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1 . Introduction

Since the beginning of the eighties our institute has developed and manufactured a series of ther-
moluminescent dosemeter (TLD) systems for spacecraft. The system consists of a set of bulb doseme-
ters and a small, compact TLD reader suitable for on-board evaluation of the dosemeters. By means of
such a system measurements were and are carried out on board the Salyut-6, -7 and Mir Space Stations
as well as the Space Shuttle1'2'5.

Application of TL method for environmental gamma-radiation dosimetry involves uncertainty caused
by the dose collected during the transport from the point of annealing to the place of exposure and back
to the place of evaluation. Should an accident occur read out is delayed due to the need to transport to a
laboratory equipped with a TLD reader.

A portable TLD reader3'4 suitable for reading out the TL dosemeter at the place of exposure ("in site
TLD reader") provides the possibility to overcome the above-mentioned disadvantage. At the same
time, not a single, up to date manufactured type is available on the market therefore we have modified
our new generation microprocessor controlled on-board TLD reader to enable it to monitor environ-
mental gamma-radiation doses. The main goals of the modification were (i) to provide the reader with
a battery operated option and (ii) to provide constant sensitivity over a wide environmental temperature
range.

A short technical description of the modified system is given in this paper - already being used by
Hungary's nuclear power plant.

2. Technical description of the portable TLD system

The thermoluminescent dosemeter (TLD) system consists of unlimited number of TL dosemeters and a
lightweight (2 kg), battery operated compact portable TLD reader. The system provides accurate and
wide range (from 3 jaGy to 10 Gy) dose measurement.

Construction of the dosemeters. A cross-section of a TL dosemeter is to be seen in Fig. 1. Its essential
component is a bulb made of glass (a), containing the CaSO^Dy TL material (b) laminated to the sur-
face of a resistive metal plate (c) that is heated electrically.

Fig. 1. Cross section of TL dosemeter

Each TLD bulb is encapsulated in a cylindrical, pen-like metal holder made of aluminium. A one-wire-
port integrated electronic programmable memory chip (d) mounted inside the holder contains the iden-
tification code and the individual calibration parameters of the dosemeter. The aperture (e) of the
holder is normally covered by a stainless steel tube (f) to protect the bulb from light and mechanical ef-
fects. The tube slips backwards automatically when the dosemeter is inserted into the reader. Three
gold-plated contacts (g) on one end of the holder provide a lead-in for the heating current and access to
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the memory chip. A (h) on the other end serves for operation during read-out; the same code stored in
the memory chip is engraved on the head. Except during read-out, the dosemeter is inserted in a pro-
tective metal case.

Electronic construction of the reader. The TLD reader is a microprocessor controlled unit for provid-
ing the preliminary evaluation of the dose absorbed by the dosemeters. The measured dose is then dis-
played and stored on a removable flash memory card. The main components of the reader include:

• microprocessor (uP)
• heating power supply
• photoelectron multiplier tube (PMT)
• wide-range I/U converter and A/D (12 bit) converter
• high voltage (HV) power supply
• memory card driver
• main power supply (PS)

The heating supply is controlled via a D/A converter by the microprocessor thereby the time depend-
ence of the heating current can be programmed.

The light output of the bulb dosemeter is measured by a photoelectron multiplier tube (PMT). This
PMT is a low noise, vibration and shock resistant model of EMI (9924NA). The change-over of the
three ranges of the I/U converter is controlled by the JUP. (The range of the light detecting system ex-
ceeds 8 orders of magnitude.) A built in stabilized LED light source controls the light sensitivity of the
reader in each measuring cycle.

The HV supply of the PMT is switched on 3 sec before the heating phase to allow the PMT to stabilize,
and it remains switched on only during heating.

Functions of the microprocessor are: full control of the measurement including registration of the glow
curve in digital form, preliminary evaluation of the measurement, displaying and storing of all meas-
ured data and numerous parameters.

The battery powered timer/memory has three functions: to provide the uP with the actual time (real
time clock), to store all of the "device" (reader-specific) parameters (reader identification, heating cur-
rent profiles, HV values, sample rates, etc.) and to activate the reader (switch on the main PS) in auto-
matic measuring mode.

The reader can be connected to a PC via its RS-232 standard serial port. In this way, the parameters
can be programmed into the reader and into the dosemeter inserted in the reader, data can be read from
the memory card and service functions can be accomplished.

The four digit alphanumeric LED display (Fig. 2) indicates the identification code of the actual dose-
meter, the measured dose in exponential form, the possible error codes and the menu/submenu points
of the set-up controlled by pushbuttons on the front panel.

The removable memory card can store data of up to 8000 measurements (dose, identification code of
the reader and the dosemeter, date and time of the measurement, error codes, parameters used during
the measurement and evaluation, digital glow curves).

The main power supply (PS) is powered by rechargeable NiCd battery. The battery (10.8 V) provides
capacity for about 200 read-outs. The reader also works from a car battery in buffer mode. In automatic
mode, the PS is switched on by the timer only during read-out.

The TLD reader has two main modes of operation, viz. manual and automatic. In automatic mode, the
unit will read out the inserted dosemeter periodically using parameters set in the manual mode.
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Fig. 2 . Front view of the reader
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3. Dosimetric characteristics of the system

Only the area of the glow curve of the main dosimetric peak (between points of 30 per cent of the glow
maximum) is used for dose evaluation.

The environmental temperature influences both the position and the area of the glow curve (Fig. 3).
Using the built in digital thermometer this effect is fully compensated by the (iP-program during the
evaluation.

Fig. 3. Glow curves measured at different environmental temperatures
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4. Evaluation method based on IBM-PC

The TLD reader itself performs fast data evaluation; the result is displayed on the screen of the reader.
Even though, generally speaking, this evaluation method is completely adequate and reliable for do-
simetric purposes, full advantage of all the capabilities of the system cannot be utilised in this way. In
view of this a computer program serving as a user interface has been developed for the TLD system;
this enables the full capabilities to be accessed.

The program runs under the DOS operating system, but it can be used in MS-Windows and Windows95
environments as well. The PC can communicate with the reader via an RS-232 serial connection.
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Main functions of the program:
• Obtaining measured data from the memory card of the reader
• Displaying glow curves
• Re-evaluating measured data in the case of unsuitable evaluation parameters
• Calculating dose rate based on the data stored on the memory card taking the background into

account as well
• Displaying/modifying bulb parameter tables
• Displaying/modifying device parameter tables
• Creating a bitmap file of the screen
• Creating text files from measured data
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