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Ultrathin fluorinated silicon nitride gate dielectric films
formed by remote plasma enhanced chemical vapor
deposition employing NH 3 and SiF 4

Hiroyuki Ohta, Masaru Hori,a) and Toshio Goto
Department of Quantum Engineering, Graduate School of Engineering, Nagoya University, Furo-cho,
Chikusa-ku, Nagoya 464-8603, Japan
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Ultrathin fluorinated silicon nitride (SiNx) films of 4 nm in thickness were formed on a Si substrate
at 350 °C in the downflow of electron cyclotron resonance plasma-enhanced chemical vapor
deposition employing ammonia and tetrafluorosilane (NH3/SiF4) gases. Ultrathin fluorinated SiNx

film was evaluated for use as a gate dielectric film. The observed properties indicated an extremely
low leakage current, one order of magnitude lower than thermal SiO2 of identical equivalent oxide
thickness, as well as an excellent hysteresis loop~20 mV! and interface trap density (D it54
31011cm22) in the capacitance–voltage characteristics. The film structures and the surface
reactions for the fluorinated SiNx film formation were examined viain situ x-ray photoelectron
spectroscopy.in situ Fourier-transform infrared reflection absorption spectroscopy,in situ atomic
force microscopy, and thermal desorption mass spectroscopy. The control of the fluorine
concentration in the SiNx films was found to be a key factor in the formation of fluorinated SiNx

films of high quality at low temperatures. Fluorinated SiNx is the effective material for application
in ultrathin gate dielectric film in ultralarge-scale integrated circuits. ©2001 American Institute of
Physics. @DOI: 10.1063/1.1381556#
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I. INTRODUCTION

As device dimensions shrink to below 0.1mm in
ultralarge-scale integrated circuits~ULSIs!, the thickness of
the gate dielectric film (SiO2) in field effect transistors will
fall to <2 nm range, which leads to leakage due to a tunn
ing current. In principle, the SiO2 film is replaced by a di-
electric film of a higher dielectric constant, since the physi
thickness can be increased to be above 3 nm according t
scaling limit.1 Silicon nitride (SiNx) film has attracted as
much attention as a possible scaled gate dielectric film
next-generation ULSIs. Since the dielectric constant of Sx

film ( e57.5) is higher than that of SiO2 (e53.9), the thick-
ness can be increased. Furthermore, SiNx film is compatible
with the conventional process involved in ULSI formatio
and has a high diffusion barrier for boron penetration. As o
approach, future high-speed (>1 GHz) ULSIs will require
the introduction of metal substrate silicon-on-insulator~SOI!
devices.2 In order to fabricate metal substrate SOI devic
all of the manufacturing processes have to be performed
temperature below 550 °C in order to avoid unexpected
actions between Si and metals. Moreover, in order to rea
ultrahigh integration devices with precise doping profile co
trol, all of the manufacturing processes must be performe
temperatures below 550 °C so as to prevent rediffusion
impurities injected in the substrate. In order to establish co
plete low temperature processing below 550 °C, lower
the process temperature of integration with the SiNx film
formation is critical. Chemical vapor deposition~CVD! tech-
niques such as plasma-enhanced CVD~PECVD! and remote

a!Electronic mail: hori@nuee.nagoya-u.ac.jp
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PECVD, and plasma-nitridation of Si substrate in N2 atmo-
sphere present the advantage of lowering the subs
temperature.3–5 Unfortunately, although the low-temperatu
processes generally meet the low-temperature and l
thermal budget constraints for ULSI applications, the elec
cal performance of SiNx films formed by PECVD are mar
ginal, primarily due to the high current leakage at lo
electrical fields, and high densities of traps at their interfa
with Si.6 In our previous works, it was reported that ultrath
SiNx films of good quality were formed while controlling th
radicals and ions in electron cyclotron resonance~ECR!
plasma employing nitrogen and silane (N2/SiH4)

7 and am-
monia and silane (NH3/SiH4).

