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SIDE WALL FIN  DESCRI PTI ON Bi - 1CKGROUND OF THE INV F
| nvention The present invention generally relates to providi gate
metal oxide sem conductor field effect transistor (MOSFET) tranS|stor and,
nore particularly, to providing a dual gate MOSFET having relatively thin
epi taxially grown channels. Background Description Field Effect Transistor
(FET) structures may include a _single gate single channel) or a pair
of gates, with doubl e-gate veMESB& F(n@B AEH%I] €age of enabling
shorter channels and thus a faster deV|ce to be produced. As gate | engths
scal e bel ow 50 nm FET scaSEMIEQNBUGTQRe%IE WALL AN depth of the
gate control. Research has shown that placing gates on nultiple sides of an
FET channel results in inproved FET performance in regard to short channel
characteristics and off current characteristics. Placing gates on nmultiple
sides of an FET channel, provided the silicon is thin.enough to be fully
depl eted, confines electric fields and charges nuch nore tightly than in
the standard FET in which the fields are free to penetrate deeply into an
effectively infinite silicon substrate. The confinenment possible with a
fully depleted dual gate structure allows inproved short channel effects
and devi ces having gate lengths of 20 - 30 nm are possi bl W& rsion
i nduced channels will be fornmed on both sides of the sil M&N |ny
across the entire channel which may increase saturation so+Qt her
reported benefits include nearly ideal subthreshold slope, in reased
saturation current and reduced short-channel and floatin ¢ ts..
Requirenents generally are for a thin diffusion region iﬁMﬁﬂJﬁW@M@ﬁEof 5-50
nm and gate |l engths down to 20-100 nm wth the gate | . bly
being two to four tines the diffusion |length. A nunber of h&P%¥)nt al
doubl e-gate FET structures, and particularly SO doubl e-gate FET v
structures, have been proposed. These structures typically require a bottom
gate fornmed beneath the thin silicon body in addition to a conventional top
gate. The fabrication of such structures is difficult because the top and
bottom gates must be aligned to a tol erance beyond the accuracy of state of
the art |ithographical equi pment and REXRET because sel f aligning
techni ques are frustrated by the |layers between the top and bottom gates.
In "Self Aligned (Top and Bottom Doubl e-Gate MOSFET Wth a 25

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to providing a dual gate metal
oxide semiconductor field effect transistor (MOSFET) transistor and, more
particularly, to providing a dual gate MOSFET having relatively thin

epitaxially grown channels.

Background Description

Field Effect Transistor (FET) structures may include a single gate (a



.nm Thick Silicon Channel ", by Hon SumPhilip et al., |EDM 97-427, |EEE
1997, a doubl e-gated MOSFET is considered the nost prom sing candidate for
a Conpl enentary Metal Oxi de Sem conductor (CMOS) scaled to the ultimte
limt of 20-30 nmgate length. Rigorous Monte Carlo device sinmulations and
anal ytical calculations predicted continual inprovement in device
performance down to 20-30 nmgate | ength, provided the silicon channel

t hi ckness can be reduged to 10-25 run and,the, gate oxi.de thickness is
reduced to 2-3 nifi8 ?i)é‘\‘}@’rl?‘”i?'@a‘éf’f?R%mthdﬂ’}l?%éga%oﬁer%ﬂﬁs Prﬁgld&ﬁﬁ%m i's
crucial to hi gh RGUARLIEANCRaBIREANS Ao i ALACIHIE B fadtdrldevizausBe ext T a gat €

to source/drain over paci ttance as we l'oss of current drive. The
fol | owi ng pat ent predictdiAs gave fehgths seaielbglamt S0mrh 87 T sdating heconastinsiteght ed
FETs. U.S. Patent 5,780, 327, bE( Chu et al }%gg eﬁ\&}itled "Vert.ical

Doubl e- Gat e Fi el dythe Binite denth of the gate coatrel | Researgh bas shopa thaiRlasias gales i el d

ef fect transistor I : I el i ial . cl Afn ain
| ayer arranged i ndnﬁ@kl@%@lcgeﬁ oggﬁﬁpﬁ%ggﬁg&]?é Igﬁ%)lsrfl?@t?gﬁd'lﬁk}@géﬁ e ox?edglri S
thermal 'y grown qegir@eo Stiodchafifiel tcharastetisticsentl ogf-¢clirfeheclenadteristioxi Batingn

rates to mnimze 1 nput capacitance problenms. The gate w aps around one end
of the stack, whigateseomeltiple sides of an FEd channel.gwevided hisa1lican isthimenaugh | ayer

enbedded in the seco end, of .t he,.st > I t directly
to the channel Ié?éf%jly @epl‘%%e"ﬂ{‘ﬁﬁ{%%?‘gtg%gég?“@9{%%6%‘%“2’ ’gﬁ“"g@ ﬂgnd
entitled "Method,hfPm e kiaRdarSFET! ift viHich eyRI® aw@free o pndirkikideeply into
Transistors Wth Sidewall Source-Drain Contacts " describes a nethod for

maki ng si ngl e- gatan effegtivady infinitgailiconisabyirats: { Ehe confinprapritpossiblgaviting fully
sidewal | drain contact, . The channel the FETS .iS.rai i respect to
the support str uc‘?@%&‘{,ﬂﬁ‘igﬂgéﬁfﬂ&&{?ﬁ{%@ 1glg[lorv8§ Sié%?%@lgﬁefrég%ﬁhaggs form an
integral part of d&&e§ﬁ%§§kateiédg§1s dranenn M¥pareposditle ) 3Bhdoiyivdisionr i et al .
and entitled "Sel f=Aligne 4 Dual Gate MOSFET with an U tranarrow Channel

' is directed to iadeedfchanriedmeil b foarmgder befrsidgsoh thersiliganrandmessiblyhannel  of
substantially uniformw dth Formed by.a self ali . pr | ective
etching or contr A9 TR, e F‘ga_ﬁmf"gwﬁﬁf‘?@éa‘“s% e\ﬁ%@ﬁgﬁﬁf@gggﬁp ﬂ?negt erials to
forma vertical cRppm&l béstiBnAinge RekNEaN! Stheshcld 8lofe dhéreiRgisansationavi ng
a thickness in the'range from2.5 nmto 100 nm U S. Patent No. 5,580,802

to Mayer et. al. cuméntand tetuckd sBprtichanneband fleatinghody effeets AREaWFENENS MOSFET

Fabricati on Methods" descr}bes, .an, S0. te- whi ch

i ncl udes a sour cefTERANALY 05ﬁghlﬁrdéﬁﬁmglgfelggoﬁﬁéé%ﬂafaggpgfé'(g);ﬁpr%naflyéfﬁ E e latter
of which al so hasjeaphb d6@h t@20-100 nf, Meth thelpite tength preferatts being twe td foured on
.a bottomgate dielectric which is formed on source, channel and drain

sem conduct or | aytmes te diffustoy lepgther . U. S Patent No. 5,308,999 to Gotou

and entitled "MOS FET Havi i [ e C e ' MOS FET
having a thin film SO Ng’t“Pﬂ’gf §§%‘£}§i§n@?§%§gﬁ%§br ca S%eggﬁ‘fgég’gsg?ﬂ’én M S
(Metal Insul ator sobgmitiepsts FEITstrubfafeshBaiert@e propobeds Thetstruetures i mproved
by formng the gate el ectrode on the top surface and twg, side surfaces of a

channel region of typissllg@quirgpeottamagats fosmed pengath the thingilicgnordy ght e
| ectrode t dt .insid { . 1 h i h
That the gate el ctdR B0 LSRRl 05, R THEichith SReR Sl o7 1

