200001811» 3
- 3nmzmm

A METHOD TO FORM GATE OXIDES.OF DIFFERENT THICKNESSES

'ON A SILICON SUBSTRATE
BACKGROUND  OF THE INVENTION
(1) Field of the Invention.

The invention relates to a method of fabricéting
semiconductor structures, and more particularly, to the
formation of .gate oxides of different thicknesses on a

silicon ‘substrate in the manufacture of integrated circuit

devices.
(2) Description of the Prior Art

Ultra-Lérge-Scale Integratién {ULSI) technology'has'
advanced to a point where the smallest, highést.speed MOS
devices have very thin gate oxides kless than 50
Angstroms). In the current teéhnology, theﬂvoltage_;upply
to these high speed devices is typically limited to just
above 3 volts. This limitation is imposed to minimize
switching times and becéuse the vefy thin gate oxides could:

easily be damaged by a higher supply voltage.



This low voltage 1imitation is not adequate_to the
input/output (I/O)-requirements of the integrated circuit.
Many devices externaluto the intggrated circuit operate in
a 5 volt regime. Therefore, the very thin gate oxide
technology is not sufficient tohprovide_the (1/0)
capability required for a most cost efficient integrated

circuit.

Techhiques have been devélopéd to"fabricate both a
.Very thin (less than 50 Aﬁgstromsj gate oxide and a thicker
(greater than 50 Anéstrom) gate oxide_on Fhe same circuit.
Bpplication of theéé techniéues allows the integrated
circuit designér to provide bbth-state of the art speed and

packing density and necessary I/0 on the same circuit..

Referring to Fig. 1, a cross-section of a partially.
completed prior art'integrated circuit device-is'shéwn. A
silicon substrate 10 is shown. A shallow trench isolation
(STI) 14 is formed in_the silicon subsfraté_lOJ The
silicon substréte 10 is.divided into.two parts as indicated
by the dash lines. The low'voltagé section 18 of the
silicon substréte 10 wiil require the véry thin oxidé.f The
high voltage section 22 of the silicon sqbstraté 10 will

require the thicker oxide.



Referring now to Fig. 2, a first gate oxide.layer 26
is grown overlying the silicon sﬁbstrate 10 on both the low
_voltage section 18 and the high voltage section 22. The
first gate oxide layer 26 is grown to a thickness somewhat
greater than will be needed by the high voltage section 22.
In this example, approx1mately 80 Angstroms of sllicon

dioxide is grown in the first gate oxide layer 26.

_'Referring now to Fig. 3, a photoresist layer 30 is
deposited overlying the first gate oxide layer 26. The
photoresist layer 30 is patterned to expose the first gate

- oxide layer 26 overlying the low voltage section 18.

- Referring now to Fig. 4, the exposed first gate_oxide
layer 26 is etched away. Because of the thickness of the

oxide, a bﬁffered oxide etch (BOE) is used as is

- conventional in the art.

Referring to Flg 5 the photores1st layer 30 is now
strlpped away. The strlp may be by plasma strlpplng

(ashing) or by a wet strip.



Referring now to Fig. 6, a pré-gate'clean typically is
performed. The purpose pf'the pre-éate clean is to purge
the silicon surface of any remaining contaminants from the
BOE etch and to prepare the surface for thermal'oxidation
of a high quality_éate oxide. _During the.pre—gate clean
step, -the thickness of the thicker gate oxide layer226
overlying the ﬁigh-voltage section 22 is reduced. In this
.example, the thicker éate oxide'layer.26.reméining after .

the clean is about 60 Angstroms.

Referring_now to Fig. 7, a thermal ggte oxidation is
performed.- A very thin gate oxide layer 34 is grown
overlying the low voltage section 18. -Approximately_36
Angstroms of silicon dioxide is grown. Meanwhile, the
- thicker gate.oxide layer increases in thickness to a fiﬁal

value of about 65 Angstroms.

While the prior art technique does create gate oxide
layers of different thicknesses Suitéble for low and high
voltage.cifcuits, itihas several disadvantageé. Fifst,
because the.photoresist layér 30 is coated directly over
the thicker gate oxide iayer 26, the quality of the thicker
gate oxide laye: 26 is jedpardized. éecond, the buffered

oxide etch that must be used to etch away the relatively



- thick first gate oxide layer 26, is mbre difficult to
control than, for examplg, a pre-gate cleén."Damage'to the
silicon substrate 10 in the low voltage section 18 may |
Fesul;. This damage is detrimental to the formation of a
very hiéh quality oxide.” Finally, exposure of the silicon .
: substréte lb to the photoresist stripping process,.whether'
plasma or.wet etch; caﬁ damage the silicon substrate 10.
Again, this can ﬁause problems for the silicon dioxide gaﬁé

that will be grown there.

