0 5 2000 METHOD OF FABRI CATI NG CMOS DEVI CE W TH DUAL GATE ELECTRODE The
present invention relates generally to fabrication of sem conductor

devi ces, and nore specifically to methods of fabricating vertidalf 2005
transistors. 1 0 5 DEC 2006 BACKGROUND COF THE | NVENTI ON One way to

i ncrease chip packing density is to nmake vertical transistors. However,
vertical transistor fabrication elevates the conplexity of the process
steps and conditions. This conplexity is magnified when verti cal
transistors are fabricated with different gate oxide thicknesses for

hi gher levels of circuitry integration. U S. Patent No. 6,150,679 to
Falterneier et al. describes a process for fabricating a uniformgate

oxi de of a vertical transistor using ion inplantation. U S. Patent No.
5,969, 384 to Hong describes a nethod of fabricating a flash nenory having
separate data programm ng and erasing termnals. U S Patent No. 5,633,519
to Yanazaki et al. describes a non-volatile floating gate sem conductor
devi ce.

METHOD OF FABRICATING CMOS DEVICE WITH DUAL GATE

ELECTRODE

The present invention relates generally to fabrication of
semiconductor devices, and more specifically to methods of fabricating vertical

transistors.




U S. Patent No. 6,143,636 to Forbes et al. describes a nethod of formng a
hi gh density flash EEPROM havi ng i ncreased nonvol atil e stor@ ﬁ@aggﬁity.

U S. Patent No. 5,757,038 to Tiwari et al. describes a dual ggg%“ d
effect transistor (FET) with an ultra thin channel. 2 0 5 ( C 2065 SUWARY
OF THE | NVENTI ON Accordingly, it is an object of one ore nore enbodi nents
of the present invention to provide an inproved nmethod of fabricating
vertical transistors having different gate oxide thicknesses. O her
objects will appear hereinafter. It has now been discovered that the above
and ot her objects of ONEACKGROISNEDOGHEMMYENTION present invention may
be acconplished in the followng manner. Specifically, a substrate is

provi ded having a first pillar and a second pillar. A gate dielectric

| ayer is formed over the substrate and the first and second pillars. First
and second thin sPpaeerayarte frorensd dvpr pefldéngadendiveliector inealeayerticat over ed
side walls of the first and second pillars respectively. The sec nf pillar
is maskeasiskagi Hgwener fyarieal gransyton ayRER G‘??Yé“‘ﬁ 5&(?():%7 ‘X’é’ba?gé‘%‘ are

;rg_gllz \égd §g‘é‘?ﬁ?ﬁ qt%gg plga rgg%liggnfgl ”fl?its c81!n|plle%<rify i;l;-?r%gm ui(d \va%mqe‘.frcr})t\{(%? tJarn(sjls c;[rg e

are fabricated with different gate oxide thicknesses for higher levels of circuitry

integration.

US. Patent No. 6,150,679 to Faltermeier et al. describes a process for

fabricating a uniform gate oxide of a vertical transistor using ion implantation.

U.S. Patent No. 5,969,384 to Hong describes a method of fabricating a

flash memory having separate data programming and erasing terminals.

U.S. Patent No. 5,633,519 to Yamazaki et al. describes a non-volatile

floating gate semiconductor device.

US. Patent No. 6,143,636 to Forbes et al. describes a method of
forming a high density flash EEPROM having increased nonvolatile storage

capacity.

U.S. Patent No. 5,757,038 to Tiwari et al. describes a dual gate field

effect transistor (FET) with an ultra thin channel.




structure is oxidized to convert the second thin spacers to second
prelimnary gate oxide over the previously masked second pillar and to
formfirst prelimnary gate oxide over the unmasked first pild &EL T
second gate oxide over the second pillar being thicker than the first gate
oxi de over the first pillar. The thinner first prelimnary gate oxide is
renmoved fromover the first pillar and the thicker second prelimnary gate
oxide is thinned fromover the second pillar. First final gate oxide is
formed over the first pillar and second final gate oxide is fornmed on the
second pillar. The seceuddM¥iAlay QRATEIBMNUYENTICINI ng t he thinned second
prelimnary gate oxide. The second final gate oxide over the second pillar
being thicker than the first final gate oxide over the first pillar. 3 1
4.v: HDLG BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advant ages of
t he present invéﬁﬁpﬁﬁ“ﬁbwﬂtb%fﬁb?@ﬁmbPééFFyoﬁhﬁ%F§t%B§°$¥%ﬁﬁ§Hg %ﬁllomﬁng

description.taken in conjunction with the 0 nyi ng,.d i in which

R R o P B s et A e

regioqs anddBPQEAPQﬁe399?%@&%@%&Qé Figs. 1 to 8 schematically illustrate in
a

cross- §8¢td onal “representation a  preferred enbodi nent of the present
i nvention. 11

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of one or
more embodiments of the present invention may be accomplished in the following
manner. Specifically, a substrate is provided having a first pillar and a second
pillar. A gate dielectric layer is formed over the substrate and the first and second
pillars. First and second thin spacers are formed over the gate dielectric layer
covered side walls of the first and second pillars respectively. The second pillar is
masked leaving the first pillar unmasked. The first thin spacers are removed from
the unmasked first pillar. The mask is removed from the masked second pillar. The
structure is oxidized to convert the second thin spacers to second preliminary gate
oxide over the previously masked second pillar and to form first preliminary gate
oxide over the unmasked first pillar. The second gate oxide over the second pillar
being thicker than the first gate oxide over the first pillar. The thinner first
preliminary gate oxide is removed from over the first pillar and the thicker second
preliminary gate oxide is thinned from over the second pillar. First final gate oxide
is formed over the first pillar and second final gate oxide is formed on the second
pillar. The second final gate oxide including the thinned second preliminary gate
oxide. The second final gate oxide over the second pillar being thicker than the first

final gate oxide over the first pillar.




