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; €3eWbT001d240356>5T5BIJN ., ,~ . Method To Forn1A Vértlcal Transi st or

First fbrning A Ga~..:el/ Spacer Stack, Then Using Selectlvﬁmﬁmmmmmwmmm Form
«Source,- Drain And Channel 5 Background of Invention 1) 4i

I nvention This invention relates generally to fabrication of &soso

"sem__conductor device, and nore particularly to the fabrication of ~ M3

transi stor cal el. 1 ~escri n of the Prior Art
Field eff ecmettlhe?r%\&gq (Ljplr I‘PEVQSSHC %‘?%ﬂﬁfa?ﬁ‘?ﬁaé) F1rst FofmERg Bl ock in
the field of i ntegrated CIFCUItS FET's can be cla-~sified into two basic
st r uct uCH “@ARRASE 3k Aihamdsing Sekectiye iBohtary Be ForerSPuresr s
exhibit carrier flow 15 frc~~: source to drain in a direction_parallel (e.
g. horizontal) to '.he plane ofDtdien shipdtClamnah which they are forned
Vertical FET's exhibit carrier flow fromsource to drain in a direction
tra.~sverse to the plane of the substrate (e.g. vertical) on whi.:h they
are formed. 20 While horizontal FET's are wdely used and favored in ~he
sem conductor industry because they | end thenselves eas,-ly to integration,

vergical FET's have a nunberg@ékgrdara-s¥ 1nved¥ashages over horizontal
FET's. Because channel length for ver~~ical FET's is not a function of the

smal | est feature size res:~lvable by state-of-the-art |ithographic
equi preht &rRldeef | bie {eveptien the order of 0.25 microneters), vertica
FET's 5 car be made with a shorter channel length (e.g. on the order of 0.1

m cr orret er S) t han h Zsoqtnq}en%:}on 're r%'{seéjrévljh %r;ﬁ.gl}yetrt Ifa%)rll.:CEé.r{:lOlIl

capability to SMAtCh Aster as ‘we

sem.conductor device, and more particularly to the fabrication

of 1 MOS transistor with a vertical channel.

10 2) Description of the Prior Art

Field effect transistors (FET's) are a fundamental
building block in the field of integrated circuits. FET's can be
classified into two basic structural types: horizontal and
ver-ical. Horizontal, or lateral, FET's exhibit carrier flow

15 froin source to drain in a directioniparallel (e.g. horizontal)
to the plane of the substrate on which they are formed. Vertical
FET's exhibit carrier flow from source to drain in a direction

traasverse to the plane of the substrate (e.g. vertical) on

which they are formed.

20 While horizontal FET's are widely used and favored
in ' he semiconductor industry because they lend themselves

eas.ly to integration, vertical FET's have a number of

«

O

*G00002*



power handling capacity than horizontal FET's. There is also the potenti al
for greater packing density with vertical FET's. 10 The i nportance of
overcom ng the various def ciencies note above is evidenced by the

extensive tec:inological devel opnent directed to the subject, as docunented
“by '.he relevant patent and technical literature. The cl osest and

appar e y re rel evant t.echni cal vel gpnents in the .1 att:n

liter a?g&émggﬁgge%é’l%gaﬁgglbzfngg(r\%siFgg?isﬁg%%§a§SE~f,hf§’§'(elgi t %ttﬂ aqtc?]ﬁ t hat
shows one vertical transistor~that is :~ormed by form gate/spacer stack
etch af8TrAERLSEST &r 15 Bodnd dvastdion US S-hsugmedolavz frea teiralsyze
describes a two vertical 20 mem-~ry transistor cell using epi growh. US
5, 218, ZESCARZPARA P Ys IFhes: ex ofertticca T ITrldndictmmpliic eequitsmsit #Ak@zawa for ns
the S/ID & channel by diffusion. 2 US 5,780, 327(Chu et al.) shows a

verti caletcouls €egat.e dir aiisd stmatdr WS 5) 545, ihi86{ deodt)e ishiowsver vecd 1 CBET ' s
transi stor using epi layers. 5 US 5,340, 759(Hsieh et al.) shows a vertical
gat® t iRm$eShidauSiinth ePishdiS &r 032ari29( Beindgan ed . @1.dn Shipwssagbreseh
gate VCM~) S transistor. US 4,982, 266(Chjatter]ee) and US

5, 302, Y h2(AkaZABe 1) Shosh -Ho P AT aRst 68 0T REOCESSESdidy vertical

FET's the capability to switch faster and as well as a higher
pow :r handling capacity than horizontal FET's. There is also the

pot:ntial for greater packing density with vertical FET's.

10 The importance of overcoming the wvarious
def .ciencies note above is evidenced by the extensive
technological development directed to the subject, as documented
by ~he relevant patent and technical literature. The closest
and apparently more relevant technical developments in the

15 patent literature can be gleaned by considering US
5,414,289 (Fitch et al.) that shows one vertical transistorithat

is i‘ormed by form gate/spacer stack, etch and then SEG for S/D

and channel.

US 5,398,200 (Mazure et al.) describes a two vertical

20 mem.ry transistor cell using epi growth.

US 5,218,218 (Akazawa) shows a vertical Transistor in

a trench. Akazawa forms the S/D & channel by diffusion.



Summary of the Invention It is an object of a preferred enbodrnent of the
pre~~ent invention to provide a nethod for fabricating a vertical 5
tra:~sistor. It is an object of a preferred enbodi nent of the pre_-~ent
invention to provide a structure and nethod for fab icating a verti cal
“transistor by first forning gate/spacer sta. k, then using selective epitaxy

to formsource / drad ~~ tLv t t the
.scope of the inv: ntron in any ﬁgﬁh T%{accoﬁpgﬁbﬁg %esg gggggbﬁggghves t he
present %nv ntion %rovrdes a nethod of manufacturing a vertical 15

traai sPBFC RT@BF¢d “PEgion is formed in a substrate. W form seq entially on
the substrate, a first spacer dielectric |layer, a f-~rst gate electrode, a

second spacer di el egs 1§ 0ol 8666 (RoRPOSHOASTR! feeloetrodesRad oA dihisd gpacer

dielectric layer. W 20 fore a nmasking [ayer having an openi ng over
third ggace% f@ e;ectric layer. W fornra trench through the first spacer
di e~ectrtic | yer the first gate el ectrode, the second spacer die'-ectric
| ayer, the second gate electrode and the third spacer 4

5 Us 5,340,759 (Hsieh et al.) shows a vertical gate

tra-sistor using epi.

