*; rse3eq&n$" 6 T&KPI MPROVED CONNECTI ON STRUCTURE FOR SO DEVI CES BACKGROUND
[0001] . The present invention relates generally to sem conductor devices;
and nore particularly, to the contact structures for sem conductor devices.
Still nmore particularly, the present invention relates to a device and
process that uses sidewall butted connection and silicide bridge connection
for reducing structure count, conplexity, and size. j0002] One type of

basi ¢ sem conductor device is the CMOS static random access nenory (SRAM
which retains its nmenory state without refreshing as |long as power is
supplied to the cells. In a typical SRAM the nenory is stored as a voltage
differential within a bistable cell constructed of two cross-coupl ed
inverters. Data is witten into or read fromthe cell through two pass gate
transistors oppoBMPROVEDCONNBECHONSTRUETURE FORSO] lWEVid:lES?’ and
controlled by a word line. Each inverter is conposed of a P-channel

nmet al - oxi ggttquk pptor (MOS) field-effect transistor (PMOSFET) in series
wi th an input/outptt (I/0O node, and an N-channel MOSFET (NMOSFET). The
node of \e,[gg&]i nverter is connected to the gates of both transistors of the
other in r . Theptesént ineentic flate i | fodibdde node
of a first inv rtelr). Anot her I/Otri%%%g(?%n@gmﬁtgfdaﬁ%%gﬁ%ﬂg}gi ne
bar (al wah&tiSpIaElytothesontast strutures fhesaniconduetdr devicdse Stitidaosf a second

[ ter. ' . desi . t, stable dat
ot ont i orP e REE AR biekel RO iR X deyl e oross bk s aieotsi ox

st ruct ur ebuttatticonmetforfah@EiliideHrid !}%ﬁh ] | { s i.n higher
fabrication expense and sl ower sp@éIE : Agaiolﬁo,ﬁ?de‘%ﬂcg%ﬁ%ﬁf%ﬁqm% count of
cont act s ¢ARAPleKiEy randmigs. exity is rel evant. 1 [ 0003] Efficient
integrated circuit chip layout of a standard six-transistor SRAM rmay

i ni ni hed: . Ho .. as, the demand f |
i ogr at 400 uH - cor DAL ERl et it o Bl et mmdomahcerss e and
ror e 't el imbineryp (SRAMywHeh febins R Bierh Oryltoitl v AR BRLAASD &8 gl eeded.

Even the contact structures occupy val dable area in neno _
Ther ef or 20W&dé 8epRied tathe sellsadn adypiva] SRAM) Ithirtemorgrislstore®adi Qoltdge

par amount jy:} : 0 Si.Jicop-on-insulator (SO} is a structure of

silicon sc%dr:fg;cé@ &%@?@%S@gﬁ’# ﬁ’d ??r'lsgi‘/‘é?edld?r} tyveszessrqonpleskingerters. fdatadsl | ust

bel ow t hewtitten §itboaeend i > l.silicon .aboye the

oxi de may then be used ﬁﬁrhihﬁgélggﬁg{lg&gﬁogﬁgggété?nﬁglgﬁéﬁ8%’8?51 Vi l:aéga These

devi ces #i¥ea bij inearida bi¢ banline and conttolled bala veidankls Richiiiteddqsesai d thin

| ayer of c%l nal ex cg chl‘}la siJicon. By constructing and separating circuit

el enent s SHIHHYSFR O %E)s npel g QE‘P%(%WF%CEWQI;{ Qo)figld-effeck-dransistor CMOS

devi ces. (PVKISFH b Is reduced, thergb Levi.ng

hi gher s;geed. ; gg(%?%r%%ﬁ%éﬁWJP@ ’b°edéa%ﬁhﬁ‘8{}§§°ﬁ?f¥?eg§’?@§§$fcui ts

and SRAM(NMIQSEET). SThersidetnf eheti thvetter isttonsects@kd thd g%taﬁofao%tﬂ%iﬁ' i!ahﬁs In
or high-s

nanonet er_.t.echnol ogy, tn&l?zl MOSFETs have been researched f peed,
| ow | eakz% SAACHIYRIEE nan (O rassistenis connectrd fromm bigbine te temodmyf 21 | ows

for a ti gtk ' well isolati rargi ns, [ 0QQ6J

besi 1 abl oAy fEe, dhdiedl/RPGAIR0Pls Minerted ol o BT M alvAreStaRd anc
cel | | ayoppesitdipfron thd Bielihé) tothe hHogé 64 S&cohl AR MINEERiRNAGor
technol ogi es-to, achi eve reduction in contact count, conplexity and size,

t her eby PHFRONi dR§igsvelazgs memosy) cawt, prablentataretentich, andUpbBRard G4ldd. | n vi ew

of the f j 1S, i rovi,des' a circujit that_ reduces contact
count , Cgfnpd%?é,_ __euf?zggrégggﬁgﬁo% _&mﬂt%ﬂdl%omplex structures add up to a large cell

physical size, which results in higher fabrication expense and slower speed. As

such, reducing structure count of contacts and their complexity is relevant.
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"(0008] In one exanple, a sem conductor contact connection structure and the
nmet hod for formng the sanme are di scl osed. The connection structure has a
first sem conductor device formed on an insul ator substrate. A

non- conducting gate interconnect layer is formed on the insulator substrate
for connecting to a gate of a second sem conductor device;, and a silicide
| ayer forned on the gate interconnect |ayer, and an active region of the
first sem conductor device for making a connection thereof. [0009] This

i mproved contact structure efficiently and sinply replaces a tungsten plug
butted' contact or a pair of contacts with a netal routing. This al so eases
the alignnent. tol erance for the contact. Various aspects and advant ages
will becon[@O&ﬂpaEﬁfrmaﬁtnmegrated t)md:mb«zhpgaytﬁﬁauflaesdanﬂasdrsbqatramistot SRAM i n

conj uncti on with,the acco drawi ngs, illustrating the prjnciples of
the i nvent F8¥ fg'ﬁ é%@ﬁ ﬁqweogsdwﬁmg dpr mae ERRANIENGS [ 0010]

FIG1 illu C 11] FIG 2
illustrat egﬁggﬁ%?s%@g%t%%ueg% %M&E& %ggg%ggﬁma%% a{‘dalt‘ é:)r%nt act on

SO i n acclidblegrerfdriianes eomtirares!te god w}ﬁ@vﬁp?ﬁﬁ&hes aveavetied. Ev&del FIG 3
illustrates a First pre-nmetal |ayout of a half SRAM cell in accordance with

one exanpl eonsactsichires eerupy Habirtloareadn memony3qellsy Therefors, redugtonsine a
first | M cel | t h | f
the pr esentOnRtASRARLRORHGHG, T e S of Pl BBBGED a0 | ayout Tof ¢ he

standard SRAM cel | i-n accordance with one exanple of the present invention.

