JAN 20 05 A METHOD OF FORM NG DUAL THI CKNESS GATE DI ELECTRI C STRUCFUREN %o
USE OF SILICON NIl TRI DE LAYERS BACKGROUND OF THE I NVENTION (1) Field of the
I nvention The present invention relates to nmethods used to fabricate
sem conductor devices, and nore specifically to a nmethod used to create
dual gate dielectric structures, featuring different thicknesses for the
silicon oxide conponent of each gate.dielectric structure. (2) Description
of Prior Art The increasing integrated circuit applications featuring dual
vol tage capabilities, necessitate the need for a specific gate insulator
t hi ckness to satisfy each specific voltage of the circuit requirenent.
Therefore procedures for fabricating a silicon dioxide gate insulator
~layer, at a specific thickness for specific regions of a sem conductor
chip, while fabricating another silicon dioxide gate insulator |ayer, at a
different thickness, for a different region of the same sem conductor
chip, is needgggﬁCne such procedure is to thermally grOM/a thick silicon
di oxi de | aye THRD @hEP FéhdiiE K%@“@ﬁb@ﬁ?ﬁﬂg LBCTBIed by a
patterning procedure enployed to renove the thick silicon oxide |ayer in
regions in which R%UH&BH@%H@*Lﬁﬁﬁﬁ%SHéCDNG@HFdDEQMdﬁﬂyhte i nsul ator will
be thermally grown. This procedure however places masking photoresi st
shapes on JAN 2005 the surface of the portion of the thick silicon oxide -
| ayer, which will be used as.the gate insulator |ayer for the higher
vol tage applications. BACKGGROENDOF THE IpRarioad by t he phot oresi st
shapes,

(1) Field of the Inventioﬁ

The present invention relates to methods used.to fabricate semiconductor devices, and
more specifically to a method used to create dual gate dielectric structures, featuring different

tlncknesses for the snlxcon oxide component of each gate dlelectnc structure.

{(2) Description of Prior Art

The increasing integrated circuit applications featuring dual voitag_e.capabilities, necessitate

‘the need for a specific gate insulator thickness to satisfy each specific voltage of the circuit

- requirement. Therefore procedures for fabricating a silicon dioxide gate insulator layer, at a
specific thickness for specific regions of a semiconductor chip, while'fabricating another silicon |
dioxide gate insulator layer, at a different thickness, for a different region of the same
semiconductor chip, is ngeded. One such procedure is to thermally grow a thick silicon dioxide
layer on the entire semiconductor substrate followed by a patterning procedure employed to |
remove the thick silicon oxide layer in regions in whiéh,a subsequent thinner silicon dioxide gate;

- insulator will be thermally grown. This procedure however places masking photoresist shapes on




and the possible photoresist residue remaining on the gate insulazérJﬂAbémﬁ

after photoresist renoval procedures, can deleteriously influence the '
integrity of the thick silicon dioxide gate insulator conmponent of the
gate structure in terns of yield and reliability. The present invention

~~w |l describe a procedure for creation of both thick and thin, silicon

di oxide gate .insulator |ayers, on the sane sem conductor substrate, however -
wi thout directly subjecting any portion of an existing silicon dioxide

| ayer, to photoresist processing. This is acconplished via therm

oxi dation of an underlying sem conductor substrate, through portions of
overlying thin silicon nitride shapes, and through portions of overlying
thick silicon nitride shapes.. Prior art, such as Tsui et al, in US. Pat.
No. 5,960, 289, describe the attainnment of dual gate insulator |ayers via
thermal oxidation of a portion of bare sem conductor, resulting in a first

silicogﬁd&gxid§ | ayer, $hile a second silicon dioxide |ayer is protected by
a sili BEAUEEE Of His Perhgse! theghick siliconomids Javer whish vil beused pethe Batednsplatasr  ar t
however subjects the portion of the sem conductor substrate to photoresist
r enoval®Yg@ecibe highd vopageapPicationso iihp cortaminsionipresented by the phatbrssistdbapeay er .
SUMVARY OF THE I NVENTION It is an object of this invention to formgate
- st ruct #itdtie poisible Rharpresist fesidontemaininglondbsgatd insulatsi lyer efierdibosarglst conmponent  of
"the gate structure, with the silicon dioxide conponents underlying silicon
ni t ri decmayplrspcedurss, cem deleferoustyrifluesedhenmiteritywd tie thitle sifievn diddidekgagss . 2 -2
11 JAN 2005 It is another object of this invention to define a first
si | i comswlator catepdnegtenf tiergate struttate ip Grink ofyield indrefigbilitgonduct or substrate,
followed by the deposition of a second silicon. nitride |ayer,
The present invention will describe a procedure for creation of both thick and thin, silicon

dioxide gate insulator layers, on the same semiconductor substrate, however without directly

subjecting any portion of an existing silicon dioxide layer, to photoresist processing. This is

accomplished via thermal oxidation of an underlying semiconductor substrate, through portions of

overlying thin silicon nitride shapes, and through portions of overlying thick silicon nitride

shapes.. Prior art, such as Tsui et al, in U.S. Pat. No. 5,960,289, describe the attainment of dual

gate insulator layers via thermal oxidation of a portion of bare semiconductor, resulting in a first

silicon dioxide layer, while a second silicon dioxide layer is protected by a silicon nitride shape,

during the oxidation procedure. This prior art however subjects the portion of the semiconductor

~ substrate to photoresist removal procedures, prior to growth of the first silicon dioxide layer.

