METHOD FER M NI M ZI NG THE HOT CARRI ER EFFECT | N N- MOSFET DEVI CES BA%QSBCU
OF THE INVENTION 1. Field of the Invention The present invention £dl 3 %%%f7
nmet hods for mnimzing Hot Carrier Effects (HCEs) within Metal Oxide

Sem conductor Field Effect Transistor (MOSFET) devices. More particularly,
the-present .invention relates to a large tilt angle ion inplant nethod

wher eby gat e -oxi de regi ons beneath gate el ectrode edges in N Channel

MOSFETs (N-MOSFETS) nay be hardened agai nst HCEs. 2. Description of Related
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fabricated upon a sem conductor substrate through nethods as are

conventional in the art to formupon the sem conductor substrate a gate

oxi de upon which resides a gat | ectrode, and a pair of source/drain
el ectrodes whi ch adj oi n the% NFe O FHH S NYENEF TN ct r ode.  As

sem conduct or device technol ogy has continued to advance, and di mensi ons of
sem conduct or devi ces have conti nued to decrease, several novel effects

whi ch degr ades.t f.Qr e _Qqf. 2 Metal Oxi de Sem conductor Field
920 e RY LaTmAGRQ

Ef fect Transistors he E%hecone nore pronounced. Anmong these novel
effects is a phenonenon known:as the Hot Carrier Effect (HCE). The HCE is
mani fested by drifts in transistor paraneters such as current drive and

threshol d The present invention relates to methods for minimizing
Hot Carrier Effects (HCEs) within Metal Oxide Semiconductor Field
Effect Transistor (MOSFET) deQices. More particularly, the present
invention relates to a large tilt angle ion implant method whereby'
gate oxide regions beneath gate electrode edges in N-Channel

MOSFETs (N-MOSFETS) may be hardened against HCEs.
2. Description of Related Art

A Metal Oxide Semiconductor Field Effect Transistor

- (MOSFET) may be fabricated upon a semiconductor substrate through
methods as are conventional in the art to form upon the

semiconductor substrate a gate oxide upon which resides a gate

electrode, and a pair of source/drain electrodes which adjoin the

gate oxide ahd the gate electrode.

As semiconductor device technology has continued to
advance, and dimensions of semiconductor devices have continued to

decrease, several novel effects which degrade the performance of



vol t age. <These drifts in device paraneters derive frominjection of charge
carrfers fromthe sem conductor substrate upon which is fornmed a MOSFET
device into the gate oxide of the MOSFET device. The injected charge
carriers may generate nore interface states within the gate oxide or they
may be trapped by m d-gap states of the gate oxide. Several factors

I nfl uence the magni tude of the HCE w thin MOSFET devices. These factors
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At these sem conductor substrate and gate oxide regions, the electric field
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gate oxide is usually nost intensified. In addition, the HCE is al so
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di mensi ons have decreased whil e MOSFET operating voltages have renai ned
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substrate and gate oxi de regi ons beneath gate

- The injected charge carriers may generate more interface states

within the gate oxide or they may be trapped by mid-gap states of

the gate oxide.

Several factors influence the magnitude of the HCE within

MOSFET devices. These factors include the polarity of the MOSFET
device, the hardness of the interface to the injected charge
carriers, the trap density within the gate oxide, the potential
barrier to charge carrier injection provided by the semiconductor
- substrate/gate oxide intérface and the electric field formed within
the MOSFET device. With regard to electric field, the HCE is
typically manifested most strongly within semiconductor substrate
and gate oxide regions which reside beneath the gate electrode
edges of a MOSFET device. At these semiconductor substrate and
gate oxide regions, the electric field needed to inject charge
carriers from the semiconductor substrate into the gate oxide is
usually most intensified. 1In addition, the HCE is also typically

enhanced in advanced semiconductor devices where gate length



el ectrode edges is also unusually intense. Thus, it is towards the control
of HCEs at sem conductor substrate and gate oxide regions beneath gate

el ectrode edges within MOSFET devices that the present invention is
generally directed. Methods through which the HCE wi thin MOSFET devi ces has
conventional ly been controlled have included the use of ion inplant
processes to nodify sem conductor substrate regions beneath gate el ectrode
edges where the electric field which injects charge carriers into the gate
oXi de ovédmensdonise kave cdsgrieaseds it ket YOSEERt opeyakdngniye ltageeslaven
i npl ant processes have typically included multiple ion inEIants_
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Methods through which the HCE within MOSFET devices has

conventionally been controlled have included the use of ion implant

processes to modify semiconductor substrate regions beneath gate

electrode edges where the elecﬁric field which injects charge

carriers into the gate oxide overlying the semiconductor substrate

is at its maximum. These ion implant processes have typically

included multiple ion implants designed to form into a

semiconductor substrate a graded junction from a 1lightly doped

semiconductor substrate region at the location of high electric

field beneath the gate electrode edges of a MOSFET device to a

heavily doped semiconductor substrate .region at the remote

source/drain electrode regions of the MOSFET device. When formed

in this fashion, graded junctions will typically minimize or

eliminate the HCE within MOSFET devices.

Specific methods which have been used to provide the

graded semiconductor substrate junction desirable for control of



sem conductor substrate to yield a lightly doped sem conductor substrate
regfon beneath the gate el ectrode edges and a heavily doped sem conductor
substrate regi on formng the renote source/drain electrodes, and (2)
t he Doubly Doped Drain (DDD) nethod whereby two different dopant ions of
substantially different diffusivity are inplanted into the same region of
the sem conductor substrate and thernally annealed to provi de the graded
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i s fornedethod whereby two different dopant ions of substantially different

diffusivity are implanted into the same region of the semiconductor
substrate and thermally ‘annealed to provide the graded junction
which includes the highly doped source/drain electrodes and the
lightly doped semiconductor substrate region beneath the gate
electrode edges. It is- a specific object of the present invention
to provide an ion implant method which serves as an alternative
and/or adjunct method to the Lightly Doped Drain and Doubly Doped

Drain methods for control of the HCE within MOSFET devices.

In addition to the Lightly .Doped Drain and Doubly Doped
Drain ion implant methods for forming graded semiconductor
substrate junctions which minimize the HCE within MOSFET devices,
several other ion implant methods have been disclosed in the art,
which ion implant methods provide novel ion implant structures
directed towards semiconductor device performance concerns other
than the HCE. For example, Yajima, in U.S. Patent 5,.346,841

describes a method for forming an iso,lafion film surrounding a



by sinultaneously rotating the sem'conductor substrate into which the
oxyden ions are inplanted while adjusting the energy and dose of the oxygen
i ons. Anot her exanple is disclosed by Current, in U S. Patent 5,155, 369.
Current discloses a nmultiple dose, non- orthogonal ion inplant process

wher eby channeling effects in sem conductor substrates may be avoided. In
addition, Liang, in US. Patent 5,372,957 discloses a non-conventi onal

met hod for formng Lightly Doped Drai'n jon inplant, structure it hin
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present invention Is to provide a novel 1on od which serves as
an al t er ntd gl OhioRd) #MSiant process whereby channeling effects in

semiconductor substrates may be avoided.

