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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 fabricating 

semiconducto~ 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·Large-Scale Integration (ULSI} technology has·. 

advanced to a point where the smallest, highest speed MOS 

devices have very thin gate oxides (less than 50 

Angstroms) . In the current technology, the·. voltage supply 

to these high speed devices is typically limited to just 

above 3 volts. This limitation is imposed to m;inimize 

switching times and because the very thin gate oxides could 

easily be damaged by a higher supply voltage. 
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This low voltage limitation is not adequate to the 

input/output (I/O) requirements of the integrated circuit. 

Many devices external to the integrated circuit operate in 

a 5 volt regime. Therefore, the very thin gate oxide 

technology is not sufficient to __ provide_the (I/O) 

capability required for a most cost efficient integrated 

circuit. 

Techniques have been developed to -fabricate both a 

very thin (less tha·n 50 Angstroms) gate oxide and a thicker 

(greater than 50 Angstrom) gate oxide on the saine circuit. 

Application of these techniques allows the integrated 

circuit design~r to provide both state of the art speed ~nd 

packing density and necessary I/O on the same circuit. __ 

Referring to Fig. 1, a cross-section of a partially 

completed prior art integrated circuit device is shown. A 

silicon substrate 10 is shown. A shallow trench isolation 

(STI) 14 is formed in the silicon substrate 10. The 

silicon substrate 10 is_ divided into two parts as indicated 

by the dash lines. The low voltage section 18 of the 

silicon substrate 10 will require the very thin oxide. The 

high voltag~ section 22 of the silicon substrate 10 will 

require the thicker oxide. 
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Referring now to Fig. 2, a first gate oxide layer 26 

is grown overlying the silicon substrate 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, approximately 80 Angstroms of silicon 

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 

photoresis.t 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 gat~ oxide 

layer 26 is etched away. Because of the thickness of the 

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

conventional in the art. 

Referring to Fig. 5, the photoresist layer 30 is now 

stripped away. The strip may be by plasma stripping 

(ashing) or by a wet strip. 
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Referring now to Fig. 6, a pre-gate clean typically is 

performed. The purpose of the pre-gate 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 gate oxide. During the pre-gate clean 

step, the thickness of the thicker gate oxide layer 26 

overlying the high voltage section 22 is reduced. In this 

.example, the thicker gate oxide layer 26 remaining after 

the clean is about 60 Angstroms. 

Referring now to Fig. 7, a thermal gate oxidation is 

performed.· A very thin gate oxide layer 34 is grown 

overlying the low voltage section 18. Approximately 30 

· · Angstroms of silicon dioxide is grown. Meanwhile, the. 

thicker gate oxide layer increases in thickness to a final 

value of about 65 Angstroms. 

While the prior art technique does create gate oxide 

layers of different thicknesses suitable for low and high 

voltage. circuits, it has several disadvantages. First, 

because the photoresist layer 30 is coated directly over 

the thicker gate oxide layer 26, the quality of the thicker 

gate oxide layer 26 is jeopardized. Second, the· buffered 

oxide etch that must be used to etch away the relatively 
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thick first gate oxide layer 26, is more difficult to 

control than, for example, a pre-gate clean. Damage to the 

silicon substrate 10 in the low voltage section 18 may 

result. This damage i.s detrimental to the formation of a 

very high quality oxide. Finally, exposure of the silicon 

substrate 10 to the photoresist stripping process, whether 

plasma or wet etch, can damage the silicon substrate 10 .. 

Again, this can cause problems for the silicon dioxide gate 

that will be grown there. 

Several prior art approaches disclose methods to form 
, 

gate oxides of different thicknesses in the fabrication of 

integrated circuits. U.S. Patent 5,502,009 to Lin 

dis~lo~es a process to fabricate gate oxides of different 

thicknesses. The first embodiment grows a common thin gate 

oxide over b()th low voltage sections and high voltage 

sections. Silicon nitride is deposited, patterned, and 

used as a hard mask to etch away the thin gate oxide layer 

from the high voltage section. A thick gate oxide is then 

grown over the high voltage section. The silicon nitride 

is then etched away. In the second embodiment, a silicon 

dioxide layer is added overlying the silicon nitride layer. 

