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[Title of the Invention]O Method of depositing a higher permittivity dielectric
film

[Technical Field]

O [0001]

O O The present invention relates to a method of depositing a high permittivity
dielectric film, and more particularly, a method of depositing a high permittiv
ity dielectric film such as various oxide films or nitride films with very thin

and uniform thickness on a silicon layer in a substrate.

[Background Arts]

O [0002]

OO 1In making MOSFET devices on a silicon substrate, for example, the depositio

n of very thin films of dielectric materials with permittivity considerably high

er than SiO, will be very importance for future semiconductor devices. The thin

higher permitittivity dielectric film is used as a gate-dielectric layer in the

MOSFET, for example. In detail, the high permittivity dielectric materials are e

xpected for use in two different applications. The first application is to repla

ce currently widely using Si0O,, SiON and Si;N, dielectric materials in CMOS tran

sistor gate dielectrics. The second application is to fabricate capacitors with

higher capacitance particularly for liquid crystal display panels.

O [0003]

O O At present there are two basic techniques in depositing high permittivity d
ielectric materials. The first method is chemical vapor deposition (CVD) and the
second method is physical vapor deposition (PVD).

O [0004]

O O Even though there are many different techniques in depositing films by CVD

method, basically only two methods are widely apply in industry.

OO In the first technique, a chemical precursor, preferably metal organic comp

ound, is decomposed by a plasma or thermal energy and reacted with a suitable ga

s to form a desired higher permittivity dielectric material. This technique is u

sually referred to MO-CVD technique.

OO In the second method, two chemical agents are introduced to a substrate alt

ernately having a time-break in between each gas introduction. During the time-b
reak, first introduced gas is evacuated except molecules adsorbed on the substra

te surface. When the second agent is introduced, it reacts with the surface adso
rbed first gas molecules and forms a dielectric film. Then remaining excess gas
is evacuated during the time break that goes until next gas introduction. This t

echnique is referred to atomic layer deposition (ALD) technique.

O [0005]

O O There are two basic requirements in depositing the high permittivity dielec

tric films on the silicon substrate as the gate dielectric in the CMOS applicati

ons. The first requirement is that the film has to be very thin. For example, mo

st of the future CMOS devices need films with a physical thickness less than 3 n
m. The second requirement is that thickness of the films has to be extremely uni

form, for example, less than 1% (1o ). Since these films are very thin, a slight
non-uniform film significantly changes electrical properties, for example, capa
citance and leakage current. With reference to these two basic requirements, dem
erits of above deposition techniques are discussed.

O [0006]

O O As one of conventional techniques there is a patent document 1 disclosing a



(15) JP 2005-340721 A 2005.12.8

method of depositing high dielectric oxide films directly on silicon layers usi
ng a reactive sputtering method or CVD, for example. This method has been propos
ed for forming a high dielectric oxide film directly on the silicon layer withou
t degrading the properties of the high dielectric oxide film, such as the high d
ielectric or insulation. In accordance with the above-mentioned conventional met
hod, first, the high dielectric nitride film is formed on the silicon layer, and
afterward the high dielectric nitride film is changed to become the high dielec
tric oxide film by oxidizing it.
0 O [Patent Document 1]0 0O JP-A-11-168096
[Disclosure of the Invention]
[Subject to be solved by the Invention]
O [0007]
O O The subject of the invention is as follows: when fabricating a very thin di
electric film used as a gate-dielectric layer in the MOSFET on the silicon subst
rate, a uniform dielectric film with a higher permitittivity is need to be depos
ited.
O [0008]
O O The object of the present invention is to provide a method of depositing a
dielectric film with a very thin thickness, high uniformity of film quality, and
higher permittivity, in the MOSFET on the silicon substrate.
[Means to solve the Problem]
O [0009]
O O A method of depositing a high permittivity dielectric film of the present i
nvention is configured as follows in order to attain the above-mentioned object.
O [0010]
O O a method of depositing a high permittivity dielectric film on a doped silic
on or silicon compound layer of a substrate is comprised of a first step of nitr
iding a specific element (A) to form a nitride film OO ,0 ,0on the silicon lay
er, wherein the specific element (A) and nitrogen (N) in the nitride film O O,
0,0 have a predetermined fraction relationship between x and y; a second step
of oxidizing the nitride film in a oxygen atmosphere to form the dielectric film
(AON) which is oxidized and nitrided.
0 [0011]
OO 1In the above-mentioned method, preferably, the specific element (A) is any
one which belongs to three, four or five family of periodic table of the element
S.
0 [0012]
OO 1In the above-mentioned method, preferably, the specific element (A) and nit
rogen (N) in the nitride film 00,0 ,0 have a relationship that y is smaller t
han its stochiometric value.
O [0013]
O 0O 1In the above-mentioned method, preferably, the specific element (A) is hafn
ium (HF).
O [0014]
OO In the above-mentioned method, preferably, the hafnium (Hf) and nitrogen (N
) in the nitride film OHFf, O, 0 have a relationship that 00000 0OO for O
O0o.
O [0015]
OO In the above-mentioned method, preferably, the oxidization process in the s
econd step is carried out through a thermal anneal process with a specific tempe
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rature included in a temperature range of 400-10000 .