Several prior_ait approaChes_disclose methods_to.form
gate oxideé of different thicknesses_in the fabrication 6f
- integrated circuits. UJS. Pafent 5,502,009 to Lin
'diSClosés a process to fabficate gate oxiaes of different
thicknesses. The first_emquiment'grows a common thin gate
bxide over both low voltage seétioné and high volfage |
sections. Silicon nitride is deposited, patterned, and
used as a hard mask to etch away the thin gate oxide layer
from thé-higﬁ voltage section. A thick gate oxide is fhen
grown over'the'high volfage section. The silicon'ﬁitride
is then.étched away. 'Iﬁ gﬁe-second embodiment, a silicon
dioxide layer is added overlying fhe éiliconﬁhitride layef.
'This silicon dioxide layer_is pafterned and to form a hard

mask fot etching'the silicon nitride layer. 1In both



embodiments, only the thicker gate oxide is re-grown. The
thin gate oxide that is grown at thé beginning of the
sequence is not re-grown. ©U.S. Patent 5,057,449 to Lowrey
et al teaches a process to create gate oxides of différent
thicknesses for DRAMS.l Prior to figld oxidatioﬁ, a thick
gafe oxide is grown. This oxide is patterned using
photoresist. The photoresist is Stripped; and the thin
.gate oxide layer is grown. A silicon nitride layer is used
to shield'the thin and thick gate“oxides during subsequent
field oxidation. U.S. Patent 5,882,993 to Gardner et al
discloses_a process to form.gate.oxides of different
thicknesses. A nitrogen impurity concentration is
introduced into seiective'pprtions of the silicon
substrate. During the gate oxide.the;mal oxidation,
silicon dioxide grows more slowly over nitrogen-rich aréas
of silicon. U.S. Pateﬁt 5,668,035 to Fang et al teaches a
process to form gate oxides of different thiéknesseé for
DRAM appli;ations. A thick gate oxide is growh over logic
and DRAM seétions. Polysilicon is dépositéd and patterned.
fhe gate oxide is etched away from the logié éreaslusing
the polysilicon layé; as a mask. A thin gate oxide is.then
grown over the.logic Séétions,_ U.S. Paient 5,716,863 to
Arai discloses a'process fo éreate gate oxides of different

thicknesses using a polysilicon'mask layer.



SUMMARY OF THE INVENTION

A principal object. of the present ihvention is to
provide an effective .and very manufacturable method of
forming gate oxides of different thickness in the

manufacture of integrated circuits.

A further object of the present invention is to
provide a method to fabricate'gate oxides of different
thickness that eliminates coating photoresist directly onto

. the gate oxide.

'Anotherhfurther object of the'present invention.is to
provide a method to fabricate gate oxides of different :
thickness that eliminates etching away by buffered oxide °
etching a temporary gate oxide layer from the surface of

the silicon substrate wheére a permanent gate oxide will be

grown.

Another further object of the present invention is to
"provide a method to fabricate gate oxides of different

thickness that pfevents photoresist stripping processes



from damaging the silicon Substrate surface prior to

formation of gate oxide.

In accordance with the objects of this invention, a
new method of fabricating gate pxides of different
thicknesses has been achieved. Active area isolations are
provided in a silicon substrate to define.low voltage
_sections and high voltage sections in the silicon
substrate. A sacrificial oxide léyer is formed overlying.
the silicon substrate. A silicon nitride layer ié |
deposited overlying the sacrificial oxide“layer. A masking
oxide layer is_deposited overl?ing the silicon nitride_
layer.' The masking oxide layer is patterned to form a hard
mask overlyiné the low voltagé sections. The silicon .
nitride layef is etched through whére exposéd by the hgfd
mask thereby exposing the sacrificial oxide laye; overlying
the high voltage section. The exposed sacrificial 6xide
~ layer and the hard mask are etched'away; A thick gate.
éxide layer is grown overlying the siiicon éubétraté in thé
high voltaée séction; The silicon'nitride layer is etched
away. The sacrificial oxide layer overlying the-iow
voltage sectioﬁ is etchéd away{ A thinigate oxide layer.is
grown overlying_the silicon substrate in'the-low voltage

section, and the integrated circuit device is completed.



