; tue3eWeBW( 6TBCI ( P100035 USE OF FLUORI NE | MPLANTATI ON TO FORM A CHARGE
BALANCED NI TRI DED GATE DI ELECTRI C LAYER BACKGROUND OF THE | NVENTI ON (1)
Field of the Invention The present invention relates to nmethods used to
fabricate sem conductor devices and nore specifically to a nethod used to
forma charge bal anced, nitrided gate dielectric layer for a netal oxide
sem conductor field effect transistor (MOSFET), device. 10 (2) Dpsggg3sti on
of Prior Art Mcro-mniaturization, or the ability to fabricate

sem conductor devices with sub mcron features, have all owed perfornmance

i ncreases for the BWBHOKRRBAORMNISMHLANTAJEONTO FORM AN CHARGIhasi cal |y via
reductions in performance degradi ng junction capacitances. Sub 15 micron
MOSFET devi ces are alBd.ANCED NIABRIDEBtGAGTEMHELECTRGCITIAYERI | i con di oxi de
gate insul ator layers, used to allow operating voltages to be decreased.
However the thinner silicon dioxide |ayers can present higher |eakage
currents than counterparts conprised with thicker silicon dioxide gate

i nsul ator layers. Subjecting the thin silicon dioxide gate insulator |ayers
to a plasma nitrogen procedure, or to 20 an anneal in a nitrogen containing
anbi egpt, can reduce | eakaggaACRGRORUNDIOF SHEIISMENTION de | ayers, however at
ri sk of inducing positive charge in the thin silicon dioxide gate insulator
layer. The ﬁﬁequgtth@fnvgm%npom tive charge, generated in the silicon dioxide
| ayer as a result of nitriding, is a negative flatband voltage (Vfb,) shift

for silicon d'THéFt@@en@ﬁfv@nﬁd?ﬁHﬂaﬁeE%ml&@%@if &e@'i‘&’fa@)’i@ﬂe ké?mg&{dﬁctwr glaaRghq et al
oxi de sem conduc , as well as in P channel 00035 netal oxide

sem condyg, % &Eﬂtfﬁﬁ) toqeiﬂétﬁ@@usea_ﬂ?fo?ﬁglaéhhlgg bmanceahhlftﬂdeq eg"af%%él)!ctﬁ@[azgxl 3} es t 0

negatlve shi for the threshold voltag of thesé€ devi ces king V

ad) ust g{i}le@ﬁto%fdfe%&n%ﬁ’cﬁx%ﬂﬂrfﬁﬁj ételf t'rangs{or&] 9 Uevickn addi tion the

negative I'S nore pronounce ev ces, making the PMOS Wt
adj usf i npl antati on procedure even nore difficult to 5 target.

(2) Description of Prior Art
Micro-miniaturization, or the ability to fabricate semiconductor devices with sub-
micron features, have allowed performance increases for the sub-micron MOSFET devices to
be realized, basically via reductions in performance degrading junction capacitances. Sub-
15 micron MOSFET devices are also being fabricating featuring thin silicon dioxide gate
insulator layers, used to allow operating voltages to be decreased. However the thinner
silicon dioxide layers can present higher leakage currents than counterparts comprised with
thicker silicon dioxide gate insulator layers.
Subjecting the thin silicon dioxide gate insulator layers to a plasma nitrogen procedure, or to
20  an anneal in a nitrogen containing ambient, can reduce leakage in the thin silicon dioxide
layers, however at risk of inducing positive charge in the thin silicon dioxide gate insulator
layer. The effect of the positive charge, generated in the silicon dioxide layer as a result of
nitriding, is a negative flatband voltage (Vy,) shift for silicon dioxide gate insulator layers

employed in both N channel metal oxide semiconductor (NMOS), as well as in P channel
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This invention will describe a procedure in which a silicon dioxide gate
«insulator layer is prepared, conprised with negative charge. Subsequent
nitridization procedures introducing positive charge nowresult in a

bal anci ng, or neutralization of charges, allow ng the | eakage of thin
silicon dioxide |ayers used as gate insulator layers for MOSFET devices, to
be reduced 10 without the risk of negative V, shifts. Prior art §1e003as:
Sun et al, in US. Pat. No. 6,258,730 Bl; Lu et al, in US. Pat. No.

5, 683, 946; , Kl | eil r len .0 U Pat .. 2.961; aoaram in
0 S pat Meid) o-Q03GhicondleBinBs) gl T b smif fecl? bug HgRSR 2T
Akramet al,.in.U. S  Pat. . 28 33,.B1; .describe hods.for nj.triding
o oon areive St s AhieshRa il vl B it (iR ind Y B amblanBlivie gate
insul ator |ayers,. .however these prijor, art do pot .describe the upjque

conbi nat PEEUTEAEHILES Sinuist Thcpulion oz Yo s i S Bt TAURESDA. | n whi ch
charge bal anci.ng, or char traljzation in the silicon dioxjde gate

i nsul at of Mﬂ@g?‘g‘?%s’ I&@HP%U’%S’.N?&MW\ SW’P%QE‘“PNV WREWRR Pore ARt ¥hi ect  of
this invention to form charge bal anced silicon dioxide gate insul ator

| ayer8, fa@8thoth PMOS and NMOS devices. It is another object of this
invention to inplant_ fluorine ions into a region of a silicon substrate
prior t o Thisrimeantionwi describre prFyreginowiHcls? siliendigrigs sefe ingylatorilaysnisat or

| ayer, followed 2  P100035 by the thermal oxidation procedure resulting in
t he i ncoPpdaKi eompsised Vil pegative eisge. Anseragaitnividizaten preceduiestipeodusimgmal [ y
grown silicon dioxide layer. It is still another object of this invention

