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METHOD OF FABRICATING A NITRIDED SILICON OXIDE GATE

DIELECTRIC LAYER

TECHNICAL FIELD

[0001] The present invention relates to the manufacture of semiconductor devices;

more specifically, it relates to a method of fabricating a nitrided silicon oxide layer.

BACKGROUND ART

[0002] The trend in integrated circuits is toward higher performance, higher speed and

lower cost. Correspondingly, device dimensions and element sizes are shrinking and

gate dielectrics must scale accordingly. As physical gate dielectric thickness has

decreased, the need for a higher dielectric constant and less leaky gate dielectric has

arisen. In advanced metal oxide semiconductor field effect transistors (MOSFETs)

nitrided silicon oxide layers are used as a gate dielectric. MOSFET transistors include

a channel region formed in silicon, an N or P doped polysilicon gate formed on top of

a thin gate dielectric layer and aligned over the channel region, and source/drain

regions formed in the silicon on either side of the channel region.

[0003] However, a problem with nitrided silicon oxide layers is thickness variation

across the wafer, particularly as the gate dielectric thickness decreases. Across wafer

thickness variation of the gate dielectric leads directly to across wafer threshold

voltage variation causing variations in performance of individual integrated circuit

chips from the same wafer. Therefore, there is a need for a method of fabricating a

nitrided silicon oxide layer having a relatively uniform across wafer thickness.



DISCLOSURE OF THE INVENTION

[0004] A first aspect of the present invention a method, comprising: forming a silicon

dioxide layer on a surface of a silicon substrate; performing a rapid thermal nitridation

of the silicon dioxide layer at a temperature of less than or equal to about 900 0C and a

pressure greater than about 500 Torr to form an initial nitrided silicon oxide layer; and

performing a rapid thermal oxidation or anneal of the initial nitrided silicon oxide

layer at a temperature of less than or equal to about 900 0C and a pressure greater than

about 500 Torr to form a nitrided silicon oxide layer.

[0005] A second aspect of the present invention is the first aspect, wherein the

performing the rapid thermal nitridation is performed in an atmosphere containing

ammonia.

[0006] A third aspect of the present invention is the first aspect, wherein the

performing the rapid thermal nitridation is performed in an essentially 100% ammonia

atmosphere.

[0007] A fourth aspect of the present invention is the first aspect, wherein the

performing the rapid thermal oxidation or anneal is performed in a nitrogen

atmosphere containing about 10% by volume or less of oxygen.

[0008] A fifth aspect of the present invention is the first aspect, wherein the

performing the rapid thermal oxidation or anneal is performed in an essentially 100%

nitrogen atmosphere.

[0009] A sixth aspect of the present invention is the first aspect, wherein the rapid

thermal nitridation is performed without the use of a plasma.

[0010] A seventh aspect of the present invention is the first aspect, wherein the rapid

thermal oxidation or anneal is performed without the use of a plasma.



[0011] An eighth aspect of the present invention is the first aspect, wherein the silicon

dioxide layer has a thickness between about 11 A and about 16 A.

[0012] A ninth aspect of the present invention is the first aspect, wherein the nitrided

silicon oxide layer has a thickness between about 11 A and about 16 A.

[0013] A tenth aspect of the present invention is the first aspect, wherein between about

2% and about 20% of all atoms of the nitrided silicon oxide layer are nitrogen atoms.

[0014] An eleventh aspect of the present invention is the first aspect, wherein between

about 6% and about 8% of all atoms of the nitrided silicon oxide layer are nitrogen

atoms.

[0015] A twelfth aspect of the present invention is the first aspect, wherein a nitrogen

concentration of the nitrided silicon oxide layer is between about 1E21 and about

1E22 atm/cm3.

[0016] A thirteenth aspect of the present invention is the first aspect, when a thickness of

the silicon dioxide layer is not greater than about 13 A, the performing the rapid

thermal nitridation is performed at a temperature of between about 825 0C and about

885 0C and at a pressure of between about 720 and about 760 Torr in an ammonia

containing atmosphere and the performing the rapid thermal oxidation or anneal is

performed at a temperature of between about 875 0C and about 895 0C and at a

pressure of between about 720 and about 760 Torr in an oxygen atmosphere.