Us 5,032,529 (Beitman et al.) shows'a trench gate

VCMOS transistor.

US 4,982,266 (Chjatterjee) and US 5,302,5412 (Akazawa)

10 show other transistor processes.



di e: ~ectric layer. The trench has S|dema7 Is VE forn1a gate d|e ~ectric

| ayer over the sidewalls of the trench. We formsequentially, in the
trench:- a first doped layer, a first cha=, nel |ayer, a second doped | ayer,
a third doped |ayer, a 5 sec~:~nd channel |ayer, and a fourth doped | ayer.
"We forma cap lay~:r over the structure. Contacts are forned to the doped
reg~_on, the first gate el ectrode the second doped | ayer, third doped | ayer
.and the fourth doped layer. 10 Additional objects and advantages of the
invention wily be set forth in the description that follows, and in part

w | :_ be obvious fromthe desewmapii 68, tRe DAYeheibgarned by , practice of
the invention. The objects and advantages of the invention nay be realized
and obtai ned by neans of 15 insLrunentalities and conbinations particularly
pointed out in the &ppeAdasl abhectsof Br peefpssedi prbodioenthe Dtds ngs The
features and ad~Tantages of a sem conductor dev_ce according to the present
i nvent ipare @mnd flurtdrari cdetta Irofide a piadess B r f 8dist cad t hgg sacheatical

sem conductor device in acc~~rdance with the present invention will be nore
cl emr | yrandri:gtdrood fromthe follow ng description taken in conjunction

W t~~ the acconpanying drawings in which |ike reference nunerals des-_gnate
simlar or corresponding elenents, regions and 10 por.ions and in which:

Fi gures 1 through 6 1ar dScB9s Obsecti ofala virede rired iefbodsitrentti mgf athreet hod
for manufacturing a vertical transistor acct~rding to the present

i nvent irore et Detent sch Descpravidn af stiecPueé eanédn&hbodi fient s The
present invention will be described ir_detail wt~z reference to the
acconpafab nig-at v ngsve Thecpl eseahs bstov-bnt £ORspr oyrdesgagaethiegackr
formng a vertical transistor. As showmn in FIG 1, we forma doped region 14
in a subsd rat ecdéh Jdengubsl eat eveadpbeaxhutoi sobRt shiibtked HRaid and

non. ~crystalline silicon wafer, silicon and insulator (SO) or a

10 chanel.

The objectives do not limit the scope of the

inv:ntion in any way.

To accomplish the above objectives, the present
inv :ntion provides a method of manufacturing a vertical

15 trarsistor.

A doped region is formed in a substrate. We form
seqaentially on the substrate, a first spacer dielectric layer,
a f-rst gate electrode, a second spacer dielectric layer, a
seccnd gate electrode and a third spacer dielectric layer. We
20 forr a masking layer having an opening over the third spacer .
die. ectric layer. We form a trench through the first spacer
die.ectric layer, the first gate electrode, the second spacer

dielectric layer, the second gate electrode and the third spacer
4



silicon on sapphire (SOS). 10 The doped region 14 is preferably doped with
a first typ= conductivity inpurity (e. g., n-doped) and is preferably
for.~ed by an ion inplant process. The doped region 14 is pre_erably a
_n-doped region fornmed by an ion inplant process. The doped region 14
preferably has a concentration between 1E19 15 and 1E23 atomfcc. The doped

regi on e y th a € Lnp,dird i s S quently
.fornedd?%iégEgg%eéQ?§§ér%E% ?EgbﬁﬂFP&ggflgeg%ﬁﬁ%Qr2%%?%?%3%1éﬁgﬁé |, we
form sequential.ly_over the substrate: firs pacer dielectric |layer 16, a
first §é?ée§6réf:e.199’?5d8vf§, t es@clgﬁa’agﬂ‘ascé’lfdﬁ 3&91:}‘3“1 ifﬁertl%“ a second
gate ele:trode 28 and a third spacer dielectric |layer 32. 7  The first
spacer S§REEBELRLE Y aydr I8 ity epcdrepatfiiy sfordonad L sid i Eomsoxi de,
silicon nitride, or silicon oxy::itride, and is preferably conprised of

si | i cochexingd. lHlyerf,i rstsegatel elogetd daeyel8 canthierd aquedetapeppla~silicon
or anorphous silicon and is preferably conprised of pol,isilicon. The

secoNnd spacey dtiaglnedt ni:s/dyeind4 utith clsped | Sege0f Wl feom oxtdep.
silicon nitride, or Silicon oxyr~itride and is preferably conprised of

silicon@xidewel cthe sacndigal &« fledE9der 28 Safle HELSOFRE | 88Fed

reg'.on, the first gate electrode the second doped layer, third

dop-:d layer and the fourth doped layer.

10 Additional objects and advantages of the invention
wil} be set forth in the description that follows, and in part
wil.. be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of

15 insirumentalities and combinations particularly pointed out in

the append claims.
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pol ~,silicon or anorphous silicon and is preferably conprised of
pol ~-silicon. The third spacer dielectric |ayer 32 can be confrised of
silicobn oxide, silicon nitride) silicon oxynitride 15 or ether dielectric
materials, and is preferably conprised of silicon oxide. Any of the spacer
" layers can be conprised of sil.~con oxide, silicon nitride, silicon
oxynitride or other dielectric materials, and are preferably conprised of
.silicon oxice. 20 As shown in FIG 2, we forma masking |ayer 36 having an
opening 38 over the third spacer dielectric layer 32. The mas~:.ing |ayer is
preferably conprised oBrfiled WeRIripti®n A tHOWrdwirdds 3, we forma
trench 42 through the first spacer dielectric layer 16, the first gate
el ectrode 18, the second spacer dielectric |ayer 24, the second gate
el ectrode 28 -~nd theetheaguspacenddpdrastapes| afer 8emiThaducénech 42 has 5
sid~:walls. The trench preferably exposes the substrate 10 sur__ace. The
trenchdiey prefecabhidi foroed iy mre sdrohi ingrqrroices snd h@u t tlese hdd@a pref ecabl y
has a width between 1 ~. un and 10 ~m and a dep~h between 0.2 ~, mand 5 ~. m

Thes Magkigig dea)ero fi S NHMVAdin S THOW ddhfddhdhcier f@M e opte dielectric
| ayer 10 46 cover the sidewalls of the trench 42. The gate dielectric

lay, ~r Js. preherall yf Y, Iq@F d i 14 h ni ~otropic
! act L
etch ba(ﬁic to ormk%‘l'lspagcrer?égEjp gsa epdlle ec #ﬁgﬁi%%?%ggg{%e%?gglgz.
understood from the following description taken in conjunction
with the accompanying drawings in which like reference numerals

des: .gnate similar or corresponding elements, regions and

10 por .ions and in which:

Figures 1 through 6 are cross sectional views for
ill'istrating a method for manufacturing a vertical transistor

according to the present invention.



