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~ METHOD OF FORMING MOS/CMOS-DEVICES WITH DUAL OR TRIPLE
- " GATE OXIDE | | |

FIELD OF THE INVENTION

The present invention relates generally to methods of forming
semiconductor devices and specifically to methods of forming metal-oxide-
semiconductor (MOS) and complimentary-metal-oxide-semiconductor (CMOS)

devices with varying thicknesses of gate oxides.
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BACKGROUND OF THE INVENTION

Thick gate ox1de qual1ty is adversely affected when another thmner
gate oxide is ; formed from a portion of the thick oxide by partially removing that
portion of the thick gate oxide and by a subsequent cleanlng process. Add1t10nally, ‘

tl'uck gate ox1de mtegr1ty (GOI) failure will occur.

Further, there is not available a- rehable method of formmg tr1ple gate

oxides, each w1th a different thlckness, in MOS / CMOS dev1ces on the same wafer.

A method of formlng such trlple, or greater, gate ox1des on the same

| wafer w1ll have potential apphcatlon when device dimensions, or design rule

becomes smaller and smaller which may well requ1re different operating voltages'
for the input and output of trans1stors The lower the voltage, the thinner the gate
oxide. The gate oxide of a lower voltage: dev1ce, i.e. having a thinner gate ox1de,
cannot withstand the higher voltage of an older technology dev1ce and will wear
out, or fail, too quickly. |
U.S. Patent No. 5,926,708. to Martin describes a method of
manufacturing an integrated circuit with two or more gate oxide thicknesses on the
‘same wafer. A first gate oxide layer is formed on a semiconductor wafer. A first
layer of polysilicon is formed over the first gate oxide layer and a polish stop film is
formed over the first poljisilicon layer. The polish stop and first poly layer are
etched to expose a portion of the first gate oxide layer. The e>cposed first gate layer

portion is stripped to expose a portion of the underlying wafer. A second gate oxide
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layer, thicker than the first gate oxide layer',.is then formed on the exposed wafer

portion and a gate conductor material layer is formed over the second gate oxide

layer, blanket covering the first poly layer. The gete conductor l.ayer is planarized

by CMP to remove it form the first poly .layer, forming a gate conductor.

uU. S Patent No. 5,953,599 to El—Dlwany descrlbes a method of formmg

‘a thin layer of gate oxide for low-voltage tran31stors that support the logic

operatlons of a CMOS dev1ce, and a thick layer of gate oxide for hlgh-voltage.

transrstors that support the analog operatlons of the device.

- U.S. Patent No. 5, 432,114 to O describes a method of fabricatirtg an’
IGFET 1ntegrated circuit (IC) havmg two gate dielectric layers with. d1fferent
parameters. The O process is typically used for fabr1cat10n of dual voltage CMOS .
integrated circuits. The IC may mclude high Voltage transistors having a first gate

dielectric thickness and low voltage transistors havmg a second gate d1electr1c- '

thickness. ' ' e -
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SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a

- method of forming MOS/CMOS devices _having dual, i.e. both thick and thin,

quality gate oxides. -

Another object of the Ppresent invention is to provide a method: of

formmg MOS/CMOS devices having dual i.e. both thick and thin, quahty gate

ox1des while mamtammg gate oxide mtegnty (GOI)

A further ob]ect of the present 1nvent1on is to prov1de a method of

formmg MOS/ CMOS devices havmg triple, i.e. thick, intermediate, and - thin,

| quahty gate oxides..

Yet another object of the present invention is to .pro{ride a methdd' of
formmg MOS/CMOS devices having triple, i.e. thick, intermediate, and thm -
quality gate oxides while mmlrmzmg the gate oxide integrity (GOI) i issue.

Other objects will appear hereinafter.