8 As a result, NH4
1 charged

species were found to be important in the formation of
Si–N network for the forming of SiNx films of high quality
in PECVD employing NH3/SiH4. However, large concentra
tions of hydrogen are contained in ultrathin SiNx film formed
employing NH3/SiH4 and these hydrogen bonds may act
deep traps in the film. Therefore, in order to improve meta
nitride–semiconductor~MNS! characteristics in future de
vices, the amount of hydrogen incorporated should be
duced and/or the formation of stable hydrogen bonds in
films are desired. However, no report has been presente
the formation of ultrathin SiNx film in order to control the
hydrogen densities and hydrogen bonds at low temperat

In the present study, we synthesize ultrathin fluorina
SiNx films of 4 nm in thickness having a low leakage curre
an excellent hysteresis loop, and a low interface trap den
The ultrathin SiNx films were formed by remote ECR–
PECVD employing ammonia and tetrafluorosila
(NH3/SiF4) gases at 350 °C. The effects of fluorine atoms
5 © 2001 American Institute of Physics
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the ultrathin film property were clarified based onin situ
x-ray photoelectron spectroscopy~XPS!, in situ Fourier-
transform infrared reflection absorption spectrosco
~FTIR–RAS!, FTIR, in situ atomic force microscopy~AFM!,
and thermal desorption spectroscopy~TDS! observations.

II. EXPERIMENT

The typical ECR–PECVD system with a divergen
magnetic field was used in the present study, the detail
which have been presented in a previous article.9 In the fol-
lowing section, the CVD system is described briefly. T
ECR chamber has an inner diameter of approximately
mm and a height of 160 mm. The ECR chamber is moun
on a deposition chamber. Plasma generated by microw
excitation at 2.45 GHz is fed into an 875 G magnetic fie
that is generated by the magnets surrounding the cham
The plasma stream is extracted from the ECR chamber
the deposition chamber by a divergent magnetic field. T
chamber is pumped by an 1130 L/s turbomolecular pump
achieve a base pressure of 131025 Pa. The properties of the
plasma were evaluated employing the N2 gas using single
Langmuir probe to be as follows: electron temperatures;
low 4 eV, plasma densities; approximately 33109 cm23, and
sheath voltage; approximately 17 V in the downstre
plasma region. The N2 plasma condition was as follows: tota
pressure, 0.5 Pa; N2 gas flow rate, 100 sccm; microwav
power; 300 W; substrate bias; floating, and substrate t
perature, 350 °C.

The SiNx films were formed by ECR–PECVD employ
ing ammonia and tetrafluorosilane (NH3/SiF4) gases. NH3
gas was fed into the ECR chamber through a shower no
near the quartz window. SiF4 gas was introduced into th
deposition chamber near the substrate. In this system,
process chamber was equipped within situ FTIR–RAS. An
IR beam was introduced through a polarizer and a KBr w
dow into the process chamber at an incident angle of 8
The beam was reflected at the substrate and was detecte
a mercury–cadmium–telluride detector. The optical path w
purged by the dry air in order to avoid the perturbation
water vapor. IR spectra were measured by a Four
transformed IR spectrometer~JIR-7000 of JEOL Co.!. The
wave number resolution of FTIR–RAS was 4 cm21. A two-
layered substrate consisting of aluminum~Al ! ~600 nm thick-
ness! sputtered onto ann-type ~100! silicon substrate in a
vacuum was used for FTIR–RAS. The dimensions of
substrate are 4 cm34 cm. The SiNx film was deposited on
the two-layered substrate. FTIR–RAS has been applied
viously in in situ observation of the growth process of SiNx

films under ECR PECVD conditions.
In addition, the XPS system~Escalab 220i-XL of

FISONS Co.! and the AFM system~UHV–AFM of
OMICRON Co.! were connected to the ECR chamb
through a transfer chamber in a vacuum. In the XPS syst
Mg Ka radiation (hn51253.6 eV) which allows an overa
resolution of 0.7 eV was used as an x-ray source. The Sx

films formed by ECR–PECVD were transferred to the X
and AFM chamber without atmospheric exposure. Theref
the in situ FTIR–RAS, in situ XPS, andin situ AFM analy-
Downloaded 19 Oct 2006 to 133.6.32.11. Redistribution subject to AIP 
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ses enabled the chemical structure of the SiNx films to be
investigated immediately, without exposing the films to t
atmosphere following deposition.

SiNx films were formed onn-type ~100! silicon sub-
strates. Silicon substrates were cleaned using
(HF:H2O51:10) solution at room temperature before dep
sition. The physical thickness of the film was measured
in situ XPS using the ratio of the bulk Si 2p to the chemi-
cally shifted Si 2p, as determined by ellipsometry. The film
deposition was performed under the following condition
total pressure, 0.5 Pa; microwave power, 300 W; subst
bias, floating, and substrate temperature, 350 °C. The m
ture ratio of~NH3/SiH4 or NH3/SiF4! gases was varied from
1.25 to 16.7.