5,689,127 to Chu giffiallt betatkeah tdp @M bower datedl mido bb hHghsatte afoletahcEs f ect
Transi stor" describes a vertical double-gate FET that includes_a source

| ayer, an epit axi beyosdshmascuragy ef statef shejarh]ithogeaphicakequiptaen and methadsck on

bul k Sa b . Th ' i I ' f
? heust aglr< usi nzudﬁltﬂ‘i@?tf"gHﬁerssff‘ﬂg%‘ﬁ’%q?%ﬁ?‘}dg? g‘ltse r}?‘([)S mcﬁ%ﬁ%giégw%p@te %Bgfé‘?te ane

problems. The gat go@Rpudmossies. one end of the stack, while contacts are

formed on a second end. An etch-stop | ayer enbedded in
In “Self-Aligned (Top and Bottom) Double-Gate MOSFET With a 25




.the second end of the stack enables contact to be nade directly to the
chahnel |ayer. The lithographically defined gate is by far the sinplest,

but suffers froma nunber of disadvantages. First, definition of the gate
_.may | eave poly spacers on the side of the diffusions or may drive a
required slope on the side of the diffusion, thereby resulting in a poorer
quality and/or nore poorly controlled device. Second the sl ope of the poly

" eloner tevi co pervol Rk SuToiChanfer O0R Shtp Brite € BB ok BEAIBRRL P et
probl em f or "thq%@péta@b%egatea MOSFEPS é@ﬁslﬁéﬁ%@%e ﬁbarb?omlﬁmnefd%r of 100

nm- 200 nmin a 50 nmdesign rule technology. The key difficulties in
fabricating doublfer géﬁbﬂfj)ld?ﬁﬁa@m&etab@xlde|S|agnmnkiucmdé(fM6)‘S)sdald:dttorthdl f f usi ons

lysi | th t ab) tact blipg, fabri cat f
he’wr Spar ound GABTREIRBO! Hi-20 FLEHE IIEE R REOMMOR RO HS1 cbr i cali on
of the narrow di fs‘irHﬁfaﬂ?r?sra(dddanﬁMﬁéal AT ‘hg]afttog{‘fg@t@% ARG fRAEIA eNath) -

Addi ti onal techniques ting t ran5| ors 1 ncl ude

defining the gat aielvichfmabﬁﬁdnioeatbw tWZOIBOhuggatetImgtMEpr@hﬂai theemcbh S. Patent
No. 4,99G 574 to Shirasaki, entitled "M S Transi stor Structur& or
| ncreasi ng Conducthaneel tiBekngsseandes rieducesiig 10r2a) nn R@@F@r@*%o’m‘ irkngssds

sel ective epitaxi on structure
(sce. ton: sum Pt IERRERE 2" HFRbBleDaf Belen 31 isdop RS tgHoroRER, TEr)
1997, pg .427), ajcibohigpetforpaadabitdueal afk- aMghﬁlehiﬁWill Ealse 6 gé to
transport (see H Takato 1988, pg. 222). In summary, previous

fabrication schemesrde&lrainoseilanicappeitance aowel phlesaof gurcrt drigel i I i con

f.hfﬂgglr Zpﬁlnga: Ioggelefl %lae ﬁ’ﬂgl hgs i%ﬁ%ﬁ?&ag’e{%%ﬁ%gm@f?rhlt@mﬁyﬁt &nt | y cl ose

tol erances and ev&ubRvadtedFETS Ol er ances cannot be 6 mai ntai ned adequately
to support near-optimal dual gate transistor performance in the above

approaches. Further, t‘éc&tﬁﬁ'&ﬁnfe%7%32lb by &thayred pl. @pd ewtifleds {Hamigelt h FET wi dt hs
defined lateral |y Dérﬁ 15.8%rd f??’egc?gjgf ﬁtt']‘;h'nstz%or" %@&ﬂg&@'a’\%ﬁf&?d§ g&g fi%fjf tom

gates even though ness i"con ‘can ht 1Ty con

Pat ent applicati Oé”ff&%ﬁaﬁst&B Whldmﬁndlﬁﬁwanwlgtﬁﬁiﬁl Slsdpinel 1d;aéiran&\a desin ¢pjet t ta,
John J. Ellis-Mnaghan, Jerone B. Lask D. Petreson and Jed H Rankin,
filed on 16 Mar c harranged)in mﬁackm@)bpld;rqtséa snbst@tegeeeetemeﬂwaﬂy ed

"Doubl e Pl anar Gated SO FET. tru ur.e SC te the
doubl e gate t r ans¥ergon tg‘goﬁ d§ H%{%gll% 'g% (glelta%gg% ?rlal ea
enough. SUMVARY Qlﬁp{[ﬁliphm&ﬁw b@Uldnts The Gherabpy ﬂoaﬁti@:taaﬁltofttlﬁe §thiek, pr esent

invention to provide a dual gate transistor having relatively thin

epi taxi al |y gr ownwhieeemacss afA(f@@PQﬁQma’é%’O{‘%émi AVesieh-step IQM%F'@b?‘ldeﬁr%w ded a
method of T orm noug stddhidndol AftlsdokAMNIE! Sinddrilbe t{aggatréagm dRORRhS! N9
the steps of formng ayers onasu Itaxia
channel s are forngageron a side surface of the SI|ICOI’1 layers, with one side
wal | of the channels therefore bei ng}gxcosed The silicon |ayers are then

renoved, thereby exposUn%J PategeNony 7 polemonieh ab gnd entitled ‘dMetheddfor
S dd i al
souce and 51T o o P AL ST RSP

invention thus seskfcé-DrRmlonigers’ dtHbdsiy membat”mnmng sigilerpatesdndg a known
t echni que for grOé\no g epitaxial regions to formthe very thin channel and .
[

has the advantage prte ikl effpchirensistorgheving asidemwatdsain santaptahhe
by CSe ot e cbAPRCPIREFERL b iR AR SRINTL: 485 o6 EERnIBRYR, o

by sel ective etching a Axt ar

thee presence of Ak the@erirce Bhdlﬂrahﬁhégfoﬁs fdt Ein@@ﬁ@@aﬁ'ﬂf W cHanddlE DRAW NG_S
-U.S. Patent No. 5,757,038 by Tiwari et al. and entitled “Self-Aligned

Fﬁ




. The foregoing and ot her objects, aspects and advantages w ||l be better
understood.fromthe follow ng detailed description of a preferred

.renbodi ment of the invention with reference to the drawings, in which:

- __Figure Ais top view of the device showing a silicon line; Figure 1B is
a cross sectional view of cut 1-1 shown in igure | A, Figure 1Cis a cross
sectional view of cut 2-2 spawn in Figure | A, Figure 2A shows the substrate

- of Figure | A aft | taxi owt h etch st .ch. | ayers; Fi
26 1 5°a oross sedvidg e MBS wthen Trauiogh CHRrRdlg it DTSR Bitgre 2C 19 &
cross sectional \L.ew; ~ W | el ; [

2A with a nmask o\égﬁ}ggg}l?cgéﬁaé%ﬁ%con |}rllgﬂru E%@gﬁ%@?gudrfgh%%a@ﬁg%mfﬁgggre

sectional view ofwidth foBmed bY@ selfHalighddyproeess ASeldetige echihg of ltomsollédgur e 3A
after the renoval of any remaining portion of the silicon |ine and the etch
stop layer; Fi guraxidption iouidlized betssngliifercaimaptetiplssp farm ayeertical chagned hown i n