[0017] A fourteenth aspect of the present invention is the thirteenth aspect. The method

of claim 13, further including: measuring the thickness of the silicon dioxide layer.

[0018] A fifteenth aspect of the present invention is the first aspect, when a thickness of

the silicon dioxide layer is greater than or equal to about 13 A, the performing the

rapid thermal nitridation is performed at a temperature of between about 850 0C and

about 900 0C and at a pressure of between about 720 and about 760 Torr in an



ammonia containing atmosphere and the performing the rapid thermal oxidation or

anneal is performed at a temperature of between about 850 0C and about 900 0C and at

a pressure of between about 720 and about 760 Torr in an nitrogen atmosphere

containing no more than about 10% by volume of oxygen.

[0019] A sixteenth aspect of the present invention is the fifteenth aspect, further

including: measuring the thickness of the silicon dioxide layer.

[0020] A seventeenth aspect of the present invention is the first aspect, wherein the

forming the silicon dioxide layer includes performing an initial rapid thermal

oxidation.

[0021] An eighteenth aspect of the present invention is the seventeenth aspect, wherein

the initial rapid thermal oxidation is performed at a temperature of between about 900

0C and about 1100 0C and at a pressure of between about 100 and 140 Torr in an

ammonia containing atmosphere containing between about 10% by volume oxygen in

nitrogen and about 100% oxygen.

[0022] A nineteenth aspect of the present invention is the first aspect, wherein the

forming the silicon dioxide layer includes performing a thermal oxidation of the

silicon substrate.

[0023] A twentieth aspect of the present invention is the first aspect, further including:

forming a gate electrode over the nitrided silicon oxide layer; and forming

source/drains of a MOSFET in the silicon substrate on opposite sides of the gate

electrode, the source drains separated by a channel region of the MOSFET, the

channel region located in the substrate under the gate electrode.

BRIEF DESCRIPTION OF DRAWINGS



[0024] The features of the invention are set forth in the appended claims. The invention

itself, however, will be best understood by reference to the following detailed

description of an illustrative embodiment when read in conjunction with the

accompanying drawings, wherein:

[0025] FIG. 1 is a flowchart describing the process steps for forming a nitrided silicon

oxide layer according to first embodiments of the present invention; and

[0026] FIGs. 2A through 2D are cross-sectional views illustrating fabrication of a

MOSFET having nitrided silicon oxide gate dielectric layer according to the present

invention..

BEST MODE FOR CARRYING OUT THE INVENTION

[0027] The term silicon oxynitride, nitrided SiO , nitrided silicon oxide or SiOxNy (which

may be used interchangeably )refer to a SiO layer into which nitrogen has been

introduced. The terms nitrided silicon oxide and the formula SiOxNy will be use

hereinafter to denote a SiO2 layer into which nitrogen has been introduced. The scope

of the formula SiOxNy includes all combinations of integers x and y (or fractions

thereof) at which SiOxNy is stable. Rapid thermal tools, such as rapid thermal anneal

(RTA), rapid thermal nitridation (RTN) and rapid thermal oxidation (RTO) tools

share a common operating characteristics in that they all heat semiconductor

substrates (wafers) to high temperatures (i.e., greater than 500 0C) in a chamber by the

use of high intensity infrared lamps for very short periods of time (i.e., less than 60

seconds). The pressure and reactant gases let into the chamber determine the process,

anneal, nitridation or oxidation that is performed. The temperature of an RTA, RTO

or RTN is the maximum temperature that the wafer in the process chamber reaches.

[0028] FIG. 1 is a flowchart describing the process steps for forming a nitrided silicon

oxide layer according to the embodiments of the present invention. A first



embodiment of the present invention is used for forming an SiOxNy layer in a lower

thickness regime, while the second embodiment of the present invention is used for

forming an SiOxNy layer in a higher thickness regime. Step 10 is common to both

embodiments of the present invention, while steps 14 and 16 apply to the first

embodiment of the present invention and steps 18 and 20 apply to the second

embodiment of the present invention.

