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venPi The

TRANSI STORS BACKGROUND OF THE I NVENTION (1) Field of the

presant teygniépn rel ates to sem conductor devices in general, and in
particular, to a nmethod of reducing polysilicon depletion in MOS
transi.stors. (2) Description of the Related Art One of the detrinental
effects of the present drive to obtain ever snaller geonetries in

sem conduMETHOIEVIICC REDUCE Poe YdEpradst DERLET IOKeIX anoisiCTRANSISTIRS
polysilicon gate electrodes which are inportant in determning the
performance of such devices. This is because, as the wwdth of the gate
el ectrode is reduced or shrunk, the con- ductivity of the gate el ectrode

al so tends to be reduced, j in . tu d reduce the efficiency of
the gate electrode by vw%%ngR%@S cP%ngthéﬁgB§g§8§nd ot her aspects of the
device. In addition, the reduction in the anount of dopant activated in a

| ow t hernmal budget .process tends to 1 CSOO 163 cause carrier depletion

at the interface between the gate electrode and the gate dielectric. This
situationMl) Field of the Invention

The present invention relates to semiconductor
devices in general, and in particular, to a method of

reducing polysilicon depletion in MOS transistors.
{(2) Description of the Related Art

One of the detrimental effects of the present drive
to obtain ever smaller geometries in semiconductor devices
is the‘degradation of the conductivity of polysilicon gate
electrodes which are important in determining the
performance of such devices. This is because, as the width’
of the: gaté electrode 1is reduced or shrunk, the con-
ductivify of the gate electrode alsc tends to be reduced,
which in turn, tends to reduce the efficiency of the gate
electrode by way of impacting the speed and other aspects
of the device. In addition, the reduction in the amount of

dopant activated in a low thermal budget process tends to



additionally effects the ability of the device to perform It is disclosed
| ater in the enbodi ments of the present invention *a nethod of reducing
dopart depbeties in polysilicon gates in order to.regain the performance
as it would be present in the larger and unshrunk devices. it wll be
apparent then to those skilled in the art that the fact that the later

di scl osedamseharhiirsicappiiephbist Bor oabotthe ciongs it avyt W (OMESaltegi c
devices as well as the nenory devices makes the nmethod that nore

advant ageQegtirodet heandt ofhdrakigagesenyeenduetok. devikes | kigeRendh A

conventional method of formng gate electrodes in a netal -oxide
sem condyeidar ; GMER) n%@fre)ét@e‘@}{ée é L SO £ Nep E !
wi || be understood gy the skilled at convent?o%%?lkgcg%né%ﬁﬁgg nay have

just as R | sbeen scaidsed hf;f:@eéoanpu,;rpgsgab bihehbs! [ | ts) s no of

gate electrodes ayer o gate Oxi ernally

I h f
pol ysi |1 6 ”at?I%I%CI*%”g or T, R eRBiERir ittt i ae

I I
nggf|(%con ayeLoIore st fgge é 60) is then un_over t he substrate and
t hen pat er%ﬁf%ﬁQQ?egéﬁ%%qul 5% ' %3tf§9ﬁlﬁs gﬁoﬁﬁ RrMInE8OASIAT Fig.

ib, mhlch i r is etched i he nitride | aye
IléLge present %n {ke &arger and unggrunk devices. It

will be apparent then to those skilled in éhe art that the
fact that the later disclosed method is applicable to:both
complementary MOS {CMOS) logic devices as well as the
memory devices makes the method that more advantageous to

the art of making semiconductor devices in general.

A conventional method of forming gate electrodes in
a metal-oxide semiconductor (MOS) memory device is shown in
Figs. la-1f. However, it will be understood by the skilled
that conventional CMOS methods may have just as well been
cited ﬁgre for purposes of illustrating the forming of gate
electrodes. Thus, in Fig. la, layer of gate oxide (30) is
thermally grown over substrate (10) wusing conventional
methods. Next, a first polysilicon layer (40) is formed
foliowed by the deposition of nitride layer (50). A
photoresist layer (60) is then spun over the substra£e and

then patterned with a floating gate pattern as shown in



(50) as shown in Fig. Ic. The polysilicon layer is then doped through ion
i npl antation (65), followed by a conventional anneal step (not shown) to
activate the dopants. Normally, the anneal, step is insufficient to drive
the inplanted inpurities down the entire depth of - polysili.con |layer (40).
This is cajdoeditBe "poly depletion effect” which results in poor control
of the threshold voltage, and for which a renedy is disclosed later in the
enbodi ments of the present invention. Subsequentiy, photoresist |ayer
(60), whicdfid.s o I'Wnigdy ireetterh, i §s etolmidintdexthe t hetfidest 1p@dysilicon
that is exposed in the pattern-openings in the nitride layer is oxidized
to form poiQloxdtiesidd) &as dhgwn I Fhp dolySubisequaniley, sdethdr tride
| ayer is renoved where now pol .yoxide (45) serves as a hard mask to renove
all. the feeped pdihrsiphcoropor timpdsntaktept (6®se theltieee cagered by the
pol yoxide (Fig. le). The control gate is formed by depositing second
pol ysi | i copPnVeRjépngB0)anneal | mtepgatieot aysho0) ,teal setknans ashe
i nterpoly, which separates the two polysilicon layers, nanely, the
fl oati ng péiBAfaSe Hpamahly coie dinnsollygher. ifsinntftgrdred torduite
geonetries shrink, the .relationships between the individual elenments of
the 3 CSOthee3implanted dimpurities down the entire depth of
. polysilicon layer (40). This is called the “poly depletion

effect” which results in poor control of the threshold

voltage, and for which a remedy is disclosed later in the

embodiments of the present invention. Subsequently,

photoresist layer (60), which is no longer needed, is

removed. Next, the first polysilicon that is exposed in the

pattern openings in the nitride layer is oxidized +to form

polyoxide (45) as shown in Fig. 1d, Subsequently, the

nitride layer is removed where now polyoxide (45) serves as

a hard mask to remove all the first polysilicon portions

except those that are covered by the polyoxide (Fig. 1le).

The control gate is formed by depositing second polysilicon

layer (80) over intergate layer (70), also known as

interpoly, which separates the two polysilicon layers,

namely, the floating polygate and the control polygate.