4 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Unl ess ot herwi se
specified, all structures, layers, etc. may be forned or accan;plﬁip__shed by
conventional methods known in the prior art. [Initial StructureiELg2lit
illustrates a cross-sectional view of a substrate 10, preferably a

sem conductor silicon (Si) substrate, having first and second transistor
pillars 12, 14, respectively, fornmed within NMOS and PMOS areas 16, 18,
respectively. One of the transistor pillars 12, 14 has a P-well inplant
(P-well transistor pillar 12 in Fig. 1 wthin NMOS area 16) and the ot her
of the transistor ppRIREDHESCRIFTIIR GrifeDrAWRI@9t (N-wel |l transistor
pillar 14 in the Fig. 1 wthin PMOS area 18). It 1s noted that instead,
transistor pillar 12 nay have an N-well inplant within a PMOS area 16 and
transistor pillar 14 may have a P-well inplant within an NMOS area 18.
First and secondtter easirst andpadiartsges2of e heasenic appintign will barrdomask,

| ayers 20, 22 formed thereover to a thickness of from about 100 to 500A and
nore geaeheradbistéadimabdbe fellowing goeniptiin sakeana sugendiarapdtic Hppi ng

| ayers 20, 22 are preferably forped of nitride, silicon ni t_ri,fie (Si3Ng),
oxi de, ACGORPERY a BITHEESt RO RTGF AikesTaiPicaRe Mumealy g1iaes S SRNBnRY | s mof

preferably formed of a nitride/oxide. stack.. te Dielectric 24 and Thin
Spacercofg%{?’pgﬁd%rerlr‘aq1f3%ﬁ” %*%WM P(ﬁ%ﬁné .ang,md‘éqﬁéﬁ‘di electric layer 24 is

fornmed over transistor

Figs. 1 to 8 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.




pillars 12, 14 and substrate 10 to a thickness of preferably from about 20
to 100A 5 Pill EC 2005 and nore preferably from about 20 to 40A Gate
dielectric layer 24 is preferably gate oxide formed by gr owt B S0P 2006
deposition. A thin spacer material is deposited over the structure and
etched to formthin spacers 28, 30 over first and second transistor
pillars 12, 14, respectively. Thin spacers 28, 30 are preferably conprised
of polysilicon (poly), titanium(Ti) or tantalum (Ta) and is nore
preferably poly or Ti. Thin spacers 28, 30 have a base thickness of
preferably IDERAALBIX DESOQRED PO o&m&wﬁrﬁmmmmut 100 to
150A. Masking of One of the Transistor Pillars 12, 14 As shown in Fig. 3,
one of the transistor pillars 12, 14 is masked by mask 32. As illustrated
in Fig. 3, second transjstor |II? éé i s masked al t hough first transistor
pillar 12 coul d ArdepihfsrRedradimhddl SFOTY By [Bifes ki IMel berothedart by

the teachin S inve Sk ;32 conml| etel covers t he sel ected
tran5|§?8FCQBPf}§p' 4“ﬁP@P§PHad@ggﬁfﬁ&ﬁo“ﬁ}ﬁ‘ §Euéf‘and at least a portion
of substrate 10 adjacent the selected transistor pillar 14. Mask 32 is
preferably conprised of photoresist.

Initial Structure

Fig. 1 illustrates a cross-sectional view of a substrate 10, preferably a
semiconductor silicon (Si} substrate, having first and second transistor pillars 12, 14,
respectively, formed within NMOS and PMOS areas 16, 18, respectively. One of the
transistor pillars 12, 14 has a P-well implant (P-well transistor pillar 12 in Fig. 1
within NMQS area 16) and the other of the transistor pillars 12, 14 has a N-well
implant (N-well transistor pillar 14 in the Fig. 1 within PMOS area 18). It is noted
that instead, transistor pillar 12 may have an N-well implant within a PMOS area 16

and transistor pillar 14 may have a P-well implant within an NMOS area 18.

First and second transistor pillars 12, 14 have capping, or hard mask,
layers 20, 22 formed thereover to a thickness of from about 100 to 500A and more
preferably from about 100 to 200A. First and second hard capping layers 20, 22 are
preferably formed of nitride, silicon nitride (5i;N,), oxide, a nitride/oxide stack or a

silicon nitride/oxide stack and is more preferably formed of a nitride /oxide stack.

Gate Dielectric 24 and Thin Spacer 28, 30 Formation

As shown in Fig. 2, gate dielectric layer 24 is formed over transistor

pillars 12, 14 and substrate 10 to a thickness of preferably from about 20 to 100A




Wt/ Dry Unmasked Spacer 28 Etch/ Renoval of Mask 32 As shown in Fig. 4, the
unmasked spacer, in the exanple illustrated in the Figs., first transistor
pillar 1.2 thin spacer 28, is renoved, preferably by a met/@nyrspaggﬁ
removal process. 6 0 5 DEC 20" 6 Nhsk 32 is then renoved fromthe -
substrate 10 and the masked transistor pillar, second transistor pillar 14
in the exanple illustrated in the Figs., preferably by stripping (such as
by a chemi cal resist strip process) and the structure is cleaned.

Oxi dation of Spacers 30 and Gate Dielectric 24 Over First Transistor Pillar
12 Asaishomsrei preférgbly5froan aboditd2d itod0pr does slidetdiczleyers phde psefdtibby er

previ ously masked second transistor pillar 14 and the gate dielectric 24
over gatesxide foamsiddryagropythicardepesitipgl y spacers 30 will transformto
ponOX|de while Ti spacers 30 becone Ti OX (high-k). In either event,
thicker 'gate oxide' 34 is forned over the PMOS second transistor 14 whi | e

t hi nner gate OX}\&@&% ggz?ce%%’x 0P pos[\élvglﬁ)ver tfme s rucf’%lrgl étg%gd tTh' cker

' gat e oxi de' ansi stor refe ab aBout to 80A

Lol ckednflalin SRERSBESSELA Mool 59@15@&% uAfb@, fi)%nfshacﬁ T dskl,gat e oxi de

36 over trans 2 is preferably fron1a out '10 to 30A thick and is nore
pr ef eraRl dpacers 28, 30 are preferably comprised of polysilicon (poly), titanium (Ti) or

tantalum (Ta) and is more preferably poly or Ti. Thin spacers 28, 30 have a base
thickness of preferably from about 100 to 200, and more preferably from about 100
to 150A.

