-1 CCRCU T TO REDUCE GATE-| NDUCED DRAI N LEAKACGE (G DL) CURRENT IN THI N
GATE OXI DE MOSFETs The invention relates to the fabrication of integrated
circuit devices, and nore particularly, to a method of reducing Gate

| nduced Drain Leakage (G DL) current by selectively increasing electrical
gate oxide thickness only in the gate/d{ain overlap region during the
fabrication of integrated circuits. In" the fabrication of integrated
circuits, as the sizes of sem conductor devices, such as state-of-the-art
Met al OxiCIRCIEIT TONREDAUCE BHATEIIRDUACED DRAEY EFNKAGERRADPI)), are scal ed
down, perfGRRENEIN FHISSGAATROXIDY MOSKETs ent driving capabilities of
these devices exist. Since the current driving capability is a function
of both source resistance and gate oxide thickness, better performance in
t hese devices is achievable through thinner gate oxide and spacer |ayers.
However, it hEkeibesationteiatesie thetfatmication dfiimtegyatedcinitdevices, mmldaoret hi nner ,
gate-induced drain | eakage (A DL) currents degrade the performance of
these deaticdalyto 4 ineth@l &l reducinpgaddts ndecd Diaif Leddage(GIDE)) cahelge of the
total sub-threshold | eakage current. The G DL currents are due to

el ect r ongeléctiodly iftfea¥ing cloctHcdd 2816 okid fknBE onlyGn iHGaRARAIH 6Yérap R0 as

a
result of excessive band bending in the gate/drain overlap "region. As

these sefnfNHtfEbRtatIR Y BRBratdRieuiflown, the layer thickness of the gate
oxi de must continue to be reduced 1n order to provide for suitable gate

cont ol over g, pBHOHLREAIBlLAEHAs A s of RRIABESAT I ed, Boche

f:
channel and sourcgﬁféral n regrons nmust’ 1 ncrease to | nprove pung‘hcthrough

Chat by hEESEORIN MBS GRIC Al BRer R Brinmbior MOSEBTS e arai n
bendi ng' STHFOHBHBCFOBUEE 131 e Bie sy P RS CLREedeVEss ot fn-
provi di ngxi?t. SS?n%le %1% c‘f'u‘i‘é.ﬂ driving capability is # function of both source resistance and gate

oxide thickness, better performance in these devices is achievable through thinner gate

oxide and spacer layers. However, it has been observed that as the gate oxide is made

thinner, gate-induced drain leakage (GIDL) currents degrade the performance of these

devices as the GIDL currents become a larger percentage of the total sub-threshold

leakage current. The GIDL currents are due to. electrons from the valence band tunneling

to the conduction band as a result of excessive band bending in the gate/drain overlap

region. As these semiconductor devices scale down, the layer thickness of the gate oxide

must continue to be reduced in order to provide for suitable gate contro} over the

sub-threshold region. Also, doping density in the channe! and source/drain regions must

increase to improve punch through characteristics and increase drives. Unfortunately, it

has been observed that by increasing the doping density in the channel and source/drain

regions, the surface electric field also increases, resulting in more band bending and hence,

even more GIDL current. Thus, difficulties exist in providing a scaled down

semiconductor device having a suitable balance between high current driving capability

' and low GIDL current.



sem conduct or device having a suitabl e bal ance between hi gh current
driving capability and low G DL current. -2 One approach for reducing

G DL currents involves symretrical oxidation in order to provide a thick
gate oxide only in the regions of the gate-source and gate-drain overl ap.
The thick gate oxide in the gate-drain region reduces G DL. However,
having a thick gate oxide in the gate-2source region increases source
resi stance, which in turn, reduces the current driving capability of the
devi ce. Anot her approach is disclosed by U S. Patent 5,684,317 to Hwang,

who teaches One sipraciafor Fdan@GIDIEUrRi® invoRey syntinduidil SadftioR irfdrler’ €01 ON i N

order to reduce G DL current wthout increasing source resistance. The

mat eri al d HbEHeefhckPatelRRIcDNlyHE the F0pRIns bPthe Q&e@@&&-mdrgw@eﬂ 1s

i ncreased by inplanting an oxidation accel erating material, such as

hlori ‘ : _ . hi : I :
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th id LR . - ' ' f than th i ni
por t 1 ons £k YR bt st o noBresEeReitn i, pPBh B Flpiee g
t hi ckness_ of &rpe oxi de..| a¥§{q In the gate-drain regi on hanpers current
drives of Tepbdryipgsptalityof thgge

4f%o0 cause increased stress in the active
area near the overlap regign_due tq volune expansi on. Accordingly, a need

exists for a AhEAPYoYH SEsRsehRILE Sobatent vi6843 hatpitiwang, whateashey gate oxi de
with inproved el ectrical performance which overcones the disadvantages of
t he pri oforming a thigk oxidedayeralyde die satevirainregion in erdente raduek GIDLf aentc at i on
shoul d be cost effective and manufacturabl e, should be easily integrated
i nt o an wxthent inweasipg soweegedistange. Ehednatérmalithtbkness ofthgnxifi¢ lapertih theignler ease t he
cycle tinme of the process flow. The present invention provides a nethod by
whi ch fi ddath refibe istin¢reasedbysitnplantiuig=h)oxidation accelerating material, such as chlorine

or fluorine, to physically grow a thicker gate oxide layer in thatregion. Due to the

presence of the oxidation accelerating material, the oxide layer in the gate-drain region

grows faster than the remaining portions on the substrate. However, having an increased

material thickness of the oxide layer in the gate-drain region hampers current drives of the

transistor and also cause increased stress in the active area near the overlap region due to

volume expansion.

Accordingly, a need exists for a scaled-down semiconductor device having a

thinner gate oxide with improved electrical performance which overcomes the

disadvantages of the prior art. The semiconductor device and its method of fabrication

should be cost effective and manufacturable, should be easily integrated into an existing

process flow, and should not significantly increase the cycle time of the process flow.