As integrated circuit geometries shrink, the

relationships Dbetween the individual elements of the



circuits also lend to change. Thus, the gate el ectrodes of a device such
as shown | rig. if are preferably spaced at reduced di stances one from

t he othé? T g%pport of the overall reduced device geonetry. However, the
reduced dlstances bet ween adjacent polysilicon gates tends to make -them
nor e d|ff| ult. to gabrlcat reason fgrtrn is that gat e

el ect r ode" %%ﬁt%.é ﬁﬁl&ﬁ@ﬁté?? At may-BE: opgsi 9=t SgﬁéﬂrPﬂe?elatlon

to another gate el ectrode' over an adjoining conplenentary device. Before
pat t er ni %g ghéevéﬁﬁeSéF@cﬁﬁbdﬁuﬂﬁyéwi The. rgﬁuéé@ Brefangelyespeendt he
oppositely doped regions of the gate electrode |ayer tends to allowthe
dopant s &b udkffiged dastanhesadpei Mfimog rdw onsher,Thirss $emelsrt oof edhee or
even destroy the intended effect of the dopants in the gate el ectrode

regi ons, ovesalli ngedncad degiradati gaogbtihe | pbegrated ehecuirbgutbBgr el at ed
art, Puchner, et al., of US Patent 6,090,651 address the problens cited

above, aﬂﬂsﬂhﬁéégsﬁe@wegﬁtQ@%a@%n&0@3ﬂ¥%ﬂ¥§@dﬁ'dHiJé‘%%ﬁ&gyﬁblh Qe

el ectrodes by first formng a supersaturated |dyer on a sem conduct or

cuDS oovEaen Wit alrtbildl BN B | MePOsELE] W |

sem conduct or deV|ce The Tnitial phase ayer sol’l a%% égpant

lS;a; urat! ehabevele ande i dlasser A0P:BRb1 SRLAEAL on. e nayRe® the

oppositely doped in relation to another gate electrode over
an adjoining complementary device. Before patterning' the
gate electrode 1layer, the reduced distance between the
oppositely doped regions of the gate electrode layer tends
to allow the dopants to diffuse into the adjoining regions.
This tends to reduce or even destroy the intended effect of
the dopants in the gate electrode regions, resulting in a

degradation of the integrated circuit.

In related art, Puchner, et al., of US Patent
6,090,651 address the problems cited above, and disclose a.
method pf forming depletion free polysilicon electrodes by
first forming. & supersaturated layer on a semiconductor
CMOS device, where an initial phase layer is deposited on
the semiconductor device. The initial phase layer has a

solid phase dopant saturation 1level and a liquid phase

dopant saturation 1level, where the 1liquid phase dopant



CSOO- 163 saturation level is greater than the solid phase dopant
saturation level. A concentration of a dopant is inpregnated within the
i nitial°YMsd3 ayers, where the concentration of the dopant is greater
than the solid phase dopant saturation |evel and no nore than about the

liquid hase dopant saturation level  The initial, phase |layer is

anneal eﬁg,)t\‘/\ﬁ%?f? SSFaci Abl PSS ngtPRR Lo cf’)‘?}iﬂh‘gt 6’?1a58ev$‘8%?nﬁsi ng an
amount of energy that is high enough to Iliquefy the initial phase |ayer
over a RRFECUFR i odeVRi-s B sSEPNRRNHHFE i@panPli n @ he AOPGBET i e¥Si niti al
phase |l ayer. The anmount of energy is |ow enough to not appreciably gasify
or abl al@préenatedi afitghiase theyernithall i phas$é ed aviarist,i awhpitesethayer is
cooled to freeze the dissolved dopant in a supersaturated, electrically
acti vat edncentceniomt obnthéehdopbytf dsngngatée shpershtusaled phAgee. An
initial phase |ayer of either polysilicon or anorphous silicon may then be
deposi t gdpaer shiterehdondawwa. Md eno haser tdameadddg: the 1hghikial phase

| ayer is transformed into a doped polysilicon gate el ectrode that can be

R T G R I e

transi stahobTEL) . W ERoLPI SapEtoofap By dopaitids 1vHY aehid conductor
ideﬁicé, using an amount of energy that is'high enough to
liquefy the initial phase layer over a melt duration. This
dissolves the dopant in the liquefied initial phase iayer.
The amount of enerqgy is low enough to not appreciably
gasify or ablate the initial phase layer. The ligquefied
initial phase layer is cooled to freeze the dissolwved
dopant in a supersaturated, electrically activated
concentration, thereby forming the supersaturated lavyer. An
initial phase layer of either polysilicon or amorphous
silicon may then be deposited over the CMOS device. After

laser annealing, the initial phase layer is transformed

intec a doped polysilicon gate electrode that can be

patterned and further processed.

Nakajima, et al., in US Patent 6,001,714 disclose a
different method of manufacturing a polysilicon thin film

transistor (T?T). With this method, a dopant is implanted



ST OO163 into a polysilicon thin filmformed on an substrate with a gate
havi ng a tapered edge which is used as a mask to form a source and a
drain. BR0Bn&F3dy beam then slantingly irradiates fromthe side of the edge
of the gate to the surface of the substrate. Thus, the source and drain
are activated aqd at, the sanme tinme, the energé bea e goses

ponS|IF€SH EhinP ¥ i isoro i Bilde £PTReR Pt ntgu vﬁtglFﬁe channel
region inplanted the dopant. Still another method is dlsclosed by Tal war ,

et al ., 93tf DSVRaGerk t@m%ﬂd‘}%rwhlaﬁh%%t‘ﬁﬁdf?él 8 BRFECcEO (HOARS| stors
(FET) mnth reduced di nensions. Here, a given surface |layer of crystalline
si licona ssburse agndphd zedrain. ani venedgpt hbedherdagn ersl@ngiivgri vanount  of
doping material .is deposited as a filmon the surface of the given

anor phi zetasuishage foyer the tdiRieSi bfC@he HRJE afpahe ogetd tbhehy ven
anor phi zed surface layer of the siliconis tenporarily heated for a

certain &smded &t @EBErAINN 8-t 0f‘h1h§ S%Bfa' W Rifcd oaf@! Hranar piezed
silicon but is insufficient to nelt crystal |ne silicon (since the nelting

tenper atiyna of, Arocphi e shld colls «Hst antd aLLy B! Mar! Natodle .

crystal l1ne 5| 1 con Arter "a pre eternlﬁe I'ng” tine, € nelted

silicon gof, tgglpgggegogoryl D1 ReEIN LA e edge of the gate to

activate the channel region implanted the dopant.

Still another method is disclosed by Talwar, et al.,
in US Patent 5,908,307 for fabricating field effect
transistors (FET) with reduced dimensidns. Here, a given
surface layer of crystalline silicon is first amorphized to
a given depth. Thereafter a given amount of doping material
is deposited as a film on the surface of the given
amorphized surface layer of the silicon. Then, a portion of
the given amorphized surface layer of the silicon is
tempora;ily heated for a certain time to a temperature
which is sufficient to melt amorphized silicon but is
insufficient to melt crystalline silicon (since the melting
temperature of amorphized silicon 1s substantially below
that of.crystalline silicon}. After a predetermined heating
time, the melted silicon of the heaﬁed portion is permitted

to cool, thereby effecting a recrystallization of the



to cool, thereby effecting a recrystallization of the 6 CS00-163 silicon
of this portion of the given surface layer. The layer is then patterned
and fwurt B&00pAéBessed. Janning of US Patent 4,619,034 discloses a

nonvol atil e nenory device which utilizes a | aser beam recrystallized
silicon |ayer having source-channel -drain regions. The method conprises
formi ng &iddF@ictPhethisl yRoTtiom @t ctloh givebstmwmtfedeol Layed. byhe nenory
nitride | ayer deposition thereon. A thick oxide |ayer is forned over the
nitride fleleawdd Wrenepevakrobdt hedt fickheoxpoecesgdsponding to a central
portion of the gate thereby exposing the nitride, there beneath. The
exposed nitride surface is thermally converted into a thin,
stoichionetric menmory Si Q2. According to Janing, doped polysilicon |ayer

is then forned g@nhggastrHEtur@sanq?g%gg{eagg%4328?gert £%§§§recrystallized

silicon by subjecting it to |aSer i on. cry Y&t "&licon
is patter it the device active area and a..source and drain in