[0029] In step 10, a silicon substrate (or silicon surface of an SOI substrate) is first

cleaned using any one of a number of cleaning processes well known in the art. For

example, the surface may be cleaned using a buffered hydrofluoric acid (BHF) clean

followed by an NH OH clean followed by an HCl clean. The cleaning removes any

native oxide that may have formed on surface 32. Next a SiO layer is thermally

grown on the cleaned silicon surface. In one example, this oxidation step does not

utilize a plasma.

[0030] In one example, an RTO is performed to form the SiO layer on top of the silicon.

In one example, the RTO is performed between about 900 0C and about 1100 0C. In

one example, the RTO is performed between at a pressure between about 100 Torr

and about 140 Torr. In one example, the RTO is performed for between about 5

seconds and about 10 seconds. In one example, the RTO is performed in an

atmosphere containing between about 10% oxygen in nitrogen by volume to about

100% O2. In one example, the thickness (Tox) of the SiO2 layer is between about 11

A and about 16 A.

[0031] In step 12, the thickness of the SiO2 is determined. If the thickness is not

greater than a predetermined value "X" then the method proceeds to step 14. If the

thickness is greater or equal to the predetermined value "X" then the method proceeds

to step 18. In one example, X is about 13 A.



[0032] The inventors have found, unexpectedly, that the thickness of the SiO before

nitridation can influence the across-wafer thickness uniformity of the resultant SiOxNy

to the point, that different nitridation processes are required in different thickness

regimes and that a post-nitridation oxidation or anneal steps, again different for

different thickness regimes, is also required for tight thickness uniformity control.

[0033] In step 14, an RTN process is performed in order convert the SiO to SiOxNy. In

one example, the RTN is performed at a temperature of less than or equal to 900 0C.

In one example, the RTN is performed at a temperature between about 825 0C and

about 885 0C. In one example, the RTN is performed at a pressure greater than about

500 Torr. In one example, the RTN is performed at a pressure between about 720 and

about 760 Torr. In one example, the RTN is performed for between about 10 seconds

and about 20 seconds. In one example, the source of nitrogen is ammonia (NH3) gas.

In one example, the RTN is performed at a pressure greater than about 500 Torr and

at a temperature of less than or equal to about 900 0C in an NH3 atmosphere. This

RTN does not utilize a plasma.

[0034] Next, in step 16, an RTO process is performed. In one example, the RTO is

performed at a temperature of less than or equal to 900 0C. In one example, the RTO

is performed at a temperature between about 875 0C and about 895 0C. In one

example, the RTO is performed at a pressure greater than about 500 Torr. In one

example, the RTO is performed at a pressure between about 720 and about 760 Torr.

In one example, the RTO is performed for between about 10 seconds and about 20

seconds. In one example, the RTO is performed in about 100% O2. In one example,

the RTO is performed at a pressure greater than about 500 Torr and at a temperature

of less than about or equal to 900 0C in an O2 atmosphere. This RTO does not utilize

a plasma.



[0035] In one example, the SiOxNy formed by the RTN process of step 14 in combination

with the RTO process of step 16 contains between about 2% and about 20% nitrogen

atoms. In one example, the SiOxNy formed by the RTN process of step 14 in

combination with the RTO process of step 16 contains between about 6% and about

8% nitrogen atoms. In one example, the concentration of nitrogen in the SiOxNy

formed by the RTN process of step 14 in combination with the RTO process of step

16 is between about 1E21 and about 1E22 atm/cm3. In one example, the thickness

(Tnox) of the SiOxNy formed by the RTN process of step 14 in combination with the

RTO process of step 16 is between about 11 A and about 16 A. Formation of the

SiOxNy layer is complete.

[0036] Returning to step 18, an RTN process is performed in order convert the SiO to a

nitrided SiO or SiOxNy. In one example the RTN is performed at a temperature less

than or equal to about 900 0C. In one example, the RTN is performed at a

temperature between about 850 0C and about 900 0C. In one example, the RTN is

performed at a pressure greater than about 500 Torr. In one example, the second RTN

is performed at a pressure between about 720 and about 760 Torr. In one example,

the RTN is performed for between about 10 seconds and about 20 seconds. In one

example, the source of nitrogen is ammonia (NH3) gas. In one example, the RTN is

performed at a pressure greater than about 500 Torr and at a temperature of less than

or equal to about 900 0C in an NH3 atmosphere. This RTN does not utilize a plasma.

