, _ e3eYV<"~(67T7<! 1 VERTI CAL SOURCE/ DRAI N CONTACT SEM CONDYGTOR

TECHI VI CAL FI ELD Tgﬁ““iﬂ“W“l“lU‘“venti on relates generally to Sehi conduct or
-devi ces, and nore to silicon on insulator transistors. 5
BACKGROUND ART Sem condggboed devi ces such as transistors, resistors,
capacitors, and other circuit elementd, are formed in and upon

sem conduct or substrates. These circuit elenments are interconnected by
contacts and vi a¥ERMCAL SOHRCE/DRAPYGANEAC T SENMICIQNDULEDR which are
separated by various dielectric layers. to A critical objective of the
sem conductor industry has been to continually decrease the size of

sem conduct or devices to increas erformance and reduce cost. The ability
to reduce performance degrading 'Bé&sléﬁ[@% FEpBci t ances resulting from

di ffusion of junction dopants into sem conductor substrates has been 15
acconpl i shedThenpresght inkentioneretdtess igbnetaily om semfuvhdicrsr (SGtes, tagd hmoteogy. The
SA technol o OPSI st.s of forglé g t he desired sem conductor devices in a
| ayer of siﬂa?‘é‘iﬁ’-‘ rly fRistigOR OB APSURLOTIFRNSISON- at or | ayer deposited on a
conventional sem conductor substrate. As sem conductor technol ogy has
advanced, there has been a continuing 20 concentration on reducing the size
of the semMBACREBROUNOeXRTes to allow for increased |levels of circuit

i ntegration, inproved performance, and hi gher density. However, when the
l'ength and V8 Shi BorRfcor HEMEOMEH G HandQYIsCRRIRS, o8 ?t@f!; aﬁ&sthleleagéu*& and

wi dth of the contacts connected to the sem conductor device nust al so be
reduced. Wedgmernts arengxrmeénm Wldjtul)oof setnheortﬂ(untoacstlbstaates r eflbesedgirquiite cr oss
25 sectiong r is.reduc uare of th enagt h or nd the
Fosi ot ance dearg el EPEED ) MBraRGHrS, By oBfich ‘Bl oritiaklcr | "F
currently ro@ﬁ@ﬁumgajréiewmwhrﬁre wdparated tievatioa e diefectit lay@kl that the relative
resistance is so high as to render connection to snmall devices inpossible.

As devilfes cOnefitiab qbﬂﬁ%@e refgtheespmigondustor industy baseBeen fiat contippaltikt hr ough
sol ution BCHeEf%ageeCthgeﬂ%eogf gél}gl@m{u%ﬂg' deSlel 95 é&?ﬁ}sb AR AR E SR dieﬂué gducing

sem conduct or Sl ze an S ‘I ncreasing device
integrati on:ostperformance and function while at the sanme tinme reducing

cost. DI SCL NVENTL ON The ,present i nyention. provides. a

on conduot T EUIEe L TaSE REHY BN, PR G L e araRRer "R ver ¢ cal
trenches arfeorh Odifdionnof Nan@RMA @ tifto QémichbRduRtdri GibRtraMds | KisUbadmor
substrate adjacent to the sides of the sem conduct or Cgate to expose the

sour ce/dr alWc?mﬂé@ﬁérﬁﬁou%ﬂl%@ﬁt@@t@oh@m ingplataneYQl) yechuelper dhesXOkect i onal
W dths in ttre]@lln%??pc&rﬁgl‘éﬁt o§1’ﬁ§1§r {h%tcfesﬁ;é)cf]@eﬁﬁ&:o cﬁ{ﬁ:{dr ks i a ﬂ?ere osed

source/drain i ons e t I'cr ded 10" cont act
areas to prsuiwode azhﬁ:lhaldverhesermccnmmilam@mrlwt&vdemiﬁedarm st ogonvéminpr i nt. The
present i nvs%x%éo% uétgrr gur@)%trrapr ovi des a sem conductor device and
As semiconductor technology has advanced, there has been a continuing
20  concentration on reducing the size of the semiconductor devices to allow for
increased levels of circuit integration, improved performance, and higher density.
However, when the length and width of a semiconductor device are reduced, the
length and width of the contacts connected to the semiconductor device must also
be reduced. When the length and width of the contacts are reduced, the cross-
25  sectional area is reduced by the square of the length or width and the resistance
generally increases by the square (power of 2). The industry is currently reaching
the point where the size is so small that the relative resistance is so high as to
render connection to small devices impossible.

