F A Beagral S
st epped surf acandeched foafborm ah elestroded02r Hlis ootsd thatere Yatdyal adgenl G8hwadf i r st and
second vertical 110 of the gate polysilicon are straight. A layer of oxide is then fabricated over
the gate polysilicon. The oxide is patterned and etched to form spacers 104
attached to the straight edges of the gate polysilicon. Source and drain regions
25 112 and 114 are then formed into the substrate using the oxide spacers to define
a lateral distance between the junctions, or doped regions. An anneal operation
is then performed to further vertically diffuse the source/drain regions. The
annealing operation also results in lateral diffusion of the dopants under the gate
polysilicon. It will be appreciated that the variables experienced in depositing,
30 masking and etching the oxide spacers results in a variable distance between the
edges of the spacers and the polysilicon edge. The lateral diffusion of the

extension regions, therefore, often results in an uncontrolled overlap with the

gate electrode. This overlap results in degraded performance by creating an
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side walls at the top region is greater than a second | ateral di stuaﬁcll:mx 2003
_between 4 0 3 JUL 2n03 WO 00/ 34984 PCT/ US991 29071 the first and second
vertical sidewwddsogst the bottomregion. In one enbodi ment, ghsteReesy IS
approximately 20 nano neters larger than distance X It will be appreciated
that the differgngapkeiapaie Y 1PdittnCAR eXRd Mrof¥Gihg & SEHmEiRRHR oxidic! udi ng
but not limited to 10 to 40 nano neters. The transistor has a 5 general
T-shaped gate |Wa@r@ﬂ@§@t§@@'@ﬁon vi ew whi ch intersects the source and drain

regi ons. Adescrlptl of . fa r|ct|n a tor aving a
not ched gate el ectro %‘S‘§ @av”}f’e&é’ g Iglagv%ec ﬁ @'5% ﬁﬁg “i gur es

4(a}-(f}. Figurendgas enectfddwtdsamﬁom rOGfra®e e tTONTIRH i theesp @ﬂﬂ@lg%or
substrate 250, a layer of gate 10 oxide 208 and a | ayer of materral, such
as doped pol §S|?1F°é'6943235“21d‘3{ thapithe|bagsa Hﬁ&a@wt@t@a@tﬁw&{/ formed fomssingle in t he
region of the ty S e t doped
accordi ngly forl ?ﬂ?%g@cgwﬁgﬁg g‘tltg%ﬁ%gélfh?e ﬂ)% {r’%temlﬁ éthheZC ar The
pol ysi |l i con | ayafra 28&nd wolyseisdoadayand] @ ultks gt ptam@efallargemmercupm[ edges
and the verti cal a% of the gate el etctréﬁge 254, as. shown in 15
Figure 4(b). On®RUHE"GH ?if&qwsa@ THYER TS P'ey ng thg PEIde FRASEISBA | s
perforned to cr@aheditibhalRelkeopsilidod ddsitibe, pantrm and edpasfoph thd1ep iR

el ectrode) see Figure 4(c). The second etch process is highly selective and
does not redBvetlefitilegat e oxi de 208. As such, there is no breakthrough of

t he gate oxide. The apol ysilicon
to gate oxide coner, ﬂﬂ%ﬁ& \%rl% g% lgitﬁgér/gﬁmg?ﬁﬁl ng %?%cﬁsts s{egfym licon gate
el ectrode to crmatledtgaee erhfmtrohes d2g4ibeDhereingvtithes fained ffiowea ﬁbgﬂblqyleoc@ss, t he
| ateral etch rated%)t roac ga%giattl QR Lo enabl e gnlfg rénbco;gt of the

| at eral under cuf™ e)m? FITHIIZR THTY i R Spdign of 2 fabggaied o el ¢
limting. The ssat@edted/arcﬁttmnmsopmdl@ﬁlmedamltuhi deb&rited) Kheahnssskdri con et ch
process, but can be consi dered

