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(57) ABSTRACT

A method of forming a composite gate structure for a planar
MOSFET device, as well as for vertical, double gate,
FINFET device, has been developed. The method features a
composite gate structure comprised of an overlying silicon
gate structure shape, and an underlying titanium nitride gate
structure shape. The titanium nitride component allows a
lower work function, and thus lower device operating volt-
ages to be realized when compared to counterpart gate
structures formed with only polysilicon. A novel, two step
gate structure definition procedure, featuring an anisotropic
first etch procedure for definition of the polysilicon gate
structure shape, followed by a wet or dry isotropic second
etch procedure for definition of the titanium nitride gate
structure shape, is employed.
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METHOD OF FABRICATING A MOSFET DEVICE
WITH METAL CONTAINING GATE STRUCTURES

BACKGROUND OF THE INVENTION
[0001] (1) Field of the Invention

[0002] The present invention relates to methods used to
fabricate semiconductor devices, and more specifically to a
method used to form a gate structure for a metal oxide
semiconductor field effect transistor (MOSFET), or compli-
mentary metal oxide semiconductor (CMOS), device.

[0003] (2) Description of Prior Art

[0004] Specific properties of polysilicon, such as the abil-
ity to withstand self-aligned metal silicide procedures, have
resulted in the extensive use of polysilicon as a material for
a gate structure for CMOS devices. However other charac-
teristics of polysilicon can adversely influence the use of
polysilicon gate structures for sub-100 um CMOS applica-
tions. For example the need to use low operating conditions
for present CMOS applications demand devices featuring
controllable, low threshold voltage. To establish low thresh-
old voltages the work function of the gate structure should
be lower than the work function obtained with a polysilicon
gate structure. Doping of the polysilicon gate and of the
underlying channel region in the semiconductor can not
provide the needed reduced work function, therefore metal
gate structures featuring lower work functions are attractive
alternatives to polysilicon gate structures for sub-100 um
CMOS devices. In addition a polysilicon depletion phenom-
ena, in which the dopant in the polysilicon gate is depleted
during subsequent fabrication procedures, also can result in
inconsistent gate voltages across the underlying gate insu-
lator layer, again suggesting the use of materials other than
polysilicon for gate structures.

[0005] Although metal gate structures provide the desired
work function and thus allow lower threshold voltages to be
realized, several process shortcomings have to be addressed.
First, metal gate structures are not compatible with the wet
etch procedures used with self-aligned metal silicide appli-
cations. Exposure of the metal gate to the silicide procedure
can result in degraded gate structures. Secondly the ion
implantation masking ability, as well as the ability to with-
stand the anneal procedures experienced during self-aligned
source/drain procedures, of metal gate structures are limited
when compared to counterpart gate structures fabricated
with polysilicon. Therefore a composite gate structure com-
prised with a polysilicon top portion needed for implant
masking, and comprised with a metal bottom portion needed
for work function or threshold voltage purposes, would be
desirable.

[0006] The procedure needed to define a composite gate
structure comprised of polysilicon—metal, is difficult to
control in regards to terminating the etch procedure on the
gate insulator layer, therefore protecting the underlying
source/drain semiconductor material. This present invention
will describe a novel procedure for fabrication of a metal
containing gate structure, featuring a gate structure defini-
tion procedure allowing termination of the procedure at the
appearance of the top surface of the underlying gate insu-
lator layer. Prior art, such as Chau et al, in U.S. Pat No.
5,625,217, Buchanan et al, in U.S. Pat. No. 5,789,312, Lu et
al, in U.S. Pat. No. 6,100,188, and Gardner et al, in U.S. Pat.
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No. 6,326,2581 B1, describe methods of fabricating gate
structures, but none of these prior art describe the novel gate
definition procedure described in the present invention.

SUMMARY OF THE INVENTION

[0007] 1t is an object of this invention to fabricate a gate
structure for a metal oxide semiconductor field effect tran-
sistor (MOSFET), or for a CMOS device.

[0008] It is another object of this invention to fabricate a
gate structure comprised of an underlying, thin metal com-
ponent and comprised of an overlying polysilicon compo-
nent, to increase device performance and to reduce operating
voltage when compared to counterpart gate structures com-
prised of only polysilicon.