In addition, Liang, in U.S. Patent 5,372,957 discloses a
non-conventional method for forming Lightly Doped Drain ion implant
~structures within semiconductor substrates. The method employs
multiple ion implants provided non-orthogonally into the
source/drain region of a semiconductor substrate. Finally, Anjum,
in U.s. Patent 5,360,749 discloses a method for minimizing Short
Channel Effects (SCEs) within MOSFET devices. The disclosed method
describes a non-orthogonal implant of germanium ions into selected

semiconductor substrate regions.

Desirable in the art is a method whereby the concepts
upon which these novel ion implant processes are based may be
applied to provide methods alﬁernative and/or adjunct to Lightly
Doped Drain and Doubly Doped Drain methods for minimizing the HCE

within MOSFET devices.



met hod t0 the Lightly Doped Drain and Doubly Doped Drain nethods for

m nimzing the HCE within MOSFET devi ces. A second object of the present
invention is to provide an ion inplant nmethod in accord with the first

obj ect of the present invention, which nethod is also readily

manuf acturable. A third object of the present invention is to provide an
ion inplant nethod in accord with theg first object of the present invention

and the second object of the present invention, which nethod is al so
economical . In accord with ttéb”ﬂﬁ&%nQ?(ﬁﬂﬁtﬁ§W§N§§9ﬂ i nvention, an ion

I npl ant met hod which provides an alternative and/or adjunct nethod for
mnimzing the HCE within N-MOSFETs is disclosed along with the N MOSFET

structure that resyltspiLom dhaind G dJBengBRiad sL0+LARELGALE BNEovel
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ser conduct or 7 substrate” Thére is 1nplant I nto gate oxi
regi ons kepeatRimkeidgt enel aekr QdenedoRdsprrdoaeveted. hardening ion. The

hardening ion is inplanted at an angl e non-orthogonal to the plane of the
sem conductor substrate through neans of a large tilt angle ion inplant
process. The hardening ion is chosen fromthe group of

A second object of the present invention is to provide an

ion implant method in accord with the first object of the present

invention, which method is also readily manufacturable.

A third object of the present invention is to provide an
ion implant method in accord with the first object of the present
invention and the second object of the present invention, which

method is also economical.

In accord with the objects of the present invention, an
ion implant method which provides an alternative and/or adjunct
method for minimizing the HCE within N-MOSFETs is disclosed along
with the N-MOSFET structure that results from that ion implant
method. To fabricate the N-MOSFET of the present invention there
is formed upon a semiconductor substrate a field effect transistor
structure comprising a gate oxide upon which resides a gate
electrode, adjoining which gate oxide and gate electrode are formed

a pair of N+ source/drain electrodes;yithin the semiconductor



hardeni ng i ons consisting of nitrogen ions and fluorine ions. After the
gat € oxide has been inplanted with the dose of hardening ion, the
semconduct or substrate is anneal ed. The nethod of the present invention
provi des a novel alternative and/or adjunct nmethod to Lightly Doped Drain
and Doubly Doped Drain ion inplant nmethods for mnimzing the HCE wthin N
MOSFET deévi ces. Through the nethodjof the present invention, hardening
ions are inplanted at_a non-orthqgonal. angle jnto {he gate oxide '
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t hose devices the magnitude of the HCE has typically been nore closely
ion, the semiconductor substrate is annealed. '

The method of the present invention provides a novel
alternative and/or adjunct method to Lightly Doped Drain and Doubly
Doped Drain ion implant methods for minimizing the HCE within N-
MOSFET devices. Through the method of the present invention,
hardening ions are implanted at a non-orthogonal angle into the
gate oxide regions beneath the gate glectrode edges of an N-MOSFET
device. By implanting hardening ions into the gate oxide regions
beneath the gate electrode edgés of the N-MOSFET device of the
present invention the gate oxide regions will be hardened and the
gate oxide/semiconductor substrate interface will provide a higher
threshold energy for formation of new interface states due to the

injected charge carriers from the semiconductor substrate.

The method of the present invention is applicable only to
N-MOSFET devices, since within N-MOSFET devices a major feature

controlling the HCE is the threshold to generate new interface



related 4o the density of trap locations within the gate oxide. By

i mpl'anting hardening ions into the gate oxide regions |ocated beneath the
gate el ectrode. edges of an N-MOSFET, the HCE within the N-MOSFET may be

m ni m zed. Although the inplant of hardening ions may al so increase the
trap density within regions of the gate oxide which are inplanted with

t hose hardening ions, the overall trap density within the gate oxide

b h I b atially |
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t he met hod of the "present .
beneath the gate electrode edges of an N-MOSFET, the HCE within the
N-MOSFET may be minimized. Although the implant of hardening ions
may also increase the trap density within regions of the gate oxide
which are implanted with those hardening ions, the overall trap
density within the gate oxidé beneath a gate electrode of an N-
MOSFET is not substantially increased since only the gate oxide

regions beneath gate electrode edges of the N-MOSFET are implanted

with hardening ions.

The method of the present invention is readily
manufacturable. The method of the present invention provides for
a non-orthogonal implant of hardening ions into gate oxide regions
located beneath the gate electrode edges of an N-MOSFET. Non-
orthogonal implants of ions into and through semiconductor
substrates are known in the art. Such processes are readily

manufacturable.

The method of the present invention is economical. The



I nvention provides limted, if any, additional process conplexity to the
mandf act uri ng process for that N- MOSFET devi ce. When enpl oyed as an

adj unct .to the Lightly Doped Drain or Doubly Doped Drain ion inplant
structure for an N-MOSFET device, the nmethod of the present invention
provides only a single additional ion inplant process to the manufacture of
t hat device. Thus, the nethod of the resent invention is econom cal in
producin N—NCSFET devi ces whi ch have m ni nal suscep%lblllt to t
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adj unct to the Lightly Doped Drain ‘and t hé Doubly Doped Drai n nethods for

limting dhetheE waddf eI Eprocess for that N-MOSFET device.  When

employed as an adjunct to the Lightly Doped Drain or Doubly Doped
Drain ion implant structure for an N-MOSFET device, the method of
the present invention provides only a single additional ion implant
process to the manufacture of that device. Thus, the method of the
present invention is economical in producing N-MOSFET devices which

have minimal susceptibility to the HCE.

BRIEF DESCRIPTION OF ' THE DRAWINGS

The following drawings, which form a material part of

this application, show the following:

Fig. 1a to Fig. 1le show schematic cross-sectional
diagrams illustrating an N-Channel Metal Oxide Semiconductor Field
Effect Transistor (N-MOSFET) formed in accord with the preferred

embodiment of the present invention.



devi ces., The nethod of the present invention enploys a non- orthogonal ion
| npl'ant process by which hardening ions are inplanted into gate oxide
regirons beneath the gate el ectrode edges of an N-MOSFET devi ce. The
non-ort hogonal ion inplant process enploys a hardening ion which nodifies
t he gate oxi de and sem conductor substrate interface to provide a higher
threshold for the formation of interface states due to injection of charge
carriers into gate oxide regions from%eni conduct or substrate regi ons
beneat h gate el ectr od®ESAREPTION OFQTHENPREFERRED, EMBEODBEENTS m nim zed in
N- MOSFET devi ces wherein the present invention is practiced. The nethod of
the present invention may be enpl oyed in any N-MOSFET device which is
susceptible to the HCE due to charge 11 carrier injection from

semi conduct or substTRe Presphsinvert ipn ooy iites ap dhrChhannrat Meak Oxide
el ectrode_ edges. The nmethod of the present invention may be practiced
upon N N@E\?C%w%%r i kG Bifiesy Firapsdistorn NsMOSEETJARY 166t 2R6t 2 |Mekhed
to Dynam.c ndom Access Menor %gﬂﬁ integrated circuits, Static_ Random
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(HCE). The method of the present invention may be used as an

alternative or as an adjunct to the Lightly Doped Drain and the
Doubly Doped Drain methods for limiting the HCE within N-MOSFET

devices.