ar at ecause the etch control 25
paraneters are ’é‘ﬁ]élﬁﬁ%%iga‘ﬁl@c%@le@@??%@cgf‘gwlt}‘@%? AN pri & 8YF EleChRdFS pover

etch which has g gx‘dfe@tﬂrd?ﬂ‘a§\Pd%fr9t)é'25@5?IaYay%ﬂb'13éatetc9u(§ehﬁ)8dlS'b@ltchQﬂH &hid he bulk
pol ysilicon etch in the range of about to 40 seconds. In one

embodi ment, t heregione @i ? et femed (sush ga by mnmlangng)gma teoywlrstrasé- aThey avai | abl e

Htachi VB | LR Bl R AIRGERRL S BB I AOh LA 0G 80 set (i nas
ARl R sl i tﬁf)gaf;??m&t (Fmr;gﬁm et 0w cPded
oo V0040 80T AT St £ S SEaRPTE N . TSl T e at hat the

HBr ccn7575751 00&0tHes %1411&\&4%@10&&3]3&3)&3&%&%13&3333903&5&&5 EP2412He

Backsi dekPalll11Cont P| asmay/ nnyyn TABLE 1 Th roc uses.a fiyst etch, or
Break through efigfncg °‘Péﬁ‘69’éa‘éﬂf P%Fc‘g.%’b&‘i“ﬁ%h ‘S e geERth © glhﬁﬁoﬁcé?ﬁ)ves

polysilicon to idiRedalifedXdifBsibPiStance MAGCIEEM H%Qx's&f durfAg)an dhndalthgsgp ch i s
based on neasuring gas chemstry in the etch chanber to physical ly

det er mi ne when withoutivecapng gshorizonial eiepslap betiveerethp betom Phthe@pierclestrede 1 st ep

. strai ght ens éhea.r{%ﬂhg%llr %)rgmp}régH, Esé lafxr%d lo%\helt tvlllpgé G&E%édeoyggé% E)he

above definé n Spt 1 rocess
renove any skilled in the art, that the transistor 1llustrated in Flgure 3 is not complete and

that electrical contacts to the source, drain and gate are required. To focus on the
present invention, these, and other optional features, have not been illustrated.
The gate electrode 202 is formed from a single layer and has a top region
30 203, a bottom region 205, a first vertical side wall 207 and a second opposite
vertical side wall 209. The first and second vertical side walls have a stepped
surface such that a first lateral distance Y between the first and second vertical

side walls at the top region is greater than a second lateral distance X between

4



25 residual of polysilicon remaining after the over etch 1 step. RQf%IJUJ-nQUM
to Filgure 4(d), after the notched profile of the polysilicon gate is

" formed, a shakbewsisgpl ant operation is performed to form thepexisnsioon
regions of the source and drain. The inplant is spaced laterally fromthe
bottom of the @@l BrsehRidetdeertithbdidd wallstdnehetbopomfredibie datoge el ectrode
patterns the shallow 6 0 3 JUL 2003 WO 00l 34984 PCT/ US99/ 29071 i npl ant

regi ons by def iCAibRgimeat. diskance §up appiesmatsit Harang etsrisrgen thanaligtanss Xdo not

extend under t ' : ' hstantially
ext end under tngggt%eg%ppgé%%t%ig%%%gﬁgbgﬁ%%eg%g%gana%ggé33‘21 ?IIned by
the side wall sardeamemdm buheottioptedegi ® M0Rnofetdne Tattenekwehisde. 5 The
ext ensi on reS%i ons of_the gource and drai n.nmus .éerti cally extend into the
substrate a°n SFHTR UEHPAC BYC FEHTTEE CHHP T &b}ﬁ AUFIEF'T OSiCane™  Thus, the
shal | ow i npl anty-dig rddigishel |y processed, or annealed, to further diffuse the
inmplant vertically, Figure 4(e). The anneal operation also laterally

di f fuses the inpl antA desglipivs.of Bye metiod of fabreptinge tansigar haypnerandtehed t he