[0009] It is still another object of this invention to define
the metal containing gate structure (polysilicon—metal), via
a dry etch procedure for definition of the polysilicon com-
ponent, and via a selective wet or dry etch procedure for
definition of the metal component of the metal containing
gate structure.

[0010] It is still yet another object of this invention to
define a metal containing gate structure for use in vertical,
double gate, or fin type (FINFET), structures.

[0011] In accordance with the present invention of method
of fabricating a composite gate structure, comprised of an
overlying polysilicon component and an underlying metal,
(titanium nitride), component, for use in conventional or
FINFET, double gate CMOS structures, is described. A first
iteration of this invention, referring to a planar device,
features deposition of a thin titanium nitride layer on an
underlying gate insulator layer, followed by the deposition
of a polysilicon layer. Photolithographic and anisotropic dry
etching procedures are employed to define the desired gate
structure shape in polysilicon, followed by a selective wet or
dry etch procedure used to define the desired gate structure
shape in titanium nitride, with the selective etch terminating
at the appearance of the top surface of the gate insulator
layer. After formation of lightly doped source/drain regions
in areas of the semiconductor substrate not covered by the
composite gate structure, insulator spacers are formed on the
sides of the gate structure. Heavily doped source/drain
regions are then formed in areas of the semiconductor
substrate not covered by the composite gate structure or by
the insulator spacers, followed by the formation of metal
silicide on the top surface of the polysilicon component of
the composite gate structure, as well as on the heavily doped
source/drain regions.

[0012] A second iteration of this invention, referring to a
vertical, or FINFET device, entails definition of a vertical
silicon shape from a silicon on oxide layer, followed by the
growth of a gate insulator layer on the surface of the vertical
silicon shape. Deposition of an underlying titanium nitride
layer is followed by deposition of an overlying polysilicon
layer. Definition of a composite gate structure, comprised of
an overlying polysilicon component and a thin, underlying
titanium nitride component is again accomplished via pho-
tolithographic and anisotropic dry etching procedures for
polysilicon, while either selective wet or dry procedures are
used for etching of titanium nitride. The composite gate
structure is defined in a direction normal to the direction of
the vertical silicon shape. After definition of insulator spac-
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ers on the composite gate structure, source/drain regions are
formed in areas of the vertical silicon shape not covered by
the composite gate structure of by the insulator spacers.
Metal silicide is again formed on the top surface of the
composite gate structure as well as on source/drain regions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The object and other advantages of this invention
are best described in the preferred embodiment, with refer-
ence to the attached drawings that include:

[0014] FIGS. 1-4, which schematically in cross-sectional
style describe a first embodiment of this invention, in which
a composite gate structure, comprised of an overlying poly-
silicon component and an underlying, thin titanium nitride
component, is formed on a gate insulator layer for use in
planar type, MOSFET or CMOS devices.

[0015] FIGS. 5A, 5B, 6, 7A, and 7B, which schematically
in cross-sectional, and schematically in top view format,
describe a second embodiment of this invention, in which a
composite gate structure, comprised of an overlying poly-
silicon component and an underlying, thin titanium nitride
component, is formed on a vertical silicon shape of a
FINFET or vertical, double gate device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] The method of forming a composite gate structure
comprised of an overlying polysilicon component and a thin,
underlying titanium nitride component, for use as gate
structures for conventional planar type MOSFET or CMOS
devices, as well as for fin type field effect transistor (FIN-
FET), or a vertical double gate devices, will now be
described in detail. A first iteration of this invention entails
the use of P type, semiconductor substrate 1, comprised of
single crystalline silicon featuring a <100> crystallographic
orientation. Gate insulator layer 2, comprised of silicon
dioxide is next thermally grown to a thickness between
about 8 to 40 Angstroms. If desired high dielectric constant
layers, such as HfO,, ZrO,, and SiN, can be used as gate
insulator layers. Conductive layer 3a, needed for the under-
lying component of a composite gate structure, is next
deposited via physical vapor deposition procedures to a
thickness between about 10 to 300 Angstroms. A conductive
layer with a specific Fermi level is chosen to allow a
subsequent composite gate structure, featuring the conduc-
tive layer as an underlying component, to contribute to a
desired low threshold voltage. Therefore a conductive layer
such as titanium nitride is used, allowing the work function
difference between the underlying channel region and the
titanium nitride gate structure component to be minimized.
If desired other conductive layers such as tantalum nitride,
tungsten nitride, and titanium—tungsten, can be used to
supply the desired work function needed for attainment of
low threshold voltages. In addition to the attainment of low
threshold voltages the presence of conductive layer compo-
nent will decrease the risk of dopant being removed from an
overlying polysilicon component of the composite gate
structure, with the reduction in polysilicon depletion allow-
ing the desired device performance to be realized. Polysili-
con layer 4b, is next deposited via low pressure chemical
vapor deposition (LPCVD), procedures, to a thickness
between about 500 to 2000 Angstroms. Polysilicon layer 4a,
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can be doped in situ during deposition via the addition of
arsine, or phosphine to a silane or disilane ambient, or
polysilicon layer 5a, can be deposited intrinsically then
doped via implantation of arsenic or phosphorous ions. If
desired an amorphous silicon layer can be used in place of
polysilicon. The result of the above procedures is schemati-
cally shown in FIG. 1.