BRIEF DESCRIPTION OF THE DRAWINGS.

In the accompanying drawings forming s material part
of this description, there is shown:

Figs. 1 through 7 schématically illustrate in cross-
section a partiaily completéd prior art iﬁtegrated circuit
device. A process to form gate oxides of two.thicknesses

" is depicted.

Figs. 8 through 19_sbhemstically illustrate in cross-
sectional representation alpreferred embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

This embodiment discloses the application of the
present invention to-thé fsrmation of gate oxides of
different thicknesses in the fabfisatibn of'sn integrated
circuit device. The present_inveﬁtibn can easily be

applied to form two -different thidkneSses Qf'oxide. It



should be clear to thoSe eXperienced in the art that the
present invention can be applied and extended, for example,
to form three or more thicknesses of gate oxide, without,

deviating from the scope of the present invention.

Referring now parficulariy to fig. 8, there is shown a
cross section of a partially completed intégrated circuit
device of the preferréd’embodiment, A silicon substrate 40
is used. ‘Active area isolations 44, such as local
oxidation of.silicon_(LOCOS) or shallow trench isdlatiohs
(STI), are formed in_the siiicon.substrate 40. 'The acti&e
area isolations 44_d;vidé the silicoh subsirate 40 into
different sections. Repfesentative of the circuit as a
whole, the schematic shows the.silicon substrate.40 diyided
into-two secﬁion§ as indicated by the dash lines. The-iow
voltage éection 48 will require a thinner okide. The high
voltage éection 52 will requiré the thicker oxide. A
sacrificial oxide layer 56 i§ formed overlying the silicon
substrate 46. The Sacrificiai'oxide.léyer may be fgrmed by
thermal oxidation, rapid thermal oxidétioh.(RTO), or by
chemical vapor ‘deposition (CVD). The purpése'of the
sacrificial oxide layef:56 is to protect the surfaée of the_
silicon substrate 40 from.damage during the processing

steps necessary to form the gate oxides of different

10



thickness...The sacrifiéial oxide layer 56 is preferably
.formed as thiﬁ as pbssible; By keeping the oxide thin, it
is possible to remove the sacrifi¢ial oxide layer 56_usin§'
a simple pre—gété clean.(diluped HF). 'This prevents
furthér'damagé'and contamingtion problems. .In the
preferied.embodiment, the sécrificial oxide laYef 56 ié
formed using thermal oxidgtion-of silicon iﬁ a fu;nace or
rapid thermai oxidation (RTO) chamber. The sacrificial
oxide layer 56 is formed to a thickneés of between about 20

Angstroms and 40 Angstroms.

Referring now to Fig.-é,naZSilicon nitride layer 60 'is
~deposited overlying theléacrificial oxide layer 56. The
purpose.bf.the silicon nitride layer 60 is to provide a
hard mésk for etching away the sacrificial oxide iayér 56
in a subsequent process step. 1In the preferred embodimené,
the silicon nitride layer 60 is deposited by a low-pressure
CVD (LPCVD) process to a thickness of between abbut 60

Angstroms and 100 Angstroms.

Referring now to Fig.ﬂlo,-a masking oxide layer 64 is
deposited overlying the silicon nitride layer 60. The
purpose of the masking oxide layer 64 is to provide a hard

mask for the etching of the silicon nitride layer 56 in a

- 11



subsequent step. The masking.éxide layer 64 is preferably
¢omposed of:silicon dioxi@e_depositéd_by LPCVD using a -
tetraethoxysilane source. The masking oxide layer 64 is.
‘preferably deposited ﬁo a thickness of between about 130

Angstroms and 270 Angstroms.

Referring now to-Fig. 11, é photoresist layer 68 is
deposited overlying the masking oxide layer 64. The
photoresist layer 68 is conventioﬁally patternéd to uncover
the maskiﬂg oxide layer 64 overlyiné the high volt;ge
_ séctions 52, While photoresist ié currently used to define
the patterﬁs in the preferred ¢mbodimént,.other approaches

could be used.

