tsJUL2005 ~ METHOD TO FORM A VERTI CAL TRANSISTCR BY SELECTI VE EPI%Aﬁb
GROMH AND DELTA DOPED SI LI CON LAYERS Background of Invention blﬂm@f

the Invention This invention relates generally to fabrication of
.transistors and nore particularly to the fabrication of a vertlcal
transi stor by selective epitaxial growh and delta doped silicon |ayers.

-2) Descri pigiraboofot RerPrd fierAfTeall ekfinef 06 Hyf aRsEsh ors dFEosadre a
fundamental . building block in the field of integrated circuits. FET's can

be classified intockwprdasict sifChybab DA% Nakkggntal and vertical .
"Horizontal, or lateral, EET's exhibit carrier flow fromsource to drain in

a dlrectlon paral | el (e.g. horizontal) to the plane of the substrate on
which they are formed. Vertical FET's exhibit carrier flow fromsource to

drain in a direction trangvalsedne tRerpl.ane f the substrate (e.g.
vertical) on which they are formed. Wiile horizontal FET's are wi dely used

and f avor eth eld) dehensefheomeiugt or i ndustry because they | end thensel ves

This invention relates generally to fabrication of
MOS transistors and more particularly to the fabrication of a

vertical transistor by selective epitaxial groewth and delta

doped silicon layers.
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

vertical. Horizontal, or lateral,rFET's exhibit carrier flow

from source to drain in a direction parallel {e.g. horizontal)

to the plane of the_substrate onn which they are formed. Vertical
FET's exhibit carrier flow from source to drain in a direction

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

which they are formed.

While horizontal FET's are widely used and favored
~in the semiconductor industry because they lend themseives
H easily to integration, vertical FET's have a number of
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‘easi[y.to integration, vertical FET' s have a nunber of 1 i JUL ZQQﬁalﬁ
advant ages over horizontal FET's. Because channel |ength for er i BT s

is not a function of the snallest feature size resolvable by
Sstate-of-the-art |ithographic equi pnment and nethods (e.g. on the order of
0.25 mcroneters), vertical FET's can be made with a shorter channel

| engt hadeagtagss therohdet zofitaD. HETACr Geehess) chéame hdramzamt &orFET' s, t hus
providing vertical FET's the capability to switch faster and as well as a
hi-gher vepowes ) heritld g ©apaai tyndhioor i ithentak 1 FEIt sfeaffhare siigzeal so t he
potential for greater packing density with vertical FET's. The inportance
of overeoslighlderwaliQuwsor-drEi i €nci e Jieiped cabay ephéntevirdenced by the
extensive technol ogical devel opnent directed to the subject, as docunented
by themeehevantepal et tardotaehnbead. 19 eratmeerihe edosastt mTds
apparently nore rel evant technical developnents in the patent literature

can becghenBeflaby €OHSidemhord tSchaf8dl 3@ (eety. abn) thdadr&hows a

process for a vertical double gage FET with wvertical contacts. US

6, 001, ®78( hakabashi)}s shaws aoreebheal P&t es, TXhus providing vertical
FET's the capability to switch faster and as well as a higher

power handling capacity than-horizontal FET's. There is also the

potential for greater packing density with vertical FET's.

The importance of overcoming the various
deficiencies noted above is evidenced by the extensive
technological development directed to the subject, as documented
by the relevant patent and technical literature. The closest
and apparently more relevant technical developments in the
patent literature can be gleaned by considering US 5,780,327 (Chu
et al.) that shows a process for a vertical double gage FET with
vertical cqntacts.

'US 6,001,678 (Takahashi) shows a vertical gate TX.

US 5,545,586 (Koh) shows a Vertical TX using
epitaxial lavyers. However, this reference differs from the
invention.

