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ASSESSMENT OF RADIATION EMITTED BY THE COLOUR VIDEO
MONITORS USING A SILICON SURFACE-BARRIER DETECTION SYSTEM
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1. Introduction

In our modern age, millions upon millions colour video monitors - usually kept on continuously during
the days and in many cases also during the nights - are contributing to the radiation pollution of our
working and living environment. This pollution is due mainly to electromagnetic and low-energy X-ray
radiation. First [1], X-ray emissions from television receivers were studied and the results showed that
in some colour TV sets, the dose rate at 5 cm from the surface of the screen could exceed the guidance
level 5 u.Gy/h recommended by the ICRP [2]. In older TV receivers, there are three separate sources of
X-rays, i.e., the picture tube, the shunt regulator tube, and the vacuum tube rectifier, in new types of
TVs as well as in current colour video display monitors the only source remains the cathode ray tube.
The use of solid state technology has eliminated the other sources of X-ray emission [3].

Since the voltage in most colour monitors is about 25 kV (in some of them, however, this may be up to
30 kV), such devices represent potential sources of low-energy X-rays, which can contribute to the
dose of persons working with these monitors. Although the photon fluence rate is considerably reduced
by a thick glass screen, there is still a significant radiation level at the short distance from the monitor
surface, which can result especially in a dose to the hand, thyroid and facial skins as well as to the lens
of eye (also female breasts have to be considered).

Moreover, the emission of scattered X-ray photons to other directions, taking into account the increas-
ing density of colour monitors at workplaces, leads to much higher radiation levels than previously es-
timated on the basis of measurements of a single monitor.

2. Instrumentation

Due to a very low energy and strong electrostatic field, the experimental evaluation of radiation level is
not a simple task and cannot be accomplished using standard radiation devices. For measurement of
radiation emitted by colour monitors, a low-noise silicon surface-barrier detection system has been
used, with a detector having an 800 jam thick depletion layer. The block diagram of the measuring as-
sembly, consisting of a detector coupled to a charge-sensitive preamplifier (PA), a linear amplifier
(LA), a multi-channel analyser (MCA), a high-voltage power supply (HV), a test pulse generator (PG),
and a PC, is shown in Fig. 1.

Basic characteristics of the detection system, where fully depleted detectors at 293 K of various effec-
tive areas were used, are given in Table 1. The detector was fixed at a defined distance from the surface
of the monitor, the reference results were obtained at a position of 5 cm from the monitor screen.

Special attention were paid to achieving optimum performance under a strong electrostatic field and to
ensuring the lowest level of noise in order to detect the lower part of the emitted X-ray energy spectra.
The technological processes developed for the preparation of such detectors were recently described in
detail [4]. Actually, due to severe filtration by the screen glass, the lower energy photons are heavily
attenuated, which results in a typical narrow shape of the emerging photons, with an energy of about
1-2 keV below the maximum energy and a width about 2-3 keV [5]. This partly simplifies the conver-
sion of the pulse-height distribution into one of the recognized dosimetric quantities, such as the air
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kerma or the photon dose equivalent, from which the assessment of the whole-body exposure using the
effective dose can be obtained.

Due to a relatively low dose rate, long-time measurements (several days) were required and therefore it
was necessary to maintain satisfactory stability as well as reproducibility of the system, including the
correction for the background spectrum.

Since the positions of many monitors at the offices and laboratories vary wildly, and in many cases
persons are subject to exposure due to the radiation emerging from other parts of the monitor, it is im-
portant to pay attention also to angular and spatial distribution. This is why a known classic method of
radiation detection - radiography - has also been used for mapping the fluence rate of soft X-ray pho-
tons reaching the surface of various parts of the monitor.

Fig. 1. Block diagram of the measuring system
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Table 1. Parameters of the spectrometric system used

Detector

A

B

Effective area

20
100

[mm2] Min. thickness

800
800

[jum] Detector current 1

35
72

d[nA] FWHM(e')

4
5

[keV]

Note: All values represent an average for five detectors of each type.

3. Preliminary results

Only about 5% of the commonly used colour monitors tested showed radiation levels on the surface of
the colour monitor screen close to the dose rate of 5 \aGylh.. Using the radiographic method, existent
radiation levels on the monitors were mapped and positions around the monitors with the highest flu-
ence rate were found.

The measurements at these points clearly revealed that the level of radiation emitted to the sides are
systematically higher than that of X-ray photons emerging from the surface of the screen. In two cases
the dose rate on the side surface was higher than 5 |j.Gy/h (although the level on the surface of the
screen was about three times lower). Even at points 5 cm from the side surface, the level was lower
only by 30% from the dose rate on the surface, since in this case the photon fluence rate does not fol-
low the known inverse-square relationship.

It has been observed that there is practically no difference between the monitors claimed to be ,,low ra-
diation monitors,, and other monitors with similar performance parameters.

The application of the autoradiographic method using Foma medical X-ray films (Hradec Kralove,
Czech Republic) recommended for low-energy photons in mammography examinations are illustrated
in Fig. 2. It can be seen that in terms of the optical density reflecting the density of the individual
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grains, the background is characterized by the lowest response while the emission of photons from the
side surface of the monitor is more intensive than that from the front surface.

More results will soon be available following the calibration of the X-ray spectrometry system using
standard reference photon fields in the metrology laboratory.
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4. Discussion and conclusions

While most of the studies concerning video colour display units were concentrated on the evaluation of
the exposure due to the photons emitted by the front side and have related to the relevant limits to the
surface of the screen, the results presented here show that radiation fields in all directions around these
devices should be considered. Actually, there are more and more colour monitors in individual offices
or workplaces where operators are exposed to several monitors under various irradiation geometries.

The results of monitoring have indicated that more colour video monitors used as display units with
PCs may deliver higher dose rates than calculated on the basis of the reference level of 5 p.Gy/h re-
ferred to the point at 5 cm from the surface of the monitor screen. In the case of exposures to X-ray
photons emitted from more monitors, the contribution from each device has to be taken into account.
So far, however, most evaluations have been focused only on the assessment of the dose rate due to the
soft photons emitted from the screen and not adequate attention has been paid to the emission of pho-
tons from more monitors in other directions.

Although the contribution to the effective dose of a person exposed to radiation from the monitors may
be well below the limit set for members of the general public, the skin and eye lens dose may reach
significant levels, taking into account some factors as: high density of monitors in small rooms and of-
fices, the short distance, long exposure time (in a number of cases equal to working hours; moreover,
in the Internet era, people are more and more using computers at home more and more) and very large
number of irradiated persons. This may lead to a significant total radiological impact expressed in
terms of collective doses.
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At present, there are countless manufacturers producing video monitors, the display parameters of
which are constantly improving. However, it can be seen that the attention paid to radiological impact
of these mass products is not sufficient. Recently, some attempts have been made to evaluate the level
and the possible biological hazards caused by electric and electromagnetic fields generated by display
monitors [6].
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