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CCNDUQIIVE SPACER LI GHTLY DOPED DRAIN (LDD) FOR HOT CARRI ER
EFFECT (HCE) CONTROL BACKGROUND OF THEDS | ON
1. Field of the Invention : The present invention relate

generally to Short Channel Effects (SCEs) within Metal Oxide Sem conductor
Field Effect Transistors (MOSFETs). More particularly, the present

i nvention relates to nethods for control of Hot Carrier Effect (HCE) Short
Channel Effects (SCESNDUCTING SARSERTEIGHTLY. .DOPERSDRAIN | (WDDIf FORe Rel at ed
Art As sem conductor technol ogy continues to advance, and the
di mensi ons of integrated EOTCOMRRIER EFFEQH(BGHIGONEROBI enent features
within integrated circuits continues to decrease, several novel effects
arise within integrated circuits. In particular, wthin advanced
integrated circuits within which there are formed Metal Oxide

Sem conductor Field Effect Transistors (MOSFETs), there

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to Short Channel
Effects (SCEs) within Metal Oxide Semiconductor Field Effect
Transistors (MOSFETs). More particularly, the present invention
relates to methods for contfol of Hot Carrier Effect (HCE) Short

Channel Effects (SCEs) within MOSFETs.

2. Description of the Related Art

As semiconductor technology continues to advance, and
the dimensions of integrated circuit device and conductor element
features within integrated circuits continues to decrease, several
novel effects arise within integrated circuits. In particular,
within advanced integrated circuits within which there are formed
Metal Oxide Semiconductor Field Effect Transistors {(MOSFETs)}, there
arises a general category of novel effects known as Short Channel
Effects (SCEs). SCEs typically derive from: (1) the narrowing of

gate electrode dimensions within advanced MOSFETs, and/or (2) the



arises_a general category of novel effects known as Short Channel Effects
(SCEs). SCEs typically derive from (1) the narrowing of gate el ectrode

di rensi ons within advanced MOSFETs, and/or (2) the

-2- thinning of gate oxide |ayers which reside beneath those narrow gate
el ectrodes w thin advanced MOSFETs. -2 - A common and detrinental
Short Channel Effect (SCE) wthin MOSFETsS is the Hot Carrier Effect (HCE)
The HCE der Fhirning mfi igadecaxddeclayers celiidh atedsidei bennatblviimessl MIBRETS,
which increased electrical fields result from decreasing gate oxide

t hi ckness wPRHf (£ kasdSedresrtsinaavaneed MOSFETSg const ant MOSFET  operati ng
vol tages. The increased electrical fields accelerate charge carriers from
t he sem conduct or substrate upon which the MOSFET is fornmed into the gate

oxi de | ayer of the NQSF&'EmO\tgnearned t@mg%%@%%[@ﬁgr %c}tc I(r]ag]aeg%#f%r& Ay

captured by free electron states gat é ox

Several net{oesidaere?sVvest Lidaldy daeeReepEAYA (Htehhe TRE!HER dddNdesHot
Carrier Effects (HCEs) within advanced MOSFETs. Included anong these

nmet hods ar from (ipcreaxddciedlensricdl MGEds Wweyial iadgavobd agesrErs) which
i ncreases in MOSFET gate oxide hardness to hot carrier injection, such as
obt ai ned bylpe¢rensser aeleutrficadr ifiields result from decreasing gate oxide

thickness within those MOSFETs while maintaining constant MOSFET
operating voltages. The increased electrical fields accelerate
charge carriers from the semiconductor substrate upon which the
MOSFET is formed into the gate oxide layer of the MOSFET, where the
accelerated chargé carriers are captured by free electron states

within the gate oxide layer.

Several methods have conventionally been employed in the
art to limit Hot Carrier Effects (HCEs) within advanced MOSFETs.
Included among these methods are: (1) reductions in MOSFET
operating voltages, (2) increases in MOSFET gate oxide hardness to
hot carrier injection, such as obtained by incorporating fluorine
‘or nitrogen into the gate oxide, and (3) incorporation of Lightly
Doped Drain (LDD) low dose ion implant structures within the
semiconductor substrates beneath MOSFET gate electrode edges. Each
of these methods will reduce the electric field gradient from the
channel region of a MOSFET to the highly doped source/drain

electrodes which adjoin the channel region of the MOSFET. Of these



or nitgogen into the gate oxide, and (3) incorporation of Lightly Doped
Drain (LDD) | ow dose ion inplant structures within the seni conductor
substrat es beneath MOSFET gate el ectrode edges. Each of these nmethods wll
reduce the electric field gradient fromthe channel region of a MOSFET to
t he highly doped source/drain electrodes which adjoin the channel region
of the MOSFET. O these -3 - - 3-

net hods, thRthbBsst ENEUFE dafidairBedakhgaiRsd Whélend apidn Cesceptlahboygh
the LDD structure requires additional masking and ion inplantation steps
whi | e typi @dthpugheklengpn MEBEEHurst rusjuires \ddddtishal| mexkibgt sndedddual

al t hough reduced, HCEs. Non-traditional nethods for control of
HCEs wi t hi AmplestaEriomasteps sehbeent it is@ldyeyiedding & tMOSFET Stawgtere
Rodder, in U S. Patent 5,108,935 discloses a nethod for reduci ng HCEs

wi t hi n MOSEEEShh§t{hE resdiiodds t Frs kduady e AL RGOV Fesiuckdr BSFFiers within
sem conduct or substrates. The increased scattering rate is achieved
t hrough i ncorporating non-conventional dopants into channel regions of

MXEFETs. yéildiaugb  gehy SReehbacaldor rebatach t @ iens Methads are
al so known in the art whereby undesirable novenent of other nobile
MOSFETs have also been disclosed in the art. For example, Rodder,
in U.S. Patent 5,108,935 discloses a method for reducing HCEs
within MOSFETs by increasing the scattering rate of hot carriers
within semiconductor substrates. The increased scattering rate is

achieved through incorporating non-conventional dopants iato

channel regions of MOSFETs.

Although not specifically related to HCEs, methods are
also known in the art whereby undesirable movement of other mobile
species within MOSFET structures may also be inhibited. For
example, methods by which migration of mobile fluorine species
within polysilicon gate electrodes of MOSFETs may be inhibited are
disclosed by Anjum, et al., in U.S. Patent 5,393,676. Disclosed is
a method whereby argon atoms are implanted to form a barrier within
a polysilicon gate electrode, beyond which barrier migration of

mobile fluorine species is inhibited.

Desirable in the art are additional novel methods whereby

SCEs such as the HCE within MOSFETs may be controlled.



specieg wi thin MOSFET structures nmay al so be inhibited. For exanpl e,
mét hods by which mgration of nobile fluorine species Wthin polysilicon
gate el ectrodes of MOSFETs may be inhibited are disclosed by Anjum et
al-, in US. Patent 5,6393,676. Disclosed is a nethod whereby argon atons
are inplanted to forma barrier within a polysilicon gate el ectrode,
beyond which barrier mgration of nobike-fluorine species is inhibited.

Desirabl e i iti h
FOE i thi n NEBFETS ) RS onr el oy etodiPUATER PRRFARY sorCkRcabatngly [ he

-4- Parti cuhaghyifl@fiitabte mEe whtlads MosmEY RROYE damliQtafxseadi BgbYding gh

I mmunity to HCEs wthin a MOSFET whil e sinmultaneously avoiding the masking
and ion i npltaet adaisaingr andsdoat dpplassatiat giravelsk stepsi agsactavatnyitnal
LDD structure within the MOSFET. SUMVARY COF THE

| N\VENTI ON forming a connehtigpabidjlictstoficture pridddmt theWeREESh is to
provide a Metal Oxide Sem conductor Field Effect Transistor (MOSFET) which
exhibits: (1) exceedingly high inmmnity to Hot Carrier Effects

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a
Metal Oxide Semiconductor Field Effect Transistor (MOSFET)} which
exhibits: (1) exceedingly high immunity to Hot Carrier Effects
(HCEs}, and (2} minimized @parasitic capacitances, while
simultaneously avoiding the masking and ion implantation process
steps associated with forming a conventional Lightly Doped Drain

{LDD) structure within the MOSFET.