O [0016]

O O 1In the above-mentioned method, preferably, a reactive sputtering method is
used for the film deposition.

O [0017]

OO In the above-mentioned method, preferably, any one of SiO,, SiN, SiON layer

s is arranged on said silicon layer first, then a high permittivity dielectric f
ilm (AON) is deposited.

O [0018]

OO In the above-mentioned method, preferably, in the first step a flow rate of
nitrogen gas (N,) supplied for a nitriding process is any value included in a r
ange of 1-15 sccm.

[Effect of the Invention]

O [0019]

O O 1In accordance with the present invention, a new technique is provided in de
positing very thin and very uniform dielectric films by PVD and thermal annealin

g processes, in which films are not subjected to plasma induced damages. It has
been shown that this technique yields higher permittivity dielectric films with
EOT (equivalent oxide thickness) <1 nm with leakage current smaller than 100" A/
cm® .

[Best Working Examples for carrying out the Invention]

0 [0020]

O O Hereinafter, preferred working examples will be explained according to the
attached drawings. Through the explanation of the working examples, the details
of the present invention will be clarified.

[Working Example 1]

0O [0021]

O 0O A first working example of the present invention is explained with referenc
e to Figs. 1 to 6. As one example, a schematic diagram of a PVD process chamber
10 is shown in Fig. 1. A method of depositing a high permittivity dielectric fil
m in accordance with the present invention is carried out in order to form a gat
e insulation layer on the silicon wafer for making a gate electrode for MOSFET i
n the PVD process chamber.

O [0022]

O O First the structure of the PVD process chamber 10 is explained. This proces
s chamber 10 is comprised of a wafer holder 11, a target 12 which is also called
as cathode and of a plate-shape, sidewalls 13, top plate 14, bottom plate 15, v
acuuming port 16 and a gas inlet 17. The typical material of the target 12 is pr
eferably hafnium (Hf). The target 12 is fixed to the walls or plates (13, 14) of
the process chamber 10 through an insulator support plate 18 in an inclination
position. It is electrically isolated from the rest of the process chamber 10 by

the insulator support plate 18.

O [0023]

O O On the upper or side of the target 12, there is a magnet arrangement 19 fix
ed to a rotatable support plate 20. The support plate 20 has a drive mechanism t
hat is not shown in the figure. A reference number 20a designates a rotation axi
s. During the operation, the magnet arrangement 19 is rotated by an electrical m
otor included in the drive mechanism. The electrical motor and rotating mechanis
m for the magnet arrangement 19 is not shown in the Fig. 1.

O [0024]
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O O The above-mentioned target 12 is supplied with a DC electrical power to gen
erate plasma from a DC power source 21. The use of the DC electrical power is no
t essential. Instead of the DC electrical power, a rf electrical power may be us
ed to generate the plasma.

O [0025]

O O The target 12 is preferably made of hafnium (Hf) with the purity of 99.99%.
The target 12 is placed with a preferred predetermined angle with respect to a
wafer or substrate 22, which is placed on the wafer holder 11. Again, axes lla a
nd 12a of the wafer holder 11 and the target 12 are not parallel and intersect a
t a predetermined angle (a ). They exist in the same plane. The angle (a ) betwe

en these two axes 1la and 12a is smaller than 90°, and typically around 45°.

O [0026]

O 0O The wafer holder 11 is rotated with a rotation speed of about 60 rpm etc. d
uring the film deposition on the wafer 22. The rotation speed is not critical an
d can be varied in a wider range, for example, the range of 10-500 rpm. The wafe
r holder rotation mechanism is not shown in the figure.