| ateral diffusi 0. di.st an ' h.t ot.ch depth. As
such, overl ap §§{%\Aeéeecﬁrg9%§%§(§t?%e%e é@% ?Jégée”l‘g?\ezgﬂ% tggiﬁﬁ(r:eesﬁgaﬁé@h Fﬁ%ujf ons is
reduced. After 4(d)éllidvaresalcrops-seass bHgsenitndsaor udsteane2 30, ailayer efjgans 210
extend under_ the gate el ectrode beyond the vertical. planes 257 and 258. The
source and ]d)raioﬁlq%gﬁgéﬁga%&c’f%% rSuchyes q?Bfgﬁﬁﬁ?‘Lﬂe‘a%Ey?'e‘%’t?@?d under the
gate el ectrode Jpenseinrdd Vi tHeGabsuhR iRlRNeSIoR 8f th @dndidod AR bk MoBdté Do ur f ace of
the notches 204. Finally, a deep inplant is performed to formthe full
source and dr aiddiap@yictieits and dopedjacepadiagiyrfercthatyed of Hensisttialegieaspad npl ant i s
per formed 10 PiAYk A% 18%:" 35t SER0RCHIANEASE S mddRBd 1 R bbb AERA S _and
regions of the transistor i's tonsidered wel Khown"in the art, and is not
di scussed furt hierupper edges ailRthSeerticallsidoevadlf pf the gate eproadedd, Myshbabiin cat i ng

transi stor gate.ele odes with a notched prof.ile., The first benefit is
oy o ted | s Eigi R PR Bl BRI B SetpeE eleh i PR RRAL b
reduce, patter i agatehiee giaees®s drathe bstidinedgee sf erggtetdidcirbéd)lsée Figte present
transi stor gate (sl | ows t he polési li.con to be. patélﬁ-rned usi ng the | arger
area of the tof{Qf TPREcqRY ECh POCET SHRENNFIERIVEARY FRASHGE EMOYEMUSH 898 gat e

oxi de interfacgxpeeas. Ree@hdihet18no¥REkBRUEABAGE bRBGRIdEf ThG1td@BSI stor is
reduce, as expl ained above. Figure 5 is a graph of transistor circuit

per f or mance veeshgemges rassivatigepkthe pathlieandp ate Prids come 4nd pllowser cent
. 7 ™ S : N .
| mprovenent, | rl‘?érﬁﬁéﬁﬂllﬂ%gfntg?gﬂ&%g%d{ﬁ%tg (68O DVcrSie e bR LRR 15@-%1 r using

not ched transistors. were created using I ncreas etch
tinmes. The fir siic sbwpleetflaprodiss thotatedd erbmatappproghehasyratydn toenstle r emai ni ng

sanpl es had i ncreasi ng. not ths., S e (&).had. a th qf .

approxi mat el y FBUoF ﬁ%tmgﬂgtﬂ%gﬁ%?lemg Fr)cgt@ u%i(t}b‘)efﬁpﬂgbofn Ogg%r%%&ﬁﬁfsel y
20-25nm A ringlods & delfdimitingaShaisetdtivoeteh ispaifsrated wittethpdulikqgioiwilizeni ncr ease
attributed to the reduced ca%acita ce of the transistors, 7 3 JUL 2003

VO 00/ 34984 PCEIchiaseress Gytcan be considered a separate step because the etch contro
25 parameters are changed. The selective etch is a low pressure, high power etch

which has a duration approximately equal to the duration of the bulk polysilicon
etch, in the range of about 20 to 40 seconds.

In one embodiment, the selective etch is performed using a commercially
available Hitachi M511 plasma etcher. The process is performed using the

30 settings shown in Table 1.
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regions to laterally diffuse the sourTAB&uEd drai n regi ons under the recess
4. The nmethod of claim3 wherein the first

regions of the gate el ectrode.

etch renoves the conductive materi al

oxi de.
to renove resi
20

dual

conductive materi al

renal nin

to expose a |ayer of underl aying

5. The R4 j0€ksolisedladird efchf o Bl thesUFREICE S ro@bIduRfabgoddd. hi rd etch
after the second etch

The bulk etch removes polysilicon to the gate oxide layer. The end point (EP) of

this etch is based on measuring gas chemistry in the etch chamber to physically

determine when all the polysilicon has been removed. The over etch 1 step

straightens the polysilicon profile to forms the final profile with the above

defined notches. An optional over etch 2 process can be used to remove any

residual of polysilicon remaining after the over etch | step.

