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MOSFET DEVI CE SYSTEM AND METHOD FI ELD OF THE | NVENTI ON The prepqugN 2""(}
invention relates generally to field of netal oxide sem conductor fiel
effect transistors (MOSFETs), and has specific application to the
fabricatio Oo&stgbse devices in the context of an integrated circuit (1C).
6 BACKGROUNS HE | NVENTI ON Since the invention of tRE"Y4A%%tor in the
| at e 1940s) trenendous advances have been nade in the field of

m croel ectronics. Current technol ogyl-al | ows for the cost effective
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Geoire for greater functiofdiHDPhs ﬂﬂaﬁwﬁﬁﬂéﬁci at less cost per IC drives
Second, the t rinseiesdb et REILE Bereraly B i o bR BE TS a6 o
ot f of o cit ﬁgﬁ@%‘%@ﬁ%‘? D Hos BB SEt RS e BBeion Pt par et o 1 or

Met al - Oxi 1S d Effe Transi stors (MOSFETs, the dom nant
transi sto?% cg?ﬁ]rﬁlg cg%’?to a'f'ﬁ grﬁﬁdf“ﬁug?@e channel |ength. The channel |ength

L t he di st th |t th h th
ot co, and a reduct i onMACKGURBA RRBNYRNIIORLS ' rpi e i gher
current drivesy,tgdyced. Raka ItrEmSIstorr mst*'ls RLENSSR t?'enr%(?cpﬁ%ugati\!aﬁc%gﬁes and inproved

hi gh- f requency pertor mance. ur é-of Hé power - del ay

product, g%gyﬁmﬁt&quggéégrgﬁ urcﬁrrgr{mtc l?%nosgﬁil?_wg)fgrt%ornance i nproves as

t he cube e i nverse anne F%"expl ai ns the

t d t the channel
| ength as oo uielfonf B u“ﬁd%&é"%@‘éw el PR i rore. sreer
RULE 26 5157 P 4 F di gi t al
ol i cat | SRS AT iR ?F@““¥§%$4§m9%%uu " ont, “they drive

r e, ativel é’onl %91&0%@1%%8 n acfg\L% st Th?gesl{g\ﬂ)r Ereztxtgrrqunc(Hona I fanfilt hey are

char acteri ze a certain Urrent . annel |engths

are reduc@%n@rnwﬁl&ysgsg&&ﬁ:arﬁogs%@&ﬁ>trem'.Ch i's beneficial for circuit

per f or man as stated a eakage currents increase as well.

Leaky transi StFﬂJétsf g&m}}{ult%ﬁﬁs ﬁd)traqggtglsc%ﬁm% u&%&nd%?é&r@%}ol on (the 6 power

di ssi pated by an en 1dle In ext rene cases can affect the transfer

of bi nar ythamcwembang QH&&&‘Q sagga %S0 m&&@g&mpa g’o%ﬁsltg?rﬂ oners therefore

have good reason to keep | eakage currents | ow as cChann engt hs are

reduced. importantly, to improve their performance. As far as performance is concerned, the key

16 parameter for Metal-Oxide-Semiconductor-Field-Effect-Transistors (MOSFETs, the
dominant transistor technology of the day) is the channel length. The channel length (L)
is the distance that charge carriers must travel to pass through the device, and a reduction
in this length simultaneously implies higher current drives, reduced parasitic resistances
and capacitances and improved high-frequency performance. A common figure-of-merit

21 is the power-delay product, and this generalized measure of transistor performance
improves as the cube of the inverse of the channel length (1/L%). This explains the
tremendous incentive that IC manufacturers have to reduce the channel length as much as

manufacturing capabilities will allow.

4

SUBSTITUTE SHEET (RULE 26)

AR




MOS transi stor | eakage currents are traditionally controlled b 1i qbr cing
controll ed anounts of inpurities (dopants) into the channel reéi oHY ke
device, and by 11 tailoring the source/drain |ateral and vertical doping

di stributions. Although these approaches are effective in shoring up the
potential Rabi/dspyy i nternal to the MOS transistor and theeh@imsa’ educi ng the
| eakage current, they can also contribute to degraded drive current and

i ncreased parasitic capacitance - the very itens that channel |ength
reduction is nmeant to inprove. Furthernore) dependi ng on exactly how in the
mamuf act ur i ng FakigitabappBcatiblieMOSanmstorabdhaledikk oW itdhes OMRéneEl @éyn dopants are
i ntroduced, the manufacturing cost can be affected significantly. G ven
tradi ti ondive MEEvily bargeiasioonts ofxRir€ht, add Whéd 1Gikd D6t thePare Eh&i’c@ri@d’d%yom y limted
solutions to the trade-off between drive current. |eakage current,

par asi t i ca eagaambmnctedagt curaitsSAacnnel Righymamethasd, drivd@remspl exi ty/ cost .

The present invention offers a new rel ationship between these conpeting 21
requi r emeindrease, auhith isicedficind &6 ciodue piiiimaiey hcegedrbbie. Huaveag)ledkagd i CS that are
not achievable with traditional (inpurity doped) MOS architectures. The use
of metal dugentsingeseay ed!l. drakydmadistoracmtribuitorpliescent powed digdipatioth@nt ed channel
dopant profile provides for inprovenents to device characteristics in terns
of 6r educ gowpedisspiated by analSawicn afig)@nd nesmmectass adni affedtclal rabdfBST|I TUTE SHEET
(RULE 26) ~ ~ uuN 200 WD 01/45157 -3 PCT/US00134082 variations in these
char act erhisgry inforra@iop doiing actyyveaperation. Seeinnddsighentedforechadegiod aaseh) and reduced
manuf acturing cost and conpl exity. DESCRI PTI ON OF THE PRI OR ART Dooi ne
Profi | es tPkeppilaakage gemanrsdow enchawtke! IMighhstareandicad. or s have relied on laterally
uniform and 6 vertically non-uniform channel doping profiles to control

dr ai n-t o- sour 399 temkistgelegkage @ntgs arSgglitmally chbauslled bifingoduweigedi bl e Shri nki ng
Transi stor"”, | EEE SPECTRUM pages 2529 (www. spectrumieee.orti) |SSN

001 8- 923%pntialleq arhQ@G)of irfpugities (dodahtsintosheabarmnl regiengfltizrdgvicongd iphannel
conventional MOS device (100) that conprises an inpurity doped source
(101), artailogpg thiesqurepérseinl lathrad and ettal)dopiag dismibetions. ohltHougiOBeseype gat e st ack
(103)) and a laterally uniform channel doping profile (104) in the

subst r at eapproachessiraeffectivetimshogioginn he pa¢ntigidwrriseintecnativodhe MO8 &feasistorcur r ent s.
Devices are electrically isolated fromeach other via a field oxide (105).
Such charandthegtéparedugineshd leakagemuarent shayesan dlsp epavibute to degtafedediaanel | engt hs
down to approxi mately 200 nanoneters (nm. However, as device channel

| engt hs ratrent Bedeincreaseldipasaditic cepagipace O Yo ilcaygithebchamme! feagth fedeqtigb ur e t eaches

t hat channel doping profiles that are non-uniformin both the lateral and
vertical 8meatttqimpepvex@urhemere dapendmeroncssctly hey Mt manufacwengxenpl ary
shortchannel MOS device (200) has sone elenments simlar to the | ong-channel
M3 devi dEOETOLA chamsband tailgred spusceldiph fopaes arg indropuraththedpaab faptfiif i t y doped
source (201) and drain (Zogg‘ydas_ wel | as a conventional MOS gate stack (203)
(wi dt h < costrambeptiectedyigraficaptie i Gypnitgdiional MOStrpasisendesighgdh L). The structure
further conprises shallow, inpurity doped extensions for the source (208)
and dr ai rrqteryre.dheaz.are prle imitd selvtiasdo the gaderaif beprenAG S ek t h drai n ( 206)
and source (207) pocket doping as well as conventional channel doping (204)
to cont r dFakagn IEEnt¢RIragitic FaRaqitanne ARdresisianceppd margacrucias SHEPIGHCPel ect r odes

(201) and (20%?1 and SUBSTI TUTE SHEET (RULE 2Q) .
e present invention offers a new relationship betwéen these competing

21 requirements, and makes possible MOS devices with characteristics that are not achievable
with traditional (impurity doped) MOS architectures. The use of metal for the source and
drain and a simple, uniformly implanted channel dopant p:ofile provides for improvements

to device characteristics in terms of reduced parasitic capacitance, reduced statistical
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11 J UN 2004 WO 01145157 -4 PCT/US00/ 34082 1 their respective extensions
(208) and (209} {the conbination of all four of which conprise {hejuNalibred
source/drain doping profile) are all of the same doping polarity (either
N-type or P-type) and are of the opposite polarity fromthe channel (204)
and pocketwdopisisg el ements (206) and (207). Again, a faahdodsigde (205)
electrically isolates devices fromeach other. 6 In his paper entitled "25
nm CMOS Desi gn Consi derations” (199831 EDM Techni cal D gest, page 789), Yuan
Taur states " . . . an optimzed, vertically and laterally non-uniform

dopi ng pr edriatiens ircthbde @blrickegistiiis pBpectally f,thd hakreEldkth s det@Rdd) dd t he short
channel effect.” 11 A simlar statenent has been nade in the | EEE Spectrum
magazi ne: retiuced manufaamring eosk B complddy. nm | i t hogr aphy generation, an optinmally
tailored profile that is both vertically and laterally non-uniform
(Super-Hal o) is need to DESCRIFTIONQF THEPRIOR ARTfects). " t 6 See Linda
Ceppert, "The 100-MIlion Transistor IC', | EEE SPECTRUM pages 23-24

(www. spectrum i eee.org, |SSN 00DepthePoofilésul y 1999). Furthernore, virtually
all the prior art that discusses device design for channel |engths |ess

t han 200 nm stFagvésis generatiprisioé BICGShahsigérahave relidd pn lagrally ofifdr@saridhat are hi ghly
non uniformin both the |ateral and vertical directions are required for
adéquat e eatdalphongfnifatin chaenehddpirgpoafiles éo ¢opadiaigpgn-orsoneateskagtarrreaxanpl e,
Hargrove in his paper "High-Performance sub 0. 08um CMOS with Dual Gate

Oxi de andS&.YaapTayrn e faoredible Shrigkid®PeankikioN, (FRERPBEIRUM; tpages 25-SUBSTI TUTE
SHEET (RULE 26) 1 1 JUN 2004 WO 01/4S157 -5 "In order to achieve optinal
devi ce pe?d uwmspeetrum.ieee.org I$INQP IRARISS Ndy 1490 R FIGI It iHushek hiosxengagt | ons ar e
required. " PCT/US00/ 34082 The prior art is virtually unaninous in its

st at enent lohgraltanhed tanvertiopal MBS dexict (KOA) thyt coraprises an impurity doped source

(101), an impurity doped drain (102), a conventional MOS type gate stack (103), and a
1 laterally uniform channel doping profile (104) in the substrate to assist in the control of
source-to-drain leakage currents. Devices are electrically isolated from each other via a
field oxide (105). Such channel dopant profiles are common in devices with channcl
lengths down to approximately 200 nanometers (nm).
However, as device channel lengths have been reduced ito the 100 nm regime the
16 literature teaches that channel doping profiles that are non-uniform in both the
lateral and vertical directions are required. Referencing FIG. 2, the exemplary short-
channel MOS device (200) has some elements similar to the long-channel MOS device
(100). The structure comprises a conventional impurity doped source (201) and drain
(202) as well as a conventional MOS gate ;stack (203) (width < ~100 nm, corresponding to
21 the channel length L). The structure further comprises shallow, impurity doped extensions
for the source (208) and drain (209) electrédes which are used in conjunction with drain
(206) and source (207) pocket doping as well as conventional channel doping (204) to

control source to drain leakage currents. Source and drain electrodes (201) and (202) and
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uni form doping profiles, in the formof laterally non-uniform channel
dopants and shal | ow sourcel drai n extensions, are required for adegusne 2004
control of short channel 6 effects. Pocket/Halo '"inplants Laterally

non-uni f orm channel doping profiles are al nost exclusively introduced after
the gate ay@eisspde has been defined and is in place. Wdrhishdd@osgat € serving
as an i nplant mask, dopants of the sane type as those already in the
substrate are introduced ~t into thg channel regions adjacent to the gate
el ectrode's edges via ion-inplantation. As nentioned previously) these are
of tien r ef ewrir edpdcverstchfIGBKEIS) ardr(209) Bhdcombialichdr SH fouesr wiidcokigkée) " The