A second object of the present invention is to provide a
MOSFET in accord with the first object of the present invention,

which MOSFET is readily manufacturable.

In accord with the objects of the present invention,
there is disclosed a new MOSFET and a method by which that new
MOSFET may be manufactured. To form the MOSFET of the present
invention, there is first provided a semiconductor substrate. The

semiconductor substrate has a first portion, a second portion which



(HCEs), and (2) mMnimzed parasitic capaci t ances, whi | e
simul t aneousl y avoi di ng the masking and ion inplantation process steps
associated with form ng a conventional Lightly Doped Drain (LDD) structure
Wi t hin the MOSFET. A second object of the present invention is
to provide a MOSFET in accord with the %irst obj ect of the present

I nvention, which MOSFET is readily mafiufacturable. In accord
with the obpdgdsnof at Bédpr esemhei Miesti partidmesndi 8 dhsctopedtiomevh MIGFET
and a nethod by which that new MOSFET may be manuf act ured. To formthe
MOSFET of tRéIpiesern oppesdtei shdet pbrthe sfifststpgntdended Farsedi epduttor

substrate. The . sem conductor substrate has a first portion, a second
portion whi frst portion of the semiconductor substrate_yg_aag?éﬁrﬁg es?ﬂ%@?ﬁ

ort 1 . S a i i ah adi o ! St
the first paPebBhd B Bakd Cinsiehhe Foitiee dpartl Girsdr LPatoudn comfectar
substrate i 818988 ¥4sdg ffzysgclr si8bLEM %ﬁogng@ &1 .%g%ﬁﬁlepéxoai%dpen&e

al i gned thereupon. The gate ectrode has st sidewal|” adj oi ning the
second port sefieéndittors @UbSOFARICtadE SUbSEd] & idR¢ad] SeEfthisigdenal third

adjoining the third portion of the sem conductor substrate. For med upon

the first portion of the semiconductor substrate. Formed upon the first
sidewall of the gate electrode and upon the surface of the second
portion of the semiconductor substrate adjoining the first sidewall
of the gate electrode is a conformal oxide layek. The conformal
oxide layer has a dose of fluorine atoms incorporated therein
through either an ion implantation method or a Chemical Vapor
Deposition (CVD} co-deposition method. Formed upon the conformal
oxide 1layer at the location above the second portion of the
semiconductor substrate and adjoining the first sidewall of the
gate electrode is a conductive spacer. Formed into the second
portion of the semiconductor substrate at a location adjoining the
conductive spacer and further removed from the gate electrode is a

source electrode. Formed into the third portion of the

semiconductor substrate is a drain electrode.

The MOSFET of the present invention exhibits exceedingly
high hot carrier immunity due to fluorine hardening of the
conformal oxide layer interface at the semiconductor substrate

beneath the conductive spacer {ie: at a location above which a



Si devvaLI of the gate el ectrode and upon the surface of the second portion
of the semi conductor substrate adjoining the first sidewall of the gate

el ectrode is a confornmal oxide |ayer. The conformal oxide |ayer has a dose
of fluorine atons incorporated therein through either an ion inplantation
met hod or a Chem cal Vapor Deposition (CVD) co-deposition method. Forned
upon the confornmal oxide layer at the | ocation above the second portion of
the sem couhveintiondhightey ardperrpeahngLotle strtsturs devad| naxfmaliy bgat e
el ectrode is a conductive spacer. Formed into the second portion of the
sem conductfmrmedist r ale additioocatthen idjogparagiemeot céhd%%mﬁlelémcéheand
further renobved fromthe gate electrode is a_ _source el ectrode.

into the ioFmagopxidm layer ?ﬁethesefrﬁréGnﬂb‘E?‘tﬁf“s@lgsFP%t‘éa"fes e&eg;apﬁe

el ectr ode. The i nvention.

exceeatngi 2% =2 BATR L F A a8 B o T Torend For HEnRhg 6P Ehe
conf or mal cjtfi grsbggeqrface at the sem conductor substrate beneath the
conductive spac % at a | ocation above which a

-6- conventional Li ght | y Doped Drain (LDD) structure would nornally be
formed). In addition, the incorporation of fluorine into the confornal

oxi de layer at the frhewMosFERwE thefpresengatmresftaohraigmltaneously avoids

the masking and ion implantation process steps associated with
forming a conventional LDD structure within the MOSFET. By
applying a bias voltage to the conductive spacer of the MOSFET of
the present invention, an LDD structure is induced in the second
portion of the semiconductor substrate which resides beneath the
conductive spacer, while avoiding the masking and ion implantation
process steps associated with forming a conventional LDD structure
within the MOSFET. The bias voltage is preferably applied
simultaneously to the conductive spacer through the gate electrode
of the MOSFET. When a bias voltage is not applied to the
conductive spacer through the gate electrode of the MOSFET of the
present invention, the MOSFET of the present invention will exhibit
exceedingly low sub-threshold currents since the induced LDD
structure through which reduced sub-threshold current would
otherwise pass will cease to exist. The induced LDD structure of
the MOSFET of the present invention is formed without masking and
ion implantation process steps through which are formed

conventional LDD structures.



al so njinimzes parasitic capacitance which is associated with the

conduct i ve spacer. The MOSFET of the present invention

si mul t aneously avoids the nasking and ion inplantation process steps
associated wwth formng a conventional LDD structure within the MOSFET.
By applying a bias voltage to the conduet?i¥e spacer of the MOSFET of the
present invention, an LDD structure is induced in the second portion of

t he sem conduct or suffser aMes¥E® choff esthes poeseath tingentbomiucls veresgshidar
whil e avoi ding the masking and ion inplantation process steps associated
wi th form Mipnitfastusableonal LTIDe stMQRHAET e ofin thiien prigseMOSFEFIVentipie isi as

vol t age ft@ rabl applied sjimul taneousl .,y to the conductive spacer
t hr ough them%h"{ cé‘lué'E r gHreughs LR g FEeRduC g SRAYSTAUPOR 1A gé’é"r’r te6t

applied to ‘H}I% o qndg&ggv«i?ﬁggﬁfglzéhggag{)% Fe)?ggeﬁ? el el r Ofiect(}fod I\/@FET

of the present “inven ven ron w exh| bi t

exceedi ngl yudsmirs UiddY ealaldusdr EENbensiRESe t ESnddiiuced: L PR 3k ‘é‘i‘ttu lro%

t hrough whi ch reduced sub-threshold current would otherw se pass wil
cease to exirfegrited ndueadt L mPnstacainy e Oftethdds M Efaoéridies PESRIGh

invention is fornmed without masking and ion inplantation process steps

t hrough whitirh aoefotnabheskideonegats carad dpAbestr way uireyeneral be formed
in manufacturing MOSFETS are known in the art and are readily
manufacturable. By analogy, methods through which a conductive
spacer may be formed upon a fluorinated gonformal oxide layer

adjoining a sidewall of the gate electrode of the MOSFET of the

present invention are also readily manufacturable.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which form a material part of

this disclosure, show the following:

Fig. 1 to Fig. 4 show a series of schematic cross-
sectional diagrams illustrating the results of progressive process
steps in forming the MOSFET of the preferred embodiment of the

present invention into an integrated circuit.
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-7- . The MOSFET of the present invention is readily

menuf act ur abl e. The MOSFET of the present invention 1is

manuf actured t hrough form ng a conductive spacer upon a fluorinated
conformal oxide |ayer at a sidewall of the gate electrode of a MOSFET
whose structure is otherw se conventional ,to the art of integrated circuit
manuf act ur e. Met hods and naterials thfbﬁgh whi ch confornmal oxide |ayers

and spacers nmay in genesgdcRI®TTONN®E THA PRERERRES WMBOOIMESEETS are known in
the art and are readily manufacturable. By analogy, nethods through which
a conductive spacer may be formed upon a fluorinated confornmal oxide |ayer
adjoining a sidewall of the gate electrode of the MOSFET of the_ present
i nvention are al so r &6 | yPr@afMftact iPwtdion provides a Metalpp @fide

‘ . . o
forma mat ePFRISPIEtSE Fintd gffse%sams@%a%cﬁﬁgg?ﬁ a' B%Cﬂrgf%g%d b
Fig. 1to Figg.,é | : [ C LI OSS=. . SECH i |
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MOSFET of tﬁﬁmﬁﬁf%frEBdiﬁﬂpoeéPngrOEfEQ@tspﬁﬂéﬁgi,iQK?ﬂéi%th@EQnéghsly

I ntegrated circul
reducing the gate to conductive spacer parasitic capacitance of the
MOSFET of the present invention. The method by which is formed the
MOSFET of the present invention involves forming upon an otherwise
conventional MOSFET structure: (1) a fluorinated conformal oxide
layer upon a sidewall of the gate electrode and upon the
semiconductor substrate surface adjoining that sidewall, and (2) a
conductive spacer upon the conformal oxide layer at the juncture of
the gate electrode sidewall and the semiconductor substrate. The
fluorinated conformal oxide layer and the conductive spacer are
formed upon and adjoining the sidewall of the gate electrode

adjoining which sidewall is the source electrode of the MOSFET.

