METHOD FOR FABRI CATI NG VARI ABLE CHANNEL LENGTH VERTI CAL TRANSI STORS
BACKGROUND OF THE I NVENTION (1) Field of the Invention The present
invention relates to nethods used to fabricate sem conductor devices, and
nore specifically to a nethod used to fabricate vertical transistors
featuring variable channel |lengths. (2) Description of Prior Art The
advent of mcro-mniaturization, or the ability to fabricate sem conductor
devices with sub-mcron, or deep sub-mcron features, has allowed a
greater nunber of smatter sem conductor chi 0 be obtained froma
speci f MET]Qk FORIFABRE AEMTYABLEBBY CHADY EIaEBNGT@sYﬁRTIEé\h HRANP @I&f‘%ﬁ on
of processing costs for a specific sem conductor chip. The smaller
sem conductor chips still offer device densities equal to, or greater
t han, counterpart sem conductor chips, conprised with |arger features.
Advances in specific sercooROCND Of BEEPNVARTIOSUch as phot ol i t hogr aphy,
have allowed the attainnent of sub-mcron features to be routinely
achi eved. The use of nobre sophisticated exposure caneras, as well as the
devel opment of nore sensitive photoresist nmaterials, have allowed inmages
of les 2 um.to be resolved for photoresist shapes and for
featurig&ggﬁpgéﬁEU?P%%lthese deep sub-m cron photoresi st shapes as an etch
mask. Still the [limting resolution provided by present photolithographic
procedures, restrict the level of 1 mniaturization available for
hor i zont al Thy peesens anprigtidalatesio methogeused i fabripgiy swpir@Klugpr fodesciibe t he
fabrication of vertical type sem conductor devices, in

more specifically to a method used to fabricate vertical transistors featuring variable channel

lengths.

(2) Description of Prior Art

The advent of micro-miniaturization, or the ability to fabricate semiconductor devices with
sub-micron, or deep sub-micron features, has allowed a greater number of smaller semiconductor
chips to be obtained from a specific size starting semiconductor substrate, resulting in a reduction
of processing costs for a specific semiconductor chip. The smaller semiconductor chips still
offer device densities equal to, or greater than, counterpart semiconductor chips, comprised with
larger features. Advances in specific semiconductor disciplines, such as photolithography, have
allowed the attainment of sub-micron features to be routinely achieved. The use of more
sophisticated exposure cameras, as well as the development of more sensitive photoresist
materials, have allowed images of less than 0.25 um to be resolved for photoresist shapes and for
features defined using these deep sub-micron photoresist shapes as an etch mask. Still the

limiting resolution provided by present photolithographic procedures, restrict the level of




whi ch the channel length of a netal oxide sem conductor field effect
(MOSFET) device is not defined by limting photolithographic procedures,
but by the thickness of deposited materials. This invention will also
describe a unique fabrication process for vertical type, conplinentary
nmet al oxi de sem conductor (CMOS), featuring both P channel (PMOS), and N
channel (NMOS), devices, with the ability to formvariable | ength channel
| engths. Prior all, such as Hause et al, in US. Pat. No. 6,069, 384,

descri be a net hod of fabricatin vertlc | transistor structure, however
t hat ﬁﬁﬁ@ﬁwéﬁ¥m68€§mh@tO%W¥%P“@ﬁ%p%§88@§ YGEAFY'BSd in this present
invention in which both NMOS and PMOS vertical devices are forned with
vari abl e channel |engths. SUMMARY OF THE INVENTION It is an object of this
invention to fabricate vertical, netal oxide sem conductor field effect

t ransi st or shit MOBHE) willdéxértteshe fabrieatioe mt eatichlcypersesitosducadralevices, itse  anot her
object of this invention to formvertical devices featuring variable
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vertical channel |ength determ ned by the thickness of a deposited
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met hod of fabricating vertical CMOS devices on a sem conductor chi
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heavily doped N type region, to be used as a drain region for a subsequent
vert i cadviddyOEth the ability to form variable length channel lengths. Prior art, such as Hause et al,

in U.S. Pat. No. 6,069,384, describe a method of fabricating a vertical transistor structure,
however that prior art does not offer the process described in this present invention in which both

NMOS and PMOS vertical devices are formed with variable channel lengths.

SUMMARY OF THE INVENTION

[t is an object of this invention to fabricate vertical, metal oxide semiconductor field effect

transistors (MOSFET), devices, on a semiconductor substrate.

It is another object of this invention to form vertical devices featuring variable channel
lengths, specific channel lengths for specific devices, with the vertical channel length determined

by the thickness of a deposited insulator, or deposited composite insulator layer.

It is still another object of this invention to form CMOS devices, P channel (PMOS), and
N channel (NMOS), devices, comprised with variable channel length devices, on the same

semiconductor chip.




device, is fornmed in a first region of a sem conductor substrate, followed
by formation of a heavily doped P type region, to be used as a drain
region for a subsequent vertical PMOS device, in a second region of the
sem conductor substrate. After deposition of a first silicon oxide |ayer
and of a first silicon nitride |ayer, patterning procedures are enployed to
renmove the first silicon nitride layer fromthe first silicon oxide |ayer
in the PMOS region. Deposition of a second silicon nitride |layer and of an
overlying second silicon oxide |layer results in a first conposite
insulator layer in the NMOS region conprised of second silicon oxide |ayer,
second si 11 ¥sprdanaeryighethp gyeeent ipepiien s mefhedpt Fbfipstag viegipak CMERHjcest
silicon oxide |ayer, while a thinner, second conposite insulator |ayer,
conpr i sed saficesboted ckip] fegtonnstédess|cayprisedsatovrdiablelchooel lengths, dedestahyedr, and
first silicon oxide layer resides in the PMOS regi on. Channel openings are
next ARG ddpell Netybd feglonCtormRestd & 4 Qs radion fdrakebscgXaROsérfigal AINDOKL i on of
the top surface of the Ntype drain region, and in the thinner, second
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type drain region. An epitaxial silicon layer is then sSelectively grown
filling the ., ch el openj ngs; t hin. pol.ysi.licon |ayer i.s it eposi ted
Fol | ondein8y gRAToPRY ReGTaisc st i S b8 enraBea S hriig RS SFHRSn o
the thin polysilicon |ayer located in the NMOS region to be doped N type
via ion inplantation procedures, then allow ng the portiaon of thin

pol ysi i1 &&sondigsion of feataiponticfiisuimipts. AdgT dwosition pea Bspetcq axsdayeas t er
deposition of a third silicon oxide |ayer photolithographic and sel ective
dry et ehd pif:o@wdulies mdiride liyed ptterniegpiwecBrrexposeplopal biremsvedhe fitt sillcwi | i con
oxi de layer, of Ntype and P type, thin polysilicon |ayer, and of second
si | i copjtead deerlfayiethe Mt iicbhexidelfet invee BvDSatEbn PDesedibhefter m nating at

t he appearance of
second silicon nitride layer and of an overlying second silicon oxide layer results in a first
composite insulator layer in the NMOS region comprised of second silicon oxide layer, second
silicon nitride layer, first silicon nitride layer, and first silicon oxide layer, while a thinner,
second composite insulator layer, comprised of second silicon oxide layer, second silicon nitride
layer, and first silicon oxide layer resides in the PMOS region. Channel openings are next
formed in the first composite insulator layer exposing a portion of the top surface of the N type
drain region, and in the thinner, second composite insulator layer exposing a portion of the top
surface of the P type drain region. An epitaxial silicon layer s then selectively grown filling the
channel openings. A thin polysilicon layer is then deposited followed by photolithographic

masking procedures allowing the portion of the thin polysilicon layer located in the NMOS

region to be doped N type via ion implantation procedures, then allowing the portion of thin
polysilicon layer, located in the PMOS region, to be doped P type . After deposition of a third

