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MOSFET DEVI CE SYSTEM AND METHOD FI ELD OF THE | NVENTI ON The present
invention relates generally to field of netal oxide sem conductor field
effect transistors (MOSFETs), and has specific application to the

fabricati og,ffiudpese 6 devices in the context of an inggg%%@sqs ircuit

(1C). BACKGROUND OF THE | NVENTI ON' Since the invention of PPnsi stor in
the late 1940s) trenendous advances ?ave been nade in the field of

mi croel ectronics. Current technology'allows for the cost efNﬁWMMﬂﬁMWMWWL
fanri cat | efueo MORFESTREACES Yt AN b h. over 100 mil | S -
all on a piece of silicon roughly nmon a side. The one bill i osstes
transistor 1C wll be cor‘r‘r‘rq_flghﬁld Tm”‘&ff‘}ﬁ(’w thin a few years. The desire
for greater functionality and performance at fess cost per IC drives
several trendsppekl i ] ke | C transistor, cour up.

Second) the tfgﬁgréﬁg%géﬁgg%%Q%E%héévgégégggnqgfﬁ'ef%ﬁﬁ%&ﬁ“?ﬂﬂ%fze so as to
achi eve ggmat @lnsi } Sj : i r ly,. tq inprove their

per f or mance. Assﬁgﬁ&ggﬂ%g?ggﬁﬁéﬁc g?g%g%ﬁgggﬁ%&&ﬂgﬁgxwgvgﬁgggneter for

Met al - OXi @408 M ARGt R ﬁite%la%a'%fréﬁﬁi )Tr ansi stors ( MOSFETs) the dom nant
transi stor technol ogy of the day) 1s tHe channel |ength. The channel |ength

(L) is the distance thatpsghasROUNY HF Sk RENTIGY el to pass t hr ough t he

device, and a reduction in this [ength sinultaneously inplies higher

curtent drivessince auRekiBAARIhGaibs ns IADEAB:, A0 LBRARMIRNNGGS, and | mpr oved

hi gh-frequency perfornmance. A common figure-of-nerit 1I's the power-delay

product . miad i (ARA! GfiélediRRRL Gl LAANSE s RFULAGgRNCE | proves as

t he cube of the inverse of the channel |engt hi's expl ai ns the

t r emendougtfdetieSatrlcGont J1 &t r h hannel
| ength as mJ(l:h asrcma#uf aéﬁ%%dﬁggggéﬁﬁ ?‘gg W I{“%glc?%yv&%n& ‘358,6 CCT 2wt WO

01/ 451S7 aﬁc@@féiwm%ﬁ)nﬁ?én gy, tﬁkgﬁ&&inbﬁﬁ]&ds%ﬁ? MiR transistors

behave |ike sw tches. ‘on') they drive relatively large amunts of
cunrent, ety dvhilaBRGvith £ few tybBRY ﬂe%e&@%%@? l"u%@t%ngmyg'ncper talin anmount

of | eakage current. As channel [engths are reduced, drivé currents

i ncrease, petdirhdicd & 1630 ORE ped I@HrifePEevEial trdtlid, Performance as stated above.
However, | eakage currents increase as well. Leaky transistors contribute to

qui escent powWETrsiifuasidadity Bfivek Id‘ﬁarﬁ@%éouﬂis%ﬁi Babidl t¥raffistd & When idle) and
in extrenme cases can affect the transfer of binary information during

active ophérdeivesare BaNE fBud® B85 5s th RALEL QfeBtePENRInG QG &RASAR Lo keep
| eakage currents | ow as channel Lengths are reduced. transi stor | eakage

currents iafpBredntigdb irhSBad thatr GeoBiniaRkd. €4 BYas pBFSrAAME i D&l AL kc%)d amounts of
inpurities (dopants) into the channel region of the device, and by > >

tasl or i ngpakdnested GaiMaetd db@ders chiddoBhitor FH-E @G TEAListQPMBR FETS tel butions.
Al t hough these approaches are effective in shoring up the potential barrier

i nternal domiidnetrdsiSiol featitBiog) OF thedhd) fs R BARER A A UtleRBnhGedgBAKRGE current,
they can also contribute to degraded drive current and increased. parasitic

capaci t aris thedistahee tairciarpd @iferd Mk rlRpRNAYs thenGlhe dRREGhE @Rdugioreant to
i nprove. Furthernore, depending on exactly how in the manufacturing 16

process tihehickhagimsinudndodsti i@ thighotdueeddiriadsNreBied PArssid® Esidticéoduced, the
manuf act uri ng
and capacitances and improved high-frequency performance. A common figure-of-merit
21 is the powef-delay product, and this generalized measure of transistor performance
improves as the cube of the inverse of the channel length (1/LY). This explains the

tremendous incentive that IC manufacturers have to reduce the channel length as much as

manufacturing capabilities will allow.
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cost can be affected significantly. Gven traditional MOS transi Z#BE ign
and architecture, there are only limted sol utions to the trade? b en
drive current. |eakage current, parasitic capacitance and resistance) and
manuf act uring conpl exity/cost. The present invention offers a new

rel ati onshifY Béiliken t hese. conpeting 21 requirenents, mAfsHidseas pPossi bl e
MOS devices with characteristics that are not achievable with traditional
(impurity doped) MOS architectures. -Fhe use of netal for the source and
drgin and a si e, uniformy Lopl anted channel dopant profile provides for
i mprovenent s t#(g;pg'g%al‘lé%phfﬁﬁ’f’&g\g‘éﬂ)’%’tsls@és fepave ikqayvitghesr #¢hee &ah’ plaayasi ti ¢ |
capaci tan engﬁg%ﬁﬁdr statistical SUBSTI TUTE SHEET (RULE 26) 2 6 OCT ~00~
WD 01/ 45157 - 1 UEOUPLRBSS CYEPh 414 Y8158 tyrpedy ' ofE Jkeyarmashanattenided by c s

(especi al | %38 nel length s decreased) and reduced nmanufacturing
cost and conp éﬂa ri/t%P &f'ﬁ‘FP%@sﬁga"Fﬂée@F@FeRfmdmewgnm@fi | es Previous
gener ati ofs.QF JER L [ansi.stors have relied on laterally uniform and 6
vertical Iy Ron-uni fl%)ir;er%eé%ir{%recl"c‘ﬂbqfffﬁﬁnaﬂfe(ﬂsis‘la% apaye cHawewst, ldkagen- t o- sour ce

| eakage r Y, Taur). "The | ncredi bl e Shrinking Transistor",
| EEE spEgT&'ﬁ%dﬁ/F *“E%%E? %@?eem% JQBCPAHPY R OQuISHg) PoBSNIiSagaE85, Jul y

| 999). FI .| n.exenpl ary | ong-channel conventional MOS device
(100} thap?wg%)c##dlaggtgp g’ﬁlﬁisﬁ%l?rlﬁl?vmggb“é‘ée@%ﬁﬂsﬁséa'( affeey the grapsferrplur i t y doped

drain (1 .onal. M»b t. ate stack (103), and a 11 laterally
uni forﬁn gﬁaélﬁyn@r&g%}éﬁ%h%%}lﬁ %’e?ﬂéﬁﬁ)&f‘fcf’?ﬁégnéfé%ﬁfﬁ? ve@oedsrsasst i n the

control qQf x&QYLkS-t.0-draln |l eakage currents. Devices are electrically
i sol at ed fro% eagﬁgﬁtcg? er OVirRC "?e?EPﬂHW?WEUCG‘iOS). Such channel dopant

profiles are | Lces with channel |engths down to approximately
200 nanomet ers (n% f“lStg l\%@‘é ?&"ﬁé&ﬁr&tﬁ‘ B°‘E‘ﬁé?ﬁ?€f"?qdé’ﬁgfttﬁ>§u%%/e been reduced

ito the 1Q08:dn i il rature tea hes, that channel doping profiles

that are non l%arlfrﬁtgjrn%%ifﬁl of’ﬁ}@ﬂ%nisgt’] g’rtg‘?&’éml YEPT Pihf deYicec@dbpns ar e

r equi r edaildah i . | gry.. shortchannel MOS device (200)
PARE SRR o nd B8 TR K BERREet0r T

has some el ements sim ongr ptt

St ruct ur gpired¥Rssl : I Lmpurity doped source (201) and drain
(202) s o aareote B ATHOARL G oo (R 3fe MiRatnoaoe 100" nm

corr espoRgH thekefol uclnd®hel e th L),. The structure further conprises
shal l ow) inpurity dugpggnee%gé}s%ug%ngﬂgey barrdiso Contibie to degraded drive

current and increased parasitic capacitance - the very items that channel length reduction

1s meant to improve. Furthermore, depending on exactly how in the manufacturing

16 process the channel and tailored source/drain dopants are introduced, the manufacturing
cost can be affected significantly. Given traditional MOS transistor design and
architecture, there are only limited solutions to the trade-off between drive current,
leakage current, parasitic capacitance and resistance, and manufacturing complexity/cost.

The prffsent invention offers a new relationship between 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 profile provides for improvements

to device characteristics in terms of reduced parasitic capacitance, reduced statistical
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for the source (208) and drain (209) electrodes which are used i®g ocT 2004
conjunction with drain (206) and source (207) pocket doping as vvelq as
conventional channel doping (204) to control source to drain | eakage
currents. M@ﬁﬁd drain el ectrodes (201) and (202) and SUBSTI TUTE SHEET
(RULE 26) 2 2004 WD 01/ 451 57 PCTNSOQO 34082 - 4t HR&ITUSp@HpRact | ve
extensions (208) and (209) (the conbination of all four of which conprise
the tail ored source/drain doping proﬁ'l e) are all of the same doping
polarity (aiidiBgyin P ..and are of the opposite polarity from
t he channel (204) Q}E%%&gggﬁréttlc%%%ﬁ%laﬁeﬁsél}?‘é:ﬁ@é’d(l%é)‘S deferaseEdmd  Again) a

field oxi eRuéeddmhuBbiesld dosdl I SQl.ates devices fromeach other.. In his
paper entitled "25 nm 5\/65 E%g?dépﬁl&&'nsi derations” (1998 | EDM Techni cal

Di gest, page 789), Yuan mltﬁf,f#ﬁo}.].%@ Pé&gﬁﬁg?@' m zed, vertically and
1re)y c

| ateral |y non-uni form doping pro uper-halo) is needed to

control the short channel effectDo i&%l’ﬁ%‘yqfe}smlar statenent has been made in

t he | EEE Spectrum magazi ne: ". . 100 to t30 nmlithography

generati on, al’Prﬂﬁ’(‘ids'E@f{eya\(ioﬁsaéfll\%$ggrﬂ{s8f'si HaGe te[?egdto@h%fr?@; hyertically and

| ateral |y non-uniform (Super-Ha I'S nee UTORBrand channel

ef fsect s] . Verfhmtly horehafofss BRARA] dop -M 1 1ljon Transistqor 1C') |EEE
SPECTRUM pages 23- 24 (wiw, spcé%t%‘r’ﬁ?@@%’%’?&?’41"§%1§P‘6Eﬁ'8§‘§%%@ff°mtﬁn y 1999).