SUMMARY OF THE INVENTION

It is an object of this invention to form gate structures, with two different thickness of a
silicon dioxide component of the gate structure, with the silicon dioxide components underlying

silicon nitride components, in turn comprised with two different thickness .




resulting in a conposite, thick silicon nitride |ayer, conprised.&é AN 2005
‘'second, and first silicon nitride layers, overlying the first portion of

t he sem conductor substrate, while the thinner, second silicon nitride

| ayer is |ocated overlying a second portion of the sem conductor substrate.
It is still yet another object of this invention to thermally grow a thin
silicon dioxide |ayer, through the conposite silicon nitride |ayer, -on the
first portion of the sem conductor substrate, while thermally growi ng a

t hi cker, second silicon dioxide |ayer, through the second silicon nitride

| ayer, on the second portion of sem conductor substrate. In accordance with
the present invention a nethod of formng a first group of gate

structures, featuring a first silicon dioxide gate insulator |ayer, while
form ng a second group of gate structures, featuring a second silicon

di oxi de gate insulator layer, with the thickness of the second silicon 5
di oxi de layer greater than the thickness of the first silicon dioxide gate :
i nsul at or It i$ znpérer object ahé thiw inteation wfdefine Hifsoslidoh @itridy layer bh & $itst podtioaon nitri de
| ayer, on a sem conductor substrate, a portion of the first silicon

ni tri ot deayeendicsorrsetandrdiollowad bihde deffoki@ior o sedomdlvoa nigtddlin@n of the

sem conduct or substrate. A second silicon nitride |layer is then deposited
resul teswfing in adomPoIMRSthick siliGr AiGHAB 14k, EbAgHise@¥Ehe S3¢6Ad, Whd Brstsilidoh St porti on

of the sem conductor substrate, with the conposite silicon nitride |ayer
CONr his@fd 18fers! ROerBARARE St pdrEONofMthe Sdnfl@nba%S subMAEd, Whild th @udref St Si 1T con
nitride |layer. The second portion of the sem conductor substrate is only
cover ; - i1hd By . 8 i i procedure .
ot oY SIARR nRERRMr X ooeffbucitihd 4 WohRion & chy g Ry el Doos™ " ©
di oxi de layer, on the first portion of the sem conductor substrate with the -

oxi dation ifi6 ke f& Ml‘ger object of this invention to thermally grow a thin silicon dioxide layer,
through the compésite silicon nitride layer, on the first portion of the semiconductor substrate,
while thermally growing a thicker, second silicon dioxide layer, through the second silicon nitride

layer, on the second portion of semiconductor substrate.

In accordance with the present invention a method of forming a first group of gate
structures, featuring a first silicon dioxide gate insulator iayer, while forming a second group of
gate structures, featuring a second silicon dioxide gate insulator layer, with the thickness of the
second silicon dioxide layer greater than the thickness of the first silicon dioxide gate insﬁl'ator :
layer, is described. After deposition ofa ﬁrst silicon nitride layer, on a semiconductor s’uﬁstraté, a
portion of the first silicon nitride layer is removed from the surface of a second portion of the
semiconductor substrate. A second silicon nitride layer is then deposited resulting in a composite

* silicon nitride layer overlying a first portion of the semiconductor sﬁbstrate, with the'éomposite '
silicon nitride layer comprised of the second silicon nitride layer overlying the first silicon nitride _
layer. The second portion of the semiconductor substrate is only covered by the second silicon

nitride layer. A thermal oxidation procedure next results in the growth ofa thinner, first silicon




by the overlying conposite silicon nitride |ayer. The same thermsd & JAN 7005
oxi dation procedure results in a thicker, second silicon dioxide |ayer, on
t he second portion of the sem conductor substrate, featuring a faster

oxi dation rate though the thinner, second silicon nitride |ayer. Deposition
~and patterning of a polysificon, or polycide layer, results in: a first
-group of gate structures, located on the first portion of .the

sem conduct or substrate, featuring a gate dielectric conprised of the
conposite silicon nitride layer on the thin, first silicon dioxide |ayer;
and a second group of gate structures, |ocated on the second portion of
the serni conductor substrate, featuring a gate . . dielectric conprised of
the second silicon nitride |layer on the thicker, second silicon dioxide

| ayer. -BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her advantages of
this invention are best described in the preferred enbodinents with
reference to the attached drawi ngs that include: Figs. | - 5. which

