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A METHOD TO FABRICATE A MOSFET USING SELECTIVE EPITAXIAL . 
. . 

GROWTH TO FORM LIGHTLY DOPED SOURCE/DRAIN REGIONS 

RELATED PATENT APPLICATION 

U.S. Patent Application Serial Number ____ (CS-99-056) to the same 

inventors, filed on __ _ 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relates to the method of fabrication of integrated circuit devices, 

and more particularly, to a method of forming a sub-quarter-micronMOSFET structure 

· .. with a raised source and drain ill the fabrication Qf integrated circuits . 

. (2) Description of the Prior Art 

Iri sub-quarter-micron MOSFET architedure, it is necessary to use ultra-shallow 

source and drain regions. Low energy ion implantation is typically used to form such 

regi0ns. 

For example, Fig. 1 illustrates a semiconductor substrate 10, preferably composed 

of monociystalline silicon. A layer of silicon oxide 12 is formed on the surface of the 
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substrate. A polysilicon layer is deposited and i:>atternedto fonn gate electrode 16. A 

typical LDD (lightly doped source and drain) structure is formed by an LDD mask 

implant followed by spacer oxide deposition and etching and then a source/drain mask . 

implant Lightly doped gpurce and drain regi<>nS 20 are shown in Fig. 1. 

U.S. Patent 5,200~3s2 to Pfies~r teache5 a method of fanning.a MOSFET device 

using raised epitaxial regions adjacent to lightly doped substrate sow:ce/drairi regions 

allowing precise control ofthe source/drain region doping profiles; U.S. Patent 

5,447,874 to Grivna et al teaches a method offonnlng anMOSFET device using a dual 

metal gate formed in an oxide opening. Using a chemical mechani~ polishing step to 

planarize the surface eliminates the problems encountered in etching different metals. 

U.S. Patent 5,856,225 to Lee et al teaches.offoiming an MOSFET device where the 

source/drain regions are built prior to the implantation of the channel region under the 
. . . 

gate. This allows more precise oontrol of the source/drain p0sitions, ~ereby controlling 

the electrical parameters of the MOSFET device .. 

SUMMARY OF THE INVENTION 

A principal object of the present invention is to provide an effective and very 

manufacturable method of fabricating a sub-quarter-micron MOSFET device ha~g a 

raised source/drain structure. 
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Another object of the present invention is to provide a method of fabricating a 

sub-quarter-micron MOSFET device having a raised source/drain structure using 

selective epitaxial growth (SEG). 

Yet another object of the present invention is to provide a method of fabricating a 

sub-quarter-micron MOSFET device having an LPD structure wherein the source/drain 

dopilnt concentrations are precisely controlled. 

. . 

In accordance with the· objects of this invention, a new method of fabncating a· · 
. . 

sub-quarter micron MOSFET device is achieved. A semiconduci:or substrate is p00vided. 

Shallow-trench isolation (STI) regions, for example; are formed in this substrate. An 

oxide layer is provided overlying both·the substrate and the STI regions. The oxide layer 
. . 

is patterned and etched exposing two regions of the substrate. A selective epitaxial 

growth (SEG) is performed with in situ doping covering the two exposed substr.tte 

regions formed during the previous· step. The doped SEG regions will form the source 

and .drain contact regions of the MOSFET. ··The oxide layer region between the two 

doped SEG regions. is then patterned ·and etched away exposing the. substrate between the 

tWo doped SEG regions. This is followed by a gate oxide formation and either a 

p0lysilic0n or metal gate deposition'. Chemical mechanical polishing (CMP), for 

example, is then pelformed to planarize th~ surface to facilitate interconnection later in 

the process and forming the final gate s1:ructrire. Thermal energy provided from 

processing steps or from a rapid therinal anneal (RTA) allows the doping atoms in the 

SEG regions· to diffuse _into the substrate forming the LDD regions. This method allows 
. . 

precise control of the doping profile in.the LDD regions. An interlevel dielectric is then 
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. deposited over the entire surface. Contact holes are then etched in the interlevel dielectric 

and metalization patterned to allow interconnection to the completed MOSFET device. 

BRIEF DESCRIPTION OF THE DRAWINGS . . . 

In the ~ccompanying drawings forming a material part of this description, there is 

shown: 

Fig. 1 schematically illustrates in cross-sectioniil representation a MOSFET 

having an LDD structure in accordance with prior art. ·· 

Figs. 2 through 5 schematically illustrate in cross-sectional representation a 

preferred embodiment of the present invention. Figs·2 and 3 illustrate the first steps for 
. . 

both embodiments of the device. Figs. 4a and Sa illustrate the completion of oile .· 

embodiment of the device using a polysilicon gate. Figs. 4b and Sb illustrate the 

· completion of a second embodiment of the device using a metal gate. 

