
0 5 2000  METHOD OF FABRICATING CMOS DEVICE WITH DUAL GATE ELECTRODE  The
present invention relates generally to fabrication of  semiconductor
devices, and more specifically to methods of fabricating vertical
transistors. 1 0 5 DEC 2006  BACKGROUND OF THE INVENTION One way to
increase chip packing density is to make vertical  transistors. However,
vertical transistor fabrication elevates the complexity of the  process
steps and conditions. This complexity is magnified when vertical
transistors  are fabricated with different gate oxide thicknesses for
higher levels of circuitry  integration. U.S. Patent No. 6,150,679 to
Faltermeier et al. describes a process for  fabricating a uniform gate
oxide of a vertical transistor using ion implantation. U.S. Patent No.
5,969,384 to Hong describes a method of fabricating a  flash memory having
separate data programming and erasing terminals. U.S. Patent No. 5,633,519
to Yamazaki et al. describes a non-volatile  floating gate semiconductor
device. 



U.S. Patent No. 6,143,636 to Forbes et al. describes a method of  forming a
high density flash EEPROM having increased nonvolatile storage  capacity.
U.S. Patent No. 5,757,038 to Tiwari et al. describes a dual gate field
effect transistor (FET) with an ultra thin channel. 2 0 5 ( C 2065  SUMMARY
OF THE INVENTION Accordingly, it is an object of one ore more embodiments
of the  present invention to provide an improved method of fabricating
vertical transistors  having different gate oxide thicknesses. Other
objects will appear hereinafter. It has now been discovered that the above
and other objects of one or  more embodiments of the present invention may
be accomplished in the following  manner. Specifically, a substrate is
provided having a first pillar and a second  pillar. A gate dielectric
layer is formed over the substrate and the first and second  pillars. First
and second thin spacers are formed over the gate dielectric layer  covered
side walls of the first and second pillars respectively. The second pillar
is  masked leaving the first pillar unmasked. The first thin spacers are
removed from  the unmasked first pillar. The mask is removed from the
masked second pillar. The  



structure is oxidized to convert the second thin spacers to second
preliminary gate  oxide over the previously masked second pillar and to
form first preliminary gate  oxide over the unmasked first pillar. The
second gate oxide over the second pillar  being thicker than the first gate
oxide over the first pillar. The thinner first  preliminary gate oxide is
removed from over the first pillar and the thicker second  preliminary gate
oxide is thinned from over the second pillar. First final gate oxide  is
formed over the first pillar and second final gate oxide is formed on the
second  pillar. The second final gate oxide including the thinned second
preliminary gate  oxide. The second final gate oxide over the second pillar
being thicker than the first  final gate oxide over the first pillar. 3 1
4.v: HDLG  BRIEF DESCRIPTION OF THE DRAWINGS The features and advantages of
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: Figs. 1 to 8 schematically illustrate in
cross-sectional representation a  preferred embodiment of the present
invention. II  



4 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT  Unless otherwise
specified, all structures, layers, etc. may be formed or accomplished by
conventional methods known in the prior art.  Initial Structure Fig. 1
illustrates a cross-sectional view of a substrate 10, preferably a
semiconductor silicon (Si) substrate, having first and second transistor
pillars 12, 14,  respectively, formed within NMOS and PMOS areas 16, 18,
respectively. One of the  transistor pillars 12, 14 has a P-well implant
(P-well transistor pillar 12 in Fig. 1  within NMOS area 16) and the other
of the transistor pillars 12, 14 has a N-well  implant (N-well transistor
pillar 14 in the Fig. 1 within PMOS area 18). It is noted  that instead,
transistor pillar 12 may have an N-well implant within a PMOS area 16  and
transistor pillar 14 may have a P-well implant within an NMOS area 18.
First and second transistor pillars 12, 14 have capping, or hard mask,
layers 20, 22 formed thereover to a thickness of from about 100 to 500A and
more  preferably from about 100 to 200A. First and second hard capping
layers 20, 22 are  preferably formed of nitride, silicon nitride (Si3N4),
oxide, a nitride/oxide stack or a  silicon nitride/oxide stack and is more
preferably formed of a nitride/oxide stack.  Gate Dielectric 24 and Thin
Spacer 28, 30 Formation As shown in Fig. 2, gate dielectric layer 24 is
formed over transistor  



