METHOD OF ACTI VATI NG POLYSI LI CON GATE STRUCTURE DOPANTS AFTER OFFSET
SPACER DEPCSI TI ON BACKGROUND OF THE I NVENTION (1) Field of the Invention
The present invention relates to nmethods used to fabricate sem conduct or
devices, and nore specifically to a nmethod used to reduce out diffusion of
ion inplanted dopants froma polysilicon gate structure during a procedure
used to activate the ion inplanted dopants. (2) Description of Prior Art

M cro-mniaturization, or the ability to fabricate sem conductor devices

Wi th sub 0.25METHORPOEACT VA INGI RIS LAGNEeA T SHBREE WHIE t he sub 0. 25 um
devices to be increased while reducing the fabrication cost of a

sem conduct or chDDRANTS AFFERVOFFEBUSPACERDERDSIFEDNr es. The snal | er

device features result in a reduction of perfornmance degrading parasitic
capacitance, while the greater nunber of smaller sem conductor chips
conprised with sub-0.25 umfeatures, obtained froma specific size
starting substrate, r H@ﬁG‘i{?ﬁJﬁIﬁ Eifﬁ iIﬂQ/E‘f\PﬁéNOf an i ndi vi dual

sem conductor chip. Wever specCitic Teatures of a sem conductor device,
such as a gate structure of a netal oxide sem conductor field effect
transi stor (MOSFET), device, can encounter problens when defined at w dths
as narrow as 0.25 um For exanple the dopants in a gate structure such as a
pol ysi(l) Eshl fdheingentipnt ure, can be placed in the narrow wi dth polysilicon
gate structure via ion inplantation procedures perforned in a bl anket
polysilicon layer prior to gate definition. |I Activation of the inplanted
ions has tPhdigeRRaf hoedid réloes RSttthodsusth HBsiatedni@nducsordesicns, end

more specifically to a method used to reduce out diffusion of ion implanted dopants from a

polysilicon gate structure during a procedure used to activate the ion implanted dopants.

(2) Description of Prior Art

Micro-miniaturization, or the ability to fabricate semiconductor devices with sub 0.25 um
features, has allowed the performance of the sub 0.25 um devices to be increased while reducing
the fabrication cost of a semiconductor chip comprised with sub- 0.25 um features. The smaller
device features result in a reduction of performance degrading parasitic capacitance, while the
greater number of smaller semiconductor chips comprised with sub-0.25 um features, obtained
from a specific size starting substrate, reduce the fabrication cost of an individual semiconductor
chip. However specific features of a semiconductor device, such as a gate structure of a metal
oxide semiconductor field effect transistor (MOSFET), device, can encounter problems when

defined at widths as narrow as 0.25 um. For example the dopants in a gate structure such as a
polysilicon gate structure, can be placed in the narrow width polysilicon gate structure via ion

implantation procedures performed in a blanket polysilicon layer prior to gate definition.




conductivity, however the anneal procedure used for dopant activation can
result in loss of inplanted dopants via out diffusion fromthe top surface
of the blanket polysilicon layer, or via out diffusion fromthe top
surface as well as the sides of a defined polysilicon gate structure. The

| oss of inplanted dopants will result in a |l ess conductive gate structure
t hus reduci ng MOSFET performance. The present invention will describe a
process sequence in which the out diffusion of inplanted dopants in a

def i nedciention of thadmplaatefl sonsddaiter perfaruestogesulf ipthrilediredi ot lEewre | ayer,
wherein the sane insulator layer will be defined as a conponent of a
conpostdrduttisty] aivarvesthaasical pocddue: wied &8 dopartt hetigavecast eadtiniessat t er
activation of the inplanted dopants. Prior art such as Nandakumar, in U S.
Pat . h@npl@tt@tﬁ@ogﬁﬁt@ V%]out TFaRenator the thisukaSe oRE blahket pﬁigﬁﬁ&mﬁﬁ?er, Hfdigster,
in Pat. No. 5,201,354, and Chien et al, in US t. No. 6,248,623

Bi, de &tfdn? SIJ}%{%% &3@ sudb QL1 By of F158110S DRF N8 Mo 1£iﬁcc§feé£t stk e, 0pfd ned

gate S ructure wever none of these prior art cri € process

ayer, Koo CapsitPry b B Rt gt t'l?f%g%t%%@%ﬁr? SRR Rs Y 2t

i nsul at or spacer, is used to reduce dopant out diffusion fromall exposed
sur f aceeréfrmanigat e structure during the dopant activation anneal procedure.
SUMVARY OF THE INVENTION It is an object of this invention to fabricate a
MOSFET device featuring a process sequence wherein the |evel of dopant out
di f fusi on fThepresenp alvgstidn widinlegathe agtroased seqeenics imwhichileedt di2fukioniof anot her
obj ect of this invention to deposit a blanket insulator layer on the
pol ysi {1 98Med dopants in a defined gate structure is reduced via use of a blanket insulator layer,

wherein the same insulator layer will be defined as a component of a composite insulator spacer

on the sides of the gate structure after activation of the implanted dopants. Prior art such as

Nandakumar, in U.S. Pat. No. 6,362,062 B1, Tseng et al, in U.S. Pat. No. 6,063,698, Pficster, in

U.S. Pat. No. 5,201,354, and Chien et al, in U.S. Pat. No. 6,248,623 Bl, describe methods of

forming offset spacers on the sides of a defined gate structure. However none of these prior art

describe the process sequence featured in this present invention in which the blanket insulator

layer, to subsequently be defined as a offset spacer of a composite insulator spacer, is used to

reduce dopant out diffusion from all exposed surface of a gate structure during the dopant

activation anneal procedure.