t 0 subj eppsitivrechargeinowiTesitlion adalanegipgyror aenalizatéan efichirges glewing thtlaalpge 06 a
nitridization procedure, resulting in the incorporation of positive 5

char ge i thin hidicomdiexidy laygrssis¢d asgatednstatdelayery &r MABERT idevices; to begeducadi zes
the previously generated negative charge in the now charge bal anced silicon
di oxilde gatheutithstiskatfoegitivgdf, shifts. Brucmartianch es:\Wunfet alhim [PSeBanNoi m2E;TIlon a
met hod of formng a charge bal anced, thin silicon dioxide gate insulator

| ayer, i Blnhietal) iedk8gRat.dNw. 5¢088,946; Kiimgbeil Zecktal, én H.SiPar. Nabi 2882,861;pr ocedur e,
and the charge in the gate insulator |ayer is balanced via incorporation of
f I uor i ne Ngaodramgsinilh$ oPat.o. $i 114 8R; Mitanxiiet el, inaly St PatuNbn@y19h463ahd Akradaéti on,

is described. After formation of a silicon oxide screen insulator |ayer on
a sem coagucUd. Pstubstrate, fluorine ions are inplanted into a top portion
of the sem conductor substrate. After renoval of the screen insulator |ayer
a silicon di oNode?28m433 Biisldbaibe imeklayde fori mitridimgysitidoh Wigxideiny 2q s implagin t op
portion of the sem conductor substrate with incorporation of the inplanted
f | uonk ne fluoiige inf diliain RghxadeN@@ainvlSod Ry &b aiog@vérthdsh @ribNat aBhdtydegdanhsi | i con
di oxi de | ayer to be achieved. The procedure for reducing gate insulator

| eakage spifghle aGmbidatWnas Feocdststapsli deadribed iPhagreieheinvaitioningadlici ¢haggeni t r ogen
anbi ent such as NO N20/ NH3; or deposition of an overlying silicon nitride

| ayer; i palah@ig, @A Dh@YEsbuathisALidLHUhE biligor Mokide gge MeuRitdraayeels @BRI4d. ve charge
in the underlying silicon dioxide gate insulator |ayer, with the negative
charge delivered via the incorporated fluorine 20 ions, bal anced by the
positive charge created by the nitridization procedure, thus resulting in a

charge bal anced silicon di oxyiavaaieornsid pBIVENTRYGr, featuring | ow | eakage
currents. P100035 BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her

advanpages of li@ihSothjet 80iiORvéHiBn e Bmda Ebﬁlﬁﬂqeid@ilfcbﬁd%ﬁfe%l"afeeiﬂsulator
enbodi ments with reference to the attached draw ngs that include:
layers, for both PMOS and NMOS devices.
It is another object of this invention to implant fluorine ions into a region of a silicon

substrate prior to formation of a thermally grown silicon dioxide gate insulator layer, followed



Figs. 1 - 6, which schematically, in cross-sectional style, illustrate key
processing 5 stages used to forma charge bal anced, silicon dioxide gate

i nsul ator layer, in which | eakage current is mnimzed via a nitridization
procedure, with the positive charge generated in the silicon dioxide |ayer
during the nitridization procedure bal anced via incorporation of f@ﬁgrine
ions into a silicon dioxide |ayer during a thermal oxidation progé 8.
Figs 7 - 8, which graphically illustrate the |evel of positive charge, as
reflecte ] l. fu ' unt of tine
the sil ig ﬁ%df‘%?ﬁgg’ﬂg%iOé‘rhr#s?ﬂiﬁﬁ‘g?%g“?ﬁg;ﬂé?&ﬁ‘s’c"?ﬁ r?%‘g:r{‘ge}gﬁ‘{‘)c?}?‘? Je“s’m ridi zation

procedureé ﬁgggm%%%“@%ggli%@Ysé%%%%ﬁmg?ﬁkgﬂﬂqﬁ%§ance vs vol tage curves, for
1 .

silicon 88X e fnsu relayers ermal grown from sem conduct or
substrates that been Ji.ml ant.ed wi.th vari.o doses of .fluorine i.ons. 15
PESCR P11 N O i RER i oy Mol TSR aies At n BherSige

bal anced sjlicon d'oxi?e ate insulator |ayer i.n which | eakage current is
i m 2z el MinEEavg charas [P Bl e, T ing i e MEoTRRYENPY VEPasiite ge
generated in the ﬁ%gicpn quXide-lié?r ﬂuan t he nLtriﬂization procedur e
bal anted kA8 Bdhs WASHYGE stlicom digride 4ysF whichiip Run peiteliegsdhe PIevioysly di oxi de

| ayer during the thernal oxidation procedure, will now be described in

det ai | . Bfnerated pegatye drseilehenayeshargsdelgaesd silirondiordde gt inor gy ¥y ¢ons, s
to be used as_a gate insulator layer, the |eakage current of the thin gate
i nsul at or | ayHyaceandarpedyiythe preseny vspQs hmethpd offar@ingn ehargedalaagedagfin i n
thin silicon dioxide |ayers nitridization of the silicon dioxide |ayer is 4
P100035 pidicgdiggide gats insplatny 1aysr imwhisd deakage ¢usrgntisinppiniged war agedizpiftey er

i ntroduci ng positive charge into the silicon dioxide gate insulator |ayer.
The consem@efg@@ ag therphange &1 the gatedpratfader layer i bafnred i ingerpestione! floptisge f or
the MOSFET device conprised with the nitrided silicon dioxide gate

i nsull@t ofonk ate the sitipon dinyidei loxer dhriegstheinep! esidatere iy descritiedn dufter fnymatien of a
nitridization procedure 5 presents difficulties in correctly targeting