Upon applying a bias voltage to the gate electrode of the
MOSFET of the present invention, a bias voltage is coupled to the
conductive spacer and an LDD structure is induced in the
semiconductor substrate which resides beneath that conductive
spacer, while avoiding the masking and ion implantation process
steps associated with forming a conventional LDD structure within

the MOSFET. Wwhen a bias voltage is not applied to the gate



- 8- . DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
prlesent I nvention provides a Met al Oxi de Sem conductor Field

Ef fect Transistor (MOSFET) and a nethod for formng that MOSFET, which
MOSFET whi ch exhi bits exceedingly high imunity to Hot Carrier Effects
(HCEs), while simultaneously reducing_the gate to conductive spacer
parasitic capacitance of the MOSFET of the present invention. The nethod

by whi ch | S e BBHe LA tnMRbdT ﬁzoaftm‘e B8SERL idWeRRILAN ar{avnbsmfdzr ®heg
upon an ot herw se convention MOSFET "structure; (1) a fluorinated

conformal @dedent| ajrprerition awsildeeRhibof texeegaifighy eclbmdmka-ﬂqushnlﬁhe
sem conduct or substrate surface adjoining that sidewall, and (2) a
conduct i ve sppaeatsupiorwe hize conuoeddlDD sitdactaye thabughetjivhcredwcast subhe
gate el ectrode sidewall and the sem conductor substrate. The fluorlnated
confor mal hrgshpidecunrant W@%én@ﬁ%ﬁ‘@é%;ﬁ’é@r valé ceaisre® FIAT and

adj oining the sidewall of the gate electro JO nlng mqych SI s S
t he sour ce Bl¥CEAoBPoF LFREMISSIRET the HosPES of R oR* 551

vol tage to éé}%e%aait O\FC” ggnsfaﬁc?guc,{%g%ggggé}? ﬁgfo%asg[ﬁésbvse@n'r%

bi as vol tage i's coupre con ructur

nduced | ishen 3681 EORKE iy SHESSAA! QoM e RusEsiles beneat h ¢ hat

conducti ve

In addition to the conductive polysilicon spacer of the
MOSFET of the present invention, the MOSFET of the present
invention also incorporates a dose of fluorine atoms into the
conformal oxide layer upon and adjoining which is formed the
conductive spacer. The fluorinated conformal oxide layer provides
a reduced parasitic capacitance within the MOSFET of the present
invention, thus leading to higher MOSFET speed. In addition, the
fluorinated oxide also provides a higher potential barrier for

transfer of charge carriers due to the HCE.

The MOSFET of the present invention may be employed in
any integrated circuit wherein there is needed a MOSFET which
exhibits exceedingly high hot carrier immunity, exceedingly low
parasitic capacitance and/or exceedingly 1low sub-threshold
currents. The MOSFET of the present invention may be incorporated
into integrated circuits including but not limited to Dynamic

Random Access Memory {(DRAM) integrated circuits, Static Random



spacer, while avoiding the masking and ion inplantation process steps
adsociated with formng a conventional LDD structure within the MOSFET.
When a bias voltage is not applied to the gate

9 electrode of the MOSFET of the present invention, the MOSFET of the’
present invention will exhibit exceedi ngl$ +ow sub-threshold currents
since the induced LDD structure through which reduced sub- threshold .
current woubECethelemory pESRAMY | intesxaseto cdxFeits Thappliratcen (fagcific
structure o FET of_theﬁgresent i nvention is-. fornmed w thout, masking

h
and ion inp %‘%ﬁg}taitﬁ HrEcels dASHSS A gRteaRrtet fig ditRel2RonY et dRal

LDD . , . ] | td | Vs L1
spacer of t P thARREIeBFiqs. BRpELEh oR ke BREN B SN B e or
i nvention afscMd¥)oriandtgeors dosenef Mééxfb%»{ 'ngig ?ﬁ]é;f@résfg et 3BhOHAB!

oxi de |l ayer upon and adjolning which is conductive spacer. The

fl uori nat edoesud cippalicaxidery aMehifr Onislpated Eesitemd parasitic capacitance
wi thin the MOSFET of the present invention, thus |eading to higher MOSFET

speed. In addition, the fluorinated oxide also provides a higher potenti al
barrier for transfer of charge carriers due to the HCE.

Referring now to Fig. 1 to Fig. 4 there is shown a series
of cross-sectional schematic diagrams .;Lllustrating progressive
stages in forming the MOSFET of the preferred embodiment of the
present invention into an integrated circuit. Although the MOSFET
of the present invention is provided through forming a conductiVe
spacer upon a fluorinated conformal oxide layer separating a
sidewall of the gate electrode of the MOSFET from the source
electrode of the MOSFET, MOSFET fabrication methods typically and
preferably provide symmetric MOSFET structures where source and
drain electrodes are interchangeable. Thus, for the preferred
embodiment of the MOSFET of the present invention fluorinated
conformal oxide layers and conductive spacers are formed upon both
sidewalls of the gate electrode of the MOSFET separating both the

source electrode and the drain electrode from the gate electrode of

the MOSFET.

Illustrated in Fig. 1 is the MOSFET of the present
invention at early stages in its formation. Shown in Fig. 1 is a

semiconductor substrate 10 upon and within whose surface there are



The MOSFET of the present invention may be enployed in any integrated
circuit wherein there is needed a MOSFET whi ch exhibits exceedingly high
hot carrier inmunity, exceedingly |low parasitic capacitance and/or
exceedingly | ow sub-threshold currents. The MOSFET of the present

i nvention may be incorporated into intetkated circuits including but not
limted to Dynami ¢ Random Access Menory (DRAM integrated circuits, Static

Random formed isolation regions 12a and 12b.- Mbmicof@Geesr MewENHtat8BAM)
integrated circuits, Application Specific Integrated Crcuits (ASICs) and

i nt egr at ed epewr uwh scthathengreseht nintdmdiionf akyi bat poast Brdd|may Cenpfoement ar y
Metal Oxi de Sem conductor (Bi CMOS) transistors. The MOSFET of the present
i nventi on h¥ath bﬁééﬂe%pspPmeup¢k§tNﬁﬁdnanﬂrﬂqumneﬂpnqqnﬁmatson and any
Referring nom1to Fig. 1 to Fig. 4 there is showm a series

cross- sect i ohéf %ﬁﬂﬂ@ﬁé?hécdl%Eﬁ%ﬂﬁétFPPustra?YH&fﬁ%%Sgre§§Pvese§%%&RQ¥Ctﬁr
formng theg &g;? T of, -t red _enbodi of the present I nyent
into an integrafte lEa(f' C}clr Clﬂl??rp i E\ougi‘?raﬁg K&E@F pSFS?Wé e&éﬁfmlﬁ/en |on
s providedokhr guoh Lo{ldly AsEANGIRIINB: SRARRRARAN %Jdﬁla%r' ngt ed 199)
conformal oxide |ayer separating a sidewall the gate el éctrode of the
MOSFET f r onctet Sidivigeaph et et iepdat0ént he MOSFET, MOSFET fabrication net hods
typically and
Methods by which isolation regions may be formed within
and upon semiconductor substrates are known in the art. Such
methods include but are not limited to methods whereby a portion of
a semiconductor exposed through an appropriate mask is oxidized to
form isolation regions within and upon the semiconductor substrate,
and methods whereby a separate insulating layer is formed upon a
semiconductor substrate and subsequently patterned to form
isolation regions upon the semiconductor substrate. For the
preferred embodiment of the present invention, the isolation
regions 12a and 12b are preferably formed through a thermal
oxidation process whereby portions of the semiconductor substrate
10 exposed through an oxidation mask are consumed to form within

and upon the semiconductor substrate 10 isolation regions 12a and

12b of silicon oxide.

