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{ETHOD FOR FABRIC G S DEVICE
fo) INVENTIO

The present invention relates generally to methods of forming metal
oxide semiconductor (MOS) devices and specifically to those having an elevated
source and drain and elevated shallow trench isolation (STI), or raised isolation.

regions.
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BACKGROUND OF THE INVENTION

Raised source/drain (S/D) junctions can provide shallow junctions
with low series resistance and the use of raised shallow trench isolation (STI)
reduces leakage current through the devices and improves the threshold voltage

. control.

For example, U.S. Patent No. 5,915,183 to Gambino et al. describes a
process for forming faised.source/ drain (S/D) junctions using CMP (chemical
mechanical polishing) combined with a recess etch of blanket polysilicon. The
raised S/D are ldef_ined by gate conductors and by raised shallow trench isolation
(STI). The process uses a salicide gate conductor, and coﬁventional polysiliconl
- deposition, CMP, and recess steps to form the raiSed S/ D junctions, i.e. form SiN
layer; form raised STIs; pattern SiN layer and form gate polysilicon; form raised
polysilicon S/D; and form a salicide on the gate polysilicon and raised polysilicon

S/D.

U.S. Patent Nb. 5,789,792 to Tsutsumi describes a semiconducfor
~ device including an 'lelemént':i'solating region for isolating a transisfor formation
regibn having an MOS transistor from other element formation regions. Two or
more raised STI are formed m the element isolating region and are comprised of a
first isolating and insulating material. A second insulating material is formed
between the raised STI with the upper surfaces of the raised STI and second

insulating material being at the same level.



U.S. Patent No.. 5,539,229 to Nobel, Jr. et al. describes a semiconductor
structure comprising a transistor having a rgate conductor that has first and second
edges bounded by raised isolation structures, e. g. STI. A source diffusion is self-
aligned to the third edge and a dram dlffusmn is self-ahgned to the fourth edge of

the gate electrode.

U.S. Patent No. 5, 918 131 to Hsu et al. describes a method for forming

~ a shallow trench isolation (STI) structure having sidewall spacers that utilizes the

early formation of strong oxide spacers so that for any subsequent pad oxide layer .

or sacrificial oxide layer removal using a' wet etchmg method, the oxide layer
adjacent to the substrate will not be over-etched to form recesses, thereby

preventing the lowering of threshold voltage and the induction of a kink effect.

U.S. Patent No. 5,882,983 to Gardner et al. describes a method for
forming dielectric structures heving a relatively low dielectric constant arranged

adjacent to the opposed lateral edges of a trench isolation structure.

U.S. Patent No. 5,721,173 to Yano et al. describes a method of forming '
a trench isolation structure in which a film is formed of a semiconductor substrate
and a trench is formed in the semiconductor substrate through the film. A dielectric
material is deposited in the trench and on the film. An etch resistant film is formed
on the portions of the dielectric material in the trench and on exposed portions of
the film at edge regions of the trench. The dielectric material on the film is
selectively removed and the etch resistant film remairﬁhg on the dielectric material

in the trench is selectively removed.



U.S. Patent No. 5,786,262 to ]ahg et al. describes a method of forming

a shallow trench isolation using ozone-TEOS as a gap filling material.



SUMMARY OF THE INVENTION

- Accordingly, it is an object of the present invention to provide a
method of forming a MOS device having a raised shallow trench isolation, or raised

isolation regions, with sidewall spacers and a raised source/drain.

Another object'of the preserit invention is to provide a method of
| forming a raised source/drain, a raised shallow trench isolation, or raised isolation

'regions, with sidewall spacers, and a gate conductor with gate spacers.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
method of fabricating a MOS device having raised source/drain, raised isolation
regions having isolation spacers, and a gate conductor having gate spacers is
achieved. A layer of gate silicon oxide is grdwh ové_r the surface of a semiconductor
structure. 'A'polysilicon layer is deposited overlying the gate siliéo_ﬁ oxide layer.
The polysilicon layer, gate silicon oxide layer and semiconductor .structﬁre are
patterned and etched to form trenches. The trenches are filled with an isolation
material to at least a level even with a top surface of the polysilicon layer to form
raised isolation regions. The remaining polysilicon layer is patterned to remove
polysilicon a‘djécenf the raised isolation regions forming a gate conductor between
the raised isolation regions. The gate conductor and the raised isolation regions
having exposed sidewalls. The gate oxide layer -betwéen the gate conductor and

raised isolation regions is removed. Isolation spacers are formed on the exposed



sidewalls of the raised isolation régions and 'gate Spacers are formed on the exposed
sidewalls of the gate conductor. A layer of silicon is deposited and patterned to
form raised source and drain adjacent the gate spacers with source and drain being
doped to form a MOS device. It is noted that is noted that the gaté oxide under the
gate conductor is a portion of the original gate oxide layer - no additional steps, i.e.
. removal of all of gate oxide and regrowing gate oxide undér-gate conductor, are

required.



