-1- CRCUT TO REDUCE GATE- | NDUCED DRAI N LEAKAGE (A DL) CURRENT IN THEN
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 gateldrain 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
Metal Oxi de Sem conductor Field Effect Transistors (MOSFETs), are scal ed

down, perfoIREUTE TG RITFUCEIGATEINDDEEDDRAIN KEAKATE ¢6ppp)y | i ties of these
devices ex{yRRENTINCTHI® CQM'EWID’&EM(BWE?@D%' lity is a function of both
oxi de thi

source resistance and gate X ckness, better perfornmance in these
devices is achi evabl e through thinner gate oxide and spacer |ayers.
However, it has been observed that as the gate oxide is nmade thinner,

gate-i nduced drighveRtndiates {6 thL-TabfitHiiof Bf RtedRtidddBuit 8&ides h@pspce of these

devices as the A DL currents becone a | arger percentage of the total
sub-thres ghg r . SP]E lLectrons from
t he valeng% §%®9b§%§gﬁﬁﬁéﬂ dgmg gaggﬁ%ﬁ%¥P%n %%§&§9%§E¥%§ﬁﬁF§of excessive
band bendi ng i n.the gateldrai ver. . . regiaqn, t hese sem conduct or
devi ces s é&ﬁ&“‘ifmf’m qlleé’w %aﬁ‘? %#%Wg?fﬁ%“&ﬁ? Eat?{% OV"'%&eg’(?B ntinue to
be reduced in gorder to provide for suitable gate control over the
sub- t hr esHBriae thefalgication of dntegrated figcWfensi ty in the channel and sourcel drain
regions nust increase to inprove punch through characteristics and increase
drives. Unfort dnthedilyrication of irfegrifed pirqiss @ thegizesefisemicondnstas deviery, ik dopi ng
density in the channel and source/drain regions, the surface electric field
al so i ncr emstate-of-the-aitt Mettel) OxinlerSemécolduntbr Féahdi Effert A reisistorsq®OSEBIB)) areor e G DL
current. Thus, difficulties exist in providing a scaled dow sem conductor
devi ce haviciled down) iptdsiRnddbaacegdeinparutibn drcidp capbilided ofithge dagadi | i ty

exist. Since the current driving capability is a 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 performvance 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 control 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.



and low G DL current. -2- One approach for reducing A DL currents involves
symmetrical oxidation in order to provide a thick gate oxide only in the
regions of the gate-source and gate-drain overlap. The thick gate oxide in
the gate-drain region reduces G DL. However, having a thick gate oxide in

t he gate-source region increases source resistance, which in turn, reduces
the current driving capability of the device. Another approach is disclosed
by U S. Patent 5,684,317 to Hwang, who-fteaches form ng a thick oxide |ayer
only in the gate-drain region in order to reduce G DL current wthout

i ncreasi ng source resistance. The material thickness of the oxide layer in

the gate- dra'@né@ﬂfo%hfo?rédﬁ&ﬁ m%&%nﬁmbﬁeggyﬁ&&ﬁap&hm%mrﬁ&ce' erating

material, such as cthlorine uorine, to physic y grow a thicker gate

oxi de |aygr rbxgd% %gt%ck ggg' ﬁ{é}e Byz[é{h?r{g%%s oPﬁig %ﬁggo%}r faaa ggte-%%(" d(%rerlgp

accel er at It rial® I'nregion - grows
faster th portjans on t S wever_ . havi ng an

i ncreaseda[%ﬁgllgﬁ’gagqoxﬂ @W&é‘ﬁe 35?%%”‘6 uag('fiﬁ; r}gwﬁv‘?"%"ﬁ‘ﬁf’ dbigk ai n region
hanpers current drjves of the_ transistor and al so cause increased stress in
the acti veatapede ndhs saheouBrpargiolinereasPoRuse Eesistnce, highin tasgpteduges fhe
Accordingly, a need exists for a scal ed-down sem conduct or device having a

t hi nner gmnbdd\d@%mbﬂiﬁymﬁﬂﬂodedceel ectrical performance which overcones the
di sadvant ages of the prior art. The sem conductor device and its nethod of
fabrication shmtheat apygroavhdd disddsedhy VS, Bateht 5584,8 Httoltivedn cwhesteavhbsd be easily
integrated into an existing process flow, and should not significantly

increase th@ingcthiek bkid®lagér dnlyan BeQeRsaid 1epitn inl Hrdertb £KIGEE GID1V&ehtON provi des
a nethod by which field effect transistor (FET) devices are produced having

| over  gat Githéi iHf Sduicd regdtage e dichal Eh'i@ﬂes?ﬁfrthggﬁtl@ ?ern‘{“lhfe@Tt%- simlarly

t hi ck gate oxide Iayer formed by conventionally known ne

drain region is increased by implanting an oxidation acceleratmg 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-channel, P-channel, and CMOS FET devices.



met hod of the present invention, as explained hereafter, nmay be used in the
fabrication of all N-channel, P-channel, and CMOS FET devices. -3- The

met hod of the present invention enploys a non-orthogonal ion inplant process
by which the gate-oxide layer 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 the ion concentration increases the
“electrical' gate oxide thickness near the gate- source/drain coners,
thereby |l owering the dielectric constant of the gate-oxide |layer in the
gate-drain overlap region w thout actual thickness growh to the ion doped

gat e- oxi de |aYEémet§bd‘6ﬁth@b1@bent§w&fﬁBﬁ)&ﬁ?lbyﬁéﬁdh&m@ i0h iBplardt pRocBRINI t ude of
the surface electrical field, even a slight reduction in the electrical

field res anIgz14): )] I Qﬂu1 suppl ementi ng
exi sting égﬂf abr at1on 16 %é]g@gg&b &eﬁ&ﬁﬁgpﬁ ggflhﬂ%expr eset invention,
| ower s the effective s ace electrical d i nt.he overl and

