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;e3ei O#ft! @Q! 2"6" TO#LV 9,0 7 OCT 2004 FORM NG DUAL GATE OXI DE THI CKNESS ON
VERTI CAL TRANSI STORS BY | ON | MPLANTATI ON FI ELD OF THE | NVENTI ON Thﬁ]pgﬁzeﬂnm
invention relates generally to fabrication of sem conductor devi ca$,
nore“specifically to methods of fabricating vertical transistors. ~D 7
9C~I 24U BACKGROUND OF THE | NVENTI ON One way to increase 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 vertical transistors are fabricated with
different gate oxide thicknesses for higher levels of circuitry integration
whi ch nmakes the task even nore chall engi ng and demandi ng. U. S. Patent No.
5,757,038 to Tiwari et al. describes a self-aligned dual gate MOSFET with
an ultra-narrow channel. U. S. Patent Nos. 6,013,548 and 6,077,745 each to
Burns, Jr. et al. both describe a nethod of fabricating self-aligned

di ffused source vertical transistors with deep trench capacitors in a
4F-square nenory cell array. U S. Patent No. 5,324,673 to Fitch et al
describes a nethod of fabricating vertical transistors U S. Patent No.
6,030,871 to Eitan describes a nethod of manufacturing two bit ROM cel
using an angled inplant. U S. Patent No. 6,080,68Z to |Ibok describes a

nmet hodol ogy for achi eving dual gate oxide thicknesses.

FORMING DUAL GATE OXIDE THICKNESS ON VERTICAL TRANSISTORS

BY ION IMPLANTATION

FIELD OF THE INVENTION

The present invention relates generally to fabrication of semiconductor devices, and

more specifically to methods of fabricating vertical transistors.



U S. Patent No. 6,150,670 to Falterneier et al. describes a process for
fabricating a uniformgate oxide of a vertical transistor. ﬁ]OgEI 2044
~t uu~ SUVMMARY OF THE | NVENTI ON Accordingly, it is an object of one or nore
enbodi ments of the present invention to provide an inproved net hod of
fabricating vertical transistors having different gate oxide thicknesses.
Anot her object of one or nore enbodi nents of the present invention to
provi de an inproved nethod of fabricating vertical transistors having

di fferent gate oxide thicknesses by the use of selective ion inplantation.
A further object of one or nore enbodi nents of the present invention to
provi de an i nproved net BBYCKGROUNDOFIFILAR I®MNansi st ors havi ng

di fferent gate oxide thicknesses by the use of selectlve pl asma dopi ng.

O her objects will appear herelnafter It has nom1been di scovered that the

above and ot her obj f rese i nv ntlo cco | ished,in the
fol l owi ng nmanner. Q%%c%‘tag’ca I]i]/ﬁLC ezf‘sgu%g?r Efie lﬁﬁv %‘ Mgt rﬂs)ecc?ﬁ'a aﬂl Il ars
i's provi dedsishe Howewee%ﬁem%s@gtbt Py S86R &M@t&@%&ﬂéﬁ&@& pal |

and an i nner side wall east one o he outer or I nner s of at

| east ongrédest BRpb bh8lcoRdlicneCIIE cBinpl Bl ik PhaTRfi SR HHRA de@ﬁ&tlmearetsté@ast
one of the outer or i nner side wall s of at | east one of the first and

second piatd falziexgbsdth dilfgant gatr exideahidkmpbsatfed Highauighelshe dtcdiggst one
of the exposed outer or inner side walls nodifying the surface of the at

| east onéntggratiea whishdnalgssbe taskiaven roere dhalengingendeddrsanding. at | east one
of the nmasked outer or inner side walls of at | east one of the first and
second pillars is/are unmasked. Gate oxide is 3 ~D 7 9CT 2uu~ grown on

t he outer side wal t [ ' wal Ls of the. first C

pillars wherein th?%?%e%ﬁﬁaegg%@ g)pqc;’rwft‘rhg ﬂloﬂiteﬁrgﬁsﬁﬁeﬂ g’f‘%t“ﬂe at

| east on Mcs: _ de walls is thicker than the gate
oxi de grghﬁiuponfﬁﬁgﬁﬁgﬁﬁ% #%%d“@ﬁf%%@%s of the at |east one of the

non- doped outer or inner S|de wal | s. o r ocr zooa BRI EF DESCRI PTI ON OF
THE DRAW NGS The features and advantages of the present invention will be
more clearly under $t.90RatéfitoNobNgOTHNS40M G, 00 TEE icptlh @5 Bugke Jr.idt LosgHNCt i on

wi th the acconpanying drawi ngs in which |like reference nuneral s designate
sim | ar elescribe a method of fabricating self-aligned diffused source vertical transistors

with deep trench capacitors in a 4F-square memory cell array.

U.S. Patent No. 5,324,673 to Fitch et al. describes a method of

fabricating vertical transistors

US. Patent No. 6,030,871 to Eitan describes a method of

manufacturing two bit ROM cell using an angled implant.

US. Patent No. 6,080,682 to Ibok describes a methodology for

achieving dual gate oxide thicknesses.

U.S. Patent No. 6,150,670 to Faltermeier et al. describes a process for

fabricating a uniform gate oxide of a vertical transistor.



correspondi ng el enents, regions and portions and in which: Fig. i
schematically illustrates in cross-sectional representation a star rpquj 2uut
structure common to both enbodi ments of the present invention. % 2to 6
schematically illustrate, in conjunction with Fig. 1, in cross sectlonal
representation a first preferred enbodi nent of the present invention. Figs.
7 to 11 schematically illustrate, in conjunction with Fig. 1, in
cross-sectional representation a second preferred enbodi nent of the present
i nvention. 5 ,0 7 OCT 2004 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Unl ess ot herw se speC|f|ed all structures, layers, etc. may be
formed or acconplished by oW HER THE INVIENTAORM in the prior art.
Initial Structure Fig. 1 |IIustrates a cross-sectional view of a substrate
10, preferably a senlconductor silicon (Si) substrate, having first 12 and
second 14 pillars for ar eas pectively.

One of the pillar s ”ﬁggg ¥ 115\’/%"1“? Ngﬁfﬁ cglkdrﬁne(‘ﬁ Rers elﬁp%‘slél?el?ﬁo ﬁ“eﬁ?rﬁse I
N ol Nﬁf‘gbﬁa“’]ﬁbVﬂﬁda’H’ﬁpmar“ﬁzh&%cﬁbéfea B AP el byl 2

i nst ead, dgﬁkbﬁ(;ﬁgoaﬁﬁnmgm%eggsN-well inmplant within a PMOS area 16 and
pillar 14 may have a P-well inplant within an NMOS area 18. Pillars 12, 14

are preferably fromabout 0.1 to 1.0 pmthick. First and second plllars 12,
14 havi ng capping, or hard mask, |ayers 20, 22 forned thereover,
respectively, to aAnbilehrmdjectof oneom mbouembodimentt@F0ke pFésest irardtisrcond
hard cappi ng | ayers 20, 22 are preferably formed of nitride, silicon
nitride {SPINGYe agxipgeroved anethodeofofebrisatimurrtinal tragsistors having didferenti de
stack and % referagbly formed of .a nitride/ oxi de stack. 6 ,0 7 OCT
2004 Fir &f eéﬁ‘g%%l essesEiye ‘Fegﬁ&e}fdﬁ‘ée wrmpPEadione rhodi ment of t he
present invention is illustrated in Figs. 1, and 2 through 6 in which an
ion inplantation is performed in at |east part of both the first and second

pillars 12,14. Par i @.ilrtﬂ\@%%jéagop&ng bf $lor@ehbeidiid hat ?es]e?lt ivention

to provide an improved method of fabricating vertical transistors having different

gate oxide thicknesses by the use of selective plasma doping.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
substrate having first and second pillars is provided. The first and second pillars
each having an outer side wall and an inner side wall. At least one of the outer or
inner side walls of at least one of the first and second pillars is/are masked leaving
at least one of the outer or inner side walls of at least one of the first and second
pillars exposed. Dopants are then implanted through the at least one of the exposed
outer or inner side walls modifying the surface of the at least one of the doped
exposed outer or inner side walls. The at least one of the masked outer or inner side

walls of at least one of the first and second pillars is/are unmasked. Gate oxide is



