. ste3eHE4: $6ZT8A/ | ~~~A~~h~l | ~VW11~NN9n A METHOD TO FORM ANDI OR | SOLATE

) VERTICAL TRANSI STORS The present invention relates generally to fabrication
of sem conductor devices, and nore specifically to nethods of fabricating
vertical transistors. BACKGROUND OF THE | NVENTI ON Current met hods of
formng vertical transistors typically nake use of a selective ep
(epitaxial silicon) which is not a conmon CMOS (conplinentary net al - oxi de
sem conductor. U S. Patent No. 6,069,384 to Hause et . descri bes an
integrated circuit including vertical transistors Wﬁlmwﬂmwmmmlmmes havi ng
selected gate widths. U. S. Patent No. 5,413,948 to

describes a nethod for formng a dual transistor structurmsusd. S. Patent No.
5,773,343 to Lee et al. describes a nethod of fabricating a sem conductor
devi ce having a recessed channel structure. U.S. Pate 549 to

Ki m describes a nmethod of fabricating a thin filmtra @mmmmmm“mwml

suppl enentary gates. U S. Patent No. 5,670,810 to Tama ,. descri bes a
sem conductor device with a vertical field effect tranS|stor (FET). U.S.
Patent No. 5,429,977 to Lu et al. describes a nethod for formng a verti cal

transistor with a stacked capacitor DRAM (dynam c random access nenory)
cell. 2 US Patent No. 5,312,767 to Shimzu et al. describes a nethod of

A METHOD TO FORM AND/OR ISOLATE VERTICAL TRANSISTORS

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

transistors.



" fabri'cating a MOS typed field effect transistor. 3 SUMVARY OF THE

I'NVENTI ON Accordingly, it is an object of the present invention to provide
an i nproved nethod of isolating vertical transistors. Another object of the
present invention is to provide an inproved nmethod of isolating verti cal
transistors in conbination with the fabrication of those vertical
transistors. O her objgalKWRbUAIDEE Thee eNVENEION T has now been

di scovered that the above and ot her objects of the present invention nay be
acconplished in the follow ng manner. Specifically, a wafer having a first

i npl anted region selected fromthe group conprising a source region and a
drain region is fhowdedethibds ofdbemidgivetianl inckistes tPhicaly easkonsedf her
side of a center transistor area. The wafer is patterned down to the first

i npl antelectiyieoepit (@pitaxial sikiean)i whichpid hat a wionminont G Q8 {templiraerstasy or
area using a patterned hardmask. The vertical pillar having side walls. A
pad di erefal-exide|sgpdgeondudter.med over the wafer, lining the vertical pillar.
A nitride layer is formed over the pad dielectric |layer. The structure is
patterned and etched through the nitride |layer and, -the pad dielectric

| , and int f i L hi | form STI t hes wi t hi
Lhe waf or . The. SH ot Peifahbe- A3 AR e TR AL AP PR SBIGr Cackbr m
STI i.thin.STI t hes. The .patt dnitrid d dielectric |

e r oI EKE SA Farete Y aRicer BRSPS e CIFD 2036 BEUFS. gr own bver

t he exposed portions of the wafer and the vertical pillar. Spacer gates are
formed over the gate oxide lined side walls of the vertical pillar. Spacer

gate inplants ar eUTSQrP‘E‘%QntA'NQ.V%i&ﬁ,@%é hE 1SRats! e%ﬁf.eéesc?Msaa gxg&gr%q for

inplanted region is formed wthin'the vertical pillar select omthe
group q@ﬁghﬁggmaptraasigf@ismrd&@ﬂeon and a source region that is not the sane
as the first inplanted region to conplete formation of the isol ated
vertical transistor. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The features and
advant ages of the present invention will be nore clearly understood from
the fol | owi ng des€rd-pPa@itt Rieen5 VA3 S48 thdigeoRt \iilt 1lashabge conpatlyehgof

drawi ngs,i.n which |like reference nunerals designate simlar or

cor 1 s PARHFAES A SREHEQNA YT SFECe VG SR TP R Hr® gs. 1 to 9
schematically illustrate in cross-sectional representation a preferred
enbodi ment of the present invention. 6 DETAI LED DESCRI PTI ON OF THE
PREFERRED ENBODI MENT B8R0 5110544540 MR desCifbedd InSiHodCo P bicaki RS S

etc. may be forne
thin film transistor with supplementary gates.

u.s. Pa’gent No. 5,670,810 to Tamaki et al. describes a semiconductor

device with a vertical field effect transistor (FET).