SUMMARY OF THE INVENTION

It is an object of this invention to fabricate a MOSFET device featuring a process sequence

wherein the level of dopant out diffusion from a polysilicon gate structure is minimized.




gate structure prior to an anneal cycle used to activate the dopants in the
defined polysilicon gate structure. It is still another object of this
invention to forma conposite insulator spacer on the sides of the
polysilicon gate structure featuring an underlying offset insulator spacer
conponent, obtained via a spacer formation procedure applied to a bl anket

i nsul ator | ayer, wherein the blanket insulator |ayer was deposited prior to
the activation anneal procedure. In accordance with the present invention a
met hod of It srawpthgr ebimOSHETs ipBenfion|te denesigablnkeinpguatenlaycs an HreqwhisdGARuct or
substrate, wherein dopant out diffusion fromthe polysilicon gate

st r uctgateestiustund priorita edanieal @oielwyhenttiofte telbpakein thadalinad pelybiliyar gate
deposited prior to an anneal procedure used to activate dopants in the

pol ysidhe@p:.0ate structure, is described. After deposition of a
polysilicon |layer on an underlying gate insulator |ayer the polysilicon

| ayer is doped via ion inplantation procedures, followed by patterning
procedures,e oved .1 g.def | . SN e . r et,

P rat 1 noct SorE0s SyETHE RS My ulBhAT fosha ool hIME] daler AR AT
activate the dopants in the defined olysilhpon gﬁﬁe structure, |ocated
under | $fithgPA Bl BAIESTUFHER fPafgpe ?wg%ﬁﬂ A2 PP (NSHEHA SPFGHF VIR et ch
procedure is used to define an offset insulator spacer on the sides of the
pol ysidhitgoed Yarepaser ipemation pragedare applisreipiadianget insulatghlaysy, whgpiadhe

sour celagrlain region in an area of the sem conductor substrate not covered
by the polysilicon gate structure or by the offset spacer, a second

i nsul afn@ilatb ANSEr wRIdepostefPasH tb ehe defisaloatancd pyeedurt.s deposited. A second

ani sotropic dry etch procedure is next used to define a conposite

i nsul ator spacer on the sides of the polysilicon gate structure, conprised

of an 3 In accordance with the present invention a method of forming a MOSFET polysilicon gate

structure on a semiconductor substrate, wherein dopant out diffusion from the polysilicon gate
structure is minimized via employment of a blanket insulator layer deposited prior to an anneal
procedure used to activate dopants in the polysilicon gate structure, is described. After
deposition of a polysilicon layer on an underlying gate insulator layer the polysilicon layer is
doped via ion implantation procedures, followed by patterning procedures employed to define a
polysilicon gate structure. A blanket, first insulator layer is deposited followed by an anneal
procedure used to activate the dopants in the defined polysilicon gate structure, located
underlying the blanket insulator layer. A first anisotropic dry etch procedure is used to define an
offset insulator spacer on the sides of the polysilicon gate structure. After formation of a lightly
doped source/drain region in an area of the semiconductor substrate not covered by the
polysilicon gate structure or by the offset spacer, a second insulator layer, or a composite
insulator layer, is deposited. A second anisotropic dry etch procedure is next used to define a

composite insulator spacer on the sides of the polysilicon gate structure, comprised of an




overlying second insul ator conponent and of an underlying offset spacer
conponent. A heavily doped source/drain regionis formed in an area of the
sem conductor substrate not covered by the polysilicon gate structure or
by the conposite insulator spacer. BRI EF DESCRI PTI ON OF THE DRAW NGS The
obj ect and ot her advantages of this invention are best described in the
preferred enbodinments with reference to the attached draw ngs which

i nclude: Figs. - 8, which schematically in cross-sectional style,,

descr | perlying ssoagdesutagsicopgangopnd el indgivivmelfshsmerersopepryait Adsavilat e
structure wherein dopant out diffusion fromthe polysilicon gate structure
i s mi ndoped scurvé/drapmpgioy mefotmef inanklaridte semiwhdeaor substete nadeposed mathpr i or

to an anneal procedure used to activate dopants in the polysilicon gate

St ruct py1esiliddaSeR St EN oy Tt diiFoERRRERa GMPBUVENTS The net hod of
fabricating a polysilicon gate structure wherein dopant out diffusion from
the polysilicon gate structure is mnimzed via enploynent of a bl anket

i nsul ator |ayer, deposited prior to an anneal procedure enployed to

activate dopants in éﬁ Qg%%ﬁi i ?F% , Wll now be described
in detail. Sem'condL}?I EF slkgﬁg@ ) éﬁﬁéﬁ?gﬁﬁggs P type single
crystalline silicon, featuring a <100> crystallographic orientation, is
used and schenaticallélshomm in Fig. 1. Gate insulator |ayer_ 2, conprised
of siliconTh¢ebipdand pienadyantagrs ohENS inveitonire keshdeseikadie d€ Prefesteen about
12 to 35 Angstrons. Undoped polysilicon layer 3a, is next deposited via | ow
pr essugmbatanite alithvefprncateposattaconl (raPOYDyhichriodeltur es, at a t hi ckness
bet ween about 1200 to 4 2000 Angstrons, using silane or disilane as a
source of polysilicon. This is schematically shown
Figs. 1 - 8, which schematically in cross-sectional style, describe key stages employed for
the fabrication of a polysilicon gate structure wherein dopant out diffusion from the polysilicon
gate structure is minimized via employment of a blanket insulator layer, deposited prior to an

