2 4 FEB 2005 1 METHOD AND DEVI CE TO REDUCE GATE- | NDUCED DRAI N LEAKAGE

(G DL) CURRENT IN THIN GATE OXIDE MOSFETs 5 The invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a
met hod of reducing Gate Induced Drain Leakage (G DL) current ZWyFER 7005
selectively increasing electrical gate gxide t hi ckness only in the
gate/drain overlap region during the fTabrication of integrated circuits.
In the fabrication of integrated circuits, as the sizes of sem conductor
devices, such |o as state-of-the-art Metal Oxide Sem conductor Field
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regardi ng the current driving capafGIPL) es of these devices exist. Since
the current driving cEURBENTE IN THIN GATE OXIDEMOSFETssour ce resi stance and
gate oxide thickness, better performance in these devices is achievable

t hrough t hi nn®he igwention oelatesdo dredfalujrater of intygrated cikbavdeaices, hid h@s been
observed that as the gate oxide is nade 15 thinner, gate-induced drain
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G DL currents becone a | arger percentage of the total Sub-threshold
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band tunneling to the conduction band as a’resul and

bendi ng ghyid ed8tiedidh 8 te%fé@éd'd’i’xg itg €gi on. As these sem conductor devices
scal e down, gtt\ﬁg | ayer tﬁlﬂc ness o?l'{he gate oxide 20 nust continue to be
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25 even more G current. Thus, difficulties exist in providing a scaled
down  sef¥isto Sinse thsrcuprentideixing sanehilityis & fuackipn ef bosh sovece resistaneeandgaih cur r ent
driving capability
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
15 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
20 must continue to be reduced in order to provide for suitable gate control over the
sub-threshold region. Also, doping density in the channel 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,
25 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 4 FEB 2005 -2 One approach for reducing G DL
currents involves symetrical oxidation in order to provide a thick gate
oxide only in the regions of the gate-source and gate-drain over %ﬁEBZWhe
thick gate oxide in the gate-drain region reduces G DL. However, having a
thick gate oxide in the gate-source region increases source resistance,
which in turn, reduces the 5 current -&¥4ving capability of the device.
Anot her approach is disclosed by U S. Patent 5,684,317 to Hwang, who
teaches forming a thick oxide layer only in the gate-drain region in

order to reduQge fppback frrefiking GIDD GdttentsiAvoPRS bSmaAL 6@ dktRAlis bAgce The
mat eri al thickness of the oxide layer in the gate- drain region Is
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chlorine 10 or fluorine, to physically grow a t | ayer in
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the oxide layer~in the gat egion  Qgrows e renmai ni ng
However, havin eri al

portions . S an increased
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drives_of the. .transist.or and al so cause increased stress in the active
ar ea nseafuq??gd%‘oggfa&ﬁﬁh@gqf@}fdd&ﬂ&e'to 15 vol une expansion. Accordingly, a
need exi sts for a scal ed-down sem conductor device having a thinner gate
oxi de with i nphrefhedreicadyis disdesed by Por hafgets 6834 htoddwuangowha teaches

di sadvant ages of the prior art. The sem conductor device and its nethod of
f abri cat fmingsbisk @xide layersenliein thegatedsain regiondm ofdguto wedabe GIDIstywsehd be easily
integrated into an existing 20 process flow, and should not significantly
i ncr eas e witheutdyaréaging isprrcaxkesistivee. pThieomaterial thickness thithe pride luyer in theagatei on

provi des a nmethod by which field effect transistor (FET) devices are

pr oduced dhiniegign isonercasghbeimphaitingah ekidation healsatry mtdefllssuch fedhidrind devi ces
with a simlarly thick gate oxide |layer formed by conventionally known

et hods. o fieorineEb Phgsicaily gt PhRES BhteloRie iyea thafegi6.PDaé Rk her eaf ter, may
be used in the fabrication of
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
15 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

20 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 hereafier, may be used in the fabrication of

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



25 all N-channel, P-channel, and CMOS FET devices. 2 4 FEB 7005 3 The

nmet hod of the present invention enploys a non-orthogonal ion inplant
process by which the gate-oxide layer in the gate-drain overlapgfﬁgﬂgﬂw?f
a FET device is selectively doped with fluorine or chlorine ions.

dosage of the ion inplant is such that the ion concentration increases
the “electrical' gate oxide thickness +%ar the gate 5 source/drain
corners, thereby lowering the dielectric constant of the gate-oxide |ayer
in the gate-drain overlap region wthout actual thickness growh to the

i on doped gat Eheométtied of thy presenSinvanéioGriploysa mwpatheginakibh impkawpiodest on the
magni t ude of the surface electrical field, even a slight reduction in the

el ect ri caly whichltise gateserideslayen irpthel pAeatainovERPUBEILRBE 4 FETHdNee is Accor dingl y,
suppl ementing existing FET fabrication processes with the nethod of the 1o

preset i RMedtiveldopddoWe! Sudcie ofdiidik ione She dodsR of 1RGhd nfpdnt &isedndndtn t he

overlap region, and thereby mnimzes G DL in FET devices whereln the

present iRMENEnREhtlafioPieehdes i «cletitfeal BhtE 86id0 fhi invention may be
enpl oyed in an;l/1 FE‘?’ %Ievi ce whi ceh isaﬁguscept ith%)(%ﬁe]&tsgéﬂﬁncr dsed G DLs due to
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has broa licapility and be practiced, upon P- MOSFET and CMOS
devi ces %\eﬁg Vo FEIE%@F ghpndp é@?aq%ldﬁ%‘ﬁbl”cﬁgk%@aqcé’e%ﬁw p&APE- to the

20 fabrication of those devices. In accordance with one aspect of the
present iAfFaidinsbh supplesniiegiexisting FET fabripation processes with the method pfige a
sem conductor layer; an oxide layer formed on the sem conductor |ayer; a
pol ysit i prseet inyyeiton] lowersgheeffactiee systhagelactmigal fieldin gt avedaprregionyaed f or ned from
the polysilicon |ayer, the gate structure having a defined | eadi ng edge;
and an ovtterdbppinisgges 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
15 but not limited to Dynamic Random Access Memory (DRAM) integrated circuits, Static
Random Access Memory (SRAM) integrated circnits, Erasable Programmabie 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
20 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 & defined leading edge; and an overlap region

25  beneath the gate structure and adjacent the leading edge having a predetermined ion



