;e3eTxTd "6$Tx] b"A NOVEL METHOD OF FABRI CATI NG VARI ABLE 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

devi ces, and nore specifically to a nethod used to fabricate vertical

transi stors featuring variable channel |engths. (2) Description of Prior

Art The advent of mcro-mniaturization, or the ability to fabricate

sem conduct or devices with sub-mcron, or deep sub-mcron features, has
al l owed a greater nunmber of smaller sem conductor chips to be obtained from
-.a specific size starting sem conductor substrate, resulting in a reduction

of pro i f i ‘§§§Eﬂ§ﬁ o0k smal | er
senicd%ﬁﬁ%%%? d?Dé?¢F$B§@$§?ﬁﬁ§vice ensi |§g engTK%g? or greater than,
count erpart sefitconductor chips, conprised with larger features. Advances

i'n specific sem conductor disciplines, such as photolithography, have
all owed the attainnment of sub-mcron features to be routinely achieved The

use of nore sophistica e ; |1 as the devel opnent of
nore sensitive photore@%gﬁﬁﬁgﬁéﬁﬁ%?ﬁiﬁigsgﬂgﬁf% d i mages of |ess than 0.25
umto be resolved for photoresist shapes and for features defined using

t hese deep sub-m cron photoresi st shapes as an etch mask. Still the

limti esol ution provided by present photolithograpbic procedures,
restri@gFFﬁimhﬁ%bwmggm m ni aturization avail able for horizontal type,

sem conductor devices. This invention will describe the fabrication of
vertical type sem conductor devices, in_whjch the channel |ength of a netal
oxi de seni G%F%ngﬁgwddé?¥EEP“FW@SPE%V’ RniGatesemacongRetey, Vﬁ%ﬁ limting
phot ol i t hogr aphi ¢ procedure

s, but by the thickness of deposited terials.
Thi s | WoEPEGRcalyIte 2 rethpdsed o fB@%ywwhﬁwﬁﬁr%éﬁﬁuﬁﬂg ﬁ?f@i’ksfgl vertical

type, conplinmentary netal oxide sem conductor (CMOS), featuring both P
channelen ), and N channel (NMOS), devices, with the ability to form
vari abl e I ength channel |engths. Prior art, such as Hause et al, in US.

Pat. No. 6,069, 384, describe a nethod of fabricating a vertical transistor
structure, however that prior art does not offer the process described in

t hi s ptZafsserintiepefPiionAitn whi ch bot h NMOS and PMOS vertical devices are
formed with variable channel |engths. SUMMARY OF THE INVENTION It is an
object of this invention to fabricate vertical, netal oxide sem conductor
field effefhe advansifsriorosminkAdsEatyy, od $hei b8ty toofabacakeseidemdusoitevisgbwith at e.

It is another object of this invention to formvertical devices featuring
var i abbub-mivaom et déepsgh-scros fmbirés, bascitilamee b ghaateg nimsbdrant smplaristmisogbyiores,
with the vertical channel |ength determ ned by the thickness of a deposited
i nsul atlaps todie obeyresiftonta ot st atartivg Heai @ndhdyresubsttate, resulsing irl a edottioar
object of this invention to form CMOS devi ces, P channel (PMOS), and N
channebf fdbdsShg cobes/foe e speciforpmicoadionrichipy ahieatlaBerchaimoedudi@ngiph sdiévi ces, on
t he sane sem conductor chip. I n accordance with the present invention a
met hodoffér degdet idemsitied @qiv £d, iof gleateMBin, dewntepart 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

1



on a sem conductor chip, featuring devices conprised with variabl e channel

| engths, is described. A heavily doped N type region, to be used as a drain
region for a subsequent vertical NMOS device, is forned 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 renove the first silicon nitride
“layer fromthe underlying first silicon oxide layer in the PMOS region.
Deposition of a second silicon nitride |ayer and of an overlying second
silicon.oxide |ayer |.ts. | first. co [ i.nsul ator layer in the
NMOS r%ﬂ?éﬁnﬁ%ﬁ% ﬁ%@ég§%ﬂ§5@1%§q¥P’F%gﬁoggﬁpgd%ggé?, second silicon nitride
| ayer, first silicon nitride layer, and first silicon oxide layer, while a

t hi nner, second conposite iL.nsul ator |ayer, .c rised o econd silicon

oxi e | ayer i SEeBfa il degapeapy PhataiRYErersdl RelsPEobiueREGi s e | ayer
resides.in the P reqi.on. annel openin ne in.the first
Compostbish hepaes erpGhsR hs bR sen iR e B AL o pPE e R i, ne' R
type drain.regiqn, and_in the,thinner, second conposi i nsul ator. | ayer
expos! g B e SO B PFALES SR bR Beg e thaapse PRgETEsAn
epitaxjial silicon, er is then selectivel rown filling the. channel

ogeni ngsis “J&’e{lﬁﬁ‘?lhwﬂ‘lcﬁ% dostsn W&y@&ab@a?wféa%b iVP'élaalrtéSH’qga&}aﬁathWm

phot ol i t hogr aphi ¢ maski ng _procedures allow ng the rtiaon of the thin

Dol yoi TERORKHBECTEBEOE MRS S A B BB oBe KR A, on

i npl antati on procedures, then allowing the portion of thin polysilicon

| ayer , d¢vaeeatsidh the abiy tonjorn egplin lengl qhanngbisagthp Frgyart, suchps Hagresdah ti on of
athird silicon oxide |ayer photolithographic and selective dry etch

pr ocedir@s. BateNospe6% B4 é?ﬁﬁv'éeamé%%@%gblﬂ%%@g 8rysrtispl Fampis@r suchEdn oxi de

| ayer, of N type and P type, thin polysilicon |ayer, and of second silicon
‘oxi de heweter thaj privriatielosena effevibe propesstdeberibed belblismeeseelrinyantion Wgwhich befb

appearance of the second silicon nitride Iaxer, creating thin polysilicon

shapesNM®@S pud BMES vesticabdevices predpomst widn keahinngl lengfds.| yi ng second