I ncredi bl e Shrinking Transistor"”, |EEE SPECTRUM page 28

(WWW. s pecthievdilofedt @@uréa/dedin H&pHiy pastildaR2A DY thd wdnye dbPAY bolaithidiBerad fypet i ve at
reinforcing the electrostatic potential barrier between the source 16 and
drai n (andr R-type)ahidare of telogposi@ poRalyddem theithamitt @D4) sndbakEl@ekigg | npl ants al ong
with shall ow source/drain extensions (the tailored source/drain doping
profil es saeméitn206) apd 207)0 Ughiy)a fdifoxid Py ¥ledtiical1Q isblaRs dddf @&huri ng process.
At | east two additional |ithography steps, as well as the associated

cl eans, ieghames, nmetrology, etc. are required to inplenent these process
steps. As lithography is one of the nost (if not the nost) 2t expensive
pracess nodul ds hispagehentifled 3 aim OMQY Dz TontibérGtiok” @958 WOM i cant i ncr ease
in manufacturing cost. Hal o and Pocket inplants as well as shallow

sour ce/ dr @echniea DRELsH, PiRs 78B/TYiah Taurd@ibs par asi ti ¢ capaci tance and a random
statistical variation to device electrical characteristics. SUBSTI TUTE
SHEET (RULE 26) 2.1 af dpdhiZea0veiRaldnd5ak&di1yRIGANSOR3408Z -6 Channel dopi ng
profiles t'or short channel Schottky MOS devices have received only very
limted attention dsépidgieoffé,ichlled @etsuped-halR.is ded@dd@s cahtrstReSes si mul ati ons done
on very short channel SBMOS devices and only nentions in passing that " .
. sone dopi ng of tkershmneleffestt or channel region will be required in order
to suppress (leakage) currents . . . ". 6 See J. R Tucker, C. WVang) J. W
Lydi ng, TA similaBktetamerthasGeenhleriy the EEBESpedtatn baariee: MOSFETs and STM
Patterning on Si," SSDM 1994, pages 322-324; J. R Tucker, C. Wang, P.S
Carney, "Silicon Fiel.dn fhtfieod 130 mb sihsgraghy Bagetionan Quant um Tunnel i ng, "
Applied Physics Letters) | Aug. 1994, Vol. 65, No. 5) pages 618-620. It is
significant to 11 ominélly kéibred pokeithat BdsthiveiticdlyaadBerdllp what nmanner one

m ght go about i ntroduci ng channel doping to suppress source-to-drain

| eakage currents. fpnhunifdl@@Supa-Hahg isTexd toaottobfshdrochenel i cit |y address the

i ssue of channel doping to control |eakage currents. H's approach (uniform
dopi ng of the subseff&ts”to quite high levels ( 10'~/cm)) is well known to
be non-optimal for short channel devices. Al though he 16 is successful in
retuci ng Pedkisdydseppart, ERtiesi00Millivo dramssistatl Ct' HEER R PECIERUM{ pagesc3edds ed
source/drai n-to-substrate capacitance. See QT. Zhao, F. Klinkhamer, M
Dol | e) L. (Wepppeasym.ee drbrIESN 0018:0235delgl999at t er ni ng of epi t axi al

CoSii/Si (100) for uitrashort channel Schottky barrier

nmet al - oxi de- sdiwrtbeymdiectiowally akk thd paérfagahat tisausws ddvire designAPRIbhiERI PHYSI CS
LETTERS, Vol. 74 No. 3, 18 January 1999, page 454. 2t W Saitoh reports on
a devi ce bogthtlessithaB@D0 s btates artimplidsutiat chaes] dapinggirefidesskat ana bighlyatos- dopi ng in
this context. See W Saitoh, S. Yamagam ) A. Itoh, M Asada, "35 nm netal
gat e SO - mifeRsEEGth the taterdPa®l ve8ishlaliredtipns el requifed feriadequatpearitrobofRes ear ch

Conf erence) June 28-30, 1999, Santa Barbara) CA, Paper |ILA 6, page 30.

21 drain-to-source leakage currents. For example, Hargrove in his paper “High-Performance
sub 0.08um CMOS with Dual Gate Oxide and 9.7 ps Inverter Delay (1998 [EDM,

page 627) states
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SUBSTI TUTE SHEET (RULE 26) 1 1 JUN 200k WO 01145157 PCT/ US00134Q82 5 1
C. Wang nentions the use of "a |layer of fully-depleted dopants btAedih @ﬁﬁe
active region" and "preinplanting a thin subsurface |ayer of fully depleted
dopants” to control |eakage currents, but does not describe the |ateral
uni form t ywebiidsisek t hereof of the doping profile, or hawiabgsgrght go about
produci ng the "layer". See C. Wang, John P. Snyder, J. R Tucker, "Sub-40
nm PtSi Schottky sourcel drain metal -gxi de-sem conductor field 6
effect-transistors,” APPLIED PHYSICS LETTERS) Vol. 74 No. 8, 22 Feb, 1999,
pages 1174; C. \nUn odiehtd abhievEdyitdl Hevice piforkidfdee! . strospib- 50 nm Pt Si Schot t ky
sourcel drai n PMOSFETs, " Annual Device Research Conference D gest 1998,
pages 72-73. SUBSThalédldougtkdakith shidwEurdibns arclreduiddd N 2004 WO 011 45157
PCTNS00134082 _g_ 1 Summary G ven the literature on substrate doping
profiles fThyprivesyBNirvaMadnasiiend in @b anegént MeaterAlySna veviRalfihnt he scant work
on channel doping profiles for short channel Schottky MOS devices, the
proposed hnifdfit dopingQirbfiles; infhe B¢ of PléalPRoriMifoPmThariel depahtsWnd h many
advant ages over the current state-of the-art. 6 OBJECTS OF THE | NVENTI ON
Accor di ngkhallow kenrodifaii &tddbiohs) frefeQfiRAifon déGtité Ut 6F shadTomghnel hers) to
circunvent the deficiencies in the prior art and affect one or nore of the
f old owi ngefdejsect i ves: 1. Provide a system and nethod to permt MOSFETs to
be fabricated with short channel lengths with | ess cost) higher performance
and better tol erances than curpoekte/HaRhiplaits on t echnol ogi es. 2. Reduce
parasitic bipolar operation in integrated MOSFETs, thus reducing the
potential for Lagtatlyupn-aiifbro chwncl dongironiss delmvi esclusBelyRitdisde for MOSF>; T
devi ces that have in sonme circunstances a hi gher degree of radiation
har dness. aftef thélhtk elcttivas Basdb¢redztinedand Bopthad. Maih thegandeingtaond to limt the
teachi ngs of the present invention, in general these objectives are
achi eved byplinbmadi saphmis 6ftthé gawe fyipk adthbsd alread § indhessubsardrd intrddaeedf ol | owi ng
sections. BRI EF SUMVARY OF THE | NVENTI ON Overvi ew 21 Referencing FIG 3, an
exeanpl ar yinenhochianmehtegiohs ddfueerp roaBegute dldawadel s edpes (va06y)-ingpdaasitisd. SAsi nply of a
conventional MOS gate stack {303) (gate el ectrode on silicon dioxide on a
si |l i con substoneat @gviousiyt dhese arwitererefed®d jo as tyghickn” atr balel’ imPRRY. Bdeect r odes, and
channel SUBSTI TUTE SHEET ( RULE 26)

Yuan Taur, “The Incredible Shrinking Transistor”, IEEE SPECTRUM, page 28

(www.spectrum.jeee.org, ISSN 0018-9235, July 1999).
While effective at reinforcing the electrostatic potential barrier between the source
16 and drain (and therefore reducing leakage currents), Halo/Pocket implants along with
shallow source/drain extensions (the tailored source/drain doping profiles mentioned
previously) add complexity to the manufacturing process. At least two additional
lithography steps, as well as the associated cleans, implants, metrology, etc. are required to
implement these process steps. As lithography is one of the most (if not the most)
21 expensive process modules in the production process, this is a significant increase in
manufacturing cost. Halo and Pocket implants as well as shallow source/drain
extensions can also add parasitic capacitance and a random statistical variation to device

electrical characteristics.
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1"1 JUN 2~4 WD 01/ 45157 PCT/ US00/ 34082 -9 dopants (304) that vary

signi Fcantly in the vertical direction but not in the |ateral d{' ﬁeﬁ}é‘j %,’ A
field oxide (30S) electrically isolates devices fromeach other. T
Schottky (or Schottky-like) barriers (307, 308) that exist along the

i nterface wbhoidsesscorrespondi ng netal source/drain (30lpcTA®Rdd34893d t he
silicon substrate (306) act as an inherent pocket or halo inplant and does
so without added parasitic capacitange. It also 6 elinmnates the need for
shal | ow source/drain extensions as the netal source/drain is by its nature
shal | ow and hi Giingel dopinh rofilesoor sBorycliahnet SetiottkyedOS tdevices have régaived act uri ng
conplexity are therefore achieved by sinultaneous elimnation of the

hal o/ pockenlyiverylizited atieniibntii the poerrage J.R. Tuckeedisonssed dmnslatiohbdse oar e al so naj or
advant ages over conventionally-architectedchannel MOS devices. | Due to the
at omi cal | yerabiragyrthanmat SBMOS flevidesaronlytntekijorls &r passng thnd t he very consi st ent
and repeatabl e magnitude of this barrier) two sources of statistical

vari ation whi ch aré.erdmailopitgef tensmindridonal chddoS regon witis are virtual ly

el i m nated. The r athdequistdan erd¢rite sipprsi(ieal@go urdmpant “.i nt r oducti on vi a
iontinplantation in conventional devices produces significant variations in
t he posit Sem. BnBudsergfi Wentel Bt Lyding, ArE.SHerd GpE&ntisin, TRarpmieteriScale for t6 both

t he hal o/ pocket and source/drain dopants. The result is a certain anmount of
random vaMOSFERs and ST Patterpiag am8i s3SDM 184, pgesciranael). R shgkds, €.L), drive
current, and | eakage current. These variations nake circuit design nore

di fficul t Vang F® flamejp((SibicenFiptd iRffeat Transistgr Bzaed on/Qaantival Thnhaasg,due to | Cs
that do not neet performance specifications. The probl em becones nore
sever e as ApbliedPaysidsdatrrhd Aagel 994 Mot 66, Ni 8, agestoid 6200dl ik eignifdanefof ect i ve

vol une of silicon per device) and therefore | ess averaging to snooth away
st &t i sti catte thar Twkergnss. noBiisrassse whh enanmeetr ane sightrgo @balic miradycidgicadnnelepl aces t he
conventional inpurity doped source/drain) has a natural, very consistent
and at om deglingto alppeass soBretd-draib daakigerure807, 308) SUBSTI TUTE SKEET ( RULE 26)
~1J UN 200 WO 01145157 -10 PCT/ USOOI 34082 1 with the silicon substrate
(306) ~rhose Pdi Zhagrs thewkxhauwr tirdpicilyaddrad ¢passdesfichadnet depimeto | engt h, and
because this barrier fasen! Tally plays the role of the hal o/ pocket inplant
(maki ng t hentrel leakapeagverents) nidie eppsesalr (phiforgtdaping vf thadubstrate tagiioridghdue t o random
pl acenent of atons during the source/drain and hal o/ pocket inplants are
essent i al leyele(10f{cmad isavell known toae non-eptimiahfor thow chaang deviess. Bliowgleke nore true
as the channel length is reduced. 6 Another benefit of the netal

solfr ce/ dr &isHccraSRyl i redhicing deakage cureenis e dogscso dhe ¢xpenst ofdingredserht i on of t he
parasitic bipolar gain. The parasitic bipolar gainis a direct result of
usi ng opp&BIreeErdgs-whstialgsarcitanee. (9o Qdo ghavel - drimkhrmumed, Mubdierlat e regi ons, and
can result in latch-up and other deleterious effects. Wen the source/drain
el ect r odeXappius, 8.dviantly (Nanenhetsr patterning of epitaxipl(fadi/Si(180)der witrashoel | ni nat ed.
This makes the netal source/drain architecture 11 ideal for (anong ot her

t hi ngs) hrkgrneldithetthydrardenmetalroxidetsemicaeduston field ¢{feet trpnsistors,”

APPLIED PHYSICS LETTERS, Vol. 74 No. 3, 18 January 1999, page 454.

21 W. Saitoh reports on a device built on SOI substrates but does not discuss substrate
doping in this context. See W, Saitoh, S. Yamagami, A. Itoh, M. Asada, “35 nm metal
gate SOI-P-MOSFETs with PtSi Schottky source/drain,” Device Research Conference,

June 28-30, 1999, Santa Barbara, CA, Paper IL.A.6, page 30.
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The present invention typically provides the followi ng benefits as conpared
to the prior art: 1. Reduction in manufacturing conplexity. PocketHilNo 200
i npl ants and shal l ow 16 source/drain extensions are not needed. 2.
Reduction in capacitance due to absence of pocket/halo inplants. 3.

