; pge3e>SL>P| 46TL8@ METHOD TO FORM A GATE | NSULATOR LAYER COVPRI SED W TH
«MULTI PLE DI ELECTRI C CONSTANTS AND MULTIPLE THICKNESSES ( 1 ) Field of the
| nvention *159159* The present invention relates to nethods used to
fabricate sem conductor devices, and nore specifically to a method used to
forma gate insulator layer conprised with nultiple dielectric constants,
and with nultiple thicknesses, on the sane sem conductor chip. (2)
Description of Prior Art Mcro-mniaturization, or the ability to fabricate

sen conduct VEWHOIXES RORM 4 GIATE INSULAFOR UASEER @M PR ISRIEW IWEVI ce
integration to progress to where an entire systemon chip (SoC), can now be

real | zed. THRLAMGERSIERECTREC RANBYEANT SO SRUMMPL EPEIGRNESSPS U ot or | ayer

t hi cknesses, as we as gate insulator layers ring nmu e dielectric
constants, to satisfy specific functions of the SoC design. The attai nnment

of different gate insulator thicknesses on specific regio h
sem conduct or substrate has been achieved via inplantati quﬂwﬂm’[ﬂww,ﬂm
sem conduct or subst raBéC&G%@UN@ Phd HELBYYWRNTK dat i on procedur e for

growth of a silicon dioxide gate insulator layer, with the inpf%aHted
speci es either enhancing or reducing the oxidation rate of the

sem conduct or substrate thus allow ng various silicon di o]
i nsul atbrFi¢ldiof Kiedesedsio 0 be obt ai ned. | nplantation of suq\mﬂ‘m%@m@mm
fluorine, argon, and nitrogen, have been used to adjust t nti al
oxi dation rates. However for enhanced device perfornmance the*tHi%kness of

gate insul giar rés@rﬁ%vsenﬂ&?regag%sﬁg nie?@d%fe%qmal}rﬁattem:nﬂﬁgﬁaﬁ?& dRel.ow, 2P

Angstrons, making the proc antation into sem conductor prior to
oxidation difficult to inplenent.. This inventjon wll. describe .procedures
" whi CITS IR foagPehed BRIT0 fime Fis i Urgr b ayempesed PahRAURE b a
specifi¢c dielectric caonstant and a specific thickness, while other regions
of t he dieAspriqrongtants.and Ayity mpliiplerthigkressesy orpilie iarmhsemigendugtorshivdi el ectri ¢
constant and at a different thickness, acconplished via incorporation of
various elenents into specific regions of a gate insulator |layer. Prior art
such as Glner, in U S Pat. No. 6,348,386 Bl, Ma et al, in US. Pat. No.

6, 297, $3D&BctiptionNdf Pefor Ak, in U.S. Pat. No. 6,207,589 B 1, and Kaushik et
al, in

Micro-miniaturization, or the ability to fabricate semiconductor devices with sub-micron
features, has allowed device integration to progress to where an entire system on chip (SoC), can
now be realized. The concept of SoC however requires multiple gate insulator layer thicknesses,
as well as gate insulator layers offering multiple dielectric constants, to satisfy specific functions
of the SoC design. The attainment of different gate insulator thicknesses on specific regions of a
semiconductor substrate has been achieved via implantation into the semiconductor substrate
prior to the thermal oxidation procedure used for growth of a silicon dioxide gate insulator layer,
with the implanted species either enhancing or reducing the oxidation rate of the semiconductor
substrate thus allowing various silicon dioxide gate insulator thicknesses to be obtained.

Implantation of such ions as fluorine, argon, and nitrogen, have been used to adjust the



U S., Pat. No. 6,184,072 B 1, describe nethods of form ng netal oxide gate
i nsul ator |ayers. None of the above prior arts however describe the novel
procedures illustrated in this present invention wherein incorporation of
specific elenments into specific regions of a gate insulator |ayer allow a
different dielectric constant and different equival ent oxide thickness
(EQT), than that of the non processed regions of gate insulator, to be
realized. SUMVARY OF THE INVENTION It is an object of this invention to

f or m a digfférentiansul ators | ayer on a sem conductor substrate, conprised with
various dielectric constants and vari ous equi val ent oxide thicknesses. It

s ano - obiect S on. > oA . . . .
conat ant ARG R3] B HRER R Bertieh b iR R ra g,
pl acenment, of el nts. iptQ specific igns of the high k |ayer to change
Phe.di aricedty SBHRRM 1 BickaBBE a0 30 AedinsT maln Mesure Yrmpliatict | ayer
exposed to this procedure. It is _still another object of the invention