It has now been discovered .that the above and other objects of the
present invention may be accomplished in the following manner. Specificaliy, a
silicon substrate having at least a first and second gate oxide region is provided. A
first gate oxide layer is formed over the silicon substrate within the first gate oxide

region. The first gate oxide layer having a first predetermined thickness. A first



layer of polysilicon is deposited and planarized over the first gate oxide layer. The

- first planarized layer of polysilicon and the first gate 6xide layer are masked and

etched within the second gate oxide region, éxPosi_ng the silicon substrate within
the second gate oxide region. A second gate oxide léyer is formed over the exposed -
silicon substrate within the s.econd gate oxide region. The second gate oxide layer
haviné a second predeterrﬁinéd thickness. A second layer of polysilicon is -

selectively deposited over the second gate oxide layer. The first and second la_yérs

of polysilicon are planarized to a uniform thickness. Whereby the second gate oxide

layer predetermined thickness is less than the first gate oxide layei' predetermined |

- thickness.



BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the method the present invention will
be more clearly understood from the following description taken in conjunction
with the accompanying drawings in which' like reference numerals des1gnate

similar or correspondmg elements, reg10ns and port10ns and in which:

F1gs 1 through 4, and 5 through 6 schemat1cally 1llustrate in cross-_

- sectional representation an embodunent of the present invention.

~ Figs. 1 through 4, and 7 through 12 schematically lllustrate in cross-

sect10nal representanon an alternate embod1ment of the present mvennon

Figs. 13 and 14 schematlcally 1llustrate in cross-sectional

representatlon an option of the first embod1ment

~ Figs. 15 and 16 schematicélly illustrate in cross:-sectional

 represenfation an option of the alternate embodiment.



.DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

| _ Accordingly as shown in Fig. 1, starting semiconductor substrate 10
preferab'l'y includes a upper layer of silicon and is understood to possibly include a
semiconductor wafet. Unless otherwise specified, all structures, layers, etc. may be

formed or accomphshed by convennonal methods known in the prior art.

First Embodiment — Dual Gate Oxides

In the first embodiment of the present 1nvent10n, dual gate ox1de

layers 12 and 18 are formed as illustrated in F1gs 1-6.

._As shown in Fig. 1, semiconductor_ substrate 10 includes first gate

oxide regione “A” and second g‘a_te'oxide region “B.” Although' two first gafe oxide

| regions A and a single second gate oxide region B are illusrrated' in Fig. 1 et al,,

other combinations are permissible such a single first gate oxide region A and two

second gat&oxide regions B, etc. |

F1rst gate oxide reglons A are from about 1500 to 15, OOOA wide and

" more preferably from about 2500 to 5000A wide. Second gate oxide region B is from
about 800 to 3500A wide and more preferably from about 1000 to 2500A wide.

A first layer of gate oxide 12 is formed over semiconductor substrate

- 10. First gate oxide layer 12 is preferably formed by a thermal oxidation process.
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_First gate oxide layer is from about 50 to 150A thick, more preferably from about 60
~ t0 90A thick, and most preferably from about 65 to 80A thick.

A first layer of polysilicon 14 is then formed and planarized over first
gate oxide layer 12. Planarized first polysilicon layer 14 is from about 1500 to 3500A
thick, and is more preferably from about 2000 to 30004 thick.

| " As shown in Frg 2, first polys111con layer 14 and first gate oxide layer
12 are masked and etched to form opemng 16, exposing semlconductor substrate 10
w1th1n second gate oxide region B. First poly31hcon layer 14 and first gate oxide .
' l,_layer 12 may, although not necessanly, be divided into separate portions as shown
in F1g 2 by this etching. The w1dth of openmg 16 corresponds to the W1dth of

second gate oxide region B.
The structure may then be cleaned.

_.As shown in Fig. 3, second gate oxide layer 18 is fornted over.-'the
exposed semiconductor substrate 10 within opening 16. Second gate oxide layer 18
is preferably formed by a thermal oxidation process and is formed by a CVD
process if a high-k dielectric material is used. Growth of.second gate oxide layer 18
‘over exposed semiconductor substrate 10 also causes growth of first polyox1de layer

15 over the exposed surface of etched first polys1l1con layer 14.

In an option of the first embodiment, Fig. 13 illustrates second gate
oxide layer 18 being formed by an anisotropic deposition. An anisotropic

deposition is a process wherein deposition is only on the horizontal surfaces and



" not the vertical surfaces. The anisotropic deposition may be formed by any

available method such as a CVD process. The anisotropic deposition of gate oxide
layer 18 over ekposed semiconductor substrate 10. also causes growth of first
polyoxtde. layer 15' over only the horizontal exposed _sutface of etched first
polysilicon layer 14. This will permit elimination of any possible oxide fences as

shown in Fig. 14 (analogous to Fig. 5).

