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A METHOD TO FABRICATE A MOSFET USING SELECTIVE EPITAXIAL
GROWTH TO FORM LIGHTLY DOPED SOURCE/DRAIN REGIONS
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-U.S.. Patent Application Serial Number - : (C_S-99-056) to the same

inventors, filed on
BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relateé to thé_methqd offal_:_ricaﬁon of 1ntegrated circuit devices,
and mom particularly, to a method of foﬁm’ng_a sub?quarte_r-micron. MOSF'ET'S_iruc_ture' '
. with a raised source and drain in the fabrication of integratéd §ircuits. i '. ‘-
| {2) bescn'ption of the Prior Art

In sub-quarter-micron MbSFET archite(:tﬁte, itis nééé.ésary; to use ultra-shallow
source and drain regions. Low energy ion implantation is typically used to form such

regions.

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

of mdﬁbc:ys’talline silicon. A layer of silicon oxide 12 is formed on the surface of the



~ substrate. A polysrhcon layer is deposlted and patterned t to form gate electrode 16. A '

typical LDD (lightly doped source and dram) structure is formed byan LDD mask

| implant followed by spacer oxrde deposition and etchmg and thena source/_dram_ mask

_ impiant Lightly doped source and drain regions 20 are shown in Fig. 1. |

U.S. Patent 5,20.0,'3'52 to Pfiester teaches a method of forming_.a MOSFET device
using raised epitaxial regions adjacent to lightly doped substrate source/drain regions

allowing precise control .cf the source/drain region doping profiles: U.S. Patent

- 5,447,874 10 Grivna etal teaches a method of forming an MOSFET device usinga dual '
metal gate formed in an oxide opemng Usmg a chemrcal mechamcal pohshmg step to

._ plananze the surface ehmmates the problems encountered in etching different me’wls

U.S. Patent 5, 856 225 to Lee et al teaches of fonmng an MOSFET devme where the
source/drain reglons are burlt pnor to the 1mplantatxon of the channel region under the
gate. This allows more precise control of the source/dram positions, thereby controlhng

the electrical parameters of the MOSFET device.

SUMMARY OF THE INVENTION

A pnncrpal object of the present invention is to prov1de an effectwe and very
manufacturable method of fabncatmg a sub-quarter-mrcron MOSFET device havmg a_ -

ralsed source/drain structure



- Another object of the present invention is to provide a method of fabricating a -

sub-quarter-mit:rou MOSFET device having a raised source/drain structure using

se_lective epitaxial growth (SEG).

* Yet another Obj_ect of the pr_esent.iri’ventiori is _to provide a method of fabrica_ting a

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

| dopant concentrations are precisely controlled.

In accordance with the objects of this mventlon, a new method of fabncatmg a

sub—quarter micron MOSFET devme is achreved A semlconductor substrate is provrded '

_ Shallow—trench isolation (STI) reglons for example are formed in thls substrate. An

oxide layer is provrded overlymg both: the substrate and the STI reg10ns The oxide layer S

is patterned and etched exposing two reglons of the substrate. A selectrve epitaxial
growth (SEG) is performed wrth in srtu dopmg covenng the two exposed substrate

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

and dram- contact regrons of the MQSFET. --'I_‘he oxlde _layer reglon between the two '

.dOped SEG regions_is'then pattem'ed'and etched uway exposing the suhstrate between the
two doped SEG regions. This is followed by a gate oxide forruation and either

polysrlrcon or metal gate deposrtlon Chemical mechamcal pohshmg (CMP), for

- example is then performed to plananze the surface to faclhtate mterconnectlon later in

the process and forming the final gate structure Thennal energy prov1ded from
processing steps or from a rapld thermal anneal (RTA) allows the doping atoms in the _
SEG reglons t_o diffuse into the substrate fonmng 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 etchedm the interlevel dielectric

and metalization patterned to allow intérconnection to the completed MOSFET device.
BRIEF DESCRIPTION OF THE DRAWINGS

~ Inthe accomponyixig draWings forming a material part of this deseription,. thete is

shown:

Fig. 1 schematxcally 1llustrates in cross-sectlonal representatlon a MOSFET

| havmg an LDD structure in accordance w1th prior art

Figs. 2 through 5 schematlcally lllustrate in cross-secuonal representation a -
preferred embodiment of the present mventxon Figs2 and 3 111ustrate the ﬁrst steps for
both embodlments of the device. Figs. 4a and 5a 111ustrate the completlon of one |

embodlment of the device usxng a polys111con gate Figs. 4b and 5b 1llustrate the '

: completxon ofa second embodlment of the devwe usmg a metal gate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Witho_ut unduly limiting the scope of the invention, two -preferred embodiihehts o

- will be described herein. Referring now more patticularly to Fig- 2, there is 1llustrated a
.portlon ofa partially completed MOSFET dev:ce Semloonductor substrate 30is -

' preferably composed of monocrystalhne sxhcon. Isolation reglons 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 deposit_ed. The dielectlfic layer 32 may comprise any dielectric

material such as silicon oxide, silicon oiryni_tride, silicon nitride, and tetracthyl-oxysilane

' (TEOS) The dielectric layer 32 is patterned to -e)rpose_the-surface of the substrate 30 in

the two areas of an active region.