This silicon dioxide layer is patterned and to form a hard 

mask for etching the silicon nitride layer.. In both 
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embodiments, only the thicker gate oxide is re-grown. The 

thin gate oxide that is grbwn at the beginning of the 

sequence i~ not re-grown. U.S. Patent 5,057,449 to Lowrey 

et al teaches a process to create gate oxides of different 

thicknesses fbr DRAMs. Prior to field oxidation, a thick 

gate 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 5,8S2j993 to Gardner et al 

discloses a process to form gate oxides of different 

thicknesses. A nitrogen impurity concentration is 

introduced into selective portions of the silicon 

substrate. During the gate oxide thermal oxidation, 

silicon dioxide grows more slowly over nitrogen-rich areas 

of silicon. U.S. Patent 5,668,035 to Fang et al teaches a 

process to form gate oxides of different thicknesses for 

DRAM applications. A thick gate oxide is grown over logic 

and DRAM sections. Polysilicon is deposited and patterned. 

The gate oxide is etched away from the logic areas using 

the polysilicon layer as a mask. A thin gate oxide is then 

grown over the logic sections. U.S. Patent 5,716,863 to 

Arai discloses a process to create gate oxides. O"f different 

thicknesses psing a polysilicon mask laye~. 
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SUMMARY OF THE.INVENTION 

A principal object.of the present invention 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 fabiicat~ gate oxides of different 

thickness that eliminates coating photoresist directly onto 

the gate oxide. 

Another_ further 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 where 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 prevents photoresist stripping processes 
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from damaging the silicon substrate surf ace prior to 

formation of gate oxide. 

In accordance with the objects of this invention, a 

new method of fabricating gate oxides 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 layer is formed overlying 

the silicon substrate. A silicon nitride layer is 

~eposited overlying the sacrificial oxide layer. A masking 

oxide layer is deposited overlying the silicon nitride 

layer. The masking oxide layer is patterned to form a hard 

mask overlying the low voltage sections. The silicon , 

nitride layer is etch~d through where exposed by the hard 

mask thereby exposing the sacrificial oxide layer overlying 

the high voltage section. The exposed sacrificial oxide 

laye~ and the hard mask are etched away. A thick gate 

oxide layer is grown overlying the silicon substrate in the 

high voltage section. The silicon nitride layer is etched 

away. The sacrificial oxide layer overlying the low 

voltage sectiort is etched away. A thin .gate oxide layer is 

grown overlying the silicon substrate in the low·· voltage 

section,. and the integrated circuit device is completed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings forming a material part 

of this description, there is shown: 

Figs. 1 through 7 schematically illustrate in cross­

section a partial_ly completed prior art integrated circuit 

device. A process to form gate oxides of two thicknesses 

is depicted. 

Figs. 8 through 19_ schematically illustrate in cross­

sectional representation a preferred embodiment of the 

present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This embodiment discloses the application of the 

present invention to the formation of gate oxides of 

different thicknesses in the fabrication of an integrated 

circuit device. The present invention can easily be 

applied to form two different thicknesses of oxide. It 
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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 particularly to Fig. 8, there is shown a 

cross section of a partially completed integrated circuit 

_device of the preferred embodiment. A silicon substrate 40 

is used. Active area isolations ~4, such as local 

oxidation of silicon (LOCOS} or shallow trench isolations 

(STI), are formed in the silicon substrate 40. · The active 

area isolations 44 divide the silico~ substrate 40 into 

different sections. Representative of the circuit as a 

whole, the schematic shows the silicon substrate 40 divided 

into two sections as indicated by the dash lines. The low 

voltage section 48 will require a thinner oxide. The high 

voltage section 52 will require the thicker oxide. A 

sacrificial oxide layer 56 is formed overlying the silicon 

substrate 40. The sacrificial oxide layer may be formed by 

thermal oxidation, rapid thermal oxidation (RTO), or by 

chemical vapor·deposition (CVD). The purpose of the 

sacrificial oxide layer 56 is to proteci the surface ot the 

silicon substrate 40 from damage during the processing 

steps necessary to form the gate oxides of different 
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thickn~ss. The sacrificial oxid~ layer 56 is preferably 

formed as thin as possible. By keeping the oxide thin, it 

is possible to· remove the sacrificial oxide layer 56 using 

a simple pre-gate clean (diluted HF). This prevents 

further damage and contamination problems. In the 

preferred embodiment, the sacrificial oxide layer 56 is 

formed using thermal oxidation of silicon in a furnace or 

rapid t.hermal oxidation (RTO) chamber. The sacrificial 

oxide layer 56 is formed to a thickness of between about 20 

Angstroms and 40 Angstroms. 