- silicon oxide shapes to be used as insulator spacer; for the subsequent

CMOS devices. After renoval of the photoresist mask used for definition of
t he above shapes a wet etch procedure is enployed to renove second and
first silicon nitride | ayMMARY ORSEHNMOB/ENGIQM, exposing a first |ength of
sel ective epitaxial silicon to be used for the NMOS channel region, and to
remove second silicon nitride layer in the PMOS region, exposing a shorter
| engt h of &b ecbdbjea of fiit mxémionso Fabeioste tertibad, msteldbxfider setivenBPMBES fidhdefifet
region. A silicon dioxide gate insulator layer is forned on the channel

r egi ongansdsoEMOSEETQRletites, oh deaniebnduotr Niisyme, 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,

ani sot r opi ¢t ifl hiyotRér@bjept TR iventi@B \fe:sn vegiaddsvieds fédniridg vaakhsichangein | ayer
not covered by the overlying third silicon oxide - thin polysilicon -
~second]epipthis GBI BX thiRnslames fof §Rbilit idBdcéswith thetetticabthahhdDiendeivdet@mined
conprised of a thick, N type polysilicon shape, surrounding the silicon

di oxi dgy gttRickiasbed Spobitdiehsuldlordor ®Bb&HRd lcBmpbite insulborddfleg i nsul ator | ayer
overl ays a channel region conprised of the first |Iength of selective :
epitaxial silicon; and a vertical PMOS device, conprised of a thick, P type
- polysi | i com ;8 BAPSnotiik LERMMFHRS idvBRticH tb FGRICHE I IR H B GahflS WNADRS, dhayer in

a region in which the gate insulator |layer overlays a channel region

conpr i ﬁ?&aﬂﬁey )L &viceS KERBHAsdSRET \ﬁnﬁfalel%ﬁéxﬁféf ie}r@amgwb@{he%h&lkcon- Each

channel region i's lI'ocated between an overlying thin, dopéd polysilicon
source i 1. oxi de spacers, and underlying heavily doped drain

r egi ong?’ﬂgomuﬁtfi?g@pmsm PTI ON OF THE DRAW NGS The object and ot her
advantages of this invention are best described in the preferred

enbodi ment, with reference to the attached drawi ngs that include: Figs. 1 -
14, which schematically in cross-sectional style show key process stages
used to fabricate vertical CMOS devices, featuring devices conmprised with
vari abl e channel |engths, on the sane sem conductor chip. DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The net hod of forming vertical CMOS devices, with
the ability to formdevices wth variable channel |engths on the sane

sem conductor chip, will now be described in detail. Sem conductor
substrate |, conprised of P type single crystalline silicon with a <l 00>
crystal l ographic orientation, is used and schematically shown in Fig. 1.
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dose between about 1E15 to 6E15 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 masking photoresist
shape via pl asma oxygen ashi ng, another photoresist shape, again not shown
in the drawings, is used as a mask to protect PMOS region 60, from an

i npl antation procedure used to fromheavily doped N type drain region 4, in
regi on 50, of sem conductor substrate 1, where region 50, is to be used to
accommodat e NMOS devi ces. This inplantation procedure is performed using
arseni ¢ or phosphorous ions, at an energy between about 40 to 90 KeV, at an
i npl ant dose between about 1 E 15 to 8E 15 atons/cnR. The result of these
procedures_is schemat..cally shown in Fi I L i o, 1S
next deposlt&GOEFICE WH} t@iﬂéegesm A %g%la% 0%%%‘%@%8“&%@%%@,@%\9%a | ow
pressure chem cal. vapor.deposition (LPCVD)...Qr Vi anced chem ca
vapor E%@B?%jf%ﬁ“‘(’b%ﬁfﬂﬂﬁ%%’&re %Sﬁgm%ﬁe%“\k%la’ %%ﬁlgﬁ%ﬁgep%% %n of silicon
ni tri d&*Fa 6, at a thickness between about 300 to 5000 Angstroms, again

via LPCVD a E rocedures. The result of fhese depositio I Scagain
schemat}i QW{J@%MPWGQO& toi’.e “?’?fﬁefsc?rcéglfl&gl%rhé%g SHpse Lgenﬁ‘éex "HQE“F‘{‘@%d and
used as an k ta protect. N regi qn 50, from.a R rocedure.used to

e ect fgact Bripvasdin BTuesipR 1R Cparetd:, b, (oI ST o6 o1 1 1 con
oxi de layer 5, in PMOS region 60. The RIE procedure i rf using C 2
as an BevHxAePeddr tvee Fq%ﬂ%rhe[qsp gsa @ﬁafnﬁe%io‘ﬁ fa513 su S(?H“?’if’gg?ﬂ% M)ggfle‘g% i con
nitride to silicon oxide in a Cl2 anbient, allowing the RIE procedure to
selectively termnate at the_ appearance qf silicon oxjide |ayer. 5. The

r esul t ifog secppdsregion 06 tgrsemiconducts saipsirate: ﬁ%ﬂsﬂis‘?@e\mﬁ%ofm Jf'gr.st $jlicq ﬁ%i% B%hoval of
phot or esi st shape 7, via plasma oxygen ashing procedures, siIiQPn nitride
| ayer 8nd ofs firshsilisonaritrige dpysb Brtiesring progequRss ke @ERI OBt iRgano Bt firssgliean 500
Angstrons, via LPCVD or PECVD procedures, followed by a confornal

deposi nitade leyerdiam thepmestlying fixsldlicon oxide layer i R RMQS f&ioRe MePaBidn o0 to 200
Angstrons, again via LPCVD or PECVD procedures. The result of these

deposi sécond sificen itriderianer and ofanjoveriging sgcend silicqn qpidedayer rrsulis Mractshce in

t hi ckness of the insulator stacks in NMOS region 50, and in PMOS region 60,
r esul t compdsito msulatorpayss antbe NMOS rdgiamempiised elsetany sHicen oxide kiypry s regi on
50, will subsequently determ ne the difference in channel |engths for both
devi ce silippresitrideHaycos fasi sliconmitpide lbger, pl fistsilicondxids layemadiletaghian¢row channel
opening 11, in NMOS region 50, and channel opening 12, |ocated in PMOS

r egi on s&®nd tompesitel @fsulagg laver anmpotadmpsecoli Bliprrowadhleger) sscenduiilinpaditrifle r st
using CHF3 as an etchant for silicon oxide layer 9, termnating at the
appear &nee and fisst bilicanoxidd kaycteedidey én the PMOS tdpic. sChgmelodpetings aminexit ropi ¢ RI E
procedure G2 is used to selectively renove silicon nitride |ayer 8, and

