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10 Background of the Invention.
1. Field of the Inventign
The present invention relates to semiconductor devices incorporating electrodes consisting

of a layer of polysilicon covered by a self-aligned layer of metal silicide.

15 2. Description of the Related Art
As line widths and geometries for semiconductor devices are made smaller, the polysilicon
electrodes that form the gates of MOS devices and wiring lines within semiconductor devices
become undesirably resistive. Multilayer electrodes in which a layer of polysilicon is covered by
one or more layers of metals or metal silicides are used to provide electrodes having a lower
20 resistance than electrodes consisting solely of polysilicon. Silicide electrodes may consist, for
example, of a layer of polysilicon having a thickness of approximat.ely 1000 A to 3000 A covered

by titanium silicide 10 a thickness of greater than 100 A
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structure, illustrated in idealized form in Figs. 1-4. Figs. 1-4 show cross-sectional views of MOS
devices at an early stage of manufacture. The illustrated MOS devices are formed on a P-type
substrate 10 and include thick field oxide regions 12 to provide isolation from other, adjacent
5 MOS devices. A gate oxide layer 14, formed by thermal oxidation, covers the active device

region of the illustrated device and a polysilicon gate electrode 16 is formed on the gate oxide
layer 14. The polysilicon gate electrode 16 is formed by depositing a layer of undoped polysilicon
over the substrate, typically using low pressure chemical vapor deposition (LPCVD), implanting
and activating impurities into the polysilicon to render it conductive, and patterning the

10 polysilicon using photolithography. Polysilicon wiring line 18 is formed on the field oxide region
12 at the same time as the gate electrode 16.

Doped source/drain regions 20 are formed on either side of the polysilicon gate electrode

to define the channel region of the illustrated MOS transistor. Generally, a lightly doped drain
(LDD) structure is used in small design rule MOS transistors of the type that are primarily used in

15 modern memory and logic devices. LDD source/drain regions 20 are typically formed in a two
step process, beginning with a relatively low level dopant implantation made self-aligned to a
polysilicon gate electrode 16 as illustrated in Fig. 1. Subsequentiy, spacer oxide regions 22 (Fig.
2) are formed on either side of the gate electrode by first depositing a layer of CVD oxide over
the Fig. 1 structure and then anisotropically etching back the oxide layer to expose the substrate

20 over the source/drain regions 20. Etching back the CVD oxide layer produces the spacer oxide
regions 22 on either side of the polysilicon gate electrode 16. This process also provides spacer

regions 24 on either side of the polysilicon wiring line 18, if the wiring line 18 is exposed during
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the oxide deposition and etch back process. After the spacer oxide regions 22 are provided on
either side of the polysilicon gate electrode 16, a second, heavier ion implantation is made into the
source/drain regions 20 self-aligned 10 the spacer oxide regions 22 (not shown).
The structure illustrated in Fig. 2 includes a polysilicon gate electrode 16 and a polysilicon
5 wiring line 18. For smaller line widths, even highly doped polysilicon is sufficiently resistive to
diminish the performance of MOS circuits due to decreased signal levels and longer RC time
constants. To reduce the resistance of these gate e-lectrodes and wiring lines, further processing
of the Fig. 2 device continues to convert the gate electrode 16 and wiring line 18 into silicide
structures using self-aligned silicide (salicide) techniques. Although a variety of different silicides
10 are known to be acceptable, the silicide most commonly used at this time is titanium silicide, and
that structure is described herein. Referring now to Fig. 3, silicide lines are formed by first
sputtering a layer of titanium over the surface of the device to a thickness of, for example, 500 A
This titanium layer 26 is converted into titanium silicide at the surface of the polysilicon layers 16,
18 and at the exposed portions of the substrate, including the source/drain regions 20, in a two
15 step process. In the first process step, the device is subjected to a rapid thermal anneal (RTA) by
heating the device to a temperature of up to about 700°C for about thirty seconds, converting the
titanium layer 26 into titanium silicide (nominally TiSi,) where the titanium layer is in contact with
a silicon (crystalline or polycrystalline) surface. The device is then etched using a wet etch
consisting of H,0, and NH,OH diluted in water, removing unreacted titanium from the surface of
20 the device, exposing the oxide regions of the device. Layers of titanium silicide 30, 32 are left
over the polysilicon gate electrode 16 and over the wiring line 18. When the source/drain regions

20 are exposed during the silicidation process, titanium silicide regions 34 are also formed on the
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surface of the source/drain regions 20" Such titanium silicide regions 34 provide lower sheet
resistance over the source/drain regions and provide better contacts to the source/drain regions
20 Titanium silicide contacts on the source/drain regions are thus preferred so long as the
amount of silicon consumed in the silicidation process does not alter the gate performance or

5 result in excessive junction leakage at the source/drain regions.

After the unreacted titanium is etched from the device, further processing is necessary (o
provide suitable self-aligned silicide (salicide) structures for the gate electrodes and wiring lines of
the device. The process steps described to this point form a relatively high resistivity phase of
titanium silicide on the silicon surfaces, so that the illustratéd salicide structure does not have as

10 low of resistivity as is desirable. It is accordingly necessary to expose the device to a second
rapid thermal anneal at a temperature in excess of 800°C for at least ten seconds to convert the
titanium silicide to the lower resistivity phase of titanium silicide. The device is then subjected to
further processing to complete the fabrication.

A number of the processing steps necessary to the formation of salicide structures are

15 critical. For example, if the temperature control is poor for the initial RTA step of converting the
titanium in contact with silicon to titanium silicide, then it is possible that the temperature of the
device may get high enough for rapid silicon transport laterally along the titanium layer (26 in Fig.
3), which could convert titanium to titanium silicide in undesirable regions. For example, if silicon
is transported along the portion of the titanium layer extending over the oxide spacers 22 on

20 either side of the gate electrode 16, then a “stringer” may be formed bridging between the gate
electrode and the source/drain regions 20. Such a stringer 36 bridging between the gate silicide

layer 30 and the source/drain silicide region 34 is illustrated in Fig. 5. The formation of the Fig. 5
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For smaller device geometries, gate electrodes and wiring lines become narrower and it
becomes increasingly more necessary to provide sufficiently low resistivity gate electrodes and
5 wiring lines within memory and logic devices. On the other hand, as narrower gate electrodes and
wiring lines are implemented, it is increasingly more difficult to form appropriate salicide
electrode structures. In particular, it is difficult to provide thé low resistivity phase of titanium
silicide for narrow line width gate electrodes and wiring lines. It is accordingly desirable to
develop better designs and more robust processing techniques for forming low resistance salicide

10 structures.

Brief Description of the Drawings.
Figs. 1-4 illustrate the process steps for forming a salicide structure in accordance with
conventional teachings.
15 Fig. S illustrates a stringer formed on a transistor, shorting the gate to the drain of the
transistor.
Fig. 6 illustrates a difficulty in producing acceptable salicide structures.
Figs. 7-15 illustrate stages in the manufacture of MOS devices incorporating salicide

structures in accordance with the present invention.

20
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Summary of the Preferred Embodiments.
A first aspect of the present ir;venlion provides a semiconductor circuit haviné a winng
line and a MOS device incorporating a gate electrode. The MOS device is formed over a
semiconductor substrate. Each of the wiring line and the gate electrode have a salicide structure
5 comprising a polysilicon lower layer having sidewalls and a layer of metal silicide overlying the
polysilicon lower layer and extending laterally beyond each of the sidewalls of the polysilicon
lower layer. |
Another aspect of the invention provides a semiconductor circuit comprising a
semiconductor substrate, a layer of insulating material on the semiconductor substrate, and a
10 | polysilicon structure on the layer of insulating material formed to have two sidewalls extending
above the semicondu_ctor substrate. A layer of conductive material is formed on the polysilicon
structure extending laterally beyond boih sidewalls of the polysilicon structure.
Still another aspect of the invention provides a semiconductor circuit comprising a
semiconductor substrate and a layer of insulating material on the semiconductor substrate. A
15 polysilicon structure is formed on the layer of insulating material so as to have two sidewalls
extending above the semiconductor substrate. A layer of conductive material on the polysilicon
structure extends laterally beyond both sidewalls of the polysilicon structure, and a first LDD
source/drain region formed within the semiconducto.r substrate having a first lightly doped region
and a first heavily doped region, the first lightly doped region having a boundary adjacent to a
20 lower edge of a first one of the sidewalls of the polysilicon structure and the first heavily doped

region having a boundary formed self aligned to a first edge of the layer of conductive material.



5» imﬁring

i ne

e w dths, even highly doped

polysilicon is sufthlgggh%Ekgﬁhﬁﬁ&ye to dimnish the performance of MXS

circuits due to decr
reduce the resi stancE‘mﬁ m
processing of the Fi [

evel s and | onger RC tlneﬂgqaaygapgséﬁgN
e el ectrodes and wiring |ineggpiiagebh

. ntinues to convert the gate, ele 16
and wiring line 18 into silicide structures using self- allgne E m

(salicide) techniques. Although a variety of different S|Hw€

known to be acceptable, the silicide npbst commonly used at this tinme is
titaniumsilicide, and that structure is described herein. Referring now to
Fig. 3, silicide lines are formed by first sputtering a layer of titanium
over the surface of the device to a thicKness of, for exanple, 500 A This
titaniumlayer 26 is coRy erted (Qto tltanlunls|I|C|de at the surface of the

polysilicon |ayers 16\

(%4

10

20

erent aspect of the present invention includes a method of forming a semiconductor
device including a MOS transistor, including the steps of forming an insulator on a semiconductor
substrate and forming a shaped polysilicon electrode on the insulator, the shaped polysilicon
electrode having protrusions extending laterally over the semiconductor substrate. The method
includes the further steps of forming, by ion implantation, LDD source/drain regions within the
substrate on either side of the shaped polysilicon electrode using the protrusions of the shaped
polysilicon electrode as a mask for the ion implantation to define the LDD source/drain region
dopant distribution, and forming a metal silicide layer over the shaped polysilicon electrode.

For a particularly preferred embodiment of this aspect of the invention, the step of forming
the shaped polysilicon electrode structure includes the steps of depositing a first layer of masking
material on the semiconductor device and a second layer of masking material on the first layer of
masking material and forming an opening by removing a portion of the first and the second layers
of masking material. The second layer of masking material is etched laterally so that the opening
is wider at the second layer than at the first layer. Polysilicon is deposited within the opening and
the first and second layers of masking material are removed.

