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1. Introduction

Future ULSI technology dictate the lowering of process
temperatures, in order to realize ultra shallow junctions,
precise dopant profile control and System On Glass (SOG)
fabrication, for example. However, lo(avering the
conventional growth temperature (900°C-1000°C) of gate
oxides, below 550°C, results an unacceptable reduction of
growth rate and poor SiO, electrical characteristics, i.e.,
degradation in their insulation and reliability properties. This
work concerns oxynitride (SION) films, which are
considered to be candidates for the next generation gate
insulators[1][2], due to their lower gate leakage currents and
lower stress induced leakage currents (SILC) with respect to
SiO; films. This is important, in particular, in nonvolatile
flash memories, which must retain information after many
program/erase cycles. In this work, we have grown
oxynitride films at 400°C which is significantly lower
temperature than that used in the conventional methods. This
is done by using microwave-excited high-density Kr/O,/NH;
plasma. It has been demonstrated that high integrity silicon
dioxide and silicon nitride films can be grown by this plasma
technique[3][4]. The results presented below, show that the
oxynitride films which were grown at 400°C, exhibit lower
gate leakage currents and lower stress induced leakage
currents (SILC), with respect to oxide films grown by
conventional dry oxidation at 1000°C. This enables to extend
the scaling limits of tunnel insulators for flash memories.

2. Experimental

MOS  capacitors [phosphorus-doped poly-Si/SiON/Cz
n-type (100) Si 3-5 Q cm] were fabricated in order to evaluate
the electrical properties of the oxynitride films. The
oxynitride films are grown at 400°C in Kr/OyNH;
microwave-excited high-density plasma system[5]. The
partial pressure ratio of Kr/OyNH; mixing gas was
96.5/3/0.5. The total pressure in the growth chamber was 1
Torr. MOS capacitors with oxide films grown by
conventional thermal oxidation (Dry 1000°C) were made for
comparison of the electrical properties. Film thicknesses (Ti)
were determined from the accumulation region of the
capacitance-voltage (C-V) characteristics, measured at
100kHz.

3. Results and Discussion

Fig. 1(a) shows secondary ion mass spectrometry (SIMS)
depth profile of 8nm-thick oxynitride film grown by the
Kr/OyNH; plasma. Nitrogen incorporated in the grown film
was piled up in the oxynitride/Si interface. The oxynitride
film thickness as a function of the NH; mixing partial
pressure (x%) is shown in Fig. 1(b), exhibiting reduction in
Ti with increasing nitrogen content. The growth time per
sample was 10min. In Fig. 2 the interface trap densities (Dit)
of two Kr/O»/NH; oxynitride films and a dry thermal oxide
film are compared. The results show that with respect to SiO,,
high NHj partial pressure (2%) produces over three times
interface trap density, while the low NH; content (0.5%)
yielded only 30% more Dit. This is the reason that the
following data present results only for NH; partial pressure
of x=0.5%. Fig. 3(a) shows the substrate injection J-E
characteristics of the oxynitride and oxide films. The leakage
current density of the oxynitride film (400°C) is lower than
that of the thermal oxide film (1000°C). The
Fowler-Northeim (F-N) plot of these J-E curves is shown in
Fig. 3(b). The slopes and barrier heights of the two films are
comparable, and their values are very close to that of ideal
SiO,. Fig. 3(c) shows that the gate injection J-E
characteristics of the oxynitride film, exhibit comparable or
slightly lower leakage currents than that of the silicon
dioxide film. Fig. 4 shows stress induced substrate injection
leakage currents (SILC) measured at 6MV/cm, of the
oxynitride and silicon dioxide films. The stress current is
1A/em®. The SILC of the oxynitride film (400°C) is
noticeably lower than that of thermal oxide film (1000°C). It
also exhibits slightly lower slope, reflecting on the
robustness of the oxynitride film.

4. Conclusions

A significant reduction in the growth temperature of the
oxynitride films down to 400°C yielded lower leakage
currents and lower stress induced leakage currents (SILC)
with respect to SiO, films grown by conventional dry
oxidation at 1000°C. This demonstrates the potential of the
oxynitride films for use as gate insulators in future MOS
devices. Specifically, their use in nonvolatile memories can
improve the data retention capabilities.

162



T v T T T

=
< Substrate Injection
< 10° ]
Acknowledgement = 10 4 Dry Thermal
The authors would like to thank ULVAC-PHI, Inc. for the SIMS 3 102 (1000°C); 7.1nm
(7} O Kr/O,/NH3=96.5/3/0.5
measurement. 95 107 (400°c); 7.6nm
(0]
o — é 10 1Torr 2.45GHz
2
[1] M. Togo, et al., Symp. VLSI Tech. Dig., p116(2000) % 10® SW;'I;:T 2
X area: cm
[2] M. Ushiyama, et al., Ext. Abstr; SSDM, p859(1994) § i
107 L 1

[3] M. Hirayama, et al., IEDM Tech. Dig., p249(1999) 0 2 4 6 8 10 12 14 16
[4] K. Sekine, et al., Symp. VLSI Tech. Dig., p115(1999) Gate Electric Field (MV/cm)

[5] T. Ohmi, Ultra Clean Technology. 11 Supplement 1 E13(1999) Fig. 3(a) J-E characteristics (substrate injection) of MOS
capacitors, one with gate oxynitride film grown by Kr/O,/NH:
plasma, and another with conventional dry thermal gate oxide film

o 108 . ; —— 1672 . .
§ 10° '*(_}xymfn'de ______ S i Substrate 10445: . Substrate Injection ::
&b . P 4 Dry Thermal(1000°C) 1
B 1 04 ST R i_ (pp=8.21eV) 1
= Kr/O,/NH,=96/3/1 1Torr % d O Kr/Oz/NH;
5 1006 s < I =96.5/3/0.5(400°C) 1
b= 3 Ti=8nm E W 107°f 2 (@p=3.24eV) 9
é 102k AAAA 2.45GHz 5W/em? = 10-20!; 1Torr SV\zcmi ::
A W
» ~ Fy ; r area:10"cm’ Ay 1
S 10'F AN £ g0 a8 . 102§ Ideal SiO, T 1
Al P 4 =32ev) °
*» 100 £ I " 1 R A 0 2 10—24r (Cbbl i 3
0 100 200 300 400 500 0.5 1 1.5 2
Sputtring Time (sec) 1/E (cm/V) [x107]

Fig. 1(a) SIMS depth profile of oxynitride film grown by Fig. 3(b) Fowler-Northeim (F-N) plot of J-E characteristics
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Fig. 1(b) Film thickness as a function of the NH; mixing
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Fig. 3(c) J-E characteristics (gate injection) of MOS capacitors, one
with gate oxynitride film grown by Kr/O,/NH; plasma, and another
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Fig. 2 Interface trap density (Dit) of the oxynitride films
grown by Kr/O,/NH; plasma, and of oxide film grown by
dry thermal oxidation

Fig. 4 SILC properties (substrate injection) of MOS capacitors, one
with gate oxynitride film grown by Kr/O»/NH; plasma, and another
with conventional dry thermal gate oxide film
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