UsS 5,308,782 (Mazure et al.) shows a vertical TX
stack‘using an etching involved process.
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.US 5, 545, 586( Koh) shows a Vertical TX using epitaxial |ayers. FQMﬁgfr
this reference differs fromthe invention. US 5,308,782(thurJ et .ﬂﬁﬁ
~shows a vertical TX stack using an etching involved process 2 1 ' JUL 2005
SUMMARY OF THE INVENTION It is an object of the present invention to
provide a nmethod for fabricating a vertical transistor by selective
~epitaxial growth and delta doped silicon |ayers. To acconplish the above
obj ectives, the present invention provides a nmethod of manufacturing a
vertical transistor. The SIAPEAY OF @HEcIWHET®OMet hod for a vertical

transi stor by selective epi dep to formthe conductive source drain and
channel | ayers. Thétconductivecdowicehdrarasand irckanineh ktayersviaie for nmed
by a selective epi process. Dielectric masks define the conductive |ayers
and nakemarkad for farmceértpcal veonhtadlt siramstibeoeonduediove:iSkD and channel
| ayers. The invention's nmethod of fabrication of vertical transistor

conpri sbagakhel f ptdwli rudstdepsa doped silicon layers.

To acceomplish the above objectives, the present
invention provides a method of manufaéturing a vertical
transistor. The invention discloses a method for a vertical

s+ transistor by selective epi dep to form the conductive source
drain and channel layers. The conductive source drain and
channel layers ars formed by a selective epi process.
Dielectric masks define the conductive lavers and make areas to’

form vertical contacts to the conductive S/D and channel layers.

The invention's method of fabrication of vertical
transistorAcomprising the following steps.

A pac layer is formed over the substrate. Next, é
first insulating layer is formed over a substrate. Next, we
form a transistof opening through the pad layer and the first
insulating layer. We form a first conduc£ive layer over the
substrate in the transistor opening. The first conductive iayer

has a first conductivity type. The first conductive layer is
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- A pad layer is forned over the substrate. Next, a first insu
is formed over a substrate. Next, we forma transistor openin

at

hng | ayer

£h

U he

pad |ayer and the first insulating layer. W forma first conductive |ayer

“.over the substrate in the transistor opening. The first conductive |ayer

has a first conductivity type. The first conductive layer is 3 t JUL 200;1
pr ef erpbefe faried daypegnbegpet axp Bt apredcesoceVe. fide Marrf jar Stirdicel ectric | ayer
over portions of the first conductive |ayer and over the first
| ayer . deléorma Isecondveeconducionve dfaydr o¥erst heorexpased parti-ons of the
first conductive layer. W forma second dielectric |ayer over

of - .t heas@cownelr cdndutitrisite ihayeat amngl Mrerr .t h@ef fesh aidsddmt | ng | ayer.

i nsul

ating

portions

Next ,

we forma third conductive |ayer over the exposed portions-of the second
conductbsautayes . ke hierdtheosdpcsdy drayenshas and ifiststconductivity
type. We.forma third dielectric |ayer over the second dielectric |ayer

and t heohhihediveonduwet.i verel dpen. aAséc@nthiies ckarmedlidygoughert he third

conductive layer the third, second and first conductive |ayers

to at

exposepbhéisubstf atres 'Hnaohﬁrstpnsectﬂmbiﬂhie&hiderover the first

insulating layer. Next, we form a third conductive layer over

i the exposed portions- of the second conductive layer. The third

conductive layer has a first conductivity type. We form a third

dielectric layer over the second dielectric layer and the third

conductive layer. A trench is formed through the third

conductive layer the third, second and first conductive layers

Co dielectric layers are shown as a mergaed dielectric layer.

to at least expose the substrate. The first, second and third

We

next form a gate dielectric laver on the sidewalls and bottom of

the trench. The gate dielectric layer is preferably comprised

of silicon oxide. Then we form a gate over the gate dielectric

layer and filling the trench. We form a cap dielectric layer

.+ over the merged dielectric layer. Contacts are formed through

the first second and. third dielectric layers (shown as layer} to

contact the first, second and third conductive layers.