The present invention provides a method by which field effect transistor (FET)

devices are produced having lower gate induced drain leakage (GIDLs) than FET devices

with a similarly thick gate oxide layer formed by conventionally known methods. The

method of the present invention, as explained hereafter, may be used in the fabrication of

all N-chamnel, P-channel, and CMOS FET devices.



devi ces are produced having | ower gate induced drain | eakage (G DLs) than
FET devices wth a simlarly thick gate oxide |ayer formed by
conventionally known nethods. The nethod of the present invention, as
expl ai ned hereafter, may be used in the fabrication of all N-channel,
P-channel , and CMOS FET devices. -3 The nethod of the present invention
enpl oys a non-orthogonal ion inplant pBocess by which the gate-oxide

| ayer in the gate-drain overlap region of a FET device is selectively
doped with fluorine or chlorine ions. The dosage of the ion inplant is
such that t HEhd methabofthpreshl inventinicéngieys s doh@rthedoasltion @plant fabks oxi de

t hi ckness near the gate- source/drain coners, thereby |owering the

di el ect r bg whith Hepate-XidelIRr BrhEgdldEia ovérkiredith dAHFEERLR: i 2 N overlap
region without actual thickness growh to the ion doped gate-oxide |ayer.
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electrical fie even a slight reduction i e rrca d results
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fabrication processes w tion, lowers the
effective surface ele i.cal field i.n the overl regi on, .and t hereby

i ni ni zegoufﬁ%ﬁ? ROPEY 4R y?@@%é%e#‘ﬂ"fhﬁ%wﬂﬁt&téﬁ&ei @é’ﬁ{%ﬂfﬁq‘g acti ced.
The met ho f.the present .inventi may be | oyed, i n_ any FET device

whi ch isgggfg?t”e?}ﬂl TeE10p Wiheyt 2ol hiekmets.groryth 1 theon dgped 24e9%de i de | ayer .
The net h%gi' of .the present invention may be practiced upon N-MOSSET

devi ces WWehiSince iR Asexpgnentially dependent on thei magnitylerof thesurtacaeledricalo Dynani ¢
Random Access Menory (DRAM integrated circuits, Static Random Access
Menory ( Srdngven aslight eaduetiopiin tha eleetricatfisld apsulis mragigimaticatductirda@IRhl y  Menory
(EPROM, and Application Specific Integrated Crcuits (ASICs). Also, the
met hod ofAcchrdinglye swplenientimgxixisting REE fabricatidn gropessesakitt the methodlofithy be
practiced upon P- MOSFET and CMOS devices within integrated circuits, as

t he pr ocemset investjyn| jooatsithe ¢ffectiveasurface electrical field in the overlap region, and

thereby minimizes GIDL in FET devices wherein the present invention is practiced.

The method of the present invention may be employed in any FET device which is
susceptible to increased GIDLs due to a ‘thin’ gate oxide layer. The method of the present
invention may be practiced upon N-MOSFET devices within integrated circuits including
but not limited to Dynamic Random Access Memory (DRAM) integrated circuits, Static
Random Access Memory (SRAM) integrated circuits, Erasable Programmable Read-Only
Memory (EPROM), and Application Specific Integrated Circunits (ASICs). Also, the
method of the present invention has broad applicability and may be practiced upon P-
MOSFET and CMOS devices within integrated circuits, as the process is applicable to the
fabrication of those devices.

In accordance with one aspect of the present invention, provided is a circuit
structure comprising a semiconductor layer; an oxide layer formed on the semiconductor
layer; a polysilicon layer formed on the oxide layer; a gate structure formed from the
polysilicon layer, the gate structure having a defined leading edge; and an overlap region

beneath the gate structure and adjacent the leading edge having a predetermined jon



fabrication of those devices. In accordance with one aspect of the present
I nvention, provided is a circuit structure conprising a sem conductor

| ayer, an oxide layer formed on the, sem conductor |ayer; a polysilicon

| ayer fornmed on the oxide |ayer; a gate structure forned fromthe
polysilicon | ayer,the gate structure rlahv_i ng a defined | eadi ng edge; and an
overlap region beneath the gate structure and adj acent the |eadi ng edge
having a predeternmned ion 4 inplant concentration, the predeterm ned

i mpl ant concentration is sufficient to increase . the electrical gate oxide
t hi cknes & t%%o@ew&tw¢@@%@%°mm%éﬂﬂ%§$ect of the
present invention, provided is a nmethod for fabricating a structure on a
sen condtheelsetricalgate axislethicksiessgn theoverlapgegion: forning an  oxi de | ayer on a
sem conductor |ayer; formng a polysilicon |ayer on the oxide |ayer;
pat t erni ng t hie ageardanice with anditizey espeétiof the pregent inventioncprovidediaw method def i ned

| eadi ng edge, and to expose the oxide |layer; and inplanting ions into the
oxi de | afoefabsicating actrectimpnasgnsodubeniapdrivomprsinpathe stegisrof ftrmig aand adj acent
the defined | eading edge to a predetermned ion inplant concentration

whi ch i sosité faiyéri ot seintcohdueton fuyer; foiinglagelysilical lagirbe theokide 1dyi; ckness  only
In the overlap region wthout thickness growth of the oxide |ayer, the

i ons bei paiterdi ap&@ﬁiﬁedn1aye£ink6ag’>dw§u;%ctwha%Fla@eﬂ{eaheaaﬁg plape of the

sem conductor Tayer. In accordance with still another aspect of the
present | ' ;ngﬁﬁl . . ' .nduced Drain
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only 1n the overlap region out thickness gro of the oxide layer, thelons being

implanted at a tilt angle non-orthogonal to the plane of the semiconductor layer.

[ —l»}

In accordance with still another aspect of the present invention, provided is a
method of reducing Gate Induced Drain Leakage (GIDL) current within Field Effect
Transistors (FETs) comprising the steps of: forming on a semiconductor substrate a field
effect transistor structure comprising a gate oxide layer, a gate electrode on the gate oxide
layer and two source/drain regions formed within the semiconductor substrate; annealing
the semiconductor substrate; implanting ions inio the gate oxide layer beneath the gate
electrode and adjacent the drain region, which defines an overlap region, to a
predetermined ion implant concentration which is sufficient to increase electrical gate
oxide thickness only in the overlap region, the ions being implanted at a tilt angle
pon-orthogonal to the plane of the semiconductor substrate; and completing the fabrication
of the semiconductor substrate.