SO

As shown in Fig. 2, first and second nmasks 24 are formed over at |east part
of first and second pillars 12, 14, respectively. Fig. 2 illustrateg: T 20t
having: first mask 24 formed over the outer side wall 26 of P-well §¥p|%F-
12 and a portion of first capping |layer 20; and second nask 24 forned over
the outer side wall 28 of N-well pillar 14 and a portion of second capping
| ayer 22. First and second nasks 24 are preferably forned of deep
ultraviolet (DUV) photoresist. Tilt/Angular lon Inplantation-or Renote

Pl asma Dopi ng of Exposed Portions of First and Second Pillars 12,14 In a
key step of the invention, dopants 29, 31 are then inplanted into the
exposed Brawn ogithe ontdr|sideswallgand themmier aideywmtisdfatic Birsteind sadndipilirk
pillars 12, 14, respectively, and a_portion of substrate 10 adjacent
exposed VHIFERINdhggatpride gaownaman teanedifisdsusfachepf themtdeastidne/cfribal ar

ion inmplagntation or .renot. | asma ,dopi ng 30, 32. It .is noted that the

renot e p?ggﬁ% Oagedi(ﬂ'dn{‘%rcﬂﬁ? SY?Z]%d%Hug]éer g‘f‘?él?e gate oxjde gepwn ypen AT he

al t er nat ik rel i i t on- dependen tq features
aspect  r QIifitd M U 1R BRb B RSl ob R0 R EREREPEY Y °0 VN

Ge, Ar or F and are nore preferably Ar or F. The concentration of dopants
29, 31 is preferably fromabout 0.1 X 1015 to 2 X 1015 atons/cnez and is
nore preferably about 1 X 1015 atons/cne. Dopants 29, 31 are preferably

i npl anted from about 10 to 30A beneath the respective surfaces and are nore
preferably inplanted about 10A beneath the respective surfaces. The
intention of doping 30, 32 the selected exposed Si side walls 34, 36 and
the respective adjacent portions of Si substrate 10 is to nodify the S
surfaces so that they possess different surface energies as well as
different interfaces fromthe undoped Si surfaces for the subsequent
silicon oxide (SiOz or just oxide) growh (see below. Renoval of First and
Second Masks 24 As shown in Fig. 4, first and second nasks 24 are renoved
fromfirst and second pillars 12,14, respectively. Thermal Oxidation to

G ow Gate Oxide Portions 40, 44; 42, 46 8 ~p.~ OCT 2004



masked outer side walls 26, 28 et al. of first and second pillars 12, 14,
respectively, and first and second thicker gate silicon oxide portions 44,

46 over doped inner side walls 34, 36 of first and second pillars § dﬁ&
respectively. The thernal oxidation nmay be carried out using elther a 2004
furnace or a rapid thermal system As noted above, the doping 29, 31 of the
sel ected exposed side walls 34, 36 et al. of Si nodified the Si surfaces so
that they possessed different surface energies as well as different

interfaces fromthe undoped Si surfaces, e.g. i.e. outer side walls 26, 28
et al., for this gate 0x] de oromﬁh Th|s orOV|des the difference in
t hi cknesses between t 1g : ] and thicker gate

oxi de portions 44, 46 forned on flrst and second plllars 12, 14,
respectively. Thinner gate oxide portions 40, 42 are preferably fron1about

20 100A t hi ck I 20 50A t.hi ck
pr e]E (Ca)r ably 1E r Io% abgﬁtgz%ﬁ%{ﬂseé%ia%ﬁhaﬁ% e$%?n{h%rpret i %x?ltotéérgylﬁ o%g‘%ﬁ 42
may be grcmanyaﬁnaé}efboesewpm@hﬂww&g n’ié%cﬁ%ﬁoﬂ_ &K eh cgﬁ%& géhddé tRAhL! Ons

44, 46 are preferably from about 30 to 100 nor e erapl rom
about 30 ateorfifanitihf CraaAtlgsraa t whichf Ek@bbﬁér&rﬁ&nhaﬁ@ﬂéls %sl@a'é@%nhnh@ lor

Thi cker gate oxide portlons 44, 46 may be grown as thin as from about 30 to
40A and asrrebpaiding eiaxmntatregmone@nﬂ@ozﬂﬂy@s ar®d in @hichOCT 2004 Renoval of
Cappi ng Lavers 20, 22/ Self-Aligned Source/Drain Formation As shown in Fig.

. 6, first and second capping | ayers 20, 22 are renoved fromfirst and second

pillars 12, 14, ec 0s the top surfaces 47, 49 of first and
second pillars 12 %B§ é%g@%@ Végyliggﬁﬁé%‘Pnﬁ“ﬁﬁﬁ@iEUm I gepresentasioned by
self-ali Iantatlo ou ed to ortlons 47, 49 of
first angggggﬁ% Hﬁ? &T%Qhﬁ@%Q#l e%ﬁ&; F@“PBrned by

sel f-aligned ion |nplantat|on at the base of and extending from first and
second pillars 12,14, respectively. Gate regions 60, 62 are then forned
proximate the thinmgis, g@ées@erﬂﬁldaqlgztﬂleﬁaté%c%%@n:@kohm;ﬁﬁﬁ qairﬁcri%é de
portions 44, 46, respectively, of first d’second pillars 1 E%

respect i \secttgpnaKBael:&es&IgaNmsa 6idst padfeareel Q:iﬁbcﬁdih@d@ity)f e}mrplreissledneénﬂ@@h.ym l'i con,
doped polysilicon (for control of the gate work function), tungsten,
tungsten-silicon alloys, or alumnumand are nore preferably doped
polysilicon (for control of the gate work function). This conpletes the
fabrication of t wo Foesr ¢/ toalld t%%?%@%sl Lﬁm tiRaerTjereiony it figoNpgn

transi stor ge eagﬁ havi n ¢ Lfferin (§4 42f 46,

respect i \Fé?%? FRYIRR n BT EEMEIGN, fy S iRﬁ? re rﬁ“g%o iienh O the, Aresepfe
second e ‘Hﬁﬂt of the present invention is illustrated in Figs. |, and 7
t hr ough in which an ion inplantation is perforned in only one of the