wher e antpiseicopdHsEMiPHERto xidetien diffieyli torimplegienbs el ement into a high k | ayer
to decrease the dielectric constant while increasing the EOTl of the high k
| ayer, while a second enbodi ment of the invention places a second type of
el enent i ntlhisinkergionkvilldgeribe procaduresis eviidhespdéifit expions of ¢ gas timsntatotiaglee
decreasing the EOT of the processed high k layer. In accordance with the

pr esentard foviaed WRR adpdBtid@idieatic LonstandBnPa GREFicithisktedd, Whilk IURF rpRIIBOF BRI W th
various dielectric constants, and various equival ent oxi de thicknesses

(EQT), : aliToxsTels . .l ti el enent s
nto a TgE, s AL B TR RAAAL Rolcki® ol BRL A el & ant s
wel I as, the equivalent, oxide thickness. (EQI), of the te insulator |ayer,
s deodbtREsS o SR iR O VS lcbioningh SPesTi Pt M ¥OF rmt } on
of first high k dielectric layer on a sem conductor substrate foll owed by
i mrer sitowlaer layepl Brietart tsh 8§ Gilmestin Pyh Eak NoneAt&380nBS Maeed)ibn of the first
high k dielectric layer not covered by a bl ock -out shape. An anneal
proceduy.8. Passhid.t6s297¢b 30HH , Maret ial, poltS. Bat. dfo. 6,2€7,58% Bt, dnil dlaukhik ayadsin t he
portion exposed to the imersion of inplantation procedure, now conprised
W th a U.evedt. Nbo.ed, 82072 B 16 desstibdiinethadslo forming et odidE@te indakitordgyspar ed to a
second NMuet i on of the first high k |ayer not exposed to the imrersion or

i npl antation procedure. A second enbodi nent of this invention

of the above prior arts however describe the novel procedures illustrated in this present invention
wherein incorporation of specific elements into specific regions of a gate insulator layer allow a

different dielectric constant and different equivalent oxide thickness (EOT), than that of the non-

processed regions of gate insulator, to be realized.

SUMMARY OF THE INVENTION

It is an object of this invention to form a gate insulators layer on a semiconductor substrate,

comprised with various dielectric constants and various equivalent oxide thicknesses.

It is another object of this invention to initially form a high dielectric constant (high k),



features the formation of a second high k dielectric |ayer on a

.sem conduct or substrate foll owed by i mmersion or inplantation of second
type elenents into a region of the second high k dielectric |ayer not
covered by a block -out shape. An anneal procedure results in a first
portion of the second high k |ayer, the region exposed to the imrersion of

i npl antation procedure, now conprised with a higher dielectric constant,
and a decreased EOT, when conpared to a second portion of the second high k
| ayer ngyler 6 pe&kidoiducion eutistrame] Bilowedby plagdnwit ot dlefieits RECEPLEEic ré@bigasfi on of
gate stgaictures on underlying gate insulator |ayers, conprised with various
EOT and various dielectric constants, is then perfornmed. BRI EF DESCRI PTI ON

OF THE [ £6 LS [: best
dosri BNt 0ea ERthep Ml RE AR oI AL BOTHIS PR g B
dramﬁng§ thg& %ncludg: this Figs. 1 - 3, which schematically, in

cr oss- SERTFEB AR RPI€E descri be a first embodi ment of invention in which

i mrersion or inplantation of a first group of elenents into a first region
of a first high k gate insulator layer, results in the exposed gate

i nsul at or rleigistl anethercbinst pisthel inventionawhesewe firsti embedimenioplagsa s fiasttypsrod a

t hi cker equival ent oxi de thicknesses (EOT), than a second region of the
first hiaenkintay dighkdayeexpoedsd the divdectricmnsthrivitle indrpdsaipttaé EOT dqitiecedur e.
Figs. 4 - 6, which schematically, in cross-sectional style, describe a

second HesHIO fiyeR hil®h sdcdBhd etBYBREAT thdinWeHtoh pldtBRS SO Qpe bIAEANRban of a
second group of elements into a first region 4 of a sécond high k gate
i nsul at . I ne i: I [ , ri sed
w th a HEhBYED HIERRE B At R b Rl e et LB R R R o
(EOT), when conpared to the second region of the second high k | ayer not
exposed®™5 the i mrersion or inplantation procedure. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The net hod of formng a gate insulator |ayer on a
sem conductor substrate, wherein a first region of the gate insulator |ayer
f eatures a ldiaedosdance with drespresent iamention @quithed effornoirg d gatehnsukatadayef EOT)
different the dielectric constant and EOT of a second region of the gate
comprised with various dielectric constants, and various equivalent oxide thicknesses (EOT), on