An object of the present invention is to provide a method of reducing gate induced
drain leakage current by selectively increasing the electrical gate oxide thickness only in

the gate/drain overlap region during the fabrication of integrated circuits.



el ectrode and adjacent the drain region, which defines an overlap region,
to a predetermned ion inplant concentration which is sufficient to
increase electrical gate oxide thickness only in the overlap region, the
ions being inplanted at a tilt angle non-orthogonal to the plane of the
sem conductor substrate; and conpleting the fabrication of the

sem conduct or substrate. An object of the present invention is to provide
a nmet hod of reducing gate induced drain {gakage current by selectively
increasing the electrical gate oxide thickness only in the gateldrain
overlap region during the fabrication of integrated circuits. 5 Another

obj ect of the inyek MedtSf i 1nWe9Mbrgﬁ 1@ proRiid hardiirall folevidaash fopr
fabricating integratedcircuits which will result in reduced gate i nduced
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fully in the cou oW ng |scu55|on enaﬁ%cally
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circuit device torne seRi con sub onven I ona
processes H t he prior. art FI GS. 2A through ZC |IIustrate process steps
in fabricafq!9y 88 $57%°'%%r ucture in accordance with an aspect of the

present inventi FI GS.. 3A through 3E, sch matical | |IIu rate a
series of cros sl(3 &‘—3(,1? F ﬁﬁ’l““’“r“éfﬂ@'ésgéﬁf qESTBHSE6H ei*’quﬂk‘?t?%'taepﬂrﬂgl
progressive stages _in conpleting the fabrlcatlon of a _FET device in
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nunerals refer to the sane parts through the various figure enbodi nents.
FIG | is Bpcesseyefthapiofiifof a portion of a partially conpleted FET device

2, which
FIGS. 2A through 2C illustrate process steps in fabricating a gate structure in

accordance with an aspect of the present invention; and

FIGS. 3A through 3E, schematically illustrate a series of cross-sectional
reprgsentations which illustrate the progressive stages in completing the fabrication of a
FET device in accordance with a process of the present invention.

The same reference numerals refer to the same paits tﬁough the various figure
embodiments.

FIG. 1 is an illustration of a portion of a partially completed FET device 2, which
can be formed by any known conventional method. As an example, and generally
speaking, the FET device 2 is manufactured by the known local oxidation of silicon
(LOCOS) process where portions of a semiconductor layer or substrate 10, through a
lithographic mask, are oxidized to form field isolation regions 12. Field isolation regions
12 define active device regions and provide lateral isolation between adjacent devices also
formed by the same mask in and on the surface of the substrate 10. For the sake of clarity,
the field isolation regions 12 between devices have been only partially shown. -
Additionally, the formation of the lithographic mask is done by conventional lithography
and etching techniques. It is to be appreciated that substrate 10 may be one or more

semiconductor layers or structures, which includes active and operable portions of



can be forned by any known conventional nethod. As an exanple, and
generally speaking, the FET device 2 is manufactured by the known | ocal
oxi dation of silicon (LOCOS) process where portions of a sem conductor

| ayer or substrate 10, through a |ithographic mask, are oxidized to form
field isolation regions 12. Field isolation regions 12 define active
device regions and provide lateral isolatipon between adjacent devices also
formed by the sane mask in and on the surface of the substrate 10. For the
sake of clarity, the field isolation regions 12 between devices have been

only partially shown. Additionally, the formation of the |ift. phi c
mask is doﬁ@ﬂ%yn%wyéﬁ‘flf-‘%n‘aﬁV%@Pﬁ%%ﬂaawce"gﬂao'& E‘ﬂ?%&"‘faé‘g %]:a}d ég{l@it isto
be appreciated that substrate 10 nay be one or nore .senLconductordIayers
“or st ruct uvesouswistaliographia @asntatienisvit RrrdeTaY ¥y e PESHY IR YEGHEn tiPragice

sem conduct or devices, of various dopant concentrations, either dopant
polarity, apen ¥aiticausnchysbaliteytxydalneraphicarienrEon-ginrthes eMEF 815 v, t he
present invention is practiced wupon a silicon structure having a 100
cryst al | ographisere applRt=ghdlyns el Fortolte and P nerdacetvharied d¢\0egsr ©F SFPIY e
equally well to both N and P surface-channel devices, for-brevity we

present t hgr&esahdéasboMISHETFEE e cies oy yTheTheceps sowelogdis fanBiINGBEE TS or
P- MOSFET. Accordingly, the substrate 10 is p-doped, neaning that the

primary carddcgfang®, thd\RbstHds 10 Rtpedoptl), méaningpisitid proharichers ofith@sWSSFET
devices, the first conductivity type is "negative" due to the n-doped

substrate Rauidgshoot Kas 1aP-MDSFETidBRES, tarfirtenaductibite typkos fricgatitdie
isolation regions 12, a dielectric |layer or gate oxide layer 14 is forned

upon the clganegle Adp¥s siRihie BaviRPbeitfondhs thaprisisbgtareies. 10 by ther mal
oxidation, as 1s conventional in the art. Next, a gate el ectrode 16

conprom sed of Ak Roriiit Hnd Meedion PEidSI1R] £OBleb@y 8iyet 8r & deidedayeetid pon

the gate oxide layer 14 by a known nethod such as
formed upon the cleaned active device regions of the substrate 10 by thermal oxidation, as
is conventional in the art. Next, a gate electrode 16 comprised of an in-situ doped
polysilicon layer 18 is deposited upon the gate oxide layer 14 by a known method such as
low pressure chemical vapor deposition (LPCVD), plasma enhanced chemical vapor
deposition (PECVD), or physical vapor deposition (PVD). The polysilicon layer 18is
etched, as is conventional in the art, to provide a desired pattern for the gate electrode 16
within the active region of the substrate 10. Although the thickness of the gate oxide layer
14 is preferably about 20A to about 804, because gate oxide thickness (tox) depends on its
technology node, it is believed that the method of the present invention is useful with any
technology node where thinner gate oxides layers are required. Additionally, and also
dependent on the technology node, for the preferred embodiment of the pre'sent invention,
the total thickness of the polysilicon layer 18 and the gate electrode 16 patterned from the
highly doped polysilicon layer is preferably about 200A to about 1000A .