[0015] FI G8004]- 9Silicondinriabelatori(BOI)ds h aitabture bf silicors saetardinSRAlvhGahin |

accordance wi th one exanple of the present invention. LOOlG FI G 10A

present s alayevekinsulptipg oxideis buried just balow thectopsiurfgcs t Aghini ayer of single-

nvent on. Cpo0 Ficed abaRHE oReRe WA ARl O B BB Bl (he

pr ocessi ngsdrhRBRdudtoPdeNiEdy. m@&a@m@d arb tif;llsx@éw is@ldtéH ACAFanaSsidhbfopne
exanpl e of the present invention. [0018] 10C presents a process Tl ow

illustratitheg h@swddbasbyﬁ!g)fﬂmgls-crysbailsmm ﬁym&uctmgamdsemramagl ng in
d f, | t PTI 019

The pr eserERHiCRRRERS BB A aubstAle chpe nali Bt boay Cﬂe%%“ ]

si |i con- ongévisds. 186 t,&ﬁ%&n AphdtaRe Hayhe 9&%@1@ aEﬁié\/ gg and a

contact/connection structure”therein. Sev era exarrp ﬁ ustr at ed
usi ng a Stspeed. Random Access Mermory (SRAM) cel |, but |t |s understood t hat
t he same

[0005] For maximum density to be achieved in logic circuits and SRAM, the cells
must be laid out in as small a size as possible. In nanometer technology, the SOI
MOSFETs have been researched for high-speed, low-leakage and high-density
products. In addition, SOI technology allows for a tighter design rule-because of

well isolation margins.

[0006] Desirable in the art of semiconductor devices are additional designs and cell
layouts that utilize SOI technologies in tandem with other technologies to achieve
reduction in contact count, complexity and size, thereby improving overall speed

and performancé.



'technol ogy can be used for other sem conductor devices. (0020] As will be
illustrated below, the present invention uses a polysilicon (poly) sidewall
butted connection structure, between the gate poly and active area, to 4
replace a butted contact or a tungsten plug butted contact, or two contacts
with a netal routing layer in the sem conductor device. [0021] FIG 1
illustrates a circuit diagramof a standard six-transistor SRAM cell . 100.
Cross-coupled inverters latch data witten frombit line BL through a pass
gate PG 1 into an inverter 1-1, which includes transistors PU-1 and PD 1;
and , si %%Iy, an inverted level, frombit line bar HLB through a
pass gate 0 an inverter -2, which includes transistors PU-2 and
PD-2. Stored data can be read on access lines such as a bit line BL, and

si mul t anedoog7y. IaRidw\GEHER %’ n'_bit line.bar BLB. Both of the pass
gates are sw tched si mul tanécgo\s{ﬁ t@%‘?ﬁ%‘%%‘ﬁ“ﬁ%ﬁwm%@ﬂecﬁw 2

i |1 ustr at éontacteand, commplerity 208 spfe, an SO real i zation of a portion of the
six-transistor SRAMin Fig.1l, in accordance with one exanple of the present

i nvention OO'BEE II con oonepts are produced in a silicon based materi al
i sl and 205°90RE; T8¢ sxangp € A SPRISANgitcioy contist eennectian efruetie afidh ¢hesi | | con

i sl and 20Znéyd id i 1 n,20.to 1500, angstrong. The poly gate
| ayer 206 of a %@%ﬁ%@%@l%ﬁoﬁggﬂ §CBB‘T‘§F%I° g‘f’“%‘ﬂg‘i‘éség’crép

i nt er connéemidoagductor devdica fermied o ad ifdidibor sSh4HULE A Abk- i ited on a
gate dielectric )gate oxi de 212. The gate di el ec?rbl}{cdo%ﬁé?[?égﬁnay

ar :
conpri se SHEEonaecklayess farmedon therinsuator subspeate faecontecting td il gatewfai ded

oxi de, hi grol tor ., QL any.. G i nat.ion thereof. P-type | owdoped
drain is inpl g%‘e“c“f‘ht“éé‘?hd;&%‘ier'iaé‘gﬁ stlisids layss M%#&s@eaﬁémnggcﬁ n the

pol y | ayelaye®Gfdancactive regiofl of khd fife SerdRWRd i dept h of the
silicon igland 202 to pro%uce the source angyggglggm}egﬁrc%‘?gﬁ\gﬁ%mﬁ @ the
si fewal | & 216 is..produced, P+ high | evel doping may be inplanted into
the silicon island 202 through the openings, and diffused down through the
full depteogd] t MRisIdr6PeY | o.pr.oduce the source and drain
junction nng.] A W ndg\fv péz}% %@%%@%ﬁg&g&?mﬂﬂ&% gxinggsly replafess fungstenne

si dewal | Blwgduttedocontact be heRir SfQBhECE ﬁ&ﬂ@'ﬁ\et%gpoﬁné ﬁggﬁg&%ésqgﬁpol y

| ayer 210a11n sel egtged contact areas. (0023] A net : ch as
tit ani um 2 HEY e teiepCRdagitherontast. cWatiows aspectamdaatyastiges 9l Pecdhb

il ustratggs I high, te atyre process alloys the netal with
all ex posﬁ) s%’lqtllﬁc%r# t@%f?lgéc%lg tdgbd%ﬁnﬁhﬂ%ttﬁk%m qasyunctionwidh ¢he ayer .