t hr eshol diligelj ergde $angeinansulaterdaysnen a Teraicednctor substratepwarinedorfsare inhagedi ti ve
charge introduced after gate insulator growh via the nitridization

pr ocedur éyto a tqpr meegsofshgsearicmddast spbstthte. oA ] roewomal ©f pewsat insglane frker ve
charge to be generated in the silicon dioxide |layer is used. The
conpensasilingn diegjdt gate inshataydayer islthdymally grovghmdsumiag hlteppartien pfehe, i npl ant ed
into a top portion of the sem conductor substrate, prior 10 to the thermal
oxi dat i osempicomdndior subssatd with igcopporative ofithd ingriamkdottu ctime gatsgallavdng ahegativayer .
The process of providing the fluorine ions is first addressed, and

schemnt i cldrge/inghotmrmallyfgragwn dilic@@edipxida thyet totbe adiiistadatThe procednpforsed of
single crystalline, P type silicon, featuring a <100> crystall ographic

ori ent at re@lncing gatd $eslatdsiléakagrsuok k@ play@mittidizatohgrotsiact; as aenealin@en oxi de

| ayer, is fornmed on sem conductor substrate 1, at a thickness between about
30 to 50Qitibgerngbichitash asNG/N,OENHY lor depodition @ an overMiry Gl nittilde V3P0 lis
deposition procedures. Inplantation of fluorine ions 3a, into a top portion
of semi cadeaipliyes Wl tdsaltiag In the gemteationat pbsifivechadde iathean@edyinpeiliveen about
1 to 50 KeV, at a dose between about 1E13 to 1E16 atons/cnR. Silicon oxide
| ayer 2, diokidelpare inGiamyeayey) withithe nedatide bhdre sty dinht urbipordi@horiei d
solution, resulting in sem conductor substrate 1, conprised with negative,
f | uonp ne jdngMsaladeed byPGhapedtivechareéQrdaid HYQhE hibitiLdtios PRdceONEUGIDeslifSinrAt € 1.
This is schematically shown in Fig. 2. Silicon dioxide gate insulator |ayer
4, i's nexharkOBdIAREN ¥iliBSONOxiHO gde IRGIR B Sr, BRtWMRRNoR Dt gelrlefts 100
Angstrons, at a tenperature between about 800 to 1000 C§ In an oxygen steam
anbi ent. The oxidation procedure, consumng a top, portion of sem conductor
substrate 1, results in incorporation of fluorine ions 3b, in silicon

di oxi de gate insul ator |ayer



P100035 4. The negative charge provided by fluorine ions 3b, will allow
.subsequent positive charge, generated by a nitridization procedure, to be
conpensat ed or bal anced. The result of the thernmal oxidation procedure is
schematically shown in Fig. 3. In addition to providing the desired
negative charge, the presence of fluorine ions in sem conductor %5 trate
1, increases 5 the growh rate of silicon dioxide |ayer 4, durin% 5

t hermal oxi dation procedure. The procedures used to reduce | eakage in the

thin, silicon dioxide g%ﬁﬁﬁﬁ#@@ﬁﬁfﬂbﬁyﬁﬁsfHE"ﬁk%Wl'NbSadd' tion generates

t he p05|t|ve char ge that uorirne’ions are prepared to conpensate for,
t add d and henmat | L ustrated A f t
o ccaue weed R BOPLGHA B '%'aéé‘%sﬁy'vf B BT  ly efe

is a plas ni tridi o The pl asma nltrldlzatlon procedur e,
resul ti n§™ Hdlaleflﬁﬁ”‘é‘dre ei’%’ﬁ %?CSB% I&W&ﬁsdgat now being a nitrided
oxi de | ayer, s perfor asma tool, at a bet ween about 10 to
10, 000 mwatt s, ‘gl§s1 g W %’ﬁ?“‘ghﬁ’dfllcgﬁﬁsﬁi“oﬂﬂj@tylﬁlé\f\eFra Y PFRSFSSE& i me

bet ween about 1 to 90 s n addition the plasm nltrldlzatlon pr ocedur e
resul fs SH8tHsedarmaC Eﬂg%alwgg Fiicon teoXigragaleusgalor Ry e 1 ¥bigh akdgede gat e
i nsul ator layer 4. This is . schematically shown in Fig. 4. However the

pr esence CHCT pemiggized via adisidiyation WF%I&B wthrth%?%‘@ Ghaigs eenerated HEEE or

bal ance positive charges 6, resulting in a charge bal anced silicon dioxide
gat e i nsgiligpndioside Msmﬂprg@nwm%atlpy Prageshyrg balgnced yin ineprpeigtipnal Byoringduci ng
gate insulator |eakage via nitriding the top portion of the silicon dioxide
gat e i nsifnatiep alsdigen dioxidetaysr duréngor thermpd axidhdemproegsiesal 20 procedur e,
performed at a tenperature between about 600 to 1000 C, in an NH3, NO, or
NzO ambi ent, Fies 7a & wirichigsanheceHy dhystrate thetloved of pesitiveThatgecasutfleatsd vhe anneal
procedure is again to reduce gate insul ator | eakage, however stil

pr ovildi nghange ipBatbanidweltegea pyyefunaties of asenwntipiune thegiicen divxidegateringudator 4,

whi ch is bal anced or conpensated by the negative charge, previously

gener at edhyenissibjegehtodhonitridbzagian eracadwik.at or | ayer 4, via incorporation of

i npl anted fluorine ions P100035 3b. Both options, plasnma nitiridization,
and anneal pr &eluwksh ilsates the capasitdnice vsvoliage icuweg) ddresilicos dicstidergakeayer wit h
a dielectric constant greater than 3.9, as a result of the nitrided oxide
conponentinsplags éayersrtb@matii gravopiran séaicendictdr lsebsgratee thansad ko implayted with
second procedure used to reduce | eakage of thin silicon dioxide gate

