
E[(  METHOD OF FORMING MOSFET DEVICE HAVING SOURCE/DRAIN EXTENSION REGIONS
LOCATED UNDERLYING L SHAPED SPACERS  BACKGROUND OF THE INVENTION (1) Field
of the Invention The present invention relates to methods used to fabricate
semiconductor devices, and  more specifically to methods used to fabricate
metal oxide semiconductor field effect,  (MOSFET), devices, with improved
performance, and increased device density, via use of  MOSFET process
innovations. (2) Description of Prior Art Major objectives of the
semiconductor industry continues to be increased device  performance, and
decreased process costs. The trend to micro-miniaturization, or the use of
sub- micron features, have allowed these objectives to be successfully
addressed. The creation of  MOSFET devices, with sub-micron features,
results in a reduction in performance degrading  parasitic capacitances,
while the use of sub-micron features allow the attainment of smaller
semiconductor chips, however still accommodating the level of integration
supplied by larger  counterparts, thus enabling a greater number of smaller
semiconductor chips to be obtained from  a specific size starting wafer,
thus reducing the processing cost for a specific semiconductor chip. In
addition to micro-miniaturization, basically obtained via advances in the
photolithographic discipline in terms of more advanced exposure cameras,
and more sensitive  1 photoresist materials, specific MOSFET process
sequences have also allowed specific MOSFET  



features to be reduced in size, and by so doing improve device performance.
This invention will  describe novel MOSFET process sequences used minimize
specific MOSFET features, thus  enhancing device performance. The formation
of a source/drain extension, or a lightly doped  source/drain, (LDD),
region, accomplished after formation of other features, such as heavily
doped source/drain regions, or polycide gate structures, allow this LDD
region to maintain the  minimum designed dimensions, as a result of
avoiding the high temperature processes used for  formation of heavily
doped source/drain regions, or polycide gate structures. In addition these
novel process sequences, used to create the source/drain extension, also
allows the attainment of  shallower, heavily doped source/drain regions,
resulting from the diffusion from an overlying  doped epitaxial layer, as
well as resulting in a planar top surface topography, both contributing to
increased device performance, and increased device density, or process cost
reduction. Prior art,  such as Hong, in U.S. Pat. No. 5,899,719, describes
a sub-micron MOSFET device, featuring a  source/drain extension. However
that prior art does not feature the use of selectively grown  epitaxial
silicon to define a subsequent gate region, and to supply the dopants
needed for the  heavily doped source/drain region. SUMMARY OF THE INVENTION
It is an object of this invention to fabricate a MOSFET device, featuring
source/drain  extension regions, or an LDD regions, formed after formation
of heavily doped source/drain  regions, and after formation of polycide
gate structures. 2 It is another object of this invention to form shallow,
heavily doped source/drain regions,  via diffusion from an overlying
selective epitaxial grown, (SEG), silicon layer, prior to formation  



of the source/drain extension regions. It is still another object of this
invention to form a metal silicide layer on the gate structure,  as well as
on the top surface of the SEG silicon regions, prior to the formation of
the source/drain  extension regions. It is still yet another object of this
invention to provide a smooth top surface topography  for the MOSFET
device, by forming the gate structure between SEG silicon regions. In
accordance with the present invention a process for forming a MOSFET
device,  featuring source/drain extension regions, formed prior to high
temperature procedures used to  form heavily doped source/drain regions, as
well as polycide gate structures, is described. A first  iteration of this
invention incorporates the formation of doped, SEG silicon regions, on a
semiconductor substrate, with a channel region, located in the area of the
semiconductor  substrate, located between the doped, SEG silicon regions.
After formation of first insulator  spacers, on the sides of the doped SEG
silicon regions, a gate insulator layer, and a polysilicon  gate structure,
are formed in the space between the first insulator spacers, located on the
sides of  the doped SEG silicon regions, with the polysilicon gate
structure formed to the same height as  the doped SEG silicon regions.
Selective removal of the first insulator spacers, followed by an  ion
implantation procedure, create the source/drain extension regions, in an
area of the  semiconductor substrate located between the overlying, doped
SEG silicon regions, and the 3 overlying, polysilicon gate structure. The
source/drain extension regions link to the heavily  doped source drain
regions, located under the doped SEG silicon regions, formed via diffusion
from the overlying, doped SEG silicon regions, during previous process
steps. Second insulator  