Generally, although not necessary for the practice of the invention, further

materials may be deposited to form additional matenal layers upon the polysilicon layer

18 of the gate electrode 16. The typical matenials of these layers include metals, metal



| ow pressure chem cal vapor deposition (LPCVD), plasnma enhanced chem cal
vapor deposition (PECVD), or physical vapor deposition (PVD). The
polysilicon layer 18 is etched, as is conventional in the art, to provide
a desired pattern for the gate electrodelé wthin the active region of

t he substrate 10. Although the thickness of the gate oxide layer 14 is
preferably about 20A to about 80A, because gate oxide thickness (t.,,)
depends on its technology node, it is believed that the nmethod of the
present invention is useful with any technology node where thinner gate

oxi des |l ayers are required., Additionall n : . t he
technologyﬂhﬂaévﬁﬁb?WFﬁ@obF@F@PPéﬁggﬁﬁB%Pﬂ@ﬁ@e%¢%ﬁﬁg£§@§ggﬁ$hrﬁ§%ntion
the total thickness of the polysilison. |layer 17 and gq%zggtefg%gﬁ&%ode 16
pat t er ned Stacks), whish ang ered yiddReRPIRREYR ITRIESHIE SlRsPca Lok isabBRY §f About
200A to about 1000A . Generally, although not necessary far k?ﬁﬁpractice
of the i nvdavideorin a preférredrembedinmeant. alrelatiegly Han hypiodittapup sipde ditional
material |ayers upon the polysilicon |layer 18 of the gate el ectrqde 16.
The typi cadeptitedronahspdafsitidvedayer 4§ br form pdaurs layet 3-sTh ¢r layer 2043 s,

hi ghly doped polysilicon, silicides, and polycides (polysilicon/netal
silicide @basleskstedits b nagsen 68 layet 22 blremplatpbs dormatiphpf Bigegathe

el ectrical characteristics of the device. In a preferred enbodi nent, a
rel ativel yeibdtidliehgyer of titaniumnitride (TiN) is deposited on the
polysilicon layer 18 to forma barrier layer 20. The barrier layer 20 is

t hen bl anket ed Wk tdanan FIGHShaRrobYY 2C Aykith génetdlyGtingstast the prasessostenatiit on  of
the gate electrode 16. As seen in FIGS. 2A through 2C, which generally

i 11 ustrat egiRe. iz AGRESsHSLRRSInIabeordaabe vithtabagpeat giahe pebent civgnton.nhe gate
accordance wth an aspect of the present invention, the gate oxide |ayer

14 i'S gr owp;04/be 458 Bicuaishust beticondiasti veastubstizde 1 (pedfembly aysibcmi subgone,

substrate,
by thermal oxidation. A polysilicon layer is deposited on the oxide layer 14, and patierned
using a photoetching process to form a gate structure 15. The surface of the gate structure
15 v»;hich contacts the gate oxide 14 has a leading edge 17. Next, as shown in F1G. 2B, a
photoresist layer 23 is provided over the surface of the substrate 10 and patterned to
expose a portion of both the oxide layer 14 and the gate structure 15. Implanting with an
angled, high dose, low energy, ion implant 24 is conducted with conventional equipment
to selectively dope with ions at an overlap region 26 of the oxide layer 14.

As shown in FIG. 2C, the overlap region 26 is beneath the gate structure 15

adjacent its leading edge 17. The ion implant 24 is preferably fluorine, and alternatively,
may be chlorine or any other icn that lowers the dielectric constant of the oxide Jayer 14.
In the preferred embodiment, the fluorine ions are implanted at: (1) a tilt angle of from
about 5 to about 15 degrees from an axis orthogonal to the plane of the substrate 10, (2) an
jon implantation dose of from about 1E13 to about 1E14 atoms per square centimeter, and
(3) an ion implantation energy of from about 10 KeV to about 20 KeV. Although, the

preferred range to the angle of ion implantation is about 5 degrees to about 15 degrees, it

is to be appreciated that the ion implant angle depends on the stack height of tbe gate



by thermal oxidation. A polysilicon |ayer is deposited on the oxide |ayer
14, and patterned wusing a photoetching process to forma gate structure
15. The surface of the gate structure 15 which contacts the gate oxide 14
has a | eading edge 17. Next, as shown in FIG 2B, a photoresist |ayer 23
is provided over the surface of the substrate 10 and patterned to expose
a portion of both the oxide layer 14 and the gate structure 15. Inplanting
with an angled, high dose, |ow energy, idnm inplant 24 is conducted with
conventional equipnment to selectively dope with ions at an overlap region
26 of the oxide layer 14. As shown in FIG 2C, the overlap region 26 is

beneat h t hgngate 15t Itiloweappraciaedjiac tmtlanting df dedilungine dgeimplant PAds i on
inplant 24 is preferably fluorine, and alternatively, may be chlorine or

any ot her {,0n:chh@hndiPWBFSededdgotiigicantativs oLavst 218 abmt ber cbictentiager 14.
In the prefaerred enbodi nent, the fluorine ions are inplanted at: (1) a
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t he pl ane #he " stib

0 strate 10, (2) an 1ion inplantation dose of from about
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preferred ra to the angle.of i. inplantation is about 5 degrees to
about 15 d%’aa'gg’ er j4neaf @'et%b’erf)ag § ggeci ated that the ion inplant angle

depends on the 3t %ngﬁﬁﬁgzgimbﬂée g?gtgreg stﬁB)IFelﬂ 6% ll’él’ﬁ?\;]eﬁ dclfiné & tho be

apprgaciatedtha3 _ _ uortne 1on i nplant Is tailored to
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relectr] Catl'angg:gtieonoo)%it}%es:;arr}ipoinggcnﬁ%g%ulins?ratte 8 rr?sg"ecl;)lrlggue to complete circuit devices.
One such device that can be formed by the processes of the present invention is a
ﬁe]ci effect transistor. The fabrication of the FET device is shown by FIGS. 3A through 3D
which schematically illustrated a series of cross-sectional representations of the
progressive stages. FIG. 3A starts with the partially completed FET device 2, formed in
accordance with (but not necessarily) the prior art methods discussed in regards to FIG. 1.
Prior to conducting ion implanting of the ion implant 24 at the overlap region 26, as
previously explained above with regards to FIGS. 2A through 2C, a short reoxidation 1s
performed on the substrate 10. Several methods may be used to reoxidize or anneal the
semiconductor substrate 10 including but not limited to thermal methods, Rapid Thermal
Processing (RTP) methods, and laser assisted processing methods. For the preferred
embodiment of the present invention, the substrate 10 is annealed through a thermal

method at a temperature of about 800 to about 900 degrees centigrade for a time peried of

about 10 to about 15 minutes.
After the above short reoxidation period, ion implanting of the ion implant 24 is

conducted with conventional equipment to selectively dope with ions at the overlap region



region 26 without physically growing or increasing t,,,, of the oxide

| ayer 14 as in prior art nmethods. Accordingly, with the gate structure
formed by the present invention, further fabrication of the

sem conductive substrate 10 may continue to conplete circuit devices. One
such device that can be forned by the processes of the present invention
is a field effect transistor. The fabrication of the FET device is shown
by FIGS. 3A through 3D which schematical-I% illustrated a series of
cross-sectional representations of the progressive stages. FIG 3A starts
with the partially conpleted FET device 2, formed in accordance with (but

not necessg¢ g“@ gEt@ R{el }sterqatanm{e%?@ilid&rsﬁytﬁsefbﬂtm gaegfedded 6FIAG 1.