The method of the present invention employs a non-
orthogonal ion implant process by which hardening ions are
implanted into gate oxide regions béneath the gate electrode edges
of -an N-MOSFET device. The non-orthogonal ion implant process
employs a hardening ion which modifies the gate oxide and
semiconductor substrate interface to provide a higher threshold for
the formation of interface states due 'to injection of charge
carriers into gate oxide regions from semiconductor substrate
regions beneath gate electrode edges. Through this method, the HCE
is minimized in N-MOSFET devices wherein the preéent in?ention is

practiced.

The method of the present invention may be employed in

any N-MOSFET device which is susceptible to the HCE due to charge



Referring nowto Fig. la to Fig. le, there is shown a series of
cross-sectional schematic diagrans which illustrate progressive stages in
the-fabtication of an NNMOSFET in accord with the preferred enbodi nent of
the present invention. Shown in Fig. la a schematic cross-sectional diagram
illustrating the early stages in formation of an N-MOSFET. Shown in Fig. |la
Is a sem conductor substrate 10 within and upon whose surface is forned

i solation regions 12a and 12b which ddfine the active region of the

sen condusdoF i ribeh j @k €idR). £Abhaefi cbRguBteserRubshyatki ¥R giRnsheimtiandded
upon sem conduct or substrates of various dopant concentrations, either

dopant padidd YragdoMar b@h&a@:h)/?a?dé o8l epbr6der eagkali onthe t hethodserft the
invention is typically practiced upon a P- or NN sem conductor substrate
havi ng a fiééener yatrahtdgnaphiyc ba iprdeticed upoA2NFMOBRETOmeveEgiesnsyiEhin n
general be fornmed upon a sem conductor substrate through nethods including
but not |imtegrhted neihoditshénelydpagt ibarts mdt t himseead c dbadymamisuRandan
exposed through a suitable nask are thernmally oxidized to formisolation
regi ons akccess hdemountyer @RAM) sintegretedsdimduidsyat$tatici Randome RIGRES
the surface of the sem conductor substrate and patterned to formisolation
regi ons. M®poxrne pSRAM}rednteagpvatednt carcuisspr @ddnt Appidmatden t wpecific

i solation regions 12a and 12b are preferably fornmed through a LOCal )
Cxidaticwﬁ@#eg§$t%@dcilﬁii§§ (ASICs). The method of the present invention

has broad applicability within N-MOSFET devices within integrated

circuits.

Referring now to Fig. la to Fig. le, there is shown a
series of cross-sectional schematic diagrams which 4illustrate
progressive stages in the fabrication of an N-MOSFET in accord with
the preferred embodiment of the present invention. Shown in Fig.
la a schematic cross-sectional diagram illustrating the early

stages in formation of an N-MOSFET.

Shown in Fig. la is a semiconductor substrate 10 within
and upon whose surface is formed isolation regions 12a and 12b
which define the active region of the semiconductor substrate 10.
Although the present invention may be practiced upon semiconductor
substrates of various dopant concentrations, either dopant.pglarity
and various crystallographic orientations, the present invention is
typically practiced upon a P- or N- semiconductor substrate having

a (100) crystallographic orientation.



process .whereby portions of the sem conductor substrate 10 exposed through
a suitable nmask are oxidized to formisolation regions 12a and 12b. Al so
shown in Fig. la is a gate oxide 14 fornmed upon the active region of the
sem conductor substrate 10, and a gate electrode 16 formed upon the gate
oxi de 14. Methods through which both gate oxides and gate el ectrodes nmay be
formed are conventional to the art. e oxides may be formed through

met hods i ncluding but not imted to nethods whereby the surface of the
active region of a Bematimuctregisusst maye is ojenkrald be f fprmgdgaupon a
oxi de, and net hods whereby a | ayer of gate oxide material is deposited upon
t he surfmmomwmlwmm tireugh methedstionc Bdbing ut gl el imited
el ectrodes are typically formed upon gate oxides via patterning through

met hods a&® av%tmﬁmmqrm Ppﬁttlﬁéisapg theaspnigreductgersyhsgiate eﬁ’é?ﬂ-‘r?ﬁie
material . Typical gate el ectrode 13 materials include but are not
limted tBhFREgh sa sRibable | BIsk Argnhthedsydd Ypoxjidizedotoafe rﬁbl’y-’tﬂ]tﬁa*smn
(polysilicon/metal silicide stacks). For the preferred enbodlnent of, & i s

present |ﬁ%%??%nan@hé“’g%{?%i%xwﬂérﬁ¥| 2 pFRAEARBPY ¥R HibnMaRET 12

it ace ofofiedadHAE Hog oGt oEe oEm EORduSrBroRuRReFaT o T ETHGT U A

to forn]t€§t9§§§68 ék%ék% lsEH%tE%'C§%%%%n%ﬂ tporgghe preferred embodiment
of the present invention, the isolation regions 12a and 12b are
preferably formed through a LOCal Oxidation of Silicon (LOCOS)
process whereby portions of the semiconductor substrate 10 exposed
through a suitable mask are oxidized to form isolation.regions 12a

and 12b.

Also shown in Fig. la is a gate oxide 14 formed upon the
active region of the semiconductor substrate 10, and a gate
electrode 16 formed upon the gaté oxide 14. Methods through which
both gate oxides and gate electrodes may be formed are conventional
to the art. Gate oxides may be formed through methods including
but not limited to methods whereby the surface of the active region
of a semiconductor substrate is oxidized to form a gate oxide, and
methods whereby a layer of gate oxide material is deposited upon
the surface of the active region of a semiconductor substrate.
Gate electrodes are typically formed upon gate oxides via
patterning through methods as are conventional in the art of a-

blanket layer of gate electrode material. Typical gate electrode



oxide 14 is preferably about 20 to about 200 angstrons. For the preferred
enbodi nent of the present invention, the gate electrode 16 is preferably
formed upon the surface of the gate oxide 14 via patterning through nethods
as are conventional in the art of a highly doped polysilicon |ayer. The

t hi ckness of the highly doped polysiligon |ayer and the gate el ectrode 16

pat t e neddeoin hlie Hn@hlanedanas 9pLySI coflnl @uered >nliher ot Aoyt 13000

to about 5000 angstrons. Referring nowt ere 1S shown the ne

series ofh DHRLPSEoSd@Rfo 1ys { BN A A S NMIFBET (HEY{ €81 L BoAPROEL1VE 1 i & D&
preferred enbodi nent of the present 1nventton. own in Fig. Ibis the
presence gtabrgylening ions 18 which are inplanted into the gate oxide 14
regi ons beneath the gate el ectrode 16 edges of the NN MOSFET of the present
invention. The inplanting of the hardening ions 18 into the gate oxi de 14
beneath the gate el ectrode 16 edges 14 is the process step critical to

t he present inventiBor theagdeferretio emialdhinenty ofarthenipeseanis ifventbonhe
gate oxide 14 regions beneath the gate el ectrode 16 edges, the process

t hrough whheh gate hexildei 44 iiohspreferabilypl fonmed aipon ptbei desmiceydweber
ions 18 into the exposed surfaces of the gate electrode 16, the exposed
surfaces BRPEhEatAt LbxtBECYGhaRl tHhermAder o8idrbben ofPranesfenvh8K8LYt okhe

substrate 10, For th referred e dinment. of the critical hardeni )
sarface o% ghg act{ve rengn g? the semiconductor su stragg 10 is

oxidized to form the gate oxide 14. The thickness of the gate
oxide 14 is preferably about 20 to about 200 angstroms. For the
preferred embodiment of the present invention, the gate electrode
16 is preferably formed upon the surface of the gate oxide 14 via
patterning through methods as are conventional in the art of a
highly doped poiysilicon layer. The thickness of the highly doped
polysilicon layer and the gate electrode 16 patterned from the
highly doped polysilicon layer is preferably about 1000 to about

5000 angstroms.

