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ABSTRACT

The potential of the back protective glass from modern smartphones as a possible material for an emergency
triage, OSL dosimeter was evaluated. Strong OSL signals were observed in samples of glass from phones of
different models and brands after irradiation. Some important parameters of these signals were analyzed,
namely the OSL decay curve shape, the dependence on dose, and the stability (fading) with time after exposure.
Analysis of the shape suggested that the main mechanism of the OSL production is optically assisted tunneling.
The dose-response characteristics demonstrated linearity in the tested dose range (0-2.7 Gy) provided that fading
was accounted for during calibration irradiation. The fading after irradiation was described by a universal,
two-component function with a primary component due to tunneling and a secondary, thermal component. Dose
reconstruction tests were carried out for in-service phones exposed to known doses and then kept in normal
usage (phone calls, texts, web surfing, etc.) as well as for out-of-service phones irradiated to blind (unknown)
doses. Dose reconstruction was conducted using a custom-made OSL reader without dismantling any part of the
phone. OSL-reconstructed, fading-corrected doses were within 25% (worse case) of the corresponding nominal
values. It was concluded that the back protective glass can be used as an OSL emergency triage dosimeter (if

protected from ambient light by a phone case).
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1. INTRODUCTION

There have been several major radiological accidents in the past, of which may be mentioned
the Mayak disaster in Russia (September, 1957), the Chornobyl Nuclear Power Plant (NPP)
accident in Ukraine (April, 1986), and the Fukushima NPP accident in Japan (March, 2011) (e.g.,
[1-3]). In all such accidents, hundreds of thousands of people from the general population were
either exposed or potentially exposed to unknown radiation doses. It is evident that in today’s
modern world, radiological/nuclear accidents are, unfortunately, a fact of life and, were any to
happen in the future, they may also affect very large numbers of people.

Assessment of personal doses due to exposure during such events is essential due to the
necessity of promptly triaging potentially exposed people. Two different approaches are usually
exploited for such a purpose [4-5], namely Biological Dosimetry (i.e. direct estimate of the dose to
an individual using biological material (mostly blood)), and Physical Dosimetry (when the dose is
first assessed to an object carried by an individual, using electron paramagnetic resonance (EPR),
optically stimulated luminescence (OSL) or thermoluminescence (TL) techniques, and is then
converted to the dose to the individual, see e.g. [6]). In the latter approach, biologically-derived
material (such as teeth and nails), or “fortuitous” material carried by an individual (such as personal
electronics and credit cards, see e.g. [7-9]) may be used.

In this paper, we describe a study of back protective glass, which may be found on most current
smartphones, as a possible emergency OSL dosimeter. This component of a phone can be measured
without dismantling the phone, which is a clear advantage when compared with dosimetry using
other phone components like resistors, inductors, integrated circuits. Use of the latter components
requires that the phone must be dismantled and destroyed [10-12]. The general TL and OSL
properties of the phone protective glass were described in [13-14], and two different non-
destruction methods of OSL signal readout were proposed in [15-16]. In the current work, we
provide further insight into the nature of the physical mechanism responsible for the OSL signal
production in these materials and its stability, as well as presenting results of some dose recovery

tests.
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2. MATERIALS AND METHODS

The back glasses from eight different smartphones were used for general tests. For these
experiments, several aliquots, of size approximately 5 x 5 mm?2, were cut from the glasses.
Information about these smartphones is given in Table 1.

Smartphone protective glass is made of aluminosilicate glass. The composition and structure of
such glass are shown in Figure 1.

Five additional smartphones were used in the dose recovery test. Three out-of-service iPhone
XR phones were exposed to blind doses while two in-service iPhone 11 models were irradiated to
known laboratory doses. Phones were measured at different times (in the range 3-7 days) after
irradiation.

All OSL measurements were conducted on the custom-built OSL reader specially designed to

accommodate the entire phone. This reader is described in detail in [16].

Table 1. General information about tested phones

Phone # Phone model
iPhone XR
iPhone X
iPhone XS
iPhone 11
iPhone8

Samsung Notel0
LG V30
Samsung S10
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Figure 1: Composition (a) and structure (b) of aluminosilicate glass usually used for manufactur-
ing of the protective glass.

