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METHOD OF INTEGRATING TRIPLE GATE OXIDE THICKNESS FIELD
OF THE INVENTION 5 The present invention relates generally to method of
manufacturing integrated circuits and in particular to methods of
manufacturing field effect transistors (FET) of different gate oxide

thicknasPEFOTY e BRIMECRIRTERG R UNAQE T DEVEINURNESS The

miniaturization of electronic components has made it increasingly common
to integrate devices with diverse characteristics on a single integrated circuit
(IC) giving rise to what is known as a system on chip (SOC) technology. The
various types of devices located on a system on chip IC typically have

different operating voltaggg OO TAERINVYENAYOR gate oxide layers of
different thickness to be formed. For example, a chip may have low, medium

and highryelirgeslaviea fiRaienatwiiteiaen ot axde asseeiniedwithdhe field
effect transistors (FET) in the high voltage region being the thickest and the

integra i@ arddrsasspeiapatailbrtteniddisl invthadewaliage faviegdadgiansipeirg

the thinnest. Chips having FETs formed as such are referred to as triple gate

(FET p¥ideffeRAT @R)shirshioliekdessofanmnsthireemifferent gate oxide thicknesses
on the respective device regions of a TGO chip, several oxide removal and
growth steps have to be carried out. However, the oxide removal processes
have a detrimental impact on the shallow trench 1

BACKGROUND OF THE INVENTION

The miniaturization of electronic components has made it increasingly common
to integrate devices with diverse characteristics on a single integrated circuit (IC) giving
rise to what is known as a system on chip (SOC) technology. The various types of
devices located on a system on chip IC typically have different operating voltages thus
requiring multiple gate oxide layers of different thickness to be formed. For example, a
chip may have low, medium and high voltage device regions with the gate oxide
associated with the field effect transistors (FET) in the high voltage region being the
thickest and the gate oxide associated with the FETs in the low voltage device region
being the thinnest. Chips having FETs formed as such are referred to as triple gate oxide

(TGO) chips.

In order to form three different gate oxide thicknesses on the respective device
regions of a TGO chip, several oxide removal and growth steps have to be carried out.

However, the oxide removal processes have a detrimental impact on the shallow trench
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isolation (STI) structures which are commonly used as a means of isolation
between adjacent FETs. For example, referring to Figure 1 which depicts a
portion of a TGO chip, a STI structure 2 is shown sandwiched between two
active semiconductor regions 3 and 4. The STI structure 2 is made up of a

isolati@ANSTH {aripedeivahitiPaiéaienanefiieddity & Heaavexid o hapesipheral

edges of the trench oxide 6 are recessed below the top surface of the trench

adjacEMi B DIVIFG [ iSQigpWhatrarenkneFsasdiokscB . dEPRSS Abvei 8 sire Tiomed at
the edges of the STI during oxide removal as the trench oxide etch rate is

chip, Righes@Aidhiecerinhekh egessichedhewhivated itne ShistMaitias orsts 3

undesirable as they increase the sub- threshold leakage current of transistors

and 4inTthe SPiageohREVE FRINGNEUS R IEoPRsRed in st inparticiiamy
significant for the low voltage regions with thin gate oxide transistors.

trenchl EiRfareTHdpelgsicabl @ dgeRrovine trenatboridd fabricatied BeldsQHhippin
which divot formation in the STI structures is reduced. 15 SUMMARY OF

surfacEOELHY MENRIGXNd BB Rieseptinvaatiae RIBWIAPIPVIEEsa Mashodi adtosrming
TGO chips which reduces the extent of divot formation in STI structures. 20

formed ACEOKIRBSDWIHE ST asporif thadnvention, tberk ixidoveeche inethod
for forming TGO chips comprising providing a substrate comprising regions of
higheRaffifisd rthhagi@agaf a second kind, regions of a third kind, internal isolation
regions 2 which separate devices within each region and bounding isolation
regions which separate
The divots 8 in the STI structures 2 are undesirable as they increase the sub-
threshold leakage current of transistors in the adjacent active semiconductor regions 3, 4.
This effect is particularly significant for the low voltage regions with thin gate oxide

transistors. Therefore, it is desirable to provide a method for fabricating a TGO chip in

which divot formation in the STI structures is reduced.