Referring now to Fig. 1b there is shown the next series
of process steps in forming the N-MOSFET device in accord with the
preferred embodiment of the present invention. Shown in Fig. 1b is
the presence of hardening ions 18 which are implanted into the gate
oxide 14 regions beneath the gate electrode 16 edges of the N-
MOSFET of the present invention. The implanting of the hardening

ions 18 into the gate oxide 14 beneath the gate electrode 16 edges



lon 18 i nplant process step of the present invention, either nitrogen or
fluerine ions nmay be enployed as the hardening ions 18. Wen nitrogen ions
are enpl oyed as the hardening ions 18, the nitrogen ions are provided at:
(1) atilt angle of about 7 to about 60 degrees from an axis
orthogonal to the plane of the sem conductor substrate 10, (2) an ion
i npl antation dose of about 1E14 to about 1E16 ions per square centineter,
and (3) an ion inplantation energy of % hout 5 to about 50 keV. Wien

fl uorine Lerthernrargsisopsepasrihdchir tenthg prasents inviemtiilonor | o addsttben
provided at: (1) a tilt angle of about 7 to about 60 degrees froman axis
or t hogonatot émpllanginge hee LngenieBfhiddst dntoutie agataooxdde v i BRglons

|nplantathon dose of about 1E14 to about_ 1E16 ions per square centineter,
and (3) aRSPBASPnBRaAASS S esteRfle 6 stans 5 the REBGESS0EREQUIRHERICH the
har deni ng

bencath (PBEUSRENS| ¢ORPodd B HRLEYLERI PLAG PRAVIGRSCORIGETDNG °”Zﬂf%
and rot at HG: fee Eé%p%é%hu%&fmﬁs“%ﬁ%o%g%%bg a%%a%ﬁei bl e{‘?ﬁ' 6PFed
cdges. +nECEERrEE ot SheCUBES AR | Leared) S R Lﬁéﬁ odsoﬁyt
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For the preferred embodiment of the critical hardening
ion 18 implant process step of the present invention, either
nitrogen or fluorine ions may be employed as the hardening iaqns 18.
When nitrogen ions are employed as the hardening ions 18, the
nitrogen ions are provided at: (1) a tilt angle of about 7 to about
60 degrees from an axis orthogonal to the plane of the
semiconductor substrate 10, (2) an ion implantation dose of about
1E14 to about 1E16 ions per square centimeter, and (3) an ion
implantation energy of about 5 to about 50 keV. When fluorine ions
are employed as the hardening ions 18, the fluorine ions are
provided at: (1) a tilt angle of about 7 to about 60 degrees from
an axis orthogonal to the plane of the semiconductor substrate 10,
(2) an ion implantation dose of about 1E14 to about 1E16 ions per
square centimeter, and (3) an ion implantation energy of about 5 to
about 50 keV. The hardening ions 18 are preferably provided into
the gate oxide 14 regions beneath the gate electrode 16 edges by

tilting the semiconductor substrate 10 to the prescribed tilt angle



and | aser assisted processing nethods. For the preferred

enbodi nent of the present invention, the sem conductor substrate 10 is
preferably anneal ed through a thermal nethod at a tenperature of about 800
to about 950 degrees centigrade for a time period of about 5 to about 100
m nutes. \Wien either nitrogen or fluorine ions are provided as the

har deni ng ions 18, regions of the gate oxide 14 beneath the gate el ectrode
16_edges becone hardened through ei tHer, respecti vel nltrldat|on or
f1Uori dat¥hh THESHF—‘FF’-l d&@ otha ydtaxReRiRGe HM8e ﬁ PG e A M Rfher the
t hreshol d_ener generate inte %ace states by injected charge carriers
t han equi V&€ ?E 5x§%ﬁ§ﬁﬁa?%gi ns which are neither nitrided or
fluorided. For reglons of the gate oxide 14 and sem conductor substrate 10
whi ch reside beneath the gate el ectrode 16 edge t he hardeni ng of the of

h i de 14 | d 10/ | de. 14
| nterface having a FRGRERIERT cEnottP I GoS: €t$%% e Lnf ¥ il jene

peen har CERER. PRAGS LA TR ni S e AFS( nBRBCE %?3 AL A ehe
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of inplanting eni ng 1 ons ate oxide 14 w
three sep@.@aetgahﬁneéndenleag@mcoﬂah@%%d Sidist ratiedq o ah@félxﬂd‘ﬁ'l@"ﬁhé“ﬁot

will extend fromthe edges of the isolation regions i2a and

respecti veinitédWes dhermal methods, Rapid Thermal Processing (RTP) methods
and laser assisted processing methods. For the preferred
embodiment of the present invention, the semiconductor substrate 10
is preferably annealed through a thermal method at a temperature of

about 800 to about 950 degrees centigrade for a time period of

about 5 to about 100 minutes.

When either nitrogen or fluorine ions are provided as the
hardening ions 18, regions of the gate oxide 14 beneath the gate
electrode 16 edges become hardened through either, respectively,
nitridation or fluoridation. The nitrided or fluorided gate oxide
14 provides a higher threshold energy to generate interface states
by injected charge carriers than equivalent gate oxide 14 regions
which are neither nitrided or fluorided. For regions of the gate
oxide 14 and semiconductor substrate 10 which reside beneath the
gate electrode 16 edge, the hardening of the of the gate oxide 14

