
;e3eW5T001d240356>5T5BJN  .,,~ . Method To Form A Vertical Transistor By
First Forming A Ga~..:e/Spacer Stack, Then Using Selective Epitaxy To Form
Source, Drain And Channel 5 Background of Invention 1) 4ield of the
Invention This invention relates generally to fabrication of a
sem__conductor device, and more particularly to the fabrication of ~ MOS
transistor with a vertical channel. 10 2) '~escription of the Prior Art
Field effect transistors (FET's) are a fundamental  _. r. bui-dmg block in
the field of integrated circuits. FET's can be cla-~sified into two basic
structural types: horizontal and ver-.ical. Horizontal, or lateral, FET's
exhibit carrier flow 15 frc~~: source to drain in a direction_parallel (e.
g. horizontal) to '.he plane of the substrate on which they are formed.
Vertical FET's exhibit carrier flow from source 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 widely used and favored in ~he
semiconductor industry because they lend themselves eas,-ly to integration,
vertical FET's have a number of ` n~a~~~w~   advantages over horizontal
FET's. Because channel length for ver~~ical FET's is not a function of the
smallest feature size res:~lvable by state-of-the-art lithographic
equipment and met,iods (e. g. on the order of 0.25 micrometers), vertical
FET's 5 car be made with a shorter channel length (e.g. on the order of 0.1
micrometers) than horizontal FET's, thus 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. 10 The importance of
overcoming the various def_ciencies note above is evidenced by the
extensive tec:inological 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 patt;nt
literature can be gleaned by considering US 5,4~4,289(Fitch et al.) that
shows one vertical transistor~that is :~ormed by form gate/spacer stack,
etch and then SEG for 5/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 t~~ench. Akazawa forms
the S/D & channel by diffusion. 2   US 5,780,327(Chu et al.) shows a
vertical double gate transistor) US 5,545,586(Koh) shows a vertical
transistor using epi layers. 5 US 5,340,759(Hsieh et al.) shows a vertical
gate tra~~sistor using epi. US 5,032,529(Beitman et a1.) shows~a trench
gate VCM~)S transistor. US 4,982,266(Chjatterjee) and US
5,302,5412(Akazawa) 10 sho~.,~ other transistor processes. 3 



Summary of the Invention It is an object of a preferred embodiment of the
pre~~ent invention to provide a method for fabricating a vertical 5
tra:~sistor. It is an object of a preferred embodiment of the pre_~ent
invention to provide a structure and method for fab icating a vertical
transistor by first forming gate/spacer sta.k, then using selective epitaxy
to form source / drain and 10 cha~~nel. 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
traaistor. A doped region is formed in a substrate. We form seq_entially on
the substrate, a first spacer dielectric layer, a f-~rst gate electrode, a
second spacer dielectric layer, a sec<-nd gate electrode and a third spacer
dielectric layer. We 20 fore 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 die'-ectric
layer, the second gate electrode and the third spacer 4   



die:~ectric layer. The trench has sidewa7.ls. We form a gate die_~ectric
layer over the sidewalls of the trench. We form sequentially, in the
trench: a first doped layer, a first cha=,nel layer, a second doped layer,
a third doped layer, a 5 sec~:~nd channel layer, and a fourth doped layer.
We form a cap lay~:r over the structure. Contacts are formed to the doped
reg~_on, the first gate electrode the second doped layer, third doped layer
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
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 insLrumentalities and combinations particularly
pointed out in the append claims. 5   Brief Description of the Drawings The
features and ad~Tantages of a semiconductor dev_ce according to the present
invention and further details of 5 a process of fabricating such a
semiconductor device in acc~~rdance with the present invention will be more
clearly und~:rstood from the following description taken in conjunction
wit~~ 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~:strating a method
for manufacturing a vertical transistor acct~rding to the present
invention. 6   Detailed Description of the Preferred Embodiments The
present invention will be described ir_ detail wit~z reference to the
accompanying drawings. The present 5 inv-~ntion provides a method of
forming a vertical transistor. As shown in FIG 1, we form a doped region 14
in a substrate 10. The substrate can be, but is not~limited to, a
mon.~crystalline silicon wafer, silicon and insulator (SOI) or a 