- schengioxigalaygr, pntherfiss pogisntof Sreakmisoyduetor debstate bathideyoxidatigesitd dowedne

. fabrication of a first group of gate structures, conprised with a first 4
si |'i conthgicoysilyes epatpositemlichn bitride lhyey.eThe sane tepmaltdxilagomprbtedmeaesits mbr i cat i on
-of a second group of gate structures, conprised wwth a second silicon

~ di oxi dehiger.eecang siliadrodiotidy/layer, @r thatennd portibi cfthesmitdndictéirabgdidatest silicon
di oxi de layer. 4 14 JAN 2005 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The

met hodeadring @rfistar @xigation raterthiciioh fiiRSthinkbrl Secand dilicsh nirideUiye£ ODBosiHBRad th a
first silicon dioxide gate insulator |ayer, and wwth a second group -

conpr ipakéing bha polysilicdR &r poBEiae BflerS teshiEaN a MitRrhr gk Strhdisidd, dd@fedlory er
wi |- now be described in detail. A P type, sem conductor substrate 1,
the first portion of the semiconductor substrate, featuring a gate dielectric comprised of the
composite silicon nitride layer on the thin, first silicon dioxide layer; and a second group of gate

structures, located on the second portion of the semiconductor substrate, featuring a gate

~dielectric comprised of the second silicon nitride layer on the thicker, second silicon dioxide layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are best described in the preferred

- embodiments with reference to the attached drawings that include:

Figs. 1 - 5, .which schematically in cross-sectional style, describe key stages for the
fabrication of a first group of gate structures, comprised with a first silicon dioxide gate insulator
layer, and for the simultaneous fabrication of a second group of gate structures, comprised with a

~ second silicon dioxide gate insulator layer, greater in thickness than the first silicon dioxide layer.




conprised of single crystalline silicon, with a <100> crystallogn%ﬁhUéN 2005
orientation, is used and schematically shown in Fig. 1. Isolation region
2, either a thermally grown, field oxide region, (FOX), or a silicon oxide
filled, shallow trench isolation, (STI), region, is next forned in

Sem conductor substrate 1, to isolate subsequent groups of conplinentary
metal oxide sem conductor, (CMOS), devices, which in turn are conprised of
~groups of gate structures, or word. lines, overlying the silicon dioxide
gate insulator layers. Afirst silicon nitride layer 3, is then deposited
to a thickness between about 5 to 30 Angstrons, using a deposition npde
chosen from a group that includes; |ow pressure chem cal vapor deposition
(LPCVD), rapid thermal chem cal vapor deposition (RTCVD), renote plasnma
enhanced chem cal vapor deposition (RPECVD), or jet vapor deposition (ND)
on underlying sem conductor substrate 1. This is schematically shown in
Fig. 1. Photoresist shape 4, is next fornmed to protect the portion of first

silicon nitride | ARSCRIPTIQN OF SHEBREFERRED FMBODIMENTSSeni conduct or
.Substrate 1, fromthe procedure used to selectively renove the portion of
silicon nitride layer 3, overlying a second portion of sem conductor

substrat e The fbthed biforming Btk siskvBtes/ nithad 58 |ePipl bBprile@ IRtH M sd sBiRo£t Chi N
procedure, using CH2F2 as an etchant, with the etch rate ratio of silicon

ni tri déiotide gité insdmobRfaERid vathiFecokdQréup chmpRsddovt Winmind ANcaPqidbhe silicon
nitride renoval procedure to slow, or termnate at the appearance of

-si | i codipxioe gaeibilRaBHled ORillTRYe daicBibdd in HBGILT B ybe. AmicBdEicRF QRGIHLS i S
schematically shown in Fig. 2. After renoval of B%otore5|st gﬁhpe sz|a
Pl asmeccnyisenofiiiietaystilthe SBEGH, With W1 06} &30 Rlographic orientatien, is used and
| schematically shown in Fig. 1. Isolation region 2, either a thérrnaliy grown, field oxide region,
- (FOX), or a silicon oxide filled, shallow trench isolation, (STI), region, is next formed in
semiconductor sub stratg 1, to isolate subsequent groups of complimentary metal oxide
semiconductor, (CMOS), devices, which in turn are comprised of groups of gate structures, or
word lines, overlying the silicon dioxide gate insulator layers. A first silicon nitride layer 3, is then
deposited to a thickness between about 5 to 30 Angstfoms, using a deposition mode chosen from
a group that includes; low pressure chemical vapor deposition (LPCVD), rapid thermal chemical

vapor deposition (RTCVD), remote plasma enhanced chémical vapbr deposition (RPECVD),

or jet vapor depositiog (IVD), on underlying semiconductor substrate 1. This is schematically

shown in Fig. 1.

