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M.ETHOD FOR FABRICA~ AMOS DEVICE 

FIELD OF THE INVENTION 

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 TH~ 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 arid improves the threshold voltage 

control. 

For example, U.S. Patent No. 5,915,183 to Gambino et al. describes· a 

process for forming raised source/drain (S/D) junctions using CMP (chemical 

mechanical polishing) combined with a recess etch of blanket polysilicon. The 

raised S/D are defined by gate conductors and by raised shallow trench isolation. 

(STI). The process uses a salicide gate conductor, and conventional polysilicon 

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 No. 5,789,792 to Tsutsumi describes a semiconductor 

device including an ·element isolating region for isolating a transistor formation 

region having an MOS transistor from other element formation regions. Two or 

more raised STI are formed in the element isolating region and are comprised of a 

first isolating and insulating material. A ·second insulating material is formed 

between the raised STl with the upper surfaces of the raised STI and second 

insulating material being at the same level. 
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U.S. Patent No. 5,539,229 to Nobel, Jr. et al. describes a semiconductor 

strucmre comprising a transistor having a gate conductor that has.first and second 

edges bounded by raised isolation structures, e.g. STI. ~ source diffusion is self­

aligned to the third edge and a drain diffusion is self-aligned 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 sub~equent pad oxide layer 

or sacrificial oxide layer remoyal using a wet etching 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 having 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 remaining on the dielectric material 

in the trench is.selectively removed. 
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U.S. Patent No. 5,786,262 to Jang et al. describes a method of forming 

a shallow trench isolation using ozorie-TEOS as a gap filling material. 
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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 present invention is to provide a method of 

forming a raised source I drain, a raised shallow trench isolation, or raised isolation 

regions, with sidewall spacers, and a gate conductor with gate spacers. 

Other objects will appear h~reinafter . 

.. 
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 grown over the surface of a semiconductor 

structure. A polysilicon layer is deposited overlying the gate silicon oxide layer. 

The polysilicon layer, gate silicon oxide layer and semiconductor .structure 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 adjacent the raised isolation regions forming a ga~e conductor between 

the raised isolation regions. The gate conductor and the raised isolation regions· 

having exposed sidewalls. The gate oxide layer between the gate conductor and 

raised isolation regions is removed. Isolation spacers are formed on the exposed 
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sidewalls of the raised isolation regions 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 gate 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 regr<?wing gate oxide under gate conductor, are 

required. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the method of fabricating a MOS 

device having a raised source/ drain, and raised isolation regions having sidewall 

spacers according to the present invention will be more clearly understood from the 

following description taken in conjunction with the accompanying drawings in 

which like reference numerals designate similar or corresponding elements, regions 

and portions and in which: 

Figs. 1 through 6 schematically illustrate in cross-sectional 

_representation a preferred embodiment of the present invention. 

7 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

. Accordingly as shown in Fig. 1, starting semiconductor structure 10 

preferably includes a upper layer of silicon and is understood to possibly include a 

semiconductor wafer or substrate, active and passive devices formed within -the 

wafer, conductive layers and dielectric layers (e.g., inter~poly oxide (IPO), 

intermetal dielectric (IMO), etc;). formed over the wafer surface. The term 

"semiconductor structure" is meant to include devices formed within a 

semiconductor wafer and the layers overlying the wafer. Unless otherwise 

Specified, all structures, layers, etc. 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 run thick and more preferably about 3 run 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 run thick) formed overlylng gate 

silicon oxide layer 12. 

Referring to Fig. 3, trenches 16 are etched through poly layer 14, gate 

oxide layer 12 and into semiconductor structure 10 (preferably to a depth of from 

about 400 to 800 nm, and typically about 550 nm) preferably using suitable 

lithography, e.g. photo resist layers with openings, and reactive ion etching (RIE) 

techniques. Trenches 16. are filled with an appropriate isolation material, such as 

Si3N4, SiON, or more preferably Si02, deposited by low pressure chemical vapor· 

deposition (LPCVD) or other suitable techniques at least level with a top surface.of 
. . 

poly layer 14. The isolation material is then patterned as necessary, preferably by 
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chemical mechanical polishing (CMP), to form shallow isolation trenches (STI), or 

raised isolation regions, 18. 

As shown in Fig. 4, the remaining poly layer 14 is patterned to remove 

poly layer 14 adjacent raised isolation regions 18 to form gate conductor 20 between 

raised isolation regions lR Gate oxide layer lZ between gate conductor 20 and 

raised isolation regions 18 is then removed leaving gate oxide layer 12' underneath 

gate conductor 20. It is noted that 12' is a portion of the original gate oxide layer 12 -

no additioi:ial steps are required, e.g. removal of all of gate oxide 12 and regrowing 

gate oxide 12' under ga~e 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 shown 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 gate sidewalls 20'. Isolation and gate spacers 

24, 26, respectively, may be formed of SiON and SiN and most preferably SiQi. 