BRIEF DESCRIPTION OF THE DRAWINQS

- The featureé and advantages of the method of fabricating a MOS
device having a raised source/ dfain, and raised isolation regions having sidewall
spacers according to the present invention will be more clearly understood from the
followmg description taken in conjunction with the accompanymg drawings in
which like reference numerals designate s1m11ar or correspondmg elements, reglons

and portions and in which:

Figs. 1 through 6 sch_er.natic'ally illustrate in cross-sectional

representation a preferred embodiment of the présent in\}ention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

. Accordingly as shown in Fig. 1, starﬁng- semiconductor structure 10
preferably iﬁcludes a upper layer of silicon and is understood to pbssibly include a
semico'nductof wafer or _substraté, éctive and passive devices formed within the
wafer, conductive layers and dielectric layers (e.g., inter-poly oxide (IPO),
intermetal dielectric (IMD), etc.). formed over the wafer 'surface. The term .
“semiconductor structure” is meant to include devices formed .within a
semiconductor wafer and -the layefs overlying the wafer. Uri_less otherwise
specified, all structures, layers, étc. may be formed or accomplished - by

conventional methods known in the prior art.

As shown in Fig. 2, gate silicon oxide layer 12 (preferably from about

1 to 20 nm thick and more preferably about 3 nm thick) is formed over the surface

* of semiconductor structure 10 with polysilicon layer 14 (preferably from about 150

to 300 nm thick and more preferably about 200 nm thfck) formed overlying gate

silicon oxide layer 12.

.Referrin'g to Fig. 3, trenches 16 are etched through poly layer 14, gate
oxide layer 12 and into semiconduétqr structure 10 (preferably to a depth of from
about 400 to 800 nm, and 'typic.ally about 550 nm) preferably using suitable
lithography, e.g. photo resist layers with openihgs,.and reactive ion etching (RIE)
techniques. Trenches 16 are filled with an appropriate isolation material, such as
Si3N4, SiON, or more preferably SiO2, deposited by low preséure chémicai vapor
deposition (LPCVD) or other suitable techniques at least level with a top surface of

poly layer 14. The isolation material is then pa&emed as necéséary, preferably by



N

chemical mechanical polishing (CMP), to form shallow isolation trenches (STI), or

raised isolation regions, 18.

As shown in Fig. 4, fhé remaining poly layer 14is pa&emed to remove
poly layer 14 adjacent raised isolation regions 18 to form gate conductor 20-beMeen
raised isolation regions 18. Gate oxide layer 12 between gate conductor 20 and
raised isolation regions 18 is then removed leaving gate oxidé layer 12’ underneath
gate conductor 20. It is noted that 12’ is a portiqh of the original gate oxide layer 12 -
no additional steps are required, e.g. removal of all of géte oxide 12 and regrow.-ing :
gate oxide 12’ under gate conductor 20. Gate conductor 20 has exposed. gate
sidewalls 20’ and raised isolation regions 18 have exposed sidewalls 18’.. Low
doped source/drain (LDD) ion implants, or extension ion implant diffusions, 22 for
the source/drain junctions may be performed- prior to the isolation spacer

formation.

As shan in Fig. 5, isolation spacers 24 are formed adjacent raised -
isolation regions 18 on exposed sidewalls 18', and gate spacers 26 are formed
adjacent gate conductor 20 on-exposed géte sidewalls 20". Isdlation ahd gate séacers
24, 26, respectively, may be formed of SiON and SiN and most preferably SiO;.
Spacers 24, 26 can be formed by LPCVD depositing from about 60 to 200 nm, and
more preferably about 100 nm SizNg, followed by an reactive ion etch (RIE) spacer
efch. Isolation spacers 24 are from about 50 to 160 nm \/;iide, and more preferably
about 80 nm wide, and gate spaéers 26 are from about 50 to 160'-nm wide, and more

preferably about 80 nm wide.



Any oxide or contamination on the substrate is removed, preferably

by using a wet etch of dilute HF.

