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METHOD TO CONTROL THE CHANNEL LENGTH OF A VERTICAL TRANSISTOR BY
FIRST FORMING CHANNEL USING SELECTIVE EPI AND SOURCE /DRAIN

USING IMPLANTATION

Background of Invention

1) Field of the Invention

@

This invention relates generally to fabrication of

semiconductor devices and more particularly to the fabrication

of a vertical MOS transistors.

2) Description of the Prior Art

Current lateral MOS transistor technology uses
lithography to define channel_length. This limits the channel
length control to that of the lithography process. This

lithography process control is not as good as deposition

techniques.

Vertical junction MOS transistors have a vertical
channel region. However, current methods for fabricating
vertical transistor do not have acceptable methods to control

the channel length. This is even more important as transistors

are further scaled down.
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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

5 and apparently more relevant technical developments in the

patent literature can be gleaned by considering Us

5,416,3509 (Watanabe) shows a vertical Tx process.

US 5,899,710{Mukal) shows a TX with gates

surrounding the channel region.

10 US 4,835,586{Cogan et al.) shows a vertical dual
gate process.
UsS 4,967,245(Cogan ét al.) shows a vertical Tx in a
trench.
However, these patents can be further improved upon.
15

Summary of the Invention

It is an object of the present invention to provide

a method for fabricating a vertical MOS transistor.
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It is an object of the present invention to provide
a method for fabricating a method for fabricating a vertical MOS

transistor that has a controllable channel length.

It is an object of the present invention to provide
a method for fabricating a method for fabricating a vertical MOS

transistor that the channel length is controlled by the channel

deposition process.

To accomplish the above objectives, the present

invention provides a method of manufactiring a vertical MOS r

transistor.

The method begins by forming isolation regions in a
substrate. The isolation regions defining an active area.
Then, we form a source region in the active area. We form a
dielectric layer over the active area and the isolation regions.
We form a barrier iayer over the dielectric layer. We form an
opening in the barrier layer. The opening at least partially
over the active area. We form a gate layer (e.g. conductive
layer) in the opening. We form an insulating layer over the
conductive layer énd the barrier layer. We form a gate opening
through the insulating layer, the gate layer and the diélectric

layer to expose the source region. The gate opening is defined

3
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at ‘'least by sidewalls of the conductive layer. Gate dielectric
spacers are formed over the sidewalls of the gate layer. Then,
we form a conductive plug filling the gate opening. The
insulating layer is removed. The insulating layer is removed by
an etch selective to the barrier layer and the gate layer. We
form a drain region in top and side portions of the conductive
plug and form doped gate regions in the gate layer. The
reﬁaining portions of the conductive plug comprise a channel
region. A channel-length is between the top of the source
region.and the drain region. We form a; interlevel dielectric ¥
layer over the barrier layer, the gate layer, and the conductive

plug. We form contacts through the interlevel dielectric layer

to the doped gate regions, the drain region and the source

region.

The present invention has the benefit of providing a
method for fabricating a vertical MOS transistor that has a
controllable channel length. The method controls the channel
length by the channelldeposition process. This is more accurate

than conventional lithographical techniques.

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
. 4



practice of the invention. The objects and advantages of the

invention may be realized and obtained by means of

instrumentalities and combinations particularly pointed out in

the append claims.
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Brief Description of the Drawings

The features and advantages of a semiconductor
device according to the present invention and further details of
a process of fabricating such a semiconductor device in
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

- Fd
designate similar or corresponding elements, regions and g

portions and in which:

Figures 1 through 8 are cross sectional views for

illustrating a preferred embodiment of a method for

manufacturing a vertical transistor according to the present

invention.



10

15

Detailed Description of the Preferred Embodiments

The present invention will be described in detail
with reference to the accompanying drawings. A preferred
embodiment of the invention's method of fabrication of a
vertical transistor is described below and shown in FIGS 1 to 8-
Below a NMOS transistor is described, but PMOS devices can be

formed as well known by those skilled in the art.

Referring to FIG 1, isolation regions 14 are formed
in a substrate 10. The isolation regions 14 define at least one’

active area 16. The isolation regions are preferably shallow

trench isolation (STI) regions.

Still referring to FIG 1, we form a source region 18

in the active area 16.

The source region 18 is preferably formed by an ion
implantation process. To form a NMOS device, the Source and

drain regions are N-type.
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Next, we form a dielectric layer 20 over the active
area 16 and the isolation regions 14. The dielectric layer 20
is preferably comprised of silicon oxide preferably having a

thickness of between about 20 and 100 A.

As shown in FIG 2, a barrier layer 24 having an
opening 26 is formed over the dielectric layer 20. The barrier

24 layer is comprised of silicon nitride having a thickness of

between about 50 and 1000 A.