Ther ef or eaccampahpingsdrawih@hs ilRderakinotRE %}q] f the gate poly

| ayer 206, A netal -Sili ci%lbz 224 1 s of orgggc@?\est e §ﬁ‘;fe%§§ng’fy‘?'ﬁé°gour ce and
drain red™@R¥P R netal silicide 226 is formed on the surface of the
connecting poly layer 210. A nmetalsilicide 228 is formed on the surface of
t he si de\/ﬁy . oly layer 220. Excess unalloyed netal is

t hen etche EﬁE&%ﬁ“@@?@ﬁﬁéﬁ,ﬁ{E $ected will not alloy with silicon
oxi de, the remaining sidewall spacer 216 is cleared of netal. A dielectric
edge por {0030] s HG. dillwstEadsn @XiEdia oF?Q&n?%Q ERalLgy exPosed when the
sidewal | spacer is etched fromthe Sidewall o t%e connecting poly | ayer

220 may E@l Eérl‘ﬁ,%:efr d of netal because the gap across the thickness of the
gate oxi 1 at il taprgrosy secton of @ PMOSERT afd arsidéwallrbytted he

met al - si lehft | Tiol2 CoSi2, NS, PtSi, W52, or other netal
based natde)ir%%agf)gﬁg?(lzwgés& | ,ce%"é) O‘T%Rf-a'ﬁﬂgt‘f?éh‘? Preseniayanten i ci de surface
| ayer may be. less than 350 angstroms in thickness. In some applications,
the met al003?] i SiGe3 Hlustrates d fgeprepmenl tfoud of 8 HAHSR A ol a8ddthffic! 100
ohm ea, or,,l ess, betvve? the gate interconnect |ayer and the active region.
j 0024] Dmlflhﬁnqwlﬁﬁ’ E‘éﬁ‘rﬁ?ﬁ%ﬁ}ﬂéﬂmm{ay process, not only does the netal
diffuse into the silicon layers; but also, the silicon diffuses into the
deposited netal layer, fromboth the sjngle crystal silicon island 202 and
the connecting poly layer 210. Metal-sYlicide is therefore fornmed in a
continuous | ayer 232, even across the narrow gate oxide | ayer edge 230. As
such, the gate oxide 212 no | onger separates the silicon island 202 from
the connecting poly silicon layer 220. This continuous silicide |ayer 6




'232 is said to have a sidewal | butted connection structure. Fromthe
perspective of an SRAM cell, this netal-silicide |ayer nay serve as a | oca
infra-cell connection nmechani sm between the pull-up P-channel

met al - oxi de- sem conductor field effect transistor (PMOSFET) and the
pul | -down NMOSFET, wherein the SO P-active area is directly and
continuously connected with the 501 N-active area. [0025] FIG 3
illustrates the first pre-nmetal |layout 300 of a half SRAM cell in
accordance with one exanple of the present invention. A silicided gate poly
302 formthe gates of the inverter in the other half SRAM cell (not shown).
An area 304 is exposed, through a wndow in a photoresist |ayer, to etch
away t hqogasleVEIGs. 4-5lastraté aditstlayQoas thOstandard SRAMcell inrmcobrdgace pol y 302
which is included. The 'same is true for a photoresist wi ndow 308, within
whi ch t Heithionewxamplgofthe presest intventionom t he edge 310 of a silicided gate
poly 312. The silicided gate poly 312 formthe gates for a PMOSFET 314

5117 of adfO881 B B peltde b Bichiataphufl R ¥BRYS SRk el mpc s

PMOSFET @;ﬂ.on@iekgﬁiw@gfﬂ{épaggehvmv@haaﬁ_ i nclude the source 324 and the drain
326 of the NMOSFET.316. A nmask line 328 is the edge of the NNwell that is

i mpl anted and di ffused under {he whol e PMOSFE || dopi,ng is

over whel[Bg] e VEIGE#rdilugirate ﬁt&’lﬁﬁdﬁfo%tr?é t@%ﬁ@%ﬁ’%‘;ﬁ%ﬁ‘\%ﬁéi‘ﬁcﬁcﬁd, ce

opti onal the [ 5] f e neck 330 between the P+ doped drain
322 and {v%%\o%se%gﬁpt}]%S%.pr%@“sxﬁ%hgﬁgéd neck 330 is the active area that
may or may not be doped P-type or N-type. Doping is optional in the

si | i ci deqdoT8}c KFIRRA0ARmreseraea phecess flowi itlastrating theeprobessing stéps inial i ci ded
PMOSPET P+ doped drain 322 to the silicided NMOSFET doped drain 326.
Fur t her néingle-phasoresistrrenasipiin accpedange With pRe gxample of sharbresgnt mventory
silicided N+ source 332, -of the pass gate NMOSFET 334 (PG 1), which has

silicid i j BRES Sirleldyy neck 330,
bet weene[teﬂi;ﬂdrgﬁs%é%ge%ng&%%o%iﬁ%?es t\/\%ﬂig"otrrlltg i’é‘%&s&;s%gest cs)qlggch drai n,

t hat ar edoslegtatoresist grenarioirsadcordunak sgilesne Hlemplewf dhaprese®22 and 326,
connected by the silicided neck 33D, formthe storage node of the inverter
318. Thell¥eBH@&ke node is connected to the silicided gate poly 302 by the
sidewal | butted contact forned on the edge 306 of the silicided gate poly
302. Thiggts t @,ﬁy@ oot [ t liAvéiviae 2. By
using t 01'sélil igﬁzg eciéniggg#‘s\dhéf’%ﬁ%ﬁgz for@?}eﬁgbﬁ%{%ﬁ r?lode of The

i nvert er aR afiti-refbettiveeoatinipirvadcbrdantre edticam: @@mple/of the preserddnverttion. -
aforesaid storage node to the silicided gate poly 302, where an
area-efficient connection structure is provided. Two netal drain contacts
with a nBESCRIFTION are obviated in the storage node, and a tungsten-plug
butted contact, or a pair of contacts with a netal routing, is replaced by
t he si afrpas ' j ; k lofai | 1 ci de
ayer. [0S ERRPRN RGOV arbnbRd et fot e AR el R el | 1
accor dansificeh-oh-inndator BPl)everdion bfapirdegnated civamit (IG) andlai s | ayout 400 t akes
advant age of the dense contact structures as sho [ and 3. The

o .
i nvert er coRfactigamneckion skpeie thereingSeyerg @xmm“gggﬁgﬁﬁﬁ(?ﬂe H&&&di ti on of

cor 1 Poelits Randofly BELG6 MEHoRASR AN &I BHER S RaBl AR eI B €
NMOSFET 4R8n6R8Ry bhn bk usbé forrothed semidGtdvdtoridevidisl y gate | ayer 410 forns the

gates .of a P ET 412 (PU-2) and an NMOSPET 414 (PD2) of the inverter 416

1-2). A pass gate 418 (PG 1), .connects to a node 420 of the.inverter 408. A
{r anbi t 020> Aspell e HoRRB G Peltav.don GuRse b BRLPR 35es R B SHCa BPOIRL o