anneal procedure used to activate dopants in the polysilicon gate structure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of fabricating a polysilicon gate structure wherein dopant out diffusion from
the polysilicon gate structure is minimized via employment of a blanket insulator layer, deposited
prior to an anneal procedure employed to activate dopants in the polysilicon gate structure, will
now be described in detail. Semiconductor substrate 1, comprised of P type single crystalline

silicon, featuring a <100> crystallographic orientation, is used and schematically shown in Fig. 1.
Gate insulator layer 2, comprised of silicon dioxide, is next thermally grown to a thickness

between about 12 to 35 Angstroms. Undoped polysilicon layer 3a, is next deposited via low

pressure chemical vapor deposition (LPCVD), procedures, at a thickness between about 1200 to




in Fig. 1. If both N channel and P channel, MOSFET devices are desired on
the sanme sem conductor chip, or if several threshold voltages are desired
for specific MOSFET devices on the sane seniconductor chip, polysilicon
gate structures with various doping | evels can be enployed. This can be
acconpl i shed via photoresist masking of specific regions of polysilicon

| ayer 3a, during a first ion inplantation procedure resulting in doped
polysilicon layer 3b, followed by photoresist nasking of doped polysilicon
| ayer HWO P&lgﬁ‘é‘vﬁlﬁgw’él%é@@ﬁﬂ disglang axst sehica of BRlYplewedies sthsr ?%HY&BP% l'i con
| ayer 3c, in a previously undoped region of polysilicon |layer 3a, wherein

t he dmﬁagﬂ.level or dopant type of polysilicon layer 3c, is different then
t he dopant |evel or type of polysilicon |ayer 3b. This is schematically
illustrated in Fig. 2. For the exanple used in this present invention

doped pol yginhiQRhdd¥RindHuhahdl | MPBFRTNel ¥Brd0Radd baYR samdceaRBAdRed Vi a
|nplantat|on of arsenic or phosphorous ions, inplanted at an energy between

gg?;;l ¢ 1% U {lflose!ﬁeqyl’ t&re@lrlol@vgiga%gs Qgtd@ﬁl%a 1&%@9&13&%@5ﬁﬂ &E‘k%? @%9{'5%/&&1 . Doped

esired for work
function or thre oId v |rene ed | ayer
ey eemEenuIPT FRn aRisIeD) S HEHMHES VED SRie R dP Ao saarsor pE FrPiesHt) ayer 3
The ant ed dopants in the doped polysilicon |ayer are not ful
act i va’ggé canler acheisPlished Hia§h§®a‘%5§t wiapking plotpegfie (aeaas vheolyglisondaye éﬁduct ive
properties. Definition of a polysilicon gate structure is next addressed
and scteingta foal by irdplackiidegstocaturefiegnlitigs inAoptrbpaysdsiog laysh3pdoliavetd byhown i n
the drawings, is used as an etch mask to allow an anisotropic reactive ion
etch ( F@\c@r@sﬁﬁ%ﬁﬁl@r& dbgeddeiyisnieop tlyyisit, ht@ing atecofll fdicCitnplaitadidn pare@at e

i nsul a |l ayer 2. In this exanple the polysilicon gate structure 3d, is
defined, {10 BBI‘}BH(%L layer 3¢, in a previously undoped region of polysilicon layer 3a, wherein the
dopant level or dopant type of polysilicon layer 3c, is different then the dopant level or type of
polysilicon layer 3b. This is schematically illustrated in Fig. 2. For the example used in this
present invention doped polysilicon layer 3b, will be a N type doped layer, accomplished via
implantation of arsenic or phosphorous ions, implanted at an energy between about 5 to 40 KeV,
at a dose between about 1E15 to 8E15 atoms/cm®. Doped polysilicon layer 3¢, can be a P type
doped layer, or if desired for work function or threshold voltage requirements, be another N type
doped layer however at a different N type dopant level than doped polysilicon layer 3b. The

implanted dopants in the doped polysilicon layer are not fully activated and thus in this state will

not provide the desired conductive properties.

