;e3eo!l ld@H 6 TINX 6 METHOD OF FABRI CATI NG CMOS DEVI CE W TH DUAL GATE
ELECTRODE ' The present invention relates generally to fabrication of

sem conduct or devices, and nore specifically to nmethods of fabricating
vértical transistors. 1 BACKGROUND OF THE | NVENTI ON One way to increase
chip packing density is to nake vertical transistors. However, vertical
transi stor 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 |evels of
circuitry integration. U S. Patent No. 6,150,679 to Falterneier et al.
describes a process for fabricating a uniformgate oxide of a vertica

transi stor using ion | U S. Patent No. 5,9 0 Hong

descri bes a net hod ‘\\\\\ﬁ “ﬁﬂ ng a flash nenory “&\@\ﬁm te data
progranm ng and er;a nals. U S. Patent hb 19 to Yanazakl et
al . describes a non-vol atopopd roatlng gate senlconductUF”ﬁeV|ce

Pat ent No. 6,143,636 to Forbes et al. describes a nmethod of fornlng a hi gh
density flash EEPROM havi ng i ncreased nonvol atile 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

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.



2 SUMVARY OF THE | NVENTI ON Accordingly, it is an object of one ore nore
enbodi nents of the present invention to provide an inproved nethod 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 one or nore enbodi nents of the present invention
may be acconplished in the foll ow ng 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 spacers are forned over the gate dielectric | ayer covered side
wall's of the first and #B8CKGROUNDSOFSIPEINVENYIOMe second pillar is
masked | eaving the first pillar unmasked. The first thin spacers are
removed fromthe unmasked first pillar. The mask is renoved fromthe nasked
second pillar. The structure js oxidized to convert the second thin ipacers
to second prelim n20§ §5Ve BxINELASE efiPhEARFIBGI HERTY rasitedde orfdtisall | ar

and to f rmf'trstl)_([IBrelimna Xi r the ked f

) at e. gxi oV NS irst pillar.
The secofangaih®oBEvsl it BBt St ReRop s RS Iy Fhe 5.
gate oxi i o IR =Y ¢ i N | J 03 nar oxi de
isr emvg)go%\ré’%%%eggg?atchga#@rn sstﬂrf)llS Icggl%l%ﬁnt 'Itg Elgaérhflig:(&g}r?{ egle‘}ceg}r% 6?%19 fé%‘l&rslar y
gate oxi @dee ifforidatd oAt HHRQUE LatdBxRIRCIknRbds For Highdt lehbRabf ahftrxi de
is formed over the first pillar and second final gate oxide is fornmed on
t he secontegidtioar.. The second final gate oxide including the 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
BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advantages of the
present invention W-$|Paenthbloe6dPBAYY Yo Fiabermaeispat pk geperiRestaprasgpnipr
descriptign taken in_.conjunctigon with the acconpanying drawi ngs in which
li ke ref é?%é' [CENGTEAPEN §BYE ‘Bﬂ‘g‘f 8W§ i"ﬁ‘T*}CéftrB?S‘Etg’FFééﬁdﬁBil Waé}t At s,
regions and portions and in which: Figs. 1 to 8 schematically illustrate in
cross-sectional representation a preferred enbodi ment of the present
nvention. 4 DETAY 4 ERDESQB! BELSBLLE Fidk,RRERFRREDLRMRCPOMENT  blihg 5o
ot herwi se specified, all structures, Iayer§, etc. may be fornmed or
acconpl i $hgH NMEBNNSh}; GBPArafedtags ofReMmindlakd eradirigiler@idals.| ni ti al
Structure Fig. 1 i'llustrates a cross-sectional view of a substrate 10,
preferably a sem conductor silicon (Si) substrate, having first and second
transistor pillars 12, 14, respectively, forned within NMOS and PMOS areas
16, 18, respectiveldsS. BatenbfNa. 9ed3BrdfAdiosY anapilijeqad describes pawngvaatils) |
inmplant (P-well transjstqr pillar 12 in Fig. 1 within NMOS area 16) and the
ot her of %%r@ﬁ%?%ﬁ?ngPFtpé@"le', 14 has a N-well inplant (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 inplant wthin a PMOS area

16 and transistor Rkl ¢h:dd4 K@Y Jﬁ:ﬁ\é%% E())-l\zp%hl)lefi Pl an WL N A VPS2r ea