O [0027]

O O Next, the method or process of depositing the high permittivity dielectric
film on the wafer 11 carried out in the above-mentioned PVD process chamber is e
xplained in detail in reference to Fig. 2.

O [0028]

O O The high permittivity dielectric film is formed on the surface of doped sil
icon (p-Si, n-Si) or doped silicon compound (doped SiGe: p-SiGe, n-SiGe, for exa
mple) wafer 22. The high permittivity dielectric film is used for the gate diele
ctric layer of MOSFETs in the CMOS devices fabricated on the wafer 22. It is ver

y thin dielectric film with a higher permittivity larger than that of Si0,.

O [0029]

0 O As a process gas, Ar and N, is introduced to the process chamber 10 through
the gas inlet 17. The inside pressure within the process chamber 10 is preferab
ly maintained below 0.5 Pa. Sputtering is carried out by applying the DC electri
c power to the Hf target 12.

O [0030]

O O When carrying out the sputtering using the Hf target 12, the process chambe
r 10 has been introduced with a nitrogen (N,)/Argon (Ar) mixture gas beforehand.
Since there is the element of N, in the PVD process chamber 10, sputtered atoms
Hf react with nitrogen radicals/ions and form HfN (nitride hafnium) film or lay
er on the surface of the wafer 22. A base material of the wafer 22 is silicon. T
he HFN film is formed on the doped silicon layer or SiGe etc.

O [0031]

O 0O The Hf-base high permittivity dielectric film forming procedure goes as fol
lows.

O [0032]

0O000((1):0 a wafer (the above-mentioned wafer 22) is cleaned in diluted HF solu

tion to remove native silicon oxide (Step S1).

O00(2):0Dry the wafer (Step S1).

O 00 (3):0 Deposit the HFN film on the wafer by reactive sputtering technique (

Step S2).

O 00 (4):0 Anneal the wafer at a higher temperature over 4000 in an almost ine
rt gas or N, environment where oxygen content is about 1% (Step S3).

O [0033]
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OO First, the wafer is cleaned in a diluted HF solution to remove natural oxid

es and other dirt on the wafer surface and dried (Step S1). Secondly, the HfN fi
Im is deposited on the wafer surface by the reactive sputter deposition techniqu

e (Step S2). For the HfN deposition above-mentioned PVD process chamber 10 is us

ed. Thirdly, the wafer is subjected to thermal annealing at a higher temperature
over 4000 (Step S3). The annealing pressure is not critical and can be varied

from several Torr to atmospheric pressure. The annealing gas environment is almo

st an inert gas or N, gas, with about 1% of oxygen. Through the anneal process,

the oxidization is carried out to the HfN film and the HfN film is changed to be
a HFON film as a high permittivity dielectric film.

O [0034]

OO 1In the above process of depositing or forming the high permittivity dielect
ric film using the Hf target 12, which is very thin and used as a gate dielectri

c, the hafnium (Hf) and nitrogen (N) in the nitride film O Hf,N, O have a relati

onship that 0 OO0 0O OO0O for O0ODO.

O [0035]

O O After the above-mentioned film preparation, a TaN film is deposited on the
HfN film as the gate electrode, patterned and etched to form metal-oxide-semicon
ductor (MOS) capacitors on the wafer 22. The CV (capacitance-voltage) and IV (cu
rrent-voltage) properties of these MOS capacitors were investigated and estimate
d equivalent oxide thickness (EOT) and leakage current.

O [0036]

O O The above-explained hardware yields extremely uniform film over 200 mm or 3

00 mm diameter wafers. Fig. 3 shows the HfN film uniformity over 200 mm wafer. F
ig. 3(A) is a plan view of the wafer showing the film thickness and Fig. 3(B) is
a longitudinal view in a diameter line showing the normalized resistivity of th
e film. The film thickness is monitored on 49 points distributed overg 180 mm su
rface area and estimated the standard deviation (o ) as 0.95%. The standard devi
ation represents the film non-uniformity. In Fig. 3, a reference number 23 desig
nates uniformity contour lines and a reference number 24 designates a characteri
stic line formed by resistiviy data.

O [0037]

O O Figs. 4 and 5 shows electrical data as to the prepared Hafnium oxy-nitride
film (HfON) obtained with the procedure explained before. Those HfON films are d
eposited with the following process and film parameters.

O [0038]

Pressured OO O OO0O 0.019 Pa

Ar gas flow rated O O 20 sccm

N, gas flow rated OO 6 sccm

DC powerd O OO QO OO 300W

Deposition rated O 0O 0O 2.4 nm/min

Deposition timed O O O 12.5 sec.

