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METHOD FOR FORM NG A LOW | MPURI TY DI FFUSI ON POLYSI LI CON LAYER POST 4o P
BACKGROUND OF THE | NVENTI ON 1. Field of the Invention P”' The
present invention relates generally to polysilicon |ayers typically :
enployed in formng polysilicon gate electrodes or polycide gate el ectrodes
wi thin Metal Oxide Sem conductor Field Effect Transistors (MOSFETs). More
particularly the present invention relatles to low inpurity diffusion
polysilicon layers typically enployed in formng polysilicon gate

el ectrodes or polycide gate electrodes within Metal Oxi de Sem conduct or
Field Effect Transistors (MOSFETS). 2. Description of the Related Art

As integrated circuit technol ogy has advanced and intﬁarat ed circui.t device

and ~ conducMETHORFAR FORYHNG 8 1L OWAMPUREN: BLERUSION RQLYSUIGQN LAYER

increasingly inportant to assure that advanced integrated circuit devices
Wi thin advanced integrated circuits are fabricated in a fully functional

and reliable fashion. W.thigaefEROO8D OF 9HPINPERTIONI tS W thin which
there are forned Metal Oxide Sem conductor Field Effect Transistors

( MOSFETs) the:flunctionality and reliabjlity of the integrated circuits are
often largely related to the functionality and reliability of the Metal

Oxi de "Sem dodfitlafdhe Inyeatiep E£f f ect Transi stors (MOSFETs) forned therein.

In that regard, w thin advanced Metal .Oxi de Sem conductor Field Effect,
Transi stors ' '

The present invention relates genefally to mlﬁﬂiwn layers typically employed in
' . forming polysilicon gate electrodes or polycide gate electrodes within Metal Oxide Semiconductor
" Field Effect Trafisistors (MOSEETs); More pirticularly the present irivention relates to low impurity
 diffusion polysilicon layu'styplcaﬂy employed in foﬁning polysxhcongate ;iwuodes or polycide gate
electrodes witkin Metal Oxide Semiconductor Field Effect Transistors (MOSFETS). )

2. Description of the Related Art

As integrated circuit technc:logy has advanced and integrated circuit device and
conductor element dimensions have decreased, it has become increasingly important to assure that
advanced integrated circuit devices within advgnced integrated circuits are fabricated in a fully
functional and reliatiie fashion. Within advanced integrated circuits within which there are formed
Metal Oxide Semiconductor Field Effect Transistors (MOSFETs) the functionality and reliability of
the integrated circuits are often largely related to the functionality and reliability of the Metal Oxide
Semicondﬁctor Field Effect Transistors (MOSFE;I‘sj formed therein.

In that regard, within advanced Metal Oxide Semiconductor Field Effect Transistors
(MOSFETSs) which employ polysilicon or polycide (polysilicon/metal silicide stack) gﬁte electrodes

in contact with thin gate oxide layers, there is known in the art to occur functionality and reliability



(MOSFETs) which enpl oy polysilicon or polycide (polysilicon/netal silicide
stack) gate electrodes in contact with thin gate oxide |ayers, there is
known in the art to occur functionality and reliability

- 2 - probl ens derived fromthe diffusion of dopant inpurities and/or
other inpurities fromthe polysilicon or polycide gate el ectrode into

and/ or through the underlying thin gatZz-oxide |ayer. For exanple, it 1is
known that boron and/or phosphorus dopant inpurities enployed in doping :
polysilicon | ayers enployed within polysilicon or polycide gate el ectrodes
may di ffuse fromthose polysilicon |ayers and through an underlying thin
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addition, fluorine inpurities fromeither (1) boron difluoride inpurity
dopi ng of & knownsthitibocon dndipe phasphdmisdapantdimpurities employed ip dbpiog gelysiicor layers

el ectrode; or (2). tungsten hexafluoride based Chem cal Vapor, Deposi teg
(CVD) tung ' 'peg'ﬂmapwb@dfﬁ gate elecimpdes may diffysefzqre thoss xrq%aha@ layspan

| ayer withign a,tungsten siljci | de..gate.el e . L fuse
through or SR el aGeFR i it oiadIRiet b g ok £l Ol SinBirilicol bl ¢
el ectrode g TRMSIRoAMOSHEY) &finel reS6°A LotpromBing fid Reat ORide S&hiBor@iatter Fidldde

| ayer thickness. Such an increase Tn thin gate oxide | ayer thickness may
al so conpr Effet T rankigtor(MOSFET N operating patameterso in addifionofiuotne thpuSdesifiooneithert (1)

Field “ Effect Transjstor, (MOSFET) within which is forned tha& oI%isi | i.con
or pol yci déorpadifuende impusitydoping of 4 polysilicon layer within,3 polyailicon;og Pl %&e grtrode;

f or egoi ng, t | F rls '! 4 | f i {:‘%@ ' s .
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art for T Oigiudi d RithétiilicldeXippl idybiSiitin B MlngSed Kb folyiiZe FathRiesod¥thylaio
enpl oyed within polysilicon or pdlycide gale el ectrodes wthin Metal Oxide
Sem conduc tdiffasdthmbigh drifforthe palyaificondiyer of  pSHEAS)r. polyoide gate elbcinbde i causelaso
been shown to be useful within other integrated circuit, devices, or ]
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Effect Transistor (MOSFET) within which is formed that polysilicon or polycide gate electrode.

In order to address the foregoing, and related, impurity diffusion based functionality
and reliability problems, several methods have recently been disclosed in the art for forming low
impurity diffusion polysilicon layers which may be employed within polysilicon or polycide gate
electrodes within Metal Oxide Semiconductor Field Effect Transistors (MOSFETs). Some methods
have also been shown to be useful within other integrated circuit devices or structures which are
desirably formed of polysilicon layers having low impurity diffusion charactenstlcs In general, the
low impurity diffusion polysilicon layers are formed from multiple adjoining polysilicon layers}_,l;aying
grain boundary mis-matched polycrystalline properties, thus presumably providing interfaces within
the polysilicon layer, which interfaces impede impurity diffusion.



| ow i mpurity diffusion polysilicon |layers are formed fromnultiple
,adjoining polysilicon |ayers having grain boundary m smatched

pol ycrystalline properties, thus presumably providing interfaces within the:
pol ysilicon |ayer, which interfaces inpede inpurity diffusion.

- 3 - For exanple, Liang, in U 'S. Patent No. 5,393, 687

di scl oses a nethod for formng a low knpwity diffusion polysilicon |ayer -
used in contacting a shallow junction integrated circuit device electrode
such as a shallow junction source/drain electrode. The |low inpurity

di ffusion polysilicon layer is fornmed through a two | ayer polysilicon

deposi tion process epbawplRoLiank, il US! PR ND. §393, 687 iRIceesshethddior formiag @Vvi de
two adj oi ning polysilicon |layers with grain boundary m snatched

pol ycr yst alldw irpugity diffasidn pelysilicbh iapergiedtifh eontaefidgackhalldinv jinctibm integfatedginguit dévies
fromthe upi)er pgqle%si licon _layer into the shallow junction_integrated
circuit dewlegtrodepushes dshallow jungtingsaurce/drain electrode. The low impyrity iffusion polysilicont
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formng. a ngév‘figgrrgtl%?it? dlt%eflﬁi? ggﬁﬁ%gl goslf ic(a:%?l% ayer orﬁa pol ysilicon gate
el ectrode golyerystallinesprbpetivs. Fhiob aetHod cdiffiskignLof rbpupitiesirami the upper pblysilicon

I mpurity d??fyu.si on pollg/si l'icon %l?;gr is for mac? thrp(;ﬂsh anneal i ng a Stacked
Anor phous  $ayet iptorthg Saliyw junetion intepmasedSeiccuit devictralacedeisimpefede on ( SAS) | ayer is

formed frommul ti ple anorphous silicon |ayers processed with intervening
nitrogen backfill annealing process steps. - Further, Huang

el 2l in US. Pal obudtin 51350, 698uRRof bAkas PerbefiRied o Ohrd PRACRS G

| ow i npurity diffusion polys npl oyed wthin a polysilicon gate
el ectrode. Chlide (<P#Thri)by Using £l5faticedi AanorphdugSilicos (SAS) Filmy” 93sIEDM 329 ahéiLkBIgh
anneal ing an intermediate multi-layer structure formed of nultiple _
pol ysi | i corPateatNo §,34hiek disclose telated methodstang steuctires forferming adow impurity diffusion -
polysilicon layer for a polysilicon gate electrode ora polysilicon emitter contacted junction diode.
The low impurity diffusion polysilicon layer is formed through annealing a Stacked Amorphous
Silicon (SAS) layer. The Stacked Amorphous Silicon (SAS) layer is formed from multiple

* amorphous silicon layers processed with intervening nitrogen backfill annealing process steps.