al i gnnentr{%&/}qctqr‘}%% eung‘gpp§yng%§é{ﬁgearggl?ﬁpl Attt herdi nt29%yi &3S n, et
al ., on the other. _hand, show, in US Patent 4,555,842, a nethod directed to
the fabrik&ai¥stagiiiged silicon layer having source-channel-drain

regions. The method comprises forming a conductive
polysilicon gate on a substrate followea bf a mémory
nitride layer deposition thereon. A thick oxide layéﬁ is
formed over the nitride followed by removal of the thick
oxide corresponding to a central portion of the gate
thereby exposing the nitride. there béneath. The exposed
nitride surface is thermally converted into a thin,
stoichiometric memory Si0,. BAccording to Janing, doped
polysilicon layer is then formed on the structure and
thereafter converted to recrystallized silicon by
subjecting it to laser radiation. The recrystallized
silicons is patterned into the device active area and ;

source and drain in alignment with the underlying gate are

implanted therein.
Levinstein, et al., on the other hand, show, in US
Patent 4,555,842, a method directed to the fabrication of a

VLSI CMOS device of“the type that comprises complementary-



VLSI CMOS device of-the type that conprises conplenentary- 7 CSOO 163

t hreshol degebtage NMOS and ?MOS transi stors which include

si li.ci de-on-doped pol ysilicon gates. The nmethod conprises fornming a
polysilicon |ayer on a substrate, selectively introducing dopants into
speci fi ed thagsbabdufolitagel NMOS, arfcbr WY areaplitopsr wGridbheluoped
polysilicon layer, and heating the device with the cap layer in place to
| ock dopmléciﬁeTQTQQP@%lE@svsllﬁlf—hé Fpaeit i dther appignst ofomBRE-Sesol ysi | i con
| ayer. The present i'nvention discloses a different nmethod of formng

pol ysi | i coprgangs,a opetyatlieslaygrer endopastbstepiot | 6ALEEIYRAYi nterface
near the gate dielectric layer is alleviated substantially by usi ng | aser
anneal i ng;inrtyodeeery Bppapkst ipke- specphied ngeghenpolofcrtpst aldyete silicon
prior to ioninplantation to a desired depth such that during |aser
anneal i ng fdmmidgpant sami Reydrf fooseheundidprd polysiliconellaygapt end n this
manner, poly depletion effect is. greatly reduced and hence performnce
of the devieatingpriheeddedivee dwith osbd mspholkyer appl pdabke tot oldyt h n+
doped polysilicon gates (NMOS) and p* doped polysilicon gates (Pl\/m) as
wel | . as tdopandsf ligatl sty iget esitasd oonthol specetiet ragiong devittes.

polysilicon layer.

The present invention discloses a different meéhod
of forming polysilicon gates, or electrodes, where dopant
depletion at the interface near the gate dielectric layer
is alleviated substantially by using laser annealing:
however, by first pre-amorphizing the polycrystalline
silicon prior to ion implantation to a desired depth such
that during laser annealing <the dopants will diffuse
uniformly to the melt depth. In this manner, poly
depletion effect 1is greatly reduced and hence performance
of the device improved. The disclosed method is applicable
to béth n* doped polysilicon gates (NMOS) and p* doped
polysilicon gates (PMOS), as well as to the floating gate

and control gates of memory devices.



B CSOO 163 SUMVARY OF THE INVENTION It is therefore an object of the

present i

W th

invention to

r ed

Q%Q@ng@ to provide nethod of formng a polysilicon el ectrode
uce opant depletion effect. It is another object of this
invention to provide a mnethod of utilizing |aser annealing to reduce poly
depletion in MOS transi st OSBMMARY i0F PHE aNVENTIONOD] ect of the present

provide a nethod of utilizing | aser annealing to reduce poly

depletion in both the floating and control gates of nenory devices. It is

still

anot her object of this invention to provide a nethod of

pre-amor phi zi ng atPpekyeh¥stabtd Nen | aYeEct PEE Ofnd Opk@dkrtirdhatben to a
desired depth such that during |aser annealing, the dopants w |

uni formy t4 OpfovidRSine@RoBBlE GRPIng! b 51981 V&SRl d1QNi-8aE Qhithhe present

invention to

di f fuse

provi de a nmethod of form ng poly electrodes in transistors

and menor y»geideGe 80 Qdperdegi ek dihreshol d voltage is 9 CSOO 163
obt ai ned and the effects of deep subm cron shrinkage is

It is another object of this invention to provide a
method of wtilizing 1laser annealing to reduce poly

depletion in MOS transistors.

It is yet another object of the present invention to
provide a method of utilizing laser annealing to reduce

poly depletion in both the floating and control gates of

memory devices.

It is still another object of this invention to
provide a method of pre-amorphizing a polycrystalline layer
prior to ion implantation to a desired depth such that

during laser annealing, the dopants will diffuse uniformly

to a desired meit depth.

It is an overall object of the present invention to
provide a method of forming poly electrodes in transistors

and memory devices where the desired threshold voltage is



mtigated in favor of regai ned dopant depth through a judicious |aser
anneal i ng subsequent to ion inplantation of the electrodes. These objects
are.accofpPirihed by providing a substrate; formi ng a pad oxi de |ayer over
said substrate; formng a nitride |ayer over said pad oxide |ayer;

atterni said nitride layer to forma trench Qver said . pad oxide | ayer;
Iroem)vi n@ggéilaeﬁaoa i 48 a%//g#e%% SfpodetRy SERPGCLOBst TR BIXAIS hésbottgm of

said trench; optionall form ng and renmoving a sacrificial |ayer; formng
a gat e MéxigatpdyeinovErveni khulsgeingdat depenbotdemibf WHiaRd r énch
formng a polysilicon |ayer over said substrate, including within said

t r ench; jpeitdrmsnd askemacale 2 lmagh snbsalgupalki ki ngn( CeP)landatemovefexcess
polysilicon over said trench; etching said polysilicon layer in said
trench t@eacsdesickedekhi ckness; in-situ anorphizing upper portion of said
polysilicon layer by inplanting ions into said polysilicon |ayer to form
an anorphous (a-Si) |layer over said polysilicon |ayer; doping said
polysilicon layer by inplanting ions; performng |aser irradiation of

sel ected mavelﬁgggh an

sel evted vavel SR AN LRnCe L9 TELLAA0S: LFLON 92 s Bin Y W€
substrate; forming a pad oxide layer over said substrate;
forming a nitride layer over said pa& oxide léyer;
patterning said nitride layer to form a trench over.said
pad oxide layer; removing said pad oxide layer and exposing
said substrate at the bottom of said trench; optionally
forming and removing a sacrificial layer; forming a gate
oxide layer over said substrate at ;he vottom of said
trench} forming a2 polysilicon layer over said substrate,
including within said trench; performing chemical
mechanical polishing (CMP) to remove excess polysilicon
over said trench; etching said polysilicon layer in said
trench to a desired thickness; in-situ amorphizing upper
portioﬂ_of said polysilicon layer by implanting ions into
said polysiliéon. layer to form an amorphous (a-Si) layer
over said polysilicon layer; doping said pelysilicon layer
by implanting ions; performing iaser irradiation of
selected wavelength and fluence to melt and regrow said o-