spacers are then formed, located between the doped SEG silicon regions, and
the polysilicon gate  structure, with the second insulator spacers
overlying the source/drain extension regions,  resulting in a MOSFET device
with a planar top surface topography. A second iteration of this invention
features the formation of a metal silicide layer, on the  top surface of
the polysilicon gate structure, and on the top surface of the doped, SEG
silicon  regions, prior to removal of the first insulator spacers. After
removal of the first insulator spacers,  the source/drain extension regions
are again formed in an area of the semiconductor substrate,  located
between the overlying doped SEG silicon regions, and the overlying polycide
gate  structure. Formation of the second spacers is again used, overlying
the source/drain extension  regions, and to fill the space vacated by the
removal of the first insulator spacers. A third iteration of this invention
comprises the formation of L shaped, insulator spacers,  located overlying
the source/drain extension regions. This is accomplished by forming first
insulator spacers on the sides of the doped SEG silicon regions, followed
by the formation of an  dielectric shape, located between the doped, SEG
silicon regions, lined with the first insulator  spacers. Selective removal
of the first insulator spacers allow the formation of the source/drain
extension regions, in an area of the semiconductor substrate, located
between the overlying,  doped SEG silicon regions, and the overlying
dielectric shape. Removal of the first insulator  spacers, and of the
dielectric shape, is followed by the formation of dual dielectric spacers,
on the  sides of the doped SEG silicon regions, overlying the source/drain
extension regions. 4 Selective removal of the top layer, of the dual
dielectric spacers, result in L shaped spacers, on  the sides of the doped
SEG silicon regions. Gate insulator growth, and polysilicon gate  



formation, in the region between the doped SEG silicon regions, lined with
the L shaped spacers,  are then employed. BRIEF DESCRIPTION OF THE DRAWINGS
The object and other advantages of this invention are best described in the
preferred  embodiment with reference to the attached drawings that include:
Figs. 1 - 7, which schematically, in cross-sectional style, describe key
fabrication stages  used for a first iteration of this invention, featuring
the creation of a source/drain extension region,  for a MOSFET device,
formed after the high temperature formation of heavily doped source/drain
regions. Figs. 8 - 10, which schematically, in cross-sectional style,
describe key fabrication stages  used for a second iteration of this
invention, featuring the creation of a source/drain extension  region, for
a MOSFET device, formed after the high temperature formation of heavily
doped  source/drain regions, and after the high temperature formation of a
metal silicide layer. Figs. 11 - 15, which schematically, in
cross-sectional style, describe key fabrication stages  used with a third
iteration of this invention, featuring the formation of an L shaped spacer,
overlying a source/drain extension region, which in turn is formed prior to
the formation of  heavily doped source/drain regions. 5 DESCRIPTION OF THE
PREFERRED EMBODIMENTS The method of fabricating a MOSFET device, featuring
a source/drain extension region, or  a lightly doped source/drain region,
formed prior to the high temperature process procedures used  for formation
of heavily doped source/drain regions, and for formation of metal silicide
layers, will  