_ Masking of One of the Transistor Pillars 12, 14

As shown in Fig. 3, one of the transistor pillars 12, 14 is masked by
mask 32. As illustrated in Fig. 3, second transistor pillar 14 is masked although first
transistor pillar 12 could also be masked as understood by one skilled in the art by
the teachings of this invention. mask 32 completely covers the selected transistor
pillar 14 pillar, overlying hard mask 22 and at least a portion of substrate 10

adjacent the selected transistor pillar 14.
Mask 32 is preferably comprised of photoresist.

Wet/Dry Unmasked Spacer 28 Etch/Removal of Mask 32

As shown in Fig. 4, the unmasked spacer, in the example illustrated in
the Figs., first transistor pillar 12 thin spacer 28, is removed, preferably by a

wet/dry spacer removal process.




fromabout 10 to 20A thick. Oxide 36, 34 Renoval/Thinning Step As shown in
Fig. 6, an HF dip (for exanple) is used to renpove all the gggfﬁgxig@536
over the NMOS transistor 12 and a large proportion of the 'gate“oXide¥ 34
over the PMOS transistor 14. As shown, a portion of the 'gate oxide 34
remains 7 0 5 tai::C 2006 over the PMOS transistor 14 having a thickness
of preferably fromabout 30 to 70A and nore preferably fromabout 30 to
50A. Formation of Final Gate Oxide 40 42 Over First Pillar 12 and Second
Pillar 14 As shown in Fig. 7, final gate oxide 40, 42 is fornmed over first
transistor pillar 12 and second transistor pillar 14, respectively. The
final gate oxide 40, 42 is preferably fornmed by a rapid thermal oxidation
process or a renpiMasbx§en thph asmarwgdowom phecegstratbhél fandathganaskesi de 40
over the NMOS first transistor pillar 12 is thinner_than the final gate
oxi de 42rapsiston pidlapvEsoBe dgisterapiias tidringiel apmple divwdeted fig the s gat e
oxi de 42 over the PMOS second transistor pillar 14 includes;th enai ni ng
'gate o%fﬂ@“'aléﬁ'byog\?éiap’t%sg"g%%% Yﬁicihﬁﬁ}‘caiﬁ‘i’%?ttbé‘ilptpﬁ%cel‘ﬁﬁ Kol th§tsglﬁl.‘:£u|{ﬁi cker
final gate oxide 42 over transistor 14 is preferably fromabout 30 to 80A
t hi ck aﬁﬁg@g re preferably fromabout 30 to 60A thick. Thinner gate

Oxidation of Spacers 30 and Gate Dielectric 24 Qver First Transistor Pillar 12

As shown in Fig. 5, an oxidation process oxidizes spacers 30 over
previously masked second transistor pillar 14 and the gate dielectric 24 over first
transistor pillar 12. Poly spacers 30 will transform to polyoxide while Ti spacers 30
become TiO, (high-k). In either event, thicker 'gate oxide' 34 is formed over the
PMOS second transistor 14 while thinner gate oxide 36 also grows over NMOS first

transistor 12.

Thicker 'gate oxide' 34 over transistor 14 is preferably from about 30
to 80A thick and is more preferably from about 30 to 60A thick. Thinner gate oxide
36 over transistor 12 is preferably from about 10 to 30A thick and is more preferably

from about 10 to 20A thick.

Oxide 36, 34 Removal/Thinning Step

As shown in Fig. 6, an HF dip (for example) is used to remove all the
gate oxide 36 over the NMOS transistor 12 and a large proportion of the 'gate oxide’

34 over the PMOS transistor 14. As shown, a portion of the ‘gate oxide' 34" remains




oxi de 40 over transistor 12 is preferably fromabout 10 to 30A thick and is
nore preferably fromabout 10 to 20A thick. Renoval of Cap g Lay s 20,
22 and Self-Aligned lon Inplantation As shown in Fig. 8, ﬁLEéﬂiod
transistors 44, 46 may then be acconplished as foll ows, for exanple. 8 0 5
['.: G20"b Capping |layers 20, 22 are renoved fromfirst and second
transistor pillars 12, 14, respectively, exposing the top surfaces 48, 46
of first and second transistor pillars 12, 14, respectively. Source
inplants 44, 46 are forned by self-aligned ion inplantation through t he
exposed ob@PtlﬁWW§aﬁ§sto§Q4 (Navfﬂ% 8 thidkgkss @F gf‘gfc&lﬂ ¥ &lotn dBoutld (DY@ n
inplants 50, 52 are formed by selt-aligned ion inplantation wthin
SubStrabﬁdlﬁb@JIlkﬂﬂﬂ?&&ﬁnabouaﬂmhﬁﬂhﬁndIng from first and second pillars
12, 14, respectlvely Gate regions 54 are forned over the final thinner
gate OX|de 40 of first pillar 12 and gate regions 56 are forned over the
final thicker gate oxide 42 of second plllar 14. Gﬁte regions 54, 56 are
pr ef er alibymationof Eawl ataoxidd 40, ddR)veadpstililianly apdisgen £¥§ rddntrol of the
gate work function), tungsten, tungsten-silicon aIons or al um num and
are nore preferably doped polysilicon (for control of the gate work

function). As shown in Fig. 7, final gate oxide 40, 42 is formed over first

transistor pillar 12 and second transistor pillar 14, respectively. The final gate oxide
40, 42 is preferably formed by a rapid thermal oxidation process or a remote oxygen

plasma growth process.

The final gate oxide 40 over the NMOS first transistor pillar 12 is
thinner than the final gate oxide 42 over the PMOS second transistor pillar 14 since
the final gate oxide 42 over the PMOS second transistor pillar 14 includes the

remaining 'gate oxide' 34' over the second pillar 14 after the HF dip step.

Thicker final gate oxide 42 over transistor 14 is preferably from about
30 to 80A thick and is more preferably from about 30 to 60A thick. Thinner gate
oxide 40 over transistor 12 is preferably from about 10 to 30A thick and is more

preferably from about 10 to 20A thick.

Removal of Capping Layers 20, 22 and Self-Aligned lon Implantation

As shown in Fig. 8, completion of transistors 44, 46 may then be

accomplished as follows, for example.