Referring to Figure 4(d), after the notched profile of the polysilicon gate

is formed, a shallow implant operation is performed to form the extension

regions of the source and drain. The implant is spaced laterally from the bottom

of the gate electrode. That is, the top of the gate electrode patterns the shallow
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6. The nmethod of claim1l wherein the recess regions have a lateral depth in

~the range of 5 to 20 manoneters (nm. 7. A nethod of reducing overlap
capaci tance iwoam3494 egrated circuit transistor, the method EEWBISPEINYE

formng a transistor gate el ectrode froma single | ayer of conductive

mat eri al usi ngiraplaet regiongbypdaimeresiatetah bouydameseb dvat thedmpleavy iegpna ddnehaped

Cubstrate wni chirad Ftaege ol g TReng sy, PGB o UG P10 Gat e

el ectrode defi gkiegd hilteetial galobitpsybRsvedfical Prn&mS7GAd 258l déhmti By tiggi ons so
that the source and drain reg@ons are not 1 nplanted under the gate
el ectrode; andsidpawaiiaripees of Bedasicaynehd of hpBalreigtradur ce and drain regi ons

to laterally diffus gggﬁ ’ﬁ‘%ﬁ%ﬁeﬁﬂgf&g ?d (5::[1 raggldg§§ E't%ﬁxc%ﬂieft? Oe%&i regi ons

of the gate eI ectro alm ectrode
has a bottom criesabsetd & mimimuct depthhatreduse apyenospremiiey rysxﬂ@ndamﬂh&sshd han a

top cross section width. 9. The nethod f claim7 the transistor
gate el ect r ode SHAIOPOTRE &ébﬁﬁlaayﬂfﬂcﬁss 8ﬁmﬁ}e61€8’st§%‘§]ef S{b‘é‘a E‘;‘? a selective

etch pr Ocess t T%]aﬁmembtany)m@ur@la(e)\mrhe 4eANP8ratiOn hIoS atdr ARSI FLQE gt e
el ectrode. e nmethod of claim7 wherein the single I"'ayer of conductive

material is pon}?Bllami régians. 1By comfrojlingds neal oei:rnabfen,tthqlmwéds* usienconpri si ng: a
source; a dfgi st AL H&%xﬂ?@&j oShated e h@%ﬁﬁ Q%rﬁﬁtogtgﬁteﬁg{ r ode,

|nclud|nganotc exte |nga atera |sta vveen “imto
about 20 nm undeterizatrbdd dnd tigratoarceldean ragdms 15112duc‘EkieA|ftratexgrtl&tnad circuit

transistor of claim1ll, wherein not c sin si.licon gate
el ectrode has BmSSTSfWhreé&‘l”B?‘la"%é{ rf‘%"’??ﬁgféteggf@%@/ ‘{)ﬁﬁ?éXBS?t om r egi on.
13. The int egr abgmMdhd Gtidal ﬁlfanaslmrﬁha,iss Whes selirtetahé diet epRds 31079l e | ayer

pol ysilicon gate el ectrode has a bottom re‘gl on, and the drain _extends to
t he bot t om r eghewever4o namaparetizkly sxters widertie gate clequpderksyonst veatical m 11,

wher ei n thanograh@@dainegb tﬂee}m@ﬁombmdfltmtaﬁa9043'ﬁﬁalrpqge Pt OP
region, and the source ex ends into an area directly below the top region.