As devices continue to be reduced in size, it is clear that a breakthrough solution

30  to this problem is required for continued success in reducing semiconductor device
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manuf acturi ng 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 15 inwardly curved cross-sectional widths in the

sem conductor substrate connect vertically to the exposed source/drain

junctions eisizeesnddihue dickgasing deffceuglegmtibn Cpetfdmandy and fiadotion widlepstovi de a
contact to silicon connection. The present invention further provides a
seni conduc Ry saaBe redHeiNg§Asit act ur i ng process therefor in which angled

i npl antation of dopant foll owed 20 by formation of vertical trenches, which
are also inplanted with dopant. A rapid thermal anneal forns source/drain

extension junctions in t h®ISENDSURBIOFAHPOINYERTION con on insul at or
substrate which are bel ow the surface thereof to provide reduced junction

parasitic capaci HaRCey e RARRGHA JINGAL O] fééhﬁ%ﬁu&BP“d@_@%e 3/“ and

sem conduct or devi ce and 25 manufacturing process therefor i
verti cab tmmmofeeturmge pfasessetherafort e veleoh oertahak ttenclos akefasmied cionthen

i nsul ator substrate adjacent to the sides.of the.sem conductor teto
expose. 1 he SeBtPLEIgeart ARCificdoat WabisSs iblab LB 6 TSI oL By o
cross- sect isemlontclbh gate ot dkBosee tHeCRNEIrn BHERINE At Bhe RBMAEE Hé@fn?gi cally to

t he exposed source/drain junctions either directly or through salicided 30
cont act ar éawardly guiyed Fossrigptimab avidthe 4n \the speigondipcier pybstptecenimeett i ons

bet ween t h%eﬁf&gﬁg% th%régcpg%g sSlidckRPen #élﬁﬁgr)t-lrsgﬁ‘?th@f 8&&@1& erMr%ﬂ%% gﬂicﬁ&gdt her

provi des a sem conducto vi ce an acturing process ereror in which
verticab trcenabeseamrte pfoidedsmaller kemizenduwaordigcico (traisistdrpfodtprinton on

i nsul ator substrate adjacent to the sides of the sem conductor gate to
expose the sourcef rH‘ieJ er}tu‘r’i‘éz?‘?t&’i‘s?”rﬁ*ﬁé RONEEt 1SS Sﬁf&%ﬁOHﬁ‘J%OF AeEPRI3Adcur ved

cross-sect in%ﬁkacmrd%hﬁgdcesst BRr&emMis QpElbie vtk RdnERdsCare OTRICH Meftlel Cal Iy to
t he exposed source/drain junctions either directly or throqgh sal i ci ded
cont act ar semicoadpitet peitheasitiean petinwdator sybsirateragiasent tecthet gidesi of den

Comect ] on S AT Bt B I S PR R o SHE PABRETR e "
fol | owisg dewaidlyeduved dessrsepidrah wilithe ihake rseinicondugtom slibsaatenedrnetthe
accompanyl Q/%rtgc;ﬁ\}lrm tci)1 Se' exlgcl?ée Fsox[J)rEcg drallirlf -]rllngt\ilonas: eiill-'nléurE d%\yol\rl(ta:ﬁrough 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.



FIG 1 is a cross section of a sem conductor device in an initial stage of
formation; FIG 2 is the structure of FIG 1 after a sacrificial |ayer (not
. shown) is 15 deposited on the senm conductor |ayer and patterned for the
formati on and growth of an insulator layer; FIG 3 is the structure of FIG
2 after successive depositions of a gate dielectric, a floating gate

el ectrode, an inmké [Gadedt linyedkion aficther PacMided| agedntceidactor odevicelad 4 is the
structure of FIG 3 after a photoresist is deposited, patterned, 2o and
devel oped MangfagiyRDs MIPeRsal thersseln Puqhoegicyy trgpehes @ge fpraredkdn tthe r enpve
unprotecte i f .l ay t ate