silicon on sapphire (SOS). 10 The doped region 14 is preferably doped with
a first typ= conductivity impurity (e. g., n-doped) and is preferably
for.~ed by an ion implant process. The doped region 14 is pre_erably 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 imp,irity doping as the subsequently
formed first doped layer 50 (Se~~ FIG 6) . Still referring to FIG l, we
form sequentially over the substrate: a first spacer dielectric layer 16, a
first gate 20 ele.~trode 18, a second spacer dielectric layer 24, a second
gate ele:trode 28 and a third spacer dielectric layer 32. 7   The first
spacer dielectric layer 16 is preferably com~~rised of silicon oxide,
silicon nitride, or silicon oxy::itride, and is preferably comprised of
silicon oxide. The first gate electrode 18 can be comprised 5 pol_~silicon
or amorphous silicon and is preferably comprised of pol,isilicon. The
second spacer dielectric layer,24 can be com~~rised of silicon oxide,
silicon nitride, or Silicon oxyr~itride and is preferably comprised of
silicon oxide. 10 The second gate electrode 28 can be comprised 



pol~,silicon or amorphous silicon and is preferably comprised of
pol~-silicon. The third spacer dielectric layer 32 can be comfrised of
silicon oxide, silicon nitride) silicon oxynitride 15 or ether dielectric
materials, and is preferably comprised of silicon oxide. Any of the spacer
layers can be comprised of sil.~con oxide, silicon nitride, 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
opening 38 over the third spacer dielectric layer 32. The mas~:ing layer is
preferably comprised of photoresist. 8   As shown in FIG 3, we form a
trench 42 through the first spacer dielectric layer 16, the first gate
electrode 18, the second spacer dielectric layer 24, the second gate
electrode 28 -~nd the third spacer dielectric layer 32. The trench 42 has 5
sid~:walls. The trench preferably exposes the substrate 10 sur__ace. The
trench is preferably formed by an etching process. The trench 42 preferably
has a width between 1 ~.un and 10 ~m and a dep~h between 0.2 ~,m and 5 ~.m.
The masking layer is removed. As shown in FIG A, we form a gate dielectric
layer 10 46 cover the sidewalls of the trench 42. The gate dielectric
lay,~r is preferably formed by a blanket deposition and then an ani~otropic
etch back to form "spacers" (gate dielectric ) on the sidewalls 42. 



The gate dielectric layer is can be comprised of 15 SiO~, silicon nitride,
silicon oxynitride, ONO, HfO~, metal oxic;es, or any other gate dielectric
or high K gate dielectric. The gate dielectric layer is preferably
comprised of silicon oxide. As shown in FIG 5, we form sequentially in the
20 treT~ch 42, a first doped layer 50, a first channel layer 54, a second
doped layer 58, a third doped layer 62, a second channel layer 64, and a
fourth doped layer 68. These layers are pre.-erably formed using a
selective deposition process (e. g., 9   sel,~ctive epitaxy process). A
selective epitaxy process forms epi (e.g., silicon) only on an exposed
silicon surface). No massing and etching is needed. The first doped layer
50, and the second doped layer 5 58, are preferably comprised of a first
type conductivity mat>rial (e. g., silicon doped with a first type
conductivity material such as arsenic) and the first channel 59 is
preferably com;~rised of a second (or opposite) conductivity material. The
thud doped layer 62 and the fourth doped layer 68 are 10 pre,-erably
comprised of a second type conductivity material and the second channel is
preferably comprised of a first con~.!uctivity material. The first
conductivity type can be silicon doped wit;; p-type impurities and the
second conductivity type can be 15 sil con doped with n-type impurities.
The first conductivity type is preferably a sem=_conductor material (e.g.,
silicon) doped with n-type _ imp:rities and the second conductivity 'type
is preferably sem.conductor material (e. g., silicon) doped with p-type 20
imp~,~rities . As shown in FIG 6, we form a cap layer 74 over the thi~_d
spacer dielectric layer 32. The cap layer is preferably 10   