18. First and second transistor [ars have cappl ng, or hard nmask,
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.



| ayers 20, 22 formed thereover to a thickness of fromabout 100 to 500 and
nore preferably fromabout 100 to 200A. First and second hard cappi ng

| ayers 20, 22 are preferably forned of nitride, silicon nitride (Si3N4),
oxide, a nitride/oxide stack or a silicon nitride / oxide stack and is nore
preferab |y formed of a nitride / oxi de 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 fromabout 20 to 100A 5 and nore preferably fromabout 20 to
40A. Gate dielectric layer 24 is preferably gate oxide formed by growth or
deposition. A thin spaceSUMMKRYOF THEHGY IV er the structure and
etched to formthin spacers 28, 30 over first and second transistor pillars
12, 14, respectively. Thin spacers 28, 30 are preferably conprlsed of

polysilicon (poly), titanium (Ti r tantalum (Ta) and | nor e erably
poly or Ti. Thinﬁéﬁaﬁhpggﬁgtlgdﬂﬁagﬁcﬁ gé§€ Pﬁi@%%@s@“h? B?%T%ﬁﬁbT from

about 100 t re refer bI from klng of
One of H'RE ra\g%r}t;sot%o% }gpl %e:)s e\és oﬁ}n |(Pfquﬁ£rlc glgv ﬁr?rhsé& P"ansi st or

pillar As |Ilustrated in Flg 3, second
transiZFﬁﬁm%éﬁFggnﬁﬁﬁgggﬁggbﬁ%ﬁkréﬁough first transistor pillar 12 could

al so be masked as understood by one skilled in the art by the teachings of
this invention. mask 32 conpletely covers the selected transistor pillar 14
pil lar, overlyi ngthar dbjeatskvillZapgredr hereiedtdr. a portion of substrate 10

adj acent the selected transistor pillar 14. Mask 32 is preferably conprised
of photoresist. Wet/Dry Unmasked Spacer 28 Etch/ Renoval of Mask 32 As shown
in Fig. 4, the unnasked spacer, in the exanple illustrated in the Figs.,

first transistor [phps anl@erlﬁC%’ﬁa%Fhai%ﬁhe a%oveemgﬂlermb%%fmrgﬁ ‘b’fy a

t/d 32 th
Subst r TPETS B RR PR S RE BT EAh EriepbPR gTeY B AcRBAr e RCF SEBVI | ar 14
in the rﬁéﬁﬁ@ %rﬁeafl ?ﬁ{éa& es%bst@a%eh% §f %ecg @{a?/ %b 1¥st 2%11511 L pA gg:fo(n%’mh as

by a chemcal Tresis trip process I'S c
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.



Oxi dation of Spacers 30 and Gate Dielectric 24 Over First Transistor Pillar
12 As shown in Fig. 5, an oxidation process oxidizes spacers 30 over

previ ously nmasked second transistor pillar 14 and the gate dielectric 24
over first transistor pillar 12. Poly spacers 30 will transformto

pol yoxi 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 while
t hi nner 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 nore preferably fromabout 30 to 60A thick. Thinner gate oxide 36
over transistor 12 i BRIEEDESORIPFIQMNQBIHE DRAWIBIASt hick and is nore
preferably fromabout 10 to 20A thick. Oxide 36, 34 Renoval / Thinning Step
As shown in Fig. 6, an HF dip (for exanple) is used to renove all the gate
oxi de 36 over the_N transistor 12 and a |large proportion _of the 'gate
oxi de' 34 over tﬂé‘le%sﬂﬁ aRdj adntages ofsthenprgsengiysptioswigt beHeorgat e

ide' 34 [ 7 the PMOS t i St 14. havi. t hi.ck f
or ef or 451 FORPERSTH 6™ dhe FOfouME dovamicat BkeB it FrumabaLt g son
For mat | ' i d ' i , Pill
14 ne. oRaoipahl i AR Rei Gatch, ke, BfBlepte JSimetels Bbakrafermpricht 711
transi sdRfespbhlifly clémh@, RBEMhild fAGionk hdRhWdkh14, respectively. The

