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1. Introduction
With the trend towards scaling down of metal-oxide-

semicouductor(MOS) devices, thinner gate oxide films (< 5
nm) are required for sub-quarter-micron techuology. As the
gate oxide thickness is reduced below .3 trrn, several
problems arise such as the increase of gate leakage current
andlor boron penetration. This causes degradation of the
electrical properties of the Mos devices. To solve these
problems, oxynitride (SiON) film is considered to te
promising for the replacemeut of the gate SiOs film [1].
The purpose of this paper is to investigate the electrical
properties of oxynitride films grown iu microwave-excited
high-density Kr/OrlN2 mixed plasma at 400 "C. Lnwering
process temperature of gate oxynitride formatiou process is
esseutial for the realizatiou of ultra-high integrati<in
devices featuring precise doping profile control. This
technology is used here since it already demonstrated to
form high integrity thin SiO, films 1Zi. frc prelimiuary
experiments described here demonstrate good quality
oxyuitride film formation.

2. Experimental
Silicon oxynitride films are grown in KrlO2/N2 mixed

plasma employing microwave-excired (2.45 GHz) high-
density plasma system [3] at 400 "C. Four mixing ratios are
used. In all of them, the O' pressure was 3To. Four partial
pressures were used for the N, namely 0.5Vo, 1,Vo, ZTc and
5Vo within the inert gas (Kr). The total pressure in the
vacuum chamber was L Torr. MOS capacitors [n{ype
pol y-Si/Si ON/n -type ( I 00)Si(Cz ) 3 -5 Q.cm I were fabricared.
The dopant in both substrate and poly-Si was phosphorus.
The results presented below were measured on the above
samples.

3. Results and Discussion
Fig. 1 shows Si2p XPS spectrum of silicou oxynitride

film grown by the Kr/O2lN? plasma. XpS spectnrm of the
silicon oxide grown by Kr/O2 plasma is also shown as a
reference. The mixing ratios are indicated in Fig. 1 as welr.
The chemically shifted Si2p peak of the film grown by
KrlO2lNz plasma is about 0.3eV lower than that grown by
Kr/O2 plasma. Secondary ion mass spectrometry (SIMS)
depth profile of L0nm oxynitride film grown by the
Kr/Or/N, plasma is shown in Fig. 2. Nitrogeu is piled up in
the iuterface of oxpitride and silicon substrate.

Fig. 3 shows Fowler-Norrheim (F-N) plot of J-E
characteristics of 5 um oxyuitride films. The slope of F-N
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Fig.1 XPS spectra of silicon oxide formed by Kr/O. and
Kr/O2/N' plasnra
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Fig.3 Fowler-Northeim plot of J-E characteristics of
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plot decrease and the barrier height (do) is lowered as N"
mixing ratio increases in Kr/O/N" plasma.

Figs.4(a)(b) shows charge-to-breakdown (Qso) and
stress induced leakage curreut (SILC) at 6MV/cm electrical
field respectively of 5nm oxytitride films grown by
kr/O/N2 plasma with different N2 mixing ratios. Qso aud

SILC of oxide film grown by Kr/O2 plasma is also shown
as a reference. Higher Qsn aud lower SILC than that of
KrlO2is obtaiued with the addition of 0.5 VoN2in Kr/O"[.{"
plasma. On the other hand, both Q"o and SILC are

degraded with the addition of 5 Vo N2 iu Kr/OA" plasma.

Fig. 5 shows optical emissiou intensity of oxygen
radical O' (777 nm) and nitrogen radical N?- (316 um) tf
the Kr/O/N, plasma as a fuuction of N3 mixiug rctio (X%).
N3. (391 um) is not observed in KI/O"/N., plasma. The

iutersity of O. (777 nm) decreases and that of Nr" (316 rrm)
increases with increase of N, mixing ratio (X%). From
these results, it seems that the oversupply of N2 in the
Kr/OA' plasma suppress the amouut of O'. This is related

to the degradation of the eleclrical properties mentioned, as

the amount of the iutroduced N2 is increased.
Fig. 6 shows J-E curve of 3 nm oxyuitride films with

three Nt mixing ratios iu Kr/O/N2 Plasma. The leakage
current of oxyuitride film grown in KI/O"/N. plasma at

N:=0.5 % is slightly lower thau that of Kr/O2 plasma oxide.
On the other haud, the leakage current of oxynitride tilm
grown in Kr/OrlN' plasma increases with the addition of N3

mixing ratio over L %.
Fig.7 shows SILC properties of IklOJN, oxynitride,

Kr/O? oxide and dry thermal oxide. The SILC properties of
KI/O/N2 oxyuitride (Fig.8(a)) aud Kr/O" oxide (Fig.8(b))
are almost the same. Each of the J-E curves of Fig. 8 was
obtained under constant current stress of 1 A/cm2 and 0.5,
l, 2, 5, 10,20,50, 100 C/cm2. It is noted that while the J-E
curve of the thermal oxide (Fig. 8(c)) exhibit higher
Ieakage current wilh increasing injected charge, the
Kr/O/N2 and Kr/O2 J-E curves are almost ideutical
(converged) and do not exhibit such degradation.

4. Conclusion
Highly-robust ultra-thiu silicon oxynitride films can

be formed at low temperature with the addition of a small
amount of N, to Kr/Oz high-density plasma. SILC (5um)
and leakage current (3nm) of oxpitride is decreased with
respect to that of oxide film grown by KrlO, plasma with
the same oxide thickness. It is thereby demoustrated that
this is an effective technology for the formation of
ultra-thin gate insulator for giga-scale integration devices.
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Figs.4(a)(b) Charge-to-breakdown (a) and stress induced
leakage current (SIrc) as a tunction of the charge

injection (substrate injection) (b) of oxynitride films
grown by I(r/OrlN, plasma of }Vo, O.5% and 5% N2.
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Fig.5 Optical emission intensity of O' (777 nm) and Nr'
(316 nnr) as a function of the N. mixing ratio (X%o)
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Fig.6 J-E curve of 3 nm oxynitride films at three N"
mixing ratios in Kr/O14.{. plasma
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Fig.7 Stress induced leakage current (SIrc) of 3 nm gate
insulator grown by Kr/O14.{:, Kr/O: and thermal oxidation
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