Spacers 24, 26 can be formed by LPCVD depositing from about 60 to 200 nm, and 

more preferably about 100 nm Si.JN4, followed by an reactive ion etch (RIE) spacer 

etch. Isolation spacers 24 are from about 50 to 160 nm wide, and more preferably 

about 80 nm wide, and gate spacers 2~ are from about 50 to 16ffnm wide, and more 

preferably about 80 nm wide. 
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Any oxide or contamination on the substrate is removed, preferably 

by using a wet etch of dilute HF. 

Next, intrinsic epitaxial silicon, amorphous silicon, or polysilicon 28 is 

selectively deposited preferably by selective epitaxial growth (SEG) to a thickness 

of from about 150 to 300 run and more. preferably about 200 nm which will form 

raised source/drain (S/D) 30, 32. Also, intrinsic epitaxial silicon, amorphous 

silicon, or polysilicon 28 may be deposited by selective LPCVD (low pressure 

chemical vapor deposition). Intrinsic silicon 28 I raised source/ drain (S/D) 30, 32 is 

recessed below the top surfaces of raised isolation regions 18 and gate conductor 20 
. . 

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

Epitaxial silicon/amorphous/polysilicon 28 may be doped in situ as 

grown, ot 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/cm2 and more 

preferably at an energy from about 30 to 70 keV and at a dose of from about 3 E·lS 

to 5 E 15 atoms/cm2) and annealing to form doped source/drain 30, 32. 

Source/ drain regions 23 are preferably formed by ion implantation after the 

deposition of epitaxial silicon/amorphous/polysilicon 28. Also, source/ drain 

regions 23 may be formed by diffusion from source/drain 30, 32. Source/drain 

regions 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, conventional 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 tungsten, e.g.) connected to source/ drain 30, 32. 

While particular embodiments of the present invention have been 

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

by the following claims. 

11 



11p11~ 1111~ 1111111111111111 
"' s * 

CLAIMS 

Weclaim: . 

1. 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; 

5 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; 

patterning said remaining polysilicon layer to remove polysilicon adjacent 

I 0 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; 

15 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. The method of claim 1, fl:irther including the steps of: 

forming extension ion implant diffusions in said semiconductor substrate 

adjacent said gate conductor; 

forming source/ drain regions outward of said extension ion implant 

diffusions; and 
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doping said raised source and drain. 

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

forming extension ion implant diffusions in said 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 steps of: 

forming extension ion implant diffusions in said semiconductor substrate 

adjacent said gate conductor; 

doping said raised source and drain; and 

forming 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 isolation material is Si02. 

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

forming extension ion implant diffusions in said semiconductor substrate 

adjacent said gate conductor; and 

doping said raised source and drain; · 

wherein 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 from about 1 E 15 to 5 E 15 

atoms/cm2. 
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7. The method of claim 1, wherein said gate oxide layer is from about 1 to 20 

nm thick. 

8. The method of claim 1, wherein said polysilicon layer is from about 150 to 

300 nm thick. 

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

within said semiconductor substrate. 

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

within said semiconductor substrate. 

11. The method of claim 1, wherein 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 l, 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; 

5 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; 
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patterning said remaining polysilicon layer to remove polysilicon adjacent 

IO 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; 

15 forming extension ion implant .diffusions in said semiconductor substrate 

20 

adjacent said gate conductor; 

forming isolation spacers on said exposed sidewalls of said raised isolation . 

regions and gate spacers on said exposed sidewalls of s~id 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 Si02. 

15. The method of claim 13, further including the step of: 

forming extension ion implant diffusions in said semiconductor substrate 

adjacent said gate conductor before said isolation spacer and gate spacer formation; · 

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 from about 1E15 to 5 E 15 

atoms/cm2. 

16. The method of claim 13, wherein said gate oxide layer is from about 1to20 

nm thick. 
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17. The method of claim 13, wherein said polysilicon 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. The 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 spacer5 are from about SO to 160 rim 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 regioris 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 ipn implant diffusions in said semiconductor substrate 

adjacent said gate conductor before said isolation spacer and gate spacer formation; 

and 
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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: 

provi~ing a semiconductor substrate; 

growing a gate oxide layer from about 1 to 20 nm· thick over said 

semiconductor structure; 

5 depositing a polysilicon layer from about 150 to 300 run thick 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 

10 top surface of said polysilicon 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; 

15 removing said gate oxide layer between said gate conductor and said raised · 

isolation regions; 

forming extensionion implant diffusion5 in said semiconductor substrate 

adjacent said gate conductor; 

forming isolation spacers on said exposed sidewalls of said raised isolation 

20 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. 
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25. The method of claim 24, wherein 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, where4't 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 sa~d isolation spacers are from about 90 to 

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