Refernng nowto Fig. 3,a doped epltaxlal region 36 is grown us1ng selectlve

N ep:taxxal growth (SEG) on the area of the substrate not covered by the d1electnc layer 32
" toa thlckness approxlmately equal to the thlckness of the d1e1ectnc layer 32. The in-situ

' doplng process occurs by 1ntroducmg gasses during SEG w1th dopant atoms such as

boron, phosphorous, arsenic, ant_lm_ony, or indium ata concentration of between _about
1E14 to 8E15 atoms/cm’. The doped epitaxial regions 36 form raised source/drain

regions.

Referring now to Fig. 4a, of the first embodiment wherein a pol_ysilic_on gate is

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

A gate oxide 38 is then conformal]y deposited by rapld thermal oxidation (RTO), low-
pressure chem1cal vapor deposxtlon (LPCVD) or fumace ox1dat10n over the entire surface ._ |
with a thickness of between about 10 to 200 Angstroms This is followed by a depos1tlon .
ofa gate layer 40 witha thlckness of between about 1500 to 3000 Angstroms Thls gate

layer 40 may be composed of polys1hcon, polys111con gexmamum amorphous silicon,

platmum s1hcon germanium, or a stacked composite havmg one layer of polysﬂlcon and a

se_cond layer of polysilicon germamum_ ora conductmg metal such as tungsten,-alummum ;



| or titanium. When a stacked composrte gate layer 40 is used, the deposition method is

furnace ox1de chemical vapor deposmon (CVD) low pressure CVD (LPCVD) or rapld

. thermal CVD (RTCVD) The first layer of the composne will have a ﬂnckness of

_ between about 500 to 2000 Angstroms and the second layer will have a th1clcness of

between about 1000 to 2500 Angstroms

" Referring now to Fig. 5a, the surface is then planarizﬁ_e,d using chenncal ) |

mechanical polishing (CMP), for example, leaving the gate oxide 38 and the conducting

gate layer 40 only in the regions between the two epitaxial .re_gions- 36. A rapid thermal

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

between about 800 to1 150 °-C is then performec.l. This activates dopant atomns that

dlffused from the epttaxlal region 36 mto the’ substrate 30 formmg the hghtly doped B
source/dram (LDD) regions 44. An mterlevel d1electnc layer 42 is then deposrced |
overlying the entire surface of the semrconductor. Contact holes (not _shown)_ and metal

interconnection lines (not shown) would then be pattemed to make connections to the- |

: completed MOSFET device.

Refer now to Fig 4b, describing a second embodiment wherein a metal gate i.s

used. The area of dielectric layer 32 between the two epltaxral reglons 36 is etched away

A gate oxide 38 is then grown or deposrted by rapld thermal ox1datron (RTO) low- '
" pressure chemlcal vapor deposmon (LPCVD) or ﬁnnaee oxrdatlon over the entrre surface

‘witha thlckness of between about 10 to 200 Angstroms A temperature between about

800 to 1150 °C for between about_S _to 60.__seconds would be used for RTO. _Usmg a

furnace growth, would require a temperature of between about 800 to 1'1.50 °C for
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between about 10 to 120 minutes. The thetmal energy 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 thic]mess of between about- 1500 to 3000 Angstroms. This metal gate layer 50 :

may be composed of any conductmg metal, a stacked composxte havmg one layer of

 polysilicon and a second layer of a conductmg metal, or a’composite made up of layers of
_ 'conductors and/or conductmg metals. Possible conductlng metals may mclude tungsten,

' alummum or titanium. When a stacked compos1te gate layer 50.is used, the deposmon

method will include fumace ox1de chemlcal vapor deposmon (CVD), low pressure CVD

' (LPCVD) or rapid thermal CVD (RTCVD) The ﬁrst layer of the compos1te wﬂl havea =

thlckness of between about 500 to 2000 Angstroms and the second layer wﬂl have a

thickness of between about 1000 to 2500 Angstroms ,

~ Referring now to Fig 5b, the suﬂ"ace is then 'planarized using CMP leaving the

: . gate oxide 38 and the metal gate layer 50 only in the reglons between the two epwaxml
_regions 36. A rapid thermal annealmg (RTA) step of duratlon between about 5 to 60.