t hereby m FH% g@‘foﬁdﬁfﬁﬁu%@?oﬁ (i’r@géon\ﬁh e| r?a%ehoéc elg ﬁg\?gﬁﬁhﬁn is
practiced., The nmethod of the esent jnventjo y be e oyed in any FET
devi ce whitaion EOHCEWS"E‘%HWSB}? a ‘@Ls‘;@@ °§%L?@r%ﬁ¥ “F%thg ag% gate oxide

| ayer. The nmethod of the present invention may be practiced upon N MOSFET

devi ces wisewpidrpintcemers; harepy lovigringthe dieleotaic ﬁgnstaamf thmatwvﬁﬁiqlwrm)thw nani ¢
Random Access Menory (DRAM integrated circuits, Static Random Access
Menory ( SRRAR)draimbegylap regioncwithout 4ciial @@wbg@wmwgh@imdmeé gReagidenly Menory
(EPROM), and Application Specific Integrated Crcuits (ASICS). Also, the

met hod of lijer $ine@SGIML is expoatitally Bgpendehvacthampgritnddof the sarfaceckletaicabe practi ced
upon P- MOSFET and CMOS devices within integrated circuits, as the process

is applicaiEeted atslight rbaRfbiathedlecticall MASRIB h & BSmakidredsction HGIA. W t h one
aspect of the present invention, provided is a circuit structure conprising

a sem condycd indiA¥hplerAthtify Eﬂ&n‘ oY G0 brORsde D Rith T SRS R

preset invention, lowers the effective surface 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 Circuits (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 ion



| ayer; a polysilicon |layer formed on the oxide |ayer; a gate structure
formed fromthe polysilicon |ayer, the gate structure having a defined

| eadi ng edge; and an overlap region beneath the gate structure and adjacent
the | eadi ng edge having a predeterm ned ion -4- inplant concentration, the
predeterm ned i nplant concentration is sufficient to increase the

el ectrical gate oxide thickness in the gverlap region. In accordance with
anot her aspect of the present invention, provided is a nmethod for
fabricating a structure on a sem conductor |ayer conprising the steps of
formng an__.oxide |ayer on a.sem.cgnductor |ayer: .form.ng a polysilicon

| ayer on ftﬂ%la%fp?ﬁ?mir Brt,ge Pfﬁ&‘?‘?f@?‘?ﬁ%ﬂfa&f’?f@b‘iff‘é%t}*il %lﬁé&e&g@ﬂmf%??é a gate
structure having a defined | eading edge, and to expose the oxide |layer; and
i npl ant i neieksicalgats expde thigkngss mé‘%ﬁeorvefi%l’fﬁﬁ%verl ap region beneath the gate
structure and adjacent the defined | eading edge to a predeterm ned ion

i mpl ant concenlragcordancomith Anatker gspeet of therpresens inveotiaraprovidedis eneethodi cal gat e
oxi de thickness only in the overlap region w thout thickness growth of the
oxi de | ay dor fatirtvetingmsrubtaren a sempondvictad lagtr caniprisihg tha gleps ofdorminig m0gonal to t he
pl ane of the sem conductor |ayer. In accordance with still another aspect of
t he presenkide biyerdn a¥3mih@Yctdtes)et; Sorfringmpoatlicon layeduchdtkideddyer;| nduced Drain
Leakage (G DL) current within Field Effect Transistors (FETs) conprising
the steps pattemih@HEpBYsiBorflaye Wit€ @ BAt fhRfurS MR A Bndd 1EddBledap bl Pl

transi stor structure’conprising a gate oxide lfayer, a gate electrode on the
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i npl ant concentration which .is sufficient to increase electrical gate oxide
t hi ckness "BARY! @acepﬁ@oam&aﬁs g i inpreeseii ficcicalaste pdedhiekagssat o tilt

angl e non-orthogonal to the plane of the sem conductor substrate; and

conpl et i ngulytie thedyeiapgegiomwithout thickness growth of the oxide layer, the ions being

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

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 into 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
non-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.



of the sem conductor substrate. An object of the present inventionis to
provi de a nethod of reducing gate induced drain |eakage current by
selectively increasing the electrical gate oxide thickness only in the
gate/drain overlap region during the fabrication of integrated circuits. -5-
Anot her object of the invention is to provide a manufacturable nmethod for
fabricating integrated circuits which will result in reduced gate induced
drain | eakage. Oher objects, features and advantages wi || appear nore
fully in the course of the follow ng discussion. FIG 1, schematically
illustrates in cross-sectional representation a partially conpleted FET
circuit device fornmed on a sem conductor substrate by conventiona

processes of theapbiher otgédt of file@enidén Ishe proghie AGharhlfarsirabik engilicacfss steps in
fabricating a gate structure in accordance with an aspect of the present

invention; agichiESnte3AtddViRUEWRER wiiF R8IRY Galded gateliHaidatidiR aREgees of

cross-sectional repréesentations which illustrate the progressive stages in

compl eting the T 6afkQMeBlred and fabafia¥dGoinlaBpdt SRUANGAn Md dbfseiifeSS Of

the present invention.” The sane reference nu e sane parts
t hrough the \ quyi figure enbodinents. FIG 1 is an illustration of a
portion of Q’EB??w FYY>'@Bnpl et ed FET device 2, which can be formed by any

known conventi ongl _ met hod. . an exanpl e, and.geperall .speaki.ng, the FET
vt ce 5 o rmnuf i ot BBy A SR T SRR PR TRIST T PRBANY (| Gocs)
process where portions of a sem conductor |ayer or substrate 10, through a
| i t hogr aphi 6oBisted FEIcisRitdpveiorned o Aremieprfuroppalisiiay egrvidiors Fiel d
isolation regions 12 define active device regions and provide |ateral

i sol ati on beogesss afdparaeiiarélevi ces al so

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 fabrnication of a
FET device in accordance with a process of the present invention.