Also illustrated within Fig. 1 is a gate oxide layer 14

upon which resides & gate electrode 16. Both the gate oxide layer



preferably provide symetric MOSFET structures where source and drain
el’'ectrodes are interchangeabl e. Thus, for the preferred enbodinent of

t he MOSFET of the present invention fluorinated conformal oxide |ayers and
conductive spacers are formed upon both sidewalls of the gate el ectrode of
t he MOSFET separating both the sourceixelectrode and the drain el ectrode
fromthe gate el ectrode of the MOSFET. [llTustrated in Fig. 1
i s the MOSFEY agfd tthe patserlectrndent$ aresitdecapby siagetive sesidardusttoon.
Shown in Fig. 1 is a semconductor substrate 10 upon and w t hin whose
surface ther&3igine of the semicppanetor seikgirater d@i-onsBotha thed gl oxide
Sem conductor substrates upon which the present invention may be practiced
may be forng e5)ildn apdi e RSSaRLepbreds (AP xRy cempRRfAntEoREeAt MIEE  and
any crystallographic orientation. Typically, the sem conductor
substrate 10 upon which is practiced the present inventionis a N or P-

o ooy one™ Com e HeEroa MR AR i e v ClOMMss Seaeke gl

Wi thin andelgairones GRYIUSE Ofo SiBt BFdeSadt Bk NP¥ ddhdulR@od! tregioRtICBE
semiconductor substrates are known in the art. Gate oxides may be
formed through methods including but not limited to methods whereby
the surface of the active semiconductor region of a semiconductor
substrate is oxidized to form a blanket gate oxide layer upon the
active semiconductor region, and methods whereby a blanket gate
oxide layer is independently deposited upon the surface of the
active semiconductor region. Excess portions of blanket gate oxide

layers formed upon active semiconductor regions may be removed

through etching processes conventional to the art.

Gate electrodes are typically formed via patterning and
etching through methods as are conventional in the ar£ of blanket
layers of gate electrode materials which are formed upon the
surfaces of blanket gate oxide layers. Typically, blanket layers
of gate electrode materials are formed from highly conductive
materials such as metals, metal alloys, highly doped polysilicon

and polycides (polysilicon/metal silicide stacks).

For the preferred embodiment of the present invention,



met hods include but are not limted to nethods whereby a portion of a

sem conduct or exposed t hrough an appropriate mask is oxidized to form

i solation regions within and upon the sem conductor substrate, and nethods
whereby a separate insulating layer is forned upon a sem conductor
substrate and subsequently patterned to_fpym isolation regions upon the
sem conduct or substrate. For the preferred enbodi nent of the present

i nvention, the dael axidm lavegi bhsisl paefedath farmepriizaudhl patberming Iwfough
a thermal oxidation process whereby portions of the sem caonductor

substrate a0anfsscaathaxigs Y oxifaaTee nthraighathermk Prddat §0F Rt hi n

and upon the_sem conductqQr substrate 10_isol ati on regi on 2a an 12b of
silicgn oxi ggrive semiconductor regiql Rt of YL SANANCHO iéygi%th%.g%tggofide

layer 14 UP&E&:A’%&QJSEH%% £33 801 ‘3588&31;&5? %@gf»g&’é hc%x{%\‘jig?@h@.@&‘i & 1layer

- 12 - 14 and the gate el'ectrode 16 resi pon“thé ac seni conduct or

region of thetHeid-00BdHakSE uisbkabe dyer tBOLknidle SRLBoAXI 46 td arRutls
and the gate electrode 16 are conponents of a MOSFET. Met hods

and nat eri a280 t hkngaghondl ch Rpat etioxi gesfenrkdatsbodinetity O6Es they freseatned

upon active sem conductor regions of ]
invention, the gate electrode 16 is preferably formed by patterning
and etching a blanket layer of highly doped polysilicon formed upon
the blanket gate oxide layer at a thickness of about 1500 to about
4000 angstroms through a Chemical Vapor Deposition (CVD) process
employing silane as the silicon source material along with suitable
dopant species. Once the blanket layer of highly doped polysilicon
has been patterned to yield the gate electrode 16, the gate

electrode 16 may be used as an etch mask to pattern the gate oxide

layer 14 from the blanket gate oxide layer.

Referring now to Fig. 2, there is shown a cross-sectional
schematic diagram illustrating the results of the next series of
process steps in forming the MOSFET of the preferred embodiment of
the present invention into an integrated circuit. Illustrated in
Fig. 2 is the presence of a blanket conformal oxide layer 18 which
covers the surface of the integrated circuit illustrated in Fig. 1.
Although Fig. 2 illustrates a blanket conformal oxide layer 18, a
patterned conformal oxide layer may also be employed in forming the

MOSFET of the preferred embodiment of the present invention,



sem copductor substrates are known in the art. Gate oxides may be forned
t hrough nethods including but not limted to nethods whereby the surface
of the active sem conductor region of a sem conductor substrate is
oxidized to forma bl anket gate oxide |ayer upon the active sem conductor
regi on, and net hods whereby a bl anket g\%‘e oxi de | ayer is independently
deposited upon the surface of the actT Sem conduct or regi on. Excess
portions of proziked gaite tayi plectdrapedr sohfummd oRo@e aiyetecoear<atdleast :
regions may be renoved through etching processes conventional to the art.
Gate el ectrdddsaapain pfi oppoyitemsiddvel bs wft thengate ®i¢cteodti ¥y enfolgh
nmet hods as are conventional in the_ art of blanket |ayers of gate el ectrode
material s vwﬁhan a&ﬂemwwr&&sﬁ% AE thergcidye 61egapankéttfg%ufee%a°&8u1=5%
Typi cal ly, de mat eri.al s ar e f ormed

0 Bhl y condCRBREERtRatly  afS BREREME vt o %ﬁ%ﬁntamwg 1RBghy ESB‘&%F
polysilicon co‘%’f@gﬂgi y&* X 1%98¥y?¢]|isc%'}/eg§%?éd Ssj.lr{c%' q¢ ﬁ&ﬁfgagfly provides

For the preferre ebodi ment 2 o € present 1 nven

- 13 - the g@xﬁfﬁ&tgﬁlﬂg’iYEImplﬂch%ypR'ﬁftﬁB@@| YohSF SRtk d hi QUElnORLd:Er sk Nenof
a bl anket gate oxide | ayer fornmed through thermal oxidation of the active

sem conduct MOSFETi ofi e presenhdimtartisubstrate 10 at a

Methods and materials through which conformal oxide
layers may be formed upon semiconductor substrates are known in the
art. Conformal oxide layers may be formed through methods
including but not 1limited to Chemical Vapor Deposition (CVD)
methods, Low Pressure Chemical Vapor Deposition (LPCVD) methods,
Plasma Enhanced Chemical Vapor Deposition (PECVD) methods, and
Physical Vapor Deposition (PVD) sputtering methods. Conformal
oxide layers may be formed from silicon source materials including
but not limited to silane and Tetra Ethyl Ortho Silicate (TEOS).
Al_though several of the above methods and materials may be employed
in forming the blanket conformal oxide layer 18, the blanket
conformal oxide layer 18 is preferably formed through a Low
Pressure Chemical Vapor Deposition (LPCVD) method employing Tetra
Ethyl Ortho Silicate (TEOS) as the silicon source material, as is
common in the art. Preferably, the thickness of the blanket

conformal oxide layer 18 is from about 100 to about 500 angstroms.