Second channel: APIRLAGERLSeh o abd b raiib ARt Biokief: mIpCRYeR2. 2 °
shown in Figure SyofhGuUkiR td 160aMs the substrate of Figure 6 after shall ow
trench isol ation
U.S. Patent No. 5,580,802 to Mayer et. al. and entitled
“Silicon-on-Insulator Gate-All-Around MOSFET Fabrication Methods”
describes an SOI gate—all-éround (GAA) MOSFET which includes a source,
channel and drain surrounded bv a top gate, the latter of which also has
application for other buried structures and is formed on a bottom gate
dielectric which is formed on source, channel and drain semiconductor layers
of an SOI wafer.
U.S. Patent No. 5,308,999 to Gotou and entitled “MOS FET Having a
Thin Film SOT Structure” describes a MOS FET having a thin film SOI
structure in which the breakdown voltage of an MIS (Metal Insulator.
Semiconductor) FET having an SOI structure is improved by forming the gate
electrode on thé top surface and two side surfaces of a channel region of the
SOI layer and by partially extending the gate electrode toward the inside
under the bottom of the channel region such that the gate electrode is not
completely connected.
U.S. Patent No. 5,689,127 to Chu et al. and entitled “Vertical
Double-Gate Field Effect Transistor” describes a vertical double-gate FET
that includes a source layer, an epitaxial channel layer and a drain layer
arranged in a stack on a bulk or SOI substrate. The gate oxide/ is thermally
grown on the sides of the stack using differential oxidation rates to minimize
input capacitance problems. The gate wraps around one end of the stack,

while contacts are formed on a second end. An etch-Stop layer embedded in



.8 (STI) fill and polish; Figure 8A is a representational cross section of
cut 2-2 shown in Figure 11 B, after a polysilicon conductor (PC) resist
mask is applied and etching; Figure 8B is a representational cross section
Jof cut 2-2 shown in Figure 11B, after a PC resist mask is applied; Figure
9A shows the substrate of Figure 8A after te dielectric growth or
deposition, and gate conductor deposition; Figure 9B shows the substrate of
- Figure 8B after renoval ,of  t PC resi,st mask: Figur 0A_ sho renpyal of

ST hnd 5ol at | orhe M5ahEad P ek ERabes Attt orbeinde dRECURGHRSHEOR! ahous
extensi on inpl antléyeir.n the substrate of Figure 9B; Figure 11A shows the
conpl eted device of Figure 10A before contacts; , Figure 11B shows a top
vi ew of the conpl et ed TeMithegraplidallyi defined g2teiis by fir tlt @mplest, bohsufipoe of
removi ng defective materi al

due to excessiv aceting.. 9 DETAILED
DESCRI PTI ON OF A framepmupgber e vngmesoﬁlratr%t{wmﬁf%mgm@mwﬁﬁwﬁm to

Figure | A there is.s 10 i L. il - .at or
(s} substrat e 2OREY edigs et lRlon® oBhilh ki)a SbouifeUoBE o L P
sections 1-1 and oftke Giffiéfon! ﬂheﬁbgwésﬁlt%,ipragﬁbﬁ_ﬁ hmagxand/bhmowp@drryate 100 is
conprised of a bulk substrate 106, a buried oxi

. em(heOX) 108 Iaéi]%[; and an
active layer 110.copfrglieddevi®. Saecpndhaiskapef e poly vbietpatlp deeds to diffioityand a

nitride pad film.1Q4 aon active | r 410 ose, skil| i . i1
realize that it B O@EHEF@‘F&EE@%}(’%@%@ Sm‘ggro Wko(cg pﬁﬁ@”ﬁh"%@ﬁ%ﬁ%%@ced on
top of the nitridgipaep helgh Pdids a difficuleproBlent forl1RRograpli¢ ofinitien, A wet andar d
oxi dation techniques and would typically be in the range of 3 to 14 nm
with 8 nm bei ng pxpeeistepd onphejordet of1000Mm 2260 pmanad0 mp degigmirdgi de 102. |t
is preferred that itﬁi.de films be utilized as pad filns 104, although
other materials ﬁﬁé)’né?%" be used. The nitride. (upper) pad films 104 are
typically in the rangergfk3QiffRull il fabridhfidy &ubldpdied FETPARIGheeRlg and
define the etch areas for shallow trench isolation (STI) formation. The
active device | aysaliciddtion of thintdi€nsiens argolysilivondgtlsacteptablasontacthe silicon
channel will be forned. The widih.113 of.active |ayer 110 which | sed to
form what will be‘&%‘ﬁ’&“?%&“%l%ﬂ%‘?"%ﬁ&? 8ﬁ?hei‘§raﬂ%‘f’“%¥$?‘13 @Aﬁ%?ut&wsﬁgf;fﬁ i t
must be wi de enoughhf Ao PREK ARG FAMRaficH 6Oe ARQVFNIifigsiGRNdeaRy, Quetifiles i NQ,
t her eby providing an adequate, practical manufacturing tolerance. It is
preferred that thenaller thoorthe gafe dengtiohat will becone the source 114 and

Sccordance witn convermAongralraREuet foy atafiie R BReRY LRI IR o
in the art. Fi gur@sindy th3%aﬁﬂﬁh@&aﬁlﬂédl?&ﬁ@ﬁﬁigh@téﬁIﬁig}@(séﬁj.Sl@aﬁﬁﬁNo.lC,

respectively, after epitaxial growh o tch stop 202 and subsequent
epi t axi al 4,996,574 to Shirasaki, entitled “MIS Transistor Structure for Increasing

Conductance Between Source and Drain Regions”™), forming a selective
epitaxial growth which provides an “air-bridge” silicon structure (see
Hon-Sum Philip Wong, International Electron Devicés Meeting (IEDM) 1997,
pg .427), and forming wrap-around gates with vertical carrier transport (see H.
Takato IEDM, 1988, pg. 222).

In summary, previous fabrication schemes have relied upon
litographically defined silicon channels and long, confined lateral epitaxial
growth. However, a lithographically defined channel cannot be formed with

sufficiently close tolerances and even avalable tolerances cannot be



210 gromﬁh of the channel 204. It is preferred that the etch stop be
conprised of Si(0.3)Ge (0.7), and that the epitaxially grown channel be
conprised of silicon or alloys of silicon with germani um and/ or carbon.
“Al'loys of silicon with other Group IV elenents (particularly germani um and
carbon) can be used to optim ze the FET performance by adding strain to the
channel and/or nodifying the conduction and val ence bands across the

. channel to alter the device threshold or irrpr,ov? ca&rrier transport. It will
be evident to thaentginediadenyaiely tosuppertmpairoptnal gpakggte BARN9Ton of etch

stop 202 and chann 204 . i i L | remove a
portion of the Siqef‘ﬂggﬂa%fdglt}ﬁeg{g%)@?h@prgéﬁlgg- F&gtc}i\e%?%ﬁ%%ﬂb e vmtééélh of the
removed silicon shgulde Wi FEXwidhedefirRdu@brallp stffier feanidiffiedityindt h of the
etch stop 202 and channel 204. Non-sel ective epitaxial deposition of etch
stop 202 and chartighing0le tepyanddotterpgateseven thoysl thickpessofsidicoaspyde al t hough
sel ective deposit{g%ri ingrFferred. It is preferred that the thickness . of

| ayer 202 be apprt fhygp ?}Qﬁlrm Faceting will be highly dependent on

details of epitaxial growh. Partjcula i sel ect i taxial ,growh,
faceting may alter the%%ipém%%plwt‘?rhéé/é%%éﬂibﬁlejam%%%s&zséo?’ﬁgﬁ%ége of
. the openi ng pﬁaec@ﬁ@%,gﬁ)gnqdm iNIGEaghiE, JERANE! Lisky,Aiok BX Pekeson abé JetsHy t hi n

relative to of 'the growth, the area where the channel will be
i npacted i s Rikehyfiled ohd 63viaich, 20DRearsl inovdratedibylaressefsamnge entdilad ‘deamblons

are created i s sensitiv raction and cre i tLh

i ncrease in Pl?@altﬁatﬁi§9§il\gﬁskgﬁe§%?{“ﬁ? s‘%ﬁ%‘?rbeéﬁcﬁngﬁo ﬁcﬁga?e ﬂ%'(ﬁﬁ #)P(:ézgéﬁ etDose
for Strai ned&% [ SRl widih¥en bShale siB8ll enduh. | 55, 141, 1996). .
Then, channef ﬁgrl’g%gﬁl?%ﬁally g?”own, preferably in the range 5-SO nm
The bottom and top of channel 204 may be defective. Particularly if the
epitaxial layer is thin, the region is likely to be extrenely small and may
not be significant to the formati on of the device. However, if it is