Reduct i onwgyiagedoni st ati stical variations of device etpo§dkhdsd
characteristics due to absence of pocketl halo inplants and course/drain
extensi ons, and the use of netal forj.the source and drain. 21 4.
Unconditional elimnation of the parasitic bipolar gain and associ at ed

| atichup. 5. | AcWaagsmenticadihatse@n*diayee offsidy-deplet:a dpmne Bedeathclaeevtt i onal MOS
structures. The above |ist of advantages should not be interpreted as to
limt theegodpad tireitrip@aniirgeskintulisuéeatayanf fubip depleead dopane™ skéonfreld i n t he art
vrill recognize a plethora of application SUBSTI TUTE SHEET ( RULE 26) 11
J U N 200ean@reCbirdiid but deeSTHouS061h8 4@8&eralppdorminyiot lagsthéresf of the dppims ent

i nvention teachings given the above-nentioned |ist of general advantages

t hat ar e pofilert hat brye raighti go abdue proBRIngFheDESGRI 58| (O 2BE, JOMEP.DRAWENIGS For a
full er understandi ng of the advantages provided by the invention) reference
shoul d beR.riiudier.t“Sub-Hé nindtSiSchettkydetme/Henin temboxigé-seqricondgaoidald-wi t h t he
acconpanying 6 drawi ngs wherein: FIG 1 illustrates a prior art |ong
channel , eéffepitransistoto) ABPSIEDRIHEYSICSLETTERA, Yel. 7#N&.8, 22 Fdbl il90rmpeas a prior art
short channel) inpurity doped sourceldrain device with pocket inplants and
sour ce/ dr Hi7#; @WagSliobmB.;Sndetz]. B. Tucken s Snla5@ smdhSicScbottiyaoyree/idizdnlPrent of t he
present invention as applied to at Z short channel) netal source/drain
devi ce W MOSFETRD @keial DefitecRusenrchlotfereicd Dilgess 19981 pagesaR-78xenpl ary enbodi nent
of the present invention process fabrication step using an inplanted
silicon substrate with approxi mtely 200 A screen oxide;
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FIG 5 illustrates an exenplary enbodi mrent of the present inventiﬁguﬁr@}ess
i6 fabrication step using a patterned in-situ doped silicon filrh h
gate oxide; FIG 6 illustrates an exenplary enbodi mrent of the present

i nvention process fabrication step using a formation of thin oxide

si dewal | s)wagdhs@xposure of silicon in the gate, sourcecgudoBadtn areas;

FIG 7 illustrates an exenplary enbodi nent of the present invention process
zt fabrication step using a netal degosition and solicidation anneal. FIG
8 illustrates an exenpl ary enbodi nent of the present invention process

fabrication step using a renoval ghmwareacted netal fromthe sidewalls;
SUBSTI TUTE SHEET ( RULE 2Q 1 1 JUN 2004 WO 01/45157 PCT/ US00/ 34082 -12

FI G 9 il ust rGiv@shalneraur gl saisyate abimeh piefés forf cohvetignabEshemthanfelent i on process
fabrication resulting structure. In-situ phosphorous doped silicon) Erbium
silicide pob thansibioasdrdofeht wotpdradhhthePdoping pothleh €t slidiechbhmeygrfiotkgvi ce for the
gate el ectrode, source/drain electrodes and channel doping respectively.
The P-typeiabdtvices theploposds Riverftioh Bfféd 4 hbvBQin® Rordsels sgptdactowith M@t | num
Silicide and Arsenic channel inplants. The channel dopant 6 concentrations
vary si gnadvafages byer the ctikeart M@e-oi-dakrtdi recti on but not in the |ateral
direction. Gate lengths are typically <100 nm but may be longer; FIG 10
illaustrates an exenpl ary gsBJECGES OF THEINVENHON f| owchart show ng a net hod
of produci ng superior MOSFET devices; FIG 11| illustrates an exenplary
det ai | ed syst exacpidigBsthe bbjenrdodi detpresérn wivergioa agdnmg otbrsprocoteonvegt superi or
MOSFET devi ces. DESCRI PTI ON OF THE PRESENTLY PREFERRED EXEMPLARY
EVMBODI VENTHS dEfidiandiestimntiespriaf st dndaffidt atieor Wokd o thelfoliowimpebidciiaes: 1 s suscepti bl e
of enbodiment in many different fornms, there is shown in the draw ngs and
wi Il hereiln bepProddcs sylred ahdmetbddab perchitM @S IETs edbecfnliyzakedreik stoft t he | nventi on
with the understanding that the present disclosure is to be considered as
an exenpl i fi cadhamial ledgtiistwathpéss oxst, higeer peffortiree iamd/exttr tolaraseesithas not i nt ended
tolimt the broad aspect of the invention to the enbodinment illustrated.
Ther nuner ous i curentdibiriv@ioh egirvlaggs. of the present application will be
described 21 with particular reference to the presently preferred
enbodi nens) wRelne parasitie bipolamoperation iv éntegeases NIQSIE Tsr thusaradugimg hseous| y appl i ed
to the particular problens of a MOSFET DEVI CE

potential for latchup and other anomalous behavior.

3. Provide for MOSFET devices that have in some circumstances a higher degree of
radiation hardness.

16 : While these objectives should not be understood to limit the teachings of the
present invention, in general these objectives are achieved by the disclosed invention that
is discussed in the following sections.

BRIEF SUMMARY OF THE INVENTION
Overview

21 Referencing FIG. 3, an exemplary embodiment of the present invention (300)

consists simply of a conventional MOS gate stack (303) (gate electrode on silicon dioxide

on a silicon substrate), metal source (301) and/or drain (302) electrodes, and channel
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SYSTEM AND METHOD. However, it shoul d be understood that these enbodi nents
are only exanples of the nmany advantageous uses of the innovati Ve J@%‘ ngs
herein. I n SUBSTI TUTE SHEET ( RULE 26) 1 1 JUN 2004 WD 01l 45157"

PCT/ USO0/ 34082 | general, statenents nmade in the specification of the
present appbbgaiston do not necessarily limt any of theragidass cl ai ned

i nventions. Moreover, sone statenents may apply to sone inventive features
but not to others. In general, unless.otherw se indicated, singular

el ements may be in the plural and visa versa with no | oss of generality.
Def i ni t i odepamts(Idythetmary significapty Bthoveriienl tireQiod datma i the ligterfap! | owi ng
definitions will be utilized: System Bl ocks/Procedural Steps Not Limtive
The pr esedireétione Atfiebdhoxidey(305¢ eleqitidally delstes deloiees fram ¢aeli oherof exenpl ary system
bl ock di agrans and procedural flowcharts. Wile these itens are sufficient
to instruct onBhedchdtky (awiSchortky-likes kirtidrs (307,t308) thn kxifthidng érGhem@sonf t he
present invention, they should not be strictly construed as limting the

scope of theeompespadivg nieml soukdedimin GOE 368iahd @el siiicontsbisstrae (3064 4ck add@ awar e t hat
system bl ock di agrans may be comnbi ned and rearranged with no | oss of

gener al i t ypheramaopieoaredisrimplasitagPsochBywvitRudaeichafiitic tiphdiRgdeed,ais@nd rearr anged
in order to achieve the sane effect with no | oss of teaching generality.
Thus) it showhtes benaed tensisiion doutd/drdimextdngienydss @xandal keweniiien bass depi cted in
the attached exenpl ary system bl ock di agrans and procedural flowcharts is
f or t eachnugrephallpwsedhighly yondmdivereSigiificantavdefiend idxyiannfretusikg édngtkxitn t he art
dependi ng on the intended target application. Predeterm ned Regi ons
Thr oughoutrettiregefére h¢hiaxedigy siingtiness dimitdtien bixhemalg@pekke irepimitnad tieegi on' Wil | be
21 defined to enconpass the area centered at the heart of the active device
( MOSFET) . sotimgé&lraimdxtensions. pihecessilso maps advambges nexl converitiveal lyenndhéiadiedof a MOSFET
wll create a gate, source/drain, and/or channel doping profiles as well as
ot her st r cloinoal dOS devaes. ar ea proxi mal SUBSTI TUTE SHEET ( RULE 26)
1 Due to the atomically abrupt nature of the Schottky barrier and the very consistent
and repeatable magnitude of this barrier, two sources of statistical variation which are
endemic to conventional MOS devices are virtually eliminated. The random statistical
nature of dopant introduction via ion-implantation in conventional devices produces
significant variations in the position and magnitude of implanted dopants. This is true for
16 both the halo/pocket and source/drain dopants. The result is a certain amount of random
variation in device parameters such as channel length (L), drive current, and leakage
current. These variations make circuit design more difficult and contribute to
manufacturing cost via yield loss due to ICs that do not meet performance specifications.
The problem becomes more severe as channel lengths are reduced due to the smaller
21 effective volume of silicon per device, and therefore less averaging to smooth away
statistical variations.

Because the metal source/drain (which replaces the conventional impurity doped

source/drain) has a natural, very consistent and atomically abrupt Scotty barrier (307, 308)
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~ "~ ,IUN 2(10 WO 01/451S7 -14 PCT/1JS00134082 1 to the predet e1r ghnezﬁg
regions or heart of the active device. The present invention 6I atel
restrictions on what occurs outside this context, far fromthe heart of the
active device. It should be noted that while the predeterm ned region wll
generally b @spsniken of in ternms of a MOSFET device) thper/usosdsmay |imts
the scope of the present invention. One skilled in the art will recognize
t hat any devi ce capabl e of regul atingothe flow of 6 electrical current may
be considered to have a predetermined region in proximty to its active
curnent cawitlyihe gliccaGuirate K808EHosdNsitioh Bhd hagRitddiQrenh®&HAEn bRl ON 'S
particularly suitable for use with MOSFET sem conduct or devices, but the
use of t helemgigamhbechizamisibagir éssentidlly pldysint edle sfand HaloBpopiat trhglank ar  appl i cati on.
> > (X her sem conductor devices) whether integrated or not, nay be applied
to the pr e@eking thesecinmplaom uhreaaskury) Osatistidaldriatidii He th Ringons plageimeht@at i on speaks
in terms of ~MOSFET' devices, this termshould be interpreted broadly to
i ncl ude anatordeduriog thie Gourcedtyaih atd haty/fobiet impamsate wicatdllyicialnadirTIeNt having a
conducti ng channel that has two or nore points of electrical contact. 16
Channel Lefagtrémadiigttrukiand dview Becdines misre sedds thervhaimtli length is repadetli cul arly sui tabl e
for use in situations where short channel |ength MOSFETs are to be
f abmri cat ed, espaoihed Heyefit of théimetbsogree/dhinNM@S irehitebtaredd ds udo@itional However )
nothing in the teachings of the present invention Iimts application of the
t eachi ngs dimihdtionpf deqarasitie\bépuldr@aint Tht pesseicipld gahRA™aEc kemgbh devi ces.
Advant ageous 2~ use of the teachings of the present invention nmay be had
wi t h channingloppgithidopirdy tiay fod thaBsiGieitain bxaabstrate N@tons, iafd éan ¥&@uibldBSTI TUTE
SHEET ( RULE 26) 1t JUN 2004 WD 01/45157 PCT/ US00/ 34082 -15

latch-up and other deleterious effects. When the source/drain electrodes are constructed of

metal, this parasitic gain is eliminated. This makes the metal source/drain architecture
1 ideal for (among other things) high-radiation environments.