silicon oxide layer photolithographic and selective dry etch procedures are used to remove




the second silicon nitride layer, creating thin polysilicon shapes, to be
used as source regions, and creating underlying second silicon oxide
shapes to be used as insul ator spacers for the subsequent CMOS devi ces.
After renoval of the photoresist mask used for definition of the above
shapes a wet etch procedure is enployed to renove second and first silicon
nitride layers in the NMOS region, exposing a first length of selective
epitaxial silicon to be used for the NMOS channel region, and to renove
second silicon nitride layer in the PMOS region, exposing a shorter |length
of selective epitaxial silicon to be used for the PMOS channel region. A

si | i cosrpgbesiiod@onyaf éhird sidapnpxaste layet N éypeopdB dyrsnthitheo lEnbsandpyaregil@fs, as
well as on the sides of the Ntype, and P type polysilicon shapes. A thick
pol ysi $dcemhsilieynerxideslage posh thedelactd caypietoh dopetirdetiyipetingnatttieaddkibBiceradgi on,
and doped P type in the PMOS region. A selective, anisotropic dry etch

pr Ocedule%ecoh@m&6§ n{t@&d ang, &a‘:attn@ltk@iti p@@kﬂﬁ@d}d élﬁpé% loayaked® soareesashsbynd he
overlying third silicon oxi e - thin polysilicon - second silicon oxide

shapes czrxtﬁ%qlnﬁk ;}Qng'; Becofl é’l ng t%mw@ t98<¥ h a8 ﬁggﬁfo'l 3 eﬁffmathe ELITHS cﬁﬁerﬂ!\l type

ponS| I Cco surroun |con |0X|de gate insulator Tayer in

comr i CoRTRet s’ ety er P Y LRt %fs?%ﬁron FRCBRve LRl

vertical PMOS devi ce, conprlsed of athick, Pty silicon_sha e

sur r oudi g prReediig  EHRIYES I §EOHRBEORhY f‘aﬁfoﬁmqoayéwd? g ﬂrétj!ieé\%MPE whi ch
the gate insulator |ayer overlays a channel region conprised of a shorter,
secondrdgamgtitposiig sdirgderigiteofoslervd eplitasial silcon to bEaeh fehtha NMOSP ebdnonl i s

| ocat ed between an overlying thin, doped polysilicon source and silicon

oxi de %_F%ﬂﬁl?ér&t toadBdowndesddyilngn heade layedopedMO8irei6ig @k pisng AstBREBEngth

DESCRI PTI ON OF THE DRAW NGS
of selective epitaxial silicon to be used for the PMOS channel region. A silicon dioxide gate
insulator layer is formed on the channel regions, as well as on the sides of the N type, and P type
polysilicon shapes. A thick polysilicon layer is deposited and again doped N type in the NMOS
region, and doped P type in the PMOS region. A selective, anisotropic dry etch procedure
removes regions of thick polysilicon layer not covered by the overlying third silicon oxide - thin
polysilicon - second silicon oxide shapes, resulting in: a vertical NMOS device, comprised of a
thick, N type polysilicon shape, surrounding the silicon dioxide gate insulator layer in a region in
which the gate insulator layer overlays a channel region comprised of the first length of selective
epitaxial silicon; and a vertical PMOS device, comprised of a thick, P type polysilicon shape,
surrounding the silicon dioxide gate insulator layer in a region in which the gate insulator layer
overlays a channel region comprised of a shorter, second length of selective epitaxial silicon.

Each channel region is located between an overlying thin, doped polysilicon source and silicon

oxide spacers, and underlying heavily doped drain regions.




The obj ect and ot her advantages of this invention are best described in the

preferred enbodinent, with reference to the attached draw ngs that

include: Figs. | - 14, which schematically in cross-sectional style show

key process stages used to fabricate vertical CMOS devices, featuring

devi ces conprised with variable channel |engths, on the sanme sem conductor

chi p. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The net hod of form ng

vertical CMOS devices, with the ability to formdevices with variable

channel | engths on the sanme_ sem conduct or chi WwiII now be described in
§Eﬁ£ f

detai|l. Sem conduct GPRIEGASEIGRIBTION cY¥ivbHE INGSt ype single crystalline

silicon with a <100> crystallographic orientation, is used and
schematically shown in Fig. 1. Shallow trench isolation (STl), region 2, is
used to i sOhabigedt agd otheSivamtiiges efrihdoindertioararshibsdasaitedin tHepriferretsed f or
subsequent N channel (NMOS), devices, fromregion 60, of sem conductor

subst r8191}?0dlmeﬁt0w1t§%@é‘éﬂé&qmﬂeyatt‘défég d?%iﬂ@&t%ﬂﬁaﬁ&@ P channel (PMOS) devices.
STI region 2, is fornmed by initially defining a shallow trench shape in

seni conduct or substrate 1, via photollthographlc and dry et chi ng
procedures._. f the 0

oII 0 t,ren
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insulator layer fromthe top surface of sem conductor substrate 1,
r esul t imgamasenfiopnvtioophipf STl regi on 2. A photoresist shape, not shown in

drawings, is used as a nask to 5 allow an inplantation procedure, using
boron ions at an energy between about 2 to 10 KeV, at a

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of forming vertical CMOS devices, with the ability to form devices with
variable channel lengths on the same semiconductor chip, will now be described in detail.
Semiconductor substrate [, comprised of P type single crystalline silicon with a <100>
crystallographic orientation, is used and schematically shown in Fig. 1. Shallow trench
isolation (STI), region 2, is used to isolate region 50, of semiconductor substrate 1, to be used for
subsequent N channel (NMOS), devices, from region 60, of semiconductor substrate 1, to
subsequently used to accommodate P channel (PMOS) devices. STI region 2, is formed by
initially defining a shallow trench shape in semiconductor substrate 1, via photolithographic and

dry etching procedures, followed by filling of the shallow trench shape with a chemically vapor
deposited (CVD), insulator layer such as silicon oxide. Chemical mechanical polishing (CMP},

or selective, reactive ion etching (RIE), procedures are then used to remove unwanted portions of
the filling insulator layer from the top surface of semiconductor substrate 1, resulting in

formation of STI region 2. A photoresist shape, not shown in drawings, is used as a mask to




dose between about | E 15 to 6E 15 atons/cnR, to form heavily doped P type
region 3, in region 60, of sem conductor substrate 1, to be used for PMOS
devices. Heavily doped P type region 3, will be used as the heavily doped
P type drain for the PMOS devices. After renoval of the nmasking

phot oresi st shape via plasma oxygen achi ng, another photoresist shape,
again not shown in the drawings, is used as a nask to protect PMOS region
60, froman inplantation procedure used to from heavily doped N type drain
region 4, in_region 50, of sen conductor substrate 1
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performed using arsenic or sphorous ions, at an energy between about 40
to 90 Kesg betweeanbouidEdhto oo ﬂt@es/me rio &peteayilhylopsd P dyrgEegisn atioms/ cn@.  The
result of these procedures is schematically shown in Fig. 1. Silicon oxide
| ayer gidgrsomextemtiepodictedutatrai |, tdbeclsnd &8 PO Iedericab dighvibOidped 2AGhe
Angstrons, via |ow pressure chem cal vapor deposition (LPCVD), or via

pl asme ehanesd be NeRN Lahe NRAPDY dﬂfé@@'&yﬁé @Bin(FERYPMIY asedyr 8sier fclovaverd by
t he deposition of silicon nltrl | ayer 6, at a thickness between about 300
to 500 ﬁﬂﬁg of
these dSBeRidTRorsREdldeY %ﬁsﬁﬁ@zg‘ﬁ R R
shape 7 i S, n& %_deflned nd useE §=t?§ﬁﬁ r ot ct NVIOS rgglon 50,
from &QESPoLaNies GUE 4 %% é%?‘o & %eg 9 Hmrﬁ“ PRAAIgY e 6,
fromthe top surface of silicon_ oxide layer 5, in PNCS region 60. The R E
pr ocedifaseiuse prdfte fraidhagsilngoperl M yee @ﬂﬁir’e"@%lﬁaﬁt infrggion 3§, of semicpiduciode, with a
high etch rate ratio of silicon nitride to silicon oxide in a Cl2 anbient,
al | owi mgpstrhie |RivEcrpramedit, es todesstdptacvmhyiodas NiVi(a8 devadest Tikisappeamboce of
silicon oxide layer 5. The result of this procedure is schematically shown
i n Fi gpra2edd (s9ferfoRR@Ma)inoOfrsddt0drghesphsous ions, at an energy between about 40

to 90 KeV, at an implant dose between about [ELS to 8EIS atoms/cm’. The result of these

procedures is schematically shown in Fig. 1. Silicon oxide layer 5, is next deposited ata

thickness between about 50 to 200 Angstroms, via low pressure chemical vapor deposition

