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SELECTI ME EPI TAXI AL GROWMH AND DELTA DOPED S| LI CON LAYERS 4 of
Invention 1) Field of the Invention This invention relates generally to
fabrication of MOS transistors and nore particularly to the fabrication of

Sirfoon fihb??“%:sE@é@?f‘ﬁ??éﬁf%%é%ﬁk?@%ﬁ&%&@{ Em%%fzdor s
FET' o : . .

Ciroui ts. FET s can boCRONTEcpyp ok th SER SELFEON Tkads i types.

horizontal and wvertical. Horizontal, or lateral, FET' s exhibit carrier

flow fromsource to drain in a direction parallel (e.g.-horizontal) to

the plane of the substrate on_which they are forped. Vertical FET s
exhibit carrier flow from souPREITPHXIHF TRVEPGFPRction transverse to the

pl ane of ﬁe ub%rcgt,tehg. . vertical) on which they are formed. Wile
hori zont a pFEﬁlﬁf ¥l ngﬁggﬂ°%nd f avor ed
This invention relates generally to fabrication of
MOS transistors and more particularly to the fabrication of a
vertical transistor by selective epitaxial growth 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, FET's exhibit carrier flow
from source to drain in a direction parallel (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
transverse to the plane of the substrate (e.g. vertical) on
which they are formed.

While horizontal FET's are widely used and favored
' 1in the semiconductor industry because they lend themseives

easily to integration, wvertical FET's have a number of
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I n tthe sem conductor industry because they lend thenselves easily to
integration, vertical FET's have a nunber of 1 advantages over hori zontal
FET's. Because channel length for wvertical FET's is not a function of the
smal | est feature size resolvable by state-of-the-art |ithographic

equi pment 2@pent ABEH A hidtizeRthheret der Egc&s%5cﬁbﬁﬁ9ﬂ31é{g93h fegr ti cal
FET's can be made with a shorter channel length (e.g. on the order of 0.1

m cronet ega}ytiBaD BOfi oY dlotFETranctiYS HF Q;\Hed'sﬂﬁl‘iSEE' £&dtufdELiset he
capablllty to swtch faster and as well as a higher power handling

capaci ty &@@8109515os%aétfe%to%hgges@%flaié&%mc Qghephial s oreater

packing density wth Vvertical e | nportance overcom ng the

various. ofehbakertlgs dotad haKe be svwgﬁsb e3¢, YL LOSLYE FEL'S, he

technologlc eve ment ecte to the ect, as docunented

rel evant pategt ﬁ?gatﬁf | £alpd e @ HBRele&gct{hf’ts(gefgt u?ﬂdtﬁé’p%fcf‘é]{ ore

rel evant technica evel opnents 1 n the patent e can eaned by

consi der | i 1U3,8, 580 320 Gt Hoxdbohcbhafrphons. 6381k qrhi cal

doubl e gage FET w't vegtlcri contgcts. ﬂ% fﬁ§p§?§ E ﬁ ghlﬁr oms i

vertical a8 sTXhe 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 contacts.

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

US 5,545,586 (Koh) shows a Verti;al TX using
epitaxial layers. However, this reference differs from the
invention.

US 5,308,782 (Mazure et al.) shows a vertical TX

stdck using an etching involved process.
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US 5, 545, 586( Koh) shows a Vertical TX using epitaxial |ayers. However,
this reference differs fromthe invention. US 5,308, 782(Mazure et al.)
shows a vertical TX stack using an etching involved process. 2 SUMVARY OF
THE INVENTION It is an object of the present invention to provide a method
for fabricating a vertical transistor by selective epitaxial growh and
delta doped silicon layers. To acconplish the above objectives, the present

invention provides a method obkuwmiwy s WHENGNFEM@ESGCAl transistor. The
i nvention discloses a nethod for a vertical transistor by selective epi

dep to formthe conductd ue §Ru58§ecgr<?%rrred g%ggﬂg:][nJ,%yvr&T t‘ghgrgggggct Ive

source drain and channel 1ayers-are e epl process

0i el ect i ¢, gasks (I96Ene LhE CONUICL Lye haxe JEE L €@FeLfive fOrm

vertical co e condu anne ayers. Yhvention's

e hod of dad S e&o PhnvERd!60lea [RRS S 9{@@@&&9 the fol I owi ng

st eps. ayer over the subs

To accomplish the abo#e objectives, the present
invention provides a method of maqufabturing a vertical
! transistor. The invention discloses a method for'a vertical
,  transistor by selective epi dep to form the conductive source
drain and channel layers. The conductive source drain and
channel layers are formed by a selective epi process.
Dielectric masks define the conductive layers and make areas to-

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

The invention's method of fabrication of wvertical
transistor_comprising the following steps.