Still another aspect of the invention provides a method of making a semiconductor device
by providing a semiconductor substrate and providing a layer of insulating material over at least a
portion of the semiconductor substrate. A shaped polysilicon structure is formed over the layer of
insulating material, the shaped polysilicon structure having protrusions extending laterally over a
surface of the semiconductor substrate. A metal layer is deposited on the shaped polysilicon
structure and the semiconductor device is annealed to produce a layer of metal silicide on the

shaped polysilicon structure.
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salicide (self-aligned silicide) structures in a process that preferably does not form oxide spacer
structures alongside the polysilicon gate electrodes and wiring lines. Rather, a shaped polysilicon
5 gate electrode is formed having an upper surface that can be converted to a silicide such as
titanium silicide. The shaped polysilicon electrode preferably includes protrusions that extend
away from the body of the electrode and extend over the silicon substrate. The polysilicon gate
electrode may, for example, have a cross section in the shape of a “t”. By first performing low
dopant level ion implantation at an angle to reach the substrate regions shadowed by the
10 protrusions from the gate electrode, an appropriate light ion implantation can be made for the
source/drain regions. A subsequent, high dopant level ion implantation is made using an
implantation direction perpendicular to the surface of the substrate so that the protrusions
extending from the gate electrode act as a mask for the high dopant level ion implantation that
completes the source/drain structure. In this way, a lightly doped drain (LDD) type structure can
L5 be formed for both of the source/drain regions without using spacer oxide regions. Gate
electrodes and wiring lines having this structure are more consistently of a higher quality, and
generally have lower resistance than gate electrodes and wiring lines formed using conventional
salicide techniques.
The present inventors believe that the observed improvements in salicide electrode and
20 wiring line formation and performance achieved by using preferred embodiments of the present
invention relate to forming the salicide structure so that the silicide layer of the gate electrode is

grown in such a manner as to have a low level of stress. It becomes increasingly difficult to form
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acceptable low resistivity salicide electrodes and wiring lines when these structures are made
using polysilicon lines that are less ﬂ.lan one half micron across In particular, the resistivity of
gate electrodes and wiring lines rises precipitously for line widths of less than one half micron.
The increase in the resistivity for smaller line widths reflects the fact that the second annealing
5 step conventionally used to produce the low resistivity phase of silicide can be ineffective for such
narrow line widths. To understand why this happens, it is useful to consider a more realistic
model of what happens during the formation of conventional salicide structures.
Fig. 6 illustrates a mechanism that is believed to explain the difficulty in converting silicide
layers formed on narrow line width polysilicon layers to the low resistivity silicide phase. Fig. 4,
10 discussed above, shows a well defined titanium silicide layer extending uniformly across a
polysilicon gate electrode. This is an idealized representation of what is produced during the
rapid thermal anneal that converts titanium in contact with a layer of silicon into a layer of
titanium silicide. The inventors have observed that this process step more typically forms a
titanium silicide structure 38 such as that illustrated in Fig. 6. Near the edge of the polysilicon
15 gate electrode, the gate oxide spacers 22 appear to “clamp” the edges of the titanium silicide layer
38, limiting the growth of the titanium silicide layer which tylpically must expand to a thickness
greater than the silicon layer consumed during the growth process. Thus, titanium silicide grows
most freely near the center of the gate electrode so that the thickest part of the titanium silicide
layer 38 is formed above the center of the polysilicon gate electrode 16. Titanium silicide along
20 the edges of the layer 38 has a high level of stress, as it is formed, while the more centra-l portion
of the titanium silicide has a relatively lower level of stress. If the width of the titanium silicide

layer 38 is sufficiently small, then a considerable level of stress will exist even at the center of the
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as it is formed, then a subsequent annealing step may not be successful in converting enough of
the titanium silicide layer 38 to the low resistivity phase. A salicide structure in which the as
grown silicide layer has too high of a level of stress may thus produce an undesirably resistive

5 salicide structure which is poorly suited for use as a gate electrode or a wiring line.

The present inventors accordingly believe that, at least for small line widths, it is desirable
to form salicide structures using silicide layers having a reduced stress level. Salicide stmctun;es
that are formed incorporating a reduced stress silicide layer and a preferred method of making
such structures are now described with reference to Figs. 7-15. While these figures illustrate

10 particularly preferred embodiments of the present invention within MOS transistors and wiring
lines in a particular configuration of a semiconductor device, embodiments of the present
invention can be used to form gate electrodes and wiring lines in a wide variety of semiconductor
devices. In addition, while the description of the following embodiments emphasizes the
formation of NMOS devices, salicide structures in accordance with the present invention may be

15 implemented to advantage in PMOS devices as well. This is true whether the polysilicon of the
PMOS gate is doped N-type or P-type. Although it is possible to use the salicide structure
described herein only for the gate electrodes (or, conversely, only for the wiring lines) of a device,
it is presently believed that it is most desirable to use the described salicide structure for all of the
first level polysilicon lines, at least for those devices in which high conductivity electrodes and

20 wiring lines are desirable.

Fig. 7 illustrates in cross section a small portion of a semiconductor circuit incorporating a

MOS device at an early stage in the manufacturing process. A P-type substrate 10 ié provided
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regions of the device to a thickness of between about 50 to 300 A. The channel threshold adjust
implantation is then performed in the typical manner using, for example, boron or boron fluoride
5 ions for NMOS devices or, for example, arsenic or phosphorus ions for PMOS devices to a dose

of between about 3 x 10" jons/cm? to about 5 x 10" ions/cm? at an energy of between about 5 to
50 KeV. Next, a series of layers of material are deposited at least over the regions of the device
where salicide gate structures and wiring lines are to be formed. The series of layers will be
patterned into a form or mask structure to be used in forming a shaped polysilicon line which will

10 undergo further processing to form a salicide structure. As such, it is pos;sible to use a variety of
different combinations of layers to provide the desired form or mask structure. In a preferred
embodiment, a layer 42 of silicon nitride Si;N, is deposited first, a layer 44 of silicon oxide SiO, is
deposited next, and then a second layer 46 of silicon nitride is deposited. Each of these layers can
be deposited using one of the conventional CVD processes well known in the art, with each of the

15 layers having a thickness of between about 1000 A to 3000 A. The total thickness of the layers is
preferably about 3000 A, but this may be readily varied to form salicide structures of different
thicknesses.

After the layers 42, 44, 46 that will be formed into the polysilicon form have been

deposited, photolithography is performed to provide openings through the three layers at the

20 regions where salicide structures are to be formed. This photolithography may use a mask that is
the reverse of the conventional first polysilicon mask pattern so that, after the photoresist is

exposed and removed, openings through the photoresist will leave the layer 46 exposed over the
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regions where the salicide structures are to be formed. Then, the layers 42, 44 and 46 are etched
in a substantially anisotropic manner using, for example, plasma etching with SF, and He for the
Si;N, layers 46 and 42 and using CHF; and O, for the SiO, layer 44. After the photoresist is
stripped, the device will appear as shown in Fig. 8 with an opening 48 over the illustratea active
5 device region and an opening 50 on top of the field oxide region 12. A lateral etch of the middle
Si0, layer 44 is then performed by dipping the device in a dilute HF solution (e.g.. HF-H,0 =
1:10) for between about two to about seven minutes. This will result in an undercut 52 being
formed laterally acroﬁs layer 44 within opening 48 and an undercut 54 being formed across layer
44 within opening 50. The undercut etch will also result in the removal of the pad oxide 40 where
10 it is exposed to the dilute HF solution, as well as a slight undercut beneath layer 42. The extent of
the undercut of layer 44 determines how far polysilicon protrusions will overhang the substrate
for the shaped polysilicon structure that is to be formed. Accordingly, as will be described in
greater detail below, the extent of the undercut will establish the position of the edge of the
heavily doped portion of the LDD source/drain regions of the device. Thus, the extent of the
15 undercut may desirably be adjusted in accordance with the particular structure that is desired for
the source/drain regions. The presently preferred extent of the undercuts 52, 54 is between about
500 A to about 2000 A.
After the undercut etching has been performed, the substrate 10 will be exposed within the
opening 48. A gate oxide layer 56 (Fig. 10) is then thermally grown in the conventional manner
20 to a thickness of between about 30 i\_to about 300 A. Polysilicon is deposited by CVD to a
sufficient depth to extend above the first layer 42 and more preferably to extend above layer 44.

The thickness of the polysilicon layer will typically be about the thickness of the three layers 42,
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44 and 46. CVD polysilicon will readily deposit within the undercut regions 52. 54 (Fig 9) to
form shaped poiysilicon structures 58, 60 as shown in Fig. 10. The polysilicon structures are
preferably doped in sifu during deposition by the addition of the appropriate dopant gas during
the CVD process, or the polysilicon structures may alternately be doped later by ion implantation
S The stack of layers 42, 44, 46 is then removed using conventional etchants, such as hot H,PO, for
the Si;N, layer 46 and 42 and a dilute HF (in H,0) solution for the SiO, layer 44, to provide the
structure shown in Fig. 11,
Next, the anti-punchthrough implantations are formed and the lightly doped portions of
the source/drain regions are formed. These implantations are made in a self-aligned manner using
10 the protrusions 62 extending from the polysilicon electrode 58 as a mask during oblique angle ion
implantation. The implantation angles are readily determined by the length by which the
protrusions 62 extend over the surface of the substrate 10 and the angle necessary for the
implantation to have “line of sight” to the base of the polysilicon electrode 58. Typically, the
implantation angle will be between about 15° to about 60°. The anti-punchthrough implantations
15 64 and lightly doped drain implantations 66 are made in the well known manner using
implantations of boron, boron fluoride, arsenic or phos;;horus ions to a dose of between about S x
10'* ions/cm? to about 2 x 10™ ions/cm? at an energy of between about 5 to 80 KeV. The
resulting structure is illustrated in Fig. 12.
The heavily doped portions of the source/drain regions are then formed by implantation
20 perpendicular to the surface of the substrate (i.e., no tilt angle), using the protrusions 62
extending from the polysilicon electrode 58 as a mask for the heavy implantation. Because the

edge of heavily doped region is determined by where the “shadows” of the protrusions 62 fall on
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the substrate, the heavily doped regions (68, Fig. 13) are formed self-aligned to the protrusions.
Typically, the heavily doped regions are formed by an implantation of boron, boron fluoride,
arsenic, antimony or phosphorus ions to a dose of between about 1 x 10" ions/cm” to about 1 x
10" ions/cm? at an energy of between about 5 td 200 KeV. The source/drain regions are then
activated by heating the device to a temperature of between about 800°C to 1100°C for between
10 seconds (RTA, higher temperature) and 60 minutes (lower temperature).

Next, the silicide portion of the salicide structure is formed. As is known in the art,
acceptable silicide layers can be formed using a number of different base metals, including
titanium, cobalt, nickel, platinum and palladium. At the present time, titanium silicide is the most

widely implemented, but both cobalt and nickel silicides are believed to have desirable

characteristics for reduced line width devices. The processing steps characteristic to each of these

different silicides are well known and reported in the literature. Accordingly, while the following
description is made in terms of titanium silicide, other silicides can also be utilized in this process,
as is known in the art.

After thermal activation of the dopants, the device is as illustrated in Fig. 13. The native
(thermal) oxide formed in this process is removed using a dilute HF solution, and then a thin layer
of the metal to be silicided is deposited over the device using physical vapor deposition (e.g.,
sputtering). In the illustrated embodiment, titanium is deposited to a thickness of between about
200 A to 800 A, producing thin layers 70 over the surface of the device, as shown in Fig. 14. The
thickness of metal to be deposited is determined by balancing the need to deposit sufficient
titanium to form a uniform layer with sufficient metal to provide a desirably conductive titanium

silicide layer against the need to leave sufficient silicon below the silicided structures. Excessive
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silicon consumption during silicidation can lead to unacceptable junction leakage from the
source/drain regions, among other problems. As is illustrated in Fig. 14, there is poor metal
coverage in the region where the substrate is shadowed by the protrusions 62 from the polysilicon
electrode 58.

5 The discontinuities in the metal layer 70 adjacent the gate electrpde ensure that bridging
(such as that illustrated in Fig. 5) should not occur. Thus, it is possible to perform the initial
silicidation at a temperature sufficiently high to produce the low resistivity phase of titanium
silicide. Accordingly, titanium silicide could be formed by performing a rapid thermal anneal
(RTA) of the Fig. 14 device at a temperature of about 750°C for about twenty seconds. A

10 subsequent etch would remove the unreacted titanium. In this process, however, there may be
considerable silicon transport along the titanium layer 70, which could result in titanium silicide
stringers extending over portions of the device in an undesirable fashion. It is therefore still likely
preferred that silicidation be performed in a two-step process. Regardiess, the existence of the
discontinuities in the sputtered titanium layer reduce the criticality of the temperature and other

15 controls for the processing steps in the two-step annealing process. Preferably, the Fig. 14
structure is subjected to a first RTA at a temperature within the range of 600-750°C, more
preferably of about 700°C, for 10 to 120 seconds, more preferably 20 to 60 seconds, in a nitrogen
ambient. For cobalt silicide, a temperature of about 550-600°C is preferably used for the initial
silicidation step. Titanium nitride, titanium-rich titanium silicide, titanium oxide and unreacted