[0017] The definition of a composite gate structure com-
prised of an overlying polysilicon component and an under-
lying conductive, or titanium nitride component, is next
addressed and schematically illustrated using FIGS. 2-3.
Photoresist shape 5, is defined and used as an etch mask to
allow an anisotropic reactive ion etch (RIE), procedure to
define polysilicon gate structure component 4b. This is
schematically shown in FIG. 2. The anisotropic RIE pro-
cedure is performed using a combination of Cl,, HBr, and
0,, as an etchant for polysilicon with the procedure termi-
nating at the appearance of the top surface of conductive
layer 3. It would be difficult to attempt to use a single etch
procedure to define the entire composite gate structure
without breaking through the gate insulator layer and attack-
ing exposed regions of the semiconductor substrate, there-
fore a two step definition procedure is employed. The width
of polysilicon gate structure component 4, which will
determine the subsequent device channel length, is between
about 0.02 to 0.25 um.

[0018] With photoresist shape 5, still in place, definition of
underlying, titanium nitride gate structure component 3b, is
performed. This is accomplished using an etch chemistry
selective to silicon dioxide, so at the conclusion of definition
of titanium nitride gate structure component 3b, the etchants
used will not attack or etch exposed regions of silicon
dioxide layer 2. A dry etch, or RIE procedure, using HBr—
Cl —He—O0, as a selective etchant for titanium nitride can
be used for this definition procedure. To insure complete
removal of exposed titanium nitride an isotropic component
may be added to etch procedure. A second alternative for
selective etching of titanium nitride, which is inherently
isotropic, is a wet etch procedure. The wet etch procedure is
performed using an amine base solution, a solution com-
prised with hydroxylamine If the wet etch alternative is used
photoresist shape 5, may be removed prior to the wet etch
procedure allowing the defined polysilicon gate structure
component 4b, to perform as an etch mask. Composite gate
structure 6, comprised of polysilicon gate structure compo-
nent 4b, and titanium nitride gate structure component 3b, is
schematically shown in FIG. 3.

[0019] The fabrication of a planar type MOSFET or
CMOS device, featuring the composite gate structure in turn
defined via a two step definition procedure, is next addressed
and schematically illustrated using FIG. 4. Photoresist shape
5, is removed via plasma oxygen ashing procedures fol-
lowed by wet clean procedures, with an buffered hydrofluo-
ric acid component of the wet clean procedure selectively
removing exposed portions of silicon dioxide gate insulator
layer. Lightly doped source/drain region 7, either N type for
N channel devices, or P type for P channel devices, are
formed via ion implantation into regions of semiconductor
substrate 1, not covered by composite gate structure 6.
Insulator spacers 8, comprised of either silicon oxide or
silicon nitride are next formed on the sides of composite gate
structure 6, via deposition of the insulator layer followed by
an anisotropic RIE procedure. Heavily doped source/drain
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region 9, again either N type for N channel devices, or P type
for P channel devices, are then formed via ion implantation
into regions of semiconductor substrate 1, not covered by
composite gate structure 6, or by insulator spacers 8. Metal
silicide layer 10, is then selectively formed on the top
surface of composite gate structure 6, and on heavily doped
source/drain region 9. This is accomplished via deposition of
ametal layer such titanium, followed by an anneal procedure
used to convert titanium to titanium silicide on regions in
which titanium overlaid conductive regions, while other
portions of titanium overlaying insulator areas remain unre-
acted. A wet etch procedure is then used to remove the
unreacted portions of titanium. It should be noted that if a
gate structure were comprised only of a conductive material,
the selective removal of unreacted metal, post silicide for-
mation, could damage the top portion of the conductive gate
structure.