Referring now to Fig. 9, a silicon nitride layer 60 ·is 

deposited overlying the sacrificial oxide layer 56. The 

purpose of the silicon nitride layer 60 is to provide a 

hard mask for etching away the sacrificial oxide layer 56 

in a subsequent process step. In the preferred embodiment, 

the silicon nitride layer 60 is deposited by a low-p~essure 

CVD (LPCVD) process to a thickness of between about 60 

Angstroms and 100 Angstroms. 

Referring now to Fig. 10, 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 
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subsequent step. The masking oxide layer 64 is preferably 

composed of silicon dioxide deposited by LPCVD using a · 

tetraethoxysilane source. The masking oxide layer 64 is 

preferably deposited to a thickness of between about 130 

Angstroms and 270 Angstroms. 

Referring now to Fig. 11, a photoresist layer 68 is 

.deposited overlying the ·masking oxide layer 64. The 

photoresist layer 68 is conventionally patterned to uncover 

the masking oxide layer 64 overlying the high voltage 

sections 52. While photoresist is currently used to define 

the patterns in the preferred embodiment, other approaches 

could be used. 

Referring now to Fig. 12, 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 layer 64 from a buffered oxide etch (BOE) 

process. The masking oxide layer 64 is completely etched 

away overlying the_ high voltage sections 52. Here we see 

the advantage of using both the masking oxide layer 64 and 

the silicon nitride la~er 60. The difficult to 6ontrol BOE 

process never contacts either the sacrifi~ial gat~ oxide 

layer 56 or the silicon substrate. Therefore, damage to 
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the permanent gate oxide , which will be grown later, is 

avoided. 

Referring now to Fig. 13, the photoresist layer 68 is 

stripped away.· The striI?ping P.rocess can be either a 

piasma strip (ashing) or a chemical wet strip. Again, 

because the silicon nitride layer 60 covers the sacrificial 

oxide layer 56 and the silicon substrate 40, no damage 

occurs. 

Referring now to Fig. 14, the silicon nitride layer 60 

is etched through where exposed by the hard mask 64 thereby 

exposing the sacrificial oxide layer 56 overlying the high 

voltage section 52. The silicon nitride laye~ 60 is etched 

using, for example, phosphoric acid (H3P04) . The phosphoric 

acid attacks only the silicon nitride layer 60 while 

leaving the silicon dioxide structures unharmed. 

Referring now to Fig. 15, the exposed sacrificial 

oxide layer 56 and the hard mask 64 are etched away. A 

simple pre-gate clean process is used to remove both the 

sacrificial oxide layer 56 and the hard mask (masking oxide 

layer) 64. In the· preferred embodiment, the pre-gate clean. 

process consists of an approximately 100:1 diluted HF 
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solution that etches the wafers for between about 45 

seconds and 100 seconds. Because a relatively thin 

sacrificial oxide layer 56 is used, the pre-gate clean 

process is sufficient to remove the silicon dioxide from 

the surface of the silicon substrate. This is a better 

proces.s to use, compared to a BOE process, since it is the 

same one used for preparing silicon surf aces for gate 

.oxidation generally. 

Referring now to Fig. 16, a thick gate oxide layer 72 

is grown overlying ·the silicon substrate 40 in the high 

voltage section 52. The thick gate oxide layer 72 is a 

very high quality oxide. In the preferred embodiment, the 

thick gate oxide layer 72 is grown to a thickness of 

between about 60 Angstroms and 150 Angstroms. By 

completely stripping the sacrificial oxide.layer 56 from 

the high voltage section 52 before re-growing the thick 

gate oxide layer 72 from the surface of the silicon 

substrate, rather than growing additional oxide over the 

sacrificial oxide layer 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 (H3P04 ) is preferably 
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used to remove the remaining silicon nitride layer 60 

without etching the silicon dioxide structures. 