Si | i coforetnia the firetywempbsitefinguladrdayelexgpgiangrtich, ofalrctop sunfanolthedhtype si | i con
nitride |ayer 8, for channel opening 12. This selective dry etch procedure
usi ng @ratn &gidnhéndihahethinnt sdton@t &fip@ite italatod faystexpasiag o posioh bf the taxi de
|-ayer 5, therefore the additional tinme needed to renove both silicon

Ni tri deuiEBs T thel Mtypd anielegidne AinftPitddal sticln Muyer is @fnlstlettivebdghotvndititlg the chi ng

i n .channel opening 12. The anisotropic R E procedure is then continued

usi ng GhldicPSpeaihg®t ARMAtpolyailicsi 1ak6aB (X ideiositay Rllowed b phitblitheerhphitNMOS
channel opening I1, exposing a portion of the top surface of heavily doped
N type n@;{sﬁing FRINREs AlowanEhhE ?5&1101%1 o theithin BMIG e HaRRE loaaTTh g NKIOSXposi ng a
portion of ﬁe top surface of heavily doped P type source region 3. The

di anet gLuiQf 1 RaRRE! NAPRViR BnlhplARHR brie BRAAE the R RESWRG tHedpartich dTghiveen about
0.5 to ﬁf’f Micod Dy 8r, 12286 REMB PG [ BN doPed P g,peé}-AﬂP QMATINTT a thifhape 10,
is the emoved via plasma oxygen ashing proceddres. A buffered '

hydr of | i 1 : rQif.htiarq - dure is
B R S e T,
channel opening 11, and in PMOS channel opening 60: Single crystalline
siliconis epitaxially growm on the ungerlying drain regions, at a

t enper at ure between about 800 to 1200 C, at a pressure between about 10 to
50 ton, using silane or dichlorosilane as a source. The silicon epitaxial
growt h, selectively grown only on exposed silicon regions, specifically the
drain regions, conpletely fills the channel openings w thout form ng on the
top 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

| engt h channel regions wll be obtained as a result of the difference in

—— -,




| ayer 16a. The result of the procedures used to dope intrinsic polysilicon
| ayer 16a, is schematically shown in Fig. 7. Renoval of the PMOS
photoresi st block out shape is again acconplished via plasm oxygen ashing
procedures. Silicon oxide |layer 17, to be used as a hard nask for
subsequent patterning procedures, is next deposited via LPCVD or PECVD
procedures at a thickness between about 200 to 500 Angstrons. Photoresi st
shapes 18, are then forned and used as a nmask to' allow an anisotropic R E
procedure, using CHF3 as an etchant, to define the desired source shape in
silicon oxide layer 17. This is schematically shown in Fig. 8 The

ani sotropic RIE procedure is then continued using Cl 2 as an etchant to

ol yo PIRSSR PG B o A e 31 3 BB %9 %éﬁords?%toréa@e%téf
tures.definiti oxrd via remy of

Eiﬁﬁigger E%Jgfﬁﬁrel SraRyaroutn B Sectlautey S Rier %la@&gzﬂiﬁwetpﬁﬁ%tﬁt hi o
O.. Af i 18,
Efaiﬁ%%%eﬁ i@ﬁ%@'ﬂ%l@%ﬂ%ﬁ%@g T SR SETS: e?ledv'tg

selectlvel ve Sili nltréﬁﬁ$ IayeE 8, .and silicon n|tr de | a er,

resul t Fivgt #FEOl s Pt S|t g HSedypr THIPHoE Shacer £ e‘i4
regarded as the N channel and of on of SI|ICO

cyl i ndFMEQP devichse AST rampVRet, déee%wa%retlﬁe d 16 %riefwrt & a0RYe HAPS 3 s
schematically shown in Fig. 10. A therpal_ oxidation procedure ﬁferforned at
a t enpdiehsich gms@tlr&e@ﬁmawet toeceorescht;bme firstpiligon giideleyers & g MMABi ent, i s

next used to formsilicon dioxide gate insulator layer 19a, on the NMOS
channeregiody pEresing gdirstderegh ph @iqciltf‘oﬁi’l"étﬂéwléfémé%b%“eﬁ&ﬂ the BMOS glanalon, on
the shorter, or narrower PMOS channel both at a thickness between
about 1eEiQTgandiY ARGk eeeRd Siliuea nitrde lper 1@%@@4% ACHPD cERRFING Biheperlengiht s in
the growth of silicon oxide layers 19c, on the exposed sides of N type

pol ysi bf sdeetizeepitaiab silipns tode useshfor ha PMIQS ebavoelaagion.dk silisgn Goxige gate
polysilicon source shape 1l6e. This is schematically illustrated in Fig. 11.
| f desiirseldtas layiegls fembideingbe ¢hiaongl ageienssascbelbas dndhnsiden of shedd typef aR)E type
zirconium oxide (Zr02), at a thickness between about 10 to 100 Angstrons,
can be pblysitech shiapesa thothiiak dodgsdicon Byesis demositédurd) againrmidpeds dynesin gheghiViS
insulator layer. Intrinsic polysilicon |layer 20a, is next deposited via
LPCVD prgbae dut dopetl & tapd inithk PEES rbgibwe Arselzbiivg ari @@ picalrP 60D pAwgdtre ons. A

sel ective R E procedure, using C2 or SF6 as an etchant for polysilicon, is
used t ecmerByegidnhef thigk padysilicon lgkr nottcoiared by the loysilingthirdlsdigen ofi0a; thiro a
poi nt at which the top surface of silicon oxide shape 17, located in PMOS
r egi on poRsilicen esepasidlicontuxide shipes troquitiigrihacertical NoIOS devicd, ngnpdsetiioba of
intrinsic polysilicon layer 20a, in NMOS region 50, is at a | evel adjacent
to sil itdek) Nowbelpolgfiic@r shapd surfdiinginig Shess heinmtid:add daye Bladaor lagerfih g rdgion iA
phot or esi st shape, not shown in the drawi ngs, is next used to bl ock NMOS
regi on wifkh the g4t if¥plafon 36t Gveriays Deagiel rghién ERPrieedBThatirs lenghasfg¥altiet ween
about 20 to 50 KeV, and at a dose between about 1E15 to 5E15 atons/cn?,

