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(57) Abstract: A process for forming a metal silicide gate in an FET device, where the suicide is self-forming (that is, formed
without the need for a separate metal/silicon reaction step), and no CMP or etchback of the silicon material is required. A first
layer of silicon material (3) (polysilicon or amorphous silicon) is formed overlying the gate dielectric (2); a layer of metal (4) is
& then formed on the first layer (3), and a second layer of silicon (5) on the metal layer (4). A high-temperature (greater than 700
& 0C) processing step, such as source/drain activation anneal, is subsequently performed; this step is effective to form a silicide layer
(30) above the gate dielectric (2) by reaction of the metal with silicon in the first layer. A second high-temperature processing step
(such as source/drain silicidation) may be performed which is effective to form a second silicide layer (50) from silicon in the second
layer (5). The thicknesses of the layers are such that in the high-temperature processing, substantially all the first layer and at least
a portion of the second layer are replaced by silicide material. Accordingly, a fully suicided gate structure may be produced.
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SELF-FORMING METAL SILICIDE GATE FOR CMOS DEVICES

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This invention relates to semiconductor device manufacturing, and in particular the
manufacture of complementary metal-oxide-semiconductor (CMOS) FET devices. More
particularly, the invention relates to formation of silicided metal gates in these devices.

The invention has utility in the field of semiconductor manufacturing.
DESCRIPTION OF THE RELATED ART

The ongoing reduction in size of electroﬁic device elements pi)s&é problems in device
performance which must be addressed using new materials and fabrication techniques. These
problems are especially acute in the case of gate structures for high-performance CMOS
devices. A typical CMOS gate structure is shown schematically in Figure 1. Gate structure
100 (often called a gate stack) is fabricated on the surface of substrate 1, which typicallyis a
semiconductor wafer (e.g. Si, Ge, SiGe, as well as semiconductors over a buried insulator).
Source and drain regions 22, 23 are formed near the surface of the wafer. Gate structure 100
includes conducting element 110 (typically polysilicon; p+ doped and n+ doped in PFETs and
NFETs respectively) overlying dielectric layer 112. In present-day deyices the equivalent
oxide thickness of the gate dielectric has been reduced to less than 2 nm. At the same time,
linewidths have been reduced so that the lateral extent of gate structure 100 is now in the sub-

65 nm range.
With present-day gate dielectric thicknesses, it is desirable to minimize the polysilicon
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depletion effect, which occurs when the gate is turned on and a region devoid of charge forms
at the polysilicon/dielectric interface (interface 112a in Figure 1). The apl;earance of this
depletion region reduces the capacitance of the gate and thus increases the electrical
thickness, so that device performance is reduced. If the polysilicon depletion region could be
eliminated, the electrical dielectric thickness would be reduced with no substantial increase in
the leakage current. This would permit improved device performance without a further
reduction in the thlckness of the gate diclectric 112.

It therefore is desirable to eliminate the polysilicon from the gate structure (or at least
remove the polysilicon from contact with the gate dielectric), as several benefits may be
obtained. The elimination of the polysilicon depletion effect would decrease the effective
electrical thickness of the gate dielectric. Interactions between the polysilicon and gate
dielectric materials would be avoided, which in turn would avoid the problem of boron
penetration. This would lead to faster devices which consume less power. Replacing the
polysilicon with other materials also may enable new designs for gate stacks which are
compatible with high-k gate dielectrics.

Recently there has been substantial interest in replacing polysilicon gate conductors
with metal silicide gate electrodes. In general, forming a silicided gate involves reacting a
layer of metal with an underlying layer of silicon (polysilicon or amorphous silicon), which in
turn is in contact with the gate dielectric. A substantial number of additional process steps are
required as compared to fabrication of a conventional polysilicon gate. Furthermore, a typical
silicide gate fabrication scheme requires chemical-mechanical polishing (CMP) or etching
back of the polysilicon layer. These processes often fail to provide adequate uniformity
(across the wafer) in ﬁe polysilicon thickness. This in turn results in low-quality silicided
gates and low device yields. ,

Accordingly, there is a need for a metal silicide gate fabrication process which
minimizes the number of additional steps, and avoids the uniformity problems associated with

conventional fabrication techniques.

