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ABSTRACT

High purity germanium (HPGe) detector received a research attention in radiation
measurement area. It is the most distinguished radiation measurement instrument and
have excellent energy resolution. Their demands are kept on increasing with
modernization in industries. Typically, good working performance of the system is
totally depending on warranted specifications offered by its manufacturer. This study
aims to determine the working condition and compare the performances of two
gamma-ray spectrometry (GS1 and GS2) in nuclear laboratory, UTM. The GS1 consist
of n-type closed end coaxial HPGe detector and GS2 consist of p-type closed end
coaxial HPGe detector. The specification such as resolution, peak-to-Compton ratio,
peak shapes and relative efficiency are measured using American National Standard
Institute and Institute for Electrical and Electronic Engineers ANSI/IEEE 325-1996
standard procedure in order to have the same meaning with the manufacturers. Perfect
Gaussian peaks, counting efficiency and time measurement were also determined. The
result obtained from the specification test, shows the measured values fall within the
recommended limit. GS1 found to have high resolution 1.9 keV as compared with GS2
with 1.69 keV, while GS2 shows higher counting efficiency detection and peak-to-
Compton ratio. Also, the skew factor checked in both GS1 and GS2 is found to be 1.0
which presented well defined Gaussian peaks. Dead time effect found to be decreased
with the increased in gamma-ray energy in both detectors. It concluded that based on
the results, the performance of the two coaxial HPGe detectors in nuclear laboratories
UTM are in good working condition. The significance of this study is to ensure that
the detectors are keep control and monitoring for future use. This will improve the

efficacy potential performance of these two gamma ray spectrometry systems.
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ABSTRAK

Pengesan hiper-tulen germanium (HPGe) mendapat perhatian di dalam bidang
penyelidikan yang melibatkan pengukuran radiasi. la adalah alat pengukuran radiasi
yang paling terkenal dan mempunyai peleraian tenaga yang sangat baik. Permintaan
terhadap alat ini terus meningkat dengan pemodenan dalam industri. Biasanya, prestasi
kerja bagi sistem yang baik bergantung sepenuhnya kepada spesifikasi yang
ditawarkan oleh pengilang. Kajian ini bertujuan untuk menentukan keadaan kerja dan
membandingkan prestasi dua spektrometri sinar gama (GS1 dan GS2) di makmal
Nuklear, UTM. GS1 terdiri daripada pengesan HPGe sepaksi hujung tertutup jenis-n
dan GS2 terdiri daripada pengesan HPGe sepaksi hujung tertutup jenis-p. Spesifikasi
seperti peleraian, nisbah puncak-ke-Compton, bentuk puncak dan kecekapan relatif
diukur menggunakan prosedur ujian piawaian American National Standard Institute
dan piawaian institut untuk kejuruteraan Elektrik dan Elektronic ANSI/IEEE 325-1996
supaya ia selaras dengan prosedur ujian yang dilakukan oleh pengilang. Puncak
Gaussian sempurna, kecekapan pembilang dan ukuran masa juga ditentukan. Hasil
yang diperolehi dari ujian spesifikasi, menunjukkan nilai diukur telah jatuh dalam had
yang disyorkan. GS1 didapati mempunyai peleraian tinggi iaitu 1.9 keV berbanding
dengan GS2 dengan 1.69 keV, manakala GS2 menunjukkan mempunyai pengesanan
kecekapan pembilang dan nisbah puncak-ke-Compton yang lebih tinggi. Selain itu,
faktor pencongan yang diperiksa dalam kedua-dua GS1 dan GS2 didapati mempunyai
nilai 1.0 yang menunjukkan puncak gaussian sempurna. Kesan masa mati didapati
berkurangan dengan peningkatan tenaga sinar gama dalam kedua-dua pengesan.
Kesimpulannya, berdasarkan hasil kajian, prestasi kedua-dua pengesan HPGe sepaksi
di makmal Nuklear, UTM berada dalam keadaan baik. Kepentigan Kajian ini adalah
untuk memastikan bahawa pengesan depat dikawal dan dipantau untuk kegunnan masa
depan. Hal ini akan meningkatkan prestasi keberkesanan kedua-dua sistem

spektrometri sinar gama ini.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Problem