" necessary 11 to reove these SAVMMARV OB THBIMYENTHON avail able to do so
at small but tolerable, degrade of device width control.. Specifically, a
spacer could be deposited simlar to that of spacer 302 of Figure 3B, but
etched |ower to uncovey; Rlobjdeo il pReskRt! inveddibA o prdvidera dual gate pacer
is formed, the buri ede%;(slt‘?gm}@egt (?hjed gndetrpneath t he spaléer as shogvn on the
| eft side of Fi gursnsistor havingrralativelgithin epitatially grompebanmelspacer may be used.
In this case, the bottom of. the spacer,L are isotropjgally,etched to uncover
the top and bottom regf‘ﬁ?f’é‘.imgﬁ‘éﬁ}?éf‘m“%f&?ﬁs‘sQﬁ’é@f a(raétgp(ipﬁ%rmingga_
determ ned by the rhiRif G2 brn e s0pb B forMHEOligbn t he
bottom of the spa%ggg?%gﬁg%dgﬁn&ﬁgﬁgﬁg rilg(ﬁ‘fa1 si%le of Fi ig@gre 12. ter the
def ecti ve regi onslagers oataciubstrate. Nexs,epitexis] channele arpfotmebotee side sugfaceft he

epitaxial regions ang.the buried oxi de |ayer .before, proceed; | owi ng
processi ng st eps.thP_tSHECHB Y§TH & "@é“fan‘é{%}l?{th?§L§F‘§l§%g§§°f%‘)§gg %9%%§¢'or m
the procedure desg¢pd QRELARYMR o hh réi6veaPRRRIby BRPMIng NsekbAdisidevtdl] bs
removed with the spacers of the above described procedure being renoved
before further prtheepitaxigl changels.Soutek anddir@B regipnsaarp thes forngd, gogrled A and
- 2C, respectively, after addjtional progessing steps s d ri el ow. As

shown in Figure 3Ndsgishecpitay cgarr@e#sof%@},', a&??%ﬁ?%m‘é%iqvgﬁﬁ’g ef)g%’ﬂ%llbque and
material w dely kgﬁmﬁfso those skilled in the art, to protect the channel

. e

204 agai nst attac n, a mask is applied and positioned such that the
mask openi ng 304, showfhe invention thus scekp topioyite of ery thimdiffiisiopfregine usigposed
portion of silicon_ layer 110 and etch stop 202 withip t mask, .openi ng 304.
It is preferred t A¥POWRe e W@B\é"%?p@tﬁélﬂp%f’gm@]s6%&1@“5%"%5@&?&“1{% t he
channel 204. The [ ik i1e6s P bhdnmel hen

et ched using an aﬁ{f@g@f@gﬁgvdg;t%%?oﬁr%tgvigl(%égﬂgggmglélﬁcggﬁé?ﬁﬂ%os W thin mask

openi ng 304 is t herickaicediben aSithaaphicallydefioéd chaaneli whick paritiomaintdingskby
renmoved during this etch, the silicon layer | 10 is also etched laterally,
st oppi ng on etch stop 202 (see K D. Hobart, 12 F.J. Kub, ME Twigg, GG
Jernigan, P.E. Thonpson, "Utra-Cut: A Sinple Technique for the Fabrication
of SO Substrates with Utra-thin (<Snm) Silicon Filnms", Proc. |EEE
International Silicon on Insulator (SO) Conference, p 145-146, Cct. 1988.)
KOH can be utilized as an etchant, which has a selectivity of approximtely
20:1 fox Si: Si(0.3)Ce(0.7), whereas NHqOH is reported to have a
selectivity of better than 100:1 for a 25% Ge film (see G Wang et. al.,

"H ghly Selective Chemcal Etching of Si vs. Si(1 -x)Q x) using NH40H
solution, J. Electrochem Soc., Vol. 144(3), Mar 1997, L37). Thus, with an
overlay of approximately 70 nm and an edge tol erance of approxi mately 20
nm the expected thickness required is approximately 85 nm Assum ng a 20%

s A NN - o, o ~ 4 . . -



-sel gctivity for HF: HZOZ: CH-COOH is approximately 1000:1 for a 70% Ge hlm
Assum ng a 10 nmetch, Si attack is therefore negligible. The selectivity
for HNO3: HzO: HF (40:20:5) is approximately 25:1 selectivity for a 50% Ge
_film The effective HF dilution is approximately 12:1. Oxide attack will be
significant, but can be controlled in accorgance with conventional
processing steps wdely known to those skilled in the art. Etch rates for
- HNO3: HZO HF are appr.oxi mat el y nm i n i i .exposures,
and probably all o‘(??f%‘iﬁv? Eﬁﬁb%,ﬂnéﬁ?%@%%lél&?&g@ﬁg b%{&"{@%éteg%g .ﬂt'e@‘odbey et.
al., "Selective gﬁg@ﬁ@éopﬁﬁ&ﬁnﬁ%@g&é@ from < 100> Si using HNO3 and HF,
J. Electrochem Soc., 139(10), 2943, 199Z). Spacers 302 can be renoved, if
necessary, in accordance with conventional processing steps w dely known to
those skilled in the art. Figures 4A and 4B correspond to Fi gures. 3A and
3B, respectively, after the etching of active layer 10 and etch stop 202.
If necessary, atrim 13 fﬁ%SWUI}eéﬁmeWWSSi red fins 402
i n accordance with conventional processing techniques wdely known to those
skilled in the art. Figure S shows the device of Figure 4A after the

formati on of a second channel S02 whjch, as will be readily rgﬁgggi zed by
those skilled in the afhe fasegpingandnther pbigets, asnsstsond advantagss B be PRleTst eps

as previously desgcri - : : { fhe
Firot 204 and seodir ot fphthe foMDybhd daifeerRinecibr a ey LARBRhent
processi ng steps sffeinvedtibnwithiplefinge tdthe dualinggireohichansi stor is
described below. Referring nowto Figure 6, channels 204 and S02 of Figure
S are shown, as wel | . aEigare BAas top yiear ofthe dendce shovingasiliggd Ipg used to form
anot her gate structureg, | : illed in
the art tg hat substrat eF%Ef’ %?P%c%(&%ﬁggté&%g@q&%%ﬁg{isﬁ%“ﬁhg@gﬁuﬂé#’to shown
~ channel's 204, S02 and ff}dre H€isa crbbissestidil viweofl 02 2MWhewa I BigusesA Ul K
substrate 102, BOX | ayer 104, and channels 204, S02 and 602, Then, in
Figure 7, a standard STigure 24 shrps the syhstrateqidisuimil Arpfies epjtaxiad groyyth of
silicon dioxide | r, of roxi ]y 300 to SO0 nmthick. However, other
suitable materi al g“\éﬁﬁ‘&m@%g?’ﬁ‘ lg&éﬁ%% ed in the art may al so be used as a
sacrificial film It i PigarelBigectobdwitidnad view ofsout 1dcshotva ipFipues 24ed by
polishing. Figure 8A is a representational cross-sectional, %ut of section