SUMMARY OF THE INVENTION
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The present invention addresses the above-described need by providing a process in
which the metal silicide gate is self-forming (that is, formed without the need for a separate
metal/silicon reaction step). No CMP or etchback of the polysilicon is required, and in which
only one additional step is used in comparison to the conventional polysilicon gate process.
Accordingto a ﬁrst aspect of the invention, this is done by forming a first layer of a silicon
material (which may be polysilicon or amorphous silicon) overlying the gate dielectric,
forming a layer of metal on the first layer, and then forming a second layer of silicon material
on the metal layer. At least 6ne high-temperature (> 700 C) processing step is performed
subsequent to forming those layers; this processing step is effective to form a first silicide
layer above the gate dielectric by reaction of the metal with silicon in the first layer. The
thicknesses of the layers are such that in the first high-temperature processing step, at least a
portion of the first layer and at least a portion of the second layer are reacted with the metal to
form the silicide .material. A second high-temperature processing step may be performed
which is effective to form a second silicide layer from silicon in the second layer; the second
silicide layer overlies the first silicide layer and in contact therewith. As a result of the high-
temperature processes, substantially all of the silicon in the first layer is replaced by the
silicide material.

In one embodiment of the invention, the first high-temperature processing step is an
annealing step for source and drain portions of the FET device; alternatively, this step could
be any of the other high temperature annealing steps performed in subsequent processing.
The second high-temperature processing step is a silicidation process for source and drain
portions of the FET device. The metal may be one of W, Ti, Pt, Ta, Nb, Hf and Mo.
Substantially all of the silicon is reacted to form a silicide material, so that a fully silicided
gate is produced.

In another embodiment of the invention, a second high-temperature processing step,
performed subsequent to the first high-temperature processing step, is effective to form a
second silicide layer from silicon material in the second layer; this second silicide layer
overlies a remaining portion of silicon in the second layer. ‘

According to a second aspect of the invention, a gate structure for an FET device is
provided which includes a gate dielectric on a substrate, a first layer of a first silicide -



WO 2006/076373 PCT/US2006/000838

overlying the gate dielectric and in contact therewith, and a second layer of a second silicide
overlying the first silicide layer. The second layer is of the same material as silicide in source
and drain regions of the FET. The gate structure may be fully silicided (that is, the material
overlying the gate dielectric may consist essentially of silicide in the first and second layers).
Alternatively, the gate structure may include a third layer of silicon between the first and

second silicide layers.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically illustrates a conventional CMOS structure including a

polysilicon gate conductor.
Figure 2 illustrates the deposition of dielectric, silicon and metal layers on a substrate,

in accordance with an embodiment of the invention.
Figure 3 illustrates a gate structure according to an embodiment of the invention,

before formation of the source and drain regions.

Figure 4A illustrates a gate structure according to an embodiment of the invention,
after formation of a metal silicide in contact with the gate dielectric.

Figure 4B illustrates a gate structure according to an alternate embodiment of the
invention, after formation of a metal silicide in the first of two high-temperature‘ processes.

Figure 5 illustrates a completed gate structure along with source and drain regions,

according to an embodiment of the invention.
Figure 6 illustrates a completed gate structure along with source and drain regions,

according to an alternate embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

In the following descriptions, it is assumed that conventional CMOS fabrication
techniques are employed up to the beginning of formation of the gate structure. Figure 2

4
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illustrates the sequence of deposition steps used to form the gate. The gate dielectric layer 2
is first formed on the substrate 1. Substrate 1 may be a wafer of bulk semiconductor (Si, Ge,
SiGe, and the like) or semiconductor material on an insulator (oxide, nitride, oxynitride, and
the like). Gate dielectric 2 may be oxide, oxynitride, a high-k material, HfO,, and the like. A
thin layer 3 of silicon material is deposited on the gate dielectric, and a layer of metal 4 is then
deposited thereon. In this embodiment, the silicon material is polysilicon; the material may
also be amorphous silicon. Metal layer 4 is chosen to be a metal having a thermally stable
silicide, with the silicide being formed by a reaction at a high temperature (> 700 °C); metals
meeting this requirement include W, Ti, Pt, Ta, Nb, Hf and Mo. The thicknesses of layers 3
and 4 are chosen to ensure that the silicon material in layer 3 will be fully silicided during a
high-temperature process which is performed later. In addition, the silicon in layer 3 may be
doped before the deposition of metal layer 4, so that the subsequently formed silicide will
have a work function appropriate for the type of device being fabricated (e.g. PFET or
NFET).

Another layer 5 of silicon material (polysilicon in this embodiment; alternatively
amorphous silicon) is deposited on top of metal layer 4. 1t will be appreciated that in this
embodiment of the invention, one extra deposition step is performed in comparison to the
conventional gate fabrication process; that is, the silicon layer is deposited as two layers
instead of a single layer.