The gate dielectric layer is can be conprised of 15 SiO-, silicon nitride,
silicon oxynitride, ONO H O-, netal oxic;es, or any other gate dielectric
or high K gate dielectric. The gate dielectric layer is preferably

_conprised of silicon oxide. As shown in FIG5, we formsequentially in the

20 treT~ch 42, a first doped |ayer 50, a first channel |ayer 54, a second
doped | ayer 58 t.hir oped l.ayer 62, .a cond ch | Layer, 64, and a
fourth doped | gfgcralgﬁ‘.&jfﬂeesgcemlpa%}e?ns A i Zﬁg%ﬁ%ﬁf?&f %”ﬁ%‘i‘ Y a
sel ective deposition process (e. g., 9 sel,~ctive epitaxy process). A
sel ective epitaxy process forns epi (e.yg., silicon) only on an exposed
silicon surface). No massing and etching is needed. The first doped | ayer
50, and the second doped |ayer 5 58, are preferably conprised of a first
type conductivity nafSrPERSEEL dnvegitijogowiddpbe Weateraad siv tdggeil
conductivity material such as arsenic) and the first channel 59 is
pref er abltyn cmferdrses ©f theezorohpany bpposrée)ngsnduthevprgseateri al . The
t hud doped | ayer 62 and the fourth doped | ayer 68 are 10 pre,-erably
conpr i siady ait fors esend dyPea coseied i ¥t Jormiagi al vapdithe sesandseBannel is
preferably conprised of a first con~.!'uctivity material. The first
conductivity type can be silicon doped wit;; p-type inpurities and the
second conducti vi t y#SyF&ogEn Pe FI% dil Worf ddped d4Ree reedipe i Fpukh td es.
The first conductivity type is preferably a sem_conductor material (e.g.,
si | i conjuleivpeditv & nThgpaubstnptei chasbandbiiheisesohd lévadect itei,t y 't ype
is preferably sem conductor nmaterial (e. g., silicon) doped wth p-type 20
i np~, ~renesrysitslshoansiihiEds eafer, f eiiniaoctapnbayesuldtover(soiie i a d
spacer dielectric layer 32. The cap layer is preferably 10

silicon on sapphire (S0S).

10 The doped region 14 is preferably doped with a first
typ: conductivity impurity (e.g., n-doped) and is preferably
forwed by an ion implant process. The doped region 14 1is
preerably a n-doped region formed by an ion implant process.
The doped region 14 preferably has a concentration between 1E19

15 and 1E23 atom/cc. The doped region preferably has the same type

imparity doping as the subsequently formed first doped layer 50

(Se:: FIG 6).

Still referring to FIG 1, we form sequentially over
the substrate: a first spacer dielectric layer 16, a first gate
20 eletrode 18, a second spacer dielectric layer 24, a second gate

ele :trode 28 and a third spacér dielectric layer 32.



e e

com-~ri sed of S|I|con OX|de mnth a thlckness of betmeen about 300 and 1500
| ~. Referring to FIG 6, then we form contact holes dowmn 5 to . he
appropriate |ayers. Then, preferably dielectric liners 72 are forned in the
_ sidewalls sone or all of the contact holes.' The dielectric liners are
pr_ef.erably conprised of silicon oxide silicon oxyz=itride or silicon

itride. 10 In th tact_hol Lapt s 76, 78, 80, 82, doped
Tegion 19, the 1iret e B GHASHe e IHEC Shcolth ophd TayBPeE8E2R | he

fourth doped | ayer 68. The contacts are pre~erably forned of conductive
naterlﬁ?@Prsﬁﬁﬂ a$ metdren efdAeassil lco@oﬁﬂaéﬂgear@IbﬁEﬂéﬁaﬁty formed to
all source/drains and 15 gatE:s in the two transistors. A contact (e. g.,
comono¥Bni BELTr s apflefiér RERY erabryd coaPEHe echiafd sddpatty eptiste 62. As shown
in FIG6, afirst MOS transistor is com~rised of t he doped | ayer 50

(e.g., n+ )(part of é %% S d first doped | ayer 50
(source / drain (SfE§gkﬁdP tg $ ?éﬁéé% 39e$e'§opﬁéléﬁ§nnel (e. g.
p-type firo,t gate electrode 18 and a second doped |.a 58 (S/D- n_dopc
§) 9 1RO FLILESRG OFr AOTERRS SIdGEM SO oS RIS b Mo peaer 10PR 9hr 62
(source [ drain (S/D) e.g.~ p-doped), 2"d channel reglon 64 e.g., n-doped),
gat e dPelgéfdil€ohayer 46, second gate el ectrode 28, 4°-~' doped Iayer 68
source / drain (S/D) (e. g. , pdoped). Contacts are preferably formed to

all source/drains a@geg@egénhnst@eE“@lEﬁ@@%k%Eoﬂ%ye@EE4 NLE G¥S The term
"doped | ayer"” used herein can nean conc, uctive layer that I's doped with
an 'np%khﬂ%lsed of silicon oxide, silicon nitride, or Silicon

oxyritride and is preferably comprised of silicon oxide.

10 The second gate electrode 28 can be comprised
polysilicon or amorphous silicon and is preferably comprised of

polvsilicon.

The third spacer dielectric layer 32 can be
comi rised of silicon oxide, silicon nitride, silicon oxynitride
15 or cther dielectric mate;ials, and is preferably comprised of
silicon oxide. Any of the spacer layers can be comprised of
sil. con oxide, silicon nttride, silicon oxynitride or other
dielectric materials, and are preferably comprised of silicon
oxice.
20 As shown in FIG 2, we form a masking layer 36 having
an c¢pening 38 over the third sbacer dielectric layer 32. The

masking layer is preferably comprised of photoresist.