Prior to conducti’ng fon i lanting of the lon inplant 24 at the overlap
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may be used to. reoxidize or annea USRI Oy hat
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RTP t hod d.| d
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a thermal nethod at a tenperature of about 80 t rees
cent i gr adeimpant24;ip RO P SHIB AN 1SN TRYY 0&} %ul}ﬁ E?EQHMSJ% 2 Cgﬁ fter t he

above short reoxidation period, ion.i Iantln of t.h 0 4 1is
conduct ed V\ﬁ!ttm%?fri’&&ﬁt&a%%ﬂly’ééfﬁT%Hjéh’E‘g‘??feQETeégkﬁa\/ee‘Tle&é’gegﬁvz\ln 8?}3%% at the
overlap region 9 26 of the gate-oxide I er 14 and Sil yer
18 of the duirregicad0pofRoPg. th%sateﬁ@f'b?"é ﬁé“’f‘&ﬁ 9 HB? %{ﬁfe CPEEeﬁ?rg?Jé'?am y
fluorine, and alternatively, may be chloringe or any. ion that | ower s
the diel ecEfrlﬁ@l%bfrfé‘leﬁrﬂows)tth%d‘@]&‘f@cGR‘FSEPé“ P'g%gatiﬂ g, ef[oﬂ Xl y, what is
inportant is that for a typical FET device 2, th ,[ ferred 1P tlng of
the fl uori neerdaprregionBé.camd thup ingreasas her Sectpen! &1t 87‘ ‘iiﬂﬁssc'Bﬁlz: ‘{ef aFi on of

about 1E18 atons per cubic i ) .
region 26 without physically growing a thicker gate oxide layer 24 as in prior art methods.

As illustrated in FIGS. 3B through 3D, the remainder of the fabrication steps
continue in any conventional manner after the above described ion implantation step of
FIG. 3A to complete the FET device 2. As shown by FIG. 3B, further provided on the
FET device 2, adjacent both sides of the gate electrode 16 and extending to the ficld
isolation regions 12, are impurity diffusion regions consisting of a source region 28a and
drain region 28b. The edges of source/drain regions 282 and 28b adjacent the gate
electrode 16 define a channel region 29 at the surface of the substrate 10. The
source/drain regions 28a and 28b are typically formed in a two-stage implantation process
with an impurity dopant material to form a lightly doped drain (LDD) and then a heavily
doped dra2in(HDD). If the impurity dopant material used for forming the source/drain
regions 28a and 28b is n-type, where electrons are used in the source/drain regions as the
primary carriers, then the resulting MOSFET is an N-MOSFET ("n-channel") transistor
device. For example, arsenic or phosphorus at a dose of between about 2E15 to about
SE15 atoms per square centimeter and with an energy of between about 5KeV to about

15KeV may be used to produce the n-channel doped drain 28a and 28b. Conversely, if the



centinmeter at the gate-poly/gate -oxide interface beneath gate el ectrode
16 adjacent the drain region 30b. Doping the gate-drain overlap region 26
to this prefer-red concentration selectively alters (lowers) the
dielectric constant of the gate oxide |layer 14 near the overlap region
26, and thus increases the "electrical gate oxide" thickness in the
overlap region 26 without physically growing a thicker gate oxide |ayer
24 as in prior art nethods. As illustrated§n FIGS. 3B through 3D, the
remai nder of the fabrication steps continue in any conventional manner
after the, above described Jon inplantation step of FIG 3A to conplete
the FET dewjGReRraifdos it iEpGypes3Bherk iblebé thpsoauteed baintregions&¢ devi ce
2, adjacent both sides of the gate el ectrode 16 and extending to the field
| sol ation regy §hthe gﬁglaar SrdidR UhdntHe Flsb1iMES MITSFEITHs @IPSMOSFETS(! p-oBartiel )

source region drain region 28b. The edges of source/drain regions
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arseni ¢ or phosphorus at a dose ween about 5 atons
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hol es the source and drain regions are used as the primary carriers, then

t he resul tithgswmsabytratg 1§ p- MOSFET (" p-channel ") transistor device. For
exanpl e, boron di-flouride at a dose if betg%gg gg%yt 2E1

In forming the source/dram regions 28a an 10n lmpém{a?lon is made

using the gate electrode 16 and the field isolation regions 12 to mask the substrate, in order
to form the more lightly doped portions of LDD source/drain regions 30a and 30b.
Generally, although not necessary for the practice if the invention, as shown by FIG. 3C,
provided on both sides of the gate electrode 16 are electrode spacers 32. The electrode
spacers 32 may be formed from matenals including but not limited to insulating maternals
such as silicon oxides, silicon nitrides and silicon oxynitmndes. Vanious processes are used
to form electrode spacers 32. Such processes include Reactive Jon Etch (RIE), and the
above mentioned material deposition methods. Typically, electrode spacers 32 are formed
by depositing an oxide film, such as tetraethoxysilane (TEOS) oxide at between about 600
to about 720 degrees centigrade to a thickness of between about 300 A to about 700 A A
second ion implantation is performed to complete the source/drain regions 28a and 28b
with HDD source/drain regions 34a and 34b. In the illustrated FET device 2, the
source/drain regions 28a and 28b may be doped with any n-type or p-type dopant or
combinations of different n-type dopants or p-type dopants might be used to achieve

different diffusion profiles. Further, it is to be appreciated that the angled ion implantation



about 5E15 atons per squared centineter and with an energy of between
about 1'0KeV to about 25 KeV may be used to produce the p-channel doped
drain 28a and 28b. If FET device 2 is formed with a conbination of

n- cbannel and p-channel transistors on the sane substrate 10, then the
resulting MOSFET is a conplenentary FET (CMOS), and may conprise of a
plurality of NNMOSFETs and a plurality of conplinentary P-MOSFETs on the
sanme substrate 10. In form ng the source/-diain regi ons 28a and 28b, a
first ion inplantation is nade using the gate electrode 16 and the field
isolation regions 12 to nmask the substrate, in order to formthe nore

