; e3eN4(6TNU[ " 19 SEP 2003 DEVI CE CONTACT STRUCTURE AND METHOD FOR
YFABRI CATI NG SAME BACKGROUND OF THE | NVENTI ON 1. TECHNI CAL FIELD This

invention relates, in general, to the design and producti ‘L
sem conductor mcrochips. Mre particularly, this inventi ﬂﬁ\\\m\m‘\u\m\m
‘nethods for electrically connecting the various conponents of ,@ e

sem conduct or m crochi p. 2. BACKGROUND ART The ad\ae t Ef the mcrochi p has
revolutionized life in the latter half of the 20t ges LPQUOQ crochips are
a ubiquitous part of life, being found in everything fromconputers to
garage door openers. Over the years, thg mcroelectronics industry has

diligently sought to further reduce the size of the mcroelectronics built
on silicon chips. One of the major factors in determ ning the degree of

equired botuBENIE R AN AT RIRE U AR R RO R BRHICRRASE . o0 e

has been to provide a "separate contagAMw®here devices on a chip are
el ectrically connected by the deposition and etching of netals or other
conductors between the devices to be connected. One exanple of this

approach is the "damascenga CKkeReS N EACTHENYVENTi@Ndamascene process,
"troughs" are etched in the silicon dioxide between circuit devices. The

entire surface of the chip is then covered with copper or alum num Next,

t he copper h:smczﬂﬁliéAi‘dﬂlsﬁﬁ?ﬁVi ng it fromthe chip's surface and | eaving

copper only 1 n the troug e remaining |ines of copper are referred to
as "wires" and electrically t 19 S E P 20f13 2 connect sone or all of

t he devices on a-ay f i | | S | 0 in FIG 283,
where two cont actTlh \?/s!lggen%ﬁﬁgelg{r%%q%lgfr%?%fg %Séé%%él_glﬁrto E‘ic@gtognto t he

sour ce/ dr ai gerflicbhdifitsrmicfocaigh Mdie phﬂicﬁra‘ﬁlgpﬂhﬁﬁhvéﬁtiroh nelatth & RletiRids &P oach
to electrically connecting devices on a chip is to use a "buried contact".

A buried coplegBically eennseting thewariesdonepoaaets of # semicondustorimigtachit.es in t he
silicon of a chip to provide an el ectrical connection between the devices
on a chip through doped silicon. A buried contract is typically used to
el ectrical |l §. IAUKGRQUIVART t 0 a nearby regi on of doped silicon. An
exanple of this is shown in FIG

The advent of the microchip has revolutionized life in the latter half of the
20th century. Microchips are a ubiquitous part of life, being found in everything
from computers to garage door openers. Over the years, the microelectronics
industry has diligently sought to further reduce the size of the microelectronics built
on sthicon chips.

Otte of the major factors in determining the degree of miniaturization possible
on a chip is the amount and type of connections required between the electrical
devices contained on the chip. One approach has been to provide a “separate contact”
where devices on a chip are electrically connected by the deposition and etching of
metals or other conductors between the devices to be connected. One example of
this approach is the “damascene” process. According to the damascene process,
“troughs™ are etched in the silicon dioxide between circuit devices. The entire
surface of the chip is then covered with copper or aluminum. Next, the copper is
planarized, removing it from the chip’s surface and leaving copper only in the

troughs. The remaining lines of copper are referred to as “wires” and electrically
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24, where the diffusion region 2400 forns a buried contact between a gate
*conductor and the source/drain diffusion. This of course requires the

sel ective renoval of the gate oxide which can |l ead to processing
difficulties. Both separate contacts and buried contacts present problens
‘to chip design and manufacturing. Using separate contacts nade fromnetals
or other conductors to connect devices on a chip r"eguSEqB %qgg addi ti onal
steps of deposition and etching to establish the propér pattern of
connections. Using separate contacts al 0 increases the size of the chip,
as there nmust be enough roomon the chip to contain the conducting traces
and the connections. By using a traditional buried contact to electrically
connect the various devices on a mcrochip a higher density chip can be
manuf act ur eebnnehwemeror allnd theidévees oornatlapt of 8 shipt iAvesxaigile of thisis shavee

predi ctabl e | sistive contacts. so,.a traditional buried contact
often encou‘ﬁtﬁgéiu‘?’ﬁeéﬁfw? R “TSrQéﬁi) t‘al;f’(-:-foHB?“i5 ﬂ'@t cymesithe gge dpthechi p
substrate. AuGQUAthHi¥usibh TrBREHnE thiSfcindd waiEW type of low resistive
contact that allows tfor nore conpact chip desi whi | e avoi di ng excessi ve

current | eakage that is built by relatively sinple processing. 19 SEP

fl ' ' h
it Poul ti es fouh Pict A pane e RirRAr Ebulso DA N AR uhE,

resistive ctirieaicoRRbiveeNbEead Rsacolsed sSIBH ettt Mid diffiflon\bt GhitRYCessi ve
current | eaka Current | eakage is prevented in the preferred design by

e' R . . .
using sili c@ﬁg@)ﬁlhicﬁ%ef achip tp savjdecameleqtuesl iconngosipn bpleveehiths. deBices onst r uct i ng

o | , ' S o d
| oakage 1s FRRMABhEEUSANidoR & Phfa coRtiiERpRhLL IO PRy SihiREe, &
pol ysi | i cona gédiee tom RediPpREionadidopediilitdie Aulsxhmplecof thid isdHoMHNAEFIGE

enbodi ment of the present inventionégrovides for the use of conductive
studs to el ¥stwhesaithediffusioetagianc2A00dermymbuniest eomtastibetavesi a gatgfconductor

appr oxi mat el went er.c may -he realized usi t he .present i pyention.
R Er DESCREERP ke B RbastRy oo Guiskiiiny s Iy sieu P et of e

accor dance %gtg BxidBSvIREILERT IeadltoSFrBadLiMB Rl frichikies, 2 1S a cross-sectional view
of a contact in accordance with the preferred enbodinent; FIG 3 is a

nmethod in accordance with the preferred enbodinent; FIG 4 is a top view of
the first step oRol@piRid@htRECHIH R tonthle F%s@ﬁtﬁi’rélﬂ@m?f@&ﬂb Wedgn FIG S

is cross-sectional view of the first step of the nethod according to the
preferred emsbaamfacturing. Using sepaPat@08tacts made from metals or other conductors to

connect devices on a chip requires the additional steps of deposition and etching to
establish the proper pattern of connections. Using separate contacts also increases
the size of the chip, as there must be enough room on the chip to contain the
conducting traces and the connections. By using a traditional buried contact to
electrically connect the various devices on a microchip a higher density chip can be
manufactured. However, the buried contacts sometimes fail to produce predictable
low resistive contacts. Also, a traditional buried contact often encounters current

leakage from the buried contact to the chip substrate.

" Accordingly, the need exists for a new type of low resistive contact that
allows for more compact chip design while avoiding excessive current leakage that is

built by relatively simple processing.