20 titanium are then etched from the surface of the device in a solution of NH,OH, H,0, and H,0
(for example, at a ratio of 1:1:5), leaving titanium silicide layers 72 over the heavily doped

portions 68 of the source/drain regions. Titanium silicide regions 74, 76 also remain over the
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The remaining titanium silicide is then converted to the lower resistivity phase in a RTA at a

temperature within a range of about 700°C to 900°C fbr between about 10 to 60 seconds. Most
preferably, the second RTA is performed at a temperature of about 850°C for about 20 seconds.
5 In this embodiment, the titanium silicide regions 74, 76 are less constrained than in the
conventional salicide process. Ideally, the titanium silicide will be essentially unconstrained in the
vertical direction, since there are no spacer oxide regions to vertically compress the titanium
silicide in the regions where the silicon is consumed. The titanium silicide regions 74, 76 are thus
formed with much lower stress levels than occur in the conventional silicidation process
10 (illustrated in Figs. 1-4). There will still be stress introduced into the titanium silicide layer along
the horizontal direction due to the mismatch between the titanium silicide and the underlying
(unconsumed) silicon, but the structure should nevertheless have a much reduced stress level after
the initial silicidation process than in conventional salicide processes. As such, the second RTA
has a much improved likelihood of converting the titanium silicide to the preferred low resistivity
15 phase. The titanium silicide structures 74, 76 have approximately the same width (i.e.,
approximately 500 A to approximately 2000A) as the silicon protrusions 62 that exist prior to the
silicidation process.
Subsequent processing proceeds in the conventional manner, with the deposition of a
interpolysilicon or pre-metal dielectric layer such as atmospheric pressure CVD SiO, or
20 borophosphosilicate glass (BPSG) over the Fig. 15 structure. Thus, CVD SiO, or BPSG will
typically be disposed adjacent the lower sidewalls of the polysilicon electrode 58 (between the

protrusions of silicide layer 74 and the substrate 10) and adjacent the lower sidewalls of
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polysilicon wiring line 60 (between the protrusions of silicide layer 76 and the field oxide 12).
Vias are formed through the CVD SiO, or BPSG down to the silicide regions as necessary,
forming polysilicon or metal contacts and first metal or second polysilicon wiring lines and
interconnects. The remaining structufes and processes are conventional and so are not described
5 further herein. It should be noted that certain configurations of gate electrodes, wiring lines and
silicided regions of the substrates sometimes include additional layers of conductive materials such
as refractory metals or nitrides of metals (e.g., titanium nitride) formed on top of the salicide
structure.
The present invention has been described in terms of certain preferred embodiments. The
10 invention is not, however, limited to the specific embodiments described, but also includes such

modifications and variations as fall within the scope of the following claims.
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10 t he shaped polysilicon electrode structure |ncludes the steps of
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-What is claimed:
1. A semiconductor circuit comprising:
a semiconductor substrate;
a layer of insulating material on the semiconductor substrate;
5 a polysilicon structure on the layer of insulating material formed .to have two sidewalls
extending above the semiconductor substrate; and
a layer of conductive material on the polysilicon structure extending laterally beyond both

sidewalls of the polysilicon structure.

10 2. The semiconductor circuit of claim 1, wherein the layer of conductive material is a

metal silicide.

3. The semiconductor circuit of claim 2, wherein the metal silicide comprises silicon
and at least one metal from the group consisting of titanium, cobalt, nickel, platinum and

15 palladium.
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4. A semiconductor circuit comprising:
a semiconductor substrate;
a layer of insulating material on the semiconductor substrate,
a polysilicon structure on the layer of insulating material formed to have two sidewalls
5 extending above the semiconductor substrate;
a layer of conductive material on the polysilicon structure extending laterally beyond both
sidewalls of the polysilicon structure; and
a first LDD source/drain region formed within the semiconductor substrate having a first
lightly doped region and a first heavily doped region, the first lightly doped region having a
10 boundary adjacent to a lower edge of a first one of the sidewalls of the polysilicon structure and
the first heavily doped region having a boundary formed self aligned to a first edge of the layer of

conductive material.

S. The semiconductor circuit of claim 4, wherein the layer of conductive material is a

15 metal silicide.

6. The semiconductor circuit of claim S, wherein the metal silicide comprises silicon
and at least one metal from the group consisting of titanium, cobalt, nickel, platinum and
palladium.

20
7. The semiconductor circuit of claim 6, wherei.n the metal silicide is in a phase

having a lower resistivity than other phases of the metal silicide.
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8. The semiconductor circuit of claim 5, wherein the layer of conductive material is

titanium silicide.

9. The semiconductor circuit of claim 5, further comprising a second LDD
5 source/drain region formed within the semiconductor substrate having a second lightly doped
region and a second heavily doped region, the second lightly doped region having a boundary
adjacent to a lower edge of the second of the sidewalls of the polysilicon structure and the second

heavily doped region having a boundary formed self aligned to a second edge of the layer of

conductive material.

10
10. A semiconductor circuit having a wiring line and a MOS device incorporating a
gate electrode, the MOS device formed over a semiconductor substrate, the wiring line and the
gate electrode each having a salicide structure comprising:
a polysilicon lower layer ha_ving sidewalls;
15 a layer of metal silicide overlying the polysilicon lower layer and extending laterally

beyond each of the sidewalls of the polysilicon lower layer.

11.  The semiconductor circuit of claim 10, wherein the layer of metal silicide extends

laterally at least 500 A beyond the upper edge of each of the sidewalls of the polysilicon lower

20 layer.



salicide (self-aligned silicide) structures in a process that preferably
does not form oxide spacer structures al ongside the polysilicon gate
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el ectrode may, for exanple, have a cross section in the shape of a "t". By
first performng | ow dopant [evel ion |nplantat|on at an angle to reach the
substrate regi ons shadowed by the 10 otrusions fromthe gate

el ectrode, an appropriate light ion inpla atlon can be nmade for the

source/drain regions. A subsequent, high dopant |level ion inplantation is
made using an

12. The semiconductor circuit of claim 11, wherein the MOS device further comprises
a first and a second LDD source/drain region formed within the semiconductor substrate on either
side of the gate electrode, each of the first and second LDD source/drain regions having a lightly
doped region and a heavily doped region, each of the lightly doped regions having a boundary
5 adjacent to a lower edge of the sidewalls of the polysilicon lower layer and each of the heavily

doped regions having a boundary formed self aligned to an edge of the layer of metal silicide.

13.  The semiconductor circuit of claim 12, wherein the metal silicide comprises
titanium, cobalt or nickel.
10
14. A method of making a semiconductor device, comprising the steps of:
providing a semiconductor substrate and providing a layer of insulating material over at
least a portion of the semiconductor substrate;
forming a shaped polysilicon structure over the layer of insulating material, the shaped
15 polysilicon structure having protrusions extending laterally over a surface of the semiconductor
substrate;
depositing a metal layer on the shaped polysilicon structure; and
annealing the semiconductor device to produce a layer of metal silicide on the shaped
polysilicon structure.
20
15.  The method of claim 14, wherein the metal layer is deposited by physical vapor

deposition.
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16. The method of claim 14, wherein the metal layer is deposited in such a manner that
there is a discontinuity in the deposited metal layer at or near the protrusions of the polysilicon

structure.

5 17. The method of claim 14, wherein the step of annealing the semiconductor device

consists of a rapid thermal anneal performed at a temperature within the range of 600°C to 750°C.

18.  The method of claim 17, wherein the rapid thermal anneal is performed at a

temperature of about 700°C.

10
19. The method of claim 17, wherein the rapid thermal anneal continues for a time
between 10 to 120 seconds.
20.  The method of claim 18, wherein the rapid thermal anneal continues for 20 to 60
5 .
15 seconds.
21.  The method of claim 14, further comprising the step of etching the device in a
solution of NH,OH, H,0, and H,O subsequent to the step of annealing the semiconductor device.
20 22.  The method of claim 21, further comprising a second step of annealing the

semiconductor device at a temperature of about 850°C for about 20 seconds.



i nvention relate to formng the salicide structure so that the silicide
| ayer of the gate electrode is grown in such a manner as to have a | ow
| evel '

| ow resistivi ty Sailhis% ect oldeﬁ and wirin en t heRERMALERt ur es
are nade using pol y S a‘f° at mﬁ m‘ %ﬂg‘ half..mlea00 acpgss
In particular, the gate *W T ng'-l- ;,ehs;;gms _g

preci pitously for I ess than one hal f nicron:” -

23

23. The method of claim 14, further comprising a second step of annealing the

semiconductor device at a temperature of greater than 700°C for about 10 to about 120 seconds.

24. A method of forming a semiconductor device including a MOS transistor, the
5 method of making the MOS transistor comprising the steps of’

forming an insulator on a semiconductor substrate;

forming a shaped polysilicon electrode on the insulator, the shaped polysilicon electrode
having protrusions extending laterally over the semiconductor substrate;

forming by ion implantation LDD source/drain regions within the substrate on either side

10 of the shaped polysilicon electrode using the protrusions of the shaped polysilicon electrode as a

mask for the ion implantation to define the LDD source/drain region dopant distribution; and

forming a metal silicide layer over the shaped polysilicon electrode.



The increase in the resistivity for smaller line widths reflects the fact
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wi dth polysilicon layers to the lowresistivity silicide phase. Fig. 4, 10
di scussed above, shows a well defined titaniumsilicide |ayer extending
uniformy across a polysilicon gate electrode. This is an idealized

representation of what is produced duringtthe rapid thermal anneal that
converts titaniumin contact with a layer of silicon into a | ayer of

25, The method of claim 24, wherein the step of forming the shaped polysilicon
electrode structure comprises the steps of:

depositing a first layer of masking material on the semiconductor device and a second
layer of masking material on the first layer of masking material;

5 forming an opening by removing a portion of the first and the second layers of masking

matenial; |

laterally etching the second layer of masking material so that the opening is wider at the
second layer than at the first layer;

depositing polysilicon within the opening; and

10 removing the first and second layers of masking material.

26.  The method of claim 25, further comprising the step of depositing a third layer of

masking material on the second layer of masking material before the step of forming an opening.

15 27.  The method of claim 26, wherein the first and third layers of masking material are

formed of the same material.

28.  The method of claim 27, wherein the second layer of masking material comprises
silicon oxide.

20

29.  The method of claim 26, wherein the polysilicon is deposited by chemical vapor

deposition and is doped in situ.



titaniumsilicide. The inventors have observed that this process step nore
typically forms a titaniumsilicide structure 38 such as that illustrated

in Fig. 6. Near the edge of the ponS|I|cg_,15/—gate I gate
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Titaniumsilicide al ong 20 the edges of the |ayer 38 has a high |evel
of stress, as it is forned, while the y@re central portion of the titanium

silicide has a relatively |lower |evel of stress. If the width of the
titaniumsilicide

30.  The method of claim 24, wherein the step of forming a metal silicide layer
comprises the steps of: |
depositing a layer of metal on the semiconductor device;
annealing the semiconductor device to form metal silicide on the shaped polysilicon
5 electrode; and

etching unreacted metal from the semiconductor device.