final gate oOxide 40, 42 1s preferably forned by a rapid thermal oxidation
process or a renote oxygen plasma grow h process. The final gate oxide 40
over the NMOS first transistor pillar 12 is thinner than the final gate
oxi de 42 over thdigMISossdrindticatlgiiltistrateiihl@ossisbciondeephesehtatiain agat e
oxi de 42 over the PMOS second transistor pillar 14 includes the renaining
' gat e opteflaredgmbedispentind theporsenpinvieation4 after the HF dip step. Thicker
final gate oxide 42 over transistor 14 is preferably from about 30 to 80A
thick and is nore preferably fromabout 30 to 60A thick. Thinner gate




oxi de 40 over transistor 12 is preferably fromabout 10 to 30A thick and is
nore preferably fromabout 10 to 20A thick. Renoval of Capping Layers 20,
22 and Self-Aligned lon Inplantation As shown in Fig. 8, conpletion of
transistors 44, 46 may then be acconplished as follows, for exanple. 8
Cappi ng 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 |nplantat|on t hrough the exposed top portions 48, 50 of
first and second [ 2 ) Dl a ) formed by

sel f-al i gned 1% B e 1§ S ORE] 6D EMBLIDLM
extending from flrst and second plllars 12, 14, respectlvely Gat e regions
54 are forned over the final thinner gate oxi de 40 of first pillar 12 and

gate regions 56 aU%leQSdTg%x&égrs Lhified, F‘Ltr y?éésg'rim}%? 58’3'#19% bl‘ézfof’r}-.eéecond

pillar 14. Gate region B¥e pre era ol'ysiTrcon
doped pg} x&dmﬁ%eafuoyc&%haehal%eM%s%b%mrthe fetien), tungsten,
tungsten-silicon al or alum num and are nore preferably doped
polysilicon (for control of the gate work function). This conpletes
formation of first and second transistors 60,62 having dual gate oxide 40,
42 thi chnidiekBsuctuegpecti vel y. Advantages of the Invention One advant age of
one or nore enbodi ments of the present invention is that dual gate oxide
thickness is formed upon vertical transistors. 9 Wile particular

enbodi nents of the, pr ?ent i nventi on have been illu trat%% and d?jcrlbed
it is not intendedi&d Yusiratesfeciongasntionnl Vieveapp sybstgale; e grretera

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 NMOS 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 (Si;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



by the followi ng clains. 10 CLAIMS W claim 1. A nethod of fabricating
dual gate oxide thicknesses, conprising the steps of: providing a substrate
having a first pillar and a second pillar; formng a gate dielectric |ayer
over the substrate and the first and second pillars; 5 formng first and
second thin spacers over the gate dielectric |ayer covered side walls of
the first and second pillars, respectively; masking the second pillar
| eaving the first pillar unmasked; renmoving the first thin spacers fromthe
unmasked first pillar; renoving the mask fromthe masked second pillar; 10
oxidizt;g the structure to convert the second thin spacers to second
pr el i niphmyorgapreigablyefrovr pbowe2() te#0ou SFafe disikedicslagendd ps IPreferaddd to form
first prelimnar te oxigg over the unmasked first pillar; the second
gate o tagxg%ggr¥ﬁ3 BEEN AT deRPsKiONng t hi cker than the first gate oxide
over the first pillar; renoving the thinner first prelimnary gate oxide
fromover the first pillar 15 and thinning the thicker second prelimnary
gate oxide T1om RRln Leck HidAthaPid LgfosiRObIA L Mhlchfilarld Othegdbe oxi de
over the first pillar an secong In gate oxide on the second pillar; the
secondfdrinlin @pheere2BA80 b6 ik RAdIseEoAdtARSHcT§HARAE T ¢4l dEs PN elAL ©
oxi de; the second final gate oxide over the second pllfar bei ng 20 thi cker
than t kil spabrs 2830 agatpeefexatde cougrisetieoff palgsilipon (poly), 2itardinen (E) bod of
claim1l1, including the steps of:

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.



11 form ng capping | ayers over first and second pillars, respectively,
before formation of the gate dielectric |ayer; and renoving the capping

| ayers after formation of first and second final gate oxide on the on the
first and second pillars, respectively. 3. The method of claim1, including
the steps of: . form ng capping |ayers over first and second pillars,
respectively, before formation of the gate dielectric |ayer; and renoving
the capping layers after formation of first and second final gate oxide on
the on the first and second pillars, respectively; the capping |ayers being
conprised of a material selected fromthe group consisting of nitride,
silicon nitride, oxide, a nitride / oxide stack and a silicon nitride /

oxi de stack. 4. The nethod of claim1, including the steps of: formn

cappi ng | ayers oveMaskr 32 iarféren cregryesh fnom sther aystrat 18| gnd ghe gnaske

f O sy dielectric |ayer: and i ng .th ing |
af tor  oNFRIRY BRCF, spnd Hansiton AT Moot BRIE IO HEtan PRdFor ot

d ! B S STeond gat € "X _ | :
Pt dof dir R 3o HBPREEELHER by WiheRRER sl fBliTaPR hERIPILIGTE

form ng SQUGRed. MRl ants in the first and second pillars, respectively,;
formng drain inplants within substrate; and form ng gate regi ons over the
first and second pillars, respectively. 12