Second gate ox1de layer 18 is from about 20 to 8(]A thlck more

. preferably from about 25 to 60A thick, and i is most preferably from about 30 to SOA

thick. It is critical that second gate oxide layer 18 is thinner than first gate ox1de
layer 12. The thickness of first polyox1de layer 15 is essen'aally the same as the -

thickness of second gate oxide layer 18.

As shown i in F1g 4, second polysilicon layer 20 is then formed over

second gate oxide layer 18 and extends above the remaining portlons of first gate

oxide layer 12. Second polys111con layer 20 is preferably formed by a CVD process.

Second polysilicon layer 20 is from about 1200 to 3000A thick; and is
mote prefétably from about 1800 to 2800A thick.

As shown in Fig. 5, first polysilicon layer portions 14 and second
polysilicon layer 20 are polished, or planarized, to form a planar upper surface.
Planarized first polysilicon layer portions 14 and second polysilicon layer 20

preferably extend over first gate oxide layer portions 12.



This pohshmg or.planarlzlng may be accomphshed by chemical-
mechanical polishing and also removes the horizontal portlons of f1rst polyox1de
layer 15 and the vertical port10ns of first polyox1de layer 15 down to the upper
surface of planarized first polysilicon layer portions 14 and second polysilicon layer

20 as shown in Fig. 5.

A first layer of photoresiSt is then formed and pafterned to form |
photores1st masks 22’ and 22" over plananzed f1rst polysﬂlcon layer port1ons 14

and second polys1hcon layer 20 respectwely

" As shown in Flg 6 f1rst polysﬂlcon layer porhons 14 and second
polysﬂlcon layer 20 are etched to form first gate electrodes 19 over first gate oxide
layer p_ort1o_ns 12 and second gate electrode 21 over second gate oxide layer 18,
respecti{rely. This removes the remaining Vjerticai portions of first polyoxide layér
15 and leaves only the planar portions of first and 'second gate oxide layers 12 and |

18.

Photoresist masks 227, 22" are'rernoved and sidewall spacers 17 and |
23 may bé Tormed adjacent first gate electrodes 19 and second gate electrode 21 as -

shown in Fig. 6.

Although not SHOWn, adjacent first gate oxide layer portions 12 and

second gate oxide layer 18 may be isolated from each other by, for example, a

shallow trench isolation (STI) technique.
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High voltage, e.g. 3.3 or 5 volt, transistors would include thicker first
gate oxide layers 12, while a low voltage, e.g. 2.5 volt, transistor would include
‘thinner second gate oxide layer 18. .Such. thh operating voltage transistors may
| support analog operatlons of a MOS/CMOS device while such a low operatmg

voltage transistor may support loglc: operatlons of the device. -

§econd Embodiment — Tripig Gate Oxides

In the second embodlment of the present mventlon, the processmg of

' Flgs 1 through 4is contmued in Frgs 7 through 12 to form triple gate oxide layers
i.e. first gate oxide layer portions 12, second gate oxide layer 18, and third gate
oxide layer 26. As shown in F1g 7, in the second embodiment, semlconductor _ |
| substrate 10 mcludes first gate oxrde reg10ns “A’ and second gate oxide reg1on

“B’”, and th1rd gate oxide reglon ”C’ ”

_ First gate oxide regions A are from about 1500 to 15,000A wide, land.
more preferably from about 2500 to 5000A wide. Second gate oxide region B' is
from about 800 to '3500A wide, and more preferably from about 1000 to 25004
wide. Third gate oxide. regioh C' is from about 500 to 2500A wide, and more .

preferably from about 800 to 1500A wide.

First gate oxide layer is from about 50 to 150A thick, more preferably
from about 60 to 90A thick, and most preferably from about 65 to 80A thick. Second
gate oxide layer 18 is from about 20 to 80A thick, more preferably from about 25 to
60A thick, and is most preferably from about 30 to 50A thick. -

11



Although two first gate oxide regions A’, a single second gate oxide ) |
‘region B’, and a single gate oxide region C’ are illustrated in Fig. 7 et al.,, other
combmahons are perm1551b1e such a single first gate oxide reglon A, two second

gate ox1de regions B’, and two third gate ox1de regions C’, etc.

