
WO 03/054964 PCT/US02/39781  MONOS DEVICE HAVING BURIED METAL SILICIDE BIT
LINE  FIELD OF THE INVENTION The present invention relates to the field of
semiconductor device manufacture, and more  particularly, to the
fabrication of metal oxide nitride oxide semiconductor (MONOS) cells.
BACKGROUND OF THE INVENTION Figure 1, to which reference is made,
illustrates a typical prior art MONOS cell. The cell includes a  substrate
10 in which are implanted a source 12 and a drain 14 and on top of which
lies an oxide-nitride-oxide  (ONO) structure 16 having a layer of nitride
17 sandwiched between two oxide layers 18 and 20. On top of the  ONO
structure 16 lies a gate conductor 22. Between source 12 and drain 14 is a
channel 15 formed under  ONO structure 16. Nitride section 17 provides the
retention mechanism for programming the memory cell. Specifically,  when
programming voltages are provided to source 12, drain 14 and gate conductor
22, electrons flow towards  14. According to the hot electron injection
phenomenon, some hot electrons penetrate through the lower  section of
silicon oxide 18, and especially if section 18 is thin, they are then
collected in nitride section 17. As  is known in the art, nitride section
17 retains a received charge labeled 24, in a concentrated area adjacent
drain 14. Concentrated charge 24 significantly raises the threshold of the
portion of the channel of the memory  cell under charge 24 to be higher
than the threshold of the remaining portion of the channel 15. When
concentrated charge 24 is present (i.e., the cell is programmed), the
raised threshold of the cell  does not permit the cell to be placed into a
conductive state during reading of the cell. If concentrated charge  24 is
not present, the read voltage on gate conductor 22 can overcome the much
lower threshold and  accordingly, channel 15 becomes inverted and hence,
conductive. Dopants may be implanted into a substrate to form buried bit
lines. Such bit lines are limited in terms  of scaling of the semiconductor
device, and also are limited in terms of the resistance of the bit line.
There is a  need for a buried bit line in an MONOS device with very low
resistance, thereby allowing scaling down of the  bit line and the
shrinking of the cell size. SUMMARY OF THE INVENTION This and other needs
are met by embodiments of the present invention which provide a method of
forming an MONOS (metal oxide nitride oxide semiconductor) device,
comprising the steps of forming a  charge trapping dielectric layer on a
substrate, and etching a recess through the charge trapping dielectric
layer  in accordance with the bit line pattern. A metal silicide bit line
is then formed in the recess. The use of metal silicide in the bit line
provides a very low resistance bit line that allows scaling  



downwardly of the width of the bit line. It reduces the frequency of
contacting bit line and allows shrinkage of  the cell size. Also, a planar
architecture of the bit line may be provided. In certain embodiments of the
invention, a laser thermal annealing process is used to form the metal
silicide within the recess in the substrate. The use of laser thermal
annealing enables the metal silicide to be  1 WO 03/054964 PCT/US02/39781
formed in a controlled manner, with a low thermal budget and precise
application of the laser energy to areas  to be silicided. The earlier
stated needs are also met by embodiments of the present invention which
provide a metal  oxide nitride oxide semiconductor (MONOS), comprising a
substrate, a charge trapping dielectric layer on the  substrate, and a
recess in the charge trapping dielectric layer. A metal silicide bit line
is provided in the recess. The foregoing and other features, aspects and
advantages of the present invention will become more  apparent from the
following detailed description of the present invention when taken in
conjunction with the  accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 is a schematic illustration of a prior art MONOS memory
cell. Figure 2 is a schematic cross-section of a portion of a MONOS device
following the formation of an  ONO layer on a substrate. Figure 3 shows the
structure of Figure 2, following the formation of a bit line mask on the
ONO layer  in accordance with embodiments of the present invention. Figure
4 depicts the structure of Figure 3, after a recess has been etched through
the ONO layer and  into the substrate, in accordance with embodiments of
the present invention. Figure 5 shows the structure of Figure 4, following
the deposition of a refractory metal layer. Figure 6 depicts the structure
of Figure 5, following the annealing to form metal silicide and after
unreacted metal is removed from the structure, in accordance with
embodiments of the present invention.  Figure 7 shows the structure of
Figure 6, following the masking and implantation of source/drain regions,
in accordance with embodiments of the present invention. Figure 8 depicts
the structure of Figure 7, following the formation of bit line oxide over
the metal  silicide bit lines, in accordance with embodiments of the
present invention. Figure 9 shows the structure of Figure 8, after
polysilicon word lines have been deposited over the  ONO layer and the bit
line oxide in accordance with embodiments of the present invention. Figure
10 shows the structure of Figure 9, after a low resistance silicide has
been formed on the  polysilicon word lines, in accordance with embodiments
of the present invention. 



