;o e3eXUL" N (B6NAT7<1o0o1owERT] CAL SOURCE/ DRAI N CONTACT SEM CONDUCTOR TECHNI CAL
FI ELD The pregent (fvention rel ates generally to sem conductor devices, and
nmore parti cuIIWMHI&W@M’MﬂWcon on insul at or transimmﬁ‘ummwm GROUND ART
Sem conduct or h as transistors, resis tors, and other
circuit elenents, -are forned in arld upon seni conductsggpesubstrates. These
circuit elenents are interconnected by contacts and vias, which connect to
patterned CONMI&AIF§%F}§CWMH§@ gMEﬁEMWUM%EQRdi electric

| ayers. to A critical objective of the sem conductor industry has been to
continually decrease the size of sem conductor devices to increase
performance and reduce cost. The ability to reduce performance degradi ng
parasitic capacitances resul TEQWQ%H%LQJQ on of junction dopants into
sem conductor substrates has been is acconplished through the use of

si | i con Bie iprssahtainyent{@Ordlatee @enarhibgto sEhecoB@ictbe cemiots)gandcoosé st s of

form ng the desired sem.conductor. devices in a layer of silicon, which
over| i g%a“é?‘r‘l?r 5101 SHoR NAPMIAtQEEHSIFUAY on a convent i onal semi conduct or
substrate. As sem conductor technol ogy has advanced, there has been a
continuing 20 concentration on reducing the size of the sem conductor
deviscesBACKALROWNDARTINCr eased | evels of circuit integration, inproved

per f ormance, and hi gher density. However, when the length and width of a
sem condghRbndlRYd:(RyREE sulcAtd ¢AdsistoRe rdsRPth Napitbhord, dhd oftfer bhGuiCONt act s
connected to the sem conductor device nust ‘al so be reduced. Wen the | ength
and wi di¢merdtst hee farmedcins and euproad serigondustorcsubssates sdbeseonimbuitirea i s

reduced by t.he square of .t l ength or, wi.dth.and the resistance generally
| per eacadhed g WB{rEpBesod u BRRLD) BlarflaS huBlt edRel BT PRAEREE Ponch ng
t he poiddndudter Ryérs evhidizate sepastedsbpldridubdieldchde lagérat i ve resi stance is so

hi gh as to render .connection to, snga devi ces i npossi bl e. As devices

'l d .
contdi _nueAt eritigal r‘_&ﬁfé‘é!ﬁ ?fnﬂ?i SEnicpR chofcﬁné'é?trﬁ has _elbrt@aRQ%%ﬂ@h sol ution 30
L0 thi et BB Life bF dbthlBHAcRSr GRS 0 Hor8lE (R DrnAnd i Aesem conduct or
devi ce 2 slze and thus increasing device I ntegration, performance, and
functi osostvhi |l e at the sanme tine reducing cost. DI SCLOSURE OF THE | NVENTI ON

The present invention provides a sem conductar device and 5.manufacturing
process § RePBREY 1 rediie et itin g, de4tpding ritestc, SPRRFHERFSY et em conduct or
or the fBohi difusivn oASjuhétich dephs riatoe sadjcatduttort eubstiatesi Bas beén t he

sem conduct or gate to expose the source/drain iuncti ons. The contacts

having acgrplithed dhiopeb the weofsdioon awanswiptar kO fehrelogemi okt or
SUbSt I &g { génsﬁﬁgéﬁ Fc%('ijag dhf% dddReSBARBHIRRM A %g.elag@pbfons ei ther

directly or throug I Cl to contact areas to provi smal | er

sen consiliengr wikéohi cevefliasarmsi Shadatof oleyer i depositede qur e ecanvemicamat i on furt her
provi des a sem con&g tor device and manufacturing process therefor in which
verti calc M FUIEREE § &qeor med in the seniconductor or the silicon on

i nsul at opssusitéiuetordfedliildgyt Daé NRivanddas théret R $6¢N GORMAMGRAg Jate to