Still referring to FIG 2, after a blanket barrier ¥
layer is formed, the opening 26 is formed in the barrier layer.

The opening 16 extends at least partially over the active area

l6.

As shown in FIG 3, we form a gate layer 28 (e.g.
conductive layer 28) in the opening 26. The gate layer is
preferably compriséd of polysilicon and is preferably n-doped
for a NMOS Tx. The gate layer can be formed of a metal such as
Ti. The extra gate material can be removed by a chemical-

mechanical polish (CMP)} step.
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Still referring to FIG 3, we form an insulating
layer 32 over the conductive layer 28 and the barrier layer 24.
The insulating layer 32 1s preferably comprised of silicon oxide
and preferably has a thickness of between about 50 and 2000 A.
The barrier layer 24 and insulating layer 32 preferably have an
etch rate ratio between 1:2 and 1:100 so that the barrier layer

can be etch selectively to the insulating layer 32.

rd

As shown in FIG A, we form a gate opening 36 throudh
the insulating layer 32, the gate layer 28 and the dielectric
layer 20 to expose at least a portion of the source region 18.
The gate opening 36 defines at least by sidewalls .0of the
conductive layer 28. The gate opening 36 preferably has width

of between about 0.01 and 0.1 um.

Still referring to FIG 4, gate dielectric spacers
40 are formed over the sidewalls of the gate layer 28. The
gate dielectric spacers 40 are preferably comprised of silicon
oxide or high K materialé {(i.e., K> 3.0) and has a thicknéss of

between about 10 and 100 A.

The gate dielectric spacers 40 preferably formed by
depositing a gate dielectric layer (not shown) and
anisotropically etching back the gate dielectric layer.

9
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Referring to FIG 5, we form a conductive plug 44
filling the gate opening 36. The conductive plug is preferably

formed by a selective epitaxy process and the conductive plug is

comprised of silicon.

FIG 6 shows the step of removing the insulating
layer 32. The insulating layer 32 can be removed by a selective
wet or dry etch. The insulating layer 32 is preferably removed

by an etch selective to the barrier layer 24 and the gate layér

28 (e.g., conductive layer).

As shown in FIG 7, we form a drain region 48 in top
and side portions of the conductive plug 44 and forming doped
gate regions 53 in the gate layer 28. The remaining (undoped)

portions of the conductive plug 44 comprise a channel region 52.-

The drain regions 48 preferably formed by an angled
ion implant. The angled implant preferably comprises: N-type
dopant of P or AS or Sb or a P-type dopant of B and a dose
between 1E15 and 1lE16 atom/cc, and energy between 200 ev and

100 Kev.

10
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A channel length 51 is between the top of the source
region 18 and the drain region 18. The channel length 51 is.

preferably between about 50 and 1000 A.

Still referring to FIG 7, in an optional, but
preferred step, silicide regions 55 are formed on the gate
layer 28 and on the top of the conductive plug 44 (over the
drain 48). The silicide regions are very important because

they reduce resistance and are not shown in the prior art.

As shown in FIG 8, we form an interlevel dielectric
layer 54 over the barrier 24 layer, the gate layer 28; and the
conductive plug 44. The interlevel dielectric layér is
preferably comprised of a doped or undoped oxide such as

Fluorine silicate glass (FSG) or phosphosilicate glass (PSG).

Still referring to FIG 8, we form contacts 56 38 60
through the interlevel dielectric layer 34 to electrically
connect to the doped gate regions 53, the drain region 48 and
the source region 18. -Contact holes are formed in the
interlevel dielectric layer 54. The contact holes are filled

with conductive contacts material.

11
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It should be recognized that many publications
describe the details of common techniques used in the
fabrication process of integrated circuit components. Those
techniques can be generally employed in the fabrication of the
structure of the present invention. Moreover, the individual
steps of such a process can be performed using commercially
available integrated circuit fabrication machines. As
spebifically necessary to an understanding of the present
invention, -exemplary technical data are set forth based upon
current technology. Future developmentg in the art may call fof

appropriate adjustments as would be obvious to one skilled in

the art.

In the above description numerous specific details
are set forth such as flow rates, pressure settings,
thicknesses, etc., in order to provide a more thorough

understanding of the present invention. It 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. Also, the flow

rates in the specification can be scaled up or down keeping the
' 12



10

15

20

e e e

same molar % or ratios to accommodate difference sized reactors

as is known to those skilled in the art.