Si layer while at the same time driving said ions deeply

10



into said polysilicon electrode reachi ng but adjacent said underlying

oxi de layer; and continuing the conpletion of said MOS transistor by
deposi t iGEPCridther material (e.g., netal) into the trench, followed by
CwP, for making contact. DESCRI PTION OF THE DRAWNGS Figs. la-if are
cross-sectional  views of _a portion of a sem conductor substrate show ng
the step Foiti RGLY§aL&Cer cBLREHESIE o RCRARTe Mot I8 FRMdry cel |
Fig. 2a is a cross-sectional view of a portion of a seniconductor

subst r at@ndgoly ing t hEifler Miawpof antayanighuiggd oix¢ deospdetika sebstrate,
according to this invention. Fig. 2b is a cross-sectional view of a portion
of the sabdt M8Se wfarEigtoda shodepgsihénforamiotheaf mmiwdtiralde (el qyer

foll owed by the form ng of a photoresist nask, according to the present
inventiofietdl) CSORXJ63thé&i gerdbchs arelbeBedechyonahpyi epopf makoOngi on of a
substrate showing the formng of a trench in the nitride I|ayer of Fig. 2b,
accor di ngohPathe present invention. Fig. 2d is a cross-sectional view of a
portion of the substrate showing the form ng of gate dielectric in the
trench of Fig. 2c, according to the present invention.

DESCRIPTION OF THE DRAWINGS

Figs. 1la-1f are cross-sectional views of a portion
cf a semiconductor substrate showing the steps of forming

gate electrodes for a conventional flash memory cell.

Fig. 2a is a cross-sectional view of a portion of a
' semiconductor substrate showing the forming of a layer of

pad oxide over the substrate, according to this invention.

Fig. 2b is a cross-sectional view of a portion of
the substrate of Fig. 2a showing the forming of a nitride
layer followed by the forming of a photoresist mask,

according to the present invention.



Fig. 2e is a cross-sectional view of a portion of the substrate show ng
the formng of a polysilicon electrode in the trench of Fig. 2c, according
to the Cﬁﬁgséﬁﬁ invention. Fig. 2f is a cross-sectional view of a portion
of the substrate showi ng the selective etching of the polysilicon in the
trench of Fig. 2e, according to the ,gresent j nvention. Fig. Zg is a

cross- sect i onalff WirewftSH HoFFPOF TIPS UBKEE a?® EhBRFRGORNET én

i npl antation of the polysilicon electrode of Fig. 2f for the anorphization
of an EWhEtnadrersheving pbeyfades eEcer dinkpdo ihetpreddridenventi on.
12 CSOO- 163 Fig. 2h is a cross-sectional view of a portion of the

subst r atleyshowiihg itche 2opiasgosfiinhetpothsi bresent elmeentoidm of Fig. 29,
according to the present invention. Fig. 2i is a cross-sectional view of a
portion of the substrate showi ng the | aser annealing of the polysilicon

el ectrode of the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Thepipy esegt sisnventi-88sdkset 95881 a vIBWIQME Of LokiBY of
pol ysilicon gates, or electrodes, where dopant depletion at
the substrate showing the forming of gate dielectric in the

trench of Fig. 2c¢, according to the present invention.

Fig. 2e .is a cross-sectional view of a portion of
the substrate showing the forming of &a polysilicon

electrode in the trench of Fig. 2¢, according to the

present invention.

Fig. 2f 1is a cross-sectional view of a portion of
the substrate showing the selective etching of the

polysilicon in the trench of Fig. 2e, according to the

present invention.

Fig. 2g 1is a cross-sectional view of a portion of
the substrate showing the ion implantation of the
polysilicon electrode of Fig. 2f for the amorphization of

an upper layer of the polysilicon, according to the present

invention.
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the interface near the gate dielectric layer is alleviated by subjecting
the dopants to higher tenperatures of 1200- 1400C t hrough | aser annealing
than s §§@§Fﬁﬁ§ t hrough conventional techni ques of using rapid

tenperature' annealing (RTA) (e.g., about 1,100 C), or furnace annealing

800-900 ). At .high t t , nt tivated, d
gaccordi ngl 2/ thﬁ%rg%oﬁgﬁg ?9%556%1%&8%’?%“ ot)gg?% tgﬁ’gc‘t ?agﬁnlgégrlf%nsiqaé]con

substrate.,is first re-anprphized prior, to ion inplantation to a desired
depth s trﬁﬁb§ﬁﬁ$%&)I%E%Wl%%neéﬁ?ngdPﬁénaopgﬁtsQHQfLERQY%E#¥§§K}163
uniformly to the nelt depth. In this manner, poly depletion effect is
greatly rdfiftedden®ihdige porf ecrandénef tehthe devesent nprosmddiomhe

di scl osed nethod is applicable to both n' doped polysilicon gates (NMOS)
and p* doped polysilicon gates (PMOS), as well as to the floating gate
and control gates of nenory devices. Mire specifically, referring nowto

the draw ngs, irpiquarticylsaraterbbgSsedfidhal tREeq & §hQWr+3bLaPS oOf
forming a polysilicon electrode without the poly depletion that is

Tor R L SR suBRRaKenT | ORI DR O 1LGLE N A, TBEO! Yogley ces.

This is acconplished by first ositing a polysi ayer, hen
anDrphlz|5gh§§§a£éggﬂéf§%€¥%de0%f the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The pfesent invention discloses a method of forming
polysilicon gates, or electrodes, where dopant depletion at
the interface near the gate dielectric layer is alleviated
by subjec;ing the dopants to higher temperatures of 1200-
1400°C through laser annealing than is possible through
conventional techniques of using rapid temperature’
annealing  (RTA) (e.g., about 1,100 °C), or furnace
annealing (800-900 °C). At higher temperatures, more
dopants get activated, and accordingly, the more conductive
the gate gets to be. However, silicon substrate is first
pre-amorphized prior to ion implantation to a desired depth

such that during 1laser annealing the dopants diffuse
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i npl antation, followed by the inplantation of dopant ions. It wll

apparent to those skilled in the art that the

be

formed WePP-&%£8i bit | ower mel ting point than polycrystalline silicon.
utilizing the main feature of the present i nvention, nanely, |aser

anneal i ng,. .t he.amor ph us / ma, Its and t he dop |ffu5|on IS
T e Sy SPRELS B avs pelirey S BRP i - S50 SRS e

i ncreases_t he process nargln because |t decreases the threshold aser
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gate dielectric layer and the elements 14 CSOO-163 surrounding the gate
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partial cross section of a sem conductor substrate, prefer

t hus

ably
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rrc or

More specifically, referring now to éhe drawingé, in
particular to Figs. 2a-2i, there are'shown steps of fofming
a polysilicon electrode without the poly depletion that is
normally found in conventional methods of forming MOS and
memory devices. This is accomplished By first depositing a
polysilicon layer, and then amorphizing the layer using ion
implantation, followed by the implantation of dopant ions.
It will be apparent to those skilled in the art that the

amorphous/damaged layer so formed will exhibit lower

melting point than polycrystalline silicon. Upon

utilizing the main feature of the present invention,
namelya laser annealing, the amorphous/damaged layer melts
and the dopént diffusion is limited by the previously
defined depth of amorphization. This step increases the
process margin because it decreases the threshold laser