U.S. Patent No. 5,429,977 to Lu et al. describes a method for forming a
vertical transistor with a stacked capacitor DRAM (dynamic random access

memory) cell.



or acconplished by conventional nethods known in the prior art. Steps of
the I nvention Summari zing the preferred steps of the invention: 1. mask and
- inmplant source and well regions deep in substrate (two masks for N-well,
P-well; two masks for N+ source, P+ source); 2. using a hardmask, pattern
and etch vertical pillars, stopping at source level; 3. deposit a thin pad
oxide and a nitrilds. [Payefit dDiers,81E7671 ke BHiABzu 4t Qaﬁfegéﬁb?ﬁq &letiod g

nitride |ayer, continuing the etch t hrough the pad oxide [ayer and |nto t he
subst rafabrlt:m@aM@ﬁltypemﬁhld sfféatttromist&TI ) trenches; 5. fill the STI
trenches with oxide; 6. renove the remaining nitride and pad oxide | ayers;
7. renove the hardmask fromover the vertical pillars; 8 nmask and perform
wel | and threshol d-adjust inplants; . 9. grow gate oxide; 10. deposit
polysilicon and pattern and etch gate form ng polysilicon spacer gates; 11.
mask and inplant drain and gate at a small tilt angle, rotating all around
the vertical pillar; 12. activate dopants; and 13. continue with the rest
of processing. 7 Initial Structure - Wafer 10 with Inplanted Source
Regions 12 Fig. 1 illustrates a cross-sectional view of a wafer 10,
preferably a sem conductor silicon wafer, after masking (not shown) and

i npl antation of source and well regions/source |level (N+/P+) 12 deep in the
Si wafer 10. Si wafer 10 further includes STl areas 11 (designating the

| ocation of STIs 24 to be fornmed) adjacent a central transistor area 15
(designating the location of a vertical transistor 40 to be forned).
Formati on of Patterned Hardnmask 14 As shown in Fig. 2, patterned hardnmask
14 is forned over Si wafer 10 where a vertical pillars) is/are desired.
Hardmask 14 is preferably conprised of silicon oxynitride.

-



" Etch'Vertical Pillar 16 As shown in Fig. 3, Si wafer 10 not under patterned
hardmask 14 is etched, stopping at N+/ P+ source regions/level 12.
. Deposition of Thin Pad Dielectric 18 and Nitride Layer 20 As shown in Fig.
4, thin pad dielectric 18, preferably a thin pad oxide, is deposited over
Si wafer 10 and over vertical Si pillar 16 and~patterned h~rdmask 14.
Nitride layer 20 is thensUuapReARYOBTHE INVENTIONK de 18. Layer 20 may
al so be 8 formed of resist Iin which case the resist layer 20 is exposed
and devel oped instead of being etched. Ke;r Step of the Invention -
Pattern/Etch Nitride Lakrer 20) Thin Pad Oxide 18 and Si Wafer 10 to form
STl Trenches 22 lArcardimglgt #psain obhject wfeheipmsantdirasznsivowo pnovikiegan 5,
nitride layer 20 is patterned and etched, with the etch continuing through
t hi n paeposyerbreghos of isoladirgg vevdical transis®rs.or m shal | ow trench isol ation
(STI') trenches 22 at either side of vertical Si pillar 16, to isolate
vertical Si pillar 16 and thus the subsequently finished vertical

t i st 40. Thj t hod all th tical t i stor, 40 t ti

above the top of ARRNEHObREL gl s PresEhtiTYSIIOh e (R ETOTIACeRRIFRIEVER t axy.
Filli Tl .1 h 2 h i.n_Fig, STl t 22 th