The electrical properties of the SiNx films were evalu-
ated using Al/SiNx /Si ~n-type! diode structures of Al elec-
trode area 3.98 mm2 that were prepared especially for th
present study. For these samples, no postmetal anne
treatments were performed. The leakage current dens
voltage (J–V) characteristics were measured by using
semiconductor parameter analyzer~Hewlett-Packard:
4156B!. The capacitance–voltage (C–V) characteristics
were measured using with a commercial measurement
tem ~SSM 5100 system!, in which, rather than depositing
gate electrode,C–V measurements were performed using
mercury~Hg! electrode placed above the sample. The are
the Hg electrode was controlled by N2 gas pressure in the
capillary.

III. RESULTS AND DISCUSSION

A. Growth and structure characterization

The SiNx film was formed employing NH3/SiH4 gases
and the fluorinated SiNx film was formed employing
NH3/SiF4 gases. Figure 1~a! shows FTIR RAS spectra of th
ultrathin SiNx and fluorinated SiNx film. In the case of the
SiNx films, a frequency component at 1106 cm21 was ob-
served, which consists of a superposition of Si–N and N
bending mode components. Whereas in the case of the
orinated SiNx films, a frequency component at 1087 cm21

was observed, which is attributed to a superposition of Si–
Si–F stretching mode, and N–H bending mode compone
The frequency component (1087 cm21) of the fluorinated
SiNx films was lower than that (1106 cm21) of the SiNx

films.10 This frequency component shift between the Six

film and the fluorinated SiNx film is probably due to the
amount of N–H bonds in these films. Figure 1~b! shows the
FTIR RAS results for the normalized absorption intensity
Si–N bonds using the fluorine concentration determined
in situ XPS, as a function of SiF4 flow rate. The conditions of
NH3/SiH4 PECVD were optimized so as to obtain the fil
composition of near stoichiometry~1.33! which was con-
firmed by examining the ratio of the N 1s peak to the chemi-
cally shifted Si 2p peak ofin situ XPS. The mixture ratio of
NH3/SiH4 was 16.7 (NH3/SiH4550/3). By increasing the
SiF4 flow rate, the normalized absorption intensity of Si–
bonds remained unchanged up to SiF4 gas flow rates of 20
sccm and decreased at flow rates above 20 sccm. The
rine concentration increased up to flow rates of 20 sccm
license or copyright, see http://jap.aip.org/jap/copyright.jsp
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had a tendency to saturate at flow rates above 20 sccm. T
results suggest that fluorines produced from the dissocia
of SiF4 contribute to etching of SiNx films at high SiF4 flow
rates above 20 sccm.

Based on these results, we optimized the deposi
condition of fluorinated SiNx film in NH3/SiF4 PECVD as
follows: total pressure, 0.5 Pa; gas flow ra
NH3/SiF4550/20 sccm; microwave power, 300 W; substra
bias, floating, and substrate temperature, 350 °C.

XPS survey spectra of SiNx film and fluorinated SiNx
film grown at 350 °C are shown in Fig. 2. The Si 2p, Si 2s,
N 1s, F 1s signals and only a small amount of O 1s peak

FIG. 1. ~a! In situ FTIR RAS spectra of ultrathin SiNx and fluorinated SiNx
films, ~b! in situ FTIR RAS results of normalized absorption intensity
Si–Nx bonds and fluorine concentration, as a function of SiF4 flow rate.

FIG. 2. In situ XPS survey spectra of SiNx film formed employing
NH3 /SiH4 and fluorinated SiNx film formed employing NH3 /SiF4.
Downloaded 19 Oct 2006 to 133.6.32.11. Redistribution subject to AIP 
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(;2 at.%) were observed, and the existence of fluor
bonds was confirmed in the fluorinated SiNx film. The oxy-
gen signal is not attributed to the film, but rather is attribut
to the oxygen absorbed onto the silicon surface before de
sition because XPS was carried out byin situ observation
and oxygen peaks were not observed for relatively th
films ~above 20 nm!. Therefore, the effect of oxygens on th
film properties can be neglected in the present study. In
dition, film surface roughness was observed usingin situ
AFM. The surface roughness was smooth~rms51.3 nm! and
no remarkable difference was observed between the sur
of conventional SiNx and fluorinated SiNx films.7