i nsul at ovalieuselosesof flaotidedioskeposi ti on of an overlying silicon nitride |ayer.
This is schematically illustrated in Fig. 6. Positive charges 6, are
generiated in underlying silicon dioxide gate insulator |ayer 4, via highly
stressed, overlying silicon nitride |layer 7. The positive charge in the
silicon dioxide | ayebESORIPIIONOHYHOVRREBERRED IBMBODIMENTSde | ayer 7, will
conpensate the negative charge to provided in silicon dioxide gate

i nsul at or | ay&he thethot af fdrtmixgl ichaig@nsaladbed diliuldidxide gate mswliaf Rger iBathdaced,
dual dielectric gate insulator layer. Silicon nitride layer 7, providing

t he | eakagRageamitrentig medimel vt atriiezativh Pebcsiire, a0 wiihaké ﬁ'@lth@)@ﬁrg@ in
addition to providing the incorporated positive charge, is obtained via | ow

pressur e gehedtbE al thy RS HeBaSIayéQirink HeMPridiAfioR pRsfMirepdanRegdiachem cal
vapor dep05|t|on (PECVD), procedures, at a thickness between about 10 15 to

250 AQYstif@iPoratibi®s AueiRGBALRShe Mifi8ch diBxide tyeLdurhg theRKade oRfdagorsi | | con
di oxi de gate insulator |ayer, as well as to bal ance the charge in the

silicon ?hggmgg\Mﬂx@wtmqggxﬁgdgpﬂ%hpd to silicon dioxide gate insulator
| ayers of both PMOS and NMOS devi ces. The effect of the plasma

nitridizag] Qﬁco%q&;s@émer We&f%ﬁﬁ& N3 1@6% ghrd@ﬁsfgsqg %E%sedoa@ a%RteSihbd1 &8N

di oxi de gate 1 nsulator”|ayers et ween abou Angstromns, 1Is

graphi Call;{y%r% Q\%kag?blﬂ%nl:b Oc th g?tgms{l:llaﬁ‘)!r %@ﬂca\\flﬁrés@ §1Xcoacerr§n Tpndi cation

of charge”’ii the sFlicon ayer, 1s°s unction of plasma
nitridiz tion of
A e o LS AR B S P TR0 )
NMOS devi ces, while curve 10, shows this relatlonshlp for 5|I|con di oxi de
gate insulator |ayers used P100035



wi th PMOS devices. It can be seen that the |onger the exposure to the
plasma nitridization procedure the greater the | evel of positive charge
generated in the silicon dioxide |layer, thus the greater the negative V-,
shift. The V,~ shift for PMOS sanples graphically illustrated via curve 10,
is greater than the V~, shift experienced by NMOS sanpl es. Fl atband voltage
will 5 directly correlate to threshold voltage, so the positive EABES in
the silicon dioxide gate insulator layer resulting fromthe plasm
nitridizati.on procedur.e, if no l.ance the negative.charge provided by
the. | mpt SR QeheRirco e s P s R BRES et MR E ORI G ORGSR B hge

?ff;é?ﬁ ille Vs le%oaTd?%?%%ﬁdia?@%tgf)ﬁyérﬂﬁh@%E SRR rine s R Bt o
Phe. i tr pioieBooal e GRNARFEH A Ak SRR v hRR Amgb sy RoR pxfiiaty ° '°

shift. This again is a result of generated positive ¢charge, with the PMOS
devi ces, nrsebﬁ%é@/ﬁf-eﬁhwge&awbremlg VoitRee ZeUHpedram, thgantridigiien Rrgcadure shj f t
than NMOS counterparts represented by curve 11. The result _of the charge
bal anéi n§respwie didficudtiosdn £RpFGeHy targgiingibratholdadjustimplapy ggipnhelhessferers
incorporated into the silicon dioxide gate insulator |ayer, used to,

conpens atempeiisate day the pesitiveaharge ipradyecdsaticp 24p MMseBrer groath ¥é Yeaniridigaiignat or

| ayer generated during a plasma nitridization procedure, used to reduce

gat e i nsPrecede) apireegesequence designegrta pliow alcpppensatmgnegativerghargedp he i onshi p of
capacitance vs gate voltage (CV), used to neasure V=" for silicon oxide

| ayers t Igenaveted ip the slipondioxideljayerdp ssad. Tdy epmperisatingingpéyeathatgetwilldei ne i ons
is graphically represented 20 using Fig. 9. Curve 13, represents a silicon
di oxi de demish¢deialflaomire ionss émplontefl éde e top poraopeiabergenticendudior subistatepriscedur e,
however w thout the fluorine inplant perfornmed prior to the subsequent gate
oxi dapi oo the cenial axidation peacedhme sgedrio gt the Kilisos dioplde getehindulaterdaydie nost
negative V,~ result. Curves 14 and 15, represent CV rel ationships for

si licon dioxi d&e payessof proRilinB6 floormwriosed finsttaldrieksed,i amd|selrenedicaltyhshiown

i ncor porated negative fluorine ions, used to conpensate the positive charge
gener at edn Big. 1.hBerpicasdvaton subsirelie Aatanaprispd of sidgle erysGlineeP fype siliepn,deatingng a
silicon dioxide |ayer incorporating fluorine ions, provided via an

i mpl ant ati<dA0x oystabhdgrafiiGoddntarivh cinBsedr eslidonedtideriayer §f todke eseddd dcraea, or a

| ess negative CV relationship than the sanple represented in curve 14,

wher ei n toRile $dyet, Gofordedan shanigatdectonsibktadtol, dt aykicknsasbdiwesreabotie®(t toriong

