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ABSTRACT: In this paper we describe a thermoluminescence 3D equipment
developed in our laboratory which can automatically measure and display a 3D graph, i.e
the dependence of the intensity I of the thermoluminescence signal on the sample
‘temperature T and the wavelength A of the emitted signal simultaneously. The temperature
range varies linearly from chamber temperature to 400°C and the wavelength range is
350-600 nm, which is matched with the frequency, response of the used photomultiplier
tube. The equipment works automatically and after about 8 minutes the 3D graph will be
displayed. With this equipmént one can get basic informations in thermoluminescence
studying.

L. Introduction

Thermally stimulated luminescence (TSL) has been interested researchers for its
applications in dosimetry, dating and studyings of point defects in solids [1,2]. Recent years
this field is intensively developed in some institutes and universities in Vietnam.

Since 2000, the department of solid state physics of University of Natural Sciences in
Hochiminh City has a project in studying of thermoluminescence for its mentioned above
applications. This project is developed in two parallel directions: the preparation of
thermoluminescence materials ( LiF: Mg, Cu, P; Li;B40;... ) and equlpments for measuring
the characterictics of these materials .

In the experimental aspect, it is necessarily to develope the equipments which can
perform three basic measurements: The dependence of thermoluminescence signal on the
temperature of the sample— called the glow curve. The spectrum characteristics of the signal
at a fixed temperature and as possible the simultaneously dependence of the signal I on the
sample temperature T and the wavelength A (frequency). This is the thermoluminescence 3D
graph and finally the temperature dependence of thermostimulated current ( TSC ) .

In our laboratory, we have developed an equipment which can record the glow curve [5],
so in this paper we report the development of an another instrument which can automatically
record the 3D graph.

I1. Presentation of the methodology

The glow curve measurement is a basic one in thermolummescence study. It gives
informations of the depth of traps and dynamic characteristics of thermoluminescence signal
but no informations of recombination centres. For this it is necessarily to measure the signal
spectrum. The spectrum measurement is in principle the same as for the other kinds of
luminescence. The distinction however, in this case we are faced with transient emissions:
the thermoluminescence is not fixed, it changes during the temperature rising .

There are two methods of measuring the 3D thermoluminescence. The simplest and
straightforward one is the measuring of the spectrum of the signal at a fixed temperature,
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then repeating many times the same measurement at other temperatures. By collecting of the
data from each measurement we can get a 2D- -array of data so each column of this array
represents the spectrum of the signal at a fixed temperature and each row is the dependence
of a narrow band of the spectrum on temperature. From this 2D- -array we can get the
thermoluminescence 3D graph [3] .

Practically, we have to expose and heating the sample many times - a time waste and
tedious work. Additionally, this can make changes in the distribution of traps and
recombination centres in the measured sample .

Resonably, it should be risen the temperature only once (and therefore an unique sample

exposure!). However, in this case we are faced with the fast scanning difficulties of the
monochromator .

Normally, in thermoluminescence the sample temperature rises linearly in time
(T=T, + Bt) in which T, is the initial temperature and B is the temperature rate (°C/s). In this
method, each spectrum scan corresponds to a rising temperature range AT. Of course, as
possible as, it should be minimized AT. The simplest case is the fast scanning of the
monochromator and a second method is using an interferometer or multiplexing method, i.e
the use of a diod array to detect all the wavelengths simultaneously. Based on the conditions
of our laboratory we choose the former method.

1. Choosing the temperature rate

With the fast scanning of the monochromator, the temperature rate must be as low as
possible. The low temperature rate however, considerably reduces the signal intensity so a
not too low temperature rate must be chosen. In our equipment the temperature rate is about
1°C/s. So with the innitial temperature of 30°C and the final temperature of 400°C, the whole
measurement takes about 400s.

2. Choosing of monochromator scanning rate

The spectrura range was chosen from 350nm to 600nm which matches the frequency
response of the used PMT and therefore with a total of 48 scans, each scan must be
performed in 400/48s, i.e of about 8s.

Nowaday, due to the low cost of personal computer we should like to develop a
computerized equipment.

ITI. Instrument descriptions

The block diagram of the 3D equipment is shown in Fig.1. As be seen in the figure, it has
four principal blocks.

1. Heating block

The function of the heating block is to rise temperature linearly in time. It contains a
closed cylindrical temperature chamber with 14,5cm diameter. In the box there is a resistive
planchet that heat up as a result of the passage of current through it. The samples to be
measured in the form of single solid specimens, pellets or powders suported on a small
metallic discs are placed directly on the resistive planchet. The planchet itself is a thin metal
strip made of nickel-chrome. A thermocouple welded directly on the back side of the
planchet measures the temperature of the sample.