4 FIG 6 is atop view of the second step of the method according to the
“preferred enbodinent; FIG 7 is a cross-sectional view of the second step
of the method according to the preferred enbodinent; FIG 8 is a top view
of the third step of the nethod according to the preferred enbodi nent; FIG
"9 is a cross-sectional view of the third step of the nmethod according to
the preferred enbodinent; FIG 10 is a top view of tge Ecﬁrth step of the
met hod according to the preferred enbodéanent; FIG 11 3 Zﬁﬁass-sectional
view of the fourth step of the nmethod according to the preferred
enbodinent; FIG 12 is a top view of the fifth step of the nmethod according
to the preferred enbodinent; FIG 13 is a cross-sectional view of the fifth
step of the nethod according to the preferred enbodinent; FIG 14 is a

met hod in accordance with a JR&EIOSHRIPOFINVEIRPEORENT ;

The present invention overcomes the difficulties found in the background art
by providing a direct low resistive contact between devices on a semiconductor chip
without excessive current leakage. Current leakage is prevented in the preferred
design by using silicon on insulator (SOI) construction for the chip. By constructing
the direct contact over an insulator, such as silicon dioxide, current leakage is
minimized. The preferred embodiment uses silicide to connect a polysilicon gate to a
doped region of the substrate. An alternative embodiment of the present invention
provides for the use of conductive studs to electrically connect devices. An increased

density of approximately twenty percent may be realized using the present invention.
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a top view of a contact in accordance with the preferred

embodiment;

FIG. 2 is a cross-sectional view of a contact in accordance with the preferred

embodiment;
FIG. 3 is a method in accordance with the preferred embodiment;

FIG. 4 is a top view of the first step of the method according to the preferred

embodiment;

FIG. 5 is cross-sectional view of the first step of the method according to the

preferred embodiment;



FIG 15 is a top view of a step in accordance with the second exenpl ary
* enbodi nent ; .19 SEP 20f13 5 FIG 16 is a cross-sectional view of a
step in accordance with the second exenplary enbodinment; FIG 17 is a top
view of a step with the second exenplary enbodinent; FIG 18 is a
"cross-sectional view of a step with the second XQ y. enbodi nent; FIG
19 is atop viewof a step with the second exerrﬁl p§ 3rent; FIG 20 is
a cross-sectional view of a step with the second exenplary enbodi nent; FIG
21 is a schematic diagramof an SRAM forned using the preferred contacts;
FIG 22 is a circuit diagramof an SRAM for med usi ng the preferred

cont act s;

FIG. 6 is a top view of the second step of the method according to the

preferred embodiment;

FIG. 7 is a cross-sectional view of the second step of the method according to

the preferred embodiment;

FIG. 8 is a top view of the third step of the method according to the preferred

embodiment;

FIG. 9 is a cross-sectional view of the third step of the method according to

the preferred embodiment;

FIG. 10 is a top view of the fourth step of the method according to the

preferred embodiment;

FIG. 11 is a cross-sectional view of the fourth step of the method according to

the preferred embodiment;

FIG. 12 is a top view of the fifth step of the method according to the preferred

embodiment;

FIG. 13 is a cross-sectional view of the fifth step of the method according to

the preferred embodiment;
FIG. 14 is a method in accordance with a seconid exemplary embodiment;

FIG. 15 is a top view of a step in accordance with the second exemplary

embodiment;



FIG 23 is a cross sectional view of a prior art separate contact; and FIG
24 is a cross sectional view of a prior art buried contact. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON The preferred enbodi nent of the present

i nvention provides a new type of contact which can be used to connect
"between sem conduct or devices and ot her el enents ﬁgeséﬁf The new
contact has the advantage of being conpatible wt j iéﬁﬂaonnnnly used
fabrication techni ques while achieving greater device density. According to
the first enbodi ment of the invention, silicide is used to connect gate
stacks to adj acent doped portions of t wafer. This can be used to 19 S
E P 2003 6 connect the gates of one transistor to the sources and drains of
ot her transistors, as well as to other structures on the wafer. According
to a second enbp@ ' ' -' : |5 used to
formthe connecti dnﬁ%gﬁg@%@ﬁ%ﬂgﬁ%@%(g a{hgkﬁgﬁg&ﬁg@é%%g%%@d portions
of the wafermfRelenmbodmemw to FIGS. 1 and 2, an exenplary substrate 105 is
shown in which two contacts 101 and 102 have been forned in accordance with
a first preferred enbodi nent. Al so forned on substrate 105 are two

transi stors 103FENd 7194 tofView of aSpWwitR tHelRcondEakediplif@ntisashémat e 105,
while FIG 2 shows a cross section of the substrate taken along |line 2-2 of
FIG 1. As shown FIGS. 1 and 2, the contacts 101 and 102 provide a new way
of el ectrical | yFRONBEh cAf3s JEtnEByieH of aGRipPwith e deSord BRIy di rect
contact". A direct contact formed I n accordance with the present invention
provi des acmbodimepgce efficient connection than nmay sonetines be attainable
using a traditional separate contact, while avoiding the current |eakage
and processing conplexity problens posed by traditional buried contacts. In
FIG 1, contact FIR1%usesomvicayddra siép with itled teoddiéxensplayronseidihéd; gat e st ack
115 to diffusions 230 and 235. This provides a connection between the gate
of transistor 104 to the source/drain of transistor |103. Likew se, contact
102 uses sili ci HEG. DOAs heraxeRB@fIng] Vibe dFalstepswik khelskéondPexbniflagi ons 835 and
837 (not shown in these FIGS.). This provides a connection between the gate
of transi sewbodig®nto the source/drain of transistor 104. Silicide al so
remai ns on the top of the gate stacks 115 and 117, inproving the
conductivity of the gate stacks. O course, these are just exanples of the
many types of cEKnedtis esshanatic disgraimeoffanrSReMuformed titieg fregireferred

enbodi nent s, Tcge, substrate 105 preferably includes a buried insulator |ayer
210. Thesec‘?%;% % of substrates fornmed in silicon are typically referred to
as silicon-on-insulator (SO) wafers, and can be fornmed using many known

t echni . F le, . .19 SEP I tabl e techni f
croating o si i EDh D Rseeh cireranplen SRAN o REETRIREN TERA BHASE] o

Patent 4,676,841, entitled "Fabrication of dielectrically isolated devices

utilizing buri egyg gen i npl ant d su sec;uent heat  treat ment at
t enperatures ab §ET0sS sFetianakviewQl a RIOL aftSeppratesonteth Aded i s
preferably silicon dioxide, but one skilled in the art will realize that

other insulators_are available for this use. )
FIG. 24 is a cross sectional view of a prior art buried contact.

BEST MODE FOR CARRYING OUT THE INVENTION

The preferred embodiment of the present invention provides a new type of
contact which can be used to connect between semiconductor devices and other
elements on a wafer. The new contact has the advantage of being compatible with
existing commonly used fabrication techniques while achieving greater device
density. According to the first embodiment of the invention, silicide is used to

connect gate stacks to adjacent doped portions of the wafer. This can be used to



Referring nowto FIG 3, a nethod 300 for creating a contact in accordance
"With the preferred enbodinent is shown. The first step 302 in nethod 300 is
performthe initial preparation of a suitable substrate on which to form
devices and the preferred enbodi nent contacts. This preferably includes