Definition of a polysilicon gate structure is next addressed and schematically described in
Fig. 3. A photoresist shape, not shown in the drawings, is used as an ctch mask to allow an
anisotropic reactive ion etch (RIE), procedure to define polysilicon gate structure 3d, on gate

insulator layer 2. In this example the polysilicon gate structure 3d, is defined from doped




5 pi( polysilicon layer 3b, with a width between about 0.03 to 0.35 um
The ani sotropic RIE procedure is perfornmed using Cl2 as an etchant for
polysilicon with the procedure selectively termnating at the appearance
of the top surface of gate insulator |ayer 2. Renoval of the photoresist
shape is acconplished via plasm oxygen ashing and wet clean procedures. A
buf fered hydrofluoric acid cycle, used as a conponent of the wet clean
procedure, renoves the portions of gate insulator 2, not covered by
polysilicon gate structure 3d. The definition of polysilicon gate

st r uctpaedicpedfver Fhedvithe Wiskh baswemn abent 4@ fodh3 awinedhe appieopdult®, wi | | reduce
| ateral diffusion paths that woul d have existed in undefined, or in

bl ank egrogabipesis pért@meli ayiag ClHewe eehaitifer mlpilsed vathrthapesedafe gddcsisélyi con gat e
structure 3d, can allow out diffusion of the unactivated dopants in

POl ySi inGiakifdadk BreStpbsiindt 6f 36 tof furROMoBLIR BEIIREr 1ah@ 22aRACvaVthon anneal
procedure. Therefore to reduce the out diffusion phenonena insulator |ayer

4a, Egp%\;(\)@oreszﬁ(fs? gﬂé’%&:iisc %cé%lpiigheg ivgrc%%démai &g@%&s&ﬁ?%ﬁ& Weflean RoWBflr Al aver 4a,

can SI oxXl ayer al ne hi ckness between about 100 to

200 Angstroms, vja LPCYD or vi | asnma enhance hem ¢ apor deposition
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Bl anket insulator |ayer 4a, covering all surfaces of polysilicon gate

st r uctparéoBdf ghts infelriiZ aef caverad bypplysheser st ustectyet een about 400 to 700 C,
thus preventing out diffusion of the inplanted dopants during deposition,
as well as preventing out diffusion of the sanme inplanted dopants during a
subsequent Tigcddfmaion@t palysitiadn grogadiues. pefloenat) paat topn acedtive ansed t o
activate the inplanted dopants in the polysilicon gate

procedure, will reduce lateral diffusion paths that would have existed in undefined, or in
blanket polysilicon layer. However the exposed surfaces of polysilicon gate structure 3d, can
allow out diffusion of the unactivated dopants in polysilicon gate structure 3d, if now subjected
to an activation anneal procedure. Therefore to reduce the out diffusion phenomena insulator
layer 4a, shown schematically in Fig. 4, is next deposited. Insulator layer 4a, can be a silicon
oxide layer obtained at a thickness between about 100 to 200 Angstroms, via LPCVD or via
plasma enhanced chemical vapor deposition (PECVD), procedures, using tetraethylorthosilicate
(TEOS), as a source. Blanket insulator layer 4a, covering all surfaces of polysilicon gate
structure 3d, is deposited at a low temperature between about 400 to 700° C, thus preventing

out diffusion of the implanted dopants during deposition, as well as preventing out diffusion of

the same implanted dopants during a subsequent activation anneal procedure.

The anneal procedure used to activate the implanted dopants in the polysilicon gate
structure is next addressed. A rapid thermal anneal (RTA), procedure is performed at a
temperature between about 950 to 1100° C, for a time between about 5 to 30 sec., in an inert

ambient such as argon or nitrogen, resulting in polysilicon gate structure 3e, now comprised with




structure is next addressed. A rapid thermal anneal (RTA), procedure is
performed at a tenperature between about 950 to 1100 C, for a tinme between
about 5 to 30 sec., in an inert anbient such as argon or nitrogen,
resulting in polysilicon gate structure 3e, now conprised with 6 activated
i npl anted dopants. Insulator |ayer 4a, covering all exposed surfaces of the
polysilicon gate structure, prevented out diffusion of inplanted dopants

t hus maxi m zing the conductivity of polysilicon gate structure 3e. |If
desired the activation anneal procedure can be acconplished via
convenjdtiomad ifiplaniad doganechduines laypetaf orveedg all exposehypefetsof éhegetiysdeonabout
850 to 1000 C, for a tinme between about 5 to 20 mn., in an inert anbient.
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| ayer 4a, to forminsul ator offset spacers 4b, on the sides of polysilicon
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i npl antation of arsenic _or phosphorous .ions at energy between about 1 to 10

KeV, foHmgbewere abawh S &hLd BrL. @@ ingrt anbigde ApiShiparer ABSLHOBERE t 0 5E15
atons/cn2. The result of these procedures is schematically shown in Fig.

5. Thepoosduat is opxtgkrfoongidsiinselamdaleadoto pmoasdaterpiishiespgéagedb, of tol ysi | i con
gate structure 4e, is next addressed and schematically described in Figs.
6 - 7.sifd dfpeRstixbtieat ayieturd 28, This isfdct@hplislepasihg €HFyhva deRENR: athdAEQYD
procedures, to a thickness between about 80 to 200 Angstrons, using

tetrae jal 1§ EBhr@ir&in $AUDS Secible X Lis AbitfGaRd M b hd@of ayer 6a,
IS dep%§¥%§ghlgsg %%?%@ﬁégs be{meénngbou’ ilo t58350 Angsérong, Sia LPCVD

or PECé/e%iconductor substrate 1, not covered by polysilicon gate structure 3e, or by insulator offset

spacers 4b, via implantation of arsenic or phosphorous ions at energy between about 1 to
10 KeV, for arsenic ion option, and at a dose between about SE14 to SEIS atoms/em®. The

result of these procedures is schematically shown in Fig. 5.