A pqd laygr is formed over the substrate. Next, é
first insulating layer is formed over a substrate. Next, we
form a transistor opening through the pad layer and the first
insulating layer. We form a first conductive layer over the

_substrate in the transistor opening. The first conductive layer

has a first conductivity type. The first conductive layer is

3



first insulating layer is formed over a substrate. Next, we forma
transi stor opening through the pad |layer and the first insulating |ayer.
‘W forma first conductive |ayer over the substrate in the transistor
‘opening. The first conductive layer has a first conductivity type. The

first congueféevsblpyfirnest Bypanf epabiyidbpredely . aRe epbtmxd airgtocess. W
forma first dielectric |ayer over portions of the first conductive |ayer

:and over gheléétsic i NsAvRe ane;en%ﬁm a £3868NEonGONGUE 14§ ekrayer
over the exposed portions of the first conductive |layer. W forma second

di el ectri gnhaygéromed iRy i1QRE1atihGe1sRGONd weokdut A VEedaier and over the
first insulating layer. Next, we forma third conductive |ayer over - the

exposed pephi@Beifé 1feSeRANM teANEYELENE pBlonsTRE tRET FhrHonductive
| ayer has a.first conductivity type. We forma third dielectric |ayer over

the secondodubectei faydyer waNdokReat Boeha coNARCkirYe LayeF oALrench is
formed through the thitd conductive |layer the third, second and first

conducti veohaY8hs &f e alsdRAY €¥RAEELINE BURH T 3hE. ot8e ¢Hd SHirstecond
and third dielectric |ayers are shown as a nmerged dielectric |ayer. W
next formiasgabeidiyel£gésr ) C NG waN£bhR & clewal lonatetDoEt D& over
| +  the exposed portions of the second conductive layer. The third
conductive layer has a first conductivity type. We fofm 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
i to at least expose the . substrate. The first, second and third
dielectric layers are shown as a merged dielectric layer. We
next form a gate dielectric layer 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 qielectric 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
.+ will be set forth in the description that follows, and in part

will be obvious from the description, or may be learned by
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the trench. The gate dielectric layer is preferably conprised of silicon
‘oxi de. Then we forma gate over the gate dielectric layer and filling the
trench. W forma cap dielectric layer over the nerged dielectric |ayer.
Contacts are fornmed through the first second and third dielectric |ayers
(shown, asprayeitet®f Htiagienthenlirshe Gerid and hbvastsgaeluat itne | ayers.
Addi ti onal objects and advantages of the invention wll be set forth in

the descrijpveatidhataf Ad Gwalized hAdPbtaindd loybReahyi @fs from the
description, or may be | earned by 4 practice of ‘the invention. The objects

and advantiagesufbntdLitidy ehd %Bm%ﬁa@%ﬁ@aédﬂﬁ%uqﬁgwbb&ﬁ@&h RyutmBans of
instrunmentalities and conbi nations particularly pointed out in the append
claims, 5 ﬁrlggpg§30é1§§ﬁén1 of the Drawi ngs The features and advant ages of
a senicon uct or evice according to the present invention and further
details of a process of fabricating such a sem conductor device in
accordance with the present invention will be nore clearly wunderstood from
the follow ng description taken in conjunction



w th-the acconmpanying draw ngs in which |ike reference nunerals designate
simlar or corresponding elenents, regions and portions and in which:
Figures 1 through 8 are cross sectional views for illustrating a nethod
for manufacturing a vertical transistor according to the present
invention. FIG9 is a top plan view of a circular enbodi nent of the
invention. FIG 10 is a top plan view of a planar enbodi nent of the

invention. 6 Detailed EESEElé%ié%%éyiﬂyg%nppgéﬁﬁé iments A preferred
i F throug

ermbodi ment of the invention T's shown™in ) F78. Note that the

cxanpl ds, and the | nveli dipeEeRoRRR FRTERAISY R eorpRb bRty

o2t R e P B IT AU I R RPN, I 1P
gQ?de'squtéaézeocleos's '(I;f]fe f%%gil:g Errlg 1sf1ucihs aprs%];n?.g:grqcligcggrnpc{eivsi%% ?.];1 silicon

| accordance with the present invention will be more clearly

understood from the following description taken in conjunction

with the accompanying drawings in which like reference numerals
designate similar or corresponding elements, regions and
" portions and in which:

P Figures 1 through 8 are cross sectional views for
illustrating a method for manufacturing a vertical transistor
according to the present invention.