Fur t her noSee, Yudh ThitatThs 18redib RS hRk QL ikl ek devi ce_design for
channel 1engths |ess than Zloo%nn{n‘sf?' t@é’ssgtrtg}i rrny_)1 gggf‘ﬁgﬁw’cﬂ%ﬁ?h@' dopi ng

profiles 29h@twvasctRingfald/o DASHE b QLB t eral and vertical

directions are require Br adeq@agtigs'gglﬁﬁ%o)' g’% ;?.]ELHF%{F%%%Q@H@WCG | eakage
cur r ent s. lo@EhaBned BEHvEnti okl NI ) i aper. "Hi gh- Perf ormance sub 0. 08um
OMOS wi th Dual Gate Oxide angyfgl.lé'?%dgb ﬁ‘5°é’r PE B ”(y‘%@%”PEE)M page 627)

st at es SUB&H dhithbumliesEd GRY 6, : 004 WD 01145157 -5 "In order
to achi eve opz'ti HEJI’ ZE% ggﬁgt&?%i)n%’r%%“gm%sgweﬁ& $5k 6938 38t ed with

shal | ow jlus@lly O ktianh&AYbik £l 82 The.prior art is virtually
unani mous in its stat grrentblt %grto ’ICZ@?@IQF{/&é% ?ev[%?s[s Sg'ﬁltﬁ‘VOHB?fL?ﬁi f or m dopi ng

profi | es,sourde-toRRaih WakAge buredtse DR ¥ AR HRLA oL channel dopants and shal | ow
source/ drai n extensi ongg,uareg reqlu%éraeda?cggaléyd'é%ﬁt(?l{]&org81’ﬁhr° T ¥ ashort channel

effects. fidnodale/(Hmh.0s|cHRhANEIIopant profiles are comimon in devices with channel

T

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) electrodes 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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Lateral | y non-uni form channel doping profiles are al nost excl usi veﬂ% 0cT
i ntroduced after the gate el ectrode has been defined and is in place.’, V@%
the gate serving as an inplant mask, dopants of the sanme type as those

al ready i nyWigwusepstrate are introduced into the channel regions adjacent
to the gate electrode's edges via ion-inplantation. As RE€FASIEHEsE
previously) these are often referred o as "pocket" or "halo" inplants. See
Yuan Taur) "The [ncredible Shrinki ng‘4l'r ansi stor", | EEE SPECTRUM page 28

(Www. spec hiwin repeivl egtedsRNZ9 July. 1999). Wiile effective at :
reinforcing the el ect rosstglgi %g?%gf?%lcoﬁﬁwtlc’@r"}Hé@\‘w\k‘é‘ﬁ"hﬂ%@@eﬂﬁece 16 and

drai n (anchetthityref BiRe/MQHWHR currents), Hal o/ Pocket inplants al ong
wi th shal | ow source/drain glxggéﬁglﬁz%ggle ?ﬁ ciagieldé‘?‘%p%ﬁlﬂ €8raMaiype dopi ng

profil es mePtypenad aprdew %o | exit o the manufacturing process.
At least two additional eﬁ??ﬁog}r’cg%ﬂ{/ﬁg%ﬁs%anﬁé (é\%“l) pndpockey dorirgs oci at ed

cl eans, | epmaitt @06y @ (79I pa; ; uired to inplenment these process
steps. As |ithography i spongeam(ej)%ﬁ%lﬁgglﬁﬁg%g)(qlqc"ﬁ@fy ishaesrAskicys fom expensi ve
process medhb@sr.i N the production process, this is a significant increase
in manufacturing cost. Hal o and Pocket inplants as well as shall ow

sour ce/ drai n exhapahe? Bftitfed DF@@ arasitjc capacitance and a random
statistical vari a?’iﬁ%n o dre‘zvsia'j'c@%e ecP? '%'h¢°"c§1‘il§'faé'é’{‘%r(il%ﬂ3iIEI§M SUBSTI TUTE

SHEET ( RUC&hRi6] Digedt, Bagt9d0)2004 | 45157 -6 PCT/ US00/ 34082 Channel dopi ng
profiles for short cﬁannel)' S&cﬁé\@ksga}% devi ces have received only very

limted attention in, GRgndhi f; R Tucker  di scusses sinul ations done
on very short channel SBMVOS ﬁ%&?é%gy%"ﬁda%rﬁﬂvwmf?@hs in passing that "

sonme dopi ng of thedsalp e usiiedtn nnel .region will be required in order
to suppress (| eakage) cptqurent sy C%D%r'h.g‘oﬁ's%cggcdg‘."c?i‘.mm&ker, C. Wang) J. W
Lyding, T. C. Shenghofechfmeldfglin) " Manoneter Scal e MOSFETs and STM
Patterning on Si," SSDM 1994, pages 322-324; J. R Tucker, C. Wang, P.S.
Camey, " Sikimtlenstitrdnendsbi&Ghadl§ g:_?gog P ased on Quantum Tunnel ing, "
Appl i ed Physics Letters, | Kug,'?tﬂg ; Sq.mnb'gig%?' 5, pages 6 ( 8-620. It
is significant to 4. linned oothado oes not di scuss in what manner one
m ght go about i ntroducing channﬁﬁtﬁg%?‘%ﬁgf'}?ragﬁ‘bﬁf’ess source-to-drain

| eakage current s. diallyliied frofild Saf R IULENN f PRI C1 {1 Y address the

i ssue of channel doping to control [eakage curren erally s approach (uniform
dopi ng of the subsiohahirinqSaét-i8IoNisGbed 1017/ cpB)). is well known to
be non-optinmal for short chgbr?nel Ogestcéietg.X&‘IKﬁ’%%o&g a'Hﬁ[T?G is successful in
reduci ng | eakage cereqagmts, he does so at the expense of increased
source/drai n-to-substrate capacitance. See QT. Zhao, F. Klinkhamer, M
Dol | e) L Seedaipdi Gicpper§.“ThEdo-MilliPRARBLGF 102 ' epi t axi al

CoSi Z/ Si (11)0) for ultrashort channesggéﬁdﬁ%@béﬁﬁq&\d' ages 23-24

net al - OXIMMWISSM@I@g?jSTﬁg bQ%)‘?mSi stors,” APPLI ED PHYSI CS
LE‘(;’TE_RS) ?3/0! iH 7;}&%.@‘3, ;&Jgguar%m Ztocg pagte 49154. 21 W Sﬁut?h (rjep_orts_ on
a devi ce bui |Rurt vistUal Blal] i th i scuss .substrate doping in
this context. See W Saitoh, Se?p?]\(/)anagam s,%uﬁ%qctlgﬁ,esﬁn f%scgﬁfé‘f’] "35 nm net al

gate SO leRstMIEHET:S 200 hit sBtelor RENE! hitknS QW LSHEEAkL: haPeV L CE Resear ch
Conf erence, June 28- 30, 19997§?gntta Bar qgrdg‘,&/ngﬁ%hgggﬁa? .gﬁb'é‘,"“'page 30.

SUBSTI TUioShiEEotl iRellakerd @hd vertical directions are required for adequate control of

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 IEDM
page 627) states
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2 6 OCT 2004 WO 01/45157 PCT/ US 00l 34082 _7C. Wang nentions the use of "a

| ayer of fully-depleted dopants beneath the active region" and 26 OCT 2004
"preinplanting a thin subsurface |ayer of fully depleted dopants” to
control | eakmgaseurrents, but does not describe the lateral uniformty or

| ack thereof of the doping profile, or how one m ght goP@¥&¥34foduci ng t he
“layer". See C. Wang, John P. Snyder,.J. R Tucker, "Sub-40 nm PtSi
Schott ky source/drain netal -oxi de-senf'conductor field 6 .

ef f éct-transi stors,“In &b BRiREY Rl P alk S) Vol. 74 No. 8, 22 Feb. ! 999)
pages 1174; C. Wang, John P. 1énylger, %&Iéfgﬁﬁr}ﬁ’éﬂ%r;'s"gﬂﬁ)-w nm PtSi Schott ky

sour ce/ drai n PMOSFERR;s Coupleauadh sRRbWGE, r ch . Conf erence Di gest 1998,
pages 72-;3. SUBSTI TUTE SHEET (RULque?)E&%%g"rrgmt‘J% 2004 WD 01/ 45157
PCT/ US00/ Fhesdor a8 is SuuatiuyanEhi8in kh@ardddehat n_substrate doping
profiles for conventional short channel I\@l?{egarlllgiag 5?’2“%{ d'%the scant work

on channelnifierm daepiyng pfofiles,Sn ti'fosh 6f &g?ﬂ%%ﬁlunﬁ%prggg%%.f:% devi es, the

pr oposed ig}:lventi on offers a novel an n- obvi ous ANGaR%h nany
advant ageshadoersoutee/dedin eeisiont,ak € rddli b i ECTS THE | NVENTI ON
Accordingly, the objects of the pr@sgnt ir%\éée%"ta%%ng?leor%%ﬂﬁmﬂflher s) to

ci r'cunveneffeckse deficiencies in the prior art and affect one or nore of the
foll owi ng objectives: 1. Provide a systemand nethod to permt MOSFETs to
be fabricated with short channged Mi4h | ess cost, higher performance
and better tolerances than current tabric on technol ogi es. 2. Reduce
parasi tic bi pdlawrallgpen-aifodi chahnélbEigs ALER Lhug reduci ng the
potenti al ﬁfor | at chup and ot her an%néaﬁguss e g\%l-gg%x.duﬁ.vab'r"%‘i‘”(ﬂ%dfor MOSFET
devi ces tH&t thhaveclkarogohm beid rRBLABRSS pRcdIRET. 95018 of radiation
hardness. Wi le these objectives shoul d’not bgﬁe{?ﬁ %?Ss 00828 |imt the

t eachi ngsimpfant sk ploparensf thawiRB type Bs thbdd aBERE kA obj ectives are
achi eved by the disclosed inventi on that i g 'ﬁt‘: %%Jl}g'iage i1 "f’{lu‘t?‘: ol | owi ng

sétt i ons.inBrieRRarBENMERY adfacahii thd\MENT i eferencing FIG 3) an
exenpl ary enbodi nent of the pr esdggnét ir‘f‘veneﬁ/% éls(@%%&%@ﬁ@?"s"ﬂ’s inply of a

convent i drfationvdBreymugy.sheacire AL felrbflboQs Sl kd¥ n. silicQn dioxide on a
silicon substrate), metal source (301} aﬁéd/or rg?lﬁ '@&fk“' Fectrodes, and

channel Yuan Taur, “The Incredible Shrinking Transistor”, IEEE SPECTRUM page 28
' =3

(wWw.snectmm.ieee.orE. ISSN 0018-9235, July 1999),

While effective at reinforcing the electrostatic potential barrier between the source
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

extenstons can also add parasitic capacitance and a random statistical variation to device

electrical characteristics.

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) 2 6 OCT 2004 WO 01145157 -9 PCTNS00/ 34082
dopants (304) that vary significantly in the vertical direction bdt6 ABT 2004
the lateral direction. A field oxide (305) electrically isolates devices
from each std@rssisihe Schottky (or Schottky-like) barriers (307, 308) that
exi st along the interface of the corresponding metal sd&T&SPUHeEN (301,
302) and the silicon substrate (306) act as an inherent pocket or halo

i rrpl1 ant and does so w thout added parasitic capacitance. It also elimnates
t he'need for sKahdneldopinghectiled 5@ isky ' e.mefal source/drain is
by its nature shal | ow and hi ghly ﬁgﬁgféc\ggﬁc@?%%??vi‘%% Ve FCaiYed i ons i n

manuf act urdniwyendimitedxitényionmahd fiev 8§05 . y. Simul t aneous elim nation
of the hal o/ pocket inplants anng t he sou“?lcﬁ:g!/‘r ?Isgllgsrslges%%ﬂ%of‘%%g‘f’ °fhese are al so

maj or advaRvsherscioves SBRIOSARY@RAL b ﬁaExﬁl&k}ﬁ?,&Sﬁ. ghannel MOS devices. Due
to the atomcally abrupt nature of t¥1e Schot t'ky Bartier and the very

consi stent and repéatm"&dapigg‘bﬂth@@nﬁﬁon&ﬁio?cl@xﬁﬁeﬁ l‘e {oh th]\f\o sour ces of
statistical vari atitemeqatredin oaeetoQHSHaIY Geak&cf&?r\éﬁt? | anal M5 devi ces are
virtually elininated. The random statistical naturé of dopant introduction
vi a i on-i fpt bkt Budken Ci Wasguvenyiingal, cosih @, RbATURES o SLIPLL i cant
variations in the position and magnitude of 1 rrp]ga’nt eg %p’é € This is true