25 beneath the gate structure and adjacent the |eading edge having a
predetermned ion 2 4 FEB 2005 -4 inplant concentration, the predeterm ned
i nplant concentration is sufficient to increase the electrical gad Fpgi g5
t hi ckness in the overlap region. In accordance wi th another aspect of the
present invention, provided is a nethod for fabricating a structure on a
sem conduct or | ayer conprising the stéﬁ%‘of formng an 5 oxide |ayer on a
sem conductor |ayer; formng a polysilicon |ayer on the oxide |ayer;
patterning the polysilicon |ayer into a gate structure having a defined

| eadi ng &Apjant copeentrgiioneths gredetermined implant capeentration ds sufisicahioiingeasens i nto t he
oxi de layer at an overlap region beneath the gate structure and adjacent
t he defi IWWQ%ﬂRﬁ?Qﬁﬂﬁﬁa*$Q¥lpﬂ€d€ﬂ$mnﬂm@@ ion inplant concentration
which is sufficient to increase the electrical gate oxide thickness 10
only in the olnsackerdance yiith anather hspett of Hiegkeses snvgntiont provified ise neethiode | ayer
the ions being inplanted at a tilt angle non-orthogonal to the plane of
the semi dwfahichting d sipeture dora samivondiatoe By colnprising the stog dfdsrmngnact of the
present invention, provided is a nethod of reducing Gate Induced Drain
Leakage ©GadBlayercoird sefificondickr layki; ﬁirﬂix@fafﬁ@sﬂioa'ﬁﬁ?&iﬁ%o%ideﬁ?&) conpri si ng
the steps of formng on a sem conductor substrate a field 15 effect

transi st gattesing/fble Poiysitioslbyes inlda BatdahRnAN gl aWBied 16hd0R 8 rode on
the gate oxide I|ayer and two sourceldrain regions forned Wthin the

sem condiglogt e Wik ke andipfAlind ns LdAneHACRA %p%nh%gerg&ﬁgis@t €;
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sem conduct or .substrate; and c | eting the fabrication f.the
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a nmethod, of reducipng gate induced drain |eakage current by selectively

i ncreasi fEPlENed @ adit agleaen-grhogopyliteribe plape R the semispnguctay 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
15  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
20 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

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



25 the gate/drain overlap region during the fabrication of integrated
circuits. 2 4 FEB 2005 5 Anot her object of the invention is to provide a
manuf act urabl e nethod for fabricating integrated circuits which wll
result in reduced gate induced drain | eakage. O her objects, features and
advant ages will appear nore fully in the course of the follow ngZé FEB 2005
di scussion. 5 FIG 1, schematically illustrates in cross-sectional
representation a partially conpleted FET circuit device forned on a

sem conductor substrate by conventional processes of the prior art; FIGS.

2A through 2C illustrate process steps ingabricating a gate structure in
accordance with an aspect of the present invention; and 10 FIGS. 3A
through 3E, schematically illustrate a series of cross-sectional

representations

fabrication of 470 %E:robdéct Ut %\Eﬂﬁ&%sg 5ﬁ§§'n){a‘?lu§atcﬁgﬁ§e itiANBE et i ng the

evice I n accor ce with a process of the present

vention. (e, ?@ﬂ@@ﬁf ;@ggﬁﬁ‘gy%ﬁh R 15kl HE ARGEs AR Rakdcoudh he

various fi S an 11 stration of a pOftIOﬂ of

a partially conpleted FET devi ce, 2 can be fo
conventional ne objgets ﬁatg;géﬁqu %dvagtﬁgf:s WéIH apRsaf moreS v Ck11|1 ﬁ}’ée, S salfj'@%%}?

device 2 is manufactured by the known Iocal OX|dat|on of S|I|con (LOCOS)
process whéllewing disgHssionf a seni conduct or | ayer or substrate 10, through a
l'i thographic mask, are oxidized to formfield i olatlon regi o 12. Field
i sol ati én regi oREG.Joschematiedl iydilusteete) an (et SeENGa TCBFFSS"'%(‘P ‘\'/'F%B’ | at eral

i sol ati on between adjacent devices also forned by th in and on

t he surf aceomwpletedFESLtisnitdedcg frrmedpn g panigendcior S‘tqsgﬁcth)' COHY%E;%P?]eI d
i solation regions 12 between devi ces have been only partially shown.

Addi t i onal pyocessheofthe pueiash of the |ithographic nmask i s done by
conventional Lithography and etching techniques. It is to be appreciated
t hat substrate FUGHEA thecugh@CoHustrateprocess steps n fabricating a gate structure 1n

accordance with an aspect of the present invention; and

10 FIGS. 3A through 3E, schematically illustrate a series of cross-sectional
representations 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 parts tﬁrough the various figure
embodiments.

15 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

20 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

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



25 sem conductor layers or structures, which includes active and operable
portions of 2 4 FEB 2005 6 sem conductor devices, of various dopant
concentrations, either dopant polarity, and various crystall ographic
orientations, but preferably, the present invention is practiced g&%n ﬁS
silicon structure having a 100 crystall ographic orientation. Fur £t rs n
since the disclosure applies equally well to both N and P surface-channel
devices, for brevity we 5 present the case of N MOSFET devices only. The
process i s anal ogous for P-MOSFET. Accor_%i_ngly, the substrate 10 is

p- doped, neaning that the primary carriers of the substrate 10 are
"positive" holes. In P-MOSFET devices, the first conductivity type is
"negative" due to the. n-dgoped supstrate having electrons as.the primary
carriers. JMEMIpPRAeYIresRd VRS HPHR C?'bcﬁf‘gﬁg’"g’f’tlhﬁr ‘iﬁpé‘f“ % N er or
gate oxide layer 14 is 10 forned upon the_ cl eaned active device regions
of the sub¥arions eryiellegraphieerentatiops.dut pretsrably the reseghipxeRtogisPractcede art .
Next, a gate electrode 16 conprised of an in-situ doped polysilicon |ayer
18 i s depowpanebilinsostrotureuyingaxio snysaljegraphic pyerdatianolivrihes: s tBeich as

| ow pressure chem cal vapor deposition (LPCVD), plasma enhanced cheni cal
vapor depdis¢losuoreppRECUDR]ly erell phbeth dadnd\Paguolacaichrpotitdeyisey, Purlrevithee
polysilicon layer 18 is 15 etched, as is conventional in the art, to
provi desa presdnt the cpset d(fN-MOSFET drorigatmy e Tbe prooeks id $nalagiovhfon P-MOSHET. ve
region of the substrate 10. Al though the thickness of the gate oxide |ayer
14 i s pref acadbdiyglabhe suld@htet10 inpdupeddhéonihpbaube pgakey axide of the chbemse
(tax) depends on its technology node, it is believed that the nethod of
t he pr esenio amaVpsdithven holes.UBEF-MOSHETdeatitys, theefilshalndgstiviydepents Enegatiienner
gate oxides |layers are required. Additionally, and al so 20 dependent on

t he technoheay tikafl@cpcdGibithe: Rviigeldrehsaistiodprimay cafrictshe present
invention, the total thickness of the polysilicon |ayer 18 and the gate
el ectrode 16 paih&rfoffink e séligon lagighy 12, d dpedtiolayaidr igaexideyieyerilg is
preferably about 200A to about | OOOA Cenerally, although not necessary
for theaoprasht®ehonithé Randd\u@htd Mfice répidRF theabsratal Bbyiigmhs odip6chtad to
formadditional material |ayers upon the polysilicon |ayer

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 18 is

15 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 80A, because gate oxide thickness (1,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

20 dependent on the technology node, for the preferred embodiment of the present nvention,
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

25 18 of the gate electrode 16. The typical matenials of these layers include melals, metal