Photoresist shaﬁe 4,1s nekt formed to i)rotect the portion of first silicon nitride layer 3,
'-overllying a first 150‘11:ion of semiconductor subétrafe 1, from the procedure used to selectively
remove the poﬂion of silicon nitride layer 3, 6verlying a second portion of semiconductor
substrate 1. This is accomplished via a sélective, reactive ion etching procedure, using CH,F, as

an etchant, with the etch rate ratio of silicon nitride to silicon between about 100 to 1, allowing

-5



an inorganic wet clean procedure, including a buffered hydrofluomﬁé déNdﬁmS
step, is enployed to clean the exposed surface of, and to renove any
silicon oxide formed on the exposed surface of, sem conductor substrate 1,
during the photoresist stripping procedure. A second silicon nitride Ilayer
5, is then deposited, again at a thickness between about 5 to 30 Angstrons,
and again via wuse of a deposition procedure chosen froma group that

i ncl udes; LPCVD, RPECVD, RTCVD, or JVD. This is schematically shown in

Fi g. 3theBHisosagtdairesiovilquecedinerto sdewdeptosninatont the sppermniaof silivppsi t e sili con
nitride |layer 6, conprised of second silicon nitride layer 5, on first

si | i cosemibbriducesitay st 13Thd eaat @dhie paickyird & s%héri'ldftﬁ:bl(lj)ﬂﬂfoWnQH .2

sem conductor substrate 1, and in a thinner, second silicon layer 5,

| ocat ed overlying a second portion of sem conductor substrate 1. An

oxi dation procedure is next perforned at a tenperature between about 800 to
1100C, for, I . Q0 sec., .i.n either.,a conventional

f ur nace, oFA f@#ﬁ%ﬁ%ﬁﬁ% 3 ngﬁ'%% %gléaeglsalghﬁ% ?X)(gﬁtf Esh,mgszilné'tcéifﬁfml}“é‘i%ﬁ @ anbi ent
chosen from a. group that |ncludes; N20 , ., H2102, H20, _or 02. The growth
of sil P B’r?rgi‘fllfxq?’%é,%a%ﬁrof’ "G r‘l‘b‘i‘r“f‘% "?'Ié"gf@%%%#&ﬂﬂ?r& acy B ingeployed togr eat | y

i nfluenced by the thickness of the overlying silicon nitride |ayer. The

oxi di zFlsan hisexpessd syrfce of. aadito ymgye dnysdlicon esidgHomtudrndhe siposaslonrinéa ofi de

| ayer 5, than through thicker, conposite silicon nitride |ayer 6. '
Ther ef sgmaiconnlucioe sublstratofl, furingald patoresistptrippégdirecedsret Aesegomiditicodfnitkilde nner ,
first silicon dioxide |layer 7, at a thickness between about 3 to 10

ANngst r eiyes 5, dthan Bépositedp Bgalin &M Bickfosd BOWRAPIHOSEMEANANE L Bs SRSLhiRNE 1.
under | ying conposite silicon nitride layer 6, while a thicker, second

sili COUs@&%e@@siﬂitﬂ%ﬁ’&éure%o?entfmn? 5@&3%5 ﬂl}’a‘%‘i%ﬁ%@s;i%ﬁl)ﬁzﬁébﬁﬁ, ﬁ@%ﬂ, o,
results on a secon
' or JVD. This is schematically shown in Fig. 3. The second silicon nitride deposition results in
composite silicon nitride layer 6, comprised of second silicon nitride layer 5, on first silicon

nitride layer 3, located overlying a first portion of semiconductor substrate 1, and in a thinner,

second silicon layer 5, located overlying a second portion of semiconductor substrate 1.

An oxidation procedure is next performed at a temperature between about 800 to 1100°C,
for a time between about 10 to 100 sec., in either a conventional furnace, or in a rapid thermal
processing, (RTP), system, using an ambient chosen from a group that includes; N,O, NO,,
Hy,0,,H,0, or Og.-rThe growth of silicon dioxide, on the underlying semiconductor substrate, is
greatly influenced by the thickness of the overlying silicon nitride layer. The oxidizing species
more readily diffuses though thinner silicon nitride layer 5, than through thicker, composite
silicon nitride layer 6. Therefore the result of the oxidation procedure is the growth of thinner,