The formation of composite insulator spacers on the sides of polysilicon gate structure 4e,
is next addressed and schematically described in Figs. 6 - 7. Silicon oxide layer 12a, is first
deposited via LPCVD or PECVD procedures, to a thickness between about 80
to 200 Angstroms, using tetracthylorthosilicate (TEOS) as a source. Next silicon nitride layer 6a,
is deposited at a thickness between about 150 to 350 Angstroms, via LPCVD or PECVD
procedures, followed by deposition of silicon oxide layer 7a, at a thickness between about
400 to 700 Angstroms, via LPCVD or PECVD procedures, again using TEOS as a silicon oxide
source. This is schematically shown in Fig. 6. A second spacer anisotropic RIE procedure is
next used to define silicon oxide spacer component 7b, with the second anisotropic RIE

procedure performed using CHF; as a selective etchant for silicon oxide terminating at the




procedures, followed by deposition of silicon oxide |layer 7a, at a

t hi ckness between about 400 to 700 Angstrons, via LPCVD or PECVD
procedures, again using TECS as a silicon oxide source. This is
schematically shown in Fig. 6. A second spacer anisotropic R E procedure is
next used to define silicon oxide spacer conponent 7b, with the second

ani sotropic RIE procedure perforned using CHF3 as a selective etchant for
silicon oxide termnating at the 7 appearance of the surface of silicon
nitride |ayer 6a, wherein silicon nitride |ayer 6a, overlays LDD region 5.
A t hi r shpepanerofaini siofheoqi stlideh Bitpdo bedunewheeintdivor mplidy kgertte, deflaye L
shaped silicon nitride spacer conponent 6b. This is acconplished using d 2
as an ebonapibn 5OMA @irl sFRBr anlddtobRRIEFY&ed@a is thed bnplogeddidiid DphapeRl E
procedure sel ectively stopping on silicon oxide |layer 12a. A final cycle of

the {NificheRRREp 2 SOhEARNEGH ﬁﬁggs?deeamﬁhé@@s%g@aa%éc% forSecBR 1 ve

et chan on OXi ayer 1 resulting in silicon oxide spacer
conmponent . 12b. Conposite insu or _spacers..10, comprised of j.psul ator
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spacers 6b, and silicon oxide spacer conponents 7b, .is schematicall shown
in Fi glaver 2popfiael orleof thed B pRAceapagirenin RUe PocsiHe Falire-1als s Sﬁ@ﬁ%’vef or med
in a region of semconductor substrate 1, not covered by polysilicon gate
st r uct etckrnBéyr soicohyxide lpyesiZae ré¢snlinzan siticorspradespacer @pmppeent bl drmmapdssn  of
arseni c or phosphorous ions, at an energy between about 35 to 90 KeV, for

the ar geflakr ORict@N (), @ithriatd of idagsohdteepacabob)tsilRbd bxido spdeds 1abdms/ cn. | f
desired silicon oxide spacer components 7b, can now be selectively renoved

via a %}E@giﬁ%n ﬁ]%ﬁl‘é‘%{)Ac@f%@b?aﬁ’éﬁﬁii&g%gédéﬁsﬁ&%pwrﬁp(fn%ﬁﬂé|7E),i iBGcHeMaGOAROSi t €

i nsul atof spacers 11, now conprise

shown in Fig. 7.

Formation of heavily doped source/drain region 8, is next formed in a region of
semiconductor substrate 1, not covered by polysilicon gate structure 3e, or by composite insulator
spacers 10, via implantation of arsenic or phosphorous ions, at an energy between about 35

to 90 KeV, for the arsenic option, and at a dose between about 2E15 to 7TEL3 atoms/cm®. If
desired silicon oxide spacer components 7b, can now be selectively removed via a buffered
hydrofluoric wet etch procedure resulting in composite insulator spacers 11, now comprised of L
shaped silicon nitride spacers 6b, silicon oxide spacers 12b, and underlying insulator offset

spacers 4b. This is schematically shown in Fig. 8.

In addition, if desired composite insulator spacers can be formed comprised of the
underlying insulator offset spacers and of an overlying non - L shaped silicon nitride spacer
component. This would be accomplished via deposition of a silicon nitride layer at a thickness

between about 500 to 700 Angstroms, followed by the anisotropic RIE procedures use to define a




shaped silicon nitride spacers 6b, silicon oxide spacers 12b, and
underlying insulator offset spacers 4b. This is schematically shown in
Fig. 8. In addition, if desired conposite insulator spacers can be forned
conprised of the wunderlying insulator offset spacers and of an overlying
non - L shaped silicon nitride spacer conponent. This would be
acconplished via deposition of a silicon nitride |ayer at a thickness

bet ween about 500 to 700 Angstrons, followed by the anisotropic R E

pr ocedunesitiosd spavedefriprisedoBa sbevertidsnampersat ard aromeil gagsifEormomdld i con
nitride conmponent and an underlying silicon oxide offset spacer conponent.
The heatstd spactp pedpsmaut. CEiedeavity dopgt ssuragdriin regioh dgdirewboldrive domfclerter,
definition of this conposite insulator spacer. This iteration of a
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i nventy, ﬁ H@ rticularly shown and described wth reference to, the
preferreéd enbo | RNt S t her eof , |t w Il be understood by those skilled in
the art that various changes in formand details nay be made w t hout
departing fromthe spirit and scope of this invention. 9 Wat is clained
is: 1. A nethod of form ng a conductive gate structur, conduct or
substrate'W@éﬁﬁﬁ$@Fﬁﬁ“ﬁﬁ@s@%@é@“ﬁ?k“W6F%W%@“Hk§%ﬁﬁdNﬂgupﬁﬁqwe g%r on said

sem conductor substrate; formng a conductive |ayer on said gate insulator
| ayer ;preferred embodiments thereof, it will be understood by those skilled in the art that various

changes in form and details may be made without departing from the spirit and scope of this

invention.