lightly dogg}cj BN 005 AlerdibR i8Q46€/cHhilaibe ct et onsat3Nia stapgelindBe fabrication
Generally, a thoud% not necessary for the practice if the invention, as
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to about 720 degrees centigrade to t.hi ckne f t ut 300 Ato
about 700 As bgforgdbparpsebipg ?‘ﬁtﬁ? SOHSS T YR TR By 9816(} ?ébdr‘f‘@g@lg%?r%l ete the

source/drain regions 283 and 28b | t h&ﬁ%sou e/ dr ai i gé% and
& d d
34b. In t h@cmmwwch%@lahmﬂaéW%mZ; E‘flﬂ %’8&‘5 &Ofa%sgﬁgﬁ“?i’gr’%‘?‘? a and
28b may be doped with any n-type or g-tﬁgﬁ do Q£ or gpghgégg'%ns of
di fferent raseypesistrdpasthedsoforhe Rrptergd FRRPY U YH M DRFLLE Y Ae hteve
different diffusion profiles. Further, it is to Qﬁ gﬁﬁ@@ﬁkat%%tﬁggg t he
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could be carried out at this stage in the fabrication ds to form th
degrees centigrade and a time period of about 10 seconds to about 20 seconds to form the
recrystallized source/drain regions 28a and 28b.

Referring now to FIG. 3D, there is shown a cross-sectional schematic diagram
illustrating the last series of process steps in forming a FET in accord with the preferred
embodiment of the present invention. Shown in FIG. 3D are patterned interlevel dielectric
layers 36a, 36b and 36¢c. Pattemed interlevel dielectric layers 36a, 36b and 36¢ are formed
by pattemning through photolithographic and etching methods as are known in the art of a
blanket interlevel dielectric layer formed upon the 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 36a, 36b and 36¢ are formed through patterning via photolithographic and

etching methods as are known in the art of a blanket interlevel dielectnic Jayer formed



of the FET device 2, as there are no apparent advantages or di sadvant age
in performng this step before or after the formation of either the LDD,
t he spacers, or even the HDD. Subsequent to form ng the source/drain
regions 28a and 28b into substrate 10, substrate 10 is once again
annealed to recrystallize the source/drain regions 24a and 24b. As
before, the annealing of the source/drain regions 28a and 28b may al so be
acconpl i shed through thermal nethods, Rapild -Thermal Processing (RTP)

nmet hods, and |aser assisted nethods. For the preferred enbodi nent of the
present invention, the sem conductor substrate is annealed RTP at a

t enper at ur g a 3ipRM 0 B8O nz@riaDepbsidQPon tegrewstecinhiogglaad€hemirah Viapaie
period of about 10 seconds to about 20 seconds to formthe recrystallized

sour ce/ dr aif b aAbONEy B froRAd RldyifgefeBBRg Ordie Silkafl (BECSPas teserdes shown
chefratic [
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of the source/drain regions 28a and 28b, respectively. The conductive contact studs 38a
and 38b are conventional to the ait and 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 CVD methods.
For the preferred embodiment of the present invention, the conductive contact studs 38a
and 38b are preferably formed from a thin titanium nitride barrier layer of thickness from
about 200 to about 1000 angstroms upon which is formed a thicker conductive tungsten
layer. The tungsten layer is of sufficient thickness to completely fill the apertures within
the interlevel dielectric layers 36a, 36b and 36c¢.

Upon forming the conductive contact studs 38a and 38b within the patierned
interlevel dielectric layers 36a, 36b and 36c, there is formed an FET device 2 of the
preferred embodiment of the present invention within an integrated circuit, which has a
reduced GIDL over conventional FET devices of similar design. It is to be appreciated

that the method of the present invention has advantages over prior art methods in that it



- 12 froma silicon oxide material deposited upon the substrate 10 through
a Chem cal Vapor Deposition (CVD) process enploying Tetra Ethyl Otho
Silicate (TECS) as the source naterial. Although insulating |ayers forned
t hrough other methods and materials may al so be enployed, the preferred
met hod and material provide a sinple and well known process conventional
inthe art. The bottons of the apertures between the patterned interlevel
dielectric layers 36a and 36b and the paftdrned interlevel dielectric

| ayers 36b and 36¢c are etched through the gate oxide |layer 14 to expose
surfaces of the sourceldrain regions 28a and 28b, respectiyvely,

Conduct i ve reaésGIDIstutsts3dthoahebragbmisigiogtsr devdcedarmstensicesdpesPvdrydi nt o
the apertures between the patterned interlevel dielectric |ayers 36a and
36b and t hgripat heedeidgiynihe nbe\eiictritiabfier proidecet Ry dhesarpbpationdf JBrmethododct

t he exposed surfaces of the source/drain regions 28a and 28b,

respecti vely o JRgt o hilyds fABRALof gitu dsid8 tiBekneaer S8inardecBmderr i onal
to the art and may be formed from conductive materials including but not

limted toeta c%’ g[e&%t‘:@'ﬂes.ahl:&%&n@'?glh@ﬁio}&is bf ¢eindapastinds uspdin any
sem conductor substrate through nethods including, but not limted to,
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and CVD ne red enbodi ment of the present invention,

t he conductlyy, c€$§ and 38b are preferably fornmed froma
thin ti tanitSWi H@glt’ Sefpmiife

arrier layer of thickness from about 200 to about

1000 angstroms wpon i) Cﬁ}lé.ﬁﬁ 5 BHesd dildhie KRlcnOBSHISiNEa tdtgahdIRtorl ayer .
The tungsten layer “is*of "sufficient thickness to conpletely fill the

apertures Wi Lh 0. d 1Bk BLGHL BYE Mt GhERIN0E naXersh G asmidbuand 167 10 Upon

formng th I Ve can u a and 38b wthin the patterned

interl | dielectric | 3 e juSto idnkate
nterl evel .dielectric g%é§%§#8§35“§§ggﬁpg§ﬁ§pm thEEEndustol VEEED A

devi ce 2 of2VRR 2 SRYET & i men e present invention within an

i ntegrated d%lperdcxlilr%tﬁ B ﬁ‘{‘é‘}'cgrbdu@g\s,itﬁtype dopant 37a, a channet region 29 located between the

sonrce/drain regions 28a and 28b, a gate oxide layer 142 located on a surface of the
chax'mel region 29, and a gate electrode 16a located on the gate oxide layer 14a. The
portion of the gate oxide layer 14z, which is beneath the gate clectroc_!c 16a and adjacent
the drain region 28b and which defines an overlap region 26a, has an ion implant
concentration which is effective to lower the surface electrical field in the overlap region
26a. A second-type dopant MOS transistor 2b, which is complementary to the furst |
dopant-type MOS transistor 2a, is situated on the semiconductor layer 10 and includes a
second gate oxide layer 14b, two complementary source/drain regions 28c and 28d, which
are doped with a second conductivity-type dopant 37b, and a2 complementary gate
electrode 16b located on the second gate oxide layer 14b. Additionally, a portion of the
second gate oxide layer 14b, which is beneath the complimentary gate electrode 16b and
adjacent the complimentary drain region 28d and which defines a second overlap region
26b, has an ion implant concentration which is effective to lower the surface electrical

field in the second overlap region 26b. Preferably, the ion implant concentration is about