This conpletes formation of first and second transistors 60,62 having dual
gate oxide 40, 42 thicknesses, respectively. Advantages of hewpgv%gpion
One advant age of one or nore enbodi nents of the present inv ntiéh (498 that
dual gate oxide thickness is forned upon vertical transistors. 9 r nr'n
nf?F. Wile particular enbodi nents of the present invention have been
illustrated and described, it is not intended to limt the invention,
except as defined by the following clains. 10 5 Decenber 2006 CLAI M5 W
claim 1. A nmethod of fabricating dual gate oxide thicknesses, conprising

t hleI st eps hof . ployptigipyers d8s2? are rémaov e fomifirst apil [segenda@ngisk®cond
pillar; the first and second pillars each having side walls; formng a
gat e dﬁén@@tyké4td9%¥mﬁvgﬁrFHEO%06§P?dP€,&FE§B?i sﬁ6dﬁaﬁgﬁéﬁﬁh&ﬁﬁpﬁa?s and
the side walls of t first ?nd second pillars; formng first and second

f
thin spEEIOORERS He 1dEaPEeFEet ric | ayer covered

Source implants 44, 46 are formed by self-aligned ion implantation
through the exposed top portions 48, 50 of first and second pillars 12, 14. Drain
implants 50, 52 are formed by self-aligned ion implantation within substrate 10 at

the base of, and extending from, first and second pillars 12, 14, respectively.

Gate regions 54 are formed over the final thinner gate oxide 40 of first
pillar 12 and gate regions 56 are formed over the final thicker gate oxide 42 of .
second pillar 14. Gate regions 54, 56 are preferably comprised of polysilicon, doped |
polysilicon (for control of the gate work function), tungsten, tungsten-silicon alloys,
or aluminum and are more preferably doped polysilicon (for control of the gate

work function).

This completes formation of first and second transistors 60,62 having

dual gate oxide 40, 42 thicknesses, respectively.

Advantages of the Invention

One advantage of one or more embodiments of the present invention

is that dual gate oxide thickness is formed upon vertical transistors.




side walls of the first and second pillars, respectively; masking the
second pillar leaving the first pillar unmasked; renoving $@e;§¢rﬁ@5thin
'spacers fromthe unnmasked first pillar; renoving the mask fromthe fmasked
second pillar; oxidizing the structure to convert the second thin spacers
to second prelimnary gate oxide over the previously masked second pillar
and to formfirst prelimnary gate oxi de over the unmasked first pillar;
t he second gate oxi de over the second pillar being thicker than the first
gate oxide over the first pillar; renoving the thinner first prelimnary

gate oxide from gygie ?ﬁié&léﬁ%ﬁdd‘iﬂbm@ﬁﬂ thhiBiNG ihhentdi tiset wepond
prelimnary gate oxide fromover the second pillar; and formng first

final gaierQxl deduetribdie if sl ifiehbad t@nehis deondehiinglexgabeasakifded on the
second pillar; the second final gate oxide including the thinned second
prel i mhyaty (gatweirgxlde)s. t he second final gate oxide over the second pillar
being thicker than the first final gate oxide over the first pillar. 2.
The nethod of claim1, including the steps of: 11 J 51 _ LU LDUG formng
capping layers over first and second pillars, respectively, before
formation of the gate dielectric |layer; and

10



removi ng the capping layers after formation of first and second final gate

oxide on the first and second pillars, respectively. 3. The nethod of claim

1, including the steps of: form ng capping |ayers over first and second
pillars, respectively, before formation of the gate dielectric |layer; and
removi ng the capping layers after formation of first and second final gate
oxide on the first and second pillars, respectively; the £ppRinibrhoyers
being conprised of a material selected fromthe group consisting of
nitride, silicon nitride, oxide, a nitride/oxide stack and a silicon
nitride/ oxide stack. 4. The method of claim11, including the steps of:
form ng capping |ayers over first aggmsgond pillars, respectively, before
formation of the gate dielectric layer; and renoving the capping | ayers
after formation of first and second final gate oxide on the first and
second pillars, respectively; the capping | ayers being conprised of a
nitride/ dXedimt ack. 5. The nethod of claim1, including the steps of:

For mi g dr & et ATk Pl BB e BT g GAEANS SGPORE over t he
first and Sec%?gviailrllgl g rsﬁbst?aecg%%%tirilg glfYrSt plj[lzar and a second pillar; the first and

second pillars each having side walls;

forming a gate dielectric layer over the substrate, the first and second pillars
and the side walls of the first and second pillars;

forming first and second thin spacers over the gate dielectric layer covered
side walls of the first and second pillars, respectively;

masking the second pillar leaving the first pillar unmasked;

removing the first thin spacers from the unmasked first pillar;

removing the mask from the masked second pillar;

oxidizing the structure to convert the second thin spacers to second
preliminary gate oxide over the previously masked second pillar and to form first
preliminary gate oxide over the unmasked first pillar; the second gate oxide over
the second pillar being thicker than the first gate oxide over the first pillar;

removing the thinner first preliminary gate oxide from over the first pillar
and thinning the thicker second preliminary gate oxide from over the second pillar;
and

forming first final gate oxide over the first pillar and second final gate oxide
on the second pillar; the second final gate oxide including the thinned second
preliminary gate oxide; the second final gate oxide over the second pillar being

thicker than the first final gate oxide over the first pillar.

2. The method of claim 1, including the steps of:

11




~ 5 fi I 2005 6. The method of claim1, wherein the substrate and the
first and second pillars are conprised of silicon; the gate dielectric

| ayer is conprised of oxide; the first and second thin s 23 Q§QQHH
conprised of a material selected fromthe group consistin@ f-'p @éilicon,
Ti and Ta; the mask is conprised of photoresist; and the second
prelimnary gate oxide over the previously nasked second pillar is
conprised of a naterial selected fromthe group consisting of polyoxide,
TiOx and TaOx. 7. The nethod of claim11, wherein the substrate and the
first and second pillars are conprised of silicon; the gate dielectric