form ng dopants in said conductive |ayer; defining a conductive gate
structure on said gate insulator layer; formng a non - thermally oxidized
i nsul ator layer directly on said conductive gate structure via chem cal
vapor deposition procedures at a tenperature between about 400 to 700 C
directly after formation of said non - thermally oxidized insulator |ayer,
perform ng an anneal procedure to activate said dopants in said conductive
gat e SWhatGt tlagneddnd performng a dry etch procedure to form of fset

i nsul ator spacers on the sides of said conductive gate structure. 2. The
met hod of claim 1, wherein said gate insulator layer is a silicon dioxide

| ayer, thQK”ﬁh+&h&f&%ﬁaﬁg%%p&&hﬁﬁ@@éﬁeQﬁkﬂﬁ@@h@bOUt 12 to 35 Angstrons. 3.

The nethod of claim1, ein sald conductive layer is a polysilicon

| ayer, obtained via lo ressure .chenm cal yapor deposition (LPCVD),
pr ocedur es, %T“%ﬁ?ﬁ?%&%@%%ﬂﬂﬁg?ﬁg%ﬂgaeS% Siéoo to 2000 Angstroms. 4. The
nmet hod of claim1, wherein said dopants for in said conductive | ayer are

din

arseni ¢ or phol@PRBES B BHYALCR 13Yeron stid SCMEANYHAr SASHPIon pr ocedur es
performed at an energy between about 5 to 40 KeV, at a dose between about
| E1I5 to 8E 15 ftoimg/acwRductivelager omaidsthivaulapr ebeti m 1, wherein said
conductive gate structure is forned via an anisotropic RIE procedure,
performed usi fguGh@dasnarin edid bamtuctiGe lafdre net hod of claim 1, wherein the
wi dt h of said conductive gate structure is

defining a conductive gate structure on said gate msulator layer;

forming a non - thermally oxidized insulator layer directly on said conductive gate

structure via chemical vapor deposition procedures at a temperature between about

400 to 700 ° C;

directly after formation of said non - thermally oxidized insulator layer, performing
an anneal procedure to activate said dopants in said conductive gate structure; and

performing a dry etch procedure to form offset insulator spacers on the sides of

said conductive gate structure.

2. The method of claim 1, wherein said gate insulator layer is a silicon dioxide layer,

thermally grown to a thickness between about 12 to 35 Angstroms.

3. The method of claim I, wherein said conductive layer is a polysilicon layer, obtained
via low pressure chemical vapor deposition (LPCVD), procedures, at a thickness

between about 1200 to 2000 Angstroms.

4. The method of claim 1, wherein said dopants formed in said conductive layer are
arsenic or phosphorous ions, formed via ion implantation procedures performed at an
energy between about 5 to 40 KeV, at a dose between about 1E15 to 8E15 atoms/cm”,
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bet ween about 0.03 to 0.35 um 5 7. The nethod of claim1, wherein said

i nsul ator layer is a silicon oxide |ayer, obtained via LPCVD or via plasna
enhanced chem cal vapor deposition (PECVD), procedures, to a thickness
bet ween about 100 to 200 Angstrons. 8. The nethod of claim 1, wherein said
insulator layer is a silicon oxide |ayer obtained via LPCVD or PECVD
procedures, using tetraethylorthosilicate (TECS), as a source. 10 9. The
met hod of claim 1, wherein said anneal procedure used to activate said
dopants in s&ilheoutbledefidam| laydereinssaid gaudidivelgeiestibctarene ErmeRYiayan
procedure, perfornmed at a tenperature between about 950 to 1100 C, for a
ti me betweenamhierebicRIEQrddeecperformedtsing Obra amabhant such as nitrogen or
argon. 10. The nmethod of claim 1, wherein said anneal procedure used to
activate said dopants 15 in said conductive |layer is perforned using

conventi onal ¢ FHNAGRLPSQERRUL Sheftn o WiRITRELAL LERBRINRRNREA 1850 T 0 1000

C, for atine tween about ., Inan 1nert” anbient such as
nitrogen or argon. .11 hod of claim1l, wherein said dry etch

pr ocedur e us@ﬁ F%’?%?EQ@QEHEE$W§Et spacers on the sides of said conductive
gate structure is an anisotropic RIE procedure, 1l perforned using CHF3 as
an etchant for said insulator layer. 12. A nethod of fabricating a netal

oxi de 8eni condihetroethed ef dpiwf i, sderein spikinsylater layyosrstiiyon gridelaganpianeict or
substrate, featuring the integration of an anneal procedure used to
activat e dopanttLdVvD ar pelplesink ecloncghthemsdat ugtoudeposaind (RBEV Do rpmadeiloms, of

to a thickness between about 100 to 200 Angstroms.

8. The method of claim 1, wherein said insulator layer is a silicon oxide layer obtained

via LPCVD or PECVD procedures, using tetraethylorthosilicate (TEOS), as a source.