conver fehifgkif %0ie6e tnp A veHRAPMO S idabité, REmpriftal of Sithitle PreyhSydysiRéda,ship, P type
polysilicon |ayer 20c. After renoval of the NMOS photoresrst bl ock out

shape ape&h@m Rﬂ@ilﬁécﬁﬁh&hﬁ AP RishIStoH faﬁ@l" hQ rbYieh BCWhiEMER daRAhRikt&ayek r OmM
i npl antati on of arseni ¢ or phosp orous ions, perforned at an ‘energy

bet ween Rk cﬁQmEpreéiQQ BB Mriscand a%ﬁo@er%@&ﬁdbﬁhg’tﬁ%f‘ sARBVE epitaleial sificd® 6E 15

atons/cn2, ‘resulting”in N type polysilicon layer 20b, in unprotected

portio ']E%ct?f:habﬂél %léd s IM'téd%letv!/ééﬁ in B@é&sﬁngztﬂﬁt dJa po Hﬂc&n %urée*'b%d@flf%ﬁd ures

~used to dope intrinsic polysilicon 204, 'S s enatlca l'y shown in
Fig. 1 0 k out PMOS region during the N
type d%ﬁPESﬁgggl%?p?%gﬁ%n%ﬂ%RﬁYFH%%n %ayﬂ#gg is then renoved via plasma
oxygen ashing procedures. A self aligned dry etch procedure, perforned
wi t hout photoresi st masking, is next enployed to renove portions of doped
pol ysilicon, using silicon oxide shapes 17, as a hard nmask. The dry etch
procedure is an anisotropic R E procedure, using G2 or SF6 as an etchant
for polysilicon. A high etch rate ratio of polysilicon to silicon oxide,
bet ween about 10 to 100, to I, allows this selective dry etch procedure to
termnate at the top surface of silicon oxide |ayer 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
devi ces are now conprised of :channel regions 14 and 15; silicon dioxide
~gate insulator layers 19a and 19b; doped polysilicon gate structures 20b



any conbi nati-on of variabl e channel Iengths are obtalnable via use of thls
invention. Wiile this invention has been particularly shown and descri bed
with reference to the preferred enbodi nents thereof, it will be understood
by those skilled in the art that various changes in formand details may be
made wi thout departing fromthe spirit or scope of the invention. 12 What
is clained is: 1. A nethod of formng vertical, conplinentary netal oxide
sem conductor (CMOS), devices on a sem conductor substrate, conprising the
steps of: providing a first region of said sem conductor substrate to
accomodate first type CMOS devices, and providing a second region of said
sem conduct or substrate to accommobdate second type CMOS devices; formng a

first heavily doped i i f j tivity type, in a top
portion of said firssﬁﬁggﬂgﬁﬂgﬁﬂggﬁﬁcggﬁhéiﬁﬁggﬁgggsubstrate, and formng a
second heavily doped drain region, of a second conductivity type, in a top
portion of sa sec regi on of _.said sem conduc rate; 10
depositingT ge ?IPJF“sttangPtgFrc@r‘fa‘&geaé?f sy’é‘?’ennloﬁ %Fétdffs%qqe & eﬁfe?‘?rfetlﬁle shape on
sai d flrst silicon oxide |ayer, B said first gi on of said sem conductor
subst r gke ‘@Sﬁo&fi‘thf?fﬁre%"ettﬁﬂ‘r?%@?he SEHPEY %Fén‘f‘é r and an overlying second
silicon OXIde | ayer; formng a first channel opening in said second silicon
oxide layer; in said thin silicon 15 nitride layer, in said silicon nitride
shape, andFigs: bal4 whighsehanaticabningsrsgseqtiopastyleogskaqygrocess stages used to

fabricate vertical CMOS devices, featuring devices comprised with variable chamnel lengths, on

_ the same semiconductor chip.

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 1, comprised of P type single crystalline silicon with a <100>
crystallographic orientation, is used and schematically shownin Fig. 1. Shallow trench
isolation (STT), 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 charmel (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



a portion of a top surface of said first heavily doped drain region, and
formng a second channel opening in said second silicon oxide |ayer, in
said thin silicon nitride layer, and in said first silicon oxide |ayer,
exposing a portion of a top surface of said second heavily doped drain
region; 20 formng a first silicon shape in said first channel opening, and
formng a second silicon shape in said second channel opening; 13
depositing a first intrinsic polysilicon layer; performng ion inplantation
procedures to convert a first portion of said first intrinsic polysilicon
| ayer to a first doped polysilicon region of a first conductivity type, and
to convert a second portion of said first intrinsic polysilicon layer to a
second_gdaoped. 5 Lysilican regi . eco Lvi ~vadepositing
a0 A Bt Sy Bl BESE FRURME ik ¥ 0 YRV B

athir X ayer,; ot or esi ring an
ani sotr,opi.c, dry et [0 t f id
Thira OpRitEpival of TERS BEEHAMPES, Wb TR RO L AR bSO L 5%
lysili i t ti .of d 10
oY Sorebt o < agpRpondion P RRfiatil R Y BRI affieh: SRRaBIopREE b, e
shapes, resuyult,] in definit.li f first i )1 . h f
oD ke Dy A PR uk S B MR SR BB RRER o
bstrate, d finiti f d ysili h f d
conauc i it $py Veatisin TUGTORNEE ST RO I ar o
and resulting, in definiti f derl yi Pl . d . 15
per f or ﬁ]:lJ‘P@'I‘ ‘é‘%@ra@ir@:%n‘%ﬂ"%%gﬁgl%asu @eéré%gg@ %%?%Gﬁfé?ﬁiaggﬁgﬁ%‘?the | ayer
and said silicon nitride shape,_exposing a portion of said first silicon
shape, Prasedue gesddo femebepyipsgons Mhes diadigegan fnindsgiee 7§ ﬁe%@ridilﬁmbf

sem conductor substrate, and to renove said thin silicon_nitride | ayer

exposi KePsiratsds Pihens reions 3, ds todeaner lojarsarRodatelMOS devises. Thig implantation second

channel region in said second region of said sem conductor substrate, with
sai d f iprasedwn ivpreionpetiising sisspiory PAOSPAPT9EF loBhah AR PRTBNRATNERAUSY d second
channe lto 5(():) Ie%?z;it an implant dose between about 1E15 to 8E15 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 viaplasma 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. 1.