pillars 12, 14 and substrate 10 to a thickness of preferably from about 20
to 100A  5 P ill EC 2005  and more preferably from about 20 to 40A. Gate
dielectric layer 24 is preferably gate oxide formed by growth or
deposition. A thin spacer material is deposited over the structure and
etched to  form thin spacers 28, 30 over first and second transistor
pillars 12, 14, respectively.  Thin spacers 28, 30 are preferably comprised
of polysilicon (poly), titanium (Ti) or  tantalum (Ta) and is more
preferably poly or Ti. Thin spacers 28, 30 have a base  thickness of
preferably from about 100 to 200, and more preferably from about 100  to
150A. Masking of One of the Transistor Pillars 12, 14 As shown in Fig. 3,
one of the transistor pillars 12, 14 is masked by  mask 32. As illustrated
in Fig. 3, second transistor pillar 14 is masked although first  transistor
pillar 12 could also be masked as understood by one skilled in the art by
the teachings of this invention. mask 32 completely covers the selected
transistor  pillar 14 pillar, overlying hard mask 22 and at least a portion
of substrate 10  adjacent the selected transistor pillar 14. Mask 32 is
preferably comprised of photoresist.  



Wet/Dry Unmasked Spacer 28 Etch/Removal of Mask 32 As shown in Fig. 4, the
unmasked spacer, in the example illustrated in  the Figs., first transistor
pillar 1.2 thin spacer 28, is removed, preferably by a  wet/dry spacer
removal process. 6 0 5 DEC 20" 6  Mask 32 is then removed from the
substrate 10 and the masked transistor pillar, second transistor pillar 14
in the example illustrated in the Figs.,  preferably by stripping (such as
by a chemical resist strip process) and the structure  is cleaned.
Oxidation of Spacers 30 and Gate Dielectric 24 Over First Transistor Pillar
12 As shown in Fig. 5, an oxidation process oxidizes spacers 30 over
previously masked second transistor pillar 14 and the gate dielectric 24
over first  transistor pillar 12. Poly spacers 30 will transform to
polyoxide while Ti spacers 30  become TiOX (high-k). In either event,
thicker 'gate oxide' 34 is formed over the  PMOS second transistor 14 while
thinner gate oxide 36 also grows over NMOS first  transistor 12. Thicker
'gate oxide' 34 over transistor 14 is preferably from about 30  to 80A
thick and is more preferably from about 30 to 60A thick. Thinner gate oxide
36 over transistor 12 is preferably from about 10 to 30A thick and is more
preferably  



from about 10 to 20A thick. Oxide 36, 34 Removal/Thinning Step As shown in
Fig. 6, an HF dip (for example) is used to remove all the  gate oxide 36
over the NMOS transistor 12 and a large proportion of the 'gate oxide'  34
over the PMOS transistor 14. As shown, a portion of the 'gate oxide' 34'
remains  7 0 5 tai::C 2006  over the PMOS transistor 14 having a thickness
of preferably from about 30 to 70A  and more preferably from about 30 to
50A. Formation of Final Gate Oxide 40 42 Over First Pillar 12 and Second
Pillar 14 As shown in Fig. 7, final gate oxide 40, 42 is formed over first
transistor pillar 12 and second transistor pillar 14, respectively. The
final gate oxide  40, 42 is preferably formed by a rapid thermal oxidation
process or a remote oxygen  plasma growth process. The final gate oxide 40
over the NMOS first transistor pillar 12 is  thinner than the final gate
oxide 42 over the PMOS second transistor pillar 14 since  the final gate
oxide 42 over the PMOS second transistor pillar 14 includes the  remaining
'gate oxide' 34' over the second pillar 14 after the HF dip step. Thicker
final gate oxide 42 over transistor 14 is preferably from about  30 to 80A
thick and is more preferably from about 30 to 60A thick. Thinner gate  