i ncorporated fluorine ions, provided by an inplantation dose of only 1E15
at onssz. ANgbtk@nd, Riashérmabotidaionhesvid elesmipa vhpa e positiongiroswdurBdImigi sabide d
with reference to the preferred enbodi nents thereof, it will be understood
by those o$RudriredonsBal tgo atdp gokiin of8emizusdutiivaR@estraient, isoiet potbraled aidns nmay be
made wi t hout departing fromthe spirit or scope of the invention. to
P100035 Vhaty bawekmabBadl ts50 KeV At aribieasttoéenfabbid K1 330 B @atbmsieinAt or | ayer

on a sem conductor substrate, conprising the steps of: formng a screen

i nsul at oIS;licay ekideMayeAR,ds BRATEMNEYN &1aQlse SBH Sliffb® hy RENRRICBIF) adidis6Rtion,
inpl antation procedure to place negatively charged ions in a top portion of

sai d semrgRNRAYGH KmissbionbbstrAte MDAOn}HiséRvith R6£808, udsib abgy3a R&kd id #7 M ng
a gate insulator |ayer on said sem conductor substrate, consum ng said

20 top portion of semiconductor substrate 1. This is schematically shown in Fig. 2.

Silicon dioxide gate insulator layer 4, is next thermally grown to a thickness between
about 15 to 100 Angstroms, at a temperature between about 800 to 1000° C, in an oxygen -
steam ambient. The oxidation procedure, consuming a top, portion of semiconductor

substrate 1, results in incorporation of fluorine ions 3b, in silicon dioxide gate insulator layer



lo top portion of said sem conductor substrate and incorporating said
‘negatively charged ions into said gate insulator |ayer; and performng a
procedure to nitridize a top portion of said gate insulator |ayer, with
sai d procedure generating positive charge in said gate insulator |ayer,
conpensating said negatively charged ions and resulting in a Chapﬁ%

bal anced gate 15 insulatorlayer. 2. The nethod of claim1l1, wherei Q23>
screen insulator layer is a silicon oxide |ayer, obtained at a thickness

e R O S B i
.4, 1
o OSSR A A v el T B T

bout 1t Ke d do het b 3 1E 6 t
P200035 SherLOYIitioRaaspowf i hRenafinty SR e o8 it i PV T s 20

silicon dj oxide gate. insu] ator obtained at a,thi ckness between about
76t o odlesieatie g bt bR ifsns a%*&av@gt%é%m@édl%feaaes
tenperature between ahout 800 to 100 n an en - steam anbient. 6.
The nét hdbe FPWEY »ient fq%swéffﬁ I%Fg fg%‘&é thermp a8 Bon prpFe e o t ho t op

portion of said gate insulator |ayer plasma nitridizati on procedure,

per f or med hétpr%eﬂ‘éfﬁkﬁ‘seﬁ& ReRse lsakeet ml‘be Ehé“ fdm@@é‘%&age ingylatonlay¢raiieh ween
about 1 to 90 sec, using NH3, NO or N20 as reactants. 10 7. The net hod of

claim 1, inAddidemeessrages ;ﬁl?ed?,oéﬁwﬁ hajgethat e Hupringjiopgare PeePeEse thePmPeatefors ai d
gate i nsul ator |ayer is an anneal procedure perfornmed in an NH3, NO or N20
ambi ent , a5 next addsgssechandrsehaseatisalbnillapted Wi Figs 4060 Adirst precesturq yred et ween
about 1 to 90 sec.
reduce leakage in silicon dioxide gate insulator layer 4, is a plasma nitridization procedure.
10  The plasma nitridization procedure, resulting in a top portion of silicon dioxide layer 4, now
being a nitrided oxide layer, is performed in a plasma tool, at a power between about 10 to
10,000 mwatts, using a ambient comprised of NH3, NO or N,O, for a time between about 1 to
90 sec.
In addition the plasma nitridization procedure results in the generation of positive
15  charges 6, in silicon dioxide gate insulator layer 4. This is schematically shown in Fig. 4.
However the presence of the negative charge provided by fluorine ions 3b, cancel or balance
positive charges 6, resulting in a charge balanced silicon dioxide gate insulator 5, shown
schematically in Fig. 5. Another option of reducing gate insulator leakage via nitriding the
top portion of the silicon dioxide gate insulator layer, is the use of a non-plasma anneal
20  procedure, performed at a temperature between about 600 to 1000°C, in an NH,, NO, or N,O
ambient, for a time between about 1 to 90 sec. The result of the anneal procedure is again to
reduce gate insulator leakage, however still providing the positive charge in silicon dioxide

gate insulator layer 4, which is balanced or compensated by the negative charge, previously

generated in silicon dioxide gate insulator layer 4, via incorporation of implanted fluorine ions



8. A nethod of fabricating a charge bal anced silicon di oxi de gate insul ator
layer on a 15 semni conductor substrate, conprising the steps of: forming a
screen oxi de on said senm conductor substrate; performng an ion
i npl antation procedure to place negatively charged fluorine ions in a top
portion of said sem conductor substrate; renoving said screen oxide |ayer;
20 performng a thermal oxidation procedure to grow a silicon di 8%P¥B5gate
i nsul ator layer on said sem conductor substrate, incorporating said