| ayer is conpfarsedgofappingléaydrhevier riatt and sesexdndllals) resppaiderly, hefore
conprised of a material selected fromthe group consisting of polysilicon
and Ti; fimnatigkof thegobpdieketiicypheondresi st; and the second prelimnary
gate oxi de over the previously masked second pillar is conprised of a
material sel eEgBAVIBOEL W@P@P&Weé%ﬁg‘fﬂ‘sg‘?rﬁ@t&n B%ﬁ%ﬁﬂéeseéﬁadﬁual.gaée The
met hod of ¢]aim,1, .inclydin he steps ot:lforning cappi ng | ayers over
first an@¥&cBh eppﬁﬂépéfeﬁgg%gﬁ?f%é@?%m%%ﬁXTe fornmation of the gate
dielectric layer; and renoving the capping |ayers after formation of first
and second final gate oxide on the first and second pillars, respectively;

the cappizngnl a¥ehSd BAMLRE 18inRiGKHe8Sstehs bf: om about 100 to 500A. 9. The
met hod o? c?ain11, including the Steps of:

forming capping layers over first and second pillars, respectively, before
formation of the gate dielectric layer; and

removing the capping layers after formation of first and second final gate
oxide on the first and second pillars, respectively; the capping layers being
comprised of a material selected from the group consisting of nitride, silicon

nitride, oxide, a nitride/oxide stack and a silicon nitride/oxide stack.

4. The method of claim 1, including the steps of:

forming capping layers over first and second pillars, respectively, before
formation of the gate dielectric layer; and

removing the capping layers after formation of first and second final gate
oxide on the first and second pillars, respectively; the capping layers being

comprised of a nitride/oxide stack.

5. The method of claim 1, including the steps of:
forming source implants in the first and second pillars, respectively;
forming drain implants within substrate; and

forming gate regions over the first and second pillars, respectively.

12




form ng capping |layers over first and second pillars, respectively, before
formation of the gate dielectric layer; and 13 renoving the cappi ng Iayers
after formation of first and second final gate oxide on't f|;§

second pillars, respectively; the capping |ayers having a t |ckWe§@”%f from
about 100 to 200A. 10. The nethod of claim11, wherein the gate dielectric

| ayer has a thickness of from about 20 to 100A; the first and second thin
spacers each have a base thickness of from about 100 to 200A; the first
prelimnary gate oxide has a thickness of from about 10 to 30A; the second
prelimnary gate oxide has a thickness of fromabout 30 to 80A;, the

t hi nned $ethadhghed bfitlhanyl, gakeeioXhdesastaatdilekdmsssndbedondmibsute 30 to
70A;, the first final gate oxide over the first pillar has a thickness of

f r om abowpnigiset ®f 3hisonathe getredistastridayeniglcogutrsed xif @uidsy Bre filseasécond

|1 h hi ck f f bout 30 t t hod of cl 1
Pher of n SREMSHA AP aHeEL b ETHER o%égnatepﬁfaai S5 Tigim (RGO CREO0FS B0 t o 40A:
the first an?sﬂgco ? acer eac g ﬁ ase t |ck é% 8f(§ron1 about
100 to 156RODSHEOR %?“% &1 T @%8“8% dePRAY ?lftﬂrﬁ"b SE°GH f r om about

to 2 eht[npf?ar BDEhaBE BL LI WY ﬁ%ﬁ%gnrgééﬁa 85 Bl HXOEAS;i0Ld b £ about

30 to 60 |nne secon ate ox as a ness of

from aboyf,3Baf Q1&8ABIront e %rbﬁgtcoﬁélg'ﬁ% Q%&y@%ﬂd@emy%dtmf irst pillar

has a thi ckness of from abou

7. The method of claim 1, wherein the substrate and the first and second pillars are
comprised of silicon; the gate dielectric layer is comprised of oxide; the first and
second thin spacers are comprised of a material selected from the group consisting
of polysilicon and Ti; the mask is comprised of photoresist; and the second
preliminary gate oxide over the previously masked second pillar is comprised of a

material selected from the group consisting of polyoxide and TiO,.

8. The method of claim 1, including the steps of:

forming capping layers over first and second pillars, respectively, before
formation of the gate dielectric layer; and

removing the capping layers after formation of first and second final gate

oxide on the first and second pillars, respectively; the capping layers having

a thickness of from about 100 to 500A.

9. The method of claim 1, including the steps of:
forming capping layers over first and second pillars, respectively, before

formation of the gate dielectric layer; and

13




and the second final gate oxide over the second pillar has a thickness of
fromabout 30 to 60A. 12. The nethod of claim1l, wherein the renoval of
the first thin spacers fromthe unmasked first pillar is accomldi.sshed by a
process selected fromthe group consisting of a wet spa&é?[Eéné¢§l process
and a dry spacer renoval process; and the formation of the first and
second final gate oxides is acconplished by a process 14 5 Decenber 2006
selected fromthe group consisting of a rapid thermal oxidation process and
a renote oxygen plasma growth process. 13. A nethod of fabricating dual
gate oxide thicknesses, conprising the steps of: providing a substrate
havi ng a fi r strepplirgrthagdppirgdeverd affet farmatiomeofffirstsindogedos@ Gioabigatpi | | ar s
havi ng respective capping | ayers thereover and respective side walls;

formi ng ®xida et theefiedprdserendpillgye retestiselsthegpppinglayes havingnd second

pillars and the side I'1s t first and second pillars; formng first
and seco ?Wﬁ?ﬁs é&ng%BVEF&i%éﬂﬁgre dielectric layer covered side walls
of the first and second pillars, respectively; nasking the second pillar
| eaving the first pillar unmasked; renoving the first thin spacers from

t he unnasiedh§ bfehoPht Jdkm 1, WRPRYA BE LNE @Skt 190 hhe. MRskeds Seaond

pillar;
about 20 to 100A; the first and second thin spacers each have a base thickness of

from about 100 to 2004; the first preliminary gate oxide has a thickness of from
about 10 to 30A; the second preliminary gate oxide has a thickness of from about 30
to 80A; the thinned second preliminary gate oxide has a thickness of from about 30
to 704, the first final gate oxide over the first pillar has a thickness of from about 10
to 30A; and the second final gate oxide over the second pillar has a thickness of

from about 30 to 80A.

11. The method of claim 1, wherein the gate dielectric layer has a thickness of from
about 20 to 40A; the first and second thin spacers each have a base thickness of from
about 100 to 1504, the first preliminary gate oxide has a thickness of from about 10
to 20A; the second preliminary gate oxide has a thickness of from about 30 to 60A;
the thinned second preliminary gate oxide has a thickness of from about 30 to 504;
the first final gate oxide over the first pillar has a thickness of from about 10 to 204;
and the second final gate oxide over the second pillar has a thickness of from about

30 to 60A.