The same reference numerals refer to the same parts though 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 1s 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 clarty,
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 1s to be appreciated that substrate 10 may be one or more

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



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 devi ces have been
only partially shown. Additionally, the formation of the |ithographic mask
i s done by conventional |ithography and etching techniques. it is to be
appreci ated that substrate 10 may be one or nore . sem conductor |ayers or
structures, which includes active and operabl e portions of -6- sem conductor
devi ces, of various dopant concentrations, either dopant polarity, and
various crystallographic orientations, but preferably, the present invention
is practiced wupon a silicon structure having a 100 crystall ographic
orientation. Further ince the . disclosure lies..equall .. to,both N
and P surf ac &SBIfaRArSior 8‘()F?:°‘e§{]vaf”8}‘s g?péf}ﬁ Ctoﬁc?/@gg?ﬁseglé}h??%f) ﬁfxggggtyofl . MOSFET
devices only. The process is anal oggous for. P- MOSFET. Accordingly,.the
substrate 10 VPRoYys-<aGHEagrapbisenaTations: D4t REefHrb ey PRSP RYeSUoR ISSHRCtSSBst r at e
10 are "positive" holes- In P-MOSFET devices, the first conductivity type is
"negative" dnen i slitdTestiuctiopbdingb it ardallvaaphy asleatatippdgurtasr, sinee Bro mary
carriers. After formng the isolation regions 12, a dielectric |ayer or gate
oxi de | ayer ##kclosure bpplies dquidigrnvdlihe bothddaedP acticeehdmwl devicagionbsevitly wae
substrate 10 by thermal oxidation, as is conventional in the art. Next, a
gat e el ectrogeesdhi tg0dipd bENAMOBFBM deie&idnly. degtlocepoisyablbpesiot BAMOSEBTI S
deposited upon the gate oxide |ayer 14 by a known nethod such as 1| ow
pressure chepcealdingBPee sUBRA% [0 RP-ddpBCYRdaning s i Biha cegicfamhealbsiragor
deposition (PECVD), or physical vapor deposition (PVD). The polysilicon
llayer 18 is 18LESHsiHAS HobesC W PANDRPERUeViEs hbErdlcbnadcBviRy QYL fe Rostpi T ed
pattern for the gate electrode 16 wthin the active region of thé substrate

10. Al though dE@% &gh%%ggéﬁxb%até RS, iRl ¥k et E%ﬂﬁlrarv dtrids. preferably about

20A to about 80A, becalise gate oxide thickness (tax) depends on its

technol ogy node, et by &Y Bl1atilRtc e 1B NAGAL 1P ERSBNE, JNEIY Json 15

useful with any tec I'nner gate “oxl yers are
required. AdgtlQ %S‘érl Hhe c?quecﬁ:!&xge device regions of the substrate 10 by thermal oxidation, as

is conventional in the art. Next, a gate electrode 16 comprised of an 1n-situ doped
pol}.lsilicon 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 patiem 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 204 to about 80A, because gate oxide thickness (t,x) 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 present 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 material layers upon the polysilicon layer

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



dependent on the technol ogy node, for the preferred enbodi nent of the
present invention, the total thickness of the polysilicon |layer 18 and the
gate el ectrode 16 patterned fromthe highly doped polysilicon |ayer is
preferably about 200A to about 1000A CGenerally, although not necessary for
the practice of the invention, further nmaterials nmay be deposited to form
additional material |ayers upon the polysilicon |ayer 18 of the gate

el ectrode 16. The typical materials of these |ayers include netals, netal
-7- alloys, highly doped polysilicon, silicides, and pol ycides
(polysilicon/metal silicide stacks), which are used with the purpose to

i nprove.the el ectrical characteristics of the., device, | pref.erred

enbodi nent , E@YFEW%WY 8%‘?63 PPFﬁSﬁICPw@F‘d%F’ P pgcife E?C{])Pﬁlf@“pﬁeﬁ Sllllcége deposi t ed
on the polysilicon layer 18 to forma barrier |ayer 20. The barrier |layer 20
is then bi g#ie)edich Fauwdiigas BHPPIRo rapisye S e mihiiactentshiss Pgﬁhﬁat i on of
the gate electrode 16. As seen in FIGS. 2A through 2C, which generally

i 1lustrate daviceprine prdersadegpebopiment, atyelatiedly Hyn yguelditanipmar tmde (%}N)a@cor dance
wi th an aspect of the present invention, the gate oxide |ayer 14 is grown
on the sem ¢apositsitanvike palpslicontleyei 03 topfoehertabier layes0.i Tambasubslayat2®,is by
thermal oxidation. A polysilicon layer is deposited on the oxide | ayer 14,
and pat t er n@en blagkdigl witph @ingeks (WNiyar 22cte 28miptetd OE Mortnagah ef tergaed ure 15. The
surface of the gate structure 15 which contacts the gate oxide 14 has a

| eadi ng edggedtogdlest, as shown in FIG 2B, a photoresist |ayer 23 is

provi ded over the surface of the substrate 10 and patterned to expose a

~portion of both Aheepx €esd. axhrodgh 200vHilE GREASNEMGIURE ploResd MYs@t | NG
with an angled, high dose, |ow energy, ion inplant 24 is conducted with

convent i onag, SR T8He strhOuRGh 8&lk M8ty wiRRE aéﬁ&hoﬂ' tREOSrednt HVeAUEHE R dieTi ON
26 of the oxide layer 14. As shown in FIG 2C, the overlap region 2b is

|
poneat LISl e B oy A il 0ty b, 1 o
' by thermal oxidation. A polysilicon layer is deposited on the oxide layer 14, and patterned

using a photoetching process to form a gate structure 15. The surface of the gate structure

15 \x;hich contacts the gate oxide 14 has a leading edge 17. Next, as shown in FIG. 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, 1on 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 ion that lowers the dielectric constant of the oxide Jayer 14.