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

éilicon nitride, with a high etch mate ratio of silicon nitride to silicon oxide in a Cl, 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



14 grow ng a silicon dioxide gate insulator |ayer on said first channel
regi on and on said second channel region, while formng a fourth silicon
oxi de |l ayer on exposed sides of polysilicon source shapes; depositing a
thick, second intrinsic polysilicon layer; S 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 layer to a second doped thick polysilicon region of a
second conductivity type; and 10 perform ng an anisotropic dry etch
‘procedure using said silicon oxide shapes as a hard mask to renove exposed
portioqf t hi ck icon regi ons a eIf.a.&gned

e g ey e e i
i T R A S
dewi ceby efiipEnd dFepsdisnshatiegR OeNBE ot ¢ Bars SeeRaAmEr o DS devi ces.
2 hoay APECRENE HSECHILPHER QYD aRorctpes TiasouTLoTOgst SHEAEPBITE: orsenic
bet hoonTeBbEA i rotsd it PBELS (it GHERBADR BCRRO Rt HHASE SeraihMOSner oi n'
sai d second heavily doped drain region is a heavily 15

region 50, and in PMOS region 60, resulting from the presence of siYicon nitride layer 6, in only

NMOS region 50, will subsequently determine the difference in channel lengths for both device

| types.

Photoresist shape 10, is now used as a mask to allow channel opening 11, in NMOS
region 50, and channel opening 12, Jocated 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 theanisotropic RIE procedure Cl, is
used to selectively remove silicon nitride layer 8, and silicon nitride layer 6, for channel
opening 11, and to remove only silicon nitride layer 8, for channel opening 12. This selective

~ dry etch procedure using Cl, 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 11,
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 fop 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
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‘doped P type drain region, obtained via inplantation of boron ions, at an
energy between about 2 to 10 KeV, and at a dose between about |EL15 to 6E15
atons/cnR2. 5. The nethod of claim1l, wherein said first silicon oxide |ayer
i s obtained via LPCVD or PECVD procedures, at a thickness between about 50
to 200 Angstrons. 6. The method of claim 1, wherein said silicon nitride
shape is defined via anisotropic R E procedures, using Cl2 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 Angstrons. 10 7.
The nethod of claim1, wherein said thin silicon nitride |layer is obtained
via LPCVD or PECVD procedures, at a thickness between about 50 to 500
Angstrons. 8., The methqd, of claim1, erein,said first channel opening,
and saflppedBdnther femovel VERIMIRPL* Y8 PERFCHES-an ani sotropic RIE
procedure using CHF3 as an etchant for silicon oxide, and using C2 as an
etchant for silicon nitride. 15 9. The hod claim1l1, wherein the

di anet er of\@%ﬁﬁﬁﬁhﬂﬁﬁﬂueﬁ&ﬂﬂgﬁﬁBb@HF%E$ﬂ§iHWHﬁB@ngm§@€@h@”8ﬁEﬁﬁéPe peni ng,
is between about 0.5 to 2.0 um_ 1Q. The nmethod of claim1, mfere'n sai d
first penforawd PsRupsclegting sayth of o slisqus BNV Ehangl epeningyt i, 88¢iNof
intrinsic silicon, obtained via selective epitaxial growmh of silicon, with
the epPMOS ehans¢liopering 69-oNeBlesristadingsiicon i spitapallpgrowniaaiberdety@spet ween
about 800 to 1200 C, and at a pressure between about 10 to 50 torr 16 5
11. Théraietcgises.of 2 ddmriemture bofween phpus 89Qitor 2087 C.iah & Prossire bespesisibopckh 1 ayer
is obtained via LPCVD procedures, at a thickness between about 400 to 1000
. Angst r dos0 tdr?, usiigeilametdrdithisrosilang #p asouvdaed ¢ pilieer epitaxiakgrowtp edleqhisElysi | i con
region is formed via inplantation of arsenic or phosphorous ions into said
first gegmoenlpbnsgioded silicn regions, ssicificpldy e idrdin mgianaycemplaialy &Hs Bger gy
bet weerhamoeuit 40 to 70 KeV, and at a dose between 10 about 1E15 to 6E15
atons/cn2. 13. The nethod of claiml, wherein said second doped polysilicon
r egi on obanifgsrwitichuy foamingpinah¢ tipisorfafof kilicomnitridedayea B dresidicegid stlisgiion of sai d
first intrinsic polysilicon |layer, at an energy between about 2 to 10 KeV,
and at cglithizel shepener in BNIOS ofehilty Il parkiEdlfcoatcphmdreabshage 1, iMPMOSechamtehod of
claim1, wherein said third silicon oxide layer is obtained via LPCVD or
PECVD @Eaﬁﬂgi U2.€Fhis atscherhdticalkngdwsmlie Fiye 8n TabeariabR(6ngdth cldfclAngjens wilishe 15.