(LPCVD), or via plasma enhanced chemical vapor deposition (PECVD) procedures, followed by

the deposition of silicon nitride layer 6, at a thickness between about 300 to 5000 Angstroms,

again via LPCVD or PECVD procedures. The result of these depositions is again schematically

shown in Fig. L.

Photoresist shape 7, is next defined and used as an mask to protect NMOS region 50, from

a RIE procedure used to selective remove silicon nitride layer 6, from the top surface of silicon

oxide layer 5, in PMOS region 60. The RIE procedure is performed using Cl; as an etchant for

silicon nitride, with a high etch rate ratio of silicon nitride to silicon oxide in a CI; ambient,

allowing the RIE procedure to selectively terminate at the appearance of silicon oxide layer 5.

The result of this procedure is schematically shown in Fig. 2. After removal of photoresist




6 shape 7, via plasma oxygen ashing procedures, silicon nitride |ayer 8, is
conformal |y deposited at a thickness between about 50 to 500 Angstronmns,
via LPCVD or PECVD procedures, followed by a confornal deposition of
silicon oxide |ayer 9, at a thickness between about 50 to 200 Angstrons,
again via LPCVD or PECVD procedures. The result of these depositions are
schematically illustrated in Fig. 3. The difference in thickness of the

i nsul ator stacks in NMOS region 50, and in PNCS regi on 60, resulting from
the presence of silicon nitride |ayer in onl NMOS regi on 50,
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types. Photoresist shape 10, is now used as a nmask to all ow channel opening
11, i na NSessiegpivan 25Oyt Sdrid 5@@1&n@‘éﬂ0mpein LG VIR or PRCEDavodedurhis lavegi on 60,
to be defined. An anisotropic R E procedure is enployed, first using CHF3
as an gy & bBadrbrohQdeSdsition @ sidsbdexilames Dat 4 didheabeng:en about e t@piear ance of
S|I|con nitride Iayer S. At this stage of the anisotropic RIB procedure C 2
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or ¢ opening 11, '‘and to renove only silicon nitride |ayer
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opening 12. The anisotropic RIE procedure is then continued u5|ng CHF3 as
an et cha®S fegiors§0, gl ubsequistly dstermisg the dflirencadn ¢hannghbeetidpinkath dopemi ng
11, exposing a portion of the top surface of heavily doped N type drain
regi ontyes.and resulting in PMOS channel opening 12, exposing a portion of
the top surface of

Photoresist shape 10, is now used as a mask to allow channel opening [ [, in NMOS
region 50, and channel opening 12, located in PMOS region 60, to be defined. An anisotropic
RIE procedure is employed, first using CHF; as an etchant for silicon oxide layer 9, terminating
at the appearance of silicon nitride layer 8. At this stage of the anisotropic RIE procedure Cly is
used to selectively remove silicon nitride layer 8, and silicon nitride layer 6, for channel
opening 11, and to remove only silicon nitride tayer 8, for channel opening 12. This selective
dry etch procedure using Cly as the etchant terminates at the top surface of silicon oxide layer 5,

therefore the additional time needed to remove both silicon nitride layers in channel opening L1,
did not result in additional etching in channel opening 12. The anisotropic RIE procedure is then

continued using CHF; as an etchant for silicon oxide layer 5, resulting in NMOS channel
opening 11, exposing a portion of the top surface of heavily doped N type drain

region 4, and resulting in PMOS channel opening 12, exposing a portion of the top surface of
heavily doped P type source region 3. The diameter of channel opening 11, and of channel

opening 12, is between about 0.5 to 2 um. This is schematically shown in Fig. 4. Photoresist



heavily doped P type source region 3. The dianeter of channel opening 11,
and of channel opening 12, is between about 0.5 to 2 um This is
schematically shown in Fig. 4. Photoresist 7 shape 10, is then renoved via
pl asma oxygen ashi ng procedures. A buffered hydrofluoric (BHF), or dilute
hydrof luoric (DHF), pre-clean procedure is next perforned prior to
selective growh of intrinsic silicon, in NMOS channel opening 11, and in
PMOS channel opening 12. Single crystalline silicon is epitaxially grown on
the underlying drain regions, at a tenperature between about 800 to 1200
C, at a pressure between about 10 to 50 torr, using silane or

di chl ostepe [Grethas rensed voalasireoxgigel sbmeapidediical growt h, sel ectively

grown only on exposed silicon regions, specifically the drain regions,
conpletely fills the channel openings without formng on the top surface
of siliconAmdffetigyiRYRbrS(BHIES b dil B@hydio BidricGDHF), G-t proaddushiapextl4, in
NMOS openi ng 11, and silicon cylindrical shape 15, in PMOS channel opening
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region obtained as a resu fference 1 n dept t he
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cylindrical shapes 14 and 15, overlyiq? portions of the top surface of
si | i cofrabxiegions.ay e ferperatia betyicen apoub & togh8iit b PSPEsEHE BFEREAVF tthdri cal
shapes, initiating after conplete filling of openings I 1 and 12, allow
t he heitglit sorgfusing lsilatrorr dahlostralpesasidsoarsd. T8¢ sibeordetiexial gredtihyeledieelydept h of
openings 11 and 12, respectfully. This is schematically shown in Fig. 5.
| Nt ri ngideyan@lly sk bipednl dilayaredbs, sgbiownllshbermd fagiink xopldidig fill6iheicBarmnekt
deposited via LPCVD procedures to a thickness between about 400 to 1000
ANGSt T QB indd WARRLCHBRING on SMARE surface of silicon nitride layer 8, resulting in silicon

cylindrical shape 14, in NMOS opening 11, and silicon cylindrical shape 15, in PMOS channel

opening 12. This is schematically shown in Fig. 5. The variable length channel regions will be

obtained as a result of the difference in depth of the channel openings. The epitaxially grown,

undoped cylindrical shapes grow laterally after filling openings 11 and 12, resulting in a portion

of cylindrical shapes 14 and 15, overlying portions of the top surface of silicon oxide layer 9.

The lateral over growth portion of the cylindrical shapes, initiating after complete filling of

openings 11 and 12, allow the heights of cylindrical shapes 14 and 135, be determined by the

depth of openings 11 and 12, respectfully. This is schematically shown in Fig. 5.