now be described in detail. This invention will be described for a N
channel MOSFET device,  however this invention can also be applied to P
channel, MOSFET devices. A P type, semiconductor substrate 1, comprised of
single crystalline silicon, with a <100>  crystallographic orientation, is
used and shown schematically in Fig. 1. An insulator layer, such as
silicon oxide, is next deposited via low pressure chemical vapor
deposition, (LPCVD), or via  plasma enhanced chemical vapor deposition,
(PECVD), procedures, to a thickness between about  1000 to 3000 Angstroms.
Conventional photolithographic and anisotropic, reactive ion etching,
(RIE), procedures, using CHF3 as an etchant, are used to create insulator
shape 2, also shown  schematically in Fig. 1. The photoresist shape used to
define insulator shape 2, is removed via  plasma oxygen ashing and careful
wet cleans. The width of insulator shape 2, will subsequently  define the
region of semiconductor substrate 1, to be used as the MOSFET channel
region, and to  accommodate the source/drain extension regions. An undoped,
or an in situ doped, epitaxial  silicon layer is next selectively grown on
exposed regions of semiconductor substrate 1, resulting  in selectively
grown epitaxial, (SEG), silicon regions 3, shown schematically in Fig. 2.
SEG  regions 3, are formed via LPCVD procedures, at a temperature between
about 600 to 1000 C, to  a thickness between about 1000 to 3000 Angstroms,
using silane or dichlorosilane as a source, or  using disilane and HCl as a
source, with hydrogen used as a carrier gas.. The in situ doped 6 SEG
regions are formed via the addition of phosphene, for N type SEG regions,
or via the addition of diborane, for P type SEG regions, to the source gas,
or the SEG regions can be  formed from an intrinsic deposition, followed by
the ion implantation of phosphorous, or boron  ions. The doping level in
SEG silicon regions 3, which will be used as a diffusion source to  



subsequently create underlying heavily doped source/drain regions, is
between about 1 E22 to 1 E23 ato ns/em3. Insulator shape 2, is next
selectively removed via use of a buffered hydrofluoric acid  solution. This
can be seen in Fig. 3. Ion implantation procedures are next employed to
place a  threshold adjust region, and a anti-punch through region, (not
shown in the drawings), in the  channel region, or the region of
semiconductor substrate 1, not covered by SEG silicon regions 3.  An
insulator layer, such as silicon oxide, or silicon nitride, is next
deposited using either LPCVD  or PECVD procedures, to a thickness between
about 300 to 800 Angstroms. A selective,  anisotropic RIE procedure, using
CHF3 as an etchant, is then employed to create insulator  spacers 4, on the
sides of SEG silicon regions 3. This is schematically shown in Fig. 3. The
thickness of the insulator layer, or the width of insulator spacers 4, will
subsequently determine  the dimension of the source/drain extension
regions. A gate insulator layer 5a, comprised of silicon dioxide, is next
thermally grown on the  exposed surface of semiconductor substrate 1, to a
thickness between about 10 to 200  Angstroms, using an oxygen - steam
ambient, at a temperature between about 600 to 1100 C.  During the
oxidation procedure, silicon dioxide layer 5b, is also formed on the top
surface SEG  silicon regions 3. This is schematically shown in Fig. 4. If
desired gate insulator layer 5a, can  be comprised of nitrided oxide,
silicon nitride, tantalum oxide, or titanium oxide. Also shown in 7 Fig. 4,
as the result of out diffusion from SEG silicon regions 3, during the gate
insulator  oxidation procedure, is the creation of heavily doped
source/drain regions 9, directly underlying  SEG silicon regions 3. A
polysilicon layer is next deposited using LPCVD procedures, to a  