‘providing a suitable silicon on insulator (SQ) sugg %P@Qﬂ@m ng

i solation regions, and form ng and patterning the ; ilicon on
i nsul ator substrate is preferably conposed of lightly p-doped silicon.
Those skilled will realize that there aPe numerous ways to provide a
silicon on insulator substrate. According to the preferred enbodi nent of
the present invention the "buried oxide" nethod is used. To prepare a
buried oxide substrate, O+ is inplanted into a sjl. cog@iubst rate at

el evat ed t eri9BRSH theetptqsiaf Sne Snyistaetotbe sowoes ang digigs gberherdyansigrsas j s

i npl ant ed at LEL€ : i mpl ant
at a desi redW Ilgsf[)tgg)(t:}ge’f'gterﬁé;g{e%%? Efélé %%‘a‘g%cog(ﬁné ﬁ:gﬁéﬁpﬁé;grﬁ[%g@gq&%& 8%}1.% Those
skilled in tiheeraioh, &f @tdcunnkedaenikleed® fomm himednaeaitinistwesat the @adasage and
ener gy based upon the requirenents of a tgarti cular application. After the
O+ has been dndphardiesent depednopiqnspf dhs Walghneal ed in an oxi di zi ng ambi ent at
a sufficient tenperature (typically greater than 1300 C )and for a
‘sufficient tine to return the top silicon to its crystalline formand to
forma buried | ayRefeinggiow odiG8i bandi2, anGixeoplarg eubstratesl 45sis shiswn ome exanpl e
of the many t hat can u to forma SO. wafer, and, that other

met hods. ant WeRRrarenadt  PEtS RE s dery Melppin Afresianed Min Al Sep our 3 8
exanpl e, nethogscduaBodtnei ARG fBimad b S@RURR 198 RRNWorAisiskrs 1694ndli 1 ect

waf er bondi ng, nmay be used. Wth an appropriate SO wafer, further
processi ng pldcdddsl slowsal topwiew dhthersehdtrapat s, ethilekilG. 2 slepvs scross $eotion

i sol ation re%j ns.. I n the 5%E)efca]rr d e%ﬁﬁii ment, the isolation regions
conpri ses shiPofibsiatdkenalingling -2 &rflS rhe sTI is preferably fornmed over
the wafer in all areas except where the devices are fornmed, which are
generally called {he "active areas”. Thus, the f tiopn of the STI also
defines the acti Sg}oa‘agﬁlﬁ-ﬂﬁégaa@ér@n%ﬁs 1?)% agﬁi?{)ggﬁ}" ot Y W3y &t chi ng
isolation tr : i ' efyibdid »e A tion
trenches by Gepacii RabdRik iy Bps SR oY hatl, RpEEp UitoretabPl s 88

pl aneri zi ng dontachfrinedlin awohdance alithpbt prekent ivehtibh proSides honoredpasse! | and
gate tailor igplants ar de where devices ar%éto'be formed. These are

e
done to prov§ 1@%@“&%@@?‘&?@3’ SPHRtBES boptampbls isinga taditiopak sgparate eshol d
vol tage of t VAN T j [ [ ormed at
| east tw ce, é@;‘{cg(}rlglr% a{r‘ll-% gﬁ%@ﬁgﬁuﬁg{}t{ lgaeksa-gghgd g‘;"ﬁ?ﬁ‘@ﬁ -%ﬁgjnr}nfgﬁﬁh‘%vi ces
usi ng appr oppased by phditionaldivsied aentactpl AnFIGhllpcditany 10hekss.a [ape afedicigeart  of

et ) ayer WS prrongt Be bl 1y Qi Nedbhandss: Thitporiies 10 nm or
lless, such agpnpbétidndRtWierthd gatdlolr ¢anGabr hﬂgrt%b&&/aﬂaﬁlt Sft thdr@RPr 108i s 1S

typically referred to as gate oxide. The next |layer of the gate is
pref erabl y alikewisaoctontacs lidhuses sipioidesi47ito onnnostsi thé gite stk dd7 tedifbsmnst he

t o f el Erek ittt por i !
o o BT R0 okt oSk Fi Lo oAbl OlH A SBTBES o1 e
n+ or p+ typg.té efﬁfﬁisfs&drpg@gg h%/c%/drii%f%%ﬁsisteau®4.osiu&iaws%tr;eﬂahﬁ dn0

pattern the gate stac I ne e various gates on the devices.
Preferably tthesop of tHe gate stickg 1 Bhandof 17 ireproming the coridugtivihoaftbs gitestatks.n t he

art to patte olysilicon and gate i de. 19 E P 2003..9. Turhing now to
Al s 4P ncOBeBitie, Biese Srodrs) eples of Bogsanyacsisonaecings AL atpe O
rocessin i : od 300, with FIG 5 being a cross
Eecti on tgkgfr?%gF%Hggg?@ﬁ%ﬁgeggg‘gﬁéﬁwl n FIGS. 4 and 5, the si Igi con

substrate 105 includes a buried oxide region 210, which together conprises
an SO substrate i ! . tis 4N it e
preferred enbodi neomev%g%p%g?g%ﬁl%gﬁg&gﬁgﬁa%%%tbﬁgfﬁg ﬁﬁsﬁgag{;lg? ? é(;r(r? lylépg‘%g been
fornmed over fypes &fisubgifitesTohtéd il sliconedré Ripi@lly \efeasd to/s sili@msorzidund 215 in
whi ch devices can be formed. On top of the silicon substrate 105 gate stack
| ayers have (¥nwafsrsnand saribefarmed nsiagmeny knavndechyigues Harsexamwpla ppe Gat e
115 includes a gate dielectric 225 and a polysilicon 120. Likew se, gate
117 includes a gate dielectric 227 and a polysilicon 122.



Referring again to FIG 3, the next step 304 in nmethod 300 is to create
“sidewal | spacers on the sidewalls of the gate stacks. These can be forned
by any net hod, such as a confornal deposition of dielectric material

foll owed by a directional etch. Turning nowto FIGS. 5 and 6, the silicon
"substrate 105 is illustrated after sidewall aE%EE\/@Q en f or med.

Si dewal | spacers 610 have been forned on the si gate 115, and

si dewal | spacers 620 have al so been forned on the sidewalls of gate 117.
Referring again to FIG 3, the next step 306 in nmethod 300 is to create the
source and drain diffusions of the devites. This process is well know in
the art and consists of using the gate stack and sidewall spacers as masks
whi | e bonbarding the silicon substrate with the appropriate dopants. The
substrat e asceptubie thetatique ﬁoocaaatihg(akmcbheniimﬂlaimm}bsulatpémdiescnﬂ'dfdm results in
the creatiogn. of source and drain diffusion regions on either side of the

gates in t kitgd Sfafes Batentd, 67frﬁ41r eled; Habmeation of digdertricallyjselated depicatat h
TR S T e

per f or med aBo0 wAStIntk Cease, ﬂreQﬂsdlabr DiChsdneprefiaublosiicandi@gde, but ofic

p- channel devi ces using appropriately patterned photoresist as inplant

bl ocki ng makiklsd inthe aptedil) realize thetephgopswstorernayriBble o5 thihgih m FIGS. 8 and
9. There are now diffusion regions 230, 235, 237, 830, 835, and 837 forned
in the active areas 214 and 215. These diffusion regions serve as the

sour ces and drar%erflogn@WéOEéﬁil?c@sm@thdﬁ@O&Ib)S@ﬁtmg@ copsachirdagordahed ri ng t o