Intrinsic polysilicon layer 16a, shown schematically in Fig. 6, is next deposited via
LPCVD procedures to a thickness between about 400 to 1000 Angstroms. A photoresist shape,
not shown in the drawings, is next used to block NMOS region 50, from implantation of boron

ions at an energy between about 2 to [0 KeV, and at a dose between about 1E15

to 5E15 atoms/cm?, converting exposed portions of intrinsic polysilicon layer 16a, to P type

8




not shown in the drawi ngs, is next used to block NMOS regi on 50, from

i npl antation of boron 1ions at an energy between about 2 to 10 KeV, and at
a dose between about 1 E 15 to 5E15 atons/cnR, converting exposed portions
of intrinsic polysilicon |ayer 16a, to P type 8 polysilicon |ayer

16¢c. After renoval of the NMOS photoresist block out shape anot her

phot oresi st shape is used to protect PMOS region 60, frominplantation of
arseni ¢ or phosphorous ions, at an energy between about 40 to 70 KeV, and
at a dose between about 1E 15 to 6E 15 atoms/cnR, resulting in N type
polysilicon |ayer 16b, in unprotected portions of intrinsic polysilicon

| ayer 16a. The result of the procedures used to dope intrinsic polysilicon
| ayer pfgilidoa layee h@nafitroaibyal of twwiNMOSHibgtorégist Henlowat| shafe ankhthePMDBoresist

phot oresi st bl ock out shape is again acconplished via plasm oxygen ashing
Pr ocedykesis ustd foGRatePNIOS I (%Y@f 60l ?m:ri inphet D e dl ascic bapithsprskudions, at
subsequent patterni ng procedures, next deposited via LPCVD or PECVD
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ani sotropi c RIE procedure is then continued  ,using Cl2 as an._etchant to
def i nelaydid oN ThHpeespbplise prosetiragisee i dﬁmaﬁé“&%woié%'dw@ddﬁé#%ég P type
polysilicon source shape 16e. The final stage of the anisotropic R E

pr oc edschemfitiatiysiesyidiefligi % iRmmovef ofght PHISIS wwicdesis bhck gt shgpe iagainenoval of
exposed regions of silicon oxide |ayer 9, using CHF3 as an etchant. This

IS scheuBinpRcl Yiash@th dx9gér Ghind prifeli@es.r enoval of phot oresi st shapes 18,
via pl asma oxygen ashing procedures, a hot

Silicon oxide layer 17, to be used as a hard mask for subsequent patterning procedures, 1s
next deposited via LPCVD or PECVD procedures at a thickness between about 200 to 500
Angstroms. Photoresist shapes 18, are then formed and used as a mask to allow an anisotropic
RIE procedure, using CHF; as an etchant, to define the desired source shape in silicon oxide
Jayer 17. This is schematically shown in Fig. 8. The anisotropic RIE procedure is then continued
using Cl, as an etchant to define the N type polysilicon source shape 16d, and to define P type
polysilicon source shape 16e. The final stage of the anisotropic RIE procedure features definition
of silicon oxide spacers 29, via removal of exposed regions of silicon oxide layer 9, using CHF;

as an etchant. This is schematically shown in Fig. 9.

After removal of photoresist shapes 18, via plasma oxygen ashing procedures, a hot
phosphoric acid solution is used to selectively remove silicon nitride layer 8, and silicon nitride
layer 6, resulting in exposure of a portion silicon c¢ylindrical shape region 14, regarded as the
NMOS channel region, and of a portion of silicon cylindrical shape 15, to be used as the PMOS

9




phosphoric acid solution is used to selectively renove silicon nitride

| ayer 8, and silicon nitride |l|ayer 6, resulting in exposure of a portion
silicon cylindrical shape region 14, regarded as the NMOS channel region,:
and of a portion of silicon cylindrical shape 15, to be used as the PMOS 9
channel region. This is schematically shown in Fig. 10. A thermal oxidation
procedure, performed at a tenperature between about 800 to 1200 C, in an
oxygen - steam anbient, is next wused to formsilicon dioxide gate

i nsul ator layer 19a, on the NMOS channel region, and to form silicon

di oxi de gate insul ator |ayer 19b, on the shorter, or narrower PMOS channel

r egi orchabest regicn: Thit isehenadsallyshowam Bisolft: Atharnalgidaing S16HES: The t her nal
oxi dation procedure also results in the gromﬂh of silicon oxide |ayers
19c, oferfoheckxpasegersivdestedcnNboyBOOpoll 31" 10, com soyeicesteahapbietBi, neand on

t he exposed sides of P type polysilicon source shape 16e. This is
schengtdeg & fo¥mislilcys o iR Gafeindul Gor thydr 194, fondesSNMEIE éhalih@hedofliagd echbrmc | ayer
such as hafniumoxide (H f02), or zirconiumoxide (Zr02), at a thickness

bet we e{hi&)l?loc!('f%)&i_%j‘o ga{té; w&%&oﬁﬂ%ﬁ 98NBh the AMorRE, or A IRE PAIBSRhAHeE e RY Shoth

deposition used’as a gate i1 nsulator layer. Intrinsic polysilicon

| ayer 20a,. s next deposjted vi.a LPCVD pyrocedures .tq. i _ ween
about Saguckiohrergon she. hAraredm R E B Sl iR SRR oG "Sre
as an etchant for polysjilicon, is used to ngnnve the top. portion of
i nt ri ngithe grerisel silken dcitpdavergdc. aothg exprsedtidet ot Nhives P?‘H\gh?%o&i}f?f ace of
silicon oxide shape 17, |located in PMOS region 60, is exposed, while the
t op sushape &6 abden theraposedeidgrorithl pe pélysihean sevice sippky 6. TRidIF | ayer 20a, in
NMOS region 50, is at a |l evel adjacent to silicon oxide spacers 29. This is
schenmagdhe@htioalls NowRated idFFig. 112.1f despbot Gighsd ditleatiapger suoh ashdmmnmi axidche
drawi ngs, is next used to block NMOS region 50,

(HFO,), or zirconium oxide (ZrO;), at a thickness between about 10 to 100 Angstroms, can be

formed via atomic layer deposition (ALD), and used as a gate insulator layer.

Intrinsic polysilicon layer 20a, is next deposited via LPCVD procedures to a thickness
between about 1000 to 2000 Angstroms. A selective RIE procedure, using Cl; or SFg as an
etchant for polysilicon, is used to remove the top portion of intrinsic polysilicon layer 20a, to a
point at which the top surface of silicon oxide shape 17, located in PMOS region 60, is exposed,
while the top surface o the remaining portion of intrinsic polysilicon layer 20a, in NMOS
region 50, is at a level adjacent to silicon oxide spacers 29. This is schematically shown in
Fig [2. A photoresist shape, not shown in the drawings, is next used to block NMOS region 50,
from implantation of boron ions performed at an energy between about 20 to 50 KeV, and at a
dose between about 1E15 to SE15 atoms/cm?, converting exposed portions of intrinsic
polysilicon layer 20a, to P type polysilicon layer 20c. After removal of the NMOS photoresist

block out shape another photoresist shape is used to protect PMOS region 60, from implantation
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frominplantati on of boron ions perfornmed at an energy between about 20 to
50 KeV, and at a dose between about IE 15 to 5E15 atons/cnR, converting
exposed portions of intrinsic polysilicon |ayer 20a, to P type polysilicon
| ayer 20c. After renoval of the NMOS photoresist block out shape anot her
phot oresi st shape is used to protect PMOS region 60, frominplantation to
of arsenic or phosphorous ions, perforned at an energy between about 50 to
100 KeV, and at a dose between about |E15 to 6EL5 atons/eng, resulting in
N type polysilicon |ayer 20b, unpr ot ec ortiopns of inptrin

pol ysi oF G Oé;F’EPSP?@La"USWé Resbgngd ﬁfar‘t"ﬁ%‘gbi’?ﬁ?@ FRout ofL o 096<%|5‘8 Phtrinsic
polysilicon layer 20a, is schematically shown in Fig. 13. The photoreS|st
shape, dassddtveon alisiup ¢k 1 bt SEHNE®MEYN 6 restiliing iy Ntties pelssylisen dopt H. 6f intrinsic
polysilicon | ayer 20a, is then renoved via plasma oxygen ashing