In the preferred embodiment, the fluorine 1ons 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

ion 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 1on implantation is about 5 degrees 1o about 15 degrees, it

1s to be appreciated that the 1on implant angle depends on the stack height of the gate



may be chlorine or any other ion that lowers the dielectric constant of the
oxide layer 14. In the preferred enbodi ment, the fluorine ions are
inplanted at: (1) atilt angle of from about 5 to about 15 degrees from an
axi s orthogonal to the plane of the substrate 10, (2) an ion inplantation
dose of from about 1EI3 to about 1E14 atons per square centineter, and (3)
an ion inplantation energy of fromabout 10 KeV to about 20 KeV. Although,
the preferred range to the angle of ion |@plantation is about 5 degrees to
about 15 degrees, it is to be appreciated‘that the ion i npl ant angl e
depends on the stack height of the gate -8- structure 15. It is to be
appreciated that inplanting of the fluorine ion inplant 24 is tailored to
attain a prefusturedsi bis tedaeppresiaie? ot orplapogto! theflugingigrapian 28ubi ¢
centineter beneath the gate structure 15 at the overlap region 26. Doping
t he over| aptailegi d;mat@n § preférteidsopeafcentragidr obaiment i b atoms perl aibid aeshignetdrt er s
(lowers) the dielectric constant of the gate oxide |ayer 14 near the

over | ap - r egbeaathAlse gdiowRichife F5 £ the Sverlap tdgidr 6. [(Iapiog @siosérldpaygion28 to enoved,
doping to the preferred ion concentration increases the "electrical gate

oxi de” thi cinesstelad tdReM¥ROh @aecﬁ\@ga MBrsq B wikd) UL c RBYIE LEtdr 0B BRWaRg OF
i ncreasing to" of the oxide ayer as in prior art nethods. Accordingly,

with the gq&g?é%kangkgn%gg fhp Qg ;Lhe present invention, further
uc

fabrication o e sem con ve substrate 10 may continue to conplete

cirouit devi oes. g S4E O SRl ey At Be, b ST kg IBsfr BGgeSes of Lhe

present |nvent|on I'S ect transi st’or abr ion of the FET

device i s shown bYoFle . A nmui%f; AP AN SEBRIR ALY 4 Weshigh ed a

series of cross-sec representations progressive stage Fl G
B e o T e B i
Ry B R e B
through 2 fagnczsartllcc))ll:xtof rthgosérlngc%géuc‘wé gubstrate 10 may continue to complete circuit devices.
One such device that can be formed 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 schematically 1llustrated 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 period of

about 10 to about 15 minutes.

After the above short reoxidation period, ion tmplanting of the ion implant 24 is

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



performed on the substrate 10. Several nethods may be used to reoxidize or
anneal the sem conductor substrate 10 including but not limted to thernal
nmet hods, Rapid Thermal Processing (RTP) methods, and | aser assisted
processi ng net hods. For the preferred enbodinent of the present invention,
the substrate 10 is anneal ed through a thermal nethod at a tenperature of
about 300 to about 900 degrees centigrade for a tine period of about 10 to
about 15 mnutes. After the above short reoxidation period, ion inplanting
of the ion inplant 24 is conducted with cohvent i onal equi pnent to
selectively dope with ions at the overlap region -9- 26 of the gate-oxide

| ayer 14 and the polysilicon |layer 18 of the gate el ectrode 16: As before,
the ion i nphawrf ti24atesoyide fageraldl andftheumtysieon daydr Hl efghngadte vlebyodanky be
chlorine or any other ion that lowers the dielectric constant of the gate
oxi de | ayer pdfbre, thdidh trhsRal 14is pyiahbly ifisofing) ofid ARMmatisely aby bochlarihypi @8l FET
device 2, the preferred inplanting of the fluorine ion inplant 24 is

tailored togall AinthARowaR ueNEBakE 8bisRt fom@ggygxiagﬂa@mawrmdcnﬁénaqypmat
centineter at the gate-poly/gate-oxide interface beneath gate el ectrode 16

adj acent t he. i gl @bl L 8L A +300Rca PR AL By @gggq?ﬁgggggg 48R RGHADI0R0 tO

this preferredfconcen Ion" " selectively a the dielectric

constant of A, O3l £, 8L Pl a1 05RLLLNS, o ONSLI ANATRGLOR. AGicand. thus

i ncreases t ffBPEY ckness In erlap Tregion 26

wi t hout physicall r.ow n hi cker .gate qoxide | ayer 24 in prior art

Tet hods. | As CPTHTRNT EET R oy s o3 APt b oase Fie FafmaiedeisPt Bt
fabrication steps. continue ig an¥ conveqtionalgganqgr a te% t he abave
descri bed i Gff'R FR8FoImOAt TP thh 8F-draH) ey cTIAMTGEP AR P RITHEFIFRTCgRRPeR 2. As
shown by FIG 38, further provided on the FET device 2, ad&acent bot h sides
of the gat esererEhOlErsIbosHE Bk 181581 GORE™ ARE BYIF @98 B1ERT T 8RB ons 12,
are inpurity diffusion regions consisting of a source region 28a and drain
regi on 28b. oVtitapgagies 26 fanshysciarrarsss e relgitora e28 a3 ug 0 thhadesdndbenteritRe gat e

region 26 without physically growing a thicker gate oxiade 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 10n 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 field
isolatioh regions 12, are impurity diffusion regions consisting of a source region 28a and
drain region 28b. The edges of source/drain regions 28a 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 impunity dopant material to form a lightly doped drain (LDD) and then a heavily
doped drain(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

5E15 atoms per square centimeter and with an energy of between about 5KeV to about

15K eV may be used to produce the n-channel doped drain 28a and 28b. Conversely, 1f the



el ectrode 16 define a channel region 29 at the surface of the substrate 10.
The sourcefdrain regions 28a and 28b are typically fornmed in a two-stage

i npl antation process wth an inpurity dopant material to forma lightly
doped drain (LDD) and then a heavily doped drain(HDD). If the inmpurity
dopant material used for formng 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 FET ("n-channel ™) transistor
devi ce. For exanple, arsenic or phosphorus'é "a dose of between about 2E15
to about 5E15 atons per square centineter and with an energy of between
about 5KeV to about 15KeV nmay be used to produce the n-channel doped drain
28a and 28b. s@ore/dmimalopantinfaterfed isiOtyps.othecsdicddesan thedwpEastanfratadt 1egIons g19- t ype,
where holes in the source and drain regions are used as the primry
carriers, thegdtddehe@indry cageNMIBEEheirssulinB-MOSHET i 4 P-MOSKEE("p)chatinellsi st or
devi ce. For exanple, boron di-flouride at a dose of between about 2E15 to