15. The int egr &t pegfornedgiform thedull sousee anfl dedimragions, ltvmérbélanplteheted@luacthed
le | d
single layer palysl gh@é’l%ﬁﬁegfog}g%w@ﬁﬁd?%% Rsib@Rcd c%gg&@. D3pRg Rt i n

extends into an are rec op region.
elements and regions of the transistor is consndcred well known in the art, and is

not discussed further herein.

20 Several benefits are provided by fabricating transistor gate electrodes
with a notched profile. The first benefit is provided in patterning the polysilicon
layer. As transistor dimensions reduce, patterning the process layers becomes
more difficult. The present transistor gate allows the polysilicon to be patterned
using the larger area of the top of the gate electrode, while providing a smaller

25 gate oxide interface area. Second, the overlap capacitance of the transistor is
reduce, as explained above. Figure 5 is a graph of transistor circuit performance
versus over etch depth. The graph illustrates the percent improvement (increase)
in oscillation frequency of a ring oscillator using notched transistors. The notch
depths were created using increased etch times. The first sample (a) did not

30 contain notches, while the remaining samples had increasing notch depths.
Sample (&) had a depth of approximately 15-20 nm, and sample (I) had a depth
of approximately 20-25nm. A ring oscillator was used to illustrate the

performance increase attributed to the reduced capacitance of the transistors,

7



0 3 JUL 2003 16. An apparatus, conprising: a single |ayer of dopupd3 JUL 2003
polysilicon included in an integrated circuit transistor, the single |ayer
of doped pol ywed bd/x@e8% havi ng a top region, a bottomregi on, aPEr¥$x£e07and
second opposite vertical side walls, the first and second vertical side

wal | s defi ned With athkr vstableatmpalngdbsdtantck chebeveen thahes the dejith afwie second
vertical side walls.in the top.region and alsecond Iaiheral di st ance between
the first and %Oé%ﬁﬂm\?eears?’i“?:eacl’sc’é]ia@gp%gqr{“§n?erﬁ PHECTESEY obR'F BYfBMa4Fher ei n t he
first lateral @iRiRNee likaG8RaiRIwliAdedute ds@enBds IRheichldegthst ance thus
defining notches in the bottomregion at bottom edges of the gate

el ectrode, thecontredsde insxaashdling tg? perfarmende; af $he layisemble &) eging loal si dewal | s
i nward and und th .t | e it ertical
Sido val 1's, " andlae Gl infRhda Bakhabb I ARERGT QPAIING

pol ysilicon thadt filBirebeh thiaghtepotybiicet @bgtivebtdr lp)si ngl e etch chem stry; and
a source and a drain of the integrated circuit transistor fornmed by ion

i npl antation, the source and drain n ci ably extendi ng under the gate
el ectrode beyond t hg Qv deereBaRInglovEMS hpdctbnRNfl a8 BQRMed Ak&K@I di stances,
and the difference of the first and second | ateral di'stances bei ng between
about 10 nm t otrzsisier hapbeemdedcribedrhrzseinp e aiethod gpmprises fartdng sransisiar t he
second | ateral _distance is.cC | e ef.inin | _diffusion distance
used duri ngé ant% en%%%ﬁ ﬁghagbnégraagf{?%aﬁe\&/)\n&togso%% tr'Bcnr’ gg?’i "lnsgﬁgj\gn% ?/redrflrrzlalaperba tween the
bott om r egi on wdivt dnheckingipioeess. 1B onkleembapipangtauso pfocedsatdn id ferfoMmed & n t he

single layer of doped polysilicon is for by etching usin lateral etch
rate that appr&?&fﬁﬁ @F&P%{PSBH?“H@_ pr?ﬁlgmigf)a%&lffiﬁsaﬂfi‘r"%‘l"&? Pr'ngdl%?mmherei n the
single layer ofs@dapertbdialpymidd £QMerdallyOproBedsdiwigionhirastindSdxBekside | OW
pressure, high power etching process. 20. The apparatus of claim 16,

wherei n the si¢ngtlep rappeitanse. ddp exdupinnyafiovprdaprcapacitpageriaeicasgs echi ng usi ng
bul k etching t : i of doped polysilicon of a gate