SUMMARY OF THE INVENTION

The present invention aims to provide a method of forming TGO chips which

reduces the extent of divot formation in STI structures.

In accordance with a first aspect of the invention, there is provided a
method for forming TGO chips comprising providing a substrate comprising regions of a

first kind, regions of a second kind, regions of a third kind, internal isolation regions
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devices of different regions. Regions of the first kind are semiconductor
regions over which devices with thin gate oxide are formed and comprise the
internal isolation regions and portions of the bounding isolation regions.

Regions of the second kind are 5 semiconductor regions over which devices

whichWiipagatedexideswiimeritr diaieihickneaadng ifImRe adoRMpietparal
isolation regions and portions of bounding isolation region. Finally, regions of

devicdberthirekingrasp aeMERNSHICIO ke GiRP R AV MG BRYIes Wthofbiskgate

oxide are formed and they also comprise internal isolation regions and

whichRHiRBS waitPeun g derlatian fiegienand R dvpiie tmepiRia hisknass ga®ns
oxide layer is formed over regions of the first kind, second kind and third

and p&ifigad SMA¥edHiRih s8R HIRfisstRBbMerena thidgaten@xide layer is
grown. A first conductive layer is deposited over all the regions. The first

semic6RMEkicHYEsIaNE banidwhiEkediaie Wik kness gats epdtehayaraseniermeyete
from regions of the third kind. A thick gate oxide layer is formed overall the

formetEgiansigheveadininadatigpesiian afapoavailyiidsacang condietigion.
layer. The thick gate oxide layer and second conductive layer are then

Finalligmeguas eraepihiiaioyerd saivisfiitierthitdosindvattamnioh why rdhikdth
conductive layer is deposited. Fabrication of the devices is completed using

thick ghéneieictk procedueasindQHeyths peesgHnviastion iibrexiasohdivet portions
formation is advantageously reduced without introducing excessive
of bouaRlimglexitytionhegfoagufacturing process. By reducing the extent of divot

formation, subthreshold leakage particularly in the low voltage area is

redhudaaermediate thickness gate oxide layer is formed over regions of the first kind,
second kind and third kind, removed from regions of the first kind where a thin gate
oxide layer is grown. A first conductive layer is deposited over all the regions. The first
conductive layer and intermediate thickness gate oxide layer are removed from regions of
the third kind. A thick gate oxide layer is formed overall the regions followed by the
deposition of an overlying second conductive layer. The thick gate oxide layer and
second conductive layer are then removed except from over regions of the third kind after

which a third conductive layer is deposited. Fabrication of the devices is completed using

standard procedures.

In the present invention, the extent of divot formation is advantageously reduced
without introducing excessive complexity in the manufacturing process. By reducing the
extent of divot formation, subthreshold leakage particularly in the low voltage area is

reduced.
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3 BRIEF DESCRIPTION OF THE DRAWINGS In the accompanying drawing
forming a material part of this description, there is shown: 5 Figs. 1 shows
divots formed in STI trenches of TGO chips fabricated using conventional
processing methods. Figs. 2-7 are cross-sectional views showing a method
for forming TGO chips according to one embodiment of the present
invention. 10 DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMEBRIERBESER A TION N FIPEIDRINVeIN OGS are described with

the aid of Figures 2-7 which are various cross-sections of a TGO chip at an
intermediate stage of manufacture. In TGO structures there are
semicondudibiegfepmprinagisekiig, fmisexamisiaah nat Yokage region
over which devices with thin gate oxide are formed, semiconductor regions

descrigfigie dEEdHPRMEfor example an intermediate voltage region over which
devices with gate oxides of intermediate thickness are formed and

e oonel FIRL PSR bR WHAKIG Cherample PR valiRamindian

over which devices with thick gate oxide are forme

usin gi O%JQ}NéHH£5§}8£%s%913¥?Haﬂ§ ({Q_r MOSFET in semiconductor regions of the
n