1E18 atoms per cubic centimeter of fluorine.



reduced G DL over conventional FET devices of simlar design. It is to be
appreciated that the nmethod of the present invention has advantages over
prior art nmethods in that it - 13 reduces G DL currents w thout
conprom si ng ot her device characteristics |like sub-vt and drives.
Accordingly, the new electrical flow produced by the application of the
nmet hod of the present invention allows reduction of gate oxide thickness
per scaling rules for deep subm cron geonetries. Accordingly, the Process
of the invention can be used in any double (or nore) polysilicon process
for making such integrated circuit device$das DRAM SRAM EPROM ASIC or
the like. For exanple, FIG 3E illustrates a circuit structure conprising
a sem conductor layer 10 and a first dopant-type MOS transistor 2a
situated on theHsang Ganaesciibed thapesent hvehtiorn ingenilsiod by eeferegrote etersdd a
drain region 28b in the sem conductor |ayer 10 which are doped with a

first condembbdiineds iRRf,dPRATe spparenttheiincifitatioagimivazidtibmcat pdssitde ween
the source/drain regions 28a and 28b, a gate oxide |ayer 14a |l ocated on a

surface of ﬁ;ﬁ{}ﬁfﬁ AnfeRidietiRl arthe aggenlib@ clagaat ed on the
gate oxi dewFlg‘guetrdg a T%&%p%? %%fr}ho?gtﬁe gate oxide layer 14a, which is
beneath the gate el ectrode 16a and adjacent the drain region 28b and

whi ch defines an overlap region 26a, has an ion inplant concentration
which is effective to |lower the surface electrical field in the overlap
region 26a. A second-type dopant MOS transistor 2b, which is
conplenentary to the first dopant-type MOS transistor 2a, is situated on
t he sem conductor layer 10 and includes a second gate oxide |ayer 14b,
two conpl enentary source/drain regions 28c and 28d, which are doped with
a second conductivity-type dopant 37b, and a conplenentary gate el ectrode
16b | ocated on the second gate oxide |ayer 14b. Additionally, a portion of
the second gate oxide |ayer 14b, which is beneath the conplinentary gate
el ectrode 16b and



adj acent the conplinentary drain region 28d and which defines a second
“overlap region 26b, has an ion inplant concentration which is effective
to lower the surface electrical field in the second overlap region 26b.
Preferably, the lon Inplant concentration is about 1E18 atons per cubic
centineter of fluorine. -14 Having thus- Hescribed the present invention in
detail and by reference to preferred enbodinents thereof, it will be
apparent that nodifications and variations are possible wthout departing
fromthe scope of the invention defaped in the appended clainms. -15
CLAIMS | . Acircuit structure conprising: a sem conductor |ayer; an

oxi de layer fornmed on said.sem conductor |ayer; a gate structure fornmed on
sai d oxildA dispdsTHERIITRP™PRFMAE ned | eadi ng edge; and an overlap region
beneath said gate structure and adj acent said | eadi ng edge having a

pr edet er m nea semicandpttantayemncentrati on of | ess than 1E19 atons/cnB but

hi gher than adjacent oxide |ayer portions, said predeterm ned inplant
concent r at i onbaiRgapeHthingédsd sdidserhioondrse 1byee; el ectrical gate oxide

t hi ckness in said overlap region without an increase in the physical gate

oxide thickness, ] - 3ald (WA ARalEBi0¢1ay hallieg SUeNed leatingadgtearboor di ng
to claiml, Wdrein sard ion is selected fromthe group consisting

chlorine, fluori ng,%? ?F%?(T’ht hegthgs% iga\’%mftffgé{*r ugl{[éggmtsgﬁ ﬂbd&}hggﬂéé Raving

constant of tHR&EVE citcu ure conprisrng” a

sem conduct or | ayer; .
a predeterrmr%ed 1on implant concentration of less than 1 E 19 atoms/cm’ but higher than

adjacent oxide layer portions, said predetermined implant concentration being sufficient to
increase the electrical gate oxide thickness in said overlap region without an increase in

the physical gate oxide thickness in said overlap region.

2 The circuit structure according to claim 1, wherein said ion is selected from the group

consisting chlorine, fluorine, and other ions which can reduce the dielectric constant of the

oxide layer.

3. A circuit structure comprising:

a semiconductor layer;

a source region and a drain region in said serniconductor layer which are hghtly
doped with a first conductivity-type dopant;

a channel region located between said source/drain regions;

a gate oxide layer located on a surface of said channel region; and

a gate electrode located on said gate oxide layer, a portion of said gate oxide Jayer
which is beneath said gate electrode and adjacent said drain region, and which defines an
overlap region, having an ion i'mplant concentration less than 1 E 19 atoms/cm’® but higher

than remaining portions of said oxide layer, said jon implant concentration is effective to



a source region and a drain region in said sem conductor |ayer which are
~lightly doped with a first conductivity-type dopant; a channel region

| ocat ed between said source/drain regions; a gate oxide |layer |ocated on a
surface of said channel region; and a gate electrode | ocated on said gate
oxi de layer, a portion of said gate oxidé&éblayer which is beneath said
gate el ectrode and adjacent said drain region, and which defines an
overlap region, having an ion inplant concentration |less than 1 E 19

at ors/ cpB but hi gher han.-t ini i j hdenl tay sigal d
ion i rrp]oé’fﬁrttjlé%ﬂg Fﬁﬁf%cﬁpﬁgﬁgﬁ i %g{&? 3@ %ég?&i\gglf’%ﬁ{eadrnq?% 5(s;i’eﬁirfac?h;y
electrical field in said overlap region wthout an increase in the