As shown in Fig. 7, f1rst polysﬂmon layer portions 14 and second
polysilicon layer 20 of F1g 4 are pohshed or planarized, to form a planar upper _
surface. Planarized first polysﬂlcon layer port10ns 14 and second polysﬂlcon layer

| 20 preferably extend over first gate oxide layer portlons 12

| This pohshmg or plananzmg may be accomphshed by chemical-
mechanical polishing and completely removes the horizontal portions of first -
polyoxide layer 15 and the vertical portions of first polyoxide layer 15 down to the -
upper surface of .planarized first polysﬂmon layer port1ons 14 and. second

polysilicon layer 20 as shown in F1g 7.

As shown in Flg 8, the portions of pianarized polysilicon layer 20 and
second gate oxide layer 18 Within.thir_d gate oxide region C’ are masked and etched
to form opening 24, exposing semiconductor substrate 10 within third gate oxide
'region C’. The width of opening 24 corresponds to the width of third gate oXide

region C'.

‘The structure may then be cleaned.

12



 As shown in Fig. 9, third gate oxide layer 26 is formed over the

- exposed semiconductor substrate 10 within opening 24. Third gate oxide layer 26 is .

preferably formed by a thermal ox1dat10n process and is formed by a CVD process .
if a high-k dielectric material is used. Growth of third gate oxide layer 26 over .
exposed. semlconductor substrate 10 also causes growth of second polyox1de layer'

31 over the exposed surface of etched f1rst polysﬂ1con layer 14 and second

polysﬂlcon layer 20.

In an optlon of the alternatlve embodlment  Fig. 15 111ustrates third
- gate oxide layer 26 being formed by an amsotroplc deposmon process An |
anisotropic depos1t10n is a process wherem depos1t10n is only on the honzontal _
surfaces and not the vertical surfaces. The amsotroplc deposmon may be formed by
any available method such as a CVD process ‘The amsotrop1c deposmon of gate
- oxide layer 26 over exposed semlconductor substrate 10 also causes growth of
second polyoxide layer 31' over only the horizontal exposed surface of etched: first
- polys111con layer 14 and second polys111con layer 20. This will permrt elimination of-
* any possible oxide fences as shown in Fig. 16 (analogous to Fig. 11).

~ -~ Third ‘gate oxide layer- 26 is from about 10 to 304 thick, and is more
preferably from about 15to 25A thick. It is critical that third gate oxide layer _26 is
thinner than second gate oxide layer 18. The thickness of second polyoxide layer 31
is essentially the same as the thickness of third gate oxide layer 26.

As shown in Fig. 10, third polysilicon layer 28 is then formed over
third gate oxide layer 26 and extends above first gate oxide layer portions 12. Third
polysilicon layer 28 is preferably formed by a CVD process. -~

13



' Third polysﬂlcon layer 28 is from about 1000 to 2500A thick, and is
more preferably from about 1500 to 2500A thlck

- As shown in Fig 11, previously planarized first polysilicon laYer
| portions 14 and second polysﬂlcon layer 20 and th1rd polysilicon layer 28, are
- .pohshed or planarized, to form a planar upper surface. Planarized first, second and -
thlrd polysﬂlcon layers 14, 20 and 28 respectlvely, preferably extend over first gate :
ox1de layer portlons 12.

This polishtng or planari'zing' may be accomplished by chemical-
mechanical pohshmg and also removes the hor1zontal portlons of second polyox1de .
- layer 31, and the vertical portions of remammg first polyoxide layer 15 and second |
polyoxide layer 31, down to the upper surface of planarlzed first polysilicon layer
portions 14, Second polysilicon layer 20, and third polysilicon layer 28 as shown in

~ Fig. 11.

A second layer of p_hot'oresist.is then formed and patterned to form
second phttoresist masks 32’, 32", and 32" over planarized first polysilicon layer
portions 14, second polysilicon layer 20, and third polysilicon layer 28, respectively.