Further, Huang et al., in U.S. Patent No. 5,350,698 also disclose a method for forming
a low impurity diffusion polysilicon layer employed within a polysilicon gate electrode, The low
impurity diffusion polysilicon layer is formed through annealing an intermediate multi-layer structure
formed of multipie polysilicon layers interleaved with multiple silicon oxide lgyers. '

Finally, there is disclosed by Kim et al., in U.S. Patent No. 5,441,904 a method for
forming a low impurity diffusion polysilicon layer employed within a tungsten silicide polycide gate
electrode. The low impurity diffusion polysilicon layer is formed from multiple polysilicon layers

formed with intervening annealing process steps. Preferably, the multiple polysilicon layers are also



Finally, there is disclosed by Kimet al., in US. Patent No. 5,441,904 a
.method for formng a low inpurity diffusion polysilicon |ayer enployed
within a tungsten silicide polycide gate el ectrode. The |l ow inpurity

di ffusion polysilicon layer is fornmed fromnultiple polysilicon |ayers
formed wth intervening anneal i ng process steps. Preferably, the nultiple
pol ysilicon | ayers are al so -4 - .

- 4 - formed fromdifferent silicon source materials.

Desirable in the art are additional nethods through which there nay be.
formed wthin integrated circuits low inpurity diffusion polysilicon |ayers
whi ch may be enployed in formng polysilicon structures such as

polysilico 0, l.de gate el ectrodes within Metal Oxide
Sem conduc?grgﬁgﬁﬁéqﬂd&%*@gﬁ%%ﬁggs %#%g'( MOSFETs). Particularly desirable
are nethods which: (1) do not.require intervening annealing or cooling
process steps; (2) do not require nultiple silicon source nmaterials; and
(3) do not require iDesiableinathedrtared additonabméthiels through svhich thefeomayi becfotmed/within
impurity diffusion polysilicon |ayers frompolysilicon nulti-layers with
grain boundawaﬁﬁdsﬁwsclﬁwdmawwé‘#iﬁélpa|pplyw0arlw§rwhl@smayrbmgmplﬁvétm.gﬁwmgab| e

in the art : u L.ch | ow, i rit di ffusio ol ysilii.can
layers may ‘gdgfs fl %rgéreghgl%gﬁrés%% ]g&-o yfﬂ' nigaf%aelfggﬁ S &r ?g‘g%%'{ecﬁa % egﬁ'ﬁg? '?’mil\ﬂagi tu
in a nulti pbgde 'Sediderdubior FleRl EffetP TranQ@brs"WIGSFIRY). NPURiGHAY (daGifablle | aROmBthedse S S
sinmplicity and econony. : SUMVARY -OF -THE
| NVENTI ON  which: (1) do not require intérvening snnediing of caaling precess sepsn(2) donatrequira muRipleo
provide a nefhod for formng a lowinpurity diffusion pol YSi l'icaon | ayer
within an iqxlllceg [Soyresmaterials; iapd (3) do not require interleaved silicon oxide layers, in forming low
impurity diffusion polysilicon layers from polysilicon multi-layers with grain boundary mis-matched
polycrystalline properties. ‘Thus, most desirable in the art are methods through which low impurity .
diffusion polysilicon layers may be formed either in-situ in a single reactor chamber or in-situ in a

multiple chamber cluster type tool with maximum manufacturing process simplicity and economy.

' SUMMARY OF THE INVENTION

A first object of the present invention is to provide a method for forming a low

impurity diffusion polysilicon layer within an integrated circuit.

A second object of the present invention s to provide a method in accord with the first
object of the present invention, which method does not require intervening annealing or.cooling
process steps in forming the low impurity diffusion polysilicon layer from a polysilicon multi-i'ayer

with grain boundary mis-matched polycrystalline properties.

A third object of the present invention is to provide a method in accord with the first



A-second obj ect ofthe present invention is to provide a nethod in accord
with the first object of the present invention, which nmethed does not
“require intervening annealing or cooling process steps in formng the | ow
i mpurity .di ffusion polysilicon |ayer froma polysilicon nulti-layer wth

grai n boundary m s-matched pol ycrystalline properties. A
third object ofthe present invention ksst-0 provide a nmethod in accord with
the first - 5 -

obj ect of the present invention, which nethod does not require nmultiple
silicon source materials in formng the low inpurity diffusion polysilicon
| ayer fr omobjegtaifhei presensrinviention; whigly method deesgrotdequitegumitiple siliconiseurpgmatemals in

pol ycrystall i pe properti.es,... . A.foyrth object, of the present .ipnvention
" 10 pr oviterming thelew gepuriy diffoven Rphywlican s rom 4 palysijpgnami-tgheroth Bgpin boupdary

i nvention, whichy g%ﬁ s not require interleaved silicon oxide

| ayers in f“ﬁ?%ﬁ%‘d&ﬁ? oW |ér:%'§$$§e)§ di ffusion polysilicon layer froma
polysilicon multi-layer with grain boundary m s-matched pol ycrystalline
properties. A fifth object of the present invention is to
provi de a nethod i n Atmogh dbjest offthe fresedtimvestion isip provided methed jprageosd with thedmsti on,

whi ch net hod, may be acconpljshed .either .in-situ in, one reag¢tQr ch er or
in-situin °g'°ﬁl?¥fqeﬁr’€°‘lﬁﬁ%( 1o, iighopethod alsg does not require interleave S‘BW“S‘? Y8 ect

obj oot "of ¢ S ForEAE VAP ke R ool Rl ol s BGlctn oldbisbel Syl g
manuf act ur ipBendaty Hisnfaichtd pulftnRENRAS fbperties.

A fifth object of the present invention is to provide a method in accord with the first
object of the present invention, which method may be accomplished either in-situ in one reactor
chamber or in-situ in a multiple chamber cluster tool.

A sixth object of the present invention is to provide a method in accord with the first
object of the present invention, which method also provides for optimal manufacturing simplicity and

economy.

In accord with the objects of the present invention, there is provided a method for
forming within an integrated circuit a low impurity diffusion polysilicon layer. To form the low
impurity diffusion polysilicon layer of the present invention, there is formed upon a semiconductor
substrate an amorphous silicon layer. Formed also upon the semiconductor substrate in contact with
the amorphous silicon layer is a polysilicon layer. Finally, the amorphous silicon layer and the
polysilicon layer are simultaneously annealed until there is formed a polysilicon multi-layer with .grain
boundary mis-matched polycrystalline properties. Optionally, a metal silicide layer, such as a tungsten
silicide layer, may be formed upon the amorphous silicon layer and the polysilicon layer either pr{or



In accord with the objects of the present invention, there is provided a
.method for formng within an integrated circuit a low inpurity diffusion
polysilicon layer. To formthe low inpurity diffusion polysilicon |ayer of
the present invention, there is fornmed upon a sem conductor substrate an
anor phous silicon layer. Fornmed al so upon the sem conductor substrate in
contact with the anorphous silicon |layef s a polysilicon |ayer. Finally,
t he anorphous silicon layer and the polysilicon |ayer are sinultaneously
anneal ed until there is forned a polysilicon nulti-layer with grain
boundary m s-mat ched pol ycrystalline properties. Optionally, a netal
silicide | gysfaubssiieitffo dn £ SRorphbusGliidsh lajef 8hid thHPMleﬁ:oﬁ%&?ck‘hH R§éred he
anor phous silicon’layer and the polysilicon layer either prior

- 6 - t Stack ofthdmeralusilicide Jayerp the amesghowsilichre lapargordnaeatedaimorphous silivps layand
the polysilicon layer. The |ayered stack of the netal silicide |ayer, the

anor phous 8nd thepelysiligan,layep for anealed pelysiliennJanstignay; thenchspattatped in the grocess of

pol ysilicon |ayer (or anneal ed.polysjli I ) _Jay. th erned in
Fhe” pr oces b pole R BEETS oF i Bl ap B stmpaportoEFioR B eopien

Oxi de Sem BETPr Field Effect Transistor (MOSFET). The
nmet hod of the present invention provides a low inpurity diffusion
polysilicon layer for use within an integrated circuit. In addition, the
met hod through which is fornmed the |low inpurity diffusion polysilicon

| ayer: (1) does not Theggthedof the presputiinvention prowides alow Bppudy a¥ef eps;

(2) does ?%%Fe‘ree.gui rgp%%a&g% gégd%g@ourc%tgst gr ila$ﬁg°%8§43 ﬂ,criﬁ%s,gsﬁt}r)ot-
require | nterredyt ] . . .
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di ffusi on etsyst require RmltipR)siicor sdroe thaterials; wb (Ifj)hbem FeadireinterlBved sk okide
invention is a polysilicon nulti-layer formed with grai n boundary

m smat ched lgyes,jmfoymingthe lowdimpurisydiffasion polysilieen lgyes frpmiacnolysificop milti-layen veithegmain
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layer formed through the method of the present invention is a polysilicon multi-layer formec} with

grain boundary mis-matched polycrystalline properties, the grain boundary mis-matched
polycxysfaﬂine properties are achieved throﬁgh forming an amorphous silicon layer in contact with
a polysilicon layer and subsequently simultaneously annealing both the amorphous silicon layer and
the polysxhcon layer. The method of the present invention does not require intervening annealing or
cooling process steps, multiple silicon source materials or interleaved silicon oxide layers in forming

the polysilicon multi-layer with grain boundary mis-matched polycrystalline properties.