DESCRIPTION OF THE PREFERRED. EMBODIMENTS 

Without unduly limiting the SCQJ>e of the invention, two preferred embodiinents 

will be described hei:ein. Referring now more particularly to Fig. 2, there is iUustrated a 
. . .. . 

. portion of a partially completed MOSFE-:r device; Semiconductor substrate 30 is 

preferably composed of monocrystalline silicon. Isolation regions such as shallow-trench 
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isolation (STI) regions 34 are formed in the semiconductor substrate 30 to isolate active 

regions from one another. A dielectric layer 32 of thickness between about 1500 to 3000 

Angstoms is groWn or deposited. The dielectric layer 32 may comprise any dielectric 
. . 

material such as silicon oxide, silicon oxynitride, silicon nitride, and tetraethyl-oxysilane 

(TEOS). The dielectric layer 32 is patterned to expose the surface of the substrate 30 in 

the twO areas of an active region . 

Referring now to Fig. 3, a doped epitaxiBI region 36 is.grown using selective 

epitaxial growth (SEG) on the area of the substrate. not oovered by the dielectric layer 32 

to a thickness approximately equal to th~ thickD.ess of the dielectric layer 32. The in-situ · 
. . 

doping process occurs by introducing gasses during SEG with dopant atoms such as 

boron, phosphorous, arsenic, antimony, or iridium at a concentration of between about 

1E14 to 8E15 atoms/cm3
• The doped epitaxial regions 36 fonn raised s9urce/drain 

regions. 

Referring now to Fig. 4a, ofthe firSt: embodiment wherein a polysilicon gate is 

.. used The area of dielectric layer 32 between the two epitaxial regions 36 is etched away'. 

A gate oxide 38 is then conformally deposited by rapid thennal oxidation (RTO), low­

pres5ure chemical vapor deposition (LPCVD) or ~e oxidation over the entire surface 

with a thickness of between about 1 O to 200 _Angstroms. This is followed by a deposition 

of a gate layer 40 with a thickness of between about 1500 to 3000 Angstroms. This gate 

layer 40 may be oomposed of polysili~ polysilicon gennanium, amorphous silicon, 

platjnum ~~licon germanium, or a stacked composite having one layer of polysilicon and a 

second layer of polysilicon ·germaniWD: .or a conducting metal such as tungsten, .alumintim .. 

. . 
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or titanium. When a stacked composite gate layer 40 is use~ the deposition method is 

furnace oxide, chemical vapor deposition (CVD), low pressure CVD (LPCVD), or rapid 

thermal CVD (RTCVD). The first layer of the composite will have a thickness of 

between about 500 to 2000 Angstroms, and the second layer will have a thickness of 

between about 1000 to 2500 Angstroms. 

Referring now to Fig. Sa, the surface is then planari~ using chemical 

mechanical polishing (CMP}; for example, leaving the gate oXide 38 and the conducting 

. gate layer 40 only in the regions between the two epitaxial regions 36. A rapid thenital 

annealing (RTA) step of duration between about 5 to 60 seconds at a temperature 

between about 800 to 1150 °C is then performed. This activates dopant atoms that 

diffuSed from the epitaxial region 36 _into the substrate 30 forming the lightly doped 

source/drain (LDD) regions 44. An interlwel dielectfi.c layer 42 is then deposited 

overlying the entire surface o:fthe semiconductor. Contact holes (nOt shown) anci metal 

interconnection lines (not shown) would then be patterned to make connections to the 

·completed MOSFET device. 

Refer now to Fig. 4b, descnbing a second embodiment wherein a metal gate is 

used. The area of dielectric layer 32 between the two epitaxial regions 36 is etched away. 

A gate oxide 38 is then grown or deposited by rapid thermal oxidation (RTO), low- · 

pressure chemical vapor deposition (LPCVD) or furnace oxidation over the entire surfa.Ce 

with· a thickness of between about 10 to 200 Angstroms. A temperature~ about 

800 to 1150 °C for b~n about 5 to·60.seconds would be used for RTO; Using a 

furnace growth, would require a tempera~ of between about 800 to 1150 °C for 
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between about 10 to 120 minutes. The thermal ~ergy used in this gate oxide 38 

formation activates dopant atoms diffused from the epitaxial region 36 into the substrate 

30 forming the LDD regions 44. This is followed by a deposition of a metal gate layer 50 · 

with a thickness of between about 1500 to 3000 Angstroms. This metal gate layer 50 

may be composed of any conducting metal, a .stacked composite having one layer of 

polysilicon and a second layer of a conducting nietal, or a composite made up oflayers of 

conductors and/or conducting metals. Possible conducting metals may include tungsten, 

aiuminum or titanium. When a stacked composite gate layer 50. is used, the deposition 

method will include furnace oxide, chemical _vapor deposition (CVD), low pressure Cvi:> 
. . .· 