As shown in Fig. 12, f1rst polys111con layer portions 14, second.
polys111con layer 20, and third polysilicon layer 28 are etched to form first gate |
electrodes 40 over first gate oxide layer portions 12, and second .gate electrode 50
‘over second gate oxide layer 18, and third gate melectrode 60 over third gate oxide

layer 26, respectively. This removes the remaining vertical portions of both first

14



polyox1de layer 15 and second polyoxide layer 31, and leaves only the planar |

port1ons of first, second and th1rd gate oxide layers 12 18 and 26.

Photoresist masks 32’ 327, 32" are removed and sidewall spacers 42,
52 and 62 may be formed adjacent f1rst second and third gate electrodes 40,50 and
60 as shown inFig.12. . |

Although not shown, first, second and third gate oxide layer portrons -
12 18, and 26 may be 1solated from one other by, for example, a shallow trench
- isolation (STI) techruque | q

- High voltage transistors would include the th1cker f1rst gate oxide
layers 12 a low Voltage transistor Would include the thin tthd gate ox1de layer 26;
while an intermediate voltage transistor would include the medium thickness
second gate oxide layer portion 18". The second embodirnent is utilized as the
- device d1men51on becomes smaller and smaller, Wh1ch may require d1fferent'

operatmg voltages for input and output

- .

Advantages of the present invention - . L

In any event, the gate oxide'quality of first gate oxide layers 12 and
. second gate oxide 18 of the first embodiment, and first gate oxide layers 12, second
gate oxide portion 18, and third gate oxide 26 of the second embodiment is

‘maintained. Further, the gate oxide integrity (GOI) issue will be minimized.

15



The present invention, whether the first or second embodiments,
forms the thicker gate oxide layérs utilized by the older technology devices -
followed by the intermediate and / or thinner gate oxide layers utilized by the

latest technology, or even future technology with the thinner gate oxide layers.

Also, the first 14, second 20 and third 28 poly51l1con layers vary 4n
th1ckness In the first embodiment, first polysilicon layers 14 thicker is.than second
| polysﬂ1con layer 20. Further, in the second embodiment, second polysﬂlcon layer 20

is thicker than third polysﬂlcon layer 28."

' The first PUrpbse for this sequence is that oxidation on first -
polysilicén layer portions 14 during growth of second gate oxide layer 18 will
__coné_ume firs.t pblysiliéon layer portiéns- 14 (see Fig. 3); and, in the second
'embodim_ent, oxidatiori' oh' the first and second polysilicon iayers' 14, 20,
' respectively, during growth of third gate oxidé 1ayer 26 will consume first

polysilicon layer portions 14 and second polysilicon layer portion 20 (see Fig. 9).

Thé second purpose for this sequehce is that, in the first embodiment,
slight over=polish of polysilicon layer portions 14 on top of the first gate oxide
portions 12 is necessary to remove first polysilicon oxide (polyoxide) layer 15 |
completély such that both polysilicon layer portions 14 and 20,respective1y, requiré
a thicker polysilicon layer. Further: in the Seéoﬁd embodirnent, slight over-polish of
~ first polysilicon layer portions 14 on top of first gate oxide portions 12, and of
| second polysilicon layer 20 on top of second gate oxide 18, is necessary to remove

second polysilicon oxide (polyoxide) layer 31 complétely such that first, second,

16



and third polysilicon layer portions 14, 20 and 28, respectively, require a thicker

polysilicon layer.

Furtner, dishing is ininimized or eliminated since the area of the
thicker first gate ox1de portlons 12 in the first embodiment, and first v v. second v.
third gate oxide portlons 12, 18,26 in the second embodlment is less-than that of
the thinner second gate ox1de 18 in the first embodiment, and second gate oxide 18
V. th1rd gate oxide 26 in the second embodlment because the area of polysﬂlcon to

be pohshed is small.

~ Oxide fences are minimized because Polysilicon oxidation will be less
if thinner gate oxides are formed. It is possible to eliminate oxide fences by fo'rming
gate oxide layers 18; 18, 26 only on the horlzontal surfaces (of semiconductor

substrate 10 and poly layer 14; or first poly layer 14 and second poly layer 20,

. respectively) if, for example, gate oxide layers 18; 18, 26 are formed of a hlgh-k

dielectric material deposited by an anisotropic depos1t10n (such as a CVD process)

as noted above.