HfFN film thicknessO O 0.5 nm

HFN film resistivityd 516y Q cm

HEN film uniformityd 0 0.95 % (1o )

O [0039]

O O Figs. 4 and 5 show CV and 1V characteristics of the prepared film, respecti
vely. In this case, the original HfN film thickness that is before thermal annea
ling, is 0.5 nm. The thermal annealing is carried out at 6000 for 30 sec in N,
and 0, (O 1%) gas mixture under atmospheric pressure. The deposited HfN shows me
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tallic behavior having a low resistivity. The resistivity of the HFfN film varies
with the nitrogen content in the film. Fig. 6 shows the variation of HfN resist
ivity as a function of nitrogen flow rate introduced into the process chamber 10

O [0040]

O O As shown in Fig. 4 and 5, the resultant film (HfON) after the thermal annea

ling process shows dielectric behavior. The resultant film becomes a high permit

tivity dielectric film with very thin thickness. Therefore, during the thermal a

nnealing, HfN film satisfied with the above-mentioned condition as reacted with

oxygen and formed HFfON (molecular nitrogen has no reaction with HfN at 6000 ).

0O [0041]

O O Again, at the Si/HfN interface, Si reacts with oxygen, which is coming thro

ugh HFfON film and form a very thin layer of Si0O. At this higher temperature, Hf

and Si can mix at the vicinity of interface and form HfSiON. Accordingly, the re
sulted film contains HFfON, HFfSiON and Si0. The EOT and leakage current estimated
for the film shown in Fig. 4 and 5 are 0.95 nm and 0.03 Alcm™ %, respectively. T
he leakage current is estimated at 0 1.2 V, that is 01 V from V¢, (flat-band vo

Itage) of 0 0.2 V.

O [0042]

O O The extent of Si oxidation and intermixing between Si and Hf depend on anne

aling temperature and time. Depending on the initial HfN thickness, one has to f

ind optimized annealing temperature and time to get the lowest EOT and/or lowest
leakage current.

O [0043]

O O During the deposition process, the vertical distance between the center of

the Hf target 12 and the wafer holder 11 is 300 mm. The plasma generated by DC e

lectric power is basically confined at the vicinity of Hf target 12 by the stron

g magnetic field. Due to these two reasons, the plasma density over the wafer su

rface is negligibly smaller. Thus, the film deposition with the above-mentioned

hardware can be considered as remote plasma deposition. Owing to these facts, th

e films deposited on the wafer 22 are not subject to plasma induced damages. Thi

s is further confirmed by CV and IV measurements, wherein there is no evidence f

or plasma-induced damages to the film.

O [0044]

0O O As the modifications of the first working example, it should be noted, that
one can use a different metal or metal nitride as the initial film in obtaining
gate dielectric instead of the above hafnium (Hf). The different metal is a spe

cific element that belongs to third, fourth or fifth family of a periodic table

of the elements. The examples as to the specific element are Zr, La, Ti, Ta and

the like. When indicating the specific element as a symbol "A" in general, the d

eposited nitride material is expressed as 0,0 ,. In this case, the specific ele

ment (A) and nitrogen (N) in the nitride film O 0O,0,0 have a predetermined fr
action relationship between x and y. Concretely, y is smaller than its stochiome

tric value as to the nitride film 00O ,0 ,0.

O [0045]

O O Also one can use heavily doped poly-Si as the metal gate. Moreover, instead
of one type of material, one can used a combination of different metal/metal ni

tride as the metal gate. Depending on the type of metal gate material, the flat-

band voltage shift and metal gate work function of the fabricated MOS device cha
nges.
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[Working Example 2]

O [0046]

0O O Next, the second working example of the present invention is explained. The
feature of the second working example is in the film preparation procedure. Thi
s film preparation procedure in the second working example is as follows.

O [0047]

OO0 (1):0A wafer is cleaned in diluted HF solution to remove native silicon
oxide.

000 (2):0Dry the wafer.

OO0 (3):0 Thermal annealing over 5000 1in NH; gas environment.

O O00d (4):0 Deposit HFN by the reactive sputtering technique.

OO0 (5):0 Anneal the wafer at a higher temperature over 4000 in an almost in
ert gas or N, environment where oxygen content is about 1%.