25 18 of the gate electrode 16_ The typical materials of these |ayers
include netals, netal 2 4 FEB 2005 7 alloys, highly doped polysilicon,
silicides, and polycides (polysilicon/netal silicide stacks), which are
used with the purpose to inprove the electrical characteristics %é F@ﬁi
device. In a preferred embodinent, a relatively thin layer of ti t&hfid005
nitride (TiN) is deposited on the polysilicon layer 18 to forma barrier

| ayer 20. T he barrier layer 20 is 5 then blanketed with a tungsten (W

| ayer 22 to conplete the formation of the_gate electrode 16. As seen in
FI GS. 2A through 2C, which generally illddtrate the process steps in
fabricating a gate structure in accordance wth an aspect of the present

i nvention, the ﬁﬁe oxi de | ayer 14 is grown on the _sem conductive
substrat e ai'@;fssdg egopse polysilicen, SiFidsy ad pabveides @olysilicpr/metal siidsat i on. A
polysillicon_|ayer is deposited on the oxide |ayer 14, and patterned

usi ng a pltackek Mhichgreptsed 8l thepuprsmiaingioee e elestrisakchamctefisticsefithace of
the gate structure 15 which contacts the gate oxide 14 has a | eading edge
17. Nex~ dgvisholne preferiedembpdimgnt, pisclativedss the layeryod titéhdum sitnde(Ti®ds over t he
surface of the substrate 10 and panerned to expose a portion of both the
oxi de | ayalepdsited nul thelyhygpilicen dyett’ wrferni 5 batriep layat 200 JThsi Hakkeanayet 50 angl ed,

hi gh dose, |ow energy, ion inplant 24 is conducted with conventi onal

equi prent thdnoblaiieedtvwithed yngogia( Wl laberi20ns campiete thy fornatior 60thepaié6 of the
oxide |l ayer 14. As shown in FIG 2C, the overlap region 26 is beneath the
gat e struclectreddbs. adj acent its |eading edge 17. The ion inplant 24 is
preferably fluorine, and alternatively, rmay be chlorine or any other ion
that | owers thesdeed REIGEC2A GiRGighITC, thid}f'@n%ilﬁﬂldsﬁyﬁﬁhéﬁoc@@ stePs frhe
preferred enbodi nent, the fluorine ions are inplanted at: (1) a tilt angle
of from aheitatify 4 gatab@sbiurd n sleEIIERE WillDAR APed ol theQirt ROVt dnOtHe RG1eP! ane
of the substrate 10, (2) an ion inplantation dose of fromabout I"E 13 to

about | EokiHleahRFB4 RGIoWH UALR s6RRLhIRLE suRRshe 103preRMbIPE sflidBh &fYshieON
energy of fromabout 10 KeV to about 20 KeV- Al'though, the preferred

El gn?:ei ® :b%l gl SidftichOR poNMIRBh RlyePR defoiRObh 1R HSHIERS 1102,AAMEMLY
° , using a phetoetching process to form a gate structure 15. The surface of the gate structure
15 which contacts the gate oxide 14 has a leading edge 17. Next, as shown in FIG. 2B, a
photoresist layer 23 ;s 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
15 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 ion that lowers the dielectric constant of the oxide layer 14.
20 In the preferred embodiment, the fluorine ions are implanted at; (1) a nlt 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 1o the angle of ion implantation is about 5 degrees to about 15 degrees, it

25 1510 be appreciated that the ion implant angle depends on the stack height of the pate



25 Is to be appreciated that the ion inplant angl e depends on the stack
hei ght of the gate 2 4 FEB 7005 8 structure 15. It is to be appreciated
that inplanting of the fluorine ion inplant 24 is tailored to attain a
preferred ion concentration of about IEl 8 atons per cubic centhpﬂmrmgﬁ
beneath the gate structure 15 at the overlap region 26. Doping the overlap
region 26 to this preferred concentration selectively alters (lowers) the
dielectric constant of the gate 5 oxide |layer 14 near the overlap region.
As shown in FIG 2C, wth the photoresist |ayer 23 renoved, doping to the
preferred ion concentration increases the $2iectrical gat e oxi de"

thi ckness in the overlap region 26 w thout physically grow ng or
increasing td,, of the oxide layer 14 as in prior art nethods.

Accor di ngl ytrustprer 5t ds tbeappraciatadiha implanteg ¢fithe fleonnedae moplandaiisi on,
further 10 fabrication of the sem conductive substrate 10 nmay continue to
conpl et e clalomidtodBsin egueferréhion soienmieioned abdatl E¢ & atobs peocubiccdyinide
processes of the present invention is a field effect transistor. The

f abri cat i ohergiaththe gREStraawe ¢ 8 ai the shalap réplo? D ofAg theroveddp @Rionlsi i6h
schematically illustrated a series of cross-sectional representati ons of
the prografsprefenst 3gR%entritlon. seB&iatpdlicss bv dis)lihedRRErc@bhitar T hectaesl FET
device 2, formed in 15 accordance with (but not necessarily) the prior art
net hods sdi 6£ide s8er i4mdagGricderldpdegibfe 1. Prior to conducting ion
inplanting of the ion inplant 24 at the overlap region 26, as previously
expl ai ned aboveawskdwil ®IBGIEC vatH thEphotdrRsikih R 2B réfoved, ddhnd toBOXi dation

is performed on the substrate 10. Several nethods nay be used to

reoxi di Ze pref@agah cond@ntr=HiBH it RRMMIGHOYeI MRS AL 6xill IRgheQiin thetdlerinpt
limted to thermal methods, Rapid Thermal 20 Processing (RTP) nethods, and

l'aser assiggffh BORRUEHRGIRY El%dﬁnlgofr%créﬂﬁag r,g)g'%er Shde lﬁf@qqia%pngﬁi&fant he

present invention, the substrate IS ann€a t hrough™ a ther nmet hod

at a tenpegagidie Rfcordn Pk gaégmgwwyﬁﬁipggﬁn&g&gﬁgﬁ Fihep tine

period of about 10 to about 15 m nutes. ter reoxi dation

period,;oi OfiblER oA G eRHicohBictive ButsHRE qatma%rél‘:o-hﬁnue 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 illustrated a series of cross-sectional representations of the
progressive stages. FIG. 3A starts with the partially completed FET device 2, formed in
15 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 is
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
20  Processing (RTP) methods, and laser assisted processing methods. For the preferred
embodiment of the present invention, the substrate 10 is annealed through a thermai
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 implanting of the ion implant 24 is

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



25 conducted with conventional equipnent to selectively dope with ions at
the overlap region 2 4 FEB 1005 9 26 of the gate-oxide layer 14 and the
polysilicon layer 18 of the gate electrode 16: As before, the ion inplant
24 is preferably fluorine, and alternatively, may be chlorine or any
other ion that lowers the dielectric constant of the gate oxide |hy&EB 2805
Additionally, what is inportant is that for a typical FET device 2, the
preferred inplanting of the fluorine ion 5 inplant 24 is tailored to
attain an ion concentration of about | E 18 atons per cubic centineter at
the gate-poly/gate-oxide interface beneatl#-gate el ectrode 16 adjacent the
drain region 30b. Doping the gate-drain overlap region 26 to this
preferred concentration selectively alters (lowers) the dielectric

const ant 0fg b8 GAt-BxREIAR: | AYRT thd folRsiREon IBfer 19bETHeaRte B@itdde 36, ARNd t hus
increases the "electrical” gate oxide"” thickness in the overlap 10 region
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arseni ¢ or phosphorus at a dose of between about t 0 about at ons
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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 field

15 isolation 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 impurity dopant material to form a lightly doped drain (LDD) and then a heavily

20 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
SE15 atoms per square centimeter and with an energy of between about 5KeV to about

25 15KeV may be used to produce the n-channel doped drain 28a and 28b. Conversely, if the