"~ While particular embodiments of the present invention have been
illustrated and described, it is not mtended to limit the invention, except as defined

by the followmg claims.

17
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- CLAIMS

We claim:

L. - A method of fabr1cat1ng mult1ple thlckness gate ox1de layers,.

compnsmg the steps of:

providing a silicon substrate havihg at least a first and second gate

ox1de reglon,

formmg a f1rst gate ox1de layer over said 5111con substrate said flrst

gate oxide layer havmg a first predetermmed thlckness,

formmg and plana_nzlng a first layer of polysilicon over _said first’ gate

oxide layer; - =
etchmg said first plananzed layer of polysﬂlc:on and sa1d first gate o
oxide layer W1th1n said second gate ox1de reg1on exposing the silicon substrate |

- within said -second gate oxide region and leavmg said f1rst layer of polysﬂlcon '

within said first gate ox1de~reg10n

formmg a second gate oxide layer over said exposed sxhcon substrate

within said second gate oxide region; said second gate oxide layer having a second

o T

predeterfitied thickness; said second gate oxide layer predetermined th1ckness
being less than said first gate oxide layer predetermined thickness

forming a second layer of polysilicon over said second gate oxide
1ayér; |
planarizing said first and second layers of polysilicon to a uniform

thickness.

18
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2. The method of c1a1m 1, wherein sa1d second gate ox1de is
formed by an anlsotroplc deposmon whereby said second gate oxide layer is

formed only upon exposed hor1zonta1 surfaces.

3.~ The method of cla1m 1 where1n said first’ predetermlned
th1ckness of said first: gate oxide layer is from about 60 to 904, -and said second

predetermined thickness of said second gate oxide layer is from about 25 to 60A.

R 4. " The method of claim 1, wherein said first predetermlned s

thickness of sa1d first gate ox1de layer is from about 65 to SOA and said second | .

' prede_term;_ned_ t_hlckness of said second gate ox1de layer is from about 30 to 50A. .

5. The method_ of claim 1, wherein said first gate oxide region is
from about 1500 to-lS,OOOA wide and'sa.id second gate oxide region is from about

800 to 3500A wide.

6. = The method of claim 1, wherein said flI‘St gate oxide reglon 1s.
from about 2500 to 5000A wide and said second gate oxide region is from about |
1000 to 2500A wide:" |

7. The method of claim 1, wherein sa1d first plananzed layer of
polys1l1con is from about 1500 to 3500A thick, said second layer of polysﬂlcon is
from about 1200 to 3000A thick, and said uniform thickness of said first and second
planarized layer of polysilicon is from about 1500 to 2500A thick.

19
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8.  The method of c1a1m 1, wherein said first planarized layer of o

polysrhcon is: from about 2000 to 3000A thick, said second layer of polysﬂlcon is
from about 180_0 to 2800A thick, and said un1f_orm thickness of said first and second
planarized layer of polysilicon is from about 1500 to 2500A.

9. The method of claim 1, in_cluding the stepe of
removing said first and sec()nd plariarized layer of polysilicorl from at
least sa1d first and second gate oxide layers, | o

| | fomung a first gate conductor on sald ﬁrst gate oxide layer, and

forming a second gate conductor on said second gate oxide layer.

| 10.  The method of claim 1, mcludmg the steps of:
removmg said first and second planarized layer of polysilicon from at |
least said. first and second gate oxide layers; _
~forming a first gate conductor on sa1d f1rst gate oxide layer; and
formlng a second gate conductor on said second gate oxide layer

'wherem said first gate conductor forms a part of a first transistor havmg a f1rst

operatmg voltage, and said second gate conductor forms a part of a second =

trarisistof Raving a’second operating voltage, and said first operatmg voltage is

greater than said second operating voltage.
11. The method of claim 1, wherein said silicon substrate has a
third gate oxide region and including the steps of:
| etching said uniformly thick first and second planarized layer of
polysrhcon within said third gate oxide region exposing the silicon substrate within

" said third gate oxide region;