the same semiconductor substrate, via incorporation of elements into a high k, gate insulator
layer, to change the dielectric constant as well as the equivalent oxide thickness (EOT), of the

gate insulator layer, is described. A first embodiment of this invention features the formation of
a

first high k dielectric layer on a semiconductor substrate followed by immersion or implantation
of

first type elements into a region of the first high k dielectric layer not covered by a block -out
shape. An anneal procedure results in the first portion of the first high k layer, the portion
exposed to the immersion of implantation procedure, now comprised with a lower dielectric
constant, and an increased EOT, when compared to a second portion of the first high k layer not

exposed to the immersion or implantation procedure. A second embodiment of this invention

features the formation of a second high k diclectric layer on a semiconductor substrate followed



insul ator layer, will now be described in detail. Sem conductor substrate
4, conprised of single crystalline material featuring a <l 00>

crystal l ographic orientation, is used and schematically shown in Fig. 1.
Shal | ow trench isolation (STlI) region 2, conprised of an insulator filled
shal |l ow trench shape, is next fornmed via definition of a shallow trench
shape in a top portion of sem conductor substrate 1, followed by insulator
filling of the shallow trench shape and renoval of unwanted regions of
insulator layer fromthe top surface of sem conductor substrate 1. The

shal | owytimeredforsdrdpglaaakioh of debndiefe Viemebaitoh rddirosfaphisoaligiky et ching
pr oceduyi®@sctriddsing € 2 as an etchant for silicon, while the insulator |ayer
used for filling of the shallow trench shape can be a silicon oxide |ayer
obt ai n pa re. jcaly v f L o L P .or v a plasm
enhancg%e}é @rﬁogﬁ%@gaggt& e‘%@g’ﬁ"{%ﬁ“(’g&%‘/ﬁ ?Q@%E:ééglt%rlélsa .fﬁ{\é?r%t\lloa Of\c{)#eaunwant ed
portions of .itnsul ator is.either acconplished via,a chem cal nechani cal

pol i shisﬁﬁmeémb)ﬁ( Iyt freion expgsedfp the r %?6@pwt@98ﬁ?%ﬁurﬁr%dure usi ng
CHF3 as an etchant for the insulator |ayer. Dielectric |ayer 3a, conprised
of ei t KEMPHERMVithe Bigherdiglegitipyonstant, aathp desrepsediBOT Zwingn congareddp iagasondi de
(Ce®), is next grown on sem conductor substrate I, to a physical thickness
bet weempoevount thsecanddightk fpyer e xpdseditoithe imgmersiongph irdplenteddn procedorest ant

(high k), between about 20 to 28. The equival ent oxi de thickness (EOT), of
di el ectRorriatichydTga@atruétiired 0h WG yapOtate ifsil@ol By @Sinpeise with @driat EOT | ayer
3a, schggatically shown in Fig. 1, 1s obtained via atom c |ayer deposition
(ALD), or netal organic chem cal vapor deposition (MOCVD), procedures,

per for neg, &t 4i@ed80P s?a%lérﬁtt?e‘?]tﬁ’g?f%ﬁn@ubom 200 to 500 C. A first enbodi nent
of this inventron all'omhg a first region of the gate insulator |ayer to be
formed on a first portion of the sem conductor substrate, featuring a
specific dielectric constant and a specific insulator thickness, while a
second region of the gate insulator |layer, |ocated on a second portion of
the same seni conduct orBRIEENREHRIPTIGN QHHEHEJHAWINERhi bit a | ower
dielectric constant and thicker insulator |ayer than the first regi on of
the gate insulator |ayer, is next described. Photoresist shape 4, is forned
on a first Thegbfot afd diceladeintdges bgisrinRatiomhledastrigsdrived axtho pederear t i on of
dielectric layer 3a, to experience imrersion or inplantation of specific

el ementefbodintdht d%h $éfkich@to tﬂ@itfﬁ@lﬁﬁd%wﬁnf@s fatiiftigen | ncor poration of an