{irst silicon dioxide layer7, at a thickness between about 3 to 10 Angstroms, on a first portion of




portion of sem conductor substrate 1, underlying second silicon ngérUAH 2605
| ayer 5. This is schematically showmn in Fig. 4. In this enbodi nent gate
insulator layer 9, is then conprised of conposite nitride |layer 6 and
underlying oxide layer 7, while gate insulator |ayer 10, is conprised of
silicon nitride layer 5, and underlying oxide |layer 8. In another '
enbodi nent silicon nitride layer 5, and silicon nitride |ayer 6, can be
sel ectively removed using H3PO4. This the renmining insulator |ayer is
si | i copemixomtimcioaydrstrate 1amdiedying compaste ddicbaygnideBaydr 6, whilsa thidkedisem@ntl  an
anneal in N20, 02, or N2 is perforned after silicon nitride renoval. The
abi | i t ¥ilitéh Miexide &fyen® afatifckabisteiwdes aldit 5ft6ab WilkhiebrgatRuitd\ &4 akolid 9, and
gate structure 13, featuring gate insulator |ayer 10, is next addressed

and sc B&IEBL of Qérnhi}formgt\ﬁpsdbgt{ﬁg 9. ur\%erliriﬂ% FéS:Bft? Qﬁ&orﬁﬂ?@gil pg, 'ltﬂgseispr ocess to

define gate structure 14, teaturing o In silicon”dioxide |ayer 7, and

gate strpucture 1 feat.ur] only thicker silicon digxide |ayer. 8 s

adar oo sty SBow FER A PP Cmnad it ap il oy P BRn sPERGsatt o e
12, and 13, .the si]Jicon nitride layers remain, while the attai nnent of
gate sEPHRYSHE égr@%l,ayqrﬁfﬂﬂslpdﬁ SaeYide e hEhde pee vy BvevHl Sof | i | con
nitride layer 6, and silicon nitride layer 5, fromsilicon oxide |ayer 7,
and fr eemptiscd ob piliconxnitredel layee , Bid underhang dxidd kayendi. In anothepémbodimentsilesphor i ¢
acid solution. A polysilicon layer 11, is next deposited via LPCVD '
pr oceduitade layer S aidsilidonasisidb &iyaes vambosdecliSO rémov3d AinARGBO). s the
Polysilicon |ayer 11, can either be doped in situ, during deposition via

the addihdifng HsuREctiifRr isQllicoR BRRBYBET, ah@sificSl H@NEIRFRL BIthis eRfboRMhesi |1 con
| ayer 11, can be depodsited intrinsically then doped” via iInplantation or

ar seni ¢, of o RPASRRL RUS .90 BerfdreIfLt 510N nlmihONGl ord 1ine resistance is
Bol & B P W R

desire 0 yS|I|%dn21ay can be replace a netal silicide |ayer
such as tungsten silicide, 7

The ability to now define gate structure 12, featuring gate insulator 9, and gate structure 13,
featuring gate insulator layer 10, is next addressed and schematically shown in Fig. 5. In
another embodiment the process to define gate structure 14, featuring only thin silicon dioxide
layer 7, and gate structure 15, featuring only thicker silicon dioxide layer 8, is addressed, and
schematically shown in Fig. 6. To define gate structures 12, and 13, the silicon nitride layers
rgmain, while the attainment of gate structures 14, and 15, necessitate the selective removal of
silicon nitride layer 6, and silicon nitride layer 5, from silicon oxide layer 7, and from silicon
oxide layer 8, respectfully, via use of a hot phosphoric acid solution. A polysilicon layer 11, is
ne-xt deposited via LPCVD procedures, to a thickness between about 1500 to 3000 Angstroms.
Polysilicon layer 11, can either be doped in situ, during deposition via the addition of arsine, or
phosphine, to a silane ambient, or polysilicon layer 11, can be deposited intrinsically thf:n doped
via implantation or arsenic or phosphorous ions. In addition if lower word line resistance is

desired polysilicon layer 11, can be replaced with a metal silicide layer such as tungsten silicide,




.2 4 JAN 2 U5 which can also be obtained via LPCVD procedures. PhbtodAli 3ag5
-shapes (not shown in the draw ngs), are next used as an etch nask to
al l ow an ani sotropic R E procedure to define gate structure 12, and gate
structure 13, for the enbodi ment shown in Fig. 5 using A2 or SF6 as an
.etchant for both polysilicon and silicon nitride, while CHF3 is used as an
etchant for silicon oxide. Definition of gate-structures 14 and 15, for
t he enmbodi nent shown in Fig. 6, is again acconplished using a photoresi st
shape adichrvaetlsh berabtkintdviadd VD pokcedpesc PRoErgpiso cleges, énot sheat mrthaig t he use
of Cl2 or SF6 as an etchant for polysilicon and CHF3 as an etchant for
Si |'i colrawdh@) iattenexReswd\iahn ech sk edlohnd Notropie RIB prazbaRE D deFindgatkn
acconpl i shed via plasma oxygen ashing and careful wet cleans. Therefore

gate SLihlne ahd gafcQBLULING, FR IR GHRirhdR AP ﬁ:gxseﬁsﬁg ClLWr sk, QP& ate at
a |l ower voltage tHhan gate structure 13, featuring thicker conp05|te gate

i nsul a%&éant !f(?‘yb% OQ¥SI|Y¥6 ﬁd Elllﬁ‘t:?s]n mrt]r\ll éWeﬁe Cgﬁ‘gisbuese nte (I;h?iﬁt i% (:()thown and