Referring now to Fig. 18, the sacrificial oxide layer 

56 overlying the low voltage section 48 is etched away. 

The remaining sacrificial oxide layer 48 is etched away 

using a simple pre-gate clean process. In the preferred. 

embodiment, the pre-gate clean process 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, compared to a BOE process, 

since it is the same process used for preparing silicon 

surfaces for gate oxidation. In addition to removing the 

sacrificial gate oxide layer 56, the thickness of the thick 

gate oxide layer 72 is also reduced by between about 18 

Angstroms and 22 Angstroms. 

Referring now to Fig. 19, a thin gate oxide layer 76 

is grown overlying the silicon sub~trate 40 in the low 

voltage section 48, and the integrated circuit device is 

completed. The thin gate oxide layer 76 is a very high 

quality oxide. In the preferred embodiment, the thin gate 

oxide layer 7 6 is grown to a thickness of betwee·n about 20 

Angstroms and 45 Angstroms. During the growth of the thin 
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gate oxide layer 76, the thickness 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 the oxide from the low voltage section 

48 and re-growing the thin gate oxide layer 76 from the 

surface of the silicon substrate, rather than growing 

additional oxide over the sacrificial oxide layer 56, the 

quality of the gate oxide is improved. 

At the conclusion of the process sequence, two very 

high quality gate oxides have been formed. Each gate oxide 

can be custom tailored to the particular demands of the 

device application. The novel process method eliminates 

damage to the gate oxides from contact with either 

photoresist or photoresist stripping process. Damage to 

the silicon substrate from BOE processes is likewise 

eliminat.ed by using only pre-gate cleans to remove oxide_. 

Finally, the quality of each oxide is improved by 

completely removing the sa·crificial oxide layer and re­

growing a new gate oxide. 

As shown in the preferred embodiment, the present 

irivention provides a very manufacturable process· for 
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fabritating gate oxide~ of different thicknesses in the 

manufacture of integrated circuit devices. 

While the invention has been particularly shown and 

described with reference to the preferred embodiments 

thereof, it will be understood by those skilled in the art 

that various changes in form and details may be made 

without departing from the spirit and scope of the 

invention. 
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CLAIMS 
1. A method for fabricating gate oxide layers of different 

thicknesses in t.he manufacture of an integrated circuit 

device comprising: 

providing active area isolations to define at least 

5 one low voltage. section and at least one high voltage 

section in a silicon substrate; 

forming a sacrificial oxide layer overlying said 

silicon substrate; 

depositing a silicon nitride layer overlying said 

10 sacrificial oxide layer; 

depositing a masking oxide layer overlying said 

silicon nitride layer; 

patterning said. masking oxide layer to form a hard 

mask overlying said low voltage section; 

15 etching through said silicon nitride layer e~posed by 

said hard mask and thereby exposing said sacrificial oxide 

layer overlying said high voltage section; 

etching away said hard mask and said exposed 

sacrificial oxide layer overlying said high voltage 

20 section; 

growing a thick gate oxide layer overlying said 

silicon subs~rate in said high voltage section; 

etching away said siiicon nitride layer to expose said 

sacrificial oxide layer ove~lying said 16w voltage sectibn; 

18. 
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25 etchin~ away said. sacrificial oxide layer overlying 

said low voltage section; 

growing a thin gate oxide· layer overlying said silicon 

substrate in said low voltage section; and 

completing 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 thermal 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 according to Claim 1 wherein said masking 

oxide layer is deposited to a thickness of between about 

130 Angstroms and 270 Angstroms. 
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6. The method according to Claim 1 wherein said step of . . 

etching away said hard mask and said exposed sacrificial 

oxide layer overlying said high voltage section is by a 

pre-gate clean process comprising a wet etch using an 

5 approximately 100:1 diluted HF solution that etches the 

wafers for between about 45 seconds and 100 seconds. 