General Advantages

The present invention typically provides the following benefits as compared to the

prior art:
1. Reduction in manufacturing complexity. Pocket/Halo implants and shallow
16 source/drain extensions are not needed.
2. Reduction in capacitance due to absence of pocket/halo implants.
3. Reduction in random/statistical variations of device electrical characteristics due to

absence of pocket/halo implants and course/drain extensions, and the use of metal
for the source and drain.
21 4, Unconditional elimination of the parasitic bipolar gain and associated latchup.
5. Increased radiation hardness as compared to conventional MOS structures.
The above list of advantages should not be interpreted as to limit the scope of the present

invention. However, one skilled in the art will recognizz a plethora of application
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Thr oughout the discussion herein there will be exanples provi ded1 tﬂﬂtm,’
utilize various dopant technologies in regards to MOSFET devi cd
fabrication. These dopants are only illustrative of a specific enbodi nent
of the present invention and should not be interpreted to be Limtive of

t he scope wHolyi@ehi ngs within the current invention. Neggsodsamever) that
the present invention specifically anticipates the use of Ginpurity atons
are selected fromthe group consistijpg of Arsenic, Phosphorous, Antinony,
Boron, Indium and/or Galliumas being within the scope of the teachings of
the presesppoitties fdretie.prdden¢ i entibi RAcHNRS gividitht Ab6Re-faftioRkd lis Skehdait he art will
readily realize that the present inventionis not limted in at scope to
ei ther N-iddyprages thit-dteofentflyiaégmblout may be used with either or bath device
types. Source/Drain Not Limtive Throughout the discussion herein there

wi |l be exanpl es provB®EF DESCRIFKON OF THEWBRANANGSOUr ce' and “drain’
connections in regards to MOSFET device fabrication. One skilled in the art

wi I recogni z@oi Matleruideasizhdiig bEfRe MYSItEEs srotitiédbyimd in@ntdd) erieeencl at ure
surroundi ng these contacts nay be swapped w thout |oss of generality, so

that the shealdbe Madetayhelfilidwirigtic@haingedpidnlibgettafwittihdhdomp@PingCt Wi th no | oss
in the scope of the present invention. Additionally, one skilled in the art
wi Isl r ecodrawings wieadin:whi | e many preferred enbodi nents of the present
invention may be used to fabricate both source and drain connections, there
i'S no requir et itliserated hiprior e lohf ehafiged emputitpddpeddonfet/@iin deice;One, 21 bot h,
or none of the source/drain connections on a given device in the context of
an | C or the [FH&e iNesyrataseprionert theaehinig Simnplirity Bepep c@s@Niraih Basvdatwi@n t o
advantage. Thus) the ternms "source' and "drain' should be interpreted to

i ncl ude tfoekar amplamd Sid selir@Vdeiin enchsiosur ce' as well as “source or drain' and
“source and drain'. SUBSTI TUTE SHEET ( RULE 26) WO 01/ 45157 1 Metal s Not
Limtive -16 FIQ 3jliNtrates-dndexE0piAr S0 Ddd3AMB 2 tHdyiresdgthimughtidnhe applis€ twssi on herein
there will be exanples provided that nake reference to netals in regards to
MISFET deshog ehdnadds ihadtsowee/drdiln devie gt podkerdmpiams; does not recogni ze any
limtations in regards to what types of netals nmay be used in affecting the
t eachi ngs of (i@ 4pHesent an axerepliny embodithens df thepredest imentimnirycesssed at t he
transistor level 6 such as titaniunm) cobalt and the |ike are specifically
ant i ci pat @brjcanen siplusinggn enpnet kidicen sobstrate with eproedivatelp 260 4 semeh ot her al | oys.
Nothing in the disclosure limts the use of the invention with any

particul aexidgeetal or alloy. One skilled in the art will recognize that any
conductive interconnecting material nay be used with no | oss of generality
in inplenmenti Al tShbustrelacin exgrspial etnbalipenesfahd presamanenaon. prddetse, however, t hat
the present invention specifically anticipates the use of source/drain

el 6ct r odeibriic@teretepfusioen phiterngd ouyitu doped isditenfg meh thimgatoéxid: at i num Si | i ci de)
Palladium Silicide, IridiumSilicide) andlor the rare-earth silicides as

bei ng wi t hi n e 6stdenrateodn axpraplarg awbedirgent off the presepriessanan grepgent i on.  Schot t kv
Not Limtive 16 Throughout the discussion herein there will be exanples
provi ded fabrgatioradter usiag e famatonto thirguidstsidryallsiad ekropwre afrfdlidon kethe ont act s i n
regards to IC fabrication. The present invention does not recognize any

| i mitati offse. Peyrqeapddidgis afegsiwhat types of Schottky interfaces may be used in
affecting the teachings of the present invention. Thus, the present

i nventi on spedil@iTdHegtrptenzn axemplary embediaent of thpprasepifinyeniit irensss t o be creat ed
w th any formof 2t conductive material. Additionally) while traditional
ScHot t ky fabiicatioronep uaing a AtskaligapositiqrangsadisidpitonjapRealnt i on

FIG. 8 illustrates an exemplary embodiment of the present invention process

fabrication step using a removal of unreacted metal from the sidewalls;
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specifically anticipates that in sonme circunstances an interfacial |ayer
may be utilized between the silicon substrate and the actual 5chdtt KYN 200
barrier nmetal. Thus, the present SUBSTI TUTE SHEET ( RULE 26) 11JUN
2004 WO 01145157 -17 PCT/ US00/ 34082 1 invention specifically anticipates

" Schot t Ky-\ kBisidrunctions and their equivalents to be g&ﬁfswm&sg

i npl enenti ng tﬁ'ue present invention. Furthernore, the intertacial |ayer may
conprise materials that have conduc'_glli ve, sem -conductive, and/or

insul ator-1ike properties. Etchine gchnol ogy Not Limtive Throughout the

di scussi on herm&n fik@fhags M dxemPRry@BBRIER oPhOWAGE ARk, SIS 6 reference to
a variety of etching technologiés utilized to renove oxide and/or netal in

the 1 C f abbiieabh REIRMQEESSe. ThRAu Fﬁd@ﬁtﬁ»ﬂfus tepse BlitANEARGESiRNe S i Ct the
type of etching technology used to achieve the results 1llustrated in the

typi cal prrarashainePiviplant ARI8edTbOhE Ryde AENAGHAEL B3 décGodield in the
art. Process/ Met h;g“? aIn One possi bl ey%r ocess flga\?ve f(;:rot he ufég@ﬁmgati on of

channel i apdvandsadd ciahsl Bopitpasypedivéls LPREMpddRIRLs reRE ke H-aiuBMS devi ces
(400) is illustrated in FIGS. 4-9. Wile ?hi s exenplary process flowis

j ust exenpdpad yili€dn, PilghuRY IRl 208 AReAIE ShaRhel irfitanky. HE Manhdd¥&ARd ON, 1t will
prove very instructive to one skilled in the art to teach the fundanental

corcept s edncdnetidhk &P BignifiEM@Nini ¥ vertibhli dre®@i6R BRI ndl Y (HRNAGSSHrefilaW may be
described as follows: t6 | . Referencing FIG 4, starting with a silicon

subst r at eGaé BAthi Aratypleaisy areans, fuehagbasidel,cal |y isolating transistors from
one another, a thin screen oxide (401) is grown (approximtely 200 A) to

act as an i nplAG! 10MASkatesTiexaniirg gireal §sehareak newaaRshengci es (403) (for
exanpl e Arsenic and Indiumfor P-type and N-type devices respectively) is

t hen i on- meghbdsitpeaiutibg Qiperior MESFETTdedcesOXi de to a pre 2t determined depth in
the silicon (approxinmately 1000 I A or so). 2. Referencing FIG 5, the
screen oxi de iBG!hamustresDImederhplaridéliiRd kystear precessdiodlcharslowing i N gat e oxi de
(501) (approximately 35 A) is grown. The gate oxide growh is i mediately
f olil owed higthadiofi pledatihgsupere MGSHETAeVicdsi | m The filmis heavily doped
SUBSTI TUTE SHEET ( RULE 26) ~ 1 JUN 2004 WO 01145157 PCT/ US00/ 34082 - | 8
DESCRIPTION OF THE PRESENTLY PREFERRED EXEMPLARY
EMBODIMENTS
Embodiments are Exempla
While this invention is susceptible of embodiment in many different forms, there is
16 shown in the drawings and will herein be described in detailed preferred embodiment of
the invention with the understanding that the present disclosure is to be considered as an
exemplification of the principles of the invention and is not intended to limit the broad
aspect of the invention to the embodiment illustrated.
The numerous innovative teachings of the present application will be described
21 with particular reference to the presently preferred embodiments, wherein these innovative
teachings are advantageously applied to the particular problems of a MOSFET DEVICE
SYSTEM AND METHOD. However, it should be understood that these embodiments are

only examples of the many advantageous uses of the innovative teachings herein. In

SUBSTITUTE SHEET (RULE 26)



1"with, for exanple, Phosphorous for an N-type device and Boron for o004
P-type device. Using |ithographic techniques and a silicon et ch1thdfNi gﬂ
highly selective to oxide, the gate electrode (502) is patterned as shown
in the process step (500) illustrated in FIG 5. 3. A thin oxide

(appr oxi may@biyssis®O ~) is then thermally grown on the tpepyssishk@aee and 6
sidewal s of the silicon gate electrode. Referencing FIG 6) an ani sotropic
etch is then used to renpve the oxidg |ayers on the horizontal surfaces
(and thus expose the silicon (601)), "while preserving themon the vertical

surif aces. gdnbraf, RiBm¥AYmad i$ihe Sp¥aHibaB) bife HERR) apFl%:a{i&r dB&0 ne@&gar% e dopants

both in the gate electrode and in the channel reglion of the device are

el ect ri calihy afycdrinéaBéhs BRintA RNt dis. | iBreNeP 6 RS stab Bifies! | lJ ustrated in
FIG 6. 4. Referencing FIG 7, ?hesfi ng cstep setncorrrt)sa@g%p]gtedposi ting an

appr opr i aéoenefiiledtive (féresbuodaR tothe. ah -Fé?lblﬁl {iAEss bikerwite indRGied SYeGGr and Erbi um
for the N-type device) as a bl anket 400 ~) on all

il m(approxi mately

exposed stiéhdtantay btetheplul addSvish Rera WINRALRGS fpkrayspeci fied tinme at a
specified tenperature (for exanple, 400C for 45 minutes) so that) at all

pl aces where the netal is in direpdfnfatact Wwith the silicon, a chem cal
reaction takes place that converts the netal to a netal silicide (701}. The

meteal that waShiodgithut e Hiseedidraia thisMdchimeht (he ol iving@erhigsns hack (702) is left
unaffected as shown in the process step (700) illustrated in FIG 7. 5. A

wet chem @idizet ch (aqua regia for Platinum HNO- for Erbium is then used
to 2t renpove the unreacted netal while leaving the netal-silicide

unt ouchedsystefeBlofiarPiadedbriDERps Bet Limitpet channel Schottkv barrier MOS device

is now conplete and ready for electrical contacting to gate) source. and

drai n as showThe preicheinpinacremsy ttaply de8@BEd inldrins bf xb@pladyRysdnblockd. SUBSTI TUTE
SHEET ( RULE 26) 1 1 ,1UN 2004 WO 01/ 45157 PCT/ US00/ 34082 -19 1 This

process idiagnhs/and peocpings flok @ yWiil Rehitemsarch el oinphadiad, metal
source/drain Schottky MOS devices. One skilled, in the art will recognize
t hat manyordinire skill & thaunt the sachigs bethepredenEitveations they fBewld @erbdvaicgyn FI G 9 shows
a preferred exenplary enbodi nent of the irivention, as exenplified 6 by two
final congnenedisdinitiMdIbEEcbpsdfnhegirestd snve@a) Ond fkilkd @nthostt wilde consi sts of N
aware that system block diagrams may be combined and rearranged with no loss of
generality, and procedural steps may be added or subtracted, and rearranged in order to
achieve the same effect with no loss of teaching generality. Thus, it should be understood
16 that the present invention as depicted in the attached exemplary system block diagrams and
procedural flowcharts is for teaching purposes only and may be reworked by one skilled in
the art depending on the intended target application.
Predetermined Regions
Throughout the following discussion the term ‘predetermined region’ will be
21 defined to encompass the area centered at the heart of the active device (MOSFET). Thus.

all the process steps mentioned in the context of a MOSFET will create a gate,

source/drain, and/or channel doping profiles as well as other structures in an area proximal
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channel devices fabricated with Erbium Silicide (904) for the source/drain
regi ons, and a P-channel device fabricated with PIatinun1SiIichemedg».
Vertically varying, laterally non-varying |Indium (902) and Arsenic (903)

| ayers are used as the channel dopants for the N-channel and P-channel

devi ces r espratisvel y. These t | dopant atons are usedpdresdadoshei r
relatively lowrates of diffusion through the silicon |attice (conpared to
Phosphorous and Boron, the other twg4possible candidates for channel
dopants). This allows for greater thermal budget during fabrication of the
devi ce) anthetpheleefmingl rbgias oslieait ofthe fufilve dtdick aTheqpeskit idveRicnpRkcaaioer i stics of
the finished product. The gate el ectrodes are fabricated fromin-situ
Phosphor oestrictiods @owlanoatogs ectsiiGths@brysit,| fardfomn the heaw of Me aétive ddVideype (906) and
P-type (907) devices respectively. In this instance) Phosphorous and Boron
are used due ttohodidbe nokeeinige whitd thelpredeterthintd fegios wllcgengaryad spekefoseni ¢ and

I ndium). The el ectrodes are doped via the use of an in-situ nethod, wherein
t he i npurinteymaofonOSFET dwizeshit inchoatay lilnits thasmpt bfithe préeentihvent@n at ons are.
Such a nmethod can achieve very | arge doping concentrations (approxi mtely
102' / cmi )OrersHlillad imrthd apy will 2dcoghiizetthat baytdevioe ¢apabdeisfeputatinguie fibww ekness of t he
film Another option for doping the silicon gate is ion-inplantation. This
method sudidctrics] durrennep becambidguedto hive alpradetednlimdsegiondh pedkingtyadias gi ng damage to
the thin gate oxide, and the need to redistribute the highly non-uniform
as- i npl araclvk qyerem cetgyepTegont.o achi eve high doping | evels at the gate oxide

i nterface. SUBSTI TUTE SHEET (RULE 26) 1 1 JUN 20Q WO 01/ 45157

PCT/ USO0/MOSEET-Nup Limitive gat e el ectrodes (906) and (907) are |less than 100
nmin wdth (corresponding to the channel length L), as it is in this

regi me that t fbe prdsearineegbion ippartidubnriGetieble Koy ukrawith MOSEET bintientiuter over t he
conventional architecture becone apparent. These include sinplified

pr ocessi rigvidesebut thetuseofdhespsese taathimgs dschof mitqiide kést paitivpleoapplcatiand t he
resulting reduction in yield | oss, capacitance and statistical variations

i N1fini sHebersewigordustor @ vitesy whasher intagrated onneii reay beapplied ticthe predser by a
thermally grown oxide (called a Field Oxide) (901) that works in

conj unct i ipyentipn thachings. chiwn ridile thissagsifisation spdabeintrma bl WMOQFHTadevicehe devi ces
fromeach other. Wiile the above description contains nmany specifics, these
shoul d ndhis ramebeidd bajaigrpeesed brasilly ia ineleds apndevire feraegylating the fewichvent i on, but
rather as an exenplification of one | | preferred enbodi nent thereof. One
ski | | ed idectrisal carentfpying 4 eopducting chprae! that A3 the REMOR RPINKOf BlAdriet e possi bl e.