As a preface to t he detalled descrl ptlon |t should be =ot ed that as used
in this specification and the appended cl ans, the singular forns "a" "an",

and "t he" include plural 15 referents, unl ess the cont ext clearly dictates
. otherwi se. Thus, for exanple, the term"a sem conductor™ includes a variety

of dif=erent materials which are known to have the behavi oral

characteristics of a eﬁg;conductor It should be recognized that many

_publications 20 dedtti PP he et HF 13 ofe chbriBndt BERRFGUAS theaUeh FH@

fabrication process of integrated circuit conponents. Those teclniques can
be genéitallFysSeaprsyedelgctia cf devictatlifon tdfe tiHe sét dadtaurad asftndrte present

i nventi on. Moreover, the individual 12 L. ste~~s of such a process can be
per f or & §§'p@gdceme:|e¢i dlilel e id dliverd Rdogrdtedaiornliga fabel et Fote
machi nes. As spe~:ifically necessary to an understanding of the present

i nvent 26n,.nex &imel anhy ridecipaicead datlse el s eltayfeor 32 baled tupanc’d £2rhent
technol ogy. Future devel opnents in the art may call for appopriate

adjsist REt Srads sWoulThhbe: reNEID Y- d e 18l Shdstd b Wi e s pyention has been
particularly shown and 10 des~~ribed with reference to the preferred

embodi g er, II t that
vari ous gihéc'legesl%%]p Iloeﬁnn%%andS ﬁ%@lﬁ‘@oﬁom‘a&mﬁ *édep %Qgegéomthe
spirit _and sco of the invention. is intended to cover var, ous

modi fi G 43 rﬁqeaﬁe%ala&hg%%rﬂ SN P RTERRR ek, H1 525RdL P hems@BPed of

t he appended clainms therefore should be acc: ~rded the broadest
i nt er prasdrati dretseas @ 2 gncarphss ahl Bucehnasking layer is removed.

As shown in FIG 4, we form a gate dielectric layer
10 46 over the sidewalls of the trench 42. The gate dielectric
lay>r is preferably formed by a blanket deposition and then an
anisotropic etch back to form "spacers" (gate dielectric ) on

the sidewalls 42.

The gate dielectric layer is can be comprised of
15 Si0C-, silicon nitride, silicon oxynitride, ONO, HfO;, metal
oxides, or any oéher gate dielectric or high K gate dielectric.
The gate dielectric layer is preferably comprieed of silicon

oxide.

As shown in FIG 5, we form sequentially in the
20 trerch 42, a first doped layer 50, a first channel layer 54, a
second doped layer 58, a third doped layer 62, a second channel
lay~r 64, and a fourth doped layer 68. These layers are
pre "erably formeq using a selective deposition process (e.g.,

9



nod_fications and sim | ar arrangenents and procedures. 13 Wha: is clainmed
is: 11. A nethod of fabrication of a vertical transistor;2c: ~nprising the
steps of 3a)form ng sequentially on a substrate, a first spacer4dielectric

. layer, a first gate el ectrode, a second5spacer dielectric |layer, a second
gate el ectrode and a6third spacer dielectric layer;7b)formng a trench
through said first spacer dielectric8layer, said first gate electrode, said
.secondS&pEEELEGI SPLErYC PFRFESS ) sai d As SCHTE e B E@H0dE FRE S af /MBS hi r d
spacer dielectric layer; said trench havingllsidewalls;12c)formng a gate
di el ecebiic (kager ovérdcoam)d oildewal lah ExBswid tileiin surthder nilg
sequentially, in said trench: a first dopedl5layer, a first channel |ayer,
a seconm@sdaped anay ert,chad ey hisr chedajeedl | ayer, a second channel |ayer, and a
fourthl7doped | ayer; and -18e)formng a cdp |ayer over said third spacer
di el ectricl9l ayer apd said foyrth doped |ayer; and 14 20 f) formn
contacts to said dopB ?éﬁ?%naogﬁgdggVﬁ§tgéatén 1%QPeéFF@@@'§ﬁHTQN%ﬂ¥é}
doped | ayer, and said fourth doped 22 [ayer. 2. The nethod of claim1 which
f ur® herP§/nALRI&F PF1GHEL B t&PRELIed ¢t fri df Br HopedP® egPBAUFh1EAEH substrat e.
3. The method of claim1 which further includes before step (--~) formng a
doped megi vridln &aidl substicore;daxd wopeda rE ysbntyse acondopedviéyi on
formed by an ion inplant process. 4. The nethod of claim1 which further
i ncl udesatbefiorle siap 49 ;grdaninangard dopedf i egt oohannsai d4subspratteradaiyd
doped region is a n-doped region forned by an ion inplant process a:~d has
a concesdmati iy hef weededdd® ansr 152808t 887 C6onfucthei ot hadeefiagl armel
wherein said first spacer dielectric D yer is conprised of silicon oxide.

6. The et hodyofegl APl vhesghncgai dofiktat agpke ghoetr@deaid c: ~nprised of
polysilicon. 7. The nethod of claim1 wherein said Second spacer dielectric
| ayegr i o | sed i L LGgon-oxi - i r.ei aid
seggnd g%%égg%%g r%%%p?%gégn%Fiéeggg?ggogggﬁr?égﬁgcggvihg %%#ﬁo %&Tabcgin11
wherein_said third sgace; di el ectric E~.¥er iS C rised.of silicon oxide.
10. The et Hdal? chaliitt WhePEFACEPYYt FERERIASE RTwAdLA LSt ween 2 and 50m
and a depth between 500 and_1-0, 000 15 11. The nethod of claim 1 wherein

_sai d gafendrere¥iFycmphgEials conprised of silicon oxide. _ 12. The nethod
of claim1l wherein said first doped |ayer, and s~~_id second doped | ayer,
are conprised of a fdlSted s G v § Y erialy and: sajd. f} channe
is conprised of a slh%%HE %%? uéllV|ty&%Q%etﬂgéeé%gl?ésg%gg%ﬁPrgég%ged

| ayer, sajpd fourth doped.layer are. caomrised of a second. ty

c-L- nault Vi By “HREer AT CAa Bardds S0ond SRR T S tanpis ca R 27 B
conductivity type material; said first caonductivity t~~pe is n-type and
saild seBbdhdCeBndareRy Myt PpéYPS pIPyRdtifS . The nethod of claim 1 wherein
said cap | ayer conprised of s.licon oxide thickness of between about 1000 ~ °

and 20, 000 16 The first conductivity type is preferably a

sem:conductor material (e.g., silicon) doped with n-type
impt rities and the second conductivity Eype is preferably
sem. conductor material (e.g., silicon) doped with p-type

20 impurities.