St ack: Fi GerBEbAdERT & b AcoRAE) MaPRK b S UIRLER € h S)E RANDS) By

ext ensi on pamnconductdrngatand akpase the sborceid&ib jendtionsi dPhej contadtohaying| G 6 i s
the structure of FIG 5 havin barrier |ayer. an spacer | ayer 25

oposi thd TErascrpsdarope Fectinl Bitehi i, e demiep eochoroRBSRare, Pt ot r opi o
etch to repnyigalROIt the BRpdikd bh\fcdBAGEfunt#R eitBEAdiRcaY bS it safitidedt o remove
portions of the barrier |ayer to expose the SO |ayer and to forma

si dewal | sperdestarqap & p@vids atnes wethgd ofifesmirg qn@ct o dligontgnaedtigns. angl e,

f our - quadr ant 30 t.atj.on:. I I f 8 after
a rapid thernal ghgg%@(%f&%ﬂu oln%ﬁad?aaﬁi"sa é‘gs Jéfrsl%lgg’g%sgﬁtt ]#gé%ﬁ ‘gllllf l%:éucsg;lm Sn ( TED)
of the S! Dappanéiti onshodecskilled W heexttefromon feddingi ofshe Fdllawidf) desaitede
structure of FIG 9 after the depaqsition g)atterni_ng, devel oping, 5 and

et chi nd® of descEigHem¥hen Fken [sGazyungfien withhe CPOPFVIRE IRV nnel [ ayer |LD;
FIG 11 is a top view of the structure of FIG 10; FIG 12 is an alternate
enbodi ment to the structure showmn in FIG 10; and FIG 13 is a top view of

the structure of FIG 1BRIBESESYRPETROR CEARRNINGAGBIURGEHE | NVENTI ON 1o The

present invention as hereinafter described is enbodied in a silicon on

i nsul ator (SA) a t LG UL ank: r it is
applicable to mla:% glsi% eér}[e)?lsfgés&elﬁl&gg%d%eé%%?ﬁgg@%gieegﬁ\e/’vlh{?%ﬁ @ggdgicgggggféefduced

| engt h and fanmhtibs;

FIG. 2 is the structure of FIG. 1 after a sacrificial layer (not shown) is

15  deposited on the semiconductor layer and patterned for the formation and growth of
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 barrier 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;



Wi thout a correspondi ng decrease in the contact area. The term "horizontal "
as -used in this application is defined as a plane parallel 15 to the

. conventional plane or surface of a wafer or substrate, regardl ess of the
orientation of the wafer or substrate. The term"vertical"” refers to a
directi on per pendi cular to the horizomtal as just defined. Prepositions,
such as "on", "g5i@ed i & stictusé 6LWEG. § hfter’ NirgPid thermal MRAl (RTA)V &hich and
"under" are defl ned with r ct to the conventional plane or surface being
on the topC&4ses ernenegd t!‘ﬁfém\i&f 1o (TEIR of the YD jppctiong apd) thesy Dagxtengion
orientatiomng{“tl 1e wafer or substrate. Referring nowto FIG 1, therein is
shown a sem conduictor device 10 in an initial stage of formation. A

sem conduct or sEIﬁtYQaJlsehe sochurasf BIGi9 a&m)mhesddpssitiem,@aﬂtﬁnnidgasle‘aﬂho;iing,uI at or

| ayer, such icon oxi | ayer 14 a, se ond e nduct or

subot 1 at o, o Sefing of» GBa ufefipved Wilorteh GRS o8 iR BEGTAERTG

successi vel y deppsi tied a28p VRer &ake stRRheE bf PIG.NOW to FI G 2, there| nis
shown the structure of FIG 1 after a sacrificial Iayerthénot shown) is

deposi ted on th@l@;dZusayékterpetemosmnéﬁm@a SffBﬁ"tUtetféOWOri 1G.0l0; ardl gr owt h of
an insul at or Ialgﬁﬁ 1 S égew%qu g@uct&gg RS My ficial layer is renmoved and
a chem cal nechanica ; r ocess pranarl zes the field oxi de and 30
the SO | ayer 16. Chem caI mechanl cal polishing (referred to as "CW")
typically involves nounting a wafer face down on a holder and rotating the
waf er face under prBESIrMODEFQRALARRYINGIDUTHITHG INKENTION: ed on a
polishing platen, which in turn is rotating or is in orbital state. A

sl urry1eont ai ni Mie Ppreseatrinvahtidohast herhmaﬂaadiésyrlbe@lt Brentiogliad tnha tshiezoh am ng

waf er |ayer apd a rasi.ve that Si cal renoves that | aye flowed
ot ween' ninsires SOTHaRISt A e R b i Yo NREHS R it SPRlcablr tr

conbi nat i OfyapyOfiffelSt GRRATHoRACtEC BESiEQNWRRIh WREHIrd heduRbdl rléﬁgﬂ@'lﬂdtxbﬁitﬂsayer

bei ng poli shed and the nechanical interaction between abrasives within the

slurry and witheut ay@respemdigg @wwshedthcag@ecttw pl anari zation of the |ayer.