12. The method of claim 1, wherein the removal of the first thin spacers from the
unmasked first pillar is accomplished by a process selected from the group
consisting of a wet spacer removal process and a dry spacer removal process; and

the formation of the first and second final gate oxides is accomplished by a process
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oxi di zing the structure to convert the second thin spacers to second
prelimnary gate oxi de over the previously nmasked second pillar and to form
first prelimnary gate oxi de over the unnasked first pillar; the second
gate oxide over the second pillar being thicker than the first gate oxide
over the first pillar; renoving the thinner first prelimnary gate oxide
fromover the first pillar and thinning the thicker seconDegnhdrBO0O&rY
gate oxide fromover the second pillar; and formng first final gate oxide
over the first pillar and second final gate oxide on the second pillar;
the second final gate oxide including the thinned second prelimnary gate
oxi de; t kelesgddnsinfthaglowgatensistingerfeveapid therset oxidaioh bascebeamda t hi cker
than the first final gate oxide over the first pillar. 15 5 Decenber 2006
14. The metobdoxyfgenldasmd growticpragessg t he step of renoving the capping

| ayers after formation of first and second final gate oxide on the first
and second pillars, respectively. 15. The nmethod of claim 13, including

t he step qf [ t.h [ | g f.t f ti, f first d
second 1 iaf ERed kI Gner s &ox Tttt TRy s fag psEE Plel y:  t ne
cappi ng | ayers_bei ri.sed anateni f.romt

CoPP 9. LU, PLIBEATRNAREE s RSOt S Logm e gt
silicon nifitideb Ry d8psdifkcapping layers thereover and respective side walls;

forming a gate dielectric layer over the substrate, the first and second pillars
and the side walls of the first and second pillars; \
forming first and second thin spacers over the gate dielectric layer covered :
side walls of the first and second pillars, respectively;
masking the second pillar leaving the first pillar unmasked,;
removing the first thin spacers from the unmasked first pillar;
removing the mask from the masked second pillar;
oxidizing the structure to convert the second thin spacers to second
preliminary gate oxide over the previously masked second pillar and to form first
preliminary gate oxide over the unmasked first pillar; the second gate oxide over
the second pillar being thicker than the first gate oxide over the first pillar;
removing the thinner first preliminary gate oxide from over the first pillar
and thinning the thicker second preliminary gate oxide from over the second pillar;
and
forming first final gate oxide over the first pillar and second final gate oxide
on the second pillar; the second final gate oxide including the thinned second
preliminary gate oxide; the second final gate oxide over the second pillar being

thicker than the first final gate oxide over the first pillar.
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16. The method of claim 13, including the step of renoving the capping

| ayers after formation of first and second final gate oxide on the first
and second pillars, respectively; the capping |ayers being conprised of a
nitride/ oxide stack. 17. The nethod of claim 13, including the steps of:
form ng source inplants in the first and second pillars, respectively;
formng drain inplants within substrate; and form ng gat es pegingsts 2006r t he
first and second pillars, respectively. 18. The nethod of claim 13, wherein
the substrate and the first and second pillars are conprised of silicon;
the gate dielectric layer is conprised of oxide; the first and second thin
spacers aneriompiiceef ddinalmhdutilg belsegt sfdefrioving tie @pouR LoaSiglrng  of
polysilicon, Ti and Ta; the mask is conprised of photoresist; the second
prel i m n&synagaireofofist end vemontiHmad gete @udé yn e Kiest asewmadngipillaas, i s
conprised of a material selected fromthe group consisting of polyoxide,
Ti Ox andragegtivalg. 5 DE-"" 2006 19. The nethod of claim 13, wherein the
substrate and the first and second pillars are conprised of silicon; the
gate dielectric layer is conprised of oxide; the first and second thin

spacers conpr.i sed. of. a faterial sel ect fromthe group consisting of
or yer 11 dontiaendt Bk UG PRt oSt B8 Pl EVERE
prelim N30obmaiit 6 A4 gﬁ‘?d QVBhdl ] BARVER4S bY tBEHKE dnd SR Pillhtfeshbictively;
conprised of a materia

the capping layers being comprised of a material selected from the group consisting of

nitride, silicon nitride, oxide, a nitride /oxide stack and a silicon nitride/oxide stack.

16. The method of claim 13, including the step of removing the capping layers after
formation of first and second final gate oxide on the first and second pillars, respectively;

the capping layers being comprised of a nitride/oxide stack.

17. The method of claim 13, including the steps of:
forming source implants in the first and second pillars, respectively;
forming drain implants within substrate; and

forming gate regions over the first and second pillars, respectively.

18. The method of claim 13, wherein the substrate and the first and second pillars
are comprised of silicon; the gate dielectric layer is comprised of oxide; the first and
second thin spacers are comprised of a material selected from the group consisting
of polysilicon, Ti and Ta; the mask is comprised of photoresist; the second
preliminary gate oxide over the previously masked second pillar is comprised of a

material selected from the group consisting of polyoxide, TiO, and TaQ,.
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selected fromthe group consisting of polyoxide and Ti Q. 20. The nethod of
claim 13, including the step of renoving the capping | ayers after
formation of first and second final gate oxide on the firib anQ ond
pillars, respectively; the capping |ayers having a thick on1about
100 to 500A. 21. The nethod of claim 13, including the step of renDV|ng t he
capping layers after formation of first and second final gate oxide on the
first and second pillars, respectively; the capping |layers having a

t hi ckness of from about 100 to 200A. 22. The nethod of claim 13, wherein
the gate dielectric layer has a thickness of from about 20 to 100A; the
first and9.SEwondthod of spackh svivaein thavebsrdasadthe Sistesd setond pdlerabout 100
to 200A'; the first prelimnary gate oxide has a thickness of from about

10 to 30A¢e wmepEEssorfcrioey ha snte lﬂa%t@cmea@wrasqdm fRide dhefirst @ about

30 to 80A th d d. | h th
{1 om aboteos) TGRS REORRFSEA Pf AAT GH L OB A B re ERB R FPATHIE | ar has

the secontb Ry PR ARE b sk cOafPrisPREr PR TG0 e s B PR T o
of clali glg;é,ox\r@@mﬂh&?ﬁe\a%a dhaleatbidd AYSF isht@nidedi Fneakal from

about 20%to 40A; the first an second thin spacers ‘each have a base
t hi cknessgelgfted TR t1'1e7 ﬁﬁ@#@on&@ﬂng@fﬁﬁg&xﬁé@ﬁ Tf@t prelimnary gate oxide

has a thickness of from about 10 0A; the second prelimnary gate oxide
has a thickness of fromabout 30 to 60A
20. The method of claim 13, including the step of removing the capping layers after
formation of first and second final gate oxide on the first and second pillars,

respectively; the capping layers having a thickness of from about 100 to 500A.