fluence needed to melt the polysilicon gate layer. In this

w pressure. chem cal vapor deposition

manner, the gate dielectric layer and the elements



(LPCVD) process as is well known. Pad oxide |ayer (120) has a thickness
bet ween about 100 to 600 angstrons (A). Next, nitride layer (130) is forned
over, | ay@00-(1¥20), as shown in Fig. 2b. Preferably, the nitride layer is
chem cal vapor deposited (CVD) by reacting SiH4A with N20 and NH3 at a
tenperature between about 300 to 900 C. The referred thickness of

| ayer - ( IBHEQNBadesheapgate108blt o nadpodea DeatefheSHRREARY B L Wisi ng
conventional techniques, photoresist |ayer (140) is forned over the
nitride YRids £6 U Csamel6Bing odmiyiphotTresidopanisk Yaveng@gritern (150)
corresponding to the area where gate electrode is to be defined as shown
in Fig.wi2bch Pagt erbedd50)edrsaldenties cheghgtii o o t rine |lgyes, (W3 form ng
a trench, (155), as shown in Fig. 2c. The etching is acconplished using a
reci pe CORPFidimg RS Ared Pridrrfahc? rBadraxi devicayer now exposed at
the bottomof the trench is also renoved. This is acconplished with a
reci pe conprising NH4, Fib' wet chem stry, or CHF31 CF4 dry chem stry.
Then, photoresist |layer (140) is renoved using oxygen plasma ash,

preferably. Optjonally at. the_next _.step, a sacrificial oxide is, .fo
Pempved, Usi ng SRVER GO nBtodda SHONS to RO cToss sectiof

of a semiconductor substrate, preferably silicon. A pad

rmed and

dielectric layer, (120), is formed over Qubstrate (iOO).
Pad dielectric (120) can be formed by thermal oxidétion
process at a temperature between about 700°C to 1000°C.
Alternatively, the ©pad oxide <can be formed by an
atmospheric or low pressure chemical vapor deposition
(LPCVD) process as is well known. Pad oxide layer (120) has

a thickness between about 100 to 600 angstroms (A).

Next, nitride layer (130) is formed over layer
(120}, as shown in Fig. 2b. Preferably, the nitride layer
is chemical vapor deposited (CVD} by reacting SiHgs with N0
and NH; at a temperature between about 30Q to 900 °C. The

preferred thickness of layer- (130} is between about 1000 to

3000 -A.

At the next step, using conventional techniques,

photoresist layer (140} is formed over the nitride layer to
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any damaged. surface material on the underlying substrate. Follow ng the
optional . s¢sw-1g3t e oxide |l ayer (160) is. grown in trench (155) as shown
in Fig. 2d to a thickness between about 10 to 150 A and at a tenperature
bet ween about 900 to 1200 C. Alternatively, a gate dielectric material
with a hi gfPiFarueheforefisterr sk havdngt Bt aan (hal degrrsesrendivd Eheni cal
vapor deposition (CVD). Subseguently, polysilicon is forned over the
substrat e, FAAF R MPeRf BREACHYADSRS ERr bAgRemeERtRRS i & WEWRg iPbut not
limted to_Low Pressure Che 'c% Vapor, Deposition (LPCVD), nethods,

cheni cal \V&pbr posF?FYﬁqugki ) methddeRarfF oPRYsitBap P - B¥§3sition

1o
2VD) sputt ey t.hod | oyi itable_ sili terials,
br of br abl y (TSP nei i Budn FeEBEVD Rl ot cRPSY1 Ho EXPange: S Mhcas o

ili [ C& t.eri al 16. 163 t { t bet bout
! £ SRR Sl SO0, 21 B LOMELALLS L angs beLucen about
cxcess o XeLL! £a0 OV hORSUIEALE, SESYSY g R, el
t h wit I b . 0)... i Fi g.
rench W1ESIPeE Livd hbace el SORLeate fAIOL B SO " 9

desired tmgg;!?g.§§§gi§&t NeR REE! ShORA LY, T 8EMehAY Clorl 1Y - cldidse .. The next

critical st anor phi zi ng e
‘ Then, photoresist layer {140) is removed using oxygen plasma ash,

preferably.

Optionally at the next step, a sacrificial  oxide is
formed and removed, using .conventional methods, 8O as to remove
any damaged. surface material .on the .underlying substrate.
Following the optional step, gate oxide layer (160) is grown in
trench (155) as shown in Fig. 2d to a thickness between about 10
to 150 A, and at a temperature between about 900 to 1200 °C.
Alternatively, & gate dielectric material with a high value of
dielectric constant «can be deposited via chemical vapor
deposition (CVD). Subsequently, polysilicon is formed over the
substrate, thus filling trench (135}, through.methods including
but not limited to Low Pressure Chemical Vapor Deposition (LPCVD)
methods, Chezﬁical Vapor Deposition (CVD) methods and Physical
Vapor Deposition (PVD)} sputtering methods employing suitable
silicon séurce materials, preferably formed through a LPCVD

method employing silane SiH; as a silicon source material
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pofysilicon just formed is dictated by a main feature of the present
i nvention, nanely, |aser annealing of the polysilicon |ayer which is to
serve aSSBf-&Péctrode. The thickness of the pol ysilicon |ayer to be

anor phi zed nust be such that a relatively low |laser fluence is required to
melt a L latiyely " r ef erab] bet wee 10 0 500, A) upper
annrphou ﬁ%yg ¥368 HE? &%@giowg?tyﬂﬁﬁlﬁgﬁ ngﬂg) F?cgﬁ%laj%T 9gnd yet as

close to the -underlying gate oxide |ayer ossi bl e. t he energy of
the i onprel;rlﬁl%ﬁfiattr B KRGS Sanbs pREFHERSN at;fo"’t%efb%@ y &P ifto(ptb 1AyeP¥s chosen

dependi ng upon the depth of the anorphization and how cl ose the anorphous
| ayer weHagsse Fokymid iapnt heveygatbegaudsdiraitectirs crémeeed aby. usingeneral ,
it is desirable to have the anorphous |ayer as close to the gate

di el ect dhenika1CSMOch8Rickdy efoBSsiass| MIOMPYQ ptRuent leawisar liagrexdepl etion
in the gate electrode. However, it wll be noted that the range of the

i ons shoul7h N1 4 kiR ein tH8d tBentRi GkBBSse8bethe toP@hnesiduaitd ayer,
for othermnse the ions would penetrate into the gate dielectric |ayer and

woul d d a ua of .t.he iel ri Th erred
that t hgg{ hlggE%gggtgf {jhded/ pOF%SI ?z?g%rg qaye?%l a;Clzeer %ggﬁ&%%\{rél gdr'{%g i's
bet ween ab%molled etchlng of polysilicon layer (170} to a desired

thickness is then performed to form layer (175), Fig. 2F.