Referring now to Fig. i2, the masking'oxide layer 64
is patterned to form a hard mask overlying the low voltage
sections 48. The photoresist layer 68 is used here to mask
the masking oxide iayer 64 from a buffered oxide etch (BOE)
pfoCeés. Tﬁe masking oxide layer 64.is completely etched
away overlYing the_high'voltage'sections 52. Here we see
the-advantaée of using both the masking oxide layer 64 and_
the silicon nitride layer 60.  The difficult to control BOE
proce&s never contacts either the-sacfifi¢ial gaté oxide

layer 56 or the silicon substrate. Therefore, damage to

12



" the permanent gate oxide ' which’will be grown later, is

avoided.

_Referring.néw to Fig; 13, the phqtoresist layer 68 is
stripped away. The stripping process can be either a
plasma strip (ashing) or a chemical.wet stripl. Again,
because the silicon nitride layer 60 covers;the.sacrificial
_oxide layer 56 and the silicon substrate 40, no démage

occurs.

Referring now to Fig. 14; the silicon nitride_léyer 60
is etchéd through where exposéd'by the hafd mask 64 thereby
exposing the sacrificial oxide.layef 56 overlying the high
voltage-séction_52. The silicon ﬁitride layerIGQ is etched
using, forlexample, phosphoric acid (H3PO4). The phqspﬁoric
acid attacks only the silicon nitride_layer 60 while |

leaving the silicon dioxide structures unharmed.

Referring now to Fig. 15, thé'exposed sacrificial
6xide layer 56 and the hard mask 64 are etched away. A
simple pre-gaté élean proééss is used to rémove'both the
sacrificial oxide layer 56 and thé hafd'mask'(masking oxide
layer) 64. 1In the preferred embodiment; the pre-gate clean

process consists of an approximately 100:1 diluted HF

13



solution that etches the waferé for betweeﬁ about 45
seconds and 100 seoonds. Beoéuse a relatively thin
sacrificial oxide layer 56 is used, the pre-gate oiean
process ‘is SUfficient to remove the s;lioon dioxide from
the surface of the silicon.subéprate. This is a better
process to use, compared to a BOE process, since it is the
séme one used for preparing silicon surfaces for gate

oxidation generally.

Referring now to Fig. 16,'a thick gate oxide 1ayer'72
is grown'overlying'thé silicon sﬁbstréte 40 in the high
voltage seotion 52. _The thick_gate oxide iayer 72 is a
very'high quality oxide.. In the preferred embodiment, tho
thick gate oxide layer 72 io grown to a thickness of
between about 60 Angstroms énd 150 Angstroms. By
completely strippiog the sacrificial oxide.layer.5€ from
the high Voltage section 52 before :e—orowing.the thick
gate oxide layer 72 from the surface of -the silicon
substrate, father than growing additional oxide over the
sacrificial oxide 1ayer_56,-the'quality of the gate oxide

is improved.

Referring now to Fig. 17, the silicon nitride_layer 60

is etched away. A phosphoric acid (H3PO,) is,preferably

14



used to remove the remaining silicon nitride layer 60

without etching the silicon dioxide structures.

Referring now to Fig. 18, the.s;crificial §Xide layer -
56 overlying-the low vbltage section 48 is etchéd_away.
- The remaining sacrificial oxide layer 48 is etched §way
using a simple pre-gate.clgah proceés. In the preferred.
embodiment, the bre—gété clean proceés consists of an
approximately 100:1 diluted HF solution that etches the
wafers for between about 45 seconds and 50 seconds; Again,
this is a better process to use,. éompared to a BOE process,
since it is the séme process ﬁsed for preparing silicon
surfaces for gaté oxidatibn. In addition to removing_the
sacrificiai gate oxide 1ayér 56, the thi¢kness of the thick
gate_o#ide layer 72 is also reduqed by between about_lé

Angstroms and 22 Angstroms.

Referring_how to Fig. 19, a thin gate oxidellayer 76
is grown overlying the silicon substrate 40 in the low
voltage section 48, and the integfated circuit device is
completed. The thin gate o%ide'layer 76 is a very high
quality oxide. 1In the preferred émbodihent;"the thin gate
oxide layer 76 is grown to a thicknéss of between'about 20

Angstroms and 45 Angstroms. During the growth of the. thin

15



gaté oxide layer 76, the tﬁickness of the thick gate oxide
layer 72 is also increased to achieve a final thickness of
between about 40 Angstroms and 137 Angstroms. By
completely Stripping ﬁhe oxide from the low voltage sectioﬁ
'48 and re-groﬁing the thin gaté'oxide layer 76 from the
sqrface of the silicon substrate, réther than growing
additional oxide over the sacrificial oxide layér_56, the

quality of the gate oxide is improved.