Irst kind, an intermediate threshold voltage for MOSFET in semiconductor
regions of the second kind and a high threshold voltage for MOSFET in
semiconduBigs.r2gians @bihadttikehkindewls showing a method for forming TGO

chips according to one embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the invention are described with the aid of
Figures 2-7 which are various cross-sections of a TGO chip at an intermediate stage of
manufacture. In TGO structures there are semiconductor regions of the first kind, for
example a low voltage region over which devices with thin gate oxide are formed,
semiconductor regions of the second kind, for example an intermediate voltage region
over which devices with gate oxides of intermediate thickness are formed and
semiconductor regions of the third kind for example, a high voltage region over which
devices with thick gate oxide are formed. Correspondingly, there is a low threshold
voltage for MOSFET in semiconductor regions of the first kind, an intermediate
threshold voltage for MOSFET in semiconductor regions of the second kind and a high

threshold voltage for MOSFET in semiconductor regions of the third kind.
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With reference to Figures 2-7, in the semiconductor regions of the first kind
100, that is regions over which a thin gate oxide is formed, there is an n-well
10 and a p-well 12, which are formed in a deep n-well 14 that is formed in a
p-substrate 16. An isolation 5 region, 18, which preferably is an STI region,
separates the n-well from the p-well. This depicts examples of what could
constitute semiconductor regions of the first kind, which could contain any

NWINAGERIEMERS PIRIMPE BaMiBEREMEShIBBIONSZIAR SEMICARAUEHAr100,
regions can be any kind of semiconductor region and not necessarily wells.

that isTfagispIceNAUEIRLIegionsead et farmesddnssufeendrwehinat pswell
formed in a p- 10 substrate, but could for example be formed in a deep p-well

12, wiiet igdaomestiimh aniBepshbstiater imitordymiedRigh fesuBstratd 18 An isolation
semiconductor regions of the second kind 200, that is regions over which a

regio)ae, i phéntemmedialesmckess ieparmednther®dl avm-theheantas

p-well 24, which are formed in a deep n-well 26 that is formed in a p-

depicSUbSiiaR L6f Whats@laliDEoREIRR: ddniodriaddeseierably isf ae Sifdtneai®rvhich
separates the n 15 well from the p-well. This depicts examples of what could

couldcRnEiiie FantRndieleypeagipng f {beiseaanetdnekiviyicimeoidshicontridtor
any number of n-type or p-type semiconductor regions. The semiconductor

regio€giprtsecaly kihany intdcohsernicesduatandegiascandmgt wecessasily wells.
The semiconductor regions need not be formed in a deep n-well that is

semiciaidnetbitexislinsigaie: butaawd fonexapiple dedarmedinaldeapp 20 well
that is formed in an n-substrate. In the same way, in Figures 2-7

substSE&NILARGURIA6r EGIONS Metheritiadkinde3p -t indiegitvimeden which a
thick gate oxide is formed, are an n-well 28 and a p-well 30, which are
substif@eTEichitaa R -BuUbgiindie 216, Antsclatiponegitst, regions of the second kind 200,
that is regions over which a gate oxide of intermediate thickness is formed, there is an n-

well 22 and a p-well 24, which are formed in a deep n-well 26 that is formed in a p-
substrate 16. An isolation region, 18, which preferably is an STI region, separates the n-
well from the p-well. This depicts examples of what could constitute semiconductor
regions of the second kind, which could contain any number of n-type or p-type
semiconductor regions. The semiconductor regions can be any kind of semiconductor
region and not necessarily wells. The semiconductor regions need not be formed in a
deep n-well that is formed in a p-substrate, but could for example be formed in a deep p-
well that is formed in an n-substrate. In the same way, in Figures 2-7 semiconductor
regions of the third kind 300, that is regions over which a thick gate oxide is formed, are

an n-well 28 and a p-well 30, which are formed in a p-substrate 16. An isolation region,

18, which preferably is an STI region, separates the n-well from the p-well. This depicts
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18, which preferably is an STI region, separates the n-well from the p-well.
This depicts 5 examples of what could constitute semiconductor regions of
the third kind, which could contain any number of n-type or p-type
semiconductor regions. The semiconductor regions can be any kind of

examPREGFANRIHEION ERIAfANe N9hidBREsSBE b YIeHS snAdhgyd kanddvbg drspe in

an n-substrate. Isolation regions separate regions of different kinds. 5

contalraioraRIesmispiatinn IegosAeRTL isplaliRMetirNE R thatiars:

disposed over field implant regions 32, which are added in this case to

regioRANEMENRRIVIABNRIGE R Ok PetiBir.aanainag SamiCOrIMGlad trgjons of
the first 100, second 200 and third 300 kind are provided, then, according to

couldeferresiemnoaineniaef Ihaansacessoat tpdnveRtiabnaofintaeRadialels.
thickness thermal gate oxide 34 is grown over 10 all the semiconductor

