METHOD OF | NTEGRATI NG TRI PLE GATE OXI DE THI CKNESS

FI ELD OF THE | NVENTI ON The present invention rel ates
generally to method of manufacturing integrated
circuits and in particular to nethods of manufacturing
field effect transistors (FET) of different gate

oxi de thicknesses on the sanme chi p. BACKGROUND OF THE
| NVENTI ON The m ni aturi zation of el ectronic conponents
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wi th diverse characteristics on a single integrated
circuit (1C giving rise to what is known as a system
on chip (SOC) technol ogy. The various types of

devi ces |l ocated on a systemon chip IC typically have

di fferent operatim@IMPOFaCBE INVMENTI®RQUI ring nmul tiple
gate oxide layers of different thickness to be forned.
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as such are referred to as triple gate oxide (TGO
chips. In order to formthree different gate oxide
t hi cknesses on the respective device regions of a TGO
chi p, sever al B&GKERUMDAF THE EYBRNATIONeps have to
be carried out. However, the oxide renoval processes
have a detrinental inpact on the shallow trench |

The minjaturization 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

(TGOQO) 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 shaliow trench




isolation (STlI) structures which are comonly used as
a neans of isolation between adjacent FETs. For
exanple, referring to Figure | which depicts a portion
of a TG chip, a STI structure 2 is shown sandw ched
bet ween two active sem conductor regions 3 and 4. The
STl structure 2 is nade up of a trench 5 forned in a
substrate and filled with trench oxide 6. The
isolatigre(STphwrugiuresdifaeh of comaonbyasehaoxngase! otatiop belser
bel ow the top surface of the trench oxide giving rise
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formed at the edges of the STl during oxide renoval as
chip, d 31 stri@OLID @xhdlen ehaWichad Betiveen hioghttve &imitdiductor regions 3
peri pheral edges. The divots 8 in the STl structures 2
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invention ains to provide a nethod of form ng TGO
higherafhseiiphedl edg@duces the extent of divot fornmation in
STl structures. In accordance with a first aspect of
the invention, there is provided a nethod for form ng
TGO chi ps conprising providing a substrate conpri sing
reigidivigs ®in the ST statctucesRiare uedgsoase of thay Secasdthk suid,
regions of a third kind, internal isolation regions 2
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




whi ch separate devices within each regi on and boundi ng
i sol ation regions which separate devices of different
regions. Regions of the first kind are sem conductor
regi ons over which devices with thin gate oxide are
formed and conprise the internal isolation regions
and portions of the bounding isolation regions.
Regi ons of the second kind are sem conductor regions
which sperataduivchs delincash mgioh agd beushigiedlatgin fegivns whigh geparate
thi ckness are fornmed and conprise internal isolation
devices éliffasntangomo rRdgoms of fhelfastrididaye savikatduotor refimoyver
Finally, regions of the third kind are sem conductor
which &Gl REthANBIoattixede HerHes aid Ednprisbiikkn@atabisoMtisieregions
formed and they al so conprise internal isolation
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thick gate oxide |ayer is formed overall the regions
thick ghtgloxslweaer trymehand thepdst ecmamise intgnalgyadatiop ragjorergmgrtions
conductive |ayer. The thick gate oxide |ayer and
of bousdiopisdlatomdgomns,ve | ayer are then renoved except from
over regions of the third kind after which a third
congueibyiste tidyiaksd gitdepdsiayads fdrmbd beatrégionsaff thehfarst kind,
devices is conpleted using standard procedures. In
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reductng the
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.




extent of divot formation, subthreshold | eakage
particularly in the low voltage area is reduced. 3
BRI EF DESCRI PTI ON OF THE DRAW NGS I n t he acconpanyi ng
drawing formng a material part of this description,
there is shown: Figs. 1 shows divots fornmed in STI
trenches of TGO chips fabricated wusing conventional
processi ng nethods. Figs. 2-7 are cross-sectional
views showing a nmethod for formng TGO chips
according to one enbodi nent of the present invention.
DETAI LEDBBHEERVESTRN TION 6 PREFERREVINGSBODI VENTS
Preferred enbodi nents of the invention are described
with the aid of Figures 2-7 which are variqus
cr oss- séde theggeoraanying dVERg frraMngshmpistid e df fie st age
of manufacture. In TGO structures there are