The Si 2p spectra of conventional SiNx and fluorinated
SiNx films of various fluorine concentrations are shown
Fig. 3~a!. The peak corresponding to Si–Nx bonds is ob-
served at approximately 102 eV. The peak component of
fluorinated SiNx film consists of a superposition of Si–Nx

and Si–Fx bonds. The peak shift of the conventional SiNx

film was the lowest~102.15 eV!. Binding energies relative to
the Fermi levelEF of the Si 2p core levels are plotted in Fig
3~b! as a function of the fluorine content for the fluorinat
SiNx films. The binding energy of the Si 2p level increased
monotonically from 102.15 to 102.70 eV which is corr
sponding to the increase in fluorine concentration in fluo
nated SiNx films, although the resolution of instrument~0.7
eV! is not sufficient to determine the precise peak position
binding energy. Therefore, we consider that Si–F bonds e
in the films. These facts indicate Si–H bonds have been
placed by Si–F bonds. The charge transfer from Si to

FIG. 3. ~a! In situ XPS spectra of Si 2p and~b! binding energy~relative to
EF! of Si 2p core levels of SiNx films as a function of fluorine concentra
tion.
license or copyright, see http://jap.aip.org/jap/copyright.jsp
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more electronegative F leaves a positive charge on th
atom, which results in a shift of Si core levels towards high
binding energy.11

The N 1s spectra of conventional SiNx film and fluori-
nated SiNx films of various fluorine concentrations a
shown in Fig. 4~a!. Binding energies of the N 1s levels are
plotted in Fig. 4~b! as a function of fluorine content for flu
orinated SiNx films. The binding energy shifts of the N 1s
level are independent of the fluorine concentration, sugg
ing that Si–Hx bonds are replaced by Si–Fx bonds and that
no N–Fx bonds exist in the fluorinated SiNx films.

The chemical bonds of Si, N, F, and H in the SiNx films
were investigated by FTIR spectroscopy. Figure 5 shows
FTIR spectra of~a! SiNx film formed employing NH3/SiH4

FIG. 4. ~a! In situ XPS spectra of N 1s and ~b! binding energy~relative to
EF! of N 1s core levels of SiNx films as a function of fluorine concentration

FIG. 5. FTIR spectra of~a! SiNx film formed employing NH3 /SiH4 and~b!
fluorinated SiNx film formed employing NH3 /SiF4.
Downloaded 19 Oct 2006 to 133.6.32.11. Redistribution subject to AIP 
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and~b! fluorinated SiNx film formed employing NH3/SiF4 as
well as the respective film thickness. In both cases, only
Si–Nx stretching mode (820– 870 cm21) and N–H stretching
and bending mode~3340 and 1105 cm21! peaks are detected
Si–H stretching mode (2050 cm21) signals were not ob-
served. In the case of fluorinated SiNx film, the large peak
consists of Si–Nx peaks in terms of a superposition of Si–Nx

and Si–F stretching mode (940 cm21) components.12,13 The
hydrogen concentration of as-deposited fluorinated Sx

film, as evaluated by the N–H stretching and bending mod
are reduced by less than 1/2 as compared to those of thex
film formed employing NH3/SiH4. Tsu et al. reported that
the SiN stretching mode frequency depends on the hydro
concentration.14 Since the frequency component of the SiNx

film consists of a superposition of Si–N stretching and N–
bending mode components, the Si–N stretching mode
quency depends on the amount of bonded hydrogen in N
groups. The Si–N stretching mode frequency (850.5 cm21)
in the fluorinated SiNx film was lower than that (864 cm21)
of the SiNx film. These FTIR results indicate similar tende
cies in the FTIR RAS results as shown in Fig. 1~a!, which
suggests that F atoms were scavenged by H atoms in
films. The addition of SiF4 is thought to have occurred by H
atoms being reduced by the kinetics of F atoms in the g
phase reaction F1H2→HF1H and in the surface reactio
F1H→HF. These reactions reduce the Si–H and N–
bonds effectively in the fluorinated SiNx films.