el enent such as silicon into a Hf Q2 dielectric layer is acconplished via

ei ther plasma i mrersion procedures, performed at a power between about 50
to 1000 watt. at, a sur t ween about to, 50Q nmtorr, .or.performed
via i m 1antthi gl'(])ﬁ%b}gvhféhgc sebneaclfzgﬁlcme(i“ésr?ésﬁf“os“ ﬁc%ylg’sdeg‘frf |ec§'ot‘}:1)r,st dél?bogwﬁ)?"ﬁ'ﬁfant
energy Détween about 0.1 to 1.0 KeV, and at an inplant dose between about
1E13

invention in which immersion or implantation of a first group of elements into a first region of a
first high k gate insulator layer, results in the exposed gate insulator region now comprised with a
lower dielectric constant and a thicker equivalent oxide thicknesses (EOT), than a second region

of the first high k layer not exposed to the immersion or implantation procedure.

Figs. 4 - 6, which schematically, in cross-sectional style, describe a second embodiment of

this invention in which immersion or implantation of a second group of elements into a first
region



to 1E15 atoms/cnR, resulting in the creation of dielectric |ayer 3b. This
.is schematically shown in Fig. 2. 6 After renoval of photoresist shape 4,
via pl asna oxygen ashing procedures, an anneal procedure is used to
activate the incorporated ions in dielectric layer 3b, resulting in a
dielectric layer 3b, such as Hf Si XOy, featuring a dielectric constant

bet ween about 8 to 16, lower than the dielectric constant of non - treated
dielectric layer 3a. In addition although the physical thickness of
dielectric layer 3b, renmains between about 40 to 80 Angstrons, the change
in di elogabédoid BRAK @ inkdatut lager] Rty iffthE dxposedigle@fdulater rk@yehowb, of

bet weero@basdd 13 to 27 Angstronms. Therefore the desired result of providing
mul tiple thicknesses within a gate insulator |ayer, on the sane

sem conguci het WRBdA &nsljagtha?ng.cc\thér%gGﬂ/aleﬂ_thﬁﬁi@entﬂg‘,ghespgglégg When c%h&@d can
i

be an [ 2 1 [S ar, I apt S can. provide a
por t1 ont G Spe Ty SR SechnEpallThET Horephtl it TReR rupPAIRER  ng, i s
performed at a tenperature between about 400 to 700 C, in an inert, or in
an oxi@ﬁ%?& Canbi ent. A conductive |ayer such as doped polysilicon,
titaniumnitride, tantalumnitride, or nolybdenumis next forned on the
underlying dielectric |ayers, at a thickness between about 1000 to 2000
Angstrons, via chem cal vapor deposition (CVD), or via plasm vapor

deposi tion (PVD), DESGCRISTiI@N OFATHB PRBFERRAD ENMFERDIMBENTShown in the

drawi ngs, is then enployed as a mask to all ow an ani sotropic reactive ion
etching (RIE) procedure, using Cl2 or SF6 as an etchant, to define

conducti ve Tgﬁtrﬁetﬁ(;cfd’f%h'ﬁiﬁga?ﬁt_e kutaméggl}{%f OEQIeTiu&%rc{oygf}quﬂ'e%ﬁ&aw c or gate

i nsul ator |ayer 3a, and oh I cker underlying di ctric or gate
[ | at | ay. . Thi.s | h i cal b.y, sh in Fig. 3. A .qnd
embod; A o o0 AT Beiehaivl S B R LB S Mok s s PalPERCCr o gare

i nsul ator |ayer agn % sem conductor substrate, featurjng a specific

di el ectbiFknesbGQRind tiarrat he disdestris constantpad EQTopf 4 yeeendragion offlicisgiea second
region of the sane gate insulator |ayer |ocated on the sanme sem conduct or
subst r ansslatgrdayen,rwiblchowi herdescritied iredetail. ebaseiconducioo subistinie 1 agmnprisednbsingle

equi val ent oxi de thickness than the first region of the gate insul ator

| ayer, crstatlénetmateda fédnathg Ok @0 etystatioprapleic ofientationjsrussdshdodchahativaltym oxi de
(A1203), is fornmed on sem conductor substrate |, with a physical thickness

bet weerhaRRut Fig01.t Shalid® tANEIS 1soRBR gajngre\g»iom, dorflp@de8 G bt MstlaRdstiped bet ween
about 1 ey 14, translating to a E etween about 27 to 33 Angstrons.