20
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forming a third gate oxide layer over said exposed silicon substrate

within said third gate oxide region; said third gate ox1de layer having a third

predetermined thickness; said third gate oxide layer predetermined thickness is less ._
than said second gate oxide layer predeter_mmed thickness;

- forming a third layer of polysilicon over said third gate oxide layer;

plananzmg sa1d first, second and third layers of polys111con to a

umform ttuckness

_ 12. The method of claim 1, wherem sa1d 5111con substrate has a
third gate oxide region and mcludlng the steps of: |
N etching said uniformly th1ck f1rst and second p1anar1zed layer of
polysﬂlcon wﬂ:hm said third gate oxide reglon exposing the silicon substrate within
said third gate oxide region; ' | |
forming a third gate oxide layer over said exposed silicon substrate
within said third gate oxide region; said third gate oxide layer having a third
predetermined thickness; said third gate oxide layer predetermined thickness is less -
than said second gate oxide layer predetermined t]:uckness,
= forming a third layer of polysilicon over said third gate oxide layer;
planarizing said first,_second, and third layers ot polysilicon to a

uniform th1ckness, and

-

wherem said first predetermlned thickness of said first gate oxide
layer is from about 50 to 150A said second predetermined thickness of said second
gate oxide layer is from about 20 to 804, and said third predetermined thickness of
said third gate oxide layer is from about 10 to 30A.
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13.  The method ef -claim.l,' whefein_ said silicon substrate has a
third gate oxide region and including the steps of:
~ etching said unifOrmly thick first and 'secdn'd planarized layer of
~ polysilicon within said third gate oxide region exposing the silicon substrate within
said third gate oxide re_gioh; |
forming a third gate oxide layer. over said exposed silicon substrate
‘within said third géte oxide region; said third | gate .oxid'ehlayer having a third
predetermined thickness; said third gate oxide layer predeterrhi.ned thickness is less
' than said second gate oxide layer predetermmed tluckness, | |
| | forming a third layer of polysﬂlcon over said th1rd ga’ce oxide layer;
plananzmg said first, second and th1rd layers of polysmcon to a
uniform thlckness, and ) | . |
- wherein said first gate 6Xide region is from abbut 1500 to 15, 000A
wide, said second gate oxide region is from about 800 to 3500A W1de, and said third
gate ox1de region is from about 500 to 2500A W1de
14 A method of fabricating gate oxide layers, comprising the steps
of:

prov1d1ng a 5111con substrate having a first, second and third gate

oxide regions;

formmg a first gate oxide layer over sa1d silicon substrate; said f1rst

gate oxide layer havmg a first predetermmed thlckness,

forming and planarizing a first layer of polysilicon over said first gate

oxide layei';

22
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and

R

etching said first planarized layer of polysilicon and said first gate
oxide layer within said second gate oxide, region exposing the s111con substrate
within said second gate oxide region;

formmg a second gate oxide layer ever' said exposed siIicon substrate

within said second gate oxide re'gio'n; said second gate oxide layer having a second

predetermmed thickness; said second gate oxide layer th.lckness bemg less than said .

first gate oxide layer thickness;

planatizmg said first and second layers of polysilicon to a uniform |

thickness;

etching said second plananzed layer of polysilicon and said second

 gate ox1de layer within said third gate oxide region exposmg the silicon substrate _

within said thlrd gate oxide region;

-~

~forming a thlrd gate ox1de layer over sa1d exposed SlllCOI‘l substrate

within said third gate oxide reg1on, said third gate oxide layer having a third

predetermined thickness; said third 'g_ate oxide layer. thickness being less than said

second gate oxide layer thickness;

= forming a third 1ayer' of polysilicon over said third gate oxide layer;

* planarizing said first, second and third layers of polys111con fo a

uniform thlckness

15.  The method of claim 14, wherein said first predetermmed

thlckness of said first gate oxide layer is from about 50 to 1504, said second

—predetermined thickness of said second gate oxide layer is from about 20 to 80A,

23

f_ormmg a second layer of pelysil-icon over said second gate oxide :
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10 to 30A.

16.  The method of clairh 14,.wherein said second and third gate
oxide layers are formed by an énisotropié deposition, respectively, whereby said’
“second and third gate ox1de layers are formed only upon exposed horlzontal

surfaces, respectively..