Additional objects and advantages of the invention

o _will be sef forth in the description that follows, and in part

will be obvious from the description, or may be learned by
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~dielectric layers are shown as a nerged dielectric |layer. W next forma
gate dielectric layer on the sidewalls and bottomof the trenchf ]Wﬁ gﬁge
dielectric layer is preferably conprised of silicon oxide. Then we fo a
gate over the gate dielectric layer and filling the trench. W forma cap
dielectric layer over the nerged dielectric |ayer. Contacts are forned

t hr ougbrathecéissttisecondnandnt hi Tee die] @old iagidl auesst4§hoOWE asd ayer) to
contact the first, second and third conductive |ayers. Additional objects
and advantagesnofiaf hee iddseAtzkanan bbt e &Lt f @ebRsi Bet he description that
follows, and in part wll be obvious fromthe description, or may be

| ear ned nby rdnkn8a Jidi Z00Rd RHABEhELi Ohs therdinvanth 9npo The-@hl gct s, and
advant ages of the invention may be realized and obfai ned by neans of

i nstrumart abbbhescandeconbi nations particularly pointed out in the append
claims. 51 9 JUL 2005 Brief Description of the Drawi ngs The features and
advant ages of a sem conduct or ‘




device according to the present invention and further details of a process
‘'of fabricating such a semi conductor device in accordance wth ﬁﬁeJ@kegmnt
invention w1l be nore clearly understood fromthe follow ng description
taken in conjunction wth the acconpanying drawi ngs in which |like
reference nunerals designate simlar or corresponding el enents, regions
and. portions and in which: Figures 1 through 8 are cross sectional views
for illustrating a nmethod for manufacturing a vertical transistor
according to the presepternyestinftidd G9the Briepngd an view of a circul ar
enbodi nent of the invention. FIG 10 is a top plan view of a pl anar

enbodi ment_of  t heri@vesti Qs Bnk dWbaR003s D5t al lsed i Desgni-pLion of the
Preferred Enbodi ments A preferred enbodi nent of the invention is shown in

FI G5 14651 QA& rd¥le chhahet Be COMPOSIMIRNS 20T ADE{GAL IQN 4 1RIOG@SSES
described are illustrative exanples, and the invention 1is not limted to
the cogpgsbtdons, andfrabhic¢ali ORcPr PCESS conductor device in

-accordance with the present invention will be more clearly
understood f£rom the following description taken in conjunction
with the accompanying drawings in which like reference numerals
designate similar or corresponding elements, regions and
'y porticons and in which:
Figures 1 through 8 are cross sectiocnal views for
illustrating a method for manufacturing a vertical transistor
according to the present invention.

FIG ¢ is a teop plan view of a circular embodiment of

Le the invention.

FIG i0 is a top plan view of a plaﬁar embodiment of

the invention.




Conpar abl e substitutions are possible as known to those skille in the

¥ adld 135

art. As shown in FIG 1, a pad layer 14 is formed over the subgt¢
The pad layer 14 is preferably conprised of silicon oxide. Next, a first
dnsulating layer 18 is formed over the substrate 10. The substrate can be,
but i's not linited to, a nonocrystalline silicon wafer, silicon and
insulator (SO) or a silicon on sapphire (SOS). The first insulating |ayer
18 is preferably conprised of silicon nitride having a thickness of.

between about 5300 1280pa000iAeidleXls MR PRERLA-LA andiRtien@RENi Ng 20
through the pad |layer 14 and the first"” insulating |ayer.18. As shown in

FIG 2, we forma first conductive |layer 22 over the substrate 10 in the
" transi stor opening 20. The first conductive |ayer will act as a source /

drain (S/D). The figtsis (WY r it nductivity type.
7 oLl : % UL oo% B é#“g%{gb?52%%2%?%&&%%%0%%? y'typeis n
type, PuEsCAMID& Rn 8. Note that the compositions and fabrication

processes described are illustrative examples, and the invention

is not limited to the compositions and fabrication process.
Compqrable substitutions are poessible as known to those skilied
' in the art.