10 - 0 7 OCT 2004 first and second pillars 12, 14. Although figs. 7 through
11 illustrate performng an ion inplantation onIy into second N Iggqlmmq
14, it is possible to performan ion inplantation only into firs

pillar 12. Maski~ of First or Second Pillars 1214 As shown in Fig. 7, one
of first and second pillars 12, 14 is conpletely nmasked by mask 100. Figs.
7 through 11 illustrate masking first P-well pillar 12 with mask 100,

al t hough second N-well pillar 14 could be |Iikew se nasked in accordance
with the teachings of the present invention. Mask 100 is fornmed over at

| east the sidg i.Ist p|IIar 12 mnth the si de malls | 02 and
second cappi L DESCIITIION OF THE HREK 1) EMBQIMMEINTSE g, 7
illustrates mask 100 al so being forned over flrst capplng Iayer 20. Mask
100 is preferably forned of DUV resist. T|It/AnguIar Ion Inplantatlon or

Rerot e Pl asma_Dopi ggae% JHaagedEOTkLEN L. SRRANGLRLLISL bR Bricey St o

of the invention, ants 1 er | ante e ex 8S

wal |'s 104r gécon@st Wn'veﬂhbﬁﬁrméﬂmﬁg Qn@wli‘lqhtthg @rf&fr a?tUb strate 10 adl acent
exposed si de mells 10 f second N-well pillar 14"by preferably either a
tilt/angular ion inplantation or renote plasm doplng 108. It is noted that
the renote plasma doping techni que can be better than the alternate
tilt/anglinibial Stanctune| ant ati on due to non-dependency to features aspect
ratio and | ayout density. 11 ~Q | OCT zuu~

Fig. 1 illustrates a cross-sectional view of a substrate 10, preferably a
semiconductor silicon (5i) substrate, having first 12 and second 14 pillars formed
within NMOS and PMOS areas 16, 18, respectively. One of the pillars 12 has a P-
well implant (P-well pillar 12 in Fig. 1 within NMOS area 16) and the other of the
pillars 14 has a N-well implant (N-well pillar 14 in the Fig. 1 within PMOS area 18).
It is noted that instead, pillar 12 may have an N-well implant within a PMOS area
16 and pillar 14 may have a P-well implant within an NMOS area 18. Pillars 12, 14
are preferably from about 0.1 to 1.0 pm thick.

First and second pillars 12, 14 having capping, or hard mask, layers
20, 22 formed thereover, respectively, to a thickness of from about 500 to 1000A.
First and second hard capping layers 20, 22 are preferably formed of nitride, silicon
nitride (Si;N,), oxide, a nitride/oxide stack or a silicon nitride/oxide stack and is

more preferably formed of a nitride/oxide stack.

S



Dopants 106 are preferably Si, O N, Ge, Ar or F and are nore preferably Ar
or F. The concentration of dopants 106 is preferably from about QD1 RCT02804
to 2 X 10'5 atons/cnB and is nore preferably about 1 X 10'S atons/cnB.
Dopants 106 are preferably inplanted fromabout 10 to 30A beneath the
respective surfaces and are nore preferably inplanted about 10A beneath the
respective surfaces. The intention of doping 108 the exposed Si side walls
104 and the respective adjacent portions of Si substrate 10 is to nodify
the Si surfaces so that they possess different surface energies as well as
different interfaces fromthe undoped Si surfaces for the subsequent gate
si | i con oKirgieEthBodiment | Kigs. Igatd2 exéde) growt h (see bel ow). Renoval of Mask
100 As shown in Fig. 9, nmask 100 is renoved fromfirst P-well pillar 12.
Thermal Oxidation As shown in Fig. 10, a thernmal oxidation process is used
to grow. (1) thinner, gate oxide portigons 110 on the previously masked first
pillar 12 side wal | 5h9 t&ﬁgv%l%m phHegreseridnyention iy IHHfia%féétmangsSﬂ,

pillar 12_si wal [,s,.102:. .and (.2) .thicker gate aoxide, portjons 112 _over
doped . sef %?%W‘f%ﬂ%@?l?é%é?ﬁ)‘émf%%ktsﬁ%géﬁ Perormin B 2t leasicpaat of bo

adj acent i I I 104. 12 01 OCT iuu~ As noted above,

t he dopi ng%%%g%l?d%%}%hgj%ggres\éﬁs#ési de walls 104 and the respective adj acent
portions of Si substrate 10 nodified those Si surfaces so that they
possessed different surface energies as well as different interfaces from
t he undopBartfl MaskirgcefFirdtiahdtSepbhd Rillags U2 al | s 102 and the respective

adj acent portions of Si substrate 10 for this gate oxide growh. This

provi des the difference in thicknesses between thinner gate oxide portions
110 and thicker gate oxide portions 112 formed on first and second pillars

12, 14, respecti vel4s sheiwRieFigd Ereandescpond masks 24 erafasmedeatver ableast r om

bout 20 to 1Q00A thick pref ly fromabout 20.to 50A.thick and t
o ef er abl P Gnfiab a0 SSOTD PIFeL 1 OB TerRPRA oie 20RBE=BoMaVSHE 20 oy
be grown ﬁﬁlsf( %ﬂoﬁﬁeé LOM ﬁ‘god‘{}tellgdg gva%.PﬁS of P-well pillar 12 and a portion of first

capping layer 20; and second mask 24 formed over the outer side wall 28 of N-well

pillar 14 and a portion of second capping layer 22.

First and second masks 24 are preferably formed of deep ultraviolet

(DUV) photoresist.

Tilt/ Angular Jon Implantation or Remote Plasma Dopine of Exposed Portions of

First and Second Pillars 12, 14

In a key step of the invention, dopants 29, 31 are then implanted into
the exposed inner side walls 34, 36 of partially masked P-well and N-well pillars 12,
14, respectively, and a portion of substrate 10 adjacent exposed inner side walls 34,
36 by preferably either a wide tilt/angular ion implantation or remote plasma

doping 30, 32. It is noted that the remote plasma doping technique can be better



Thi cker gate oxide portions 112 are preferably from about 30 to lgg? g@tcﬁm%
nore preferably fromabout 30 to 60A thick and nost preferably fr a t
40 to 50A thick. Thicker gate oxide portions 112 may be grown as thin as
from about 30 to 40A and as thick as from about 60 to 200A. Renoval of
Cappi ng Layers 20, 22/ Sel f-Al ~ned Source/Drain Formation As shown in Fig.
11, first and second capping |layers 20, 22 are renoved fromfirst and
second pillars 12,14, respectively, exposing the top surfaces 47, 49 of
first and second pillars 12,14, respectively. Source inplants 50, 52 are
formed by self-aligned ion inplantation through the exposed top portions
47, 49 of tfanrthe aéﬂefhe&emiﬂ)ﬂﬂdnghlak ad1s ithglantatiorDiaé Fo hdn-dependekdytodeatdires
i nplants 54, 56 are fornmed by self-aligned ion inplantation at the base of,
and ext enagpegt fatirand layeut dersityecond pillars 12, 14, respectively. Gate
regions 60 are forned proxi mate the thinner gate oxide portions |10 of
first pillar 12, and gate regions 62 are then formed proxi mate the thicker
gate oxide portions_ 112 of. second pill 14. egj ons 60, .62 are
preferably conpri se]aoB?mBoqug’ﬁl?rgo&efedgbé(délpéﬁ/gﬁléec r Pfc}—‘?a%rﬂr?dpo’(ﬁ t he
gate work i ungsten, tungsten-silicon alloys, or alum numand are
nor e prefghg%%§hpo%85%bolysiIicon (for control of the gate work function).
This conpletes the fabrication of two vertical transistors, NMOS transistor
120 and PMOS transistor 122, having differing gate oxide 110, 112,
respectively, thicknigsegsenhaionbadepartts 20/B ikprefetalp e aboivem1 xgess of
one or nore enbodi nents of the present invention include:

to 2 X 10'° atoms/cm? and is more preferably about 1 X 105 atoms/cm? Dopants

29, 31 are preferably implanted from about 10 to 30A beneath the respective
surfaces and are more preferably implanted about 10A beneath the respective

surfaces.