25 1 5KeV may be used to produce the n-channel doped drain 28a and 28b.
Conversely, if the 2 4 FEB 2005 -10 source/drain dopant material is
p-type, where holes in the source and drain regions are used as the
primary carriers, then the resulting MOSFET is a P- MOSFET (" p- chanpg¢E32m5
transi stor device. For exanple, boron di-flouride at a dose of betwe

about 2E15 to about 5E15 atons per squared centinmeter and with an energy
of between about 1 OKeV to 5 about 25 KeV may be used to produce the

p- channel doped drain 28a and 28b. If FET device 2 is fornmed with a

conbi nati on of n-channel and p-channel trdfisistors 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 eourcé/beirsdupentahiisrtil ad tybe, wherd Rolkinfthe soufig dnld @rain vegiedsdirai n
regions 28a and 28b, a first ion inplantation is nade using the gate

el ectrode 1L€eddddhd fiiindry @hictss Hed tHeQBsul @y MOSFEZ i SPIMORFEN Selsher) €,
order to formthe nore lightly doped portions of LDD source/drain reglons

30a and 30Bansifsnfhvik! Yor&la Qeug&oﬂgi ANPGRS 3 GY¥sel Abeti@nRHGRIIFAS 1 the
i nvention, as showmm by FIG 3C, provided on both sides of the gate
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34b. In th% "'%StrﬁIFﬂ FET device 2, the source/drain regions 28a and
28b maybe FSSRECRTHEA n-type or p-type dopant or conbinations of
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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

15 spacers 32 may be formed from matenals including but not limited to insulating materials
such as silicon oxides, silicon nitrides and silicon oxynitndes. Various processes are used
to form electrode spacers 32. Such processes include Reactive Ion 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

20 to about 720 degrees centigrade to a thickness of between about 300 A to about 700 A. A
second ion tmplantation 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/dram 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

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



25 different diffusion profiles. Further, it is to be appreciated that the
angled ion inplantation 2 4 FEB 2005 -11 step of the present invention, if
desired, could be carried out at this stage in the fabrication of the FET
device 2, as there are no apparent advantages or di sadvantage in
performing this step before or after the formation of either the L bhEB 12608
spacers, or even the HDD. Subsequent to form ng the source/drain regions
28a and 28b into substrate 10, 5 substrate 10 is once again annealed to
recrystallize the source/drain regions 24a and 24b. As before, the

anneal ing of the source/drain regions 28aladnd 28b may al so be

acconpl i shed through thernmal nethods, Rapid Thermal Processing (RTP)

nmet hods, and |aser assisted nethods. For the preferred enbodi ment of the

present i nyenbi M prdshR ineRAHbIE HHLURED E0I BE bk obtat MO SELEH thd Rbsikation
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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

15 layers 36a, 36b and 36¢. Patterned interlevel dielectnc layers 36a, 36b and 36¢ are formed
by patteming 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

20 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 (PYD) methods.

For the preferred embodiment of the present invention, the pattemed interlevel
dielectric Jayers 36a, 36b and 36¢ are formed through patterning via photolithographic and

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




25 etching nmethods as are known in the art of a blanket interlevel
dielectric layer forned 2 4 FEB 2005 -12 froma silicon oxide materi al
deposited upon the substrate 10 through a Chenical Vapor Deposition (CVD)
process enploying Tetra Ethyl Ortho Silicate (TECS) as the source

materi al. Although insulating |ayers formed through ot her nethods EB¢EBZ%5
materials may al so be enployed, the preferred nmethod and material provide
a sinple and well known process 5 conventional in the art. The bottons of
the apertures between the patterned interlevel dielectric |ayers 36a and
36b and the patterned interlevel dielectrié-layers 36b and 36¢c are etched
t hrough the gate oxide |ayer 14 to expose surfaces of the source/drain
regions 28a and 28b, respectively. Conductive contact studs 38a and 38b,
whi ch are frommenligoespeltetmaterdial depristed dronahesutburas 16 dirovshra Clivenipalt ¥ groned
interlevel dielectric layers 36a and 10 36b and the patterned interl evel

di el ectri cDeposition (B¥ID)gnetestamploying Aetka Efhgl ©xthoSRidats (TE@SEs theboiirbe
source/drain regions 28a and 28b, respectively. The conductive contact
studs 38a marfal3Bixhaugh iaanuiptiiyenaforrhed thitgh lotheAMdthoByandaniten 516 thay 040
conductive materials including but not limted to nmetals, netal alloys

and pol ysibd &ffloftpOeipréemsPMBthed aSENb@ANBHEHIE a SN drdteell KdWHProtRshods
including, but not limted to, thermal 15 evaporation nethods, el ectron
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enbodi nrent of the present invention, the conductive contact studs 38a and
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of the source/drain regions 28a and 28b, respectively. The conductive contact studs 38a
and 38b are conventional to the art 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

15 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

20 the interlevel dielectnic layers 36a, 36b and 36¢.

Upon fonming the conductive contact studs 382 and 38b within the patterned
interleve] dielectric layers 36a, 36b and 36¢, 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

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



25 that the nethod of the present invention has advantages over prior art
methods in that it 2 4 FEB 2005 - 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 ﬁf ﬁﬁe
met hod of the present invention allows reduction of gate oxide t ﬁc I
per scaling rules for deep subm cron geonetries. Accordingly, the process
of the invention can be used in any 5 double (or nore) polysilicon process
for making such integrated circuit devices as DRAM SRAM EPROM ASI C or
the like. For exanple, FIG 3E illustrated3a circuit structure conprising
a sem conductor layer 10 and a first dopant-type MOS transistor 2a
situated on the sem conductor layer 10 having a source region 28a and a

drai n regi aaueRGIn. éienanicanesiomnisiryeier ievivdiintacaretiddidopbdinnih a
first conductivity-type dopant 37a, a channel region 29 |ocated between

the sour Cﬁﬁﬂe’s. I\ chﬁth?@ﬁw 28% BReicaPllow Brodaded W thélspplioen of4ie newded on a
e

surface of t channél "region 29, and a gate el ectrode 16a | ocated on the
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source/drain regions 28a and 28b, a gate oxide layer 14a located on a surface of the
ch_anne] region 29, and a gate electrode 16a located on the gate oxide layer 14a. The
portion of the gate oxide layer 14a, which is beneath the gate electrode 16a and adjacent
the drain region 28b and which defines an overlap region 262, has an ion implant

15 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 first
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 a complementary gate

20 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 overiap region 26b. Preferably, the ion implant concentration is about

25 1E)8 atoms per cubic centimeter of fluonne.




- 25 1 El 8 atons per cubic centimeter of fluorine. 2 4 FEB 2005 - 14 Having
t hus described 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
detailed in the appended clainms 15 2 4 FEB 2005 CLAIMS 1. A neffiorh H{s
fabricating a structure on a sem conductor |ayer conprising: formng an
oxi de layer on a sem conductor layer; formng a polysilicon |ayer on said
oxi de layer; patterning said polysilicon |layer into a gate structure
having first and second | eadi ng edges, and t o expose said oxide |ayer;
and inplanting ions into said oxide |ayer beneath said gate structure

adj acent said first |eading edge and inward of said second | eadi ng edge,

t her eby defi ni mﬁaé{wgéb}’érch ed Bigipsisenidaeantion inidegait mdstyrreferernce to prefared
predeterning% i,on i nplant concentration which is higher in concentration
t han remmi fMRgdipentdharegfeit wilbbe srpazent that medifieatibne ahdwarititisns prRI®RGLRAI d
first and second | eadi ng edges adjacently from said overlap region, and
whi ch is s#fthpesdeperting fiomdhesoope bftbe dlvention dmdilegan theQppéeiriciifigaess only
in said overlap region, said ions are inplanted at a tilt angle