As shown in FIG 6, we form a cap layer 70 over the

thi- d spacer dielectric layer 32. The cap layer is preferably

10



1 14. A nmethod of fabrication of a v2rtical transistor; 2cc_nprising the
steps of:3a)form ng a doped region in a substrate;4b)form ng sequentially
on said substrate, a first spacer5dielectric layer, a first gate el ectrode,
. a.second6spacer dielectric layer, a second gate electrode and a7third
spacer dielectric layer;8c)formng a masking | ayer having an openi ng over
said a9third spacer dielectri¢ |ayer;10d)form ng a trench through said
first SPRETSE ePECEH LEANaGELAesHight Br $h1GKPESEI 8t PEFWECDaPHOYEC GO
spacer12di el ectric layer, said second gate el ectrode and sai d13third spacer
di el ec@R@clP@fer: said trench havingld' sidewal | s; 15€)renovi ng the masking
| ayer; 16 f)formng a gate dielectric |layer over said sidewalls ofl1l7said
trench; 18-g)form ng sequentially, in said trench: a first dopedl9l ayer, a
first channel layer, a second doped | ayer,; a20third doped | ayer, a second
channel |ayer, and a fourth2ldoped |ayer; and 17 22 h) formng a cap

| ayer over said thiRefspacey oo eFBEt6) ctR8nl wyefoandcsatdctonslbsdaped

| ayer; and 24 i) form ng contacts to said doped region, said first gate 25
el ectr ade. aai dppeopnd adepad yeayer, and said fourth doped 26 |ayer; 27 said
first doped | ayer, and said second doped 28 |lay~ ~r, are conprised of a
first type conductivity material_ and 29 sai~? first channel is conprised of
a second conductivityeBo RatéeraPlysdigleREFrdcdéprarFaydr arsaf@rigdr R
doped |l ayer are 31 com~rised of a second type conductivity material and
sai d s&benaiz2veldisneionies aorgrli sed Wfe acdntraxtt donleet iThe ydigbecthateri al ;
33 sai first conductivity type is n-type and said second 34 cons=~uctivity
type i dip«trpparas3prie rliel ywetdngek ifed | @ff nddl et edxnide delopecom egi on is a
n-dped region fornmed byan ion inplant process.16. The nethod of.cl ai nl4
wher ei xSaiiddaRRA Jre ¢ 0N ddn anhincegped region formed byan ion inplant
process concentrati onbE tween 1E19 and 1E23atonicc.17. The net hod of

cl ai m4 wherein saidfirst spacer dielectricD yer is conprised ofsilicon
ox}@®e. 18. The net hodnothel gertachndrdies saiedffiorst cgatacdlsedtr ddeisO 82
conprised of polysilicon.18 19. The nmethod of claim 14 wherein said
second wpader dbmddctegon aler ftise chHipst seatef esettrode okBdehe26ecdhd

met hod of claim 14 wherein said second gate el ectrode i~ conprised of

pol ysi ldsxord LZidyed h®s redh@dtiod £bdatk oh 1dopber Balesacd. t NThd spaegets are
dielectric Dyer is conprised of silicon oxide. 22. The nmethod of claim 14

© Wher ei i, sai de 45 BRCH Ravh Ngr acvh dh B bet WagRe 21 804, SOM-ANdsandenrt b, bet,wgen
500A and 10,000 ‘A, 23. The nethod of claim 14 wherein said gate dielectric

500 and 10,000 A 25" The method of ¢ t _ _
R A e S SR e I e R

1C9g ~<§ﬂgzgoigogh@‘%8o transistors.

A contact (e.qg., common contact) is preferably

formed to the third doped region 62.

As shown in FIG 6, a first MOS transistor is
comprised of: the doped layer 50 (e.g., n+ ) (part of source /
20 drazn (S/D)) and first doped layer 50 (source / drain (S/D}—
N-doped), first channel layer is the channel (e.g. p-type),
first gate electrode 18 and a second doped layer 58 (S/D- n

dopcd) .
11
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1 25. A nmethod of fabrication of a vertical transistor; 2 conprising the
steps of:". 3 a) formng a doped region in a substrate; 9 (1) said doped
region'is a doped with a first type 5 conductivity inmpurity and has a

. concentration 6 between 1E19 and 1E23 atonfcc; 7 b) form ng sequentially on
said substrate, a first spacer 8 dielectric layer, a first gate el ectrode,
a second 9 spacer dielectric |layer, a second gate electrode and a 10 third
-spacer dielectric layer; 11 (1) said first spacer dielectric layer is
conprised 12 of silicon oxide; 13 (2) said first gate electrode is

conprised of 19 po'ﬂ%éém;tfé&fgeoﬁaw S&ROPIs shager i gl &‘trciogv Qyer is

conprised . 16 of silicon oxide; Z7 (4) said a second gate electrode is

conpri _of 18 i.li,can;. .19 said thirl er guelectric layer is
conpriggg'go6%f(§? %ggn/o§?§é$ é%§?6 2. 2‘c? ?%i%%ﬁg égnagﬁ?%%e?a§8 *R8vi ng
an openi,ng over said a 23 third spacer dielectric layer; 24 d) formng a
trenchgéhrSUah’sgrgopﬁgif §6£@eﬁl&ﬁ§F§5PFiéj§§”1a erfgﬁﬂQqu%Eﬁ gate

el ectrode, said cond, spacer 26 dielectric |layer, said second gate

elettr§ 8C§ﬁad§a§§'29 t FIORPS Pt P &1 BRETFFe a?%?%nsé?ZDiréﬁcH-haPan 28
sidewal I s; 29 %é@_said trench haviqg-a w dth between 2 and 50 ~mand 30 a
dept h Bépfi€en tagd s1@reopreferpbd)y rammachdga el hreskiree [ dyeins 3and)
formng a gate dielectric |layer over said sidewalls of 33 said trench; said
gat e dieltect rinc thay éewa & meorgirstseds .of 34 silicon oxide; 35 g) formng
sequentially, in said trench, a first doped 36 |ayer, 'a first channel

| ayer, a second doped |layer, a 37 third doped~l ayer, a second channel

| ayer, and a fourth

DEF NITIONS

10 The term "doped layer" used herein can mean a

concuctive layer that is doped with an impurity.

As a preface to the detailed description, it should
be roted that, as used in this specification and the appended
claims, the singular forms "a", "an", and "the" include plural

15 referents, unless the context clearly dictates otherwise. Thus,
for example, the term "a semiconductor" includes a variety of
dif:erent materials which are known to have the behavioral

characteristics of a semiconductor.