The intention of doping 30, 32 the selected exposed Si side walls 34, 36
and the respective adjacent portions of 5i substrate 10 is to modify the Si surfaces so
that they possess different surface energies as well as different interfaces from the
undoped Si surfaces for the subsequent silicon oxide (SiO2 or just oxide) growth

(see below).

Removal of First and Second Masks 24

As shown in Fig. 4, first and second masks 24 are removed from first

and second pillars 12, 14, respectively.

Thermal Oxidation to Grow Gate Oxide Portions 40, 44: 42, 46




1) the formation of dual gate oxide on vertical transistors; or 2) the use
of a renpote plasma dopi ng technique. VWile particul ar enbodi mntfﬂﬁf Q-Eel(?m
present invention have been illustrated and described, it is not\¥ tg e
tolimt the invention, except as defined by the following clainms. 14 ~ 7
OCT 2uu4 CLAIMS W claim 1. A nethod of making a structure having dual
gat e oxi de thicknesses, conprising the steps of: providing a substrate
having first and second pillars; the first and second pillars each having
an outer side wall and an inner side wall; masking at |east one of the
outer or inner side walls of at |east one of the first and second pillars

| eavi ng Haskedsutesmidevalla@6028 e alopf firstemdssatendaiillarsdi?, 4¢, tespertivehe of
the first d second pillars exposed; inplanting dopants through the at

| east on@" ?‘rﬁtﬁ’é‘de%?ﬁ@g‘éamﬁ Tegate pLICAN XA RRIGREE 4, HoaysrydargdiiRBessifieace of

(1 2| 00 050 R BRRR 5 e B P Rt SRSk,
e iR SARSHOLPU P PR BB e v er 1o
As noted above, the doping 29, 31 of the selected exposed side walls
34, 36 et al. of Si modified the Si surfaces so that they possessed different surface
energies as well as different interfaces from the undoped Si surfaces, e.g. i.e. outer
side walls 26, 28 et al., for this gate oxide growth. This provides the difference in
thicknesses between thinner gate oxide portions 40, 42 and thicker gate oxide

portions 44, 46 formed on first and second pillars 12, 14, respectively.

Thinner gate oxide portions 40, 42 are preferably from about 20 to
100A thick, more preferably from about 20 to 50A thick and most preferably from
about 20 to 30A thick. Thinner gate oxide portions 40, 42 may be grown as thin as
from about 10 to 20A.

Thicker gate oxide portions 44, 46 are preferably from about 30 to
100A thick, more preferably from about 30 to 60A thick and most preferably from
about 40 to 50A thick. Thicker gate oxide portions 44, 46 may be grown as thin as
from about 30 to 40A and as thick as from about 60 to 2004.



first and second pillars wherein the gate oxi de grown upon the nodified
surfaces of the at | east one of the doped outer or inner side lls is

t hicker than the gate oxide grown upon the non-nodified surface Z)fU@]hqﬂ%
| east one of the non-doped outer or ixnmer side walls. 2. The method of
claim1l1, wherein the substrate and the first and second pillars are
conprised of silicon and the grown gate oxide is silicon oxide. 15 Q_7
OCT ZzU4 3. The nethod of claim 1, wherein the dopants are selected from -
the group consisting of Si, O N, Ge, Ar and F. 4. The nethod of claim1,
wherein the dopants are selected fromthe group consisting of Ar and F. 5.
The net h@dnefvat baCaping\iteererd 20, PR ESelHpdighed Soerdarilrant Bekntian met hod
selected fromthe group consisting of a tilt/angular ion inplantation

met hod and a renote plasnma dopi ng nethod. 6. The nethod of claim1, wherein
t he dopants are inplapted by a rgilrrmte | asma dopi ngi met hod. 7. The net hod
of claim1, wherein®t @Wdﬁ?ﬁ%é %tqrﬁigfre&%“e‘aawms Rve et 4AedRmSed r om
about 0.1 X 10'5 tpo 2 X.10'5 opp/cnP. ..8., The net hgd .of claim rein
fhe. dopatici BPe rirednta il 120 TR cdtfertv un o i Spwiifos 1 4l ey
9. The L r el opants are inplanted from about 10
to 30A g?%\%%?hdo%eﬁgﬂ(ghg}%%éw&q’ ﬁ?gegtmilgast one of the doped outer or inner
side walls. 10. The method of claiml, wherein the dopants are inplanted
about 10A beneath the surface of the at | east one of the doped outer or
inner side walls. Source implants 50, 52.are formed by self-aligned ion implantation

through the exposed top portions 47, 49 of first and second pillars 12, 14. Drain
implants 54, 56 are formed by self-aligned ion implantation at the base of, and

extending from, first and second pillars 12, 14, respectively.

Gate regions 60, 62 are then formed proximate the thinner gate oxide
portions 40, 42 and thicker gate oxide portions 44, 46, respectively, of first and
second pillars 12, 14, respectively. Gate regions 60, 62 are preferably comprised of
polysﬂicon, 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 the fabrication of two wvertical transistors, NMOS
transistor 70 and PMOS transistor 72, each having differing gate oxide 40, 44; 42, 46,

respectively, thicknesses.

Second Embodiment — Figs. 1 and 7 to 11

The second embodiment of the present invention is illustrated in Figs.