non-ort hogonal to the plane of said sem conductor |ayer. 2. A nethod
according to claim1l1l, wherein said predeterm ned ion inplant

concentration is about 1.tinmes.10.sup. 18 atons per cubic centineter of
fluorine. 3. A nethod according to claim1, wherein the tilt angle is
about 5 to about 15 degrees froman axis orthogonal to the plane of the
sem conductor layer. 4. A nethod according to claiml1l, wherein at |east
one of said ions is selected from




t he group consisting of fluorine and chlorine. 5. A nethod according to
claim1l1, wherein at |east one of said,jons is fluorine and said
inplanting is carried out at an ion i }Ti)l antation dose of from ab?lthEB 2005
1.times.10.sup. 13 to about | .tinmes.l O sup.14 atons per square
centineter, and an ion inplantatiqy gpgggy of fromabout 10 KeV to about
20 KeV. 6. A nethod according to claim1, further including annealing said
sem conductor |layer at a tenperature of about 800 to about 900 degrees

centigrade for .a.ti eriod  of about 10 to, about 15 mnuytes. 16 2 4 FEB
2005 7. AEMWHH”&%%PEF%‘B@&“&‘F%WE SRRRSPRAUGIar JYaT EOMBESIRgiyer t hi ckness

i's about Rfning andxi laR AR QFuctdr laferet hod according to claim1,
further conpri sipr;&yfgrm ng el ectrode spacers on both sides of said gate

st r uct ur eforminga pedysiirendayesodispig oxidedpydrm 1, wherein said gate structure

is conpri L:h-1.CO 0 A hod accordi.ng to cl ai wherein
sai d gat ep%l g‘??ﬁ%% %a?‘gwlgb‘gb‘gna@?ég fé)cﬁ(g.aqeﬁ%@cﬁ”ﬁ@flﬂgglﬁésg%&ﬁcﬁﬂd% ai m 10,
wher ei n saligds, gadl @ atppeksdid oxidepayesaddof a | ayer of polysilicon, and
additional |ayers selected fromthe group . consisting of netals, netal

al | oys, HMRANGIMRSInOoRILPridcianer benpath guid gatgwtrupraadiasent said first
(pol ysi | 16RA4TBAR! and Shiv & s 3R leabiine clBDAS AEGAREMAG L0l 1 M 1,

wherein said gate structure is a gate electro onprised o | ayer of
pol ysi | i cegionanflerysaid gate sthuchme,umampredetetmired pors inhEant@ontemratidén shich

pol ysilicon. Layer, an | gyer of. tungsten deposited on t of said
titani um? gwl}lmldgfl@%?ﬂ%éﬁ%ﬁlpmg . “ie a%qré\%moil§%%§¥t§ptggg% 3xi de

| ayer is gaescamdidairsl 0 sefRINSATIfe s&g%gh@jaéenu?rrﬁfm 59 69drldpQBgibA, hdt i ckness
of about 20 to about 80 Angstroms. 14. A nethod according 1o claiml,

further coMgh issuliaciens torinegeass Biseleptrirgbeate axige thicknssy oy in sdid overtiipons
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semiconductor layer.

2. A method according to claim 1, wherein said predetermined ion implant

concentration is about 1.times.10.sup.18 atoms per cubic centimeter of fluorine.

3. A method according to claim 1, wherein the tilt angle is about 5 to about 15 degrees

from an axis orthogonal to the plane of the semiconductor layer.

4. A method according to claim 1, wherein at least one of said ions is selected from

the group consisting of fluorine and chlorine.

5. A method according to claim 1, wherein at least one of said ions is fluorine and
said implanting is carried out at an ion implantation dose of from about
1.times.10.sup.13 to about 1.times.10.sup.14 atoms per square centimeter, and an ion

implantation energy of from about 10 KeV to about 20 KeV.

6. A method according to claim 1, further including annealing said semiconductor
layer at a temperature of about 800 to about 900 degrees centigrade for a time period

of about 10 to about 15 minutes.



15. A method according to claim 14, wherein the lightly doped regions are
n-type regions fornmed by inplanting 'ié)ns, sel ected fromthe grouga EB 2005
consi sting of phosphorus and arsenic, with a dosage of between a ouf
2.times. 10. sup. 15 to about 5.tinmes. 10. sup. 15 atons per centineter
squared a, r 3 Q. : V. 416 met hod
accor di n? t%&g Iﬁg):an%g ﬁr,ﬁfn\%ﬁgp@@ﬁ rlt" ﬁllggﬁng%ﬁ ‘3"‘8‘%%2%‘( tpléc 3.“%‘%@ %ll)'oélt 6@& pe

regi ons fahone80 mgsiromisant i ng boron di-fluoride ions with a dosage of

bet ween about 17 2.tines.10.sup.15 to about 5.tinmes.10.sup. 15 atons per
centinmeter squared at an energy of between about 10 to about 25 KeV. 17.

A met hod &oCakefliodGetstditigab Blaim 1 firthBLEorPHEM Rhmthe BEdoRe sﬁh‘acgféidny doped
adj

drain source/drain regions wt hin the sem conductor | ayer ol ning the
gate st r Rothypides of spidge stopture8. A met hod according to claim 17, wherein
the heavily doped regions are n-type regions formed by inplanting ions,
sel ected fromthe group consisting of phosphorus and arsenic, with a
dosage of9.@bmathod atcording tb cRirs Upwhéreinsaib@ité stbuchir8BScohtprsd@ol 5 at oms per
centinmeter squared at an energy of between about 5 to about 15 KeV. 19. A
met hod ac%YE\%Ii“‘r?Q'to claim17, wherein the heavily doped regions are p-type
regions formed by inplanting boron di-fluoride ions with a dosage of

bet ween about 2.tinmes.10.sup.15 to about 5.tines.|0.sup.15 atons per
cent i met el. dgmethed aggording tedleimyy, wherbiptsaidagateadingturd & 4 gataktack. 25 KeV. 20.
A met hod according to claim8, wherein said el ectrode spacers have w dt hs
of about 300 to about 700 Angstrons. 21. A nethod according to claiml1,

wher ei n_sidi. & metbaatdodding So Hakh 00, PkbréiRAE Gatdidtk if S8HpriddH®adayrp! ysilicon
layer. 22. A nethod according to claiml1l, wherein said inplanting is
per f or mecPfipelysHicongingd adgionallayery seleqted fsomyhe giogp gonsigpiag of metals,

metal alloys, highly doped polysilicon, suicides, and polycides (polysilicon/metal

suicide stacks).

12. A method according to claim 1, wherein said gate structure is a gate electrode
comprised of a layer of polysilicon, a layer of titanium nitride deposited on top of said

polysilicon layer, and a layer of tungsten deposited on top of said titanium layer.

13. A method according to claim 1, wherein said oxide layer is formed by low

pressure chemical vapor deposition to a thickness of about 20 to about 80 Angstroms.

14. A method according to claim 1, further comprising forming lightly doped drain

source/drain regions within the semiconductor layer adjoining said gate structure.

15. A method according to claim 14, wherein the lightly doped regions are n-type
regions formed by implanting ions, selected from the group consisting of phosphorus
and arsenic, with a dosage of between about 2.times.10.sup.15 to about
5.times.10.sup.15 atoms per centimeter squared at an energy of between about 5 to

about 15 KeV.