"provides a semiconductor substrate 10/gate oxide 14 interface

having a higher threshold to generate interface states due to

ied to form



terninéting under neat h opposite edges of the gate el ectrode 16. Unhardened
gate oxide |layer 14b remains centered beneath the gate el ectrode 16 upon
t he sem conductor substrate 10. The nethod of the present invention is
applicable only to N-MOSFET devices, since within N-MOSFET devices a nmajor
feature controlling the HCE is the threshold energy for formation of
Interface states to injection of charge carriers provided by the
interfacial characteristics of the gat® oxide and the sem conductor
subst r at einggcbnsn| of atteatr g et hie e e egudvalens édgesferesnwivicivisres
devi ce. The nmethod of the present invention is not greferred for _
P- MOSFET et been bandeneflt hi BhudostheckiCEeis thinimiped ude BROSRlPreEtARRS.
typically been nore closely related to the density of trap Ioia%Lons fﬁghin
the gate &Rragsh pyachpran?f nhe RTRTRMHy IWRNEL0T0 -t HEOHaFemBx PE&° et ond®
| ocat ed beneath the gate el ectrqde edges of a N MOSFET, t HCE.wi thi.n_a
N- MOSFET FR}EBE2ki RFAFeEY . Of MRS RErARPLaAL LJRS h’:ﬁﬂgﬁﬁ%gaﬁ?ngxﬂré§ f4
al so increa the trap density wi_thin regions of the gate oxide \whi 17
are inpl a?ft’-ig vPEh WQ&&%r déni ﬁQrF'ongl?zq‘Fﬁe IRRATR TS ¢t rggg"edeﬂ%{ﬁi? ng%?ﬁs :
the gate gxide residing beneath the te_el.ectrode.is n u ngd al
i ncr eased 8f i8S n99£Fh8x¢§?e?8XF5§ ggaiﬁﬂg Eéﬁéﬁfﬁig%fgégaegfé@déégdégges
are inpl agied yd th fgrden “grégﬂéns R.f‘j‘;f‘a[ r?ﬂa F‘%tox%'sgre&&vteﬁ € LRwahayy
a schematI'C cFoss-$ectional dragram iTlustrating the next Seriés of process
terminating underneath opposite edges of the gate electrode 16.
Unhardened gate oxide layer 14b remains centered beneath the gate

electrode 16 upon the semiconductor substrate 10.

The method of the present invention is applicable only to
N-MOSFET devices, since within N-MOSFET devices a major feature
controlling the HCE is the threshold énergy for formation of
interface states to injection of charge carriers provided by the
interfacial characteristics of the gate oxide and the semiconductor
substrate regions located beneath the gate electrode edges of an N-
MOSFET device. The method of the present invention is not
preferred for P-MOSFET devices, since within those devices the
magnitude of the HCE has typically been more closely related to the
density of trap locations within the gate oxide. By implanting
hardening ions into the gate oxide regions located beneath the gate
electrode edges of a N-MOSFET, the HCE within an N-MOSFET may be
minimized. Although the implant of hardening ions may also

increase the trap density within regions of the gate oxide which



steps in formng an NNMOSFET in accord with the preferred enbodi nent of the
present invention. Shown in Fig. 1c is the presence of | ow dose ion

i npl ants 20a and 20b in the active region of the sem conductor substrate 10
at | ocations other than those occupied by the gate el ectrode 16. These | ow
dose ion inplants 20a and 20b are part of a Lightly Doped Drain
source/drain electrode structure wthin the sem conductor substrate 10.

Al though the Lightly Doped Drain sourlde/drain el ectrode structure is not
refui red #p¢ peplanhedceith thesprbarvdendngnbous nehiheofvehalpr bsant density
i nvention, the presence of a Lightly Doped Drain source/drain el ectrode
structurew¥ﬁ¥%ﬂeﬁhas§éﬁésOmMQQnme%ﬂﬂ}ngnhﬁﬂﬁﬂﬂh(ﬁh&éﬁﬁ%ﬁvﬁ%?ﬁ?F%@%KI#EH@t
Wi t hin whlcgﬁ%he met hod, of the present invention is practiced.

al t er nat i 9¥PE5aPhiattgningreased HLAFR QB&YCEWGrS?QeeP%é@?oH@géPpﬁcPEP%aB¥
th f f th t Doubl e, Doped Dr
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sub-threshold currents wi thin N-MOSFET devices of the present invention.
18 Al though | ow dose ion inplants may in general be provided through

several dopant !Ons%keE??f%ﬂ&’ JO3F 8N gy ![?:[01 Stﬁg etk 2990& e{hgcherﬂakﬁ.c

preferred embodi nen e present i nv n nus ®be provi hr ou

ﬁgfaﬂ m' ?g;f;o.?%¥§$§gin+%{aggﬁi§@rfaﬁ\°@f h%@{] fedd dRagpt deansd not ugfaﬂepyt
pant” i ons an osp or us dopant 1 ons.
preferredseapedi RNt HmiM® an N-MOSFET in accord with the preferred
embodiment of the present invention. Shown in Fig. 1lc is the
presence of low dose ion implants 20a and 20b in the active region
of the semiconductor substrate 10 at locations 6ther than those
occupied by the gate electrode 16. These low dose ion implants 20a
and 20b are part of a Lightly Doped Drain source/drain electrode
structure within the semiconductor substrate 10. Although the
Lightly Doped Drain source/drain electrode structure is not
required for performance of the preferred embodiment of the present
invention, the presence of a Lightly Doped Drain source/drain
electrode structure further assures minimal sub-threshold currents
within N-MOSFETs within which the method of the present invention
is practiced. As an alternative to the Lightly Doped Drain
source/drain electrode structure of the preferred embodiment of the
present invention, a Double Doped Drain source/drain electrode

structure may also be employed to assure minimal sub-threshold

currents within N-MOSFET devices of the present invention.



present .invention the preferred N dopant ion is phosphorus ion, preferably
i npt anted into the sem conductor substrate 10 at about 1E13 to about 1E14
i ons per- square centineter ion inplantation dose and about 15 to about 100
keV ion inplantation energy to formthe | ow dose ion inplants 20a and 20b.
Referring now to Fig. 1d, there is shown a schematic cross-sectional

diagramillustrating the next series ?é process steps in formng an

N- MOSFET in accord with the preferred enbodi mrent of the present invention.
Shown in Fig. 1d i sALKBOBBBsk clasie deneiupiantsdeay gt generad Bedrrewiged

and 220 prOUPATRaHEERON AB6SREr 19Hiary Wit 1B ADROnAo0t LTRGoRER, 40a and Zo0b
ol oot rodec. bu 13 Pbe R Eral T BRSA RS OF (LR, AFieng, LPRRFCHER, ias B
et chi ng. ner PasactnErERuaR N Mol ol TS vele BTN, ShBasll simehl pELFHoun st
eave rensi aRer e el et s S, PO TR ) apUaR OBl L 5HE ahd

spacer MpR65BhSriBY d¥bdrl Mednkl OM FBLCIIM SpRebudlR0 o dthedt ThizedehO

insu!at!ng materi als such as silicon oxi icon nitrides anq silicon

oxyni Ej g ggﬁesahesanbbﬁeheh e e Gl e ! 86pARAC 13RAGY SRESIdAus MBYn be
preferably implanted into the semiconductor substrate 10 at about
1E13 to about 1E14 ions per square centimeter ion implantation dose
and about 15 to ?bout 100 keV ion implantatidn energy to form the

low dose ion implants 20a and 20b.

Referfing now to Fig. 1d, there is shown a schematic
cross-sectional diagram illustrating the next series of process
steps in forming an N-MOSFET in accord with the préferred
embodiment of the present invention. Shown in Fig. 1d is the
presence of gate electrode spacers 22a and 22b at opposite edges of
the Qéte electrode 16. The gate electrode spacers 22a and 22b
providel a method for defining the 1locations of the active
semiconductor substrate region wherein the heavily doped

source/drain electrodes 24a and 24b are formed.