Fi 11 o TRt ihERREN e BRI e Buatorl e TP RCaten B b inase
d it QX . f STl's 24. R | of Patt d Nitride L 20'
aﬁgo'srkivﬁegss‘gaﬁlt%eﬁshsté&f8pr,Ts ShO\?\Iﬂ in Fiegl.)v% gat t 2r ng'(rjnﬁi tr: dreI I gye?y%' and

thin pad oxide 18 are renmoved fromthe structure. 9 Renoval of Patterned
Har dmask 14, Masking and Performng Well 26 and Threshol d-Vol tage (Vi)

Ad~us~ t | npl ant SOﬁ&rQJbﬁ)é@@s Wil Ebgeataﬁeraﬁ{atf@rf_ned hardmask 14 is renoved from
vertical Si

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
wafer having a first implanted region selected from the group comprising a source
region and a drain region is provided. The wafer further includes STI areas on
either side of a center transistor area. The wafer is patterned down to the first
implanted region to form a vertical pillar within the center transistor area using a
patterned hardmask. The vertical pillar having side walls. A pad dielectric layer is
formed over the wafgr, lining the vertical pillar. A nitride layer is formed over the
pad dielectric layer. The structure is patterned and etched through the nitride layer
and the pad dielectric layer; and into the wafer within the STI areas to form STI
trenches within the wafer. The STI trenches are filled with insulative material to
form STIs within STI trenches. The patterned nitride and pad dielectric layers are
removed. The patterned hardmask is removed. Gate oxide is grown over the
exposed portions of the wafer and the vertical pillar. Spacer gates are formed over

the gate oxide lined side walls of the vertical pillar. Spacer gate implants are formed



“pillar 16. The structure is masked (not shown) and well inplants 28 and

t hreshol d-vol tage (V ~) adjust inplants (not shown) are perforned as at 26
and 27, respectively. The threshol d-voltage (V,) adjust inplants formthe
channel (not shown). One nask is used to forma P-type adjust inplant and
an N-type thresholdvoltage (V~) adjust inmplant. |, C?OM/Cﬂte Ckide 30 As
shown in F| ate OXId 30 is,qro gyer the expos Q ons _of

S conaning Ser ek ahd rresnad e MY BhabRds SRS E R e?tvr-rc“ﬁal s
p|IIar qy@o pacer
gate ( él?atﬁ %a C@%(gp%)%éh% ég!rnﬁm{l%ﬂug C)fg'?a&art%e ge?g ?\IB ned %Iir& g/a bha%
verticad nt tl‘RJ]' $drfig a;@h@rfﬁ§s f?ﬁﬁﬁnrtélfr 6H'}8|c%}nl:§1@&tfo§ﬁ%"ﬁ% opted Fsbpa%ar by
depositing polysilicon (poly), patterning the ‘poly and etching gate to form
pol y sgggﬁéﬂggﬁ@ﬁﬁég The vertical area adjacent spacer gate 32 are
channels. This is necessary to define poly lines for connecting gates
together or for form ng contact |anding pads. 10 Mask and I nplant Drain
36 and Gate 32 As shown in Fig. 9, the structure is masked (not shown) and
drain 36 and spacer gate 32 inplants are perforned preferably at a smal
tilt angle as at 34, rotating all around vertical Si pillar 16. The poly
gates are doped at the sanme tine. The dopants are activated and further
processi ng may be done. The present invention may al so be practiced w thout
STls is sonme other neans of isolation is used such as junction isolation
(high parasitic capacitance and | ow junction breakdowns) or LOCOS (needs
hi gh tenperature oxidation). Another way of formng the vertical transistor
woul d have the source regions inplanted at the sanme tinme as the drain
(after STI formation). This would elimnate the need for the buried N+ or

P layer 12. This would al so give better transistor characteristics as the
hei ght of the transistor pillar (channel length) is scaled down. Advantages
of the Invention The advantages of one or nore enbodi nents of the dual -gate
CMOS device fabrication nmethod of the present invention include: 1) the
advant ages of vertical transistor architecture; 2) no reliance upon

sel ective epitaxy; and 3) no reliance upon CWP for form ng STIs.