In order to investigate the stability of the films, TDS wa
performed. Figure 6 shows the TDS spectra of~a! SiNx film
formed employing NH3/SiH4 and ~b! fluorinated SiNx film
formed employing NH3/SiF4. SeveralM /e ~mass-to-charge
ratio! fragments were detected from the fluorinated Six

films. The amount of desorption gas of H2(M /e52) was
observed to be above 350 °C. Notably, the amount of des
tion gas of H2 from the fluorinated SiNx film was consider-
ably lower than that of the SiNx film, indicating that the
hydrogen concentration in the fluorinated SiNx film was
much lower than that of the SiNx film, which shows similar
tendencies in the FTIR results.M /e519 shows H3O and/or
F. However, the behaviors of intensities were stable and
creased at 800 °C, which is identical for SiNx and fluorinated
SiNx containing F atoms~11.5 at. %!. The SiNx film formed
employing NH3/SiH4 has no F atoms, revealing the desor
tion of F atom to be negligible, even at the high temperat
of 900 °C. Thus, F atoms in the fluorinated SiNx film were
very stable. As for desorption gas of H(M /e51) from the
fluorinated SiNx film, the behavior of these intensities we
stable and increased at 700 °C, which is in good agreem
with the behavior of the SiNx film, suggesting that weak
Si–H bonds~average bond energy: 3.18 eV! in the fluori-
nated film have been replaced by strong Si–F bonds~5.73
eV!.15

In order to determine the energy band profile of the fl
orinated SiNx film, N 1s energy loss and valence band~VB!
spectra were measured for the fluorinated SiNx /Si(100) sub-
strate using XPS as shown in Figs. 7~a! and 7~b!.16,17 The
photoexcited electrons suffer inelastic losses due to plas
and the band-to-band excitation. The plasmon loss signal
hibits a rather broad peak at 21–23 eV from the N 1s core
license or copyright, see http://jap.aip.org/jap/copyright.jsp
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level energy for fluorinated SiNx film. The onset of the elec
tron excitation from the valence to conduction band can a
be observed at an energy separated by the band gap e
(Eg) from the core level peak as seen in Fig. 7~a!. The Eg

determined from the threshold energy of the energy l
spectrum was 5.4 eV60.1 eV. Since the VB spectrum i
composed of a mixture of the density of states~DOS! for
fluorinated SiNx film and Si~100! substrate, it can be de
convoluted using the valence band spectra separately m
sured for fluorinated SiNx film and Si~100! substrate as indi-
cated in Fig. 7~b!. By subtracting the contribution of th
Si~100! DOS measured for a hydrogen terminated Si~100!
surface from the observed VB spectrum for the fluorina
SiNx /Si(100) substrate, the VB alignment was obtained
be 1.56 eV. Using the measured VB offset and theEg for the
fluorinated SiNx film and Si substrate, the conduction ba
barrier height at the fluorinated SiNx /Si(100) substrate is
estimated to be 2.72 eV. The barrier height obtained fr
XPS analysis is not an electrical property value but roug
estimated value. From these results, the energy band pr
for the Al/fluorinated SiNx /Si(100) structure in MNS de
vices can be determined as illustrated in Fig. 8. This res
suggests that the leakage current in the MNS structure
ploying fluorinated SiNx as a gate dielectric film can be su
pressed considerably due to the electron barrier height b
larger than 2 eV.

FIG. 6. TDS spectra of H, H2, and F desorbed from~a! SiNx film formed
employing NH3 /SiH4 and ~b! fluorinated SiNx film formed employing
NH3 /SiF4.
Downloaded 19 Oct 2006 to 133.6.32.11. Redistribution subject to AIP 
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B. Electrical properties

Figure 9 shows leakage currents measured in SiNx films
that were formed employing NH3/SiH4, NH3/SiF4 and the
conventional thermal SiO2 films having an equivalent oxide
thickness~EOT! of approximately 2.8 nm.18 The leakage cur-
rents were found to be drastically decreased by employ
NH3/SiF4. In particular, theJ–V characteristics exhibit the
minimum leakage current in films formed by NH3/SiF4

FIG. 7. ~a! Energy loss spectra for fluorinated SiNx film formed employing
NH3 /SiF4 and ~b! valence band spectrum for the evaporated fluorina
SiNx /Si(100) structure and the deconvoluted spectra for fluorinated Sx

and Si~100!.