Next, intrinsic epifaxia_l silicon, amorphous silicon, or polysilicon 28 is
selectively deposited preferably by selective epité#ial growth (SEG) to a thickness
of from about 150 to 300 nm and more preferably a_bout 200 nm ‘which will form
réised ssurce/ drain (S/D) 30, 32. Also',.ir-ltrinsic epitaxial silicon, amorphous -
silicon, or polysilicon 28 may be depbéited by selective LPCVD (low pressure
chemical vapor deposition). Intrinsic silicon 28 / raised source/ draiﬁ (5/D) 30, 32is
recessed below the top surfaces of raised isolation regions 18 and gate conductor 20

by from 100 to 150 nm and more preferably about 130 nm.

Epifaxial silicon/ amdrphous/ polysili_cbn 28 may be doped in situ as
grown, or the recessed epitaxial silicon/polysilicon 28 may be doped by other
conventional techniques such as ion implantation (at an energy from about 10 to |
100 keV and at a dose of from about 1 E 15 to 5 E 15 atoms/c:rrll2 and more
preferably at an energy from about 30 to 70 keV and at a dose of from about 3 E'15
to 5 E 15 atoms/cm?2) and annealing to form doped source/ dxfain 30, 32.
Source/drain regiohs 23 are preferably formed by ion implantation after the
deposition of epitaxial silicon/ émorphous/ polysilicon 28. Also, source/drain
regions 23 may be formed Ey diffusion from source/drain 30, 32. Source/drain
régioné 23 are formed below source/drain 30, 32 and outboard low doped

source/drain (LDD) ion implants, or extension ion implant diffusions, 22.
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As shown in Fig. 6, coriventional methods may be used to form
interlevel dielectric layer (ILD) 34 over the MOS device of the present invention

with ILD contacts 36 (comprised of tuhgsten, e.g.) connected_to sdurce/ drain 30, 32.
While particular embodiments of the present inventioh_ have been

illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

11



10

15

[y i my I

CLAIM
We claim:
1. A method of fabricating a.MlOIS device, comprising the steps of:
providing a semiconductor substrate; |
growing a gate oxide layer over said semiconductor struct\ire;
depositing a polysilicon layer over said gate oxide layer; | |
patterning and etching said polysilicon layer, said gate ox1de layer, and sa1d
sem1conductor structure to form trenches,
filling said trenches w1th an isolation material to at least a level even with a
top surface of said polys1hcon layer to form raised isolation regions;
patterning said remaining polysilicon layer to remove polysilicon adjacent
said raised isolation regions forming a gate conductor between said raised isolation
regions; said gate conductor and said raised isolation regions having exposed
sidewalls; |
‘removing said gate oxide layer between said gate conductor and said raised
isolation regidns; - | |
forming isolation spacers on said exposed sidewalls of said raised isolation
regions and gate spacers on said exposed sidewalls of said gate conductor; and

forming raised source and drain adjacent said gate spacers.

2. Themethod of claim 1, further including the 'steps of:

forming extension ion implant diffus‘ions in said semiconductor substrate
adjacent said gate conduétor; _ |

-forming source/drain regions outward of said extension ion implant

diffusions; and

12
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doping said raised source and drain.

3. The method of claim 1, further including the steps of:

forming extension ion implént. diffusions in .séid semiconductor substrate
adjacent said gate conductor; |

forming source/drain regions outward of said extension ion implant
diffusions by ion implantation; and

doping said raised source and drain.

4. The method of claim 1, further including the stéps of:
| | forming extension .ioﬁ implant diffusions in said semiconductor substfat_e _
adjacent said gate conductor;
doping said raised source and drain; and |
forrhing- source/drain regions outward of said extension ion implant

diffusions by diffusion from said raised source and drain.
5. The method of claim 1, wherein said isoiation material is 5iO».

6. The method of claim 1, fufther including the steps of:

forming extensidn ion implant diffusions in said semiconductor substrate
adjacent said gate conductor; and |

doping said raised source and drain; -

wherein raised source and drain doping 1s formed by ion impianting atan
energy of form about 10 to 100 keV and at a dose of from aBout 1E15t05E 15

atoms/cm?2.

13
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7. . The method of claim 1, wherein said gate oxide léyer is from about 1 to 20

nm thick.

8. The method of claim 1, wheréin said polysilicon layer is ffo_m about 150 to

300 nm thick.

9. The method of claim 1; wherein said trenches are from abdut 400 to 800 nm

within said semiconductor substrate.

10.  The method of claim 1, wherein sdid trenches are from about 525 to 575 nm

within said semiconductor substrate.

11.  The method of claim 1, whérein said isolation spacers are from about 60 to

200 nm wide and said gate spacers are from about 50 to 160 nm wide.