As shown in FIG 1, a pad layer 14 is formed over the
substrate 10. The pad layer 14 is preferably comprised of
silicon oxide.

Next, a first insulating layer 18 is formed over the
substrate 10. The substrate can be, but is not limited to, a
monocrystalline silicon wafer, silicon and insulator (SOI)“QI a
silicon on sapphire (S0S). The first insulating layer 18 is
preferably cdmprised of silicon nitride having a thickness of
between about 1000 and 5000 A.

Next, we form a transistor opening 20 through the
pad layer 14 and the first” insulating layer 18.

As shown in FIG 2, we form a first conductive layer
22 o#er the substrate 10 in the transistor opening 20. The
.. first conductive layer will act as a source / drain (S/D). The

first conductive layer 22 has a first conductivity type.
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type to formthe opposite by Transistor. The first conductive { yer 22 is
preferably forned by a selective epitaxial process. That is, the ﬁwksﬂmg
conductive l'ayer is only deposited on the exposed substrate 10 in the
transi stor opening 20. The first conductive |ayer preferably has dopant
concentration between 1E19 and 1E21 atonfcnB. As shown in FIG 3, we forma

first Hrefecisige drayeirsavesngoctiong afypehesf hr sipeonductdavekayer 22 and
over the first insulating |ayer 18. The first dielectric layer Is bl anket

deposi tedeatd patr erredpwssnge aoy i thagiaphirc prasessrst heididistedi el ectric
| ayer overlies a first contact area 23 over the first conductive |ayer.

The expaged porii anseffrabhe Ebrséa wenduclieveikayepi gefife B osegandary area
25 where a second conductive layer will be forned. The first dielectric

| ayer irsatpief erbl i GaMRbhagd L ohe Si1d kAN iQXidey Aspshomry idy kG 4, we form
a second conductive |layer 26 over the exposed portions of the first

C0ndUC%&%ﬁsE@Y§ﬁb§%&atérh% sacend EP&Q%%&%Meobgﬁgﬁgm&b! agksqﬁl%tchannel
e

regi on. 'second conductive | ayer as a second conductivity type

(opposichbchorthe st sandusbhyi fystufed: Tnca6e00d; oopduptdye | ayer 26

formed by a selective epitaxial process an
1E19 and 1E21 atom/cm’.

As shown in FIG 3, we form a first dielectric layer
over portions cf the first cenductive layer 22 and over the
first insulating layer 18. The first dielectric layer is
blanket deposited and patterned using a lithographic process.
The first dielectric layer overlies a first contact area 23 over
the first conductive layer. The exposed portions of the first
conductive layer define a secondary area 25 where a second
conductive layer will be formed. The first dielectric layer is
preferably comprised of silicon oxide.

- As shown in FIG 4, we form a second conductive layer
26 over the exposed-portions of the firsf conductive layer 22.
The second conductive layer will act as a channel region. The
second conductive layer‘26 has a second conductivity type
(opposite to the first conductivity type). The second
‘conductive layer 26 formed by a selective epitaxial procesé and

the second conductive layer 26 is comprised of silicon. The
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t he second conductive layer 26 is conprised of silicon. The 8 1 91 JUL 2005
second conductive | ayer preferably has a p concentration betmedhélEU@ a%§
4E18 Atons/cnB. As shown in FIG5, we forma second dielectric |ayer 3
over portions of the second conductive |ayer 26 and over the first
insulating |layer 18. The second dielectric layer is blanket deposited and
 pat t er fedondi egpddtiitisodraphi prpfocdsly, haFhe, psecorehdidlient becweevers a
second contact area 32 over the .second conductive |ayer. The second

di el eciEi€ aedi 4Rl dtosstcary area 31 were a third conductive layer will be
formed. The second dielectric layer 26 is preferably conprised of silicon

oxi de. Next, we foRm antdmrih coreduict iweefbayes Skovenikthectexposgg portions
of the second conductive |ayer 26. The third conductive layer 34 will act

as a so60rcevirdpartidry D) kayger secdhe tddndhzarnductive |ayemd34vBas a first
conductivity type. As shown in FIG 6, we forma third dielectric |ayer