The substrate is then patterned using photoresist 10, and layers 3-5 are etched to define
the gate structure. The result of these etching processes is shown in Figure 3. Further process
steps are then performed, using technfques known in the art, to produce a gate structure
including spacers 25 and source and drain regjons 40. A typical process used at this point is a
high-temperature activation anneal for the source and drain. During this annealing step, the
metal layer 4 reacts with the underlying layer 3 of silicon material to produce a silicide layer
30 (e.g. WSiy, TiSiy, PtSi, TaSi,, NbSiy, HfSi,, MoSi,). As noted above, in this embodiment
the thicknesses of silicon layer 3 and metal layer 4 are chosen so that the silicon material in
layer 3 is fully silicided (that is, silicon layer 3 is replaced by a silicide layer). Accordingly,
silicide 30 is in contact with gate dielectric 2, with unreacted silicon material from layer 5

over the silicide, as shown in Figure 4A.
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Alternatively, if more than one high-temperature process is used, it is possible for the
first high-temperature process (e.g. the activation anneal) not to cause all of the silicon
material in layer 3 to react with the metal in layer 4 (so that layer 3 is incompletely silicided).
In particular, this may be the case when the first high-temperature process has a limited
thermal budget. In this case, as shown in Figure 4B, a remaining layer 33 of silicon material
ovetlies the gate dielectric after the first high-temperature process, while the silicide layer 31
is a metal-rich phase of silicide. In the second high-temperature process (details of which are
discussed below), the silicon mateﬁal in layer 33 is reacted to form a silicide material (the
same material as in layer 30), so that layer 3 of silicon material is fully silicided after the
second high-temperature process.

A metal (e.g. Ni, Co, Ti, Pt, and the like) is then deposited over the FET structure so
that the metal is in contact with the silicon material in layer 5 as well as source/drain regions
40. A further silicide—fomaﬁon process (known in the art) is then performed to form
conducting silicide regions 41 in the source and drain. This same process causes the silicon at
the top of the gate to react with the metal to form a silicide region 50 in the upper portion of
the gate (and also convert to a silicide the remaining silicon material in layer 33, if any). The
resulting structure is shown in Figure 5. Thus the silicide material in source/drain regions 41
and region 50 of the gate are the same; the silicide 30 in the lower portion of the gate may be
either the same material as in region 50 or a different material. (There may alsobe a
transition layer, with a mixture of silicide materials, between the lower silicide layer 30 and
the upper silicide layer 50.) The originally-deposited silicon in the gate structure is therefore
replaced by silicide material; that is, the gate structure is said to be fully silicided. It will be
appreciated that, in comparison with the conventional CMOS fabrication process, a fully
silicided gate is produced with only one additional deposition process step, but without the
need for CMP or etching processes for the polysilicon layers. Furthermore, the silicidation of
gate material occurs as a result of subsequent high-temperature processes; no separate
processes are required to form the silicide layers in the gate.

In an alternate embodiment of the invention, the thickness of silicon layer 5 is chosen
so that the silicon material overlying silicide 30 is not completely converted to a silicide

during the source/drain silicidation process. Accordingly, there will be three gate materials

6
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over the gate dielectric; silicide 30, silicon 55 and silicide 50 (which is the same silicide
material as in the source/drain regions 41). This structure is shown in Figure 6.

As described above, the gate fabrication process of the present invention is simpler
than the conventional process, and permits automatic formation of self-aligned silicide gate
conductors.

While the present invention has been described in conjunction with specific preferred
embodiments, it would be apparent to those skilled in the art that many alternatives,
modifications and variation;s can be made without departing from the scope and spirit of the
invention. Accordingly, the invention is intended to encompass all such alternatives,

modifications and variations which fall within the scope and spirit of the invention and the

following claims.
Industrial Applicability

The invention has utility in the field of semiconductor manufacturing and can be
advantageously applied to all large scale integrated circuit chips, in all kinds of applications
that inclﬁde, communications, electronics, medical instrumentation, aerospace applications,

and the like.
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CLAIMS

What is claimed is:

1. A method for forming a silicided gate structure (100) in an FET device fabrication
process, the gate structure (100) having a gate dielectric (2) on a substrate (1), the fabrication
process including at least one high-temperature process, the method comprising the steps of

formiﬁg a first layer of silicon material (3) overlying the gate dielectric (2);

forming a layer of metal (4) on the first layer (3);

forming a second layer of silicon material (5) on the metal layer (4); and

perfonning the high-temperature process subsequent to said forming steps, wherein
the high-temperature process is effective to form a first silicide layer in contact with the gate
dielectric by reaction of the metal with the silicon material in the first layer, the silicon
material in the first layer thereby being replaced by silicide material in the first silicide layer.