descri ence Ity e ered It will be
under st ood those skilled in th hat  vari ou changes |n f.orm and
det ai | meﬁ% %b%faﬁetsrmﬁfﬂeagﬁaﬁ ﬁﬁ lft51 Pw@mgm Py A A1 Sols@2HP thi s

i nventi on. 14 JAN 2005 What is clalned is: 1 - A method of fabricating

gr oups a@ﬁ“@&ﬁ@dwmﬁ@tmﬂwstﬁh shgpe geamételomasicioo pn snigaitopit RIE précedengr i ng a

first group of gate structures conprised with a first silicon dioxide gate
featuring the use of Cl, or SF¢ as an etchant for polysilicon and CHF; as an etchant for silicon

dioxide. Removal of the masking photoresist shapes is again accomplished via plasma oxygen
ashing and careful wet cleans. Therefore gate structure 12, featuring thin gate insulator layer 9,
will operate at a lower voltage than gate structure 13, featuring thicker composite gate insulator

layer 10.

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.




i nsul ator layer, and featuring a second group of gate structures~%énﬁﬁﬂbéﬂﬁ
-with a- second silicon dioxide gate insulator layer, with said first
silicon dioxide gate insulator layer thinner than said second silicon
di oxi de gate insulator |ayer, conprising the steps of formng a conposite
silicon nitride layer, on a first portion of said sem conductor substrate,
_Wi-th said conposite silicon nitride | ayer conprised of a first silicon
nitride |layer, underlying a second silicon nitride |layer, while a second
portion of said sem conductor substrate is covered by said second silicon
nitride layer; perform ng an oxidation procedure to formsaid first silicon
di oxi de gate insulator layer, on said first portion of said sem conductor
subst r atWhat sroikeméd/isng sai d conposite silicon nitride |ayer, and
sinmul taneously forming said second silicon dioxide gate insulator |ayer,
on sai-d second portion of said sem conductor substrate, underlying said
second silicon nitride |ayer; depositing a polysilicon |ayer; and
patt er ni ng of LsAimsthed|of Sbfitatiop grdupy ef gatessiudiues R @SkihRofdukios Qibsiibr | de
| ayer, and said first silicon dioxide gate insulator |ayer to form said
- first group ofeatuinga fest grampmfigitesasuresontpaibéd With ShrsPRidoh AbxRE g3@1 0
'sem conduct or. substrate, and sinultaneously patterning of sald™ polysilicon
layer, sai'd swsdadr jdr adfeatiring adecdndfbup FatteSRhAuReCaRs JMt]?Q.Qecdlilé)xi de
gate -insulator layer to fromsaid second group of said gate structures on
said second psili¢dnatioxidef gateriheiaseHTyeR HAHGHA Tirst WS @bBugarinduad ANan005

thinner than said second silicon dioxide gate insulator layer, comprising the steps of:

forming a composite silicon nitride layer, on a first portion of said semiconductor
substrate, with said compogite siicon nitride layer comprised of a first silicon nitride
layer, underlying a second s:i]icon nitride layer, while a second portion of said
semiconductor substrate is covered by said secoﬁd silicon nitride layer;

performing an oxidation procedure to form said first silicon dioxide gate insulator
layer, on said first portion of said semicondﬁctor substrate, underlying said composite
silicon nitride layer, and simultaneously forming said second silicon dioxide gate

- insulator layer, on said second portion of said semiconductor substrate, underlying said

second silicon nitride layer; |

depositing a polysilicon layer; and

patternjng of said polysilicon layer, said composite silicon nitridé iay-er, and said first
siﬁqon dioxide gate insulator layer to form said first group of said gate. structures, on
said first portion of said semiconductor substrate, and simultaneously patterning of said

polysilicon layer, said second silicon nitride layer, and said second silicon dioxide gate

- msulator layer to from said second group of said gate structures, on said second portion

of said semiconductor substrate




2. The method of claim1l, wherein said first silicon nitride | aye?r 4 JAN 2005
obtained at a thickness between about 5 to 30 Angstrons, using a

depositi on node chosen froma group that includes; |ow pressure chem cal
vapor deposition, (LPCVD), rapid thermal chemi cal vapor deposition,