For exanple) there are many possi bl e candi dates for the source/drain netal.
It may al¥B%¢fe advantageous to insert a thin oxide |layer between the netal
and the silicon substrate, The silicon substrate itself nmay be replaced by
an$ nunbeghasmeld.angth Not Limitixe ct ors. Additional |y, boundaries between |ayers
or elenments can always t6 be graded or interposed with other materials or

i nterface agedbhePesntifynYL’s patiquahrateble faysdp aityadent Whets st/ Syst em
Fabrication Fromthe foregoi ng discussion, the process and system enbodi ed
in the prédamstlengty MQSFERs #alp B5érbricatdnespeciptly & e 1apeePf sanpel|lengtd at ed in t he
flowcharts shown in FIGs. 10-1 | . Ceperalized Process/ Svstem 2 t

Ref er enci TI§0 BMGHOYG erg19thingdpivie achings AEPG PESeBY M (PR IBAPP I8 I P Ve es s
fabrication flow 00) starts with a sem copduct or . substrate havi ng neans
o ol et teinings pBE rbseR R Sanp bt b FUS) R iES AUBREERrD. ahanma
dopants are jntroduced.in such a way tha h, opant concentration varies
e e P TS Giub PR et tireoh bed Wi AT e Lep T OME GHELT ( RULE
26)

dimension.

Dopants Not Limitiv
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11 JUN 2Q4 WD 01145157 -21 PCT/ US00/ 34082 direction (1002). Once this is
conplete, a gate electrode is formed (1003) on the silicon sub$tir dN.2004
Finally, source and/or drain electrodes are formed, at |east one of which
i ncorporates a Schottky or Schottky-like contact to the sem conduct or
substrate &Qf4)sy Detail ed Process/ Svstem Ref erenci ng ﬁ%&so& 4

exenpl ary detail ed MOSFET device process fabrication 6 00) starts
with a sem conduct or substrate having nmeans for electrically isolating
transistors (1101). On this substrate, channel dopants are introduced in

such a way thafhridifod 4RAL.GORGEDN f@&'mngy%ﬁ@@oaﬁw hgdfey 10 Lhe

vertical but not the lateral direction “conpl ete) a

gate el eCiinalediRulaabbedssn fepiiwg n | nsul ating’ | ayer
and depositing a%)'aconductgllrﬁgn fel8 m %Sgs@&%\é@t gé}'sclt‘] Al"cgﬂessc BEFale. At this

poi nt a semyﬁﬁnstafuv@aﬁatsgémmo&hﬁmlo@%eﬁe@m.n@én%om{d RoIEL, Lo forma gate
el ectrode (1104). Then one or nore thin insulating layers are fornmed on one

or nore sinepeed & WRiLihiee dakecsle®f lhdis Withid ﬁle%ﬁﬁén\lgilvé(nu%ﬁ(pose the

sem conductor substrate on the active areas of evi ce except for the

si dewal | s (11Q08te, héwdvei, thaf the pregeht iR @dn gp&.ﬁi&i@@%&gﬂeme gsurfaces of the
device (1106)) and the device is thermally anneal orm a netal 6

sers conduahparityaitdnisyaréselebB@rrenl BREAMp %&ﬁkﬁwl}ﬁeﬁ"s I%‘d aJth%ﬁ? {‘&H‘Q@ Finally,

unreacted netal is renoved fromthe devi ce whi |
met al - serrBsr@ﬁthtﬁﬁrﬁran%}@Mllmamﬁ@%ﬂmtnqha‘stdf%%acﬂl%%91 QRS for the

formed device (1108). Summary In substance, the present venti on nmay be
sunmar i zeitvéyiomot i ng that the basic :1 structure is one in which the
substrate between the source and drain is uniformy doped in the |ateral

di r ect i onDeviexTFypeNoOLimisiveloped i n the vertical direction, and that the
source and/or drain electrodes form Schottky or Schottky-like contacts with

the substr at e.OnSCRITd IBkHANA SBERLTHEE 2 StRRTe friehiFnv@®lon is dot imitkd Nl 2004 WO
01/ 4S157 PCTNS00/ 34082 -221 A short channel length, laterally uniform doped

chennel , sepeab eitied Nagpeain B-tghealevicdybl rﬁt@\bbﬁs%dﬁlnhléﬁﬁelrlf)nelaoﬂﬂ&vﬁﬂ ad for
manuf act ure has been di sclosed. The present invention provides for many

advant ageSowv#DraihSofIlimitivear t i ncl udi ng | ower nmanufacturing costs, superior
device characteristics, and tighter control of device paraneters. These

advant ages ar &hamplioaveael dipdussi@r liekeyn théte GiIDe dxhBplesrévadtd @lat AAKOT a 6 channel
doping profile that is both laterally uniformand vertically non-uniform

i N conj uneferanre wi'tohrcarana  dréouosetibndinteg B itOMOSFEN us/ i@l fitFcal@hi Nng t he need
for hal o/ pocket inplants and shall ow source/drain extensions. The parasitic
bi pol ar g@neskilled in the art will recognize that in any given MOSFET configuration the
16 nomenclature surrounding these contacts may be swapped without loss of generality, so
that the ‘source’ may be interchanged with the ‘drain’ contact with no loss in the scope of
the present invention. Additionally, one skilled in the art will recognize that while many
preferred embodiments of the present invention may be used to fabricate both source and
drain connections, there is no requirement that this be the case in actual practice. One,
21 both, or none of the source/drain connections on a given device in the context of an IC or
the like may use the teachings of the present invention to advantage.

Thus, the terms ‘source’ and ‘drain’ should be interpreted to include the variants

‘drain’ and ‘source’ as well as ‘source or drain’ and ‘source and drain’.
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unconditionally elimnated as well. These features of the invention nmake it
i deal for many applications, including but | not linited to hidh ¥Yé8ncy
and/ or high radiation environnents. SUBSTI TUTE SHEET ( RULE 26) 1 1 JUN
2004 -23 CLAIMS What is clainmed is: 1. A nethod of manufacturing a

short - chanweloi/skessi ce, for regulating the flow of el ectpdw@oosdgsar €nt, the
nmet hod conprising: 5 introducing channel dopants into a sem conductor
substrate such that the dopant concepiration varies significantly in the
vertical direction and is generally constant in the |ateral direction;

provi di ng MetalatNet Eintiit¢ 0ode on the surface of the sem conductor substrate;
and 10 providing a source electrode and a drain el ectrode on the

sem conduct or Shrbeghbatie: diseGioh Rertiniiee: wilAR BaImples PRAVRCd SalGRe than or equal
to 100 nm wherein at | east one of the source el ectrode and the drain

el ect r ode réferene t@méals o refdydsas MOSFBT dkvicel hbfRatfoRNTRCHrede ibVARHGHEIRL L ONdUCt OF
substrate. 15 2. The nethod of claim 1l wherein the source el ectrode and the

drai n el ecbrrechgnias anyfiatitmhs i @gard WRAN pedf richfs BlyVd RN 3Lk Of :
Platinum Silicide) Palladium Silicide and Iridium'Silicide; and further

wher ei n t hie ieikingssif tdppaat svattien SEhBah@ls Son@ibntyNBed éfrfORGISkI NG Of
Arseni ¢, Phosphorous) and 20 Antinony. 3. The nethod of claim1l wherein the

souf ce el eushrastieniamdcobhicandniz iike aleapdcifioalty aati@pdidar axBek1IfE @ Plethopber of the
group consisting of the rare-earth silicides) and further wherein the
channel doparexstiametals eddagiiee adlldys. ONathifginghedigiodire GRARSIhS Lt el : Bor on,
Indium and Gallium 4. The nethod of claim 1l wherein the gate el ectrode
has a | engventivotwithxoppulicatyr 6@ orailoy3@nd skilldian 1A REoghlz8kHR Aywher ei n t he

Schottky or Schottky-1like contact formed at |east in areas adjacent to the
channel .  corfiudivd inlédcddnettin@rhatbrial Hag bemedoh 6 o6l RpRedlibher ei n an entire
surface of the at |east one of the source electrode and the drain el ectrode
forns a Sohpleményingthe Bathirgs kf/tht plesenciovendei Wit h t he seni conduct or substrate.
> 11 Note, however, that the present invention specifically anticipates the use of
source/drain electrodes formed from the group consisting of any of Platinum Silicide,
Palladium Silicide, Iridium Silicide, and/or the rare-earth silicides as being within the
scope of the teachings of the present invention.
Schottky Not Limitive
16 Throughout the discussion herein there will be examples provided that make
reference to ‘Schottky’ barriers and like contacts in regards to IC fabrication. The present
invention does not recognize any limitations in regards to what types of Schottky interfaces
may be used in affecting the teachings of the present invention. Thus, the present
invention specifically anticipates these types of junctions to be created with any form of
21 conductive material,
Additionally, while traditional Schottky junctions are abrupt, the present invention

specifically anticipates that in some circumstances an interfacial layer may be utilized

between the silicon substrate and the actual Schottky barrier metal. Thus, the present
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7. The nethod of claim 1l wherein the gate electrode is provided after the
compl etion of all channel doping processes. 8. The nethod of clfal UN 2004
wherein, when the source and drain electrodes are 10 provided) the
substrate has a channel dopant concentration that varies significantly in
the verti osboglisisecti on and is generally constant in therthab@gah direction.
9. The nethod of claim1 wherein all channel dopants are introduced in one
15 process step. 10. A nethod of manyfacturing a short=channel device, for
regulating the flow of electrical current) the nethod conprising:

i ntir oduci mgentionmreeificdiypatites Fchotiky JiReTjEHRIH Ghdiheissidlalead & uch that the 20
dopant concentration varies substantially in the vertical direction and is
gener al | yustuhtimplementinglie pradém irvbntidh.” Purihkcidre, e OMefhcADlafr gL € €l ectrode on
t he sem conduct or substrate; exposing the sem conductor” substrate on one or
mor e ar easonyprisxinatedialg thatthe: cgaduerive| Rei-tadective, andeNAsldidrifle Brobdthid. f i1 m of
nmetal ;, and reacting the netal with the exposed sem conductor substrate
such t hat EghingiTetlidologe NofLinsititeky- | i ke source el ectrode and drain el ectrode
are formed on the sem conductor substrate and are separated by a channel

l ength of no rfibreghduate HBGsson hetdh therd will BbldrardflObrovi®d thak makeTNe Met hod of
claim 10 wherein the gate electrode is provided by the steps conprising:

pr évi di ngreferenbe 1o aivagary oftekohing teahrilogies ufiled HaeheR@ NS hilorshls t Bt €;
depositing a thin conducting filmon the insulating |layer; 5 patterning and
et chi ng t Kefapizatengireaess. fThe predent ifi@ntionalogariobreattiaalid pstasr e@iglg f or i ng one or
nore thin insulating | ayers on one or nore sidewalls of tﬁe gate el ectrode.
12. The nigehinoldgyised toqchmevbthd raqutthidinstaedt ths iypigal peire iflogs. Uriegact ed nmetal 10
after formng the Schottky or Schot kky-1ike source and drain el ectrodes.
13. The nsehingdeabfiologies ane Wl knlawn @i the &rhe reacting step is perforned by
thermal annealing. 15 14. The nethod of claim 10 wherein the source