2. A method according to claim 1, wherein the first layer (3), the layer of metal (4)
and the second layer (5) are formed with thicknesses so that as a result of the high-
temperature process, substantially all of the first layer (3) and at least a portion of the second
layer (5) are reacted with the metal to form the silicide material (30).

3. A method according to claim 1, wherein the high-temperature process is performed
at a temperature greater than about 700 °C.

4. A method according to claim 1, wherein the high-temperature process is an

annealing process for source and drain portions (40) of the FET device.

5. A method according to claim 1, wherein the silicon material in the first layer is one
of polysilicon and amorphous silicon, and the silicon material in the second layer is one of

polysilicon and amorphous silicon.
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6. A method according to claim 1, wherein the metal is selected from the group
consisting of W, Ti, Pt, Ta, Nb, Hf and Mo.

7. A method according to claim 1, wherein

the high-temperature process includes a first high-temperature process and a second
high-temperature process, the second high-temperature process being performed subsequent
to the first high-temperature processing step, and '

the second high-temperature process is effective to form a second silicide layer from
the silicon material in the second layer, the second silicide layer overlying the first silicide

layer and in contact therewith.

8. A method according to claim 7, wherein the second high-temperature process is a
silicidation process for source and drain portions (40) of the FET device, so that a silicide

formed in said source and drain portions is the same material as in the second silicide layer.

9. A method according to claim 7, wherein the first high-temperature process and the
second high-temperature process cause replacement of substantially all of the silicon material
in the first layer (3) and in the second layer (5) by silicide material.

10. A method according to claim 1, wherein the high-temperature process includes a
first high-temperature process and a second high-temperature process, the second high-
temperature process being performed subsequent to the first high-temperature processing step,
and

the second high-temperature process is effective to form a second silicide layer from
the silicon material in the second layer, the second silicide layer overlying a remaining portion

of the second layer.

11. A method according to claim 10, wherein the second high-temperature process is
a silicidation process for source and drain portions of the FET device, so that a silicide formed

in said source and drain portions is the same material as in the second silicide layer.

9
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12. A method according to claim 10, wherein the second high-temperature process is
performed at a temperature greater than about 700 °C.

13. Amethod for forming a silicided gate stracture in an FET device fabrication
process, the gate structure having a gate dielectric on a substrate, the method comprising the

stepsof
forming a first layer of silicon matesial (3) oveddying the gate diclectric (2);
forming a Jayer of metal (4) on the first layer (3);
forming a second layer of silicon matesial (5) on the metal layer (4);

performing a first high-temperature process to form a first silicide layer (30) above the
gate dielectric (2) by reaction of the metal with the sificon matesial in the first Iayes: and

pesforming a second high-temperature process step to form a second silicide Iayer (50)
above the first silicide layer (30), whezcin substantially all of the first layer of silicon matesial
. (3) and the second layer of silicon material (5) are reacted as a result of the first and second

high-temperature processes to form a silicided gate.

14. A method according to claim 13, wﬁaﬁnﬁe_ﬁrsthigb—tunpmmm and
the second high-temperature process step are performed at  temperature greater than about
700 °C,

15. A method according to claim 13, wherein the first high-temperature processis an
annealing process for source and drain portions (41) of the FET device.

16. A method according to claim 13, wherein the second high-temperatiire process is
asilicidation’process for source and drain portions (41) of the FET device.

17. A method according fo claim 13, wherein the metal is selected from the group
consisting of W, Ti, Pt, Ta, Nb, Hf and Mo.

10
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18. A method according to claim 13, wherein the silicon material in the first layer is
one of polysilicon and amozphous silicon, and the silicon material in the second layer is one
of polysilicon and amorphous silicon.

19. A method according to claim 13, wherein

as aresult of the first high-tempesature process the first silicide Iayer ovediesa
remaining layer of silicon matesial, the remaining Jayer being in contact with the gate
dielectric, and

as a result of the second high-temperature process the silicon matesial is reacted to
form a silicide layer in contact with the gate diclectric.

20. A gate structure for an FET device, comprising:
a gate diclectric (2) on a substrate (1);
a first layer of a first silicide (30) overlying the gate dielectric (2) and in contact

therewith; and
a second layer of a second silicide (50) oveslying the first silicide layer (30), wherein

said second layer (50) is of the same material as silicide in source and drain regions

(41) of the FET, and )
the first silicide is a metal silicide (31), said metal being selected fiom the group

consisting of W, T, Pt, Ta, Nb, Hf and Mo.

11
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