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

actlvatlon of dopant atoms diffused from the ep1tax1al reglon 36 into the substrate 30 to

complete ‘the formatxon of the LDD reglons 44, An mterlevel d1electnc layer 42 is then

: deposlted overlying the entire surface of the senuconductor Contact holes (not shown)

and metal 1nterconnectlon hnes (not shown) would thenbe patterned to make connectlons |

to the completed MOSFET device.
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The present lnventlon prov1des a method of fabncahng a sub-quarter-mlcron

MOSFET dev1ce having raised souree/dram In addmon, the method prov1ded uses self

_ aligning‘ structures simplifying the manufact(:ring process’ and pi'ov1d1ng for consmtent

phys1ea1 dimensions and ¢lectrical device charactensues Since no dry plasma etching of
the gate is requlred in the process there is no plasma-mduced damage induced dunng the

gate patterning and formatlon.

While the invention has been perticularly show':i and describéd with reference to

the preferred embodlments thereof itwill be understood by those skilled in the art that

- various changes in form and deta:ls may be made w1thout departmg ﬁom the spmt and .

scope of the invention. .
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1 A method of fabricating an integrated clrcult devrce compnsmg

| providing an active area ina semlcondu_ctor substrate separated from other active
areas by isolation regions; | |

forming a dielectrlc layer overlyin.g-said semiconductor substrate and said isolati_on
r'eg.ions.; | |

patterning and etch'ing awa_y. said dielecn'lc_layer in two dlstmct areas and wﬂhm said
active area to form two openings to said semiconductor subStrate'

growmg a doped silicon reglon to ﬁll each of said opemngs whereln sa1d doped
slhcon regions form raised source and dram regxons

etchmg away said dielectric layer in sald actlve area between said doped s111con

regions forrmng a gate opening to said sermconductor substrate

conformally growmg a gate ox1de layer w1th1n said gate opening and overlymg said
dielectric layer and said doped silicon reglons _ | '

deposrtmg a conductmg layer overlylng said gate ox1de and ﬁlllng said gate opemng,_

..planan_zmg said o,onductmg layer to complete formatlon of a g_ate electrode; ..

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

: substrate underlymg said doped silicon reglons to form l1ghtly doped reglons and

deposltmg an mterlevel drelectnc layer overlymg said gate electrode eompletmg

) ' fabrication of sard lntegrated crrcmt devnce

2. '-Th_e'metho'd according to Claim 1 yyherein-said isolation regions are formed by. shallow

trench isolation (STD).
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3. The method according to Claim 1 wherein said dielec_lric 'la"yer comprises one of a group

. containing silicon oxide, silicon oxynitride, silicon nitride, and teh'aethyloxysilane (T"EOS) |

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

" 4, The method aocordmg to Clalm 1 whereln sa1d growmg of said doped silicon reglon is

perfonned using in-situ doped selective epnaxlal growth (SEG).

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

a group contammg boron, arsemc phosphorous 1nd1um and antnnony at a concentration of

between about 1E14 to 8E15 atoms/cm

6. The method according to Claim 1 wherein said gate oxide _laj(er is fo'nned'to a tlﬁeldmess o

of between about 10 to 200 Angstroms. .-

7. The method'_aecord_ing.to Claim 1 wherein said conducting layer comprises one or more-

ofa group containing polysilieon, pol)*silicon germanium amorphous silicon, platinum .-

silicon germanium, tungsten, alutmnum and tltamum depos1ted to athlckness of between '

_about 1500 to 3000 Angstroms

8. The method according to Claim 1 wherein said thertnal diffusion is performed using

: rapld thennal annealmg (RTA) ata temperature of between about 800 to 1 150°C for a period .

of between about 5 to 60 seconds

10
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9. The method according to Claim 1 wherein said thermal diffusion occurs 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 oyerlyirl_g said semiconductor substrate and said isolation

regions;

pattermng and etchmg away said drelectnc layer in two dlStlnCt areas and w1th1n sa1d h

 active area to form two cpenmgs to sard semrconductor substrate

growmg a doped silicon regron to fill each of sa1d openings wherein said doped

~ silicon regrons form rarsed source and drarn reglons .

etchmg away sald dielectric layer in sard actrve area between sard doped s111con
regrons forming a gate opemng to said semrconductor substrate |

confonnally growing a gate oxrde layer w1thm said gate opemng and overlymg sa1d _'

. drelectnc layer and sald doped srlrcon reglons

‘depositing a polysrhcon layer overlymg sa1d gate ox1de and filling ; sa1d gate opemng,
plananzmg said polysrhcon layer to complete formatlon of a gate electrode

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

- _' substrate underlying said doped silicon regions to form llghtly doped regrons and -

deposrtmg an interlevel drelectnc layer overlying said gate electrode completrng

- _ fabncatron of Sa.ld mtegrated crrcurt devxce

11
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~ 11. The method according to Claim 10 wherein said isolation rogions are formed by shallow

 trench isolation (STI).