7. The method according to Claim 1 wherein said thick gate 

oxide layer is grown to a thickness of between about 60 

Angstroms and 150 Angstroms. 

8. The method according to Claim 1 wherein said step of 

etching away said· sacrificial oxide layer overlying said 

low voltage section is by a pre-gate clean process 

comprising a wet etch using an approximately 100:1 diluted 

5 HF solution that etches the wafers for between about 45 

seconds and 50 seconds. 

9. The method according to Claim.1 wherein said thin gate 

oxide layer is grown to a thickness of between about 20 

Angstroms and 45 Angstroms. 

I lllllll llllll lllll lllll II llll 
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10. 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 

5 one low voltage section and ~t least one high voltage 

section in a silicon substrate; 

forming a sacrificial oxide layer overlying said 

silicon substrate; 

depositing a silicon nitride layer overlying said 

10 sacrificial oxide layer; 

depositing a masking oxide layer overlying said 

silicon nitride layer; 

patterning said masking oxide layer to form a hard 

mask overlying said low voltage section; 

15 etching through said silicon nitride layer exposed by 

said hard mask and thereby exposing said sacrificial oxide 

layer overlying said high voltage section; 

etching away said hard mask and said exposed 

sacrificial oxide layer overlying said high voltage section 

20 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 100 seconds.; 

growing a thick.gate oxide layer overlying said 

21 l llllll\ \l\ll\ Ill\\ \ll\l \l 'Ill 
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25 silicon substrate in said h~gh voltage section; 

etching away said silicon nitride layer to expose said 

sacrificial oxide layer overlying said low voltage section1 

etching away said sacirificial oxide layer overlying 

said low voltage sect~on wherein· said etching away is by a 

30 pre-gate clean process comprising a wet etch using an 

35 

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 s~ction; and 

completing said integrated circuit device. 

11. The method according 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 

sacrificial oxide layer is formed to a thickness of between 

about 20 Angstroms and 40 Angstroms. 

13. The method according· to .Claim 10 wherein said silicon 

nitride layer is deposited to a thickness of between about 

60 Angstroms and 100 Angstroms. 

1111\111 11\11\ 111\1 \11\1 \l llll 
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14. The method according to Cl.aim 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 layei is grown to a thickness of between about 

20 Angstroms and 45 Angstroms . 

. 16. 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 

5 one low voltage section and at least one higp voltage 

section in a silicon substrate; 

forming a sacrificial oxide layer overlying said 

silicon substrate wherein said sacrificial oxide layer-is 

formed to a thickness of between about 20 Angstroms and 40 

10 Angstroms; 

depositing a silicon nitride l~yer overlying said 

sacrificial oxide layer; 

depositing a masking oxide layer overlying said 

silicon nitride layer; 

111111111111111111111111111111 
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patterning said masking oxide layer to form a hard 

mask overlying said low voltage section; 

etching through said silicon nitride layer exposed by 

said hard mask and thereby exposin9 said sacrificial oxide 

layer overlying said ~igh voltage section; 

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 process 

comprising a wet etch using an approximately 100:1 diluted 

HF solution that etches the wafers for between about 45 

30 seconds ·and 100 seconds.; 

growing a thick gate oxide layer overlying said 

silicon substrate in said high voltage section; 

etching away said silicon nitride layer to expose said 

sacrificial oxide layer overlying said low voltage section; 

35 etching away said sacrificial oxide layer overlying 

said low voltage section whereiri 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.; 

40 growing a thin gate oxide layer overlying said silicon 

substrate in said low voltage section; and 

completing said integrated circuit device·. 
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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, rapid thermal oxidation~ and 

chemical· vapor deposition. 

18. The method according to Claim 16 wherein said silicon 

nitride layer is deposited to a thickness of between about 

60 Angstroms and 100 Angstroms. 

19. The method according to Claim 16 wherein said thick 

g~t~ oxide layer is grown to a thickness of between about 

60 Angstroms and 150 Angstroms. 

20. The method according to Claim 16 w_herein said thin gate 

oxide layer is grown to a thickness of between about 20 

Angstroms and 45 Angstroms. 
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