FIG 3, th 08 th th d t t
conduct or se 8 Eeé‘%r?gﬁergb%{r@epgrs EEO‘H’gd grs'ﬁ € geﬁtlg e&?‘lftf ar ggi ons,
whi | e not expgsh Ak lﬂﬁfatl bfégﬁraﬁt)n bPg s8Rdute M%ﬁt(ﬁf wl’r‘@ﬁ K& fHRVISARSsahg 1o be

formed. Thi's suitable involves renoving the sidewall spacers and any ot her
di el ectri c thoprefdrreg emtmdgnmﬁ cehtacts. fl"rtmmprbfamir}y pmlrudeerpso\ocﬂmglaesugaiﬂe st ack
wher e contats are This |.s refer

f d
deposi ti ng rﬁ?fl(?r“é ’g@(ﬁ)cibsa‘ﬁisgg{?%“r‘?g‘tsﬁlagﬁ'b %%Orlfnf‘?/n/ ke ons of the

gate stack Iﬁ{’c@m‘iﬂ'gerhé %Qe%k:'sxl&%%%ﬁﬁs%ﬁl@f ﬁlb@f?ﬁ‘t’é%bl%f&é@lytc@m%sé&dtfmd and
then etching away the exposed the sidewal | spacers and any other covering

di el ect ri c.lighty p-doped eidison.ypi cal | y renoves a portion of the gate oxide at

the bottomof the gate stack as well. Turning nowto FIGS. 10 and 11, the

sem conduct or substrate 105 and the devices thereon are illustrated after

t he gate stacks T‘mmesltiﬁedrwa’;lelr@dirzéﬂmlt%eee(mmdlermsr\eaysdnpmﬁéeisiliamn:ondance
with the preﬁlgrred enbod aretogfefgrﬁg&)d..ln rticular, parts of

si dewal | sgBRE#er heirsfs °°6’é IRg t thersererTe Réinggny ofi e resspt joygntion

pol ysi | | connd Bhrictidctimdindd |sQie OTh Béphrd AbaaPEHaOEmIION e pref err ed
enbodi nment formed between polysilicon 120 and diffusion 230 and 23S.
Li kew se, paxptlzmted‘ mtdraasthiemnlstrarsraacbwsteémnmwebe(emlcraélme«wehrwﬁftChe

si dewal I s of 22, This will allow contacts in . accordance with
t he preferraé’&p@ ?ar #\g’ﬁ?) ddimpRlapts ﬁfeﬁdﬁstftw&’?ef%lsx‘fgﬁ ISR 1%?% téﬁé?eck

di ffusi ons 3R ARladdf a dififeddisione Eenemqecs %rf&%f%@éiﬁéﬁﬁjsubﬁ@at@t her

portions of the gate stacks 115 and 116. This will allow a first transistor
to be for methase skillgdirethe netcice kﬂwladglealbiddmrlmnstOMﬂ bath CS“dEsagemGB 11 and

237 and a second transis to formed wi .e stack. 1 fusr ons
530 and sasneRB M P hE Fastemeple Aarr a4 Pk AR B Ak s Lo
deposit a rrﬁrlﬁim&r) uraesm%e '15“ar§1%£1%8t1ﬁ x&byldmﬁgmglehhe Siffisiere over the

surface of the polysilicon and 1 con substrate. | e there are nunerous
possi bl e cHempemtwé (tryptcallysgrehtmethmﬂﬂf@da@rfmodrsnﬁ'memsmm toiretana the top

cobalt. The.result of tep i,.s shown and.13. A layer of

P tant um 1SS0 ds Srystaling R qre&rdéaiem A puablserefs il digtig 995 i s to

heat the melgalcet ﬂiﬁﬁﬁl_féﬁphé eieen 3 theth {m p@ﬁ%ewr&% @mr etch the
e wa I's eate

unreacted neta era to approxi mately 700-900
Cel sius, c awsﬁengtnﬂ loieat btlteanieumds fand et dislddirics dre equmliyhapplicabl@iaBorcont act ed
to formtitaniumsilicide. Thus, a layer of titaniumsilicide forns where
there was exposed silicon, while the titanium over other regions (such as
silicon dioxide) remains unreacted. The unreacted netal is then renoved
using a wet etch process selective to the reacted netal. The results of
this step are illustrated in FIGS. 1 and 2. Titaniumsilicide has been
formed wherever there was exposed silicon. The remaining portions of the
titani um have been renoved. Thus, titaniumsilicide is formed over the
active areas and the exposed portions of the polysilicon gate materi al,
while the titanium has been renoved fromthe isolation regions and the
renarnrng srdemall ~spacer naterials Trtanrunrsrlrcrde grows both fronrthe

o, T I . -



19 S E P Z003 12 transistor 104. Titaniumsilicide also is fornmed on the
“top of the gate stacks 115 and 117, inproving the conductivity of the gate
stacks. Again, the sidewall spacers 610 and 620 remain around the ot her
portions of the gate stacks 115 and 117, preventing titaniumsilicide from
“formng there. This will allow transistor 103 to be forned with gate stack
117 and diffusions 235 and 237 and transistor 1041tQ @Ebpm wth gate
stack 115 and diffusions 830 and 835. Again, it should be noted that if
this approach is used on a typical wafer instead of a SO wafer, such a
connection would likely experience the pBobl emof current |eaking to the
substrate. According to the preferred enbodi nent, though, current |eakage

is not a problembecausge a buried jnpsulator 210.is forned. in the substrate
155 and t he TP TR eraamel SUEoA RO RE ST ettt or 211
and STI 212 \praueNial 8akege current fromflowing to any other area of the
chip. Returni r?g“%bwayo FIG 3, for the remaining steps of the nethod 300,
fabrication of the chip is conpleted according to conventional chip
processi ng procedyr.es. Tvpi I Ldi i 0X] i Sj.t gver, surface
of this |ayer of ﬁtg‘ aéxhalpél,%p% %h %%‘?Xa%ﬁ%ﬁ%% ??&zegﬁpgﬁmgggdéhagrgg @% S‘n%%ehani cal
polish in st@stgddof Mexdtep isfo $6r@Pisdhbion Yé@asnsand thd preferat @nitodhiéhti et he

silicon dioxide according to processes well known in the art and tungsten
i s deposi t edselgben ragionsisompsisesshpbew trempleiselatipn (STHhdhe SR mretedrbly t h

o e, ooes dtmEd ST wh 1t il et Brb PR e The A Ghsatd Brgp N R
direct contagdpe %\s&ﬁﬂéﬁ ghemétmi dré 450N TREONANEfoRhatftlof A8 ST hise ARfigeEET at e.

Turning now to FI 20, a second enbodi nent of the present invention
is illustratastiveareas e tieewafed Shbisditahly farmediyictehing welatientraediesitathgsed to

connect the gate stack .to.adpace di ffusion regions i.nstead t he forned
S 1Tt de. usclpioh taiedgide, hladheiselasish GRS tyalinsitnd £ Sl ca

i nt er connect §elceRIBRYasCYBIORRR) hAd PRneiiHg By cRéRicl hbdMankhl pdlisur es used
to connect devices to interconnect wring forned above the devices. Studs
are often formed using techniques such as damascene, but can also be forned
using any other syiliAhk 8Tt RERAIIWEN arkl HAIS (AR i AR SEnABY whRRAHSS e

mat eri al such as tungsten, tungsten siFicide, doped polysilicon, copper or
al um num budrepo bt foratedy Blespaiesiont tio gstvede. thd hpropriate chamehgpping ahd om, t he
term"stud" ig neant to include rtical |ntercqopnect structure forned
to connect d%‘f)l_‘%é}ée ?Sﬁohdﬁpbﬁﬁ%ﬁﬁg%l‘%&i ‘iqv}fﬁ.tos?ﬁgugkgﬁﬂﬁ“@mﬁﬁﬁ"ﬁ@ﬁﬂ of the
present | “Veﬂérfcﬁﬁeﬂ%?&ahh%i&t, ik Br hAhThid BeRbaCInd ain BPPRASLHP BefiBiNeEN
the gate stack and the adjacent diffusion region. A™nethod 1400 in

accor dance wigihg appzopriato pooterdsistiasmptlargbledking meskst i on i s shown in FIG 14.
The second enbodi nent uses the sane initial steps as the first enbodi nent

of providing a silicon on insulator substrate, formng isolation regions,
provi di ng channel Thanéxipart®f tigs step notodfatre tiexmateriabifop e gategjagjaomethe