Lcon di

Fayer ot S A Bl PR g R B B PP PR e
posi t 1 ve MSHR S B R s e basS Scto sttt o e RBPREBr | ayer,

with said positive char conpenpsat i ng sai.d negatively charged ions,

resul ti ngmﬁnwaﬁ He%?ﬁh?eﬁgﬁ‘eﬁ%\‘?ngﬁ %Iot‘ihgrg?:tﬁrﬁnsﬁr%&ﬁw I'gate insul ator |ayer. 9.
The nmethod of claim8, whereipn said screen oxide layer is a _silicon oxide

| ayer, obt ai nédesandpreqsfitesektogequsre dakagsnithiagilican dignidaggletipyitator yys

t hermal oxi dation procedures, or via chem cal vapor deposition procedures.
10. The #ehnaepositiop phakewrlyieesilicon niEielayem Thigps scheaatistlygHpredia Figised to
pl ace negati vely charged ions in a top portion of said sem conductor
substrat®, is performed via inplantation of 1o fluorine ions at an energy

bet ween about 1 to 50 KeV, and at a dose between about 1E13 to 1E16
at ons/ cnfPositive charges 6, are generated in underlying silicon dioxide gate insulator layer 4, via

highly stressed, overlying silicon nitride layer 7. The positive charge in the silicon dioxide
layer, provided by overlying silicon nitride layer 7, will compensate the negative charge

10  provided in silicon dioxide gate insulator layer 4, via fluorine ions 3b, resulting in a charged
balanced, dual dielectric gate insulator layer. Silicon nitride layer 7, providing the leakage
reducing effect on underlying silicon dioxide layer 4, in addition to providing the incorporated
positive charge, is obtained via low pressure chemical vapor deposition (LPCVD), or plasma
enhanced chemical vapor deposition (PECVD), procedures, at a thickness between about 10

15 to 250 Angstroms.

These procedures, used to reduce the leakage of a silicon dioxide gate insulator layer,
as well as to balance the charge in the silicon dioxide layer, can be applied to silicon dioxide
gate insulator layers of both PMOS and NMOS devices.

The effect of the plasma nitridization procedure, and of an NH, anneal procedure, on

20 silicon dioxide gate insulator layers, between about 15 to 20 Angstroms, is graphically shown
using Figs. 7 - 8. Flatband voltage (Vg), an indication of charge in the silicon dioxide layer, is
shown as a function of plasma nitridization time, in Fig. 7. Curve 9, represents the V, as a
function of plasma nitridization time for silicon dioxide gate insulator layers used in NMOS

devices, while curve 10, shows this relationship for silicon dioxide gate insulator layers used



11. The method of claim@8, wherein said silicon dioxide gate insulator
.layer is obtained at a thickness between about 15 to 100 Angstrons, via
t hermal oxi dation procedures perfornmed at 15 a tenperature between about
800 to 1000 C, in an oxygen - steamanbient. 12. The method of claimS8,
wherein said plasma nitridization procedure used to nitridize a tOB &OFtIOﬂ
of said silicon dioxide gate |ayer, used to reduce |eakage in saifd08¥35 con
di oxi de gate insulator Iayer and used to generate p05|t|ve charge in said
t hetween

silicon di ]g
bout 10 i) BGO5GEY el 6 tedpertthet B st e FXinsBiou ey 58 e
met hod of cl aim@8, wher ai.d nitridi atlon rocedu erforned
'n an anBrEREIE MF%‘E&E%E’ %ﬁé o lergpgeneraied TGN SRR IREEHBE o
fabricating a rge hal siJicon gIOXId gat e_i nsul at er on a
ser cond et BFASUBS Hirastiee Vo sk Efeen‘ém g fgrt%l}si So¥mpes rgfﬁph&aﬁy geﬁé@ﬁ d ¥ de on
sai d sem conductor substrate; performng an _ion inplantation procedure to
pl ace neGHIVEVIE! i raaisr Hea the YiosllRexpaicacedpyaNMES snatieso Flaghand giojfage will
sem conduct or substrate; renoving said screen oxide |ayer; performng a
t her mil el conielaty 9dkrgshold Yaitage.om the Rasitive sharae sxihe siligan diokids grist or | ayer
on said sem conductor substrate, |ncpr80rat|ng sai d negatlvelg charged 10
f1 uor i ne insshaorilaes resultisg &om the Alaginaritd izgmeprogeduieatf opt badgnsed bythef or m ng an
anneal procedure in a nitrogen containing anbient to nitridize a
negative charge provided by the implanted fluorine ions, can present problems when
attempting to accurately target threshold adjust implant regions. Fig. 8, graphically illustrates
the relationship of V,, vs time exposed to an anneal procedure performed in a nitrogen
10  containing ambient. Again the longer exposure to the nitrogen containing anneal ambient
results in a larger, negative Vy, shift. This again is a result of generated positive charge, with
the PMOS devices, represented by curve 12, indicating a larger negative V, shift than NMOS
counterparts represented by curve 11.
The result of the charge balancing procedure featuring implanted, negative fluorine ions
15  incorporated into the silicon dioxide gate insulator layer, used to compensate the positive
charge in the same silicon dioxide gate insulator layer generated during a plasma nitridization
procedure, used to reduce gate insulator leakage, is shown graphically in Fig. 9. The
relationship of capacitance vs gate voltage (CV), used to measure V,, for silicon oxide layers
thermally grown with different levels of incorporated fluorine ions is graphically represented
20  using Fig. 9.
Curve 13, represents a silicon dioxide gate insulator layer subjected to a plasma
nitridization procedure, however without the fluorine implant performed prior to the

subsequent gate oxidation procedure. It can be seen that this sample exhibited the most

negative Vi, result. Curves 14 and 15, represent CV relationships for silicon dioxide layers



top portion of said silicon dioxide gate insulator layer, and to generate
positive charge in said silicon dioxide gate insulator layer, with said
positive charge conpensating said negatively charged ions resulting in said
charged bal anced silicon dioxide gate 15 insulatorlayer. 15. The method of
claim 14, wherein said screen oxide layer is a silicon oxide |ayer

obt ai ned at a thickness between about 30 to 500 Angstrons, via tﬁ%pW%ﬁ

oxi dati on procedures or via chem cal vapor deposition procedures. 20 16.
The met hod_of.