Oxidation of Spacers 30 and Gate Dielectric 24 Over 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



6. The nethod of claim1, including the step of cleaning the structure
after renoving the mask fromthe masked second pillar. 7. The nethod of
claim1l1, 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 are conprised of a material selected fromthe
group consisting of polysilicon, Ti and Ta; the mask is conprised of

phot oresi st; and the second prelimnary gate oxide over the previously
masked second pillar is conprised of a naterial sel ected fromthe group

consi sting of polyoxide, TiOx and TaQx. The net hod of cIa|n11 wherein
t he subsq\ieattbe %M:es? Reansists 14ah%1"1§8@0"115‘6dﬁ6‘iel59r af BreferabBofipr akant 0 t8i70¢Ac on:

the gate electrlc r ri of oxide; the first and second thin
spacers A nl@S?TBqugr@hf?}ygog‘ %ﬁ‘f@%&f’%ggi ected fromthe group consisting of
polysilicon and Ti; the mask is conprised of photoresist; and the second
prelimnary gate oxide over the previously masked second pillar is

COMpr i Syt BHIShARa @ ThAAE 9, 10 OVLL e AN LSS &Idifhr P! yOXI de and
TiOx. 9. The nmethod of clarm I, Including the Steps of: formng cappi ng

| ayers over first and second pillars, respectively, before formation of the
gate dielectric layer; and renoving the capping |ayers after fornmation of
first and second fAnahogat én diigde, dinal hgateroxitie 40, r42t isahatnset owver (first ar s,

respectively; the capping |layers having a thickness of from about 100 to
500A. 10ramigonpilled 2gm $eapnd1rarismq>whllnglfé espactigslyofThe fimal gateraxide

cappi ng s over d secq pillars, respectively, before

for mat Lo R i H@ef‘aa?{y Fmeador Eanlaﬁb%rm%lml BHBVPIGEISHRE CTEPHIA GV E§Ter s
after forpat on ofhflrst and second final gate oxide on the on the first
and secoRdPRIET SN PFRSS%cti vel y; the capping | ayers having a thickness of
fromabout 100 to 200A. 11. The nethod of claim1, wherein the gate
dielectric layer has a thickness of fromabout 20 to 100A; the first and
second thin spacerp,eaail Baue oRideas® obvBl SKOPIHICH fil&omhARQEE piRS 19 j200A;
the first prelimnary gate oxide has a thickness of fromabout 10 to 30A

t he secoitdnpérathaitithéfiviapgite oxxdele2 basr thetPNICISNRESNA trahbiBoradiNait 186inte 80A
the thinned second prelimnary gate oxide has a thickness of from about 30
to 70A; theefihak gatef oxidle 4RabwenthedMOEr sachadf rasdistpt Ipidar hddndutlhs cheess of
from about 10 to 30A; and the second final gate oxide over the second

pi | lar hegnaining ericedde B4t ovmthp secondpiflar g‘mﬁterltb.e HihdimiteRod of claim 1,
wherein the gate dielectric |ayer 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 150A the fii st Phehi 0Bl S @R BRS A e ﬁnesgsfr%kfa{bro%w about

10 to 201g the second prelimnary gate oxi ron1about
30 to 604y b REAL HHiADGHd S8 GRS e@éﬂamyn%)h a8b 6 Xk B0RARIA, it
fromabout 30 to 50A; the first final" gate oxide over the first pi Iar has
a t hi cknesisleof0 bramrahsisior 10 s rafAablgnlotrhgb@actne BdAahidaiel @xhdgeover
the second pillar has a thickness of fromabout 30 to 60A. 13. The nethod
of cl ai npefexabdy om alheutrl®rtovdA thick he first thin spacers fromthe