pol ysilicon, apd tternin he gate palysiligcqn and.th te oxide to form
gates in stewag’&ogﬁe %%T@ng%{,@mggtgﬁ% r‘%gg?té déﬁ("i%%{flﬁﬂf Pfﬁ%?@ﬁ?&%?r lesy
sour ce/ dr ai ng,ghi,f i | Ak ,,},ﬂ&] Bl %8l i in
step 1406 asS V\nhtaﬁg;ﬁiﬁgﬂg fc?{ge ngﬁ%gglggrrg%?% T esgl@tcsglr?gﬁ'eggg 1% g@qr}:é;u?cggﬁg[? gt he
devi ces. W't to dsipatedmnide @hemoxniager dftilee gdte dsprefedatiing eombrotoesuchws i ng ar e

f d. | h d di f i i . .th i
o 11d to PO e UL debTed Qe e 2bie Ride. coRBieon PR BO S IEOFs ot ed
embodi ment, [ fagnsid Hﬂzsig% s{ﬂ%ﬁ(‘is‘ﬁgarﬂﬁ&iatw [}’lpﬁl%%l?h‘ﬁriﬁgrsﬁge/éfl%hf‘ﬂngﬂgmsCene

process. Danmscene | vveﬁ now proces$ i'nvolves formn

di el ectric | doped, eithecit ogpviyps to makbé@ cbindhaderi c | ayer for the studs. The
vias are then filled with a conductive material such as tungsten. The
excess material is then renoved using a planerization process such as

chem cal nechani cghe Rtipakt of GiFktep is to pattern the gate stack to define the various
gates on the devices. Preferably this is done using any of the many etching process

known in the art to pattern polysilicon and gate oxide.



19 S E P 2003 14 Thus, the next step 1408 in the second enbodinent is to

- deposit a dielectric layer. This is the layer in which the studs and

interconnect wiring will be forned. In the preferred enbodi nent, the
dielectric layer conprises silicon dioxide, but it could also conprise

- other suitable dielectrics. After the dielectric is deposited it wll
typically be polished to ensure a flat surface. Turning nowto FIGS. 15 and
16, an exenplary wafer portion 1500 is illustrat e%g@gpvg[?@g 16 is a
cross sectional view taken along line 16--16 in FI . er portion 1500
is illustrated after devices have beendornmed and a silicon dioxide |ayer
1510 deposited over the top of the devices in accordance with the preferred
enbodi ment. The next step 1410 in nethod 1400 is to etch vias in the

deposi ted di el ectTinting wot/ho FIGS i, ahd Beinekegiptdre dilisoe bubistrate 10565 glagitmct
regions of the gate stack and diffusion regions are_exposed. This processes
al so pr ef er 8BRyPIOEesINEScedidingite siwR P02 opmetiod 30Rawith IG5 beingesmosshe gat e
stack and t i f i thate S e o] . gat tac Turni ng
ow to P oo caPratB A W8 s TnbR GERERT g sont MR RS at e
after vias haleddeciiret oRRE re@¥P 280 NehitM B gpMet EaNSriRE ah BOTGabRrasd agks and
di ffusion regions where contacts are to be fornmed. Portions of the silicon
di oxi de 1510vhelvéeviessand epmsoets int accerdancewith she prefegred eribodimenticende one

portion sidewall,s r. 610,f.rom stack 115 and | east qn ortion of
S deval | spaaredh B o SR 25 R tuslate e TERR AtRGBr i 2
1710 exposedefinfmpG@Bladtie RLAYHI4 dnd21 5 I8 Ghih dehRedRAEbSTRMEd115 and

di ffusion region 235. The etching of via 1710 exposed the contact
polysilicon |22 of the gate stack 117 and diffusion region 835. It should
be noted that if Vdf : e of
formng int erconr?elgﬁ)pv&! ?i?en%ﬁ&?tr%tggs\#? ?ﬁ%g?‘%‘&%éﬁﬁo%égrggf°g§%§?§ ed at
this tinme, glattbmedio fdmmytwargatesdtisahdwh7.i GateHd ShhéBides a ga¥e Sielechi2DBarkb
Returning to FI G . 14, the next step 1412 of nethod 1400 _js to deposit a
conduct or t ¢ RAYsiti¢omRe 29t JdEP‘HISFﬁ’é‘tQ/}Hs‘.nCWH?s %&?tf’gtﬂl%’"é%%%i%‘i‘gﬁ‘ can be used,
such as tungﬁ)tl)es(g}icohqa sten silicide, doped polysilicon, alum numor copper.
In the preferred enbodi nent, the stud serves to connect gate conductor to
an adjacent diffusion region. After the stud material has been deposited,

the excess materi s T i ?Egﬁ)é I G S as a

cheni cal nechani cfg%feggﬁgiagﬁg\{ﬁg%@ﬁ?n% 0 F%g?’b?g& glﬁgiog&%tq%tg #vg &r portion
1500 is il | usdevaillespaedré o tHelvdestalld ofrtlieqiateadtadka s Therivad &p dsiniebbyamg,

pl anarized. In the i|llustrated enbodi ment, tungsten_has been deposited into

the vias 171Wethpdsuch as 3 epriomua) gepesitian eflieleeio maferied folioveed Whyst en st ud
1910 cont act S .G i iﬂ&_ns‘-!- i . Leally
connect the (gfeécgggﬂqgt% flf?ﬁﬁgné%g?gggso? ztrﬂcedgghls’on g@#’ﬁ%@éé%ﬁﬁk@%@%gn
stud 1920 cafteasidewhhepguetsymive beanfotrd2d. ofidetvall gpdoerssil@diavd berafotmed bhusi on
region 835 to electrically connect t gate ck 117 to diffuysion region
535, Thus. tihe SEevBlivoleNl e snéawggépqsggﬁb apg ?H%%geaﬁﬁeesl%n
between the galeg iffifusi on regi ons of select devices in a simlar
manner as thée; T rgt%@g%%olé?'rrent. In particular, the studs provide a
connection between the gate of one transistor to the source/drain of

anot her transi st I e I: I ers are
illustrated as bglli%fah%ng%ggllt?ﬁg e%@%@e%gfcg)r?ggtlé@%@g @pgﬁwéljﬁ%tégg%ul d al so
be renoved divurdetind dssinaifAistons o fhesde®teaSThi’ prdsd isivadll laionoih thieatt.andur ni ng
now to FIGS. 21 and 22, an application for the preferred enbodinent is

i |1 ust r at ed. congisisnfupingthe gatestackand ideyyalt spacess as masksambilbapbardingtheror y

el SR ' . | : . ,
Wi n cor r SREIRANGHEE W B ikl fous PRGSO MheEjstRlEbead 5 BL
the silici deadivaetthsiinplamed Hopaae S reshies Bahe crRhReKsf doarcdindaRiih

di ffusions have not been illustrated, but would preferably .
diffusion regions on either side of the gates in the active areas. The remaining

lightly doped substrate beneath the gate oxide serves as a channel region. This

process also dopes the gate polysilicon to make it a conductor. This step is



~ 9 SEP 203 16 be forned to create contacts in those places where the
"sidewal | spacers have been renoved. The exenpl ary SRAM desi gn uses six
transi stors including two p-channel FETs (Pl and P2) and four n-channel
FETs (N1, N2, N3, and N4), with N3 and N4 connecting the cell to the
‘wordline and the two bitlines (BL1 and BL2). The transistors are forned
using two gate stacks 2102 and 2104, with selective portions of the

si dewal | spacers 2106 and 2108 renoved where cont adtﬁ étEPt ﬂﬂe formed. The
transistors are formed in 5 active areag, 2110, 2112, 2114, 2116 and 2118
t hat have been doped appropriately. The exenplary SRAM desi gn uses five
contacts fornmed in accordance with the preferred enbodi nents (X1, X2, X3,
X4 and XS). In particular, contact X1 connects the gate of Pl to a

sour ce/ drai n pérfgmediat keasf tydce, over oo m-chianusd dawcesandrgagefioe peshamzel deviges