16. A method according to claim 14, wherein the lightly doped regions are p-type

regions formed by implanting boron di-fluoride ions with a dosage of between about




23. A nethod of reducing Gate Induced Drain Leakage (@ DL) current within
Field Effect Transistors (FETSs) corrpi' sing: form ng on a sem conquck&y 7005
| ayer a field effect transistor structlUre conprising a gate oxide |ayer,
a gate el ectrode having first and second | eadi ng edges on the gate oxide

ayer anch g 0Uiee4 ol § Ao PV TEAMIANLY, S0l d sem opduct or | ayer

adj acent said rirst and second | ea

sem condugtegy ¢fdebreenBodt KW teEBoAWWIOK¢Vipl anting ions into said gate oxide
| ayer beneath said gate el ectrode and adjacent said first |eading edge
and inward of said second | eading edge, which defines an overlap region

under sai 1. 9afn@thBH A64JraRE 1o LRIA 1 PREEEL @J@{;ﬁ& %ﬂgg{gfﬂahwd%oﬁ%a%?ﬂﬁf ation

which is higher in concentration than remalnin e oxXl ayer portions
t hat ext esyreeslizinaegipys witkiodhe saidorfdurt lagrdadieintpdht gatd staetages

adj acently fromsaid overlap region, which is sufficient to increase

el ectrical gate oxide thickness only in said overlap region, said ions

bei ng i nplgam wethatl agcdrding t@olging 1 MORhAEih iRoRARlly Hopddegishane mfype t he
sem conductor | ayer; and conpleti nig the fabrication o% sai d sém conduct or
&

|ayer. 24°giRnsEared byimpleatingions, selesteshfoom thetaseun epnsisting pEhasphorasl on sai d
sem condugtiQfsenid ' [ ' . th a,fir dopant
type and sai dsegem%#d@gt quég’gié"rjﬂ‘é‘%%@?%{%é@% %\ql%lre%i |'§l§P‘§ a second
FET wi t h atorsepeormnthmptnsquayginat as ahetgg ef betdebicdboub Sittn gbampIkeENt ary to
said first FET. 25. A nethod according to claim23, wherein said ion

i npl ant concentration is about |.tinmes.10.sup. 18 atons per cubic

cent i met er9, &f methe@atdbeding o clAIEY RAKErAR B8 KHaBy HOpedl BhiBhLate \Mgﬁéei n the
tilt angle is fromabout 5 to about 15 degrees froman axi $ t hogonal to
t he pl andegipns femed by impladngboron defluoride ions withacthsageodbétwagntabout ai m 23,

wher ei n %.tillngéfé.sﬂf% t%ae{bguf. Qﬂﬁleg.?o.gﬁal.%gtgglsfprep COntimeter squared at an
energy of between about 10 to about 25 KeV.

20. A method according to claim 8, wherein said electrode spacers have widths of

about 300 to about 700 Angstroms.

21. A method according to claim 1, wherein said implanting is performed before said

forming said polysilicon layer.

22. A method according to claim 1, wherein said implanting is performed before said

patterning said polysilicon layer.

23. A method of reducing Gate Induced Drain Leakage (GIDL) current within Field
Effect Transistors (FETs) comprising:

forming on a semiconductor layer a field effect transistor structure comprising a gate
oxide layer, a gate electrode having first and second leading edges on the gate oxide
layer and two source/drain regions formed within said semiconductor layer adjacent

said first and second leading edges;

annealing said semiconductor layer;




t he group consisting of fluorine and chlorine. 28. A nethod according to
claim 23, wherein at |east one said i?gs is fluorine and said i l&mifﬂ@i
is carried out at an ion inplantation dose of fromabout 1.tines. I0.sup.
13 to about 1.times.10.sup.14 atons per square centineter, and an ion

i npl ant aty F{s\VAE bout .2 eV. . 29. A net hod
accor di ngﬁ@gmgﬁlgilg%zlg?o %@gﬁg?ﬁﬂggg%@aﬁeﬁxgg i%ﬁ@ §F eojl?&g’léf@ﬂ‘fyé 1AM e of

about 800saidfirsblading@dge arebinees afenid gradbledding added, Whidhalekiaes #f about 10
to about 20 . seconds. 30.. A ey hod for fabricating a structure on a

sem condUBFHRP FeRi} Mdshdid gpig slecirade, i0a pradetspmmed ipnimpland sorsentratiomyer on
a sem conehich & hikRetah condeRirffidiOthan RN ShE k&R BxlRY ergartﬁ)ﬂk tha¥keiq | aver:
patterning said polysilicon |ayer into a gate structure having Tirst and
second | eBVAlY pasgedssaidfirst and sexpadisadiag ddgesiadmetrdlyeirom aaid dvepdmnt i ng i ons

into sai X | . I reqgion beneaph said gate sfructure
and adj a%g%f{&hgvglh%ﬁ%fﬁusfﬁ &F‘g‘ga?%%‘gaesgglg"‘éﬂa‘oﬁaﬁwge %‘I“*élﬁ?soor'g% | eadi ng
edge to avernpagfiat, shidéchs teing implandd oniediglahdortitgahano tiafasesmi ni ng
oxi de layer portions .that extend outwardly passed said first and second

| eadi ng etgﬁé‘g'm&a?‘g%&ﬁtlﬁ?r;fqngm said overlap region, which is sufficient to
| nor ease doifplaliRaht fftfcaiH oF Qi diniddhiabBeRgeonl v Tn said overlap region,
said ions are inplanted at a tilt angle non-orthogonal to the plane of
sai d sem conductor |ayer, said inplanting is carried out at an ion

i npl ant at{,0n dose .of ahou tipges. 1 O sup. to about 1.tjnmes.10.sup. 14
at ons peri4‘ gq'ﬂgﬁ‘gdé‘éw lﬁﬁﬁ%?]ﬂ?mégii%l?‘f"r?ﬂﬁ?‘arfﬁéf foaﬁe@lﬂgﬁagi SPRICPRGHbout 10
KeV to ahbgyr i29pkelity o8Adra FETORRA a BR® dBpart & dn@RSidisemidod@idtbSlaydl A
met hod for fabricating a structure on a senmiconductor |ayer conprising:

formi ng @scoRflydes aplaralignoba sesand BRE vethor secayddopant type, said second FET
being complimentary to said first FET.

23. A method according to claim 23, wherein said ion implant concentration is about

1.times. 10.sup.18 atoms per cubic centimeter of fluorine.

26. A method according to claim 23, wherein the tilt angle is from about 5 to about 15

degrees from an axis orthogonal to the plane of the semiconductor layer.

27. A method according to claim 23, wherein at least one said ions is selected from

the group consisting of fluorine and chlorine.

28. A method according to claim 23, wherein at least one said ions is fluorine and said
implanting is carried out at an ion implantation dose of from about 1.times.10.sup.13
to about 1.times.10.sup.14 atoms per square centimeter, and an ion implantation

energy of from about 10 KeV to about 20 KeV.
29. A method according to claim 23, wherein said annealing is at a temperature of
about 800 to about 1000 degrees centigrade for a time period of about 10 to about 20

seconds.