Prefef@gipitiesdinaiemkedimeant 18 thicknasegfdhelnianmnadiaie digknessigate

oxide could be about 120 Angstroms, which corresponds to an operating

implavoli@genefabau & ved e dae @ideriseRavinehhaibeaRNiOatios T of which n-well
22 would be a constituent or an NMOS FET of which p-well 24 would be a

CORittSibsNaxtc Gamem g JHish oasking ségpikalfexpaisas| semicdndurior
regions of the first kind 100, STI 15 regions 18 separating semiconductor

and tHegicns eftharfirsidini @andepoiionsvicSd bre@inns edlbdiahsaparpite
semiconductor regions of the first kind from semiconductor regions of the

procese6pE anaikivg, kimchd s anaskingkatap isciolavsac byids ®1abing siepvidat
removes the intermediate thickness gate oxide only from over semiconductor

all the egiiasfiidierfiestidind kDOl Hishodideetahinthkiakof dheninienacinie
thickness gate oxide, which by
thickness gate oxide could be about 120 Angstroms, which corresponds to an operating
voltage of about 5 volts for a device having both a PMOS FET of which n-well 22 would
be a constituent or an NMOS FET of which p-well 24 would be a constituent. Next
comes a first masking step that exposes semiconductor regions of the first kind 100, STI
regions 18 separating semiconductor regions of the first kind and portions of STI regions
20 that separate semiconductor regions of the first kind from semiconductor regions of
the second and third kind. This masking step is followed by an etching step that removes
the intermediate thickness gate oxide only from over semiconductor regions of the first
kind 100. This oxide etching step of the intermediate thickness gate oxide, which by
itself is insufficient to cause discernable damage, is the only oxide etching step to which
the semiconductor regions of the first kind and adjoining STI regions are subjected.

Preferably, forming a photoresist layer and patterning the photoresist layer to expose

only semiconductor regions of the first kind can accomplish the masking. After etching,
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20 itself is insufficient to cause discernable damage, is the only oxide etching
step to which the semiconductor regions of the first kind and adjoining STI
regions are subjected. Preferably, forming a photoresist layer and patterning
the photoresist layer to expose only semiconductor regions of the first kind

the pHABraGSOMRISH thadvasking: AltesBiEhingsaihe nRatoiesisilan@é shown in
removed. The preceding steps give rise to the structure shown in Figure 2. A

Figurém'n thermal gate oxide 36 is now grown over the exposed semiconductor 5
regions of the first kind. In one embodiment, the thickness of the thin gate
oxide could be about 30 Angstroms, which corresponds to a low operating
voltage of about 1.8 volts for a device including both a PMOS FET of which

nAvElnl G eveuld:he axcensttianwian NMaSHEETpekwhishizonelicker would

be a constituent. The gate oxide growth over the semiconductor regions of

regiotb @ fS@eaNd: anehtT b kinchisoieabgblacuing e dhinegale dQoxideegandne

process since they are already covered by the intermediate gate oxide 34.

aboutA9 Shipétioid; igHIehFoarEpbEANAUCTIVG tRyeitdE isdlinar deppsiied Dvertatbihe

semiconductor regions. In one embodiment, the first conductive layer 38 is a

a devieelisilicting layera PhedsSFEDRA UG Ryl BB maylideadhitknessophabout
600 Angstroms. 15 A second masking step is then performed to expose only

NMOSEBEBiGINAH G0 eIE oS theatbitkkinensd 00hShk¢egide Advde paeating
semiconductor regions of the third kind and portions of STI regions 20 that

semicdapacaiersgivicatdueiicoadions viiheitid dndbd)0 diemsemiaangaetor
regions of the first 100 and second 200 kind. In one

oxide growth process since they are already covered by the intermediate gate oxide 34.

As shown in Figure 3, a first conductive layer 38 is then deposited over all the

semiconductor regions. In one embodiment, the first conductive layer 38 is a polysilicon

layer. The first conductive layer 38 may have a thickness of about 600 Angstroms.