/drain of. P 1. Contact X3 ts the gate of NI t dr ai
of No. Cont actSi5&QiANGREY e oGt e o dHabbitking maks of fNesiahti o a

sour ce/ drai n gt Mg oFRRHREAI08Fs W&tﬁeéhﬁa&ﬁyer@re M%ﬂo%éifﬁ@f#%cr@éigﬁéi n of
d t dr nmen

N3. Thus, by using contacts in accordance w the preferred enbo t, a
hi gh density 2a3@ 2359237 &86,083FnmuEs SRANndd &1 tha actave dreas ZldrandaX16d.Théké | e t he
i nvention has heen described in ternms of two enbodinents, one skilled in
the art will fEHISjongegions sarys puthe sAuresandelraiag forithe dedcesandts sihstiate 105
descri bed above without departing fromthe invention. For exanple, the two
enbodi nents may be conbi ned, such that both silicide and tungsten studs are

used to el ectri cal INBRBURHEERE Boll{is B} the paxisiter k8 efghe aisthrdr 30415 tosexgrose Hhe

substrate. Wi S t I 111G ti.t ani um
cther metals g roREdEh Mhete D HELTbE WA Afhce HERRUPRBS it on
was illustrat agt apdsidpperticacdf af dael ettduaerwhere@enizesireltd &k dorgidde This
transistors, other devices could also be connected using the preferred

contacts. - suitably invpises engmnghe sidewall spadesthndany fodikeridiglecirie eovetg the

bet ween a di ffusion,r.eqgi Qqn and.a ga conduct or, on a.si,licon.on i,nsul at or
cubstrat o, satitstpk s BhsdBorAng Bt Ge Rtk hel adhyfers IR0 - of

di ffusion regifgifedanthid § Prebiably dod@iy R pbiEshRretiBeansasitidLit té BgHoet hod

conprising the steps of: a) selectively renmoving sidewal|l spacers fromsaid
%ﬁ!

gat e conduct opniytbe portisas ebiesete stackiandisleir v spaRersyheroeertigs aredp beci de

coloctivel'y rSEUE, R} fef BRAUE Py PEC TR BBl 4R BB SR erci 1 ci e

form ng an el egidringalicle@fit acrhibpioseanypioall) @aloveLHPottich f i ht® axide at the
di ffusion region; wherein said diffusion regions are butted against the
buri ed i nsul abettoraref thengate stack as well.

Turning now to FIGS. 10 and 11, the semiconductor substrate 105 and the
devices thereon are illustrated after the gate stacks have been selective-ly exposed
where contacts in accordance with the preferred embodiment are to be formed. In
particular, parts of sidewall spacers 610 have been removed from the sidewalls of the
polysilicon 120. This will allow contacts in accordance with the preferred
embodiment to be formed between polysilicon 120 and diffusion 230 and 235.
Likewise, parts of the sidewall spacers 620 have been removed from the sidewalls of
polysilicon 122, This will allow contacts in accordance with the preferred
embodiment to be formed between polysilicon 122 and diffusions 835 and 837. The
sidewall spacers remain around the other portions of the gate stacks 115 and 116.

This will allow a first transistor to be formed with gate stack 117 and diffusions 235



I solation regions. 2. The nethod of claim1l wherein the isolation regions
“conprise shallow trench isolation regions. 3. The nmethod of claim1l wherein
t he gate conductor conprises a polysilicon conductor |ayer, and wherein the
step of formng silicide fornms silicide on an exposed top surface of said
“polysilicon conductor layer. 4. The nmethod of claim 1l wherein the step of

sel ectively renoving sidewall spacers conprises d IQE patterning
phot oresi st to expose a portion of said sidewall (;Eg§gpgz@0gtchi ng said

exposed portion of said sidewall spacerg. 5. The nethod of claim1l wherein
the step of formng silicide does not formsilicide on said isolation
regions. 6. The nmethod of claim1l wherein the step of formng silicide does

not formsilici on the remai ning sidewal| spacers of the gate . conductor.
7. The net hoan%gf%%q LoD FRRIHOT Webec@ﬁf‘%fscwltﬁ&ﬁeé@ﬁgdlﬁﬁng%éftf‘é%‘i’rbs §38ndom
access nmenory,deyice. 8. A nethod for formng a contact, the nethod

conprising the steps of: 18 19 SEP 2003 a) providing a silicon on
i nsul ator substrate; b) formng isolation regions on said substrate; c)

formng a gate stack on sai trate hd.gat e st including a
polysilicon layer ?{e@mpgﬁﬂ?ﬂ%sg?lg%mtt Ff_eggi@é}f e&etﬁ?cgg@%‘sﬁg dS?Osé% ‘a‘_e&ét e
stack; e) forgbobsediihkeiettprely ﬁ‘ﬁin%gsthégiléﬁﬁrﬂveﬁﬁ%@uﬁ@é@of%@ﬁ@lysi\m@ﬂi gad) said
diffusion regions are buttered against the insulator and the’isolation

regi on; f) seilsonsvistpte S¥bile tigreaicdugicdswaiobsilp sbeices ofitaetelss tiedrefenedct i s
t‘o be formed ‘embodiment uses titanium or cobalt. The result of this step is shown in FIGS. 12 and

13. A layer of titanium 1310 covers the silicon substrate 105.

The next step 312 is to heat the metal to cause it to react with the exposed
silicon, and etch the unreacted metal. The wafer is preferably heated to
approximately 700-900° Celsius, causing the titanium to react with silicon that it has
contacted to form titanium silicide. Thus, a layer of titanium silicide forms where
there was exposed silicon, while the titanium over other regions (such as silicon
dioxide) remains unreacted. The unreacted metal is then removed using a wet etch

process selective to the reacted metal.

The results of this step are illustrated in FIGS. 1 and 2. Titanium silicide has
been formed wherever there was exposed silicon. The remaining portions of the
titanium have been removed. Thus, titanium silicide is formed over the active areas
and the exposed portions of the polysilicon gate material, while the titanium has been
removed from the isolation regions and the remaining sidewall spacer materials.
Titanium silicide grows both from the gate polysilicon and from the silicon substrate
surface and bridges over gate oxide to connect the gate polysilicon and the silicon
subS"trate. In particular, titanium silicide 145 is formed that connects the gate
polysilicon 120 to diffusions 230 an 235. This provides a connection between the
gate of transistor 104 to the source/drain of transistor 103. Likewise, titanium silicide
147 is formed that connects the gate polysilicon 122 to diffusions 835 and 837. This

provides a connection between the gate of transistor 103 to the source/drain of



g) depositing titaniumover said polysilicon |ayer and said diffusion
‘regions; h) annealing said titaniumsuch that titaniumsilicide is forned
where titaniumcontacts said polysilicon |ayer and said diffusion regions;
and i) renoving unreacted portions of said titanium 9. The nmethod of claim
'8 wherein the step of renoving unreacted portions of said titaniumrenoves

titaniumfromsaid isolation regions. 10. The nethod o{ %Werei n
said step of renoving unreacted portions of said titan Q titani um
fromremaining portions of said sidewal| spacers. 11. A nethod for formng
a contact between a diffusion region and a gate conductor on a silicon on

I nsul at or substrate, said substrate including a buried insulator, a

plurality of diffusion regions and isolation regions on the substrate, the
net hod conpr itenpigtor he4.sTipriupy siligifle alsp dchormed gn fherfop Phthepatresiagks 1dpandr s

from sai d gatie,conduct or, where th ta s, Lo, be forped. .and b rm ng
an” 1t or conndd?- taing e B ORGP B otellsh i oft RSkl ShagBls B ™
conduct or Whehg 638 iréinSihdenvald the BBRE hoMdas 5€1he hic\selcks | EIBVE t ARdeveafRect i ng
to said diffusion, said interconnect stud formng an el ectrical contatt

bet ween sai d tgeniemedirdde from femdingghereditibisusillodtow trars@tor 108 tebP fod@s! wher ei n

Gt fust on regrghene S0k T Eankibiopd 2 aio s g e ioring of befaromiegi ons
conpri se shaldaQutddlenshni<RifadibR. JEHdNS.