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

- the invention.

FIG 10 is a top plan view 6f a planar embodiment of

the invention.



‘Next, a first insulating |layer 18 is forned over the substrate 10. The
substrate.can be, but is not limted to, a nonocrystalline silicon wafer,
silicon and insulator (SO) or a silicon on sapphire (SOS). The first
insulating layer 18 is preferably conprised of silicon nitride having a

t hi ckness of between about. 1000 and 5000 A. Next, we forma transistor
opening 20 through the pad layer 14 and the first insulating layer 18.. As
shown in FIG 2, vgednuaphiskst ega&twéletfe I2ebrrdd ERiIaidmtgubstrate 10
in the transistor opening 20. Tﬁ first conductive |ayer wkl act as a
source / drain (S/D). The first conductive |layer 22 has a first
conductivity type. 7 Preferably the first conductivity type Is n type, but

can be p- type to forgt$pgfgp y & s§¥m85 ESiQ axngl LpstsC g¥ﬁtﬂye

| ayer 22 is preferably orne epl Ia p OCESsS? aris,
the first duc VLT d 05|t° th p strate 10
in the tra%ggs o#ﬂybé% EF E%EeTﬁéXF can 5h§%P§§ ?§§ fﬁbre eggﬁly has

ESPﬁP; ??ECE % %% %§¥H Pr%E}?ngQrgtlve examp gg, and t(ngﬂJgnﬁhgh3 we

»(

is not limited to the compositions and fabrication process.
Compgrable substitutions are possible as known to those skilled
* 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) or a
silicon on sapphire (S0S). The first insulating layer 18 is
preferably _comprised 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 over 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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over- portions of the first conductive |layer 22 and over the first

i nsulating layer 18. The first dielectric |ayer is blanket deposited and
patterned using a lithographic process. The first dielectric |ayer
overlies a first contact area 23 over the first conductive |ayer. The

exposed PRELEQRSHDY A Fildsyl coﬁ&&&‘f‘f&iﬁ@? typken sdgf t9§ea RAcAdARYE grea 25
where a second conductive layer wll be formed. The Tfirst dielectric |ayer

is pref ew{agytsomsm% Q%apalskteoe Ofmesls%rs howRel flfé@ éondﬂ%tfl%m a

second conductive ayer over the exposed portlons of the first

conducti v gg{g¥e§22§ S84 n?o?ﬁl&q |V & 10 v L_fé @%ctl\;ﬁty tIgnel

region. T second conductiv ayer has a second ype

f o
foPpoe by Thig iE, fﬁétff@?ﬁ%ﬁ%ﬁd‘ HlubY Pdyer 1 3849 ”geaggf‘géﬁccl.ve Y or 2

trve ‘epi proc con con ayer 26

concont r st EROBE: AHBRCL 45810 0 S50 AT DTS ife CPRELEHORR | nf#4 G5 %ne fof m

d diel 30 t f th t I
26°and ovEPREREFE, T SR agar 8 %&og%s%ﬁ%gﬁraﬁl%%‘*ee'qviye?yleé

1E19 and 1E21 atom/cmi.

As shown in FIG 3, we form a first dielectric layer
over portions of the first conductive layer 22 and over the
first insulating layer 18. The first dielectric layer is
blanket deposited and patterned using a lithographic process.

4+ 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 first 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 process and

the second conductive layer 26 is comprised of silicon. The
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‘bl arlket deposited and patterned using a |ithographic process. The, second
.dielectric covers- a second contact area 32 over the second conductive

| ayer. The second dielectric defines a tertiary area 31 were a third
conductive |layer will be formed. The second dielectric |ayer 26 is

pr ef er abl gecondpcosduttvfvesillaiyeonpogfemablNettas aepf content fd triconc betweenve

1l ayer 34 over the exposed portions of the second conductive |ayer 26. The
third :conduét ané dBYErAtbhsick’. act as a source / drain (S/D) layer. The
third conductive |layer 34 has a first conductivity type. As shown in FIG 6,

we forma third diel egisr shovayat FIB8), wecfothica Sesunil ddiegkbetiiccldyprer 26
and the third conductive layer 34. The third dielectric layer is blanket

deposi t ed 3andopeef g6 ablons hiteal - BBESRAI C@dndRItivReda(6MP)24 aind beekevel
of the top surface of layer 18. As shown in FIG 6, we forma trench (e.g.