[0020] A second iteration of this invention featuring defi-
nition of a composite gate structure, again comprised of a
polysilicon component and an underlying titanium nitride
component, formed via the use of the two step definition
procedure, and applied to a FINFET, or vertical, double gate
structure, will next be described. A silicon on insulator
(SOI), layer, comprised of insulator layer 13, such as a
silicon dioxide layer, and overlying silicon layer 14, is
formed on semiconductor substrate 11. The thickness of the
silicon layer 14, is between about 300 to 1200 Angstroms.
Photolithographic and dry etching procedures are used to
define silicon shape 14, shown schematically in cross-
sectional style in FIG. 5B, and schematically shown as a top
view in FIG. 5A. Silicon shape 14, with a vertical height
equal to the thickness of the silicon layer, will subsequently
be used to accommodate the source/drain and channel
regions of a vertical, double gate structure.

[0021] Silicon dioxide gate insulator layer 15, is next
formed at a thickness between about 8 to 40 Angstroms, on
all exposed surfaces of silicon shape 14. Conductive layer
164, again a layer such as titanium nitride, is deposited via
PVD procedures to a thickness between about 10 to 300
Angstroms. The conductive layer, to be the interfacing gate
structure component to the underlying gate insulator layer,
will provide the desired low work function thus allowing
lower operating conditions for the FINFET device to be
used. If desired other conductive layers such as tantalum
nitride, tungsten nitride, and titanium—tungsten, can be
used to supply the desired work function needed for attain-
ment of low threshold voltages. Polysilicon layer 17a, is
next deposited is deposited via low pressure chemical vapor
deposition (LPCVD), procedures, to a thickness between
about 500 to 2000 Angstroms. Polysilicon layer 17a, can be
doped in situ during deposition via the addition of arsine, or
phosphine to a silane or disilane ambient, or polysilicon
layer 17a, can be deposited intrinsically then doped via
implantation of arsenic or phosphorous ions. If desired an
amorphous silicon layer can be used in place of polysilicon.
The result of these growth and deposition procedures is
schematically shown in FIG. 6.

[0022] The identical two step definition procedure
described for the first iteration of the invention, is again used
to define composite gate structure 19, comprised of poly-
silicon component 17b, and underlying titanium nitride
component 16b. A photoresist shape, not shown in the
drawings, is used as an etch mask to allow a RIE procedure

Jun. 17, 2004

to define polysilicon gate structure component 17b. The RIE
procedure is performed using a combination of Cl, HBr, and
0,, as an etchant for polysilicon with the procedure termi-
nating at the appearance of titanium nitride layer 16a. The
RIE procedure is performed at conditions allowing a degree
of isotropic etching to occur to enable removal of the
portions of polysilicon located on the sides of silicon shape
14. After removal of the photoresist shape, used for defini-
tion of polysilicon gate structure component 17b, a wet etch
procedure is used to selectively remove exposed portions of
titanium nitride layer 164, resulting in the definition of
titanium nitride gate structure component 16b. This is sche-
matically shown in cross-sectional style in FIG. 7B, and
schematically as a top view in FIG. 7A. The wet etch
procedure again is performed using an amine base solution,
a solution such as hydroxylamine. The width of composite
gate structure 19, which will determine the subsequent
device channel length, is between about 0.02 to 0.25 um.

[0023] Subsequent processing needed to complete the
fabrication procedure for the vertical, double gate structure
includes: formation of lightly doped source/drain regions in
portions of silicon shape 14, not covered by composite gate
structure 19; formation of insulator spacers on the sides of
composite gate structure 19; formation of heavily doped
source/drain regions in portions of silicon shape 14, not
covered by composite gate structure 19, or by the insulator
spacers; and selective formation of metal silicide on the top
surface of composite gate structure 19, and on the exposed
surfaces of the heavily doped source/drain regions.