During integrat r Cyl ricati th| chni gue S cQ nl pplied
to planarize vaﬁ%&?] "\NQPQFOIFQ é‘?élsedglﬂéhsggp ﬁ?%&‘ﬂ’?é‘eﬁh 3%/%Pglm) aral1eY
met al | ijzat ik®nhe Qbﬁvenh@nﬂeﬁleﬁé loR GuFfaye oo th@ferBOr bUstrete régrdERVEL tHie
structure of, FIG 2 after successive de 05|t|ons of a gate dielectric, a

f1oating g@flénfétl%tqfda@ wafpr phsabstigie: e Thgyterm “yadical” crsiers dp 'fgéhréctanect rode.
In the pref oef eﬁ&kcﬁﬂp@dﬂhgﬁaﬁzon&ms f&efﬁfesl ‘P‘Pé;fo‘sﬁioh@éﬁéh SR, ?Iq%” ‘é?‘éayer 2

(GOX) Iaye ating gate el ectrode I's a pol icon (SI)
t he inner gmt‘sdé‘mllé’b ‘higher’t, (Jkog@t”eﬁo‘(e\r(} alnd;/emdef4arealnﬂn¢d1w1thmcslpc¢tlto@m e 15

el ectrode is _a qn. 0% er.26. n wto FIG 4,
therein is “SHY OP‘H %?er Bl)clts'ﬂ% g?“%l O\%e iﬂp%l%qffaﬁe&ﬁgﬁ% é‘g‘?r ?qrf 3¥4%€hown) i s
deposi bgd, réakdeisTdhe aishtaRnaIfoRERafeNoBsubstiatent i onal manner fol | owed by an
etch process to renove unprotected portions of the |ayers above the

substrate to foReferigamnewsioddic. 1gthersie ipphsvay @ semicongiskor deviggel) nedfoved t o

s Shown t HUDE SR st cbhondh R KPS a2, oo
junction i b animsulacer 13¢:rf oichas rm sBldonexxddeniayanl 4 amalsmdaﬂmimddﬂctoadj acent
to the sides of the gate st 28. The i tation 30 is.a. high-an

pl ant at | GHOTEG AULER O SHIon BB LR ATISHIL B B Bt Rbean e tifier 25
t he GOX%sl aygéreq® @s Wwell as in the SO layer 16. Referring nowto FIG 6,

therein is shown the structure of FIG 5 havi ng}a barrier |ayer 38,
general |y an oxiReferriagarow tn81G. ptheesin isaghawmthe gasairalof \FI6T la#ftesxa de or

oxynitride de S|ted barrj t hi nner
t han t he spsggﬁ) ?‘a‘%"rr @Bt > WnI)J%]gef ORI ﬁ%\%{ef% H %@ f7é9 l‘[?cﬁgﬁtgeirﬁéadl fswg own t he
structure dbriritlon dadrb@th eandifisigtor DPeC adletdiokide N8NIke sparifididiisyenfis t he

spacer |ayer 40 and a subsequent etch taq renove port| ons o Jhe barrier
|l ayer 38 t demRpesand hehegupalmerbanical polishing Presess Rlsarigeydgdicld epde and 44.

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



6 The sidewal |l spacer 44 is then used during an over-etch process of the
SO- | ayer 16, which exposes the oxide layer 14 to form S/ D contact trenches
46 and 48. The S/ D contact trenches 46 and 48 are vertically inline with
t he sidewal |l spacer 44 on one side and have inwardly curved (as shown in
FIG 7 rather than linear) cross 5 sestional widths. The inwardly curved
ﬁross seclt F.@i?SMaQiohﬁhlbgipﬂ@n?&ﬁieﬂfbd aalﬁahahlggrpimn whlaumqgﬁsts\tetaghgbhﬁ t aken
orizontally fromthe top of a trench and progressing downwardly that are
smal | er thé{ho’thﬁfé[né fate. dbSWEry; epipining it phemied) lo’atTﬁ@n?‘ r iteragty vitahepr ogr ess
to a point pafd Ogtenam' 19%%1@1 txtlwaquhxtepms&aﬁf rbﬁ%@esath\é?rleg’ep 5 dwtg Where
successive wdths are no longer snaller than the one abov ach to of the
i nwar dly chetwedn drmdesatdtthopalhshmgltald&rmdhﬂ:pﬁd neastheevdferom enttopatisindt h " W