31.  The method of claim 30, wherein the deposited metal is selected from the group

consisting of titanium, cobalt, nickel, platinum and palladium.



| ayer 38 is sufficiently small, then a considerable | evel of stress wll
exi st even at the center of the 10 titaniumsilicide layer 38. |If too
high of a stress level exists across the entire titaniumsilicide |ayer as
it is forned, then a subsequent annealing step nmay not be successful in
converting enough of the titaniumsilicide layer 38 to the low resistivity

‘phase. A salicide structure in which the as grown 4y i cide | ayer has too
high of a level of stress may thus produce an undesitably resigjd ¥
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5. salicide structure which is poorly suited for use as a gate el ectrode
or awiring line. The present inventors accordingly believe that, at |east
.for small line widths, it is desirable to formsalicide structures using
silicide layers having a reduced stress level. Salicide structures that are
formed i ncorporating a reduced stress silicide |ayer and a preferred met hod
of maki ng such structures are now described with erence to Figs. 7-15.
While these figures illustrate 10 particularléﬁireferred enbodi ment s of
the present invention within MOS transistors and wiring lines in a
particul ar configuration of a sem conductor device, enbodinents of the
present invention can be used to formgate electrodes and wiring lines in a
wi de variety of sem conductor devices. In addition, while the description
of the follow ng enbodi ments enphasi zes the
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formati on of NMOS devices, salicide structures in accordance with the
present invention may be 15 i npl enmented to advantage in PMOS devi ces as
well. This is true whether the polysilicon of the PMOS gate is doped N-type
or P-type. Although it is possible to use the salicide structure descri bed
herein only for the gate electrodes (or, conversely, only for the wiring
lines) of a device, it is presently believed that it is nost desirable to
use the described salicide structure for all of tB5first |evel polysilicon
lines, at |least for those devices in which high conductivity el ectrodes and
20 wiring lines are desirable. Fig. 7 illustrates in cross section a
smal | portion of a sem conductor circuit incorporating a MOS device at an
early stage in the manufacturing process. A P-type substrate 10 is provided
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REPLACED 11 and device isolation regions such as field oxide regions 12 are
-provided as necessary. A pad oxide 40 is grown thermally or deposited by
chem cal vapor deposition (CVD) over the active device regions of the
device to a thickness of between about 50 to 300 A. The channel threshold
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inplantation is then perforned in the typical manner using, for exanple,
boron or boron fluoride 5 ions for NMOS devices or, for exanple,
-arseni c or phosphorus ions for PMOS devices to a dose of between about
[err] to about [err] at an energy of between about 5 to 50 KeV. Next, a
series of layers of material are deposited at |east over the regions of the
devi ce where salicide gate structures and wiring lines are to be forned.
The series of layers will be patterned into a formor nask structure to be
used in formng a shaped polysilicon |ine which vkl 10 undergo further
processing to forma salicide structure. As such, I't is possible to use a
variety of different conbinations of |ayers to provide the desired formor
mask structure. In a preferred enbodi nent, a layer 42 of silicon nitride
[err] is deposited first, a layer 44 of silicon oxide [err] is
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deposited next, and then a second |ayer 46 of silicon nitride is deposited.
Each of these | ayers can be deposited-tsihng oene of the conventional CVD
processes well known in the art, with each of the 15 | ayers having a

t hi ckness of be{gﬁﬁggggggL,lﬂggfﬁrto 3000 A. The total thickngg
layers is prefer y about 300 14d but this may be readily varle FgA %EﬁEEN
sal i ci de struct ur ghis 8ife ‘\t hi cknesses. After the layers 42,

phot ol t hogr aphy 15 arovi de_openi ngs. Efﬁﬂgﬂefﬁilﬁﬁlﬂffﬂilll W

at 'the 20 regi ons where salicide structures are to be fornmed. This
photol it hography may use a mask that is the reverse of the conventi onal
first polysilicon mask pattern so that, %ter t he photoresist is

Abstract of the Invention.

Salicide (self-aligned silicide) structures are formed using a process that does not form:
oxide spacer structures alongside polysilicon gate electrodes and wiring lines. A shaped
polysilicon electrode is formed having protrusions extending beyond the sidewalls of the

5 electrode. LDD source/drain regions are formed by ion implantation using only the polysilicon
gate electrode as a mask, thereby forming LDD source drain/regions without using spacer oxide
regions. Physical vapor deposition is used to deposit a metal layer having discontinuities at or
adjacent the protrusions. A first rapid thermal anneal is performed to cause the metal to form a
metal silicide over the polysilicon electrode. Unreacted metal is etched and then a second rapid

10 thermal anneal is performed to convert the metal silicide to its lowest resistivity phase. Gate
electrodes and wiring lines having this structure generally are formed having lower stress in the
silicide layers, producing salicide structures having lower resistance than gate electrodes and

wiring lines formed using conventional salicide techniques.

Fig. 15
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This application claims priority from provisional application Serial No. 60/013,641, filed

Background of the Invention.

1. Field of the Invention

The present invention relates to semiconductor devices incorporating electrodes consisting

of a layer of polysilicon covered by a self-aligned layer of metal silicide.

Description of the Related Art,

As line widths and geometries for semiconductor devices are made smaller, the polysilicon

electrodes that form the gates of MOS devices and wiring lines within semiconductor devices

become undesirably resistive. Multilayer electrodes in which a layer of polysilicon is covered by

one or more layers of metals or metal silicides are used to provide electrodes having a lower

5
March 18, 1996.
10
15 2.
20

resistance than electrodes consisting solely of polysilicon. Silicide electrodes may consist, for

example, of a layer of polysilicon having a thickness of approximately 1000 A td 3000 A covered

by titanium silicide to a thickness of greater than 100 A.
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stripped, the device will appear as shown in Fig. 8 wth an opening 48 over
the'illustrated active 5 devi ce region and an opening 50 on top of the
field oxide region 12. Alateral etch of the mddle [err] layer 44 is then
| per fior ned by di pping the device in a dilute HF solution (e.g., HF: [err] =
|1 10) for between about two to about sevén minutes.. This witl result in
under cut 52 bei ng f of\rfiRicd igtalsmepiagionselserda “I‘“éiWFr %trvﬂevwhﬁsw@?ﬂ sl ah%""éﬁ'&“‘%ﬁ‘n
under cut 54 be|n forned across layer 44 wthin_ opening 50. The undercut
etch will also rEugyee i &'F"taﬁe“‘r'e%%félff’fa‘r'"f% L Figs xi-fighosrapprascuonahviews ofMOS
exposed to the djlute HF solution, as wel]l as a slight undercut beneath

| ayer 42. The eX¥ft 2bn "E"Hé S‘a%‘éf‘b'*ﬂ%‘a%‘m E'gﬁévusmﬂedd\égéﬂmwyeﬁwweﬁ gp 2 P-type
-polysilicon protru5|ons wi || overhang the substrate for the shaped

pol ysilicon str tbstiAtE 10Ra¢ ’“F'Ed"ctb‘cb@e' Bfiderasionsde it jPYidp isplatigr f’ﬁh’“lq‘h%é‘dlace“‘

described in . . I~ . .
5 MOS devices. A gate oxide layer 14, formed by thermal oxidation, covers the active device

region of the illustrated device and a polysilicon gate electrode 16 is formed on the gate oxide
layer 14. The polysilicon gate electrode 16 is formed by depositing a layer of undoped polysilicon
over the substrate, typically using low pressure chemical vapor deposition (LPCVD), implanting
and activating impurities into the polysilicon to render it conductive, and patterning the

10 polysilicon using photolithography. Polysilicon wiring line 18 is formed on the field oxide region
12 at the same time as the gate electrode 16.

Doped source/drain regions 20 are formed on either side of the polysilicon gate electrode

to define the channel region of the illustrated MOS transistor. Generally, a lightly doped drain
(LDD) structure is used in small design rule MOS transistors of the type that are primarily used in

15 modern memory and logic devices. LDD source/drain regions 20 are typically formed in a two
step process, beginning with a relatively low level dopant implantation made self-aligned to a
polysilicon gate electrode 16 as illustrated in Fig. 1. Subsequently, spacer oxide regions 22 (Fig.
2) are formed on either side of the gate electrode by first depositing a layer of CVD oxide over
the Fig. 1 structure and then anisotropically etching back the oxide layer to expose the substrate

20 over the source/drain regions 20. Etching back the CVD oxide layer produces the spacer oxide
regions 22 on either side of the polysilicon gate electrode 16. This process also provides spacer

regions 24 on either side of the polysilicon wiring line 18, if the wiring line 18 is exposed during
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greater detail below, the extent of the undercut will establish the
position of the edge of the heavily doped portion of the LDD source/drain
regions of the device. Thus, the extent of the 15 under cut may
desikrably be adjusted in accordance with the particular structure that is
desired for the source/drain regions. The presently preférréd extent. qf the
undercuts 52, St pxidedspasion aabeish bBErosess oARH B SPaEETEds regigns &7 25 pLOVIHSA 8P cut
etching has been perforned, the substrate 10 will be exposed within the
openi ng 48. A geither side ofthelpalysificon@ate Elegjrodg 6. 2isecopd benvieniop aiaNAtgR SipAdE H1q he
conventional manner 20 ~to a thickness of between about 30 A to about 300
A. Polysilicon pragimisiegiens \seoliznediodhespiger eidsfesions it fof okt end above
the first layer 42 and nore preferably to extend above |ayer 44. .
The structure illustrated in Fig. 2 includes a polysilicon gate eléctrode 16 and a polysilicon

5 wiring line 18. For smaller line widths, even highly doped polysilicon is sufficiently resistive to
diminish the performance of MOS circuits due to decreased signal levels and longer RC time
constants. To reduce the resistance of these gate electrodes and wiring lin.es, further processing
of the Fig. 2 device continues to convert the gate electrode 16 and wiring line 18 into silicide
structures using self-aligned silicide (salicide) techniques. Although a variety of different silicides

10 are known to be acceptable, the silicide most commonly used at this time is titanium silicide, and
that structure is described herein. Referring now to Fig. 3, silicide lines are formed by first
sputtering a layer of titanium over the surface of the device to a thickness of, for example, 500 A
This titanium layer 26 is converted into titanium silicide at the surface of the polysilicon layers 16,
18 and at the exposed portions of the substrate, including the source/drain regions 20, in a two

15 step process. In the first process step, the device is subjected to a rapid thermal anneal (RTA) by
heating the device to a temperature of uﬁ to about 700°C for about thirty seconds, converting the
titanium layer 26 into titanium silicide (nominally TiSi,) where the titanium layer is in contact with
a silicon (crystalline or polycrystalline) surface. The device is then etched using a wet etch
consisting of H,0, and NH,OH diluted in water, removing unreacted titanium from the surface of

20 the device, exposing the oxide regions of the device. Layers of titanium silicide 30, 32 are left
over the polysilicon gate electrode 16 and over the wiring line 18. When the source/drain regions

20 are exposed during the silicidation process, titanium silicide regions 34 are also formed on the
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The thickness of the polysilicon layer will typically be about the

t hi ckness of the three | ayers 42, 13 44 and 46. CVD polysilicon wll
readily deposit within the undercut regions 52, 54 (Fig 9) to form shaped
|ponS|I|con structures 58, 60 as shown |n Fig. 10. The polysilicon

'structures are
~of the appropri

{rézfi%agwé’yg@aauké"ﬂ%%hau%zta"ﬁw%ﬁ@?gmtsfa?s”ﬁ% ok

structures may alternatel

10

15

20

resistance over t¥e Q)%rcg}?ip ain relglgr'gseair’m pr\éwdeob lter%macgs to tlle source/drain regions
20 Titanium silicide contacts on the source/drain regions are thus preferred so long as the
amount of silicon consumed in the silicidation process does not alter the gate performance or
result in excessive junction leakage at the source/drain regions.

After the unreacted titanium is etched from the device, further processing is necessary to
provide suitable self-aligned silicide (salicide) structures for the gate electrodes and wiring lines of
the device. The process steps described to this point form a relatively high resistivity phase of
titanium silicide on the silicon surfaces, so that the illustrated salicide structure does not have as
low of resistivity as is desirable. Itis according]ylnecessary to expose the device to a second
rapid thermal anneal at a temperature in excess of 800°C for at least ten seconds to convert the
titanium silicide to the lower resistivity phase of titanium silicide. The device is then subjected to
further processing to complete the fabrication.

A number of the processing steps necessary to the formation of salicide structures are
cntical. For example, if the temperature control is poor for the initial RTA step of converting the
titanium in contact with silicon to titanium silicide, then it is possible that the temperatt..lre of the
device may get high enough for rapid silicon transport laterally along the titanium layer (26 in Fig.
3), which could convert titanium to titanium silicide in undesirable regions. For example, if silicon
is transported along the portion of the titanium layer extending over the oxide spacers 22 oﬁ
either side of the gate electrode 16, then a “stringer” may be formed bridging between the gate
electrode and the source/drain regions 20. Such a stringer 36 bridging between the gate sjlicide

layer 30 and the source/drain silicide region 34 is illustrated in Fig. 5. The formation of the Fig. 5

REPLACEMENT SHEET

17 JAN 1997




5  The stack of layers 42, 44, 46 is then renoved using conventional
etchants, such as hot [err] for the [err] layer 46 and 42 and a dilute HF
(inJferr]) solution for the SiQ2 |ayer 44, to provide tile structure shown

inFig 1.