12.The method according to Claim 10 whéreih said dielecn'ic layer comprises one of a group' .
~ containing silicon ox1de s1hcon oxymtnde silicon mtnde and tetraethyloxysﬂane (TEOS)

-dep031ted toa thlckness of between about 1500 to 3000 Angstroms .

13. The method acoording to Claim 10 Whefein said growing of said ‘doped'silioon regionis

'performed using in-situ dop_ed selective epltaxml growth (SEG).- '

14. The method accordmg to Clalm 10 wherem sald doped silicon reglon is doped with one |
of a group contammg boron, arsemc phosphorous indium and antlmony at a concentration |

of between about_ 1E14 to 8E1_5_ atoms/cm,-.

15. The method according to Claim 10 wherein said gate oxide layei'_ is formed to a thickness .-

of between about 10 to 200 Angstroms.

16. The method according to Claim 10 wherein said polysilicon gate oomprises- 'ono or more

"of a group containing polysiiicon, polysilicon germanium, amorphous silicon, and platinum

silicon germanium deposited to a thickness of between a‘oout. 1500 to 3000 Angstroms.

12
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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 1150°C for aperiod -

of between about 5 to 60 seconds.

18. The. method according to Claxm lO wherem said thermal dlfﬁxsron occurs dunng said step

of growmg sald dlelectnc layer.

19. A method of fabricating an mtegrated circuit device eompnsmg
providing an active area ina semrconductor substrate separated from other active
areas by isolation regions; |

'fonnirlg a dieleetric layer. overlying said semieorlductor substrate and said isolation -

regions;

pattermng and etchmg away said dlelectnc layer in two d1st1nct areas and thhm sald
actlve area to form two openings to said semrconductor substrate k " |

growmg a doped srhcon reglon to ﬁll each of sald openmgs wherem said doped
srhcon reglons form ralsed source and dram reglons

etchmg away said dielectric layer in said actrve area between sald doped silicon

regions formrng a gate opemng to sa1d semiconductor substrate

conformally growing a gate ox1de layer w1th1n saJd gate opemng and overlymg said

| dlelectnc layer and sald doped sﬂlcon regrons

deposrtmg a metal layer overlymg sald gate ox1de and fillmg said gate openmg'

plananzmg said metal layer to complete formatron of a gate electrode;

13
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thermally difﬁlsihg dopant atoms from each of sa1d doped silicon regions into s_aid_' _

- substrate underlying said doped silicon regions to form ligh_tl_y doped regions; and - |

depositing an interlevel diclectric layer overlying said gate electrode completing

fabrication of said integrated circuit device.

- 20. The method accordmg to Claxm 19 wherem said 1solatlon reglons are’ formed by shallow _

trench isolation (STI)

21. The method according to Claim 19 w}'ierein Said dielectric leye'r.comprises oneofa grouf;

contalmng silicon ox:de sxhcon oxymtnde snlxcon mtnde and tetraethyloxysﬂane (TEOS)

_ deposnted toa thlckness of between about’ 1500 to 3000 Angstroms

22. The method accordmg to Clalm 19 wherein said growmg of sald doped sﬂlcon reglon 1s }

performed using m-s1tu doped selectwe ep1tax1a1 growth (SEG)

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

‘of a group containing boron, arsenic, phosphorous, indium and antimony ata concentration

of between about 1E14 to 8E15 atoms/cm’.

24. The method aocordmg to Clalm 19 wherem sald gate ox1de layer is formed toa thlckness .

of between about 10 to 200 Angstroms :

14
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25 The method aocordmg to Claim 19 wherein sa1d metal gate compnses one of a group

containing tltamum tungsten and alummum depos1ted to a thickness of between about 1500

to 3000 Angstroms. '

26. The tnethod according to Claim 19 wherein said thermal diffusion is performed using
‘rapid thermal anneahng (RTA) at a temperature of between about 800 to 1150°C fora penod

of between about 5to 60 seconds

27 The method accordmg to Clalm 19 wherem sald thermal dlffusmn occurs dunng said step E

of growing sald dlelectnc Iayer