1, and 7 through 11 in which an ion implantation is performed in only one of the

10



16 Vii.-Z .OCT 2004 11. The method of claiml, wherein capping |ayers are
formed over each of the first and second pillars before the mas@iYnmt %@Q

12. The method of claim 1, wherein capping |layers are forned over h 20
the first and second pillars before the masking step; the capping | ayers
being formed froma material selected fromthe group consisting of nitride,
silicon nitride (Si3N4), oxide, a nitride/oxide stack and a silicon
rutride/ oxide stack. 13. The nethod of claim1, wherein the gate oxide
grown upon the nodified surfaces of the at | east one of the doped outer or
inner side walls has a thickness of fromabout 30 to 100A and the gate

oxi de gr éwmst arpbsecohd pillacsiiddildi Althguglh figes tifrotigle latillisestt penferafing ha
non-doped outer or inner side walls has a thickness of from about 20 to
100A. 14 lomfaprataien enlycinge seeondievell pillarel 4 it ie possidtée tr povioumen ivhe

nodi fied.surfaces of. th t least one of the doped outer or inner side

wal | s hamiiifﬁf“i%(gw%fo g{%rﬁ"gﬁ #la0l% o 60A and the gate oxide grown upon
the non-nodi fied surfaces of the at | east one of the non-doped outer or
inner side walls has a thickness of fromabout 20 to 50A. 15. The net hod of

claim1l, M@y@% Bf BRI RILRAPiIRE159amed over the gate oxide. 16. The

met hod of cl ai , erein e outer side walls of the first and second

pillars are masked, |eaving the inner side walls of the first and second

pillars exposed. 17 0 7 ACT 204 17. The method of claim1, wherein the

inner and outer si de shawWrsiroFigoReorsf of fikst hhd secomedpitlaeoIt) 1piis tanplaasle

masked, | eavi ng!) the inner and outer side walls of the other pillar exposed.
f

18. A nethskedfbyrmrsln §0G Figs: ddhagughhiliflngtragahasking fiostiPdeell pilkkridswih,
conprisin he steps qf: prqvidi a substrate having first and second
pillars; rﬁ‘ﬁ%‘ ]feqor §]iﬂe%‘1‘é1 %Eéeﬁaé\lﬂqqf@? i‘éé‘ﬂulﬁahﬁ ke vaise snsked i acopganceand an

I hner sl eiﬂ\{\%"ltel teachings of the present invention.

Mask 100 is formed over at least the side walls 102 of first pillar 12
with the side walls 102 and second capping layer 22 of second pillar 14 being left
exposed. Fig. 7 illustrates mask 100 also being formed over first capping layer 20.

Mask 100 is preferably formed of DUV resist.

Tilt/Angular lon Implantation or Remote Plasma Doping of Exposed Portions of

Second Pillar 14

In a key step of the invention, dopants 106 are then implanted into the
exposed side walls 104 of second N-well pillar 14 and a portion of substrate 10
adjacent exposed side walls 104 of second N-well pillar 14 by preferably either a
tilt/angular ion implantation or remote plasma doping 108. It is noted that the
remote plasma doping technique can be better than the alternate tilt/angular jon

implantation due to non-dependency to features aspect ratio and layout density.
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maski ng the outer side walls of the first and second pillars, |eaving the
inner side walls of the first and second pillars exposed; inpl ant.iﬂﬁb O0CT zuus
dopants through the exposed inner side walls of the first and second

pillars nodifying the surface of the inner side walls; unmasking the outer
side walls of the first and second pillars; and grow ng gate oxide on the
outer side walls and the inner side walls of the first and second pillars
wherein the gate oxide grown upon the nodified surfaces o;m%he doped i nner
side walls is thigker 1 he gatapdxisle (gr swGepan ¢hé aredinPred
surfaces of the c}g?%%méi e wal I's of b%e first and second pillars. 19. The
nmet hod ofefgrlaghp%x}gr wherein the substrate and the first and second pillars
are cor‘rB i sed”o Fi con and the grown gate oxide is silicon oxide. 20. The
met hod of claim 18, wherein the dopants are selected fromthe group
consisting of Si, O N, Ge, Ar and F. 21. The nethod of ign %8super ein
the dopants are s@hecmm&nmdmﬂﬁéo@ﬁﬁwoédﬁgf%fﬁaﬁ?gy gr]p nk?g(gl%lﬂ. 18 Q_7
OCT 2~~0~ 22. The nethod_ of claimA18,  wherej 5 SarephAtel i@et ed by
a net hod XdDEcteusf aohand s HO5 BT SF?QI%fiﬁﬂlg‘é gt).(tg?tl t/angui artion

i npl antation method apd a, renote pl L Aehbeskpeddve dindacmstandd of
cl ai m 18wre pieferbly i’ﬁgp%%h:f’? 3}?%& ﬁp@?}%g’bﬁ%’ca rerth: pl asma dopi ng

et hod. are more preferably implanted about 10A beneath the respective surfaces.

The intention of doping 108 the exposed Si side walls 104 and the

respective adjacent portions of S substrate 10 is to modify the Si surfaces so that

faces from the

ide)

they possess different surface energies as well as different inter

undoped Si surfaces for the subsequent gate silicon oxide (§iO, or just gate 0X

growth (see below).

Removal of Mask 100

As shown in Fig. 9, mask 100 is removed from first P-well pillar 12.

Thermal Oxidation

As shown in Fig. 10, a thermal oxidation process is used to grow: (1)

sked first pillar 12 side walls
alls 102; and (2)

thinner gate oxide portions 110 on the previously ma
102 and a portion of substrate 10 adjacent first pillar 12 side w
thicker gate oxide portions 112 over doped second pillar 14 side walls 104 and a

portion of sﬁbstrate 10 adjacent second pillar side walls 104.
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24. The method of claim 18, wherein the dopants are inplanted at a
concentration of fromabout 0.1 X 10'S to 2 X 10'S atons/cne. 25. T %C 2004
met hod of claim 18, wherein the dopants are inplanted at a concentratlo Ef
about 1 X 10'S atons/cnR. 26. The nethod of claim 18, wherein the dopants
are inplanted fromabout 10 to 30A beneath the surface of the doped inner
side walls. 27. The nethod of claim 18, wherein the dopants are inplanted
about 10A beneath the surface of the doped inner side walls. 28. The nethod
of claim 18, wherein capping |ayers are forned over each of the first and
second pillars before the masking step. 29. The nethod of claim 18, wherein
cappi ng | ayers ar éisf notedchbovey theaddpiog 10Beffthe skpased Sietdn dvaflis| I0drasidbef or e
the masking step; the capping layers being formed 19 o n ocT luo4 froma
mat er i alths spsperdve adipaentiporpoupt Sondistatant) modnrfmd thiwse St iuifaces spithat de
(Si3M4), . oxide, i de/ oxi de stack and a _silicon nitride/oxjde stack.

30, The tHEY EsSFed |dé§r ferent sutfpes sn?rge%aweél il TgRlotieTipea o Hhsdi fi ed

f d d f..f b 30
To0n andiepegar donfen MR mRat ek ol 1Bnerit bt FsRed e anadeREp SRS >0 ©°
non- dopeg qu %ﬁt&ltgeld'%lj %hlg t(#gag %%hog'hié‘ ?)%@iggytthg MQrélr%QAin 31.

The net hod alm 18, where e oxl on t 1 f1ed

surfac e&h&ﬂ(ﬂbﬁﬁs deResk tmm{ersga@@omb lporhiass fid Aﬂcpﬁﬁ@lée% fgfgte $>aamp%ﬁ%ﬁs 30 to

60A and the gate oxide grown upon thé non-nodified surfaces of "the
non- dopeid 2dutreed shdisvald sechad pilldilekbE sespettit¢lpm about 20 to 50A.

Thinner gate oxide portions 110 are preferably from about 20 to 100A
thick, more preferably from about 20 to 50A thick and most preferably from about
20 to 30A thick. Thinner gate oxide portions 110 may be grown as thin as from
about 10 to 20A.

Thicker gate oxide portions 112 are preferably from about 30 to 1004
thick, more preferably from about 30 to 60A thick and most preferably from about
40 to 50A thick. Thicker gate oxide portions 112 may be grown as thin as from
about 30 to 40A and as thick as from about 60 to 200A.