tenperature of about 800 to about 1000 degrees centigrade to yield a

typi cal bl anket gate oxide |ayer thickness of about 40 to about 200
angstrons. For the preferred enbodi nent of the present invention, the
gate electrode 16 is preferably fornmed by patterning and etching a bl anket
| ayer of -highly doped polysilicon forned upen the blanket gate oxide | ayer
at a thickness of about 1500 to about 4000 angstrons through a Chem cal
Vapor Deposition (CVDlsar oslesen enplmyg.ng2siisanehas grlesencei cofi Sdupcine
material along with suitable dopant species. Once the bl anket |ayer of

hi ghl y dopedmpdhpting coms Raswiiadn agat imphented intel dhehelaphed chageraad
16, the gate _electrode 16 may be used as an_etch mask to pattern the gate
oxi de | ayePXidef 1aKe¥ hid | IRkt Tgaosipgi dBplagking ions 20 are impiapkfdg

to Fig. ,2, t ' h - ' I i c di, )
P1ustr at End WERe SECUTRERGE. ERBSHERRL <BRAER GRYeP: ddesherepd s rr i i
t he MOSFET gf | f ; ' | '
i ntograt od SPEREE. FPEOEHh Barn targt 24 (MERFTIL)  BYSRIAER KRR

conformal 0¥a88sh8yelcab8cWikdes €0VEIS MOBEES WL 268 ﬂfesteri'ﬁ P aHdhedthus
circuit illustrated in Fig. 1. Although Fig. 2 illustrates a bl anket

confor mal oxied@ihgyer highem MOSRET efgrdli,cané orambroxides laay eghempotkadide
enployed in formng the MOSFET of the preferred enbodi nent of the present
i nventi on, barrier to capture of hot carriers, thus minimizing the Hot Carrier

Effects (HCEs).

Preferably, the fluorine implanting ions 20 are mono-
valent fluoride ions. The fluorine implanting ions 20 are also
preferably implanted at a dose of about 1E14 to about 1E16 fluorine
ions per square centimeter and at an ion implantation energy of
about 5 to about 50 keV. Under these conditions, a fluorine
concentration of about 1E20 to about 1E22 fluorine atoms per cubic
centimeter is formed within the blanket conformal oxide layer 18.
Alternatively, a fluorine concentration of from about 1E20 to about
1E22 fluorine atoms per cubic centimeter may also be formed within
the blanket conformal oxide layer 18 through co-depositing a
suitable fluorine source material with the silicon source material

through which is formed the blanket conformal oxide layer 18.

Referring now to Fig. 3 there is shown a cross-sectional

schematic diagram illustrating the results of the next series of



- 14 - .provided that the patterned conformal oxide |layer covers at |east:
(1) a pair of opposite sidewalls of the gate electrode 16, and (2) the

adj oining portions of the active region of the sem conductor substrate 10.
In practice of the present invention, a blanket conformal oxide |ayer 18
is preferred since it typically provides manufacturing sinplicity wthout
conpronmise in function of the MOSFET of & e present invention.

Met hods and prates s ad tsegish A ufdrmiihigC Bhe MUSPETRG £ Otidl@refoyesd embpdhrehbrated

upon sem conduct or substrates are known in the art. Conformal oxi de
| ayers nmytbe sin:ﬁamdt inveptgbn. net$loden  imcFudi ng big¢ rbe [pneseadet of
Chem cal Vapor osition (CVD) nethods, Low Pressure Chem cal Vapor

Deposi tion GE’P 1vR99ESTs 23%3RA 32%harBrel CoREnFEiye Vﬁﬁé?rf)e?p’@s?{liicﬁ?b
PECVD) net hod d. _Ph | v Dep, PV] tt t hod
Conformal - GEFaeR TAHHE MRt GHareki™ r BT | @b ah, PLESHEF o AfigpREIoN.
i ncl udi t .
A Lhough seqaraPagh cThAERLVE Soadd WS BOL Brslowr 3%% 68 Jiporer™
form ng thed@sa Kean& }xefg@éu wgdelhamto@s%r@@r@a%ekﬁ g&ﬁ@fagr%l&&' de

| ayer 18 is pre erab y tormed t rough a Low essure Chem cal Vapor

Deposi tion oPEWD) aretdrdioeFRt 0¥d sl @hfamakifidtu@ihfo IFusGathe (MdE€H)dsas
the silicon source nmaterial, as is comon in the art. Preferably, the

t hi ckness ofthrhughl uhket thopnéandweit igei dpateyer2248 amsd f22im redyote 100 rted
about 500 angstrons.
within the MOSFET of the present invention are analogous to the
methods through which are formed insulator spacers within
conventional MOSFETS. The materials through which are formed the
conductive spacers 22a and 22b of the MOSFET of the present

invention will, however, be different from the materials from which

are formed insulator spacers in conventional MOSFETS.

Spacers within MOSFET structures may in general be formed
through anisotropic etching of blanket layers of materials through
which are desired to be formed those spacers. The anisotropic
etching of the blanket layer of material is typically undertaken
through a Reactive ion Etch (RIE) etch process employing an etchant
gas appropriate to the blanket layer of material which is desired
to be formed into a spacer. For the present invention, the
conductive spacers 22a and 22b may be formed through anisotropic
etching of blanket layers of conductive materials including but not

limited to metals, metal alloys and doped polysilicon. The blanket
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Al so shown in Fig. 2 is the presence of fluorine inplanting ions 20 which
are inplanted into the bl anket conformal oxide |ayer 18. \Wen fluorine

i nplanting ions 20 are inplanted into the bl anket confornal oxide |ayer
18, there is formed a bl anket confo[pq oxide layer 18 which: (1) provides
reduced parasitic capacitances to the FET of the present invention,
thus |eading to higher MOSFET speed, and (2) provides a higher potenti al
barrier to rawny efotohdticthre imater it hsismay rberiformgdt hpohiothasyif@ce of

Ef fects (HCEs). Preferably, the fluorine inplanting ions 20
are nono- the eamifconductier | pstrathelf| toreyagh impthadsi ARCHEHNDPUEr 8941 so

preferably L&ﬁlanted at a dose of about 1E14 to about 1E16 fl uorine tF%ns
per square tateit Hhermal AYIPORAFHQP aMEERPSTr eRESHF OB Peib ST 546

b 0 ke, d | 4,1 , fl ' - | b
TE20 to abotN=PRERS Lo T P B SR Aoy P BRPRa R TP, R 1 n

the bl anket conformal oxide |ayer 18. Alternatively, a fluorine
concentration of from about 1E20 to about 1E22 fluorine atons per cubic

centimeter may al so Rgsf o5 bl Pl Nend B duaRket soidismabaoxhde2dmuee 18
t hrough co-depositing a suitable fluorine source material with the silicon

sour ce nat eféomted tiirough \ahiiebtiep foremshinye df ankelanketf drayelr @fi d@pedyer

18 polysilicon. The blanket layer of doped polysilicon may be formed
upon the surface of the semiconductor substrate 10 through an in-
situ doping process whereby suitable dopant atoms are incorporated
into the blanket polysilicon layer as it is formed. Alternatively,
the blanket layer of doped polysilicon may be formed upon the
surface of the semiconductor substrate 10 through doping via ion
implantation of a blanket layer of undoped poclysilicon formed upon
the surface of the semiconductor substrate 10. For either of the
preceding methods for forming the -blanket layer of doped
polysilicon from which is preferably formed the conductive spacers
22a and 22b, a concentration of dopant is incorporated into the
blanket layer of doped polysilicon to vield a resistivity of the
blanket layer of doped polysilicon, and the conductive spacers 22a
and 22b which are formed from the blanket layer of doped
polysilicon of from about 10 to about 100 ohms per square.
Preferably, +the blanket layer of doped polysilicon is
anisotropically etched to form the conductive spacers 22a and 22b

through a Reactive Ion Etch (RIE) process employing active chlorine
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Referriing nowto Fig. 3 there is shown a cross-sectional schenmatic di agram
il'lustrating the results of the next series of