It should be recognized that many publications
20 describe the details of common techniques used in the
fabrication process of integrated circuit components. Those
teclniques can be generally employed in the fabrication of the

stricture of the present invention. Moreover, the individual
12



~§8haoped | ayer; and 39 (1) said~+frst doped | ayer, and said second doped 40
| ayer, are conprised of a first type conductivity 41 material and said
first channel is conprised of a 42 second conductivity material; said third

. doped 43 | ayer, said fourth doped | ayer are conprised of a 44 second type

conductivity material and said second 45 channel is conprised of a first

conduct%vgtyo%GSnaggrial6 21 Cﬁ? 8 49 51éfz 53 h) forrrinq1 cap | ayer
-over s&i-d°thPrd 56 c&r PECEES (P8 | :fyé’rer d dlsrl&ﬂtq?%%re%l % r; and i)
forning contacts to said doped req%on, said first gate el ectrode said
second2¥8pedlisy drtegidted ¢ itcinith IdddFaEyrsr Madhings d & | ayer

conprised of silicon oxide thickness of between about 1000 and 20, 000 ~.

26. Théergetifdgadsl Yo ngansER nihdreian suidprs fatdigonduet ive tyregpeti =~ p-type
and said second conductivity type is n-type. 27. The nmethod of claim25
wher ei Angaindg iforr, s te xeompduasty Wachntiyqel idate tape satd S th Sezsad gpoductivity
type is p-type. 22

. AB5 AF cuk A9 tAIHe AL ARD. A AH Ate AldAbe AP hmdAOt s A . @ Aa AD. A, A1 AGFALG WP
QD n

" n} xsniagghpZlgalical« alcpl calaa] € al s ajeal € ap € afisa] 6@l ced calealral talicRa] cal cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca! =B

?N6Cp. nhf 8v} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calv;

@XI dRUYK/ =j } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcalcaljcaljQF=1t vy frer "pfm"

# #p##! $7$e$3$$% xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]ca]ca] ca]ca]ca] calcalcalca]calcalcalcalcal P06 & (' (())"*(*wW*<+x+| +}
+++,,,Cp-j.t.z. ... Wbilw e YirsadrE]oralhes] aadaralwa] teiadwlad ©af csll o) cahdal ca
] cal] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca!/O0;

00090. ledpllidoR22248n33F 414448 SEe5EREOECe ke Kb BhRed Yl rnahea] ¢alksalza] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c”a]ca]ca]ca]ca]calc
KN QR +22 . . .

SLE%P q%?*%%%?éﬁ?gaéégég £g??%§ cg]gg %éfgafgafgg]géfcéf@é]é&f@é?%%]ca]c
;]Ocoa] calal galcal calegl sahealeal ¢al galcad gakeabl el Ty WAMMRRRAH Upl-{ VNN
P>PDPQQPRKSTTTTT{ vgl ga\

2 oa) Cat o] 681 Eaf cAPEaPEAPEapLal 62] LAVPELNOH cofEhiB. IOHERKE FEORRLY - 10%
z& ()-3'k)109%& ()-!10%& ()-10%& () -

varrous modifications and similar arrangements and procedures,
15 and the scope of the appended claims therefore should be

accorded the broadest interpretation so as to encompass all such

mod. fications and similar arrangements and procedures.

13



| Gz[ <Ls' &10% & () -
Fo%8 10%& () - ! D0) 109%& () --!d)109%2z& ()--&310%& ()-!s$10%z& () -1 TUW ASHe
10z 10z 10Z° 9s10%& ()-!, 6" 10%eé& ()- SsS2&10%& ()-/  10%& ()-!
. Ls' &10%#8&' ()- WPaBSH= 101 " 109%& () - yS#10%& () - 9%A0%& ()- S

#10%& ()-S'109%&' ()-!qf #10%+& ()-Q n dESH= 10

"109& ()-s $10%& () - F109%&' ()- @@ 109%& ()- 10%& ()-y $109%& ()-n mdESH=
-10- 10%&’ () - F+109%& ()-,) @L10%& ()- &#109& ()- 9$10%& ()-" 100& ()-=?@Bxnb@
114(10% & ()- 10 10 10L9t 109& ()-4 109 ()- F1109%& ()-'/ 109% ()- R
ZX9. @ wha: is claimed is:

1 1. A method of fabrication of a vertical transistor;

2 comprising the steps of:

3 a) forming sequentially on a substrate, a first spacer

4 dielectric layer, a first gate electrode, a second

5 spacer dielectric layer, a second gate electrode and a
6 third spacer dielectric layer;

7 b) forming a trench through said first spacer dielectric
8 layer, said first gate electrode, said second spacer

9 dielectric layer, said second gate electrode and said
10 third spacer dielectric layer; said trench having

11 sidewalls;

12 c¢) forming a gate dielectric layer over said sidewalls of
13 said trench;

14 d) forming sequentially; in said trench: a first doped
15 layer, a first channel layer, a second doped layer, a
16 third doped layer, a second channel layer, and a fourth
17 doped layer; and

18 e)

forming a cap layer over said third spacer dielectric

19 layer and said fourth doped layer; and

14



10< 9510%ﬁ&f()-l&10%ﬁ<&f() 'p&lO%ﬁrdr&f() 'p&lO%ﬁd&f()
10%& ()-164(10% <* <& ()- 2NN/

£ 710968 ()-' 1096& () - 31096& () - Ss$109%B& () - &L09B& ()-9 109B& ()- 10<
. 10<6CpdEMV

fZ109%6" 10968 () - 1096&' () - 109%6&' () - &10%6&' () - @10%6&' () - - #10%6&' () - . n, dBMN/

04 "/ 9%4 00 "(Y--1109&' +#100 0 0
.Eé Oé}(gAiO 5& é%@lnéoég%t %tg %%Oég%d(éopéd;%é%%o ) %%%%A%%égt gate

79409 ()-f1T$10%T& () - 10510510585$10%&'8 -5"1096& ()-! /%09 ()-8v;
=¥2X9. = 10L" 9t $dSRLEFPIrs Saidh §9-LRI( popreg! anp. paid fourth doped

"109%' ()-!'| &0 ()-! L Z2940%& ()-f>?@dB= 10! S"lO%&f()-- &10%' ()-'p
&PR' () -! X$&10eFE& () -! Y(109%&' () - 10 10XbC 10!s s$10% & ()-f

2. The method of claim 1 which further includes before step
(a) forming a doped region in said substrate.

3. The method of claim 1 which further includes before step
(~) forming a doped region in said substrate; said doped
region is a n-doped region formed by an ion implant process.

q, The method of claim 1 which further includes before step
() forming a doped region in said substrate; said doped
region is a n-doped region formed by an ion implant process
and has a concentration between 1E19 and 1E23 atom/cc.