(38) ovar thessecond diieledbree kayern?6Gamhd Beetbifdic conductisve | ayer
34. The third dielectric layer is blanket
! blanket deposited and patterned using a lithographic process.
The second dielectric covers a second contact area 32 over the
.second conductive layer. The segond dielectric defines a
tertiary area 31 were a third conductive layer will be formed.
The second dielectric layer 26 is preferably
comprised of silicon oxide.
Next, we form a third conductive layer 34 over the
exposed portions of the second conductivé layer 26. The third

conductive layer 34 will act as a source / drain (S/D) layer.

The third conductive layer 34 has a first conductivity type.

As shown in FIG 6, we form a third dielectric layer

(38) over the second dielectric layer 26 and the third
¢ conductive layery34. The third dielectric layer.is blanket
| deposited and preferably chemical-mechanical polished (CMP) to
the level of the top surface of layer 18.
As shown in FIG 6, we form a trench ({e.g., gate
_trench) 42 through The third conductive layer 34, second 26 and

first conductive 22 layers to at least expose the substrate 10.
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deposited and preferably chem cal - nechani cal polished (CWP) to hh | evel
of the top surface of layer 18. As shown in FIG 6, we forma tr]é C k.eZimg,
gate trench) 42 through the third conductive |ayer 34, second 26 and
first conductive 22 layers to at |east expose the substrate 10. 9 I JUL
200 i The trench 42 preferably has a width of between about 0.2 mand 2.0
‘m W HAbgt tforeh dPatcegediesbb i rhas | aperdt4b odnbehecesi dewal | © .@andmbot t om of
.the trench. The gate dielectric layer 46 is preferably conprised of
silicoanaxpde. :then we forma gate 50 over the gate dielectric |ayer 46

and filling the trench 42. The gate 50 is preferably conprised of
polysilicon, A um peMmeket#gsten (W sandompsic R gheuabby pglysilicon. The
gate 50 is preferably forned by "depositing a gate |layer over filling the

L1 ench s4acandoveka . dedengeppidonnd i shodi glectii s, aygrs and

chem cal - mechani cal polishing e gate ‘material Tayer. shown in

FIG 8 we E%erQF8§£bP@Q#ﬁ§&ﬁ%%d'8¥e£i§§cOﬁ“6§1d%he dielectric layers 38 30
24. The cap dielectric layer ‘ . _

Then we form a gate 50 over the gate dielectric
layer 46 and filling the trench 42. The gate 50 is preferably
comprised of polysilicon, Aluminum or tungsten (W) and mést
preferably polysilicon.‘The gate 50 is preferably formed by
depositing a gate layer over filling the trench 42 and over the
third, second and first dielectric layers and chemical-
mechanical polishing {CMP) the gate material layer.

As shown ih FIG 8 we form a cap dielectric layer 54
over the dielectric layers 38 30 24. The cap dielectric layer
is preferably comprised of SiQ,.

As shown in FIG 8, we form contacts 38 62 64 70
through the cap dielectric layer 54, the first second and third
dielectric layers to contact the first, secoﬁd and third

conductive layers and gate.

FIG 9 is a top plan view of a circular embodiment of

the invention.