30. A method for fabricating a structure on a semiconductor layer comprising:




formng a polysilicon |layer on said oxide |ayer; patterning said

polysilicon layer into a gate struct ur&l havi ng first and second | eadi ng

edges, and to expose sai d oxide Iayer,1 i mpl anting ions into said7dxiEdenngs

| ayer at an overlap region beneath said gate structure and adjacent said

first |eagl g%%lﬁ@pggér%wgﬂﬁé nr%lgiftggﬁgcond | eadi ng edge to a

predeterm ned™ion | nt concen Kt her than remaini ng oxi de | ayer
portions formitg epdlesilicanityarodlsyidoaddedygai d first and second | eadi ng edges
adj acently fromsaid . overlap region, which is sufficient to increase the
el ectri cal}/aﬁﬁgt"ég Ef’)i‘ill H%IYF'X'F%‘!( &infr gate pICkYE haype firstgnd sefood leadinigd i ons

are i npl agdeedl aald t@edpokd Sg@g&ﬁcﬁg%ahogonal to the plane of said

sem conductor |ayer; and form I ghtly doped drain source/drain
regi ons vilmpkntinghenssiate saishoiide byed aype overdegj regioh bgneutti shid)gite setidtiet ur e, t he

lightl . [ -1 ' formed b I mpl apting i1ons,

seloct v TROAFER AR Safluk ¥R 830 R st SR stion Aep G 0 B 11

dosage ofpréditeveeinedion ifnpRnt J:diﬁ&ntfd@ioﬁ%i)%h%ﬁl{aﬁ ré@hfHingdxideRyer hartRiR- 15 at ons
0

per centt'hrret er squared at an energy bet ween about 5 to about 15 KeV.

32. A methdiEad quaprdlypassed saidsfirstand seeonsieadingedges adiacantly froay said

conpri si ng, : A f ) ' aver. on. em conduct or

| ayer; ][tgrre %gﬁaéé&ﬁ%lﬁgggfgﬁ%?fggc%%eggé %ggkl%egafea%/xelr% élbcé(flfsé;ro '3f1g sai d
pol ysi | i domsaidawerlap regonasajdimns ate ingtlamed ftamilngngdlé nat-oalsoagienke | eadi ng
edges, ang to xic()iose.sai d oxiéde Iaé{er; i nplanting ions into said oxide

| ayer at ?’Peo?;gsf" agﬁn}“ié’é’fiﬁﬂmb Hefat EEP]&“ '8 cATER QLU 19 d adj acent sai d
first | eagiphhtRAacio8O8f AWHIRT GRS, 1930515 &LARM: | SRS 56692 afcthsper
predeterm ned ion inplant concentration higher than remaining ‘oxi de |ayer

porti ons squiggicertimetar ap ieiamplantatiasenetzysdiftbni abastt 18K Voeabnut 26KdVng edges

adj acent la}‘-dfa'i e%tsoqfeg)fs@ﬁ% lsa19ﬂ{1§ |€i(_)n, which is sufficient to increase the
el ectrical gate oxlde I cKness onl'y

31. A method for fabricating a structure on a semiconductor layer comprising:
forming an oxide layer on a semiconductor layer;

forming a polysilicon layer on said oxide layer;

patterning said polysilicon layer into a gate structure having first and second leading
edges, and to expose said oxide layer;

implanting ions into said oxide layer at an overlap region beneath said gate structure
and adjacent said first leading edge and inward of said second leading edge to a
predetermined ion implant concentration hither than remaining oxide layer portions
that extend outwardly passed said first and second leading edges adjacently from said
overlap region, which is sufficient to increase the electrical gate oxide thickness only
in said overlap region, said ions are implanted at a tilt angle non-orthogonal to the
plane of said semiconductor layer; and

forming a lightly doped drain source/drain regions within the semiconductor layer
adjoining said gate structure, the lightly doped regions are n-type regions formed by
implanting ions, selected from the group consisting of phosphorus and arsenic, with a
dosage of between about 2.times.10.sup.15 to about 5.times.10.sup.15 atoms per

centimeter squared at an energy of between about 5 to about 15 KeV.

32. A method for fabricating a structure on a semiconductor layer comprising:



in said overlap region, said ions are inplanted at a tilt angle
non-orthogonal to the plane of said @ﬁﬁiconductor | ayer; and fornhggéﬁ
lightly doped drain source/drain regitns within the sem conductor | yF 2005
adjoining said gate structure, the lightly doped regions are p-type

regi ons f ﬂyoxi&@fﬁ#%%ﬂh%&ﬁ&{n@ﬂctgtIél&%rl;'Ori de ions with a dosage of

bet ween about “2.t1 nes. 5. tinmes. 10. sup. 15 atons per
cent i met eformingsr pdyslicanapnengyidaixidecdbygen about 10 to about 25 KeV. 33.

A et hod for fabr i.‘iati n]g a Ptru_cture on a sem conductor |ayer conprising:
formng SRAUERIREsAid pelysifiron layermtasgnie stpctyrg haying fisst and gecangd deadiniel i con

layer on &medl an@Xd Sos@¥Ed oxRaldyef;ni Ng said polysilicon layer into a gate
structure having first and second | eading edges, and to expose said oxide
| ayer; i nipipkantingdonsdnto saitt exidalagierot iad evériapeegian bemeadvsaid gie seadtare beneat h

said gate str re. | nt said first..leadi edge, and i nward of

sai d secoann? ﬁdggé’é{ﬁglde%ee%hggg%raél é?‘g?rﬂioﬁéﬂdisﬁ??nldﬂ%d&?ﬁge%ﬁ%ént ration

hi t her t hmadetemting jog i@pladiecdney@ratipahidhen than réindinsloxid 193 \WafiIn¥ Passed

said firstf and second | eadi ng edges a Jacentzl’ﬁ( fromsaid overlap region,
1

whi ch i s Befreptedantwargly prssedsaKl fisand) seeqnd leadingyedess adipepatlyframarids onl y
in sai d QURHhARE&GH WHeh S 3l - ' TP e
non- or t hogona tg[l)&%i'hel hplﬁgirllfgicz)e 912)6‘1?:5 gggﬁégﬁgﬁggﬁaﬁa‘g@%&r%lu%rgggsfog}ym ng a
heavi | y dopaid cyedamregou, sad drmaiare ingdaroedatva tithangl¢ hen-sehogoaakidahor | ayer

adj oining . the gate structure wherein the heavily doped regions are n-type
regi ons ghl?ﬂ a‘é&/se%“gﬂ‘ft%{jy?roﬁ’é‘f sel ected fromthe group consisting of

phosphor Usrifig a [@ih8I§Hoped Watisctr AREFAPeAbnARAM the {dniTBSndhBos ted 5 t O about
5.tinmes. | O sup.15 atons 21 per centineter squared at an energy of between

about 5 tadieippgsaidpaesiuciure tegiglthyobped regionvartptyreargibabfirmad brg a
structur qm%'i]an?lnﬁ %%}o%odl%h‘aé 1An%)(ﬁ{h g 869?1& 3t bibiveen about 2.times.10.sup.15 to
about 5.times.10.sup.15 atoms per centimeter squared at an energy of between about

10 to about 25 KeV.