10 9. The method of claim 1, wherein said anneal procedure used to activate said dopants
in said conductive layer is a rapid thermal anneal (RTA), procedure, performed at a
temperature between about 950 to 1100° C, for a time between about 5 to 30 sec., in an

inert ambient such as nitrogen or argon.

10. The method of claim 1, wherein said anneal procedure used to activate said dopants
15 in said conductive layer is performed using conventional furnace procedures at a
temperature between about 850 to 1000° C, for a time between about 5 to 20 min., in an

inert ambient such as nitrogen or argon.

i1. The method of claim 1, wherein said dry etch procedure used to form said offset

spacers on the sides of said conductive gate structure is an anisotropic RIE procedure,
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of fset silicon oxide spacers on the sides of said polysilicon gate
structure, conprising 5 the steps of: formng a gate insulator |ayer on
sai d sem conductor substrate; formng a polysilicon |ayer on said gate

i nsul ator layer; performng an ion inplantation procedure to place dopants
in said polysilicon layer; performng a first anisotropic RIE procedure to
define said polysilicon gate 10 structure; formng a first silicon oxide

| ayer on said polysilicon gate structure; perform ng said anneal procedure
activating smiidrdabasntesCHE; sainctgpentyfor jaidorulgat Byerst ruct ure; performing a
second ani sotropic R E procedure to define said offset silicon oxide 15
spacers on the sides of said polysilicon gate structure; fonning a lightly

doped sour cefydnahfnb &8 @Bridalin@A nfif 3xRE sSRicInERM: FRRIMREQFansSidBSt r at e not
covered by said polysilicon gate structure or by said offset silicon oxide

spacers; forni s Si. 1 ' ; edr M dH D9nanSda |
P ErTde 1 aydNOSRENSEEE M. ER0 S, LBNEDS (he el MM Mndnitial L O,
anisotropic R E

conponent s ﬂF@ﬁﬁE%ﬁ%gfﬁﬁggggF8&%%ES6%ké§é1§§%é§g§88§%%%ﬂiHﬁgghﬁﬁéécgiIicon
nitride offset silicon oxide spacers on the sides of said polysilicon gate structure, comprising
5 the steps of:
forming a gate insulator layer on said semiconductor substrate;
forming a polysilicon layer on said gate insulator layer;
petforming an ion implantation procedure to place dopants in said polysilicon layer;
performing a first anisotropic RIE procedure to define said polysilicon gate
10 structure;
forming a first silicon oxide layer on said polysilicon gate structure;
performing said anneal procedure activating said dopants in said polysilicon gate
structure;
performing a second anisotropic RIE procedure to define said offset silicon oxide
15 spacers on the sides of said polysilicon gate structure;
forming a lightly doped source/drain region in an area of said semiconductor
substrate not covered by said polysilicon gate structure or by said offset silicon oxide
spacers;
forming a second silicon oxide layer;

20 forming a silicon nitride layer;

forming a third silicon oxide layer;
petforming a third anisotropic RIE procedure to define first silicon oxide spacer

12




spacer conmponents fromsaid silicon nitride |layer, and to define second
silicon oxide spacer conponents fromsaid second silicon oxide |ayer,
resulting in a conposite 5 insul ator spacers on the sides of said

pol ysilicon gate structure, conprised of wunderlying, said offset silicon
oxi de spacers, said second silicon oxide spacer conponents, said L shaped
silicon nitride spacer conponents, and overlying, said first silicon oxide
spacer conponents; and formng a heavily doped source/drain region in an
area of said sem conductor 10 substrate not covered by said polysilicon

gat e struct woenponehy frsmisdidabinpaificdreoxsigalapersto defide L Fhapedmwilihardniofdec] ai m 12,
wherein said gate insulator layer is a silicon dioxide |layer, thermally

grown to a thhckuespoRatiswRen sal dtonlZitdd (3Rr,ARGSS 1818 sedod silben oxiibod of
claim 12, wherein said polysilicon |layer is obtained via | ow pressure

chen cal Vgt JenaR ok DEYQLonPLBERE Betey L B FkNGARDRL neen abot

1200 to 15 he met ho claim n said
dopants fornmed.in said pol,ysi]icen.layer,.are arseni c or phosphorous ions,
obt ai ned vi aSHRAT $PERT ﬁ'i‘)hér‘?f‘;ﬁf Pgﬁ?lép?%%sémpéafc?@w&t}lﬁao%? Segﬂpener gy
bet ween about 5 to 40 KeV, at a dose between about, |E15 to 8ELl5 atons/cn®.
16. The net hewledying, saidmlibet sikgeosids spaice: ol 5ePRS HHFPIRHE PRfSict ure i s
formed via said first anisotropic RIE procedure, perfornmed using C2 as an
et chant for @mpeseitsceid.L $8p&isilichheritmde Rudeafongioasts, 2ad oviikying seid Aisstwi dt h
of said polysilicon gate structure is

silicon oxide spacer components; and

forming a heavily doped source/drain region in an area of said semiconductor

10 substrate not covered by said polysilicon gate structure or by said composite spacers.

13. The method of claim 12, wherein said gate insulator layer is a silicon dioxide layer,

thermally grown to a thickness between about 12 to 35 Angstroms.