High purity germanium (HPGe) detectors are the most popular tool for gamma-
ray spectrometry because of their excellent high energy resolution than scintillation
detectors. Typically, it is less in effective atomic number as compared to sodium iodide
(Nal). HPGe is significantly higher expansive than Nal. Therefore, must be considered
for a specific application in laboratory. A typical analog gamma-ray spectrometry
system consists of a detector shielding with heavy cylindrical container (mainly leads)
to minimise possible ambient background radiation (e.g., cosmic muons, building
materials and ceiling), germanium crystal, national institute of standards technology
(NIST) traceable standard source. High voltage supplied, electronics signal processing
chamber such as preamplifier, amplifier, oscilloscope, multichannel analyzer (MCA),
computer system and gamma automatic software for analysis. Liquid nitrogen cooling
system must provide, typically 77 K to reduce leakage current result from high bias

voltage.

When monoenergetic gamma ray interacts with the crystal detector on sensitive
region. It ionised with germanium atoms and this will create electron-hole pairs
production within a few microseconds. This electrons and holes drift in opposite
direction under the influence of high electric field to electrodes ( p*and n* contacts
) and constitute a current. Once optimized by the preamplifier, output signal will be
observed (Knoll, 2010).

Conservatives estimate that over 200,000 gamma-ray spectrometers are in use
at various research institutions and modern industrial laboratories throughout the
world (Reguigui, 2014). Because of the technical nature of this technique required by

sudden increase in leakage current. This still remaining a major challenge encountered



today, for scientists and engineers. It is believable that ANSI/IEEE-325, 1996 standard
test procedure becomes a unique procedure in which both user and manufacturer
agreed, especially on what parameters should be measure and how to measure it. Both
are specified in the standard, in order to have a valid record of measurement for future
reference. The parameter specifications such as resolution, peak-to-Compton ratio and
relative efficiency, yield a better indication of good working gamma-ray spectrometry.
The main focus of HPGe detector is to covert gamma ray into electrical pulse which
can be used suitable signal processing to achieve a desirable application. Despite the
importance of these specifications few work have been published by examining some
specific parameters stated in ANSI/IEEE std 325, 1996 (Mei-wo, 2014; Jinga and
Jonah, 2015; Meena et al., 2017; Shouop et al., 2017).

1.2 Statement of Problem

In semiconductor detectors, HPGe detector become the most widely used as a
tool diverse in nuclear applications such as nuclear waste in industries and medical
field. Therefore, it is very necessary to verify gamma spectrometry system by
calibrating the stability of its parameters over period of time. This is to ensure good
working performance of the detector or otherwise, such specifications specified by
manufacturers will eventually no longer be accurate to predict the efficacy of the

detector.

The common problem associate with gamma ray spectrometry detectors is
incomplete charge collection (charge trapping centre) during interactions of gamma
rays with matter. This will cause loss of counts and led worse energy resolution in
photo peak. Therefore, it is important to measure the resolution and peak shape to
ensure the shape of the peak is perfectly Gaussian. Other common problem associate
with gamma-ray spectrometry detector is high dislocation in the crystal due to natural
background radiation. This problem will increase the leakage current and reduce the
sensitivity of the working detector (Wang et al., 2015). The lengthy period taken by
leakage current in gamma-ray spectrometry will also contribute to detector damaged
(Gilmore, 1996).



Variation in temperature which is followed by warm up the detector will
contribute to the effect of electrical noise by preamplifier. Likewise, electrical cooling
with constant temperature should be monitored between cool fingertip and detector
crystal otherwise may destroy potential energy resolution of the gamma ray

spectrometry (Looker, Amman and Vetter, 2015).

HPGe detector should be protected from to natural background radiation which
can damage the detector and generate less count rate signal. Naturally occurring
radionuclides such as potassium (“°K) contributes immensely to the formation of long
tail in the test peaks (Islam et al., 2018). In addition, presence of contamination on the
surface of the detector due to leakage of water vapor and other impurity gases around
the detector especially, radon progeny (e.g. 2“Bi) is the most common cause of failure
to germanium detector over long period of time (Sharifi et al., 2015). Therefore there
is a need to require a proper periodic measurement to ensure detector are safe from
background radiation or otherwise, these will produce much greater efficiency loss at
low energy (Institute, 1997).

The utilization and prolonged working of two gamma spectrometry system in
Nuclear Physics laboratories at Universiti Teknologi Malaysia, causing one to
questioning its performance. The problems that associated with resolution and
efficiency of the detector (performance of gamma spectrometry system) can be
identify and solved by verifying the specifications against the warranted value certified
by the respective manufacturers during installation and commission. Therefore, the
aims of this study are to investigates the potential performance of the two closed end
coaxial gamma spectrometry against its warranted specifications issued by the

manufacturer. Furthermore, it will validate a record for future reference.

