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ABSTRACT

Silicon dioxide films have bee@ deposited at an oxygen pressure and
substrate temperature as low as 10°° Pa and 300°C, respectively, using a
partially ionized nozzle-beam technique. The refractive index of the
film is equal to that of the thermally grown silicon dioxide film, but a;
frequency shift was obs?rved in the infrared absorption peak at 1045 cm
as compared to 1080 cm™' of the thermally grown silicon dioxide film.
This frequency shift disappeared after the deposited film was annealed in
a rapid thermal annealing system utilizing an incoherent 1ight source.

We emphasize that from the standpoint of device fabrication, although the
annealing temperature is high (v 1100°Cj, the time is very short
{seconds), so that this process is still compatible to the requirements
of low temperature processing. Effects of rapid thermal annealing on
LPCVD and PECVD oxides are also studied and the results are compared to
that of the oxide deposited by the partially ionized nozzle-beam techni-
que.

INTRODUCTION

Recently, a new annealing technique known as Rapid Thermal Annealing
(RTA) has been shown to have advantages over the conventional furnace
annealing (FA) method in many aspects [1-4]. In this method high tempera-
ture annealing (700°C to 1250°C), of short duration (in seconds) can be
achieved easily. For example, complete activation of the implanted
species can be carried out in a short duration with RTA [5]. This is
highly significant and is very useful for device fabrications which can-
not withstand long time annealing that could lead to deeper diffusions.

Tonized Nozzle-Beam Deposition [6,7] (INBD) is a low temperature
process. The substrate temperature can be as low as 200°C. In this pro-
cess, the source material is heated in a crucible to high temperature.

As the material is vaporized, it expands and ejects through a nozzle.
This nozzle beam is further ionized, accelerated by an applied electric
potential, and finally deposited on the substrate.

In this paper we report a comparison of RTA and FA treatments on
INBD, LPCVD and PECVD oxides on Si substrates. Ellipsometry, infrared
absorption spectroscopy, and etch rate analyses were used to characterize
the oxides before and after annealings. The RTA was found to have the
same effect as FA on the infrared absorption peak shift and the Towering
of etch rate on the annealed oxide samples.
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EXPERIMENTAL

Oxide Preparation

A detailed description of INBD oxide is described elsewhere [7]. The
deposition parameters for INBD, CVD, and thermal oxides are summarized in
Table I.

The INBD and thermal oxide samples were prepared on CZ 2" diameter
N(100) 0.1-0.5Qcm Si wafers, while the CVD oxides were prepared with CZ 3"
diameter N(100) 3-50cm Si wafers. Except for the PECVD gxides which have
a thickness of 5 KA, all the other oxides were about 1 KA in thickness.

Rapid Thermal Annealing

The RTA system used in this experiment is a HEATPULSE 201M system [8].
The heating sources are high intensity quartz tungsten halogen lamps which
have a power of 20 KW at full intensity. The lamp intensity is controlled
by a microcomputer which provides trigger pulses to the lamp control triacs
and is specified in percent of a full electrical intensity (100% = 20 KW).
The parameters used to specify the heating cycle and their valid ranges
are:

.1 - 15%/sec
.1 - 15%/sec
- 1000
- 100%

Heating Rate

Cooling Rate
Annealing Time (sec)
Annealing Intensity

nmn unn

oO—0O0

Intensity vs. substrate temperature calibration curve is available
for this equipment [8].

Conventional Furnace Annealing

The annealing was carried out at about 1000°C for half an hour in a
nitrogen ambient.

RESULTS AND DISCUSSION

In the present experiment, in order to simplify the study of the
effect of RTA on INBD oxides and other deposited oxides, only one set of
annealing parameters was chosen for the annealing cycle. They are:
Heating Rate = 3%/sec, Annealing Intensity = 78% (~ 1150°C), Annealing
Time = 10 sec, and Cooling Rate = 3%/sec. Both RTA and FA experiments
were carried out in nitrogen ambient.