oxide 40 over transistor 12 is preferably from about 10 to 30A thick and is
more  preferably from about 10 to 20A thick. Removal of Capping Layers 20,
22 and Self-Aligned Ion Implantation As shown in Fig. 8, completion of
transistors 44, 46 may then be  accomplished as follows, for example. 8 0 5
['.: G 20"b  Capping layers 20, 22 are removed from first and second
transistor pillars 12, 14, respectively, exposing the top surfaces 48, 46
of first and second  transistor pillars 12, 14, respectively. Source
implants 44, 46 are formed by self-aligned ion implantation  through the
exposed top portions 48, 50 of first and second pillars 12, 14. Drain
implants 50, 52 are formed by self-aligned ion implantation within
substrate 10 at  the base of, and extending from, first and second pillars
12, 14, respectively. Gate regions 54 are formed over the final thinner
gate oxide 40 of first  pillar 12 and gate regions 56 are formed over the
final thicker gate oxide 42 of  second pillar 14. Gate regions 54, 56 are
preferably comprised of polysilicon, doped  polysilicon (for control of the
gate work function), tungsten, tungsten-silicon alloys,  or aluminum and
are more preferably doped polysilicon (for control of the gate  work
function). 



This completes formation of first and second transistors 60,62 having  dual
gate oxide 40, 42 thicknesses, respectively. Advantages of the Invention
One advantage of one or more embodiments of the present invention  is that
dual gate oxide thickness is formed upon vertical transistors. 9 r nr'n .
nf?F. While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention,
except as defined  by the following claims. 10 5 December 2006  CLAIMS We
claim: 1. A method of fabricating dual gate oxide thicknesses, comprising
the steps of:  providing a substrate having a first pillar and a second
pillar; the first and  second pillars each having side walls; forming a
gate dielectric layer over the substrate, the first and second pillars  and
the side walls of the first and second pillars; forming first and second
thin spacers over the gate dielectric layer covered  



side walls of the first and second pillars, respectively; masking the
second pillar leaving the first pillar unmasked;  removing the first thin
spacers from the unmasked first pillar;  removing the mask from the masked
second pillar; oxidizing the structure to convert the second thin spacers
to second  preliminary gate oxide over the previously masked second pillar
and to form first  preliminary gate oxide over the unmasked first pillar;
the second gate oxide over  the second pillar being thicker than the first
gate oxide over the first pillar; removing the thinner first preliminary
gate oxide from over the first pillar  and thinning the thicker second
preliminary gate oxide from over the second pillar;  and forming first
final gate oxide over the first pillar and second final gate oxide  on the
second pillar; the second final gate oxide including the thinned second
preliminary gate oxide; the second final gate oxide over the second pillar
being  thicker than the first final gate oxide over the first pillar. 2.
The method of claim 1, including the steps of:  11 J 5 I_LU LDUG  forming
capping layers over first and second pillars, respectively, before
formation of the gate dielectric layer; and 



removing the capping layers after formation of first and second final gate
oxide on the first and second pillars, respectively. 3. The method of claim
1, including the steps of: forming capping layers over first and second
pillars, respectively, before  formation of the gate dielectric layer; and
removing the capping layers after formation of first and second final gate
oxide on the first and second pillars, respectively; the capping layers
being  comprised of a material selected from the group consisting of
nitride, silicon  nitride, oxide, a nitride/oxide stack and a silicon
nitride/oxide stack. 4. The method of claim 1, including the steps of:
forming capping layers over first and second pillars, respectively, before
formation of the gate dielectric layer; and removing the capping layers
after formation of first and second final gate  oxide on the first and
second pillars, respectively; the capping layers being  comprised of a
nitride/oxide stack. 5. The method of claim 1, including the steps of:
forming source implants in the first and second pillars, respectively;
forming drain implants within substrate; and forming gate regions over the
first and second pillars, respectively.  12 