O [0048]

OO In the second working example only the initial wafer preparation before HfN
film depositing has been changed compared to the first working example. As expl
ained above, the wafers are subjected to a thermal annealing in NH; gas ambient
after cleaning in diluted HF solution and before HfN deposition. During this ann
ealing process a thin layer of silicon nitride (SiN,) is formed on the wafer sur
face. Typically, annealing time and temperature is controlled to have a silicon
nitride film less than 1 nm thickness. However, this is not a critical requireme
nt. This silicon nitride layer suppresses oxygen diffusion to the Si wafer 22 du
ring post deposition annealing. Oxygen diffusion to the Si wafer 22 causes forma
tion of Si0, and thereby an increase of EOT. Accordingly, the silicon nitride la

yer assists to minimize EOT of the resultant film.

O [0049]

O O O Except the above-mentioned additional step, all the other processing steps
and the configuration of the processing system in the second working example ar
e the same as those explained in first working example.

[Working Example 3]

O [00050]

O O Next, the third working example of the present invention is explained. The

feature of the third working example is also in the film preparation procedure.

This film preparation procedure in the third working example is as follows. In t
he third working example, only the initial wafer preparation method is changed.
O [0051]

OO0 (1):0A wafer is cleaned in diluted HF solution to remove native silicon

oxide.

000 (2):0Dry the wafer.

OO0 (3):0Deposit very thin layer of SiO, or SiON or SizN, by CVD or RTP pro
cess which is called as underlayer.

000 (4):0 Deposit HfN by the reactive sputtering technique.

OO00d (5):0 Anneal the wafer at a higher temperature over 4000 1in an almost in
ert gas or N, environment where oxygen content is about 1%.

O [0052]

OO The Si0O,, SiON or Siz;N, layer deposited by CVD or RTP is usually kept aroun

d 1 nm or smaller. The use of this layer is to improve electrical characteristic

s of the final composite dielectric material.

O [0053]

0 O Except the above-mentioned differences, all the other film preparation meth
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od is the same as those explained in the first working example.
O [0054]

O O Figs. 7 and 8 show CV and 1V curves, respectively, for the resulted films i
n which the underlayer is SiO,.with thickness of 1.2 nm. Figs. 9 and 10 shows CV
and 1V curves, respectively, for the resulted films in which the underlayer is
SiON with thickness of 1.2 nm. These Si0, and SiON were deposited by RTP process

HfN was deposited on these wafers by the reactive sputtering under the conditi
on given in the first working example. Then the films are thermally annealed at
9000 for 30 sec. Thereafter, CV and IV data were measured using TaN metal gate
electrode.

O [0055]

O 0O A summary of electrical properties of these films is indicated on a table s
hown in Fig. 11.

O [0056]

O O The post deposition annealing temperature and annealing time is critical in
optimizing electrical properties. It should be noted that the above-explained a
nnealing time and temperature are perhaps not the best condition. Also one can u

se a different annealing technique other than RTP method.

[Usability in Industry]

O [0057]

O O The present invention is used for depositing a high permittivity dielectric
film such as various metal oxide films or metal oxy-nitride films with very thi
n and uniform thickness on the doped silicon or Si compound wafer, which is used
as a gate dielectric layer for MOSFET device.

[Explanation of Figure]

O [0058]

OO0 [Fig- 1]

OO This figure is a schematic view of a DC magnetron PVD system used for HfN f
ilm deposition.

OO0 [Fig- 2]

O 0O This figure is a process views for forming a high permittivity dielectric f
ilm as a gate insulation film.

OO0 [Fig- 3]

O 0O This figure ((A), (B)) is a plan view (A) of the wafer showing the film thi
ckness and a longitudinal view (B) in a diameter line showing the normalized res
istivity of the film.

OO0 [Fig- 4]

O O This figure is a characteristic graph showing CV data obtained for the resu
Ited dielectric film.

OO0 [Fig- 5]

O 0O This figure is a characteristic graph showing IV data obtained for the resu
Ited dielectric film.

OO0 [Fig- 6]

O O This figure is a characteristic graph showing the variation of HfN resistiv
ity against the nitrogen flow rate introduced into the process chamber.