Removal of Capping Lavers 20, 22 and Self-Aligned Ion Implantation

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

accomplished as follows, for example.



unmasked first pillar is acconplished by a process selected fromthe group
14 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 hermal oxidation process and a renote oxygen plasma growh process. 14. A
nmet hod of fabricating dual gate oxide thicknesses, conprising the steps of:
providing a substrate having a first pillar and a second pillar; the first
and second pillars having respective capping |ayers thereover; formng a
gate dielectric layer_ over the substrate and the first and second 5
pillars; forning fiép@tnga}ﬂye%@%n%? 8F Ferapyed fromy fispt and sgeansd Hagpistarr i ¢

I [ | | f the fi d d pil : tively;
ok ng PSS oo da CF Pl o ST e PP STT I 4P i leiich o5 g, | he
first tQﬁﬂmgggﬁghgnjﬂpglHFﬁg%ng ed first pillar; 10 renoving the mask

fromthe mas second pi 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 piBbafce infslafiRCONdedateefdtiicdEb P \Rlf-dlizRed S6ANE Flhhiatibnbei Ng
thicker than the first gate oxide over the first pillar; 15 renoving the

t hi nner thiawgh fireeéxpusadrtppgadrtionx idde 50 rafnfire endtdeeorid psliarpill2] 4. Buoain

thi nning the thicker second prelimnary gate oxide fromover the second

pi | | ar; leypdarite SRl pgare farmed biselfaligned jiete implantatien withdn spbstrate Wmat second
final gate oxide on the second pillar; the ,second final gate_oxide

i ncl udi e bage ethand sxtend 012@?ﬁtanidrﬁeﬁ%ﬁ\%pgkﬁrél%%ﬁd@spﬁweéﬁécond final
gate oxi de over the second pillar being thicker than the first final gate
oxi de over the first pillar. 15

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.



15. The method of claim 14, including the step of renoving the capping

| ayers after formation of first and second final gate oxide on the on the
first and second pillars, respectively. 16. The nethod of claim 14,
including the step of renmoving the capping |layers after formation of first
and second final gate oxide on the on the first and second pillars,
respectively; the capping |layers being conprised of a material selected
fromthe group consisting of nitride, silicon nitride, oxide, a
nitride/oxi de stack and a silicon nitride/oxide stack. 17. The nethod of
claim 14, includin he ste ving the capping | ayers % ter formation
of first and seco Héﬁ“ﬁ“éeﬁ%P HNeRSt ¢fe then Prenent jinegntigry hage diggn

il ti I b d .

i t i del b '%%e*fg)e THas ABE Hoer e 48 PP Tted dsfizgd or
form ngy, QHéﬁﬂkhﬁﬁg%ﬂﬁﬁm'n the first and second pillars, respectively;
form ng raln I npl &nts ' within substrate; and form ng gate regi ons over the

first and second pillars, respectively. 19. The nethod of claim 14,
including the step of cleaning the structure after renoving the mask from

t he masked second pillar. 20. The nethod of claim 14, 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
are conprised of a material selected fromthe group consisting 16 of
polysilicon, Ti and Ta; the mask is conprised of photoresist; the second
prelimnary gate oxide over the previously nasked second pillar is
conprised of a material selected fromthe group consisting of polyoxide,

Ti OX and TaOx. 21. The nethod of claim 14, 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 spacers are
conprised of a material selected fromthe group consisting of polysilicon
and Ti; the mask is conprised of photoresist; the second prelimnary gate
oxi de over the prey iously masked second pillar is conprised of a materi al
sel ected fromthe group consisting of polyoxide and Ti Ox. 22. The net hod of
claim 14, including the step of renoving the capping |ayers after fornmation
of first and second final gate oxide on the on the first and second
pillars,

