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" 'ments was described in ref. 13.
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10. Some Observations on “Thermally Released

Current” in Glasses damaged by

Ultra-violet Irradiation

Stress in Glass Caused by Ultra-violet Irradiation (Part 7)

Kazuo OOKA and Toru KISHII
(Tokye Shibaura Electric Co., Kawaszki, Japan) -

By heating glasses damaged by sltra-violet irrs-
diation, ‘thermally released current’was observed®.
In this note, results of detailed studies vn the
thermally released current are reported. Two
kinds of damaged glasses were uvsed as samples,
namely; sample A (protection bulb made of Terex
glass used for ordinary high pressure mercury
discharge lamp, Composition; refer to 1)) and
sample B (Pyrex glass manufactured by Corning
Glass Works, Si0, 81, B,O, 13, Na,04, ALO, 2
wt%  used for high pressure mercury discharge
lamp containing small amount of TII3. Photoelastic

{a} (b
a) Sample A : Terex glass, b) Sample B ; Pyrex glass
Fig.. 1. Photo-elastic observation with quartz wedge
of cross sections of bulb glasses.

observation with quariz wedge showed concentrated
tension in the inner surface lavers (Fig. 1. The
_method of “‘thermally released current” measure-
On both surfaces
of a sample, In-Ga eclectrodes were painted, and
they were connected to each other through Micro-
micro-ammeter {Takeda Riken Co.). The sample
was heated in a small electric furnace with the
30°C{min. Background current
caused hy electromotive foree in the external
circuit was about 107~ A at 200°C and 107% A
at 500°C per 1cm? of electrode area.

rate of about

“Thermally
released current” superposed on it and as a resuoli
decrease ot reversal of total curreni were observed.

Results of repeated measurements on as damaged
sumples are shown in Fig. 2. Positive sign in
the figures indicate current flow from inner to

outer surface through the sample. As was noted

in ref. 13, the results were not reproducible.
After washing with water, reversal or decrease of
the currents occured onmly in the limited tempera-
ture range near 450°C (Fig. 3). After grinding off
inner or outer surface layers, it was still the same

(Fig, 4). After grinding off both inner and outer
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Fig. 2. Results of “thermally released current'
" measurements on the samples A and B
(as demaged and received).
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Fig. 3. Results of “‘thermally released current”
measurements pn washed samples.
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Fig. 4. Elfects of grinding a) outer or b) inner
surfaces of the samples B. Ameounts of
glass ground away (mglfem?) arc indicated
in the figures.
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Fig. 5. Effects of grinding both outer and inner
surfaces of the samples B on *‘thermally
released current”. Amounts of glass ground
away {cuter? inner surfaces in mgfem®)
were: 7 : {0.8:0.4), @:(0.7:0.8), and
®:(0.3:0.1), tespectively.

surfaces, however, reversal or decrease of the
current were less distinct (Fig. 5).

It is clear from the results shown in Fig. 2 and
3, that the “‘thermally released curreni” is com-
poscd from at least two parts: by prior washing
one of them vanishes and the other remains. The
former one presumably originate in the extremely
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thin surface layer or is cauwsed by adsorbed
materiai.

“Thermally released current’” of washed sam-
ples was estimated to be about 1077 A/em® and
continued for about 100 sec. This corresponds to
the space charge of ahout 10~° Coulomb/cm?, and
if the charge exists only in the strained layer, it
corresponds to about 10~* Coulomb/cm®. This is
far greater than those cbserved in glasses irradiated
by 7— or X-rays {for example, 6x 10" Coulomb/cm?
after 3107 roentgen irradiation by r-ray¥~%}.

Accumulation of space charge of 10~ Coutomb/
em® is expected, for example, in the cases de-
scribed below: A) One pair of elementary charge
+e exist in every ten 3iQ, tetrahedrons or BO,
triangles arranged on the both sides of damaged
layer, respectively, B) Onc tenth of Si*t, B or
of O* lons in the damaged layer displace about
LA to the inner ar the outer surfaces, respectively
or C} Every Si0Q, tetrahedron and B(, triangle
have dipole moments of ex (1 4). If these strue-
tural changes presumed ahove really take place,
they might be able (o give rise to the compacion
of the glass structure and build-up of stress in
g}'(ls-‘;u

There are many possible mechanisms of the
accumulation of the space charge in glass. They
are, for example, a) Induced electric field in glass
caused by anisotropic excitation or ionization of
ions or scattering of clectrons by ultra-violet ray
and trapping of the elecirons by structural imper-
fections in glass, and b) Atomic or molecular
polarization, migration of alkali ions in the glasa
and absorption of forcign materials on the glass
surfaces caused by the induced electric field. On
the other hand, applied voltage of mercury lamp
during lighting or charging up at inner surface
of protection bulb by photoelectric effect of ultra-
violet ray would have the similar effects. Moreover,
with the build-up of stress in glass, migration of
the alkali ions might take place®, and with the
release of the stress by heating, backdiffusion of
the icns might give rise to “‘thermally released
current”. Further studiss are necessary to the
complete understanding of the phenomenon.
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