d
o sce- negar el Pl et b A8 P g S HPRACRAE SR FE SR lhabigle '
bst t d 7 Th t hod of
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bet ween a out 1 10 .50 K an g dose betyeen abou 1E13(@ fﬁé@

at ons/ cnd! lci%dlo’ﬂﬁ'é lavet WSQFPB‘F‘“Bg PORNEAON{REIEICH VAR E0R d350%h delogat e
insul ator |a IS o tained at a.5 thickness beéﬁee %§£Ut 15 to 100

Angst r omate Cé“t??é‘f |0 B gredtst P%“Yfr BER 5} egal CY rplationspiphinthe s3mplgr o

bet ween about 800 to 1000 C, .in an oxygen - steam anbient. 19. The net hod
of cl & mrepreseqiRd Mequavesk, avhareinihe S'd‘fc%é’d’ﬁldé sgedpsuiatorayer v SrmeddeRsuring ¢ i on
of said silicon dioxide gate |ayer, used to reduce | eakage in _said silicon
di oxi de dreoEarsed flugrise ia, prayised by Aw implarfation dose of aitly 1563?‘10%/3 charge in
said silicon dioxide gate insulator |layer, is perforned at a tenperature
bet ween 3Blsthsonvention msibeen pareularly shownsad desabedbwith raferepcadg the preferred

embodiments thereof, it will be understood by those skilled in the art that various changes in
form and details may be made without departing from the spirit or scope of the invention.
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sec. 20. The nethod of claim 14, wherein said anneal procedure is perforned
in an anbient 15 conprised of either NH3, NO or N20. 21. A nethod of
fabricating a charge bal anced silicon dioxide gate insulator |ayer on a

sem conductor substrate, conprising the steps of: formng a screen oxide on
sai d sem conductor substrate; 20 performng an ion inplantation procedure
to place negatively charged fluorine ions in a top portion of saifd00035

sem conductor substrate; renoving said screen oxide |ayer; 14 P100035
performng a Rpﬁ{%ghmggh%gtion procedure to grow a silicon dioxide gate

i nsul ator | ayer S8 S&MYSemi conduct or substrate, incorporating said
negatively charged fluorine ions into said silicon dioxide gate insulator

| ayer; formng a silicon nitride |ayer on said silicon dioxide gate

i nsul ator, |aye i th overlyi.n ilicon nitride. layer generatin sitive
charge | - Gribenig P kR el ity 187G S dse i iy T utBI FapRnsnbien cai o
positive charge conpensating the negatively charged ions in said silicon

di oxi de éﬁ?éognsulator | ayer, previously provided by said fluorine ions,
resulting in said charged bal anced silicon dioxjde gate insulator |ayer. 10
22. TRe nethod of &TEIRS DXreeRARSUEAIRr laver gn sifl semicoRUstoT SRRt s a sili con
oxi de |l ayer, obtained at a thickness between about 30 to 500 Angstrons, via
ther mal oxi dati on PrERIBERE ¥sion Fpplantatiompieredure ip e ngeatyslyrohaiged i dbar es.
23. The method of claim21l, wherein said ion inplantation procedure used to
pl ace negati vé&BPOrHoRpiaissgmiconduqtor sybstede;porti on of said seni conduct or

substrate, is performed using fluorine ions.
removing said screen insulator layer;

forming a gate insulator layer on said semiconductor substrate, consuming said
10 top portion of said semiconductor substrate and incorporating said negatively charged
ions into said gate insulator layer; and
performing a procedure to nitridize a top portion of said gate insulator layer,
with said procedure generating positive charge in said gate insulator layer,
compensating said negatively charged ions and resulting in a charge balanced gate

15 insulator layer.

2. The method of claim 1, wherein said screen insulator layer is a silicon oxide layer, obtained
at a thickness between about 30 to 500 Angstroms, via thermal oxidation procedures, or via
chemical vapor deposition procedures.

20

3. The method of claim 1, wherein said negatively charged ions are fluorine ions.

4. The method of claim 1, wherein said ion implantation procedure is performed at an energy

between about 1 to 50 KeV, and at a dose between about 1E13 to 1E16 atoms/cm?.

10



24. The method of claim 21, wherein said ion inplantation procedure is
-performed at an energy between about 1 to 50 KeV, and at a dose between
about 1E13 to 1E16 atons/cnR. 20 25. The nethod of claim 21, wherein said
silicon dioxide gate insulator layer is obtained at a thickness between
about 15 to 100 Angstrons, via thermal oxidation procedures perf rgﬁ? at a
t enper at ure between about 800 to 1000 C, in an oxygen - steam a LERP35 15
P100035 26. The nethod of claim 21, wherein said silicon nitride layer is
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: rJJ* Xsni ca] ca] ca] ca] ca] ca] ca] ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caicg]ca]ca]ca]Ea]ca]ca]ca]ca]ca]ca]ca]ca

I N$OOPP_PPQ QQR2RRRNSSSTST>TFTTTUVUUUUNVWAWAA xsni d_Z] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca ca]ca]palca]ca]ca]ca]ca]ca]ca]calca]ca]ca]ca]ca ca] ca] ca] ca
] cal WAT Qﬁgalm , wheretn said procedure used to nitridize the’top portion of said gate

[W[\s\\\"IN]]~ar"~~_g__}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalc

a] ca] ca] defukaiqrdayes i P eH] Huldizaliem prossduas. ds1ferm et 8 Rpwal Reaweenrakg ®bMeced

“ddddeTeWerarrnrrn g 1 xsni d_Z] ca] ca] ca] ca] ca] ca]ca] cal ca] ca] ca] ca] ca] ca] cal
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o0& ()-sf 109& ()-Y10%& ()-sF10%& ()-S& ()*i_UKYl 9% 10%& ()-101010;

%4 0%&0( ) -7s Themehogof t,clalnv;/,/wlmmmsql§ procedure oged(ty nisridize Ue®og portign ofsaid gate
insulator layer is an anneal procedure performed in an NH;, NO, or N,O ambient, at a

temperature between about 600 to 1000° C, for a time between about 1 to 90 sec.