4 thod of claim1, wherein said silicon dioxide gate insulator |ayer is
obt ai neBtaatedas bhdsalt0e 3k dikrwaerinadbstiof 2 channkDépeAingst Thaepitaxiafy tlvempal
oxi dation procedures perforned at a tenperature between about 800 to 1200
C, in aRdepenashndricst hapesaidi &Adrallybafls fllHyoperinbor aid 10| riutidg imhgordom sai d
thick, second intrinsic polysilicon |ayer is obtained via LPCVD procedures,

at a t yrelnepealRaipeen aad 08tovd@Rfl portions of the top surfaceof 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 15, 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 10 KeV, and at a dose between about 1E15

to SE15 atoms/cm’, converting exposed portions of intrinsic polysilicon layer 16a, io P type

8



to 2000 Angstrons. 17 17. The method of claim1l, wherein said first doped
thick polysilicon region is formed via inplantation of arsenic or
phosphorous ions into said first region of said thick, 10 second intrinsic
pol ysilicon | ayer, perforned at an energy between about 50 to 100 KeV, and
at a dose between about 1E15 to 6E15 atons/cn2. 18. The nmet hod of claim 1,
wherein said second doped thick polysilicon region is forned via
i npl antation of boron into said second region of said thick, second
intrinsic polysilicon |ayer, perforned at an energy between about 20 to 50
KeV, and at a dose 15 between about 1E15 to 5E15 atonms/cn2. 19. The net hod
of claiml, wherein self aligned polysilicon gate structures are defined
via a selecgtive, anisatropic R E procedure, using C2 or SF§ as an etchant
for  poPgl¥sificqndayer kpe-Altgrrepions] of hedNMENS rhofpresish plogk pricshaps other PRafgresisti de of
bet ween about 10 to 100, to 1. 20. A method of form ng vertical, CMOS
devi ceshapgisused ErnralsriePMAE Aegion 6 Agrniznplaationof aysers gl osPhosNsdPRsale
conprising the steps of: providing a first region of said sem condyctor
" subst r & energy bptwesmrabae4d taf0 Kedhanhadla dospryeendboniclE L S4p §E BT fomaicay a
second region of said sem conductor substrate to acconmpdate a P channel
( PMOS) resdléng el typerpalysgican layet 14be ingmaraieotesgrosiionsof infensic pidiayvi ce, in a
top portion of said first region of said semiconductor substrate, and
f or m nipyer Pat Jhe regpk phthe prgcedireorsed i dpppvpgnsepelgsilicandaxertiép iporti on of
sai d second regi on of said sem conductor substrate;

schematically shown in Fig. 7. Removal of the PMOS photoresist block out shape is again

accomplished via plasma oxygen ashing procedures.

Silicon oxide layer 17, to be used as a hard mask for subsequent patterning procedures, is
“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 efchant, to define the desired source shape in silicon oxide

layer 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 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



18 depositing a first silicon oxide layer; 10 depositing a first silicon

nitride |layer; performng a patterning procedure to renpbve a portion of
said first silicon nitride layer fromsaid first silicon oxide |ayer in
said first region of said sem conductor substrate; depositing a second
silicon nitride layer on said first silicon nitride layer in said first 15
regi on of said sem conductor substrate, and on said first silicon oxide

| ayer in said second region of said sem conductor substrate; depositing a
second silicon oxide layer; formng an NMOS channel opening in said second
silicon oxide layer, in said second silicon nitride layer, in said first
silicon nitride layer, and in said first silicon oxide |ayer, exposing a
portion of a top surface of said N type drain regjon, and form ng a PMOS
channefhagpe segign. | hus i sghaeadigplly SPPPddRigokP-od ﬂpﬁa%ir oxidatio progedieond 5
silicon nitride layer, and in said first silicon oxide |ayer, exposing a
por t i operfrmgd puptemppiiERbeVeAbGUEBQOn d20fF &, it eRIVEFR - TieA? BRRiepyispext

sel ective epitaxial deposition of silicon to forma first silicon shape in

sai d Nwss te framriélicos giasidegateinsnlater yertoa oadboNMQY shappsl regiemand e feamg pvoS
channeL.openiqg; 10 depositing a first intrinsic polysilicon |ayer;

per f or silipen dioxide gese insulator dayeptBe ewl thesbortes, erguvewer BMPSchenngbregionnbadh sai d
first intrinsic polysilicon |ayer, |located overlying said first silicon
shape, atathickhgss betwigen ghsat 10 to 100 Angstroms. The thermal oxidation procedure also results

in the growth of silicon oxide layers 19¢, on the exposed sides of N type polysilicon source
shape 16d, and on the exposed sides of P type polysilicon source shape 16¢. This is
schematically illustrated in Fig. 11. If desired a high k dielectric layer such as hafnium oxide
(HfO,), or zirconium oxide (ZrQ,) 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 SF, 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
région 50, is at a level adjacent to silicon oxide spacers 29. This is schematically shown in
Fig 12. 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 ata
dose between about 1E15 to 5E15 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

10



pol ysilicon region, and to convert a second portion of said first intrinsic
polysilicon 19 - layer, |ocated overlying said second silicon shape, to a
first P type polysilicon region; 15 depositing a third silicon oxide |ayer;
perform ng an ani sotropic reactive ion etch (RIE), procedure, using a

phot oresi st shape as a mask; to renove exposed portions of said third
silicon oxide |layer defining silicon oxide hard mask shapes; to renove
exposed portions of doped polysilicon regions to define an N type

pol ysilicon source shape in said first region of said 5 sem conduct or
substrate, and to define a P type polysilicon source shape in said second
region of said sem conductor ubstr at e, to renove e portions of
second OEFFRGRF RIRFRIGIQUS JR1S, 1? 4%@1@??%%%?}“’8% g%@él?@i&g’eraf‘%?trﬁ ng a
wet etch procedure t sai d sgcond siljcon n trjde la and said
first €pye B?‘Feﬂla?‘?‘ltdﬁl n%“els aé%g%lpﬁﬁes‘émﬁ%ﬁ}]med’lo 3%“31"8‘4*}3’9}5/%1’3111 i con shape
to be used 10 as an NMOS channel on in al d flt[ egj on of

seni coHBRetested Bomtieps fafilemnalﬁ@olé&%%n %@eraP%F fEsulbe @ap erigediodorsn
shape to be used as a PMOS channe| region in said second region of said
sem coifdtetopolxsitieonlaxes 208t yeheraate B K3 2h¢ Blaptwawtﬁaap&, Psder
- channel length than said PMOS channel region; performng a thermal