" expose the source/drajn_ junctions. The contacts having 15 i nwardly curved
cr o¥s - sewcersrsionpry reducing theesizi of dbth geraicondustess dovages ol tiovertically to
t he ex aln i ] ' i I sal i ci ded
cont acy o asNAELAGRAYR ihBGkbE hoRlell ShrebiaREL od MarkbBANEY D2 Ot

i nvent i oHofuewém evhep tiwvienigth aad swdthadademicndaaor deviande meduweédahelrr i ng process

t herefor i i ch..angl ed i nmpl ant at f dopant, fol |.owed 20 formation of
vert c aenBRdEa s Qe ronpls ZPutscledip S SRETCR HEHES ot alf ot her ol
anneal $O¢RicaP UNPIRhha i 1EnSRK bED A dtiketdoRRRts! dte rBdicegNhe pgdct or or the

silicon on i nsul at or substrate which are bel ow 'ghe surface_ thereof to
pr o4 desectioned edes isrreducsd byatha siqudre of b tengthnarewidtin eng ithess pasistanpw ent i on

further proyides a sem conductor devige and 25 manufacturing.process

t her of oRHeFAiHRER AR BT EER A RONEEULPe T nadrts At iediBict or or the
si |'i contiepdimswhereQhe SizbSk fsatsghaldihaC Rt relativé ResitameSs @b Higle a§€sn conduct or
gate to expose the source/drain junctions. The contacts having i nwardly

curved wendersconpeationiasmall devicesiimppssébleeni conduct or substrate connect

i call . th ) , in i i i i | h h
aal 1 o ded ekt ForfBEREhe FRUEATIDHAL i ML Pk Bl SR o0t i car
congect {othts frebRas rdqfed CottodstinRd Quédass inirkdue@iy semiconductor device’



3 The present invention further provides a sem conductor device and

manuf acturing process therefor in which vertical trenches are forned in the
sem conductor or the silicon on insulator substrate adjacent to the sides
of the sem conductor gate to expose the source/drain junctions. The
contacts having 5 inwardly curved 2ross-sectional wdths in the

sem conchizd and thuls dneredseng: deviec integeationg pedfgrntance, aad eupagadwhibeiace/ dr ai n

juncti OtHS ei t her %‘i rectl| % or through salicided contact areas to provide a
new nmetidFRE MG IPAUTH8GRt act to silicon connections. The above and

addi ti onal advantages of the present invention will becone apparent to
those skilled in the art froma reading of the follow ng detailed to

descri pti on when takemISCLOSYREBCOHE TREWNMENTIONCconpanyi ng draw ngs. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a cross section of a sem conductor

device in an yy t pakeri! agerion! Oé]ﬁaidiep_n,a Fidmicendugtdr Nedeiideucisy € of FIG 1

after a sacrificial layer (not shown) is 15 deposited on the sem conductor
| ayér anshufaaterssg edodesy thdsefof annwhicbnveshichl franshés ofe forniedsin dheor | ayer;

FIG 3 is.the structure.of FIG after successiy epositi of a gate

i ol ecrPricongustot, 3F i Sion, o anfpdaudt HRERY & B0 o s Contral
gate eleplicoddactolrlgite th Expobd Ehes bouted/diatr Rinchidde. FhafdogtacR RRAILOr esist is
deposi t.ed, Eatterned, 20 and devel oped in a conventional manner foll owed by

an et cHYWpsikwesyried resfoseetionsh vadthet iagthg otemiepnduespr splstiatey eemnegihove t he
substr : f.or ninkl Ol S L . 4

under g%{eﬁtééag&}?élg@/ %(ng?%de%oy%?d?%l? %@éﬁogsr]&?}f?\??faétw %%@%P ;é%li"gjrjle o formS/D
ext®nsiontictmehs osovidd Ssmallérsemiendtatorcdavioe (hnskstés) fdotpranti ng a barri er

| ayer and a spacer |ayer 25 deonEited t her eon; .Flﬁ\ 7 i(fe the siructure of
FIG 6 after RFGSeR: fyspion Thmher o Proxiiss 2 SoMigonAuctes dex esb‘é’éer | ayer and
a subseafugiThct@lifd) préces€ TEfoPaht whith RirtiddardiRhéd afe FAYWRH O tgxpose the SO
| ayer and to forma sidewall spacer; FIG 8 is the structure of FIG 7

dur i ng semiesiduetgr of the silicem f8riasulatgp subspratentditdeshto the sides of the

semiconductor gate to expose the source/drain junctions. The contacts having

15 inwardly curved cross-sectional widths in the semiconductor substrate connect

vertically to the exposed source/drain junctions either directly or through salicided
contact areas to provide a contact to silicon connection.