As a postscript to the detailed description, it
should be noted that, as used in this specification and the
appended claims, the singular forms "a", "an", and "the" include
plural referents, unless the context clearly dictates otherwise.
Thug, for éxample, the term "a semiconductor”™ includes a variety
of different materials which are known to have the behavioral
characteristi;s cf a semiconductor, reference to a "plasma"
includes a gas or gas reactants activated by an RF glow
discharge, reference to "the contact material"® includes
aluminum, aluminum alloys, and other conductive materials which
have a melting pbint enabling them to be sputtered.over the

temperature range described herein.

Specific terminology of particular importance to the

description of the present invention is defined below.

As used in the subject invention, etching refers to
chemically eating away a material to form a desired pattern,
Se;ectively etching refers to the use of etching to remove
selected portions of one material from another in a

semiconductor structure.

13
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Silicon, as used in this application, includes
polysilicon {(polycrystalline silicon), amorphous silicon (non-
crystalline silicon), monocrystalline silicon and
silicon/germanium materials. Such silicon may be n-~ or p-doped,

or undoped.

CVD refers to chemical vapor deposition. LPCVD
refers to low pressure chemical vapor deposition. Ion
implantation refers to the implantation of ions, for example,

4

for doping a semiconductor substrate, F

Electronic element refers to active electronic
devices and passive component parts. Electrical conductor refers
to a material which readily conducts electricity and includes

metals, p-type material (semiconductor material that has been

doped with an acceptér-type impurity and conducts current via
hole migration), and n-type material {semiconductor material

that has been doped with a donor-type impurity and conducts a

current via electrons).

Oxide as used in the subject invention refers to
silicon oxides and nitride as used herein refers to silicon
nitride. The oxide may be doped or undoped, such as FSG, PSG

(phospho-silicate glass) or BPSG (Boron doped PSG). An

14
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instlation layer or insulator layer refers to a layer having a
high resistivity, which does not conduct electricity. It may act
as a sodium barrier. For the purposes of the present invention,

the insulation layer should be capable of being selectively

etched to nitride.

Unless explicitly stated otherwise, each numerical

value and range should be interpreted as being approximate as if

the word about or approximately precgded the value of the

value or range.

While the invention ﬁas 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 modifications and similar arrangements and procedures,
and the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all such

modifications and similar arrangements and procedures.

15



What is claimed is:
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1. A method of fabrication of a vertical transistor:

comprising the steps of:

a)

b)

c)

d)

e)

)

qg)

h})

i)

3)
k)

1)

forming isolation regions in a substrate; said
isolation regions defining an active area:
forming a source region in said active area;
forming a dielectric layer over said active area and
said isolation regions;
forming a barrier layer over said dielectric layer;
forming an opening in said b;rrier layer; said openiﬁg
at least partially over said active area;

forming a gate layer in said opening:;

forming an insulating layer over said conductive layer

and said barrier layer;

forming a gate opening through said insulating layer,
said gate layer and said dielectric layer to expose said

source fegion; said gate opening defines at least by

sidewalls of said conductive layer:

forming a gate dielectric spacers over said sidewalls

of said gate layer:;
forming a conductive plug filling said gate opening:
removing said insulating lavyer;

forming a drain region in top and side portions of said

conductive plug and forming doped gate regions in said

17
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gate layer; the remaining portions of said conductive
plug comprise a channel region;

m) forming an interlevel dielectric layer over said
barrier layer, said gate layer, and said conductive
plug; and

n) forming contacts ;hrough said interlevel dielectric
layer to said doped gate regions, said drain region and
said source region.

2, The method of claim 1 wherein said dielectric layer
comprised of silicon oxide has a thiciness of between about
20 and 100 A.

3. The method of claim 1 wherein said barrier layer is
comprised of silicon nitride having a thickness of between
about 50 and 1000 A.

4, The method of claim 1 wherein said barrier layer and said
insulating layer have an etch rate ratic between 1:2 and 1:100
so that said insulating layer can be etched selectively to
said barrier layer.

5. The method of claim 1 wherein said gate dielectric spacers
is comprised of silicon oxide and has a thickness of between
about 10 and 100 A. |

6. The method of claim 1 wherein said gate dielectric spacers
formed by depositing a gate dielectric¢ layer and

anisotropically etching back said gate dielectric layer.

18



7. The method of claim 1 wherein said conductive plug is

formed by a selective epitaxy process and said conductive plug

is comprised of silicon.

8, The method of claim 1 wherein said insulating layer is
removed by an etch selective to said barrier layer and said
gate layer.

9. The method of claim 1 wherein said drain regions formed by
an angled ion implant using P ions at a dose between 1lE15 and
1E16 ions/cm® and an energy between 200 ev and 100 Kev.

10. The method of claim 1 wherein said‘Ehannel length is d
between the top of said source region and said drain region;
said channel length is preferably between about 50 and 100 A.

11. The method of claim 1 which further includes after step (1)

forming silicide regions on the top of said conductive plug

and on said gate layer.