- 16 - process steps in formng the MOSFET of the preferred enbodi nent of
the present invention. Shown in Fig. 3 is the presence of conductive
spacers 22a and 22b. The conductive spaggrs 22a and 22b are a uni que
feature of the MOSFET of the present invention. Although conductive

spacers arespe&idypi C?fef@réﬂl% arttheOfcomEETve %ﬂsa%am& aeAnyr ivhén
insul ator spacers are in general typical to the art of MOSFET design and

manuf act ur i Bgrmddiusport NehaTaiUIgdse bhAr enghsehicdhdueoeoBdbsttate Sypcaridl22a
and 22b may be forned wthin the MOSFET of the present invention are

anal ogous t bavéea thithoelss tofr 6ug ablouith8 @l ¢of aboretd 21008 udrdshromsaspes bliet hi n
conventional MOSFETS. The materials through which are forned the

conducti ve §B5€¢ﬁ% ofa thel Xdgnkett ronfosmET Gxidee presentls | Abevr i Sie
will, however | f.ferent fromt:a/Dsmaterl als fromwhich are forned

i nsul at or sﬁﬁ%é?%? YEtOEn AT FAtA RoSFETS. Spacers within
MOSFET structures may in general be formed through anisotropic etching of
bl anket layers of materials through which are desired to be formed those

Spacers. The ani sotgj@Rh €y, there is shown in Fig. 3 the presence of
source/drain electrodes 24a and 24b formed into the semiconductor
Substrate 10 at locations defined, respectively, by the isolation
region 12a and the conductive spacer 22a, and the isolation region
12b and the conductive spacer 22b. Methods and materials through
which are formed source/drain electrodes are conventional to the
art of MOSFET design and manufacture. Source/drain electrodes are
typically formed through ionizing and implanting into a
semiconductor substrate dopant ions of polarity, dose and energy
sufficient to form source/drain electrodes within the semiconductor
substrate. Boron dopant ions, phosphorus dopant ions and arsenic
dopant ions are common in the art of forming source/drain
electrodes. For the preferred embodiment of the present invention,
the source/drain electrodes 24a and 24b are preferably formed
through implanting a dopant ion appropriate to the polarity of the
transistor to be formed. The dopant ion is preferably implanted at
an ion implant dose of from about 1E15 to about S5E1S ions per
square centimeter and an ion implantation energy of from about 5 to

about 80 kev.



etching of the blanket layer of material is typically undertaken through a
Reactive ion Etch (RIE) etch process enploying an etchant gas appropriate
to the bl anket |ayer of material which is desired to be fornmed into a

spacer . For the present invention, the conductive spacers 22a and 22b
may be fornmed through anisotropic etchipg of blanket |ayers of conductive
materials including but not limted to netals, netal alloys and doped

pol ysilicon. The bl ankeferring now to Fig. 4 there is $hown a schemd¥ic crioagers
of conductive materials may be forned upon the surface of the

sem conduct grectdbsatl adbagtent hrldughrakinmdhe melsuditagobuthectast iseried o6

t hermal evaporation nethods, electron beam assisted evaporation_ nethods
and Cheni calPrP£E6F Thpwsiin SarpiavDitheePTET of the preferrggsemprdimeninpy

t he conductiye spacers 22a and 22h are . forned through ani sptropjc _etching
of ' bl anketHeaPERSERE daFeatLpB 50 Aok C ST taREE Ty e SRR dib g o &

ol VeT L) con AN, UG ol IR RG0SR TEMSNEL O s bsleg! ©

10 through an in- cess e dop

| ncor por at ecgd Nty@at NG gl %Eetzs?obg?&ﬁi&f’é‘ k%%’ngd Gpdd the fRiFRle of the

Al ternatively, the blanket |ayer doped polysilicon may be forned upon
the surfaceeaficbheuseds Comskiade Sbsimnakerifed hiaughgdopi Ng MétaoddNand

i npl antation of a bl anket |ayer of undoped polysilicon formed upon
materials through which may be formed patterned planarized
insulator layers are conventional to the art of integrated circuit
manufacture. Patterned planarized insulator layers are typically
formed through patterning and planarizing through methods as are
conventional in the art of conformal insulator layers which are
formed upon the surfaces of semiconductor substrates. Patterning
is typically, although not exclusively, accomplished through
Reactive Ion Etch (RIE) etching methods. Planarizing is typically
accomplished through Reactive Ion Etch (RIE) etch-back planarizing
methods and Chemical Mechanical Polish {CMP) planarizing methods as
are conventional in the art. Materials through which may be formed
patterned planarized insulator layers include but are not limited
to silicon oxide materials, silicon nitride materials and silicon

oxynitride materials.

For the preferred embodiment of the present invention,
the patterned planarized insulator layers 26a, 26b, 26c, 26d, 26e

and 26f are preferably formed through planarizing and patterning a



the surface of the semiconductor substrate 10. For either of the preceding
nmet hods for form ng the blanket |ayer of doped polysilicon fromwhich is
preferably fornmed the conductive spacers 22a and 22b, a concentration of
dopant is incorporated into the blanket |ayer of doped polysilicon to
yield a resistivity of the blanket |aygg of doped polysilicon, and the
conductive spacers 22a and 22b which are fornmed fromthe bl anket |ayer of

doped pol ysddrnfeemadfiddua@taboidyetO thomed By siQQ:0RGxiRRY, a§UDs &ommon in
Preferably, the bl anket | ayer of doped polysilicon S

ani sotropi cdiley attthed The famfiorhelcdmsudator dpgeer $£22ql hmpn Axidehr bsigh
a Reactive lon Etch éRIE) process enpl oyi ng active chlorine

- 18 - spedlaparipedf apdbiypsegnentbndRattieraedpantils Pmreaand rz@chefehne
formed upon th% surface of the sem conductor substrate 10, will have a

t hi ckness ofSY¥rEFfandhitthifogats abihrosis06s antit raaRduGhdKe t FRACSE S £4BeaR4E

t he bl anket nf or oxi de | er. 18 .above .the. sem.c uctor substrate 10.
Finally, the@(e?a'i §ngﬁ{3% ﬁ%rﬁeg‘ﬁr?? r?eleﬁgéggﬁiezﬁ angog?ge/ drain el ectrodes

24a and 24b fornmed into the sem conductor substrate 10 at | ocations
defined, respectively, by the isolation region 12a and the conductive

spacer 22a, and the igspd@At @b €ghORig. 4 is the presence of conductive
contact studs 28a, 28b, 28c, 284 and 28e filling the apertures
between the patterned planarized insulator layers 26a, 26b, 26c,
264, 26e and 26f. Conductive contact studs are conventional to the
art of integrated circuit manpufacture. Conductive contact studs
are typically, although not exclusively, formed through forming
into apertures between patterned insulator layers conductive
materials from which are formed conductive contact studs.
Conductive materials from which are formed conductive contact studs
include but are not limited to metals, metal alloys and highly
doped polysilicon. Methods through which conductive materials from
which may be formed conductive contact studs may be formed into
conductive contact studs between patterned insulator layers include
but are not limited to thermal evaporation methods, Physical Vapor
Deposition (PVD) sputtering methods and Chemical Vapor Deposition

(CVD) methods.

For the preferred embodiment of the present invention,

the conductive contact studs 28a, 28b, 28c, 28d and 28e are



12b and the conductive spacer 22b. Methods and materials through which are
formed source/drain el ectrodes are conventional to the art of MOSFET
desi gn and manufacture. Source/drain electrodes are typically forned
through ionizing and inplanting into a sem conductor substrate dopant
ions of polarity, dose and energy suffigient to formsource/drain

el ectrodes within the sem conductor subsftrate. Boron dopant ions,

phosphor us gepéital ONSEorit@daatenieastddpaplart08s auAgEOENONetal t epay it el
form ng source/drain electrodes. For the preferred enbodi nent of the
present invéhrowgh a tChemscal capdraPapes Briarod€¥DR4methodt,24ls Afecomrdreddbl y
formed through inplanting a dopant ion appropriate to the polarity. of the

) p
transi stor EBELAT% or FBG. CIR@GHEYEnEORBRCY SHAst dBabl 388 mAB&nt 2Bdaand £B¢ on
i mpl ant dose_of _from about  1E15 tozaggyt gE%S i ons per square cegntimeter
and an ion Pﬁﬁ|ﬁﬁﬁeé3<£9 énBeyF b SYE I8R5 °5r??§%'§%GuPp§5rk§%F aces of
- 19 - ferri now t.0.Fi 4 I.S,sho a enptic 0SS-
sect i onal dF%ﬁr%ar‘ﬁ&'fT %In s(}t Pg??anrglv%eﬁglgégbﬁosg g%%'ﬁ% ?gas't Vgs%é)r'i 2?’()?% pr ozgrbess
steps in fopRxngsé he MOSFET of the preferred enbodi nent of the present
i nvention into an integrated circuit. Shown in Fig. 4 is the presence of
patterned planarized insul ator |ayers 26a, 26b, 26c, 26d, 26e and 26f
whi ch are forned upon the surface of the
Finally, there is shown in Fig. 4 the presence of induced
Lightly Doped Drains (LDDs) 30a and 30b. The induced Lightly Doped
Drains (LDDs) 30a and 30b are formed when an electrical potential
is applied to the conductive spacers 22a and 22b, respectively,
through the conductive contact studs 28b and 284, respectively. In
conjunction with the fluorinated conformal oxide layer 18, the
induced Lightly Doped Drains (LDDs) 30a and 30b provide a MOSFET
which has exceedingly high hot carrier immunity and low parasitic
capacitance, while simultaneously avoiding the masking and ion

implantation process steps associated with forming conventional LDD

structures.