(LPCVD), or rapid thermal CVD (RTCVD). The first layer of the composite will have a 

thickness of between about 500 to 2000 Angstroms, ·and the second layer will have a 

thickness of between about 1000 to 2500 Angstroms 

Referring now to Fig. Sb, the surface is then planarized using CMP leaviJlg the 

·. gate oxide 38 and the metal gate layer 50 OOiyin the regions betweenthe tw() epitaxial 

. regions 36. A rapid thermal annealing (RTA) step of duration between about 5 to 60. 

seconds at a temperature between about 800 to 1150 °C may be performed to continue the 

activation f)f dopant atoms diffused from the epitaxial region 36 into the substrate 30 to 

complete.the formation of the IDD regions 44. ~. interleve~ dielectric layer 42 is then 

deposited overlying the entire surface ofthe_~emiconductor. Contact holes (not shown) 

and metal interconnection lin~s (not shown) would then·be patterned to make coml.~ons 
. . .. 

to the completed MOSFET device. 
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The pi:e~t invention ~vides a method of fabricating a sub-quarter-micron 

MOSFET device having raised source/drain. In addition, the method provided uses self-

aligning structures simplifying the manufacturing process and providing for consistent 

physical dimensions and ~lectrical device characteristics. Since no dry pla8ma etching of . 

the gate is required in the process, there is no plaSma~induced damage induced during the 

gate patterning and formation. 

While the 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 fa form and details may be made without departing from the spirit and 

scope of the invention. . 
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CLAIMS 

1. A method of fabricating an integrated circuit device comprising: 

·providing an active area in a semiconductor substrate separated from other active 

areas by isolation regions; 

forming a dielectric layer overlying said semiconductor substrate and said isolation 

5 regions; 

patterning and etching away said dielectric layer in tWo distinct areas and within said 

active area to· form two openings to said semiconductor substrate; 

growing a doped silicon region to fill each of said openings· wherein said doped 

silicon regions forin raised source and drain regions; 

1 O etching away said dielectric layer in said active area between said doped silicon 

regions forming a gate opening to said semiconductor substrate; 

conformally growing a gate oxide layer within said gate opening and overlying said 

dielectric layer and said doped silicon regio~; 

depositing a conducting layer overlying said gate ·oxide and filling said gate opening; 
. . 

15 ]Jlanarizing said conducting layer to c0mplete formation of a gate electrode; 

thermally diffusing dopant atoms· from each of said doped silicon regions into_ said 

substrate underlying said doped silicon regions to form lightly doped regions; and 

depositing an interlevel dielectric layer overlying said gate electrode CQmpleting 

.· fabrication ofsaid integrated circuit device. 

2. ··The method a.cCording to Claim 1 wherein said isolation regions are formed by shallow 

trench isolation {STI). 
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3. The method according to Claim 1 wherein said dielectric layer comprises one of a group 

· containing silicon oxide, silicon oxynitride, silicon nitride, and tCtraethyloxysilane (TEOS) 

. deposited to a thickness ofbetween abOut. lSOO to 3000 Angstroms. 

4. The method according to Claim 1 wherein said growing of said doped silicon region is 

performed using in-situ doped selective epiUtxial growth (SEG). 

5. The method according to Ciaim 1 wherein said doped silicon region is doped with one of 
. . 

a· group containing boron, arsenic, phosphorous, indium and ·antimony at a concentration of 

between about 1El4 to 8E15 atonis/cm3
• 

. . 

6. The method according to Claim 1 wherein said gate oxid~ layer is formed to a thickness 

of between about 10 to 200 Angstroms. 

. . 

· 7. ·The method according to Claim l wherein said conducting layer comprises one or in.ore · 

of a group containing polysilicon, polysilicon gennanium, amorphous silicon, platinum 

silicon germanium, tungsten, aluminum and titanium. deposited to a thickness ofbetween 

_about 1500 to 3000 Angstroms. 

8. The method aceording to Claim l wherein said thermal diffusion is performed using 
. . 

rapid thennal annealing (RTA) at a temperature ofbetween about 800 to I ISO°C for a period 

ofbetWeen about 5 to 60 seconds. 
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9. The method according to Claim 1 wherein said therm81 diffusiOn oecurs during said step 

of growing said dielectric layer. 

10. A method of fabricating an integrated circuit ·device comprising: 

providing an.active area in a semiconductor substrate separated from other active 

areas by isolation regions; 

forming a dielectric layer overlying said semiconductor substrate and said isolation 

5 regions; 
- . 

patterning and etching away said dielectric layer in two distinct.are~ and within said 
. . 

active area to form two openings to said semiconductor substrate; · 
. . 

. growing a doped silicon region to fill each of smd openings wherein said doped 

silicon regions form raised source and drain regions; 
. . 