21. The method of claim 13, including the step of removing the capping layers after
formation of first and second final gate oxide on the first and second pillars,

respectively; the capping layers having a thickness of from about 100 to 200A.

22, The method of claim 13, wherein the gate dielectric layer has a thickness of from
about 20 to 100A; the first and second thin spacers each have a base thickness of
from about 100 to 2004, the first preliminary gate oxide has a thickness of from
about 10 to 304; the second preliminary gate oxide has a thickness of from about 30
to 80A; the thinned second preliminary gate oxide has a thickness of from about 30
to 70A; the first final gate oxide over the first pillar has a thickness of from about 10
to 30A; and the second final gate oxide over the second pillar has a thickness of

from about 30 to 80A.

23. The method of claim 13, wherein the gate dielectric layer has a thickness of from

about 20 to 40A; the first and second thin spacers each have a base thickness of from
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the thinned second prelimnary gate oxide has a thickness of from about 30

to 50A; and the first final gate oxide over the first pillar has a

t hi ckness of from about 10 to 20A; and the second final gate oxide over

the second pillar has a thickness of from about 30 to 60A.Q%4mgﬁngmﬁethod
S g h ELERE N

of claim 13, wherein the renoval of the first thin spacers Fori't he

unmasked first pillar is acconplished by a process selected fromthe group
consisting of a wet spacer renoval process and a dry spacer renoval

process; and the formation of the first and second final gate oxides is
acconpl i shed by a process selected fromthe group consisting of a rapid

t her mal ekbdali®m ¥H0AC essfiangrdiminenptetcanydehagd dhdmegs offrorrpalaneds. 25. A
met hod of fabricating dual gate oxide thicknesses, conprising the steps of:
provi di ngo@08utistseated paslimigagy fatesids haser thagkchess ebfsomaabsiut %ﬁr’et;) o0he first
and second pillars having respective capping |ayers thereover and .

respect i VBe higaeduaeond RIREMEBHEYISHEE Pdfehas a%bwhae%}%wg agowt 3htomier i al

sel ected fromthe group, consisti f ni.tride, silicon pitride, xi de, a
e el GRBe PSR AR peertn festRibrb i i tR of sbia s 1o o

di el ectrig sl.ayer, over the trate, the first co i and the
a1 de el PR YRonh el HER BRI oy e ool S RRFPBHBIeS BBl i
spacers Q%%&tS@ﬁ)Qﬁ&ﬁ dielectric layer covered side walls of the first and
second pillars, respectively; masking the second pillar |eaving the first

pi |l ar unmasked;

24. The method of claim 13, wherein the removal of the first thin spacers from the
unmasked first pillar is accomplished by a process selected from the group
consisting of a wet spacer removal process and a dry spacer removal process; and
the formation of the first and second final gate oxides is accomplished by a process
selected from the group consisting of a rapid thermal oxidation process and a

remote oxygen plasma growth process.

25. A method of fabricating dual gate oxide thicknesses, comprising the steps of:
providing a substrate having a first pillar and a second pillar; the first and second
pillars having respective capping layers thereover and respective side walls; the capping layers
being comprised of a material selected from the group consisting of nitride, silicon nitride,
oxide, a nitride/oxide stack and a silicon nitride/oxide stack;

forming a gate dielectric layer over the substrate, the first and second pillars
and the side walls of the first and second pillars;

forming first and second thin spacers over the gate dielectric layer covered
side walls of the first and second pillars, respectively;

masking the second pillar leaving the first pillar unmasked;

removing the first thin spacers from the unmasked first pillar;

removing the mask from the masked second pillar;
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renoving the first thin spacers fromthe unmasked first pillar; renoving
the mask fromthe masked second pillar; 18 Q5 fsE : ' Z" Jul, oxidizing
the structure to convert the second thin spacers to seconghgrejininary gate
oxi de over the previously masked second pillar and to for ilrdt 7006
prelimnary gate oxide over the unmasked first pillar; the second gate

oxi de over the second pillar being thicker than the first gate oxi de over
the first pillar; renoving the thinner first prelimnary gate oxide from
over the first pillar and thinning the thicker second prelimnary gate

oxi de fromover the second pillar; and formng first final gate oxi de over
the first pil lcaidiaimg tbesundiure hatorgatrethexedand tnn sheceselwordompd | | ar; t he
second final gate oxide including the thinned second _ prelimnary gate

oxi de; t huwekmdeaiy sRtnaridgaver Bwirreviovely maekesksesarid pillar apdbeifergn tiesti cker

HSRILRITEN R T LT NSV i
for mat | 0 1 LSl ANRE 0 1R 9RLE o2 98008, ENRe L fingd second
removing the thinner first preliminary gate oxide from over the first pillar
and thinning the thicker second preliminary gate oxide from over the second pillar;
and
forming first final gate oxide over the first pillar and second final gate oxide
on the second pillar; the second final gate oxide including the thinned second

preliminary gate oxide; the second final gate oxide over the second pillar being

thicker than the first final gate oxide over the first pillar.
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27. The nmethod of claim 25, including the step of renoving the capping