el ectrode and the drain el ectrollemcessMetlardmed from a nmenber of the group
consisting of: Platinum Silicide, PalladiumSilicide and Iridium Silicide;
and further wii®egpssiblelpeocedsdlowedr thkofptarivhtionaf ehaged] aapil@tkedf sromchdn@elgr oup
consisting of: Arsenic) Phosphorous, and Antinony. 20 15. The net hod of
clai m 10 (xh@ngi) metahspuseidrapeMOl deviceo HO0Xin dlusthaeddi BIGS. €#bewthiledss are f or ned
froma nmenber of the group consisting of the rare-earth silicides) and
further viremplagy pravessdloannjost eskopmany of thr womiataelingschf fhe pras¢rhavgitiondt consi sti ng
of : Boron, Indium and Gallium 25 16. The nethod of claim 10 wherein the
gat e el ectillpawe nery instrpatingtorpneghtilledsicbe ait rogeatld e fumdarfiéhtal Treepresthind of ¢l ai m
10 wherein the source and drain electrodes formthe 30 Schottky or
Schot t ky-RresRat igvsaticue (Thisiexdmpldneproesns fdawnmlapcheaiescsibdsiss felloesat | east i n areas

adj acent to the channel. 1 1 JUN 2004 -26
16 1. Referencing FIG. 4, starting with a silicon substrate (402) that has means for

electrically isolating transistors from one another, a thin screen oxide (401) is
grown (approximately 200 A) to act as an implant mask. The appropriate channel
dopant species (403) (for example Arsenic and Indium for P-type and N-type
devices respectively) is then ion-implanted through the screen oxide to a pre-
21 determined depth in the silicon (approximately 1000 A or so).
2. Referencing FIG. 5, the screen oxide is then removed in hydro-fluoric acid, and a
thin gate oxide (501) (approximately 35 A) is grown. The gate oxide growth is

immediately followed by an in-situ doped silicon film. The film is heavily doped
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18. The nethod of claim 10 wherein an entire surface of the Schottky or
Schottky-1like source and drain electrodes in contact w th the,sepgygquuct or
substrate fornms a Schottky or Schottky-1like contact with the senlconductor
5 substrate. 19. The nmethod of claim 10 wherein the gate electrode is

rovi ded a conpl etion of all channel doping pr ses. 10 20. The
gethod of g%§$%$%ﬁ 0 wherein, when the source and drain g&ﬁ@?ﬁ@ﬂﬁ% are

provi ded, the substrate has a channel dopant concentration that varies
significantly in the vertical directi®n and is generally constant in the

lat eral direct QR foeafpie, P‘g&gﬂg&sr}&dﬂnq{]‘ iyé %vgiand (ﬁ%rtfﬁl n_ all channel

dopants are introduced 1 n oné process s bY? 8P°fabr|cat|ng a

short - channel &ﬁngtbﬂmgﬁﬁﬁggﬂﬁﬁ&%ﬁ m%QE%y§ hodcgg1 bﬁg?g?ﬁégﬂ%g;L?dUCIng

channel dopants into a se uct rsu

concentrati on yadd 6 gik B8 oacapl) directign and is
general | y const ant |ﬁ the | at grglygkggé ﬁgﬁ&%HPovﬁﬁxﬁﬁ Sigp &@pé el ectrode on
the sem conducfgdigdistiase; and providing a source el ectrode and a drain
el ectrode on the sem conductor 25 substrate such that t he channel length is

l'ess thansor efuh ofife Ao limhelP66 &) the source el ectrode
and the drain elec?#od%gg%rngewh o?% ﬂkﬁﬁ@%ﬁ%&ﬁk 1 RS EBR ALt to the

seng conduct or §&%H§&{t€esﬂ%gn gzge elJch‘SdJT%e'ﬂ:Q&c@Eff& % Jpa%%oWher L0 the source

el ectrode and the drain el ectrode are forne rom a nenggwecwlihe group
consi sting of : th& @kd BYEhove eloxiliMy4 994 theggn hial sﬁ"fgcgs aﬁ)@{hl agium Si | icide and

Iridium Silicide; and further wherein the channe usw?e sel ected from

the group consmstiiicwa (§d1)), lﬁzeﬂ?ésGWInEhQ QROWRi alaSqu gUPc.jJWa 24. The

met hod of claim 22 wherein the source ectrode an 2°h% el ectrode are

formed froma gRaARGLxial (Gbﬂ% QF;Q&&ParﬁQH@doEHtMmO} t&c@gta Ertgodgarc} 1 silicides,

and further wherein the channel dopants are sel ect’e n1€he group

consi sting of : i BeHapmk relgf&q othm: a AR a@%ict:fhlumgtd&gm%g us s-m@n FE@ rgce(s)\jz GCl _al‘_lhren 22

wherein the gate el ectrode has a | engt exceedi ng
method of cl aidip2goomRkeldy ih PRs. gchot tky or Schottky-1ike contact is forned
at least in areas adjacent to the channel. , 15 27. The nethod of claim 22

wherein an, entRJf&erﬁ:H']{ng?@el ok flﬁhgteﬁﬁnchﬁﬁégesgg@sﬂng {lr{%&gn%@ﬁgtgﬁe ?ll ggtrode and

the drain electrode torns a Schottky or Schottky= ont ac th t he

sem conduct or exukglk,MdtRum 28 (RSp- ty]w&’evrsﬁtambmnfﬁhﬁé mtéﬁ gl&sgw the gate

el ectrode is provided after the conpletion of al dopi ng processes.

29. The net hodbigke IR @Pproxinidtdy £oR) ow@ﬁ@xﬂo&% sRPMEC arn@Odrefis@le €l ectrodes
are provided, the substrate has a channel’ dopant concentration that varies

2S si gni fi cantdnyealdd &M@ paciicdiniarla Hipk&fdd Opaitle (15r SGRREAobyceanst ant in the
| ateral direction.
16 45 minutes) so that, at all places where the metal is in direct contact with the
silicon, a chemical reaction takes place that converts the metal to a metal silicide
(701). The metal that was in direct contact with a non-silicon surface (702) is left
unaffected as shown in the process step (700) illustrated in FIG. 7.
5. A wet chemical etch (aqua regia for Platinum, HNO, for Erbium) is then used to
21 remove the unreacted metal while leaving the metal-silicide untouched. The
channel implanted, short channel Schottky barrier MOS device is now complete

and ready for electrical contacting to gate, source. and drain as shown in the

process step (800) illustrated in FIG. 8.
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30. The nethod of claim 22 wherein all channel dopants are introduced in
one process step. 30 1 1 JUN 2004 - 28 31. A nethod of fabricatliihgU¥ 2004
short-channel |ength MOSFET) the method conprising: introducing channel
dopants into a sem conductor substrate such that the dopant concentration
vari es subsioanksigl |y iti the vertical direction 5 ' angeissogsiagral |y
constant in the lateral direction; providing a gate el ectrode on the

sem conductor substrate; exposing thg_sen conductor substrate on one or
nore areas proximl to the gate el ectrode; depositing a thin filmof netal

andi 10 react i Nhig ft6celEL adly YhelJossitiew B3P ARl SRS RAdOheguUbsSt rat e such
that a Schottky or Schottky-like source el ectrode and drain electrode are

fornmed on sdidh&/dﬁzﬁmﬁﬂﬁt’lWMOSrde\ﬁd:bb.sbﬁéﬁkﬂle@-n\dh@arrﬁwiﬂ‘?%éxﬁieQQat%P{?otﬁg}annel I engt h
of less than or equal to 100 nm 15 32." The method of claim 31 wherein the

gat e el ecwirintlg ahdalprmaivedetlstby the steps conprising: providing a thin
insul ating layer on the sem conductor substrate) depositing a thin
conducting filmon the insulatingedi@iRktemPatterni ng and etching the
conducting filmto forma gate el ectrode; and 20 form ng one or nore thin

i nsul ating | ayRIGS9 siowen prefred®XempRiydaitBliment Of t hReddh &s Bl EGhiRade. 33. The
nmet hod of claim 31 further conprising renoving unreacted netal fromthe

MOSFET af beiwdforhdongletrieaaSOOSHERYstrocturSC006)! Kiis binkalisauEsgis@oendr ai n 25
el ectrodes. 34. The nethod of claim 31 wherein the reacting step is

per f or med cliayindl Hevider Fabscured atith mBgbiurd Bil3Rle (IDBEfoNME Edete@faiticiond, 3 avherei n the
source electrode and the drain electrode are formed froma nenber of the

group congickinnelgieaite fabficatel MitAPlatidunrSificidd fo$00 -29 Silicide) Pall adium
Silicide and Iridium Silicide; and further wherein the channel dopants are

sel ected from vVdigealy Qiang RRFAISbRGarfihg INNURRDHS anPRRSRNOIDYSesaRd Anti nony.
5 36. The nethod of claim 31 mhereiﬂ %he ggurcgnelectroag ?ﬁﬁ the drain

el ect r odeusd @s thoeHTRAE! Bopants for RMNEHan addechafmedy e 8dpadiivllY. Phest he
rare-earth silicides, and further wherein the channel dopants are sel ected

fram the gspanuonensd Std ag tieir BRkiody loWiatbddTdifRlidn (addgh Walsilitéh 37. The met hod
of claim 31 wherein the gate electrode has a | ength not exceeding |00 nm

38. The neithetonpared BiPNosphorddsaneBoroh,Nig: st tvicepoaditsle ebindidRteoedianRdes form the
Schottky or Schottky-like contact with the sem conductor substrate at | east
in 15 ar edspaal ahntiowloi greatd tephe budget during fabrication of the device, and
therefore less statistical variation in the characteristics of the finished product.
The gate electrodes are fabricated from in-situ Phosphorous and Boron doped
16 polysilicon films for the N-type (906) and P-type (907) devices respectively. In this
instance, Phosphorous and Boron are used due to their large solid-solubilities (compared to
Arsenic and Indium). The electrodes are doped via the use of an in-situ method, wherein
the impurity atoms are deposited at the same time the silicon atoms are. Such a method
can achieve very large doping concentrations (approximately 10?!/cm?) and a uniform
21 distribution throughout the thickness of the film. Another option for doping the silicon
gate is ion-implantation. This method suffers from several practical problems including

charging damage to the thin gate oxide, and the need to redistribute the highly non-uniform

as-implanted gate dopants to achieve high doping levels at the gate oxide interface.
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39. The nethod of claim 31 wherein an entire surface of the Schotské obp
Schottky-1i ke source and drain electrodes in contact with the seh for
substrate fornms a Schottky or Schottky-1like contact with the sem conduct or
20 substrate. 40. The nmethod of claim 31 wherein the gate electrode is
provi ded a¥oewsstshe conpl eti on of all channel dopi ng prresesemsesz 25 41. The
met hod of claim 31 wherein, when the source and drain el ectrodes are

provi ded, the substrate has a channgh. dopant concentration that varies
significantly in the vertical direction and is generally constant in the

| atler al di r ectThogate Sectedes (FUepande907) ae tefss thhrai 00nilin WiEH RloRespdrkifghannel
dopants are introduced in one process step. 11 ,It~IR~;, -30 43. A
shor t - chafriks chirsalgengMOSHEETs thatris cgineahg tHeatdvigtagabfme SkhotRPedMis | N a

sem conduct or substrate such that the dopant concentration varies

si gni fi catetitpctim ovérehewconventiankl atidhitenniré braoranahphient> TYEB dichkit ¥mpRMst ant in t he
| ateral direction; a gate el ectrode on the sem conductor substrate; and a
sour ce el egepsingedug trtheiabdenge of neédsfot pookke implartid) endebeeaiiiguedudtionsibst r at e such
that the channel length is I ess than or equal to 100 nm wherein at |east
one of t hdeld ks, cepacitapetand stetisdiond virhadord irafinished potwcesde 10 forns a Schottky or
Schottky-Iike contact to the sem conductor substrate. 44. The device of

cl & m 43 wher &lepiceshres sspanatalfrah ech otbetdy antdmdlle gehvwaionidek@aéd oEl@dar e f or med
froma nenber of the group consisting of: Platinum15 Silicide) Palladi um
Silicide @xide)($0TYihatwks in conjlmcticarvdthfther dhivere! dopamseto rletthieally iammahe dopants are
sel ected fromthe group consisting of: Arsenic, Phosphorous, and ..