The present invention further provides a semiconductor device and

manufacturing process therefor in which angled implantation of dopant followed

20 by formation of vertical trenches, which are also implanted with dopant. A rapid

thermal anneal forms source/drain extension junctions in the semiconductor or the

silicon on insulator substrate which are below the surface thereof to provide

reduced junction parasitic capacitance.

The present invention further provides a semiconductor device and

25  manufacturing process therefor in which vertical trenches are formed in the

semiconductor or the silicon on insulator substrate adjacent to the sides of the

semiconductor gate to expose the source/drain junctions. The contacts having

inwardly curved cross-sectional widths in the semiconductor substrate connect

vertically to the exposed source/drain junctions either directly or through salicided

30  contact areas to provide increased area vertical electrical connections between the

contact and the silicon.



4 FIG 9 is the structure of FIG 8 after a rapid thermal anneal (RTA)

whi ch causes enhanced thermal diffusion (TED) of the S/D junctions and the
S/ D extension junctions; FIG 10 is the structure of FIG 9 after the
deposition, patterning, developing, 5 and etching of a contact interlayer
dielectric (ILD) and a channel layer ILD, FIG 11 is a top view of the

structure of THeGpresent Hventidi? ﬂlﬁhﬁnpﬁividbsnatﬁnﬂcmmddétﬁﬁrdevic@ hie structure
shown in FIG 10; and FIG éS Hw Wof the structure of FIG 12.
BEST MIBENUestuiangipreeqes Ehsrefprgn; HER otrefisRes PEss dormedn re thg on as

her el nafh&LofIGSGF o ‘%ﬂe 'sﬁlcgm‘ﬁd n@tﬁ% fof! sﬁ‘bdﬁr'a{é chgce‘ﬁﬂ td WE@E@ bf &

transi stor devi ce, shou e under st I's appll cable to
many dls‘ehﬂamfdmmergateotmdeu(porse thie goures/dsairi pinctiempi mhe r@dtm:adhdmg;t h and

vvldths W thout a corres ondl crease in.the contact area. The term
"hoPj zo‘fﬁ"’&Td(2 r‘(fgeﬁfoﬁ% qﬁ‘gel} Fsciy ¢ nSWC%@PFﬁ?é&agsémae GPAIEEL paral I el 15

to the xFé?t”'éﬁ@lS}ttbQﬁ@éx&k&f‘%u@ée/cﬁﬂxhﬁ@ﬁ&noﬁi eithefRiBELP6r BN BliGded €92r dl ess of
the orientation of the wafer or substrate. The term"véertical" refers to a

di rect mmtq@ememx mravide amewttheshorbef fmnmalcoa@cij tg§thcdefcomedtlorrsr eposi tions,

such as 'sj,de ) her 'over", and
"under" ar e djel“fe ?Pé’ae\ﬂf‘?ﬁd?"g%@ ﬁ%gv\%a%eﬁ "fé%“ne ?qtdlh ‘*1“58? émﬂ bSFmEﬁr face being

on the dpparent!itd aheseokkillog iwafher adrfrsmbstreadisy ofotheepiotigs sleiled he

orientation of the wafer or, substrate. Referring nowto FIG 1, therein is

sholin deseiinticsnuben takeniaporngteon Wit e apompany NEZ45aWises f or rat i on. A
sem conduct or substrate, such as a silicon substrate 12, has an insul at or
| ayer, such as a silicon oxide |ayer 14, and a second sem conduct or

substrate, such as pBRKFEOESCRIELIONOF THYDRAONVINGS ) | ayer 16,
successi vel y deposited 25 thereon. Referring now to FIG 2, therein is

shown the stpet uye, ookl Guuich B belenfbchBfihf pobial jd BYShinhD Glagshoun) s

deposited on ayer patterne or mat | o and grow h of
an i nsufoametiod,ayer, a field oxide 18. The sacrificial Iayer is removed and