| ayers after formation of first and second final gate oxide on the first
and second pillars, respectively. 28. The nethod of clain?ZSTﬁLnghgding
the step of removing the capping |ayers after formation of % FEst/#Ad
second final gate oxide on the first and second pillars, respectively; the
cappi ng |l ayers being conprised of a nitride/oxide stack. 29. The net hod of
claim?25, including the steps of: form ng source inplants in the first and
second pillars, respectively; formng drain inplants within substrate; and
formng gate regions over the first and second pillars, respectively. 30.
The met h@d. dheohaithnd2sf clatrer 2§, inclhdingubst stap eofarsaneing fthe siepaing Sareondfter
pillars are conprised of silicagn; the gate dielectric layer is conprised
of oxi de:formetien raft figtidand esesaadt Anal §B%‘cé’?‘§iearo@ Eogrpriise oansk sgeanst dnillans,
selected from.the group consisting of polysilicon, Ti and Ta; the mask is
conprisede%¥£%ﬁ oresist; the second prelimnary gate oxi de over the

previ ously masked second pillar is conprised of a naterial selected from
the group consisting of polyoxide, TiOx and TaOx. 20 0 5 2506 31. The

met hod ofyC F[ﬁie%gfhold?"ﬁf%l%hﬂ idj%éﬂggﬁg; %Heest%figoflt ﬁé@né&ihgtth@’l‘éﬁ%[’%@% L@t S

are conprised of silicon; the gate l ectr ayer 1S conp f oxi de;

the firstiopAgkion of first and second final gate oxide on the first and second pillars,

respectively.

28. The method of claim 25, including the step of removing the capping layers after
formation of first and second final gate oxide on the first and second pillars,

respectively; the capping layers being comprised of a nitride/oxide stack.

29. The method of claim 25, including the steps of:
forming source implants in the first and second pillars, respectively;
forming drain implants within substrate; and

forming gate regions over the first and second pillars, respectively.

30. The method of claim 25, wherein the substrate and the first and second pillars
are comprised of silicon; the gate dielectric layer is comprised of oxide; the first and
second thin spacers are comprised of a material selected from the group consisting
of polysilicon, Ti and Ta; the mask is comprised of photoresist; the second
preliminary gate oxide over the previously masked second pillar is comprised of a

material  selected from the group consisting of polyoxide, TiO, and TaO,.
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second thin spacers are conprised of a material selected fromthe group
consisting of polysilicon and Ti; the mask is conprised of photoresist;
the second prelimnary gate oxide over the previously nask%dmsggpa%rpillar
is conmprised of a material selected fromthe group consistin@£ﬁ$fé‘i&oxide
and TiO.. 32. The method of claim25, including the step of renoving the
capping layers after formation of first and second final gate oxide on the
first and second pillars, respectively; the capping |layers having a

t hi ckness of from about 100 to 500A. 33. The nethod of claim25, including
the step of renmoving the capping layers after formation of first and
second final gate oxide on the first and second pillars, respectively; the

cappi ng | ayers havin hi ckness of. from about 10 o0 200A. 34. The nethod
of clai mﬁs,Th%ew&w? pﬁéiag%t Eodraiesdn ihe suppbatg a8 aﬁwhﬁ@m@ss‘%ﬁm r Bibars

b 20 100A; t.,he f.i. d d .t.hi h b
PN S N S T
2 P eknessog] 50T RoM. A 00 § R BREOICRES hLPALY At o 0¥l 5 1o

oxi de ha%f?‘gél?éiﬁ!é&?%%dofi; fhOmadow c8fprised 7&%h6t’6?esﬁ§t! e bddal EnifxhAe
over the first pillar has a thickness of fromabout 10 21 to 30A; and tHe

second fi Gade @kt dgeopaividbidy Seackhel petdat pisr ds tdongkiess odfa rhateniul
about 305?%£80A. 35. The nethod of claim25, wherein the gate dielectric
| ayer hassehctei fréomabe godupf camisting of polyoxide and TiO,.

32. The method of claim 25, including the step of removing the capping layers after
formation of first and second final gate oxide on the first and second pillars, respectively;

the capping layers having a thickness of from about 100 to 5004,

33. The method of claim 25, including the step of removing the capping layers after
formation of first and second final gate oxide on the first and second pillars,

respectively; the capping layers having a thickness of from about 100 to 200A.

34. The method of claim 25, wherein the gate dielectric layer has a thickness of from
about 20 to 100A; the first and second thin spacers each have a base thickness of
from about 100 to 2004; the first preliminary gate oxide has a thickness of from
about 10 to 30A; the second preliminary gate oxide has a thickness of from about 30
to 80A; the thinned second preliminary gate oxide has a thickness of from about 30

to 70A; the first final gate oxide over the first pillar has a thickness of from about 10
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about 20 to 40A; the first and second thin spacers each have a base

t hi ckness of from about 100 to 150A; the first prelimnary gate oxide has
a thickness of fromabout 10 to 20A; the second prelininagy ggﬁeyggide has
a thickness of fromabout 30 to 60A; the thinned second prelfﬁfné‘y gate
oxi de has a thickness of fromabout 30 to 50A; and the first final gate
oxi de over the first pillar has a thickness of fromabout 10 to 20A; and
the second final gate oxide over the second pillar has a thickness of from
about 30 to 60A. 36. The nethod of claim25, wherein the renoval of the
first thin spacers fromthe unmasked first pillar is acconplished by a
process s$eb@stadl fireowroind figrlogate owies bedr thg sefond piBér specriclespval process
and a dry spacer renoval process; and the formation of the first and
second f iftean 2garte3bixidés 1 s acconplished by a process selected fromthe
group consisting of a rapid thermal oxidation process and a renote oxygen
pl asma growth process. 22

35. The method of claim 25, wherein the gate dielectric layer has a thickness of from
about 20 to 40;&,‘ the first and second thin spacers each have a base thickness of from
about 100 to 1504, the first preliminary gate oxide has a thickness of from about 10
to 204; the second preliminary gate oxide has a thickness of from about 30 to 604,
the thinned second preliminary gate oxide has a thickness of from about 30 to 50A;
and the first final gate oxide over the first pillar has a thickness of from about 10 to
20A; and the second final gate oxide over the second pillar has a thickness of from

about 30 to 60A.

36. The method of claim 25, wherein the removal of the first thin spacers from the
unmasked first pillar is accomplished by a process selected from the group
consisting of a wet spacer removal process and a dry spacer removal process; and
the formation of the first and second final gate oxides is accomplished by a process
selected from the group consisting of a rapid thermal oxidation process and a

remote oxygen plasma growth process.
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