At the conclusi§n of the process sequence, tﬁo very
high qualiﬁy gate oxides have beén formed. Eéch gate oxide
can be custom-tailbred to thé.particular demands of the
device application. The novel process method eiiminates
damage to fhe gate oxides from.contact with either
photoresist 6r photdresist stripping process. Damage_té
.the silicon substrate from BOE processes is.likewiSe
eliminated by using only pre-gate cleans tolfémove oxide.
_Finally; the quélity of each oxide is improved by
completely removing.the sacrificial oxide layer and_re—

growing a new gate oxide.

As shown in the-préferred embodimeﬁt, the present

invention provides a very manufacturable process: for

16



fabricating gate oxides of different thicknesses in the

manufacture of integrated circuit devices.

Whiie therinventioﬁ 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 departlng from the splrlt and scope of the

invention.

17
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CLAIMS

1. A method for fabricating gate oxide layers of different

thicknesses in the manufacture of an integrated circuit

device comprising:

providing active area isolations to define at least

one low voltage section and at least one high voltage

section in a silicon substrate;

forming a sacrificial oxide layer:éverlying said -
silicon substrate; |
depositing a silicon nitride layer ove;lying said |
sac#ificial oiide layef; |
ldepositing a masking oxide layer overlying said
éilicon.nitride_laYer; | |
' patterning said masking oxide layer to form a hard
mésk.overlyihg said low volﬁage section;
etching thrdugh.said_silicon nitride laYer_expoéed by
said hard mask and thereby exposing said sacrificial oxide
layer_overlying said high voltage sectioh;
etching away said hard mask and said exposed
saCrificial oxide layer overlying Said high.voltage
section; | |
growing a thick g%te oxide layer overlying said
si;icon substrate ih.said high.volﬁaéé seétion;
etching.away said'silicon nitride layer to expose said

sacrificial oxide layer overlying said low voltage section;

o I
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etching away said:sacrificial oxide layer overljing
said low voltage section; |

growing a tﬁin gate oxide layer overlying said silicon
substrate in said lqﬁ voitage'section; and

éompleting said integrated circuit device.

2. The method according to Claim 1 wherein said sacrificial
oxide layer is formed by one of the group comprising:

thermal .oxidation, rapid thermél oxidation, and chemical

vapor deposition.

3. The method according to Claim 1 wherein said sacrificial
oxide layer is formed to a thickness of between about 20

Angstroms and 40 Angstroms.

4. The method according to Claim 1 wherein said silicon

nitride layer is deposited to a thickness of between about

60 Angstroms'and 100 Angstroms.

5. The method accbrding to Claim 1 wherein said masking

oxide layer is deposited to a thickness of between about
: -

A I

130 Angstroms and 270 Angstroms. | .

19



6. The method aCcdrding to Claim 1_wherein'said step of
etching away said hard mésk an& sald exposed sacrificial
o#ide layer §§erlying said high voltage section is by a
prngate'clean proéess éomprising a wet etch using an
approximately 100:1'diluted.HF solution_that etches the

~wafers for between about 45 seconds and 100 séconds.

7. The method according to Claim 1 wherein said thick gate
oxide layer is grown to a thickness of betweén about 60

AngStroms and 150 Angstroms.

8. The méthod according to-Ciaim 1 wherein said step of
etching away said-sacrificial oxide iayer overlying said
low vbltage sectionlis by.a_pre—gate clean process
cdmprisiné a wet etch using an approxiﬁately'loo:i diluted
HF solutién that etches the wafers for between about 45

seconds and 50 séconds;

9. The method according to Claim.l wherein said thin gate

oxide layer is grown to a thickness of between about 20

Angstroms and 45 Angstroms.