for |6 boMOSHRTsraId TN Phérnmgdn SOUESSNALE] Uy RgLesylt is a
certain a;rvount of randomvariation in dev?ﬁidga%gggjr]r% ejrjsﬁ iﬁ r'gjs channel
| ength (LYYangiB.S:&Caoey,Shicon Riold-EeRK e sisldF BELL - variations make
circuit design nore difficult and cont ?li bute tS"Q'E‘ﬁ@gb?ﬁ?? §8cost via
yi el d | osé&pplied PhysidsCatdrtatAugol 900ty ITRBI NH ST ce,specifications. The
probl em becones nore severe as channel Ieh%a%sgmgﬁégo'rlg&dbgé’éf'ca‘ﬂféoto t he
snil | er 2notefhebickarelossolotdiBrufin ShtinfARer B mAAVI L3NG 4t her ef ore | ess
averaging to snooth away statistical vz;ri ar{)%o[néso.a% %é’gﬁ’g%‘”?%§a al

sour ce/ dr ¢dping(taipptess seplcaesdraih ik £ebMAALI onal i npurity doped source/ drain)
has a natural, very consistent and atom cally abrupt Scotty barrier (307,
308) SUBSTI TURET . SHEET tifeRiskEzui6) to exgichly Qdre2 3040 Oda 4ol 37, .PCT/ US00/ 34082
-10_t with the silicon substrate (30g) V\r/rcmse. i)sosff%'ﬁéezlia&mﬁﬁc&ni tude are

i ndependesentrafieasigrnentd. dligipproaan@ninR matesiag biths sbafdd ‘?r WLosentially plays
the role of the' hal o/ pocket inplant (making these inp ant's ﬁnnecessary),
stati sti deyelsvde'Tem)omseldimvinao bewasptimbier6 KB EhAhe ALILE ﬂﬂﬁ&%ﬁ h%he .
source/drai n and hal o/ pocket inplants are essentially elimnated. This fact

r éfrai ns ti¥ shecessful ievegncibiele dapscuRRtS hb G6KR a6 tﬁJ@cp%@Qﬂﬁészg&]gt h i's reduced.
source/drain-to-substrate capacitance. See Q.T. Zhao, F. Klinkhammer, M. Dolle, L.
‘Kappius, S. Mantl, “Nanometer patterning of epitaxial CoSi,/Si(100) for ultrashort
channel Schottky barrier metal-oxide-semiconductor field effect transistors,”

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 I.A.6, page 30.
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Anot her benefit of the netal source/drain MOS architecture is the‘ZS c
unconditional elimnation of the parasitic bipolar gain. The para ?ﬁ%g 2004
bi polar gain is a direct result of using opposite doping types for the
source/ dr a3k, Substrate regions, and can result in |atch-up and ot her
del eterious effects. Wen the source/drain el ectrodes BFEULHHE®2r uct ed of
netal, this parasitic gain is elimnated. 'This nakes the netal
source/drain architecture 11 ideal for (anmpbng other things) high-radiation

envi ronment s. avHE alenfshy aat ‘. ent _invention typically provides
the fol | owing benefits as cg?r%(gf?gy}tgro&?ﬁlz dﬁglf%érwoaﬂmﬂt.s gei‘.ca[ B‘Gﬂ?ft"i"'on in

manuf act Uiekiog’ @MpleRgidnyin E’g:ﬁkﬁBs’uHQéeqa}cmfﬁwdsegl@{gg 4shal | ow source/ drain
o I cap

ext ensi ons are not needed. Reduct’i on aci tER%e°fi¢ Y 0 absence of

pocket / haleakagenutraimt, Sut dbes MR AeketibedRe fafdrdi @m%?mtfér%clk & lfégc? %olg?ngl Iopr]?)l g];] ts

device electrical characteristics due to absence Of POCK

and cour sebitle,air how shemizhORaboRPebdlify Mé%ﬁ?’: @l W%%, chh%far’nggﬁgcg and drain.
gai 'ds

4. Unconditional elimnation o? the parasitic %I po soci at ed

| at chup. E5.Tutkee,~Sab-a0l nhaels oS dnBitky LIRSS e red. t o conyentional MOS
structures. The above |ist of aﬁant agesmglﬁect)ﬁl% nSfm‘S%"‘}"ﬁg’é)L'ﬁ éted as to

lisit thefReapmsiiors,h i ' r illed in the art
will recognize a plet ﬁopfglg(??ﬁa\;)rgﬁg%gﬁ%sé@?ﬁﬁ@%ﬁké&% RIEE 26) 2 6
OCT 2004 M, @1 Ak 54n P, / aRpRrhuni ti.es.far the present invention
t eachi ngs gi ven t he abovgﬁgﬁt?’gﬁg%ﬁ ?gp sgf"mglgetﬁ'e$°5'f’8g¥j§f’éfﬁ‘fe B2 lrhat are

pot ent i alM@SBE®RE, Y Abhl DB DRA For a fuller
under st andi ng of the ad%ﬁé@??g&?g?&b%ﬂ}?@ PVttt i-on, reference should
be made to the follow ng detail ed description together with the
acconpanying 6 drawings wherein: FIG 1 illustrates a prior art |ong
channel, inpurity doped source/drain device; FIG 2 illustrates a prior art
short channel) inpurity doped source/drain device with pocket inplants and
source/drain extensions; FIG 3 illustrates an exenplary enbodi nrent of the
present invention as applied to at t short channel, netal source/drain
devi ce without pocket inplants; FIG 4 illustrates an exenpl ary enbodi nent
of 't he present invention process fabrication step using an inplanted
silicon substrate with approxi mtely 200 A screen oxide; FIG 5 illustrates
an exenpl ary enbodi nent of the present invention process t6 fabrication
step using a patterned in-situ doped silicon filmon thin gate oxide; FIG
6 illustrates an exenpl ary enbodi ment of the present invention process
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fabrication step using a formation of thin oxide sidewalls, and exposure of

silicon in the gate, source and drain areas; FIG 7 iIIustrateszadﬁocT 004
exenpl ary enbodi nent of the present invention process 2t fabricatlon szt ep
usi ng a nmewalogposition and solicidation anneal. FIG 8 illustrates an

exenpl ary enbodi ment of the present invention process P&BUSEEHI8HN st ep
using a renoval of unreacted netal fropmthe sidewalls; SUBSTI TUTE SHEET
(RULE 26) 2 ~ OCT 2004 WO 01/451 5712 PCT/ US00/ 34082 FIG 9 illustrates
an exenpl ary enbodi nent of the pr e%%%%nventi on process fabrication
resulting structure. In-situ phosp doped silicon, Erbiumsilicide and

| ndi um channel GivempthafitefanaE 6n #SFhd i ' pe device for the gate
el ectrode) source/drain el ectrodes wggg)ﬁ‘%?%lcor%‘bqoﬁa shartefsprel vel y, The

P-type deMQesansiios a6 the@éant Work ioh HhaRAl QBo; si,Lieon, Platinum Silicide

and Arsenic channel inplants. The charll(ralgkfl o%@ﬁsttlof:%‘ﬁgém"f‘%ft%cﬁ?ﬁg‘yvary

si gni fi caMOSdevived, tte prpbicl Grdkentfbn 'o@61siaQBveP i t. ji.n the lateral direction.

Gate lengths are typically <100 nm but " msnfi r@g OF%ﬂlﬁgp?FOﬁ%gltﬁ@aw| lustrates

an exenpl adwntggen evealthexysée BaRlonaRss f| owchart showi ng a nethod: of producing

superior MOSFET devices; FIG 1 | illustrates an exenplary detail ed system

prdcess flowchart show ng @BIECTSBEFAM NvBPEYGi Ng superior MOSFET

devi ces. DESCRI PTI ON OF THE PRESENTLY PREFERRED EXEMPLARY EMBCDI MENTS

Enbodi ment s arAecénd@gly| e yhjdh dréneldidssneilW¥ERL .S susceptible of enbodi ment

in many different forms) there | sﬂpésshm}m ﬁﬁﬁktaﬁgaragné\ﬂ%ﬁggPOa‘H?T”W‘T“I‘ herein be

descri bedtht defiteheibd inthepiiof 1 B BAM TR of e AR LOVENLI ON with the

under standi ng that the present discl osrure ?n%eof% loew'?:%%bé?c(ﬂ‘é‘fsed as an

exenpl i fikat i Grovide atsh@enpBid1aitRIdas p&nitNAESEEL G @gacgélwnﬁ ht i ntended to
0 |

limt the broad aspect of the invention to the e I men ustrated. The

numer ous | nnovenel dergbashh Rgsccdf hight pBERRER: SAPRIEABELAN Wbl be descri bed
21 with particular reference to the presently preferred enbodi nents,
wHér ei n t hesecirrenbfabtidatien technologies.

2, Reduce parasitic bipolar operation in integrated MOSFETS, thus reducing the

potential for latchup and other anomalous behavior.

Provide for MOSFET devices that have in some circumstances a higher degree of

radiation hardness.

While these objectives should not be understood to limit the teachings of the
present invention, in general fhese 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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teachi ngs are advantageously applied to the particul ar problens of a MOSFET
DEVI CE SYSTEM AND METHOD. However, it should be understood that thBsET 2004
enbodi ments are only exanpl es of the many advant ageous uses of the

i nnovat i vewlo@agdikngs herein. In SUBSTI TUTE SHEET (RULE 26,% 2 6 OCT 2004
WO 01/451S7 13 PCTI US00/ 34082 general ) statements nmad&TVR00SHS2
specification of the present application do not necessarily limt any of
the various clained inventions. MreoVer, sone statements nmay apply to sone

i nventive dogait (364 th vary QignirRaft al . unl ess otherw se
i ndi cat ed) singul ar elizar?retrﬂls ?rayyhggﬁivﬁttﬁtﬁ‘gﬁgﬁ%t{j&a*’"ta{%"\/‘?'ggi’t?félrsa with no

055 of sty GlPotiborbb NS B IEUANRNL i dlsggsst on Tn this

docunent the followi ng definitions w

Bl ocks/ Pr ocedurgd scib bhothdy T Ly Vs nt iLnvention nay be aptly
described in terms ol?@fa(ierfp(l“gﬁry ;ﬁ kg)lyb\éﬁgpréng(??gé LA ASP&RE N geefur al

f 1 owchart she ddfredpendikpasQali ici,ent .to instruct one of t t
ordi nary skeicll ~ipn tlﬁlkgﬁa?ltsgl?%@édr? é?cﬁhﬁ?fégfngﬁheﬂ!{gowtgg&q&bﬂ%wiabn, t hey

shoul d notinhRRnSIokket bi Halfi L t he. scope. of the present
i nvention. Ongﬁioki P b ﬁ?"’g??&\?ﬁ H“H%“té”‘g%%P%asf‘Pfa?E%%‘F%n{f Bsdck di agr ams

mays be costrninges M8 fedd e shARLAHL 4D of.deneral ity, and procedural
steps may be added or subt r act &d 'glrrl‘g?tflésgoﬁlgﬁsntéce e[iaﬁ‘“OB"rcﬁig i i$bREhi eve t he

sane ef f eaitunsishdlowank AgSly 0bnduQAENERE: hibhdin mbpssd L, Shoul d be
under st ood 16 that the@pgesnent invlgntl?%ﬂ%g‘%u 'é%f‘caglgg%'}*f”’tg%mﬁlﬁf‘éi/ched

exenpl ar yamyiskeore BtKd 84 A6 IRINBoLR B iA% X r | owcharts is for teaching
pur poses only and may b?reworked byl otng%glz’fﬂ”g)éo%ﬁt R “ﬁt"f’gﬁ‘épendi ng on

t he i nt engmetetdadigettensiohd. im&éa%%lso%ﬁﬂ%ﬁ%ﬁg %ger%%meg{?osnal Jhr O'lflegIESUt the
n W