O4d [Fig- 7]

O O This figure is characteristic graphs showing CV curves for final dielectric
films wherein underlayer is 1.2 nm Si0, and HfN thickness is 0.5 nm and 1 nm.
OO0 [Fig- 8]

O O This figure is characteristic graphs showing IV curves for final dielectric
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films wherein underlayer is 1.2 nm Si0, and HfN thickness is 0.5 nm and 1 nm.
OO0 [Fig. 9]
OO This figure is characteristic graphs showing CV curves for final dielectric
films wherein underlayer is 1.2 nm SiON and HfN thickness is 0.5 nm and 1 nm.
OO0 [Fig. 10]
O O This figure is characteristic graphs showing IV curves for final dielectric
films wherein underlayer is 1.2 nm SiON and HfN thickness is 0.5 nm and 1 nm.
00 [Fig. 11]
O 0O This figure is a table showing a summary of electrical properties of the sp
ecific films
[Explanation of Reference Signs]
O [0059]

100 O O PVD process chamber
0110 0 O Wafer holder
0 120 0O O Target
0 190 O O Magnet arrangement
0 220 O O Wafer

OO0 [Claim 1]

O 0O A method of depositing a high permittivity dielectric film on a doped silic

on or silicon compound layer of a substrate is comprised of:

00O a first step of nitriding a specific element (A) to form a nitride film O
O,0,0o0n said silicon layer, wherein said specific element (A) and nitrogen (N

) in said nitride film 00,0 /0 have a predetermined fraction relationship bet

ween x and y;

O O a second step of oxidizing said nitride film in an oxygen atmosphere to for

m said dielectric film (AON) which is oxidized and nitrided.

00O [Claim 2]

OO A method of depositing a high permittivity dielectric film according to cla
im 1, wherein said specific element (A) is any one which belongs to three, four

or five family of periodic table of the elements.

OO0 [Claim 3]

O O A method of depositing a high permittivity dielectric film according to cla
im 1, wherein said specific element (A) and nitrogen (N) in said nitride film O
O0,0,0 have a relationship that y is smaller than its stochiometric value.

00O [Claim 4]

OO A method of depositing a high permittivity dielectric film according to cla
im 2, wherein said specific element (A) is hafnium (Hf).

O 0O [Claim 5]

OO A method of depositing a high permittivity dielectric film according to cla
im 4, wherein said hafnium (Hf) and nitrogen (N) in said nitride film OHf, O 0O
have a relationship that 0 0O 0O D0O0OO for O0ODO.

OO [Claim 6]

OO A method of depositing a high permittivity dielectric film according to any
one of claims 1-5, wherein the oxidization process in said second step is carri
ed out through a thermal anneal process with a specific temperature included in
a temperature range of 400-10000 .

OO0 [Claim 7]

O O A method of depositing a high permittivity dielectric film according to any
oner of claims 1-6, wherein a reactive sputtering method is used for the film d
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eposition.

OO0 [Claim 8]

OO A method of depositing a high permittivity dielectric film according to cla
im 1, wherein any one of Si0O,, SiN, SiON layers is arranged on said silicon laye
r, and in said second step another high permittivity dielectric film (AON) is de
posited.

00O [Claim 9]

OO A method of depositing a high permittivity dielectric film according to cla
im 1, wherein in said first step a flow rate of nitrogen gas (N,) supplied for a
nitriding process is any value included in a range of 1-15 sccm.

[Abstract]

[Subject]O O To provide a method of depositing a dielectric film with a very th
in thickness, high uniformity of film quality, and higher permittivity, in the M
OSFET on the silicon substrate.

[Means to solve the Problem]O This method is of depositing a high permittivity d
ielectric film on a doped silicon or silicon compound layer of a wafer 22. The m
ethod is comprised of a first step of nitriding a specific element (A) such as h
afnium Hf to form a nitride film O O ,0 ,0 on the silicon layer, wherein the spe
cific element (A) and nitrogen (N) in the nitride film 00,0 ,0 have a predete
rmined fraction relationship between x and y; a second step of oxidizing the nit
ride film in a oxygen atmosphere to form the dielectric film (AON).
[Representative Figure]d Fig. 2
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00 Fig. 110
["Underlayer | HiN thickness | EOT Vi | Leakage current at Vi,
‘ Thickness |
ESiOZ(l‘Z nm) 0.5 nm 11.63 nm 071V i 1.08 x 107 Afem™ ‘
PSi02(120m) | 1.0nm {1.81nm S1.04V ‘ 2.00x10° Alem™ |
| SION (1.2nm) | 0.5 nm {179 m 091V | 674x10° Adem® ‘
i SION (1.2 nm) } 1.0 nm 166 nm 095V \ 5.65x10° Aem™ !
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