FIG. 8. Energy band profile for poly-Si/fluorinated SiNx /Si(100) structure.
license or copyright, see http://jap.aip.org/jap/copyright.jsp
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~50/20 sccm!, of which concentration of F atom involved i
the film is 11.5 at. %. The fluorinated SiNx film formed by
NH3/SiF4 reduced the leakage current by one order of m
nitude below the that of the thermal SiO2 of identical EOT.
This beneficial effect of fluorinated SiNx film on the leakage
current has been attributed to stronger Si–Fx bonds that re-
place weaker Si–Hx bonds in the film.

Figure 10 shows typicalC–V curves for~a! SiNx film
formed employing NH3/SiH4 and ~b! fluorinated SiNx film
formed employing NH3/SiF4, recorded at 0.1 MHz for which
the series resistance effect was corrected. The gate vo
was swept from inversion to accumulation and back at a
of 1250 mV/s. The hump and hysteresis~40 mV! attributed
to charge traps in the SiNx film were observed in theC–V
data of the SiNx films that were formed employing
NH3/SiH4: whereas, the hump was not observed in theC–V
data of the fluorinated SiNx films that were formed employ
ing NH3/SiF4, for which excellent hysteresis~20 mV! was
achieved employing NH3/SiF4. These results suggest that th
state trapping density of SiNx films formed employing
NH3/SiF4 is much lower than those formed employin
NH3/SiH4, which would indicate that the F atom works e
fectively in replacing weaker bonds, i.e., Si dangling bon
and Si–Hx bonds. The dielectric constant of fluorinated Six

film was almost identical to that of the SiNx film, the values
of which were primarily dependent on the composition of t
ratio of Si to N in the films. The N/Si ratio of the fluorinate
SiNx films was approximately 0.95~Si rich!, and the esti-
mated dielectric constant was approximately 6. The m
mum value of the interface trap density (D it) was obtained
from theC–V characteristics by means of the equation19

Cit5qDit5S 1

CLF
2

1

C1
D 21

2S 1

CHF
2

1

C1
D 21

,

whereCLF andCHF are the values of the capacitance of t
MIS at low and high frequencies, respectively, andC1 is the
capacitance of the fluorinated SiNx film. Thus, the minimum
value ofD it was estimated to be 431011cm22, which is the
lower value described for the SiNx /Si interface.20 From these
results, the ultrathin fluorinated SiNx film appears extremely
promising for application in gate dielectric film in next ge
eration ULSIs.

FIG. 9. J–V characteristics for SiNx films employing NH3 /SiH4, NH3 /SiF4

~50/3, 50/20, 50/40 sccm!, and the conventional thermal SiO2.
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IV. CONCLUSIONS

We synthesized ultrathin fluorinated silicon nitrid
(SiNx) films of 4 nm in thickness formed on a Si-substrate
350 °C in ECR–PECVD employing NH3/SiF4 gases. The
ultrathin fluorinated SiNx film was evaluated as a gate diele
tric film, and was found to have a low leakage current,
duced by several orders of magnitude compared to the t
mal SiO2 in the identical EOT, no hump, an excelle
hysteresis loop~20 mV! and an interface trap density (D it

5431011cm22) in the C–V characteristics. The film struc
tures and the surface reactions for the fluorinated SiNx film
formation were discussed based onin situ XPS, in situ FTIR
RAS, in situ AFM, and TDS observations. Thesein situ
analyses indicated that the Si–H bonds in the film were
placed by F atoms without degrading the Si–N bonds, t
introducing optimum fluorine concentration into the film
PECVD via NH3/SiF4 plasma chemistry. The surface wa
smooth and the fluorine bonds in the fluorinated SiNx film
were found to be very stable and the amount of H atoms
very small as compared to PECVD employing NH3/SiH4.
The control of fluorine concentration in the SiNx films was

FIG. 10. Typical capacitance–voltage curves recorded at 0.1 MHz for~a!
SiNx film formed employing NH3 /SiH4 and~b! fluorinated SiNx film formed
employing NH3 /SiF4.
license or copyright, see http://jap.aip.org/jap/copyright.jsp
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found to be a key factor in forming fluorinated SiNx films of
high quality at low temperatures. In addition, the ener
band profile for Al/fluorinated SiNx /Si(100) structure was
determined. Consequently, the fluorinated SiNx is thought to
be a very effective material for use in ultrathin gate dielec
films in next generation ULSIs.
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