5. The method of claim 1 wherein said first spacer dielectric
liyer is comprised of silicon oxide.

6. The method of claim 1 wherein said first gate electrode is
comprised of polysilicon.

7. The method of claim 1 wherein said second space? dielectric
liyer is compriséd of silicon oxide.

8. The method of claim 1 wherein said second gate electrode is
cemprised of polysilicon.,

9. The method of c¢laim 1 wherein said third spacer dielectric
l:iyer is comprised of silicon oxide.

10. The method of claim 1 wherein said trench has a width

bc tween 2 and 50um and a depth between 500A and 10,000 A.
15



S 10% & ()-10% & ()-10% & ()- 10 10 10LOt 109! ()- | ddEbC 10!

"10% & ()-& 109 & ()-10% & ()-#10% & ()- "10% & ()-10% & () - RAELC

10! *s10% & () -4(#10% & () - LS&@&10% & ()-9$#10% & ()-""10% & ()-10% & () -

- U] _@10&M0% & ()- 10" 10" 10" s9s10% & ()-!esF1&10%"u" & ()- @#10% & () -
9-10% & ()-K/ =jdEj _@ 10" @0% & ()-,10% & ()-9%0% & ()-LI 10% & ()- @
10% & % Z310% & %-j OdE @ , _ , , ,

10! MLO%4 & ( TREVREO4RY( PLf Chedms & rhe@pitvreid 9strodkielectisrr dnvey )iy =
abj _@10&31|v| 10% & ()-.910% & ()-,"10% & ()-s*s! 10% & () -

l e, &YA0YR presedups clliconvowidey |1bC 10@

L$10% & ()-@10% & ()-9Z210% & ()- 10t 10t

10t & 9s10% & ()-510% & ()-I1!!'!1."m""dEbC

10$10% & ()-ml0% & ()-f!10% & ()-S$10% & (*) - SF#10% & ()-L&"10% & () -
#A#p##' $a§ C 10% h £ g

"10% & €Y - 30/6“3 698" OF. #910%h & (rareitonseid Fifoth £ AR % (324 $e$55%

OR86B4AC )
s<id second doped layer, are comprised of a first type

cenductivity material and said first channel is comprised of a
sccond conductivity type material; said third doped layer,
scid fourth doped layer are comprised of a second type
coenductivity ﬁaterial and said second channel is comprised of
a first conductivity type material; said first conductivity
tvpe i1s n-type and said second conductivity type is p-type.
13. The method of claim 1 wherein said cap layer comprised of

s. licon oxide thickness of between about 1000 A and 20,000 A.
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100\ 0\ ! [F7"10%\ 0\ & () -, 5410% & () - 3#10% & ()-L0%0% & ()-.10% & ()-S, : 10%
& ()-9%886 &% ' (}[9C 10 10!i f&L0%H4& ()-Gf&10% & ()-G s &L0%WUE ()-3!'s
- &10%& ()-3!1' 10%z& ()-y 100\0\ 100\o\ (' ((())"*}*<9C 10

10! 1 2y#109& ()-' 0109 ()-!9&) 10%3G& ()-g 9& %40%
& ()--1 998 YAOY& ()-- MLOY&' ()-"*0% & ' *(*w*<+x+~\= 10 10!!fS
109 ()-!$S$10%& ()-!!9&10% () - MB10% ()- 10 10 109 109k ()-x+++,,, C- dB-\=
10
10111 A(Y&LO%& () - @IA0YE ()-y $L109%& ()-,y- #109%& () - %409 ()-f10%& ()-C p--j
t.wWX.y.z.}[MP1 1 10 10 10! O@#10% () - @H#10%&R& () -!

9/ S&10983& %) -119/S&10%~& ()-1-109%&' ()-z....///aBM?1 1 10
1 14. method of fabrication of ‘a vértical transistor:

2 cemprising the steps of:

3 a) forming a doped region in a substrate;

4 b) forming sequentially on said substrate, a first spacer
5 dielectric layer, a first gate electrode, a second

6 spacer dielectric layer, a second gate electrode and a
7 third spacer dielectric layer;

8 c) forming a masking layer having an opening over said a
9 third spacer dielectric layer;

10 d) forming a trench through said first spacer dielectric
11 layer, sald first gate electrode, said second spacer
12 dielectric layer, said second gate electrode and said
13 third spacer dielectric layer; said trench having

14i sidewalls;

15 e) removing the masking layer;

16 f) forming a gate dielectric layer over said sidewalls of
17 said trench;

18- g) forming sequentially, in said trench: a first doped
19 layer, a first channel.layer, a second doped layer, a.
20 third doped layer, a second channel layer, and a fourth
21 doped layer; and

17
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VR () @ I10%4& (),- L1098H& 0" 4] 4445S55dEHL 1

1 on I#1g‘£’m&f}°gf é‘om%p()layﬁfo%%(l) )S%Eb%%r@ (Giglectric

0%1& () 5506666666u1_ 1 10'0'0!'S 109 ()- 10H 10H

16HL910%& () - )ROSR Fiedgos frona doreb Ay gy - 68856666kL- @z&10%& () - ("9
z&10%&' () - (9z&109%& () - (" y&92&10%& ()-(9z&109& () - (9z&L0%& () - (666607173747I
RADIz810%&1() - ( FLEIOYR (Ot Dy &0 %R (J -dorsd 00y {9n ( 9xRADIBL X3t (Y§847g7h
7] Tk7777pR8@9z&8&10%& () - (' y&9z&10%&' () - (97&10%&' () - (9z&10%& ()- (' y&9z&10%&
()28 777777880P2@yr80x80 %Rl i(Q -(9x8DIB KIS (Y Dz8l0%8d ) s§ 1y &BadA OBRAGped9z &1
0%&' ()-(888: 8; 8=8>8t 8t Z;

@Dz &10%& () - (92&H0YE () - (9z&10%&' () - (' y&9z&10%&' () - (9z&10%& () - (9z&10%&' (
) - (t 8u8x8y88888qW@ 9z&10%&' () - (9z&10%& ()- (' y&9z&10%&' ()-(9z&10%& ()-(9z&l