Figure 11 shows an alternative embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION The present invention addresses and
solves problems related to MONOS devices with buried bit  lines. In
particular, the present invention reduces the resistance of buried bit
lines in MONOS devices, which  bit lines were typically formed by implanted
ions. Through the formation of metal silicide bit lines, the present
invention produces very low resistance bit lines and allows scaling down of
the width of the bit lines, as well  as reducing the frequency of
contacting bit lines. Furthermore, the use of the metal silicide bit lines
allows  shrinkage of the cell size. Figure 2 is a cross-section of a
portion of an MONOS cell architecture with a substrate 30. The  substrate
30 is a P-substrate in Figure 2. The substrate 30 is overlaid with a charge
trapping dielectric layer 32.  In the following described embodiment, the
charge trapping dielectric layer 32 is referred to as an ONO layer  2 WO
03/054964 PCT/US02/39781  32. However, in other embodiments of the
invention, other types of charge trapping layers are employed, such  as an
oxide/silicon oxynitride/oxide layer, etc., known to those of skill in the
art. For the illustrated exemplary  embodiment of an ONO layer 32, a bottom
oxide layer 34 is grown over the substrate 30 to a desired  thickness. This
is followed by deposition of a nitride layer 36 over the bottom oxide layer
34. A top oxide  layer 38 is produced, either through oxidation of the
nitride, by deposition or a combination thereof. The  formation of the ONO
layer 32 is well known to those of ordinary skill in the art and any such
conventional  methodology may be employed to produce the ONO layer 32. The
next step involves depositing a bit line mask 40 (typically photoresist 42
patterned in a well- known manner), whose layout within the memory array
portion of the chip is provided to create bit lines,  forming lines of
sources and lines of drains. The side view of Figure 3 illustrates the
portion of the MONOS  within the memory array portion with the photoresist
42 patterned. The photoresist columns 42 of the bit line  mask 40 define
the areas where the bit lines will not be provided. These are the locations
of the channels of the  devices. Referring to Figure 4, the ONO layer 32 is
etched through in accordance with the bit line mask 40.  The etching
continues through the ONO layer 32 and into the substrate 30 to a specified
depth. An anisotropic  etch, which is a reactive ion etch, may be employed
to form the etching step. Following the etching step, the  bit line mask 40
is removed by conventional photoresist removal techniques. After the
etching process is completed to provide the recess 44 in substrate 30, a
refractory metal  layer 46 is deposited over the substrate 30 and the ONO
layer 32. The refractory metal layer 46 may be any of  a number of
different materials, such as tungsten, cobalt, nickel, titanium, platinum,
palladium, etc. Such  



metals are known to react with silicon to form metal silicides. The
deposition of the refractory metal layer 46  may be performed in a
conventional manner. Figure 6 shows the structure of Figure 5 after an
annealing step is performed to create silicide within  the recess 44. The
silicide 48 is preferably a low resistance phase of the particular metal
silicide that is formed.  A rapid thermal annealing (RTA) process may be
employed to cause the refractory metal 46 to react with the  silicon in the
substrate 30 to form the metal silicide. However, in certain embodiments of
the present  invention, a laser thermal annealing (LTA) process is used to
react the metal with the silicon. Arrows 15 in  Figure 6 indicate this.
Some of the advantages of using LTA to form the silicide is the lower
thermal budget  provided by LTA, and the precise control of the area to
which the laser energy is applied that is possible with  LTA. In other
words, the laser energy can be directed relatively precisely at the
recesses 44 to anneal the metal  silicide. The energy fluence of the laser
is readily determined by one of ordinary skill in the art, and will be
dependent upon the type of silicide to be formed, the desired thickness of
the silicide, etc. Exemplary  parameters of the laser thermal annealing
include providing an energy fluence of between about 50 mJ/cm2 to  about
1.3 J/cm2. Figure 6 also shows the structure after removal of any unreacted
metal remaining after the annealing  process is complete and the silicide
has been formed. Such unreacted removal techniques are well known to  those
of ordinary skill in the art, and depend upon the particular type of metal
silicide that has been formed. In Figure 7, an ion implantation process has
been performed to create source/drain regions 52 in the  substrate 30. The
source/drain regions are formed by the implantation of arsenic through the
metal silicide bit  line 48, so that the source/drain regions underlie the
bit lines 48. A conventional masking and implantation  3 WO 03/054964
PCT/US02/39781  process may be employed to create the source/drain regions
52. One of ordinary skill in the art may select the  appropriate dosage and
implant energies. It should be appreciated, however, that the masking step
may not be  necessary as a self-aligned implant may be used in which the
implants are self-aligned to the ONO structures. Although the ion
implantation process is depicted as occurring after the silicidation
process in the  exemplary embodiment, in other embodiments of the
invention, the ion implantation is performed prior to the  silicidation
process. For example, with proper selection of implant energies, the
dopants can be implanted after  the bit line mask 40 is formed. However, a
more preferred embodiment implants the dopants immediately after  the
etching is completed, thereby preventing unwanted removal of the implanted
species. A bit line oxide 54 is formed in the recess 44 on top of the metal
silicide bit line 48, as seen in Figure  8. The bit line oxide 54 may be
thermally grown over the bit lines 48 in an oxidation operation. The
oxidation  