2y Sem o2l TERDSP, 0 BOLLSH BORRE SR B BRARLAF Tl Tod S e, 219 °
t ypiscal depokifadody @ semibvhiidorlayéfmd pafteed BMhO Forthation dRd gasvth 0@t ati ng the
waf er face under pressure
an insulator layer;
FIG. 3 is the structure of FIG. 2 after successive depositions of a gate
dielectric, a floating gate electrode, an inner gate layer, and a control gate electrode.
FIG. 4 is the structure of FIG. 3 after a photoresist is deposited, patterned,
20 and developed in a conventional manner followed by an etch process to remove
unprotected portions of the layers above the substrate to form a gate stack;
FIG. 5 is the structure of FIG. 4 undergoing source/drain (S/D) extension
junction implantation to form S/D extension junctions;
FIG. 6 is the structure of FIG. 5 having a bartrier layer and a spacer layer
25  deposited thereon,
FIG. 7 is the structure of FIG. 6 after an anisotropic etch to remove portions
of the spacer layer and a subsequent etch to remove portions of the barrier layer to
expose the SOI layer and to form a sidewall spacer;

FIG. 8 is the structure of FIG. 7 during a low-angle, four-quadrant

30  implantation,



5 agai nst a polishing pad nmounted on a polishing platen, which in turn is
rotating or is in orbital state. A slurry containing a chem cal that
chemcally interacts with the facing wafer | ayer and an abrasive that
physically renoves that |ayer is flowed between the wafer and the polishing

pad or on thedjad_ near the wafer. 4A conbination 5 of the chemical reaction
bet ween t he BGudriy therstrudtere| i\ . Bedfteg aprapidsthetnal radneal R halnick al

ool | sneeRREREPRAERMIEn EEEE) O e S p PR R BRRIER €1 cui

fabri cghh&@tonst his technique is commonly applied to planarize various wafer

| ayers, such_as dielectric layers, netallization, etc. 1o Referring now to
FIG 3, therl80n 10ds dwgtmctureeofdiloy @ nfiethe fdepysitionz pattarsing sdrvelopsigy e

depqsi tj L Iy f i de, an inner gate
I aygr, Aél(rqga?%ﬂc%ﬁfi arggcfn?%zgp Zérgﬁglé{:{h%lga%.c (Pfr?i %I{eagdp(ggblgerl (r?%e}%fzgngbdi ment, the gate
di el ectric |EgGenliisa ®poadve obthedaultGidof RiGy &0, 20, the fl oating gate

el ectrode is %a gl.sysi l.i con éSég | ayer 1%2, the inner, gate layer is a
tungsten (W 3 is analterpate eRbOigRRL g thesitustore shavatinl e 10:80d si 1 con
oxynitride (FFONW id AWBvidb of FefsalhibLRtbraw i® FIG 4, therein is shown the
structure of FIG 3 after a photoresist (not shown) is deposited,

patterned, and devel oped in a conventional manner followed by an etch
process to renove unR{ot ected portions of the |ayers above the substrate to
forma gate stadkEIB! %E%QMYﬁG%T@H@“T@Mved to 20 provide

the structure shown in FIG 4. Referring nowto FIG 5, therein is shown
t helost r uct urBheoprefanGinventinnl @s doiampfieo desozibdd a3 emp&HiBY imat shedronnj unct i on

i mpl ant.ati,on farm SI D ext ensi.on, .j,unctj ons 32 and 34 . adj,.acent to the
L Rea oy tREr C90h engi: Sgvod e APl ial\fide S 6ol SipiZaEeS
i npl ant @by diffeasnficdndactdd pRMiced Ritich reqpiranfedaddoleRgthi Al and@d under 2s

the GOX | ayer 20 as well as in the SO |ayer 16. Referring nowto FIG 6,
t her ei nWitkous gspFresneadieg dgeresedn gie qontact afepaying a barrier | ayer 3 8,

general ly anrgxlge “i&&f%’%ﬁtal’a&qls%gp@gﬁpiphaﬁﬁﬁ ié‘gefér%%”a%ra A c}%%alf’e’l‘ oxi de or