As is understood by a person skilled in the art, the
MOSFET of the preferred embodiment of the present invention and the
integrated circuit into which is formed the MOSFET of the preferred
émbodiment of the present invention are illustrative of the present
invention rather than limiting of the present invention. Revisions

may be made to methods, materials and structures by which is formed



sem conductor substrate 10 illustrated in Fig. 3. Methods and nmaterials
t hrough which nay be fornmed patterned planarized insulator |ayers are
conventional to the art of integrated circuit nmanufacture. Patterned

pl anari zed insulator |layers are typically formed through patterning and
pl anari zing through nethods as are convemtdonal in the art of confornal

i nsul ator | ayers which are forned upon the surfaces of sem conductor
substrat es. t ' TR Y] ol a ot; ' : ;
acconpl i shed@?hr g’&gﬁ%%%&%%@f%#"ﬁ?&%ﬂﬁgg e crﬁfﬁg&rﬁgﬁ\éﬁ%.}ﬁtpﬁ%gﬁﬁ%g
is typicallyanageshdehadeline opaht teaats Vighid iEt ¢brv&d BiheMOBFRRACKE the
pl anari zing nethods and Chem cal Mechani cal Polish (CWMP) planari zing

met hods as @refesry®dnbddamehtt dihehar bredéterimlenitibh ougil evEtdh 1mayriing
formed patterned planarized insulator |ayers include but are not limted
to silicon oxi HESFERecbirak MOSFET wirhim &ni detegernéedatircarid,svhigods within
oxynitride materials. For the preferred enbodi nent of the
present invekbRofpirithandascepacdf pgihgnaresert inyeniden- | ayers 26a, 26b,
26c, 26d, 26e and 26f are preferably fornmed through planarizing and
patterning a - 20 - confornal
insulator layer for rre%%ft ?.i I(i:fé)nme%iigg, ~as is common in the art. The
conformal insulator [layer 8f ST Ton"oxi de is



pl anari.zed and subsequently patterned until there is reached the surfaces
of the gate electrode 16, the conductive spacers 2 and —22b._—and t he
source/drai n el ectrodes 24a and 24b. b]fﬂa Um "! ﬂmg 4 s
the presence of conductive contact studs 28a, 28b.% ol WBe
filling the apertures between the pattepped planarized insul ator |ayers
26a, 26b, 26c, 26d, 26e and 26f. Conductive contact studs are conventi onal
to the art of integratmanedr gott fommiHRcl Metal CORIEESsmEiconauatsr SFislx
are typically, although not exclusively, formed through formng into
apertures bet weeRf Pttt dmedisteul (MOSFET Ayesrpricriadgeti ve materials from

whi ch are fornmed conductive contact studs. Conductive materials from which
are formed conducti veereyidang at semicaneyicas Bubstraterotthe memdgondustnm| s,

nmetal alloys and highI%/ doped pol ysilicon. Methods through which,
conduct i ve mat er FPEEFIENARARE (R rF\E/l';VSSeP‘PB‘FJrFBH ofg6erd ROdRPat iy may

be f dint duct i tagt studs bet t.t d insul ator |
‘nclude  but ar enotoT (4 £BA T8 ThEPRARORYHSD A FORETHORE SBA9LREST A por
Deposition (PVD)oﬁp&gg&r IsRge. "B hods rapd, ;j"%%l; Vapor Deposition (CVD)

r

et hods. For the preferred enpodi nent of the present
invention, the condugdrimi@gCUpoaCttnet UblsrsABapo28hin 28€. tR8d saRdcdfud

substraﬁe a gate oxide layer, the gate oxide layer having a
gate electrode formed and aligned thereupon, the gate
electrode having a first sidewall adjoining the second portion
of the semiconductor substrate and a second sidewall adjoining
the third portion of the semiconductor substrate;

forming upon the first sidewall of the gate electrode and
upon the surface of the second portion of the semiconductor
substrate adjoining the first sidewall of the gate electrode
a conformal oxide layer, the conformal oxide layer having a
dose of fluorine atoms contained therein;

forming upon the conformal oxide layer at the juncture of
the first sidewall of the gate electrode and the second
portion of the semiconductor substrate a conductive spacer;

forming into the second portion of the semiconductor
substrate at a location adjoining the conductive spacer and
further removed from the gate electrode a source electrode;
and,

forming into the third portion of the semiconducter



e e Pt

- 21 - .preferably formed at least in part of tungsten netal deposited

t hrough a Chem cal Vapor Deposition (CVD) nethod, as is common in the art.
The conductive contact studs 28a, 28b, 28c, 28d and 28e are forned to a
hei ght sufficient to reach the upper surfaces of the patterned planarized
i nsul ator |ayers 26a, 26b, 26c, 26d, 26e 2&nd 26f. Einalty,
there is shown in Fig. 4 the presence of induced LigT 'ﬂuﬂﬂ '"
(LDDs) 30a and i q&Hcaq hg ped Drains H Wmumm nOb
are forned V\heneﬂ%sé%gg%r?ca glot%gg?f:g?(dgios applied to* hé cbnductsi ve
spacers 22a and 22b, respectively, through the conductive contact studs
28b and 28d, respectively. In conjunction with the fluorinated confornal
oxi de | ayer 18, 2he Theduetitbd ioghtlyimapadthePeannshé LIGknaGa afdtiddlyate
provi de a MOSFET which has exceedingly high hot carrier inmunity and | ow
parasitic capaditigieceayenile fsiomubbouieoifsity aboutli 2P tangskasREng and i on
i npl antation process steps associated with form ng conventional LDD
structures. As i s understood by a person skilled in the art,

| niegrated ciroult |AES WREERS S0 1T ChevREEREY BRe( KD BREPETr 88 00

integrated circu

enbodi ment of thg, o%ﬁ?ﬂt.c;}&\ﬁ%m?, A7 8l | FHSHT Aoy 0fod NGoPr 8568  s00

invention rather than Iimting o e present invention. Revisions
angstroms.
4. The method of Claim 1 wherein the dose of fluorine atoms

within the conformal oxide layer is formed at about 1E2ZQ to

about 1E22 fluorine atoms per cubic centimeter.

5. The method of Claim 4 wherein the dose of fluorine atoms
within the conformal oxide layer is formed through an ion
implantation method employing a fluorine source at about 1E14
to about 1E16 ions per square centimeter dose and about 5 to

about 50 keV ion implantation energy.

6. The method of Claim 4 wherein the dose of fluorine atoms
within the conformal oxide layer is formed through co-
deposition of a fluorine source material with a silicon source

material from which is formed the conformal oxide layer.