1-1 of Figure 11B. Fi gHissre?Ciisa eropyestionahvieynel cupdelshewndn Figure 240n
conductor (PC) resi st | 02 A, ; L f1gdar i cati on
in Figure 8A, but are ﬁ%‘%@‘gé@%‘%f‘ﬁwgozr”?égggﬁﬁﬁ‘g’?’?@taﬁwﬁl 1n01 Fi gure
11B. After placi ngerhid@l;PC resi st mask 802 do a selected regions of STI fill
702, STI fill 702 is selectively etched relative to pad filns |04 a?g'down
to the BOX | ayer 108. Figuwa3Bshows egss sogHona vieweef AUt def sShomaiin FHRWGPh al so

be sel ective relative ) i s -enpved
selectively to the STI tF?%“F ?%‘E&é’r& %ﬁfeaﬁgﬁiﬁﬁgf’%@leﬁﬂ%%% ’E’?’gﬁ‘?@bﬂ&gﬁd

| OA show t hat t heoptid silégonrime and hd dddh stopilayele |l eft, if desired, to allow a
thin gate dielectric 904 only on the sidewall s,of&tchanrlbel ) §04, ,5’?,2 and
6Q2. It is preferred tKigure ABsBowsa grost spchomal digy of the 212 cutishown in ¥iguien each
etch, which can bg,acconplished with known state of the art etches. If
desired, well inplants may optionally be introduced at this point. These

i npl ants woul d be done Rigirad showhihg devige efiFignye 4% afer the ffrmation yf a secohd
range of 10 to 45 degrees, with each inplant rotated at approxi mately 90
degrees rel ative chagkh other in order to fully dope the sidewalls of the

mor e heavi 1y than the STHEe  if AR et By e GBS afz:h B HBVETS | g

the pad filns 104 s n the exposed areas of PC resist 802. Figure 8Bis a
representational cross-sectional cut of section 2-2 shown in Figure 11B.
Figure 8B is represent dtiguadishpws thgsubstrate efdiisyre peier sidlowrfgencirisofatian 702
are present during fabrication in Figure 8B, but are not shown in the
regi on between the source 114, drain 116, and gate 902 in Figure 11B.
Figure 8B thus shows the selective placenent of PC mask 802 during
fabrication. This can be acconplished using standard pattern |ithography
techni ques using a PC mask preferably conposed of either photoresist or a
har dmask. Figure 9A shows the substrate of Figure 8A after gate dielectric
growh 904 (e. g., SiQz), and gate conductor 902 deposition. It should be
understood that nitrided oxides, nitridel oxi de conposites, netal oxides (e.
g., Al203, ZrSi 04, Ti Oz, Taz05, Zr02, etc.), perovskites (e.g., (Ba,

Sr)Ti 03, Laz03) and conbi nati ons of the above can al so be used as the
dielectric. Gate dielectric gromh on each channel 204, S02 and 602 could
be standard furnace or single-wafer chanber oxidations in accordance with

. L,



.15 known to those skilled in the art. After etching, the gate 902 is
deposited. Gate conductor deposition could be acconplished using
, conventional CVD or directional sputtering techniques. It should be
‘understood that gate conductors other than polysilicon can al so be used.
For exanple, an Site mixture, refractory nmejals (e.g., W, netals (e.g.;
lr, Al, Ru, Pt), and Ti N can be used. In general, any material that can be
. polished and t hat S Q’Bq. onductivity and reasonabl e wor kfunction can
be used in place(§?iﬁﬂf 8@ After deposition, the gate 902 is polished
in accordance with COMgieigNala EARMMAIRA crblaktRordS aROUSHBhaAC 8B af ter
removal of the PC resis sk 802. The STI surface 904 is cleaned in
accordance with dtigwerltlBoafi¢ra pdysiliepneondeitou(PEs rasdssnzaski i appbed hody
ext ensi on |nplants to formthe MOSFET device of Figure 9A after renoval of
STI fill 702. Irwﬁ%mP ti-ons are done at a large angle, preferably in the
range of 7 to 45 degreﬁgwe Rl ¥BrebehtAionGELrBEs 6 g Bladholv ihhe waf er
surface. Four inplants, “each rotated at approxi mately 90 degrees relative
to each other abdugufbH&B\;vaftaraB(Dlrésmmasbusnaqdplwdgct or in-order to fully dope
the sidewalls of the diffusions uniform The pad oxide | ayer 102 on top

of the diffusions may HEuiGIA shoxs tb@)swgma Qﬁgtﬂ“ﬁﬁsf*ﬁgeggﬂt? dielecHic { he

di ffusions too st 104 woul d be renoved
after the inplanté?ugl&”§% s]'%)H*‘lore %Hﬁapﬂﬂﬁ% lg?atlons are done, which
woul d fol | ow t he spaceFigle®Bisasithé glibstrEllegiﬂFGguiéLSB aftemeniokel efaké BE of

Figure 10A after formation of -silicide |ayer 1102 in accordance with |
conventi onal sted@mﬂmmﬁ$u n accordance with conventional steps, after the

gate 902 is forned, 1 r re
anneal ed, and a | ayer p%%ﬁ{?%% &%@%r{ %‘E’?ﬁ{a{l%?g F&@Q@g@i@%ﬁ@@gﬁ
dep05|ted and th@mgmﬁbbshggnimkthe top of the gate conductor. is

preferred that dielectric fill 1106 is a nitride |ayer follomed %g a doped
gl ass. Because of the Figgte Whshewsextension implaptsin diecsubsteate ef Kigurst?

pi Bsma- enhanced Vb TguteolRbiE the SofFRRRdeU ER oF Blelfe A bllOFTECC!

i ncl udes phosphorgﬁuaﬁﬁlor boron, but it can also be undoped. Figure 11B
shows a top view of the co Ieted devi ce. The source 114 and drain | 16
region are formed by iFigheentlR shows adepvisys ef the pempletedglevicesandar e added and
back end of Iine (BECL ona
et eps. Ref erring. agai e P MpEAe iy, B REOLHARAGLYE HuGRTUER 0
steps of renovi ngeddessiveficstiigle 102 and pad nitride 104 films. If
necessary, disposable spacers can be forned and the top of the channels
204, 502 and 602, if defective, can be etched. As shown in Figure 9A, gate
oxide is then grown, and the gate 902 is deposited, preferably from anong
the sane materials described above, and etched to formgates. Wile the

i nvention has been described in terns of its preferred enbodi nents, those
skilled in the art will recognize that the invention can be practiced with
nodi fication within the spirit and scope of the appended clai ns. 17
CLAI M5 Havi ng thus described our invention, what we claimas new and desire
to secure by Letters Patent is as follows: 1. A nethod of formng a field
effect transistor (FET) transistor, conprising:




-providing a substrate; formng a | ayer on the substrate, the layer having a
side surface; formng an epitaxial channel on the side surface, the channel
having a first sidewall; renoving the | ayer for exposing a second sidewal |
. of the channel; form ng source and drain regions coupled to ends of the
first channel; and form ng a gate adjacent o at |east one of the sidewalls
of the channel. i, 2. Afield effect transi'stor (FET) conpri sing: ah f
- substrate; a source regio &?'Sf'éfa‘iﬁ ' ' i tl’%ﬁg rate, each o

sai d source region and sa?’ T ﬁé@%ﬁﬂm%"‘t ﬂ Mnand at | east

-two side diffusion surfaces, Em(ﬁﬂmﬁ@tfﬁﬁbm\rfﬁgﬁﬁﬁ separated by an
otto

epitaxially grown channel region having a top, m and si de channel
surfaces substantially coplanar with correspondi ng ones of the diffusion
surfaces; a gate adjacent the top _and the side channel surfaces and

el ectrical l'y insul at eREewiRgmRY todilgundAs theee is showrp e yiewdg:staghiog t he gate

conprising a pla ap, : - LN ont act
for receiving a gg[cg}@gln?‘ ?‘g%“%\gm’gg@@ 4 n@gﬂ%ﬁgy%gﬁﬁ%@%géﬁaﬂgq he FET as
recited in clai mvhichb@i@pond torsestistisclel andl2QrsAbwn i@ FRufe LAYessetitay,
receiving a control voltage for controlli nﬂ(the FET. 4 _

substrate 106, a buried oxide (BOX)
108 layer, and an active layer 110. Figures 1B and 1C also show an oxide pad
film 102 and a nitride pad film 104 on active layer 110. Those skilled in the

art will realize that it may be preferable to have the oxide pad film 102 placed

the substrate 100 is comprised of a bu

on top of the nitride pad film 104. The pad oxide 102 is grown using standard
oxidation techniques and would typically be in the range of 3 to 14 nm, with 8
nm being preferred. Pad films 104 are placed upon pad oxide 102. It is
preferred that nitride films be utilized as pad films 104, although other
materials may also be used. The nitride (upper) pad films 104 aré typically in

- the range of 30 to 120 nm, with 80 nm being preferred, and define the etch
areas for shallow trench isolation (STI) formation.