oxynitride deposite ereon. er layer tends t e nuch thinner
t hats t e thpacrawedtionel plilde @GosurGicerafi mgvaferwot cubdt@te, egareseiofi the shown t he

structure of. Fl 6 after an,anisotropic etch.taq,r ve por.tians of the
spacer ‘?féeg?gﬂﬂ%o‘%a% ‘ga’%ﬂl%esﬂfggfﬁte‘et %e6mr em%aﬁlpﬁ%p??sgo ’retCﬁBH barri er
|ayer 3ferpéndexRR 6 tHelorizbital AYEdt défn@N Prepositihg) subk a8 i'slevadilies@acer 44. 6
The si dewal | s]h){acer 44 is then used during an over-etch process of the SO

| ayer 18, “sigawel’)expskess “laveeroxioger’| adernder” pee defingd with retnectiorthe r enches 46
and a8 cohdentiind HARE 8¢ tsulAANEARS of 4nB 0o ABkiRICoN B Rt lo%’ sifflafle Wth the

Si dewal‘f0 spacer on one side ave inwardly curved (as own in FIG 7
r attver tegandless nfthe prientosen &f thewafaymakubstrdtehs. The i nwardly curved

Cross-secti i dt hs bei def i ned .as.a nunber. of sucgessi .Wi dt hs t aken
hor 1 zont al | yRAPHIRECHRY Fo 16+ L sheipin 8 ihdv AR BOuRRE TG IL RS ( hat ar o
snal | erinitR@BtabO6f RRPaBAOVA deficdndidaIOf fubstrdty SucH Bea sThoBA Gulsstiatee1 can progress
to a point after which the inward curve blends into a vertical |ine where

successhasanipsser hyer, gech aryelicamexife fayehih ande ssaendagesieondegioh t o of t he

i nwar dl e I - W i i . : wdth "W
bt he SR RPR SORGCNHANTIn P (IS 18 SLASsATTRpod@R W LW
at 2 suthesonf ace width "w' a distance "d" bel ow the surface of the SO

| ayer 16. Th ub surfac idth "w' .is, preferably bet bgut 50% and
about 10% ofﬁ?tsﬁgl"cgobo‘wtﬂfﬁ“g’\%‘l?hefﬂg 188 Wﬁﬁﬁ%létt‘“‘{t?rén -4§_a§ﬁ’da48_(::an
extend LdaALRNdvBenaPindyRISS diffosted bR (8 SPLSHAY li6 Ghd phReribl k5o OXT de | ayer

14. Referring n ereln is sho the structure of FIG 7
duri ng formetiemany growitioof anjinsullatontiayiend Held aixidon! 85 0TheThaerificipl aperaisi on 50

| mpl ant Pen(ljocx)/%ﬁl hd atcngx}lic]; &Qsh%lngai ;l)Jo & lncgmpsfoc5e%s gﬂgar?z%s e ftlqu oi?lge alngyer 16.
30  the SOI layer 16.
Chemical-mechanical polishing (referred to as "CMP") typically involves

mounting a wafer face down on a holder and rotating the wafer face under pressure



Referring nowto FIG 9, therein is shown the structure of FIG 8, after a
20 rapid thermal anneal (RTA) which causes enhanced thermal diffusion (TED)
of the S/D junctions 52 and 54 and the S/ D extension junctions 32 and 34.
The S/D junctions 52 and 54 extend vertically and the S/ D extension
junctions 32 and 34 extend horizomtally. The TED causes the cl osest point,
or poi niggirat a poidkesd patombiged oh atpoiisiDpREenewhivhsh Girnjiy Rsthtingnsr i82 and 34 to
be bel ow the surface of the SO layer 1 ather,tf}an just at the surface of
the SO ppl stateq Agsiury sontagungsent eaw? they chemically|ipeacts withithace i s

call ed " i : ] 11y j I |1y at the
surfac efa(t)!@gt ﬁgﬁg i']ﬁe(r: oarr1l g,e%’!s ?ﬁgéﬁg\}vﬁ?m%l}lc%%@g Otl.lﬁtB)%?%\%] Hg%ﬁe channel
"C' a degptvher (bt vwafertdnd tisCpolishingipad 61 ot He ped paai thamater eA fcenbimtiveed by t he