oxi de | ayerljg fﬁega?lgg&gff{)@?aé}% ﬁgﬂhgghﬁgﬁrhe the second | ateral distance, and
second over et chi ngAltipoughspaceicembesinlendd haymbeent illostratdiend idagpribed ayer of
doped polysilicon. .11..A9. A . AU3BY. A  AY. AhY..A. Al..A9[ e. A&y, A9e)*11>JZ k

cj ove~{ vql gb] ﬁeé%{]"clg]"é%?%ﬁﬁpé%cf%% %ygtflgs@fjdc?gfdégﬁ%élf@é‘% @5]6%6{?%6?]‘%& ca] ca] ca] ca]
c?] ca] {c a} cg} Céreahgerhedvadtiet] ie RBalkelh@d endohieat ar!sa®OpUippse may be substituted] | cal
#(5APY{vql g cal cal ca] ca) cal] cal ¢"a] cal.ca] ca] calca]c al ca] ca) ca] ca] ca] ca
] ca] ca] ca] c"a] é}&?é}’%‘éﬁ%8?‘!3“31“@“‘13?%%‘5‘}0@}‘63.Yg}‘c. BN 1 ?l“"%%“ &r&%' e

(HCO ™, 20 adaptations or variations of the present invention. Therefore, it is manifestly

C11&1( 1. 131?1}xsnhc({)<] caUc"alc" augc'_' a] ca] ca] ca] ca] c%ca] caJ c"a]ca] ca]ca]ca
] ca] ca] ca] ca] ciajeadqdhpedjscay@ape bt bajtedpnia i djecagiea and e BAGYREHP ) 3347 5551.6Q
676] 6y677) 9| 9 i 5es5E=<777@ @@ xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca‘]hcaf(':" a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! q@- @AOA
BzBBB@CpDDD, EEFsFXFFFFGhGHHLI JJ@JJLKKS5L} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca]ca]c
aJca] ca]ca]calca]calc

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c"a! 5LI LLNVSM MVN\ Nk NN
O0J PkPPPQ Q*QQIRRSS- TTTTTUU&V} xsni d_Z] ] ca] ca]ca] ca]c

- a] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]calca]c"”al
cal ca] ca] ca! &YWW@XXOYYYDZf ZZX[ [ NN\ \\ QIRRSS- TTTTTUU&V} xsni d_Z] ] ca] ca] ca] ca] ¢
aJ cal cal ca]ca]ca]lca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalcalcalc
aljcalcalca)l b@10%u& ()-,!'10%r& ()-, tLT&IOUSSE ()- 9S 10%& () - S&109%& () -
9" 109%&' ()-M wU3!; 109%&' ()-,!910%8& ()-,! (10%& ()-,!109%& ()-,!

109%& ()-,!109& () -,
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.10 D109%&' ()-, k cdEuV7!yzy10% h& ()-9f 10% h& ()-10% h& ()- 10% h& ()- 410%
h& ()-Sf10% h& ()-cj dEuV7! yz@aL0% h&' ()-10% h& ()-10% hé& () - g10% h& () - 10%
h& ()->10% h& ()-0v6dEUV7! yz, 10% h& ()-F+10% h& ()-)10% h& ()- (F 10%

h& ()-&10% hé& ()-y#10% h& () - 6~AdEUV7! yz96910% hé& ()-4S10% h& () - 310%

h& ()-110% h& ()-010% h& ()-Y. 10%

h& () - o7Wha“SC]a,;T99(«g ()-y! (O 1109JU& ()-yy&310% U& ()- 10 h 10 h 10 h: 10%

h& () - 710%h& 7B|Z[< —||-10%U&() 10% U&' () -10%
u& ()-!-° I10%[&'() y! 1109 ()-y!v " 110%& ()-yOAdE_=! 3110% U& ()- [/ @0%
8&1(()) -Ulel (])'0 % H&ne@od 0P £:8rk ea't‘iﬁ‘g gr) m%&rgt Hﬁzu t)tranﬁstélr e H‘g‘thgc} conﬁn/f‘giné dYNC! 10 U 10

fabricating a layer of conductive material;

performing a first etch of the conductive material to define first and second
opposite vertical side walls of a gate electrode; and

performing a second etch of the conductive material to form recess regions in the
first and second opposite vertical side walls, the recess regions are Jocated at a bottom of
the first and second opposite vertical side walls so that a cross-section of the gate

electrode generally approximates a T-shape.