7. The method of Claim 1 wherein the conductive spacer is



may be-made to nethods, materials and structures by which is forned
- 22 - the MOSFET of the preferred enbodi nent of-+the-present invention

and/or integrated circuits into which is forned t"ne”mmm
preferred enbodi nent of the present invenjdon while u ]HL"E”'#
MOSFET, or a MOSFET within an integrated circuit, whifch®is wfthsn +the
spirit and scope of the present invention. What is clained is:
- 23 - 1. A nedead dveut! @omi e aad@ital 2000 degierbrenductuarithi elpdn Eifeect
Transi stor (MOSFET) conpri sing: provi ding a sem conductor substrate,
t he sem conduct caurfaubsséf aihe Bacond sedidsiofpehéi S¥miconsiaetnd posdtixate.
adjoining a side of the first portion and a third portion adjoining an
opposite side of the first portion; form ng upon the first portion of

the sem conductor substrate a gate oxide |ayer, the gate oxide |ayer
havi ng a . The method of Claim 1 wherein the conductive spacer is

formed from doped polysilicon.

9. The method of Claim 8 wherein the doped polysilicon has

a conductivity of from about 10 to about 100 ohms per square.

10. The method of Claim 9 wherein the doped polysilicon is
doped through implantation of dopant atoms into a blanket
polysilicon layer from which is formed the doped polysilicon

spacer.

11. The method of Claim 9 wherein the doped polysilicon is
doped in-situ through incorporation of dopant atoms into a
blanket polysilicon layer from which is formed the doped

polysilicon spacer.

12. A Metal Oxide Semiconductor Field Effect Transistor
(MOSFET) comprising:

& semiconductor substrate, the semiconductor substrate
having a first portion, a second portion adjoining a side of
the first portion and a third portion adjoining an opposite

side of the first portion;



gate electrode forned and aligned thereupon, the gate electrode having a
first sidewall adjoining the second portion of th ' trate
and a second sidewal |l adjoining the third portion o”w umﬂmfw

substrat e; form ng upon the first sidewall of I"ﬂe and
upon the surface of the second portion ofythe seni conductort dubstrate

adjoining the first sidewall of the gate electrode a conformal oxide
|l ayer, the conformal Dyadé bRyds Vayeérngotmedagponothé | £Ffdthpoztaon ePriha ned

t herei n; form ng upon the confornmal oxide |layer at the juncture of
the first sidewasémigforiduetgat sulsdtotteodeéhandatdesxsigieondyepohaving & gdte
sem conductor substrate a conductive spacer; formng into the second

portion of the s%h?%%%ﬁﬁbﬁﬁfme§u5§ﬁraﬂég%ﬁde$hﬁﬁ§ﬁppbn &8f oBALPge t¢retrode
clect rode: and.heriis 4 diafe +§%aﬁﬂ£dbﬁ?p&3§o%a% Esne%'e?x%i RSFELth o0 or
ihg4thiciﬁ2§;rg¥§?@% ga @tS%XI%#§¥¥%ﬁ§ran% rogf 4%Ua§8 agég%éﬁﬁ%; re|n
angstrons. third portion of the semiconductor substrate;

a conformal oxide layer formed upon the first sidewall of
the gate electrode and upon the surface of the second portion
of the semiconductor substrate adjoining the first sidewall of
the gate electrode, the conformal oxide layer having a dose of
fluorine atoms incorporated therein;

a conductive spacer formed upon the conformal oxide layer
at a location above the second portion of the semiconductor
substrate and adjoining the first sidewall of the gate
electrode;

a source electrode formed into the second portion of the
semiconductor substrate at a location adjoining the conductive
spacer and further removed from the gate electrode; and,

a drain electrode formed into the third portion of the

semiconductor substrate.

13. The MOSFET of Claim 12 wherein the thickness of the gate

oxide layer is from about 40 to about 200 angstroms.

14. The MOSFET of Claim 12 wherein the thickness of the



3. The nethod of Caim1 wherein the thickness of the conformal oxide

| ayer is fromabout 100 to about 500 angstrons. Clalm
1 wherein the dose of fluorine atoms wthin the conf ‘mﬂ wm&g
formed at about 1E20 to about 1E22 fluorine atons pe Iseter .

5. The nethod of Claim4 wherein the doese7of fluorine atonms wthin the
conformal oxide layer is formed through an ion inplantation nethod

enpl oyi ng a fl ueshperdlur egidé dayer 1E44 friom abbouit' 1B® | dns @wyutsqblpfe
centineter dose and about 5 to about 50 keV ion inplantation energy. 6.
The met hod of Ceagstromsherein the dose of fluorine atons wthin the
conformal oxide layer is fornmed through co- deposition of a fluorine
source material with a silicon source material fromwhich is forned the

28222{ WF!S oxi de Layer, . vosber of 1T840 BE- S A M TadPE T B1hD8: SONRYRLT Ve

formed within the conformal oxide layer is formed at about

1E20 to about 1E22 fluorine atoms per cubic centimeter.

16. The MOSFET of Claim 12 wherein the conductive spacers are
from about 800 to about 2000 angstroms in width upon the

surface of the second region of the semiconductor substrate.

17. The MOSFET of Claim 12 wherein the conductive spacers are

formed from doped polysilicon.

18. The MOSFET of Claim 17 wherein the doped polysilicon has

a conductivity of from about 10 to about 100 ohms per square.



from about 800 to about 2000 angstroms in wi dth upon the surface of the
second regi on of the sem conductor substrate. 8. The nethod of daiml
wherein the conductive spacer is forned from doped polysilicon. 9. The
met hod of Claim8 wherein the doped polysilicon has a conductivity of from
about 10 to about 100 ohns per square. 10. The method of Caim9 wherein
the doped polysilicon is doped through inplantation of dopant atons into a
bl anket polysilicon |ayer froapswRach oFs THEr pEScidsyrioped pol ysilicon

spacer. thod of Claim9 wherejn the doped polysilico

doped i n- si FIUFHIBGHFACRE SrLEBFLY, POMD JRAE AAAP) 0B Hh FABILEN HSFEFRARCE) commaor

polysilicon layer fromwhich is forned the doped polysilicon spacer.

12. A Metal Oxide SenMeltmdulréde Fﬁemacgfmmw%@ﬁfe%mmtor

having a i FeosRRvaER CARtes SisRbhTLey oo SPrERgE Ao R ROy

Bg” : 82; andagqt B ik +RQE! ib(}n AR PhAe ABsPRPOSS! Gorflede Ofpdd@ fid Sfirst
provided a semiconductor substrate which has a first portion, a
second portion adjoining a side of the first portion and a third
portion adjoining an opposite side of the first portion. Formed
upon the first portion of the semiconductor substrate is a gate
oxide 1layer which has a gate electrode formed and aligned
thereupon. The gate electrode has a first sidewall adjoining the
second portion of the semiconductor substrate and a second sidewall
adjoining the third portion of the semiconductor substrate. Formed
upon the first sidewall of the gate electrode and upon the surface
of the second portion of the semiconductor substrate adjoining the
first sidewall is a conformal oxide layer. The conformal oxide
layer has a dose of fluorine atoms incorporated therein. Formed
upon the conformal oxide layer at a location above the second
portion of the semiconductor substrate and adjoining the first
sidewall of the gate electrode is a conductive spacer. Formed into
the second portion of the semiconductor substrate at a location
adjoining the conductive spacer and further removed from the gate

electrode is a source electrode. Formed into the third portion of

the semiconductor substrate is a drain electrode.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)
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- 26 -, a gate okide layer formed upon the first portion of the

sem conduct or substrate, the gate oxide |layer having a gate el ectrode
formed and aligned thereupon, the gate electrode having a first sidewall
adj oining the second portion of the sem conductor substrate and a second
sidewal | adjoining the third portion of the sem conductor substrate;

a conformal oxide |layer fornmed upon the first sidewall of the gate

el ectrode and upon the surface of the secgnf portion of the sem conductor
substrate adjoining the first sidewall of he gate el ectrode, the
conformal oxide |ayer having a dose of fluorine atons incorporated

t herei n; a conductive spacer forned upon the conformal oxide |ayer
at a location above the second portion of the sem conductor substrate and
adjoining the first sidewall of the gate el ectrode; a source

el ectrode fornmed into the second portion of the sem conductor substrate at
a location adjoining the conductive spacer and further renoved fromthe

gate el ectrode; and, a drain electrode forned into the third portion
of the sem conductor substrate. 131 4They §OSFET of Caim 12 wherein the
t hi ckness of the gate \\ }
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oxjde kayer is from about 40 to about 200 angstrons.
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