Ant i nony . de4iges fiemeeagiegthese of cl ai m 43 wherein the source el ectrode and the
drain 20 electrode are formed froma nenber of the group consisting of the
rare-earth siWhiledheabogrdscfiptianicentaindreangispecifics thekashneh notdp aoissudr e sel ect ed
fromthe group consisting of: Boron, Indium and Gallium 46. The device of
cl ai m 43 dafiertations phhe geppeofgheiprantioie bitaghe a anmgehplifobtidd®f exceedi ng 100 nm
47. The device of claim43 wherein at | east one of the source or drain
el'éct r odesefemdrpmbadidentdherdof: One-sBitladinttheyard Wik ecatizrthaotanywbthédr t he semi conduct or
substrate at least. in areas adjacent to the channel. 30 1 ~ 1 JUN 2004
-31 48. THEapEY e gossiblec For example.wiees a¢ manyrpossililé candidaesdofthce bet ween at | east
one of the source and the drain el ectrodes and the sem conductor substrate
forns a SCHEVHRIR sttt Banay alpo scadwantaggous toldesert @ dflim pxidd layer béteeesald conduct or

substrate. 5 '49. A short-channel |ength MOSFET devi ce conpri sing:
metal and the silicon substrate. The silicon substrate itself may be replaced by any number

of other semiconductors. Additionally, boundaries between layers or elements can always
16 be graded or interposed with other materials or interface agents to improve performance.

Generalized Process/System Fabrication

From the foregoing discussion, the process and system embodied in the present

invention may be further generalized as illustrated in the flowcharts shown in FIGs. 10-11.

Generalized Process/System

21 Referencing FIG. 10, an exemplary generalized MOSFET device process
fabrication flow (1000) starts with a semiconductor substrate having means for electrically
isolating transistors (1000). On this substrate, channel dopants are introduced in such a

way that the dopant concentration varies significantly in the vertical but not the lateral
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channel dopants in a senmiconductor substrate such that the dopanj jyy 2004
concentration varies substantially in the vertical direction and is
generally constant in the lateral direction; a gate el ectrode on the

sem conduct or substrate; 10 a source electrode and a drain electrode on the
sem conducwooiguhstrate, fornmed by a reaction wth a nRtralsoddaekt he

sem conduct or substrate, such that the channel length is I ess than or equal
to 100 nm wherein at |east one of 4he source el ectrode and the drain

el ectrode fornms a Schottky or Schottky-1like contact to the 15 sem conduct or

subst r at girechéh (10028 Ofe¢iti6i€is @bmibta,iaPard I1e¥dRAE & rormtel €1088 & 1i Gifchf 0de conpri ses:
a thin insulating |layer on the sem conductor substrate; a thin conducting

filmon sbsraten Firaily,istugtcd AMRF draid8RctrodBs REORMAI, M6 b bfwiigisul ating layers on
one or nore sidewalls of the gate electrode. 51. The device of claim49

wher ei n inb@paaey cSchekigor Sadekypiid comact 6 1 fmidoRGiclrsids@ie166y med from a
menber of the group consisting of: Platinum25 Silicide) Palladium Silicide

and | ri dDewsiléd Processi€ysteand f urt her wherein the channel dopants are sel ected
fromthe group consisting of: Arsenic, Phosphorous) and Antinony. 52. The

devi ce of cl @ReferebBingKS. @i antehenpipdtflce MOSFEDdevi@tbtReadicaion 30 el ectrode
are formed froma nenber of the group consisting of the rare-earth 11

JUN 2f | Cllow ¢1360)siatts eithlessmiconductodsithedte My @icansitheiehrARakoldppant s are
selected fromthe group consisting of: Boron, Indium and Gallium 53. The

devi ce ofrangis@isil Q). vrethBistbstrite, cBah el dopMGtafcltodiad imsucRRGhyihikQhe S €xceedi ng
100 nm 54. The device of claim49 wherein at | east one of the source or

drai n el ésphdi@ckesnifabibiBarids SSedahdgyin €He va&GBA bldade thé lrf Bidcast aedHh t he
sem conductor substrate at |east in areas adjacent'to the channel. 10 ' 55.

The devi Ofceilis Blcampred sga@lcRiréte aituidt isﬁ&nk&lﬁ)egrﬁﬁﬁgahﬁ?ﬁwn at | east one of
the source and the drain electrodes and the sem conductor substrate forns a

Schot t kyineuditing GlyerQind 6§81k gdcohdustng BN (PT03Ybi e tilk@ns@tirg@nduct or substrate.
15 56. A short-channel device for regulating the flow of electrical current

canprisi ng: chaingintdegae bSpattérn andtAinERRGLISE PérfobHlSh Fitn@ gakech that the
dopant concentration varies significantly in the vertical direction and is

gener al | glectrodsti 20M). Tientoheod rdrehid indllKiRE fayedire RPmal d@heoch@st r ode on the
surface of the sem conductor substrate; and a source electrode and a drain

el ect r odgdewalls rehesgard eleaictzesd selectvedsdxpark teSetfiBorddbadr subacBateel | ength is
| ess than or equal to 100 nn) wherein at | east one of the source el ectrode
and the ghiad steloeOt HOMRSxdepl fOBthelsi &t 11HY5)ORA 156 GH bikiethllikepedsd act to the
on all surfaces of the device (1106), and the device is thermally annealed to form a metal-
6 semiconductor alloy on the exposed semiconductor surfaces (1107). Finally, unreacted
metal is removed from the device while leaving the metal-semiconductor alloy untouched
to form local interconnect for the formed device (1108).
Summary
In substance, the present invention may be summarized by noting that the basic
'l structure is one in which the substrate between the source and drain is uniformly doped in
the lateral direction, non-uniformly doped in the vertical direction, and that the source

and/or drain electrodes form Schottky or Schottky-like contacts with the substrate.

CONCLUSION

SUBSTITUTE SHEET (RULE 26)



25 sem conductor substrate. 57. The device of claimb56 wherein,th ce
el ectrode and the drain electrode are forned froma nenber of Meﬁéﬁgﬁg
consisting of: Platinum Silicide, Palladium Silicide and Iridium Silicide;
and further wherein the channel 30 dopants are selected fromthe group
consi sti ngy@diias18§ seni ¢) Phosphorous, and Anti nony. PctuddodhiedP0 - 33 58.
The device of claimb56 wherein the source electrode and the drain el ectrode
are formed froma menber of the grgsp consisting of the rare-earth
silicides, and further wherein the channel dopants are selected fromthe
group 5 consiAshomnghsinel laig’tﬁ),'lz)tellaﬂjdhhif'ﬂmﬂd%ﬂe(fﬁlahhél,%eél%oul]@? %eVi ce of claim
56 wherein the gate electrode has a | ength not exceedi ng 6 nm 10 60. The
devi ce afrainl MOSdBAcarnacRIrélamt méthébfor RARuMEtuEd s DO iIcREd. OFii N el ectrodes
forms a Schottky or Schottky-1ike contact with the sem conductor substrate

at | eastpresentinemtion gi@iiesifor nfany Bévagi@e ke thé priod ke iriiﬁiﬂ'hfgﬁlo@ér claim 56
wherein an entire interface between at | east one of 15 the source and the

drai n elmaufetaingzoss, siferbe Gt iREMat@FistRs RRE tighter {mirdPofevicd Ot t Ky cont act
or Schottky-like region with the sem conductor substrate. 62. A

shor t - clpanamadtersle Vhes€advaritageSgrel hahieh &lprinta@ilyfthiovghQke iRlr@fbidnGh current
conprising: 20 channel dopants into a sem conductor substrate such that the
dopant cbamelrdopiag profilewirt isdsthIatbralyamniford dnd vificdlh Qo eitdmah di rection and is
generally constant in the lateral direction; a gate electrode on the

seni condogtetios whis e@l surceldiainuégicns Ahs @fimPdenganchead i Ailbypsdkect r ode on the
sem conduct or substrate) 25 ~ forned by a reaction wwth a netal and the
sem conduplaws asishalomasberce/dia lox eisins.t The paladndtbolhrgagtihh i s | ess than or equal
to 100 nm wherein at |east one of the source electrode and the drain

el ect r odecdnditinmlla elGainaxed dsywetlt Schot t ky-1i ke contact to the sem conduct or
substrate. 30 63. The device of claim62 wherein the gate el ectrode
conprises: Thesdfedtubds 80BelinvenBén Mmakicht ifeal fob thhit dpplgtalidiy Shcl@dind e sem conduct or
substrate; a thin conducting filmon the insulating |ayer; and one or nore
t hi n i naol latitedgo higly Bequer@n amiAs hiph radiation &ivitemwdnkss of t he gate

SUBSTITUTE SHEET (RULE 26)



el ectrode. 5 64. The device of claim®62 wherein the source el ect{_?d @?66*
the drain electrode are fornmed froma nenber of the group consis in‘a’ X
Platinum Silicide, PalladiumSilicide and IridiumSilicide; and further
wherein the channel dopants are selected fromthe group consisting of:
Arseni c, Phosphorous, and 10 Antinony. 65. The device of claim®62 wherein
the source el ectrode and the drain el ect23ede are forned from a nenber of
the group consisting of the rare-earth silicides, and further wherein the
channel dopants are selected fromthe group 15 consisting of: Boron,
Indium and Gallium 66. The device of claim®62 wherein thée gate el ectrode
has a | ength not exceeding 100 nm XBLEMSThe device of claim 62 wherein at
| east one of the SQMLGE 9% rain el ectrodes fornms a Schottky or

Schot tky-1ike contact wth €A% seniconductor substrate at |east in areas
adj acent to the chammreiod ofanifheuritg)d shert@harmkldemicd FomBgulRing th entire
interface betﬁgvgrgfa]gctl.e%st one of &5 the source and the drain electrodes
and the seni condyet 8 BETF LY PHPCOMPESEt t ky contact or Schottky-1i ke
region with the senirednitgehahelsdopsdts mtcea semNdndddbtddigbsfrateAudN thdk the

CACA A U A A A5 AE A . ASF. A AUS. AL A2. Af. AS. A Aﬂ. AIL A A% A LA LA Ay, A ASS
Asn' +@Sj Ki | LHT ' B F papt concentration varies significantly i the vertical direction

~yt oj e_Z] cal] ca] ca] c Talaa@]sqpehsa]ycavhaad ¢adhe Misial Gt} cal ca] ca] cal ca] cal cal ¢

a] ca] ca] cal] ca] ca cabigaU] caU%ca%%‘a ) _
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YT] ca] ca] ca] ca] cal)] ca] caseradelsGanltha dlchhiieagh Gablsardntr @il adocal] cal cal] c

aJcal] ca]calcaljcalUca]lcalcaljcaljca $: X 5 B N R .

L+ T Ne#{ uni d_ 20 ]Négl]e@aaf %it@a]: phthe source electrode and the drain

]U] CfJ]aU] ]ca] ]cau% cal cal epleaidisalsealrahgadsemitglikakoala® &gl cal cal cal cal cha
cal] ca] ca] ca] ca

HEHHS) WSS &8&) ' E' ' c'spmicpqdugtor substrat000101} xsnhb] W] U] ca] caU] ca] cal] ca] ca
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88zupj d_YSU] cal] calheangtiodigf clajre 4 mbateirattl salrescalfotrafiecand the drain

Ul c”a] ca] ca] cad&RHE &k 3ahfe oM £Rb%GBer of the group consisting of: Platinum

Silicide, Palladium Silicide and Iridium Silicide; and further wherein the channel

dopants are selected from the group consisting of: Arsenic, Phosphorous, and

20  Antimony.

3. The method of claim 1 wherein the source electrode and the drain
electrode are formed from a member of the group consisting of the rare-earth
silicides, and further wherein the channel dopants are selected from the group

25  consisting of: Boron, Indium, and Gallium.

4. The method of claim 1 wherein the gate electrode has a length not -

exceeding 100 nm.

30 5. The method of claim 1 wherein the Schottky or Schottky-like contact

. formed at least in areas adjacent to the channel.
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10% & () - $f 10% & ()-Ki |l dE! YMLO% & () -f
10% & ()- s910% & () - 9- 08 ReIeS'ro09:004 & ()-10% & () -1 LHIE!

94.0% & ()25 #@0% &lcg)mhﬂlé A9 Bind Jf ethlPard’ () - S10% & () - L10% & ()-HT

dE! 610% & ()-4&10% & () 210%&$) 010%&() )10% & () - 10% & ()-' BCDE
FET reacting the metal with the exposed semiconductor substrate such that a |

Schottky or Schottky-like source electrode and drain electrode are
formed on the semiconductor substrate and are separated by a
channel length of no more than 100 nm.