The method of the present invention may be undertaken either in-situ in a single
reactor chamber or in-situ in a multiple chamber cluster tool with optimal manufacturing simplicity
and economy. Through the method of the present inventién, both the amorphous silicon layer and
the polysilicon layer which it contacts may be formed either in-situ in a single reactor chamber or in-
situ in a multiple chamber cluster tool through an otherwise equivalent Low Pressure Chemical V;por



a polysilicon |ayer and subsequently sinmultaneously annealing both the
.anor phous silicon layer and the polysilicon |ayer. The nethod of the
present invention does not require intervening annealing or cooling process
steps, multiple silicon source materials or interleaved silicon oxide

| ayers in formng the polysilicon nulti-layer with grain boundary

m smat ched pol ycrystalline properties."7 - The met hod of the
present invention nay be undertaken either in-situ in a single reactor
chanmber or in-situ in a nmultiple chanber cluster tool with optinma

manuf acturing sinplicity and econony. Through the nethod of the present

[ [ , ot h iLi. | d the. pol ysi.l i I whi ch
1 cont act Demmpon A PeSB mRBEY Flovine St Hieh sSiRce meiial ivng B Rawdiht | 1.
situin a szﬁ;{?gggém%n BLPESIISY depOition s G fiiitte 2Rt P1oRRF 1bw Présdlitt YRR Low

Pressure Chem ca

-7 - RRjs Deposition (LIRSD) depbiitivaderfiparitangiah marpioudGiliCorlayer &¥omseddndat a

mat eri al by gda}ryl ng the Low Pressure Cheni cal a‘;P}a{ilpor._Dep(_)si tion (LPCVD)
deposi t i on higberdemwaPressure Ghemical Vapor DiepositiondEBGYD) dtpositiemiempenatire Dpplysilicon on
(LPCVD) deposition tenperature an.anofphou ilican | ayer is forned nd at
a higher 3§ isrfedusd, oThe amerphous silison E’Eﬁpﬂ’?i 'SF (?ﬂlyf’E@ erd'é‘ﬁfdsé‘%eﬂ‘beﬁﬂy ¢

t enper at ur ¢ ' eiaﬁgnanh o} _ th’W §=Y iagf% fYHRéd. and
t he pol ysi Fﬁn%étgg%oggy%{r' y s%gege%the%nt ép%goréilﬂ?r‘u ta%@gﬁsﬂlﬁgﬁiﬁga iI)t/ﬂannedéI ed
in the sanghige mehod SRR REseirvEIition Wy 5 untiér@kenreitRer Biosith inf Dsinghereactdrittimbet he

met hod ofthe present invention may be undertaken either in-situ in a single
react or chanimesitu irog miltiple chambenchastertiod with @ptima maswfactiningt samplicitand\ecertomypt i mal
manuf acturing sinplicity and econony.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 io Fig. 3 show a series of schematic cross sectional diagrams illustrating the
results of progressive process stages in forming within a Metal Oxide Semiconductpr Field Effect
Transistor (MOSFET) within an integrated circuit a polycide gate electrode which :employs alow
impurity diffusion polysilicon layer formed through the prefer;'ed embodiment of the method of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a method for forming within an integrated circuit
a low impurity diffusion polysilicon layer. To form the low impurity diffusion polysilicon layer
through the method of the present invention, there is formed upon a semiconductor substrate an

amorphous silicon layer. Formed also upon the semiconductor. substrate and contacting the



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 to Fig. 3 show a
.series of schematic cross sectional diagranms illustrating the results of
progressive process stages in formng within a Metal Oxide Sem conduct or
Field Effect Transistor (MOSFET) within an integrated circuit a polycide
gate el ectrode which enploys a low inpurity diffusion polysilicon |ayer
formed through the preferred enbodi memtof the method of the present

i nvent i on. DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
The present invention provides a nmethod for formng within an integrated
circuit a lowinpurity. diffusion polysilicon layer. To formthe | ow

inmpurity diffusion polysjlicon |ayer _through the nethod, of t pr.esent
i nvent i on, amorphpys siisory layeris @ pakywlicon layen,Funally therago B’sst‘li"&?@yﬁ"r‘?ngg}?&plﬁms
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silicon layer an adjoining polysilicon layer are simultaneously
anneal ed t diffifsion polgsilicod keyer formedthrangh the Inseshed ofiihi Ipregent inversion dekiveyfronnthe graint ched
pol ycrystal line properties. The | ow inpuri t% di ffyusion _ char a{%t-er' tics of

the | ow i nsundary mis-metchedopplyssysialing praperties, ofthe pobysicpn PHIGAYEr foFRed EIM ERE of
th t ] tiaon degfive from.the grai i s- mat ched
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Although the method of the present invention may be employed in forming within any
mtegrated circuit a device or conductor element desirably formed employing a polysilicon layer with
loﬁ impurity diffusion characteristics, the method of th_g present invention will typically be employed
in forming within Metal Oxide Semiconductor Field Effect Transistors (MOSFETSs) within integrated
circuits polysilicon or polycide gate electrodes with low impurity diffusion characteristics. The

- method of the present invention may be employed in forming low impurity diffusion polysilicon or
polycide gate electrodes within Metal Oxide Semiconductor Field Effect Transistors (MOSFETS)
within integ:ate& circuits including but not limited to Dynamic Random Access Memory (DRAM)
integrated circuits, Static Random Access Memory (SRAM) integrated circuits and Application
Specific Integrated Circuits (ASICs). The method of the present invention has broad applicability in
forming within integrated circuits low impurity diﬁhsién polysilicon layers from which may be formed
polysilicon gate electrodes and polycide gate electrodes within Metal Oxide Semiconductor Field
Effect Transistors (MOSFETs).

Referring now to Fig. 1 to Fig. 3, there is shown a series of schematic cross-sectional
diagrams illustrating the results of progressive process steps in forming within a Metal Oxide
Semiconductor Field Effect Transistor (MOSFET) within an integrated circuit a low impurity

diffusion polycide gate electrode in accord with the preferred embodiment of the method of the



anneal ed anor phous silicon | ayer and the adjoi ni ng anneal ed pol ysilicon

| ayer. Al t hough the nmethod of the present invention may be
enployed in formng within any integrated circuit a device or conductor

el enent desirably forned enploying a polysilicon |ayer with low inpurity

di ffusion characteristics, the nmethod of the present invention wll
typically be enployed in formmg within ¥dtal Oxide Sem conductor Field

Ef fect. Transi stors (MOSFETsS) within integrated circuits polysilicon or

pol yci de gate el ectrodes with low inpurity diffusion characteristics. The
met hod of the present i nvention may be enployed in formng low inpurity

di f f usi I t | ect thig, Metal Oxid
Serm conduc POFAF IR P4 it FPemaereRiere o) i lonae sl of
circuits | %ce&% i ate@cikdaiam ¢ Random Access Menory ( DRAM

|ntegrated ci'rcuits,” Static Ran g@nAccess Menory (SRAM integrated circuits
and Application SpeC|f|c Integrated Circuits (ASICs). The nethod of the
present invention has broad applicability in formng within integrated
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o e i
or 056 st Pk 1 Authoueh I prlhencnydiG Sy 5o SRR o ShtibehalnoC CRRIREISE

steps in f it ;;dwraw Saridab %paﬁ%%dﬂ@emrﬁ@dﬂs%@ﬁi&ysﬁ“&bdplﬁ drikffations, the

Transi stor (MOSFET) within an integrated circuit a low inpurity di ffusion
pol yci de gatmicanthentarisabstrate 0 uponovhichis priactichd the peefesred enibesiihent oftbe methd ofthe

nmet hod of the -
present invention is preferably a (100) silicon semiconductor substrate having an N- or P- doping.