CW-OSL decay curves were recorded for stimulation times of 200 s using 200 data points per
curve. The dosimetric signal (DS) was calculated as a difference of two OSL integrals: over first-
and last 10 s of the curve. Dose-response curves were measured in the dose range 0-2.7 Gy.

Fading of the OSL signal with time after irradiation was studied using irradiation of the phones
to a test dose and measurement of the OSL at various times after the exposure. The DSs in this
experiment were normalized to the corresponding values observed 3 min after irradiation. The
phones after irradiation were stored in the dark assuming that phones kept in opaque cases have
similar fading properties.

Different ionizing radiation sources were used for irradiation of samples. For general OSL tests,
samples were exposed with an external 90S1/90Y beta source delivering 20 Gy/min. The in-service
phones were irradiated using a Hewlett Packard Faxitron 43805N X-ray system operating at 100 kV
and 2.7 mA, and equipped with a 2 mm Al filter. The dose rate at the phone placement was 133
mGy/min. The out-of-service phones were irradiated at BfS (Germany) using a Maxishot SPE X-
ray cabin operating at 240 kV and 13 mA, and equipped with a 3 mm beryllium and a 3 mm
aluminum filter; the dose rate at the sample position was 1 Gy/min. This irradiation was conducted
within the framework of large inter-laboratory comparison performed by RENEB, which involved

46 scientific institutions and 8 different biological and physical dosimetric techniques. (The results
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of this inter-comparison are in process of preparation for publication.) After exposure, the phones,
in cases, were shipped to the OSL lab and measured immediately after arrival.

All the above doses are referenced to a dose in air.

3. RESULTS AND DISCUSSION

3.1 OSL characteristics

Blue-stimulated OSL curves observed in the tested samples irradiated to a dose of 1 Gy are
shown in Fig. 2 for linear (a) and log (b) scales. It is suggested that the experimental OSL curves
approximately follow a t-n decay law, which suggests the optically-assisted tunneling (OAT) as a

main mechanism of OSL signal production.
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Figure 2: Blue-stimulated OSL (BLSL) curves from protective glass from a variety of phones.
Irradiation dose 1 Gy, (a) is on a linear scale while (b) is a log scale.

Tunneling and its effect on TL and OSL have been studied extensively in the past. The main
recent papers are [17-19]. The approaches proposed in these papers were applied to analyze the
OSL curves obtained for two different stimulation wavelengths, namely, Blue-stimulated and
Green-stimulated OSL (BLSL and GLSL, respectively). The results of corresponding fitting are
shown in Fig. 3(b)-(d) for normalized intensity in the log scale; Fig. 3(a) shows the original OSLs.
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Figure 3: Fits of the OSL curves obtained for two different stimulation wavelengths (Blue- and
Green-stimulated OSL, or BLSL and GLSL) to Huntley model [17] (b), Jain et al. semi-analytical
model [18] (c) and Kitis and Pagonis analytical model [19] (d). Plot (a) shows the original OSL

curves.
It is seen in Fig. 3 that there is quite satisfactory fitting for any of the tested models, which

suggests that optically-assisted tunneling (OAT) is a dominant mechanism in the OSL signal
production, but there is also some discrepancy between experimental and fitting data for any model,
which means that, additionally to the OAT, there is another mechanism (secondary mechanism) that

also contributes to the OSL. Clarification of this secondary mechanism was beyond the scope of the

current work.
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Tunneling from the excited state may be represented by a diagram shown in Fig. 4(a);
stimulation light excites electron into Band-Tail states, which are distributed in glass, as a disorder
material, according to exponential law with density of states described by Urbach’s formula [20]:

p(E) o exp{(E — E,)/Ey}

where EU is the characteristic width of the band tail states and E_ is the optical trap depth.

Measuring OSL response as a function of stimulation energy (i.e. for different wavelengths of
stimulation light), it is possible to determine the parameters E_and EU. An example of such
dependence is shown in Fig. 4(b) for the two tested phones; values of the fitted parameters were E_

=191eVand2.02¢V, E;=0.30 eV and 0.25 eV for iPhone 11 and iPhone 8, respectively.
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Figure 4: (a) Model for the excited state tunneling;
(b) fit to Urbach’s formula for Band-Tail states p(E) o< exp{(E —E,)/Ey}
E,=191eVand2.02eV, E,= 0.30 eV and 0.25 eV for iPhl1 and iPhS, respectively.