The active device layer 110 is patterned to form edges 112 where the
silicon channel will be formed. The width 113 of active layer 110, Which is
used to form what will become the channel region, is not critical, other than it
must be wide enough for masking and narrow enough to confine overetching,
thereby providing an adequate, practical manufacturing tolerance. It is
preferred that the silicon regions that will become the source 114 and drain
116 areas and contact areas 118, 120 be formed during this stage in
accordance with conventional processing techniques known to those skilled in

the art. | |

Figures 2A, 2B and 2C correspond to Figures 1A, 1B and 1C,
respectively, after epitaxial growfh of etch stop 202 and subsequent epitaxial



-4. The FET as recited in claim2, wherein the gate is substantially
centered between and substantially parallel to said source region and said
drain region. 5. The FET as recited in claim2, further conprising a

.silicide layer that contacts a top surface of said gate. 6. The FET as
recited in claim2, further conprising a diyglectric |layer that contacts a
first side end and a second side end of said gate. 7. The FET as recited in

" Channel . 5. Tne sperias (e Beodl R4 Bt RS oRIR AN SR EBORIEEET Cod of
pol ysi 1 con. 9. i@ HGE (029, dnlthat ¥k éptatlofly B UBHEItR dopgrrsaone! |

approximately one fourth o | ength of the FET. 10. The FET as recited in
claim 2, further sdimoproralloys of siicehedth germaniver amslloricarkione Adhiys of siticon

el ectrically separati he te into twp electrically isolated rtions,
each having a su%ﬁhﬂ‘?‘g‘é¢¥%‘p3§;ﬂ?%{ﬁ%l}ts (Rapi rya%egnmngargﬁq?{% Cb‘gge on each
respective subst ' e : | I n
claim 2, wherei n%géol(:i gJ @S‘u"?‘gﬂ%{ﬁcﬁéﬁ%ﬁ és%g%dr%le%g %%%gt{tg%?%g{efgdn&%? G oup
|V el enents. 12. nibdifynigithesonditiofdnd Ralehc bands assbsrthe dhanmetoeidiet thei al

channel is fornmed of an alloy of silicaon and a Goup_ IV elenent. r 19
device threshold or improve carrier transport. It WIH be evident to those
skilled in the art that, prior to formation of etch stop 202 and channel 204, a
suitable cleaning process is used to remove a portion of the silicon 110 under
the oxide pad film 104, The width of the removed silicon should be
approximately equal to the combined width of the etch stop 202 and channel
204.

Non-selective epitaxial deposition of gtch stop 202 and channel 204
may be required if faceting is excessive, although selective deposition is
preferred. It is preferred that the thickness of layer 202 be approximately 5

nm. Faceting will be highly dependent on details of epitaxial growth.
Particularly with selective epitaxial growth, faceting may alter the thickness
of the epitaxial regions as the edge of the opening is approached. Since the
channel is projected to be very thin relative to the height of the growth, the
arca where the channel will be impacted is likely to be small. The allowed
thickness before dislocations are created is sensitive to the Ge fraction and
decreases quickly with increase in the Ge fraction'( see A. Fischer and H.
Kuhne, “Critical Dose for Strained Layer Configurations”, Phys. Stat. Sol. (a),
155, 141, 1996).. Then, channel 204 is epitaxially grown, preferably in the
range 5-50 nm.

The bottom and top of channel 204 may be defective. Particularly if
the epitaxial layer is thin, the region is likely to be extremely small and may

not be significant to the formation of the device. However, if it is necessary



- 13, The FET as recited in.claim2, wherein said epitaxial channel is formed
of an alloy of silicon and at |east one of germanium and carbon. 14. A

nmet hod for form ng a double gated field effect transistor (FET), conprising
.the steps of: formng on a substrate a firdd and a second epitaxially grown
channel s; etching areas wthin a silicon layer to forma source and a
drain, wherein at§iréfeIhdstacBomy tWéBroTeHEs freansilivietddAdohtGRRNAME OPPOSI Ng
. end surfaces of the first and second epitaxially grown channels; arid

formi ng a gate tHolerabdsdagmade af doviceswidiiacenteohd Spacificaldls aspadeacesldde t he
first and secondﬁggi t.axially grown channels and a top surface of the
substrate. 15. THEPA®Y¥Hod as recited in claim 14, wherein the formng step
conprises the st ; f ] ' ki d ' nd of
Che si 11 con |1 oo mimhto (B Sphct 303 o RS CRE M bhod 1Bt LViboy SHL RS
etch stop | ayer aftheepitamindegbion. defieuthisapacedis foanbd,ahe binted dxidd isarthedecond
silicon lines; epitaxially grow ng fi rstéﬁ%fi second silicon | ayers on each

etch stop |ayer: “Wdemead theosnpcenas ShPY"ﬁtonh @@é‘éﬁﬁf@mdgnﬂlﬁeﬁﬁwﬁlﬁdﬁetch
' | o fillg j i i t axi
ar oun o1 11 con | ay bPoRlREe SHCE MR B In S Shse YUE HDE5R N iR Bt

fill; etching a ﬂmttdp@dhllgfetdhbé! t®uhddver the top and butibnaregiinga The AbigHedfithes a
gate, wherein the area that defines the gate is substantially centered
bet ween and spacer (overetch) is determined by the undercut necessary to reach the

epitaxial region at the bottom of the spacer, as shown on the right side of
Figure 12. After the defective regions are etched, the spacers are removed
selectively to the epitaxial regions and the buried oxide layer before
proceeding to following processing steps. It should be noted that it is also
possible to perform the procedure described above after the spacer shown in
Figure 4B is removed with the spacers of the above described procedure being
removed before further processing.

Figures 3A and 3B correspond to Figures 2A and 2C, respectively,
after additional processing steps, as describéd below. As shown in Figure 3B,
spacers 302 are formed, using a suitable technique and material widely known
to those skilled in the art, to protect the channel 204 against attack.

Then, a mask is applied and positioned such that the mask opening
304, shown in Figure 3A, provides for removal of the exposed portion of
silicon layer 110 and etch stop 202 within the mask opening 304. It is
preferred that the mask 304 be aligned as closely as possible to the channel
204. The exposedd silicon 110 within mask opening 304 is then etched using
an anisotropic etch.