about SE15 aioimhsthieievREURSESa B bdeh F-fleutde Wt 4 BoRbI@BRVegY alifut DB Sveen about
| OKeV to about 25 KeV may be used t.o produce the p-channel doped drain 28a

and 28b. If K&l 5ﬁﬁ9/£t8ﬁs%eés§u£@aeaﬁmtérlan@wmqhieﬂagi,eﬂb&ive&-manmte@nﬂ

p- channel transistors on the sane substrate 10, then the resulting MOSFET

is.a conpl enmh@%%’KﬁﬁTnﬁ(y%)ed tog;n dBYne éf.rama%ﬁﬁpa dBisdLph bbY 9f F VOSFETs

and a plurality conpl’i ment ar S on e sanme substrate 1
made si ng TRA ol B B R PR Pl G LR SRR AN AR T
e et g O 0 s S RNOSEEEDS bRt ORI, 00
Phe gat o ol cCTTRHE 16 PRI LR NOREEL bt 40 ofa el BT P BN QPEELt © 32
may be forne&ezggggﬂ%gggag!s including but not limted to insulating
materi al s
In forming the source/drain regions 28a and 28b, a first ion implantation 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 matenals

such as silicon oxides, silicon nitrides and silicon oxynitrides. Various 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 1on 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, 1t is to be appreciated that the angled ion implantation



such as silicon oxides, silicon nitrides and silicon oxynitrides. Various
processés are used to formelectrode spacers 32. Such processes include
Reactive lon Etch (RIE), and the above nentioned nmaterial deposition

met hods. Typically, electrode spacers 32 are formed by depositing an oxide
film such as tetraethoxysilane (TEOCS) 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 inplantation is perfornmed to conplete the source/drain regions
28a and 28b w th HDD source/drain regionsjd4a and 34b. In the illustrated
FET device 2, the source/drain regions 28a and 28b may be doped w th any
n-type or p-type dopant or conbinations of different n-type dopants or
p-type dopants m, ght be.used to. achi.e i f 2 j I .

Burt her 1 o b gtestf iRaT o & 2T Vi B e il SRR o Bt
of the present invention, if desired, couldﬁ&e caréjed out at %his.stage in
the fabri ca?itBhFESMdeyine 2Fsthgegied 2ppargit aflfaniaees Prdisyvanipes ‘BREr Q0 MSt ages or
di sadvantage in performng this step before or after the fornation of

ei ther the BDdDBtenYsdorspaeterghe prmeinspierker thbPDsthssaifgener s HPRY t he
source/drain regions 28a and 28b into substrate 10, substrate 10 is once
agai n anneal ed tS$ubsepreystodbinipgtht heureddne vargioas W agi28hento gubsmate Wb,  As
before, the annealing of the source/drain regions 28a and 28b nay al so be
acconpl i shedibtirtou@hs dricenpah anetlhd dsreciRetpilide Tesonmk/dRiDEsss 242 6RTHb.

met hods, and |aser assisted nethods. For the preferred enbodi nent of the
present i nvaabéfor, tHehanedRgof MedogtddraBiibgibnalé drd 28hneglatd HeTP at a
tenperature of about 800 to about 1000 degrees centigrade and a tinme period
of about 10acs6@endsd tigoalPEmz0 mSe0es) ®apidOoT Hebh i Frb&ssif @R BB tnid tho &S ehd
source/drain regions 28a and 28b. Referring nowto FIG 3D, there is shown a
- Cross- sect i QAR sSEHERBINGEs. BbAGE BRfertedlcHBbaRIINOBf thB Prds@f invegfib§Indf process
steps in formng a FET in accord with the preferred enbodinment of the

present i NVeREMAuctSNQMIrit isknfRaledR BF & adinbeRedof 4¥o8r d0ouslabekigloast ri c
degrees centigrade and a time peniod 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 interievel dielectric
Jayers 36a, 36b and 36c. Patterned interlevel dielectric layers 36a, 36b and 26¢ are formed
by patterning 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 pattemed interlevel
dielectric Jayers 36a, 36b and 36¢ are formed throug‘n patteming via photolithographic and

etching methods as are known in the art of a blanket interlevel dielectric layer formed



| ayers 36a, 36b and 36c. Patterned interlevel dielectric |ayers 36a, 36b and
36¢c are forned by patterning through photolithographic and etchi ng nethods
as are known in the art of a blanket interlevel dielectric |ayer forned
upon the substrate 10. Bl anket interlevel dielectric |layers may be forned
frominsulating materials including but not limted to silicon oxides,
silicon nitrides and silicon oxynitrides. These insulating |ayers may be
formed upon sem conductor substrates through nmethods including but not
limted to Chem cal Vapor Deposition (CVD);nethods, Plasma Enhanced

Chem cal Vapor Deposition (PECVD) nethods and Physical Vapor Deposition
(PVD) methods. For the preferred enbodi nent of the present invention, the
patterned interlevel dielectrjc |layers 36a, 36h 36c are fo t hr ough
Pat ter i ng VISP pRdER PrEGrRaER| Erafiet Bet it neenaaeie ARl Pkt he
art of a blanket interlevel dielectric layer forned -12- froma silicon

oxi de mat er RAPOHEPRET Y BUPIIEEH em@wﬁ@ﬂe%@ ! W%ﬁ%‘@{ﬁ&goéhéﬁf}@aﬁ“%por
Deposition (CVD) process enploying Tetra Ethyl Otho Silicate (TEOCS) as the
source mat erdterial. Mthomehdftsuiatigijayerns fgmed yapuch ¢heratethodls dog magridy marekods
and materials may also be enployed, the preferred nethod and materi al

provi de a sibapplard, the piefdredwme trdoand saterad praemeiaonapleiand wiel kapwn progess
bottons of the apertures between the patterned interle-vel dielectric

| ayers 36a abfiveaibnafdibchea. Padt batonsdf thetapetteesbetdedl the patteenddaperlev86b and
36c are etched through the gate oxide |layer 14 to expose surfaces of the
sour ce/ dr ai @idi&dhiORgerd 88a 2 TEL2H0 the Repeet intellgve] Goipelte tayvs GoRhacte afeuds
38a and 38b, which are formed respectively into the apertures between the