14. The method of claim 12, wherein said polysilicon layer is obtained via low pressure
chemical vapor deposition (LPCVD), procedures, at a thickness between about 1200 to

15 2000 Angstroms.

15. The method of claim 12, wherein said dopants formed in said polysilicon layer are
arsenic or phosphorous ions, obtained via said ion implantation procedure performed at
an energy between about 5 to 40 KeV, at a dose between about 1E15

to 8E15 atoms/cm?.

16. The method of claim 12, wherein said polysilicon gate structure is formed via said

first anisotropic RIE procedure, performed using Cl, as an etchant for polysilicon.
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bet ween about 0.03 to 0.35 um 5 18. The nethod of claim 12, wherein said
first silicon oxide |ayer is obtained via LPCVD or via plasm enhanced
chem cal vapor deposition (PECVD), procedures, at a thickness between
about 100 to 200 Angstrons. 19. The nethod of claim 12, wherein said first
silicon oxide |ayer is deposited using tetraethylorthosilicate (TECS), as
a source. 10 20. The nethod of claim 12, wherein said anneal procedure used
to activate said dopants in said polysilicon layer is a rapid thermnal
anneal (RTA), procedure, performed at a tenperature between about 950 to
1100 C, for a”f’.ﬂihmdﬁmdne“@%nati@uwh@etndh@mdéle@ said padysdliconngate stawbirent such as
nitrogen or argon. 21. The nethod of claim 12, wherein said anneal

procedure, us&dctabaat®.UAtED. 3806k 15 dopants in said polysilicon |ayer, is
performed using conventional furnace procedures, at a tenperature between
about 850 to 1000 C, for a time between about 5 to 20 m n. in an inert

anbi eng SUChiﬁsl“Hé'nRW;c%m @gQHere%§ald-qﬂ?tds LR &Q f%'omain?cd V‘IM'er ein said

second” ani sotF'opi ¢ rocedur e use |ne said offset silicon oxide

spacers, is rmed usi | ect id fir

ST con” oxi dEFF AT wazéasw%@%feﬁ&%ﬂa&wc‘fag? 155 B AEVPL Bos¥ g erd,” doped
source/drain region is forne 14 5 via inplantation of arsenic or

phosphor ous ﬁ@ﬁ@ﬁﬁéﬁﬂﬁﬁﬂéh@FdQOBé%%b%ﬁﬁgﬁ@ﬁt 1 to 5 KeV, for the arsenic
option, and at a dose between about 5E14 to 5E15 atons/en®.

19. The method of claim 12, wherein said first silicon oxide layer is deposited using

tetracthylorthosilicate (TEOS), as a source,

10 20, The method of claim 12, wherein said anneal procedure used to activate said
dopants in said polysilicon layer is a rapid thermal anneal (RTA), procedure, performed
at a temperature between about 950 to 1100" C, for a time between about 5 to 30 sec.,

in an inert ambient such as nitrogen or argon.

21. The method of claim 12, wherein said anneal procedure, used to activate said
15 dopants in said polysilicon layer, is performed using conventional furnace procedures,
at a temperature between about 850 to 1000° C, for a time between about 5 to 20 min.,

in an inert ambient such as nitrogen or argon.

22. The method of claim 12, wherein said second anisotropic RIE procedure used to
define said offset silicon oxide spacers, is performed using CHF; as a selective etchant

for said first silicon oxide layer.

23. The method of claim 12, wherein said lightly doped source/drain region is formed
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24. The nmethod of claim 12, wherein said silicon nitride |ayer is obtained
via LPCVD or PECVD procedures at a thickness between about 150 to 350
Angstronms. 25. The nethod of claim 12, wherein said third silicon oxide

| ayer is obtained via 10 LPCVD or PECVD procedures at a thickness between
about 400 to 700 Angstrons, wusing TECS as a source. 26. The nethod of
claim12, wherein said third anisotropic R E procedure used to form said
first silicon oxide spacer conponents, said L shaped silicon nitride spacer
conporient s, dntmRlantdieelerygnisiar pheRhesertOns FhebseEBhoNER U s per f or med
using CHF3 15 as an etchant for silicon oxide, and using Cl2 as an . et chant
for silicon wistKéddor B arsdifie optitrhend gfa dobabetwed abaheiBldrto $Eil § atvawicn’y doped
source/drain region is formed via inplantation of arsenic or phosphorous
ions, at an energy between about 35 to 90 KeV, for the arsenic option, and

at a dose bejiMgsn RMlor RS 121 Whef&it 5aiak0iesd e 14 is obtained via LPCVD

or

PECVD procedures at a thickness between about 150 to 350 Angstroms.

25. The method of claim 12, wherein said third silicon oxide layer is obtained via
10 LPCVD or PECVD procedures at a thickness between about 400 to 700 Angstroms,

using TEOS as a source.

26. The method of claim 12, wherein said third anisotropic RIE procedure used to form
said first silicon oxide spacer components, said L shaped silicon nitride spacer
components, and said second silicon oxide spacer components, is performed using
CHF;

15 as an etchant for silicon oxide, and using Cl; as an etchant for silicon nitride.

27. The method of claim 12, wherein said heavily doped source/drain region is formed
via implantation of arsenic or phosphorous ions, at an energy between about 35
to 90 KeV, for the arsenic option, and at a dose between about 2E15

to 7E15 atoms/cm®,
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