Al um num oxi de, dielectric

trench shape, is next formed via definition of a shallow trench shape in a top portion of
semiconductor substrate I, followed by insulator filling of the shallow trench shape and removal
of unwanted regions of insulator layer from the top surface of semiconductor substrate 1. The
shallow trench shape can be defined via photolithographic and dry etching procedures, using Cl,
as an etchant for silicon, while the insulator layer used for filling of the shallow trench shape can
be a silicon oxide layer obtained via low pressure chemical vapor deposition (LPCVD), or via
plasma enhanced chemical vapor deposition (PECVD), procedures, Removal of unwanted

portions of insulator is either accomplished via a chemical mechanical polishing (CMP)
procedure,



| ayer 6a, is obtained via CVD procedures. This is schematically shown in
.Fig. 4. Photoresist shape 7, is next forned on a first region of dielectric
| ayer 6a, allow ng the exposed portion of dielectric |layer 6a, to
experience imersion or inplantation of specific elenents, such as hafnium
zirconium or silicon. Incorporation of an el enent such as hafniuminto the
A1203 | ayer is acconplished via either plasma inmersion procedures,
performed at a power between about 50 to 1000 watts, at a pressure between
about 10 to 50 morr, or performed via inplantation of the specific el enent

such asr WiafankMefvealry 8idhingptaoiure N§ihg CHIB hyee tcidn® Br thh ihsitlftodlaferKeV, and at
an inplant dose between about 1 E 13 to 1 E 15 atoms/cne, resulting in the

creati W‘el&ftn@la%%t EdrfeprisRY BF enﬁ*&r thﬂlu% bﬁdé&'ﬂ@}?tzlr&ﬁl e o§f219\6@r025' JFklriur-

After renoval of photoresist shape 7, vi a p asmma oxygen ashl ng procedur es,

an O_ptl Oggécg@nelgne ﬁ C\m%e G2l dllflctopgu sEratel Ct Ip\fla IAF get ad atb%gt

haf ni u r.esu | C | ayer
D BT RAttag, Rt it SO ABL hE P P %ﬂL e
about 12 to 20, higher than the dielectric constant of non - treat ed

di el eceavivalpntpxideghickness ehfoilk piiclegtric hayarde. ixketyesnsiveut 7 oHBdEsEemyf
dielectric |ayer renmai ns between about 80 8 to 100 Angstrons, the change
i n di eDedeatiic layemBt sohtmaesallly tsbowminafig HOTS étpainetl wh emiric tiybradepositdn (AJED),

bet ween about 20 to 25 Angstrons, |less than the EOT of non -treated A1203
count eopaietad orghfiecRERIcE! ab6r dtpsiified(VIOEND), focstuds] pirtgmb¥hid BmPerature

t hi cknesses for specific regions of a gate Insulator |ayer, is again

aCCO”mbhe sled abéﬂ?éo@mb cP r@ﬁ&%ﬁm.&f@hm tﬁgﬁlv@n&ﬂ{e‘alg%rgg?a ARt le%?ﬂ'of%ﬁ

since t I mrersed or | rrpf ant ed species can provi tron

desired chan S cC tant an

por for i TRL arke 5 65 BFE  FEBRPATB0AT Mss st ERE AR e.aﬂ%.h%a

an oxi di zi hg arrbl ent A conpductjyve | ayer such as doped pol ysil i

titani §ReeHiS diclagiric constant and pRerifigdnsu orﬁbncbmeme.as%ﬁésétresle? eewet he
underlying dielectric layers, at a thickness between about 1000 to 2000
Angst r omswlatarilayer Hegatagadn wp@rd meosdlthosanfaemiconductol aibgiaes ieproeqsed to
deposition (PVD), procedures. A photoresist shape, not shown in the

dr awi ngghibita b hanlideplioyedtaasaral thirkér ihauladd layer atanahe 86t regjpnoftheggatd ve 1 on
etching (RIE) procedure, using ClZ or SF6 as an etchant, to define

CondUCtlﬁsYuﬁlt&f%&}%r 5§ hiG UEdcEiBed Phoidrdsht SHapE 4 ETormdd dRal ﬂfbt'}gg19h 6f @elebtkic or gate
i nsul ator |ayer 6a, and on thinner EOT, underlying dielectric or gate

i nsul atlgfer Beﬁlﬁﬁ{)wﬁ@ the eup%sédspo%(;}\e%élg&l J: Mlyéyhﬁv‘ﬂ) éxBetF dnde 1n§mersnon or

implantation of specific elements, such as silicon, germanium, or aluminum. Incorporation of an

element such as silicon into a HfO, dielectric layer is accomplished via either plasma
immersion

procedures, performed at a power between about 50 to 1000 watts, at a pressure between about
10 to 500 mtorr, or performed via implantation of the specific element such as silicon, at an
implant energy between about 0.1 to 1.0 KeV, and at an implant dose between about 1E13

to 1E15 atoms/cm?, resulting in the creation of dielectric layer 3b. This is schematically shown
in

Fig. 2.