T e A A A i P e H A o A
trench¢ 42 jieietabkyobdted MdlihtReri8lVEEIn@ROUl thodrBbhBhrodeds.
The second dielectric covers a second contact area 32 over the
second conductive layer. The second 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 conductive 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 ;he_second dielectric layer 26 and the third
conductive layer_34. 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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We next forma gate dielectric |ayer 46 on the sidewalls and bottom of the
trench. The gate dielectric layer 46 is preferably conprised of silicon
oxi de. Then we forma gate 50 over the gate dielectric |ayer 46 and

filling the trench 42. The gate 50 is preferably conprised of polysilicon,
Al 'um num @ﬁetHPgﬁéﬁmi Word3d raBsy hsed %ﬁiﬂry o&%lé%kééﬁoébou@e 043t gm0 1S
preferably formed by depositing a gate |ayer over filling the trench 42

and over th erd second and first dielectric |ayers and chem cal -
nechani caP™ o? hth Y (CWP) the gate material layer. As shown ih FIG 8 we

forma cap dielectric Ia over the dielectric |layers 38 30 24. The
cap dielectric |ayer Xﬁ?‘%f £y Q?&‘?pfjll§$8°Bfl%| eyrAs4 %sRBWEREN FI.G 8,

we formcontacts_ 58 62 64 70 through the cap dielectric_|ayer 54 t he
first secSndedAdlenpRd Pftame Ay ithe. FAFRER- t TR MeAE dERESFIFLET lageZond and
third conductive | ayers and gate. FIG 9 is a top plan view of a circular
embodi mentdbofis prefphaehy ieampised1ofi sidicep Piide .vi ew of & planar
enbodi ment of the-invention.
Then we form a gate 50 over the gate dlelectrlc
layer 46 and filling the trench 42. The gate 50 is preferably
comprised of polysilicon, Aluminum or tungsten (W) and most
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 in FIG 8 we form a cap dielectric layer 54
over the dielectric layers 38 30 24. The cap dielectric layer
is preferably comprised of S$iO,.
As shown in FIG 8, we form contacts 58 62 64 70
through the cép dielectric layer 54, Ehe first second and third

dielectric .layers to contact the first, second 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.
10



10 In the above description nunerous specific details are set forth such
as fl.ow rates, pressure settings, thicknesses, etc., in order to provide a
nmor e- t horough under standing of the present invention. It will be obvious,
however, to one skilled in the art that the present invention maybe
practiced without these details. In other instances, well known process
have not been described in detail in order to not unnecessarily obscure
t-he present invention. IAl sloe ddwerd ldewcript bsnimumidmuspepeti cati @stLidrs be
scal ed up or down keeping the sane nolar %or ratios to accommodate

di ff erenceasezedtr taeiorsuchaasi slénomtds, tPreseuski kéetings,the art. Wile
the invention has been particularly shown and described with reference to
the preferendcrabosésenite.,hahestderi to WidvikR Wnderst esk-dugt hose skill ed
in the art that various changes in formand details nmay be nade wi thout

departing {ihaBrst88q iy rdf tHadpeegBRt Oinddift id.entkonill tpd Sdviloerded to
cover various nodifications and simlar arrangenents and procedures and

the scope gbwkberarpsnsied Qliaiigs EﬁefﬁéoﬁfEE%HEH Qh@e pLe8&LO AR NN

br oadest |nterpretat|on SO as to enconpass- such
may .be practiced without these details. 1In other instances,

well known éfocess have not been described.in detail in order to
' not unnecessarily obscure the present invention. Also, the flow