Next, the anti-punchthrough inplantati-ons are fornmed and the

i lightly doped portions of the source/drasn regions are forngd. These

i npl ant at i ons astecnmcie obviowaly ieddsicablel g thedt shansube gaisionle sbOrce/drainregipn andrrengicsns
62 extending fromthe polysilicon electrode 58 as a mask during oblique
angl e ion inpl atheatnskor indperaiivepl ant ati on angl es are readily determ ned by
the length by which the protrusions 62 extend over the surface of the
substrate 10 and t heFoamgiler devive gsameyriet. @atetelearadayrng miringilioes beconteenpgrowhr and itof
sight" to the base of the polysilicon electrode 58. Typically, the

10

15

20

becomes increasingly more necessary to provide sufficiently low resistivity gate electrodes and
wiring fines within memory and logic devices. On the other hand, as narrower gate electrodes and
wiring lines are implemented, it is increasingly more difficult to form appropriate salicide
electrode structures. In particular, it is difficult to provide the low resistivity phase of titanium
silicide for narrow line width gate electrodes and wiring lines. It is accordingly desirable to
develop better designs and more robust processing techniques for forming low resistance salicide

structures.

Brief Description of the Drawings.

Figs. 1-4 illustrate the process steps for forming a salicide structure in accordance with
conventional teachings.

Fig. S illustrates a stringer formed on a transistor, shorting the gate to the drain of the
transistor.

Fig. 6 illustrates a difficulty in producing acceptable salicide structures.

Figs. 7-15 illustrate stages in the manufacture of MOS devices incorporating salicide

structures in accordance with the present invention.
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I npl antation angle will be between about [err] to about [err]. The

ant i - puncht hrough i npl antati ons 15 64 and |ightly doped drain

i npl antations 66 are made in the well known nmanner using inplantations of
ibor en, boron fluoride, arsenic or phosphoius ions to a dose of between

about 5 x [err] §@uAkgur p@efce,rea]g,,g,todﬁ,(}ngnergy of between about 5 to 80
KeV. The resulting structure is illustrated in Fig. 12. The heavily doped

portions of the sourgefidfapd sﬁge B2 nahvRniod §Rovided IRAlicBNdukidP LAl B4vikdh Wiing
perpendi cul ar to the surface of the substrate (i.e., no tilt angle), using

the protrusions |G afxs MUY ick MBETpérAtheRYak Siebit@ONTIR! MOL HOHR OB A& FelBSK
for the heavy inplantation. Because the edge of heavily doped region is

determ ned by wh@pfeohdiRior SMAFAYSEacRbf thb Girlk i S i Bste BRctf R have salicide structure

5

10

15

20

comprising a polysilicon lower layer having sidewalls and a layer of metal silicide overlying the
polysilicon lower layer and extending laterally beyond each of the sidewalls of the polysilicon
lower layer.

Another aspect of the invention provides a semiconductor circuit comprising a
semiconductor substrate, a layer of insulating material on the semiconductor substrate, and a
polysilicon structure on the layer of insulating material formed to have two sidewalls extending
above the semiconductor substrate. A layer of cdnducﬁve material is formed on the polysilicon
structure extending laterally beyond both sidewalls of the polysilicon structure.

Still another aspect of the invention provides a semiconductor circuit comprising a
semiconductor substrate and a layer of insulating material on the semiconductor substrate. A
polysilicon structure is formed on the layer of insulating material so as to have two sidewalls
extending above the semiconductor substrate. A layer of conductive material on the polysilicon
structure extends laterally beyond both sidewalls of the polysilicon structure, and a first LDD
source/drain region formed within the semiconductor substrate having a first lightly doped region
and a first heavily doped region, the first lightly doped region having a boundary adjacent to a
lower edge of a first one of the sidewalls of the polysilicon structure and the first heavily doped

region having a boundary formed self aligned to a first edge of the layer of conductive material.




14 the substrate, the heavily doped regions (68, Fig. 13) are forned
sel f-aligned to the protrusions. Typically, the heavily doped regions are
formed by an inplantation of boron, boron fluoride, arsenic, antinony or
- phosphorus ions to a dose of between about [err] to about 1 x [err] at an
. energy of between about 5 to 200 KeV. Th@ source/drain regions are then 5
activated by heating dificserd @spegef the peeseneimpention ingledep s mpidedwldpmanpysenficopdyctar o
[err] for between
device including a MOS transistor, including the steps of forming an insulator on a semiconductor
substrate and forming a shaped polysilicon electrode on the insulator, the shaped polysilicon
electrode having protrusions extending laterally over the semiconductor substrate. The method
5 includes the further steps of forming, by ion implantation, LDD source/drain regions within the
substrate on either side of the shaped polysilicon electrode using the protrusions of the shaped
polysilicon electrode as a mask for the ion implantation to define the LDD source/drain region
dopant distribution, and forming a metal silicide layer over the shaped polysilicon electrode.
For a particularly preferred embodiment of this aspect of the invention, the step of forming
10 the shaped polysilicon electrode structure includes the steps of depositing a first layer of masking
material on the semiconductor device and a second layer of masking material on the first layer of
masking material and forming an opening by removing a portion of the first and the second layers
of masking material. The second layer of masking material is etched laterally so that the opening
is wider at the second layer than at the first layer. Polysilicon is deposited within the opening and
15 the first and second layers of masking material are removed.
Still another aspect of the invention provides a method of making a semiconductor device
by providing a semiconductor substrate and providing a layer of insulating material over at least a
portion of the semiconductor substrate. A shaped polysilicon structure is formed over the layer of
insulating material, the shaped polysilicon structure having protrusions extending laterally over a
20 surface of the semiconductor substrate. A metal layer is deposited on the shaped polysilicon

structure and the semiconductor device is annealed to produce a layer of metal silicide on the

shaped polysilicon structure.
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10 seconds (RTA, higher tenperature) and 60 m nutes (lower tenperature).
Next, the silicide portion of the salicide structure is forned. As is known
in the art, acceptable silicide |ayers can be formed using a nunber of
di fferent base netals, including titaniu cobal t, nickel, platinumand
lpal | adium At the present time, titaniuntsilicide is-the nmost 10 wi del y
i mpl enent ed, buBetxded Desbialion aftdie Rirdfdcedd Bnbddonades are believed to have
desirabl e characteristics for reduced line wdth devices. The pr ocessi ng
steps characteri sti cPreferrehohbodimentsof the diesdneinentondbini eindesduatoedavizles inkarpavating
and reported in the literature. Accordingly, while the following
description is naigde [spll-akgnag sitbfided strumhirasin sprbiess tbke preerdblyrdoss doit Giraleside apucal so
be utilized in this process, as is known in the art.
structures alongside the polysilicon gate electrodes and wiring lines. Rather, a shaped polysilicon
5 gate electrode is formed having an upper surface that can be converted to a silicide such as
titanium silicide. The shaped polysilicon electrode preferably includes protrusions that extend
away from the body of the electrode and extend over the silicon substrate. The polysilicon gate
electrode may, for example, have a cross section in the shape of a “t”. By first performing low
dopant level ion implantation at an angle to reach the substrate regions shadowed by the
10 protrusions from the gate electrode, an appropriate light ion implantation can be made for the
source/drain regions. A subsequent, high dopant level ion implantation is made using an
implantation direction perpendicular to the surface of the substrate so that the protrusions
extending from the gate electrode act as a mask for the high dopant level ion implantation that
completes the source/drain structure. In this way, a lightly doped drain (LDD) type structure can
15 be formed for both of the source/drain regions without using spacer oxide regions. Gate
electrodes and wiring lines having this structure are more consistently of a higher quality, and
generally have lower resistance than gate electrodes and wiring lines formed using conventional
salicide techniques.
The present inventors believe that the observed improvements in salicide electrode and
20 wiring line formation and performance achieved by using preferred embodiments of the present

invention relate to forming the salicide structure so that the silicide layer of the gate electrode is

grown in such a manner as to have a low level of stress. [t becomes increasingly difficult to form
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15 After thermal activation of the dopants, the device is as
illustrated in Fig. 13. The native (thernmal) oxide forned in this process
is renmoved using a dilute HF solution, and then a thin |ayer of the netal
.to be silicided is deposited over the device using physical vapor

. deposition (e.g., sputtering) In the iléustrated enbodi ment', titaniumis

deposited to a tgce&lélng m?ﬁi é&ﬂgam %l’Q’Q’H@'I esB\QQEAteseD{It_ﬁngMFc': R n'iatak n

| ayers 70 over fhePsur ace 0 eV|ce as s

'éhl ckness of ”?t ?g éoq¥sk?%orgﬂ%?ﬁ\%# :«ﬁgleksqhaqn%glg ﬂaﬁ? nﬂﬁgn Q:¥osp allnﬁgﬁlcn;ﬂ?r Ihg ?es@ﬁﬁ
eposi t suf ficien ani um orma uniformlayer wt i cl ent taI
B
The increase in the resistivity for smaller line widths reflects the fact that the second annealing
5 step conventionally used to produce the low resistivity phase of silicide can be ineffective for such
narrow line widths. To understand why this happens, it is useful to consider a more realistic
model of what happens during the formation of conventional salicide structures.
Fig. 6 illustrates a mechanism that is believed to explain the difficulty in converting silicide
layers formed on narrow line width polysilicon layers to the low resistivity silicide phase. Fig. 4,
10 discussed above, shows a well defined titanium silicide layer extending uniformly across a
polysilicon gate electrode. This is an idealized representation of what is produced during the
rapid thermal anneal that converts titanium in contact with a layer of silicon into a layer of
titanium silicide. The inventors have observed that this process step more typically forms a
titanium silicide structure 38 such as that illustrated in Fig. 6. Near the edge of the polysilicon
15 gate electrode, the gate oxide spacers 22 appear to “clamp” the edges of the titanium silicide layer
38, limiting the growth of the titanium silicide layer which typically must expand to a thickness
greater than the silicon layer consumed during the growth process. Thus, titanium silicide grows
most freely near the center of the gate electrode so that the thickest part of the titanium silicide
layer 38 is formed above the center of the polysilicon gate electrode 16. Titanium silicide along
20 the edges of the layer 38 has a high level of stress, as it is fprmed, while the more central portion

of the titanium silicide has a relatively lower level of stress. If the width of the titanium silicide

layer 38 is sufficiently small, then a considerable level of stress will exist even at the center of the

REPLACEMENT SHEET

17 JAN 1997




THI'S SHEET HAS BEEN 15 silicon consunption during silicidati
unaccept abl e junction | eakage fromthe source/drain regions,
problens. As is illustrated in Fig. 14, there is poor netal

on can lead to
anong ot her
coverage in the

region where the substrate is shadowed by the protrusions 62 fromthe
- pol ysi |l i con el egfaniosiailidide 1aer 38 1f 1o high of kRGestllese otidis aruist the Eniira titahmmnsdic@k: layer

+layer 70 adjacent the gate el ectrode ensure that bridging

as it is formed, then a subsequent annealing step may not be successful in converting enough of

the titanium silicide layer 38 to the low resistivity phase A salicide structure in which the as

grown silicide layer has too high of a level of stress may thus produce an undesirably resistive

5 salicide structure which is poorly suited for use as a gate electrode or a wiring line.

The present inventors accordingly believe that, at least for small line widths, it is desirable

to form salicide structures using silicide layers having a reduced stress level. Salicide structures

that are formed incorporating a reduced stress silicide layer and a preferred method of making

such structures are now described with reference to Figs. 7-15. While these figures illustrate

10 particularly preferred embodiments of the present invention within MOS transistors and wiring

lines in a particular configuration of a semiconductor device, embodiments of the present

invention can be used to form gate electrodes and wiring lines in a wide variety of semiconductor

devices. In addition, while the description of the following embodiments emphasizes the

formation of NMOS devices, salicide structures in accordance with the present invention may be

15 implemented to advantage in PMOS devices as well. This is true whether the polysilicon of the

PMOS gate is doped N-type or P-type. Although it is possible to use the salicide structure

described herein only for the gate electrodes (or, conversely, only for the wiring lines) of a device,

it is presently believed that it is most desirable to use the described salicide structure for all of the

first level polysilicon lines, at least for those devices in which high conductivity electrodes and

20 wiring lines are desirable.