VWhile this invention has been particularly shown and described with
reference to, the preferred enbodi nents thereof, it will be understood by
those skilled in the art that various changes in formand details may be
made wi thout departing fromthe spirit and scope of this invention. 9

What is clainmed is: 1. A method of formng a dielectric |ayer on a

sem conduct or substrate featuring multiple equival ent oxi de thicknesses,
conprising the steps of: formng a first dielectric |ayer conprised with a
physi cal thickness, a first dielectric constant, and a first equival ent

oxi de thickness (EOT); 5 incorporating an elenent into a second region of

sai d first die@k&hdval 6f é}@Y&Emstfsﬁ)d'p@4ngla$la§%(?ﬂ§lgé}ll' LRhiBEHFdceddrBY 8h el | € @
first region of said first dielectric |ayer fenains untreated; performng

an_annaaleRLOSEAUAE LESHE LAl oo TR RLAIchRE b o AR UM S0P | sed

a Seco rrc constant a secon orm ng

conductive_gate structures qQn s first dielectric nd on said
second f&'eé%é’r‘% % Pﬁ@fy&y feafuringad) ﬁﬂemw%%tar&%aﬁ‘*fﬁeﬁ ab%?ﬁ%ﬂﬁ Qprdhy st

di el ectdiglectiiggpastantcof cigmprtregted disledis layedaoki ersdition althenghuthe okyskal ceri um
oxi de. tBcknmpie net hod of claim 1, wherein said first dielectric layer is
formed with a physical 15 thickness between about 40 to 80 Angstrons. 4.
The metofiditlefricdbyir bl remaine betweer fiudi @t Angstroonsthanhangé irsdieldctiicr st
dielectric layer is between about 20 to 28. 5. The method of claiml,

wher ei Rogsarfl r@did MAInEOT BFldi8ecidd @kt soffetiden aBButSIQItQ 2hiAnstirsthel ectric
| ayer is between about 7 to 13 Angstrons. 10 . The nethod of claim1,

wher el Rrpaplrsle flelENd relOSISAIIRE nluife ﬁ@éﬂe%@&&ﬂgln "Gt RsBtor layer, on the

same semiconductor substrate, is accomplished. The anneal procedure, which can be an optional
step since the immersed or implanted species can provide a portion of the changes in dielectric
constant and EOT without annealing, is performed at a temperature between about 400 to 700° C,
in an inert, or in an oxidizing ambient. A conductive layer such as doped polysilicon, titanium
nitride, tantalum nitride, or molybdenum is next formed on the underlying dielectric layers, at a
thickness between about 1000 to 2000 Angstroms, via chemical vapor deposition (CVD), or via
plasma vapor deposition (PVD), procedures. A photoresist shape, not shown in the drawings, is
then employed as a mask to allow an anisotropic reactive ion etching (RIE) procedure, using Cl,
or SFg as an etchant, to define conductive gate structures 5, on thinner EOT, underlying dielectric
or gate insulator layer 3a, and on thicker EOT, underlying dielectric or gate insulator layer 3b.

This is schematically shown in Fig. 3.

A second embodiment of this invention directed at obtaining a first region of a gate

insulator layer on a semiconductor substrate, featuring a specific dielectric constant and a specific




said first dielectric layer is silicon, germanium or alumnum 7. The
method of claim1l, wherein said elenent is incorporated in said second
region of said first dielectric layer via a plasnma i rmersion procedure
perfornmed at a power 5 between about 50 to 1000 watts, at a pressure
bet ween about 10 to 500 ntorr. 8. The nethod of claim1, wherein said
el ement is incorporated in said second region of said first dielectric
| ayer via an ion inplantation procedure, perfornmed at an energy between
about GnsulatérahitkiksKedhileandcand regicl0s£thb edndegiic mdldior fayér 1datédonlthE sdrbe
atons/cn2. 9. The nethod of claiml, wherein said anneal procedure is