) * [4 L " S *
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10. A method fér fabricating gate oxide layers of

different thicknesses in the manufacture of an integrated

circuit device comprising: | |
providing activé area isblatiops to define at least -

one low voltage section and at least one high voltage

section in a silicon substrate;

forming a sacrificiél oxide layer ovérlying said .

silicon substrate; | |
' depositing é silicon nitride layer.ovef;ying said :.

sacrificial oxide layer; |

depositing a masking oxide layer overlying said
silicon nitride layer;

patterning éaid masking oxide layer to form a hard
mask 6vérlying'séid low Voltage.sectioh: |

etching_thrbugh said silicon nitride layei expoééd by
said hard mask and thereby expoéing_said sacrificial oxide
léyer ovérlying said high voltage section; |

etching away'said hard mask and said exposed.'
sacrificial'oxide layer overlying said high voltage.section
wherein saidletching éway.is by a pre-gate clean pro@ess
camprising a wét etCh uéing an approximately 100:1 diluted
HF solution that etcﬁes.the wafers for between about 45
seconds and 100 seébnds.;

growing a thick gate oxide layer overlying said

L
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silicén substrate in.saiq high voltage section;
étching away said silicon nitride layer to expose said
sacrificial.oxide.layer-overlying said low voltége sections
etching away said sadrificiallﬁxide layer oﬁerlying

said low voltage section wherein said etching away is by a

_pre-gate clean process comprising a wet etch using an

approximately 100:1 diluted HF solution that etches the

wafers for between about 45 seconds and 50 seconds.:
growing a thin gate oxide layer overlying said silicon
substrate in said low voltage séction;'and'

completing said integrated circuit device.

11. The method aécording to Claim 10 wherein said_
sacrificial oxide layer is formed by one of the group
comprising: thermal oxidation, rapid thermal'oxidation, and

chemical vapor deposition.

12. The method according to Claim 10 wherein said

sécrificial oxide layer is formed to a thickness of between

about 20 Angstroms and 40 Angstroms.

13. The method according-fo Claim 10 wherein said silicon

nitride layer is deposited to a thickness of between about

T

GOIAngstroms-and 100 Angstroms.
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14. The method according to Claim 10 wherein said thick
gate oxide layer iS'grown to a thickness of between about

60 Angstroms and 150 Angstroms.

15. The method according to Claim 10 wherein said thin
gate oxide 1ayer is grown to a thickness of between about

20 Angstroms and 45 Angstroms.

16. A method for fabricating gate oxide layers of

diffefent thicknesses in the manufécturé of an integratéd
circuit device comprisiné: - |

providing activg area'isolafions to define at least
one low voltage section and af least one high vdltage
section in a éilicon substrate;

forming a sacrificial oxide 1ayer.overlying said
silicon substrate wherein said Sacrificial'oxide'layer-is
formed to a thickness of between about 20 Angstroms and 40
Angstromsf

depositing a silicon nitride layerléverlying said
sacrificial oxide layér;

depositing a masking oxide layer overlyiﬁg said

silicon nitride layer:;
* 4 L M 5 *
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patterning said maéking Qxide layer fo.form a hard

mask overlying said low voltage section;
| etching through said sili¢on_nitride layer.exposed by

said hard mask and thereby exposing said sadrificial oxide
layer'overIYing said.high voltage seqtion;

etching away said hard mask and said exposed
sacrificial oxide layer'overlying said high voltage section
wherein said etching away is by a pre-gate'clean procesé
comp;ising a wet_etéh using an épproximately'IOO:l diluted

HF solution that etches the waféers for between about'45

. seconds ‘and 100.Seconds.{

growing a thick gate éxide layer overlying said '
siliéon.substrate in said high voltagé section;_

étching away said silicon nitride layer to expose said
saCrificiai o#ide layer overlying saidllow voltage-seé;ion;_

etching away said sacrificial oxide layer overlying
said low voltage section wherein.said etchiﬂg.away is by a
pre-gate clean process comprisingla wet etch using an
approximafely 100:1 diluted HF solution that etches the
wafers fér-befweenlabout-45'séconds and 50 seconds.;

growing a thin gaté oxide-layer overlying said silicoﬁ
substrate in“éaid lowhvoltage sectibn{ and

completing said integrated circuit device. -

% [T .
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17. The method according to Claim 16 wherein said
sacrificial oxide layer is formed by one of the group
comprising: thermal oxidation,'répid thermél oxidation, and

chemical'vapbr deposition.

18. The method according to Claim 16 wherein said silicon
nitride layér is deposited to a thickness df_between about

. 60 Angstroms and 100 Angstroms.

19. The method according to Claim 16 wherein said thick
-gaté'oxide.layer is grown to a thickness of betﬁéen about

60 Angstroms and 150 Angstroms.

20. The method according to'CLaim 16 wherein said thin gate
oxide layer is grown to a thickness of between about 20

Angstroms and 45 Angstroms.

M
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