2, The method of claim 1 further comprising:
implanting source and drain regions in a substrate which is located below the
layer of conductive material, a top of the gate electrode defining lateral boundaries of the
source and drain regions so that the source and drain regions are not implanted under the

gate electrode.

3. The method of claim 2 further comprising:
thermally processing the source and drain regions to laterally diffuse the source

and drain regions under the recess regions of the gate electrode.

4, The method of claim 3 wherein the first etch removes the conductive material to expose a

layer of underlaying oxide.

5. The method of claim 3 further comprises performing a third etch to remove residual

conductive material remaining after the second etch.

6. The method of claim 1 wherein the recess regions have a lateral depth in the range of 5 to

20 nanometers (nm).

7. A method of reducing overlap capacitance in an integrated circuit transistor, the method
comprising:
forming a transistor gate electrode from a single layer of conductive material

using an etching process, the gate electrode having a T-shaped cross section;
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10% & ()-3 10% & ()-3 fyl0% & ()-$10% & ()-L10% & ()-! &I10%\& ()-Y
IEl'dEYNC! 3 10% & ()- ~10% & ()-@0% & ()-3 | f10% & ()-10% & ()-3 F

@O0% & ()-!!2""#SVUAEYNC! 3 $10% & ()-, f#10% & ()-3 ,10% & ()- @10% & ()-3
&10% & ()-3 10% & () - VOB &&&B' dEYNC! @10% & ()- |1110% & ()-F /m0% & ()-F
F.10% & ()-F , 10% & ()-@+10% & ()-B "' 6(8(9(: (; (H(xmbCl' 10% h& ()- 10\

10\ 10\9s10% & () 'iXapga@E%/%d%}&)ahX g gl}?";é%% i 2 Eub%@g%n}%h(ig 1ddhid béidw the

. WU3BnbCl T 10%H4+4 & 1'10%0 -LOI " T10%4& ()-LOIm " 1'10%14& () - LO!
T 10%VAVE! (§ate gectrodel @ogrh ofie @)te le¥ctrode defining lateral boundaries of the source and

drain regions so that the source and drain regions are not implanted under the gate
electrode; and
thermally processing the implanted source and drain regions to laterally diffuse

the source and drain regions under the recess regions of the gate electrode.

8. The method of claim 7 wherein the gate electrode has a bottom cross section width that is

approximately 20 nm less than a top cross section width.

9. The method of claim 7 wherein the transistor gate electrode is formed using a bulk etch
process followed by a selective etch process to form bottom side wall notches in the transistor

gate electrode.

10. The method of claim 7 wherein the single layer of conductive material is polysilicon.
11. An integrated circuit transistor comprising:

a source;

a drain; and

a notched single layer polysilicon gate electrode, including a notch extending a

lateral distance of between about 5 nm to about 20 nm underneath the gate electrode.

12. The integrated circuit transistor of claim 11, wherein the notched single layer polysilicon

gate electrode has a bottom region, and the source extends to the bottom region.

13. The integrated ciicuit of claim 11, wherein the notched single layer polysilicon gate

electrode has a bottom region, and the drain extends to the bottom region.

14. The integrated circuit transistor of claim 11, wherein the notched single layer polysilicon

gate electrode has a top region, and the source extends into an area directly below the top region.

15. The integrated circuit transistor of claim 11, wherein the notched single layer polysilicon

gate electrode has a top region, and the drain extends into an area directly below the top region.

10
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