Gate electrode spacers may be formed through methods
including but not 1limited to Reactive Ion Etch (RIE) etching

methods whereby of a blanket layer of gate electrode spacer .



sem conduct or substrates through nmethods including but not limted to

Cheni cal Vapor Deposition (CVD) nethods, Plasma Enhanced Chenical Vapor
Deposi ti-on (PECVD) met hods and Physi cal Vapor Deposition (PVD) nethods. For
the preferred enbodi nent of the present invention the gate el ectrode
spacers 22a and 22b are preferably fornmed through Reactive'lon Etch (R E)
etching of a blanket |ayer of gate el 9ftrode spacer material forned of
either a silicon_oxide or a silicon nitride. An etchant_conposition is .
chosen appréprialcfpsmefeugane thpesurfasespdcdr SAMIGINAUCYL SUHWAtS 1S
Fig. 1d are the source/drain el ectrodes 24a and_24b which are forned, into

the seni coFeRREotosiBaYe F@matning  Jate o LoeErad®i FRACHES t ocBIRRFRE ob2Y SRS

| ow dose ion inplants 20a and 20b. The coryespondin ource/drain el ectrode
and | ow QRECTPER MISCHRO i SRECHE: THCESUALS JHAY 208 SRITEGh 4557 TRES L4ES

Lightly | Drain,_spurce/dral | gectrode, struct ur f e ferr :
enbodineﬁgggguaaggpngeﬂ?gigb%ﬁ??ghgo ;niﬁliﬁfﬂ%dﬁﬁgggh?%gl%@é?ﬁgél%c %%Pes
may '“.QGSEEEESbGSEQ&gBH hE@QEng 5 l%ﬁhﬁ@%n é?riéég¥*5Tﬂgsed9P§Hﬁet
ions into —a sémiconductor substrate through nmethods as are conventi onal
in the ar apl aRhakaps i orge Ngolrh@d
sour ce/ d.rié?%ég!ge% ogggngéégﬁr% g a?ﬁgl pre efr)ﬁr%gs eﬂnlg diﬁrr%,nt c>of t heupon
present i gu@REbRAuLEof ShISd &b BYs AR Mdthdds i@ 1INaYRSFBht not limited
to Chemical Vapor Deposition (CVD) methods, Plasma Enhanced
Chemical Vapor Deposition (PECVD) methods and Physical Vapor

Deposition (PVD) methods.

For the preferred embodiment of the present invention the
gate electrode spacers 22a and 22b are preferably formed through
Reactive Ion Etch (RIE) etching of a blanket layer of gate
electrode spacer material formed of either a silicon oxide or a
silicon nitride. An etchant composition is chosen appropriate to

the gate electrode spacer material.

Also shown in Fig. 1d are the source/drain electrodes 24a
and 24b which are formed into the semiconductor substrate 10
partially overlapping the locations of the low dose ion implants
20a and 20b. The corresponding source/drain electrodg and low dose
ion implant pairs 24a and 20a, and 24b and 20b form the Lightly
Doped Drain source/drain electrode structure of the preferred

embodiment of the present invention.



devi ce ypon which the present invention is practiced. Choices for the
dopant ions are therefore limted to N polarity dopant ions including but
not limted to arseni c dopant ions and phosphorus dopant ions. Thus, for
the preferred enbodi nent of the present invention, the source/drain

el ectrodes 24a and 24b are preferably fornmed through an ion inplantation
process as is conventional in the art 2gnpl oying as the dopant ion arsenic
ion at about 1E15 to about S5E15 ions per square centineter dose and about
20°to about 80 keV Aldhoughpsautree/drairrsteytrodes majulnegemeral the formed
formng the source/drain electrodes 24a and 24b into the sem conduct or
subst r at ethgoughe siamlanting orsevésat at éypes s afinedbpdnto rieorsyst thitd zea
the source/drain el ectrodes 24a and 24b. Simlarly to the annealing process
enpl oyed FERIZRREHCERT sRbshiprtenthirolaghk matheds Aerare semwentional in the
anneal ing _of the source/drain electrodes 24a and 24b may al so be |
acconpl i sRE& 1t HFRRIgROLRELSY Het KBEs daBanty TResnsmmred sing faoming the

oresent | ROSREROAZaiRe SLEREEORARCIAE 2RBRIRIL i BURGATR STB . RRR¢aPag
cont i or adtianR  BelE, 1BleRt4n; TAGh T Rg huoeRe1 08 AF A G¥ a8 Tt boPoRFHEET
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the dopant ions are therefore limited to N polarity dopant ions
including but not limited to arsenic dopant ions and phosphorus -
dopant ions. Thus, for the preferred embodiment of the presept
invention, the source/drain electrodes 24a and 24b are preferably
formed through an ion implantation process as is conventional in
the art employing as the dopant ion arsenic ion at about 1E15 to
about 5E15 ions per square centimeter dose and about 20 to about 80
kev ion implantation energy. = Subsequent to forming the
source/drain electrodes 24a and 24b into the semiconductor

substrate 10, the semicondﬁctor substrate 10 is annealed to

recrystallize the source/drain electrodes 24a and 24b.

Similarly to the annealing process employed for annealing
the hardened gate oxide layers 14a and 14b, annealing of the
sdurce/drain. electrodes 24a and 24b may also be accomplished
through thermal methods, Rapid Thermal Processing (RTP) methods and
laser assisted methods. For the preferred embodiment of the

present invention, the semiconductor substrate is preferably



schematic diagramillustrating the |last series of process steps in formng
an N-MOSFET in accord with the preferred enbodi nent of the present

i nvention. Shown in Fig. le is the presence of patterned interlevel
dielectric layers 26a, 26b and 26c. Patterned interlevel dielectric
| ayers 26a, 26b and 26c are forned via patterning through photolithographic
and et chi ng net-hods as are known in t?g art of a blanket interlevel
dielectric |layer formed upon the sem €onductor substrate 10. Bl anket

i nt er | eveRngeglledt througheastheymad hethed &t omtewpdrtiume oft abioalts 800 to
including but not limted to silicon oxides, silicon nitrides and
silicon oRPAutr P§ésdegreghecentigrafdeatang alwime pemind dfe abbertmsd toupbaut
sem conduct or substrates through nmethods including but not limted to

Cheni cal YPoMipEtEsi EPofermvle magriata P izsmh orae/ssadre silestrodssr 24
Deposi tion nggﬁg) met hods and Physical Vapor Deposition (PVD) nethods. For
‘the prefePP d odi nent of the present invention, the patterned interlevel
dielectric layers 26a, 26b and 26c are preferably fornmed through patterning:
vi a photolithographic and 22 etching nethods as are known in the art of

Coobankel Lnter] oucl R aE by B 5 d SRR SO IS TR ST
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forming an N-MOSFET in accord with the preferred embodiment of the
present invention. Shown in Fig. le is the presence of patterned
interlevel dielectric 1layers 26a, 26b and 26c. Patterned
interlevel dielectric layers 26a, 26b and 26c are formed via
patterning through photolithographic and etching methods as are
known in the art of a blanket interlevel dielectric layer formed
upon the semiconductor substrate 10. Blanket interlevel dielectric
layers may be formed from insulating materials including but not
limited to silicon oxides, silicon nitrides and silicon
oxynitrides. These insulating laYers may be formed upon
semiconductor substrates through methods including but not limited
to Chemical Vapor Deposition (CVD) methods, Plasma Enhanced
Chemical Vapor Deposition .(PECVD) methods and Physical Vapor

Deposition (PVD) methods.