foll owi ng di scussion the term  predéterm region Y- a5t d et i ned to

enconpasschahe] MGRdevrBd, ered at the heart of the active device (MOSFET).
Thus, all the process steps nentioned in the context of a MOSFET wi ||

ceat e, Gat e amnasial il st S OBARBLOTL BB B0,
200g WO Odid4&estable dvgnitude 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 rande
variation in device parameters such as channel length (L), drive current, and leakage
current. These variations make circuit design more difficult and contribute to
manufacFuring 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 smailer
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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; i t of the active device.
PCT/ US00/ 34082 tot_the Blr:g:tse:ur)n ngt;?g; ?gasognh\?ﬁ;t occurs outsize G0Ti 2004
The present invention - - It shoul d be noted that
tive device. It shou
context, far fromthe heart of the ac of interms of a
whi | e the pwedetssmti ned region will gfﬂgrgLL%ebgfSPﬁEeBW§§@ﬁEBﬂﬁ%entiOn
VOSFET devi ce, tﬂls I? Rflrayenghyie @hat any devi ce capabl e of regulating
One skilled in the ar .jphat. , adet er mi ned
i / be Considered to have a pr

the flow of el ectrical current may . i on. MOSEET Not
regibn in p\ritbxmemiltcynmsurattsgs_eg)tn\u?ege %%{ti{oﬁg{iﬂ rﬁ%&{;&’dg@%ié@%@dﬁwfq@@wm MOSFET
Limtive The present inventi ings is not limted
seni conduc fengthdandibe@nje tbiUbar}i&Q:sééﬁﬁal@é]akpt%e gogee nglgeha[?&%ggt Q%R}qnées, whet her
to this particul ar application. > > er sent invention teachi ngs. Thus)
i nt egr at ed (oakingahese n‘ﬁ;_yarhﬁz,rﬁedékkdsa@f?, gta?sg{c%@a@#t%mi\&@?n ogép)?c@g\gn)t ofhis term
white this specification spea _ ! lating the fl ow
shoul d be Nﬁméd@ﬁEHMﬂwﬁmﬂaﬂhMmagg%@ﬁ%?ﬂﬁgﬁg%g%%é%&?ﬂg%aﬁéggfﬁgﬁ%rgnDre
of electrical current having a S The oresent
poi nts of ®Ftaemsinctale wdﬁ\'ﬁﬂ&%&qon@bﬁd&&?he Iﬂ?ﬂg‘:l;}lﬁrli\%?etnlgtb{ig r%éfég%er epshor t
I nvention is particularly suitable for us cially in the range of
Chafnel | ongt he o e AR B oS oSt
channel | engt hs. <100 nm Howe ’ i h resent invention to
| nventi on qlmatwna’rp}dmaﬁ\tm(}geitl?:lteés%'Z%%E{aggégﬁéartﬁﬁdgégifﬁ“ e of eachi ngs of
these short channel |eng ; hs of anv di nensi on.
Dopant &Nt Lot ve e B e B 0 s Heemapainves 01, 45157
Dopants Not Limtive : . . here will be exanples
e o ier SOt . e R el e e

rovi ded that qtillge variou ' . f a specific
8evice fabmﬁ%ahiDN?mmhaB?séﬁ@?ﬂ%féﬂﬂiﬂg&gﬁgb#gwﬁ%%gggﬁfﬂﬁggﬁpgfed to be
enbodi ment of the present 1 nvel R i nvention. Not e,
Li Ml tive &ea&fﬁgammh@ﬁhm@m@;\?? ?g%%ﬁ@ﬁ%ﬁﬁ f;r ;ﬁtn |t c: ;r)“a/tt es the use of
however, that the present inve ) & of Arsenic,
impurity atoms are sel ected erE%EH@A@gﬂH¥%$°2;:f}hﬂ?as being within the
Phosphorous, Antimony, Boron, |ndium = . vice T t Lintive
SRS i e el e P BTk PR Rl Rt o 1
One skilled in the art wll re - devi ces but may be used
not [im tBeprien:t t scope to eltherSN-tyngfgiE R%PeLinitive Thr oughout the
with either or both device txpes. our ¢ id L make reference to
di scussi oh herP@idupnphgrmanmfdctu_rxb@;&?{;ﬁéﬂraggg?ogéﬁ?% @%E% ccilg%? @€ fabrication.
'source’ and “drain' connections il - : NOSFET
On8 skilled iriotrprédraintexinpsidns nemogveds. that 1n any given ) may be swapped
configuration the nomenclature surrounding ' be i nterchanged with
Wi t hout |%oss ‘&d‘g’én@mafcwncfdgitbﬁﬁsei&ﬁgfg%gye}ﬁ%fm gts'pr esent invention.

) in" contact with no lo _ _ \

tAggi t?:)ﬁ:a?i-l y) Reﬁ@tisfkinlrhreidmir’]slmﬁsmﬁl mi?ti%bg%{vﬁggﬁﬁgia?Bl’iea'x]aﬁcﬁseéi‘gfﬂc'ts33? Gor cat o

referred enbodi nents of t e presen I ' ) t this be the
Eot h source aﬁ@e@e@rmo@mmmnﬁs andér?@fs@/d}aﬁoﬁgngﬁﬂ?%@qg%% 8%‘?’%1?5 n
case in actual practice. (One, 2t both, ntext of an IC or the Iike may use
connecti ons oﬁ"&wgPW@theWmme_ln thg conte L e
the teachings of the present invention to a vantage.

21 . nconditional 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, orie skilled in the art will recognizs a plethora of application
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Thus, the terns 'source' and “drain' should be interpreted to include t&ﬁ
variants “drain' and 'source’ as well as “source or drain' and ° sbtrl&d #Yy
drain': SUBSTI TUTE SHEET (RULE 26) 2 6 OCT 2004 WD 01/45157 -16 Metals
Not Li m ti we dpkshsd)S00/ 34082 Throughout the discussion herein there will be
exanpl es provided that nake reference to netals in reg&CHSPSMWOSFET devi ce
fabrication. The present invention does not recognize any limtations in
regards to what types of netals may bk used in affecti ng the teachi ngs of
t hel pr eseppportanigE foof . | s.commonly used at the transistor |evel
such as ti%pani um_ coba ig&gﬁﬁv%ﬁ}éﬁcw@g%‘?éené%ee"é’PYq"Bw“Pdeht<i>fcgiem¢led, as wel |

as a pl et bbasta@dh HIPLE pSXRall aﬂﬁ}@ﬁl s and other alloys. Nothing in the
disclosure limts the use of the Tnvention with any particular netal or

alloy. One skilled in g | j that any conductive

i nterconnecting materi al n%é%%ﬁﬂﬁgééﬁwg)%‘w% generality in

i mpl ement i ng tHdea hBRCIHARGSn o df esent invention. Note) however, that
the present invention specifical fggaﬁlfaig%s‘ipb%{’f%g by Hig Inyswiags fefeqnee e/ dr ai n

el ect r odeshofildneeddd QKB fhilGyigd @ bt f any of PlatinumSilicide,
Pal | adi um Si licide) Iridi urhg%i Wéﬁ?g‘%?&‘%ﬁ V’g?‘g rifathihe ascqmrepYingi | i ci des as

beibng w tdrawingdwehesigpe of the teachings of the present invention. Schottky
Not Limtive Throughout the discussion herein.there will be exanpl es

provi ded t hat Frakaliiseh@s £RGE ak fon; tky' .barriers and |l.ike contacts in
regards to | C fabricati oni.im?'ﬁe 65?@%&%‘ | {llrétP‘n??Qfﬂs%‘é’ rHpdeviggg ogni ze any

limtations i FIG.@JRdststed Opridaak shoydd f.Schottky interfaces may be used in
af fecting the teachings of thespreggnr?ta’ i \?gmdioe)?v‘ij.soﬁ‘ﬁ?fgr?‘"tq‘ié‘c?)}"é%ent

i nvent i orposieeimplintdnt ¥odddrsih PalB{nt.hese types of junctions to be created
with any formof 21 conductive nmaterial. Additionally, while traditional

Schottky j uncFIGBsiatr@eadiledthplarl BEbRESSEDE nd DLENEI on speci f i cal |y
anticipates that in some ci rcmrrlyst ances anhlh%lf)recsrc ACTAPOT 3\ ARPIstdY 2he utili zed

bet ween tsha diahiict o uhdel i RIS Wil BEdARpBERO! Ky barri er metal Thus)
the present SUBSTI TUTE SHEET (RULE 26) Z-n4 wo oiiasis~ -17

PCT/ US00/ 3408BIG. AviestriterinSR@siIf 6abddym@nbd i &%ﬁﬁnéeﬁ.&o%&\g' i ke' junctions
and their equivalents to be useful in inplenenting e FE)reSent i nvention.

Fur t her mabecatiohstep ndigy fndtpRhted AN& sTRWate YFRLLSE Lhals. that have
conducti ve, seni-conductive) and/or insulat oééﬁ'ﬁgglgrzgﬁérs €L, Etching

Technol ogydédot Limitive Throughout the discussion herein there will be
exanpl es provi ded that nake

FIG. 5 illustrates an exemplary embodiment of the present invention process
16 fabrication step using a patterned in-situ doped silicon film on thin gate oxide:
FIG. 6 illustrates an exemplary embodiment of the present invention process

fabrication step using a formation of thin oxide sidewalls, and exposure of silicon in the

gate, source and drain areas;

FIG. 7 iltustrates an exemplary embodiment of the present invention process

21 fabrication step using a metal deposition and solicidation anneal.

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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reference to a variety of etching technologies utilized to renove oxide
and/or nmetal in the IC fabrication process. The present invention ZoerTnai4
restrict the type of etching technol ogy used to achieve the results
Lllustratethﬂmﬁgp typi cal process flows. These etching technol ogies are
wel | known in the art. Process/Method t t One possi bl e PET&E®WS48E | ow for t he
fabrication of channel inplanted, short channel (<IOOnnm) netal source/drain
MOS devi ces (400) is illustrated in #PGS. 4-9. Wiile this exenplary process

flowis just epeyrphifkyaQf road teachings of the present invention, it
will prove very i nstr uag%ia\r}tébe?“cf’qac%%m%‘i?fnl’?“éﬁfq GPIERE Indeptiqneprecessich t he

may Do deccr tbod aa PN ToHES TSRl g Fison ESuranviiagni {h a S 11 con
subst r at e I{déd2dhabipdt far ectrically isolating transistors from
one another, a thin %@?%eﬁg%ggfé%z{\g% °ﬁ5¢§'°5?95m o5 5lsFiende rraumst/gra00 A) to

act as aneflesd roptiate channel dopant species (403) (for
exanpl e A?seni ﬁggﬁflﬁe idgﬂ?ﬁ %E&Hf‘{%gypgﬁ‘%ﬁangfwéma sg e&inrsitg Bewoni vel y) i's

then i on- tepel sint&dplalidelc; screen.oxide to a pre determ ned depth in
the silicon (approxi mate yc@%%tsi&seg?ccg%{)"?l ipplapist Tiechrnabdopans, 5, the screen
oxiéde i s tdneshtra@sMRVEY si-RifiRMAL & .ic.acid, and.a thin gate oxide (501)
(approxi mately 35 Aglrgissg glr ow'r';.% Jﬁ%g%cgf%m&'ﬁ"c?@t'Zﬁ‘B\/\[)f“fl'“feé‘” 8'{5‘??&5‘?-atel y

fol |l onwed Gyte @AgthHars kypitaBOLRE 1S b {Ilm. The filmis heavily doped
SUBSTI TUTE S13EET (F%BLI%WZ)G) ! %%%L 064 WD 01 /45157 PCTNS00/ 34082 - 18

w th) for examuseloifRasedarL r e devjce and Boron for a P-type
devi ce. Using Iithographic tg@%}%&éﬁ@%l gbﬁ%@r%ﬁefsirk&ﬁh”é'tsgﬂwtnﬁét is highly
sel ecti vemétBodofipetRiucih QipSdd: M1 SISt d. 9%&(502) is patterned as shown in the
process step (500) ilTustrated in Fi 5. 3. Athin oxide (approxi mtely