11 " Wile particular enbodi nents of the present invention have been
illustrated and described, it is not intended to |limt the invention,

except as defined by the following clainms. 12 LAIMS W claim 1. A nethod
of fabricating an isolated vertical transistor, conprising the steps of:
providing a wafer having a first inplanted region selected fromthe group
conprising a source Legi and i egi.on; &r further including
STl areas either sidex “ertertTo Or—ar ed; gat t erni ng the wafer
down to the first inplanted region to forma vertical pillar within the
center transistor area using a patterned hardmask; the vertical pillar
having side wall sihd pfhg thd3dvahledsldtl thel pieSenOiferklifh WA %e nldrl N9

the vertical pillar; formng a nitri ayer over the pad dielectric |ayer;

10 pat tceatiynantBestobd Yedmr theafelloptiali dasctiptionglakehhe dirjtihélgoh ayieh thehe pad
dielectric’layer and into the wafer wthin the STI areas to form STI

trenc h%@c&ﬂntﬁah?iﬁg;@rwﬁ%s' ih iwhichglik®eefetbntd anehdrats hflfeéiEnIaEtG gimilay &r
material to form3STls within STI trenches; 15 renoving the patterned

ni tri decaredppadirg dbrehtd, cegiopennd poztions agd thevhiat:t er ned har dmask; grow ng
gate oxi de over the exposed portions of the wafer and the vertical pillar;
and

Figs. 1 to 9 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.



forming spacer gates over the gate oxide lined side walls of the vertical
20 pillar; and form ng spacer gate inplants within the spacer gates and a
second inplanted region within the vertical pillar selected fromthe group
consisting of a drain region 13 and a source region that is not the sane
as the first inplanted region to conplete formation of the isolated
vertical trapgrNQED DESHRIPEIOROL THEFREEERREEy EMBOAMBAST 1S
conprised of silTicon and the hardmask s conprised of siTicon oxynitride.
3. The method of claim1l, wherein the pad dielectric layer is a thin pad
oxi de | ayer; and the STl insulative material is oxide. 4. The nethod of
claim 1, wherein Whiessvafrairwise speqified el efrustdresdayeishetd angpbekotsed
conprised of silicon oxynitride; the pad dielectric layer is a thin pad
oxi de langecomphiched by 80hvensehatmethonat@omal in theguiieteart5. The net hod of
claim1l1, wherein the STI trenches are filled with a |iquid phase deposited
oxide to formthe STls. 6. The nethod of claim11, including the step of

formng well inplants and threshold-voltage (V t) adjust inplants after the
pat t er rEgphel ihedakendonenoved and before the gate oxide is grown. 7. The
met hod of claim1l1, including the step of form ng well inplants and P-type

and N-type threshol d-voltage (V~) adjust inplants after the patterned
hardnmask is renmoved _and. before_t egggtsf o%g I. S r.own. 8. The met hod of
cl ?ihmdl, fWhler ein Lﬁggéaﬁé@’ég GQPES® ed?ts 647 i&r}'ligcon. 14 N 9. Thg
met hod of clai . are n
patterning pglrgé%lf Fcoﬁ@llgg{ gﬁ%&%a?ﬁ{) gfl%?lmgl{sn’? %&5 \i;\&ﬁglrle%/tﬁgt?h &}gpﬂggglﬁagat e

| pl ant & Wb PERRASHE R £ks F0ANE BEURRCPNEL LR ant ed region within the
vertical pillar are perforned at an

2. using a hardmask, pattern and etch vertical pillars, stopping at source
level;

3. deposit a thin pad oxide and a nitride layer over the structure;

4. pattern and etch the nitride layer, continuing the etch through the pad
oxide layer and into the substrate to shallow trench isolation (STI) trenches;

5. fill the STI trenches with oxide;

6. remove the remaining nitride and pad oxide layers;

7. remove the hardmask from over the vertical pillars;

8. mask and perform well and threshold-adjust implants;

9. grow gate oxide;

10. deposit polysilicon and pattern and etch gate forming polysilicon spacer
gates;

11. mask and implant drain and gate at a small tilt angle, rotating all around
the vertical pillar;

12. activate dopants; and

13. continue with the rest of processing.