The next critical step of amorphizing the
polysilicon just formed is dictated by a main feature of
the present invention, namely, laser annealing of the
polysilicon layer which is to serve as an electrode. The
thickness of the polysilicon layer to be amorphized must be
such that a relatively low laser fluence is required to
melt a relatively “thin” (preferably, between about 100 to
1500 A) upper amorphous layer, and not the lower unmolten
polysilicon layer, and yet as close to the ‘underlying gate
oxide iayer as possible. Thus, the energy of the ion
implantation for aﬁorphization of the polysilicon layer is
chosen depending upon the depth of the amorphization and
how close the amorphous layer would be formed to the
gate/gate dielectric interface. In general, it is desirable

to have the amorphous layer as close to the gate dielectric
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500 to 2000 A, which is obtained by selectively etching it wth a recipe
conprising said etching said polysilicon layer is acconplished with a.
reci pe 5§%ﬁrﬂ§?ng Cl2, He®2, HBr, He. And the ions selected to anorphize
an upper portion of layer (175) is dependent upon the. dopant inpurity

that wil.l. _be used to dope the polysilicon |layer at _, the next .step. For a
PNCS Qe (35 PORSIELR bS SRGTEPE ATV coatreet dgPIEEl AR at a
dosage | evel hetween about 1x109 to 1x1016 atons/cnR and energy between

about 5F2%% PRFHEOEe OGS helt ddd, Fomodrdmbs tddfisc&andte °Hopant
will be arsenic, As*, and hence this step will not be necessary as the
dopant willd benselshomddr pidtzi pg). greaternpiram atheonthickhessprod- ae phi zi ng
step is depicted in Fig. 2g. 18 CSOO 163 The dopant inplantation ions

shown i pdisidcamanideeBt , tBF2otAstwdke, Ptheatichsdasagel | pawdt hetaveen
about 5x1 04 to 1x101fi atons/cnR and energy between about 0.5 to 50 KeV.

The anmorphoys/ameget d aydle 192thQcmed 29k bhha | QUBLg n&éc%i:é‘@le poipd than
pol ycrystalline silicon. Upon |laser annealing at the nexi step,the

o RSP A P s dapant s e b e

Thus, it is preferred that the tﬂicknéss of the
polysilicon layer, layer (175) in Fig. 2£f, is between ébout
500 to 2000 A, which is obtained by selectively etching it
with a recipe comprising said etching said polysilicon
layer is accomplished with a. recipe éomprising Clz, HeO,
HBr, He. And the ions selected to amorphize an upper
portion of layer (1735) is dependent upon the . dopant
impurity that will be used to dope the polysilicon layer at
the next step. For a PMOS device, the ions can be either
silicon, 8i%, or germanium, Ge', at a dosage level between
about 1x10? to 1x10'® atoms/cm® and energy between about 50
to 200.KeV. On the other hand, for an NMOS device, the
dopant will bé arsenic, As*, and hence this step will not be
necessary as the dopant will be self-amorphizing. Ion
imélantation at this pre-amorphizing step is depicted in

Fig. 2g.
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process margin because it decreases the threshold |laser fluence needed to

nelt the Qﬁ#%ﬁg.gicon gate layer. In this manner, the gate dielectric
| ayer and P ments surrounding the gate will not be heated

substantially. Just as the energy of ion inplantation for anorphization is

chosen dependi ngTHROAcHAE: degiledadest hiss arswmphiinz #tigon2anckhadw cl ose the
anor phous | ayer should be to the gate/gate dielectric interface, so is the

sel ection pf grasexst lpemte ghosefodaest 1ewbii shemtersaiamtt Gxoet ttoonly the
anor phous /danmaged polysilicon |ayer without nelting the underlying

pol ycrystaitigie SkbiSPem? | #nd heney@pt vbbaderd hgboaroopbous Isyekev.s so cl ose
to the gate/gate dielectric intertace so that the whole polysili.con |ayer

mel ts, theryd asﬁoééﬂéﬁméaﬁééedshpw& NOdo Capsmmertibsehanbiiak hesldng in  the
gate dlelectrlc |l ayer and the el enents surrounding the 19 CSOO 163 gate.

In this cage;+fiPrPgus S+$a&0rpdmﬁ/bkybeapbitr@ ngd198on COQigoRg Qkséhe nelt

i nstead of the polycrystalline silicon. Thus, the preferred wavel ength for

| aser lrraghggrémﬁ](%cam cHEPI kbRl 5Re] Gne 2lardrohBlipemel 135dx 1 0 308

nanonet er s | uence i s between about 0.1 to 1.5 joules/cnR to
mel t the apgiphousasidddadr (@aéu)smﬁyeﬂs byfms 0104 we thel wofexgbakly ne

silicon. At the sane tine,
defined depth of amorphization. This step anreases the
process margin because it decreases the threshold laser
fluence needed to melt the polysilicon gate layer. In this

manner, the gate dielectric layer and the elements

surrounding the gate will not be heated substantially.

Just as the energy of ion implantation for
amorphization is chosen depending'ﬁpén the desired depth of
amorphization and how close the amorphous layexr should be
to the gate/gate dielectric interface, so is the selection
of laser fluence chosen just sufficient so as to:melt only
the amorphous/damaged polysilicon layer without melting the
undeflying polycrystalline silicon. In the event that the
amorphous layer is so close to the gate/gate dielectric
interface so that the whole polysilicon layver melts, the
laser fluence also should not cause substantial heating in

the gate dielectric layer and the elemcnts surrounding the
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dopants (205) diffuse uniformy to the nelt depth, and close to the
gate/gate oxide- interface. Hence, the poly depletion effect is greatly
reduced.C§3043 be appreciated by those skilled in the art that the high
regrowt h vel 00|ty of the a-Si layer'. enables it CO recrystallize fromthe

underlyl silicon. It wll also be a parent t hose skjlled |n t he
art tha#dt ‘1E'|) ﬁ%t F5d Sdi G s eRRP FPRPES pFé eRPT H\}\S-:ﬁt B REEINRE P

sel ective etching of polysilicon to a desired thickness after the |n|t|al
deposi t i ePebird ehdihe mMeringsamd off ddscpolycayssedlivensiliiaonel atively
thin polysilicon layer. In this manner, there will be | ess induced thernal
stress and the nelting process is nore controllable.-AIso, t he present
invention teaches the spatial confinement of gate electrode during nelting

(l'aser anneal i ngpys ThiBei pre28re880:2631 608 BY¥rdepasict Il&gaamgt@@hySI l'icon
into a pre-defined "trench" ( see (155) in Fig. 2c) such that the

pol ysili qgao)l sd%hdgg%gggggl 2? gl liggon; Qi t*ﬁéaﬁe@ 3N, L0 1 8y Y ggosrrec:v}:)lsng

poi nt materi al ramc stac corrpatlbevmt

fabri cat hgﬂ?ﬁé%? S- ngﬁ”e %'dkgagﬁce”ﬁt e%@é& eaﬁgg q the gf’.‘%' €

bel ow, an €y shoul d 'riot urrng t I ng of "anor ph| ze

pol ysi IICOules/cm to melt the amorphous silicon {o-Si) layer but
not the polycrystalline silicon. At the same time; the
dopants (205) diffuse uniformly to the melt depth, and
close to the gate/gate oxide- interface. Hence, the poly
depletion effect is greatly reduced. It will  De
appreciated by those skilled in the art that the high

regrowth wvelocity of the «-Si 1layer . enables it to

recrystallize from the underlying polysilicon.