patterned i Ri@el a¥elghdhebRE bkide [dyayBrts e2fdke 30Haces6DthabelirtdierapdebRinbeda
interlevel dielectric |ayers 36b and 36¢c, contact the exposed surfaces of

the sour ce/ dr@b gy HeGEANR 2 &Bbraneid8Bntad @88 aRE ¥Rl 38b, WhRh GRIHEEE Ve cont act
studs 38a and 38b are-conventional to the art and may be fornmed from

conductive BaLESvalySinto HE kRS oMfeeR e Paink 8 ShidrvBREALSric EAI363lheys and
pol ysilicon deposited upon a
36b and the patterned interlevel dielectric layers 36b and 36c, contact the exposed surfaces
of the source/drain regions 282 and 28b, respectively. The conductive contact studs 38a
and 38b are conventional to the art and may be formed from conductive matesjals
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 laver 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 26a, 36b and 36¢.
Upon forming the conductive contact studs 38a and 38b within the patterned
mterlevel dielectric Jayers 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. 1t is te be appreciated

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



sem conduct or substrate through nethods including, but not limted to,
thermal evaporation nethods, el ectron beam assi sted evaporati on net hods,
and CVD net hods. For the preferred enbodi nent of the present invention, the
conductive contact studs 38a and 38b are preferably forned froma thin
titaniumnitride barrier layer of thickness from about 200 to about 1000
angstrons upon which is fornmed a thicker conductive tungsten |ayer. The
tungsten layer is of sufficient thickness tgyconpletely fill the apertures
within the interlevel dielectric |ayers 36a, 36b and 36c. Upon formng the
conductive contact studs 38a and 38b within the patterned interlevel

dielectric |ayers , 36b and 36¢c, there is forned.an FET.deyice 2, of.the
preferred enﬁémﬁﬁéﬁgiﬁmﬂ’fé Wb&‘@‘étecﬁf”plr HVERE Pt?)’ﬁr ‘\g/)ﬁvfcﬁiCﬁa%ﬁtepﬁfcég’\régtsgﬁ% Aituit,
which has a reduced G DL over conventional FET devices of simlar design.
It is to be ¥pfsFetsrrdeely.tthaney pecHstiow HPstCﬁ%bbﬁlﬁsaBH}wai“ﬁvé’ﬁ%hecmeq*ia% of
advant ages over prier art nethods in that it _13- reduces G DL currents

wi t hout conpthepiestrtdnysnhen althevd reductinn pBRAtEeX14T thiekness jper ssabng/xulesfgr dern ves.
Accordingly, the new electrical flow produced by the application of the
met hod of tdubmicres getmdtriese Mdconliredly,alwsproeduct thomveidtiaqgatas bexbalentdnyckness
per scaling rules for deep subm cron geonetries. Accordingly, the process
of the invenddublk @amoked pulysiticomp@tass fetandikng s(:ett inrapragd @aluytsieliceoss PRAMGS S
for making such integrated circuit devices as DRAM SRAM EPROM ASI C or

the |ike. FogsrRaEXAMPROMFASIC s3hhé litdistrates a circuit stricture conprising a
sem conductor layer 10 and a first dopant-type MOS transistor 2a situated

on the seni conduct&iexdayiel F1E0 3ENRKIARS AcBQM GachiRHoipridBa adbshicdndhabn regi on
28b in the sem conductor |ayer 10 which are doped with a first

conduct i vi t y{8tR® HaR3HRE: d%zﬁ,t-rgpeqhmﬂﬁahsist@ma%mzt%d beeRtemhiRabVas Al bel0
source/drain regions 28a and 28b, a gate oxide |layer 1l4a |ocated on a

surface of tmingcmm%lr%g,e-&g&mr%%dréiﬂdegqorgz’%ﬁoen tletehiQdautbaalRqatad ot he

gate oxide laver 14a. T
doped with a first conductivity-type dopant 37a, a channel region 29 located between the

source/drain regions 28a and 28b, a gate oxide layer 14a located on a surface of the
channel region 29, and a gate electrode 16a located on the gate oxide layer 14a. The
portion of the gate oxide layer 142, which 1s beneath the gate elech‘ode 16a and adjacent
the drain region 28b and which defines an overlap region 26a, has an ion 1mplant
concentration which is effective to lower the surface electrical field in the overlap region
26a. A second-type dopant MOS transistor 2b, which i1s complementary to the first
dopant-type MOS transistor 2a, 1s situated on the semiconductor layer 10 and includ,GS a
second gate oxide layer 14b, two complementary source/drain regions 28¢ and 28d, which
are doped with a second conductivity-type dopant 37b, and a 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 1s effective to lower the surface electrical
field in the second overlap region 26b. Preferably, the ton implant concentration is about -

1E18 atoms per cubic centimeter of fluonne.



portion of the gate oxide |layer 14a, which is beneath the gate el ectrode I
6a and adjacent the drain region 28b and which defines an overlap region
26a, has an ion inplant concentration which is effective to | ower the
surface electrical field in the overlap region 26a. A second-type dopant
MOS transi stor 2b, which is conplenentary to the first dopant-type MOS
transistor 2a,-is situated on the sem conductor |ayer 10 and includes a
second gate oxide |ayer 14b, two conplenentary source/drain regions 28c and
28d, which are doped with a second conductivity-type dopant 37b, and a
conpl ementary gate electrode 16b |ocated on the second gate oxide |ayer
14b. Additionally, a portion of the second4gate oxide |ayer 14b, which is
beneath the conplinentary gate el ectrode | 6b and adjacent the
conplinmentary- drain region 28d and which defines a second overlap region