Fig. 7 illustrates in cross section a small portion of a semiconductor circuit incorporating a

MOS device at an early stage in the manufacturing process. A P-type substrate 10 is provided
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(such as that illustrated in Fig. 5) should not occur. Thus, it is possible
to performthe initial silicidation at a tenperature sufficiently high to
produce the low resistivity phase of titaniumsilicide. Accordingly,
‘titaniumsilicide could be formed by performng a rapid thernmal anneal
'(RTA) of the Fig. 14 device at a tenperatibre of about.[err] for about

twenty seconds. aky delice isolaSdhIEEEHI I a8 HONoMLedors @ TR rdvitRd B We@@&EdrR JA pad oxide
titanium In this process, however, there may be considerable silicon

transport al onga4é Rerdvid Beridm) dratésdsitedy cidmicavapidefositds Ut VD) dvet ik attivd device
silicide stringers extending over portions of the device in an undesirable

fashion. It is tdRnebahedsickhd a ihick@syomedkar 666 b ha300A | THelcHainbiQRredhBId adjust
performed in a two-step process. Regardl ess, the existence of the

di sconti nui ti esihglantdtien SAkEntpaFf&ched inftRdWypial n@yrer using FoE&aipe, WoFdnldr &atoh fiMorafe
the tenperature and ot her
5 ions for NMOS devices or, for example, arsenic or phosphorus ions for PMOS devices to a dose
of between about 3 x 10" ions/cm? to about 5 x 10" ions/cm? at an energy of between about S to
50 KeV. Next, a series of layers of material are deposited at least over the regions of the device
where salicide gate structures and wiring lines are to be formed. The series of layers will be
patterned into a form or mask structure to be used in forming a shaped polysilicon line which will
10 undergo further processing to form a salicide structure. As such, it is possible to use a variety of
different combinations of layer.s to provide the desired form or mask structure. In a preferred
embodiment, a layer 42 of silicon nitride Si,N, is deposited first, a layer 44 of silicon oxide SiO, is
deposited next, and then a second layer 46 of silicon nitride is deposited. Each of these layers can
be deposited using one of the conventional CVD processes well known in the art, with each of the
15 layers having a thickness of between about 1000 A to 3000 A. The total thickness of the layers is
preferably about 3000 A, but this may be readily varied to form salicide structures of different
thicknesses.
After the layers 42, 44, 46 that will be formed into the polysilicon form have been
deposited, photolithography is performed to provide openings through the three layers at the
20 regions where salicide structures are to be formed. This photolithography may use a mask that is
the. reverse of the conventional first polysilicon mask pattern so that, after the photoresist is

exposed and removed, openings through the photoresist will leave the layer 46 exposed over the
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15 controls for the processing steps in the two-step anneal i ng process.
Preferably, the Fig. 14 structure is subjected to a first RTA at a
tenperature within the range of [err], nore preferably of about [err], for
10 to 120 seconds, nore preferably 20 to 60 seconds, in a nitrogen anbient.
For cobalt silicide, a tenperature of aBdut [err] is preferably used for
the initial S|I|C|dat|on ste Ti tanium nitride _é;tﬁnlun}rlch tltgn um

silicide, titani'tBRGSXMGE "éerfarocfﬂ’frsg‘é%‘f'é’tf‘“?b’ be f°”“f4 'R o6 aeE ehEende I‘I%cF"Thf"‘?)m
the surface of the vice in a solution of Jerr [err Q exa
a'ratio of 11 %)% F‘é’ék?ﬁ’ha‘ elroR PSP aﬁsg“wchaﬂ PO ORI e
gZPengg{ tsl)OIr‘]ans Ta er (f ﬁnéjuzlr"%% 955.%' (ﬂ-il'r ?ﬁu 8qor tthé E) ayer J'ter the rﬁxolor&. Es?nr;s
stripped, the device will appear as shown in Fig. 8 with an opening 48 over the illustrated active
5 device region and an opening 50 on top of the field oxide region 12. A lateral etch of the middle
Si0, layer 44 is then performed by dipping the device in a dilute HF solution (¢.g.. HF:H,0 =
1:10) for between about two to about seven minutes. This will result in an undercut 52 being
formed laterally across layer 44 within opening 48 and an undercut 54 being formed across layer
44 within opening 50. The undercut etch will also result in the removal of the pad oxide 40 where
10 it is exposed to the dilute HF solution, as well as a slight undercut beneath layer 42 The extent of
the undercut of layer 44 determines how far polysilicon protrusions will overhang the substrate
for the shaped polysilicon structure that is to be formed. Accordingly, as will be described in
greater detail below, the extent of the undercut will establish the position of the edge of the
heavily doped portion of the LDD source/drain regions of the device. Thus, the extent of the
15 undercut may desirably be adjusted in accordance with the particular structure that 1s desired for
the source/drain regions. The presently preferred extent of the undercuts 52, 54 is between about
500 A to about 2000 A
After the undercut etching has been performed, the substrate 10 will be exposed within the
opening 48. A gate oxide layer 56 (Fig. 10) is then thermally grown in the conventional manner
20 to a thickness of between about 30 A to about 300 A. Polysilicon is deposited by CVD to a
sufficient depth to extend above the first layer 42 and more preferably to extend above layer 44.

The thickness of the polysilicon layer will typically be about the thickness of the three layers 42,
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This Sheet Has Been R 16 polysilicon portion 58 of the gate el ectrode and
over the polysilicon portion 60 of the wiring line The remaining titanium
. silicide is then converted to the |ower resistivity phase in a RTA at a

|tenperature within a range of about [err] to [err] for bet ween about 10 to
| 60 seconds. Mpst preferably, the second RTfyis performed at™a tenperature

“of about [err] for..ghpu

titaniumsilici

10

15

20

hi s enbodi ment

e Tegi o[ﬁggg’f?’gg%qg‘;grelg'gg’éie@dih§’f'?i%1{'ﬁééfief%hﬁg'i°ﬁs P (Fig tg?ﬁ,
form shaped polysilicon structures 58, 60 as shown in Fig. 10. The polysilicon structures are
preferably doped in situ during deposition by the addition of the appropriate dopant gas during
the CVD process, or the polysilicon structures may alternately be doped later by ion implantation.
The stack of layers 42, 44, 46 is then removed using conventional etchants, such as hot H,PO, for
the Si;N, layer 46 and 42 and a dilute HF (in H,0) solution for ihe Si0, layer 44, 1o provide the
structure shown in Fig. 11.

Next, the anti-punchthrough implantations are formed and the lightly doped portions of
the source/drain regions are formed. These implantations are made in a self-aligned manner using
the protrusions 62 extending from the polysilicon electrode 58 as a mask during oblique angle ion
implantation. The implantation angles are readily determined by the length by which the
protrusions 62 extend over the surface of the substrate 10 and the angle necessary for the
implantation to have “line of sight” to the base of the polysilicon electrode 58. Typically, the
implantation angle will be between about 15° to about 60°. The anti-punchthrough implantations
64 and lightly doped drain implantations 66 are made in the well known manner using
implantations of boron, boron fluoride, arsenic or phosphorus ions to a dose of between about 5 x
10" ions/cm’ to about 2 x 10 ions/cm? at an energy of between about 5 to 80 KeV. The
resulting structure is illustrated in Fig. 12.

The heavily doped portions of the source/drain regions are then formed by implantation
perpendicular to the surface of the substrate (i.e., no tilt angle), using the protrusions 62
extending from the polysilicon electrode 58 as a mask for the heavy implantation. Because the

edge of heavily doped region is determined by where the “shadows” of the protrusions 62 fall on




conventional salicide process. ldeally, the titaniumsilicide wll be
essentially unconstrained in the vertical direction, since there are no
spacer oxide regions to vertically conpress the titaniumsilicide in the
regions where .the silicon is consuned. The titaniumsilicide regions 74, 76
are thus formed with nuch | ower stress liavels than occur i'nthe '
conventional silicidatiaon groc

t d Fi
w Il still be shfabsrasthednay °'?eﬂf%$'%"ﬁ&6(3 %%“S i3 °§'md s, %‘9"{3‘“ ahe '|°b“ﬁsg'° h
orizontal directio t.h t d
t he underlyi ng Wlffé ngﬁﬁ’éﬂ@yg?‘fe"fié"&‘?@ﬂ% °'?‘F1Jbvsaf'r'"ﬂlpc?"?a|"8" "gl’ %’8{‘,&? %51 225

have a much reduced stress v after the i t al sili pr o
than in convent ¥4t ar%'a‘lol‘%?dgmﬁﬂh%'é?gse‘é’adﬂ%e Eu%ﬁ'ee"t uléecon "I%I]’%« aso‘é{ rmch

i nproved |ikeli hqu f ,converti npbthe ti a?to%'&)ﬁ'e{/ ;H\de to,the o8 ef erhed

| ow resistivit yl ions/cm? at an energy of between about e source/drain regions are
5 activated by heating the device to a temperature of between about 800°C to 1100°C for between
10 seconds (RTA, higher temperature) and 60 minutes (lower temperature).

Next, the silicide portion of the salicide structure is formed. As is known in the art,
acceptable silicide layers can be formed using a number of different base metals, including
titanium, cobalt, nickel, platinum and palladium. At the present time, titanium silicide is the most

10 widely implemented, but both cobalt and nickel silicides are believed to have desirable
characteristics for reduced line width devices. The processing steps characteristic to each of these
different silicides are well known and reported in the literature. Accordingly, while the following
description is made in terms of titanium silicide, other silicides can also be utilized in this process,
as is known in the art.

15 After thermal activation of the dopants, the device is as illustrated in Fig. 13. The native
(thermal) oxide formed in this process is removed using a dilute HF solution, and then a thin layer
of the metal to be silicided is deposited over the device using physical vapor deposition (e.g..
sputtering). In the illustrated embodiment, titanium is deposited to a thickness of between about
200 A to 800 A, producing thin layers 70 over the surface of the device, as shown in Fig. 14. The

20 thickness of metal to Be deposited is determined by balancing the need to deposit sufficient
titanium to form a uniform layer with ;ufﬁcient metal to provide a desirably conductive titanium

silicide layer against the need to leave sufficient silicon below the silicided structures. Excessive
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15 phase. The titaniumsilicide structures 74, 76 have approxi mately
the same width (i.e., approximately 500 A to approxi mately 2000A) as the
silicon protrusions 62 that exist prior to the silicidation process.
Subsequent processing proceeds in the cqnventional nmanner, with the
deposition of a interpolysilicon or prejﬁetal dielectric Iayer such as

ovor Phel b o' ERh forsith w‘on i “"c%w"[cgﬂ?% BRERRABE L AAUEK LR (BRSO
di sposed ad acesrz}umuamn QURL,. amgng roelum hg,ipg%agﬁeegsm &l R&t rsq,gligg.;?&al

(between the protrusi ons=o %cl d bstrate

adj acent the | O%evléraﬁé ﬂ?l\{éarleé@n where the substrate is shadowed by the protrusions 62 from the polysilicon

electrode 58.