“inplant rotating around the vertical pillar at an angle tilted to vertical.
11. A nethod of fabricating an isolated vertical transistor, conprising the
steps of: providing a wafer having a first inplanted region selected from
the group conprising a source region, a drain region and well-inpl ant
regions; the wafer further including STl areas either side of a center
transistor area; 5 patterning the wafer down to the first inplanted region
to forma vertical pillar within the ,center transistor area using a

pat t er e NapARSK. WieVRY i f@mPhhled sfiav: Reofidemal I's; formng a pad

di el ecttic Tayer over the water, Ti1ning the vertical pillar; formng a
nitride |layer over the pad dielectric layer; 10 patterning the structure
and etching through: the nitride |layer; the pad dielectric layer and into
the wafer within RifelSluserhedsa tc@odsosdttionhhl vienddfes wafeRilo, threfarablr a
filling the STI trenches with insulative material to form STls wthin STI

t r enchegmidéndwaroy siigoh veafeatdf e measking (heteshneh)pad dhelecation of syerce;
renoving the patterned hardmask; formng well inplants into the wafer and

t hr eshalrdt welltragiong ¥sguradjleiss] (NpPgriRsddeptia thbi8i watéd XR5i pidfenl( fukther
growi ng gate oxide over the exposed portions of the wafer and the vertical
20 pi | liacluden$ T areanyl épesignatipsg g rationod SJas @4 oribeeforimed) asijatennal | s of
the vertical pillar; and form ng spacer gate inplants within the spacer

gat es awatrRl SEEWIRIOT AfRaaht &desigiiating Wi InatioReohavertical tinsisier 481tedeed
fron1tg§ gkayp consisting of a drain region 25 and a source region that is
not the'©9s ‘as the first inplanted region to conplete formati on of the

i solated vertical transistor.

Formation of Patterned Hardmask 14 -«

As shown in Fig. 2, patterned hardmask 14 is formed over Si wafer 10
where a vertical pillar(s) is/are desired. Hardmask 14 is preferably comprised of

silicon oxynitride.
Etch Vertical Pillar 16

As shown in Fig. 3, Si wafer 10 not under patterned hardmask 14 is

etched, stopping at N*/P* source regions/level 12.

Deposition of Thin Pad Dielectric 18 and Nitride Layer 20

As shown in Fig. 4, thin pad dielectric 18, preferably a thin pad oxide,
is deposited over Si wafer 10 and over vertical Si pillar 16 and-patter'rr{'ed hardmask

14. Nitride layer 20 is then deposited over thin pad oxide 18. Layer 20 may also be



12. The method of claim 11, wherein the wafer is conprised of silicon and
the hardmask is conprised of silicon oxynitride. a 13. The nmethod of claim
11, wherein the pad dielectric layer is a thin pad oxide |ayer; and the STI
insulative material is oxide. 14. The nethod of claim11l, wherein the wafer
is conprised of silicon; the hardmask is conprised of silicon oxynitride

t he pa dleletrlcla hi n d_ ox] STI sulatlve
mat er i g? rpgd irerdst TS 4ﬁl?ecaﬁﬁt h%cﬁe%gtaléplgf ﬁex;%ﬁgflérwldgﬁ%e %f??dtnﬁ fthes are
filled i d phase deposited oxide to formthe STIs. 16. The net hod
of clafﬁﬁ%?“fb$h$%dlng the step of formng well inplants and P-type and
N-type threshol d-voltage (V~) adjust inplants after the patterned hardmask
is renoved and before the gate oxide is grown. |b 17. The method of claim
11, wherein the spacer gates are formed of polysilicon. 18. The met hod of
claim11l, wherein the spacer gates are formed by depositing and patterning
pol ysi IK&pBteplF thEMewveRtiBAd- Pitt&ndBRH Nitie L 8l ér dherispach C8ade 18 pldant s
wi thin spacer gates and the second Inplanted region within the vertical

pi | | ar @ArkafeeriDao iedn &T]drendiels@at rotating around the vertical pillar at
an angle tilted to vertical. 20. A nmethod of fabricating an isol ated
vertical transi stor conprising the steps of: providing a silicon wafer
having a first ant ed region selected fromthe group conprising a source