It will also be apparent to those skilled in the art
that the method disclosed in the present invention teacheg
the se;ective etching of'polysilicon to a desired thickness
after the initial deposition such that a lower laser
fluence is needed to melt a relatively thin polysilicon
layer. In this manner, there will be less induced thermal
stfess and the melting process is more controllable. Also,
the present invention. teaches the spatial confinement of

gate electrode during melting (laser annealing). This is
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Material Melting Pt. (C) TiN 2930 TaN 3087 Si3N4 1900 crystalline S

1410 anorphous Si -1110-1210 Furthernore, the liquefied gate el ectrode
wi no@50§a¥§3uncontrolled fl ow, and upon solidification, the gate

el ectrode will be self-aligned to the pre-defined trench. Though these

nuneroua detajls gf t he di scl osed thod are set forth herg,_such as
pr ocessIBRFank¥ er SEPPHLEHADvi arPURRISSOTdi A8 fhePpradghtfAventi on,
it will be obvious, however, to those skilled in the art that these

speci fi cCtdenahl’s (né&€g ndoPe Enpliged2¢b pralet Featt ke ppégeatiffdenti on.

At the sane time, it will be evident that the same nethods nmay be enpl oyed
i n ot hedssi sutacungedcdss stidgsonhahisréedeoo neEiyNtb o eanyuchigh, for 21
CSOO 163 exanpl e, depositing anorphous silicon into the trench rather
than depe3itingy godlnts itd i Andod hedel 8cstidy/ carmiiphi 2t £gk atpett ian

thereof. That is to say, while the invention has been particularly shown
and descigad sWikh §{RT @R t Bablfcation process. Some candidate

materials are shown in the Table below, and they should not

melt during the melting of amorphized polysilicon.

Material Melting Pt. (°C)
TiN 2930
TaN 3087
SisNg 1800
crystalline Si 1410
amorphous Si ~1110-1210

Furthermore, the liquefied gate electrode will not
have uncontrolled flow, and upon solidification, the gate

electrode will be self-aligned to the pre-defined trench.

Though these numerous details of the disclosed
method are set forth here, such as process parameters, to
provide an understanding of the present invention, it will
be obvious, however, to those skilled in the art that
these specific details need not be employed to practice the

. present invention. At the samé time, it will be evident
that the same methods may be employed in other similar

process steps that are too many to cite, such as, for
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preferred enbodi nents thereof, it will be understood by those skilled in
the art that various changes in formand details nmay be made w t hout
departhﬁfQQW%ﬁ%he spirit and scope of the invention. What is clained is
22 csaa-163 ! L 1. A nethod of formng a polysilicon electrode with reduced

dopant depl etion c rising: 3 providing a substrate, formng a dielectric
| ayer O\Fé%%% s "rsdtte",n%‘ or ‘?‘FQ’\{%P%I vy HCh IS G sEFRdRel ectric
| ayer; 9 in-situ_anorphizing upper portion of said polysilicon |ayer by

i mpl ant i¥RFhens FResd saﬂqp%gty@m i CRMLYSEkCany f8Rfh arther afdrphbus (a-Si)
| ayer over said polysilicon |ayer; doping said polysilicon |ayer by

i npl ant iaeiwriszighd mE&Yerf dheinegfl.aser irradiation of sel ected

wavel ength and fluence to nelt and regrow said a-Si |ayer while at the 13

same time driving said ions deeply into said polysilicon |[|ayer adjacent
said underlying dielectric |ayer.

That is to say, 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 chaﬁges in form and

details may be made without departing from the spiriﬁ and

scope of the invention.

®What is claimed is:
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2. The nethod of claiml, ..wherein said substrate is silicon. 3 23
CS00-163 3. The nethod of claim1l, wherein said dielectric layer is

formed B§0Phepaul grovvtmﬂamlﬂutﬂ‘“ e between about 700 3 to 1000 C.
4. The method of claim 14, it M8 el ectric layer has a thickness
bet ween about 100 to 600 *A. 3 55." THe method of claim 1, wherein said
polysilicon layer is forned through an LPCVD net hod enpl oying silane Si H4
as a 3 silicon source naterial at a tenperature range between about 400
to 700C1.6.AThethed hotl Bérrinag ne Ipolvet el gors aileqiciogsi Middhn dedypered has a

t hi ckness between about 1100 to 5000 A. 3 7. The nethod of claim1, wherein
sai d i n<digantadepllkitiong cogpidsipger portion of said polysilicon layer is

3 acconplished by ion inplanting Si at a dosage |evel between about 1x1014
to 1x1016 atons/cnR, and energy |evel between about 50 to 200 KeV. 6

providing a substrate;
s forming a dielectric layer over said substrate;
forming a pelysilicon layer over said dielectric layer:

in-situ amorphizing upper portion of said polysilicon layer
by implanting ions into said .polysilicon layer to form an

12z amorphous {a~Si) layer over said polysilicon layer:;

doping said polysilicon layer by implanting ions; and
1s
performing laser irradiation of selected wavelength and
fluencg to melt and regrow said oa-Si layer while at the
s same time driving said ions deeply into said polysilicon

layer adjacent said underlying dielectric layer.

2. The method of claim 1, .wherein said substrate is

silicon.
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8. The method of claiml, wherein said a-Si |layer has a thickness between
about 100 to 1500 A. 3 --- 24 [liliiljlthijfiflf//jjjfl/11/ 14 CSOO 163 9.
The -met 0BW0@f1&3 ai m 1, wherein said doping said polysilicon layer is
acconplished by inplanting B4, BF;"4, P}, 3 As+ ions' at a dosage |evel

bet ween about 5x1014 to 1x1016 atons/cnR, and energy |evel between about
0.5 to 59- Képe Iethpge qfetHainofl clwierain whetdi Aleseat pie f ba¥iehgisai d

| aser irradiation is acconplished at a wavel ength between 3 about 157 to
308 nanofietrmed, buntihékmehcgrovtbetheentabparatQré betdednliabolt I00 A

met hod of reducing polysilicon depletion in polysilicon electrodes in MOS
transj stess1o00pfcsing the 3 steps of: providing a substrate; b formng a
pad oxi de | ayer over said substrate; 9 formng. a nitride |layer over said
pad oxide layer; patterning said nitride |layer to forma trench over said
iz pad oxide layer; 2511 1112121111 1121o0i l 11 22111t CLMS

4. The method of claim 1, wherein said dielectric layer has

a thickness between about 100 to 600 A.

5. The method of claim 1, wherein said polysilicon layér is

formed through an LPCVD method employing silane SiHs as a
3 silicon source material at a temperature range between

about 400 to 700°C.

6. The method of claim 1, wherein said polysilicon layer

has a thickness between about 1100 to 5000 A.

7. The method of claim 1, wherein said in-situ amorphizing
said upper ©portion of said polysilicon  layer is
3 accomplished by ion implanting Si at a dosage level between

about 1x10™ to 1x10'® atoms/cm®?, and energy level between

about 50 to 200 KeV.

8. The method of c¢laim 1, wherein said o-Si layer has a

thickness between about 100 to 1500 A.