A second masking step is then performed to expose only the semiconductor
regions of the third kind 300, STI regions 18 separating semiconductor regions of the
third kind and portions of STI regions 20 that separate semiconductor regions of the third
kind 300 from semiconductor regions of the first 100 and second 200 kind. In one
embodiment, the masking step is performed by forming a photoresist layer 40 and
patterning the photoresist layer to expose only semiconductor regions of the third kind,
STIregions 18 separating semiconductor regions of the third kind and portions of STI
regions 20 that separate semiconductor regions of the third kind from semiconductor

regions of the first and second kind can accomplish the masking. Etching steps follow to
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embodiment, the masking step is performed by forming a photoresist layer 40
and 20 patterning the photoresist layer to expose only semiconductor regions
of the third kind, STI regions 18 separating semiconductor regions of the
third kind and portions of STI regions 20 that separate semiconductor

remove @R AfdhiRItRII Kingkirognrspmicensuaiesntreienseofdhe Jirgleand searnd
kind can accomplish the masking. Etching steps follow to 7 remove the first

300 af@RANSHME: I9YErSBIHO M@ VS UFEBICRBRGHCHndagions alibe thirdddng 130%

and adjoining STI regions and to dip off the intermediate thickness gate oxide

from (AX@keiRBdRURSERYTaRMIIRY deeiansDfTthe iirgkkrdindieptmetching
step of the intermediate thickness gate oxide, which by itself is insufficient to

interng@ise disgainabieddameagids B LalyiOxideratsbinetariAwbishbie

semiconductor regions of the third kind and adjoining STI regions are

damagélnjegiednilhs Rieerding stgP® SWeHSRetSetiR oplbEibl e gRAWBAhE igire 4.
After the above mentioned etching steps the photoresist layer 40 is removed

kind @achajol@ithisH DRig v declaysedddsTRerpadeting prgferrd amehodiment, the
thick gate oxide, which is appropriate for high voltage metal oxide

structGRMiconduckiield effect transistors (MOSFET), is formed by first growing a
thin layer of thermal oxide over the exposed semiconductor regions of the
third kind 300, followed by the deposition of an overlying layer of HTO by a
chemical vapour deposition process. A low temperature N2 anneal is 15 then

parfermrchbbie thiakioass el thedthicksgptephxide: douigybesaraureh30itandiQ00

Angstroms, which corresponds to a high operating voltage between 20 to 70
thick ¥elésofdt@layer 42 is formed. In a preferred embodiment, the thick gate oxide,
which is appropriate for high voltage metal oxide semiconductor field effect transistors
(MOSFET), is formed by first growing a thin layer of thermal oxide over the exposed
semiconductor regions of the third kind 300, followed by the deposition of an overlying
layer of HTO by a chemical vapour deposition process. A low temperature N, anneal is
then performed. The thickness of the thick gate oxide could be around 300 to 1000
Angstroms, which corresponds to a high operating voltage between 20 to 70 volts for a
device including both a PMOS FET of which n-well 28 would be a constituent or an
NMOS FET of which p-well 30 would be a constituent. As shown in Figure 5, a second
conductive layer 44 is then deposited over all the regions. In a preferred embodiment,

the second conductive layer 44 is a polysilicon layer. The second conductive layer may

have a thickness of about 600 Angstroms.
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device including both a PMOS FET of which n-well 28 would be a constituent
or an NMOS FET of which p-well 30 would be a constituent. As shown in

Figure 5, a second conductive layer 44 is then deposited over all the regions.
In a preferred embodiment, 20 the second conductive layer 44 is a polysilicon

layethi T $85R0 SO RAMSH VR IRVMBTM B haNR adhiskness of AlRautERd

Angstroms. 8 A third masking step is now performed that is the complement

mask@kthiesesand whaskindesiRRPithat Whiahwan axReseshin ihrvsaegad and

masking step is now masked and what was masked in the second masking

what St@PnisJreWiaXResechntiasiitbetyrd raskinsssterins @nhe eai@nsasking
masked are the semiconductor regions of the third kind 300, STI 5 regions 18

step tBePAIRINGSRMEgRdLGOmEegiansatitheothisdikind and parionsos@TETI

regions 20 that separate semiconductor regions of the third kind 300 from

regioSEMICORNAHGHY Jagiensd Rfibheckishd 60 tapthseoand k3RO ATENT regions
embodiment, this is implemented by forming a photoresist layer 46 and