thickness between about 1000 to 3000 Angstroms. The polysilicon layer can
be doped in situ,  during deposition, via the addition of arsine, or
phosphine, to a silane ambient, or the polysilicon  layer can be deposited
intrinsically, then doped via ion implantation of arsenic or phosphorous
ions. A chemical mechanical polishing, (CMP), procedure is next used to
remove regions of the  polysilicon layer from silicon dioxide layer 5b,
resulting in the formation of polysilicon gate  structure 6, shown
schematically in Fig. 4. If desired polysilicon gate structure 6, can be
defined  via a selective RIE procedure, using C12 or SF6 as an etchant,
selectively stopping on silicon  dioxide layer 5b. Insulator spacers 4, are
next selectively removed, via use of a buffered hydrofluoric acid
solution, creating space 7, located between SEG silicon regions 3, and
polysilicon gate  structure 6. This is schematically shown in Fig. 5. The
buffered hydrofluoric acid procedure,  used to remove insulator spacers 4,
also results in the removal of silicon dioxide layer 5b, from  the top
surface of SEG silicon regions 3. Critical source/drain extension regions
8, are now  formed in the region of semiconductor substrate 1, exposed in
space 7. Source/drain extension  regions 8, shown schematically in Fig. 5,
are formed via implantation of arsenic, or phosphorous  ions, at an energy
between about 3 to 100 KeV, and at a dose between about 5E13 to IEl5
atoms/cm2. Source/drain extension regions 8, have now been formed at a
stage of the MOSFET device  8 fabrication sequence, after the high
temperature processing steps have already been performed,  thus avoiding
out diffusion and movement of this region during the concluding MOSFET
processing sequences. 



Spaces 7, used to allow formation of source/drain extension regions 8, are
next refilled  with insulator spacers 10, schematically shown in Fig, 6.
This is accomplished via deposition of  an insulator layer, such as silicon
oxide, via LPCVD or PECVD procedures, to a thickness  between about 1000 to
3000 Angstroms, completely filling spaces 7. A CMP procedure is then
employed to selectively remove the insulator layer from the top surfaces of
SEG silicon regions  3, and from polysilicon gate structure 6, resulting in
the formation of insulator spacers 10,  directly overlying source/drain
extension region 8, and located between SEG silicon regions 3,  and
polysilicon gate structure 6. A selective RIE procedure, using CHF3 as an
etchant can be  used, if desired, to form insulator spacers 10, via removal
of unwanted regions of the insulator  layer. The use of SEG silicon regions
3, overlying heavily doped source/drain regions 9, existing  at the same
height, or level, as polysilicon gate structure 6, enables a planar top
surface  topography, for the MOSFET device, to be achieved at this
processing stage, reducing the  complexity for subsequent processing. An
interlevel dielectric, (ILD), layer 11, comprised of  silicon oxide, or
comprised of a borophosphosilicate glass, is next deposited via LPCVD or
PECVD procedures, to a thickness between about 6000 to 20000 Angstroms.
Conventional  photolithographic and RIE procedures, using CHF3 as an
etchant, are used to open contact holes 12, in ILD layer 11, shown
schematically in Fig. 7, exposing a portion of the top surface of  9 SEG
silicon regions 3. Another contact hole, not shown in the drawings, is
formed in insulator  layer 11, exposing a portion of the top surface of
polysilicon gate structure 6. After removal of  the photoresist shape, used
for definition of contact holes 12, metal structures 13, are formed in  



contact holes 12, overlying, and contacting, SEG silicon regions 3, which
in turn overlay and  contact, heavily doped source/drain regions 9. Metal
structures 13, are formed via deposition of  a metal, chosen from a group
containing; aluminum, aluminum - copper, copper, or tungsten, via  plasma
vapor deposition, or via R.P. sputtering procedures, to a thickness between
about 8000 to  25000 Angstroms. Conventional photolithographic and RIE
procedures, using Cl2 or SF6 as an  etchant, are used to define metal
structures 13, schematically shown in Fig. 7. Removal of the  photoresist
shape, used for definition of metal structures 13, is then performed via
plasma oxygen  ashing and careful wet cleans. A second iteration of this
invention is the use of a metal silicide layer, on the top surface of  SEG
silicon regions 3, and the use of a polycide, (metal silicide -
polysilicon), gate structure.  Referring to Fig. 8, at the stage of
processing in which polysilicon gate structure 6, has been  formed, located
between insulator spacers, a metal layer, such as titanium, or cobalt, is
deposited,  via plasma vapor deposition, or via R.P. sputtering procedures,
at a thickness between about 200  to 600 Angstroms. An anneal procedure,
performed using either conventional furnace  procedures, or using rapid
thermal anneal, (RTA), procedures, is used at a temperature between  about
700 to 900 C, to form metal silicide layer 21, (titanium disilicide or
cobalt silicide), on the  top surface of SEG silicon regions 3, and on the
top surface of polysilicon gate structure 6.  Removal of unreacted metal,
from the top surface of insulator spacers 4, is next accomplished  using a
solution comprised of H2SO4, H202, HCI, and NH4OH. A second anneal cycle
can be 10 employed if desired to reduce the resistance of polycide gate
structure 22, comprised of metal  silicide layer 21, on polysilicon gate
structure 6. This is schematically shown in Fig. 8. 