10



respectively; the capping |l ayers having a thickness of fromabout 100 to
500A. 23. The nethod of claim 14, including the step of renoving the
capping layers after formation of first and second final gate oxide on the
on the first and second pillars, respectively; the capping |layers having a
t hi ckness of from about 100 to 200A. 24. The nethod of claim 14, wherein
the gate dielectric |ayer has a thickness of fromabout 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 from about 30
to 80A; the thinned second prelimnary gate oxide has a thickness of from
about 30 to 70A; the first final gaég ?E!ge over the first pillar has a
t hi ckness of from about 10 17 to : d the second final gate oxide 40
over th eeﬁggg pillar has a thickness of fromabout 30 to 80A. 25. The
nmet hod o éia|ﬁ114, wherein the gate dielectric |layer has a thickness of
fromO 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
thi cknesp Qindthedoth@iicatily dubPg2BRxidd1ehiSaeasd, RiRpHsingany s@pkof.0xi de has
a thickness of from about %0 to 60A; the thinned second prelimnary gate
oxi de has a tpioskdings @ibsfrasrhaknogt {36t pilablrnd asacbridpillai;r st final gate
oxi de over the first pillar has a thickness of fromabout 10 to 20A; and
t he second fifeamig@iacgairidieleotrar layhe oyec tnalsyhdtiage ahdstha fitst ekdewsond from
about 30 to 60A. 26. The method of claim 14, wherein the renoval of the
first thpﬂk%ﬁacers fromthe unmasked first pillar is acconplished by a
process sel ec ed.fr3g1the grou onsistin% of .a met(ﬁgﬁcer renmoval process
9 il ¢

and & dry spatéf'ie Ve, Jot thin $Rageqa OF et Hhst 83K £ifs Py eSOt second
final gafa, IQQ§thégﬂ%%ﬂﬁ%khﬁgg§8§¥&§eﬁﬁﬁﬁ$§ .sel ected fromthe group

consisting of a rapi her ma i‘on'process and a renote oxygen plasm

growt h procesgasiih tﬁe@@éomgpmsr fR0IHCkire: gt uAataSk&yi de thi cknesses,
conprising the steps of: providing a substrate having afirst pillar and a

second pi | | ar ferh&Einkithé firtMHirs§L006 fRbnlthe snhavked fitggRrat i ve cappi ng

| ayers thereover; the capping layers being conprised of a material selected
fromthe grouppenmovisgshe npskffrarhtthe desked bécwod fEllai;t ri de, oxi de, a

nitride/ oxide stack and a silicon nitride/oxide stack; formng a gate

di el ®tric | ag¥dizngr thenstraghyer ta ecoavertt Hee fieeend athdn sweeas 0 | $egpsd 18

formng first., and second thin spacer. s over t he aHg qielec rif | ayer
cover ed 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
15  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

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

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

11



side walls of the first and second pillars, respectively; 10 nmasking the
second pillar leaving the first pillar unmasked; renoving the first thin
spacers fromthe unmasked first pillar; renmoving the mask fromthe nasked
second pillar; oxidizing the structure to convert the second thin spacers
to second prelimnary gate oxi de over the previously masked second pillar
and to formfirst 15 prelimnary gate oxide 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; renmoving the thirmer first prelimnary
gate oxide fromover the first pillar and thinning the thicker second
prelim nary gaireniogicepingiayereroviehdirseanddsepohd grillamndeg@ectively; bgfdrir st
final gate oxide over the first pillar and second final gate oxide on the
second pfermgtion ¢fethe gatirdiefactrsd lage andxi de i ncl udi ng the thinned second
prelimnary gate oxide; the.second final gate oxide over the second pillar
bei ng t hi cker "SRAWTEHEerAPRING {av4rs giee A ssndpfinplgateog.
The net had. pf claim27,.1including.the step of.repoving the capping | ayers
after fof)xmrr'fe%tcl’notr%leon FrfgtSt %rh&cjsescgggrf’dﬁ?ribhrae p%Catlltvg Y5xi de on the on the first
and second pillars, respectively. 29. The nmethod of claim27, including the
step of renoving the capping |layers after formation of first and second
final gaBeTRxhiteh&dof f18iAN, fnkRidihg $He ﬁaﬁs gecond pillars, respectively. 19
30. The nethod of claim 27, including the step of renoving the capping

| ayers after tatningi @ppiigflayat @rd Secand $dconll gidues, axspetionlyt hefae t he
first and second pillars, respectively; the capping |ayers being conprised
of a nit fomedtoni diethstgatkdielectric layer; and