10 etching away said_ dielectric layer in said active area.between said doped silicon 

regions forming a gate opening to said semiconductor substrate; 

conformally growing a ~e oxide layer within said gate opening and overlying Said 

. dielectric layer. and said doped silicon regioni;; 

·depositing a polysilicon layer overlying said _gate oxide and filling said gate opening; 

· t 5 · planarizing said polysilicon ~yer to complete formation of a gate electrode; 

thermally diffusing dopant atoms from each of said doped silicon. regions into said 

· substrate underlying said doped silicon regions to form ·lightly doped regions; and 

depositing an interlevel dielectric layer overlying said gate electrode completing 

fabrication of said integrated cifcuit device. 
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11. The method according to Claim 10 wherein said isolation regions are formed by shallow 

· trench isolation (STI). 

_ l.2. The method according to Claim 10 whei:ein said dielectric layer comprises one of a group· 

contairiing silicon oxide, silicon oxynitride, silicon nitride,. andtetraethyloxysilane (1EOS) 

deposited to a thickness of between about 1500 to 3000 Angstroms. 

13. The method according to Ciaim 10 wherein said groWing of said doped silicon region is 

performed using in-situ doped selective epitaxial growth (SEG). 

14. The method according to Clmm 10 wherein said doped silicon region is doped ·with one 
. . 

of a group containing boron, arsenic, phosphorous, indimn-and antimony .at a concentration 

ofbetween about 1El4to 8El5 atoms/cm3
• 

· 15. The method according to Claim 10 wherein said. gate oxide layer is formed to a thickness 

of between about 10 to 200 Angstroms. 

16. The method according to Claim I 0 wherein said polysilicon gate comprises one or more 

·of a group.containing polysilioon, polysilioon germanimn,·amorphous silicon,_and platinum 

silicon germanimn deposited to a: thickness of between about 1500 to 3000 Angstroms~ 
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·17. The method according to Claim 10 wherein said thermal diffusion is performed using· 

rapid thermal annealing (RTA) at a temperature of between about 800 to 11509C for a period 

of between about 5 to 60 seconds. 

· 18. The method according to Claim i o wherein Said themial diffusion occurs during said step 

. of growing saiddielectric layer. 

·19. A. method of fabricating an integrated cirouit cievice comprising: 

providing an active area in a semiconductor substrate separated .from other active 

areas by isolation regions; 
. . .. 

·forming a dielectric layer overlying said semiconductor substrate· and said isol~on 

S regions; 

patterning and etching away said dielectric layer in tWo distinct areas and within said 

active area to form two openings to said semiconductor substrate; 

growing a doped silicon region to fill each of said openings wherein said doped 

silicon regions form raised source and drain regions; 

1 O etching away said dielectric layer in said active area between said doped silicon 

regions forming a gate opening to said semiconductor substrate; 

conformatly growing a gate oxide layer within said gate opening and overlying said 

dielectric layer amt s&id doped silicon regions; .. 

depositing a metal layer overlying said gate oxide and filling sBid gate opening; 

l S planarizing said metal layer to complete formation of a: gate electrode; 
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thermally diffusing dopant atoms from each of said doped silicon regions into said . 

substrate underlying said doped silicon regions to form lightly doped regions; and 

depositing an intefleVel dielectric layer overlying said gate electrode completing 

fabrication of said integrated 'Circuit deVice. . . 

20. The method according to Claim 19 wherein said isolation regions are :formed by shallow 

trench isolation (STI} .. · 

21. The method according to Claim 19 wher~n smd dielectric layer comprises one of a group 

containing silicon oxide, silicon oxynitride, silicon nitride, and tetraethyloxysilane.(TEOS) 

deposited to a thickness ofbetWeen about.1500 to 3000 Angstroms. 

22. The method according to Claim 19 wherein said growing of said doped silicon region is . 

performed using in~situ doped selective epi1axial growth (SEG). 

23. The method according to Claim 19 wherein said doped silicon region is doped with one 

of a group containing boron, arsenic, phosphorous, indimn and antimony at a concentration . 

of between about 1E14 to 8El5 atoms/cm3
• 

· 24, The method according to Claim 19 wherein said gate oxide layer is formed to a thickness 

ofoonveen about· 10 to 200 Angstroms. 

14 



. 11111111111111111111111111 1111 
* C L M S * 

25. The method according to Claim 19 wherein _said metal gate comprises one of a group 

containing titaniwn, tungsten and aluminum deposited to a thickness of between about 1500 

to 3000 Angstroms. 

26. The method according to Claim -19 wherein said thermal diffusion is performed using 

rapid thermal annealing (RTA) at a temperature of between about 800 to 1150°C for a period 

of between about 5 to 60 seconds. 

. : . 
27. The method according to Claim 19 wherein said thermal diffusion ~-.during said step . 

of growing said diel~ctric layer. 
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