reg: 03 a drai n r ﬁYﬁW@ Qﬁethlemmtma%@ﬁ éh@wntlﬁélgﬁ,mtﬂd%@vér 20 i t her
STI
Lhe ot | PRUSTARAROE SisORCc B hiberate comisida biongh bR oot Pside 1 oBRanehy
Peynit r Pt e snt RSP lrBha -lﬁléﬁoﬁ 13, BehEERAPE Behbefe of
y p

di el ect {iichAyargyes dfigid bﬁg{&at"%f@ha 1§ BLAGREO 8 S8 4cen) e

formng a ayer over t ectrl C
vert1ca1 transistor 40.

This method allows the vertical transistor 40 to stick up above the top

of the STI 24 without requiring the use of selective epitaxy.

Filling of STI Trenches 22

As shown in Fig. 6, STI trenches 22 are then filled with an insulative

material, preferably by and with a liquid phase deposited oxide, to form STI's 24.

Remoyval of Patterned Nitride Layer 20' and Thin Pad Oxide 18'

As shown in Fig. 7, patterned nitride layer 20' and thin pad oxide 18

are removed from the structure.



" 10 patterning the structure and etching through: the nitride |ayer; the pad
dielectric layer and into the silicon wafer within the STI areas to form
STl trenches within the silicon wafer; filling the STI trenches with
insulative material to form STls within STI trenches; .- 15 renoving the
patterned nitride. and pad dielectric |ayers; renoving the patterned

si 11 com QXY F 48 RRLEMREKr dhihsk 18" NiAdiRS! dnd "L A0LS A DR efinGe S|

waf er and

e O U] O o) O A ;
growi n ! X} Y portions of the silicon wafer and the
20 verg'rhg%h%lg)ch% AP iiﬁlser gates over the gate oxide lined side
walls of the vertical pillar; and form ng spacer gate inplants within the
spacer gates and a second inplanted region within the vertical pillar
sel ected from t hes OsPn GRS, Bt bAfeRedPhaHidh 451 Rk 3BrmdR 8 THorA RRHEASS M €gi on
that is not the sane as the Tirst inplanted region to conplete formation of
t he isqﬂimlerb,verti cal transistor. a 21. The nmethod of claim?20, wherein the
pad dielectric layer is a thin pad oxide layer; and the STI ,insulative
material is oxide. 22. The nethod of claim 20, wherein the pad dielectric
layer is a thin pad oxide layer; and the STl insulative material is oxide.
23. The nethod ofThe atmckare whenasked keotSThowmgnaméswaleimplards 24 anda

| i qui d phase deposit oxi.de to formthe STls. 24. The t hod of c]aim 20,
el udi REETRUS SRUBE (VDG TRIeR e [HAtahos e e yanamas Rt e o,
thr eshOrle(sjlf)c\e/cc%g\;ezilg.eTf\\e/tt}\rgsq'loﬁIvo'lgpgleawf a%fj&s%r irrtqgf%ngéa th)rerrnn?lge %:hlaﬁr%e n(not

shown). One mask is used to form a P-type adjust implant and an N-type threshold-

voltage (V) adjust implant. .

Grow Gate Oxide 30

As shown in Fig. 9, gate oxide 30 is grown over the exposed portions

of silicon (Si) over Si wafer 10 and the sid.e walls and top of vertical Si pillar 16.

Form Spacer Gate (Vertical Gate) 32

As shown in Fig. 9, spacer gate (vertical gate) 32 are formed over gate
oxide lined side walls of vertical Si pillar 16 proximate the channel(s) (not shown),
preferably by depositing polysilicon (poly), patterning the poly and etching gate to
form poly spacer gates 32. The vertical area adjacent spacer gate 32 are channels.
This is necessary to define poly lines for connecting gates together or for forming

contact landing pads.