5 The discontinuities in the metal layer 70 adjacent the gate electrode ensure that bridging
(such as that illustrated in Fig. 5) should not occur. Thus, it is possible to perform the initial
silicidation at a temperature sufficiently high to produce the low resistivity phase of titanium
silicide. Accordingly, titanium silicide could be formed by performing a rapid thermal anneal
(RTA) of the Fig. 14 device at a temperature of about 750°C for about twenty seconds. A

10 subsequent etch would remove the unreacted titanium. In this process, however, there may be

considerable silicon transport along the titanium layer 70, which could result in titanium silicide
stringers extending over portions of the device in an undesirable fashion. It is therefore still likely
preferred that silicidation be performed in a two-step process. Regardless, the existence of the
discontinuities in the sputtered titanium layer reduce the criticality of the temperature and other

15 controls for the processing steps in the two-step annealing process. Preferably, the Fig. 14

structure is subjected to a first RTA at a temperature within the range of 600-750°C, more
preferably of about 700°C, for 10 to 120 seconds, more preferably 20 to 60 seconds, in a nitrogen
ambient. For cobalt silicide, a temperature of about 550-600°C is preferably used for the initial
silicidation step. Titanium nitride, titanium-rich titanium silicide, titanium oxide and unreacted

20 titanium are then etched from the surface of the device in a solution of NH,OH, H,0, and H,0

(for example, at a ratio of 1:1:5), leaving titanium silicide layers 72 over the heavily doped

portions 68 of the source/drain regions. Titanium silicide regions 74, 76 also remain over the

REPLACEMENT SHEET

17 JAN 1997




THI' S SHEET HAS BEEN 17 polysilicon wring line 60 (between the protrusions
of silicide layer 76 and the field oxide 12). Vias are forned through the
CVD [err] or BPSG down to the silicide regions as necessary, form ng

pol ysilicon or netal contacts and first metal or second polysilicon wiring

| l'ines and interconnects. The renmaining st r6uctures and.processes are

‘conventional and Iisqlcgnf ?orﬁ(?n SSqu‘?he gag eijec de an S\HF lthp%lyshﬁ&eﬁ(puonldo ot RULignDGe

noted that cert&h con I gurations of ectrodes, wring lines and

The remaining titanium silicide is then converted to the lower resistivity phaseina RTA at a
temperature within a range of about 700°C to 900°C for between about 10 to 60 seconds  Most
preferably, the second RTA is performed at a temperature of about 850°C for about 20 seconds. _
5 In this embodiment, the titanium silicide regions 74, 76 are less constrained than in the
conventional salicide process. Ideally, the titanium silicide will be essentially unconstiained in the
vertical direction, sin<;e there are no spacer oxide regions to vertically compress the titanium
silicide in the regions where the silicon is consumed. The titanium silicide regions 74, 76 are thus
formed with much lower.stress levels than occur in the conventional silicidation process
10 (illustrated in Figs. 1-4). There will still be stress introduced into the titanium silicide layer along
the horizontal direction due to the mismatch between the titanium silicide and the underlying
(unconsumed) silicon, but the structure should nevertheless have a much reduced stress level after
the initial silicidation process than in conventional salicide processes. As such, the second RTA
has a much improved likelihood of converting the titanium silicide to the preferred low resistivity
15 phase. The titanium silicide structures 74, 76 have approximately the same width (i.e.,
approximately 500 A to approximately 2000A) as the silicon protrusions 62 that exist prior to the
silicidation process.
Subsequent processing proceeds in the conventional manner, with the deposition of a
interpolysilicon or pre-metal dielectric layer such as atmospheric pressure CVD SiO, or
20 borophosphosilicate glass (BPSG) over the Fig. 15 structure. Thus, CVD SiO, or BPSG will
typically be disposed adjacent the lower sidewalls of the polysilicon electrode 58 (between the

protrusions of silicide layer 74 and the substrate 10) and adjacent the lower sidewalls of




silicided regions of the substrates sonetines include additional |ayers of
conductive materials such as refractory netals or nitrides of netals (e.g.,
‘titaniumnitride) formed on top of the salicide structure. The present

| invention has been described in terns of certain preferred enbodi ments. The
110 i nvention is not, however, limted to the speci.fic eibodi nents
described, but also includes such nndifigations'and variations as fall

wi thin the scope of the follow ng clainé.

10

polysilicon wiring line 60 (between the protrusions of silicide layer 76 and the field oxide 12).
Vias are formed through the CVD SiO, or BPSG down to the silicide regions as necessary,
forming polysilicon or metal contacts and first metal or second polysilicon wiring lines and
interconnects. The remaining structures and processes are conventional and so are not described
further herein. It should be noted that certain configurations of gate electrodes, wiring lines and
silicided regions of the substrates sometimes include additional layers of conductive materials such
as refractory metals or nitrides of metals (e.g., titanium nitride) formed on top of the salicide
structure.

The present invention has been described in terms of certain preferred embodiments. The
invention is not, however, limited to the specific embodiments described, but also includes such

modifications and variations as fall within the scope of the following claims.
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18 What is clained: 19 1. A sem conductor circuit conprising: a
‘'sem conduct or substrate; a layer of insulating material on the
'sem conduct or substrate;

18

What is claimed:

2 il il

1. A semiconductor circuit comprising:
a semiconductor substrate;
a layer of insulating material on the semiconductor substrate;
5 a polysilicon structure on the layer of insulating material formed to have two sidewalls
extending above the semiconductor substrate; and
a layer of conductive material on the polysilicon structure extending laterally beyond both

sidewalls of the polysilicon structure.

10 2, The semiconductor circuit of claim 1, wherein the layer of conductive material is 2

metal silicide.

3. The semiconductor circuit of claim 2, wherein the metal silicide comprises silicon
and at least one metal from the group consisting of titanium, cobalt, nickel, platinum and

15 paliadium.
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a polysilicon structure on the layer of insulating material fornmed to have
two sidewalls 5 ext endi ng above the sem conduct or substraﬂassﬂEEﬁ%&SB@ﬁN
conductive material on the polysilicon structure extendi ng | ateraRE nd
both sidewalls of the polysilicon structure; and a first LDD sau [ m
region formed within the sem conductor substrate having a flr\j‘fa* \ﬂﬁiﬁ!}ﬁm\i
doped region and a first heavily dopedigegion, the first IighI ope
region having a 10 4  bolsseagopdustyr scwncompisie] ower edge of a first one of
the sidewal | s of the polysilicon structure and the first heavily doped
regi on having a bounggnycongyctasgubssdte: al i gned to a first edge of the |ayer

of conductive material. . . ‘
a layer of insulating material on the semiconductor substrate;

a polysilicon structure on the layer of insulating material formed to have two sidewalls
5 extending above the semiconductor substrate;

a layer of conductive material on the polysilicon structure extending laterally beyond both
sidewalls of the polysilicon structure; and

a first LDD source/drain region formed within the semiconductor substrate having a first
lightly doped region and a first heavily doped region, the first lightly doped region having a

10 boundary adjacent to a lower edge of a first one of the sidewalls of the polysilicon structure and

the first heavily doped region having a boundary formed self aligned to a first edge of the layer i

conductive material.

5. The semiconductor circuit of claim 4, wherein the layer of conductive material is a
15 metal silicide.
6. The semiconductor circuit of claim 5, wherein the metal silicide comprises silicon

and at least one metal from the group consisting of titanium, cobalt, nickel, platinum and
palladium.

20

7. The semiconductor circuit of claim 6, wherein the metal silicide is in a phase

having a lower resistivity than other phases of the metal silicide.

w0

Has Been Re‘laced
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2. The sem conductor circuit of claim1l1, wherein the | aygHISl$HEET HAS BEEN
conductive material is a 15 metal silicide. 3. The sem c GEHUACED
circuit of claim?2, wherein the netal silicide conprises siljg

{ tiar 13
| east one metal fromthe group consisting of titani.um cobal tqngﬁgﬂmi”m
pl ati num and pal | adi um 20 4. The séfi conductor circuit of“¢t'a ,

wherein the metal silici dehe SmicBnddctBN @St SRMKINNG véheleMURY layef 5 dohductive/mitBadNis
ot her phases of the netal silicide.

titanium silicide.

9. The semiconductor circuit of claim S, further comprising a second LDD
5 source/drain region formed within the semiconductor substrate having a second lightly doped
region and a second heavily doped region, the second lightly doped region having a boundary
adjacent to a lower edge of the second of the sidewalls of the polysilicon structure and the second
heavily doped region having a boundary formed self aligned to a second edge of the layer of
conductive material.
10
10. A semiconductor circuit having a wiring line and a MOS device incorporating a
gate electrode, the MOS device formed over a semiconductor substrate, the wiring line and the
gate electrode each having a salicide structure comprising:
a polysilicon lower layer having sidewalls;
15 a layer of metal silicide overlying the polysilicon lower layer and extending laterally

beyond each-of the sidewalls of the polysilicon lower layer.

11.  The semiconductor circuit of claim 10, wherein the layer of metal silicide extends

laterally at least 500 A beyond the upper edge of each of the sidewalls of the polysilicon lower

20 layer.
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20 5. The sem conductor circuit of claim2, wherein the
comductive material is titaniumsilicide. 6. The senicondﬁé&%ﬂ%%ﬂﬂgga?EEN
of claim2, further conprising a second LDD 5 source/drain region

formed within the sem conductor substrate having a second IiH‘E}f't'ﬂ;i %ﬁ‘ﬂ clamil
region and a second heavily doped region, the seconqzlight1y:'ﬁﬁ
havi ng a boundary adjacent to a | ower edd& of the second of the sidewalls

of the polysilicon SEJ.UCtﬂlré%éx%QoCLchhgr c%rgﬁtog}glaim 11, wherein the MOS device further comprises

a first and a second LDD source/drain region formed within the semiconductor substrate on either
side of the gate electrode, each of the first and second LDD source/drain regions having a lightly
doped region and a heavily doped region, each of the lightly doped regions having a boundary

5 adjacent to a lower edge of the sidewalls of the polysilicon lower layer and each of the heavily

doped regions having a boundary formed self aligned to an edge of the layer of metal silicide.

13. The semiconductor circuit of claim 12, wherein the metal silicide comprises

titanium, cobalt or nickel.

14. A method of mak_ing a semiconductor device, comprising the steps of:
providing a semiconductor substrate and providing a layer of insulating material over at
least a portion of the semiconductor substrate;
forming a shaped polysilicon structure over the layer of insulating material, the shaped
15 polysilicon structure having protrusions extending laterally over a surface of the semiconductor
substrate;
depositing a metal layer on the shaped polysilicon structure; and
annealing the semiconductor device to produce a layer of metal silicide on the shaped
polysilicon structure.
20
15.  The method of claim 14, wherein the metal fayer is deposited by physical vapor

deposition.
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heavi |y doped region having a boundary forned self aligned to a secon
of the layer of conductive naterial-. 10 7.. A sem conductofTHESl‘i
awring line and a MOS devi ce incorporati ng a gate el ectrode,

devi ce faorned over a sem conductor substrate, the wiring |li:ne m ‘gﬂ
el ectrode each having a salicide structure conprising: . a ppﬁmﬂﬂ @M
| ayer having sidewalls; 15 a | &er of netal silicide overl y| ng

t he polysilicon | ower | ayer and extending laterally beyond each th
si dewal 1 s of the polt§si | Teeonethesdiclajmyife whergi diegqepl %’l‘}‘f‘é‘srpéi‘%l‘eds‘f‘ls‘f .ad‘éa““e”h“

there is a discontinuity in the deposited metal layer at or near the protrusions of the polysilicon

structure.

5 17. The method of claim 14, wherein the step of annealing the semiconductor device

consists of a rapid thermal anneal performed at a temperature within the range of 600°C to 750°C.

18.  The method of claim 17, wherein the rapid thermal anneal is performed at a

temperature of about 700°C.

10
19.  The method of claim 17, wherein the rapid thermal anneal continues for a time
between 10 to 120 seconds.
20.  The method of claim 18, wherein the rapid thermal anneal continues for 20 to 60
15 seconds.
21.  The method of claim 14, further comprising the step of etching the device in a
solution of NH,OH, H,0, and H,O subsequent to the step of annealing the semiconductor device.
20 22.  The method of claim 21, further comprising a second step of annealing the

semiconductor device at a temperature of about 850°C for about 20 seconds.

—_—
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conprises titanium cobalt or nickel. 8. The semi conduct orpgd £Gek+ HRS BEEN
claim?7, wherein the layer of netal silicide extends |ateral I y &iEplLRaED 500

A beyond the upper edge of each of the sidewalls of the polysiljcon |owet.
20 - layer. .21 9. The sem conductor circuit of clai mé““ whig ié dt\gﬁﬁ‘
MOS device further conprises 23 ‘“"‘ ‘“‘ ‘

23. The method of claim 14, further comprising a second step of annealing the

semiconductor device at a temperature of greater than 700°C for about 10 to about 120 seconds.

24. A method of forming a semiconductor device including a MOS transistor, the
5 method of making the MOS transistor comprising the steps of:

forming an insulator on a semiconductor substrate;

forming a shaped polysilicon electrode on the insulator, the shaped polysilicon electrode
having protrusions extending laterally over the semiconductor substrate;

forming by ion implantation LDD source/drain regions within the substrate on either side

10 of the shaped polysilicon electrode using the protrusions of the shaped polysilicon electrode as a

mask for the ion implantation to define the LDD source/drain region dopant distribution; and

forming a metal silicide layer over the shaped polysilicon electrode.