Removal of Capping Layers 20, 22 /Self-Aligned Source/Drain Formation

As shown in Fig. 11, first and second capping layers 20, 22 are
removed from first and second pillars 12, 14, respectively, exposing the top surfaces

47, 49 of first and second pillars 12, 14, respectively.

Source implants 50, 52 are formed by self-aligned ion implantation

through the exposed top portions 47, 49 of first and second pillars 12, 14. Drain

13



32. The nethod of claim 18, wherein gate regions are forned over the gate
oxide. 33. A nethod of making a structure having dual gate oxide { ] QCT Zuls
t hi cknesses, conprising the steps of: providing a substrate having first
and second pillars; the first and second pillars each having an outer side
wal | and an inner side wall; masking the inner and outer side walls of one
of the first and second pillars |eaving the inner and outer side walls of
the other pillar exposed; inplanting dopants through the exposed i nner and
outer side walls side walls of the other pillar nodifying the surface of

the inner and outer side walls side walls of the other pillar; unnmasking
t he i nnéMpiangs otk of ardermsr by selfabisneddopiimplantating atothe bagpe-ofp@nd2uus

gr ow ng t e.oxide qn the,inner d t side walls of the first and
second ﬁ?‘?elrgln’%g %ﬁ?@?g}r t qriksesond Pgﬁ?ragag%\ﬁﬁﬂ?ﬁ%%ﬁﬁ’he nodi fi ed surfaces of
t he doped inner and outer side walls side walls of the other pillar is

t hi cker than the gate oxi de grown upon the non-nodified surfaces of the

i nner and outer siclge ‘P@%ibﬁs 8h atd&rafRe gﬁgﬂearhe tlgﬁ:&ef_ Egter@&&'@ gopcgorgal aim

33, wherein the substrate and the fir secon ars are*conprised of

si I'i con 1a0af fife IR, GAH A k&BohS6B hid R fOrthéle prd@malditheidied ghfe Cl ai m
33, wherein the dopants are selected fromthe group consisting of "Si, O N,

Ge, Ar andddépolBmsTHe afsedvod piflac l4i Gaid3egione 6] 62 fecprafpabliyscoaiperissel ect ed

fromthe group

' 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 the fabrication of two vertical transistors, NMQS
transistor 120 and PMOS transistor 122, having differing gate oxide 110, 112,

respectively, thicknesses.

Advantages of the Invention

The advantages of one or more embodiments of the present invention
include:
1) the formation of dual gate oxide on vertical transistors; or

2) the use of a remote plasma doping technique.
While particular embodiments of the present invention have been

illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.
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consisting of Ar and F. 37. The nethod of claim 33, wherein the dopag a i f
i npl anted by a nethod selected fromthe group consisting of a t||t g Chr Ut
ion inplantation method and a renote plasma dopi ng net hod. 38. The net hod

of claim 33, wherein the dopants are inplanted by a renote plasma dopi ng

met hod. 39. The nethod of claim 33, wherein the dopants are inplanted at a
concentration of fromabout 0.1 X 10'S to 2 X 10'5 atons/cne. 21 |0 T OCT
2004 40. The method of claim 33, wherein the dopants are inplanted at a
concentration of about 1 X 10'S atonms/cn¥. i 41. The nmethod of cl aim 33,
wherein the dopants are inplanted fromabout 10 to 30A beneath the surface

of the doped inner and outer side walls of the other pillar. 42. The nethod
of claim 33, wherein the dopants are _inplanted about 10A beneath the

surface of the doped inner and out erCkAMSal|s of the other pillar. 43.
The net ho f cla|n133 wherein capping |layers are forned over each of the
first and p| | lars before the masking step 44. The nethod of claim

33, mhereln capping | ayers are formed over each of the first and second
pillars before the masking step; the capping | ayers being forned fron1a

material $ehaab@@d SORhkRA agét%ﬁ%uféﬂa"'hﬁ%gﬂgl b bolifib %ckﬁ%észfsca}a

(Si3N4), oxide, a nitrideloxlide stack a |I|conrutr| OXI

45. The neidwebodf: cl ai m 33, wherein the gate oxide grown upon the m)dl f| ed
surfaces of the doped inner and outer side walls of the other pillar has a
t hi ckness of fpumidingua sBbsttate 1eFing fidstt dvel gatondopilldes; gheirstipad sténd

non- nodi fi ed surfaces of the non-doped inner and outer side walls of the
one pi | | aPillsgseachihivingas outsr sidowrlsadanionensideomll; 46. The net hod of

clai m 33, wherei ate oxi grown upon the ified surfaces of the
doped i nner anﬁlag]@f‘gratg a&EOV\%P‘P g"ed?“tf-"h%r BEREpidsiwalls ofipd deast ppg ekthedyst

and second pillars leaving at least one of the outer or inner side walls of at least one
of the first and second pillars exposed;

implanting dopants through the at least one of the exposed outer or inner
side walls modifying the surface of the at least one of the doped exposed outer or
inner side walls;

unmasking the at least one of the masked outer or inner side walls of at least
one of the first and second pillars; and

growing gate oxide on the outer side walls and the inner side walls of the
first and second pillars wherein the gate oxide grown upon the modified surfaces of
the at least one of the doped outer or inner side walls is thicker than the gate oxide
grown upon the non-modified surfaces of the at least one of the non-doped outer or

inner side walls.

2. The method of claim 1, wherein the substrate and the first and second pillars are

comprised of silicon and the grown gate oxide is silicon oxide.
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of from about 30 to 60A and the gate oxide grown upon the non-nodified :
surfaces 22 ~D T OCT 2004 of the non-doped inner and outer si dqu%lyaldﬁ ]Zg(ll}
of the one pillar 12 has a thickness of fromabout 20 to 50A. 47. The

met hod of claim 33, wherein gate regions are fornmed over the gate oxide. 23
CANVR A% Al e#. Al (@Y1. A&% Al @. AK. Av. Al @A 1. Ak. A A(@A. % AH. Al . #. A% A% A. y.
AK. A\ | . Af\% AH\s 7t +sDe; ~ T{}xrnmhc”Y] ca] ca] ca] ca] ca] c”a]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]c”a]c
ajcalcaljcMaljctalcnalc aUc a

#E#"8&+9k| Jyt ni d*VY] ca] c*a] ca] ca] c*a] ca] c”a] c"a] ca] ca] ca] c”a] ca]chal ¢

a] ca] ca] 8aJfba] vejleal cd] dains dl, cahesdin afhe” dbpareth carkcsaldaad Beom khe group

1)1 g" OBIWK&EP&} &&' a' ' ' $(t ( (gi **zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a]c
a] ca] ca] edjsising=qica] QalNe &8 a]and]PEAa] ca] ca] ca]ca]ca]ca]ca]calc

a] ca! *++Dt+++++E, ,,,9---.U...)/v///blhlv111222=374} xsni d_ZU] ca] ca] ca] ca] ca]
calca]c a]ca]ca] cal] cha]c”ha]ca]ca]ca]ca]ca]ca]ca]calctalcalcalcalc aUc

a] ca] ca] gake”al cal ca! 74K4. 44A44546: 6G66k88909° 999D: { :.: . T;