L 1, i b ' ' . figr th d
Ther & SRR el bis By dd i Bihe AR ati (el r "
line, and bit line bar, respectively. An N-well 434 applies to both

PMOSFETs 404 and 412.
4



'[0029] FIG 5 illustrates a first netal |ayer |ayout 500 that corresponds
to the first layout 400. The first netal |ayer |ayout 500 includes Metal
Layer 2, which in turn includes a local word line 502, and the |anding pads
as shown in FIG 4, and Metal Layer 2, which in turn includes VCC 504, VSS
506, bit line 508, and bit |ine bar 510. As can be seen, the twa netal

| ayers are arranged in a substantial perpendicular fashion. On Metal Layer
2, the access lines 508 and 5Z0 are interposed between the power supply

| i nes 504 and 506 for noise shielding purposes. [0030]~ FIG 6 illustrates
t he second | ayout 6Q0 of an SRAM cell in accordance with one exanple of the
present invention. The second | ayout 600 takes advantage of the, sidewall
butted caeplacd 3butie|d cmtactmbiﬂgsten@dg hutted contagh 6h WBHHB@F’FS&W & shown in
Fl Gs. and lis ua é a_connection 602 between-the drain
604 of amﬁéﬁﬁl s%m’t‘Pt‘ Bt 4FHC%08 of an NMOSFET 610 (PD-1) to
conplete the storage node of the inverter 612 (I1-1). Metal Layer 1 is also
used for ks gﬂhdofaaendafwsmhﬁaﬂsmwt 616,

618, 620[@02'21]3t %G?})?ﬁ%cc ésgfc%{lfa ine and bit |ine_bar, respectively. A
connect i A064ossscoupbet mverﬂam lahtheiamwnﬂenafmmwhlehftfeﬂ somough aohass gatene

602 h d
rotal | o agan invge ki wshiadprienetn U FOGINET Soo e
second "%tamtiama{sg} Y e&&Pwvep st Mﬁb%: BRBerchgtihpad gawBGHar al | el

to gate poly as a word 11 ne /702, andlnbocks as verti cal
connect i Ghtd & veltey I-a,swaMﬁelludMetrahsmaysaPUiZ andtiPIeR. Htored /dataganbpe Met al

Layer 2 is primarily used for wo tal ap ,and | andi ds.for the
power supishe onjageess lings sugh asab 15@ bg n‘i ul%“? gﬂ&'o% IH@E*&HQFVQ@&?“ | ayout
700 al so ,i.pgl ude t | sgayer 3,
which is @Eg%g?lﬁ%% BB &ytﬁé &ss e’dﬁﬁg‘t@ﬁgﬁ gﬁ‘%%ﬁe"é‘?%rap?%zt and 706
for VCC apeh WBS, a b|t Ilne 708 and .a bit line bar 710. [0032] FIG 8

illustrates the third I ayout 800 of an SRAM cell in accordance with one

exanple of the present invention. The icd |ayout,, 8 kes dva age of
both of t[AG22e .2dHusizates 2 crass secdion zf'tQB V&ﬁeﬁﬁeﬁi} On??grt’d)r Cactive

conponent s £ ShO éﬂmn|ng
per pendi c“fﬁ‘g]f’ nt‘ng ga":‘ti{'em%[oi?\SF gspl gﬂéétc?g% m#%!r’ﬁé\//%é&%kg)lt IPfng 804, and a
bit |ine HrenfOf, TROIC ad6mponekts greprieluted ir8aSiliaom baske ateriabBland22he wor d

line, respectively. [0033] FICA 9 illustrates thir er | ayout
900 t hat et r@iﬂmruen inpulating whSHat%@Yﬁ}’tzoéo@le“e? icop H?l?‘a‘srﬁéfﬁtayl &2 | ayout

i ch' | ncPiaioess orsei a5 1o ufifiichis, e gty e ool FRIMOSIERRE, )
[ 0034] |taﬁc¥a%bﬁﬂedﬁi\§q5dymy@r(6tai dtb intervvantadayp) 240pok defiaed éramsacan be
e et bbb e N TR e
PMOSFET.  sisglepdly dayer depesitad on ctly
of the. tr Breetil ey inEriet AOR SN B st el iRopeh ™ it o Plon

present s GRS BRRI i RAMelhl (059) 4 gy cobinapactiereg. Tgpe low- o

si ngl e- phot or esi st Scéhario: In ste . a MOS transistor, 1004 and a poly
i nt er conndoped Ae4inds nnplantaeldntmﬂarsﬂml island 202 theough she apeningHispihe Pél’béu n

i o 1 or molsyer 20Rane| #0sand difisnae ety tanek e rrlictepty opbis e SRR 2 PO
1012 is fg {jfrogg:%ﬁu%g%éédi‘ﬁc@énd 8 flricHbRLILCARRE He 3A0Ll éfa&&ﬁ- 216 is

phot oresi s I's coated on he abovenenti oned structure,
phot or esi gkodddedpP4 level dieping m.a;cbe implanted intmtBe silipenigiand 0 enal I

1850t i?@@gt&tﬁ@%&%&% ntEghpe l de a&b%t"%@c?ﬁ&%i )
| ayer of i&gﬁ gchfqg?%lg %@%ﬁe ?‘i@? férjgﬁlﬁ?ﬁ éggﬁbgﬂ%"ﬂgaggﬁ‘gggﬁgsi Ioi con

surfaces. The silicide |ayer may have a thickness of |ess than 350
angstrons. A |ayer of interlayer diel ecbric 1026 is then deposited and

pl anarized. After a via 1028 is etched into the interlayer dielectric 1026,
Metal Layer 1 is deposited onto the interlayer dielectric 1026, thereby
filling the via 1028. Metal Layer 1 is then patterned, as shown by a bl ock
1030. The filled via 1028 connects Metal Layer 1 to the silicided surface
of the source of the MOS transistor 1004. [0036] FI G 10B presents a process
flow 1032 illustrating the processing steps in a doubl e-phot oresi st
scenario. Simlar to the process flow 1000 as illustrated in FIG 10A, the
MOS transi stor 1004, and the poly interconnect 1006 are forned on the SO
substrate 1008 in step 1034 The |OMFdOped drain LDD |s then |nplanted |nto

- 7~ 7~ . A N NS o A PN A PN o r




‘filling the via 1054. Metal Layer 1 is then patterned, as shown by the

bl ock 1056. The filled via 1054 connects Metal Layer 1 to the silicided
surface of the source of the MOS transistor 1004. [0037] FIG 10C presents a
process flow 1058 illustrating the processing steps involving an
anti-reflective coating (ARC). Simlar to the process flow 1000 as
illustrated in FIG 10A, the MOS transistor 1004, and the poly interconnect
1006 are formed on the SO substrate 1008 in step 1060. The | ow doped drain
LDD is then irnpTanted into the SO substrate 2008. Sidewall spacers 1010
are formed on the sides of the MOS transistor 1004. In step 1060, ARC | ayer
1062 is deposited on all surfaces, including.the sidewall spacer 1064.