Selective removal of insulator spacers 4, and the formation of source/drain
extension  regions 8, are accomplished using identical procedures as
previously described for the first  iteration of this invention, and shown
in Fig. 5. At this stage of MOSFET fabrication, either  second spacers can
be formed between SEG silicon regions 3, and polycide gate structure 22,
followed by the formation of metal structures, contacting underlying
conductive regions, again  using the identical procedures described in the
first iteration of this invention, schematically  described in Figs. 6 - 7.
However if desired, after formation of source/drain extensions 8, in  space
7, an ILD layer 14, comprised of silicon oxide, can be deposited via LPCVD
or PECVD  procedures, to a thickness between about 6000 to 20000 Angstroms,
completely filling spaces 7,  as well as overlying the top surfaces of
polycide gate structure 22, and SEG silicon regions 3.  This is
schematically shown in Fig. 9. Contact holes 12, can again be formed, in
ILD layer 14,  followed by the formation of metal structures 13, overlying
and contacting, the top surface of  SEG silicon regions 3. This is
schematically shown in Fig. 10. Although not shown in the  drawings, a
metal contact structure is also formed on a portion of the top surface of
polycide gate  structure 22. In this iteration ILD layer 14, also serves as
the insulator spacer, located between  SEG silicon regions 3, and polycide
gate structure 22. A third iteration of this invention, schematically shown
in Figs. 11 - 15, featuring an L  shaped, insulator spacer, is next
described. In this iteration first insulator spacers 15, are formed  on the
sides of SEG silicon shapes 3, with first insulator spacers comprised of an
insulator layer  such as silicon nitride, or silicon oxide, at a thickness
between about 300 to 800 Angstroms. 11 Another insulator layer, such as
silicon oxide, or silicon nitride, is next deposited, and subjected  



to a CMP procedure, resulting in insulator shape 16, located between first
insulator spacers 15,  which in turn are located on the sides of SEG
silicon regions 3. An anneal cycle is used to form  heavily doped
source/drain regions 9, via out diffusion from overlying SEG silicon
regions 3.  This is accomplished prior to the subsequent formation of
source/drain extension regions 8. The  results of these processes is
schematically shown in Fig. 11. Selective removal of first insulator
spacers 15, is next accomplished using a hot  phosphoric acid solution, if
first insulator shapes are comprised of silicon nitride, or via a  buffered
hydrofluoric acid solution, if first insulator shapes are comprised of
silicon oxide,  resulting in spaces 7, located between SEG silicon regions
3, and insulator shape 16. This is  followed by the formation of
source/drain extension regions 8, using procedures identical to the
procedures previously described for formation of source/drain extension
regions 8. This is  shown schematically in Fig. 12. After removal of
insulator shape 16, via use of a buffered  hydrofluoric acid solution, or a
hot phosphoric acid solution, a composite insulator layer,  comprised of an
underlying silicon oxide layer, and an overlying silicon nitride layer, is
deposited. The silicon oxide layer is obtained via LPCVD or PECVD
procedures, using TEOS as  a source, at a thickness between about 100 to
200 Angstroms, while the silicon nitride layer is  also obtained using
LPCVD or PECVD procedures, at a thickness between about 200 to 600
Angstroms. The thickness of the composite insulator layer is equal to the
thickness of previously  removed, first insulator spacers 15, allowing a
subsequent composite spacer to completely  overlay source/drain extension
regions 8. Anisotropic RIE procedures, using Ch as an etchant 12 for
silicon nitride, and using CHF3 as an etchant for silicon oxide, are used
to form the composite  