~l 5 fi I 2005  6. The method of claim 1, wherein the substrate and the
first and second pillars are  comprised of silicon; the gate dielectric
layer is comprised of oxide; the first and  second thin spacers are
comprised of a material selected from the group consisting  of polysilicon,
Ti and Ta; the mask is comprised of photoresist; and the second
preliminary gate oxide over the previously masked second pillar is
comprised of a  material selected from the group consisting of polyoxide,
TiOx and TaOx. 7. The method of claim 1, wherein the substrate and the
first and second pillars are  comprised of silicon; the gate dielectric
layer is comprised of oxide; the first and  second thin spacers are
comprised of a material selected from the group consisting  of polysilicon
and Ti; the mask is comprised of photoresist; and the second  preliminary
gate oxide over the previously masked second pillar is comprised of a
material selected from the group consisting of polyoxide and TiO,. 8. The
method of claim 1, including the steps of: forming capping layers over
first and second pillars, respectively, before  formation of the gate
dielectric layer; and removing the capping layers after formation of first
and second final gate  oxide on the first and second pillars, respectively;
the capping layers having a thickness of from about 100 to 500A. 9. The
method of claim 1, including the steps of: 



forming capping layers over first and second pillars, respectively, before
formation of the gate dielectric layer; and 13 removing the capping layers
after formation of first and second final gate  oxide on the first and
second pillars, respectively; the capping layers having a thickness of from
about 100 to 200A. 10. The method of claim 1, wherein the gate dielectric
layer has a thickness of from  about 20 to 100A; the first and second thin
spacers each have a base thickness of  from about 100 to 200A; the first
preliminary gate oxide has a thickness of from  about 10 to 30A; the second
preliminary gate oxide has a thickness of from about 30  to 80A; the
thinned second preliminary gate oxide has a thickness of from about 30  to
70A; the first final gate oxide over the first pillar has a thickness of
from about 10  to 30A; and the second final gate oxide over the second
pillar has a thickness of  from about 30 to 80A. 11. The method of claim 1,
wherein the gate dielectric layer has a thickness of from  about 20 to 40A;
the first and second thin spacers each have a base thickness of from  about
100 to 150A; the first preliminary gate oxide has a thickness of from about
10  to 20A; the second preliminary gate oxide has a thickness of from about
30 to 60AS;  the thinned second preliminary gate oxide has a thickness of
from about 30 to 50AS;  the first final gate oxide over the first pillar
has a thickness of from about 10 to 20A;  



and the second final gate oxide over the second pillar has a thickness of
from about  30 to 60A. 12. The method of claim 1, wherein the removal of
the first thin spacers from the  unmasked first pillar is accomplished by a
process selected from the group  consisting of a wet spacer removal process
and a dry spacer removal process; and  the formation of the first and
second final gate oxides is accomplished by a process 14 5 December 2006
selected from the group consisting of a rapid thermal oxidation process and
a  remote oxygen plasma growth process. 13. A method of fabricating dual
gate oxide thicknesses, comprising the steps of:  providing a substrate
having a first pillar and a second pillar; the first and second  pillars
having respective capping layers thereover and respective side walls;
forming a gate dielectric layer over the substrate, the first and second
pillars  and the side walls of the first and second pillars; forming first
and second thin spacers over the gate dielectric layer covered  side walls
of the first and second pillars, respectively; masking the second pillar
leaving the first pillar unmasked;  removing the first thin spacers from
the unmasked first pillar;  removing the mask from the masked second
pillar; 



oxidizing the structure to convert the second thin spacers to second
preliminary gate oxide over the previously masked second pillar and to form
first  preliminary gate oxide over the unmasked first pillar; the second
gate oxide over  the second pillar being thicker than the first gate oxide
over the first pillar; removing the thinner first preliminary gate oxide
from over the first pillar  and thinning the thicker second preliminary
gate oxide from over the second pillar;  and forming first final gate oxide
over the first pillar and second final gate oxide  on the second pillar;
the second final gate oxide including the thinned second  preliminary gate
oxide; the second final gate oxide over the second pillar being  thicker
than the first final gate oxide over the first pillar. 15 5 December 2006
14. The method of claim 13, including the step of removing the capping
layers after  formation of first and second final gate oxide on the first
and second pillars, respectively.  15. The method of claim 13, including
the step of removing the capping layers after  formation of first and
second final gate oxide on the first and second pillars, respectively;  the
capping layers being comprised of a material selected from the group
consisting of  nitride, silicon nitride, oxide, a nitride/oxide stack and a
silicon nitride/oxide stack. 