] ! <J <5]<% Jgglg_ Z&Eﬂg a\c\‘;\]%ﬁ%ﬁgg]‘é’ )éeéjl C%eCa?Bants are gelected from the group

ajcal ca q ~alca] ca] ca] ca] ca] ca]ca)] ca]ca]calc

a} ca} ca} g%%%%%ff%ﬂa%éqg] c!a! ?L?G]T)??]?@E]@Q@.]@@gl@ A]7AA}ABn]BBB4CFCCCDEnEEEEF2F{ v(
| gb cajcalc

a]ch]X]cL} ca} ca} ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]c”a]c

a] ca] ca] balleajretiad bt alhima]1c Hetleeeinhl Ffopa Gt -GEEE ] &t byl 4 h@diesKbd1dideHCO OVO
OCPaPoPngsni d_Z]]]]ca]ca]ca]ca]ca]ca]c

a] ca] ca] bape thegion] cajstdingagfiod titd ahgalpc ajre ahphintatj wehedjedhhod c@hust ca] ca]
ca] ca! PPJQ~QQRI RRR6SSSTATTTTTUMJUUVVNVWVW WAV

X\ XX} xsnPH‘EE]a]‘HFEEFé’a?tE‘Q]ica] ca] ca] ca]ca] ca]ca]ca]calcalcalcalc

a)J ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal XX YSYBYYYWZyZZD[ [\ g\\
\]R]]] ¥\ Aarnans> 67 A" " $alxsnid_Z]]]]calcalcalcalcalcalca]ca]c '
ajcal ca ali,ca calcalc calcal c, al ca] ca] cal
shoanaarbnbiper et e AR (ARSI B EERABLERLT B P GR e AR
ititii]| wgb mg)ﬁkh-gﬁ]_ca] caljcalJc"aUc"a]c"aU c"a] cal]ca]ca]ca]ca]ca]ca]ca]ca]c
aJcalca]ca]c a]Jca]ca]calca]ca]ca]lcalcalcalcalca' Hs

i KA71010i p#nll0%&' ()-i!3"10%& ()- S}109& ()-Sz10%& ()-i!10%k' ()- & 109%& ()-Z
7t +|]1>7106: 10%& ()-i10%& ()-L3"10%& () -

109 & () 70Temetiyd &0 tRImMYR viheratiOteDbolbaritd 68 Hpldtdd atl®RiQUeRhia)ion &f
%0%& ()-!10%& ()-3"10%& éé &10% & ()-;dE:/ 10z

10z: s109%478™ 3o i b¥ri® " (tp 206 10%@prg Lom’1092 &' () - C&010% & ()- p, 10%& ()- -~
T{rP1l/ SHEMLO%& ()- ! P"109%& ()-!3"109& ()-!i

P"10%& ()-310%& ()-&#0109%&' ()-= 10z{~_TI>S# 10 10

8. The method of claim 1, wherein the dopants are implanted at a concentration of

about 1 X 10" atoms/cm?.

9. The method of claim 1, wherein the dopants are implanted from about 10 to 30A

beneath the surface of the at least one of the doped outer or inner side walls.

10. The method of claim 1, wherein the dopants are implanted about 10A beneath

the surface of the at least one of the doped outer or inner side walls.
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10i P"10%& ()-' @O0%&' ()-Y 10 10 10:s10% ()-!'P"109%& ()- #E#"dE~_TI>S#

10i 10% &' ()- "10%& ()- 03"10%& ()- ¢ 10%& ()-

10%& ()-'&10%& ()-"8dE~_TI>S# 10S#3"10% & ()- & 10%& ()- 10‘V¢Z<EZ'3 (7) -
&10% & ()- L10%& ()- &10% & ()- &()*+9kb@rl>S# !|F "109%& () - L OCT 2004
109%&' () - %@10%&' ()- 10z 10z 10z: 10%& () -

% 10%& ()-1}rg\ =TI >S@10%l & ()- 10 10

10: 109&' ()-!&3"109% ()-T'i P"10%& () -

i 109&' ()-J}[<g\=TI>("10%l & ()-!|#' 10%] $I & () 1" 1091 $I & () -S10%81 & () -!
110981 $1 & () - 10981 & i()-JBC~ @l >10%08 ()- !'10%& ()- &10%0& ()- 103l
10$1 10$PMls /megch} dlaim Go@ihgtedn cyppingRayers are formed over each of the first
dE~_ @t >!" 0%3&1'5{% 0%@& ﬁ_l)-ll %08 () 0| w1098 () - S109%0&" () - | w0908 () - F
K ! 111 PRYNess illars before the masking step

12. The method of claim 1, wherein capping layers are formed over each of the first
and second pillars before the masking step; the capping layers being formed from a
material selected from the group consisting of nitride, silicon nitride (Si,N,), oxide,

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

13. The method of claim 1, wherein the gate oxide grown upon the modified
surfaces of the at least one of the doped outer or inner side walls has a thickness of
from about 30 to 100A and the gate oxide grown upon the non-modified surfaces of

the at least one of the non-doped outer or inner side walls has a thickness of from

about 20 to 100A.

14. The method of claim 1, wherein the gate oxide grown upon the modified
surfaces of the at least one of the doped outer or inner side walls has a thickness of
from about 30 to 60A and the gate oxide grown upon the non-modified surfaces of

the at least one of the non-doped outer or inner side walls has a thickness of from

about 20 to 50A.
15. The method of claim 1, wherein gate regions are formed over the gate oxide.

16. The method of claim 1, wherein the outer side walls of the first and second

pillars are masked, leaving the inner side walls of the first and second pillars

exposed.

17



100 100 100,

S10%08' () - 410%0% () - 010%0% ()-|. 10%08 ()-*10%08 ()-!)! q" O8I uk&nerlke] [ @G E2004
10: s10%&' ()-! (P"10%&' ()-M P"109%& ()-M i P" 109& () -

i P"109%&' () - %@LOY%& () - n&0&P&} &&' a' ' ' N/ T10%& ()- Spl0% ()-i 3" 10%&' () -
1098 ()- i ' 109& ()-v9do%& ()- 10

10" $(t (( (i **dEMV T10%8* 10%& () - 3" 10%&' () - S&L0%&' () -

PO109%& ()-3"109& ()-P"10%& ()- *++D++++++dE: /T 10 10; 10%& () - 73" 10%& () -
C510%&' () -, 2109%& ()-.= 109& ()-,3"10%& ()- +++E ,,,9-xY:/T

10810%& () - <6310%2& (31- 10%& ()- 3"10%& ()- 3"10%& ()- <Yd0%& ()-
109- - - . U. 17.dEheg metlpgl ofidaizr](yhe@in Gurigine) and 0% &idq walls of one of the first
S10%&' ()-3"10%& ()-3"10%& ()- ..)/v///blelf 1gldE: /T 10z 10z;

109%2& () - epPseencePiliars,ase mgsked, dgaving dhe ey and- aufsy side) waldx ok thgoather ) -
glhlvlllZZ%%(:/T 107010% 0& () -3"10% 0& ()-y) 10% o0& ()-Y

10% o0& () PE 63%’85&%%) -\ &010% 0&' ()-= 10z2=374K4_444dE: | T

10z0f ) 10% 0& () - %910% 0& () -! 10% 0& () -

*10% 0& () - <i 03"10% 0& () -c10% 0&' ()-44546768696: 6G6XMHCT 10z' @O%& () - <

18. A method of making a structure having dual gate oxide thicknesses, comprising
the steps of:

providing a substrate having first and second pillars; the first and second
pillars each having an outer side wall and an inner side wall;

masking the outer side walls of the first and second pillars, leaving the inner
side walls of the first and second pillars exposed;

implanting dopants through the exposed inner side walls of the first and
second pillars modifying the surface of the inner side walls;

unmasking the outer side walls of the first and second pillars; and

growing gate oxide on the outer side walls and the inner side walls of the
first and second pillars wherein the gate oxide grown upon the modified surfaces of
the doped inner side walls is thicker than the gate oxide grown upon the non-

modified surfaces of the outer side walls of the first and second pillars.