26b, has an ion i #n%rl{m GREGRRE H%ﬂr@é&n%’v&ﬁoh?n 8dibigGhd E?egffé?eﬁ&%r rdBfed

surface electrica |n the second overlap region Prefe ably t he

ion inplant f?n%aavné[nrts %‘?1[ wlﬁlﬂggépdar%rhﬁat %xoﬁtfoc onbEhn d%gmt?on(s\ orggtb?e of

fluorine. I'n d&der |nvent|on I'n and by

f t d t f. t th t
moci 1§ oat i oneUIRRLSAPARTE ogh@'eg«?o&e%éi@%?%nomtaﬁ%émaﬁep%nnﬁﬁ Het che scope

of the invention detailed in the appended clains. 15 - 1. A C|rcuit
structure conprising: a sem conductor |ayer; an oxide |ayer forned on said
sem conductor |ayer, the entire said oxide |layer having a substantially
uni form thickness; a gate structure fornmed on a portion of said oxide | ayer
and having first and second | eading edges, said oxide |ayer extends
outwardly fromboth said | eadi ng edges of said gate structure; and



a first overlap region of the oxide |layer |ocated only beneath said gate
structure and adjacent said first |eading edge and i nward of said second

| eadi ng edge, and a second overlap region conprising all remaining portions
of the oxide layer |ocated beneath saijg-gate structure, said second overl ap
‘region having first and second sides, said first side being adjacent said
first overlap region and said second side being adjacent said second

| eadi ng edge, said first overlap region having a predeterm ned ion inplant
concentration higher than in said second overlap region and all remaining
oxi de gqéerlsorti ns extending outwardly fromboth said first and second

| eadi ng ‘@ GPEET JrUCLUF §OYRYE"SY ruct ure, said predet ernined i npl ant

concentr at i pleiRbidlictoTUAyek:Ci ent to increase the el ectrical gate oxide

thi ckness in said overlap region, and wherein said_ predetermned ion

i mpl ant  conaeaxidalayenformed pn gaid sEn@ondemer lpyar, thalsntirecsait ¢xids layerdiavingior i ne.
2. A Ciﬁ?fiPl tru&}ur bgﬁggfising: a sem conductor |ayer; a source region
and a YFa gF8 5em conductor |ayer which are lightly doped wth

a first congggkisithétirelfvtedoRapbition ofisidpridensgsirand heeiag Gesthad werndsai d
source/drain regions; a gate oxide |layer |ocated on a surface of said
channeleadiagiedges, said oxide igysr edprisquiwardly fiem bory said leading gdaessofisaidgate al | v

uni forggr&cghg,kanﬁss; and a gate el ectrode |ocated on said gate oxide |ayer
above Sal d channel region, said gate oxide |layer extends outwardly from
bot h sides sfirsaverlgaegionlofthy odée laybrdbeited ey bensath ofid gatedrugratecandxi de

| ayer | gcated only_ under said gate el eg{rode,inc|lude a first overl regi on
and a gréseefﬁasa@amea_sméggsﬁ?é agd pf yaid seg0d ié&ﬁmgé&swnﬁé SRR QYRR sai d
source i e o BredHRh UBLLAP
regi onmlrg?\% é&gne@ﬁ gﬁam r%ﬁn%ﬁl?égéﬁgﬁ%%ng O%]?esléﬁgldg%a%ee ox?aéggﬁggg[re gun@é@’ said
gat e ebaid secodé owerthplragiof haging first and secvad sideesaidsfristsifié being adjdeent said@iracent

fgg?oﬁgyéggaggexgqil %?d ﬁ@gchg&ii glggﬁag}%%qﬂ%chg si ﬁ qaeg#adclggéings gl:lge, ];z{uri &st%\égrupap
region having a predetermined ion implant concentration higher than in said second overlap
region and all remaining oxide layer portions extending outwardly from both said first and
second leading edges of said gate structure, said predetermined implant concentration being
sufficient to increase the electrical gate oxide thickness in said overlap region, and wherein said

predetermined ion implant concentration is about 1E18 atoms per cubic centimeter of fluorine.

2. A circuit structure comptising:

a semiconductor layer;

a source region and a drain region in said semiconductor layer which are lightly 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, the entire said gate oxide
layer having a substantially uniform thickness; and

a garte electrode located on said gate oxide layer above said channel region, said gate
oxide layer extends outwardly from both sides of said gate electrode, wherein portions of said
gate oxide layer located only under said gare electrode include a first overlap region and a second

overlap region, said first overlap region is inward of said source region and adjacent said drain



i npl ant concentration higher than in said second overlap region and all
remai ni ng portions of said oxide |ayer extending outwardly from both said
sides of the gate electrode, which is effective to |ower the surface
electrical field in said overlap regiofn, and wherein said ion inplant
concentration is about 1E18 atons per cubic centineter of fluorine. 3. The
circuit structure according to claim2, wherein said source region and said
drain region are heavily doped with a second conductivity dopant. 4. The
ci r cuiregivhy satd secendiovartapiregion incdudes all 2¢méiningtpertidnsaif seidrpgtecoxidd layafundgacer s

o) el gt Slerfote GRS B B4 setond g el Priy e Sl A B S Heel  Cul
STT UCt AR RAGEOESH He fsQdfeAltFaid firdh\Geflap lr@ga&q Sﬁﬂtfﬁsteﬁv_%ﬂﬁﬁ Ror] Iavingdat i8n St ack.

7. The circuit structure according to clalim2, wherein said gate el ectrode

i s conimplae dondentratien/mighercharpinl spi decomshovealap regien and atbresnagnidg poxioas of ayer s
selected, fr. t he gro consi st i.ng of,, net.al ta | | ows, highly doped

pol ysi qai“_!:?fﬁ‘?gtaiyﬁ ‘E’&ﬁﬁg’?g %W%@Y ?feﬂh‘é@’ (“BSISV%F Pf@g@#&ﬁ%ﬁm’éﬁ‘f' lflgés st acks) .
8. TheefsdcfiGaitd loWer iHelsUF fBecfEQFEH] Fitld @ &l PdvErldp rédied, ahd whidteth §Ad fonShffdnt ode

is conprised of a layer of polysilicon, a layer of titaniumnitride

deposi tandersrationiisialsnt YE1§ aloms penguhic centineser| affltoring.  t ungst en deposited on
said titaniumnitride layer. 17- 9. The circuit structure according to claim
2, further including a pair of conductive studs and an interlevel

di el ec3.r Tke ¢ipduy stincRyd adrdiy fad]sins B Nvieaeid Yaidiseerck adfon asdéaild dnitegRvel
dielectric |ayer _have a pajr of through-holes, each accommodati ng one of
each sHEdepalyrdoped vathh secondcondyefvitydapantone of each said pair of conductive
studs contacting one of each said source/drain regions. 10. A circuit
structure conprising: a sem conductor |ayer;

4. The circuit swucture according to claim 2, further including a pair of spacers adjacent said

gate electrode.