insulator spacers, comprised of silicon nitride spacers 18, on underlying
silicon oxide spacers 17.  This is schematically shown in Fig. 13. If
desired silicon oxide can be used for overlying spacer  18, while silicon
nitride is used for underlying spacer 17. Selective removal of spacer 18,
via hot phosphoric acid if spacer 18, is comprised of  silicon nitride, or
via a buffered hydrofluoric acid solution, if spacer 18, is comprised of
silicon  oxide, resulting in I. shape spacer 17, shown schematically in
Fig. 14, completely covering  source/drain extension region 8. Gate
insulator layer 5a, and polysilicon gate structure 6, are  next formed
using procedures identical to procedures previously described in the first
iteration of  this invention, and previously shown in Fig. 4. ILD layer 14,
contact holes 12, and metal  structures 13, are again formed using
identical procedures used to form these same features and  structures,
previously described in the first iteration of this invention. The MOSFET
device,  featuring, source/drain extensions 8, underlying L shaped spacer
17, is schematically shown in  Fig. 15. While this invention has been
particularly shown and described with reference to the  preferred
embodiments thereof, it will be understood by those skilled in the art that
various  changes in form and details may be made without departing from the
spirit or scope of the  invention. 13 Claims  1. A method of fabricating a
MOSFET device, on a semiconductor substrate, featuring  source/drain
extension regions, located underlying L shaped spacers, comprising the
steps of 



forming selectively grown epitaxial (SEG) silicon regions, on a first
portion of said  semiconductor substrate, 5 with said SEG silicon regions
comprised with dopants; forming first insulator spacers on sides of said
SEG silicon regions; forming an insulator shape on a second portion of said
semiconductor substrate, located  between said first insulator spacers;
selectively removing said first insulator spacers, resulting in an exposure
of third  10 portions of said semiconductor substrate; forming said
source/drain extension regions in said third portions of said
semiconductor substrate; removing said insulator shape; forming composite
insulator spacers on sides of said SEG silicon regions; 15 removing an
overlying layer, of said composite insulator spacers, resulting in said L
shaped spacers, on sides of said SEG silicon regions, directly overlying
said source/drain  extension regions; growing a gate insulator layer on
said second portion of said semiconductor  substrate not covered by L
shaped spacers; 20 forming a polysilicon gate structure on said gate
insulator layer; and  14 forming metal structures, contacting portions of a
top surface of said SEG silicon  regions, and a top portion of said
polysilicon gate structure. 2. The method of claim 1, wherein said first
insulator spacers are comprised of either  



silicon oxide, or silicon nitride, at a thickness between about 300 to 800
Angstroms.  5 3. The method of claim 1, wherein said insulator shape is
comprised of either silicon  oxide, or silicon nitride. 4. The method of
claim 1, wherein said first insulator spacers are removed using  either a
hot phosphoric acid solution, or a buffered hydrofluoric acid solution. 5.
The method of claim 1, wherein said source/drain extension regions are
formed via  10 an ion implantation procedure, using arsenic, or phosphorous
ions, at an energy between  about 3 to 100 KeV, and at a dose between about
5E13 to 1E15 atoms/em2. 6. The method of claim 1, wherein said composite
spacers are comprised of an  underlying silicon oxide layer, at a thickness
between about 100 to 200 Angstroms, and  an overlying silicon nitride
layer, at a thickness between about 200 to 600 Angstroms. 5 7. The method
of claim 1, wherein said L shaped spacers are comprised of silicon  oxide.
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