com~~rised of silicon oxide with a thickness of between about 300 and 1500
l~. Referring to FIG 6, then we form contact holes down 5 to .he
appropriate layers. Then, preferably dielectric liners 72 are formed in the
sidewalls some or all of the contact holes.' The dielectric liners are
pr_ef.erably comprised of silicon oxide, silicon oxyz=itride or silicon
nitride. 10 In the contact holes, we form contacts 76 78 80 82 to he doped
region 19, the first gate electrode 18 the second doped layer 58, and the
fourth doped layer 68. The contacts are pre~erably formed of conductive
materials, such as metals, such as i~~. Contacts are preferably formed to
all source/drains and 15 gatE:s in the two transistors. A contact (e. g.,
common contact) is preferably formed to the third doped region 62. As shown
in FIG 6, a first MOS transistor is com~~rised of: the doped layer 50
(e.g., n+ )(part of source / 20 drain (S/D)) and first doped layer 50
(source / drain (S/D) N-dc,ped), first channel layer is the channel (e. g.
p-type), fir:;t gate electrode 18 and a second doped layer 58 (S/D- n dopc
d) . 11   A second transistor is comprised of: the 3r~ doped 5 10 layar 62
(source / drain (S/D) e.g.~ p-doped), 2"d channel region 64 e.g., n-doped),
gate dielectric layer 46, second gate electrode 28, 4`-~' doped layer 68
source / drain (S/D) (e. g. , pdoped). Contacts are preferably formed to
a11 source/drains and gatEs in the two transistors. DEF- NITIONS The term
"doped layer" used herein can mean a conc,uctive layer that is doped with
an impurity. 



As a preface to the detailed description, it should be =oted that, as used
in this specification and the appended clams, 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   L. ste~~s of such a process can be
performed using commercially ava._lable integrated circuit fabrication
machines. As spe~:ifically necessary to an understanding of the present
invention, exemplary technical data are set forth based upon 5 current
technology. Future developments in the art may call for appopriate
adjustments as would be obvious to one skilled While the invention has been
particularly shown and 10 des~~ribed with reference to the preferred
embodiments thereof, it will be understood by those skilled in the art that
various cha;:ges in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover var,ous
modifications and similar arrangements and procedures, 15 and the scope of
the appended claims therefore should be acc:~rded the broadest
interpretation so as to encompass all such 



mod_fications and similar arrangements and procedures. 13   Wha: is claimed
is: 11. A method of fabrication of a vertical transistor;2c: ~mprising the
steps of3a)forming sequentially on a substrate, a first spacer4dielectric
layer, a first gate electrode, a second5spacer dielectric layer, a second
gate electrode and a6third spacer dielectric layer;7b)forming a trench
through said first spacer dielectric8layer, said first gate electrode, said
second spacer9dielectric layer, said second gate electrode and said10third
spacer dielectric layer; said trench having11sidewalls;12c)forming a gate
dielectric layer over said sidewalls of13said trench; -14d)forming
sequentially, in said trench: a first doped15layer, a first channel layer,
a second doped layer,-a16third doped layer, a second channel layer, and a
fourth17doped layer; and -18e)forming a cap layer over said third spacer
dielectric19layer and said fourth doped layer; and 14   _ 20 f) forming
contacts to said doped region, said first gate 21 electrode said second
doped layer, and said fourth doped 22 layer. 2. The method of claim 1 which
further includes before step (;~) 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 rE:gion is a n-doped region
formed by an ion implant process. 4. The method of claim 1 which further
includes before step (r;) forming a doped region in said substrate; said
doped region is a n-doped region formed by an ion implant process a:~d has
a concentration between 1E19 and 1E23 atom/cc. 5. The method of-claim 1
wherein said first spacer dielectric D yer is comprised of silicon oxide.
6. The method of claim 1 wherein said first gate electrode is c:~mprised of
polysilicon. 7. The method of claim 1 wherein said second spacer dielectric
layer is comprised of silicon oxide. 8. The method of claim 1 wherein said
second gate electrode is comprised of polysilicon. 9. The method of claim 1
wherein said third spacer dielectric l~.yer is comprised of silicon oxide.
10. The method of claim 1 wherein said trench has a width bctween 2 and 50m
and a depth between 500 and 1-0,000 15   11. The method of claim 1 wherein
said gate dielectric layer is comprised of silicon oxide. _ 12. The method
of claim 1 wherein said first doped layer, and s~~_id second doped layer,
are comprised of a first type c:~nductivity material and said first channel
is comprised of a s~.cond conductivity type material; said third doped
layer, said fourth doped layer are comprised of a second type
c~~-nductivity material and said second channel is comprised of a first
conductivity type material; said first conductivity t~~pe is 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 ~
and 20,000 16 