5. The circuit structure according to claim 2, wherein said gate electrode is comprised of

polysilicon.
6. The circuit structure according to claim 2, wherein said gate electrode is a gate stack.

7. The circuit structure according to claim 2, wherein said gate electrode is comprised 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).

8. The circuit structure according to claim 2, wherein said gate electrode is comprised of a layer
of polysilicon, a layer of titanium nitride deposited on said polysilicon layer, and a layer of

tungsten deposited on said titanium nitride layer.



a first dopant-type MOS transistor is situated on said sem conductor |ayer
havi-ng: a source region and a drain region in said sem conductor |ayer which
are doped wth a first conductivity-type dopant; a channel region |ocated
bet ween sai d source/drain regions; a_gate oxide |ayer |ocated on a surface
of said channel region, the entire said gate oxide |layer having a

subst gntphalkiryuitifinfcRireativrdinges slaim 2ghirdeeineidinadepdioetiodduaivestidd agabhe oxi de
| ayer above_ said channel regjon, said gate oxide |ayer extends outwardly

fr om Buettevs] dislectic layarprojided en said sespieondystiyelayery said iiadevsd diekstnr 3¥are oxi de
| ayer C I ' | : | P.4e0i ONn
R L L
sour cen¢ efi¢ach said pairdif zondictivaisuids doraactingepe ofi eachaiaill momAdtainwregioap regi on

i ncludes all renmaining portions of said gate oxide |layer wunder said gate

el ectrode and has first and second sides, said First side is adjacent said
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gate oxide layer extends outwardly from both sides of said gate electrode, wherein portions of

said gate oxide layer located only under said gate electrode include a first overlap region and a
second overlap region, said first overlap region is inward of said source region and adjacent said
drain region, said second overlap region includes all remaining portions of said gate oxide layer
under said gate electrode and has first and second sides, said first side is adjacent said first
overlap region and said second side is adjacent said source region, said first overlap region
having an ion implant concentration higher than in said second overlap region and all remaining
portions of said gate oxide layer extending outwardly from both said sides of the gate electrode,
which is effective to lower the surface electrical field in said overlap region; and,

a second-type dopant MOS transistor which is complementary 1o said first dopant-type
MOS transistor, said second-type dopant MOS transistor is situated on said semiconductor layer
and includes a second gate oxide layer, two complementary source/drain regions which are
doped with a second conductivity-type dopant, and a complementary gate electrode located on
said second gate oxide layer, and wherein said ion implant concentration is about 1E18 atoms per

cubic centimeter of fluorine.



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. 12. A circuit structure conprising: a

sem conductor |ayer having a source rggion, a drain region, and a channel
region |ocated between said source/drain regions; a gate oxide |ayer
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pom'%ns, saucln grst portion 1s adjacent said drain region, said second portion comprises all

remaining portions of said gate oxide layer located under said gate electrode and has first and
second sides, said first side is adjacent said first portion and said second side is adjacent said
source region, and said first portion has a higher ion implant concentration than in said second
portion and all remaining portions of said gate oxide layer extending outwardly from both said
sides of said gate electrode, and wherein said ion implant concentration is about 1E18 atoms per

cubic centimeter of fluorine.

13. A circuit structure comprising:

a semiconductor layer having a pair of field isolation regions and a channel region, said
channel region is located between said pair of field isolation regions;

a gate oxide layer located at least on a surface of said channel region, the entire said gate

oxide layer having a substantially uniform thickness; and



gate oxide layer located only beneath said gate el ectrode include a first
portion and a second portion, said first portion is adjacent a first one of
said pair of field isolation regions, said second portion conprises al
remai ni ng portions of said gate oxide | ayer under said gate el ectrode and
has first and second sides, said fird?-side is adj acent said first portion
and said second side is adjacent a second one of said pair of field
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| ayer, 14anTheairca 8frudiire debddiieas cEMAS WideiaRaidakethidopdastor Ay e futthele | ayer .
-20- 20. The circuit structure according to claim113, wherein said oxide

| ayer GORMREINeRa HBTGRIERI0nAG 2 dsginregipn.rand|said; firsh perfiemisiadifcemisaid drain region.

15. The circuit structure according to claim 13, further comprising a pair of spacers adjacent said

gate electrode.

16. The circuit structure according to claiml3, wherein said gate electrode is comprised of

polysilicon.

17. The circuit structure according to claim 13, wherein said gate electrode is a gate stack.

18. The circuit structure according to claim 13, wherein said gate electrode is comprised of a
layer of polysilicon, and one or more additional layers selected from the group consisting of
mertals, metal alloys, highly doped polysilicon, silicides, and polycides (polysilicon/metal silicide

stacks).

19. The circuit structure according to claim 13, wherein said gate electrode is comprised of a
layer of polysilicon, a layer of titanium nitride deposited on said polysilicon layer, and a layer of

tungsten deposited on said titanium nitride layer.



21. The circuit structure according to claim2, wherein said source region
and said drain region each have a first dopant and a second dopant, said
second dopant extendi ng deeper into said sem conductor |ayer than said
first dopant. 22- The circuit structurg,according to claim 13, further
conprising an interlevel dielectric Iag% provided on said sem conductive
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21. The circuit structure according to claim 2, wherein said source region and said drain region

each have 2 first dopant and a second dopant, said second dopant extending deeper into said

semiconductor layer than said first dopant.

22. The circuit structure according to claim 13, further comprising an interlevel dielectric layer
provided on said semiconductive layer, said interlevel dielectric layer having a through-hole
accommodating a conductive stud, wherein said semiconductor layer further comprises a drain

region adjacent said first portion, and wherein said conductive stud contacts said drain region.