19. The method of claim 18, wherein the substrate and the first and second pillars

are comprised of silicon and the grown gate oxide is silicon oxide.

20. The method of claim 18, wherein the dopants are selected from the group
consisting of Si, O, N, Ge, Ar and F.

21. The method of claim 18, wherein the dbpants are selected from the group

consisting of Ar and F.
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10' 0 10' 0 10' oLC910% o0& () - P3i 10% o&' () -3 ‘
. P"10%.0& ()-6, 10% o0& () - G56k88909" 9dEMHCT 0.7 OCT 2004
10z010%& ()-0P"10%& () -=06P"109%%& ()-=i 109%& ()-=P"10%& ()- **-
1096& ()-"999D: {:::dEmbCT 10zv. 10%& ()- L* 10%& ()-L& 10%& ()-0
WP 1096& () - <OSHP" 109%B& ()-=!10%& ()-=:T,;; ;! <$<¥%&<' <dYNCT 10z 105 105
105; 10%& ()-L7P"10%& ()-510%& ()-L, 2
109%%& ()-L 04" 109%b& ()-' <5<<<=>>dEYNCT 10z 10%& ()-P"10%& ()-S010%& () -
010%& ()- 3"10%& () - @&L0%B& () - >?+?G????dEYNCT 10z
*109%& ()-0(Cl0%& () - &10%&' () - SHL0%& ()-0< 10%& ()-P'10%& () -
? @C@aooao YNCT 10z 105 105 105: 10%& () -03109%& () - O01P"109%& () -
0, ! - 0, ! -

&010 6&25.) Tlgé ]iget %d( ())f claim Eﬁ\?@ﬁgr%m%ﬁe 1c(l)§pants are implanted by a method

selected from the group consisting of a tilt/angular ion implantation method and a

remote plasma doping method.

23. The method of claim 18, wherein the dopants are implanted by a remote plasma

doping method.

24. The method of claim 18, wherein the dopants are implanted at a concentration

of from about 0.1 X 10" to 2 X 10" atoms/cm®.

25. The method of claim 18, wherein the dopants are implanted at a concentration

of about 1 X 10" atoms/cm?®.

26. The method of claim 18, wherein the dopants are implanted from about 10 to

30A beneath the surface of the doped inner side walls.

27. The method of claim 18, wherein the dopants are implanted about 10A beneath

the surface of the doped inner side walls.

28. The method of claim 18, wherein capping layers are formed over each of the

first and second pillars before the masking step.

29. The method of claim 18, wherein capping layers are formed over each of the

first and second pillars before the masking step; the capping layers being formed
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GLOYSI & ()- 1098 & ()-6! 1098 & () - © OCT 200k
10981 & ()- 1098l & ()- & 10%l & () - VAABNBBBACIEYNCT 10z ! 109%! & ()- 01

GLOYSI & ()- 1098l & ()-S!I 1098 & ()-d1098l & () - 109! & () - 4CFCCCDENEJEYNCT
10z 2" 10%l & () -

("10%1 & ()-M GLOYSI & () - <9409%8! & () - p#d1098| & ()-! 109l & () - NEEEEEEEF2FbCT
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30. The method of claim 18, wherein the gate oxide grown upon the modified
surfaces of the doped inner side walls has a thickness of from about 30 to 100A and
the gate oxide grown upon the non-modified surfaces of the non-doped outer side

walls has a thickness of from about 20 to 100A.

31. The method of claim 18, wherein the gate oxide grown upon the modified
surfaces of the doped inner side walls has a thickness of from about 30 to 60A and
the gate oxide grown upon the non-modified surfaces of the non-doped outer side

walls has a thickness of from about 20 to 50A.
32. The method of claim 18, wherein gate regions are formed over the gate oxide.

33. A method of making a structure having dual gate oxide thicknesses, comprising
the steps of:

providing a substrate having first and second pillars; the first and second
pillars each having an outer side wall and an inner side wall;

masking the inner and outer side walls of one of the first and second pillars
leaving the inner and outer side walls of the other pillar exposed;

implanting dopants through the exposed inner and outer side walls side
walls of the other pillar modifying the surface of the inner and outer side walls side
walls of the other pillar;

unmasking the inner and outer side walls of the one pillar; and
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34. The method of claim 33, wherein the substrate and the first and second pillars

are comprised of silicon and the grown gate oxide is silicon oxide.

35. The method of claim 33, wherein the dopants are selected from the group
consisting of 51, O, N, Ge, Arand F.

36. The method of claim 33, wherein the dopants are selected from the group

consisting of Ar and F.

37. The method of claim 33, wherein the dopants are implanted by a method

selected from the group consisting of a tilt/angular ion implantation method and a

remote plasma doping method.

38. The method of claim 33, wherein the dopants are implanted by a remote plasma

doping method.

39. The method of claim 33, wherein the dopants are implanted at a concentration

of from about 0.1 X 10" to 2 X 10% atoms/cm?.
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Nor mal " " Headi ng 13]c" ;"Headi ng 23] c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A

" Def aulsl. PRE 39618RBA JFUMim 33, wherein the dopants are implanted from about 10 to

30A beneath the surface of the doped inner and outer side walls of the other pillar.

. 42. The method of claim 33, wherein the dopants are implanted about 10A beneath

the surface of the doped inner and outer side walls of the other pillar.

43. The method of claim 33, wherein capping layers are formed over each of the

first and second pillars before the masking step.

44. The method of claim 33, wherein capping layers are formed over each of the
first and second pillars before the masking step; the capping layers being formed
from a material selected from the group consisting of nitride, silicon nitride (Si,N,),

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

45. The method of claim 33, wherein the gate oxide grown upon the modified
surfaces of the doped inner and outer side walls of the other pillar has a thickness
of from about 30 to 100A and the gate oxide grown upon the non-modified surfaces

of the non-doped inner and outer side walls of the one pillar has a thickness of from

about 20 to 100A.

46. The method of claim 33, wherein the gate oxide grown upon the modified
surfaces of the doped inner and outer side walls of the other pillar has a thickness

of from about 30 to 60A and the gate oxide grown upon the non-modified surfaces
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of the non-doped inner and outer side walls 12 of the one pillar 12 has a thickness

of from about 20 to 50A.

47. The method of claim 33, wherein gate regions are formed over the gate oxide.
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