descripsiemiteoadisbben: regi ons of the first kind, for exanple
a | ow vol tage region over which devices with thin gate
oxi de are formed, sem conductor regions of the second
ki nd, f Bigseksnpsdive prrgyinedil deechsort HgR crivgitehiicader
whi ch devices with gate oxides of internediate

using cohvepkines prapessifgonetbellsand  semni conduct or regi ons of the
third kind for exanple, a high voltage region over
which devices with thjck gate oxide ar rned..
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MOSFET in sem conductor regions of the first kind, an

chips apenrdingtaprg gnbodiment 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 veltage for MOSFET in semiconductor regions of the third kind.




t hreshol d vol tage for MOSFET in sem conductor regions
of the second kind and a high threshold voltage for
MOSFET in sem conductor regions of the third kind. 4
Wth reference to Figures 2-7, in the sem conduct or
regions of the first kind 100, that is regions over
which a thin gate oxide is forned, there is an n-well
10 and a p-well 12, which are forned in a deep n-well
14 that is fornmed in a p-substrate 16. An isolation
region, 18, which preferably is an STI region,
Seplareidresctih €igurasetT, if thesemivengucielrégionfhif she firetiind $00,
exanpl es of what could constitute seni conductor
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thickness is formed, there is an n- wel| 22 and a
regionp caeltq any Kind gfi semicapductaseien wil ot a@@ﬁsaﬁlwﬂis 38° t hat
is formed in a p- substrate 16. An isolation region,
semicdr@uctphicgionp nesklaronbg fprined irp &Tp nreg)i bat is Supgd dt @8- t he
n- well fromthe p-well. This depicts exanpl es of what
substrateHudc@dd &trickart@e be firmed ducdap p-welgihanis fafmeteasecond
ki nd, which could contain any nunber of n-type or

substrite tSiMEarl R eNTFRARE QCT, & the egheBsducih eeg@i¥iof arduaindrkind 200,
regi ons can be any kind of sem conductor region and
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not be forned in a
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




deep n-well that is forned in a p-substrate, but could

for exanple be forned in a deep p- well that is forned

in an n-substrate. In the same way, in Figures 2-7

sem conductor regions of the third kind 300, that is

regi ons over which a thick gate oxide is forned, are

an n-well 28 and a p-well 30, which are forned in a

p-substrate 16. An isolation region, 18, which
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the p-well. This depicts 5 exanples of what could
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according to preferred enbodi nents of the process of
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oxide 34 is grown over all the sem conductor regions.
procesk nf i enventiod anmgriermedfate thivkudsn gwemafgatenxidenidds motinatver
t hi ckness gate oxide could be about 120 Angstrons,
all thewbrihthnduetor esgarsd sintone ambogiercat, ihrghickialst afffbe oftermbdiate 5
volts for an device having both a PMOS FET of which
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which p-well 24 would be a constituent. Next cones a
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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 ST1
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 photorestist layer to

expose only semiconductor regions of the first kind can accomplish the masking. After




STl regions 18 separating sem conductor regions of the
first kind and portions of STI regions 20 that
separate sem conductor regions of the first kind from
sem conductor regions of the second and third kind.
This masking step is followed by an etching step that
renoves the internedi ate thickness gate oxide only
from over sem conductor regions of the first kind
etching, Gif: plibhiresis Xdydeisecrobvadg Tot preceding sfeps giveriseed it sructure
t hi ckness gate oxide, which by itself is insufficient
shownli®@ Fi@awsk di scernabl e danmage, is the only oxide etching
step to which the seni conductor regions of the first
ki nd and adj oi ning STI regions are subjected.
Preferably, form ng a photoresist |ayer and patterning
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corresponds to a | ow operating voltage of about 1.
NMOY BET of fvbich pawele{? weuldhelag@nsiiguasbtline @awwrasiepgecrwf@fovwmhfé h
n-wel |l 10 woul d be a constituent or an NMOS FET of
semicarauctor gives bf the sewoud dndeird koelns négligane dursghgthiegaxi de
grow h over the sem conductor regions of the second
oxide gkt piocehs kindeltheg aredlendyi dlvered by tirgnicheedidie gatg akiele 34.
oxi de growt h process since they are already covered by
As shdvl?}?m' m%&e Nediiat SondadtBcaxjcd 88 Rhen AposhaWed 41l tht gure 3,
first conductive | ayer 38 is then deposited over al
semxcémaor 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, ST1 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,
STI regions 18 separating semiconductor regions of the third kind and portions of ST1
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