pr ocedusipestectéd pa@tibaadfi igmeasic golystitahlaperddedTheresyes  tbe pedediirésheud to dope
photoresi st masking, is next enployed to renpve portions of doped

pol ysi |gnGans pdistIRGn $dylel SO iOXhdatRRBPERwhin FAS 1R NRY ShotdrBsik shdfeeusdtiYo et ch
pr ocedur e |s an ani sotropic R E procedure, using Cl12 or SF5 as an etchant

for p81|0¥ béttﬁ/ﬁgs &l%gﬂm ttﬁQNrt%ﬁ c?og Wg 0?119[ indlQ %)é/lgél 1(1,09‘1q e 90?' :%,]fhgﬁ) n oxi de,

bet ween this se tive dry etc rocedure to
ternlnate i top surfaﬁe of dIlcon OXIde | ayer 5. The result of this
pr oced{ff&"e @ﬁ@ EECAVES! RO TR EFY. is the formation of N type

polysilicon gate structure 20b, in NNCS region 50, and the formation of P
type polysilicon gate structure 20c, in PMOS region 60. The vertical CMOS
devi ces ar & ssiwlicoraiy sisti podcedwhgrenielmed wighamn shatgresipidnasBingsisinesion di oxi de
gate insulator layers |I9a and 19b; doped polysilicon gate structures 20b
and 20empleaviolrymeapgatisisail dopeigiotyidicdn.anthgdilicdopede plodpysiT,ias ahaslour ce
shapes 16d

mask. The dry etch procedure is an anisotropic RIE procedure, using Cl; or SFq as an etchant for

polysiticon. A high etch rate ratio of polysilicon to silicon oxide, between about 10 to 100, to 1,

allows this selective dry etch procedure to terminate at the top surface of silicon oxide layer 5.

The result of this procedure, schematically shown in Fig. 14, is the formation of N type

polysilicon gate structure 20b, in NMOS region 50, and the formation of P type polysilicon gate

structure 20c, in PMOS region 60. The vertical CMOS devices are now comprised of :channel
regions 14 and 15; silicon dioxide gate insulator layers 19a and 19b; doped polysilicon gate

structures 20b and 20c¢; heavily doped drain regions 3 and 4; doped polysilicon source shapes 16d
and 16e; and silicon oxide spacers 29. The channel length for a specific CMOS device was
determined by the thickness of the composite insulator layer in which the channel opening was
defined in. Therefore to obtain devices with variable channel lengths various procedures, such as
deposition and selective patterning, can be employed to obtain the desired menu of channel
lengths. Although this invention was described with for a PMOS device comprised with a

shorter channel length than the channel length of the NMOS device, it should be understood that
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and 16e; and silicon oxide spacers 29. The channel length for a specific
CMOS device was determ ned by the thickness of the conposite insulator

| ayer in which the channel opening was defined in. Therefore to obtain
devices with variabl e channel |engths various procedures, such as
deposition and sel ective patterning, can be enployed to obtain the desired
menu of channel Iengths. Although this invention was described with for a
PMOS devi ce conprised with a shorter channel |ength than the channel

| ength of the NMOS device, it should be understood that tl any conbination
of var imtslombinesinn ef varahlsidhgnist kenghs ajeoRiimable va i tdhis {189 yent i on. Wi l e
this invention has been particularly shown and described with reference to
the preferred enbodi nents thereof, it will be understood by those skilled
in the art wWihRrtthiaticotigh has haagestidutarfyohowanckd detdbddswitiye{denceaadthewi t hout
departing fromthe spirit or scope of the invention. 12 Wiat is clained

gtﬁféﬂ%ﬂ Reho@indnQrtAABEE, XSl bE Bhder SO, BRI IR lartQXdt B8rious
S e m Cco

uctor (CMOS), deV|ces on a sem conductor substrate, conprising the
steps of fpde to
acco S nggl?lrs ?“%&“ 8%%@ §%M?QQ§$U§ gQuﬁg g%%h226%8@§reg%on of said

sem conduct or substrate to acconmodate second type CMOS devices; formng a
first HE&8YHYY doped drain region, of a first conductivity type, in a top
portion of said first region of said sem conductor substrate, and form ng a
second
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heavily doped drain region, of a second conductivity type, in a top portion
of said second region of said sem conductor substrate; depositing a first
silicon oxide |ayer on said sem conductor substrate; formng a silicon
nitride shape on said first silicon oxide layer, in said first region of
sai d sem conductor substrate; depositing a thin silicon nitride |ayer and
an overlying second silicon oxide |ayer over said sem conductor substrate;
formng a first channel opening in said second silicon oxide |ayer, in said
thin silicon nitride layer, in said silicon nitride shape, and in said
first Whaiieslhiesd ide | ayer, exposing a portion of a top surface of said
first heavily doped drain region, and form ng a second channel opening in
sai d second s$iAimetndex famibayeticalicongdingntahy metgl ddidowmmidndider (CBWeB), and

in said first silicon oxide |ayer, exposing a portion of a top surface of

said second ghgaxich¥ searedddtaisabstag esrmpisiiathageps éft rst silicon shape in
said first channel opening, and formng a second silicon shape in said

second channel gr'zgﬁrsgn-%gfé)%%?%ﬂ sQficBnduclo? butlsfhieitd §éc%mﬂ@d¥t%‘ﬂr&t(t‘:?&t | ayer

over said flrsF seco I'icon shapes; performng ion inplan ion

procedur es t ert a first por tion of .said first rins Lysilicon
| ayer to a f|P§ﬁQ§%ﬁ§EEBSP“§”W %8ﬁmx383%ﬁm8wsamfFP§On@%ﬁ)uc ﬁ@?ﬁy type,
and to convert a second portlon of said first intrinsic polysilicon |ayer

to a secondaEeFEERdaEEEGId YROGAMBYIYHSf a second conductivity type;

forming a first heavily doped drain region, of a first conductivity type, in a top
portion of said first region of said semiconductor substrate, and forming a second
heavily doped drain region, of a second conductivity type, in a top portion of said
second region of said semiconductor substrate;
depositing a first silicon oxide layer on said semiconductor substrate;

forming a silicon nitride shape on said first silicon oxide layer, in said first region of
said semiconductor substrate;

depositing a thin silicon nitride layer and an overlying second silicon oxide layer
over said semiconductor substrate;

forming a first channel opening in said second silicon oxide layer, in said thin silicon
nitride layer, in said silicon nitride shape, and in said first silicon oxide layer, exposing
a portion of a top surface of said first heavily doped drain region, and forming a second
channel opening in said second silicon oxide layer, in said thin silicon nitride layer, and
in said first silicon oxide layer, exposing a portion of a top surface of said second
heavily doped drain region;
forming a first silicon shape in said first channel opening, and forming a second

silicon shape in said second channel opening;
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depositing a third silicon oxide layer on said first and second doped
polysilicon regions; form ng photoresist shapes on said third silicon

oxi de layer, and on said first and second silicon shapes; perform ng an
ani sotropic dry etching procedure by using photoresist shapes as masks to
renove portions of said third silicon oxide |ayer to formoverlying silicon
oxi de shapes; renoving portions of said first and second doped pol ysilicon
regions to forma first polysilicon source shape of a first conductivity
type in said first region and a second polysilicon source shape of a
second conductivity type in said second region of said sem conductor
substrate; rendemgingeriirstomsingf pslysiticaelopmdveispiddont apkisdent afieen slmptsr m
underlying silicon oxide spacers; renoving said photoresist shapes;
perform ng a wptrf@hify pnoegduieod procaeimiseo saivdrt talfirst pottidncaBaikifirsti de | ayer
and said silicon nitride shape, to expose a portion of said first silicon