FIG 10 is a top plan view of a planar embodiment of

the invention.
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is preferably conmprised of Si02. As shown in FIG 8, we forn1cont§cts 58 62
64 70 through the cap dielectric |ayer 54, the first second aﬂdﬁt&Mkdmmﬁ
dielectric. layers to contact the first, second and third conductive
tayers and gate. FIG9 is a top plan view of a circul ar enbodi nent of the
-invention. FIG 10 is a top plan view of a planar enbodi nent of the
invention. 10 1 91 JUL 2005 . In the above description nunerous specific
details are set forth such as flow rates, pressure settings, thicknesses,
etc., in order to proVhdeekpvrprdeschoprbigh numeenst andicigiof deheips esent
invention. It will be obvious, however, to one skilled in the art that the
pr esentrengent forth marchbespfacvi catew thousts uwrhesetdetas) s. |1 n ot her

i nstances, well known process have not been described in detail in order
t o i‘nothdnkeeesssy idtc.obscupedehetpresentdd nventreothoAbsgh the flow rates
in the specification can be scaled up or down keeping the same nolar % or
r at i-os undeactantbo@tet ditfef erenertsizeshte@act oM will be obvious,

however, to one skilled in the art that the present invention

‘may be practiced without these details. In other instances,

well known process have not been described in detail in order To

not unnecessarily obscure the present invention. Alsc, the flow

rates in the specification can be scaled up or down keeping the

same moiar ¥ or ratios to accommodate difference sized reactors

as is known to those skilled in the art.

While the invention has been particularly shown and
described with reference to the preferred embodiments thereof,
.it will be understood by those skilled in the art that variéus
changes in form and details may be made without departing from
the spirit and scope of therinvention. It is.intended Lo cover
various modificationé and similar arrangements and procedures,

and tpe scopé of the appended claims therefore should be
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as is knowmn to those skilled in the art. Wile the invention h been
particularly shown and described with reference to the prefer?ﬁg JUL 2005
‘enbodi'ments thereof, it will be understood by those skilled in the art
that various changes in formand details may be made w t hout departing
from the spirit and scope of the invention. It is intended to cover

vari ouschodidd ddts dnsagdrdtsintbapraratangesents andepragediy es,l sapd the
scope of the appended clains therefore should be 11 i S JUL 2005 accorded
t he broadesicamiterpreetdationlse asrigeneaypass pkbesachegodi fications and
simlar arrangenents and procedures. 12 JUL 2t Wiat is clained is: 1. A
nmet hod of fabrication of vertical transistor; conprising the steps of: a)
formng a pad layer and a first insulating | ayer over a substrate; b)
form ng a-transistor qopening through said pad |ayer and said first

i nsul ating | ayer;
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-c) formng a first conductive |ayer over said substrate in saiijntransi stor
opening; said first conductive layer having a first conductivity ﬂUbezﬁgg)
forming a first dielectric |ayer over portions of said first conductive
l ayer and over said first insulating layer; e) formng a second conductive
| ayer @&Wert tilse cdxpoeed isportions of said first conductive |layer; said
second conductive layer having a second conductivity type; f) formng a
secondldi el Botetiteod ayferfabvérapost i @hsreoft icadi drsesdsich condugtdivenkayer and
over said first insulating layer; g) formng a third conductive |ayer over
t he exposlkd sipawd icons of said second conductive |ayer; said third
conductive |layer having a first conductivity type; h) formng a third
di el ectric &nyefomviery saipddseéepad ami e gctrritc ihayeat amg sated tdvierda
conductive layer; 13 1 9 JUL 2005 i) formng a trench through said third
conducti ve | aysebsaiatd:hird, second and first conductive |layers to at

L) forming a transistor opening ‘through said pad layer and
said first insulating layer;

c¢) forming a first conductive layer Qver.said substrate
in said transistor opening; said first conductive layer
having a first conductivity type;

d) forming a first dielectric layer over portions of said
first conductive layer and over said first insulating
layer;

v e) forming a secénd conductive layer over the exposed
portions of said first conductive layer; saild second
conductive layer having a second conductivity type;