Again, it should be noted that if this approach is used on a typical wafer
instead of a SOI wafer, such a connection would likely experience the problem of
current leaking to the substrate, According to the preferred embodiment, though,
current leakage is not a problem because a buried insulator 210 is formed in the
substrate 105 ahd the diffusions which are butted against the buried insulator 211 and

STI 212 prevent leakage current from flowing to any other area of the chip.

Returning now to FIG. 3, for the remaining steps of the method 300,
fabrication of the chip is completed according to conventional chip processing
procedures. Typically, silicon dioxide is deposited over surface of this layer of the
chip, followed by planerization by chemical mechanical polish in step 314. Next, in
step 316, vias and lines are etched in the silicon dioxide according to processes well
known in the art and tungsten is deposited over the chip’s surface. The chip is then

completed with mechanical and chemical polishing in step 318.

Thus, the first embodiment of the present invention provides a method and
structure for making a direct contact between a polysilicon conductor and the silicon

substrate.

Turning now to FIGS. 14- 20, a second embodiment of the present invention
is illustrated. In the second embodiment a vertical interconnect is used to connect the

gate stack to adjacent diffusion regions instead of the formed silicide used in the first




13. The nmethod of claim 11 wherein the step of selectively renoving
‘sidewal | spacers is perfornmed by an etch used to define a via in which the
i nterconnect stud is formed. 14. The nmethod of claim 11 wherein the step of
sel ectively renoving sidewall spacers conprises depositing and patterning
‘photoresi st to expose a portion of said sidewall spacers and etching said
exposed portion of said sidewall spacers. 15. The nethod of claim 1l

wherein the contact is fornmed in a static random acce sg\znsgtfz[mn ce.

.A{e.AY .AR A ;2 .AF.AS{@A2 . ASh. A . A AOY. A A2. A9. A AFbuYK\ r ;
JbOMM-t {vqgl gb] X] ca] ca] ca] c(a] ca] ca] ca] ca] ca]ca] ca]ca]ca]c(a]ca]ca]ca]ca]ca
] c&al] ca] cTa] ca] ca] ca] ca] ca] ca] ca] ca] c(aU] c(a] cTa! COe+E?U3y! h| w mhc”Y] ] ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c(aU] c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] cgmbafisadnt.al Vedtical interconnects, commonly referred to as “studs” are wiring

$WE ?)u----2z01#45555718) : . >nADD jd Z :

C :a] caj ééﬂ E ﬁ]zsg’ﬁft?%e]s (’:‘5‘?%% C(f)ég?%:((:g}’gi% éﬁ?ﬁé@i%tgéibg?ﬁ%%gfhmc ( ]ig]ﬁae%;?: ;?:
a! DDOE RRAR ViGréa ! calc
ajca] ca] c(a] ca] caa] %Jg?éc_a] cal % al] %g] cgl]ﬁglgfl(k:a] ca](ac( a?%g]’(_:%ﬂ]tcal]?gg]sgg] ca]eg?a] caj

ca] ca] ca] ca! cismgp@ny othed sltaid teohviquew@ards ganygonhgrise ahx sondhicy¢ heddrzdsedt cal ¢

dl Cal CajCajC(aJCalCalcCafjCajCajLalcalCalCalCalcCalcCalCalCalCalCca]cCal.C caj Ca
] 1; a] 1; a] 1; a] 1; a!(af%lgl,g]sten] tun]gster]1 si?i]cide,] op]ed p]olys;lico!l, co]pper]or a]lumi]num], %ul pre ergll?l]y ]

Nwv2xX- yWy Y { | b lotked] kg ali : cd,gé ' lcalc
aJca] ca] ca]ca %:no}t)]r %é?@lgﬁgg] ]ngﬁé‘f?léf?ﬂ %?@Lgﬁ %ﬁg] gtl*lg] gs]alﬁ@arﬁ% bR 413

AFbuf HS10%B& vertioalbdéedinert st tas& féesitd Wbkndc) deweebOfttinfgreonnect wiring.

| yg109% Bf B& () - uYk~" VLB10B10B10B3" L<109B& ()- ,L*z 109BB& ()- 109BB& ()-G
109B& ()- S1098B& ()-Y}\fHVLB1O 10%& ()- °

109& () - 109%& () - O/BiQUEod endBodimeht ¥ thd PléBert)inventiBh usekhkdiMad ko 1419 thé () - TLm
10% & ()- Q 109/ 8/ & ()-101010 2y 109%& ()-Z ! 10%& ()-OmM\:, 6 10//! @
10% / & () - ! @elaatgal gopnectionbgiwreen the@ate stack and the adjacent diffusion region. A

109 7& () -1, " F9% 4 480 it & Witk 1MoL b Bimed ot (vention is shown in
FIG. 14. The second embodiment uses the same initial steps as the first embodiment
of providing a silicon on insulator substrate, forming isolation regions, providing
channel tailoring, growing gate oxide, depositing gate polysilicon, and patterning the
gate polysilicon and the gate oxide to form gates in step 1402. The sidewall spacers
are created in step 1404, and source/drain diffusions are created and the gate
polysilicon is doped in step 1406 as with the first embodiment. These completes

formation of the devices.

With the devices formed, the studs and interconnect wiring are formed. In the
second embodiment of the present invention, these process is modified to facilitate

formation of the direct contact.

In the illustrated embodiment, the studs and-interconnect wiring are formed
using a damascene process. Damascene is a well know process that involves
forming a dielectric layer, etching vias in the dielectric layer for the studs. The vias
are then filled with a conductive material such as tungsten. The excess material is
then removed using a planerization process such as chemical mechanical polish
(CMP).



Of 10% & ()-ys10% & ()-110% & ()-m ~10% & ()-" 10// 10//COdEH6 10//! @
- 109% & ()- f109% & ()-T10% & ()- @O0% & ()- 10%& ()- f10% & ()- edEH6
10/ /' @*10% & ()- | (10% & ()- 1% 109% & ()- #109% & ()- 10% & ()-

109% & () - +EdYNC10/ /! 10( 10(
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Thus, the next step 1408 in the second embodiment is to deposit a dielectric
layer. This is the layer in which the studs and interconnect wiring will be formed. In
the preferred embodiment, the dielectric layer comprises silicon dioxide, but it could
also comprise other suitable dielectrics. After the dielectric is deposited it will

typically be polished to ensure a flat surface.

Tuming now to FIGS. 15 and 16, an exemplary wafer portion 1500 is
illustrated, where FIG. 16 is a cross sectional view taken along line 16-16 in FIG. 15-
Wafer portion 1500 is illustrated after devices have been formed and a silicon
dioxide layer 1510 deposited over the top of the devices in accordance with the

preferred embodiment.