1 14. A method of fabrication of a v2rtical transistor; 2cc_mprising the
steps of:3a)forming a doped region in a substrate;4b)forming sequentially
on said substrate, a first spacer5dielectric layer, a first gate electrode,
a second6spacer dielectric layer, a second gate electrode and a7third
spacer dielectric layer;8c)forming a masking layer having an opening over
said a9third spacer dielectric layer;10d)forming a trench through said
first spacer dielectric11layer, said first gate electrode, said second
spacer12dielectric layer, said second gate electrode and said13third spacer
dielectric layer; said trench having14'sidewalls;15e)removing the masking
layer;16_f)forming a gate dielectric layer over said sidewalls of17said
trench;18-g)forming sequentially, in said trench: a first doped19layer, a
first channel layer, a second doped layer, a20third doped layer, a second
channel layer, and a fourth21doped layer; and 17   22 h) forming a cap
layer over said third spacer dielectric 23 layer and said fourth doped
layer; and 24 i) forming contacts to said doped region, said first gate 25
electrode said second doped layer, and said fourth doped 26 layer; 27 said
first doped layer, and said second doped 28 lay~_~r, are comprised of a
first type conductivity material and 29 sai~? first channel is comprised of
a second conductivity 30 material; said third doped layer, said fourth
doped layer are 31 com~~rised of a second type conductivity material and
said second 32 charnel is comprised of a first conductivity type material;
33 sai first conductivity type is n-type and said second 34 cons=~uctivity
type is p-type. 35 15. The method of claim14 wherein saiddoped region is a
n-dped region formed byan ion implant process.16. The method of.claim14
wherein saiddoped region is a n-dc:ped region formed byan ion implant
process concentrationbE:tween 1E19 and 1E23atom/cc.17. The method of
claim14 wherein saidfirst spacer dielectricD yer is comprised ofsilicon
oxide.18. The method of claim14 wherein saidfirst gate electrodei~
comprised of polysilicon.18   19. The method of claim 14 wherein said
second spacer dielectric layer is comprised of silicon oxide. 20. The
method of claim 14 wherein said second gate electrode i~ comprised of
polysilicon. 21. The method of claim 14 wherein said third spacer
dielectric Dyer is comprised of silicon oxide. 22. The method of claim 14
wherein said trench having a width between 2 and 50m and a depth between
500A and 10,000 A. 23. The method of claim 14 wherein said gate dielectric
layer i~ comprised of silicon oxide. 24. The method of claim 14 wherein
said cap layer is comprised o_- silicon oxide thickness of between about
1Q00 ~ and 20,000 A 19 



1 25. A method of fabrication of a vertical transistor; 2 comprising the
steps of: . 3 a) forming a doped region in a substrate; 9 (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 19 polysilicon; r15 (3) said second spacer dielectric layer is
comprised . 16 of silicon oxide; Z7 (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 20   22 c) forming a masking layer having
an opening over said a 23 third spacer dielectric layer; 24 d) forming a
trench through said first spacer dielectric 25 layer, said first gate
electrode, said second spacer 26 dielectric layer, said second gate
electrode and said 27 third spacer dielectric layer; said trench having 28
sidewalls; 29 (1) said trench having a width between 2 and 50 ~m and 30 a
depth between 500 and 10,000 ~; 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; 21   47 98 49 50 51 52 53 h) forming a cap layer
over said third spacer dielectric layer and said fourth doped layer; and i)
forming contacts to said doped region, said first gate electrode said
second doped layer, and said fourth doped layer; (1) said cap layer
comprised of silicon oxide thickness of between about 1000 and 20,000 ~.
26. The method of claim 25 wherein said first conductivity type i=~ p-type
and said second conductivity type is n-type. 27. The method of claim 25
wherein said first conductivity type i~ n-type and said second conductivity
type is p-type. 22
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