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Thermal change of Snl, thin films.
Part 3. Isothermal change under light radiation
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Abstract

The influence of light radiation on the thermal change of Snl, thin films heated at 50, 100
and 150°C in air for 6 h was investigated using weight measurement and X-ray diffraction
analysis. The thermal change was accelerated by heating and light radiation. Radiation with
a tungsten lamp (500 W, 25 cm from the film) was more effective than room light (mainly
from fluorescent lamps). Weight loss at 150°C stopped at 21.1% and 21.5%, based on
specimen weight, under radiation from room light and from a tungsten lamp, respectively.
These values approximately agree with the 20.2% expected for the reaction proposed in
our previous papers (Thermochim. Acta, 232 (1994) 29-36; 37-45), 2Snl,(s) +
0,(g) = Snl,(g) + SnQ,(s). This reaction mechanism is supported by the presence of diffrac-
tion peaks for SnO,. The higher values of the apparent end point (25.0% and 25.5%) at
100°C are interpreted as indicating incomplete evaporation (sublimation) of Snl,.
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1. Introduction

Kuku [1] and Kuku and Green [2] proposed a novel lithography process via the
photo-oxidation of an Snl, film to produce a transparent conductive film of SnO,.
The isothermal and non-isothermal changes of Snl, films in air without light
radiation were investigated in our previous papers [3, 4]. The oxidation reaction of
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Snl, to form Snl, and SnO, was detected. In the present study, the influence of light
radiation on the isothermal change is investigated.

2. Experimental

The Snl, films (thickness ~0.5-1 um) were deposited by vacuum evaporation
onto substrates at room temperature, as previously described [3]. The films as
deposited on the substrate were immediately placed on a hot plate heated at a
predetermined temperature (50, 100 and 150°C; fluctuation + ~7°C).

The films were heated isothermally in air for a predetermined period under room
light (mainly fluorescent lamps) or a tungsten lamp (500 W, 25 cm from the film).
The heat treatment and the evaluation of the quenched films were repeated for a
total heating time of 6 h. The film weight was measured using an ultra-microbalance
(Sartorius S4; sensitivity, 0.1 pg). The X-ray diffraction spectra were recorded using
a conventional 6-20 type diffractometer with Ni-filtered Cu radiation; 40 kV,
45mA (Rigasku RAD-IIIC system). A film heated at 100°C for 6 h under a
tungsten lamp was also analyzed using a thin-film type X-ray diffractometer with
monochromated Cu radiation; 50 kV, 300 mA (Rigaku RINT-2000 system) at
different incident angles (0.5 and 8.0 deg).

3. Results and discussion

3.1. Weight change

Isothermal weight changes for Snl, thin films in air under room light and
tungsten lamp radiation are shown in Figs. 1 and 2, respectively. Weight loss
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Fig. 1. Isothermal weight changes in air for Snl, thin films under room light radiation.

Fig. 2. Isothermal weight changes in air for Snl, thin films under tungsten lamp radiation.
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was accelerated by heating as well as by light radiation when compared with the
previous results without light radiation {4] (not shown in the figures). Significant
photo oxidation was observed. Radiation from a tungsten lamp was more effective
under the present experimental conditions. In these figures, the expected weights
for the reactions Snl,(s) + O,(g) = Sn0O,(s) + I,(g), and SnL,(s) + 0.50,(g) —
SnO(s) + I,(g) are indicated for reference. Weight loss at 150°C stopped at 21.1%
and 21.5%, as determined from the weight of the film under room light and
tungsten lamp radiation, respectively. These values agree approximately with that
expected (20.2%) for the reaction proposed in our previous papers [3, 4]

28nl,(s) + O,(g) — SnL,(g) + SnO,(s). @)

The thermal change was accelerated by heating; the weight loss proceeded more
slowly at lower temperatures. At 100°C, the apparent end points (25.0% and 25.5%)
were higher than those at 150°C. Sigmoidal curves were observed at 50°C. The
higher values of the apparent end point at <100°C can be attributed to the
incomplete evaporation (sublimation) of Snl,.

3.2. X-ray diffraction analysis

X-ray diffraction spectra for a thin film of Snl, heated at 50, 100 and 150°C
under room light and then quenched are shown in Figs. 3-35, respectively. The
spectrum for the film heated at 50°C for 5 min and then quenched (Fig. 3) was
approximately identical with the as-deposited pattern [3] (not shown). The pre-
ferred crystal orientations of a- [5] and f-Snl, [6] were observed, except for very
weak peaks of randomly oriented «-Snl,. An unknown peak was attributed to
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Fig. 3. X-ray diffraction spectra for an Snl, thin film heated at 50°C under room light radiation and
then quenched: M, «-Snl,; @, B-Snl,; O, a- andfor B-Snl,; ¥, Snl,; ?, unreported peak of a- or
B-Snl,. The log,, (diffraction intensity) is plotted to emphasize the minor phases.