\
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a first and a second LDD source/drain rngg 1 t hi strhe SHEETHASB EN
sem conduct or substrate on either side ectrode,
first and second LDD source/drain regions havi ng alightly do
a heavily doped region, each of the lijghty mgﬁmmﬁﬁ“mgl ons hH§
5 adj acent to a Iower edge of the isiath he pol«yST
‘| ayer and each of the heavily doped regizans having a boundary formed self
al.igned to an edge ofs.t heTheay@od@ff claii Bl whdrdin tik etep of ¥Brnilk the shApeadgiolysiticanf
maki ng a sem conduct or device, conprising the steps of: providing a
sem conduct or sunsirodd struand cpmpiseslihagre dfayer of insulating nmaterial over
at least a portion of the sem conductor substrate;

depositing a first layer of masking material on the semiconductor device and a second

layer of masking material on the first layer of masking material;
5 forming an opening by removing a portion of the first and the second layers of masking
material;
laterally etching the second layer of masking material so that the opening is wider at the
second layer than at the first layer;
depositing polysilicon within the opening; and

10 removing the first and second Jayers of masking material.

26.  The method of claim 25, further comprising the step of depositing a third layer of

masking material on the second layer of masking material before the step of forming an opening.

15 27. The method of claim 26, wherein the first and third layers of masking material are

formed of the same material. .

28.  The method of claim 27, wherein the second layer of masking material comprises
silicon oxide.

20

29.  The method of claim 26, wherein the polysilicon is deposited by chemical vapor

deposition and is doped in situ.
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form ng a shaped polysilicon structure o tﬂ§ ayer
mat'eri al, the shaped 15 pol ysili Hg§§

extendlng | aterally over a surface of t

| ayer

I nsul ati ng
gre haV|ne 0 '

sem conguct or DS EHLE
depositing a netal |ayer on the sha gﬁ mfmi‘tﬁ structure; agl i ng
t he sem conductor device to producew silicjg el Al ped
pol ysilicon structure. 20 11. The nethodsof cIa|n110, AR nmet al
i s deposited by physical vapor deposition.
30.  The method of claim 24, wherein the step of forming a metal silicide layer
comprises the steps of:
depositing a layer of metal on the semiconductor device;
annealing the semiconductor device to form metal silicide on the shaped polysilicon
5 electrode; and
etching unreacted metal from the semiconductor device.
31.  The method of claim 30, wherein the deposited metal is selected from the group

consisting of titanium, cobalt, nickel, platinum and palladium.

0y g

—_— REPLACEMENT SHEET

This Sheet Has Been R

T 17 AN




22 12. The met hod of claim 10, wherein the netal l|layer is deposited in
such a manner that there is a discontinuity in the deposited netal |ayer at
or near the protrusions of the polysilicon structure. 5 13. The
met hod of claim 10, wherein the step of annealing the seniconductor device
consists of a rapid thernmal anneal perforned at a tenperature within the
range of [err] to [e[r] . _26 '
TitIe: An Improved Salicide Process Technology

Abstract of the Invention.

Salicide (self-aligned silicide) structures are formed using a process that does not form
oxide spacer structures alongside polysilicon gate electrodes and wiring lines. A shaped
polysilicon electrode is formed having protrusions extending beyond the sidewalls of the

5 electrode. LDD source/drain regions are formed by ion implantation using only the polysilicon
gate electrode as a mask, thereby forming LDD source drain/regions without using spacer oxide
regions. Physical vapor deposition is used to deposit a metal layer having discontinuities at or
adjacent the protrusions. A first rapid thermal anneal is performed to cause the metal to form a
metal silicide over the polysilicon electrode. Unreacted metal is etched and then a second rapid

10 thermal anneal is performed to convert the metal silicide to its lowest resistivity phase. Gate
electrodes and wiring lines having this structure generally are formed having lower stress in the

silicide layers, producing salicide structures having lower resistance than gate electrodes and

wiring lines formed using conventional salicide techniques.

Fig. 15
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14. The nethod of claim 13, wherein the rapid thermal anneal is perforned
at ‘astenperature of about [err]. 10 15. The nethod of claim13,  wherein

the rapid thermal anneal continues for a tine bgt weRBPLACEMENIOSHEETS'dS.SG
16. The nethod of claim 14, wherein the rapid tghgr cnpﬂaeab%@dn,ﬂmup@geﬂof"

20 to 60 15 seconds. 17. The method of clai mj18 Clatthisher : [ 1&iongadel 25

step of etching the device in a solution of [err ]ga@%“hg,;(gj %ﬂ % éeﬁ-—

the step of annealing the sem conductor device. | [j Abstract paged _____ to paged 7.
i DATE OF RECEIPT .Z/78RcH A7
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20 '

about 20 seco

18.

The nethod of claim 17, further conprising a second step

of “anneal i ng the sem conductor device at a tenperature of about [err] for
ds

2.3.19

The net hod of -claim 10, further conprising a

second step of
greater than [e
formng a sem

REPDAEEMENT SHEEF

m conduct or device at a tenperature of
to about 120 seconds. 20. A net hod of
ncl udi ng a MOS—transistor, the

N

conductor devi cp
0 4 MAR 1999
1.

19

A semiconductor circuit “omprising:

a semiconductor substrate;

a layer of insulating material on the semiconductor substrate;

a polysilicon structure on the layer of insulating material formed to have two sidewalls

5 extending above the semiconductor substrate;

a layer of conductive material on the polysilicon structure extending laterally beyond both

sidewalls of the polysilicon structure; and

a first LDD source/drain region formed within the semiconductor substrate having a first

lightly doped region and a first heavily doped region, the first lightly doped region having a

10 boundary adjacent to a lower edge of a first one of the sidewalls of the polysilicon structure and

the first heavily doped region having a boundary formed self aligned to a first edge of the layer of

~ conductive material.

2. The semiconductor circuit of claim -1 wherein the layer of conductive material is a
15 metal silicide.
3. The semiconductor circuit of claim 2, wherein the metal silicide comprises silicon

and at least one metal from the group consisting of titanium, cobalt, nickel, platinum and
palladium.

20

4. The semiconductor circuit of claim.3, wherein the metal silicide is in a phase

having a lower resistivity than other phases of the metal silicide.



5: " method of meking the MOS transistor conprising the steps of: formng
an insulator on a sem conductor substrate; form ng a shaped polysilicon

el ectrode on the insul ator,. the shaped polysilicon el ectrode having
protrusi ons ex ' over the sem conductor substrate; formng
by ion inplant RERI;A N'@LS}Z[EE rain regions within the substrate on either
side 10 of| t +Si]l i con el ectrode using the protrusions of

t he shaped pollys lpxﬂﬂﬁlﬁﬁér dg as a mask fror the ion inplantation to

define the LDO r ggijon dopant distribution, and formng a neta
silicide |ayer pol ysilicon el ectrode.

| O D A

5. The semiconductor circuit of claim 2; wherein the layer of conductive material is

titanium silicide.

6. The semiconductor circuit of claim 2, further comprising a second LDD
5 source/drain region formed within the semiconductor substrate having a second lightly doped
region and a second heavily doped region, the second lightly doped region having a boundary
_adjacent to a lower edge of the second of the sidewalls of the polysilicon structure and the second

heavily doped region having a boundary formed self aligned to a second edge of the layer of

conductive material.

10
7. A semiconductor circuit having a wiring line and a MOS device incorporating a
gate electrode, the MOS device formed over a semiconductor substrate, the wiring line and the
gate electrode each having a salicide structure comprising:
a polysilicon lower layer having sidewalls;
15 a layer of metal silicide overlying the polysilicon lower layer and extending laterally

beyond each of the sidewalls of the polysilicon lower layer, wherein the metal silicide
comprises titanium, cobalt or nickel.
' 3..- The semiconductor circuit of claim 7 , wherein the layer of metal silicide extends

laterally at least 500 A beyond the upper edge of each of the sidewalls of the polysilicon lower

20 layer.



24 21. .The met had of cIa|n120 wherein the step of form ng the shaped

pol ysilicon el ect "ﬁT Porm 1 e corrpm ses the steps of: depositing a first

| ayer of masking ey ] gy conduct or device and a second | ayer of
maski ng materi al of masking material; 5

form ng an openi brtion of the first and the second | ayers

of maski ng mater
NN

21

a, The semiconductor circuit of claim 8, whereir the MOS device further comprises
a first and a second LDD source/drain region formed within the semiconductor substrate on either
side of the gate electrode, each of the first and second LDD source/drain regions having a lightly
doped region and a heavily doped region, each of the lightly doped regions having a boundary
5 adjacent to a lower edge of the sidewalls of the polysilicon lower layer and each of the heavily

doped regions having a boundary formed self aligned to an edge of the layer of metal silicide.

10

0. A method of making a semiconductor device, comprising the steps of:
providing a semiconductor substrate and providing a layer of insulating material over at
least a portion of the semiconductor substrate;
forming a sﬁaped polysilicon structure over the layer of insulating material, the shaped
15 polysilicon structure having protrusions extending laterally over a surface of the semiconductor
substrate;
depositing a metal layer on the shaped polysilicon structure; and
annealing the semiconductor device to produce a layer of metal silicide on the shaped
polysilicon structure.
20

11. The method of claim 10, wherein the metal layer is deposited by physical vapor

deposition.
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12.  The method of claim 10, wherein the metal layer is deposited in such a manner that
there is a discontinuity in the deposited metal layer at or near the protrusions of the polysilicon

structure.

13. The method of claim 10, wherein the step of annealing the semiconductor device

consists of a rapid thermal anneal performed at a température within the range of 600°C to 750°C.

14. The method of claim 13 wherein the rabid thermal anneal is performed at a

temperature of about 700°C.

15. The method of claim 13, wherein the rapid thermal anneal continues for a time

between 10 to 120 seconds.

16.  The method of claim 14, wherein the rapid thermal anneal continues for 20 to 60

seconds.

17.  The method of claim 10, further comprising the step of etching the device .n a

solution of NH,OH, H,0, and H,0 subsequent to the step of annealing the semiconductor device.

"18.  The method of claim 17, further comprising a second step of annealing the

semiconductor device at a temperature of about 850°C for about 20 seconds.
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19, The method of claim 10, further comprising a second step of annealing the

semiconductor device at a temperature of greater than 700°C for about 10 to woout 120 seconds.

20. A method of forming a semiconductor device including a MOS transistor, the
5 method of making the MOS transistor comprising the steps of:

forming an insulator on a semicondl;ctor substrate;

forming a shaped polysilicon electrode on the insulator, the shaped polysilicon electrode
having protrusions extending laterally over the semiconductor substrate;

forming by ion implantation LDD source/drain regions within the substrate on either side

10 of the shaped polysilicon electrode using the protrusions of the shaped polysilicon electrode as a

mask for the ion implant__ation to define the LDD source/drain region dopant distribution; and

forming a metal silicide layer over the shaped polysilicon electrode.
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21. The method of claim 20, wherein the step of forming the shaped polysilicon
electrode strjucture comprises the steps of:

depositing a ﬁr.st layer of masking material on the semiconductor device and a second
layer of masking material on the first layer of masking matenal;

forming an opening by removing a pdnion of the first and the second layers ¢f masking

material;

laterally etching the second layer of masking material so that the opening is wider at the
second layer than at the first layer;

depositing polysilicon within the opening; and

removing the first and second layers of masking material.

22,  The method of claim 21, further comprising the step of depositing a third layer of

masking material on the second layer of masking material before the step of forming an opening.

23.  The method of claim 22, wherein the first and third layers of masking material are

formed of the same material.

24,  The method of claim 23, wherein the second layer of masking material comprises

silicon oxide.

25.  The method of claim 22, wherein the polysilicon is deposited by chemical vapor

deposition and is doped in situ.
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26.  The method of claim 20, wherein the step of forming a metal silicide layer
comprises the steps of:

depositing a I;ayer of metal on the semiconductor device;

annealing the semiconductor device to form metal silicide on the shaped polysilicon
electrdde; and

etching unreacted metal from the semiconductor device.

27.  The method of claim 26, wherein the deposited metal is selected from the group

consisting of titanium, cobalt, nickel, platinum and palladium.