Methods and materials through which }solation regions may be formed within aed/or
upon semiconductor substrates are known in the art of integrated circuit manufacture. Isolation
regions may be formed within and/or upon semiconductor substrates through methods including but
not limited to thermal oxidation methods v{rhereby portions of a semiconductor substrate exposed
through a suitable mask are oxidized to for'm isolation regions within and upon the semiconductor
substrate, and isolation region deposition methods whereby blanket layers of suitable insulator
materials are deposited upon a semiconductor substrate and patterned to form isolation regions upon
the semiconductor substrate. For the preferred embodiment of the method of the present invention,
the isolation regions 12a and 12b are preferably formed through a thermal oxidation method whereby
portions of the semiconductor substrate 10 exposed through a suitable mask are oxidized at a
temperature of from about 900 to about 1100 degrees centigrade to form isolation regions 12a and

12b of silicon oxide within and upon the semiconductor substrate 10. <

Also shown in Fig. 1 is the presence of a blanket gate oxide layer 14 which is formed

upon the active region of the semiconductor substrate 10 defined by the isolation regions 12a and



- 9 - present invention. Shown in Fig. | is a schematic cross-sectional
.diagramillustrating the result of wearly stages of processing of the
integrated circuit. Shown in Fig. 1 is a sem conductor
substrate 10 wi thin and upon whose surface is formed the isolation regions
12a and 12b which define the active region of the sem conductor substrate
10. Although the present invention nmay-he practiced upon sem conduct or
substrates of either dopant polarity, various dopant concentrations and
various crystallographic orientations, the sem conductor substrate 10 upon
which is practiced the preferred enbodi nent of the nethod of the present

N o e ol eGSR oafhiid rdugh kbRl e WAL Bl i B8 SRS i 21
i sol ation feahOiFSeniBdiRfor ubstrRel a¥d it it{he 4R of intégRAd TRBICAMIECHR, Blanket

substrates are known in the art of integrated circuit manufacture.
| sol ati on giategtideisgersmay be fonnedngin actveiregicm of samicopdurtior substratesithosugh methods
substrates_ through nethods including but not limted to {hermal oxidation

met hods whisFladiye by pat fimited tg thegmal exidation metheds wherehy, the ative ZSgiRm0f @ sepifonduelpr o
sui table ma r.e oxidiz to,. formisalation redi 1t hi . e
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sem conduclgxgﬁastgfggct?r ate %ﬁ%b’gﬁkﬁggﬁgﬁyﬁaﬁ gr(ﬁ&gut;i on rteggi odrf'is&g?oygrr? mf he
sem conduc indépeidetit depésited Gpsoin atpogtioniof b e¢niicshdenbrasibsmatetinahidirigithe avtivduegiondf t he
present invention, the isolation regions 12a and 12b are preferably formed

through a theesmieandusidraubstrass: Frethequefomesteabpdipsnt of thegneghod; of thepsesens drvertionor
of 11 om abO RS 25 oxh e uPritsPl amed Ao b s AR O L YT
regi ons 12@@%@%@5&&&% ag\ﬂ%ﬁdgﬁvﬁ% bifedin 2iehe BRAB abSif 966 BprQ0 ek

substrate _ _ ( own In kg 1is the presence oea
bl anket gatefor thédlanket @lite bdidehayeért 4iof tHickhéss tomaBoutish €o st 200 ahggrioms. of t he

sem conductor substrate 10 defined by the isolation regions 12a and

Also shown in Fig. 1 is the presence of a blanket amorphous silicon layer 16 which
resides béneath a blanket polysilicon layer 18. The blanket amorphous silicon layer 16 and the blanket
polysilicon layer 18, when annealed, form 't_he. low impurity diffusion polysilicon layer formed through
the method of the present invention. ‘Although there are several methods and materials through which
may be formed blanket amorphous silicon layers and blanket polysilicon layers within integrated
circuits, including but_not limited to Chemical Vapor Deposition (CVD) methods, Low Pressure
Chemical Vapor Deposition (LPCVD) methods and Physical Vapor Deposition (PVD) sputtering
methods, both the amorphous silicon layer 16 and the polysilicon layer 18 formed fhrough the
preferred embodiment of the method of the present invention are preferably formed through a Low
Pressure Chemical Vapor Deposition (LPCVD) method. Other methods may, however, be employed
provided that there may be sequentially formed through those methods an amorphous silicon layer
and a polysilicon layer.



- 10 - 12b. Methods and materials through which bl anket gate oxide
.layers may be formed upon active regions of sem conductor substrates are
known in the art of integrated circuit manufacture. Bl anket gate oxide

| ayers may be formed upon active regions of sem conductor substrates

t hrough nethods including but not limted to thermal oxidation nethods

- whereby the active region of a sem condudtor substrate is oxidized to form
a bl anket gate oxide | ayer upon the active region of the sem conductor
substrate and bl anket gate oxide |ayer deposition nmethods whereby bl anket
gate oxide |ayers are independently deposited upon a portion of a

sem conduct or substrate including the active reg he sem condyct or
substrate. For the Phepesied rﬂ? 8¢ “M@dnﬁf? Hﬁdpr(??mf FrYepion s Rrgyt H

i nvention, _thg blanke

t her mal m&%@%@#@ﬁﬁ%gﬁﬁg Ohﬁ@gﬁ\%@h@pﬁ%@ﬁﬁ elé%{] a
t emper at urgadibet B Silido { @andlind blakeOpcalicielye: @B fatefortd frorDthe ednie t he
bl anket gate oxﬁ@ﬁ?ﬁyer f% t hi ckness from about 60 to about 200

angst r ons. silicon source material. ThusAhessilicarsmurce imatefial gmplayeid svithin shezaye Biessuredthenical

bl anket anorphous silicon |ayer 16 which resides beneath ‘%ﬁﬁ %]‘-hdiﬂf
pol ysi | i coVapoaeposition (HREVR) R%OWMG}BC EF@F%?W‘W&W qd f the

bl anket polysil.icon'la 8 n r

i 1 usi on PORIPERES ﬁw}vmwh ﬁ9 S8 AP 4ol R S et

i nventi on. @f*‘%@ M{gih@ﬁhﬂd’etﬁﬁ Kok silicba 1ayed Ch
may be fornme Hg#:%lthﬁg&nglfg{]lgas Si I | con I ayers and bl anket&%ol ysili cagﬁ‘

| ayers wi t 1§ sditieibhgkenpslybilicsn layerii 8, In ordee tofdtm thelblanket amoiphoustsdidon layeCi6 and: al
Vapor Deposition (CVD) nethods, Low Pressure Chem cal Vapor Deposi t.i.on

( LPCVD) nethhdd@karmblﬁil‘?@ lﬁasmusbetbam bﬁw(mfes‘ﬁhﬂ‘é’rl ﬂlgOfrB?mE}H%n

Chr ough  HORGPaPERd l'@??ﬁ@&! e gPaciit s eaptes St e o %mﬂ el e
Pr;te];\g:jabgﬁ?? may, tr'a.’nowever gﬁ%ﬁpwﬁéﬁtﬁ ed tg‘gt%ﬁg?gﬁ?v?e
sequenti al m;,ffaﬂﬁegrefe%@ uiibodihéais 6f e kHe88 ofhe pressnpinoetsion,ithé lanked amoephousind a
Potystl Cogﬂulo?lylger 16 is preferably formed at a Low Pressure Chemical Vapor Deposition (LPCVD)
deposition temperature of from about 500 to about 580 degrees centigrade and the blanket polysilicon
layer i6 is preferably formed at a Low Pressure Chemical Vapor Deposition (LPCVD) deposition
temperature of from about 600 to about 700 degrees centigrade. Preferably, the blanket amorphous
silicon layer 16 is from about 400 to about 700 angstroms thick, and the blanket polysilicon layer 18
is from about 1000 to about 1500 angstroms thick. Other parameters under which are preferably
formed the blanket amorphous silicon layer 16 and the blanket polysilicon layer 18 include a reactor
chamber pressure of from about 0.15 to about 0.3 torr and a silane silicon source gas flow of from
about 100 to about 500 standard cubic centimeters per minute (sccm).
As is understood by a person skilled in the art, the method of the present invention will
also provide a functional low impurity diffusion polysilicon multi-layer with grain boundary mis-

matched polycrystalline properties when the order in which the blanket amorphous silicon layer 16