33. A method for fabricating a structure on a semiconductor layer comprising:
forming an oxide layer on a semiconductor layer; forming a polysilicon layer on said
oxide layer;

patterning said polysilicon layer into a gate structure having first and second leading
edges, and to expose said oxide layer;

implanting ions into said oxide layer at an overlap region beneath said gate structure
and adjacent said first leading edge and inward of said second leading edge to a
predetermined ion implant concentration hither than remaining oxide layer portions
that extend outwardly passed said first and second leading edges adjacently from said
overlap region, which is sufficient to increase the electrical gate oxide thickness only
in said overlap region, said ions are implanted at a tilt angle non-orthogonal to the

plane of said semiconductor layer; and

forming a heavily doped drain source/drain regions within the semiconductor layer
adjoining the gate structure, wherein the heavily doped regions are n-type regions
formed by implanting ions, selected from the group consisting of phosphorus and

arsenic, with a dosage of about 2.times.10.sup.15 to about 5.times.10.sup.15 atoms



form ng an oxide | ayer on a sem conductor layer; formng a polysilicon

| ayer on said oxide |ayer; patterning said polysilicon |layer into a gate
structure having first and second | ea lng edges, and to expose g3 FtBO%Jil]ﬂe
| ayer; inplanting ions into said oxide |layer at an overlap regi on beneat

sai d gate_ StrLLE | acent id first Leadin ge and i nward of
sai d geco% ce}é&gfh%gsqeug%g a?%ﬁgnerg 8@%’?‘@?‘?{1 ?Pé’&t$5?1§g°r‘r‘gﬂ§%1"vconcent ration

hi gher than remai ning oxide | ayer portions that extend outwardly passed
said fi rsi nd second | eadi ng edges adjacently fromsaid overlap region,
which is € Wﬁ@ﬁtfolt@bﬂ%méwﬁw'é}@&mm@ uctpafayepsordpritibg:ckness onl y
in said rifan’ j |l L opl. tilt. angle .

non- ort hgfgg% to&ﬁlﬂgy%ﬁg‘nﬁs% Ebglglﬁ%tgglg égdn}hﬁlg% %%’OIS%@/% I}Iagﬁlgm} %ﬁ‘% ng a
heavi | y dopdellayierai n source/drain regions within the senmiconductor |ayer
adj oi nin he .gate,struct ur t.he heavily doped regions are p-type regions
formed by SCTITEHYS RelvBDram Bype PR sl ricsie Payine (35t 68 aesene eadingncen
about 2. tddges ah8 1 enpok&sdi@ oxdBPayler;5. times. | O sup. 15 atonms per centineter
squared at an energy of between about 10 to about 25 KeV. 35. A nethod of
reduci ng aplanting depsdatoreid exidelakerps ap ovelap region dereali sdid gatFiserhctureEf f ect

Tr ansi st ) I.sh:-ng.form.n n.a.sem cqonduct or, |l ayer a field
ef f ect t(rna[anﬂsaﬁga{ég@ sélﬁlf?g{ lﬁgdelﬂg S%riu“g‘i‘%‘gafa 055?@ B gg%a%f%yeé%gf %2gate

el ect r odeprixdetémgndd ioatimphat sconthtionaditiegiad ganainmgloraledal® paiicia | ayer
and two sgurce/ rain regions forped within sajd sem conductor |ayer;
anneal i ng & M‘@gﬁﬁﬁﬁﬁd spidl fanst and sseoneklpading erdess pdieeentlyifepnysaid oxi de
| ayer be H 2 : ' : | Y ' edge
R A et
under t hdngaid@vetlagtegine said cona apy ieqdarsedatracdt argle horpbaldgonalntoal r at i on

hi gher thqn r idni n ‘a’g@tet oxi de | ayer portions that extend outwardly
passed sdl g Fq s se BE8hE e ng edges adjacently from said overlap
region, which is sufficient to

forming a heavily doped drain source/drain regions within the semiconductor layer
adjoining the gate structure, the heavily doped regions are p-type regions formed by
implanting boron di-fluoride ions with a dosage of between about 2.times.10.sup.15 to

about 5.times. 10.sup.15 atoms per centimeter squared at an energy of between about
10 to about 25 KeV.

35. A method of reducing Gate Induced Drain Leakage (GIDL) current within Field
Effect Transistors (FETSs) comprising:

forming on a semiconductor layer a field effect transistor structure comprising a gate
oxide layer, a gate electrode having first and second leading edges on the gate oxide
layer and two source/drain regions formed within said semiconductor layer;
annealing said semiconductor layer;

implanting ions into said gate oxide layer beneath said gate electrode and adjacent
said first leading edge and inward of said second leading edge, which defines an
overlap region under the gate electrode, to a predetermined ion implant concentration
higher than remaining gate oxide layer portions that extend outwardly passed said first
and second leading edges adjacently from said overlap region, which is sufficient to
increase electrical gate oxide thickness only in said overlap region, said ions being

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



i ncrease electrical gate oxide thickness only in said overlap region, said
ions being inplanted at a tilt angle_non-orthogonal to the plane of the
seni conductor |ayer, at 22 2 4 FEB 2085 | east one said ions is fllbFEh@NS
and said inplanting step is carried out at an ion inplantation dose of

about | .l . about.l.  tinmes.10..sup..14 atons per square
centi met e%%lﬁg)%% géﬁﬁﬁgﬁ;ﬁ%ﬁ%en% tsf’lgi{"@iaéﬁnﬁ S%‘P 1§ ?%HF%BM aR eV t 0 about

20 KeV; imdartatipl disk ofabdie 1 ftimidsi 10ap AB tOhb&iail din&@mo%ﬂpth%&ﬁs payer. 36. A
met hod for fabricating structure on a sem conductor [ayer conprising:

form ng at"8%i C&B“ﬁ“ﬁ?é@“@ﬁ“é“‘s’é‘?ﬁ‘%%“@?%ﬂ ofyfeam abasyt ) s Vatopbloys20 i con

| ayer on gavdaxi de | ayer; patterning said polysilicon layer into a gate
structure having first and second | eading edges, and to expose at | east
portions of said oxide |layer adjacent said first and second | eading

edges; providin esi st | ayer, whi.ch exposes a portion of said gate
structur eC%\zgﬁrPﬂétg?g tﬁggas e uorb‘gﬁlslafdoﬁ?“ﬂ‘fongﬁftgr %)Yf"de | ayer adjacent said first
| eadi ng edge; and inplanting ions into said oxide |ayer beneath said gate
structure, adj acent said first |eading edge and inward of said second

| eadi ng efyé methed dopfabri¢ating g truptuen e 3 sgmicenstycion layatieomprising: gat e

structur i ned . I .concentration which is higher
in conceﬁ??{e}ﬁg%ﬁg{xﬁ%ﬁﬁf%%{}ngﬁg%gp%}ﬁ%gé‘/rér portions that extend outwardly
passed sdodningragiolgeilicomdaye dnlseiddixids leglges adj acently from said overl ap
region, and which is sgfficient to increase the electrical ?ate oxi de

t hi cknes PARTYE 714 BY IS} laxgy Infodppatmstructiirg havipg fisst and pesoadiesdingt a tilt
angl e nonsdged RAGANAIpokOat1BRt PSADRs Of sajPddde Ry&n zfél?zﬁgﬁ'tcstaﬂf fidsPYff second

leading edges;

providing a resist layer which exposes a portion of said gate structure and at least a
portion of said oxide layer adjacent said first leading edge; and

implanting ions into said oxide layer beneath said gate structure adjacent said first
leading edge and inward of said second leading edge, thereby defining an overlap
region under said gate structure, to a predetermined ion implant concentration which
is higher in concentration than remaining oxide layer portions that extend outwardly
passed said first and second leading edges adjacently from said overlap region, and
which is sufficient to increase the electrical gate oxide thickness only in said overlap
region, said ions are implanted at a tilt angle non-orthogonal to the plane of said

semiconductor layer.