[0037] Next in step 20, an RTO is performed. In one example the RTO is performed at a

temperature of less than 900 0C. In one example, the RTO is performed at a

temperature between about 850 0C and about 900 0C. In one example, the RTO is

performed at a pressure greater than about 500 Torr. In one example, the RTO is

performed at a pressure between about 720 and about 760 Torr. In one example, the



RTO is performed for between about 10 seconds and about 20 seconds. In one

example, the RTO is performed in about 100% N . In one example, the RTO is

performed in an atmosphere containing between about 10% by volume oxygen in

nitrogen and about 100% nitrogen. In one example, the RTO is performed at a

pressure greater than about 500 Torr and at a temperature of less than or equal to

about 900 0C in a N and O2 atmosphere. This RTO may be considered an RTA since

the oxygen concentration is very low (no greater than 10%) and is certainly an RTA

when no oxygen is present.

[0038] In one example, the SiOxNy formed by the RTN process of step 18 in combination

with the RTO process of step 20 is between about 2% and about 20% nitrogen atoms.

In one example, the SiOxNy formed by the RTN process of step 18 in combination

with the RTO process of step 20 is between about 6% and about 8% nitrogen atoms.

In one example, the concentration of nitrogen in the SiOxNy formed by the RTN

process of step 18 in combination with the RTO process of step 20 is between about

1E21 and about 1E22 atm/cm3. In one example, the thickness (Tnox) of the SiOxNy

formed by the RTN process of step 18 in combination with the RTO process of step

20 is between about 11 A and about 16 A. Formation of the SiOxNy layer is complete.

[0039] Table I illustrates the improved thickness control of the embodiments of the

present invention over two different conventional plasma nitridation processes.

TABLE I



where Cp is the process capability ratio which is defined as (the upper specification

limit minus the lower specification limit) divided by six times the measured standard

deviation. The number of measurements taken was about 500 measurements or more

over multiple wafers from multiple lots per column.

[0040] Exemplary process conditions for the first embodiments of the present

invention are given in Table II.

TABLE II

[0041] In order to meet a 3-sigma specification limit, the value of Cp must be equal to

or greater than 1. As can be seen from Table I, the prior art processes can not meet

the specification limit of 0.53 and Tnox is greater than or equal to 11A and less than

or equal to16 A, while the present invention does meet the specification.

[0042] FIGs. 2A through 2D are cross-sectional views illustrating fabrication of a

MOSFET having a nitrided silicon oxide gate dielectric layer according to the present

invention. In FIG. 2A a substrate 30 having a top surface 32 is provided. Substrate

30 may be an intrinsic (undoped), N-type or P-type bulk silicon substrate or an

intrinsic, N-type or P-type silicon on insulator (SOI) substrate. In FIG. 2B, a nitrided

silicon-dioxide layer 34 formed according to the methods illustrated in FIG. 1 and

described supra is formed.



[0043] In FIG. 2C, a polysilicon gate 38 is formed on a top surface 36 of SiOxNy layer 34.

Polysilicon gate 38 may be formed using one of a number of deposition processes

well known in the art, such as low-pressure chemical vapor deposition (LPCVD) or

rapid thermal chemical vapor deposition (RTCVD) followed by photolithographic and

reactive ion etch (RIE) processes. In one example, polysilicon gate 38 is about 300 A

to about 2000 A thick. Next, spacers 40 are formed on sidewalls 42 of gate 38.

[0044] In FIG. 2D, source/drains 44 are formed on either side of a channel region 46. In

one example source/drains 44 are formed by ion implantation of a dopant species.

Optionally, polysilicon gate 38 may also be implanted simultaneously with the ion

implantation of source/drains 44. More than one ion-implantation, including angle

ion-implantations called halo and extension ion implants to form regions 48 of the

source drains that extend under gate 38. Multiple spacers may also be employed.

[0045] For p-channel field effect transistors (PFETs), source drains 44 (and optionally

gate 38) be net doped P-type and channel region 46 net doped N type. For n-channel

field effect transistors (NFETs), source drains 44 (and optionally gate 38) be net

doped N-type and channel region 46 net doped P type. Suitable P-dopants include

boron, and suitable N-dopants include arsenic and phosphorous.