The preferred enbodi nent of the method of the present invention provides

.manufacturing sinplicity and econony in formng a low inpurity diffusion

pol ysilicon | ayer when the bl anket anorphous silicon |ayer 16 and the

bl anket polysilicon layer 18 are fornmed fromthe sane silicon source
material. Thus, the silicon source material enployed within the Low
Pressure Chenical Vapor Deposition (I-P&/D) deposition nmethod of the
preferred enbodi nent of the method of the present invention is preferably
silane, although other silicon source materials, such as but not limted to
di silane and dichlorosilane nmay al so be enployed in formng the bl anket

anor phous silicon l.ayer, ..16 and.the bl anket pol il n layer 18. |In order
to fgr m t he %%@@W&m}gy@ilﬁ F?égrwﬂye?ntﬁsﬂ%ﬁae? ge @ictas sulstateilBon
| ayer 18 thiQiahed hﬂtﬁ%@éﬁ bAe ' . [ i £4.0N D
rre%/hod in-sitd in the same reag{dg? %har&ﬁﬂa@rﬁ'ﬁ%%&#&ggﬁ% ni’lglg%"@}‘
material, t leyer, degvessé bidering is typitaliy not Grefiiriel Sin ﬁmﬁi@@aﬁ@&g}{%ﬁﬁtmo f

Deposition (LPCYD) method is varied. Thus, for the preferred” enbodi _
the method &org achiswadiwhiem theretis ® progressiontin tenipetaterinfpimongsthe blankeoamorplas 16

o i et LS et ki i S s
apd e, oL aniBiepol b SRR vl P vRAE Wb ok BT SR

t o about 70@baifJoedgreeseintigdsle. Preferably, the bl anket anorphous silicon
| ayer 16 is from about 400 to about 700 angstrons thick, and the bl anket
polysilicon layer 18 1is fromabout 1000 to about 1500 angstrons thick.

Gt her paraneters unde; .wWhich.are preferably formed the bl anket anorphous

silicon layer 16 and Biks Pperen sed in Hp art, both theRlanketeamerphong ilison
ource gas. TPau af v SeReicoR el 18 Uk Benty mis il ufeh oBeRe ot o
PR 1! St ety il i MR AR SRR S
| ow i npur i t pdeduateétyasiagolygiicion kiyériwdthin arpolysiliconay polycide dategsledtroddowitkisl 8 MetalOside
T o < Kerbn e el IOSHE Sve it iy b iyt iy
anor phous s S may P10y g
sufficient quantities of dopants into the blanket amorphous silicon layer 16 and the blar;ket polysilicon
layer 18 to make the low diffusion impurity pélysilicon layer formed from those two layers sufficiently
conductive to serve as a polysilicon layer within a polysilicon gate electrode or a polycide gate
electrode within a Metal Oxide Semiconductor Field Eﬁ"ect Transistor (MOSFET). These methods
include but are not limited to co-depdsition methods where suitable dopants are incorporated as the
blanket amorphous silicon layer 16 and the blanket polysilicon layer 18 are formed, and ion
implantation methods where a suitable quantity of dopant is implanted into the blanket polysilicon
layer 18 after the blanket émorphous silicon layer 16- and the blanket polysilicon layer 18 are formed.
Arsenic dopants, boron dopants and phosphorus dopants are common in the art. For the pref'erred
embodiment of the method of the present invention, ti)e blanket amorphous silicon layer 16 and the
blanket polysilicon layer 18 are preferably doped with a suitable dopant through an ion implantation

method at an ion implantation dose of from about 1E15 to about 2E16 ions per square centimeter and
)



- 12 - and the bl anket polysilicon |layer 18 are formed upon the surface
.of the sem conductor substrate 10 is reversed. Al though a reverse ordering
will provide a functional low inpurity diffusion polysilicon |ayer, a
reverse ordering is typically not preferred since manufacturing sinplicity
and econony are nore readily achieved when there is a progression in
tenperature in form ng the bl anket anofpBotus silicon layer 16 at the
relatively | ower tenperature of from about 500 to about 580 degrees
centigrade followed by form ng the bl anket polysilicon 18 at the relatively
hi gher tenperature of about 600 to about 700 degrees centigrade.

As is also aww@ﬁ,ﬁm%omne?ggnﬁfmwm 30 Rchbbit SR VartindePsuch coiditidak,adophnt
anor phous silicon layer 16 and the bl anket poysilicon |ayer 18 are

pref er abl y conckatratinnabf et leastabiohy E1§ dopand atoms iper cubideentinfetar i thpicallywnd preferablyy

di ffusion polysilicon_ |ayer which is forned fromthose two |layers to serve
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quantities j Jopants into the blanket anorphous silicon layer 16 and the
bl anket polysilicon layer 18 to make the low diffusion inpurity _
polysilicon layer formed fromthose two | ayers sufficiently conductive to
serve as a polysilicon Iatzﬁer; within a polysilicon gate electrqode or_ a

pol yci de gate el ect Fiodll, there isshowa inJEg.d thepresgrce obaplenketdrreal gilicide; layeri2G-formasd;
Transi st or FET).. Thes hqds. i ncl u re e

co- deposi t i‘&‘fw% §°€ﬁ§%?@%§§?ﬁ“ %eﬁjﬁ't gﬂ"gpe Fﬁ?@a&e&(ﬂsﬁ%ﬁ&a%ﬁ%%hnket

bl anket aﬂgﬁ;ammﬁdéwe&s' ' &M&M%ﬁ% iaakeMnona inihé hit 6PKitepAeA cirdd ar e
formed, and 1on 1 npl anfn%?i on net hods ere a suitable quantity of dopant is
i mpl ant ed | mifichre. As keewn nche/si, blanketmetalsiticideJayafs ey be Formied fronnanetah siticigeghou s
silicon layer 16 and the bl anket polysilicon |ayer 18 are forned. _Arsenic

dopant s, bofoominganesals including butaoplimited o tungsten, ditanium, platinusm cobalt 3nd taptalum. 2y
‘the preferr aed%iﬁon, the blanket metal silicide layers may be formed through methods including -but not limited
to Chemical Vapor Deposition (CVD) methods, Physical Vapor Deposition (PVD) sputtering
methods and selective thermal annealing m?thods employing blanket metal silicide forming metal
layers formed upon blanket silicon layers. Although other methods and materials may also be
employed in forming the blanket metal silicide layer 20, for the preferred embodiment of the method
of the present invention, the blanket metal silicide layer 20 is preferably formed of tungsten silicide
deposited through 2 Chemical Vapor Deposition (CVD) method employing tungsten hexafluoride as
a tungsten source material. Preferably, the blanket metal silicide layer is from about 1000 to about
1700 angstroms thick.

Although not specifically illustrated in Fig. 1, in order to form the low impurity
diffusion polysilicon layer through the preferred embodiment of the method of the present invention,
the blanket amorphous silicon layer 16 and the blanket polysilicon layer 18 (or subsequently patterned

portions of those two layers) are simultaneously annealed. The processing point in the preferred



embodi nent of the method of the present invention, the blanket amorphous
Silicon layer 16 and the blanket polysilicon |ayer 18 are preferably doped
with a suitable dopant through an ion inplantation nethod at an ion

i npl antati on dose of from about 1E15 to about 2E16 ions per square
centineter and - 13 -
an ion inplantation energy of from about420 to about 50 keV. Under such
conditions, a dopant concentration of at |east about 1E19 dopant atons per
cubic centinmeter is typically and preferably formed within the bl anket

anor phous silicon layer 16 and the bl anket polysilicon | ayer 18 or the | ow
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surface of the bl anket polysilicon Iayer 18. Methods and materials through
whi ch bl anleatorpiwusilicon|layer #e aidthe bianken polysilicon layerd] 8nnay bensiinuitanesualy ainealed
circuits are known in the art of |ntegrated circuit manufacture. As is
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Preferably, seédamlbih@'ﬁlhﬁstﬂlu‘fﬁitad inFig. i1ab By, 3.2YRY othér ahrealiigpbstiess nldyGithide, babaret
1700 angstrons thick. Al t hough not specifically

i | I ust r at echot ¥mited go, squrce/draig eleatrodedorf implant dnacaling\propasses. Pxeferably the simultaneous
annealing is undertaken through a conventional thermal method at a temperature of from about 800
to about 950 degrees centigrade for a time period of from about 15 to about 45 minutes.
Alternatively, more advanced thermal anneaiing methods, such as but not limited to Rapid Thermal
Processing (RTP) annealing methods at a temperature of from about 800 to about 1000 degrees

centigrade for a time period of from about 30 to about 60 seconds may also be employed.

