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Abstract— The degradation of various insulators in Silicon
Selective Epitaxial Growth (SEG) ambient was studied. The
insulators studied were thermal oxide, reoxidized nitride/oxide
stack, poly-oxide, and nitrided oxide. Breakdown electric fields
of MIS capacitors were measured and yields were calculated
before and after the insulators were exposed to Silicon SEG
ambient. It was found that the nitrided oxide was more resistant
to degradation in the SEG ambient than thermal and poly oxide;
results reported here for the first time. The increased resistance
of nitrided oxide in SEG ambient coupled with their superior
performance as thin gate insulators makes them an excellent
candidate for use in novel 3-D structures using selective silicon
growth.

1. INTRODUCTION

ILICON Selective Epitaxial Growth (SEG), Epitaxial Lat-

eral Overgrowth (ELO), and Confined Lateral Selective
Epitaxial Growth (CLSEG) have been identified as a key
technology for the next generation VLSI/ULSI used to fabri-
cate novel bipolar, MOS, BiCMOS, and SOI devices [1]-[4].
An important limitation in selective silicon growth is the
degradation of thin masking oxide when placed in the growth
ambient [5]. These novel 3-D devices require the use of
thinner insulators which are resistant to degradation in se-
lective growth ambient. In addition, recent advances in MIS
sub-micron device fabrication technology have brought about
device miniaturization to an extent that high quality and thin
(~100-500 A) gate insulators will be required for future
scaled VLSI/ULSI devices. Recently, nitrided oxides have
become of great interest as reliable dielectrics due to their
increased dielectric strength and reduced degradation due to
carrier injection [6], {7]. This letter reports the deteriorating
effects of typical silicon SEG, ELO, and CLSEG ambient
on nitrided oxide and three other insulators; namely, silicon
dioxide, poly-oxide, and reoxidized nitride/oxide stack. The
goal of the study was to determine which dielectric is most
resistant to degradation during typical SEG, ELO, or CLSEG
ambient.
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II. EXPERIMENTAL

The four different structures prepared for the study are
shown in Fig. 1. For Set I, all oxides were grown in a dry O»
ambient except the 1425 A thick oxide, which was grown in
a wet Oy ambient. Set I was prepared by depositing ~100 A
thin LPCVD nitride layer on the desired thermal oxide layers.
A dry oxidation step was then performed at 1000°C for 30
minutes. For Set III, phosphorus was diffused on the front
and back of the wafer. Amorphous silicon was then deposited
using LPCVD at 550°C using SiH; decomposition. SUPREM
IIT simulations and sheet resistivity measurements were used
to verify that the phosphorus will diffuse up into the poly-Si
and dope it during the subsequent oxidations. Wafer set IV
was prepared using LPCVD oxide deposited at 450°C, which
was nitrided using rapid thermal annealing for one minute at
1000°C in N2O. Then, a 850°C, 20 minute dry O oxidation
was performed.

SEG ambient stressing was performed in a LPCVD RF-
heated pan-cake type reactor. Hy was used as carrier gas,
SiCl,H; as the silicon source, and HC] was used to suppress
the nucleation of poly-silicon and obtain selectivity. A five
minute prebake in Hp at a temperature of 970°C and pressure
of 150 Torr was carried out. Then, HCI was introduced in the
chamber for 30 seconds. Hy and HCl were ‘used to etch the
native oxide from seed holes opened for SEG. The chamber
pressure was then reduced to 40 Torr and SiCl,H, was added
in the reactor for 10 minutes. After SEG ambient stressing,
control (unstressed) and stressed wafers were metallized using
Al-1% Si alloy and patterned. The backside of each wafer
was used to make a contact for electrical measurements.
Breakdown electrical field of the MIS capacitors, Egp, were
calculated by dividing the measured breakdown voltage by
the insulator thickness. The breakdown voltage was defined as
the voltage where the current increased beyond 10 nA. 100
capacitors were measured on each wafer. The sizes of the
capacitors measured were 140 pm?.

III. RESULTS AND DISCUSSION

To quantify the degradation of the insulators in the SEG
ambient, the yield of capacitors for each set of wafers was
calculated and compared with the yield of control wafer
sets which were not placed in the epitaxial reactor. The
average breakdown field, E,,;, and standard deviation o g was
calculated assuming a Gaussian distribution of the measured
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Fig. 1. Cross-sectional structure of the capacitors. (a) Thermal oxide (Set
I), (b) Nitride/oxide (Set II), (c) Polyoxide (Set III), and (d) Nitrided oxide
(Set IV).

data for each set using all the thicknesses. Yield of tested
capacitors was calculated by the following equation:

# of good capacitors
# of capacitors

Y = x 100. e8]

The number of good capacitors was determined by the
number of capacitors which have breakdown electric field
larger than or equal to one standard deviation less than the
average breakdown electric field for the entire set:

# of good capacitors =
capacitors with Egg > Favg (set) — og (set).  (2)

Fig. 2(a)-(d) shows the yield as a function of dielectric
thickness’ for each insulator type before and after the SEG
ambient stressing. Fig. 2(a) shows that, after SEG ambient
stressing, the thin thermal oxides have degraded excessively.
These results confirm the conclusions of an earlier study
[5]. Fig. 2(b) shows that silicon nitride is very resistant to
degradation in the SEG ambient. The apparent increase in the
yield in Fig. 2(b) can be attributed to statistical fluctuations
and processing conditions of the control set. Fig. 2(c) shows
that, similar to the thermal oxide, the thinner poly oxides
have been degraded. Fig. 2(d) shows that the nitrided oxides
can withstand the SEG ambient conditions better than the
thermal oxide and poly-oxide. The yield for the capacitors
with thinner oxides is significantly higher than the respective
thermal and poly-oxides. Thus, nitrided oxide could be a very
useful insulator for 3-D devices due to its increased resistance
against SEG ambient conditions and improved properties as a
thin gate dielectric.

The result that nitride/oxide stack was most resistant to
degradation can be explained by the fact that silicon has a
higher absorption energy of nucleation on SizgN4 than on SiO,
[8]. Silicon does react with the masking oxide according to the
reaction in (3) for sufficiently low partial pressures of HyO
and 022

Si(e) + Si0; + Hy == 2Si0 + () + H, 3)
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Fig. 2. (a) Yield for the various thermal oxide thicknesses for the control
and stressed sets, (b) yield for the various nitride/oxide stack thicknesses for
the control and stressed sets, (c) yield for the various poly-oxide thicknesses

for the control and stressed sets, and (d) yield for the various nitrided oxide
thicknesses for the control and stressed sets.

where (o) is a surface site. The reaction of silicon with silicon
nitride, however, is not clear. Our results confirm that, under
the same conditions, silicon does not react as readily with
SizNy4 as with SiO. [8]. It can be postulated that the increased
resistance of the nitrided oxide insulator is directly related to
the nitrogen content in the film.

IV. CONCLUSIONS

The important result that nitrided oxides can withstand the
SEG ambient better than thermal or poly oxide has not been
reported before. The reoxidized nitride/oxide stack was the
most resistant to the SEG ambient, though not useful as a
gate insulator. The increased resistance of the nitrided oxides
in SEG ambient coupled with their superior performance as
thin gate insulators makes them an excellent candidate for
use in novel 3-D structures using selective silicon growth.
In addition, a reduced degradation directly corresponds to re-
duced surface roughness and decreased thermal stress induced
defects.
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