over|ap of the 30,S/ D .extension. jupctions, 32 and 34 under th X | ayer 20
and 3 neobteydEmibiercih bepseelibt SR EH 1, s b JoL T BT e ¢ | ¢
capaci t A88%ical MReRBHSOHERNER Mradl FRAMCARBINGAP andeiheCRYAObMh,! be
i mproved. Also shown in FIG 9 are optional salicided S/D contaCt areas 56

and 58 polished gatse thwoplanuizatioe af 6@ laTére Buling intkgrated Rircwh fabeicationeas 56 and
58 respgetively li.ne the S/ D.conta ren 46 .angd 48. The cont act

ar eas a&lés (E;%cﬁg%ﬁ? Ilf/ C\?ér}l??r@%lapgh%‘f)éﬁg epﬁ%x}atr%ﬁcvﬁaﬁﬁgs[ é’?ﬁfgl gaygrss, tHHY&Pen silicide
(WBi ) odiefetctrRihysiy, Shdtallivldpn(dtcSi ) that formin the presence of silicon.

Thus, the S/D regions of the SO |ayer 16 are conpl etelé salicjided. 5
Ref ¥ ri ng nofeleding apw1ig, Fi(hed ethgreits is pntn thee sugtvrst of BIGf 2mfero after the

deposi t t i-na., i : - chi t s pater | ayer
it oF et S EessR geBRAlk of R YRARIBGc A HoRG A9 HotrBdE U Bk btk
deposi t lager, afd a contnolugaté electnetealIn ¢hapreédrred @mbodingent,athel gatei dielectet al cont act

70 to the salicided,c ar 6 and of .a chanpel 72 and its.contact 74
(o t e Bt Binie 045 BE0%G ave 26 S 1B e enSr SRS a kouRlEoRtSh oot 56 can
be depomiéed? atheOfet bR BerCRM g seRAIWE layéP 2aNdnd tthe Cc@ﬂttr@lcgatM whi ch

can be netals such as alum num (A 1) and tungsten (V~ The conductive netal
conlfact eeqtoodgrisla Filicpm orynitside SANMAYRIR6down to the top surface of the SO

I 16 d i S/,.D t 1 | | Ci t 56
o 58 and R R BRIP4 @l A6 sflowth e b d ST GRR BTL 3188

sal i ci dplebtoresisia ot shews) Hodgndité mitternsthoawd desabpped ah ed comvestiamalbut ar e
thin enough so.that.the nductive contacts 70, and 74 cap be descri bed as
be: ng s@gg?eéntg}l%‘fw bVé‘f&?CtgthPF‘{feésxﬁoi YBIOKF t“HPEOﬁf‘é“g% Pﬁfﬁmﬁ ogﬁ’icléyerﬁ4 Ion one

si de an&bd%‘fﬁé‘ﬂ]bkﬂ?ﬂ’d@’t@foi‘mfal%d@ﬁam.SfliéVyiho'td}edfdt(ﬁaasIl@s theh h&hovedas | inear),

cross-sectional wdths, Each of the inwardly curved cross-sectional w dths
redite providezbe struntyrg shopn lCh4at 20 the surface of the SO layer 16 to

bel ow about i At igdeh I st:apce bel ow
t he surface gg %%[ﬁ&eg }é‘%e“f g{/a}e'\r@’ Y’%e?el%seﬁlso ﬁdtglbt ?ﬁ?‘r{%@g‘%ﬁﬁ g?ﬁ ‘i‘gng%rgélggabl y
bet weensapceidrabD {5 a)d extenritn j0fctioh inysdattetponriddt ko foe $/Bndutdnsiee cont act s

70 and 74 can ext t hrough t he, SO, Layer 1 t O, hort of. the silicon
' oxi dg—:Julnﬁg}%‘FSi% n%gg adja thf’_ﬂi?eq‘qf’ﬁto(g&hetgfg? St?‘ﬁ‘efitf%‘?‘lﬁ@t?}font:{?ewprgsenp