Referring now to Fig. 2, there is shown a schematic cross-sectional diagram illustrating
the results of further processing of the integrated circuit whose schematic cross-sectional diagram is
illustrated in Fig. 1. Shown in Fig. 2 is the presence of a gate oxide layer 14a upon which is aligned
a patterned amorphous silicon layer 16a, a patterned polysilicon layer 182 and a patterned metal
silicide layer 20a. The patterned amorphous silicon layer 16a, the patterned polysilicon layer 18a and
the patterned metal silicide layer 20a, when annealed, form a polycide gate electrode employed within
a Metal Oxide Semiconductor Field Effect Transistor (MOSFET) formed through the prefe;red



di ffusion polysilicon |ayer through the preferred enbodi nrent of the nethod
.of the present invention, the blanket anorphous silicon |ayer 16 and the

bl anket polysilicon |ayer 18 (or subsequently patterned portions of those
two | ayers) are simultaneously anneal ed. The processing point in the
preferred - 14 -

.enbodi nent of the method of the present st -which the bl anket anor phous
silicon |ayer 16 and the bl anket polysilicon |ayer 18 are sinultaneously-
annealed is typically not critical. The bl anket anorphous silicon |ayer 16
and the bl anket polysilicon |layer 18 may be sinultaneously -anneal ed '
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preferably anneal ed si mil taneously” w th another ahneal i'ng proc ypi cal |y
enpl oyed i nlayers fromgheirtvorrespordimgtiladtetdayeesi t whose schematic cross- sectional
diagramis illustrated in Fig. 1 to Fig. 3. The other annealing process may
I nclude, but are not limted to, source/drain electrode ion inplant
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m nutes. Alternatively, nore advanced thernmal anneali ng net suc

but not | i npatetineddayeespitdchifoen nird polyeide GatesdléegoddXTMpthadind natgialiRhroeghswidth a
tenperature of from about 800 to about 1000 degrees centigrade for a time
period of f PwReAminlectiodesanaythe formed withio ective reginns af ssmidoadustqsisebstrates adjoining

Referring nQw to Fi t here i s sho a schemati c, cross-sectional diagram
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whose schengbindddsaRIspicil hthohgH not bflisREly fSimed through implanting in a seif aligned fashion

a suitable dopant into the active region of the semiconductor substrate at a dose and energy sufficient

to form source/drain electrodes into the active region of the semiconductor substrate. Arsenic
dopants, boron dopants and phosphorus dopants are common in the art of forming source/drain
electrodes. For the preferred embodiment of the method of the present invention, the source/drain
electrodes 22a and 22b are preferably formed through implanting in a self-aligned fashion employing
the pattemed layers which form the polycide gate electrode as a mask a suitable dopant into the active
region of the semiconductor substrate 10 at an ion implantation dose of from about 1E15 to about
1E16 ions per square centimeter and an ion implantation energy of from about 50 to about 90 keV.
As is understood by a person skilled in the art, it is common in the art of forming source/drain
electrodes within a senﬁconductdr substrate through an ion implantation process that the
semiconductor substrate will typically subsequently be annealed in order to repair damage to the

region of the semiconductor substrate into which is formed the source/drain electrodes througl; the



illustrated in Fig. 1. Shown in Fig. 2 is the presence of a gate oxide
layer 14a upon which is aligned a patterned anorphous silicon |ayer 16a, a
patterned polysilicon |ayer 18a and a patterned netal silicide |ayer 20a.
The patterned anorphous silicon |ayer 16a, the patterned polysilicon |ayer
18a and the patterned netal silicide |ayer 20a, when annealed, forma

pol yci de gate el ectrode enpl oyed w t hrntéa~Met al Oxi de Sem conductor Field
Ef fect Transistor (MOSFET) formed through the preferred

- 15 - enbodi mrent of the nmethod of the present invention. The four
patterned | ayers are patterned fromtheir correspondi ng bl anket |ayers,

i | lustrated;
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Dielectric (PMD) layers are typically, although not exclusively, formed through patterning through
methods as are conventional in the art of ;;lanaxized Pre-Metal Dielectric (PMD) layers. In turn,
planarized Pre-Metal Dielectric (PMD) layers are typically formed through planarizing through
methods are conventional in the art of conformal Pre-Metal Dielectric (PMD) layers. The planarizing
methods include but are not limited to Chemical Mechanical Polish (CMP) planarizing methods and
Reactive Ion Etch (RIE) etch-back planaﬁﬁng methods. Finally, as is known in the art, conformal
Pre-Metal Dielectric (PMD) layers may be formed of dielectric materials including but not limited to

silicon oxide dielectric materials, silicon nitride dielectric materials and silicon oxynitride dielectric
materials formed upon semiconductor substrates through deposition methods including but not
limited to Chemical Vapor Deposition (CVD) methods, Plasma Enhanced Chemical Vapor
Deposition (PECVD) methods and Physical Vapor Deposition (PVD) sputtering methods.



1E16 i ons per square centineter and an ion inplantation energy of from
.about 50 to about 90 keV. As is understood by a person skilled in the art,
it is coomon in the art of formng source/drain electrodes within a

sem conduct or substrate through an ion inplantation process that the

sem conductor substrate wll typically subsequently be annealed in order to
repair damage to the region of the sem agnductor substrate into which is
formed the source/drain el ectrodes through the

- 16 - ion inplantation process. Thus, for the preferred enbodi nent
of t he nmet hod of the present invention t he annealing of the patterned
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Dielectric turn,

Also shown in Fig. 3 is the presence of the conductive contact studs 26a, 26b and 26¢
formed into the apertures between the patterned planarized Pre-Metal Dielectric (PMD) layers 24a,
24b, 24c and 24d. Methods and materials through which conductive contact studs may be formed
within patterned planarized Pre-Metal Dietecuic (PMD) layérs within integrated circuit are also
known in the art of integrated circuit fabrication. Conductive contact studs may be formed through
methods including but not limited to thermally assisted evaporation methods, electron beam assisted
twaporation methods, Chemical Vapor Deposition (CVD) methods and Physical Vapor Deposition
(PVD) sputtering methods through which may be formed conductive contact studs of conductive
materials including but not limited to metals, metal alloys and highly doped polysilicon. For the
preferred embodiment of the method of the present int'ention, the conductive contact studs 26a, 26b
and 26¢ are preferably formed of tungsten metal formed through a Chemical Vapor Depasition
(CVD) method, as is common in the art. The conductive contact studs 26a, 26b and 26¢ are
prefefably formed of a thickness sufficient to reach the upper surfaces of the pattémed Pre-Metal
Dielectric (PMD) layers 24a, 24b, 24c and 24d.



pl anarized Pre-Metal Dielectric (PVD) layers are typically formed through
planarizing through nethods are conventional in the art of confornal
Pre-Metal Dielectric (PVMD) |layers. The planarizing methods include but are
not limted to Chem cal Mechanical Polish (CW) planarizing nethods and
Reactive lon Etch (RIE) etch-back planarizing nethods. Finally, as is known
in the art, conformal Pre-Metal Dielectigsie (PVMD) |ayers may be fornmed of
dielectric materials including but not limted to silicon oxide dielectric
materials, silicon nitride dielectric materials and silicon oxynitride
dielectric materials fornmed upon sem conductor substrates through
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Preferably the patterned planarized Pre-Metal D electric | ayers

24b, 24c arudethmcladxngtiutnmhaﬁedmoMﬁmﬁmﬁMp&m%Mtdmnmeh-
Preferably, the apertures between the patterned planarized Pre-Metal
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Pre-Metal Dielectric (PMD) |ayers 24a,

For the preferred embodiment of the method of the present invention, the patterned
first conductor layers 28a, 28b and 28¢ are preferably formed through patterning through methods

as are conventional in the art of a blanket ﬁrst conductor layer formed at least in part of aluminum

or an aluminum alloy, as is common in the art.