shape, to be;jjiseg ys@hcfo'nrl%ter tolfflﬁ@h@aye@bowgt&ncg@n%% Girde 'cas&tucﬁ@igl 9Pk, Of
sem conduct or substrate, to renove said thin silicon nitride’layer to

expose a por ipn Qf. S8l Qecéﬁac,gp@ﬁomgaFGOﬂsamg@m sh3sREalinsd 83 cAnncsone

channel region in on sal or "substrat

wherein said flrst chan glon havi n | ar ger channel | ength than said
second chan H@‘ym‘h@gﬁ ggton of a secon conductivity tgpc

depositing a third silicon oxide layer on said first and second doped polysilicon
regions;

forming photoresist shapes on said third silicon oxide layer, and on said first and
second silicon shapes;

performing an anisotropic dry etching procedure by using photoresist shapes as
masks to remove portions of said third silicon oxide layer to form overlying silicon
oxide shapes;

removing portions of said first and second doped polysilicon regions to form a first
polysilicon source shape of a first conductivity type in said first region and a second
polysilicon source shape of a second conductivity type in said second region of said
semiconductor substrate;

removing portions of said second silicon oxide layer to form underlying silicon oxide
spacers;

removing said photoresist shapes;

performing a wet etch procedure to remove said thin silicon nitride layer and said

silicon nitride shape, to expose a portion of said first silicon shape, to be used as a first
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growing a silicon dioxide gate insulator |layer on said first channel region
and on said second channel region, while formng a fourth silicon oxide

| ayer on exposed sides of said first and second pol ysilicon source shapes;
depositing a thick, second intrinsic polysilicon |ayer on said first
silicon oxide layer; performng ion inplantation procedures to convert a
first portion of said thick, second intrinsic polysilicon |layer to a first
doped thick polysilicon region of a first conductivity type, and to
convert a second portion of said thick, second intrinsic polysilicon |ayer
to a second eiepedl ek il Grsh eeiop AL raronluePr sbssreridd SORMYESHALy  type:
and performng an anisotropic dry etch procedure by using said silicon

oxi de shapesthassificorharle lsktotespossrapvetipoeiisaidrscatl sdmbu shidpeste bamsedsascond
doped thick polysilicon regions, thereby formng a first self-aligned

pol ysi li con gatenstifdaaélutgon i il @edidsion @Qasaddic@riuctos aiseQa duetan
substrate, and form ng a second self aligned polysilicon gate structure in

sai d second claim
e R GRS R e R

Wh' le said second; Lpi)/gsdl%%q\l/l%o:gg iqs?ﬂa%l Pay%hgnnsa?cl ﬁ%{(’) chgﬁre? fhin sa;JdS 3.

The nethod of €iain erern iI'rst ™ heavl n reglon is a

heavily doped N t pe drain region, alne via | Iantatlon of arsenic or
phosphor ous FAEL nelé%l@h@#@‘gf%m%é uhs tcoaéxkdg%é’él WeEPOSHIFIdE 8 dose

bet ween about 1 E 15 .
said first and second polysilicon source shapes;

depositing a thick, second intrinsic polysilicon layer on said first silicon oxide layer;
performing ion implantation procedures to convert a first portion of said thick,
second intrinsic polysilicon layer to a first doped thick polysilicon region of a first
conductivity type, and to convert a second portion of said thick, second intrinsic
polysilicon layer to a second doped thick polysilicon region of a second conductivity
type; and
performing an anisotropic dry etch procedure by using said silicon oxide shapes as a

hard mask to remove portions of said first and second doped thick polysilicon regions,
thereby forming a

first self-aligned polysilicon gate structure in said first region of said semiconductor
substrate, and forming a second self-aligned polysilicon gate structure in said second

region of said semiconductor substrate.

2. The method of claim 1, wherein said first type CMOS devices are N channel or

NMOS devices, while said second type CMOS devices are P channel or PMOS devices.
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to 8E15 atoms/cn2. 4. The nethod of claim1, wherein said second heavily
doped drain region is a heavily doped P type drain region, obtained via

i npl antation of boron ions, at an energy between about 2 to 10 KeV, and at
a dose between about IE 15 to 6E 15 atons/cnR. 5. The nethod of claim1,
wherein said first silicon oxide |layer is obtained via LPCVD or PECVD
procedures, at a thickness between about 50 to 200 Angstrons. 6. The net hod
of claim1, wherein said silicon nitride shape is defined via anisotropic
R E procedure usi ng, Cl2 as an etchant, erforned to a silicon n|tr|de

| ayer which nl qxn@thoql of Jajtmal-rtsrsjn saiq BesyBray SRR AR Sduis adeayily,

t hi ckness between about 300 to 5000 Angstrons. 7. The nethod of claiml,
wher ei n sai ddegeidiN sipk ideomragians plfeintdyieimpleniehemdireenis a phPOUDrous fonPEEVD
procedures, at a thickness between about 50 to 500 Angstrons. 8. The net hod
of claiml, whet@inbaaiah dbbtist0 woharksl, anperd digs betwvdersatiodt sesond channel
opening, are formed via an ani sotropic R E procedure using CFIF3 as an
etchant for, ggat Qofis/cgf?. and second silicon oxide layers, and using C2 as
an etchant tfor said thin silicon nitride |layer and said silicon nitride

shape 9. Thg t:tiplﬁl tc%1?1 C\)ﬁimé‘\@? 1?%&05@5@3‘3112&5} ﬁrdlﬁﬂ r%ndisa(glciﬂﬁ channel

opening, and o d51'd" gecona’ Stween out 020

um 16 10. Tg thod of claim1 erei sald f rst silicon shape, and
sai d second §PMS oweéwab@&loa@t% Vi SRR ORI G F LR Eobt ai ned

via selective epitaxial growh of
between about 2 to 10 KeV, and at a dose between about 1E15 to 6E15 atoms/cm?’.

5. The method of claim 1, wherein said first silicon oxide layer is obtained via LPCVD

or PECVD procedures, at a thickness between about 50 to 200 Angstroms.

6. The method of claim I, wherein said silicon nitride shape is defined via anisotropic
RIE procedures, using Cl; as an etchant, performed to a silicon nitride layer which in
turn is obtained via LPCVD or PECVD procedures at a thickness between about 300

to 5000 Angstroms.

7. The method of claim 1, wherein said thin silicon nitride layer is obtained via LPCVD

or PECVD procedures, at a thickness between about 50 to 500 Angstroms.

8. The method of claim [, wherein said first channel opening, and said second channel
opening, are formed via an anisotropic RIE procedure using CHF; as an etchant for
said first and second silicon oxide layers, and using Cl, as an etchant for said thin
silicon nitride layer and said silicon nitride shape.

9. The method of claim [, wherein the diameter of said first channel opening, and of

said second channel opening, is between about 0.5 to 2.0 um.
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silicon, with the epitaxial silicon growth procedure perforned at a
tenperature between about 800 to 1200 C, and at a pressure between about
10 to 50 torr. 11. The nethod of claim1l1, wherein said first intrinsic
polysilicon layer is obtained via LPCVD procedures, at a thickness between
about 400 to 1000 Angstrons. 12. The nethod of claim 1, wherein said first
doped polysilicon region is formed via inplantation of arsenic or
phosphorous ions into said first portion of said first intrinsic

between anont HErR PR PN SRS or e el o, Pt o

sai d second doped polysilicon regign is forned via . inplantatio f boron
Thto sar d secdnd shretgren Bunt e otbrher S By PR F B el "ot “an
energy between about 2 to 10 KeV, and at a dose between about | E 15 to
5E15 at oms/ cfgiconvwithiBe pritapiglisiBeorcgray i procsghesrst inmagd & atsnpaatyrg Resisioxi de

| ayer is obtained via LPCVD or PECVD procedures, at a thickness between
about 200 t 0aBa0 3KhgstA06hE, andkBa pRhereriettivoch abfout [ Giorhi0liprrwher ei n sai d
silicon dioxide gate insulator layer is obtained at a thickness between
about 10 to 100 Angstrons, via thernmal oxidation procedures perforned at a

t enper at ur e (hetmeaRnaPELaiBP0 WiRrel RO Grst InBridil SOHYEIRDN1ayet RMalnkdanbi ent .