£f) forming a second dielectric layer over portions of
said second conductive layer and over said first
insulating layer;

g) forming a third conductive layer over the exposed
portions of said second conductive layer; said third
conductive layer having a first conductivity type;

h) forming a third dielectric layer over said second

dielectric layer and said third conductive layer;
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| east - expose said substrate; j) formng a gate dielectric |ayer, gn the
sidewal | s and bottomof said trench, k) form ng a gate over saﬁé é@keﬂﬂﬁ
dielectric layer and filling said trench; and 1) formng a cap dielectric
layer over said third dielectric layer; and m form ng contacts through
said first second and third dielectric layers to contact said first,
second and 1t hifdamievwdectieech ayerasigp safkle thetdodorofuaiiaiemliyeber ei n sai d
pad layer is conprised of silicon oxide and said first insulating layer is
conprised of $#id dddmi t pedenflayiagl iarsthicoknessivé betarserncabout 1000 and
5000 A. 3. The nethod of claim1 wherein said first dielectric layer is
conpri sed of slé¢dzore:orisdesadd Thestmtttwod of claim 1 wherein said first
conductive layer forned by a selective epitaxial process and said first
conductive tayefoimsimpnpriaseddoélsttitonaykd ondtHéls 2003:11s and
bottom of said tfench,
k} forming a gate over sald gate dielectric layer and
filling said trench; and
1) forming a cap dielectric layef Qver said_ﬁhird
dielectric layer; and
m) forming contacts through sazid first second and third . =~ R

dielectric layers to contact said first, second and

third conductive layers.

2. The method of claim 1 wherein said pad layer is comprised
_of silicon oxlde and said first insulating lavyer is comprised
of sili;on nitride having a thickness of between about 1000
and 5000 A.

3. The method of claim 1 wherein said first dieiécﬁ?ic layer
is comprised of silicon oxide.

4.  The method ¢f claim 1 wherein said first conductive layer
formed by a selective epitaxial process and said first

conductive layer is comprised of silicon.
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5. The method of claim 1l wherein said second conductive layer formed by a
Sel ective epitaxial process and said second conductive |ayer iEchUprP d
of silicon. 6. The nethod of claim1 wherein said third conductive | ayer
formed by a selective epitaxial process and said third conductive |ayer is
conprised of silicon. 7. The method of claim 1l wherein said second

di el ecbri c Tayeretlicsl odnpibsedl ofhsidircornioxisdeond. cahtidmtiodaokrcl aim 1
wherein said trench has a width of between about 0.2 mand 2 m 9. The
met hod oforthead eyl averleictisai dpiyasei i elrectesisc ahayesid Ssece@mpri sed of
silicon oxide. 10. The nethod of claim1l wherein said gate is conprised of
pol ysi | i condertiungstver (W complisdhesfretinadoaf. claim 1l wherein said gate
formed by depositing a gate layer over filling said trench and over said
thi rd, 6secofde anetHdd stf dileliectrwhetayerssiandnehenteahucimahaniveal
polishing (CW) said gate material layer 12. A nmethod of fabrication of

vertical foraasisy of ;selamriivel RgithReableRS Qfs aap QT v &y pad | ayer and
an first insulating | ayer over :

conductive layer is comprised of silicon.

7. The method of claim 1 wherein said second dielectric layer
is comprised of silicon oxide.

8. The method of claim 1 wherein said trench has a width of
between about 0.2 pum and 2 pm.

o. The method of claim 1 wherein said gate dielectric layer is
comprised of siliceon-oxide.

16. The method of claim 1 wherein said gate is comprised of

- polysilicon or tungsten (W)

11. The method of claim 1 wherein said gate formed by
depositing a gate layer over filling saild trench and over said
thixrd, second and first dielectric léyéfs and chemical-

mechanical polishing (CMP) said gate material layer.