.. (RTCVD), renote plasma enhanced chem cal vapor deposition, (RPECVD) , or
““j-et vapor deposition, (JVD). 3. The nethod of claim1, wherein said second
silicon nitride layer is obtained at a thickness between about 5 to, 30
Angstrons, via a deposition node chosen froma group that includes; LPCVD,
RTCVD, RPECVD, or JVD . 4. The nmethod of claim1, wherein said oxidation
procedure is performed using either a conventional furnace, or a rapid

t hermal processing, (RTP), system at a tenperature between about 800 to
1100 C,. for:.,a tinme between about 10 to 1.00 sec., using an anbi ent chosen
froma group that includes; N20, NO H2, @2, H20, or 02. 5. The nethod of
claim1, an % n said first silicon dioxide gate insulator |ayer, forned
on said fir b'b}n?ﬁ 8t obflai), avherein saig st siliopn wiridedayat is obtaivedistaai ned usi ng
sai d oxidation procedure, to a thickness. between about 3 to 10 Angstrons.
6. The net hdHcErsheayeen rbowiide 8P ngsitatss edugwidepobifioomodt diwseidroged e
insulator layer, formed on said second portion of said sem conductor

subst r at e, - BeupBhahingledes, bvwgressaiecthernical daparaiepgtoas@PCYD)t 0 a thickness.

bet ween about 5 to 20 Angstrons. 10 .2 4 JAN.2005 . 7. A nethod of form ng
a first sil irepdthtimadichemitd yayor depaaitiosRICWI tetfotSpliaiaredhMced chemical

vapor deposition, (RPECVD), or jet vapor deposition, (JVD).

3. The method of claim 1, wherein said second silicon nitride layer is obtained at a
thickness between about 5 to.30 Angstroms, via a deposition mode chosen from a group

_ that includes; LPCVD, RTCVD, RPECVD, or JVD.

4. The method of claim 1, wherein said oxidation procedure is performed using either a
~ conventional furnace, or a rapid thermal processing, (RTP), system, at a temperature
between about 800 to 1100° C, for a time between about 10 to 100 sec., using an

ambient chosen from a group that includes; N,0, NO, H,,0,, H,0, or Oz.

. 5. The method of claim 1, wherein said first silicon dioxide gate insulator layer, formed
on said first portion of said semiconductor substrate, is obtained using said oxidation

procedure, to a thickness between about 3 to 10 Angstroms.

6. The method of claim 1, wherein said second silicon dioxide gate insulator layer,
formed on said second portion of said semiconductor substrate, is obtained using said

oxidation procedure, to a thickness between about 5 to 20 Angstroms.
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underlying a conposite silicon nitride layer, which is conprised.®f AN 2005
second silicon nitride layer and an underlying first silicon nitride

| ayer, while sinultaneously form ng a second silicon dioxide | ayer on-said
sem conductor substrate, underlying said second silicon nitride |ayer,

wth said first silicon dioxide layer thinner than said second di oxide
._layer, conprising the steps of, depositing said first silicon nitride |ayer
‘on.sai d sem conduct or substrate patterning of said first silicon nitride
| ayer, resulting in a portion of said first silicon nitride |ayer renoved
fromthe surface of a second portion of said sem conductor substrate,
‘whil e another portion of said first silicon nitride remains on a first
portion of said sem conductor substrate; depositing said second silicon
nitride layer resulting in said conposite silicon nitride layer, overlying
said first portion of said sem conductor substrate, and resulting in said
second silicon nitride |layer |located directly overlying said second portion

of said seni cortitnsthod of fubsingatfest stiesd dioxiielgye oh AQEMRbndRY ol RibkiPRe PT OCEdUT €
to formsaid first silicon dioxide layer, on said first portion of said

sem conduct or ussigging atenpashel sitidoninMedSRyS, mem%bhﬁns%h f?é&ond‘élﬁcrohde | ayer,
and simul taneously form ng said second silicon dioxid ayer, on said

second port|omnﬁklaﬁtdM&@mh&ﬁﬂﬂ%Qﬁﬁ%mmﬁﬂﬁﬁﬁkﬁb n@ﬁ%ﬁmﬁ@ﬁ@@ﬁg oﬁﬁ&ﬁg
nitride layer; depositing a conductive |ayer,
.second silicon dioxide layer on said semiconductor substrate, underlying said second
silicon nitride layer, with said first silicon dioxide layer thinner than said second dioxide
layer, Acomprising the steps of:
depositing saia first silicon nitride layer on said semiconductor substraté; '
patterning of said first silicon nitride layer, resulting in a portion of said first silicon
nitride layer removed from the surface of a second portion of said semiconductor
substrate, while another portion of said first silicon nitride rerﬁaﬁns on a first portion of
said semiconductor substrate;
depositing said second silicon nitride layer resulting in said composite silicon nitride
-~ layer, overlying said first portion of said semiconductor substrate, and resulting in said
second silicon nitride layer located directly overlying said secrmd portion of said
i sermconductor substrate
performing a thermal oxidation procedure to form said first silicon dioxide layér, on
- said first portion of said semiconductor substrate, underlying said composite silicon
nitride layer, and simultaneously forming said second silicon dioxide iayer, on said
secgnd por;ion of said semiconductor, uqderlying said second silicon nitride layer;

depositing a conductive layer; and
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patterning of said conductive |ayer, of said conposite silicon nid fi dAN 2005
| ayer, and of said first silicon dioxide |ayer, to create a first group of
gate structure on said first portion of said sem conductor substrate,

whi |l e simultaneously patterning of said conductive |ayer, of said second
silicon nitride layer, and of said second silicon dioxide Ilayer, to forma