The next step 1410 in method 1400 is to etch vias in the deposited dielectric,
with the vias being etched such that the contact regions of the gate stack and
diffusion regions are exposed. This processes also preferably removes the sidewall
spacers that exist between the gate stack and the diffusion that is to be connected to
the gate stack. Turning now to FIGS. 17 and 18, the exemplary wafer portion 1500 is
illustrated after vias have been etched, exposing the portions of the gate stacks and
diffusion regions where contacts are to be formed. Portions of the silicon dioxide
1510 have been removed to create vias 1710, 1720. At least one portion sidewall
spacer 610 from gate stack 115 and at least one portion of sidewall spacer 620 from
gate stack 117 was removed. The etching of via 1710 exposed the contact polysilicon
120 of the gate stack 115 and diffusion region 235. The etching of via 1710 exposed
the contact polysilicon 122 of the gate stack 117 and diffusion region 835,

It should be noted that if the vias are etched as part of a damascene method of
forming interconnect wiring; that wiring troughs would also be etched at this time,

although they are not shown in the FIGS.



10(610% & ()- 4MLO% & ()- 1310% & ()-G 10% & ()- -10% & ()- ?UJEYNCLO//! 3
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Returning to FIG. 14, the next step 1412 of method 1400 is to deposit a
conductor to form the stud in the vias. Any suitable conductor can be used, such as
tungsten, tungsten silicide, doped polysilicon, aluminum or copper. In the preferred
embodiment, the stud serves to connect gate conductor to an adjacent diffusion
region. After the stud material has been deposited, the excess material is removed

using any suitable process, such as a chemical mechanical polish.

Turning to FIGS. 19 and 20, the wafer portion 1500 is illustrated after the stud
material has been deposited and planarized. In the illustrated embodiment, tungsten
has been deposited into the vias 1710, 1720 to form tungsten studs 1910, 1920. The
tungsten stud 1910 contacts the polysilicon 120 and diffusion region 235 to
electrically connect the gate stack 115 to diffusion region 235. The second tungsten
stud 1920 contacts the polysilicon 122 of the gate stack 117 and diffusion region 835

to electrically connect the gate stack 117 to diffusion region 835.

Thus, the second embodiment can be used to provide a connection between
the gates and diffusion regions of select devices in a similar manner as the first
embodiment. In particular, the studs provide a connection between the gate of one

transistor to the source/drain of another transistor.

It should be noted that while the sidewall spacers are illustrated as being

partially removed during the via etch, they could also be removed during a separate

etch step as in the first embodiment.

Turning now to FIGS. 21 and 22, an application for the preferred embodiment
is illustrated. In particular, a six transistor static random access memory (SRAM)
cell is illustrated as it would be formed on a wafer in FIG. 21, with a corresponding
circuit diagram illustrated in FIG. 22. For clarity, the silicide or studs used to connect

the gate stacks to adjacent diffusions have not been illustrated, but would preferably
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be formed to create contacts in those places where the sidewall spacers have been
removed. The exemplary SRAM design uses six transistors including two p-channel
FETs (P1 and P2) and four n-channel FETs (N1, N2, N3, and N4), with N3 and N4
connecting the cell to the wordline and the two bitlines (BL1 and BL2). The
transistors are formed using two gate stacks 2102 and 2104, with selective portions of
the sidewall spacers 2106 and 2108 removed where contacts are to be formed. The
transistors are formed in 5 active areas 2110, 2112, 2114, 2116 and 2118 that have
been doped appropriately.

The exemplary SRAM design uses five contacts formed in accordance with
the preferred embodiments (X1, X2, X3, X4 and X5). In particular, contact X1
connects the gate of P1 to a source/drain of P2. Likewise, contact X2 connects the
gate of P2 to a source/drain of P1. Contact X3 connects the gate of N1 to a
source/drain of N2. Contact X4 connects the gate of N2 to a source/drain of N1 and

to a source/drain of N4. Contact X5 connects the gate of N1 to a source/drain of N3,

Thus, by using contacts in accordance with the preferred embodiment, a high

density and high performance SRAM design can be fabricated.

While the invention has been described in terms of two embodiments, one
skilled in the art will realize that variation may be made to the embodiments
described above without departing from the invention. For example, the two
embodiments may be combined, such that both silicide and tungsten studs are used
to electrically connect polysilicon stacks to doped regions of the substrate. While the
metz'il used to form the silicide was shown as titanium, other metals such as cobalt
may be used. Additionally, while the invention was illustrated and described as being
used. to connect field effect transistors, other devices could also be connected using

the preferred contacts.
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1. A method for forming a contact between a diffusion region and a gate conductor
on a silicon on insulator substrate, said substrate including a buried insulator, a plurality
of diffusion regions and isolation regions formed on the substrate, the method comprising
the steps of:

a) selectively removing sidewall spacers from said gate conductor where
the contact is to be formed; and

b) forming a silicide connecting to said gate conductor where said sidewall
spacer was selectively removed and connecting to said diffusion region, said silicide
forming an electrical contact between said gate conductor and said diffusion region;

wherein said diffusion regions are butted against the buried insulator and the

isolation regions.

2. The method of claim 1 wherein the isolation regions comprise shallow trench
isolation regions.
3. The method of claim 1 wherein the gate conductor comprises a polysilicon

conductor layer, and wherein the step of forming silicide forms silicide on an exposed top

surface of said polysilicon conductor layer.
4, The method of claim 1 wherein the step of selectively removing sidewall spacers
comprises depositing and patterning photoresist to expose a portion of said sidewall

spacers and etching said exposed portion of said sidewall spacers.

5. The method of claim 1 wherein the step of forming silicide does not form silicide

on said isolation regions.

6. The method of claim 1 wherein the step of forming silicide does not form silicide

on the remaining sidewall spacers of the gate conductor.

7. The method of claim 1 wherein the contact is formed in a static random access

memory device.

8. A method for forming a contact, the method comprising the steps of:
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&) }7she d) forming sidewall spacers on sidewalls of said gate stack;

€) forming diffusion regions adjacent said gate stake, wherein said

diffusion regions are buttered against the insulator and the isolation

region;

f) selectively removing said sidewall spacers where said contact is to be
formed,

g) depositing titanium over said polysilicon layer and said diffusion
regions;

h) annealing said titanium such that titanium silicide is formed where

titanium contacts said polysilicon layer and said diffusion regions; and

i) removing unreacted portions of said titanium.

9. The method of claim 8 wherein the step of removing unreacted portions of said

titanium removes titanium from said isolation regions.

10. The method of claim 9 wherein said step of removing unreacted portions of said

titanium removes titanium from remaining portions of said sidewall spacers.

11. A method for forming a contact between a diffusion region and a gate conductor
on a silicon on insulator substrate, said substrate including a buried insulator, a plurality

of diffusion regions and isolation regions on the substrate, the method comprising the

steps of:
a) selectively removing sidewall spacers from said gate conductor where
the contact is to be formed; and
b) forming an interconnect stud, the interconnect stud connecting to said

gate conductor where said sidewall spacer was selectively removed and
connecting to said diffusion, said interconnect stud forming an electrical

contact between said gate conductor and said diffusion;
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12. The method of claim 11 wherein the isolation regions comprise shallow trench

isolation regions.

13. The method of claim 11 wherein the step of selectively removing sidewall
spacers is performed by an etch used to define a via in which the interconnect stud is

formed.

14. The method of claim 11 wherein the step of selectively removing sidewall
spacers comprises depositing and patterning photoresist to expose a portion of said

sidewall spacers and etching said exposed portion of said sidewall spacers.

15. The method of claim 11 wherein the contact is formed in a static random access

memory device.