16. The method of claim 13, including the step of removing the capping
layers after  formation of first and second final gate oxide on the first
and second pillars, respectively;  the capping layers being comprised of a
nitride/oxide stack. 17. The method of claim 13, including the steps of:
forming source implants in the first and second pillars, respectively;
forming drain implants within substrate; and forming gate regions over the
first and second pillars, respectively. 18. The method of claim 13, wherein
the substrate and the first and second pillars  are comprised of silicon;
the gate dielectric layer is comprised of oxide; the first and  second thin
spacers are comprised of a material selected from the group consisting  of
polysilicon, Ti and Ta; the mask is comprised of photoresist; the second
preliminary gate oxide over the previously masked second pillar is
comprised of a  material selected from the group consisting of polyoxide,
TiOx and TaOx. 16 5 DE-"" 2006  19. The method of claim 13, wherein the
substrate and the first and second pillars  are comprised of silicon; the
gate dielectric layer is comprised of oxide; the first and  second thin
spacers are comprised of a material selected from the group consisting  of
polysilicon and Ti; the mask is comprised of photoresist; the second
preliminary  gate oxide over the previously masked second pillar is
comprised of a material  



selected from the group consisting of polyoxide and TiO,. 20. The method of
claim 13, including the step of removing the capping layers after
formation of first and second final gate oxide on the first and second
pillars,  respectively; the capping layers having a thickness of from about
100 to 500A. 21. The method of claim 13, including the step of removing the
capping layers after  formation of first and second final gate oxide on the
first and second pillars,  respectively; the capping layers having a
thickness of from about 100 to 200A. 22. The method of claim 13, wherein
the gate dielectric layer has a thickness of from  about 20 to 100A; the
first and second thin spacers each have a base thickness of  from about 100
to 200A'; the first preliminary gate oxide has a thickness of from  about
10 to 30A; the second preliminary gate oxide has a thickness of from about
30  to 80A; the thinned second preliminary gate oxide has a thickness of
from about 30  to 70A; the first final gate oxide over the first pillar has
a thickness of from about 10  to 30A; and the second final gate oxide over
the second pillar has a thickness of  from about 30 to 80A. 23. The method
of claim 13, wherein the gate dielectric layer has a thickness of from
about 20 to 40A; the first and second thin spacers each have a base
thickness of from  17 about 100 to 150A; the first preliminary gate oxide
has a thickness of from about 10  to 20A; the second preliminary gate oxide
has a thickness of from about 30 to 60A;  



the thinned second preliminary gate oxide has a thickness of from about 30
to 50A;  and the first final gate oxide over the first pillar has a
thickness of from about 10 to  20A; and the second final gate oxide over
the second pillar has a thickness of from  about 30 to 60A. 24. The method
of claim 13, wherein the removal of the first thin spacers from the
unmasked first pillar is accomplished by a process selected from the group
consisting of a wet spacer removal process and a dry spacer removal
process; and  the formation of the first and second final gate oxides is
accomplished by a process  selected from the group consisting of a rapid
thermal oxidation process and a  remote oxygen plasma growth process. 25. A
method of fabricating dual gate oxide thicknesses, comprising the steps of:
providing a substrate having a first pillar and a second pillar; the first
and second pillars having respective capping layers thereover and
respective side walls; the capping layers  being comprised of a material
selected from the group consisting of nitride, silicon nitride,  oxide, a
nitride/oxide stack and a silicon nitride/oxide stack; forming a gate
dielectric layer over the substrate, the first and second pillars  and the
side walls of the first and second pillars; forming first and second thin
spacers over the gate dielectric layer covered  side walls of the first and
second pillars, respectively; masking the second pillar leaving the first
pillar unmasked;  