5-H§iiiij -
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12. A method of fabrication of a vertical transistor:;

comprising the steps of

a)

b)

c)

ad)

e)

£)

g)

i}

3)

forming isolation regions in a substrate; said
isolation regions defining an active area;

forming a source region in said active area:

forming a dielectric layer over said active area and
said isolation regions;

forming a barrier layer over said dielectric layer:;

forming an opening in said barrier layer; said opening
at least partially over said active area;

forming a gate layer in said opening;

forming an insulating layer over said conductive layer
and said barrier layer;

forming a gate opening through said insulating layer,
said gate layer and said dielectric layer to expose said

source region; said gate opening defines at least by

sidewalls of said conductive layer;

forming a gate dielectric spacers over said sidewalls

of said gate layer;

forming a conductive plug filling said gate opening;

{1) said conductive plug is formed by a selective

epitaxy process and said conductive plug is

comprise of silicon;

o IR



k) removing said insulating layer;

{1) salid insulating layer is removed by an etch

selective to sald barrier layer and said gate
layer:;

1} forming a drain region in top and side portions of said
conductive plug and forming doped gate regions in said

gate layer; the remaining portions of said conductive

N : plug comprise a channel region;

(1) a channel length is between the top of said
source region and said drain region; said channel ©

length is preferably between about 50 and 1000 A;

m) forming silicide regions on the top of said conductive
plug and on said gate layer;

n) forming an interlevel dielectric layer over said
barrier layer, said gate layer, and said conductive,
plug; and

o} forming contacts through said interlevel dielectric

layer to said doped gate regions, said drain region and

M

13. The method of claim 12 wherein said dielectric layer

said source region.

comprised of silicon oxide having a thickness of between about

20 and 100 A.

21
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14, The method of claim 12 wherein said barrier layer comprised

of silicon nitride having a thickness of between about 50 and

1000 A.

15. The method of claim 12 said barrier layer 24 and said
insulating layer have an etch rate ratioc between 1:2 and 1:
100 so that said insulating layer can be etch selectively to
said barrier layer. |

16. The method of claim 12 wherein said gate dielectric spacers
40 is comprised of silicon oxide and has a thickness of
between about 10 and 100 A. ’ d

17. The method of claim 12 wherein said gate dielectric
spacers 40 formed by depositing a gate dielectric layer and
anisotropically etching back said gate dielectric layer.

18. The method of claim 12 wherein the drain regiéns are

formed by an angled ion implant’an angled ion implant using P,

As, Sb or B ions at a dose between 1E15 and 1E16 ions/cm® and

an energy between 200 eV and 100 KeV.

Ay

19. A method of fabrication of a vertical transistor;
comprising the steps of:
a} forming isolation regions in a substrate; said
isclation regions defining an active area;

. b} forming a source region in said active area;

22
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c)'

d}

e)

£}

g)

h}

forming a dielectric layer over said active area and

said isolation regions;

{1} said dielectric layer comprised of silicon oxide
having a thickness of between about 20 and 100 A;

forming a barrier layer over said dielectric layer:;

(1) said barrier layer comprised of silicon nitride

having a thickness of between about 50 and 1000 A;

forming an openhing in said barrier layer; said opening

e O e e ] M I N

forming a gate layer in said opening;

forming an insulating layer over said conductive layer
and said barrier layer;

forming a gate opening through said insulating layer,
salid gate layer and said dielectric layer to expose said
source region; said gate opening defines at least by
sidewalls of said conductive layer;

forming a gate dielectric spacers over said sidewalls

of said gate layer:;

(1) said gate dielectric spacers is comprised of

silicon oxide and has a thickness of between about
10 and 100 A;

(2) said gate dielectric spacers formed by depositing
a gate dielectric layer and anisotropically etching

back said gate dielectric layer:;

23



j) forming a conductive plug to £fill said gate opening;

{1) said conductive plug is formed by a selective

epitaxy process and said conductive plug is

plugis

s renaving entt ooty 2o |

L

e

(1) said insulating layer is removed by an etch
selective to said barrier layer and said gate

layer:;

1) formihg a drain region in top and side portions of said
conductive plug and forming doped gate regions in said
¥

gate layer; the remaining portions of said conductive

plug comprise a channel region;

{1} said drain regions formed by an angled ion
" implant;

(2) a channel length is between the top of said
source region and said drain region; said channel

length is preferably between about 50 and 1000 A;

m) forming silicide regions on the top of said conductive
plug and on said gate layer;
n} forming an interlevel dielectric layer over said
; barrier layer, said gate layer, and said conductive

plug; and

24



o) forming contacts through said interlevel dielectric

layer to said doped gate regions, said drain region and

AT

said source region.
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