Refractive Index Measurements

The sample thickness and refractive index were measured by the
ellipsometry technique (Rudolph Auto ELII ellipsometer, ) = 632.8nm).
As shown in Table II, the INBD oxides have refractive index very close
to 1.46 (one obtained for thermal oxide) both before and after the an-
nealing treatments. Similar results were observed for LPCVD and PECVD
oxides. It is known that refractive index [9] is a good indicator of
the stoichiometry of the siticon dioxide film. For example, silicon
rich silicon dioxide [10] film was observed to have refractive index
higher than 1.46. The results in Table II would appear to indicate that
the three different deposited oxides have the same stoichiometry ratio
as the thermal oxide both before and after annealings.
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TABLE 1. PROCESS SUMMARY

Oxide Process Parameters

1. INBD Source - Pure 5102 grain; ambient oxygen pressure
at 1072 Pa; lonization current at 300ma; Acceler-
ation voltage at 1 KV; and Substrate temperature

at 300°C.
2. LPCVD SiH, + N,0 + 0, at 925°C.
4 2 2
3. PECVD SiH,CL, + N,0 at 350 to 400°C.
4. Thermal o
Oxidation H2 + O2 at 850°C.
TABLE I1. SUMMARY OF EXPERIMENTAL RESULTS
Oxide Treatment Thickness Refractive IR Absorption IR Etch Rate*
o o

(R) Index-n Peak (cm-1) FWHM (cm-1) A/min
INBD** As Deposited 948 1.466 1045 110 500
FA 874 1.458 1079 80 331
RTA 9»10 1.462 1077 75 308
LPCVD As Deposited 1072 1.459 1070 90 562
FA 1048 1.454 1073 80 554
RTA 1089 1.450 1070 85 582
PECVD** As Deposited 5531 1.469 1050 171 410
FA 5535 1.485 1077 140 208
RTA 5397 1.449 1077 140 257
Thermal 1153 1.460 1080 75 380

Oxidation

*Etching Solution: HF/NH4F = 1/15
** Spectra of INBD and PECVD oxides are shown in Figures Ia and Ib, respectively.
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Figure I. IR spectra of INBD (Ia) and PECVD (Ib) oxides.
———— o — As-deposited oxide, ~ ~cev--
FA oxide, and RTA oxide.
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The thickness given in Table Il are different because different
samples were used for annealings and they do not necessarily reflect
any possible changes of the thickness as a result of annealing.

Infrared Absorption

The infrared absorption spectra were taken with a double beam IR
spectrometer (Perkin-Elmer Model 983G). The_?eposited INBD oxide has_1
broad absorption peak (wide FWHM) at 1045 cm ' as compared to 1080 cm
for the thermal oxide. Similar shift of IR peak and broadening of ab-
sorption peak was also observed in the as-deposited LPCVD and PECVD
oxides as shown in Table II and Figure I (INBD and PECVD oxides spectra
only). The IR peak shift to lower wave number has also been observed in
oxides deposited by other techniques such as, reactive sputtering deposi-
tion and evaporation [10]. The observed IR peak shifts might be due to
the existence of defects, such as Si-0 bond strain and porosity in the
films [9-12].

After RTA oy FA the INBD and PECVD oxides show a shift in IR peak
towards 1080 cm ', the thermal oxide IR absorption peak. In addition,
the IR absorption peak FWHM becomes narrower as shown in Figure I. This
effect was also observed in deposited glass films [10,11]. Annealing den-
sifies the deposited film. The total absorption intensity is proportion-
al to the number of Si-0 bonds only. The annealing process densifies the
oxide and this increases the number of Si-0 bonds per unit area. As the
denser film absorps more, the FWHM decreases. In Figure Ib, the absorp-
tion is larger in the PECVD oxide, it is because its oxide is five times
thicker than the others.

Comparatively small changes in the IR absorption peak of the LPCVD
oxides might be due to the originally higher temperature of deposition,
i.e., the LPCVD oxides were partially annealed during the deposition.

Etching

An etching solution of 1 part hydrofluoric acid to 15 part amonia
fluoride was used to study the etch rates of the as-deposited oxide, FA
and RTA oxides. From Table II, both INBD and PECVD oxides show a decrease
of etch rate after annealing. This agrees with the IR peak shift results
in which annealed oxides have a lower etch rate [9]. The almost constant
etch rate of the LPCVD oxides again suggest that they were partially
annealed during the deposition at a higher temperature. Note that
annealed PECVD oxides have etch rates lower than thermal oxides. On the
other hand, LPCVD oxides have higher etch rate. At this time, we do not
have information to explain these results.

CONCLUSIONS

The results of the infrared absorption peak shift and etch rate
measurements on the deposited INBD and PECVD oxides after RTA and FA
suggest that the two techniques are comparable and RTA could be used as
a substitute for long time FA. There is also an advantage in short pro-
cessing time, only of the order of seconds and is a much more efficient
process than FA. RTA is known to be able to control shallow junction
diffusion in VLSI fabrications. The results in this report reassure the
use of RTA in future VLSI fabrications.
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