sem conductor regions. In one enbodi nent, the first
conductive layer 38 is a polysilicon |layer. The first
conductive layer 38 may have a thickness of about 600
Angstronms. A second masking step is then perfornmed to
expose only the sem conductor regions of the third
kind 300, STI regions 18 separating sem conductor
regions of the third kind and portions of STl regions
remov@ hetflrsitcogdyrdiv atayersEnfron wdetctearcondefitanisgions eftike thividkend
kind 300 from sem conductor regions of the first 100
300 andndjcseag AUl 20Bnk imito dipodtie inenbatiztetntknesshpateasdd lager
step is perforned by form ng a photoresist |ayer 40
from o¥BsenR@intiedtoi Bgiohd el thb eliresd. Ithisl cxyRretdhthgexdpostahon! y
sem conductor regions of the third kind, STl regions
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sem conductor regions of the third kind 300 and
structuge SRy IRGI8¥F 41 egi ons and to dip of f the internediate
t hi ckness gate oxide |layer from over sem conductor
regions of the third kind. This oxide etching step of
the internediate thickness gate oxide, which by
i Alelthic dbove nsuffidricd ehingtsteps thegpdoiresise lapieid Odls radeaved end a
is the only oxide etching step to which the
thick gendxddniduatddris foegedni ajrefeired tinbodimetii thel tianld gaid pridei ng
STl regions are subjected. The preceding steps give
whichli$ §®ré@iatder high FUEidd meet8Rae seficbh@lete® #1d AfdcetradsRedrs
above nentioned etching steps the photoresist |ayer 40

(MOSEETY, 8TBYRL 8 8rsBorowing 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 oxide by a chemical vapour deposition process. A low temperature Ny
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.




thick gate oxide layer 42 is fornmed. In a preferred
enbodi nent, the thick gate oxide, which is
appropriate for high voltage netal oxi de sem conduct or
field effect transistors (MOSFET), is formed by first
gromng a thin layer of thermal oxide over the exposed
sem conduct or regions of the third kind 300, followed
by the deposition of an overlying l|ayer of HTO oxide
Wy thardohasingastepvia pow peidiepsd that srihpeesedegent af theecond
tenperature N2 anneal is then perfornmed. The
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to 1000 Angstroms, which corresponds to a high
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i ncluding both a PMOS FET of which n-well 28 would be

step thB okl9PedibAUBNKe®@hre@t sedadiddr @Eiowhbhe MrirdRidd 81, woul d
be a constituent. As shown in Figure 5, a second
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forming sviphetpsesesd layaer o WNRNAS SRS RRIOETsI4ET YdBd P Haski ng
step is now exposed. Thus in the third masking step
semicandectoniegionegf tha thirdddik $ TAregiansd 8 sepirativa derecorducEi ons
of the third kind 300, STI regions 18 separating
regions efthe diidiidhdand eyiiensf 611 tdgeons B tiut kipaciteasethigorltétons
of STI regions 20 that separate sem conductor regions
region®bf thB ehitdiindl frkinnem3ddot@regend candiet ox scagiddnsl caaf

the first 100 and second kind 200. In one enbodi ment,
accompliSthé fhabiTRE. SR EHefdYollow 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.




formng a photoresist |layer 46 and patterning the

phot oresi st layer to mask only sem conductor regions

of the third kind, STI regions 18 separating

sem conductor regions of the third kind and portions

of STI regions 20 that separate sem conductor regions

of the third kind from sem conductor regions of the

first and second kind can acconplish the masking.