10



" oxynitride hardmask is renoved and before the gate oxide is grown. .. 25.
The nmet hod of claim 20, wherein the spacer gates are forned of polysilicon.
18 26. The nmethod of claim 20, wherein the spacer gates are forned by
depositing and patterning polysilicon. 27. The nethod of claim 20, wherein
t he spacer gate inplants within spacer gates and the second i npl anted

r egi onMMskhRinl Erxhplaﬁ&ﬂrhﬁ%é od Qte 22 € perfornmed at an inplant rotating
around the vertical pillar at an angle tilted to vertical. i 19 . AQ
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CTLETT# # #H#SUSSS, 9B 9B&&' R ' E(M(d(~ytoj e [V]]ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”ha] ca] ca] ca] c”ha] ca] ca] cMa] ca]calca

cald(j(t b ST Al p e oy :
P L) LA donali ik aciuated and futhes pracesyingmay B ASHF ) ca cal cal
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222/ 3{334) 440bi 555766666( 71 777788} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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89b999:: _:::/;f;;; (<<<=U=me=
>Y>>>? DAl@ Aagkansiul” dlafion] salsed cajda]asajwadtival dsglasioval hagic gjarapici] cal ca
] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! GHAAABBNBBBBBDC\ CCCCUDDDD
- E_EEESRpEEFance and low junction breakdowns) or LOCOS (needs high temperature
GGGGE0H wr mhe”Y] ] ¢] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] c
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UDDDD- E_ EEESFWFFF; :
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O ) o3y 105@ () CRBBRET (7S 26 SR T LR SO I FOTELE TECRETES ) S
oo | seRio Hplahited ¥! ti¥sdrhé tard QM Aardfh (e ST rOfEubhy. Phud Wl - S
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scaled down.

Advantages of the Invention

The advantages of one or more embodiments of the dual-gate CMOS
device fabrication method of the present invention include:
1) the advantages of vertical transistor architecture;
2) no reliance upon selective epitaxy; and

3) no reliance upon CMP for forming STlIs.
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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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We claim:

1. A method of fabricating an isolated vertical transistor, comprising the steps of:
providing a wafer having a first implanted region selected from the group
comprising a source region and a drain region; the wafer further including STI
areas either side of a center transistor area;
5 patterning the wafer down to the first implanted region to form a vertical

pillar within the center transistor area using a patterned hardmask; the vertical

pillar having side walls;

-

forming a pad dielectric layer over the wafer, lining the vertical pillar;
forming a nitride layer over the pad dielectric layer;
10 patterning the structure and etching through: the nitride layer; the pad
dielectric layer and into the wafer within the STI areas to form STI trenches within

the wafer;

filling the STI trenches with insulative material to form STIs within STI

trenches;

15 removing the patterned nitride and pad dielectric layers;

removing the patterned hardmask;

growing gate oxide over the exposed portions of the wafer and the vertical

pillar; and

forming spacer gates over the gate oxide lined side walls of the vertical

20 pillar; and

forming spacer gate implants within the spacer gates and a second implanted

region within the vertical pillar selected from the group consisting of a drain region
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2. The method of claim 1, wherein the wafer is comprised of silicon and the

hardmask is comprised of silicon oxynitride.

3. The method of claim 1, wherein the pad dielectric layer is a thin pad oxide layer;

and the STI insulative material is oxide.

4. The method of claim 1, wherein the wafer is comprised of silicon; the hardmask is

comprised of silicon oxynitride; the pad dielectric layer is a thin pad oxide layer;

and the STI insulative material is oxide.

5. The method of claim 1, wherein the STI trenches are filled with a liquid phase
deposited oxide to form the STIs.

6. The method of claim 1, including the step of forming well implants and

threshold-voltage (V) adjust implants after the patterned hardmask is removed and

before the gate oxide is grown.

7. The method of claim 1, including the step of forming well implants and
P-type and N-type threshold-voltage (V) adjust implants after the patterned

hardmask is removed and before the gate oxide is grown.

8. The method of claim 1, wherein the spacer gates are formed of polysilicon.
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, F109%&a{tdrning polysilicon.

10. The method of claim 1, wherein the spacer gate implants within spacer gates

and the second implanted region within the vertical pillar are performed at an

implant rotating around the vertical pillar at an angle tilted to vertical.