The exposed silicon 110 within mask opening 304 is then etched.
Since not all of the silicon 110 will be removed during this etch, the silicon

layer 110 is also etched laterally, stopping on etch stop 202 (see K.D. Hobart,



-substantially parallel to the source and the drain; and depositing a
material to forn a gate. 20 16. The nethod as recited in claim15,
further conprising the steps of etching the oxide fill between the gate the
. source to expose the first and second epitb&i ally grown silicon |ayers; and
etching the oxide fill between the gate and the drain to expose the first
and second: epi t a¥iaKup, MBviFwieg| Gcbdetnigeas B.E. Thompean, iBitmdutd Simple ed i n

. claim 16, further_ conprisin e, ste formng an i de, o he first and
second epit axi al |R?°§vle%fs<§it ‘i%%ﬂ‘cﬁté‘}fg?gml 1bstry] S%ﬂ‘ﬁ-@&aé@“&ép@%d in claim
17, wherein the - }s 4 hi CO b A% . O cited in

claim16, furt he%%%ﬁp¢lﬁg$ hg}ot%hgaééﬂf gféésrqgtgon%?}%pfgﬁﬁpﬁgﬁsg@%%r id(% of the

epitaxially gr OV\ﬁC(ﬁliférEﬁébDRHﬁS(ﬂ%, bat 1883)) KO @athe wiililed hearseittiane, wisiol
i mpl anting a portion of the epitaxial Ig, rown silicon Iaéers bet ween t he

gate and the draihas aselectiviey af@pprodimatelyd & foa Si:8i(E1HOR(Q.E), Wheesasi n t he
et 19, 5t ep g Sph A8 e b ARl L R AR PRSCL
The nmethod as reqjlireded G. WMa8p el 41., YWNRRK StldchiOc ORBInAAl Btchiy sfBiIgsigi(la series
-x)G(x) using NH40H solution, J. Electrochem. Soc., Vol. 144(3), Mar 1997,
1L37).
Thus, with an overlay of approximately 70 nm, and an edge tolerance
of approximately 20 nm, the expected thickness required is approximately 85
nm. Assuming a 20% overetch, a 100 nm etch will be required. The worst
case SiGe attack would then be approximately 5 nm when KOH is utilized as
the etchant, and approximately 1 nm with NH,0H is utilized as the etchant.
Next, etch stop 202 is selectively etched tb the channel 204. The
selectivity for HF:H,0,:CH,COOH is approximately 1000:1 for a 70% Ge
film. Assuming a 10 nm etch, Si attack is therefore negligible. The selectivity
for HNO;:H,0.HF (40:20:_5) is approximately 25:1 selectivity for a 50% Ge
film. The effective HF dilution is approximately 12:1, Oxide attack will be
significant, but can be controlled in accordance with conventional processing
steps widely known to those skilled in the art. Etch rates for HNO,:H,0:HF are
approximétely 40 nm/min, suggesting very short exposures, and probably
allowing further dilution for control. (see D.J. Godbey et. al., “Selective
Removal of Si(l -x)Ge(x) from <100> Si using HNO, and HF, J. Electrochem.:
Soc., 139(10), 2943, 1992). Spacers 302 can be removed, if necessary, in
accordance with conventional processing steps widely known to those skilled
in the art.
Figures 4A and 4B correspond to Figures.3A and 3B, respectively,
after the etching of active layer 10 and etch stop 202. If necessary, a trim



.at approximately 90 degrees relative to each other. 22. The nethod as
recited in claim 14, further conprising the step of farm ng a contact on
. each of the gate, the source and the drain. 23. The nethod as recited in"
_‘claim 14, wherein the gate material is 213polysilicon. .A[ E
AyL. Ar. A . AL.A9. A, hf . Af. A yL.Af _.AA%A %A%AL. A@.A . AYY. Al{f A% A

y: OLMNZx e o, “k mask can be applied to remove undesired fins 402 in accordance with
. "|wgkf [V] ca] caV]ca]caV] ca\ﬁca] caV] caV] ca] caV] ca] caV] ca] ca] ca] ca] caV] ca] ca]
ca] ca] caV] ca] ca] c@p¥¢utionappreeqssiap iechaiqups widelyJmpwr to those skilledin the art.

$ WU R * ok ok a\
oot oS L AP R il o0 o<
1+t +++,1,,,, 0-] - -chanrfel B02 whidhs 89wl Be feadily recognized by those skilled in the art,
- 6690( 9<@ xsni d_Z]]c] ca] ca] caf ca] ca] ca] ca {ca] Ca] ca]ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] cajanddainesl tyajsirg] the araé peojcessin@dtiis ik PRSTaus) dds¢ribedithl | 1 1 %t
nmm?smnnn- o: i ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] Cg]ngg] g;ig?géﬁ%&%{tﬁ%@g&%@ﬁ%gg} g:} ca} ca} Ca% 01)\ p]pp#quzqr :]r >r]@A]r rr)sNs

it T A At g

zPz| zzz' { . {t { {{ F|delihdnic@p} findl-processing steps required to complete the dual-gated
T}xsnid _Z]]]]ca]ca] ca]ca] ca] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca
] ca] ca] ca] ca] ca] CE™E 1‘15&5]‘3"@ 4 " [), o{FIIIlII@}}~~~

J b4 ca) 2] ca] ca] cal cal <ot ﬂ‘}g“ﬁ%ia] RALE R REROhoR: (i 57 Gohghepe" ool ool oo
10%& () -9: 10%& ()shiviw)es ol hs arf ddififforia) ethifineletlld, thatGfi#y ko used tol fddfifinbher
) 1000 - AR ichure. T stiduid thus be u%deerltoo%%‘o‘i‘e Witéa e att that
substrate 100 may comprise many channels in addition to shown channels
204, 502 and 602. Here, the substrate 100 thus comprises bulk substrate 102,
BOX layer 104, and channels 204, 502 and 602.
Then, in Figure 7, a standard STI fill 702 is provided, which is
preferably a silicon dioxide layer of approximately 300 to 500 nm thick.
However, other suitable materials known to those skilled in the art may also
be used as a sacrificial film. It is preferred that the STI surface be pianarized
by polishing.
Figure 8A is a representational cross-sectional cut of section 1-1 of
Figure 11B. Figure 8A is representational because polysilicon conductor (PC) .
resist 802 and STI fill 702 are present during fabrication in Figure 8A, but are
not present in corresponding region 141 of Figure 11B. After placing the PC
resist mask 802 on a selected regions of STI fill 702, STI fill 702 is
selectively etched relative to pad films 104 and down to the BOX layer 108. It
is preferred, but not required, that the etch also be selective relative to the

BOX layer 108. Pad films 104 are then removed selectively to the STI fill
layer 702 and BOX layer 104. Figures 9A and 10A show that the pad layers
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sidewalls of channels 204, 502 and 602. It is preferred that there be
approximately a 10:1 selectivity in each etch, which can be accomplished
with known state of the art etches. If desired, well implants may optionally be
introduced at this point. These implants would be done using highly angled
implants, preferably in the range of 10 to 45 degrees, with each implant
rotated at approximately 90 .degrees reiative to each other in order to fully
dope the sidewalls of the diffusion. In order to avoid doping the surface layer
of the diffusions more heavily than the sides, the implantation could be done
before removing the pad films 104 in the exposed areas of PC resist 802.

Figure 8B is a representational cross-sectional cut of section 2-2
shown in Figure 11B. Figure 8B is representational because PC resist mask
802 and STI fill 702 are present during fabrication in Figure 8B, but are not

~ shown in the region between the source 114, drain 116, and gate 902 in Figure
11B. Figure 8B thus shows the selective placement of PC mask 802 during
fabrication. This can be accomplished using standard pattern lithography
techniques using a PC mask preferably composed of either photoresist or a
~ hardmask. '

Figure 9A shows the substrate of Figure 8A: afier gate dielectric
growth 904 (e.g., Si0,), and gate conductor 902 deposition. It should be _
understood that nitrided oxides, nitride/oxide composites, metal oxides (e.g.,
ALO,, Z18i0,, TiO,, Ta,0,, ZrO,, etc.), perovskites (e.g., (Ba, Sr)TiO,, La,0;)
and combinations of the above can also be used as the dielectric. Gate
dielectric growth on each channel 204, 502 and 602 could be standard furnace
or single-wafer chambér oxidations in accordance with conventional methods.
If desired, nitriding species (e.g., N,O, NO or N, implantation) can be
introduced prior to, during, or subsequent to oxidation. Gate dielectric
deposition on each channel 204, 502 and 602 can be can be accomplished, for

- example, through chemical vapor deposition (CVD) or other techniques
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techniques. It should be understood that gate conductors other than
polysilicon can also be used. For example, an SiGe mixture, reﬁactow metals
(e.g., W), metals (e.g., Ir, Al, Ru, Pt), and TiN can be used. In general, any
material that can be polished and that has a .high conductivity and reasonable
workfunction can be used in place of polysilicon. After deposition, the gate
902 is bolished in accordance with conventional techniques.