[0046] The method of a fabricating a uniform thickness nitrided silicon oxide layer may

also be performed using conventional furnaces (no plasma) instead of rapid thermal

nitration and oxidation tools.

[0047] Process conditions for the second embodiments of the present invention are

given in Table III.

TABLE III



Mixtures of O2 and an inert gas (e.g. Ar, He, N2) or mixtures of NO and an inert gas

(e.g. Ar, He, N2) may be substituted for N2O. All process temperatures are less than

860 0C. Cps of these process combinations are greater than or equal to 1.

[0048] Thus, the present invention provides a method of fabricating a SiOxNy

dielectric layer having a relatively uniform across wafer thickness.

[0049] The description of the embodiments of the present invention is given above for

the understanding of the present invention. It will be understood that the invention is

not limited to the particular embodiments described herein, but is capable of various

modifications, rearrangements and substitutions as will now become apparent to those

skilled in the art without departing from the scope of the invention. Therefore, it is

intended that the following claims cover all such modifications and changes as fall

within the true spirit and scope of the invention.



What is claimed is:

1. A method, comprising:

forming a silicon dioxide layer on a surface of a silicon substrate;

performing a rapid thermal nitridation of said silicon dioxide layer at a

temperature of less than or equal to about 900 0C and a pressure greater than about

500 Torr to form an initial nitrided silicon oxide layer; and

performing a rapid thermal oxidation or anneal of said initial nitrided silicon

oxide layer at a temperature of less than or equal to about 900 0C and a pressure

greater than about 500 Torr to form a nitrided silicon oxide layer.

2 . The method of claim 1, wherein said performing said rapid thermal nitridation is

performed in an atmosphere containing ammonia.

3 . The method of claim 1, wherein said performing said rapid thermal nitridation is

performed in an essentially 100% ammonia atmosphere.

4 . The method of claim 1, wherein said performing said rapid thermal oxidation or

anneal is performed in a nitrogen atmosphere containing about 10% by volume or less

of oxygen.

5 . The method of claim 1, wherein said performing said rapid thermal oxidation or

anneal is performed in an essentially 100% nitrogen atmosphere.

6 . The method of claim 1, wherein said rapid thermal nitridation is performed without

the use of a plasma.



7 . The method of claim 1, wherein said rapid thermal oxidation or anneal is performed

without the use of a plasma.

8. The method of claim 1, wherein said silicon dioxide layer has a thickness between

about 11 A and about 16 A .

9 . The method of claim 1, wherein said nitrided silicon oxide layer has a thickness

between about 11 A and about 16 A.

10. The method of claim 1, wherein between about 2% and about 20% of all atoms of

said nitrided silicon oxide layer are nitrogen atoms.

11. The method of claim 1, wherein between about 6% and about 8% of all atoms of

said nitrided silicon oxide layer are nitrogen atoms.

12. The method of claim 1, wherein a nitrogen concentration of said nitrided silicon

oxide layer is between about 1E21 and about 1E22 atm/cm3.

13. The method of claim 1, when a thickness of said silicon dioxide layer is not

greater than about 13 A, said performing said rapid thermal nitridation is performed at

a temperature of between about 825 0C and about 885 0C and at a pressure of between

about 720 and about 760 Torr in an ammonia containing atmosphere and said

performing said rapid thermal oxidation or anneal is performed at a temperature of



between about 875 0C and about 895 0C and at a pressure of between about 720 and

about 760 Torr in an oxygen atmosphere.

14. The method of claim 13, further including:

measuring said thickness of said silicon dioxide layer.

15. The method of claim 1, when a thickness of said silicon dioxide layer is greater

than or equal to about 13 A, said performing said rapid thermal nitridation is

performed at a temperature of between about 850 0C and about 900 0C and at a

pressure of between about 720 and about 760 Torr in an ammonia containing

atmosphere and said performing said rapid thermal oxidation or anneal is performed

at a temperature of between about 850 0C and about 900 0C and at a pressure of

between about 720 and about 760 Torr in an nitrogen atmosphere containing no more

than about 10% by volume of oxygen.