20 th:RIHELAIRGHAE haiesitidRye 00T Ak DRI SBMEemKaieroirbiens Riibas
third kind, STI regions 18 separating semiconductor 10 regions of the third

of thekiirgt a0d pRriensnafikint 76Qionsode EhikepRIAlehseMicosIdheiacdBgions of
the third kind from semiconductor regions of the first and second kind can

formiageapnplisbsibelpaskngaEpahitrgisteps follnvtdddemeyedtheseeand
conductive layer 44 from over semiconductor regions of the first 100 and

semic®AA00@ 200 kindst andiacipiknmag ST Irdgigionssargadartip efhiledbickxide
layer that is disposed over the remaining first 15 conductive layer 38. At this
regioiagehin el iadess! ihe$onscd0SEIbragi shoR0hatkighaiate semiconductor
regions of the third kind from semiconductor regions of the first and second kind can
accomplish the masking. Etching steps follow to remove the second conductive layer 44
from over semiconductor regions of the first 100 and second 200 kinds and adjoining STI

regions and to dip off the thick oxide layer that is disposed over the remaining first

conductive layer 38. At this stage in the process the structure is as shown in Figure 6.

Referring now to Figure 7, there is shown the structure of Figure 6 having a third
conductive layer disposed over the remaining first conductive layer 38 and remaining
second conductive layer 44. The third conductive layer is deposited to increase the
conductance of the gates. Preferably the third conductive layer is a polysilicon layer and
deposited to a depth of about 1400 Angstroms, so that the combined conductive layer
which is a composite of the third conductive layer with either the first 38 or second 44

conductive layer preferably has a thickness of about 2000 Angstroms.
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Referring now to Figure 7, there is shown the structure of Figure 6 having a
third conductive layer disposed over the remaining first conductive layer 38
and remaining second conductive layer 44. The third conductive layer is
deposited to increase the 20 conductance of the gates. Preferably the third
conductive layer is a polysilicon layer and deposited to a depth of about
1400 Angstroms, so that the combined conductive layer which is a

compositecebdne: thirss camdeeive dayesWiin ithestiae firphaS AEEREQFhE4

conductive layer preferably has a thickness of about 2000 Angstroms. 9 In

amonfREdiHERaaEipgSlenshRatdliowrthe aenmainad RysicbiiiscRratiesnad imdefine

amongst others the gates for the transistors in the various semiconductor

subselR@iPFRA6kI HLRS AP RS DY HACrAPISIR (bm JilsRR SUkigki Eemifrd
accomplished using standard 5 CMOS processing procedures. While the

CMO®yestigrniasrbeauparticularly 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 detail may be made without departing
from the 10 spirit and scope of the invention. 10 The invention claimed is: 1.
A methogyaii (OrRING, BiBilen dRtEHRXIAA L A STEHEWHEM B AIRRRHSIAYWath

providing a substrate comprising regions of a first kind, regions of a second

referekitiho kBEiNRERka thisbiindniRtemabisalationeagionswdiay seeR ke davices
within each
the art that various changes in form and detail may be made without departing from the

spirit and scope of the invention.

10



region and bounding isolation regions which separate devices of different
regions; wherein regions of the first kind are semiconductor regions over
which devices with a first gate oxide layer are formed, said regions of the
first kind comprising the 10 internal isolation regions and the portions of the
bounding isolation regions; regions of the second kind are semiconductor
regions over which devices with a second gate oxide layer are formed, said
The ife&ia6s dhthr$acond kind comprising the internal isolation regions and the
portions of bounding isolation regions; and regions of the third kind are

semiconductqr regions over which .devi ith a third gate oxide layer 15
L e D B s scimtion
regions and the portions of bounding isolation regions; forming a second