Upon forming the patterned first conductor layers 28a, 28b and 28c, there is formed
2 Metal Oxide Semiconductor Field Effect Transistor (MOSFET) within an integrated circuit. The
Metal Oxide Semiconductor Field Effect Trahsistor (MOSFET) has formed therein a polydde gate
electrode which employs a low impurity diffusion polysilicon layer formed through the preferred
embodiment of the method of the present invention. ’fhe low impurity diffusion polysilicon layer is
formed through annealing an amorphous silicon layer which contacts a polysilicon layer. Through
this method there is formed a low impurity diffusion polysilicon multi-layer with grain boundary mis-
matched polycrystalline properties. In comparison with alternative methods for lforming a low

impurity diffusion polysilicon layer through a polysilicon multi-layer with grain boundary mis-matched



24b, 24c and 24d. Methods and materials through which conductive contact
studs may be fornmed within patterned planarized Pre-Metal D electric (PMD)
"layers within integrated circuit are also known in the art of integrated
circuit fabrication. Conductive contact studs may be forned through nethods
including but not limted to thermally assisted evaporation nethods,

el ectron beam assi sted evaporation net hieds, Chem cal Vapor Deposition (CVD)
nmet hods and Physi cal Vapor Deposition (PVD) sputtering methods through

whi ch may be fornmed conductive contact studs of conductive materials
including but not limted to netals, netal alloys and highly doped
polysilicon. For the preferred enbodi nent ofthe nethod of the present

i nvention, the conductive contact studs 26a, 26b and 26c are preferably
formed of tungsten metal formed through a Chenical Vapor Deposition (CVD)

net hod, as ﬁﬂﬁ%ﬂﬂﬂﬂ° i¥iHod o ﬁg&gﬂg§, hﬂﬂ§ and
26c are preferably foﬂr mee%ilﬂgf a thﬁi}k%ess su ?ﬁ%ﬁ@‘?ﬁ‘b’r"z en%.g uppe
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are known in the art of |nt egrated circult nhuf acture. Patterned conductor
| ayers are typically, although not exclusively forned through patterning
t hrough net hods as are conventional in the art of blanket conductor |ayers.
Bl anket conduct or | #pds wndetstood by & penseniskilled inthh art,mevisionsgnayrbe Imadé togndshcds,not

limted to thernal ly ass ted evapor ati.on net hod el.ectron, eam ssi st ed
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t o al um nuoftheintthod bf the ptesey invértidn S/AiNPKll-forming a Jow impurity diffusion polysilicon multi-
layer with grain boundary mis-matched polycrystalline properties within the spirit and scope of the

present invention, as defined by the following claims.

What is claimed is:



For the preferred embodi nent of the nmethod of the present invention, the
patterned first conductor |ayers 28a, 28b and 28c are preferably forrred
thro rough nmet hods as are conventional in the art of a

bl anumwmllmlmﬁum | ayer fornmed at least in part of aluminumor an

al um hunt alf oy, ds s corrrmninthe a_r; _ Upon form ng the
patterned first conductor |ayers 28a, %b and 28c, there is forned a Metal
Oxi de Sem conductor Field Effect Transistor (MOSFET) within an integrated
circuit. The Metal Oxide Sem conductor Field Effect Transistor (MOSFET)
has fornmed therein a polycide gate el ectrode which enploys a low inpurity
di ffusion polysilicon |ayer fornmed through the preferred enbodinent of the

nmet hod of the present invention. The low inpurity diffusion polysilicon
| ayer is forned t hrough anneal i ng an ampr phous silicon | a er whi ch

cont acts p ‘F‘aS?%P‘ qche eseptiirvention;does Rk employ i

t d f.f | ti-]1 h b t ched
ol yor yat SF FOHEE BPeRarePR ultE e soiroe et or g?ﬁaﬁ?kl?n%ﬁ&dihﬁm e
form ng a;ﬁ@mt{ ngsssﬁ hanggﬁs gwa';epﬁnaed %dg%%@m@)‘&ﬁfﬁlg DREH! ifveRftnidy' deCON

mul ti-layer®w rai m smat c

- 19 - formep @ithyee irnysitucih isingle péadtee ichintter of M&itd®i Hmaltipie chdmbeptlesteribol with
invention does not enploy intervening annealing or cooling process steps,
nul tiple mm%@;gw&afoéwm ligity andreeanomslved silicon oxide |ayers. The
low inpurity diffusion polysilicon |ayer formed through the nethod of the
present invention may be forned either in-situ in a single reactor chanber
or in-situin a wlmgltﬁd&aaabsias&bﬂﬁme&%ew&mmmﬂ EraBd i Adhdds | N9
process sinplicity and economny erstood by a

per son skirhdtells, saudnlres andtdimensiohssthrongh wihich ixcforiid ehel low impusinyldiffusion polysilicon
multi-Jayer with grain boundary mis-matched polycrystalline properties of the preferred embodiment
of the method of the present invention while still forming a low impurity diffusion polysilicon multi-

layer with grain boundary mis-matched polycrystalline properties within the spirit and scope of the
present invention, as defined by the following claims.

What is claimed is:



materials structures and di mensions t hrough which is fornmed the | ow
Jinmpuri ty“lllm mﬁl ﬂ'lLMMl licon multi-layer with grain boundary mi s-nmatched
pol ycrys i mel s of the preferred enbodi nent of the nethod ofthe_

present ifvehti'on"whi’l e*still formng a low inpurity diffusion polysilicon
multi- layer with grain boundary m s-matched pol ycrystalline properties-
within the spirit and scope of the pre&em invention, as defined by the
foll owi ng clains. What is clained is: _

- 19 - pol ycrystalline properties, the nethod ofthe present invention
does not enploy intervening annealing or cooling process steps, nultiple
silicon sourcej mat e inath6d RF d 1R uRshrify difissR poltifeon!lB¥LEsmpridiag | ow

i mpurity diffusion polysilicon [Nayer fornmed through the nmethod of the
present invention rfermiigupbn e semicandudter substrats aniamorphausssiliegh yerpact or  chanber
or in-situin a nmultiple chapber cluster tool wth paxi num manufacturing
process sinpli city fomURERRAA HhS semiconductor substrate a polysilicon; layera cantas withythe

person skilled_j . i | sions may be made to nethods, nmaterials,
structures anmoﬁgﬁgéﬁélﬂyﬁf%d;h which is formed the low inpurity

di ffusion polysili Gekalis siriuttdnedily thd abrldrpBbdishcddQlRERH Yhe PolysilBén IR o form

. polycrystalline properties of the preferred enbodi nent © ofthe net hod of the
present i nvent alow impurity diffbsion pdiysilicomigyen, thelow inpurity diffuslod polysilioon laperpeing i con
multi- layer with grain boundary m s-matched polycrystalline properties

wi thin the spi#palysiicer mulsieyenvith grainhoundant miswmathed polycrystallise propertieny t he

foll owi ng cl ai ns.

2. The method of Claim 1 wherein the amorphous silicon layer is from about 400 to

about 700 angstroms thick.

3. The method of Claim 1 wherein the amorphous silicon layer is formed through a Low
Pressure Chemical Vapor Deposition (LPCVD) method employing silane as a silicon source

material.

4. The method of Claim 3 wherein the Low Pressure Chemical Vapor Deposition
(LPCVD) method is undertaken at a deposition temperature of from about 500 to about 580
degrees centigrade.

5. The method of Claim 1 wherein the polysilicon layer is from about 1000 to about
1500 angstroms thick.
6. The method of Claim 1 wherein the polysilicon layer is formed through a Low
Pressure Chemical Vapor Deposition (LPCVD) method employing silane as a silicon source

material.
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1. 'l (“‘I““I" lmmng alowinpurity diffusion polysilicon |ayer

corrprl Si m ﬂ upon a sem conductor substrate an anor phous
silicon |ayers; * f'ormi ng upon the seniconductor substrate a
polysilicon layer in contact wth the anorphous silicon |ayer, and

anneal i ng si nul taneously the anorphous sil-icon | ayer and the polysilicon

| ayer to form a low inpurity diffusion polysilicon |layer, the low inpurity
di ffusion polysilicon |layer being a polysilicon nmulti-layer with grain
boundary m s-mat ched pol ycrystalline properti es. 2. The net hod of
Claim1l wherein the anorphous silicon layer is fromabout 400 to about 700

angstrons thigk. TRe method ¥ C1Ri"E WherkinGhe iLEwipPrakisreeCeniiddE VPSR IDéHRsiEon

silicon layer is formed through a Low Pressure Chem cal Vapor Depositi.on
(LPCVD) et hodLRCKID)opethng issinkertakencat a depoisition tempsrature el fromi aboutd00 to about 700 The
met hod of Caim3 wherein the Low Pressure Chem cal Vapor Deposition
(LPCVD) net hodegreeseaptigradsien at a deposition tenperature of from about 500
to about 580 degr ees centi grade. 5. The met hod of Caim1 wherein the
‘pol ysi licon Iayer is fromabout 1000 to about 1500 angstrons t hick.