at the surface of t.he SQ.. | 16,.t 0 below 50% of e to dth "W
2t & subsuPf T grtips pgtcr iPhedh ik “ii®y Bt I e BepR ok RS | ayer
16. The subfdhiries lmeettcﬁonmetwsenpamm@sbWthbetmeemrr@bm& D %yen e ut 10%
of the top width "W. The S/D contact trenches 46 and 48 can extend through

the SO | apelished capseithe plagarizationtof she {aver. s Duripsanteginted qitgyis fabricatingf er r i ng
now to FlI i r | aw angl e,
four - quad?ahng tf’éhrﬁ u%tig %Og?tﬁgtgwaf@%d b %%%{Z?o\ggrg%g CWaer g%%gsﬁlg%t% t hat

form SAD | dredﬁc'tmmkay&ﬁ metdllzdtiom etche SC] | ayer 16. Ref err| ng nowto FIG 9,

therein is sho he structu of FIG, § after ra erma) anneal
(RTA) Which cawgg TAR 8 P {F ﬁ‘é rathesin £ gwn(tﬁigﬁ}rugtpr{)ﬁg F&E‘DQ] ﬁ#‘&fti ons 52
and 54 andgfessVdu&pokRiand en algdt‘@al'e&@ﬁuﬁa fRAnS SateT816ctRlde, ht! et QAR 52 and

54 extend vertically and the D ext ensi on junctions 32 and 34 extend
hori zont al layer, Bind amtr@ha@wletcﬁedezl Instbe preferiest emepdipentnths gste me@htwt

dopi ng, of C surface
of the SO tyggesri gaég @ﬁg%%quéjrégt thg,?ﬂ) tﬁ @g% % }f%éoaglstah%o @@r 16 and
under the G9¥r 122yelie Ziher Pates lagboseattuagsséra (W lagerc2d, | ad thbecomtharglaal

desi gnat ed fhannel ' onal |y at the surface of the silicon

. S nven
just bédfow® eﬁgoqu%;@p%mtrﬂp %&MEY%@ channel "C' a depth "D' in the
Sq layer 16, RGEAREGHIWARCEIC! AhbrefPHSGOWAYinG NEnNS LARIES 3t ﬁo S/D
extension junctions 3 34 under the GOX layer 20 an e poly I con
| ayer 22 arpbotoemst:e{dot ﬁ;omédmdlep@tttedtep@tepmdazand |dcvezla1pmicm anoasentional
per f or mance_ of tEP gtcon uc or device 10 w 9 shown in

BIG O ar o THBAF P EGh FrofeS Y Ferie inprotaied, FRRGSS Gt 4he, Tl

contact ar @Bolthe fitatrate tb Ebiies gfik acloD8 aThe pliaesivOmakds tenrempeed iovel y
l'ine the S/D contact trenches_46 and 48. The contact areas are generally

verticadl amiovadethgstracture shawanin BIG 4s tungsten silicide (Wsi) or titanium
silicide (TiSi) h regi ons
of the S0 | ayer iariap SO TIGS, (EERTRER aRHERR: ol TP 4 Eradnd °0y
therein is setoekdraime(SED) extension ojunétidd i@phhtationt He tdefromi SDnextemsidner n| ng,

devel opi ng,. _and e act rl tric | LD) ,62 and a
Charnel IS maopes £ahd'%h &ianbRithe Soes o e ¥ Slack 28 o 156 imGabiahit 105 ot o)

channel 68 aafj %1 @ngl@ﬂﬁplﬁﬁﬂaﬂ&l fméa@be the Wop&iit bmgtlaptahed&albleqmgaﬂte@%uact area
56 and of a channel 72 and its contact 74 to the salicided contact area 58.

The cha&fnelthe 6O3Blagerlq assvelbasindhe YOI laser Ke deposi ted at one time as can

t he channel Y/ I num
(Al') and tungstenq‘?rwlg @ﬁ)ﬁoﬁ%l%ﬁghe@@h%%gﬁ%?ﬁt%?r g ?3“91 re]athe
same W dt h bdorver layert3se gengralbynhasddeofayed and@ sﬁaagrelay%m,n@len%,mdlm ofeart i cal
S/D contacts. wth the, (E@mded contah reas, 56 fgﬂetandfll the S/D
contact t r OFFideey oxgniLy °§‘Eﬁd thereon. 8% e Rarighlayera) t@t‘ chithingpoas 56
and 58 aretﬁﬁﬁ%sﬁﬁéﬂﬁ%ﬂkﬁd in size but are thin enough so that the
conductive contac 70"and 74 can be described as being substantially
vertically inliRefeing nometesFHewal thersipaiseshown the stheuesi ofeFndd A a1y
inwardly c as. sh n. El t t i r i onal