5 gabEkitiRg apeb e samragin L aimeofs st ko waip i thierritkind,
~ removing said second gate oxide layer from said regions of the first kind; 20

regions (i adiraid dRCHIIHES AR bR Wi o PighoiTR BRIR s ERiNED B g a
. first conductive layer over said regions of the first, second and the third kind;

region nehbR g LN ERSLNS WAUEh SiRIalfdledcenal ghE SR FORY from

aid . regions of theléhird kind; 11 forming a third gate oxide Ia%‘er' formingtﬁ

WSER LS S BULIEARTHEG RIS o dRSTRAS QiR g devices wi

a first gate oxide layer are formed, said regions of the first kind comprising the
10 internal isolation regions and the portions of the bounding isolation regions; regions
of the second kind are semiconductor regions over which devices with a second gate
oxide layer are formed, said regions of the second kind comprising the internal
isolation regions and the portions of bounding isolation regions; and regions of the
third kind are semiconductor regions over which devices with a third gate oxide layer
15 are formed, said regions of the third kind comprising the internal isolation regions
and the portions of bounding isolation regions;
forming a second gate oxide layer over said regions of the first, second and the
third kind;
removing said second gate oxide layer from said regions of the first kind;
20 forming a first gate oxide layer over said regions of the first kind;
forming a first conductive layer over said regions of the first, second and the
third kind;
removing said first conductive layer and said second gate oxide layer from said

regions of the third kind;

11
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regions of the second kind and said regions of the third kind; removing said
second conductive layer and said third gate oxide layer from 5 said regions
of the first kind and said regions of the second kind; forming a third
conductive layer over said regions of the first kind, said regions of the
second kind and said regions of the third kind; completing fabrication of
devitemimgsaithnelggonsoaidhéafiest kind, said regions of the second kind and
said regions of the third kind according to standard manufacturing 10
procedunieg wheaid toedirstvsdeapeich aerds thirocgates oXithe lagselgivhveid
different thickness, the first gate oxide layer being the thickest and the third
regionyené bxiske tayidei hé gl thradindgiast ofxhd Harchsthdid of Claim 1 wherein
forming said third gate oxide layer comprises 15 forming a thermal oxide over
saidreaishe ohihectsind Rimddshan by Byaae paisitihighgnto paiigngyrtonayer
~over said regions of the first kind, said regions of the second kind and said
said regifiphelghthdreshiringied seitreginpsiddhsrseraid Kidsherein said substrate is
an n-type or p-type silicon 20 substrate. 4. The method of Claim 1 wherein
saifPEBiREa it eandisdrs laveRYgp e FrEpns dibsdirddibis sl segipes
method of Claim 1 wherein said devices are NMOS or PMOS FET devices.
of thegeqopd adh s e nirehs A &Mt gate oxide layer is a silicon gate

oxide . . .
completing fabrication of devices in said regions of the first kind, said regions of

the second kind and said regions of the third kind according to standard manufacturing
procedures
wherein the first, second and third gate oxide layers have different thickness, the

first gate oxide layer being the thickest and the third gate oxide layer being the thinnest.

2. The method of Claim 1 wherein forming said third gate oxide layer comprises
forming a thermal oxide over said regions of the third kind followed by depositing an
overlying HTO layer over said regions of the first kind, said regions of the second kind

and said regions of the third kind.

3. The method of Claim 1 wherein said substrate is an n-type or p-type silicon
substrate.
4. The method of Claim 1 wherein said semiconductor regions are n-type or p-type

silicon regions.

12
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25

layer about 30 Angstroms thick. 5 7. The method of Claim 1 wherein said
second gate oxide layer is a silicon gate oxide layer about 120 Angstroms
thick. 8. The method of Claim 1 wherein said third gate oxide layer is a silicon
gate oxide 10 layer between about 300 to 1000 Angstroms thick. 9. The

5. MekBegeaiddlainthinheieie e d ARIRINALIS ARIRIVIOYIBNPMIESTIH TS@aiRR.
regions. 15 10. The method of Claim 1 wherein said bounding isolation
regions are STI isolation regions disposed over field implant isolation
regions. 11. The method of Claim 1 wherein said second gate oxide layer is

6 fo&ﬁ%%&}’ﬂ@e?ﬁ%ﬁal&ih%ﬁ?lﬁéaﬁ.f*Fﬁe%%%%%ﬂ?FdW PilioRyaficsre

layer 4850030l Ahsaidseeried. gate oxide layer is performed by forming a
photoresist layer, patterning the photoresist layer to expose only regions of
the first kind, etching said second gate oxide layer and removing said

7, Pigiorestiayen 26 13, Themetiod of Gl Lups/sin st gaig e

oxide layer about 120 Angstroms thick.