I nventi g L&@Y@in&mﬁumﬂa%u%%@eamt:ban%ﬂnﬂantz&tdsgbm@hwhﬁdef m sal i gned
with the S/ID contact trenches 46 and 48. The conductive contact 70 i s shown

oves t hthesg@&laydr 28 s avellras amtheS{¥daxeard6l y, because of the width of the SID
contact trenghgs.46 bei I t c td : tacts 70
and 74, the éﬁgﬁe?lnjn P@quﬁ?a% glgrfgl{rgsn%l%% @?gt'ﬁ{;}ﬁ{%nm e'rgeg&t"gé)%e sel f

al i gni nyarriBel@fer 389 gerrallyoar-bkide lldyer) hed @ispades lajeo w0, geh@pllywio€wnof t he

structure of FIG, 10. A top Vview t he .gate ack 28 is shown with the
cont act §Xif® Oéﬁﬂymﬁldﬁrﬁjép?%@&%ﬂr ek 3@%? tl?{)‘h%j@fe' Z% é%(ésé%b%ﬁ’é‘cgg“w?rt he cont act
trenchef_haﬁqh@ céi%ayelrt40.5h°u' d be noted that the contacts 70 and 74 are
general 'y square in cross section and are not of 8 equal length to the
sal Bei ded coRefertinginewstoIHGarfd thBeinrie sheen ithettpuctifhiof RIS. beafuse t he

salicidin rovides a sufficiently.low resistance,surface th a |l arge
Cross sé’&'g?tg?ﬂi e@ﬁﬁ? ATPOY RYUPES ?%tthe vl faé’ I.Q(?]Pn%ﬁéﬂl?sﬁq‘éefné(?&betonot ed that
the conté@fdwe fditions of the barrier layer 38 to expose the SOI layer 16 and to form the

sidewall spacer 44.



and 74 are generally rectangular in cross section below the surface of the
SO Layer 5 16. Referring nowto FIG 12, therein is shown an alternate
enbodi ment to the structure shown in FIG 10. The sanme nunbers are used to
describe the sane elenents as in FIG 10. In FIG 12, the saliciding step
I's elimnated which neans that conmtacts 70' and 74" will be in conductive
cont act dir €Elid sidewalhspaoer 80is thety esedlduringoan/¥near-etdhhymneess ©f dhe 8OI cont act

bet ween the contact netal an i1igon, .the conductivit i 11 be reduced.
Thus. Lt s PNt erwoB e Enide tevee dAca st 5B Sontte etk clo,ang Bl fayer 16
i's rel athe/SIY cbihd SrenfiRh A6 dnd UMW EBCAllyGnlidd withNBE SldBwhi spdteynsa top view
of the structure of FIG 12. To increase the conductivity and reduce the

resi st agrcene side aechbavednwardly errded (25 shewn amfl¥ at ratleer dharelineas) ¢rossh of the S/ D
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Referring now to FIG. 9, therein is shown the structure of FIG. 8, after a
20 rapid thermal anneal (RTA) which causes enhanced thermal diffusion (TED) of the
S/D junctions 52 and 54 and the S/D extension junctions 32 and 34, The S/D
junctions 52 and 54 extend vertically and the S/D extension junctions 32 and 34
extend horizontally.
The TED causes the closest point, or points of highest doping, of the S/D
25  extension junctions 32 and 34 to be below the surface of the SOI layer 16 rather than
just at the surface of the SOI layer 16 and under the GOX layer 20. This closest
distance is called the “channel”, designated channel “C”, and is conventionally at the
surface of the silicon just below the GOX layer 20. By having the channel “C” a
depth “D” in the SOI layer 16, the capacitance effect caused by the overlap of the
30  S/D extension junctions 32 and 34 under the GOX layer 20 and the polysilicon layer
22 are reduced. By reducing these parasitic capacitances, the performance of the
semiconductor device 10 will be improved.
Also shown in FIG. 9 are optional salicided S/D contact areas 56 and 58 and

a gate contact area 60. The salicided S/D contact areas 56 and 58 respectively line



3. The sem conductor device [ 10] as clained in claim1l wherein the
conductive contact [70] has the inwardly curved cross-sectional widths with
a top width and a sub-surface width in the sem conductor substrate [ 16],

t he sub-surface width is between about 50% and about 10% of the top w dth.
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46 and 48. The conductive contact 70 is shown over the sidewall spacer 44.
Essentially, because of the width of the S/D contact trenches 46 and 48 being smaller
than the conductive contacts 70 and 74, the conductive contacts 70 and 74 are
30  considered to be self-aligning.