Phot oresi st |layer 1066 is then deposited on top of the ARC | ayer 1062,

af t er whigioteresisolayeesallews tiesidewal) Spades talbe etcbed fron a sisiewpll L300f thene ARC

| ayer 1062 that is exposed in photoresist w ndow 1068 is etched away,

t her eby cSoBaSFiRg Poly layarAlfin selpeted contgetareds, step 1072, after the sidewal |
spacer 1064 is etched away, the photoresist |layer 1066 is renoved. Then,

t he do | & 4 LY .
be. o or 03T, A sheiRt G onl Gpltl ehiyail, bl 8k cepBlifed dmeaasIopy TR
exposed sidpoedseifadeatall illistiated arattudes| & bigh tenifzsture ptdcess allgysshe ed and

pl anari zed.” After vias 1080 and 1082 are gtched irIt g t#(e i teialfayer
di el ect r i metad réth albexposed pilicon sprfagese Pro@acemgtalFaiqes Ye&i el ectric

1078, th by fillin . Vi . ' L Sarldign

patter negfﬁe:féfogﬁcﬁ/me%g/}sg‘%b%ek@f%ﬁ%@%%&%ﬁﬂ?ﬁgagﬁe:@é@éﬁﬁé hfl%ézgg'aﬁd 1082

connect Mfefd]-slftyd®d 221t is FRPRRTSA HRY dtrface of e sdukdecaribdrasutdgiorss ANmetdle drain

and source of the MOS transistor 1004. [00381i The_above invention provides
n

many di f f siticide 226kaformed oo the suxireenfithe conactingpobintayer . d mesalent
f eat . the tion. i fi f { d
are descriiledeRes RoRed B tRe Shace o iR PRSI O TBRRERNG poll 1oy ABCE S

mer el y ex%@ﬁnartf&e_a&ﬁeﬂapis théth 8RAEE off0 Silddia mEfat thdt V9srldcbdt] WilbhbE hat
described 1n the clfains. [0039] Althoggh il lustrative enbodi nents of the

i nvent i onalleywithediconraxide, dreiregrainin wall spacendlf isiclearedbelnetghafiges, and
bstituti i nt ended i the f ' ' ' i1 ‘di it
apbr opr | st B SERPIBRE ABL R Brieb e St SRR OB PSP PR e e
consi sten id%??%é%&?ﬁecpﬁoﬁ&eism@%i 8fthe @8niRtingYolPldyer 21Bma§ noeW Nng

clains. 1 CLAIMED I'S: 1. A sem conductor "contacCt connetCti on
st r uct ur ebe depreidsof maetabbdcaasd thiegapsactoss the tickness ofthegate @ddelisct or devi ce

o ol Sl (o ks B atangstroms) The thetal stidde ay LSS ' ve"

CoSi2, NiSi, PtSi, WSi2, or other metal based materials such as TiN, TiW, TaN.

Further, the metal-silicide surface layer rhay be less than 350 angstroms in thickness.
In some applications, the metal-silicide surface layer provides an electrical resistance

of 100 ohm/ea, or less, between the gate interconnect layer and the active region.

| [0024] During the high temperaturé alloy process, not only does the metal diffuse
into the silicon layers; but also, the silicon diffuses into the deposited metal layer,
fror both the single crystal silicon island 202 and the connecting poly layer 210.
Metal-silicide is therefore formed in a continuous layer 232, even across the narrow
gaté oxide layer edge 230. As such, the gate oxide 212 no longer separates the silicon
island 202 from the connecﬁng poly silicon layer 210. This continuous silicide layer
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"for connecting to a gate of a second sem conductor device; and a silicide

| ayer forned on the gate interconnect |ayer, and an active region of the
first sem conductor device for making a connection thereof. 2. The
connection structure of claiml wherein the silicide |ayer further covers a
dielectric edge portion separating the gate interconnect |ayer fromthe
active, region. 3. The connection structure of claiml1l wherein the silicide
| ayer further covers a sidewall of the gate interconnect. 4. The connection
structure of claim1l wherein the first sem conductor device is forned on a
silicon based material |ayer on the insulator substrate wherein the silicon
based material |ayer has a thickness of nore than 20 angstrons. 5. The
connect i @82 i said talhaveof sidewalnbiitted connertionstctiree Fremithe pespesiiveef a | ocal

ti I he, first d d ] A . 6. Th

connect | an SHAVeellotS Beeleiicdaliponar fermasa pruimeete S e han
350 t | ' T i 00s wher ei

angs rgd%ap.{asgne p&g&%ﬂfﬁgegug#pef.g%%ﬁmcgﬁ'fétap&xa&lsmébhaueforqiem 8fdetWher ei n

the sili (ﬁ‘ ov resi stance of 100 ohm ea, or

| ess, betﬂ&@ﬁt&ﬂ}?ﬁ@ﬂﬂrﬁrﬁrm@ Ipﬂﬁcdovbﬁmcﬁmmﬂrhereihéhaﬁ@l Pectivgamma. 8, An
SRAM cel | formed on an insulator substrate, the cell conprising: at |east
one act i Vedireglpandicantinuoisly congected yuith the$EHNatE VRS er vi ng as an
infra-cell connection | ayer connecting drain nodes of at |east a PMOS

transi st d b $:L. Qe l RIS AMEDia first

[ nverter,%ogﬁg aﬁg‘ %‘g&%ﬁ&%ﬂ%gﬁﬂggﬁtﬁg@ﬁfgﬁ%{ r uctfu%rlgﬂﬁsslgd i naglgﬁj unction

Wi th a gaiceoidahed withisrtexamplé of the preseneitventionhd\ silicidad igateepolyB02 he
transistors of the first inverter to gates of at_|east t transi rs of a
second i rfounithe gags ofrthe inuenterdn the ather gawwml K@O%ﬁ@‘ﬂ“\a@- AELATSR 3@1 rther
connects ,to a squice node .of, at. | : of claim
9 wher ei % F¥RSS sé“ﬁ‘é% aS"lﬁg?ﬁﬂnﬁm@%&ggﬁﬁgt@g{@oé‘%% té\-gg g%s i| ne. 11.
The cel | of &l RhiaR ddPe!308) of tREPOHEIH 6 @é poBt30Tayhichigineludedr Ther mi ng

wordline rretal strapsand |anding pads Tor power supply |ines and access
lines. 'same is true for a photoresist window 308, within which the sidewall spacer is -

etched from the edge 310 of a silicided gate poly 312. The silicided gate poly 312
form the gates for a PMOSFET 314 (PU-1), and an NMOSFET 316 (PD-1), of an
inverter 318 (I-1).