12.  The method of claim 1, wherein said isolation spacers are from about 90 to

110 nm wide and said gate spacers are from about 70 to 90 nm wide.

13. A method of fabricating a MOS device, comprising the steps of: |
providing_'a semiconductor substrate; - |
growing a gate oxide layer over said semiconductor structure;
depositing a polysilicon layer over said gate oxide layer;
patterning and etching said polysilicon layer, said gate oxide layer, and said
semiconductor structure to form trenches; '.
| filling said trenches with an isolation material to at least a level even with a

top surface of said polysilicon layer to form raised isolation regions;

14
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patterning said remaining polysilicon layer to remove polysilicon adjacent
said raised isolation regions forming a gate conductor be_twéen said raised isolation
regions; said gate conductor and said raised isolation -reg'ions having exposed
sidewalls; | | |

removing said gate oxide layer between said gate conductor and said raised-
isolation regions; - | | o

formihg extension ion implant diffusions in said semiconductor substrate
adjacent said gate conductor; |

forming isolation Spacers on said exposed sidewalls of said raised isolation -
regions and gate spacers on said exposed sidewalls of said gate conductor;

forming raised source and drain adjacent said gate spacers; and

doping said raised source and drain.
14.  The method of claim 13, wherein said isolation material is SiOz.

15. The inethod of claim 13, further including the step of:
forming extension ion hﬁplant diffusions in said semiconductor substrate
adjacent said gate conductor before said isolation spacer and gate spacer fbrr_natioﬁ; '
wherein said raised source and drain doping is formed by ion implanting at
an energy of form about 10 to 100 keV and at a dose of froﬁl about 1 E15to 5E 15

atoms/cm2.

16. The inethod of claim 13, wherein said gate oxide layer is from about 1 to 20

nm thick.

15
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17.  The method of claim 13, wherein said polysiliéon layer is from about 150 to

300 nm thick.

18. The method of claim 13, wherein said trenches are from about 400 to 800 nm

within said semiconductor substrate.

19. 'I'he method of claim 13, wherein said trenches are from about 525 to 575 nm

within said semiconductor substrate.

20.  The method of claim 13, wherein said isolation spacers are from about 60 to

200 nm wide and said gate spacers are from about 50 to 160 im wide.

21.  The method of claim 13, wherein said isolation spacers are from about 90 to

110 nm wide and said gate spacers are from about 70 to 90 nm wide.

22.  The method of claim 13, further including the steps of:
forming extension ion implant diffusions in said semiconductor substrate
adjacent said gate conductor before said isolation spacer and gate spacer formation;

and
forming source/drain regions outward of said extension ion implant'

diffusions by diffusion from said raised source and drain.

23.  The method of claim 13, further including the steps of:
forming extension ion implant diffusions in said semiconductor substrate
adjacent said gate conductor before said isolation spacer and gate spacer formation; -

and

16
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forming source/drain regions outward. of said extension ion implant

diffusions by ion implantation before said formation of raised source and drain.

24. A method of fabricating a MOS device, comprising the steps of:

providing a semiconductor substrate; |

growing a gate oxide layer from about 1 to 20 nm' thick over said
semiconductor structure; | |

depositing a polysilicon layer from about 150 to 300 nm thick over said gate
oxide layer; | |

patterning and etching said polys_ilicon layer, said gate oxide layer, and said
semiconductor structure to form trenches; | |

filling said trenches with an isolation material to at least a level even with a
top surface of said pdlysilicon layer to form raised isolation regions;

patterning said re_méining polysilicon layer.to remove polysilicon adjacent
said raised isolation regions 'forming a gate conductor between said raised isolation
regions; said gate conductor and said raised isolation 'regions having exposed
sidewalls; |

removing said gate oxide layer between said gate conductor and said raised -
isolation regions; B |

forming extension ion implant diffusions in said semiconductor substrate
adjacent said gate conductor; | |

- forming isolation spacers on said exposed sfdewalls of said raised isolation

regions and gate spacers on said exposed sidewalls of said gate conductor;

fbr_ming raised source and drain adjacent said gate spacers; and

doping said raised source and drain.

17
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25.  The method of claim 24, whéréin said trenches are from about 400 to 800 nm

within said semiconductor substrate.

26.  The method of claim 24, wherein said trenches are from about 525 to 575 nm

within said semiconductor substrate.

27. The method of claim 24, Wherem said isolation'spacers are from about 60 to

200 nm wide and said gate spacers are from about 50 to 160 nm wide.

28. The method of claim 24, wherein said isolation spacers are from about 90 to

110 nm wide and said gate spacei's are from about 70 to 90 nm wide.
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