100 ~) is themid.henmBthys HeQ¥o] , urface and sidewal ls of the
silicon gate el ectrode. Refeere%g‘?rqggtg]&ld%y& ,prgcnes%ﬁ‘f"écﬁfrf V@8R ch is then

used to rm&rbmu@ﬁ]ﬁﬁe,to@mm&ip& hori zontal surfaces (and thus expose
the silicon (601)), ile preserving themon the vertical surfaces. In this

way, a si dewalDESCRI#EIORGD THE ﬁlﬁm, in the gate
el ectrode and in the channel region o ‘?ﬁgEﬁevllzggﬁ‘%{rﬁeﬁgpgi&ri cally

activated as shown in the procaesipdpfieRirs(600} illustrated in FIG 6. 4.
Referencing FIG 7) the final step enconpasses depositing an appropriate

metal (for exanple, Plati num#ai,gen@ageﬁzgxrg@agevi ce and Erbiumfor the
N-type device) as a blanket filIm(approxi ly 400 !'~) on all exposed
surfaces. TheWnat eis ihfentibeR s@ARHEBIeSF e difenS R }i tipe at a specified
tenperature (for exanple, 400C£b1(‘ﬁore 16 451ﬁnnuﬁ1§§1 d{s?%retnhgg?r?s';}lerea‘fl pl aces

whter et hehavetiakheidsawinigstind @0 hef M bAdekcrited i deldBedSirld ghemecal reaction
t akes place that converts the netal tro a met aTdsﬂsr%ﬂFr?égilrbg]eb%d'mc"mf

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
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(701). The netal that was in direct contact with a non-silicon surface
(702) is left unaffected as shown in the process step (700) illust2dk 867204
FIG 7. 5. A wet chemcal etch (aqua regia for Platinum HNO for Erbium
i's then usggd,i/al renove the unreacted netal while |eaving the

metal -silicide untouched. The channel, inplanted, shor FCTVHNAYP2 Schot t k~
barrier MOS device is now conplete and ready for electrical contacting to
gate, source. and drain as shown in the process step (800) illustrated in

FIG 8. SLBSH THER ( RULE . 6 O C T 2004 WO 011 45157
PCT/ U500/ 34082 -19e?ﬁﬁs&%&ﬁggggﬁgg"%%weﬁ%Bélgicﬁloédwa9t neegssachi eve channel

i npl ant ed)immﬁya(gftm;ig&/cq;hg'ﬂn%%gott (y MOS devices. One skilled, in the art
y ot

wi |l recognize that man er var ant oy HaS T EFemSnts viax arply ot .

Devi ce/ Sy sdn@th¥ehlre 2 rred exenpl ary epbodj ment of the
i nvention, as gxer?pl?t;éljigg%ﬁgaﬁ{;l)&ﬁ\tﬁ% igﬁ'éﬁrgi'c‘ﬂ ﬁ%%%HF%W'CR?E%FEW@HUCtur es

(900) . Thélsmedasl mmhe%g,paﬁiar?%‘gsaqfersglw?tg%gﬁesl Ofdevi es fabricated with Erbium

Silicide (904) for the source/drainre FHELYe- channel devi ce

fabricated with PlatinumSilici deDQ@rﬁ@é' Vertically varying, laterally
non-varyi ng | ndium (902) and Arse 3) layers are used as the channel

dopgants for tImMard¥pkdbaimealseRElSh B el devices regpectively. These 11
dopant atons ar edh%sed due to tﬁeﬂi%?&&g 5'ftiqh\feflf’§f/°vf'%\f?e?'§‘c“8§s {1 bBgi f f usi on
t hr ough tihRized:1 i con lattice (conpared to Phosphorous and Boron) the other
two possi bl e candi dates for channel dopants). This allows for greater

thermal Sidgei BlgeHsIFpOceliail 5Bt NOYY Bfinde"e device, and therefore |ess
statistical variation in the characteristics of the finished product. The

at e el ect r odege ge@nf ialni; fx 00 i 015 Phosphar ous and Boron doped | G
gol ysilicon fi |en§éf or tﬁg&ﬁf‘%ﬁ%"e@g@é?'@%E:FL{H-'T{S;?EE’“’('@’B% SW&WP&B&@E P

respect i Wdgyamslaid bldt&iulaD ASARGSEs. Wi SrélgrBoron are used due to their
| arge sol i d- sol ublpl ities (compar eﬂ%'?g&%t%eﬂsnﬁr%sua%%enlt ﬁ()dl‘ﬁ??ft.m?ﬁ el ectrodes

ane dopedrdihdy $Kiteinibeardthe RBcHidys Sf t}\é’pr@&hhg%miw %{egls%ﬁ%dﬂ“e"él’cgggﬁrﬁ%t y atons are

deposited at the sanme tine the silicon atons are: d can achi eve

very | ar gensttogi aagmm@q&@kbﬁédf%%rés@rﬁﬂ{@@ﬂoqﬁbﬁ% %lli”#i%%%?ﬁ)gﬁﬁd auniform2,1

di stribution throughout the thickness of the n btion for
&

dopi ng t heagithat HGRMIAER diagrahid Rraly %Pl:ﬁmil?ctdiag@rca;%i d T oSy fers from
several practical problens incliding charging ﬁmage t0°tHe thin gate

oxi de, ampenetdey, AREfiodeBurhIBtp$ fnhy) BitidBed &%ut&?}a&m%n@%gfréﬂgu 3loMer to

achieve ;hc 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 th.e 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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as-inplanted gate dopants to achi eve high doping levels at the ga&i 8%“ %:
i nterface. SUBSTI TUTE SFI EET (RULE 26) 2 6 OCT 200 WD 01/ 45| 57 23o0CT 2004
PCT/ US00134082 The gate el ectrodes (906) and (907) are less than 100 nmin
wi dth (‘corwgsp@mdi ng to the channel length L), as it is_ in this regine that
t he advantages of the Schottky barrier architecture ovBFTY¥#&3%¥nventi onal
architecture becone apparent. These L‘{ml ude sinplified processing due to

t he absence of need for pocket inplanhts, -and the resulting reduction in

yi @l d | 0s® thepphtdrindied & =RR ieSitd CAl riations in finished products.
Devi ces are separ at ed frgoméjoerzxgﬁ{tg?iéear%%ydégm%ﬁ%qﬁﬁﬁs?w"b'F'B\R/HPlﬁfﬁsd‘é (called a

Fi el d Oxi cetyict{d® d) whitabcurdukiiein ' jon, with the channel dopants to
electrically isolate the devi géss%%y%’]gag?ﬁmg?#@rm 0{/% Ve ficspove

description cardhailase RAEYhERAGS i shoul d not be construed as
(imitations on the scope of the %%&gﬁ%ﬁi%r%@ s tgﬁ'éCFa“égeéﬁ?k@k‘écrrpl i fication

of one | ihtpmebes MESFEMROELBRL LOSLERE: e skilled in . the art will
real i ze that many ot her var| ati ons a’ﬁgﬁlbsotgggslcgﬁmeqft}]fc?trcs'é‘%f}i’ﬁ?‘é’,“- there are

many possOi sillkandhdat o8| &&[gniEbﬁat%ﬁyF&?JeQE;glﬂ@ of B! ﬁ%t%'two al so be

advant ageous to insert a thin oxide [ayer bet weeh fand the silicon

subst r at eslectrivel cuirkntem) bs bdhsiderdd @ HabSEd k1B laced by any number of
ot her sem conductors. Additionall ;/l ﬁ%ur? arllngcgrcgﬁﬁ\l/\r}epé%x'fnﬁgjléor’és or elenents

can al waysstideGubrentgaradigregibn.i Nt er posed with other materials or interface
agents to inprove performance. Generalized Process/ System Fabricati on From

the fore EdiNat Lafition) t he process and system enbodi ed in the present
invention may be further generalized as illustrated in the flowharts shown

in Fl Gs. 10- 1The feseariavena6iths PioG@sS/sS¥Sle ing FlG 10, an
exenpl ary general i zed NDSFEfl'Eéevi cg “or ocggpsﬁ%ggﬁ%ﬁg e'gic?)\'ﬁ%ftﬂ)OO) starts

With a servicondudicase SulRsirésaitealaNdsiondTRANS & Mis S SIS LSl Y isol ating
transi stors (1000). On this subst r%t e, channtel 'lag%g%_ﬁasra%{)ﬁiéa%ﬂt roduced in

o S et ek AR SR 1, v
01/ 45157 tnvention teachings. Thus, while this specification speaks in terms of ‘MOSFET’ devices, -
this term should be interpreted broadly to include any device for regulating the flow of
electrical current having a conducting channel that has two or more points of electrical
contact. |
16 | Channel Fength Not Limitive
The present inventi.on is particularly suitable for use in situations where short
channel length MOSFETs are to be fabricated, especially in the range of channel lengths
<100 nm. However, nothing in the teachings of the present invention limits application of

the teachings of the present invention to these short channel length devices. Advantageous

21 use of the teachings of the present invention may be had with channel lengths of any

dimension.

Dopants Not Limitive
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-21 PCT/ USO0/ 34082 direction (1002). Once this is conplete) a gate

el ectrode is formed (1003) on the silicon substrate. Finally) sourk® 0£A d208Y
drain electrodes are fornmed, at |east one of which incorporates a SchottKky
or Schot t kK%gd by 15?ont act to the sem conductor substrate (1004). Detail ed
Process/ Svstem Réferencing FIG 1 1, an exenplary det ai edudviioszT devi ce
process fabrication flow (1100) starts with a sem conductor substrate

havi ng nmeans for electrically isolatig transistors (1101). On this
substrate, chanpgl#lQpP ar.e introduced in such a way that the dopant
concentration vari es sfﬁg?ﬁ?"rs%%rh’m}“ {here vild beexpmplesprovivdd thatutite | at er al
direction vadidfdZhpanRE |.S.1S C ete. a gate electrode insulator is
fornmed by growi ng na t |°¥r?@é:§’tner°$aﬁ‘§lr5r$ E{’HS Tdexjesrfabrisatiode fossk tibpgtsareconduct i ng
film (1103hlyanustthdeSrh Qe . gubstrate,  t At this. point a series of pattern
and etching steps are pl%rl l(‘::)r%rr“rgo ipent phihppreseqbinkendprandsbaldd {t 804) . Then one
or nore t hitérpreRtadd B i iRk rs. are. formed on one or nore sidewalls of the
gate el ectrode to sellec{.ies’}é’ § SERp 8LEChREs Withis te peteot ioversiubst rat e on t he
active areas oNotth@wdeyi xcept . for the sidewalls (1105). A thin film of
netal is deposited on a'Itﬁgéhurpfeﬁgr&"v@f““f‘ﬁ%ﬁcﬁ\é'\&‘i)’cﬂéﬂ‘m&l@@)e)usaafd the device is

t her mal | y imyuni@adi&ifs 400 sdi tal sem conductor alloy on the exposed
sem conduct or surfaces %%%%Tﬁﬁrﬂ%ﬁ fPsistig PbAreniel PhespadroassAnenayed from t he

devi ce wWhBb®n) R&MINGhdfoR Bl rsem caonductor al l oy untouched to form | ocal
i nterconnect for the for ﬁewg&ggee?'%w }1'18’8)9901"38%%&69@!"@8 sitbspraggee, t he

present i imv&itibh.on may be sunmmarized by noting that the basic structure is
one in which the substrate between the source and drain is uniformy doped

in the | aDevial Tyghe NSELifiBve NON-uni fornly doped in the vertical direction,
and that the source and/or drain electrodes form Schottky or Schottky-Iike
contacts wi t h dnBekiBsis ety Usl SUBSTI TUTE SHEET ( RULE 26) 2 6
" OCT 2004 WD 01145157 P&/tuéo%%’é ze A‘Héﬁféfef‘“er@ﬁﬁrels npelitgitdd,in h~t er al | y

unitf or m dogedo eillRANYpe JTPL and drajn MJS device structure and
met hod for manuf act u%pe has%tgedgﬁ%i%g[(: Eggtgd'?eaaa“ﬂg‘ ehers hoth demiesriyiesn provi des

for many Sedve/mia tQ%/fiiveNe prior art including | ower manufacturing costs)
superior device characteristics, and tighter control of device paraneters.