Since the resistivity of the planchet is very small, it can be driven only through a

'secondary coil of a transformer. In order to rise the temperature, the inputs of the

transformer are driven by a variac. A stepper motor, driven by software, turns the variac. By

Trang 28




TAP CHi PHAT TRIEN KHCN, TAP 7, S0 485/2004

appropriate changes of the stepper motor speed we can
Fig.2 represents a temperature rising with a rate of 2° C/s.

get the expected temperature rate.
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Fig.1 Block diagram of the thermoluminescence 3D equipment.

2. Monochromator scanning block

In our equipment ,we use a polychromator with a diffracied grating which has AA=20nm.

A second stepper motor is used for the scanning purpose

. Tne spectrum range from 350 nm

to 600 nm was chosen to match with the photomultiplier tube: (PMT) which is used to detect

the thermoluminescence signal.
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Fig.2 A temperature rising with a rate of 2 °C/s .

3. Detection and amplification block

Since the thermoluminescence is very weak in comparision with other normal light -
sources, its detection in a narrow spectrum range (~20 nm) must be taken with care. A light

Trang 29




Science & Technology Development, Vol. 7, Ko. 485-2004

collection system is introduced. It contains a glass tube coated with aluminium in order to
reflect all diverging lights and collect them to a lens which makes a focus beam at the slit of
the polychromator. The signal from the polychromator is directed to the PMT, the output
signal of which is converted in ac signal by an electronic chopper before its entrence to a
lock-in amplifier. At the output of the lock-in amplifier the signal amplitude is sufficently
large before its entrence to the next block .
4. Processing and controlling block
A Data Acquisition Card (DAQ) is used in order to sample and converse the analog
signal to a digital one. This DT 2801-A DAQ board has the following characteristics: '
e 16 single ended channels of analog inputs for A/D conversions.
e Two DIO ports with two 8-bit registers. We can use these ports to drive the stepper
motors.
e 01 analog output for peripheral device.
e 12-bit data resolution .
e Sampling rate of 10,000 S/s.
The software we used to control the whole equipment is LabVIEW, version 5.1 for its
powerful in signal acquisition, processing and displaying.

IV. Discussions of results and characterictics of the equipments
Fig.3 represents a 3D graph of AlO3:C which was measured by our equipment .

o o

Fig.3 A 3D graph of Al,03:C.

One can see in Fig.3, the Al,O3:C spectrum is distributed in a range from 370 to 520 nm *
and has a peak at 420 nm and 170°C. These results are in accordance with those early
reported [4].

The main advantage of our equipment is that the recording of 3D graph is taken
automatically. After the sample placing in the heating chamber, with an unique -mouse

clicking at the RUN button in front panel of our LabVIEW program, the equipment works
" automatically. After 8 minutes the 3D graph of the sample will be diplayed in the monitor of
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the computer and the equipment automatically returns to the initial state for the next
measurement .

With this equipment we can save time and espectially exclude the repeatings of sample
exposure and heating.

This equipment however, has some limited features. Due to the mechanical inertia of
the stepper motor and polychromator we cannot scan the. polychromator faster than 8s for
each scan in order to reduce the temperature difference at the beginning and ending of each
scan. In our equipment this difference is about 8°C. In addition, the sensitivity of this
equipment is also low, which makes difficulties in recording low exposed samples. In order
to improve the signal to noise ratio, it is necessarily to replace the present old PMT by an
another one which has lower dark current and better spectrum characteristics .

V. Conclusions

With this 3D equipment we can make almost basic measurements in
thermoluminescence study. The TSC measurement is a more complexity one but we hope
that it will be developed in our laboratory in a no far future.

Hf THIET BI PO VA HIEN THI PO THI 3 CHIEU CUA HIEN TUGNG
NHIET PHAT QUANG

Trudng Quang Nghia, Tran Quang Trung, Hoang Thj Thu
B6 mon Vit 1y Chat rin, Trudng PH Khoa Hoc Tu Nhién - PHQG-HCM

TOM TAT: Trong bai bdo nary ching 16i mé td mdt hé thiét bj dugc xdy dyng tai
phong thi nghiém ciia B mon vat ly chdt rdn. He thiét bj c6 thé do dac va hién thj db thj 3D
ciia tin higu nhiét phdt quang, tikc 1a do thj biéu dién dong thoi sy phu thudc cia cuong dj 1
cia tin hiéu vao nhiét dé T va budc séng A cia dnh sdng do mdu phdt ra. Nhiét d¢ ciia mdu
dugc ndng tuyén tinh tit nhiét do phong dén 400°C con gidi tdn s lam viéc tir 350 dén 600
nm. Toan bd phép do va ghi hinh 3D dugc tién hanh mdt cdch hoan toan ty dong trong
khodng thoi gian 8 phit sau khi nhdp chudt lén nit RUN & front panel cia chuong trinh
LabVIEW. H¢ thiét bj cho phép do dugc cdc thong tin co bdn irong nghién ciu hig¢n tuong
nhiét phdt quang.
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