[0024] While this 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 this invention.

What is claimed is:

1. A method of forming a metal oxide semiconductor field
effect transistor (MOSFET), on a semiconductor substrate
featuring a composite gate structure, comprising the steps
of:

forming a gate insulator layer on said semiconductor
substrate;

depositing a conductive layer material;
depositing a silicon layer; and

performing a two step etch procedure to define said
composite gate structure on said gate insulator layer,
featuring a first etch procedure defining a silicon com-
ponent of said composite gate structure and featuring a
second etch procedure defining a conductive layer
component for said composite gate structure.

2. The method of claim 1, wherein said gate insulator
layer is a silicon dioxide layer, obtained via thermal oxida-
tion procedures at a thickness between about 8 to 40
Angstroms.

3. The method of claim 1, wherein said gate insulator
layer is a high dielectric constant (high k), dielectric, such as
an oxide containing Hf, Zr, or Al, obtained via chemical
vapor deposition or atomic layer deposition, to a thickness
between about 10 to 60 Angstroms.
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4. The method of claim 1, wherein said conductive layer
is a titanium nitride layer, obtained via physical vapor
deposition (PVD), procedures, at a thickness between about
10 to 300 Angstroms.

5. The method of claim 1, wherein said conductive layer
is chosen from a group that contains tantalum nitride,
tungsten nitride, and titanium—tungsten.

6. The method of claim 1, wherein said silicon layer is a
polysilicon layer, obtained via low pressure chemical vapor
deposition (LPCVD), procedures, at a thickness between
about 500 to 2000 Angstroms.

7. The method of claim 1, wherein said first etch proce-
dure used to define said silicon component of said composite
gate structure is performed via an anisotropic reactive ion
etch (RIE), procedure, using a combination of Cl,, HBr, and
O,, as an etchant.

8. The method of claim 1, wherein said second etch
procedure used to define said conductive layer component of
said composite gate structure, is performed via wet etch
procedures, using an amine base solution, or a hydroxy-
lamine contained solution.

9. The method of claim 1, wherein said second etch
procedure used to define said conductive layer component of
said composite gate structure, is an isotropic dry etch
procedure, using HBr—Cl,—He—O, as an etchant, or a
combination such as CL,—O,, HBr—Cl,—O,, or HBr—
He—CL—O,.

10. The method of claim 1, wherein the line width of said
composite gate structure is between about 0.02 to 0.25 um.

11. A method of forming a composite gate structure for a
MOSFET device on a semiconductor substrate, wherein the
composite gate structure is comprised of an overlying poly-
silicon component and of an underlying titanium nitride
component, defined via use of a two step definition proce-
dure, comprising the steps of:

forming a gate insulator layer on said semiconductor
substrate;

depositing a titanium nitride layer;
depositing a polysilicon layer;

performing an anisotropic first etch procedure of said two
step definition procedure to define said polysilicon
component for said composite gate structure; and

performing an isotropic second etch procedure of said two
step definition procedure to define said titanium nitride
component of said composite gate structure.

12. The method of claim 11, wherein said gate insulator
layer is a silicon dioxide layer, thermally grown to a thick-
ness between about 8 to 40 Angstroms.

13. The method of claim 11, wherein said gate insulator
layer is a high dielectric constant (high k), dielectric, such as
an oxide containing Hf, Zr, or Al, obtained via chemical
vapor deposition or atomic layer deposition, to a thickness
between about 10 to 60 Angstroms.

14. The method of claim 11, wherein said titanium nitride
layer is obtained via PVD procedures to a thickness between
about 10 to 300 Angstroms.

15. The method of claim 11, wherein said polysilicon
layer is obtained via LPCVD procedures to a thickness
between about 500 to 2000 Angstroms.

16. The method of claim 11, wherein said anisotropic first
etch procedure used to define said polysilicon component of
said composite gate structure, is performed via an anisotro-
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pic reactive ion etch (RIE), procedure, using a combination
of Cl,, HBr, and O,, as an etchant.