per f or M iBhdiRtdr@iRehat Wsmidd wist X‘ﬁ%ﬂeﬁﬁab@tﬁé&%s{aﬂt £fdQn e é&a%lehp&ﬂge or in

an oxidi zi ng anbient. 10. The method of claim|, wherein said secon

di el ectyii.¢. . i ] 5 S 1 h hpd+.of. .cl ai m
mhereiEﬁ%gﬁﬁéggégﬁi“%ﬁ%?é%?fﬁg%%gykﬁhggm?%ﬁﬁ??%% a&ﬁﬁﬁPgD%%§%Pc@Fréﬁickness
bet ween abaqut, 40 ta 80 Angs ns. 15 12. The nmethod of claim 1, wherein the
di el ectPTE"G A ALiRingp lRIALEY mf%amz ALseR igondugrar supsirafe [t pBBIEET 8 t o
16. 13 thickness brtivaesipbspt 84 19 190 Angsiprmenpd with @ diglertiasmsanighetveenakpeikifess
(EQT), of said second dielectric layer is between about 13 to 27 Angstrons.
14. Théo bttrroslatig ladiOT betwebeatmiun2s & 3B Sogsthootsi wdurngatie eddeudicleces ar e
conpri sed of doped polysilicon, titaniumnitride, tantalumnitride, or

ol ybdeasyersa, iSobtdinedia @V broceduresn Orhas idisetleatatitdl shawelin Wgt & mul tiple
equi val ent oxi de thicknesses, on a sem conductor substrate, conprising the
steps of: formng a first dielectric |ayer conprised with a physi cal

t hi ckness, p, 'rés%gsl 'r?g|7,ef§tnréj(tcfoﬁf?&f5(§rp}p{irst %H&n%fmerle%tricqg)"grﬁg,l a?l@&i%‘th?es ai d

t hi ckness (E cofporating an el ene into a second regiomro

first dielectric |aye orrm ng a second dielectric |ayer, while first
e on Ser0a P PP RlselsRURF Pe Y BGERSes i oo b ob b preefliu ¢
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per f or madghanlLOn hyat is peavomptisied; viaeither plasma immersion procedures, performed at a

power between about 50 to 1000 watts, at a pressure between about 10 to 50 mtorr, or

performed via implantation of the specific element such as hafnium, at an implant energy
between

about 0.1 to 1.0 KeV, and at an implant dose between about IE13 to 1E15 atoms/cm?, resulting

in the creation of dielectric layer 6b. This is schematically shown in Fig. 5.

After removal of photoresist shape 7, via plasma oxygen ashing procedures, an optional
anneal procedure can be used to activate the incorporated hafnium element in the Al,O5 layer
resulting in an HfAI,Oy dielectric layer 6b. Dielectric layer 6b, HfAl,O,, features a dielectric
constant between about 12 to 20, higher than the dielectric constant of non - treated dielectric

layer 6a. In addition, although the physical thickness of dielectric layer remains between about
80




form ng conductive gate structures on said first dielectric |ayer and on
.said second dielectric layer. 16. The nethod of claim 15, wherein said
first dielectric layer is conprised of alum num oxide, at a physi cal

t hi ckness between about 80 to 100 Angstrons. 15 17. The nethod of claim 15,
wherein the dielectric constant of said first dielectric |ayer is between
about 10 to 14. 12 18. The nethod of claim 15, wherein said equival ent
oxi de thickness (EOT), of said first dielectric layer is between about 27
to 33 AnYE AngssromtShe Chemgerit dicldctait cohsannrekblts inaarBO s dietkcaicclagn b, of
incorporated into said second region of said first dielectric |layer is
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perfor €8 at an energy between about 0.1 to 1.0 KeV, and at a dose between
about 1 E 13 to 1 E 15 atons/cnR. 22. The nmethod of claim 15, wherein said
anneal sippcothedmmersed opamilantedspeaies eanlgoviderp @priion of theatesiaschakgsain 400 to 700
C, in dieléecrdrt or in an oxidizing anbient. 23. The nethod of claim 15,
wherein said second dielectric layer is conprised of Hf Al XO,, 24. The

et hod cestait BhdEDT, withoart finkalfi, B pEfo@icll diaebmgdritufe YeBY®h absutQo0Rs 7e0ed, Wi th
a physical thickness between about 80 to | 00 Angstrons. 15 25. The net hod
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nitride, tantalum nitride, or molybdenum is next formed on the underlying dielectric layers, at a
thickness between about 1000 to 2000 Angstroms, via chemical vapor deposition (CVD), or via
plasma vapor deposition (PVD), procedures. A photoresist shape, not shown in the drawings, is
then employed as a mask to allow an anisotropic reactive ion etching (RIE) procedure, using Cl,
or SF as an etchant, to define conductive gate structures 5, on thicker EOT, underlying dielectric

or gate insulator layer 6a, and on thinner EOT, underlying dielectric or gate insulator layer 6b.