physi cagategaide thickaesstinsef f¥&dan 1¥89%% d overlap region. 4. The circuit
structure according to claim3, wherein said ion inplant concentration is
about 1E18 atoms per cubic centineter. S. The circuit structure according
to claim3, wherein said ion is selected fromthe group consisting

chl ori ng, 1HEUGELASINARE RtORlng BN, siharen sedvadmphet dirsieotration is
constant of the oxide layer. 6. The circuit structure according to claim
3, further including a i r_of: ces adjacent said gate electrode. 7. The
ci rcui tg'é‘i"ftt}%ﬁ&ragmggB%rrcgli%kcgceﬁgm%%g‘l m 3, wherein said gate electrode is '
conprised of polysilicon. 8 The circuit structure according to claim 3,
wherein said gate electrode is a gate stack. 9. The circuit structure
according to claim3, wherein said gate electrode i.s ¢o Lsed.of a |ayer
of pol y$i IThemircuistuenee @FOWE)‘FE’emédFHFt?’Mreﬂnﬁgf@“é%feg%ﬁqg{ih? POIEHE B oup
consisting of netals, netal alloys, highly doped &Olc?{Si licon, sil itc{hdes,
and pol yehgl&ing chiorine, fluorine, and other ions which can reduce the ielectric constant of the

oxide layer.

6. The circuit structure according to claim 3, further including a pair of spaces adjacent

said gate electrode.

7 The circuit structure according to claim 3, wherein said gate electrode is comprised of

polysilicon.
8. The circuit structure according to claim 3, wherein said gate electrode is a gate stack.

9. The circuit structure according to claim 3, wherein said gate electrode is compnsed of a
layer of polysilicon, and one or more additional layers selected from the group consisting
of metals, metal alloys, highly doped polysilicon, silicides, and polycides

(polysilicon/metal silicide stacks).

10. The circuit structure according to claim 3, wherein said gate electrode is compnsed of

a layer of polysilicon, a layer of titanium mitnde deposited on said polysilicon layer, and a



(polysilicon/metal silicide stacks). 10. The circuit structure according
to claim3, wherein said gate electrode is conprised of a |ayer of
polysilicon, a layer of titaniumnitride deposited on said polysilicon

| ayer, and a - 17 | ayer of tungsten depo§j}ed on said titaniumnitride

| ayer. 11. The circuit structure accordihg to claim3, further including a
pair of conductive studs and an interlevel dielectric |ayer provided on
sai d semi conductive |ayer, said interlevel dielectric |ayer have a pair
of t hr olaghber rRfgst@nddpostedbomsaatitangronsrdé layach said pair of conductive
studs, and one of each said pair of conductive studs contacting one of
each said source/drain regions. 12. Acircuit structure conprising:. a
sem conductor |ayer; a first dopant-type MOS transistor is situated on

sai d senj cgnductor | ayer havi.ng: e : i Fta] in
said seht EUYrSEIRES a?/ﬁ‘?f%ﬂgg’r%%nﬁg’;%gﬁ%dlﬁ gfug i rlstlp?:%ﬁjgiggf {lsigtb@'a t ype
dopant ;. a channel region_|ocated between said source/drain.regions, a gate
‘oxi de | anydean inserdavetidislecticlaysrapeeviged aniad éﬁ&ﬁﬁ&‘?‘*ﬁﬂé’ﬁi‘%‘fﬁ,” Sﬁh‘iﬂl erE%‘fea

el ectrode | ocated on said gate oxide layer, a portion of said gate qxide
| ayer Whietdetiislapenteatia psin of tyangheires eachrscominadalng ept okeach 3HLPHT Pegi on,
and which defines an overlap region, having an ion inplant concentration
| ess t hgghducBvd Suat GRE/cRBR{ ekuihtsald givest dohductivershidsicegtapting o of cachssdid
gate oxide layer, said ion inplant concentration is effective to |ower

t he suréqﬁgﬂ@}gg;%ééﬁy field in said overlap region w thout an increase

in the p(f1y5| cal gate oxide thickness in said overlap region; and, a
second-type dopant MOS transistor which is conplenentary to said first
dopant -

12. A circuit structure comprising:

a semiconductor layer,

a first dopant-type MOS transistor is situated on said semiconductor layer having:
a source region and a drain region in said semiconductor layer which are
doped with a first conductivity-type dopant;
a channel region located between said source/drain regions;
a gate oxide layer located on a surface of said channel region; and
a gate electrode located on said gate oxide layer, a portion of said gate
oxide layer which is beneath said gate electrode and adjacent said drain region, and which
defines an overlap region, having an ion implant concentration less than 1 E 19 atoms/cm’®
but higher than remaining portions of said gate oxide layer, said ion implant concentration
is effective to lower the surface electrical field in said overlap region without an increase
in the physical gate oxide thickness in said overlap region; and,
a second-type dopant MOS transistor which is complementary to said first dopant-
type MOS transistor, said second-type dopant MOS transislor is situated on said
semiconductor laver and includes 2 second gate oxide layer, two complementary

source/drain regions which are doped with a second conductivity-type dopant, and a



- type MOS transistor, said second-type dopant MOS transistor is situated on
said sem conductor |ayer and includes a second gate oxide |ayer, two
conpl ementary source/drain regions which are doped with a second
conductivity-type dopant, and a - 18 conplenentary gate el ectrode | ocated
on said second gate oxide layer. 13. The circuit structure according to
claim 12, wherein said ion inplant concentration is about 1 El 8 atons
per cubic centinmeter of an ion sel ected #r-omthe group consisting
chlorine, fluorine, and other ions which can reduce the dielectric
constant of the oxide layer. 14. The circuit structure according to claim
12, wherein a portion i ; t idedaeer Whi ch is beneath
sai d CBHRP?% Wygagea?lg&gfecl ?a(?) e&gﬁaéaggcﬁ)ggcegr?té?éi d gconpl i mentary drain
regi on, and which defines a second overlap region, having an ion inplant
concentration which is effective to |lower the surface electrical field in

said second overlap region. ) . .
13. The circuit structure according to claim 12, wherein said 1on implant concentration is

about 1E18 atoms per cubic centimeter of an ion selected from the group consisting

chlorine, fluorine, and other ions which can reduce the dielectric constant of the oxide

layer.

14. The circuit structure according to claim 12, wherein a portion of said second gate
oxide layer which is beneath said complimentary gate electrode and adjacent said
complimentary drain region, and which defines a second overlap region, having an ion

implant concentration which is effective to lower the surface electrical field in said second

overlap region.