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



31. The nethod of claim 27, including the steps of: form ng source inplants
inthe first and second pillars, respectively; formng drain inplants

wi thin substrate; and form ng gate regions over the first and second
pillars, respectively. 32. The nethod of claim 27, including the step of
cleaning the structure after renoving the mask fromthe masked second
pi-llar. 33. The nethod of claim 27, 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 are conprised of a
material selected fromthe group consisting of polysilicon, Ti and Ta; the
mask i s 6orfhei sethed qgfhdlabnesi sucluding e stap mf etleaningr thegatractoxe ddtesver
the previously masked_ second pillar is conprised of a nmaterial selected

f r om t hergrevinachasnaski frmdhe mrasked iserondmpidrand TaOX. 34. The net hod of
claim 27, wherein the substrate and the first and second pillars are
conprised of silicon; the gate dielectric layer is conprised of oxide; the
first ang ‘fﬁ%%‘?h&@'o? cfaﬂ%ﬁ]e,%he%ﬁ\ n%$%'st§§t% A e.f}?rts{ssﬁé'sec%%{gle@ﬁﬁ% ddeom the
group consisting of polysilicon an I € nmask is conprise

phot or esislnprisPg FaFIR, ma@giam' AR YCtHRY S/ R%E S8 Rled! SIE0RHEVIHRAUSISY afRSked
second pillar is conprised Of a material” selected fromthe group consisting

of pol yoxedgdain $padérs fe codprisddef Aphdtedaldel€dt@d MoAY thd Fupdidigisting st ep
of renoving the capping |layers after formation of first and second final

gat e oxi o pehydiheororTit dved fliay she amsbksiscamdppsdd af photaepisgtandethe s¢doad
cappi ng layers having a thickness of fromabout 100 to 500A. 36. The net hod
of cl ai mpedliminsey gathgxideecover dhe previenslyimeskedesecamppillpriiayemprised of a
f-ormati on of_ffr?t a g second final gate ?xide on the on the first and
second piratgrial se %%%g pryEegropRgopsising gt Palyerden AP rnhTeRi-ckness of from
about 100 to 200A. 37. The nethod of claim27, wherein the gate dielectric
| ayer has a thickness of fromabout 20 to 100A; the first and second thin
spacers ga t hi (P X LISt
prelinin?ﬁ3“8g?%ﬁggfggﬁﬁggﬂégﬁﬁggﬁﬂg§§&g gk%%ﬁ?%ﬁ%%%t%gdégp A?ﬁgﬁibéﬁcond
prelim NRbih el iR abe Fatd idsHB&SE 19¥erl ifsQ!@rﬁIi}@ééB SOokideSA4: fitd@nlghi nned
second prelimnary gate oxi de has a thickness of fromabout 30 to 70A; the
first figatorghtten@phcesavetombeiséd bsh maletial sdleded fiidm eha gaauorisiaingabout
10 to 30A; and the second final gate oxide 40 over the second pillar has a
t hi cknes®fopolysibicpaband TP the BOgk i88conTasare o ophabrasisti and7thesseqosidn t he
gate dielectric layer has a thickness of from about 20 to 40A; the first
and secordelininarygade pxideseyerihe ravipysly maskadnwesend pillargmegpiitsedad & o

150A; the firs relimna ate oxide has a,thickness.of fromabout 10 to
20A "t he FRREHALBrErd FORaMY §ate ShratnA L PRNMAHETGE from about 30 to
60A; 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) ghefh@baelairhd, L1148 RBdidAQfsecond final gate oxide over the
second pillar has a thickness of from about 30 to 60A 21 39. The net hod

of claim 27, vbahiighcipsingelval ovér tfike did stedrid pilkRgcRIspedtivaly,t before
unmasked first pillar is acconplished by a process selected fromthe group
consi st i fgrmatian wéthesgrte eieleanolaterparotess and a dry spacer renoval
process; and the formation of the first and second final gate oxides is
acconpl i shed B¢m@ving ses sappingcleperst #egn formagopyf dushandt sesgndffingl gags d
t hermal oxi.gati on process and. a renote oxygen pl as rowt h process, 22
Af A@ AFOYE Onthe Reghadisandyasond il Rpeabielk hasappeigARyers having

a thickness of from about 100 to 500A.