8. The method of Claim 1 wherein the amorphous silicon layer and the polysilicon layer
are simultaneously themally annealed through a conventional thermal method at a
temperature of from about 800 to about 950 degrees centigrade for a time period of from
about 15 to about 45 minutes.

9. The method of Claim 1 wherein the amorphous silicon layer is formed upon the
semiconductor substrate prior to forming the polysilicon layer upon the semiconductor

substrate.

10. The method of Claim 1 wherein the polysilicon layer is formed upon the
semiconductor substrate prior to fomiing the amorphous silicon layer upon the semiconductor

substrate.

11, A metﬁqd for forming a low impurity diffusion polysilicon gate electrode for use
within a Metal Oxide Semiconductor Field Effect Transistor (MOSFET) comprising:
forming upon a semiconductor subétrate an amorphous silicon layer;
formmg upon the semiconductor substrate a polysilicon layer contactmg the
amorphous silicon layer' )
annealing sinm]taneously the amorphous silicon layer and the polysilicon layer to form
a low impurity diffusion polysilicon layer, the low impurity diffusion polysilicon layer being

a polysilicon multi-layer having grain boundary mis-matched polycrystalline properties, the



— T themethod-of—Caim!| wherein the polysilicon layer is formed through

a. Low Vapor Deposition (LPCVD) nethod enpl oying sil ane
T as a l Iﬁa ‘ﬁu jmﬂEterl al .

thod of Claim6 wherein the Low Pressure Chem cal
Vapor Dep05|t|on (LPCVD) nethod is undertaken at a deposition tenperature
of from about 600 to about 700 degreeg2centigrade. 8. The net hod of
Claim 1 wherein the anorphous silicon |ayer and the polysilicon |ayer are
si mul taneously thermally anneal ed through a conventional thermal nethod at .
a tenperature of from about 800 to about 950 degrees centigrade for a tinme
period of from about 15 to about 45 m nutes. 9. The nmethod of Claiml
wherein the Rtk ?ﬁhﬁ}’ﬁﬂﬁﬁ' dcB&r

substrate prior for maﬁgﬁgﬁg&%ﬁ% ?Q%agrr? Igf;er E%on taﬁgpg%?h%%gﬁ%t or -
substrate. 1BID dopantheonspenadicetatisietdrjand1 Wherein the polysilicon layer is
formed upon the sem conductor substrate prior to form ng the anorphous
silicon |ayer updettemingdbsionoimpydtyciffusipppolyailicon layer to form a polysilicon gate

5 e:_lectrode.

12.  The method of Claim 11 wherein ﬁg amorphous silicon layer is from about 400 to
about 700 angstroms thick. |

13.  The method of Claim 11 wherein the amorphous silicon layer is formed through a Low
Pressure Chemical Vapor Deposition (LPCVD) method employing silane as a silicon source

material.

14.  The method of Claim 13 wherein the Low Pressure Chemical Vapor Deposition
(LPCVD) method is undertaken at a deposition temperature of from about 500 to about 580

degrees centigrade.

15.  The method of Claim 11 wherein the polysilicon layer is from about 1000 to about
1500 angstroms thick.

16. - The method of Claim 11 wherein the polysilicon layer is formed through a Low
Pressure Chemical Vapor Deposition (LPCVD) method employing silane as a silicon source

material,

17. - The method of Claim 16 wherein the Low Pressure Chemical Vapor Deposition
(LPCVD) method is undertaken at a deposition temperature of from about 600 to about 700



11.° —A—ethed-foer—formng a low inpurity diffusion polysilicon gate
el ectrode for use wthiin a Metal Oxide Sem conductor Field Effect

Tr ansilj!ml H H rising: form ng upon a sem conduct or
substr b silicon |ayer, form ng upon the

sem conductor substrate a polysilicon |ayer contacting the anorphous
silicon | ayer, anneal i ng si nul t-angously the anorphous silicon | ayer
and the polysilicon layer to form a low inpurity diffusion polysilicon
llayer, the low inpurity diffusion polysilicon |ayer being a polysilicon

mul ti-layer having grain boundary m smat ched polycrystalllne properties,

t he 22 - | ow i npurity
di ffusion polysilicon |ayer also having a dopant concentration of at |east
about 1E19 dopant atons per cubic centineter, and patterning the
low i mpurity diffusion polysilicon layer to forma pol ysilicon gate

el ectrode. 12. The method of C aim 11 wherein the anorphous silicon

| ayer is fromabout 400 to about 700 angstrons thick 13. The net hod of
Cl ai m 11 wher degrees bentigrade.phous silicon layer is formed through a Low
Pressure Chem cal Vapor Deposition (LPCVD) nethod enploying silane as a
silicon source materi al

18.  The method of Claim 11 wherein the amorphous silicon layer and the polysilicon layer
“are thermally annealed through a conventional thermal method at a temperature of from about
800 to about 950 degrees centigrade for a time period of from about 15 to about 45 minutes.

19.  The method of Claim 11 wherein the amorphous silicon layer is formed upon the
semiconductor substrate prior to forming the polysilicon layer upon the semiconductor

substrate.

20.  The method of Claim 11 further comprising forming and patterning a metal silicide
- layer upon the amorphous silicon layer and the polysilicon layer to form a polycide gate
~ electrode from the polysilicon gate electrode.

21.  The method of Claim 20 wherein the metal silicide layer is from about 1000 to about
1700 angstroms thick.

22.  The method of Claim 20 wherein the metal silicide layer is a tungsten silicide layer.
23.  The method of Claim 22 wherein the tungsten silicide is formed through a Chemical
Vapor Deposition (CVD) method employing tungsten hexafluoride as a tungsten source
material.



14. The nethod of C aim 13 wherein the Low Pressure Chem cal Vapor
Peposition (LPCVD) nethod is undertaken at a deposition tenperature of
from about 500 to about 580 degrees centi grade. 15. The nethod of Caim
11 wherein the polysilicon layer is fromabout 1000 to about 1500 angstrons
t hi ck 16. The nethod of Claim 11 wherein the polysilicon layer i's
formed through a Low Pressure Chem cal -Vaper Deposition (LPCVD) nethod
enploying silane as a silicon source material. 17. The nethod of Caim
16 wherein the Low Pressure Chem cal Vapor Deposition (LPCVD) nethod is
undertaken at a deposition tenperature of from about 600 to about 700

- 23 - degrees centi grade. 18. The nmethod of Claim 11 wherein
t he anorphous silicon layer and the polysilicon |ayer are thernally '
anneal ed through a conventional thermal nethod at a tenperature of from
about 800 to about 950 degrees centigrade for a tinme period of from about
15 to about 45 m nutes.

ABSTRACT OF THE DISCLOSURE
METHOD FOR FORMING A LOW IMPURITY DIFFUSION POLYSILICON LAYER

A method for forming within an integrated circuit a low impurity diffusion polysilicon
layer. Formed upon a semiconductor substrate is an amorphous silicon layer. Formed also upon the
semiconductor substrate and contacting the amorphous silicon layer is 2 polysilicon layer. The

| amorphous silicon layer and the polysilicon layer are then simultaneously annealed to form a low
impurity diffusion polysiﬁodn layer. The low impurity diffusion polysilicon layer is a polysilicon multi-
layer with grain boundary mis-matched polycrystalline properties. Optionally, a metal silicide layer
may be formed upon the amorphous silicon layer and the polysilicon layer either prior to or
subsequent to annealing the amorphous silicon layer and the polysilicon layer. The metal silicide layer
and low impurity diffusion polysilicon layer may then be patterned to form a polycide gate electrode.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



19. The method of O aim 11 wherein the anorphous silicon layer is formed
. upon the sem conductor substrate prior - -to formng the polysilicon |ayer
“upon.the sem conductor substrate. ~ 20. The nethod of Caim1l1l further
conprising formng and patterning a nmetal silicide |ayer upon the anorphous.
silicon layer and the polysilicon layer to forma polycide gate electrode

fromthe polysilicon gate el ectrode. - 21- The nmethod of C aim 20 wherein
the netal silicide layer is fromabout 1000 to about 1700 angstrons thick.
22. The nethod of C aim 20 wherein the netal silicide |layer is a tungsten

silicide | ayer. ZQQ_J.&,QELhod of -Cl aim 22 wherei nnt/h(@-l-eﬁee-t-en
silicide is fornpg 11 Suemcal Vapor Depositio hod

enpl oyi ng ‘tungst ¢g he
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