For the preferred embodiment of the present invention,
the patterned interlevel dielectric layers 26a, 26b and 26c are

preferably formed through patterning wvia photolithographic and



formed through other nethods and materials may al so be enployed, the
preferred nmethod and material provide a sinple and well known process
conventional to the art.  The bottons of the apertures between the
patterned interlevel dielectric |layers 26a and 26b and t he patterned
interlevel dielectric |ayers 26b and 26¢c are etched through the hardened
gate oxide | ayers 14a and l4c, respec%%vely to expose surfaces of the
source/drajn el ectrodes 24a and 24b, spectively. Finally, there is shown
in Fig. 18t¢h&ngr BeERedsofscargudinord chmt tlae §Féd§f28a kegdp WAteRlgvel
formed re egtivel Lnto the apertures between the patterned jnterlevel

di el ectri %% ?/%T-%léGAaé{ﬁH sopmgdy fmam it 64AAEAN; pRdARe WA teS i bcdppesited
| ayers 26b_and 26c. Conductive contact studs within sem conductqr devjces

are convet??Bndig o SERECARHUCHREY SHRS At Flil’é?r\‘%n(ﬂjcppﬁﬁ‘lﬁéger"'%ﬁ’%r
I ncl udi but i m t tals, tal, all d lysili s
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studs 28a an are~preferab or ne oma t ani'um nitri
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formed thicker conductive tungsten | ayer. The tungsten [ayer is
process conventional to the art. The bottoms of the apertures

between the patterned interlevel dielectric layers 26a and 26b and
the patterned interlevel dielectric layers 26b and 26c are etched
through the hardened gate oxide layeré 14a and 14c, respectively to
expose surfaces of the source/drain electrodes 24a and 24b,

respectively.

Finally, there is shown in Fig. 1le the presence of

" conductive contact studs 28a and 28b which are formed respectively
rinto the apertures between the patterned interlevel dielectric
layers 26a and 26b and the patterned interlevel dielectric layers

26b and 26c. Conductive contact studs within semiconductor devices

are conventional to the art. They may be formed from conductive

materials including but not limited to metals, metal alloys and

polysilicon deposited upon a semiconductor substrate through

methods including but not limited to thermal evaporation methods,

electron beam assisted evaporation methods, and Chemical Vapor

Deposition (CVD) methods. For the preferred embodiment of the



sufficient thickness to conpletely fill the apertures within the interlevel
dielectric |layers 26a, 26b and 26c. The conductive contact studs 28a and
28b make contact, respectively, with the source/drain el ectrodes 24a and
24b. Upon form ng the conductive contact studs 28a and 28b within the
patterned interlevel dielectric |layers 26a, 26b and 26c¢c, there is forned an
N- MOSFET of the preferred enbodi nent @ the present invention within an

par amet or PAFSERE CHRSFTSOn g CRPORCERTF: CARNACHT S6HOFd ARA 13RL PP Are
For egoi ng BHEREF R orE I erh b &y FBano A THCTHE Oetht? | TRURE 8
f or egoi ng

. | ¢ : , . , ded L :
mventi on . SR RER sha bt ARG et wtd i a6 b s BoEme

Step 25 246 RUOUS L8 AR SBABKILECt Lpel 1o ap Qe FO0LLI el oc

enbodi nents whi Ch aré™w e spirit 5co present- rnventi on.

What is claifmd e th'%%y@%%s%%t 4&%%@;% nfjgﬁ Ceﬁgus%geuf%tmnihu@ﬁe

28a and 28b are prefera or med ani um ride barrier

llayer of tihjrelnese1akoid1e2dilc0 pOPets 10@Q , anGsy rona YBen Whikd bsnbacktde
t hi cker conductive tungsten | ayer. The tungsten layer is of sufficient
t hi ckness contaenp| el 284 ahle 2Brerhakes contlch ,t haspectively, with the

_ source/drain electrodes 24a and 24b.

Upon forming the conductive contact studs 28a and 28b
within the patterned interlevel dielectric layers 26a, 26b and 26c,
there is formed an N-MOSFET of the preferred embodiment of the
present invention within an integrated circuit, which N-MOSFET
possesses maximum immunity to device parameter drift, such as
current drive drift and threshold voltage drift, due to the HCE.
As is understood by persons skilled in the art, the foregoing
deSdfiption of the preferredfembodiment of the present invention is
a presently preférred embodiment which is not intended to limit
this invention. Various modifications may be made to each and
every processing step as are obvious to a person skilled in the art
to provide additional embodiments which are within the spirit and

scope of the present invention.

What is claimed is:



grevel dielectric layers 26a, 26b and -26¢. The conductive cont act

st@if 28a and 2 respectively, with the source/drain

el g€t rodes 24a imlmﬂﬂ"“]mmtm“lm ng the conductive contact studs 28a and
within the patté&rned "nterl*evel dielectric |ayers 26a, 26b and 26c,
there is formed an N-MOSFET of the prPéferred embodi nent of the present

i nvent i opresehitn iafvdrntion,attetk Ctoadhbt iR oy SHudPssessandrediugre
immunity to device paraneter drift, such as current drive drift and

t hr eshol gredetrapd ydridrmedd frdnd & hehbigE .t Asanfumingetsi@edbay riersdsyer of
skilled in the art, the foregoing description of the preferred enbodi nent
of the pktbiekhneissyabbudn 209 Eopratsant | Y000 chaysedomsbagione nth it cis | Sormed
intended to limt this invention. Various nodifications nay be nade to
each andtbBiekgrproenndisitiyest épngstere bbyeous t The peusgstehi [lager n isheof
art to provide additional enbodi ments which are within the spirit and scope
of the ppuS&acientehiicknepsatta camplenpelysfill 2hel apersumsshodiffloin the
mnimzing the Hot Carrier Effect (HCE) within N Channel Metal Oxide .
Seni cond&gFGFIFF’élld Frrlectricank?¥e6F s 26-MEFETasy Ahfpr i sThE FRIGRLVe
upon a seniconductor_ substrat el d effect transistor structure .

conpri si ﬁangaﬁgt é%ﬁsdef%oﬁnah% riekReSontagte SFRRRPOELVe LYy oty the
whi ch ga58u9é59ﬁr§§ﬂ g?&@trodes 24a and 24b. '

Upon forming the conductive contact studs 28& and 28b
within the patterned interlevel dielectric layers'zsa; 26b and 26c¢c,
there is formed an N—MOSFE& 6f_the preferred embodiment of the
presen£ inventioﬁ within_an integréted'circuit,.wﬁiéh-NdMOSFET
poséééses'makimﬁé.immuhity to de#iée parameter driff, such as
current drive drift and threshold voltage drift, due to the HCE.
As 1is understood by persons skilled in the art, the foregoing
deSdfiption.of the preferred embodiment of the present invention is
a presently pfeférred émbodiment which is not intended to limit
this invention. Various modifications may be made to each and
every processing step as are obvious to a befsén skilled in the art
to provide additional embodiments which are within the spirit and

scope of the present invention.