10. The method of claim 1, including the steps of:
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] cal W\\C
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cal cad>vi K- " F' 10% - 109k 0%& 109& 0%& -M T 10%& (
)-}vs. K ﬁfrf@a/&b ﬁ‘?‘éc;a]?gﬁﬁi LSt prefigvigary o%g Q%fﬁtr)esg fEER ()-5@

SEF‘kKEFléﬁﬂitlﬁK}ié WA ;gg«gﬁggﬁg?%g}@sg&g 3?% GO (el O

F* 10! ynt 3(9%@%” t‘F’x:ﬁq{é& docond réhﬂa@r/;ﬁ‘ a’t&?ié@l{a)s t‘i‘l@Ckl‘lQQS of from about 30
10: 109%& () - 9bCF 10'S "109%& 10&() 0%’ ()- 10 10

10: s10%&t4 YGAQtI@%h@KHhQ té@kiﬁb@@e@&h& Ilrst 113:0h ki tl@&'&\e@-s) of kB Eatout 10%& () -
t 109& () - oORJEMbC F" 10! &10% 0&' () - L4" 10% 0& ()-f110% 0&' () -

$10% o&' ¢9 3&AQ%1d&h@)seSEnd(§%ad)%a(e) oxidledXNC the atorld pillakthas a thickness of
from about 30 to 80A.

12. 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 50A;
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.

13. 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
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& ()- L(4"10%4& ()-3983" 10948 () -

%0%-& (yelestgd dop the $$$$$$$m%@z pf 1 rapifpthesmal )odidagigro gregess pod a4 oH

10H: SlO%—l& 3s 10 110@-‘& %} O/Q/W&&&< dEbC F"10!' y@0% o0& ()-10% o0& (
)- 4" 10‘V“3§L Oxﬁ'gfﬁ% %;rq\ﬁ '8
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C8" 10:: 1% $ndthod of BiBrfeating JubP Yotk dddStiAfséds; corhPrifing the steps of:

providing a substrate having a first pillar and a second pillar; the first and second
pillars having respective capping layers thereover;

forming a gate dielectric layer over the substrate and the first and second

5 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;

10 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;

15 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

20 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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15. The method of claim 14, including the step of removing the capping layers after
formation of first and second final gate oxide on the on the first and second pillars,

respectively.

16. The method of claim 14, including the step of removing the capping layers after
formation of first and second final gate oxide on the 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.

17. The method of claim 14, including the step of removing the capping layers after
formation of first and second final gate oxide on the on the first and second pillars,

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

18. The method of claim 14, 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.

19. The method of claim 14, including the step of cleaning the structure after

removing the mask from the masked second pillar.
20. The method of claim 14, 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
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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,.

21. The method of claim 14, 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; 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,.

22. The method of claim 14, including the step of removing the capping layers after
formation of first and second final gate oxide on the on the first and second pillars,

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

23. The method of claim 14, including the step of removing the capping layers after
formation of first and second final gate oxide on the on the first and second pillars,

respectively; the capping layers having a thickness of from about 100 to 2004.

24. The method of claim 14, 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 200A; 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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to 30A; and the second final gate oxide 40 over the second pillar has a thickness of

from about 30 to 80A.

25. The method of claim 14, 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 150A; 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;
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.

26. The method of claim 14, 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.

27. 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; the capping layers being

comprised of a material selected from the group consisting of nitride, silicon
5 nitride, oxide, a nitride/oxide stack and a silicon nitride/oxide stack;

forming a gate dielectric layer over the substrate and the first and second

pillars;
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forming first and second thin spacers over the gate dielectric layer covered
side walls of the first and second pillars, respectively;
10 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
15  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
20 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.

28. The method of claim 27, including the step of removing the capping layers after
formation of first and second final gate oxide on the on the first and second pillars,

respectively.

29. The method of claim 27, including the step of removing the capping layers after

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

respectively.
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30. The method of claim 27, including the step of removing the capping layers after
formation of first and second final gate oxide on the on the first and second pillars,

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

31. The method of claim 27, 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.

32. The method of claim 27, including the step of cleaning the structure after

removing the mask from the masked second pillar.

33. The method of claim 27, 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,.

34. The method of claim 27, 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; 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,.
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35. The method of claim 27, including the step of removing the capping layers after
formation of first and second final gate oxide on the on the first and second pillars,

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

36. The method of claim 27, including the step of removing the capping layers after
formation of first and second final gate oxide on the on the first and second pillars,

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

37. The method of claim 27, 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 200A; 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

to 30A; and the second final gate oxide 40 over the second pillar has a thickness of

from about 30 to 80A.

38. The method of claim 27, wherein the gate dielectric layer has a thickness of from
about 20 to 404; 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 50A;
and the first final gate oxide over the first pillar has a thickness of from about 10 to

ZOA; and the second final gate oxide over the second pillar has a thickness of from

about 30 to 60A.
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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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