[0026] Silicided P+ active areas include the source 320 and the dréin 322 of the
PMOSFET 314. Silicided N+ active areas include the source 324 and the drain 326 of
the NMOSFET 316. A mask line 328 is the edge of the N-well that is implanted and
diffused under the whole PMOSFET 314. N-well doping is overwhelmed
everywhere except under the gate of PMQSFET 314 and, optionally, the portion of a
silicided neck 330 between the P+ doped drain 322 and the mask line 328. The
silicided neck 330 is the active area that may or may not be doped P-type or N-type.
DOpiﬁg is optional in the silicided neck 330, because the silicided surface shorts the
silicided PMOSEFET P+ doped drain 322 to the silicided NMOSFET N+ doped drain
326. Furthermore, the NMOSFET silicided N+ drain 326 is common with the



"12. The cell of claim1l further conprising a second netal |ayer for
formng power supply lines and access |lines. 13. The cell of claim 12
wherein the access lines are interposed between the power supply lines. 14:
The cell of claim 1l wherein lines on the first and second netal |ayers are
arranged .in a substantially perpendicular fashion. 15. An SRAM cel |l forned
on an insulator substrate, the cell conprising: 25 a first inverter
having a first PMOS transistor and a first NMOS transistor; a second

i nverter having a second PMOS transistor and a second NMOS transistor; and
a sidewal |l butted connection structure used in conjunction with a gate

interconneciil.;,ﬂae\ﬁﬁ\rI for cgggeﬁti ng drain nodes of the transistors of the
first inveft& b apwKse 3p2. phiheRass gateNMOIHET 334 (P6t1) sduelibassibicided . 16.
The cel |l of+«chmiigsdd further conprising a first netal |ayer for formng

| andi ng pads for at |east one wordline and at |east one power supply |ine
or access line. 17. The cell of claim 15 wherein the first netal |ayer is

al so used J0627]f oThe ngnzection;lee theasilididédvaetk 330¢ betvaien the desing 522 hd B
transistors, of the first or second inverter. 18. The cell of claim 16

further coRBYRESHyoLoBtAcknaneta eachidrpb thatiare peeassRyy4n prexious teshnologtsi ne
metal strappapgdo @k 8sh &q&IgZé,%nﬁéctéf %}Sr e SificiiRdeck 350) Ifé(mk ‘e storage

node of the inverter 318. The storage node is connected to the silicided gate poly 302
by the sidewall butted contact formed on the edge 306 of the silicided gate poly 302.
This is the sidewall butted contact 232 as illustrated in FIG. 2. By using the silicided
neck 330, which helps form the storage node of the inverter 318, and the sidewall
butted contact, which connects the aforesaid storage node to the silicided gate poly
302, where an area-efficient connection structure is provided. Two metal drain -
contacts with a metal routing are obviated in the storage node, and a tungsten-plug
butted contact, or a pair of contacts with a metal routing, is replaced by the simpler,

area-saving sidewall butted contact with the metal-silicide layer.

[0028] FIG. 4 illustrates the first layout 400 of an SRAM cell in accordance with one
example of the present invention. This layout 400 takes advantage of the dense
contact structures as shown in FIGs. 2 and 3. The inverter and pass gate shown in
FIG.3 are shown again with the addition of the symmetrical inverter and pass gate
necessary to produce a complete SRAM cell. Poly gate layer 402 forms the gates of a
PMOSFET 404 (PU-1) and an NMOSFET 406 (PD-1) of the inverter 408 (I-1). Pol);
gate layer 410 forms the gates of a PMOSFET 412 (PU-2) and an NMOSFET 414 (PD-
2) of the inverter 416 (1-2). A pass gate 418 (PG-1) connects to a node 420 of the
inverter 408. A transistor 422 (PG-Z) connects to a node 422 of the inverter 416.
Metal Layer 1, as illustrated by bold lines, is used as a strap 424 for the word iine,



"or access line. 19. The cell of claim18 further conprising a third netal

| ayer for formng power supply lines and access |ines. 20. The cell of
claim 19 wherein the access lines are interposed between the power supply
lines) 21. The cell of claim 15 further conprising at |east one active
region with a silicide layer fornmed thereon serving as an infra-cel
connection | ayer connecting drain nodes of the transistors of the first
inverter. 22. The cell of claim15 wherein the sidewall butted connection
structure is 16 el ectrically connected to a source node of a pass gate.
23, The cell of claim15 further conprising a first nmetal |ayer for formng
at | east one .power supply line and at |east one access Iine.F%ﬁg}The cel

of cl ai m 28nd the laading,pads 426, 28, 430 and 432 for VGGEVSS, it ling) apd Rty
| andi f Qb | | i | f t | t
power cuppro Lty AT fad el B polVERAEY B2URGATY, B 00 D0

netal |ayer for formng at | east one wordline netal strap and at |east one

power supp[0028] n@EIG2Billustratystaditst pietdl ddyr Mayout 560 desabirebpdridsctothafiestt i on
structure, the nethod conprising: for rrisgg an insul at or subst r,ahe.; formng a
an

first sem &ayeunsdbd, Thefirssanetal layer lnyeut 590 dncludesMetal Layent whishda tyayvi ng a

an { nt or cottlut ML PATLEY B8l AP Bt p Ul Aol e TR 7
renpbvi ng alapacEiwhitRin furdiifevabs VOT 8025 VES 506, BHEES508) And itdinedR510.he

active region; and )
As can be seen, the two metal layers are arranged in a substantial perpendicular

fashion. On Metal Layer 2, the access lines 508 and 510 are interposed between the
power supply lines 504 and 506 for noise shielding purposes. "

[0030] - FIG.6 illustrates the second layout 600 of an SRAM cell in accordance with
one example of the present invention. The second layout 600 takes advantag\e. of the
sidewall butted contécfs, but not the silicided active region connection as shown in
FIGs.2 and 3. Metal Layer 1is used as a connection 60é between the drain 604 of a
PMOSFET 606 (PU-1) and the drain 608 of an NMOSFET 610 (PD-1) to complete the
storage node of the inverter 612 (I-1). Metal Layer 1 is also used for a landing pad
614 for the word line, and the landing pads 616, 618, 620 and 622 f"or VCC, VSS, bit
line and bit line bar, respectively. A connection 624 is used in the same way inan

inverter 626 (I-2) as the connection 602 in the inverter 612. .