Referring now to FIG. 11, therein is shown a top view of the structure of FIG.
10. A top view of the gate stack 28 is shown with the contacts 70 and 74 and the
salicided contact areas 56 and 58 in the contact trenches 46 and 48. It should be

noted that the contacts 70 and 74 are generally square in cross section and are not of
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will be reduced. Thus, the resistance between the contacts 70’ and 74’ and the SOI
layer 16 is relatively large.
Referring now to FIG. 13, therein is shown a top view of the structure of FIG.
12. To increase the conductivity and reduce the resistance, 70’ and 74’ are made
15  rectangular to cover as much of the S/D junctions 52 and 54, and the S/D extension
junctions 32 and 34 as possible. Thus, the conductive metal contacts 70’ and 74’
make and form vertical S/D contacts.
While the invention has been described in conjunction with a specific best
mode, it is to be understood that many alternatives, modifications, and variations
20  will be apparent to those skilled in the art in light of the aforegoing description.
Accordingly, it is intended to embrace all such alternatives, modifications, and
variations that fall within the spirit and scope of the included claims. All matters set
forth herein or shown in the accompanying drawings are to be interpreted in an

illustrative and non-limiting sense.
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2. The semiconductor device [10] as claimed in claim 1 wherein the conductive
contact [70] has the inwardly curved cross-sectional widths with a top width and a
sub-surface width in the semiconductor substrate [16], the sub-surface width is less
15  than about 50% of the top width.
3. The semiconductor device [10] as claimed in claim 1 wherein the conductive
contact [70] has the inwardly curved cross-sectional widths with a top width and a
sub-surface width in the semiconductor substrate [16], the sub-surface width is
between about 50% and about 10% of the top width.
20 4. The semiconductor device [10] as claimed in claim 1 wherein the source/drain
junction [52] includes an extension source/drain junction [32] having a highest
doping concentration below the surface of the semiconductor substrate [16].
5. The semiconductor device [10] as claimed in claim 1 including;
an insulator layer [14] disposed below the semiconductor substrate [16]; and
25  a further semiconductor substrate [12] disposed below the insulator layer [ 14].
6. A method of manufacturing a semiconductor device [10], comprising the steps
of.
providing a semiconductor substrate [16];
forming a gate dielectric layer [20] over the semiconductor substrate [16];
30 forming a gate layer [22] over the gate dielectric layer [20];
etching the gate dielectric layer [20] and the gate layer [22] to form a gate stack [28]
implanting source/drain junctions [52] [54] adjacent the sides of the gate stack [28];
forming contact trenches [46] [48] in the semiconductor substrate [16] to expose the

source/drain junctions [52] [54], the contact trenches [46] [48] adjacent the opposite
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substrate [16], the sub-surface widths are less than about 50% of the widths of the

top widths.
8. The method of manufacturing a semiconductor device [10] as claimed in claim 6
wherein the step of forming the conductive contacts [70] [72] forms the inwardly
curved cross-sectional widths with top width and sub-surface widths in the
15  semiconductor substrate [16], the sub-surface widths are between about 50% and
about 10% of the widths of the top widths.
9. The method of manufacturing a semiconductor device [10] as claimed in claim 6
wherein the forming the source/drain junctions [52] [54] include forming extension
source/drain junctions [32] [34] in the semiconductor substrate [16] and forming the
20  extension source/drain junctions [32] [34] closest together below the surface of the
semiconductor substrate [16].
10. The method of manufacturing a semiconductor device {10] as claimed in claim 6
including:
providing a further semiconductor substrate [12]; and
25  forming an insulator layer [14] on the further semiconductor substrate [12] for the
semiconductor substrate [16] to be formed on to form a semiconductor on insulator

structure.