process may be a low temperature oxidation of about 800C. Alternatively,
the bit line oxide 54 may be  deposited. Following the formation of the bit
line oxide 54, polysilicon or metal word lines 56 are deposited  over the
bit line oxide 54 and the ONO layer 32. The polysilicon word lines are
formed in accordance with a  word line mask (shown in Figure 9). The bit
line oxide 54 may include some or all of the top oxide layer 38 of  the ONO
layer 32. A low resistance silicide 58 is then provided on top of the
polysilicon word line 56. This may be  accomplished by the deposition of a
refractory metal on the polysilicon word lines 56 and annealing (RTA or
LTA for example). The metal that is not on the polysilicon will cover the
oxide of the ONO layer 32 or the bit  line oxide 54 and hence, will not
react with the oxide to form silicide. The unreacted metal may be removed
by a conventional technique. As depicted in the resulting structure of
Figure 10, a MONOS device with a buried metal silicide bit  line 48 is
provided by the methodology of present invention. The MONOS device as
created has a very low  resistance bit line, improving device performance,
and allowing the width of the bit line to be reduced and the  cell size to
also be reduced. Further, the frequency of contacting the bit line may also
be reduced. Another  advantage of the structure is the planar architecture
that the use of a metal silicide bit line provides. In alternative
embodiments, as depicted in Figure 11, the substrate 30 is not etched, only
the ONO  layer 32 down to the substrate 30. The silicide 48 is formed on
the substrate 30. Although the present invention has been described and
illustrated in detail, it is to be clearly  understood that the same is by
way of illustration and example only and is not to be taken way limitation,
the  scope of the present invention being limited only by the terms of the
appended claims. 4 WO 03/054964 PCT/US02/39781  WHAT IS CLAIMED IS: 1. A
method of forming a MONOS (metal oxide nitride oxide semiconductor) device,
the  method comprising the steps of: forming charge trapping dielectric
layer (32) on a substrate (30); etching a recess (44) through the charge
trapping dielectric layer (32) in accordance  with a bit line pattern; and
forming a metal silicide bit line (48) in the recess (44). 2. The method of
claim 1, wherein the step of forming a metal silicide bit  line (48)
includes: depositing a refractory metal (46) in the recess (44); and laser
thermal annealing within the recess (44) to form metal silicide (48) in the
recess (44).  



3. The method of claim 2, further comprising implanting dopants (50) into
the substrate (30) to form source/drain regions (52) below the metal
silicide bit line (48).  4. The method of claim 3, further comprising
forming oxide (54) in the recess over the metal silicide bit line. 5. The
method of claim 2, wherein the step of laser thermal annealing comprises
applying laser  energy with an energy fluence of between about 50 mJ/cm2 to
about 1.3 J/cm2. 6. The method of claim 1, wherein the charge trapping
layer (32) is an oxide-nitride-oxide  layer. 7. A metal oxide nitride oxide
semiconductor (MONOS) comprising:  a substrate (30); a charge trapping
dielectric layer (32) on the substrate (30);  a recess (44) in the charge
trapping dielectric layer (32); and  a metal silicide bit line (48) in the
recess (44). 8. The MONOS of claim 7, wherein the metal silicide bit line
(48) is a  buried bit line. 9. The MONOS of claim 8, further comprising
oxide on the metal silicide bit line in the recess  and word lines over the
charge trapping dielectric layer and the oxide. 10. The MONOS of claim 9,
further comprising a source/drain region  under the metal silicide bit
line. 11. The MONOS of claim 10, wherein the metal silicide bit line  5 WO
03/054964 PCT/US02/39781  comprises laser thermal annealed metal silicide.
12. The MONOS of claim 11, wherein the charge trapping dielectric layer is
an oxide-nitride- oxide (ONO) layer. 13. The MONOS of claim 12, wherein the
recess extends into the substrate and the metal  silicide bit line is in
the recess. 6 