‘oxi dat Plosk proRdBSregiondyingibaNsyrq dapingcifnriaic gelvelicardaysaede is®epayer on
sai d NM3XS channel region and on said PMOS channel region, and to grow a
si | i coreronied@id plgama gsenqsbiadresieduss-of N type pol ysilicon source shape,
and on exposed sides of said P type polysilicon source shape; depositing a
thick, second intrinsic polysilicon |ayer; 20 perform ng ion inplantation
pr ocedur es A selfealigued dryatdhi protedyror performed withdwd photorskist weskingdisingkt i nsi ¢
polysilicon layer to a thick N type polysilicon region, and to convert a
second eppldyed v remozapettivin Qﬂdop@iqnmyﬂmqonlusumllthJOp@kydwhap@@M laapdardt 0 a t hi ck
P type polysilicon region; and perform ng an anisotropic dry etch procedure
usi ng swuskl Fhd dx\y@tchqrxm&duﬂaéerm awkropih RIE prawsdiae, wing eI, hoan gnlmneioexposed
portions of said thick N type polysilicon region and to renpbve exposed
porti opslysilicemi Al highi etdh Rtetryreofpolysdicon cosilicongixaiz, bétereen sbguiakd N 100,pe Isel f
aligned polysilicon gate structure in said first region of said
semn contlows tis sslebte dit efchanstethar 10 efmidate at thpeoselrfacadfi silived opide Yt b.con gat e
structure in
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 4 and 5; doped polysilicon source shapes
16d

and 16e; and silicon oxide spacers 29. The chamnel 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

11



claim 20, wherein said first silicon oxide |ayer is obtained via LPCVD or

- PECVD procedures, at a thickness between about 50 to 200 Angstronms. 22. The
met hod of claim 20, wherein said first silicon nitride |ayer is obtained
via LPCVD or PECVD procedures at a thickness between about 300 to 5000
Angstrons. 15 23 The nethod of claim20, 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

ani sotropic R E procedure, using CHF3, as an etchant for silicon oxide, and

using Cl2 as.an. etchant . for silicon nitrid 21 oA t hod of claim
20, \/\h@lf'ye?cﬁnﬁf‘?\agloa iof waable cglfm%eye&gﬁﬁ/fﬁ O%Fwag}?%«lﬁ Vl%ﬁseen?%%ﬁ? mé’%glq[ e di aneter of
said PMOS channel opening, is between about 0.5 to 2.0 um 26. The nethod
of claim 2Q,. . rein said selectjv I taxi al ,deposi tion.procedyre is

per f or ned &Ymr?’q'ﬁ‘é Wé’?fé‘frlﬁaé%ﬁgl %@?ﬁ%@oﬂpwg%é e Dk v regeﬁﬂlcggo °pressure
bet ween about 10 to 50 ton, .using,silane or dichlorosilane as a source.
27. Th Qregiéﬁ%ﬂt%?i‘n&ﬂ“&si tﬁe;rg@? it \)OH@ E@ d%%?@rhﬁ tggste S:k'ﬁ@p ?‘h@‘? @ﬂglﬂﬁ? v&T ™ con 1 ayer
is obtajned via LPCVD procedqures, at a thickness between about. 400 to 1000
. Angst réh%%ge%lﬂ.fo%%“dn%’%\%am@f edpagdeyigut ‘iﬁﬁ@in@g ﬁmg’at?a SRIFH} e AL oxi de

| ayer i s obtained via LPCVD or PECVD procedures, at a thickness between

about ZDETEH-500 Angstroms. 10 29. The nethod of claim20, wherein said
silicon dioxide gate insulator |ayer is

12



obtai ned at a thickness between about 10 to 100 Angstrons, via thernal

oxi dati on procedures perforned at a tenperature between about 800 to | 200
in an oxygen steam anbient. 30. The nethod of claim 20, wherein sai

C

t hi ck,
pr ocedur es,

second intrinsic polysilicon layer is 15 obtained via LPCVD
at a thickness between about

nmet hod of claim 20, wherein said N type self aligned polysilicon gate,
said P type self aligned polysilicon gate structure, are defined via a

sel ecti ve,
pol ysilicon,

ani sotropi ¢ Rl E procedure,

with an etch rate ratio of polysilicon to silicon oxide of

bet ween about .10 to 100, to 1. 22 .Aqv . Ay .Al ' O.Alyl.Al .Afy .Avy .

. Al

A

10

15

20

Whef 15 claimed is:

1. A method of forming vertical, complimentary metal oxide semiconductor (CMOS),

devices on a semiconductor substrate, comprising the steps of:

providing a first region of said semiconductor substrate to accommodate first type

CMOS devices, and providing a second region of said semiconductor substrate to

accommodate second type CMOS devices;

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;

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;

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 chamel opening, and forming a second

silicon shape m said second channel opening;

I3

d

000 to 2000 Angstronms. 31. The

and

using 2 or SF6 as an etchant for

Al
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. intrinsic polysilicon layer to a firsi doped polysilicon region of a first conductivity type,

and to convert a second portion of said first intrinsic polysilicon layer to a second
doped

5 polysilicon region of a second conductivity type;
- depositing a third silicon oxide layer;
using a photoresist shape as a mask during an anisotropic dry etch procedure used to
remove exposed portions of said third silicon oxide layer, used to remove exposed
portions of doped polysilicon regtons, and used to remove exposed portioﬁs of second

10 - silicon oxide layer, resulting in definition of overlying silicon oxide shapes, resulfing in
definition of a first polysilicon source shape of a first conductivity type, in said first
region of said semiconductor substrate, and definition of a second polysilicon source
shape of a second conductivity type, in said second region of said semiconductor
substrate, and resulting in definition of underlying silicon oxide spacers;

15 performing a wet etch procedure to remove said thin silicon nitride layer and said
silicon nitride shape, exposing a portion of said first silicon shape, to be used as a first
channel region in said first region of semiconductor substrate, and to remove said
thin silicon nitride layer exposing a portion of said secord silicon shape, to be used as

20  asecond channel region in said second region of said semiconductor substrate, with

said first channei region having a larger channel length than said second channel region;

14
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growing a silicon dioxide gate insulator layer on said first channel region and on
said

second channel region, while forming a fourth silicon oxide layer on exposed sides of
polysilicon source shapes;
depositing a thick, second infrinsic polysilicon layer;

5 - 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 inirinsic
polysilicon layer to a second doped thick polysilicon region of a second conductivity
type; and

10 .performing an anisotropic dry eich procedure using said silicon oxide shapes as a
hard mask to remove exposed portions of doped thick polysilicon regions, 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.

15 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.