09 0 -
09 () (' YaBOBEA0EELYB@E AU el B, HALUNE O SR )addoRe 810 ()-

9999H0190P20 VRS2 80U ()2 L0 L (SBI0K (he b YERAR0YE (L (97A1O% (

@ 9z2810%& () 992&10%& () - ( 928L0%&! 897 &10%&’ ( z&10%& () - (92&10%&' (
?éggmgW@ w%’; J(%zc&%%l%% %@ﬁ@% (% %‘gE&EW& ) - (92&109%&: (
§ ' A B: C pRI@®z&L0%& ( é/i/&QZ&lO%&' C(i) (9z&109%& () - (9z&10%& ()- (' y&

9z 90%@16(1)( el C§EHL<I1 t@}l,fév@ﬂpe (18yRE<&Se}AMBORT Y 109®RI( L ayBL are

Y(10989%8& ()- M3 Y(10%t' +& ()- M3102&102&102& 9s9109R8&8&’ () - <;

—=30>>(mF + sdd 0296 ¥( 100 typMBEOnLOUELY) mhBerYal0%& EpiNB second

Y(10% ({& ()-M3 Y(10%D ~& ()-M Y(10%?' Y& () - MB) 2* 2+22| AAAAAADUH; Z%

1038( 1041$40+&1 994 0&6:HEr  yed90 BES1BY# &L ( LondqcB&P1BY +$D& [Mpterial;

] @$10%-$&' () - 10294 0Z%A#BYB?B@ABCBeEbUH; Z% 10+$ &L0YEX&&&' ()-)' &

&1OBXESE (1) f1fst conductivity type is n-type and said second

34 concuctivity type is p-type.
35

15. The method of claim 14 wherein said doped region is a n-
duped region formea by an ion implant process.

16. The method of.claim 14 wherein said doped region is a n-
deped region formeﬁ by an ion implant process céncentration
between 1E19 and 1E23 atom/cc.

17. The method of claim 14 wherein said first spacer dielectric
l¢yer is comprised of silicop oxide. |

18. The method of claim 14 wherein said first gate electrode

ir comprised of polysilicon.
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8100BXER&! ()-) SLOVEXE&&' ()-) 9HK LOVEXERS! () . CBFBBnBpBs BBeEbUH; Z% 10+$
&10YBX&&&' ()-) &LOYEX&&&' ()-) &LOYEX&&&' ()-)' & &LOYEX&&S&' () -)

&10%8X8&8& () - ) BBBBBBBBI P4UH,  &10%BX&&&' ()-) &LOYEX&&&' ()-)' & &LOYEX&&S& () -)
- 810%8X&8&' ()-) &LOYEX&&& ()-)' &BCCC C?C@BC K/ UH &10%8X&8& ()-) (' &
8&10YBX&&& () -) &LOYEX&&& ()-) &LOYEX&&& ()-) (' &

&10Y&XE&E: () SEHRAKIE X & i Ra m&/@s&&&{a 3 &R §‘§‘e(:

&109RXELE ()-) ' & &LOVEX&E&E ()-) &10%EX&&E () - ) CCCCCCCh) &1ocy&x&&& ()-)

&10%&X&w%(QIéc§gPd@%§§§%(is cémprlsed of silicon oxide.

20. The method of claim 14 wherein said second gate electrode
135 comprised of polysilicon. .

21. The method of claim 14 wherein said third spacer dielectric
liyer is comprised of silicon oxide.

22. The method of claim 14 wherein said trench having a width
batween 2 and 50um and a depth between 5004 énd 10,000 A.

23. The method of claim 14 wherein said gate dielectric layer
15 comprised of silicon oxide.

24. The method of claim 14 wherein said cap layer is comprised

07 silicon oxide thickness of between about 1000 A and 20,000

A
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&10Y&X&&&' () -) "' &UDDDDDDDDI K/ U &10%&RXE&&E' () -) (' & &LOY&X&&&E' () -)
T &10YBX&EE ()-) &LOYBX&EE& ()-) (' & &10%&X&&&' () - ) DDDDDDDeE/ U &10Y&X&&&
&1O0YRX&ER&' () -) &LOYEX&&&E' ()-) &LOYRX&&E ()-)' & &LOY&X&&&' () -)
.&10%&X&&&' () -) DDDDE EEElI POU &10%&X&&&' () -) &LOYRX&E&' ()-)' & &LO0YBX&&&E () -)
&1O0YRX&&E&' () -) &LOY&X&&&' () -)' &EHEI ELEMEEEEI K/ U
1 25. A method of fabrication of a vertical transistor;
2 comprising the steps of:
3 a) forming a doped region in a substrate;
4 (1) said doped region is a doped with a first type
5 conductivity impurity and has a concentration
6 between 1E19 and 1E23 atom/cc:
7 b) forming sequentially on said substrate, a first spacer
8 dielectric layer, a first gate electrode, a second
9 spacer dielectric layer, a second gate electrode and a
10 third spacer dielectric layer;
11 {1) said first spacer dielectric layer is comprised
12 of silicon oxide;
13 (2) said first gate electrode is comprised of
14 polysilicon;
15 (3) said second spacer dielectric layer is comprised :
16 of silicon oxide;
17 (4) said a second gate electrode is comprised of
18 polysilicon;
19 (5) said third spacer dielectric layer is comprised
20 of silicon oxide;
21
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29 (1) said trench having a width between 2 and 50 pm and
30 a depth between 500 and 10,000 A;

31 e) removing the masking layer;

32 f) forming a gate dielectric layer over said sidewalls of
33 said trench; said gate dielectric layer is comprised of
34 silicon oxide;

35 g) forming sequentially, in said trench, a first doped

36 layer, a first channel layer, a second doped layer, a

37 third doped-layer, a second channel layer, and a fourth
38 doped layer; and

39 (1) said-first doped layer, and said second doped

40 layer, are comprised of a first type conductivity
41 material and said first channel is comprised of a
42 second conductivity material; said third doped

43 layer, said fourth doped layer are comprised of a
44 second type conductivity material and said second
45 channel is comprised of a first conductivity

46 material;
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53 thickness of between about 1000 and 20,000 A.

26. The method of claim 25 wherein said first conductivity type
i3 p~type and said second conductivity type is n-type.
27. The method of claim 25 wherein said first conductivity type

15 n-type and said second conductivity type is p-type.
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