In this research to achieve the higher quality potential performance and proper
control of gamma spectrometry system in our laboratories, its resolution, efficiency

and dead time parameters should be measure to standard.



1.3 Objectives of Research

The main objective is to verify the specifications parameters resolution, peak
shapes, peak-to-Compton ratio and relative efficiency using ANSI N42-1991/IEEE
325-1996 standard test procedure to ensure good working condition of the systems.

The specific objectives are:

I. To measure energy resolution, skew factor, Compton correction peak

area and counting error associated with the test peak.

ii. To measure variation counting efficiency with different gamma ray’s

energy and dead time with energy resolution.

iii. To compare and validate the potential performance specifications for
two HPGe detectors against the warranted value certified by the

manufacturer during installation.

1.4 Scope of the Study

The scope of this research is limited to measure and correlate potential
performance of two enclosed coaxial germanium detectors in UTM. The working
performance of the detectors were investigated using ANSI/IEEE 325-1996 standards
test procedure. The test procedure was carried out using traceable standard point
source. This will enhance a full confidence by the researchers on reliability of the

working gamma spectrometers in our laboratories.

This present study was performed using standard point source in line with
1332.5 keV ®Co photo peak placed axially 25 cm from endcap of the detector, in order
to eliminate possible coincidence loss cascade of gamma ray’s energy. The two

available gamma ray n- type closed end coaxial Canberra Model 2002CSL, (USA)



product located at Block C named as gamma spectroscopy one, (GS1) and p-type
closed end coaxial Ortec Model GME25-76-LB-C, USA product located at TO5 named
as gamma spectroscopy two, (GS2) was used, in Nuclear Physics laboratories, UTM.
Measurement was carried out using two automatic acquisition software (Gennie 2000
& Gamma Vision) and manually by using peak height or linear interpolation method,
so that possible reliable data could be measured.

1.5  Significance of the Study

Gamma spectrometry is very essential tool that allow identification and
quantification of gamma emitting radionuclides in a variety of matrices (e.g. soil, water
& air). It allows several emitted photons to be detected and displays information on
the spectrum line. Background radiation is varying periodically might have damaged
crystal detector and yield poor resolution. Therefore, it’s very crucial to keep

controlled and monitoring the gamma spectrometer for future use.

In practical, energy -calibration usually conducted before sampling by
evaluating relationship between energy deposited and channel number of the peak.
Once the calibration is performed, then, it is easy to find energy of unknown source.
However, efficiency calibration is to measure the activity of a quantify radionuclides
of a spectrum. That is relationship between number of counts and disintegration rate.
While, in the other hand the present study is specifically regards to manufacturer
periodic test namely resolution, peak shape, relative efficiency and peak-to-Compton

ratio. This will determine the potential condition of gamma spectrometry system.

The significance of this study is to provide base line data or information on
gamma-ray spectrometers in UTM. This database is useful to acquire knowledge and
understanding the working principle of the two coaxial closed end detectors in
perspective of promoting research and improving gamma-ray spectrometry facilities

in our laboratories.



1.6 Thesis Plan

The work presented in this thesis describes a specifications parameters
conditions of the two-working gamma-ray spectrometer based on ANSI/IEEE 135-
1996 standard procedure. The intent was to suggest the best procedure for verifying
gamma-ray spectrometry for nuclear and environmental monitoring. Chapter 1
described the background of the problem that gives emphasis on the behaviour of
HPGe detector, problem statement, objectives of the research, scope of study and
significant of the study was presented. Chapter 2 deals with literature review of the
present research which includes gamma ray interactions and absorption in matter,
semiconductor detectors, HPGe detectors, common type of geometries used in our
laboratories, major specifications parameter for verifying the good working condition
of HPGe detectors against the warranted values specified by the manufacturers was
discussed. Chapter 3 focuses on experimental methodology using a suitable geometry
described by ANSI/IEEE 325-1996 standard procedure, linear interpolation method
for calculating resolution manually, and others mandatory test recommended by the
standard was applied. Chapter 4 concerns the most important part of the research,
where the result of our findings was discussed. Chapter 5 presents the conclusion and

the future perspectives.
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