These advant afEsugiott (REMERYES HRfdiTRE L hrough the introduction of a 6
channel doping profile that is g{TﬁHFgvytllaécaﬁxl“vglﬁsrﬁ”f’ﬁ?‘iﬁ‘%dm&@rti cally

non- uni f eefeendeno BEwEAIRRA iR Whif | _sourc in regions, thus
elimnating the need for hal of poggf}g%ﬂllrﬁ%ﬂf(}éﬁ g{ogﬁgﬁqgﬁ‘éfq fabricadan: ce/ drai n

ext ensi ofme ski&! ipaeast viil fecBidpRl iR i Ol D LS ditjonally elimnated as
wel | . These features of tﬁeéi nveﬁf%k%%@wﬁ?(ﬁ@&guf%w fany applications)

i el udi ngomertclaturirrobidi ot iB&le téhedat fu ency. and/ or high radiation
envi ronnents. SUBSTI TUTE SKEET ( RUL 53?5]"*’“5%%“"6&:(?5 @aneraity, 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 i i
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

1] : 1 []
drain’ and ‘source’ as wel] as ‘source or drain’ and ‘source and drain’;

SUBSTITUTE SHEET (RULE 26)



CLAI M5 What is clainmed is: 1. A nethod of manufacturing a short-channel
device, for regulating the flow of electrical current) the nethod?26 0CT 2004
conprising: 5 introduci ng channel dopants into a sem conductor substrate
such that tdegegant concentration varies significantly in the vertical
direction and is generally constant in the lateral direRg¥6W9348820vi di ng a
gate electrode on the surface of the sem conductor substrate; . and 10
providing a source el ectrode and a dr¥in el ectrode on the seniconductor
substrate Ml kbalimiie channel length is less than or equal to 100 . nm
wherein at | east one of the source electrode and the drain electrode forns

a Schottky or SehRbhdymkldl ct .to the seniconductor substrate. 15 2.
The nethod of cl ai trgn 1 V\hergﬁsﬁg{%emggﬁrrec“@ng? gemplserodiderl thitanateai n el ect r ode

are for medreferenta @ mBRIOR e @fds § consistjng of: Platinum Silicide)
Pal | adi um Si li ci de and |r?g‘? di ﬁ%?ﬁ?‘é?%ws %Haa“r’ﬁ-r?‘rfé%fesﬁmem@m&pntdwes channel
dopant s armt eebgidk@fly firh@iohd§ onsi sti.ng of: Arsenic, Phosphorous,
and 20 Antinony. ~ ?yS. The mg%f%@gpoo agfyg‘?srﬂff’%mé?aéibﬁ“%eﬁ@ affegfice el ectrode

and the drtad eactingebfitREReRhEndAl; Q neber of the group consisting of
the rare-earth silici dlgg) ag;ﬂ%ﬁffrﬁl(é{ m\%}?gsrcgfnﬁwflﬁé‘seéﬁéﬁﬁ@"mmls are

sel éct ed fsndmastiemivgt, 0bHalt dRd GONEI S L .0f: Boron), Indium and Gllium 4.
The method of claim 1 wherein ?éhazéé@jggg&glyé'&t{c}pdﬁg'aﬁéﬁ@“éﬂ%’ﬁ‘b?% ofiot exceedi ng
| 00 nm  30nde exbtie meRlshado@i; HbRI wWherei.n the Schottky or Schottky-Iike
contact . formed at least in a}gégﬁ]g&’érgjq%éhgrq{‘*c'f’ﬁ""t'HB“Séh%l‘l*Fﬁéf‘.hc 2 6 OCT 2004

-24 6. ThénvertidnodthQiny giBiéuir nep i .re surface of the at |east one
of the source el ectr%ge and tehegl{ffrhgf]'nég SZ‘Q%?H‘&Q“P’BY’WB“’?%B&%@P%%W or

Schot t ky- koddactbve mit&eénn¥itinh ralRE lsrﬁj'i uctor .substrate. 5 7. The method of
claim 1 wherein the gate gl ectr o ébiggggr“’d‘f‘/‘i"aé%fs Bffsﬁeé?ra’f‘hé‘ conpl etion. of all

channel dbp;blagerﬁh@meﬁaﬁngs%fthIB{%_séﬁ?gpgﬁiﬁRf claim1l1 wherein, when the source
and drain el ectrodes are 10 provided, € substrate has a channel dopant

coficentrati on NdigthowenreShas tHe Blekdnf AEArdn SRS WEEL 1 cal, di rection and is
general ly constant in the | a?er al di regtkélg?f?aqg.a“ﬁ%at%%ﬁW%f claimi1

wher ei n a$durcehleaimelbct@ORaBRd AbQ th S.ﬁﬂﬂd . in.one. 15 process step. 10. A
met hod of manufacturing a short:cék?arn el ﬁﬁ%?kgfefnyfogﬁwg‘é‘hﬁﬁflfiﬁg the. flow of

el ectri caPalldinmesilicidet idiviesiNade, eI theiaR s JE:L:QJUci Ng channel dopants into
a sem conductor substrate such tﬁg?dtwﬁﬂgg%aﬂ%g%%tsa%é)crﬂ%e‘?‘n’f B3t%on varies
subst ant i sbpeyofitie tederinyedtitheGMseifvfid,0n and is generally constant in the
.lateral direction; providing a gate el ectrode on the sem conduct or
subst r at e¢h Notlgntiti sem conduct or substrate on one or nore areas
proximal to the gate electrode; 25 depositing a thin filmof nmetal; and

reécting the Mbtoaghont thi distiRsiGXRASEhe 26T 6O subsirate such that a
Schottky or Schottky-1ike source el gctrodeaghhgkgprgiv%mz&gﬂ%%e are forned

on t he sdaafecoeedaSabottictbsti - . a. channel length of no
nore than 100 nrii. v ErRAiR 138 Corick iR RRMAIIE h¥iclich! e present g

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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30 2 6 OCT 200 -25 1 1. The nethod of claim 10 wherein the gate eleﬁﬁyoﬂ?
is provided by the steps conprising: providing a thin insulating |&§eiCTod)
the senmiconductor substrate; depositing a thin conducting filmon the
insulating el O patterning and etching the conducting filmto forma
gate electrggéfnand form ng one or nore thin insulati ngCr&geE408dn one or
nore sidewalls of the gate electrode. 12. The nethod of claim 11l further
conprising renoving unreacted netal -10 after form ng tEedScPotfky 0;0
Schot kk n rain_electrodes. 13. The nethod of claim
\Miel(r)el nyt é\dg&?gggt;&ﬁ%als’i%‘BC’P%‘cSp@?hPB]Fm Byctioneanddiieireqnivabitng.bel S 14. Tge
nmet hod of i n the source electrode and the drain electrode are
farned f rg%:ﬂg I'[r]r?\g#tq;e")mo‘i‘g *%Eeijf“dw"ﬁ%ﬁugqugredhe inprfatipliaper maySi |hl ci ﬁe I
Pal | adi u n r|d|u Silicide; and further wherein the channe
dgpant s g%ogh%lesféngtggg & Oth'E £ ‘b‘f‘?ﬂ%ﬁerﬁ‘cﬁ‘ig‘?%wen@d@r*"SNPthhkq:gro;Félmphor ous)
and Ant'nEH%}H:¥%9 3 '§%2¥'The met hod of claim 10 wherein the source
el ect rode ant e de are forned from a nenber ofhthehgrouP
onsi sting of ~ - arth sjli,cides, and further wherein the channe
gopglnt s a?e se’ﬂthg(%lgé%ﬁ ﬁ‘ e SheTsRign ?Sﬁﬂ‘cedﬂﬂubéﬂamgleeprovw that, makedi u(rjn ﬁnd
Galgl i um im10 wherein the gate el ectrode has a
I er?g!tﬁ nol'?:?égﬂ31<1(@:€ete-gi gﬁég& ige t':’f%"g[%‘é‘ Ytz Rirearovepderandor matet isitire t he sour Cﬁ
nd drain ormthe 30 Schottky or Schottky-like contact with the
genlcondugﬁﬁﬁﬁéﬁ &EE hfpFﬁ?EWV?W°%&§é§m£HF§&@ﬁSTFef@ﬁéM&hannel " h2
6 OCT 20 m.10 wherein an entire surface of the
Schot t kngihnélg %’E&F ﬂwhlgg tg%ﬁ?ugté”g‘ﬁtéa“ﬁ’r'&m‘i iabRrPSERelowsn Thewst act wi t hht hﬁ
sem condugd a.Schottky or Schottky-like contact with the
senlconducgggtémgﬂgég%g &85%@ @ “A&t hod of claim 10 wherein the gate

el ectrode is provided after the cog ﬁth g of all channel doping processes.
10 20. ~ The nethod of claim 10 %%hen the source and drain

t h h I ant concentration
e o ea L EaR s e R, B B bt |

that varies significaritly in

1. The hod of claim 10 wherein
a1 chanricl BAP mell SUEARDA0S Btes tofi 0 prilE I . Wbl oot hod o

fabri cat |eQ£]m§’:ax§|BFUc£ss ?IB@'?Q%Lt el(cqpp%r;]orl\{%oll tgaecXmgs ftﬁehperescrﬁg\gggoncﬂnpr ' sing:

will prove very instructive to one skilled in the art to teach the fundamental concepts of the
present invention. This exemplary process flow may be described as follows:

16 I. 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 dépth in the silicon (approximately 1000 A or so).

2. Referencing FIG. S, 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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i cing channel dopants into a sem conductor substrate such .t pe
ggpi’im rgggcen?rati on vari gs significantly in the vertical di recti®h Jﬁta%@
is generally constant in the lateral direction; providing a gate el ectrode
on the 'sem conductor substrate; and providing a source electrode and a
drai n el ect¥8516h t he seni conductor 25 substrate such rdratsoddaszchannel
length is less than or equal to 100 nm wherein at |east one of the source
el ectrode and the drain electrode fosigs a Schottky or Schottky-Ilike contact
to the sem conductor substrate. 30 23. The nethod of claim 22 wherein the
source el ect r o8 AP ERBIedihgintorshelor nodeyparevideamiBdroh FammeypEber of the
group consisting.of; Platinum 2 6 OCT 2004 -27 Silicide, Palladium
Si (i ci de and |$“1Q eulsiag [iiheprarhic tashaiquesanti e silindmesta that fstagth@nosle lopant s are
selected fromth roup consisting of, Arsenic, Phosphorous, and Antinony.
5 ~ 24. The rre?’ﬂ‘gcdg‘ﬁfgat&F’ﬁ?‘FﬁdQQSO\?&HéPﬂeﬁW@h%Shgwulirttée ploass ;tqnl(sm?nslht he drain
are forned.f a nenber of the group consisting o e