[0031] FIG. 7 illustrates a second metal layer layout 700 that corresponds to the
second layout 600. The second metal layer layout 700 includes Metal Layer 2, which
runs parallel to gate poly as a global word line 702, and in blocks as vertical
connection through vias between Metal Layer 1 and Metal Layer 3. The Metal Layer
2 is primarily used for wordline metal strap and landing pads for the power supply
lines and/or the access lines. The second metal layer layout 700 also includes Metal

Layer 1, as described earlier, and Metal layer 3, which is shown running
9



"formng a continuous silicide |ayer over the active region and the

I nterconnect |ayer wi thout interruption caused by the sidewall, wherein the
continuous silicide |ayer connects the active region of the first

sem conductor device to the second sem conductor device. 17 27. The

met hod of claim2b wherein the renoving of a spacer further includes using
a |lithograph process and an etching process. 28. The nethod of claim 26
wherein the step of formng the silicide layer further includes: formng a
netal material |ayer on top of the interconnect |ayer and the active
region; and annealing the netal material |ayer to generate the silicide

| ayer. 29. The nethod of claim 28 wherein the silicide I ncl udes

Ti Si 2, Casrpendipgar togae poby aywraps 704 ardi6ifer K6E and VPG arrglz ingRet.and t he

gate oxi eblFﬁ_B g tﬂtockness | ess than 22 angstrons. 31. The method of claim
28 wher eith de |l ayer has a thickness |ess than 350 angstrons. 18
.A9?. Ah . AL{ . A _

[0032] FIG.8 111ustrates the tturd layout 800 of an SRAM cell in accordance with
one example of the present invention. The third layout 800 takes advantage of both
of the dense contact structures as shown in FIGs. 2 and 3. The active components
are the same as in FIG. 4. Metal Layer 1 is shown running perpendicular to gate
poly as a strap 802 for VCC, a bit line é04, and a bit line bar 806, and as landing pads
for 808 and 810 for VSS and the word line, respectively.

[0033] FIG. 9 illustrates a third metal layer layout 900 that corresponds to the third
layout 800. The third metal layer layout 900 includes Metal Layer 1, as described in
FIG. 8, and Metal Layer 2, which includes straps 902 and 904 for V5SS and the word

line, respectively.

[0034] Itisalso understood that the inverter gate poly patterns can be extended so

that they overlap the drains of both the NMOSFET and the PMOSFET. As such, the

sideWall butted contacts can be formed for directly connecting the drains of the

transistors of a first inverter to the gates of the transistors of a second inverter in the
_ SRAM cell.

[0035] FIG. 10A presents a process flow 1000 illustrating the processing steps in a
single-photoresist scenario. In step-1002, a MOS transistor 1004 and a poly
interconnect 1006 are formed on an SO! substrate 1008. A low-doped drain (LDD) is
then implanted into the SOI substrate 1008, Sidewall spacers 1010 are formed on the
sides of the MOS transistor 1004, and a sidewall spacer 1012 is formed on the side of
the poly interconnect 1006. After a photoresist layer 1014 is coated onto the above-
mentioned structure, a phetoresist window 1016 is developed. Instep 1018, the

10
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silicide 1024 is first formed on all the exposed silicon surfaces. The silicide layer

may have a thickness of less than 350 angstroms. A layer of interlayer dielectric

- 1026 is then deposited and plananzed After a via 1028 is etched into the interlayer
dielectric 1026, Metal Layer 1 is deposited onto the interlayer dielectric 1026, thereby
filling the via 1028. Metal Layer 1 is then patterned, as shown by a block 1030, The
filled via 1028 connects Metal Layer 1 to the silicided surface of the source of the
MOS transistor 1004.

[0036] FIG. 10B presents a process flow 1032 illustrating the processing steps in a
double-photoresist scenario. Similar to the process flow 1000 as..illustrated in FIG.
10A, the MOS transistor 1004, and the poly interconnect 1006 are formed on the SOI
substrate 1008 in step 1034. The low-doped drain LDD is then implanted into the
SOI substrate 1008. Sidewall spacers 1010 are formed on the sides of the MOS
transistor 1004. Then, a first photoresist layer 1036 is deposited. A second
photoresist layer 1038 is deposited on fop of the first photoresist layer 1036, and then
a photoresist window 1040 is developed. This photoresist window 1040 will later be
used to etch away the sidewall spacer 1042. In step 1044, the photoresist window
1040 is developed downwards into the first photoresist layer 1036, thereby exposing
the sidewall spacer 1042, which is subsequently removed. In step 1046, after the
photoresist layers 1036 and 1038 are removed, the dopant DP is implanted into the
SOl substrate 1004. The dopant DP may be N+ or P+, In step 1048, metal-silicide
1050 is first formed on all the exposed silicon surfaces. Interlayer dielectric 1052 is
then deposited and planarized. After a via 1054 is etched into the interlayer
dielectric 1052, Metal Layer 1 is deposited onto the interlayer dielectric 1052, thereby
11
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filling the via 1054. Metal Layef 1 is then patterned, as shown by the block 1036.
The filled via 1054 connects Metal Layer 1 to the silicided surface of the source of the
MOS transistor 1004.