Fig. 4. X-ray diffraction spectra for an Snl, thin film heated at 100°C under room light radiation and
then quenched. Symbols as in Fig. 3.
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Fig. 5. X-ray diffraction spectra for an Snl, thin film heated at 150°C under room light radiation and
then quenched: W, «-Snl,; @, §-Snl,; O, a- and/or B-Snl,; ?, unreported peak of a- or -Snl,; V¥,
Snl,; A, SnO,.

unreported peaks of «- and/or f-Snl,; see our previous paper [3]. Strong diffraction
peaks for randomly oriented «-Snl, and Snl, appeared after 30 min. Their peak
intensities increased up to 2 h (relative weight; 90.3%) before decreasing. A very
weak f-Snl, peak was observed up to 6 h when further evaluation was abandoned.
As shown in Fig. 4, the predominant phases detected for the film quenched from
100°C were «-Snl, (random orientation) and Snl,, up to 4 h; a very weak f-Snl,
peak was observed up to 2 h. The predominant peaks for the film quenched from
150°C (Fig. 5) changed from randomly oriented «-Snl, and Snl, peaks to weak
SnO, [7] peaks.
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Fig. 6. X-ray diffraction spectra for an Snl, thin film heated at 50°C under tungsten lamp radiation and
then quenched. Symbols as in Fig. 3.

Fig. 7. X-ray diffraction spectra for an Snl, thin film heated at 100°C under tungsten lamp radiation and
then quenched: W, «-Snl,; @, 3-Snl,; ¥, Snl,.
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X-ray diffraction spectra for the films heated at 50 and 100°C under tungsten
lamp radiation and then quenched are shown in Figs. 6 and 7, respectively. Peaks
were observed up to 2 h for the film quenched from 50°C (Fig. 6); the a- and §-Snl,
peaks (preferred orientation) were stronger than those formed under room light
conditions. Peaks were observed only up to 5 min for the film quenched from 100°C
(Fig. 7); a halo with no diffraction peak was also confirmed using a thin-film type
diffractometer for the film heated at 100°C for the longest heating period (6 h). The
film heated at 150°C showed broad SnO, peaks (not shown), even for the shortest
heating period (5 min).

The results of the X-ray diffraction analysis are summarized in Table 1, together
with the results of our previous paper [4]. The predominant phases detected for the
quenched films changed approximately in the following order; a-Snl, (preferred
orientation), f-Snl, (preferred orientation), «-Snl, (random orientation), Snl, and
SnO,. Crystallization of SnO, was observed only for the films treated at 150°C at
<24.4 wt%, which corresponds to =5% of the Snl, that remained unevaporated.
No diffraction peak was detected after the disappearance of the iodides at <100°C
so that formation of amorphous lower oxides such as SnO may be possible at low
temperature. Heating and light radiation, especially with a tungsten lamp, acceler-
ated the change.

Table 1
Phases detected using X-ray diffraction analysis for the films quenched from various temperatures

Treat. XRD Condition of light radiation and treatment period

temp. peaks
detected Dark (no light) Room light Tungsten lamp
for the
quenched 5min 30min 1h 2h 4h 6h 5min 30min 1h 2h 4h 6h 5Smin 30min 1h 2h 4h 6h
films
50°C a-Snl,p W n n a O L] u [ I ]
B-Snl,p @ n mEOOCN 0 Ooo0odoan a " O
a-Snl, r n [ I B B | u " B N RO | RN
Snl, a [ I B N a ®E B B RO a as
SnO,
100°C a-Snl, p O [ ]
g-Snl,p O O 0O 0 o0o0oanQ 0 0 0
a-Snl,r W | " B EERDB n n R O a
Snl, n n " B E N | | AR QO n 0O
SnO,
150°C «-Snl, p O O
B-Snl,p O O O O
«-Sn,br B W » E = |
Snl, u u || ] u [m]
SnO, o O a O 0O o oo m] O o o a

Key: p, preferred orientation; r, random orientation; B, strong; [J, weak.
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4. Conclusions

The influence of light radiation on the thermal change of Snl, thin films was
investigated. The thermal change was accelerated by heating and light radiation.
Radiation with a tungsten lamp was more effective than using room light (mainly
from fluorescent lamps).

Weight loss at 150°C stopped at 21.1% and 21.5%, as found from the specimen
weights, under room light and tungsten lamp radiation, respectively. These values
agree approximately with the 20.2% expected for the reaction proposed in our
previous papers [3, 4], 2Snl,(s) + O,(g) = Snl,(g) + SnO,(s). This reaction mecha-
nism was supported by the presence of SnO, diffraction peaks. The higher values of
the apparent end point (25.0% and 25.5%, respectively) at 100°C were interpreted
as indicating incomplete evaporation (sublimation) of Snl,.
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