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

same molar % 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 various
changes in form and details may be made without departing from
the spirit and scope of the.invention. It is intended to cover
various modificatione and similar arrangements and procedures,

and the scope of the appended claims therefore should be
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nodi fications and sim | ar arrangenents and procedures. 12 What is clained
is: 1. Amethod of fabrication of vertical transistor; conprising the
steps of: a) formng a pad layer and a first insulating |ayer overa
substrate; b) formng a transistor openingthrough said pad | ayer and said
first insASHIGHFA &per breadest nintprpretesionondues itee dnapmpasseal Sasukh
substrate in said transistor opening; said first conductive |ayer having
a first comflidticatipnsypad gimilkamianyraageinests damd getadeciurager over
portions of said first conductive |ayer and over said first insulating

| ayer; e) formng a second conductive |ayer over the exposed portions of
said first conductive |ayer; said second conductive |ayer having a second
conductivity type; f) form'ng a second dielectric |layer over portions of
sai d second conductive | ayer and over said first insulating |ayer;

12



g) fornming a third conductive |ayer over the exposed portions of said
second conductive layer; said third conductive |ayer having a first

conductivity type; h) formng a third dielectric |ayer over said second
di el ectri cWhatyets avtasmed i$éird conductive layer; 13 11111 ~~ T1tIll
fea¢til 11 ~"11r CLi) formng a trench through said third conductive
[ayer saild thiar dethedoofl falskfdatiboncofiduettieal a@insils@odt comBSis@XpoOSe
said substrate; j) formng a gate dielectric |ayer on the sidewalls and
bottom of saih@ tstepshpfk) formng a gate over said gate dielectric |ayer
and filling said trench; and 1) formng a cap dielectric |ayer over said

third dielectrd)c [fayringandpad Yarer Rgpdcantaess idwulughingaldyétrstersecond
and third dielectric layers to contact said first, second and third

conductive | ayers.suBstFaeepet hod of claim 1 wherein said pad | ayer is
conpri sed _ _ '

b) forming a transistor opening through said pad_layer and
said first insulating layer;

c¢) forming a first conductive layer over'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; said second
conductive layer having a second conductivity type;

f) forming a second dielectric layer over portions of
said sgcond conductive layer and over said first
insuléting 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;

13
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of silicon oxide and said first insulating layer is conprised of silicon
nitri.de having a thickness of between about 1000 and 5000 A ... 3. The

nmet hod of claim1 wherein said first dielectric layer is conprised of
silicon oxide. 4. The method of claim1l wherein said first conductive |ayer
forned by a seligct ifvemepgt axt séngh atassigaindasai thitd sdondueduet Lyget ayer is
conprised of silicon. 14 1111111111111 HII 211111 11 111 5. The method of
claim 1l wherein saaldsenard, coachind iatrl Ifdyer cobnaneth vy layeekeebdi ye

epi taxi al process and said second conductive layer is conprised of

silicon. 6. The netdwad ekpekai saild Whesirateai d third conductive |ayer
formed by a selective epitaxial process and said third conductive |layer is

conprised of si4ycogbrmAngThegatE h@fe Bictaidl MadeWhEH ik SAIEWR288NENd
dielectric layer is conprised of silicon oxide. 8. The nethod of claim1l

wherein said trenofhdiag 3csWsdil efenddgt ween about 0.2 mand 2 m 9. The
met hod of claim 1 wherein said gate dielectric layer is

k) fcrming a gate over said gate dielectric layer and
filling said trench; and

1) forming a cap dielectric layer over said third
dielectric layer; and

n) forming contacts through said first second and third

dielectric layers to contact said first, second and

third conductive layers.

2. The method of c¢laim 1 wherein said pad layer is qomprised
of silicon oxide and said first insulating layer is comprised

of silicon nitride having a thickness of between about 1000

and 5000 A..

3. 'The method of claim 1 wherein said first dieieét;ic layer
is comprised of silicon oxide.

q. The method of claim .l wherein said first conductive layer
formed by a selective epitaxial process and said first

conductive layer is comprised of silicon.

14
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conprised of silicon-oxide. 10. The nethod of claim1l wherein said gate is
conprised of polysilicon or tungsten (W . 11. The nethod of claim1l
wherein said gate formed by depositing a gate |layer over filling said
trench and over said third, second,and first dielectric |ayers and
chem cal - Srech&hiecaktpodi shiacig itCNPwheakedngas &d nedeamnidalkcohdyet id. 1ayaret hod
of fabrication of vertical transistor; conprising the steps of: a) formng
a pad | ayer fantheanbli asselestdwsd iopd taxyjel pretess sitbshidt eecodd
Lrrerererrr reve/reittt MUELEELErE (1) said pad |ayer conprised of
silicon oxi demiuttival afet sis idumprisedgolfayeliesmpri sed of silicon
nitride having a thickness of between about 1000 and 5000 A; b) formng a
transi st org operhg methodgof seidipad whryeinasdid sehikd idonduchsiealaygr | ayer ;
formed by a selective epitaxial process and said third

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 um and 2 pm.