[0037] FIG. 10C presents a process flow 1058 illustrating the processing steps
involving an anti-reflective coating (ARC). Similar to the proéess flow 1000 as
illustrated in FIG. 10A, the MOS transistor 1004, and the poly interconnect 1006 are
formed on the SOI substrate 1008 in step 1060. The low-doped drain LDD is then
implanted into the SOI substrate 1008. Sidewall spacers 1010 are formed on the
sides of the MOS transistor 1004. In step 1060, ARC layer 1062 is deposited on all
surfaces, including the sidewall spacer 1064. Photoresist layer 1066 is then
deposited on top of the ARC layer 1062, after which a photoresist window 1068 is
developed. In step 1070, the ARC layer 1062 that is exposed in photoresist window
1068 is etched away, thereby exposing the sidewall spécer 1064. In step 1072, after
the sidewall spacer 1064 is etched away, the photoresist layer 1066 is removed.
Then, the dopant DP is implanted into the SOI substrate 1004. The dopant DP may
be N+ or P+, In step 1074, metal-silicide 1076 is first formed on all the exposed
silicon surfaces. Interlayer dielectric 1078 is then deposited and planarized. After
vias 1080 and 1082 are etched into the interlayer dielectric 1078, Metal Layer 1 is
deposited onto the interlayer dielectric 1078, thereby filling the vias 1080 and 1082,
Metal Layer 1 is then patterned, as shown by blocks 1084 and 1086. The filled vias
1080 and 1082 connect Metal Layer 1, respectively, to the silicided surfacés of the -

girain and source of the MOS transistor 1004.

[0038] The above invention provides many different embodiments, or examples,
for implementing different features of the invention. Specific examples of

components, and processes are described to help clarify the invention. These are, of
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course, merely examples and are not intended to limit the invention from that

described in the claims.

[0039] Although illustrative embodiments of the invention have been shown and
described, other modifications, changes, and substitutions are intended in the
foreéoing invention. Accordingly, it is appropriate that the appended claims be
construed broadly, and in a manner consistent with the scope of the invention, as set

forth in the following claims.
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WHAT IS CLAIMED IS:
1. A semiconductor contact connection structure comprising;
a insulator substrate;

a first semiconductor device formed on the insulator substrate;

a non-conducting gate interconnect layer formed on the insulator substrate

for connecting to a gate of a second semiconductor device; and

a silicide layer formed on the gate interconnect layer, and an active region of

the first semiconductor device for making a connection thereof.

2. The connection structure of claim 1 wherein the silicide layer further covers a

dielectric edge portion separating the gate interconnect layer from the active region.

3. The connection structure of claim 1 wherein the silicide layer further covers a

sidewall of the gate interconnect.

4, The connection structure of claim 1 wherein the first semiconductor device is
formed on a silicon based material layer on the insulator substrate wherein the

silicon based material layer has a thickness of more than 20 angstroms.

5. The connection structure of claim 1 wherein the active region serves as a

local connection layer between the first and second semiconductor devices.

6. The connection structure of claim 1 wherein the silicide layer is less than 350
angstroms in thickness.
7. The connection structure of claim 1 wherein the silicide layer provides an

electrical resistance of 100 ochm/ea, or less, between the gate interconnect layer and

14
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the active region.
8. An SRAM cell formed on an insulator substrate, the cell comprising;

at least one active region with a silicide layer formed thereon serving as an
intra-cell connection layer connecting drain nodes of at least a PMOS transistor and

an NMOS transistor, the two transistors forming a first inverter; and

a sidewall butted connection structure used in conjunction with a gate
interconnect layer for connecting the drain nodes of the transistors of the first

inverter to gates of at least two transistors of a second inverter.

9.  The cell of claim 8 wherein the active region further connects to a source node

of at least one pass gate.

10.  The cell of claim 9 wherein the pass gate’s drain node'is connected toan

access line.

11.  The cell of claim 8 further comprising a first metal layer for forming wordline

metal straps and landing pads for power supply lines and access lines.

12.  The cell of claim 11 further comprising a second metal layer for forming

power supply lines and access lines.

13.  The cell of claim 12 wherein the access lines are interposed between the

power supply lines.

14: Thecell of claim11 wherein lines on the first and second metal layers are

arranged in a substantially perpendicular fashion.

15. AnSRAM cell formed on an insulator substrate, the cell comprising:

15
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a first inverter having a first PMOS transistor and a first NMOS transistor;

a second inverter having a second PMOS transistor and a second NMOS

transistor; and

a sidewall butted connection structure used in conjunction with a gate
interconnect layer for connecting drain nodes of the transistors of the first inverter to

gates of the two transistors of the second inverter.

16.  The cell of claim 15 further comprising a first metal layer for forming landing

pads for at least one wordline and at least one power supply line or access line.

17.  The cell of claim 15 wherein the first metal layer is also used for forming a
connection between the drain nodes of the two transistors of the first or second

inverter.

18.  The cell of claim 16 further comprising a second metal layer for forming at
least one wordline metal strap and landing pads for at least one power supply line

or access line.

19.  The cell of claim 18 further comprising a third metal layer for forming power

supply lines and access lines.

20.  Thecell of claim 19 wherein the access lines are interposed between the

- power supply lines.

21.  Thecell of claim 15 further comprising at least one active region with a
silicide layer formed thereon serving as an intra-cell connection layer connecting

drain nodes of the transistors of the first inverter.

22.  Thecell of claim 15 wherein the sidewall butted connection structure is
16
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elecfrically connected to a source node of a pass gate.

23.  The cell of claim 15 further comprising a first metal layer for forming at least

one power supply line and at least one access line.

24.  The cell of claim 23 further wherein the first metal layer is used for forming
landing pads for at least one wordline, or landing pads for at least one power supply

line,

25.  The cell of claim 23 further comprising a second metal layer for forming at

least one wordline metal strap and at least one power supply line.

26. A method for fénning_a, sidewall butted connection structure, the method

comprising:
forming an insulator substrate;

forming a first semiconductor device on the insulator substrate, the device
havmg a gate material for forming a gate region over a gate dielectric material and

an interconnection layer for connecting to a second semiconductor device;

removing a spacer from a sidewall of the interconnection layer over the active

region; and

. forming a continuous silicide layer over the active region and the

interconnect layer without interruption caused by the sidewall,

- wherein the continuous silicide layer connects the active region of the first

semiconductor device to tHe second semiconductor device.
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27.  The method of claim 26 wherein the removing of a spacer further includes
using a lithograph process and an etching process.
28.  The method of claim 26 wherein the step of forming the silicide layer further
includes:

forming a metal material layer on top of the interconnect layer and the active
region; and

annealing the metal material layer to generate the silicide layer.

29.  The method of claim 28 wherein the silicide layer includes TiSi2, CoSi2, NiSi,
PtSi, or WSi2,

130, The method of claim 28 wherein the gate oxide has a thickness less than 22

angstroms.

31.  The method of claim 28 wherein the silicide layer has a thickness less than 350

angstroms.
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