8. The method of Claim 1 wherein said third gate oxide layer is a silicon gate oxide

layer between about 300 to 1000 Angstroms thick.

9. The method of Claim 1 wherein said internal isolation regions are STI isolation
regions.
10. The method of Claim 1 wherein said bounding isolation regions are STI isolation

regions disposed over field implant isolation regions.

11.  The method of Claim 1 wherein said second gate oxide layer is formed by thermal
oxidation.
12. The method of Claim 1 wherein said removal of said second gate oxide layer is

performed by forming a photoresist layer, patterning the photoresist layer to expose only
regions of the first kind, etching said second gate oxide layer and removing said

photoresist layer.

13.  The method of Claim 1 wherein said first gate oxide layer is formed by thermal

oxidation.
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14. The method of Claim 1 wherein said first conductive layer is formed by
deposition of polysilicon. 15. The method of Claim 1 wherein said removal of
said first conductive layer and 5 said second gate oxide layer from said
regions of the third kind is performed by forming a photoresist layer,

14.  patierhingdae PhniaesishiayartaerRese RN FRIIMNE af thenthingykind,
etching said first conductive layer and said second gate oxide layer and
deposl'@?ﬂ(ﬂﬁgrﬁ’ﬁlgéi]d“ﬁhotoresist layer. 10 16. The method of Claim 1 wherein said

second conductive layer is a polysilicon layer. 17. The method of Claim 1
wherein said removal of said second conductive layer and said third gate
15. OXiHe %aalt(gbéﬂr_@ﬂc@d !le@diﬁti)ﬂ%ﬁ)fsik_wrﬁfﬁbﬁﬁm@mgﬁ?id teginns af Ibﬁtﬁ&nd
.. second kind is performed by forming a photoresist layer, patterning the
said s %?@é?s?ﬁé@‘éPXﬁé%é@lgﬁﬁg@% o r@?“‘ﬂﬁ@fﬁé{ﬁﬁﬂﬂ%ﬁ&% pyrmng a
photoregions ef, ihetsesanthkiphowiekingagaidosegand 6andustivg (ayiae amddsaiel,
. third gate oxide layer and removing said photoresist layer. 20 18. The .
etehingy b s O G H AL S QI RIG U R R R PP Said
photofts3esien of polysilicon. 14 Abstract METHOD OF INTEGRATING TRIPLE
GATE OXIDE THICKNESS

16. The method of Claim 1 wherein said second conductive layer is a polysilicon
layer.
17. The method of Claim 1 wherein said removal of said second conductive layer and

said third gate oxide layer from said regions of the first kind and said regions of the
second kind is performed by forming a photoresist layer, patterning the photoresist layer
to expose only said regions of the first kind and said regions of the second kind, etching
said second conductive layer and said third gate oxide layer and removing said

photoresist layer.

18. The method of Claim 1 wherein said third conductive layer is formed by

deposition of polysilicon.

14
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A method for forming TGO structures includes providing a substrate
containing regions of first, second and third kinds in which devices with
respective first, second and third gate oxide layers of different thicknesses
are to be formed. The second gate oxide layer is formed over the substrate
and then removed from regions of the first kind where the first gate oxide
layer is subsequently grown. A first conductive layer is deposited over the
substrate. The first conductive |laygfapd second gate oxide layer are
subsequently removed from regions of the third kind. The third gate oxide
layer followed by deposition of a second conductive layer is formed over the

substrate and then removed exce(y;at from over regions of the third kind. Fig.
7 METHOD OF INTEGRATING TRIPLE GATE OXIDE THICKNESS

A method for forming TGO structures includes providing a substrate
containing regions of first, second and third kinds in which devices with respective first,
second and third gate oxide layers of different thicknesses are to be formed. The second
gate oxide layer is formed over the substrate and then removed from regions of the first
kind where the first gate oxide layer is subsequently grown. A first conductive layer is
deposited over the substrate. The first conductive layer and second gate oxide layer are
subsequently removed from regions of the third kind. The third gate oxide layer followed
by deposition of a second conductive layer is formed over the substrate and then removed

except from over regions of the third kind.

Fig. 7
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