16. The method of claim1l, wherein said thick, second intrinsic polysilicon

layer is obtgi-Red YiaRGR RLAGEINSSen Abufidolth FhAG T RBween about 1000

12. The method of claim |, wherein said first doped polysilicon region is formed via
implantation of arsenic or phosphorous ions into said first portion of said first intrinsic
polysilicon layer, at an energy between about 40 to 70 KeV, and at a dose between

about 1E15 to 6EI5 atoms/cm®.

13. The method of claim 1, wherein said second doped polysilicon region is formed via
implantation of boron into said second portion of said first intrinsic polysilicon layer,
at an energy between about 2 to 10 KeV, and at a dose between about 1ELS

to SE15 atoms/cm?.

t4. The method of claim |, wherein said third silicon oxide layer is obtained via

LPCVD or PECVD procedures, at a thickness between about 200 to 500 Angstroms.

15. The method of claim 1, wherein said silicon dioxide gate insulator layer is obtained
at a thickness between about 10 to 100 Angstroms, via thermal oxidation procedures

performed at a temperature between about 800 to 1200° C, in an oxygen - steam
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to 2000 Angstrons. 17. The nethod of claim11l, wherein said first doped
thick polysilicon regionis formed via inplantation of arsenic or
phosphorous ions into said first portion of said thick, second intrinsic
pol ysilicon | ayer, perforned at an energy between about 50 to 100 KeV, and
at a dose between about 1E15 to 6E 15 atons/cnR. 18. The nethod of claim1,
wherein said second doped thick polysilicon regionis fornmed via

i npl antation of boron into said second portion of said thick, second
intrinsic polysilicon |ayer, perfornmed at an energy between about 20 to 50
KeV, and at a dose between about 1E15 to 5E15 atons/cn2. Il 19. The

met hod of claim 1, wherein said first and second self-aligned polysilicon
gate structunebicate defined via a selective, anisotropic R E procedure,
using A2 or S176 as an etchant. 20. A nmethod of form ng vertical CMOS
devices, with variable channel Iengths, on a sem conductor substrate,

conpri sing tigergd BBfoPt clAROY vicRGn Suid NG sdc8ad pRvinic fadsHliceg MyspRduUCt or
substrate to accomobdate an N 18 channel (NMOS) device, and providing a

second I egi 00, gf, 31,0 *afH CONHELOL: ; BHRILLALRLO-AgFYiRgpdat e a P channel

(PMOS) device; ‘fornmng an ype drain region for sard NMOS device, in a

top porti on of gl ig 3t

7. The method of claim 1, wherein said first doped thick polysilicon region is formed
via implantation of arsenic or phosphorous ions into said first portion of said thick,
second intrinsic polysilicon layer, performed at an energy between about 50

to 100 KeV, and at a dose between about 1E15 to 6E15 atoms/cim’.

18. The method of claim 1, wherein said second doped thick polysilicon region is

formed via implantation of boron into said second portion of said thick, second
intrinsic

polysilicon layer, performed at an energy between about 20 to 50 KeV, and at a dose

between about 1EIS5 to SE15 atoms/cm’,

19. The method of claim 1, wherein said first and second self-aligned polysilicon gate
structures are defined via a selective, anisotropic RIE procedure, using Cly or SF; as an

etchant.

20. A method of forming vertical CMOS devices, with variable channel lengths, on a
semiconductor substrate, comprising the steps of:

providing a first region of said semiconductor substrate to accommodate an N
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regi on of said sem conductor substrate, and formng a P type drain region
for said PMOS device, in a top portion of said second region of said

sem conductor substrate; depositing a first silicon oxide |ayer on said
sem conductor substrate; depositing a first silicon nitride |ayer on said
first silicon oxide layer; performng a patterning procedure to renove a
portion of said first silicon nitride layer fromsaid first silicon oxide
| ayer in said second region of said sem conductor substrate; depositing a
second silicon nitride layer on said first silicon nitride layer in said
first region of said sem conductor substrate, and on said first silicon
oxi de | ayer ¢hnsei(WM@Badsriteradiporidig g atcgnd eagiworduidisonicondiusiarat e;
depositing a second silicon oxide |ayer on said second silicon nitride

| ayer; f or sitzga@no NG neharnd clopedi(Pgdsn dsdcd second silicon oxide |ayer,
in said second silicon nitride layer, in said first silicon nitride |ayer,

and in said fi ks dd 16 Qe dBNh BidnABLLaid RXATS 1QGRiPlobiBRioAlof daili Gistsur f ace
of said N type drain region, an form ng a PMOS channel opening in said

second sili Conio X(;fdsg')c(i!s%éi%r ndd&br%%s@raﬁ%egn%r}grmiﬁk Ita: O%ﬁeo@jaglrlj?%gn If&})é’;?ir , and in

said first sli¥%on  oxi ayer, exposing a po surface of

said P type drain region: performng a se ectiv% epitaxi a epasition of
silicon to fB&ﬁ#ng??%Pl%?FPE%W“?H&%@S$ﬂ“ R AR (o WEEwBW%ﬁﬁéﬁﬁﬁﬁé%ing, and
to forma second silicon shape in said PMOS channel opening;
depositing a first silicon oxide layer on said semiconductor substrate;
depositing a first silicon nitride layer on said first silicon oxide layer;
performing a patterning procedure to remove a portion of said first silicon nitride
fayer from said first silicon oxide layer in said second region of said semiconductor
substrate;
depositing a second silicon nitride fayer on said first silicon nitride layer in said first
region of said semiconductor substrate, and on said first silicon oxide layer in said
second region of said semiconductor substrate;
depositing a second silicon oxide layer on said second silicon nitride layer;
forming an NMOS channel opening in said second silicon oxide layer, 1n satd
second silicon nitride layer, in said first silicon nitride layer, and in said first silicon
oxide layer, exposing a portion of a top surface of said N type drain region, and
forming a PMOS channel opening in said second silicon oxide layer, in said second
silicon nitride layer, and in said first silicon oxide layer, exposing a portion of a top
surface of said P type drain region;

performing a selective epitaxial deposition of silicon to form a first silicon shape in

19




depositing a first intrinsic polysilicon |ayer on said first and second
silicon shapes; performng ion inplantation procedures to convert a first
portion of said first intrinsic polysilicon |layer, |ocated overlying said
first silicon shape, to a first Ntype polysilicon region, and to convert
a second portion of said first intrinsic polysilicon |ayer, |ocated
overlying said second silicon shape, to a first P type polysilicon region;
depositing a third silicon oxide |layer on said first N type polysilicon
region and said_first P type polysilicon regjon; form.ng .ph [ esi st
shapes on saPid PPd caIMPIBRNIGR A tp &8Y 2 seapt Sicassheprinal PO CuBeng
silicon shapes perform ng an anisotropic reactive ion etch (RIE) procedure
by using photoresist shapes as masks; to renove portions of said third
silicon oxidepdérasyer to formsilicon oxide hard nmask shapes; to renove
portions of said first Ntype and first P type polysilicon regions to

define an N tgepesifel ¥ Sist inGORicSRUYHR 08 BB hidAtstlardd sesdndrsa@oaRhPhs;sai d
sem conductor substrate, and to define a P type polysilicon source shape in

sai d second r egiiihiff i3 ahMluREIbEORIURE QLo SURRIANS poAth Jraatutigve porti ons