- : A
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CSOO- 163 renoving said pad oxide | ayer and exposing said substrate is at
the bottom of said trench; optionally form ng and renoving a sacrifici al

| ayer; c4dsofps3i ng a gate oxide |ayer over said substrate at the bottom of
said trench; 21 formng a polysilicon |ayer over said substrate, including
within said trench; 24 perform ng chem cal mechanical polishing (CWP) to
renove 9ex@es pEtysid | coh ovkiimai U, treRerein7 sgle@ctdypivg chsagdsaid
polysilicon layer in said trench to a desired thickness; 30 in-situ

anmor phi gbngsUPPesn PREYESN 18f a3@isthpRokysk! b?o'imba)éﬁﬁ:ln. yar*rrpiaan't ipng ions
into said polysilicon layer to forman 33 anorphous (a- SI) Iayer over said

pol ysi | heenshauers: dgpidbasdl haplysbbthoin! AKRLEDYsITPHARY Ngigns; 36

atoms/cm?, and energy level between about 0.5 to 50 KeV.
10. The method of claim 1, wherein said performing said
laser irradiation is accomplished at a wavelength between

3 about 157 to 308 nanometers, and fluence of between about

0.1 to 1.5 J/cm?.

11. A2 method of ©reducing polysilicon depletion in

polysilicon electrodes in MOS transistors comprising the

3  steps of:
providing a substrate;
forming a pad oxide layer over said substrate;
9 forming a nitride layer over said pad oxide layer;

patterning said nitride layer to form a trench over said

2 pad oxide layer;

_—
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t MCSOO 163 performng laser irradiation of selected wavel ength and
fluence to nelt and regrow said a-Si layer while at the 3v sane tine

driving gahg-igys deeply into said polysilicon electrode reaching but
adj acent said underlying oxide |ayer; and continuing the conpletion of
said MOS transistor by depositing another material, such as netal, into

said 4sreferehgl JdianeshdyohBet Aafyermand oakpesind 2saltie subishadtef clai m
11, wherein said substrate is silicon, 3 13. The nethod of claim11,

wher e n i a bileckayet gi srefoped by thermal growth at a tenperature
betméén §§0§Pe7 8E{Pg ?go% C. 15? The nethod of claim1l, wherein said pad

oxi de layer has a thickness between about 100 to 600 A. 3 15. The net hod
of claim1l, wherein said nitride layer is forned by reacting
di chl . orosil.ane (Si Cl2H2), or .sil amonia (NH3) in an

ane, 3 %SiH%l%i W 1 h,
CVD at a P&ipardtyr EOTBerleRabBUPYEBS toS800t Copt Laves
13
forming a gate oxide layer over said substrate at the
bottom of said trench;

21

forming a polysilicon layer over said substrate, inclﬁding
within said trench;

P2
performing chemical mechanical polishing (CMP) to remove
excess polysilicon over said trench:

27

selective etching said polysilicon layer in said trench to
a desired thickness;

3
in—sitg amorphizing upper portion of said polysilicon layer
by implanting_ions into said polysilicon layer to form an

3 amorphous (a-Si) layer over said polysilicon layer;

doéing said polysilicon layer by implanting ions;

36

[
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1f1111 1112121 liii 111111 111-11. S CSOO- 163 16. The nethod of claim1.1
wherein said nitride |ayer has a thickness between about 1000 to 3000 A 3
17. The nmethdy e claim1l, wherein said gate oxide layer is thermally

grown at a tenperature between about 900 to a 1200 C, or deposited using

G ub. 18. JTherdiBi; 9fs&d aiyprll; ey iy sgh b dAL QXL 8BRS aandhi ckness
bet ween ab%ut 101?§p1505A. § 19.&%he nethodg%ﬁgclaln111€ mherei%nsaid

polysilicopibay&l vbSmkotMdat WG Al il?QI3smei N0l aplQyi g ghéane SiHA

as a silicon source material, at” a Lenperature range between about 400 to

t
700 C. £0. <Ige @h@oﬁr‘?ﬁziﬁgais%‘iég&ggﬁi@%&ﬁ?i:‘ﬁ#};@o's}’at%,iﬁi L&@fwéﬂxsen has a

;Hickpess petmeen.aboutlll 0 fo o1 . met hot cla|n111, .
Conpri o1 ng S LAY T, RpIRp00! KaL! L EOIRCMET R ot CHATRLL I Mk Be8 TecT P

layer; and

continuing the completion of said MOS transistor by
depositing another material, such as metal, inte said

4 trench followed by CMP to form a contact,

12. The method of claim 11, wherein said substrate is

silicon.

13. The method of claim 11, wherein said pad oxide layer is

formed by thermal growth at a temperature between about 700

3 to 1000 °C.

14. The method of claim 11, wherein said pad oxide layer

has a thickness between about 100 to 600 A.

15. The method of claim 11, wherein said nitride layer is
formed by reacting dichlorosilane (SiClsH;), or silane
3 (SiH4), with ammonia (NH3) in an CVD at a temperature

between about 300 to 900 °C.
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CSOO- 163 22. The nethod of claim1l, wherein said in-situ anorphizing

sai d upperc§§514é§1 of said polysili.con layer is 3 acconplished by ion

i mpl anti ng "SI of "Ge+ at a dosage | evel between about 1x1014 to 1x1016
atons/cn2, and energy |evel between about 50 to 200 KeV. 6 23. The net hod
of claim1ll, wherein said ac-Si |ayer has a thickness between about 100 to
1500 A. 3 24. The nethod of claim 11, wherein said doping said polysilicon

| ayer is ageonpmihies@ednhby bopLasim ngl BwheBeldt, sBtd nf€tiddONmalr dadosage
| evel between about 5x1014 to 1x1016 atons/cnR, and energy | evel between

about 0.5 @OotHOckfdés Hetwlba BBSRO 0 ebakppdls, wherein said performing
said laser irradiation is acconplished at a wavel ength between about 157
to 308 nanoneters, and fluence of between about 0.1 to 1.5 J/cnR. 11liiiil
12i 12 iiill 12i21 11 1'11 ¢c ~ Ms 29

17. The method of claim 11, wherein said gate oxide layer
is thermally grown at a temperature between about 900 to

3 1200 °C, or deposited using CVD.

18. The method of claim 11, wherein said gate oxide has a

thickness between about 10 to 150 A.

13. The method of claim 11, wherein said polysilicon layer
is formed through an LPCVD method employing silane S$iH¢ as a

3+ silicon source material at a temperature range between

about 400 to 700 °cC.

20, The method of claim 1], wherein said polysilicon layer

has a thickness between about 1100 to 5000 A.

21, The method of c¢laim 11, wherein said etching said
polysilicon layer is accomplished with a recipe comprising

3 Clz, 3802, HBI’, He'

. IR
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22. The method of claim 11, wherein said in-situ
amorphizing said uppeéer portion of said polysilicon layer is
accomplished by ion implanting Si or Ge® at a dosage level

between about 1x10* to 1x10'® atoms/cm®, and energy level

between about 50 to 200 KeV.

23. The method of claim 11, wherein said o-8i layer has a

thickness between about 100 to 1500 A.

24. The method of claim 11, wherein said doping said
polysilicon layer is accomplished by implanting B*, BF,",P",
As* ions at a dosage level between about 5x10* to 1x10%

atoms/cm?, and energy level between about 0.5 to 50 KeV.

25, The method of claim 11, wherein said performing said
laser irradiation is accomplished at a wavelength between

about 157 to 308 nanometers, and fluence of between about

0.1 to 1.5 J/cm’.

o L