(ra!a(ragE reg(rjt(:ah . siIpTtEafe é’é{:[%g]ﬁd further wherein the channel dopants are
sel ected f,rom{he group consisting,of: Boron, Indium and Gallium 10 25.
The net hod' of }c‘lr‘}ﬁi‘ ﬁ%"g"zg{?ﬂ{%’ﬁ'@ﬁ‘ﬁwtlﬁaAgétt@nehcem!im@wmasthazobgmgtcaamnt
exceeding 100.nm ~ ~ ' 26: The nethod of claim 22 wherein the Schottky or
SchG?)t tky-1ike Sé%l’?’ta'a{%?f"i"’ssufcﬁf‘ Fugiclagtrope ReferpnringridG <5, adpramenpic toh she channel .
15 27. The method of claim 22 wherein an entire surface of the at |east one
of the source T"e‘itsf‘i Bdemagdhe aride dayars on dedetizanthd srfaravkand tSclkopdst Cy OF
Schottky- 11 ke, conta ith the sem conductor substrate. 20 28. The nethod
of claim 22 whef %F‘f‘?"g%}oéwg‘éﬁ”@ REFSERNBSRFE orsthprasisablendfacest Brthishey.conpl et i on of
al | channel dopjn rocesses. 29. The nethod of claim 22 wherein) when the
source and dr as'll?dr‘?""glll gﬁ'?"r %ﬁ@és foreedopsiiheidapants hah bubsgatetl@uhdsand ichannel
dopant concentration that varies 25 significantly in the vertical direction
and is generaI[F%ICh(?B'}%fcéil‘?f‘ of tHe figyéce ageredaciicaliy ackenddon shadd.in Tegravesshod of cl ai m
22, wherein all CQ dopants are introduced in one process step. 30 2 6
oCT 2004 - 28 sff.gd&?ﬁ)@f‘ ®FIG 8bri cating a short-channel | engt h (I;/DS{:E;F

od conprising. introduci ng channel dopants into a sem conduct o
Lngs{nra :[31[] eg'suc[?‘)"{e}’i%{‘f”"gﬁ&éﬂoﬁ&ﬁ‘f‘a'éiﬁhé@ﬁﬂ’t’%ﬁﬁ‘?s&ﬁmﬁamelsamrbramwmtfby_ iri the
vertical directio ‘. and is generally constant in the lateral direction;
providing a gaef‘%"pg‘F'}&“F‘HHg”éW F?ng e aehirbivmblor wablstypadesicelposi ng t he
sem conduct or b&lﬂ?&tﬁm%e on, one or mre areas proximal to the gate

el ect r ode: approximately 400 n all exposed surfaces. The wafer is then

annealed for a specified time at a specified temperature (for example, 40000C for

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.

S. 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
channe] 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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depositing a thin filmof netal; and 10 reacting the netal wth the exposed
sem conduct or substrate such that a Schottky or Schottky-Iike sour@® 0CT 2004
el ectrode and drain el ectrode are fornmed on the sem conductor substrate and
are separaml}g%/w@ channel length of less than or equal to 100 nm 15 32.
The nmethod of claim 31 wherein the gate el ectrode is pri&F WPy t he steps
conprising: . providing a thin insulating |layer on the sem conductor
substrate) depositing a thin conductilfg filmon the insulating |ayer; ~ .
pat{erning and .Ng:..the conducting filmto forma gate el ectrode; and 20
form ng one orTﬁ%g‘gb{g%}sr?"ﬁr?giﬂ)oéf‘ﬁlﬁ@’a?ﬁiﬂéh‘év%ﬂha’tﬂﬁﬁmlﬁmﬁmt@i dewal I s of the

gate el ectgQdGira; thod of clajm31 further conprising renoving

unr eact ed net alral? ?(c)hﬁ-'!;?’ﬁg%l‘sﬁ' &re élf"h“‘fddi‘ Hicier il rrecemizh dtat Rgnyoather

Schot t Ky- hhk&isS04 LG AN L2l N 25 el ectrodes. 34. The nethod of claim31
tep

LSt.

wherein the reacting step s perforned by thermal annealing. . 30 35. The
met hod of claim 31 wherein the source.electrode and the drain el ectrode are
formed froma nmenber of the grou%-"%&%ﬁéqﬂ?ng of: Platinum 2 6 OCT 2004

-29 Silicide) Ral L kd i.gide and |ridiumSilicide; and further wherein
t he channel dopandt) ?Qg/?gb?grﬁéﬁgfggpﬁ%%\tmgne&gﬁrﬁ IBYSRYEPNs £y gxgmelifiedAr seni c,

Phasphor oy swodidi ARt he nmethod of claim 31 wherein the source
el ectrode );rYd t he ﬁ&aeﬁﬁ&éfye@?%%ﬁges A t@”ﬁ@&ﬁ%(ﬁﬁﬁ%ﬁ“ﬁé&?ﬁﬁ“%ﬁ%he group

consi sti ng, seart.h silicides) further wherein the chahnel
dopants ar égieéfjﬂgﬁegeg‘%ﬁ?ag%v%lﬁeﬁg? ’S‘L;)’thc %Ag‘?‘@?quj sgfree/dsaip segionsyrdi an)  and

Gl lium AQL34 thod of claim3l wherein the gate el ectrode has a

| engt h not exc‘:e]éig{]ﬁcgﬂ%&atcgr‘?ftﬁ'.P%g%'fm‘?ﬁ'é‘dﬁégtoﬁbd of claim 31 wherein the
source and dr 3} 1r.odes formthe Schottky or Schottky-1ike contact with
the sem conductecp)técgfs] ﬁdsr)f'ﬁ)%\?‘lzer‘é{g' "P%'é{‘é’ty'“rgﬁ"di‘ﬁn Bad Aajenie 6308) bapers #re channel .

39. The ngthad,of hm 3l-whenein an entire surface of the Schottky or
Schot t ky-1i ke souhra@lecgggr?amafog&lﬁ GrERRY aRfbiscliapned devioss Fesrectively. Hikesserr conduct or

substrat g . Schottky-1ike contact with the sem conductor
20 substt~Jgt%%ﬁ.a§${%§ééﬁé¥%§ed"ﬁea“(‘é‘flér"\r@ﬁ Fgips %Wéf?‘@foﬁ thraughghg wlicepect r ode i s
{]

provi ded ja: n of .all chapnel doping processes. 25 41. The
met hod oflﬁglFiqcﬁlgﬁeﬁﬁgﬁégﬁn%r "% Bpiga: tas) P%SéW%mgB'Fa?w'déreé&ww@gl are
provi ded) S I channel dppant concentration that varies

B N 11 cuispiti BRE R Qo 0P oGO0 Btec RBRR apSOar i dey e ant | n L he

onent, SRRt U G R Bt T | o
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. Sucﬁ a method
can achieve very large doping concentrations (approximately 10*/cm*) and a uniform

2 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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-30 43. A short-channel |ength MOSFET device conprising: channel qggé)an%_smb‘n
a sem conductor substrate such that the dopant concentration vari
significantly in the vertical direction and is 5, generally constant in
the | ater a*voq./i %ﬁl on; a gate electrode on the sem conductor substrate; and
a source e e and a drain el ectrode on the seni coﬁ&ﬁ’é’?%’r““%bstrate
such that the. channel length is less than or equal to 100 nm wherein at

| east one of the source electrode an®the drain electrode 10 forns a

Schottky or S o the onduct or substrate. 44. The
devi ce of cl alc}!?ngfg 0 egerrééi?sn&tg éf%?ca& lg’fsé@"t“r18§Bméﬁﬂldﬁhﬁ@m@ﬁ’safmdml ectrode are

formed fremécHigmp r con of . Platinum 15 Silicide,
Pal | adi um Si | i ci deﬁgrg"ltgf[" ﬁfsﬂ‘r‘n TETF ﬁ‘ét{h 2ptER°E AEihe Wehekle brmishe channel

dopants agg N r nsi stin Arseni ¢, Phosphorous,
and .. Anti mrr%ﬁtlu%%g'qhé {10%0& té‘\?‘?aclzgr @*é&gfe}e?ﬂ%p%gﬁw et hese Meludeptimplified| ect r ode

~and the dpaidd dlpclg fro er of the group consisting
of the rafrse egfét)h Stl &gﬁce%wee rp?‘f t’F‘p%]ﬂﬁ’rag"fiH‘bctrﬁém('i‘ﬁéﬁﬁiﬁ@l(mdbpants are

sel ected ;,g;gmsg Qﬁ%“gmﬁgﬁf‘?ﬁ&ﬁ%{% ‘g“’gﬁ 'g?@fsgedié?r dium and Gallium 46. The

device of claim &'g4 §tsa | engt h not 25 exceeding

10@ nm 47. Thefdey. 43 wher e | east qne of the source or
drain el ectrodes ?Sodrrﬁgep%tggh%t yO(t)hrer h’f'ﬂ? Y $PRBorncalad afiidldy t he

sem condugigd) (Fiih a ar.eas acent to the channel. 30 2
6 Oy D005 8 (SURHeL fbrks Aot GRBb wl DR L8R ARART Sr sl et f aco

bet ween adcvicgqgm%ﬁog‘gr_the source and the drain el ectrodes and the
sem conductor substrate forns a Schottky contact or Schottky i ke region

w th the sem eaiidycd B e nnel | ength MOSFET
devi ce conpri sing: chg%idéﬁlhg%{a% tééllsﬁn%'éy %’gﬂf] ‘&i de'é‘lﬁB%F‘r“é‘f“l?dsuch t hat

t he dopang 1iﬁﬂmgbﬁﬂ{cls%cgﬂ{hb F‘g%,ﬁldpsoqjgﬁ axexcn}fﬁ Be .verfl cal direction and

is generally constant in eral direct i Of SiHen 8 ¥t r ode on the

sem condygéfetfededolinRh@herd? 8 tr d a drain el ectrode on the
seni conduct or substrat e) er‘%Oor nPeZ%HLg?natﬁ% grgc lﬁSaﬁ'z\?\n‘ PhMEYRRE1 and t he

sem condughififonSatd &Jmef SHGR 1% Lhels less than or equal
to 100 nm vvherelﬁ gt e egst o hg%r Llﬁgnag)(l) leeg @65504 l};?nd the drain

el ect r odgodredrsi fmeﬁth},{a ¥l ack Lo the 15 seniconductor
substrate. 50. The devi cg 3‘1?560353%]%%@&’85%%9? agygb&“éﬁg? Sde conpri ses:

a thin i mskdaid gsiliedi@ibstie! e SIRTL CRMIHEHRLF n’ﬁx%? Fepﬁaged’ by any number

of other semiconductors. Additionally, boundaries between layers or elements can always
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 si gnificantly in the vertical but not the lateral
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hin conducting filmon the insulating |ayer; and, 20 ~ one or nore thin
?ntsul ating Iayerg on one or nore sidewalls of the gate el ecjtrode.z ©CT Tiom
device of claim49 wherein the source electrode and the drain el ectrode are
formed froma menber of the group consisting of: Platinum225 ~ Silicide,
Pal | adi um $P’M'de and Iridiurti Silicide; and further PARES®WAMEL he channel
dopants are selected fromthe grpup consisting of: Arsenic, Phosphorous,
and Antinony. 52. The device of clatm 49 wherein the source el ectrode and
the draig %9 e(JE rade are formed froma menber of the group consisting of
the rare-6arTht &é g’”&%s BEOWPIeison gatq glectradesy foamet! 61003 hteth:\nﬂligasrel n tlhed__

. d fromthe group consisting of: Boron, |Indium
and Gal 1 £ AR T S5 etinebe Gpinciest ea e e b snitmeregaveick] oct rode has. a
llength not S Z.Ex688 ing 00 nm 54. The device of claim49 wherein at
| east one %r?m?tﬁsea S ﬁﬁ%&ye" SFhodkyitke conisetite Bia sanicendasorsulgirhio (100¢). or .
Schbt t ky iJf Fant t with the sem conductor substrate at | east in areas
adj acentD%'%'—érrer—qﬁqﬁgﬁ#éqmr 10 55. The device of gl aihm 39 yvherlel nt andent :';1:13
[ at t one of the source and the drain electrodes
Itﬂteeg];ﬁizgoggh{c egélcxgéggcfﬁ;ag °F?5PP3‘EYQC‘SEHM@%FWTGMWEPCWfal&mu@rt ky-I'i ke
rggion wth &ﬁ gn‘i nduct or substrate. 15 56. A short-channel device for
rggul at mgw g%e f @o@vwgé)a U Loy substipte Biting meangfongiedtedatiyisolatihannel dopant s
in e ' u substrate such that the dopant concentration varies:
!sing{rjlli fS ieggéa(r%ll%)l P grsg#%ﬁ)r‘le&{/@?ts? gptedhingel dopanteaneiiniradugedio seshlayvayems thant i n t he
| at er al Cldir ction; .20 a gate_ el ectrode on the surface'of_ t he sem conduct or
subst r ate? angﬁ%[w&m‘lé‘ﬂﬂ'? VBT LT BN ditc caicalrbal rpt i dueral difection (1102).
sem condyct gr substrate such that the channel length is less than or equal
to 100 nAjCuhEr EPRPIEE: 3 aaigsfectons ”b‘f”“f"ﬁéf@’mﬂéég@WmﬂﬁbdeataRd t2 ge drain
Ky or Schottky-like contact to the .