What is claimed is:



el ectrode are fornmed a pair of N+ source/drain electrodes within the .

sem conduct or—substrate;—ifptanting into the into the gate oxide regions
beneat h. t he ga s a dose of a hardening ion, the dose of
har.deni ng |ons J; ﬂmgﬂ g at atilt angle non- orthogonal to the plane
of the sem con , the dose of hardening ions being inplanted

through neans of a large ti It angl e |on i npl ant process; and annealing the
sem conductor substrate. 2. The net HSd of Claim 1 wherein the gat e oxi de

thickness is gbouty 2Q.1R30¢d 005 AR %sb €n§86 Ho‘l[._hecgﬁbggl @ff fcdi MHCE)

wherein the tilt angle 1s about 7 to degr ees om an axi s

orthogonal toyifgiRl aNHindIe MAEaQ0NBHSGar §eﬁ§é6ﬁa@ct&r r T8ed met sk of
Claim 3 wherein the hardening ion is nitrogen ion. The net hod of

G ai m 4 wher eTRah8es S OQPMOSIET Ss ) NPt Belirdd: an | on [ rrpl ant ation dose
of about 1E14 to about 1E16 ions per square centineter and an ion

i npl ant ation ener gfosipoupoh a0 sdmibdorndudidt $ubstddiee nat Ifdelef «dieon 3

wherein the hardening ion is fluorine ion. 7. The nethod of Claim®6

wherein the ftnenshetéon stgucture comprising a gate oxide upon which
resides a gate electrode, adjoining which gate oxide and gate
electrode are formed a pair of N+ sburce/drain electrédes
within the semiconductor substrate;

implanting into the into the gate oxide regions beneath

the gate electrode edges a dose of a hardening ion, the dose
of hardening ions being implanted at a tilt angle non-
orthogonal to the plane of the semiconductor substrate, the
dose of hardening ions being implanted through means of a

large tilt angle ion implant process; and

annealing the semiconductor substrate.

2. The method of Claim 1 wherein the gate oxide thickness is

about 20 to about 200 angstroms.

3. The method of Claim 2 wherein the tilt angle is about 7 to
about 60 degrees from an axis orthogonal to the plane of the

semiconductor substrate.

4. The method of Claim 3 wherein the hardening ion is

nitrogen ion.



i npl ant.ed at an ion inplantation dose of about 1E14 to about 1E16 ions per
square centineter and an ion inplantation energy of about 5 to about 50
keV. 8. The ' wherei n the sem conductor substrate is
anneal ed at gfﬂﬂmuﬂgamlmlﬂﬂ bout 800 to about 950 degrees centigrade for
atinme period of about % tS &bout 100 minutes. 9. The nmethod of Cdaim1l
further conprising a Lightly Doped Dpgin (LDD) source/drain el ectrode
structure. 10.. The nethod of Caim1 further conprising a Double Doped,
Drain (DDD) sBurce/Mheai Rekhedt rifie Claimct &r stherein Ahewmqmnwépaﬂ is
Oxi de Sem conduct or Flel Ef fect Transistor (N-MOSFET) with mni
suscepti bi | i t PPARELBE an sgncippiantetie td?FﬁfyfcﬁﬁﬁPFsFﬁ§4 ng?EWHt
ef f ect tran5|§%g structure formed upon g sen onductor bstgg t he
field effect CrafstePEdP %EPG&‘FEFeCEE}%bP‘P Fh”gala gao\rl‘e'-odkilﬂ’é’ dofpBREEIY
sem conduct or _subst t eLec de fornmed upon the gate oxide and a
pair of N+ soﬁ%c ﬁ g tg|3§ Bdéé k?grned into the sem conductor
substrate adjoining the gate el ectrode and the gate oxide; a dose of
hardening ion inplanted into the gate oxide regions beneath the gate

el ectrode edgg Sto ?ﬁed S ha ckgﬂggnlgn QE%%gl% Iantﬁgrg%ﬁfnélltr@ngée

non- or t hogonal ane of "t the 'sem conduc ose of
fluorine ion.

7. The method of Claim 6 wherein the fluorine ion is
implanted at an ion implantation dose of about 1E14 to about
1E16 ions per square centimeter and an ion implantation energy

of about 5 to about 50 keV.

8. The method of Claim 1 wherein the semiconductor substrate
is annealed at a temperature of about 800 to about 950 degrees

centigrade for a time period of about S to about 100 minutes.

9. The method of Claim 1 further comprising a Lightly Doped

Drain (LDD) source/drain electrode structure.

10. The method of Claim 1 further comprising a Double Doped

Drain (DDD) source/drain electrode structure.

11. An N-Channel Metal Oxide Semiconductor Field Effect

Transistor (N-MOSFET) with minimal susceptibility to the Hot



hardening ion being inplanted through a large tilt angle ion inplant
protess' follo | of the sem conductor substrate. 12. The

N MOSFET: of O ai ' gate oxide is about 20 to about 200
angstrons thi cklﬂ!‘m(umﬂlmlmﬂET of Claim12 wherein the tilt angle is
about 7 to about «060cdegrees sm *h respect to an axis perpendicular to the
pl ane of the sem conductor substrate.,d4. The N-MOSFET of C aim 13 wherein
t he dose of hardenjng ions is rovideé by nitrogen ions at about 1E14 to
about 1E16 i orf®ijete cﬁfafreé:‘?:e('??qmet@fnﬂrokﬁliﬂﬁﬂ antation dose and about 5
27 to about 50 keV ion.. antation energy. 15. The N-MOSFET of Claim 13
wherein the dose of®h nGEtEns i§rBPg¥FH@H b EFREBRT Re FoFRedt URSut 2

1E14 b 6 | i . j i | ' d d

Sbout © ro abdri PG sARNRLR e MR T d QR eptR SR | Mol SN e
11 f h i SiNng. i ] d b

Lemeratur e ot AATRCEL LR 1 SABRANGEED SeritAR i Buks trateug
f about 5t ] 17 T of . i fur.th

o BBl 5°L0 st W0 i IO MIPEET 6 LY LA .

18. The N MOGfduk-&f/ddadinm 11484888 s COFREMRIENT BhiPUPLlRe  semiconductor

substrate adjoining the gate electrode and the gate oxide;

a dose of hardening ion implanted into the gate oxide
regions beneath the gate electrode edges, the dose of
hardening ion being implanted at a tilt angle non-orthogonal
tp the plane of the semiconductor substrate, the dose of
hardening ion being'implanted through a large tilt angle ion
implant process followed by an annealing of the semiconductor

substrate.

12. The N-MOSFET of Claim 11 wherein the gate oxide is about

20 to about 200 angstroms thick.

13. The N-MOSFET of Claim 12 wherein the tilt angle is about

7 to about 60 degrees with respect to an axis perpendicular to

the plane of the semiconductor substrate.

14. The N-MOSFET of Claim 13 wherein the dose of hardening
ions is provided by nitrogen ions at about 1E14 to about 1E16

ions per square centimeter ion implantation dose and about 5



Doped Prain (DDD) source/drain electrode structure.
T

to about 50 keV ion implantation enefgy.

15. The N-MOSFET of Claim 13 wherein the dose of hardening
ions is provided by fluorine ions at about 1E14 to about 1EI16
ions per square centimeter ion implantation dose and about 5

to about 50 keV ion implantation energy.

16. The N~-MOSFET of Claim 11 further comprising annealing the
semiconductor substrate at a temperature of about 800 to about
950 degrees centigrade for a time period of about 5 to about

100 minutes.

17. The N-MOSFET of Claim 11 further comprising a Lightly

Doped Drain (LDD) source/drain electrode structure.

18. The N-MOSFET of Claim 11 further comprising a Double

Doped Drain (DDD) source/drain electrode structure.