16. The method of claim 15, further including:

measuring said thickness of said silicon dioxide layer.

17. The method of claim 1, wherein said forming said silicon dioxide layer includes

performing an initial rapid thermal oxidation.

18. The method of claim 17, wherein said initial rapid thermal oxidation is performed

at a temperature of between about 900 0C and about 1100 0C and at a pressure of

between about 100 and 140 Torr in an ammonia containing atmosphere containing

between about 10% by volume oxygen in nitrogen and about 100% oxygen.



19. The method of claim 1, wherein said forming said silicon dioxide layer includes

performing a thermal oxidation of said silicon substrate.

20. The method of claim 1, further including:

forming a gate electrode over said nitrided silicon oxide layer; and

forming source/drains of a MOSFET in said silicon substrate on opposite sides

of said gate electrode, said source drains separated by a channel region of said

MOSFET, said channel region located in said substrate under said gate electrode.

21. A method, comprising:

forming a silicon dioxide layer on a surface of a silicon substrate;

selecting a first rapid thermal nitridation process and a first rapid thermal

oxidation process or selecting a second rapid thermal nitridation process and a second

rapid thermal oxidation or anneal process based on a thickness of said silicon dioxide

layer; and

either performing said first rapid thermal nitridation process on said silicon

dioxide layer to form an initial nitrided oxide layer and performing said first rapid

thermal oxidation process on said initial nitrided oxide layer to form a nitrided silicon

oxide layer, said first rapid thermal nitridation processes and said first rapid thermal

oxidation processes performed at a temperature of less than or equal to about 900 0C

and a pressure greater than about 500 Torr, or

performing said second rapid thermal nitridation process on said silicon

dioxide layer to form said initial nitrided oxide layer and performing said second

rapid thermal oxidation or anneal process on said initial nitrided oxide layer to form



said nitrided silicon oxide layer, said second rapid thermal nitridation processes and

said second rapid thermal oxidation or anneal processes performed at a temperature of

less than or equal to about 900 0C and a pressure greater than about 500 Torr.

22. The method of claim 21, wherein first or second rapid thermal nitridation process

is performed in an atmosphere containing ammonia.

23. The method of claim 21, wherein said first or second rapid thermal nitridation

process is performed in an essentially 100% ammonia atmosphere.

24. The method of claim 21, wherein said first rapid thermal oxidation or said second

rapid thermal oxidation or anneal process is performed in a nitrogen atmosphere

containing about 10% by volume or less of oxygen.

25. The method of claim 21, wherein said first rapid thermal oxidation or said second

rapid thermal oxidation or anneal process is performed in an essentially 100%

nitrogen atmosphere.

26. The method of claim 21, wherein said first or said second rapid thermal nitridation

is performed without the use of a plasma.

27. The method of claim 21, wherein said first rapid thermal oxidation or said second

rapid thermal oxidation or anneal process is performed without the use of a plasma.



28. The method of claim 21, wherein said silicon dioxide layer has a thickness

between about 11 A and about 16 A.

29. The method of claim 21, wherein said nitrided silicon oxide layer has a thickness

between about 11 A and about 16 A.

30. The method of claim 20, wherein between about 2% and about 20% of all atoms

of said nitrided silicon oxide layer are nitrogen atoms.

31. The method of claim 21, wherein between about 6% and about 8% of all atoms of

said nitrided silicon oxide layer are nitrogen atoms.

32. The method of claim 21, wherein a nitrogen concentration of said nitrided silicon

oxide layer is between about 1E21 and about 1E22 atm/cm3.

33. The method of claim 21, when said thickness of said silicon dioxide layer is not

greater than about 13 A, performing said first rapid thermal nitridation process and

said first rapid thermal oxidation process, said first rapid thermal nitridation process

performed at a temperature of between about 825 0C and about 885 0C and at a

pressure of between about 720 and about 760 Torr in an ammonia containing

atmosphere and said first rapid thermal oxidation process performed at a temperature

of between about 875 0C and about 895 0C and at a pressure of between about 720 and

about 760 Torr in an oxygen atmosphere.

34. The method of claim 33, further including:



measuring said thickness of said silicon dioxide layer.