gle(ran'czztr)ﬁdﬁscs‘:%%ﬁé gﬁ%%?fgﬁgggiﬁr%cwti%ﬂﬂﬁlw og hasife®Gubitrateei n t he, source
el ectrode an thhe drain, eIFctrode are formed froma nmenber of the group
consi sting o?‘:“ BIPRIY A EHe Py Rapsraand siching:staps are Spfarmpdiie femdk gatd di um Sil i ci de;
and furt er#,{?fzf j n,the channel 30 dopants are selected from.the group
consisti“’ﬂ’&tr : R(;Le e Onepsy G ing tilating, @yespare fasmgd on on o6mOET 2004 - 33

sidewalls of the gate electrode to selectively expose the semiconductor substrate on the
active areas of the device except for the sidewalls (1105). A thin film of metal is deposited
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
| 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
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58. The device of claim56 wherein the source el ectrode and the drzaé BeT 2004
el ectrode are forned froma nenber of the group consisting of the
rare-earth silicides) and further wherein the channel dopants are sel ected
fromthe group S consisting of: Boron, Indium and Gallium 59. . The

devi ce of%ﬁq‘ﬁf"ﬂs% wherein the gate el ectrode has a | GgIUs0¥P82exceedi ng

| 00 nm 10 60. The device of claim56 wherein at | east one of the source or
drain electrodes fornms a Schottky 8- Schottky-1like contact with the

sem conduct oksﬁggshr atf at_|east in _areas adjacent to the channel. 61. The
devi ce of claim 56 length.diytepally ppiformdoped shannplemptabspusee dndast one of 15

t he sour&_ginzmgstdg‘gl dr ai g{rel ectrodes and the sem conductor substrate fornms a
Schot tky  eont act care SHHFEIe Rud meted fox magntagture hastheen disslossddbe or substr at e.
62. A stb%steﬂgggen%el .dev%ec for regulating the flow of ‘el ectrical current
conpri sing: Chan RETVIGES [ any jad fantages ier Sisaigs agfinduding fastee such that the
dopant goncen rriar;ticont varies sybstantially in the vertical direction and is
gener al I'y" const At ot SEREIor devrepharpcteristisnd tightes centeglefdevitte on t he

sem con ubstrate: a source electrode and a drain electrode on the
seni con Eg%'{g){tergug@ s?gtvér?tagf%arsﬂcwed’l"ﬁ%'ﬂ“%’ﬁly thropghy e ingRduiemota netal and the

sem con ry.substrate .su that the channel length is |less than or equal
t% 100 %ﬂﬁ’aﬁg 'ggﬁmglfe tﬁdetéfgut‘)&gﬁtéra@)f“ Jﬁ@“ AEeRisaIl B UpHRE: #nd t he drai n

el ectrode,..far. chpttky,.or Schottky-Ili ke contact to the sem conductor
subst r a? gmatg%g@g.ﬁh %ﬁgps(?@(??@@md?g'ﬂsafhgeﬁﬁ“%H%% f peed fier hglefRockst ect r ode

conpri ses. 200 -~ 34 a thin_insulating | ayer on the semn conductor
suggt rat?@?]args %’ﬁ%%ﬁ&&’éf’?’ﬁa e‘f‘ﬁ"‘?ﬁ‘ﬁ"&n“ﬁ'?érais'ﬂ%mpglﬁﬁi’é"ISayer; and one or nore

thinin l.ng.layers on one or nore sidew-lls of the gate electrode. 5
64. Theﬁgéeo\?‘?'égl%cl}ye%f"ﬁtﬁ?%qzw erein the source electrode and the drain

el ectrode ar d froma nenber .of e group,.caonsisting of: Platinum
S-ilicide) g*f%ﬁ%%’ﬁf %{‘ﬁ?‘é‘i’%’@’hﬁ‘g‘“’l'?'#‘&# E%H‘%P!r ?d(%f"ﬂ’é‘,""saﬁ‘dlufiﬂ?ﬁtbh‘er wherein the
channel t fromithe group consisting of: Arsenic)
Plhosphorn gﬁ@?&g?\odﬁ&lgﬁiﬁk ’?’ﬁéﬁ‘g‘?’ héggn.m&f%‘é’" g'é‘(ﬁog’@c%if claim 62 wherein the
source el ectrode and the drain electrode are fornmed froma 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 claim62 wherein the gate

el ectrode has a I ength not exceeding 100 nm 20 67. The device of claim62
wherein at | east one of the source or drain electrodes forns a Schottky or
Schottky-like contact with the sem conductor substrate at Least in areas
adj acent.to the channel. 68. . The device of claim®62 wherein an entire
interface between at |east one of 25 the source and the drain el ectrodes
and the sem conductor substrate fornms a Schottky contact or Schottky-Iike
region with the sem conductor substrate. .A

R A5Y. ASI . A A (.AS. Aa. A 'y. Aya. AyN. Aa. A@Q . A@ A@ A@E. Ay. ASI . AN2. Af. AS. A @. A
@. A9. A. A(. A A(, L. A A
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ca! z I ztoj e
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A ca] caU] ca] ca] ca] ca] ca] ca
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a] ca] ca] ca] ca] ca] oRhaad a@hea is: cal cal ca
(5161 6. K7 X7k 707 B8 GO A TEseainE A shothSALIPERAer EA btk dagishz U] cal | cal cal c
aU| cal ca] Cfm?‘} erdemaateahe alaaleal Galeahoal cal cal cal cal cal cal] ca] cal) cal
caljc”a

g ? !J lCJﬁls ]C&}_ aLzupkf antydpreiag ekanael|depjrnesintoed @a]lm]iwc}rcsa])m]ecsa]icdn]aﬁal\% ca] ca] K/g]YCI; 2
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c™aj ca

nU]nmJ rMmop8pEpFpl pRoW ppibstepie such ltlm!\/ﬂtewh(xmremmﬁhmst\maN’tﬁ]céfuﬂ ;c{/] U_(\:Q]a} EZ]U]C ; iﬁl]: ; iﬁl]:
25 cal Cal ca] cha] ca wani o] S ERE PR e N bl &
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MJS, | t @% @Delbctyttd]maﬁc fokthed frofh ]ggxae]ggﬁ} 6ethe gi&g];@gdém% g@ﬁﬁ%gﬁtﬂ&%g a] caul ca]
C%\/CRS% >C<§]mcgl %?']“t“a “Cé”z'%ag‘a}‘\:%lf g Hé]’él&]%]%l&ijea?r@a% cvét]:@a] beFkapela] ca] ca] ca]
ca] (éa]Ega] o dﬁiaﬁ&]zae?icegei%]:egﬁogﬂ\gﬁ ch?gég]ﬁ‘cffc?]%%‘g] fé’f%%‘fé"&f caal] ca]ca]ca]ca]c
e cal ca] g‘]“ TPB%] ca] ca] ca] ca] ca] ca] ca] ca] cal L>9VeS eW 9' : & xsnid Z]]ca]c
Z] ca] ca] ca] cal ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] c?]:g?]:ga] gg] gg] gg] g
A ca

:} g:} gg} g:} g ] g:} -ﬁ%} ‘gg']lhg(gf %lg{géﬁg]tgé%qge}cgrlgﬁg%%gg éla]nca] cajca]ca]cal Z
Xej yMA | x~=2¢R}uamiath Bhhed frod el epﬂheg]&@ %ﬁz& }}aﬁﬂlgg]{ ﬁ?L ca] ga]z
ca] ca] ca]calca]calc (l:a’r%ca] cajca)calcalc ]c el da o el oo
1] c]] ca] ca] cHjedfe apetrion) whreafhea hem]eéagm}m? wch&ll g’g} Jeraipc
3] ca] ?f]gﬁ%l;@dxﬁﬁhﬁ of § &@]gﬂ@%&g&@ﬁﬁ & ()-1q p 0

0((}& ()-M HaB! 10‘V& () 1&10% " & () - 310‘V& ()-,-10% & ()-&3 10% & ()-9f 10%

& ()- H & "4( ) PNbinddc of c]lglm 1 wherein the gate electrode has a length not -

exceeding 100 nm.

30 S 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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8. The method of claim { wherein, when the source and drain electrodes are
10 provided, the substrate has a channel dopant concentration that varies
significantly in the vertical direction and is generally constant in the lateral

direction.

9. The method of claim 1 wherein alI.channel dopants are introduced in one

15  process step.

10. A method of manufacturing a short-channel device, for regulating the.
flow of electrical current, the method comprising: | '
introducing channel dopants into a semiconductor substrate such that the
20 ‘dopant concentration varies substantially in the vertical direction
-and is generally constant in the lateral direction;
providing a gate electrode on the semiconductor substrate;
exposing the sémiconductor substrate on one or more areas proximal to
the gate electrode;
25 depositing a thin film of metal; and
reacting the metal with the exposed semiconductor substrate such that a
Schottky or Schottky-like source electrode and drain electrode are
formed oﬁ the semiconductor substrate and are separated by a
channel length of no more than 100 nm.
30
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conducting film to form a gate electrode; and

forming one or more thin insulating layers on one or more sidewalls of the

12, The m_éthod of claim 11 further comprising removing unreacted metal

10 after forming the Schottky 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 draih

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 sexﬁiconductor_ substrate at least in

areas adjacent to the channel.
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19. The method of claim 10 wherein the gate electrode is provided after the

completion of all channel doping procésses.

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 whcrcin' 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
. andis 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 25.  The method of clalm 22 wherem the gate electrode has a length not
.exceeding 100 nm.

26. The method of claim 22 wherein the Schottky or Schottky-like con@ct is
. formed at lcast'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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dopant concentration varies substantially in the vertical direction

5 : and is generally constant in the lateral direction;
providing a gate electrode on the semiconductor substrate:

exposing the semiconductor substrate on one or more areas proximal to
tﬁe 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 separétcd by a

channel length of less than or equal to 100 nm.

I5 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 méthod 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

10
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5 36. The method of claim 31 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

consisting of: Boron, Indium, and Gallium.

10 37. The method of claim 31 wherein 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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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 semxconductor

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 100 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
concentration varies substantially in the vcrtic;al direction and is
generally constant in the lateral direction; .
a gate électrodc on the semiconductor substrate;
10 a source electrode and a drain electrode on the semiconductor substrate,
formed by a reaction with a métal 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

15 scmxconductor substratc

50.  The device of claim 49 wherein the gate electrode comprises:
a thin insulating l'aycr 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 thc drain
'~ electrode are formed from a member of the group consisting of: Platinum
© 25 S'ilicidc,.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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54. The device of claim 49 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.
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 s_ufface 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 membef 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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' 59.  The device of claim 56 wherein the gate electrode has a length not

'exceeding 100 nm.

10 60.  The device of claim 56 wherein at least one of the source or drain
~ electrodes forms a Schottky or Schottky-likc 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 vc&ical direction and is
generally 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 clectrodé and the drain -
electrode forms a Schottky or Schottky-like contact to the
semiconductor substrate.
30

63. The device of claim 62 wherein the gﬁte 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 'thc.channcl
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
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

15  consisting of: Boron, Indium, and Gallium.

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

-exceeding 100 nm.

- 20 67, The device of clairh 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.