Figure 9B shows Figure 8B after removal of the PC resist mask 802.
The STI surface 904 is cleaned in accordance with conventional techniques.

Figures 10A and 10B show extexision implants to form the MOSFET
device of Figure 9A after removal of STI fill 702. Implantations are done at a
large angle, preferably in the range of 7 to 45 degrees, relative to a vector
perpendicular to the wafer surface. Four implants, each rotated at
approximately 90 degrees relative to each other about the wafer surface
normal vector in order to fully dope the sidewalls of the diffusions uniformly.
The pad oxide layer 102 on top of the diffusions may be utilized to avoid
doping the surface of the diffusions too strongly. In this case, the pad films
104 would be removed after the implantation, but before the final
implantations are done, which would follow the spacer 146 deposition.

Figure 11A shows the device of Figure 10A after formation of silicide
layer 1102 in accordance with conventional steps. Also in accordance with
conventional steps, after the gate 902 is formed, spacers 1104 are formed and
the diffusions are annealed, and a layer of highly conformal dielectric fill
1106 is deposited, and then polished to the top of the gate conductor. It is
preferred that dielectric fill 1106 is a nitride layer followed by a doped glass.
Because of the high aspect ratios, fill properties suggest a rapid-thermal CVD
or a self-sputtering deposition using a high-density plasma-enhanced CVD

L 0-]----dEUVT@ 10%& () -
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Figure 11B shows a top view of the completed device. The source 114
and drain 116 region are formed by implantation. Contacts 1106, 1108, 1110
are added and back end of line (BEOL) processing is done in accordance with
conventional steps.

Referring again to Figure 8A, the second sequence comprises the steps
of renioving the pad oxide 102 and pad nitride 104 films. If necessary,
disposable spacers can be formed and the top of the channels 204, 502 and
602, if defective, can be etched. As shown in Figure 9A, gate oxide is then
‘grown, and the gate 902 is deposited, preferably from among the same
materials described above, and etched to form gates.

While the invention has been described in terms of its preferred
embodiments, those skilled in the art will recognize that the invention can be
practiced with modification within the spirit and scope of the appended

claims.
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Having thus described our invention, what we claim as new and desire

to secure by Letters Patent is as follows:

1. A method of forming a field effect transistor (FET) transistor, comprising;
providing a substrate;
forming a layer on the substrate, the layer having a side surface;

forming an epitaxial channel on the side surface, the channel having a

-

—_—

first sidewall,
removing the layer for exposing a second sigiew_ql_l of the channel;
forming source and drain regions coupled to ends of the first channel;
and

forming a gate adjacent to at least one of the sidewalls of the channel.

2. A field effect transistor (FET) comprising:
~ asubstrate;

a source region and a drain region in the substrate, each of said source
region and said drain region having a top, bottom and at least two side
diggs_ion surfaces, the source and drain regions separated by an epi{;ikially
grown channel region having a top, bottom and side channel surfaces
substantially coplanar with corresponding ones of the diffusion surfaces;

a gate adjacent the top and the sidé channel surfaces and electrically
insulated from the top and side channel surfaces; and )

the gate comprising a planar top surface, the planar top surface having ,)

a contact for receiving a gate control voltage for controlling the FET.

3. The FET as recited in claim 2, wherein the source and drain have a contact

for receiving a control voltage for controlling the FET.
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4. The FET as recited in claim 2, wherein the gate is substantially centered

between and substantially parallel to said source region and said drain region.

5. The FET as recited in claim 2, further comprising a silicide layer that

contacts a top surface of said gate.

6. The FET as recited in claim 2, further comprising a dielectric layer that

contacts a first side end and a second side end of said gate.

7. The FET as recited in claim 2, further comprising a dielectric that contacts

side surfaces of the channels.
8. The FET as recited in claims 2, where the gate is comprised of polysilicon.

9. The FET as recited in claim 2, wherein the channel is approximately one
fourth of a length of the FET,

10. The FET as recited in claim 2, further comprisihg a dielectric material in
the gate for electrically separating the gate into two electrically isolated
portions, each having a substantially coplanar top surface and a contact pad |

on each respective substantially coplanar top surface.

11. The FET as recited in claim 2, wherein said epitaxial channel is formed of

a combination of Group IV elements.

12. The FET as recited in claim 2, wherein said epitaxial channel is formed of

an alloy of silicon and a Group IV element.



U& ()- 9$F10% U& ()-3 "10% U& ()- GL0% U& ()-#gkqqr:r;

Jr<r=r>rxmbd Y10%&' ()- 10 U 10 U 10 U410% U& ()- 3S10% U& ()- /10% U&' () -
.10% U&' ()->r@Arrr)sNsdEmbC 109&' () - 10%& ()-s@0%&' ()-310%& () -

C 109 () - MLO%&' ()-9Nsss)tHtttdEmbA 109%& () -,19109%& ()-109%& ()-- 109%& () -

10%&' ()-10%&' ()-tu"vqvvvwdEnbd , 2G10%&' () - @110%&' ()-,-109%& ()- @B y10%&' () -
$109& ()- 10%&' () - wwwwwwhwwbC @LO0%& () - '

13. The FET as recited in claim 2, wherein said epitaxial channel is formed of

an alloy of silicon and at least one of germanium and carbon.

14. A method for forming a double gated field effect transistor (FET),
comprising the steps of:

forming on a substrate a first and a second epitaxially grown channels;

etching areas within a silicon layer to form a source and a drain,
wherein a side surface of the source and the drain contact opposing end
surfaces of 61; first and second epitaxially grown channéls; and

forming a gate that contacts a top surface and two side surfaces of the:

first and second epitaxially grown channels and a top surface of the substrate.

15. The method as recited in claim 14, wherein the forming step comprises
the steps of: | _

forming first and second silicon lines, eéch end of the silicon lines
contact an end of the source and the drain; |

forming an etch stop layer on an exposed side surface of each of the
first and second silicon lines; _

epitaxially growing first and second silicon layers on each etch stop
layer;

etching away the first and second silicon lines and etch stop layers;

filling areas surrounding the first and second epitaxially grown silicon
layers and between the source and the drain with an oxide fill;

etching a portion of the oxide fill to form an area that defines a gate,
wherein the area that defines the gate is substantially centered between and
substantially parallel to the source and the drain; and

depoéiting a material to form a gate.
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etching the oxide fill between the gate the source to expose the first
and second epitaxially grown silicon layers; and
etching the oxide fill between the gate and the drain to expose the first

and second epitaxially grown' silicon layers.

17. The method as recited in claim 16, further comprising the step of forming

. an oxide on the first and second epitaxially grown silicon layers.
18. The method as recited in claim 17, wherein the oxide is silicon dioxide.

19. The method as recited in claim 16, further comprising the steps of:
implanting a portion of the epitaxially grown silicon layers between
the gate and the source; and
implanting a portion of the epitaxially grown silicon layers between

the gate and the drain.
20. The method as recited in claim 18, wherein the implanting step is in the
range of 10 to 45 degrees relative to a vector perpendicular to a top surface of

the epitaxially grown silicon layers.

21. The method as recited in step 14, wherein the implants are done in a series

at approximately 90 degrees relative to each other.

22. The method as recited in claim 14, further comprising the step of forming

a contact on each of the gate, the source and the drain.

23. The method as recited in claim 14, wherein the gate material is
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