8. A method of fabricating a charge balanced silicon dioxide gate insulator layer on a
15 semiconductor substrate, comprising the steps of:
forming a screen oxide on said semiconductor substrate;
performing an ion implantation procedure to place negatively charged fluorine
ions in a top portion of said semiconductor substrate;
removing said screen oxide layer;

20 performing a thermal oxidation procedure to grow a silicon dioxide gate
insulator layer on said semiconductor substrate, incorporating said negatively charged
fluorine ions into said silicon dioxide gate insulator layer;

performing a plasma nitridization procedure to nitridize a top portion of said

silicon dioxide gate insulator layer, and to generate positive charge in said silicon

11
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s10% ()-\"#, %?{g{(gédﬂlo%, resutmglin g‘ald %l?arged balanced silicon dioxide gate insulator layer.

9. The method of claim 8, wherein said screen oxide layer is a silicon oxide layer, obtained at
5  athickness between about 30 to 500 Angstroms, via thermal oxidation procedures, or via

chemical vapor deposition procedures.

10. The method of claim 8, wherein said ion implantation procedure, used to place negatively
charged ions in a top portion of said semiconductor substrate, is performed via implantation of
10  fluorine ions at an energy between about 1 to 50 KeV, and at a dose between about 1E13 to

1E16 atoms/cm?.

11. The method of claim 8, wherein said silicon dioxide gate insulator layer is obtained at a
thickness between about 15 to 100 Angstroms, via thermal oxidation procedures performed at

15  atemperature between about 800 to 1000° C, in an oxygen - Steam ambient.

12. The method of claim 8, wherein said plasma nitridization procedure used to nitridize a top
portion of said silicon dioxide gate layer, used to reduce leakage in said silicon dioxide gate
insulator layer, and used to generate positive charge in said silicon dioxide gate insulator

20 layer, is performed at a power between about 10 to 10,000 mwatts, for a time between about 1

to 90 sec.

13. The method of claim 8, wherein said plasma nitridization procedure is performed in an

ambient comprised of NH; NO or N,O.
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forming a screen oxide on said semiconductor substrate;
5 performing an ion implantation procedure to place negatively charged fluorine
ions in a top portion of said semiconductor substrate;
removing said screen oxide layer;
performing a thermal oxidation procedure to grow a silicon dioxide gate
insulator layer on said semiconductor substrate, incorporating said negatively charged
10 fluorine ions into said silicon dioxide gate insulator layer;
performing an anneal procedure in a nitrogen containing ambient to nitridize a
top portion of said silicon dioxide gate insulator layer, and to generate positive charge
in said silicon dioxide gate insulator layer, with said positive charge compensating
said negatively charged ions resulting in said charged balanced silicon dioxide gate

15 insulator layer.

15. The method of claim 14, wherein said screen oxide layer is a silicon oxide layer, obtained
at a thickness between about 30 to 500 Angstroms, via thermal oxidation procedures, or via
chemical vapor deposition procedures.

20
16. The method of claim 14, wherein said ion implantation procedure used to place negatively
charged ions in a top portion of said semiconductor substrate, is performed using fluorine

ions.
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S 0% ( )légl"?ﬁ/e&rlngt)ho& Ot/ ngaxQ 14, waereln gau? silicon dioxide gate insulator layer is obtained at a

5  thickness between about 15 to 100 Angstroms, via thermal oxidation procedures performed at

a temperature between about 800 to 1000° C, in an oxygen - steam ambient.

19. The method of claim 14, wherein said anneal procedure used to nitridize a top portion of

said silicon dioxide gate layer, used to reduce leakage in said silicon dioxide gate insulator
10  layer, and used to generate positive charge in said silicon dioxide gate insulator layer, is

performed at a temperature between about 600 to 1000° C, for a time between about 1 to 90

sec.

20. The method of claim 14, wherein said anneal procedure is performed in an ambient

15  comprised of either NH,, NO or N,O.

21. A method of fabricating a charge balanced silicon dioxide gate insulator layer on a
semiconductor substrate, comprising the steps of:
forming a screen oxide on said semiconductor substrate;
20 performing an ion implantation procedure to place negatively charged fluorine
ions in a top portion of said semiconductor substrate;

removing said screen oxide layer;
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fluorine ions into said silicon dioxide gate insulator layer;
forming a silicon nitride layer on said silicon dioxide gate insulator layer, with
5 overlying silicon nitride layer generating positive charge in underlying, said silicon
dioxide gate insulator layer, with said positive charge compensating the negatively
charged ions in said silicon dioxide gate insulator layer, previously provided by said

fluorine ions, resulting in said charged balanced silicon dioxide gate insulator layer.

10  22. The method of claim 21, wherein said screen oxide layer is a silicon oxide layer, obtained
at a thickness between about 30 to 500 Angstroms, via thermal oxidation procedures, or via

chemical vapor deposition procedures.

23. The method of claim 21, wherein said ion implantation procedure used to place negatively
15  charged ions in a top portion of said semiconductor substrate, is performed using fluorine

ions.

24. The method of claim 21, wherein said ion implantation procedure is performed at an
energy between about 1 to 50 KeV, and at a dose between about 1E13 to 1E16 atoms/cm®.

20
25. The method of claim 21, wherein said silicon dioxide gate insulator layer is obtained at a
thickness between about 15 to 100 Angstroms, via thermal oxidation procedures performed at

a temperature between about 800 to 1000° C, in an oxygen - steam ambient.
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