removing the first thin spacers from the unmasked first pillar;  removing
the mask from the masked second pillar; 18 Q 5 fsE:: ' Z" JuI,  oxidizing
the structure to convert the second thin spacers to second preliminary gate
oxide over the previously masked second pillar and to form first
preliminary gate oxide over the unmasked first pillar; the second gate
oxide over  the second pillar being thicker than the first gate oxide over
the first pillar; removing the thinner first preliminary gate oxide from
over the first pillar  and thinning the thicker second preliminary gate
oxide from over the second pillar;  and forming first final gate oxide over
the first pillar and second final gate oxide  on the second pillar; the
second final gate oxide including the thinned second  preliminary gate
oxide; the second final gate oxide over the second pillar being  thicker
than the first final gate oxide over the first pillar. 19 3 26. The method
of claim 25, including the step of removing the capping layers after
formation of first and second final gate oxide on the first and second
pillars,  respectively. 



27. The method of claim 25, including the step of removing the capping
layers after  formation of first and second final gate oxide on the first
and second pillars,  respectively. 28. The method of claim 25, including
the step of removing the capping layers after  formation of first and
second final gate oxide on the first and second pillars,  respectively; the
capping layers being comprised of a nitride/oxide stack. 29. The method of
claim 25, including the steps of: forming source implants in the first and
second pillars, respectively;  forming drain implants within substrate; and
forming gate regions over the first and second pillars, respectively. 30.
The method of claim 25, wherein the substrate and the first and second
pillars  are comprised of silicon; the gate dielectric layer is comprised
of oxide; the first and  second thin spacers are comprised of a material
selected from the group consisting  of polysilicon, Ti and Ta; the mask is
comprised of photoresist; the second  preliminary gate oxide over the
previously masked second pillar is comprised of a  material selected from
the group consisting of polyoxide, TiOx and TaOx. 20 0 5 2506 31. The
method of claim 25, wherein the substrate and the first and second pillars
are comprised of silicon; the gate dielectric layer is comprised of oxide;
the first and  



second thin spacers are comprised of a material selected from the group
consisting  of polysilicon and Ti; the mask is comprised of photoresist;
the second preliminary  gate oxide over the previously masked second pillar
is comprised of a material  selected from the group consisting of polyoxide
and TiO.. 32. The method of claim 25, including the step of removing the
capping layers after  formation of first and second final gate oxide on the
first and second pillars, respectively;  the capping layers having a
thickness of from about 100 to 500A. 33. The method of claim 25, including
the step of removing the capping layers after  formation of first and
second final gate oxide on the first and second pillars, respectively; the
capping layers having a thickness of from about 100 to 200A. 34. The method
of claim 25, wherein the gate dielectric layer has a thickness of from
about 20 to 100A; the first and second thin spacers each have a base
thickness of  from about 100 to 200A; the first preliminary gate oxide has
a thickness of from  about 10 to 30A; the second preliminary gate oxide has
a thickness of from about 30  to 80A; the thinned second preliminary gate
oxide has a thickness of from about 30  to 70A; the first final gate oxide
over the first pillar has a thickness of from about 10 21 to 30A; and the
second final gate oxide over the second pillar has a thickness of  from
about 30 to 80A. 35. The method of claim 25, wherein the gate dielectric
layer has a thickness of from  



about 20 to 40A; the first and second thin spacers each have a base
thickness of from  about 100 to 150A; the first preliminary gate oxide has
a thickness of from about 10  to 20A; the second preliminary gate oxide has
a thickness of from about 30 to 60A;  the thinned second preliminary gate
oxide has a thickness of from about 30 to 50A;  and the first final gate
oxide over the first pillar has a thickness of from about 10 to  20A; and
the second final gate oxide over the second pillar has a thickness of from
about 30 to 60A. 36. The method of claim 25, wherein the removal of the
first thin spacers from the  unmasked first pillar is accomplished by a
process selected from the group  consisting of a wet spacer removal process
and a dry spacer removal process; and  the formation of the first and
second final gate oxides is accomplished by a process  selected from the
group consisting of a rapid thermal oxidation process and a  remote oxygen
plasma growth process. 22 