35. The method of claim 21, when said thickness of said silicon dioxide layer is

greater than or equal to about 13 A, performing said second rapid thermal oxidation

and said second rapid thermal oxidation or anneal process, said second rapid thermal

nitridation process is performed at a temperature of between about 850 0C and about

900 0C and at a pressure of between about 720 and about 760 Torr in an ammonia

containing atmosphere and said performing said second rapid thermal oxidation or

anneal process is performed at a temperature of between about 850 0C and about 900

0C and at a pressure of between about 720 and about 760 Torr in an nitrogen

atmosphere containing no more than about 10% by volume of oxygen.

36. The method of claim 35, further including:

measuring said thickness of said silicon dioxide layer.

37. The method of claim 21, wherein said forming said silicon dioxide layer includes

performing an initial rapid thermal oxidation.

38. The method of claim 37, wherein said initial rapid thermal oxidation is performed

at a temperature of between about 900 0C and about 1100 0C and at a pressure of

between about 100 and 140 Torr in an ammonia containing atmosphere containing

between about 10% by volume oxygen in nitrogen and about 100% oxygen.

39. The method of claim 21, wherein said forming said silicon dioxide layer includes

performing a thermal oxidation of said silicon substrate.



40. The method of claim 21, further including:

forming a gate electrode of a MOSFET over said nitrided silicon oxide layer;

and

forming source/drains of said MOSFET in said silicon substrate on opposite

sides of said gate electrode, said source drains separated by a channel region of said

MOSFET, said channel region located in said substrate under said gate electrode.

41. A method, comprising:

forming a silicon dioxide layer on a surface of a silicon substrate;

selecting a furnace nitridation process and a corresponding furnace oxidation

process from two or more sets of furnace processes based on a thickness of said

silicon dioxide layer; and

performing said selected furnace nitridation process on said silicon dioxide

layer to form an initial nitrided oxide layer and performing said selected furnace

oxidation process on said initial nitrided oxide layer to form a nitrided silicon oxide

layer, said selected furnace nitridation process and said selected furnace oxidation

process performed at a temperature from 650 0C to 850 0C and said selected furnace

oxidation process performed at a pressure from 10 Torr and 760 Torr.

42. The method of claim 41, wherein said selected furnace nitridation and said

selected furnace oxidation are each performed without the use of a plasma.

43. The method of claim 42, when a thickness of said silicon dioxide layer is from 10

A to 13 A, said performing said furnace nitridation is performed at a temperature of



between 840 0C and 860 0C and at a pressure of from 1 Torr to 10 Torr in an ammonia

containing atmosphere and said performing said furnace oxidation is performed at a

temperature of between 600 0C and 700 0C and at a pressure of from 10 Torr to 760

Torr in an atmosphere containing O , N O or NO.

44. The method of claim 42, when a thickness of said silicon dioxide layer is from 10

A to 13 A, said performing said furnace nitridation is performed at a temperature of

between 550 0C and 840 0C and at a pressure of from 1 Torr to 10 Torr in an ammonia

containing atmosphere and said performing said furnace oxidation is performed at a

temperature of between 700 0C and 850 0C and at a pressure of from 10 Torr to 760

Torr in an atmosphere containing O2, N2O or NO.

45. The method of claim 42, when a thickness of said silicon dioxide layer is over 13

A to 22 A, said performing said furnace nitridation is performed at a temperature of

between 840 0C and 860 0C and at a pressure of from 1 Torr to 10 Torr in an ammonia

containing atmosphere and said performing said furnace oxidation is performed at a

temperature of between 750 0C and 850 0C and at a pressure of from 10 Torr to 760

Torr in an atmosphere containing O2, N2O or NO.

46. The method of claim 42, when a thickness of said silicon dioxide layer is over 22

A to 26 A, said performing said furnace nitridation is performed at a temperature of

between 840 0C and 860 0C and at a pressure of from 10 Torr to 760 Torr in an

ammonia containing atmosphere and said performing said furnace oxidation is

performed at a temperature of between 750 0C and 850 0C and at a pressure of from

10 Torr to 760 Torr in an atmosphere containing O2, N2O or NO.
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