This is schematically shown in Fig. 6.

While this invention has been particularly shown and described with reference to, 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 and scope of this

invention.



26. The nethod of claiml15, wherein said equival ent oxide thickness (EQT),
of said second dielectric layer is between about 20 to 25 Angstrons. 27.
The net hod of claim 15, wherein said conductive gate structures are
conpri sed of doped polysilicon, titaniumnitride, tantalumnitride, or
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dielectric layer.

2. The method of claim 1, wherein said first dielectric layer is comprised of hafnium

oxide, zirconium oxide, cerium oxide.

3. The method of claim 1, wherein said first dielectric layer is formed with a physical

15 thickness between about 40 to 80 Angstroms.

4. The method of claim 1, wherein the dielectric constant of said first dielectric layer is

between about 20 to 28.

5. The method of claim 1, wherein said equivalent oxide thickness (EOT), of said first

dielectric layer is between about 7 to 13 Angstroms.
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On0dYNC 10 said first dielectric layer via an ion implantation procedure, performed at an energy

between about 0.1 to 1.0 KeV, and at a dose between about 1E13 to 1E15 atoms/cm?,

9. The method of claim 1, wherein said anneal procedure is performed at a temperature

10 between about 400 to 700° C, in an inert or in an oxidizing ambient.

10. The method of claim 1, wherein said second dielectric layer is comprised of
HfSi,0,

11. The method of claim 1, wherein said second dielectric layer is comprised with a

physical thickness between about 40 to 80 Angstroms.

15 12. The method of claim 1, wherein the dielectric constant of said second dielectric
layer is between about 8 to 16.

13 . The method of claim 1, wherein said equivalent oxide thickness (EOT), of said

second dielectric layer is between about 13 to 27 Angstroms.
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15. A method of forming a dielectric layer with multiple equivalent oxide thicknesses,
on a semiconductor substrate, comprising the steps of:
forming a first dielectric layer comprised with a physical thickness, a first dielectric
constant, and a first equivalent oxide thickness (EOT);
5 incorporating an element into a second region of said first dielectric layer forming a

second dielectric layer while a first region of said first dielectric layer remains
untreated,

with a dielectric constant for said second dielectric layer larger than the dielectric

constant of said first dielectric layer, and with an EOT for second dielectric layer
smaller

than the EOT for said first dielectric layer;
10 performing an anneal procedure; and
forming conductive gate structures on said first dielectric layer and on said second
dielectric layer.
16. The method of claim 15, wherein said first dielectric layer is comprised of
aluminum

oxide, at a physical thickness between about 80 to 100 Angstroms.

15 17. The method of claim 15, wherein the dielectric constant of said first dielectric layer

is between about 10 to 14.
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10% & () -*&1Q 66 ’I%h ( %et%og ({? gfalg'g lg: @he(r)el/g §§1 eler(r?ent incorporated into said second region

of said first dielectric layer is hafnium, zirconium, or silicon..

20. The method of claim 15, wherein said element is incorporated in said second region
of said first dielectric layer via a plasma immersion procedure performed at a power

5 between about 50 to 1000 watts, at a pressure between about 10 to 500 mtorr.

21. The method of claim 15, wherein said element is incorporated in said second region
of said first dielectric layer via an ion implantation procedure, performed at an energy

between about 0.1 to 1.0 KeV, and at a dose between about 1E13 to 1E15 atoms/cm?.

22. The method of claim 15, wherein said anneal procedure is performed at a

10 temperature between about 400 to 700° C, in an inert or in an oxidizing ambient.

23. The method of claim 15, wherein said second dielectric layer is comprised of

HfALO,

24. The method of claim 15, wherein said second dielectric layer is comprised with a

physical thickness between about 80 to 100 Angstroms.

15 25. The method of claim 15, wherein the dielectric constant of said second dielectric

layer is between about 12 to 20.
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second dielectric layer is between about 20 to 25 Angstroms.
27. The method of claim 15, wherein said conductive gate structures are comprised of

doped polysilicon, titanium nitride, tantalum nitride, or molybdenum.
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