3. The method of claim 1, wherein said first heavily doped drain region is a heavily
doped N type drain region, obtained via implantation of arsenic or phosphorous ions, at
an energy between about 40 to 90 KeV, and at a dose between about 1E15

20 to 8E15 atoms/cm’.

4. The method of claim 1, wherein said second heavily doped drain region is a heavily

15
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doped P type drain region, obtained via implantation of boron ions, at an energy

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

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

6. The method of claim 1, 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.

10 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 1, wherein said first channel opening, and said second channel
opening, are formed via an anisotropic RIE procedure using CHF, as an etchant for

silicon oxide, and using Cl, as an etchant for silicon nitride.

15 9. The method of claim 1, wherein the diameter of said first channel opening, and of

said second channel opening, is between about 0.5 to 2.0 wm.

10. The method of claim 1, wherein said first silicon shape, and said second silicon
shape, are comprised of intrinsic silicon, obtained via selective epitaxial growth of
silicon, with the epitaxial silicon growth procedure performed at a temperature between

about 800 to 1200° C, and at a pressure between about 10 to 50 torr.
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5 11. The method of claim 1, wherein said first intrinsic polysilicon layer is obtained via

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

12. The method of claim 1, wherein said first doped polysilicon region is formed via
implantation of arsenic or phosphorous ions into said first region of said first intrinsic
polysilicon layer, at an energy between about 40 to 70 KeV, and at a dose between

10 about 1E15 to 6E15 atoms/cnt.

~ 13. The method of claim 1, wherein said second doped polysilicon region is formed via
implantation of boron into said second region of said first intrinsic polysilicon layer,
at an energy between about 2 to 10 KeV, and at a dose between about 1E15

to 5E15 atoms/cm’.

15 14. The method of claim 1, 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

‘ambient.

5 16. The method of claim 1, wherein said thick, second intrinsic polysilicon layer is
obtained via LPCVD procedures, at a thickness between about 1000

to 2000 Angstroms.
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17. The method of claim 1, wherein said first doped thick polysilicon region is formed
via implantation of arsenic or phosphorous ions into said first region of said thick,
10 second intrinsic polysilicon layer, performed at an energy between about 50

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

18. The method of claim 1, wherein said second doped thick polysilicon region is
formed via implantation of boron into said second region of said thick, second intrinsic
polysilicon layer, performed at an energy between about 20 to 50 KeV, and at a dose

15 between about 1E1S5 to SE15 atoms/cnt’.

19. The method of claim 1, wherein self-aligned polysilicon gate structures are defined
via a selective, anisotropic RIE procedure, using Cl, or SF as an etchant for
polysilicon, with an etch rate ratio of polysilicon to silicon oxide of between about
10 t0100, to 1.
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
channel (NMOS), device, and providing a second region of said semiconductor

5 substrate to accommodate a P channel (PMOS), device;

forming an N type drain region for said NMOS device, in a top portion of said first

region of said semiconductor substrate, and forming a P type drain region for said

PMOS device, in a top portion of said second region of said semiconductor substrate;
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depositing a first silicon oxide layer;
10 dei:ositing a first silicon nitride layer;
performing a patterning procedure to remove a portion of said first silicon nitride
layer from said first silicon oxide layer in said first region of said semiconductor
substrate;
depositing a second silicon nitride layer on said first silicon nitride layer in said first
15 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;
forming an NMOS channel opening in said second silicon oxide layer, in said
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
5 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
said NMOS channel opening, and to form a second silicon shape in said PMOS channel
opening;
10 depositing a first intrinsic polysilicon layer;
performing ion implantation procedures to convert a first portion of said first
intrinsic polysilicon layer, located overlying said first silicon shape, to a first N type

polysilicon region, and to convert a second portion of said first intrinsic polysilicon
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tetitt layer, located overlying said second silicon shape, to a first P type polysilicon region;
15 | depositing a third silicon oxide layer;
~ performing an anisotropic reactive ion etch (RIE), procedure, using a photoresist
shape as a mask; to remove exposed portions of said third silicon oxide layer defining
silicon oxide hard mask shapes; to remove exposed portions of doped polysilicon
regions to define an N type polysilicon source shape in said first region of said
5 semiconductor substrate, and to define a P type polysilicon source shape in said second
region of said semiconductor substrate; and to remove exposed portions of second
silicon oxide layer to define silicon oxide spacers;
performing a wet etch procedure to remove said second silicon nitride layer and
said first silicon nitride shape, exposing a portion of said first silicon shape to be used
10 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, with said NMOS channel region
having a larger channel length than said PMOS channel region;
performing a thermal oxidation procedure to grow a silicon dioxide gate insulator
15 layer on said NMOS channel region and on said PMOS channel region, and to grow a
silicon oxide layer on exposed sides of N type polysilicon source shape, and on exposed

sides of said P type polysilicon source shape;

depositing a thick, second intrinsic polysilicon layer;
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performing ion implantation procedures to convert a first portion of said

thick, second intrinsic polysilicon layer to a thick N type polysilicon region, aﬁd to
convert a second portion of said thick, second intrinsic polysilicon layer to a thick

P type polysilicon region; and

5 performing an anisotropic dry etch procedure using said silicon oxide hard mask

shapes as an etch mask to remove exposed portions of said thick N type polysilicon
region and to remove exposed portions of said thick P type polysilicon region, 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

10 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.

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 Angstroms.

15 - 23 The method of claim 20, wherein said second silicon nitride layer is obtained via

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

24. The method of claim 20, wherein said NMOS channel opening, and said PMOS
channel opening, are formed via an anisotropic RIE procedure, using CHF, as an

etchant for silicon oxide, and using Cl, as an etchant for silicon nitride.
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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 procedure is
performed at a temperature between about 800 to 1200° C, and at a pressure between

5 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.

10 29. The method of claim 20, wherein said silicon dioxide gate insulator layeris
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 ambient.

30. The method of claim 20, wherein said thick, second intrinsic polysilicon layer is
15 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, and said
- P type self-aligned polysilicon gate structure, are defined via a selective, anisotropic
RIE procedure, using Cl, or SF, as an etchant for polysilicon, with an etch rate ratio of

polysilicon to silicon oxide of between about 10 to 100, to 1.
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