3.2 Fading considerations

If glass is stored in the dark after irradiation, tunneling may occur directly from the ground state
to the recombination level. The corresponding diagram and data are shown in Fig. 5. Fig. 5(a)
shows a model for ground-state tunneling, whereas plot (b) demonstrates two OSL curves recorded
at different times after irradiation. Additionally, there may be a non-zero thermal component

contributing to the fading.
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Figure 5: (a) Model for the ground state tunneling;

(b) examples of OSL curves recorded at different fading times after irradiation.

To estimate the possible contributions from these two mechanisms the fading curves were

obtained for several mobile phones (Fig. 6(a)), and the average fading dependence was fitted by the

function:

= t
Ios(t) = Aexp {— _} + Bt
T

where the first term describes a thermal component, of temperature-dependent time constant t,

while the second term corresponds to the tunneling component. A, B and n are constants. The result

of the fitting is shown in Fig. 6(b); it is seen that the tunneling component dominates at the initial

phase after exposure, with a small thermal component. Also important observation from Fig. 6 is

that the fading of OSL in the glass can be described by a universal curve (a black line in Fig. 6b).
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Figure 6: (a) Fading of OSL for several mobile phones, (b) fitting of the average fading depend-

ence by a function I, (t) = Aexp {—i} + Bt™", where first term describes a thermal compo-

nent while the second term corresponds to tunneling component.

1.1. 3.3 Dose-response characteristics

Examples of dose-response characteristics are shown in Fig. 7 for three representative glasses.
OSL signals in this test were recorded at the same effective fading time  tefr = tin/2 + tder, Where
irradiation time tir was varied in the range 1-20 min depending on the chosen dose, and the delay
time tqel between irradiation and OSL readout was adjusted in such a way that terr always equalled
30 min.

It is seen in Fig. 7 that the dose-response curves are linear after accounting for fading during
calibration irradiation in the above manner. Using the dose-response curves similar to those shown
in Fig. 7, the values of the minimum detectable doses were calculated for the tested phones. They

were in the range 0.2-5 mGy for the different phones measured 3 min after exposure.
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Figure 7: Dose responses of some representative phone glasses.
OSL were recorded at the effective fading time tet = tin/2 + tdel.
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3.4 Dose recovery tests

As was already stated in the Material and Methods Section, several mobile phones were
exposed to different known and blind doses using two different X-ray sources and the OSL
measured within 3-7 days after irradiation. After measurements, the phones were irradiated to a
calibration dose of 0.3 Gy, the OSL was measured again, and the doses were calculated. At the final
step, the doses were corrected for fading using the fitted curve from Fig. 6(b). All these steps
require just 10-15 min per one phone (two OSL readouts 200 s each, 2 min for calibration
irradiation, and few minutes for phone uploading/unloading). The whole procedure doesn’t affect
the condition of the phone.

The final results of the dose recovery tests are presented in Table 2.

It is seen from the Table 2 that the deviation of the reconstructed, fading-corrected doses from
corresponding nominal values is within 25 % (maximum) in the dose range 0.27-3.5 Gy, which is

an acceptable value for potential triage applications.

Table 2. Results of the dose recovery tests

Phone#  Nominal Fading OSL Fading Corrected Deviation,
dose, Gy time, days dose, Gy coefficient dose, Gy %
iPhone 11 0.27 6 0.028 0.143 0.20 25
#1 (known)
iPhone 11 0.27 7 0.030 0.137 0.22 17
#2 (known)
iPhone 0 3.4 0.0 0.189 0 0
XR #1 (blind)
iPhone 1.20 3.4 0.21 0.189 1.12 7
XR #2 (blind)
iPhone 3.50 3.4 0.53 0.189 2.81 20

XR #3 (blind)
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CONCLUSIONS

* Back-protective-glass from smartphones can be used as an OSL emergency dosimeter (if
protected from ambient light by a phone case).

* The method is simple, non-destructive and rapid (~ 10-15 mins per phone); the phone
remains fully functional throughout.

» Fading correction is possible using a universal correction curve.

* Fading-corrected doses shown to be accurate within ~25%, which is quite acceptable for

triage.
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