wi dt hs. Eac lsofjmé eet?%nt\%@ti‘f’ve ur%\ﬁ)el%%gp%s%géeeré&? 8 a'?ﬁaa %ﬁ?sgf{ugﬁu%gﬁﬁt si ze
from a top remdié paitions of tie tmnﬂéralayaercﬂs fohsp&éd thb@j)irlayle@ Iiscandedodformhheit 50%
of the top width at a sub-surface width a distance bel ow the surface of the
SA | ayer 1S@GWFH(§P§‘EP§- durface width is preferably between about 50% and
about 10% of the top width. The conductive contacts 70 and 74 can extend
through the SO layer 16 or stop short of the silicon oxide |layer 14. 25 It
will be noted that the structure of the present invention allows the
conductive contacts 70 or 74 to be slightly msaligned with the S/ D contact
trenches 46 and 48. The conductive contact 70 is shown over the sidewall sp
acer 44. Essentially, because of the width of the S/D contact trenches 46
and 48 bei ng snaller than the conductlve contacts 70 and 74, the conductlve

. ——~ o o ~ o o 1 l-\.:_,_,




structure shown in FIG 10. The sane nunbers are used to describe the sane
elenments as in FIG 10. In FIG 12, the saliciding step is elimnated which
-means that contacts 70' and 74" will be in conductive contact directly with
the SO |ayer 16. to Wiere there is direct contact between the contact
metal and silicon, the conductivity wll| be reduced. Thus, the resistance
bet ween t he contmetsﬁiemu spa‘rd:r?A lsmash@dﬁﬁﬂlg b YWeEr-dibh lpﬁocfe@ &t thee§O1 | ar ge.

Ref erri ng owtg gléeh rel(? shown_a top view of the structure of
FIG 12, TEIhibaH teﬁ%os&% evliaw U9 Toam s CORECt seichenteand 49 and
74" are medge kon Bt 19cREs 463arﬁ94’895re%rt¥183ﬁg ifinetWigh Helid éd@td 205 £ and

54, and the SI D extension junctions as possi b
conduct i ve onwhealsideant dave inp@irdlzcdrved (ammsbiosvnain F1Go 7 rather thag dined®) Brosont act s.

V\hiletelnentlon ende ri be |nco .unct.i.on wi.th a.s C|f|cbest
node, i |§Ct'8 %leWEmE%rs oﬁl“f gt P'i‘\)’%‘g S R5URG |d8£\?$ 2 and
vari ati ons ngmbéd lof soeceagipanaidthst ﬁkérh%ﬁz&hhllyi @bk hé hiep aft a'tﬂen'chgemd of the
af oregoi ng description. Accordingly, is intended to enbrace all such

al t er nat i veEosresHEfdoramaEHY thas Ate smﬂp%&h%ﬁse qggboyein|a spqosh puvee Bsirit and
scone of AR Byt ChAMEs Bl pdIB LRLSRED OISR RPN 1 the

acconpanyi ng dr aw ngs a be i eted In an i've and
non-|imti ngrteehnse. wherélecbﬁlveQwﬁthsArtsmnoungetchnmﬂer thele viecane[abBYe. cBaghr i Si ng:

a sem condu tor. substrate havi n contact .trench [46 5 ded
Cher e 0 a SgUPATNERM BT econ " EpHEBE Bvirs foid <bAmioRIt
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"()- -10% &6( 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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10%& () -!ySG' 10%&teving A& t6)FIY. 191@%&id is-shown an alternate embodiment to the

structure shown in FIG. 10. The same numbers are used to describe the same
elements as in FIG. 10. In FIG. 12, the saliciding step is eliminated which means
that contacts 70’ and 74’ will be in conductive contact directly with the SOI layer 16.
10  Where there is direct contact between the contact metal and silicon, the conductivity
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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folg;/&?ﬁ 2) @X Bs)% éﬂioé%ﬁ m&%ﬁo&g@% 1%@({ ! y.(lﬂ ifgeoégnﬁgﬂn%%ﬁﬁr (shbdErate [16] adjacent
the contact trench [46]; and
a conductive contact [70] disposed in the contact trench [46] conductively connected

10 to the source/drain junction [52], the conductive contact [70] having inwardly curved
cross-sectional widths in the semiconductor substrate [16].

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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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.