11. A method of fabricating an isolated vertical transistor, comprising the steps of:

providing a wafer having a first implanted region selected from the group
comprising a source region, a drain region and well-implant regions; the wafer
further including STI areas either side of a center transistor area;

5 patterning the wafer down to the first implanted region to form a vertical
pillar within the center transistor area using a patferned hardmask; the vertical
pillar having side walls;

forming a pad dielectric layer over the wafer, lining the vertical pillar;
forming a nitride layer over the pad dielectric layer;

10 patterning the structure and etching through: the nitride layer; the pad

dielectric layer and into the wafer within the STI areas to form STI trenches within

the wafer;

filling the STI trenches with insulative material to form STIs within STI

trenches;
15 removing the patterned nitride and pad dielectric layers;
removing the patterned hardmask;

forming well implants into the wafer and threshold-voltage (V,) adjust

implants into the vertical pillar;
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forming spacer gates over the gate oxide lined side walls of the vertical
pillar; and -

forming spacer gate implants within the spacer gates and a second implanted
region within the vertical pillar selected from the group consisting of a drain region

and a source region that is not the same as the first implanted region to complete

formation of the isolated vertical transistor.

12. The method of claim 11, wherein the wafer is comprised of silicon and the

hardmask is comprised of silicon oxynitride.

13. The method of claim 11, wherein the pad dielectric layer is a thin pad oxide

layer; and the STI insulative material is oxide.

14. The method of claim 11, wherein the wafer is comprised of silicon; the

hardmask is corﬁprised of silicon oxynitride; the pad dielectric layer is a thin pad

oxide layer; and the STI insulative material is oxide.

15. The method of claim 11, wherein the STI trenches are filled with a liquid phase
deposited oxide to form the STIs.

16. The method of claim 11, including the step of forming well implants and

P-type and N-type threshold-voltage (V,) adjust implants after the patterned

hardmask is removed and before the gate oxide is grown.
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18. The method of claim 11, wherein the spacer gates are formed by depositing and

patterning polysilicon.

19. The method of claim 11, wherein the spacer gate implants within spacer gates
and the second implanted region within the vertical pillar are performed at an

implant rotating around the vertical pillar at an angle tilted to vertical.

20. A method of fabricating an isolated vertical transistor, comprising the steps of:
providing a silicon wafer having a first implanted region selected from the

group comprising a source region, a drain region and well-implant regions; the

silicon wafer further including STI areas either side of a center transistor area;

5 patterning the silicon wafer down to the first implanted region to form a
vertical pillar within the center transistor area using a patterned silicon oxynitride
hardmask; the vertical pillar having side walls;

forming a pad dielectric layer over the silicon wafer, lining the vertical pillar;
forming a nitride layer over the pad dielectric layer;
10 patterning the structure and etching through: the nitride layer; the pad
dielectric layer and into the silicon wafer within the STI areas to form STI trenches

within the silicon wafer;

filling the STI trenches with insulative material to form STIs within STI

trenches; S

15 removing the patterned nitride.and pad dielectric layers;

removing the patterned silicon oxynitride hardmask;
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adjust implants into the vertical pillar;

growing gate oxide over the exposed portions of the silicon wafer and the

20  vertical pillar; and

forming spacer gates over the gate oxide lined side walls of the vertical

pillar; and
forming spacer gate implants within the spacer gates and a second implanted
region within the vertical pillar selected from the group consisting of a drain region

25 and a source region that is not the same as the first implanted region to complete

formation of the isolated vertical transistor.

-

21. The method of claim 20, wherein the pad dielectric layer is a thin pad oxide

layer; and the STI insulative material is oxide.

22. The method of claim 20, wherein the pad dielectric layer is a thin pad oxide

layer; and the STI insulative material is oxide.

23. The method of claim 20, wherein the STI trenches are filled with a liquid phase
deposited oxide to form the STIs.

24. The method of claim 20, including the step of forming well implants and
P-type and N-type threshold-voltage (V,) adjust implants after the patterned silicon

oxynitride hardmask is removed and before the gate oxide is grown.

25. The method of claim 20, wherein the spacer gates are formed of polysilicon.
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implant rotating around the vertical pillar at an angle tilted to vertical.
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