17.  The method of.- élaim' 14, wherein said first predetermined
thickness of said first gate oxide Iayer i_s" from about 65to SOA, said second -
prédetermihed thickness of said second :gate oxide l'ayer. is from about. 30 to 504,

and said th1rd predetermmed thickness of said third gate ox1de layer is from about
~ 15t025A. | |

18.  The method of claim 14, wherein said first gate oxide region is-
- from about 1500 to 15,0004 'wide, said second gate oxide region is from about 800 to _
3500A wide, and said third gate oxide region is from about 500 to 2500A wide.

~= 19. ° "The method of claim 14, wherein said first gate oxide region is
from about 2500 to 5000A wide, said second gaté oxide region is from about 1000 to

2500A wide, and said third gate oxide region is from about 800 to 1500A wide.

- 20. The method of claim 14, wherein said first planarized layer of
polysilicon is from about 1500 to 3500A thick, said second layer of polysilicon is
from about 1200 to 3000A thick, said uniform thickness of said first and second

planarized layer of polysilicon is from about 1500 to 25004 thick, saidt third layer of -
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polysilicon is from about 1500 to ZSOOA th1ck and said uniform thickness of said

first, second and third planarized layer of polysﬂlcon is from about 1500 to ZSOOA
thick.

21. The method of claim 14, wherein said first planarized layer of
polys1hcon is from about 2000 to SOOOA thick, said second layer of polys111con is
from about 1800 to ZSOOA thick, said umform thickness of said first and second
planarized 1ayer of polysﬂlcon is from about 1500 to 25004, said third layer of
polysilicon is from about 1506 to 25004 thick, and sajd uniform thickness of said
first, second, and third planariZed-layér of polysilicon is from about 1500 t02500A

thick. -

22. The method of claim- 14, including the stepé of:
removing sa1d first, second, and third planarlzed layer of polysﬂlcon
from at least said first, second, and third gate ox1de layers; |
forming a first gate conductor on said first gate oxide layer; |
- forming a second gate conductor on said second gate oxide layer, and.

fdrming a third gate conductor on said third gate oxide 'layer.

23. | The methbd of cléim 14, including the steps of: -
removing said first, second, and third planarized layer of poiysilicon
from at least said first, second, and third gate oxide lay(;rs;
fdfming a first gate conductor on said first gate oxide layer; .
forming a second gate conductor on said second gate oxide layer,

forming a third gate c':ondﬁctor on said third gate oxide layer; and
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wherein said first gate conductor forms a part of a first transistor

: having a first operating voltage, said second gate conductor forms a part of a

second transistor having a second operating voltage, said. third gate conductor

forms a part of a third transistor having a third operating voltage, and said first

operating voltage is greater than said second operatmg voltage, and said second )

operating voltage is greater than said third operatmg voltage.

24, A method of fabricatlng gate oxide layers, comprising the steps
of: | | o |

prov1d1ng a sﬂlcon substrate havmg a flrst second and thlrd gate'

oxide regions; -

forming a first gate oxide layer over sa1d silicon substrate within sa1d

first gate oxide region; said f1rst gate ox1de layer having a first predetermmed :

thickness from about 50 to 150A,

oxide layer;

etching' said first planarized layer of polysilicon and said first gate

- oxide layer within said second gate oxide region exposing the silicon substrate

within saidsecond gate oxide region;

forming a s_econd gate ox1de layer over said exposed silicon substrate

w1th1n said second gate oxide reglon by an anisotropic deposmon,

formmg a second layer of polysilicon over said second gate oxide

layer;

planarizing said first and second layers of polysilicon to a uniform

* thickness;
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formlng and planarizing a first layer of polysilicon over said first gate
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etching said second planarized layer of polysilicon and said second

gate.oxide layer within said third gate oxide region exposing the silicon substrate

- within said third gate oxide region;

forming a third gate oxide layer over said éxp_osed silicon substrate
within said third gate oxide region by an anisotropic deposition;

forming a third layer of poiysilicon over said third gate oxide layer; -

and

planarizing said fir.s't,: second and third layers of polysilicon to a

uniform thickﬁess.
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