Et ching steps follow to renove the second conductive

| ayer 44 from over sem conductor regions of the first
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and to dip off the thick oxide layer that is disposed
amongVRlicrt e chREBdrMhdigarkistosd in tEONGHIGE battichaetor BFiondknd hi s

stage in the process the structure is as shown in
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he'structure of Figure 6 having a third conductive

LLover the remaining first conductive
CNKX%@%%%&@%Bgﬁé enalnlng second conductive |ayer 44.
The third conductive layer is deposited to increase
the conductance of the gates. Preferably the third
conductive layer is a_polysilicon |ayer an osited
to a d¥ptntheaveniéen hasbepn %ﬁ@@t‘%l Bhspovdgng ﬁ%ﬁ&ﬂ?%@
conmbi ned conducti ve Ia¥ which is a conposite of the
referenchiiq e peateitrst gnbedingps theeek itemilﬁ)émnﬂfﬁaoqadn%sthosesk&}ed in
second 44 conductive |layer preferably has a thickness
the art difat adpows cROQOs ilrfgst rphdstaiDmbnbe eds wibes deprgting lags the
that follow the conbined |ayer 60 is patterned to
spirit ad@fktope of armingstiomt hers the gates for the transistors
in the various sem conductor regions and subsequent
processing to conplete the TGO structures is
acconpl i shed using standard CMOS processing
pr ocedur es.
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Wil e the 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 detail may be
made wi thout departing fromthe spirit and scope of
the invention. 10 The invention clainmed is: 1. A
nmet hod of form ng TGO structures conprising: providing
a substrate conprising regions of a first kind,
regions of a second kind, regions of a third kind,

The inventied claimdddal ati on regi ons whi ch separate devices
wi t hi n each regi on and boundi ng isol ati on regi ons

S ces.o | fferent regions; wherein
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internal isolation regions and the portions of the
seconddgndh degiepsiof @1 thied kélﬁd,rletjrr@hward@gr%@s gichispparate derers

kKind are sem conductor regions over which devices with
withingathereginin ded bafdingrisdatiradegioes whick kRepagse davices of drifarent

said regions of the second kind conprising the
region;nt ernal isol ation regions and the portions of

boundi ng i sol ation regions; and regions of the third

ki nd anheremaeliofneiuat afst kidgiaenReRtuti efiotkeosice @hichi t h
thick gate oxide are fornmed, said regions of the

dev1ce§ Qf tﬁ %15 lg&g oRRIERL B, 5018 rdgMdR A& firsQlRf doRiprisRgitans
portions of bounding isolation regions;

internal isolation regions and the portions of the bounding isolation regions; regions of
the second kind are semiconductor regions over which devices with gate oxides of
intermediate thickness 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 thick gate oxide are
formed, said regions of the third kind comprising the internal isolation regions and the
portions of bounding isolation regions;

forming an intermediate thickness gate oxide layer over said regions of the
first, second and the third kind;

removing said intermediate thickness gate oxide layer from said regions of the
first kind;

forming a thin 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;
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formng an internedi ate thickness gate oxide |ayer
over said regions of the first, second and the third
kind; renoving said internediate thickness gate oxide
| ayer fromsaid regions of the first kind; formng a
thin gate oxide |layer over said regions of the first
kind; formng a first conductive |ayer over said
regions of the first, second and the third kind; 11
r e nnaving sl s gonductve tagc aidweid iafeenediatd thelingss gate oxide
i nternedi ate thickness gate oxide I|ayer fromsaid

layer filo@Odah@gohs bfhe thididndi nd; forming a thick gate oxide
| ayer; form ng a second conductive |ayer over said

r egias: Phidnaid dxigd1afdnd, said regions of the second
ki nd and said regions of the third kind; renoving said

S e@&ﬂﬁn%g&&ﬁ éo%@uétﬁ%é%ye@@@e_r%ﬁh Gei SHs O IR B hRXEE

fromsa regions of tthe first Kind and said regions

rf:gionsgé}c et%u? geacug'%ﬁ: 204 K1 D )]:efg?{qgi)ﬁt%? g}nthlﬁ&j conductive |ayer

regions o I'nd, said regions of
t he second ki nd . and, sai d regi ons,of. the.third. kind;
conpReTR R St A Yo cad Biek SHrbRvadrdh 8,
. the first kind, said regions of  the second kind and
regionsgfi the Heshkigh andpaid rgiqmsiof therpsrad k8€or ding to st andard
manuf acturing procedures. . . )
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 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.