I 12. A method of fabrication of vertical transistor; comprising

the steps of:

"a) forming a pad layer and an first insulating layer over

a substrate;

- 13




a substrate; 15 . 19JUL200i (1) said pad |ayer conprised of si)Jicon oxide
and said first_insulating |ayer conprised of silicon nitride h Gid@La@mﬁ

t hi ckness of between about 1000 and 5000 A; b) forming a transistor
openi ng through said pad |ayer and said first insulating |ayer; c) formng
a first conductive |layer using a selective epitaxial process over said
substrate in sai ¢tk rarsidstoad lepeni ogprsiaiad fifr st lcomsluctide drayer having a

first conductivity,types; Eggglgg%v Iﬂg 18 %ielectric %q¥§%53yer portions

of said first conductive layér an 5iTd FPPSESFAsTt & qayer; (1)

said first dielectritttigrehavgngoapthseihafs i betoncoxilide;t e)idar m ng a

second conductive |g¥§ﬁgﬂﬁﬁﬁ,the exposed portions of said first conductive
conduct

| ayer; said second ive layer having a second conductivity -type;

p) forming a transistor opening through said pad laver and
said first insulating layer;

c) forming a fifst conductive.layer using a selective
epitaxial process over said substrate in said fransistor
cpening; said first condﬁctive layer nhaving a first
conductivity type;

d) forming a firét dielectric layer over portions of said

first conductive layer and over said first insulating

layer;

(1) said first dielectric layer is comprised of

silicon oxide;

e) forming a second conductive layer over the exposed
portions of said first conductive layer; said second

conductive layer having a second conductivity type:

(1) said second conductive layer formed by a
selective epitaxial process and said second

conductive layer is comprised of silicon;

£) forming a second dielectric layer over portions of

sald second conductive layer and over said first

insulating layer;
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(1) said second conductive layer fornmed by a selective epitaxigl process
and said second conductive |ayer is conprised of silicon; f) f Enﬂhg _
second dielectric |ayer over portions of said second conductive |ayer and
over said first insulating layer; 16 i JUL 2005 (1) said second
dielectric layer is conprised of silicon oxide; g) formng a third
conductive | ayer{Dversailie sexposedieportiiond agfersacdcsesongkCarduct i ve | ayer
using a selective epi.taxi _process; said third conductive |ayer having a
first conductivity %{%ﬁ§%§h%k%§?ﬁing athird dielectric layer (38) over said

second di eb?th&ﬁnﬂrﬁ%Q{ t3NGdasabaatibi [6k condlctive Layerxpodjdeformng a
trench through said third conductive layer said third, second and first

conductive |aygeseionhator 10ast seXBRGEcSRh T SURSLALE: w61) said trench has a
w dt h of between about 0.2 .tm and 2.0 u.m
. selective epitaxial process; said third conductive layer
having a first conductivity type;
© h) forming a third dielectric layer (38) over said second
dielectric layer and.said third conductive laver;
- i) forming a trench through said third conductive layer

said third, second and first conductive layers to at

least expose said substrate;

(1) said trench has a width of between abcocut 0.2 um

and 2.0 um;
J) forming a Qate dielectric layer on the sidewalls and

bottom of said trench,

G (1} said gate dielectric layer is comprised of

silicon oxide;

k) forming a gate over said gate dielectric layer and

filling said trench}

1) ”ééid gate comprised of.polysilicon or tungsten
(W); said gate formed by depositinq a gate laver
over filling said trench and over said third,
second and first dielectric lavers and chemical-
mechanical polishing (CMP) said gate material

layer;
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1) fornlng a gate dielectric layer on the sidewalls and bottoglgf sai d

trench (1) said gate dielectric layer is conprised of silico X Hb 208}
fornlng a gate over said gate dielectric layer and filling said trench;
(1) said gate conprised of polysilicon or tungsten (W; said. gate f or med
.by depositing a gate layer over filling said trench and over said third,

second and )i r sordiiebeat ths daypss:and 1cker eakr sechamical polishing (CWP)

said gate material layer; 17 i 9 JUL 2005 1) formng a cap dielectric

| ayer over saidldikicrdidi ekeetric layer; m formng contacts through said

cap dielectric, first, second, and third dielectric layers to contact said
first, secamd anddliligr dcaonduet tveol@y&aSd E8p dielectric, first,

second, and third dielectric layers to contact said

first, second and third conductive layers.
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