30
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10% & ()-10% & () -!s! 109B8& ()-10% & () - OZdEbC! ° 6910% & () -410% & () - 210% &
'()-0"10% & ()-(10% =& () &g 10% & ()-$%& 6BFUbC! * 10% 0& ()-10% o0& ()-3
10% o0& ()-% 10% o0& () -
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10%4& () - 10%& () /ﬁ'giq’ %34%4‘%"“% PSR 05 O Bk e YRR A 10
410%14&" () - 210%4& () o! za%&ctcgde( 10%4&' () - &
10948 ()-s$10%4& ()-)'E 'a'b' ¢’ p' ' x(b@10' !y: 10%148& ()-zy: 10% & ()-z
9%4.0% & ()- 10H 10H 10H9™ 10%H&' () - 6S10%H&' () - x(((?**+(, zX9b@ 10'
"109%& ()-! " 108%=& Thy meBlod@filaisn ) furthe coORAINIEL fenoving LosAe@eq Metal

. 0, ' _ _ —
y: 10%1 71 1‘% ( )afég forming'the Schgétk_y or Schotkky-like source and drain electrodes.

13.  The method of claim 10 wherein the reacting step is performed by thermal

annealing.

15 14. The method of claim 10 wherein the source electrode and the drain
electrode are formed from a member of the group consisting of: Platinum
- Silicide, Palladium Silicide and Iridium Silicide; and further wherein the channel

dopants are selected from the group consisting of: Arsenic, Phosphorous, and

Antimony.
20
15.  The method of claim 10 wherein the source electrode and the drain
_ electrode are formed from a member of the group consisting of the rare-earth
silicides, and further wherein the channel dopants are selected from the grbup
consisting of: Boron, Indium, and Gallium.
25

16.  The method of claim 10 wherein the gate electrode has a length not

exceeding 100 nm.

17. The method of claim 10 wherein the source and drain electrodes form the
30  Schottky or Schottky-like contact with the semiconductor substrate at least in

areas adjacent to the channel.
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10" 1096& ()-In' 109%& ()-!n3"10% [ & () ~b@" 10%& () - | 1096& () -

' 91096& () - A5r5G6f 66n7772X9. = 1059MLOYE&’ ()-! . Y'10965& ()-!.Y"10% & ()-!&
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ML0% & ()-10% & ()-Y10% & ()-f, 10% & ()-3f 10% & ()-$10% & ()- 105
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10% & () - 6; <<1@>>>THerm¥¢thadldTAald |10 OHerdin(ah )t Qiffake Of the Gchottky or

10% & () - ('10°/$ "()-&10% & 3 - I\/IIO%&' 83 - >[ 2v2wW?x 2y ?2?2??2bC
MLO%TLOYE () - -fike 9l flr)agn electrodes irt contact with the semiconductor
substrate forms a Schottky or Schottky-like contact with the semiconductor

5  substrate.

19.  The method of claim 10 wherein the gate electrode is provided after the

completion of all channel doping processes.

10  20." The method of claim 10 wherein, when the source and drain electrodes |
are provided, the substrate has a channel dopant concentration that varies
significantly in the vertical direction and is generally constant in the lateral

direction.

15 21.° The method of claim 10 wherein all channel dopants are introduced in one

process step.

22. A method of fabricating a short-channel length MOSFET device, the
method comprising: '
20 introducing channel dopants into a semiconductor substrate such that the
dopant concentration varies significantly in the vertical direction
. and is generally constant in the lateral direction;
providing a gate electrode on the semiconductor substrate; and
providing a source electrode and a drain electrode on the semiconductor
25 substrate such that the channel length is less than or equal to 100
nm, wherein at least one of the source electrode and the drain
electrode forms a Schottky or Schottky-like contact to the

semiconductor substrate.

30 23, The method of claim 22 wherein the source electrode and the drain

electrode are formed from a member of the group consisting of: Platinum
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10% & () - &l(Eq/ﬁa?de(, PalatOfh 8ilic)delaf@ 096 6iliclidRIAI FIRHEKAEB in the channel

mLO% 10% & 10% &' &I\/I].O% & ()-L$10% & ()-"10% & () -

10% & () - KK Z}_HL I@n the group consisting of: Arsenic, Phosphorous and

10: 9L10% & (AntdddRd% & ( ) Ly210% & ()-010% & ()-L.10% & ()-,10% & () - MVMDIWN,;
O OQuVv7/ . : ,

10: "10% o0& () -&10% o0& () -&F& 10% o0& ()-!10% 0' 0& ()-10% o0& ()-%40% o0& () -
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10: " S"10% o0& Q -1510% o0& () - mL0% o0& g? 1'g10%00& ()- 10% O& ) -10% o0& () - PCh
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consisting of: Boron, Indium, and Gallium.

10 25.  The method of cla1m 22 whcrcm the gate electrode has a length not

exceeding 100 nm.

26:  The method of claim 22 wherein the Schottky or Schottky-like contact is_
formed at least. in areas adjacent to the channel.

15
27.  The method of claim 22 wherein an entire surface of the at least one of the
source electrode and the drain electrode forms a Schottky or Schottky-like -

contact with the semiconductor substrate.

20 28.  The method of claim 22 wherein the gate electrode is provided after the

completion of all channel doping processes.

29. The method of claim 22 wherein, when the source and drain electrodes
are provided, the substrate has a channel dopant concentration that varies
25  significantly in the vertical direction and is generally constant in the lateral

direction.

30.  The method of claim 22 wherein all channel dopants are introduced in one
process step. |
30
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provxdmg a gate electrode on the semiconductor substrate;
exposing the semiconductor substrate on one or more areas proximal to
the gate electrode;
depositing a thin film of metal; and
10 reacting the metal with the exposed semiconductor substrate such that a
Schottky or Schottky-like source electrode and drain electrode are
formed on the semiconductor substrate and are separated by a

channel length of less than or equal to 100 nm.

15 32 The method of claim 31 wherein the gate electrode is provided by the
steps comprising:
providing a thin insulating layer on the semiconductor substrate,
depositing a thin conducting film on the insulating layer; -
patterning and etching the conducting film to form a gate electrode; and
20 forming one or more thin insulating layers on one or more sidewalls of the

gate electrode.

33.  The method of claim 31 further comprising removing unreacted metal
from the MOSFET after forming the Schottky or Schottky-like source and drain

25 electrodes.

34, The method of claim 31 wherein the reacting step is performed by thermal

annealing.

30 35, The method of claim 31 wherein the source electrode and the drain

electrode are formed from a member of the group consisting of: Platinum
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silicides, and further wherem the channcl dopants are selected from the group

consisting of: Boron, Indium, and Gallium.

10 37 The method of claim 31 whcrem the gate electrode has a length not

exceeding 100 nm.

38. The method of claim 31 wherein the source and drain electrodes form the
Schottky or Schottky-like contact with the semiconductor substrate at least in

15  areas adjacent to the channel.

39.  The method of claim 31 wherein an entire surface of the Schottky or
Schottky-like source and drain electrodes in contact with the semiconductor
substrate forms a Schottky or Schottky-like contact with the semiconductor

20  substrate.

40.  The method of claim 31 wherein the gaté electrode is provided after the

completion of all channel doping processes.

25 41, The method of claim 31 wherein, when the source and drain electrodes
are provided, the substrate has a channel dopant concentration that varies
" significantly in the vertical direction and is generally constant in the lateral

direction.

30 42 The method of claim 31 wherein all channel dopants are introduced in one

process step.
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I 10 10 . generally constant in the lateral direction;
a gate electrode on the semiconductor substrate; and
a source electrode and a drain electrode on the semiconductor substrate
such that the channel length is less than or equal to 100 nm,
wherein at least one of the source elecirode and the drain electrode
10 forms a Schottky or Schottky-like contact to the semiconductor

substrate,

44, The device of claim 43 wherein the source electrode and the drain
electrode are formed from a member of the group consisting of: Platinum
15  Silicide, Palladium Silicide and Iridium Silicide; and further wherein the channel
dopants are selected from the group consisting of: Arsenic, Phosphorous, and .

Antimony.

45.  The device of claim 43 wherein the source electrode and the drain
20  electrode are formed from a member of the group consisting of the rare-earth
silicides, and further wherein the channel dopants are selected from the group

consisting of: Boron, Indium, and Gallium,

'46.  The device of claim 43 wherein the gate electrode has a length not

25  exceeding IQO nm,

'47.  The device of claim 43 wherein at least one of the source or drain
electrodes forms a Schottky or'Schottky-like contact with the semiconductor
substrate at least in areas adjacent to the channel.

30
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channel dopants in a semiconductor substrate such that the dopant
.con'centration varies substantially in the verticél direction and is
generally constant in the lateral direction; |

a gate élcctrode on the semiconductor substrate;

10 a sc;urce electrode and a drain electrode on the semiconductor substrate,

formed by a reaction with a metal and the semiconductor
substrate, such that the channel length is less than or equal to 100
nm, wherein at least one of the source electrode and the drain
electrode fc;nns a Schottky or Schottky-like contact to the

15 semiconductor substrate.

50.  The device of claim 49 wherein the gate electrode comprises:
a thin insulating l'ayer on the semiconductor substrate;
a thin conducting film on the insulating layer; and -
20 one or more thin insulating layers on one or more sidewalls of the gate

electrode.

51.  The device of claim 49 wherein the source electrode and the drain
electrode are formed from a member of the group consisting of: Platinum

" 25 Silicide,_Palladium Silicide and Iridium Silicide; and further wherein the channel
dopants are selected from the group consisting of: Arsenic, Phosphorous, and

Antimony.

52. The device of claim 49 wherein the source electrode and the drain

30 electrode are formed from a member of the group consisting of the rare-earth
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10
55. The device of claim 49 wherein an entire interface between at least one of
the source and the drain electrodes and the semiconductor substrate forms a

Schottky contact or Schottky-like region with the semiconductor substrate.

15  56. A short-channel device for regulating the flow of electrical current
comprising:

_channel dopants in a semiconductor substrate such that the dopant
concentration varies significantly in the vertical direction and is
generally constant in the lateral direction;

20 a gate electrode on the surface of the semiconductor substrate; and .

a source electrode and a drain electrode on the semiconductor substrate
such that the channel length is less than or equal to 100 nm,
wherein at least one of the source electrode and the drain
electrodes forms a Schottky or Schottky-like contact to the

25 '. semiconductor substrate.

57. The device of claim 56 wherein the source electrode and the drain

electrode are formed from a membér of the group consisting of: Platinum

Silicide, Palladium Silicide and Iridium Silicide; and further wherein the channel
30  dopants are selected from the group consisting of: Arsenic, Phosphorous, and

Antimony.
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10 60. The device of claim 56 wherein at least one of the source or drain
electrodes forms a Schottky or Schottky-like contact with the semiconductor

substrate at least in areas adjacent to the channel.

61. The device of claim 56 wherein an entire interface between at least one of
15  the source and the drain electrodes and the semiconductor substrate forms a

Schottky contact or Schottky-like region with the semiconductor substrate.

62. A short-channel device for regulating the flow of electrical current
comprising:
20 channel dopants into a semiconductor substrate such that the dopant

concentration varies substantially in the vex"tical direction and is
generﬁlly constant in the lateral direction,;
a gate electrode on the semiconductor substrate;
a source electrode and a drain electrode on the semiconductor substrate,
25 '- formed by a reaction with a metal and the semiconductor
substrate, such that the channel length is less than or equal to 100
nm, wherein at least one of the source electrode and the drain -
electrode forms a Schottky or Schottky-like contact to the
semiconductor substrate.
30

63.  The device of claim 62 wherein the géte electrode comprises:
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a thin insulating layer on the semiconductor substrate;
a thin conducting film on the insulating layer; and
one or more thin insulating layers on one or more sidewalls of the gate

electrode.

64.  The device of claim 62 wherein the source electrode and the drain
electrode are formed from a member of the group consisting of: Platinum
Silicide, Palladium Silicide and Iridium Silicide; and further wherein the channel
dopants are selected from the group consisting of: Arsenic, Phosphorous, and

10 Antimony.

65.  The device of claim 62 wherein the source electrode and the drain 4
electrode are formed from a member of the group consisting of the rare-earth
silicides, and further wherein the chinnel dopants are selected from the group

15  consisting of: Boron, Indium, and Gallium.

66.  The device of claim 62 wherein the gate electrode has a length not

.exceeding 100 nm.

20 67.  The device of claim 62 wherein at least one of the source or drain
electrodes forms a Schottky or Schottky-like contact with the semiconductor

substrate at least in areas adjacent to the channel.

68. The device of claim 62 wherein an entire interface between at least one of
25  the source and the drain electrodes and the semiconductor substrate forms a

Schottky contact or Schottky-like region with the semiconductor substrate.