S. The method of claim 1 wherein said gate dielectric layer is
comprised of silicon‘:oxide.

10. The nmethod 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 said trench and over said
third, seceond_and first dielectric léyéis and chemical-

mechanical polishing (CMP) said gate material layer

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

the stéps of:

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

2 substrate:
- 15
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c) formng a first conductive |layer using a selective epitaxial process
over .sai d- substrate in said transistor opening; said first conductive
| ayer having a first conductivity type; d) formng a first dielectric
| ayer over portions of said first conductive |layer and over said first

i'nsul ating layer; ({) saaddf bhat18y&} &duldrG s@Y8E k51 LUWId:aed ahg silicon
oxide; e) formng a second conductive_ | ayer over the exposed portions of

said fifst conductive IS figaFdineebdine dadest FOBPTESRE Hawiddcansecond
conductivity type; (])nf%¥ﬂéesﬁﬁgﬂggC&"Ehﬁaﬂﬂé%sl@feﬁeéﬁgéEKLHHhta s@bective

epi taxi al process and said second conductive layer is conprised of
silicon; f) formng a Ah908i B ectric | ayer over portions of said second

conductive |layer, and over said_firs insulating layer; 16 I1JLILLLILLETTTI
11111111111111 E) f%rmlng a tran51s£or opening éﬁrougg Saléspa layer and

said first insulating laver;

c) forming a first conductive layer using a selective
epitaxial process over 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;

' (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;

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

insulating lavyer:;

16



S (1) said second dielectric layer is conprised of silicon oxide; g)
form-:ng a-third conductive |ayer over the exposed portions of said second
conductive layer using a selective epitaxial process; said third
conductive layer having a first conductivity type; h) formng a third

di el ectric layer (38)l)ovenidasecert ohikletitelieclayer |ty eforpidssai gft hird
conduct4 ve | ayer; i) f%nqingna trench through said third conductive |ayer
said third, second andfiftSst cdfdtEtive | ayers to at |east expose said

substrate; (1) gai *éﬁ&a@hﬁh@ﬁi@d%%&“&@eg\é@éﬁ@@@P&h%gc%;tx?‘mggd 2.0 m

J) formng a gate dielectric |layer on the si S an omof said

trench, (1) said %&i@?@' get Egﬁdléé(c%nd 19:]0 9@&%1?5%%}% Isdnslglln on oxide; k)

formng a gate over said gate dielectric layer ald trench;

(1) said gate comuydisRd Qb BRL¥Skld FA¥edsUN8E8 third conductive layer
having a first conductivity type:
h) forming a third dielectric layer (38) over said second
AT dielectric layer and said third conductive layer;
i) forming a trench through said third conductive layer
said third, second and first conductive iayers to at

least expose said substrate;

(1) said trench has a width of between about 0.2 pm
and 2.0 um;

J) forming a gate dielectric layer on the sidewalls and

bottom of said trench,

“ (1) said gate dielectric layer is comprised of

silicon oxide;
k) forming a gate over said gate dielectric layer and

filling said trench}

(1) -éaid gate comprised of polysilicon or tungsten
(W) ; said gate formed by depositing a gate layer
over filling said trench and over said third,
second and first dielectric layers and chemical-
mechanical polishing (CMP) said gate material
layer; o |
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(W,; said gate formed by depositing a gate |layer over filling said trench
and over saidd third, second and first dielectric |layers and chem cal -
mechani cal polishing (CMP) said gate naterial layer; 17 1) formng a cap
dielectric layer over said third dielectric layer; n) formng contacts

through said cap digigrehgi L, ch'&%é&ec%??@”ﬁa¥é¥“EJéF ididi ehepgric layers to

contact said first, second and third conductive |layers. 1111111111
1111111115 111111&1él€c€f&c layer;

m) forming contacts through said cap dielectric, first,
second, and third dielectric layers to contact said

first, second and third conductive layers.

B o
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