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




2. The nmethod of Claiml wherein formng said thick
gate oxide |l ayer conprises formng a thermal oxide
over said regions of the third kind foll owed by
depositing an overlying HTO oxi de | ayer over said
regions of the first kind, said regions of the second
kind and said regions of the third kind 3. The nethod
of Claiml wherein said substrate is an n-type or
p-type silicon substrate. 4. The nmethod of Caiml
wherei n said sem conductor regions are n-type or

5. PEHeyehodsafIGlaian] waeictnsid &Richs art NV GS tonoBIMETS [BE hdenides.
wherei n said devices are NMOS ore PMOS FET devi ces.
6. The nethod of Claiml wherein said thin gate oxide
| ayer is a silicon gate oxide |ayer about 30

6. ARGSYIRIRI dritiS | WherditQalBhinQdieQfxidel 18YeMid a Wi@fngalfb Saded

i nternedi ate thickness gate oxide layer is a i con

' about 120 Angstrons thick. 8. The
layer aﬁ@%‘c% 8%@?@%@&(

aim1l wherein said thick gate oxide |ayer
is a silicon gate oxide |ayer between about 300 to
1000 Angstronms thick. 9. The nethod of Claiml wherein
said inte&nqL isolation(£e9ion are STl isolation
i

7. rEgimiaod ald-laith b WheteHbtibten e iigiRey AP Qdfiglayeris a
_ bounding isolation regions are STl isolation regions

silicondjasgperdealapsr abouti P dnighiptranthicks ol at i on regi ons.

8. The method of Claim 1 wherein said thick 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 STT isolation

regions.

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

regions disposed over field implant isolation regions.

1.  The method of Claim 1 wherein said intermediate thickness gate oxide layer is

formed by thermal oxidation.

12. The method of Claim 1 wherein said removal of said intermediate thickness gate

oxide layer is performed by forming a photoresist layer, patterning the photoresist layer
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11. The nmethod of Claim1l wherein said internediate
t hi ckness gate oxide layer is formed by thernmal
oxi dation. 12. The method of Claiml wherein said
renmoval of said internediate thickness gate oxide
| ayer is performed by form ng a photoresist |ayer,
patterning the photoresist |ayer 13 to expose only
regions of the first kind, etching said internediate
to expdshiookmegengyefttiee st kded, dicyrg saghidtermediste tyclawbszate oxide
photoresi st layer. 13. The nethod of Caiml wherein
layer abd@idindvivigsagbptetaxiidéayeayer is formed by thernal
oxi dation. 14. The method of Claiml wherein said
first conductive layer is formed by deposition of
pol ysilicon. 15. The nethod of Caim1 wherein said
13, ﬁ%@%’e@ﬂoaiocff (ﬁﬁhﬂl tv}z&%fn SRNAMGLI MR idAYRE DS Bermal
internedi ate thickness gate oxide |ayer fromsaid
...regions of the third kind is perfornmed by formng a
oxidati ﬁ . . .
8 otoresi st |ayer, patterning the photoresist |ayer to
expose only regions of the third kind, etching said
first conductive |ayer and said internediate
t hi ckness gate oxide | ayer and renoving %aid
4. dkstesti @%}P%ﬁ/b hergig saiffarstRopAdiveravey 18t e \Rier ei n
sai d second conductive layer is a polysilicon |ayer.
depositigh offfiméysatetohod of Claim 1 wherein said renoval of said
second conductive layer and said thick gate oxide
| ayer fromsaid regions of the first kind and said
regi ons of the
15.  The method of Claim | wherein said removal of said first conductive layer and

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

thickness gate oxide layer and removing said photoresist layer.

16. The method of Claim | wherein said second conductive layer is a polysilicon

layer.

17.  The method of Claim | wherein said removal of said second conductive layer and
said thick 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
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second kind is perforned by form ng a photoresi st
| ayer, patterning the photoresist |ayer to expose
only said regions of the first kind and said regi ons
of the second kind, etching 14 said second conductive
| ayer and said thick gate oxide |ayer and renoving
said photoresist layer. 18. The nethod of C aim!l
wherein said third conductive layer is fornmed by

said sechdeenductine biyerpod ysid thiclgate 9&ide layer and removing said

photorestst layer.

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

deposition of polysilicon.
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