__second group of gate structures on said second portion of said

sem conduct or substrate. 8. The nethod of claim?7, wherein said first
silicon nitride layer is obtained at a thickness between about 5 to 30
Angstrons, via a deposition node chosen froma group that includes; |ow
pressure chem cal vapor deposition, (LPCVD), rapid thermal chem cal vapor
deposition, (RTCVD), renote plasma enhanced chemical vapor deposition,
(RPECVD),- or jet vapor deposition, (ND). 9. The nethod of claim7, wherein
patterning of said first silicon n|tr|de | ayer is acconplished via a .
selective RIE procedure, using CH2F2 as an etchant for said first silicon

nitride |ayer, patieningof seidchnduatiee lagdrj of sif cﬁ:h{:tbsﬁ@ﬁhéﬂnﬁﬁh@@la?é? aidldreon,
bet ween about 100 to 1. 10. The nmethod of claim 7, wherein said second

silicon ni tr saitbfidsegilivon dRxidb layer) @flcradte a first Pioufs BESSe RAINESEn 8Pl 5 t0 30
Angstrons, via a deposition node chosen froma group that 1ncl udes LPCVD,

RTCVD, RPECVhbrtion oflsdla sedizonductbr Qﬁﬂytrgtgoéhlﬂc]slmlgﬂﬁedﬁﬁsr B%n(ﬂgg Gt@lam 7. wher ein

sai-d t her mal oxi dation procedure is perf
conductive layer, of said second silicon nitride layer, and of said second silicon dioxide

layer, to form a second group of gate structures on said second portion of said

semiconductor substrate.

8. The method of claim 7, wherein said ﬁr_st silicon nitride layer is obtained at a
tb;lckness between about 5 to 30 Angstroms, via a deposition mode chosen from a group
that includes; low pressure chemical vapor deposition, (LPC@), rapid thermal
chemical vapor deposiﬁon, (RTCVD), remote plasma enhanced chemical vapor

deposition, (RPECVD), or jet vapor deposition, JvD).

9. The methpd of claim 7, wherein patteming of said first silicon nitride layer is
accomplished via a selective RIE procedure, using CH,F, as an etchant for said first

~ silicon nitride layer, with an etch rate ratio of silicon nitride to silicon, between about

100 to 1.

10. The method of claim 7, wherein said second silicon nitride layer is obtained at a
thickness between about 5 to 30 Angstroms, via a deposition mode chosen from a group

that includes, LPCVD, RTCVD, RPECVD, or JVD.
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using either a conventional furnace, or a rapid thermal processin&ﬁ J@NT@M5
system at a tenperature between about 800 to 1100 C, for a tine between
about 10 to 100 sec. in an anbient chosen froma group that includes; N20,

'.uhtz H2102, H20, or 02. 12. The nmethod of claim 7, wherein said first

" silicon dioxide layer, fornmed on said first portion of said semn conductor

‘ - substrate via said thernmal oxidation procedure, is forned at a thickness

bet ween about 3 to 10 Angstrons. 13. The nethod of claim 7, wherein said
second silicon dioxide |ayer, fornmed on said second portion of said
sem conductor substrate via said thermal oxidation procedure, is forned to
a thickness between about 5 to 20 Angstrons. 14. The nethod of claim?7,
wherein said conductive layer is a polysilicon |ayer obtained via LPCVD
procedur-es, to a thickness between about 1500 to 3000 Angstrons, and
ei ther doped in situ, during deposition, via the addition of arsine or
phosphine to a silane amnbient, or deposited intrinsically then doped via
i npl ant ati on bF. The sethiod o elainp}) asHRA QuSthAAPoxidaion procedure is performed
using either a conventional furnace, or a rapid thermal processing, (RTP), system, at a
temperature between about 800 to 1100° C, for a time between about 10 td 100 sec.

in an ambient chosen from a group that includes; N,0, NO, H,,0,, H,0, or 0,.

12. The method of claim 7, wherein said first silicon dioxide layer, Yormed on said first
portion of said semiconductor substrate via said thermal oxidation procedure, is formed

at a thickness between about 3 to 10 Angstroms.

13. The method of claim 7, wherein said second sificon dioxide layer, formed on said
second portion of said semiconductpr substrate via said thermal oxidation procedure, is

formed to a thickness between about 5 to 20 Angstroms.

| 14. The method of claim 7, wherein said conductive layeris a polysilié_gn layer obtained

| via LPCVD‘ procedures, to a thickness between about 1500 to 3000 Angstroms, and
either doped.in situ, duxing deposition, via the addition of arsine or phosphine to a silane

| iambient, .oi' depoéited intrinsically then doped via implantation of arsenic or

phosphorous ions.
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