17. The method of claim 11, wherein said isotropic second
etch procedure used to define said titanium nitride compo-
nent of said composite gate structure, is performed via wet
etch procedures using an amine base solution, or a hydroxy-
lamine as an etchant.

18. The method of claim 11, wherein said isotropic second
etch procedure, used to define said titanium nitride compo-
nent of said composite gate structure, is an isotropic dry etch
procedure, using HBr—Cl,—He—O0,, as an etchant, or a
combination such as Cl,—O, HBr—Cl,—O,, or HBr—
He—CL—O,.

19. The method of claim 11, wherein the width of said
composite gate structure is between about 0.02 to 0.25 um.

20. A method of forming a composite gate structure for a
fin type (FINFET), vertical, double gate device, on an
insulator layer, wherein the composite gate structure is
comprised of an overlying polysilicon component and of an
underlying titanium nitride component, defined featuring a
two step definition procedure, comprising the steps of:

forming a silicon on insulator (SOI), on a semiconductor
substrate;

defining a silicon shape from said SOI layer;
growing a gate insulator layer on said silicon shape;
depositing a titanium nitride layer;

depositing a polysilicon layer; and

performing said two step definition procedure to define
said composite gate structure on said silicon dioxide
gate insulator layer, with said composite gate structure
comprised of said overlying polysilicon component and
of said underlying titanium nitride component, and
wherein said composite gate structure is defined normal
in direction to said silicon shape.

21. The method of claim 20, wherein the thickness of
silicon of said SOI layer is between about 300 to 1200
Angstroms.

22. The method of claim 20, wherein said gate insulator
layer is a silicon oxide layer, thermally grown to a thickness
between about 8 to 40 Angstroms.

23. The method of claim 20, wherein said gate insulator
layer is a high dielectric constant (high k), dielectric, such as
an oxide containing Hf, Zr, or Al, obtained via chemical
vapor deposition or atomic layer deposition, to a thickness
between about 10 to 60 Angstroms.

24. The method of claim 20, wherein said titanium nitride
layer is obtained via PVD procedures to a thickness between
about 10 to 300 Angstroms.

25. The method of claim 20, wherein said polysilicon
layer is obtained via LPCVD procedures to a thickness
between about 500 to 2000 Angstroms.

26. The method of claim 20, wherein a first etch procedure
of said two step definition procedure, used to define said
polysilicon component of said composite gate structure, is
performed via RIE procedure, using a combination of CL,,
HBr, and O,, as an etchant.

27. The method of claim 20, wherein a second etch
procedure of said two step definition procedure, used to
define said titanium nitride component of said composite
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gate structure, is performed via a wet etch procedure, using
an amine base solution, or a hydroxylamine contained
solution.

28. A fin type field effect transistor (FINFET), vertical,
double gate device, comprising:

an insulator layer on a semiconductor substrate;
a vertical silicon shape on said insulator layer;

a gate insulator layer on surfaces of said vertical silicon
shape;

)

composite gate structure comprised of an overlying
silicon shape on an underlying titanium nitride shape,
on said gate insulator layer, with said composite gate
structure located parallel in direction to direction of
said vertical silicon shape;

insulator spacers on the sides of said composite gate
structure;

source/drain regions in portions of said vertical silicon
shape not covered by said composite gate structure or
by said insulator spacers; and
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metal silicide on top surface of said composite gate

structure and on said source/drain region.

29. The vertical, double gate, or FINFET device of claim
28, wherein the height of said vertical silicon shape is
between about 300 to 1200 Angstroms.

30. The vertical, double gate, or FINFET device of claim
28, wherein said gate insulator layer is comprised of silicon
dioxide, at a thickness between about 10 to 100 Angstroms,
or a high dielectric constant (high k), layer, such as an oxide
containing Hf, Zr, or Al, at a thickness between about 10 to
60 Angstroms.

31. The vertical, double gate, or FINFET device of claim
28, wherein said underlying titanium nitride shape of said
composite gate structure is between about 10 to 300 Ang-
stroms.

32. The vertical, double gate, or FINFET device of claim
28, wherein said overlying polysilicon shape of said com-
posite gate structure is between about 500 to 2000 Ang-
stroms.
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