of said second silicon oxi ayer to define silicon oxide spacers renoving

sai d photoresi st .shapes; erformn wet .et.ch procedure ta r. ve said

second i 11 oaiihi pograrony SR Rt b buf WG REBR SRR 800t 80RFE

expose a portion of sajd first silicon shape to be used .as ap NMOS channel

region in saPalYPiiFai regiogi ol Grcoawsh tetaytrHos oibetd ipkinicinsg pog%*aglil ng a

portion of said second silicon shape to be used as a PMOS channel region in
layer, located overlying said second silicon shape, to a first P type polysilicon region;

depositing a third silicon oxide layer on said first N type polysilicon region and said
first P type polysilicon region;

forming photoresist shapes on said third silicon oxide layer, and on said first and
second silicon shapes performing an anisotropic reactive ion etch (RIE) procedure by
using photoresist

shapes as masks; to remove portions of said third silicon oxide layer

to form silicon oxide hard mask shapes; to remove portions of said first N type and
first P type polysilicon

regions to define an N type polysilicon source shape in said first region of said

semiconductor substrate, and to define a P type polysilicon source shape in said second

region of said semiconductor substrate; and to remove portions of said second

silicon oxide layer to define silicon oxide spacers removing said photoresist shapes;
performing a wet etch procedure to remove said second silicon nitride layer and

said first silicon nitride layer to expose a portion of said first silicon shape to be used

as an NMOS channel region in said first region of semiconductor substrate, and

exposing a portion of said second silicon shape to be used as a PMOS channel region in

said second region of said semiconductor substrate, wherein said NMOS channel
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sai d second region of said sem conductor substrate, wherein said NMOS
channel 20 region having a |arger channel |ength than said PMOS channel
region; performng a thermal oxidation procedure to grow a silicon dioxide
gate insulator [|ayer on said NMOS channel region and on said PMOS channel
region, and to grow a silicon oxide |ayer on exposed sides of said N type
polysilicon source shape, and on exposed sides of said P type polysilicon
source shape; depositing a thick, second intrinsic polysilicon |ayer on
said first silicon oxide |ayer; performng ion inplantation procedures to
convert a first portion of said thick, second intrinsic polysilicon |ayer
to a thick NB{fffe polysilicon region, and to convert a second portion of
said thick, second intrinsic polysilicon layer to a thick P type

pol ysi | i con h&gionlargendhperflongth Hgnand &M QB rhasptloedoy, et ch procedure by
using said silicon oxide hard mask shapes as an etch mask to renove
portions of sapdfdofingka tNetnyd exatiosirbiceior tb @@ivonsifiosh dioxite gay énspRfdri ons  of
said thick P type polysilicon region, thereby formng an N type

sel f-al i gned; pal ysiald N%ya{aﬁnanégf&{ M{deon' éaidsfé}\'/lésfch!uﬁcl $e8hOMab ¢ w g
sem conductor “substrate, and f ornlng a P type sel allgned ponS| i con gate
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LPCVD or PECE:/P ec?sﬁgsuorfesgld Patt g (;[E hslli(i:cli)?leS(S)LSnchﬁa\Agen about 50 to 200
Angst r ons. pos ype poty P
depositing a thick, second intrinsic polysilicon layer on said first silicon oxide layer;
performing ion implantation procedures to convert a first portion of said
thick, second intrinsic polysilicon layer to a thick N type polysilicon region, and to
convert a second portion of said thick, second intrinsic polysilicon layer to a thick
P type polysilicon region; and
performing an anisotropic dry etch procedure by using said silicon oxide hard mask
shapes as an etch mask to remove portions of said thick N type polysilicon
region and to remove portions of said thick P type polysilicon region, thereby forming
an N type self-aligned polysilicon gate structure in said first region of said

semiconductor substrate, and forming a P type self-aligned polysilicon gate structure in

said second region of said semiconductor substrate,

21. The method of claim 20, wherein said first silicon oxide layer is obtained via

LPCVD or PECVD procedures, at a thickness between about 50 to 200 Angstroms.
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21 22. The method of claim?20, wherein said first silicon nitride layer is
obtained via LPCVD or PECVD procedures at a thickness between about 300 to
5000 Angstrons. 23 The nmethod of claim 20, wherein said second silicon
nitride |layer is obtained via LPCVD or PECVD procedures, at a thickness
bet ween about 50 to 500 Angstrons. 24. The nethod of claim 20, wherein
said NMOS channel opening, and said PMOS channel opening, are fornmed via
an anisotropic R E procedure using CHF3, as an etchant for silicon oxide,

and u5|ng d et t d fi trid
vers: 95 andheatei Rt 2 Bau A i B AR N AN bFe R Beknos:
channel openln%ﬁfand the diameter of said PMOS channel opening, is between
about 0.5 to P&/ et PBEYDmiacodiichalp Bickpsyibaivron a‘%ﬁ‘é?’%@ﬁ’ P\ rgarenti ve

epi taxi al deposition of silicon is performed at a tenperature between
about 800 to 1200 C, and at a pressure between about 10 to 50 tort, using
si |l ane or di ghiTas astHodméclasn a0,sditkde sai@ Fecoiidheiliomt hatiediyee Isadbmi, vimher ei n
said first intrinsic polysilicon |layer is obtained via LPCVD procedures,

at a thi cknessches aeit @b Qricedes, hor thRQAABESIL Bt 3610 JeAnREBRd. of claim
20, wherein said third silicon oxide layer is obtained via LPCVD or PECVD

procedures, at a thickness between about 200 to 500 Angstrons. 29. The

met hod of cl gim,20 rein |d SI|IC i.de er is
obt ai ned at Z4nﬂF‘%ﬁ@@§5¢Qﬁl %Smsaggﬂﬁgﬁ§ %? é%l%%égig%gﬁyiernal
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channel opening, are formed via an anisotropic RIE procedure, using CHF; as an

etchant for silicon oxide, and using Cl; as an etchant for said first and second silticon
nitride layers.

25. The method of claim 20, wherein the diameter of said NMOS channel opening, and

the diameter of said PMOS channel opening, is between about 0.5 to 2.0 um.

26. The method of claim 20, wherein said selective epitaxial deposition of silicon is
performed at a temperature between about 800 to 1200° C, and at a pressure between

about 10 to 50 torr, using silane or dichlorosilane as a source.

27. The method of claim 20, wherein said first intrinsic polysilicon layer is obtained via

LPCVD procedures, at a thickness between about 400 to 1000 Angstroms.

28. The method of claim 20, wherein said third silicon oxide layer is obtained via

LPCVD or PECVD procedures, at a thickness between about 200 to 500 Angstroms.

29. The method of claim 20, wherein said silicon dioxide gate insulator layet is

obtained at a thickness between about 10 to 100 Angstroms, via thermal oxidation
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procedures perforned at a tenperature between about 800 to 1200 C, in an
oxygen - steam anbient. 30. The nethod of claim 20, wherein said thick,
second intrinsic polysilicon layer is obtained via LPCVD procedures, at a
t hi ckness between about 1000 to 2000 Angstrons. 31. The nethod of claim 20,
wherein said N type self-aligned polysilicon gate structure, and said P
type self-aligned polysilicon gate structure, are defined via a selective,
ani sotropi ¢ R E procedure, using Cl2 or SF6 as an etchant. 23

procedures performed at a temperature between about 800 to 1200° C, in an oxygen -

steam ambient,

30. The method of claim 20, wherein said thick, second intrinsic polysilicon layer is
obtained via LPCVD procedures, at a thickness between about 1000

to 2000 Angstroms.

31. The method of claim 20, wherein said N type self-aligned polysilicon gate structure,
and said P type self-aligned polysilicon gate structure, are defined via a selective,

anisotropic RIE procedure, using Cly or SF, as an etchant.

23




