CHAPTER |
INTRODUCTION

1.1 Background and problems of interest

Nuclear spectroscopy has been applied in many fields of application, for

example, industries, physics and nuclear medicine. All of these activities need radiation

measurement system with high-eng gy yresolution and high counting efficiency for

accurate result. Especially Ucle ctroscopy laboratory, the Nuclear

.

ly used because the system has

- ——
high flexibility for various_ap cations| and. @ eQtroperating efficiency. The basic
spectroscopy config ‘j radial etector, high voltage bias,
preamplifier; spectros and pulse height analyzer as

shown in figure 1.1
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%gaw tﬁlﬁﬂrﬂlﬂﬂjﬁon detectors i.e. gas filled
detecto sciptillati Elmd “ i tﬁ - % oduce ions or
eIectro%cﬁpﬁﬁeﬁﬁimm rﬁﬂo’r]/ aﬂ of charges or
electron-hole or ion pairs are proportional to the absorbed energies and vary with the
type of detector. It should be noted that, the charges released per absorbed energy
represent the energy resolution of each type of detector. In a measuring system,
radiation detector is biased with high voltage for charges collection to produce a current

pulse at detector’s anode that can be represented by the equivalent circuit as a current

source parallel to a capacitor (detector capacitance, C,). This inherent capacitance of



some category like semiconductor detector is not stable. It fluctuates due to the
variation of reverse biasing high voltage during current pulse generating. This situation
affects the signal pulse height, having the same amount of charges (V,=Q/C,). For this
reason, the charge sensitive preamplifier configuration with charge active reset
technique is preferred. Preamplifier works by integrating the amount of charge on to the

feedback capacitor thus produces a st voltage which grows in the stair case fashion

at the output and resets the si saturation level to ground. The feed
back capacitance is very. nc the detector capacitance. This

condition will inhibit the esigned preamplifier is sophisticated

circuit. Therefore, caref subject to keep noises as low
as possible. Neverthel rru ‘ed through unwanted noises
within circuit and exte>r ajor source of the amplitude
error and thus the ener ; ‘ v fa lear radiation spectroscopy [1-
i
Ris designed to improve signals to
noise ratio by eliminating nois‘ d—gat e signal as an input to Pulse Height

Analyzer, PHA. The pulse entgd as the distribution of input

pulse height ~V_ ‘¥the high-energy resolution
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spectroscopy amplifiﬂ pea SPE rummﬂust be clearly separated

representing specific ene‘sgApeaks ina sp@ejrum which will be needed for qualitative
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is wave shapmg%etwork It can be [aen‘ormed by usmg the band s filter with some
addltlola an\ﬁﬂﬁ)ww% ’]aq %H@@\ﬁ response with
adjustablg corner frequency or shaping time and bandwidth, producing a new voltage-
pulse shape according to the nature of detector signal and noises at the output, causing
to signal to noise ratio improvement. In practice, the high energy resolution of each
nuclear spectroscopy is achieved by varying shaping time then recording energy
spectrum for searching the minimum Full Width at Half Maximum, FWHM, at the energy

peak of interest. Actually, in spectroscopy laboratories using conventional spectroscopy



NIM, researchers familiar with NIM has an experience to do this task frequently as the
quality control process.

The impression arising from the practical point of view and literature
review shows that there is no attempt introducing signal processing method to
determine or estimate the proper shaping time in nuclear spectroscopy with effect on

energy resolution.

1.2 Thesis objective - \Il/ / "
gral p oce SSINGwetho

. 7.
resolution in nuclear spe, TN \

d that enhances the energy
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that the factors of ene iondegradatic \ ¥ lear spectroscopy system could

1. Detector charge ca S the signal error if it is longer than
processing time of we

2. High radiati l:"g Ise pile up when the time

between two i ,i' 0 - rosing time of wave shaping
network.

3. Noise nﬂuﬁjﬁ}% Wﬁ W%Jéq;ﬂ ‘(jyn in nuclear radiation
spectros@bpy.
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various kmd of shaping network in spectroscopy amplifier with optimum processing time
adjustment. Generally, the signal performance index is identified by the signal to noise
ratio. Such a modern signal processing modeling technique and numerical calculation
are used to determine the optimum condition of the system with consideration to the
relation of signal and noise power spectral density in connection with the transfer
function or frequency response of the shaping network at proper processing time. The

framework of this dissertation is shown in Fig. 1.2
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ng method is applied for analyzing
the optimum conditi pectroscopy by studying the
disturbance parameters signal sampling system and
signal-processing progra playing the optimized index is
developed with the aim to e solution of nuclear spectroscopy. The
developed process is based on im | onventional manual searching on the

real time nuclear spgetfescopy., for exampl > low-energy-x: :_‘ spectrometer.
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1.4 Expected benefit E Tl

i
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resolution deg%ﬁgn lir] ﬂijs P ﬂmﬁ optimum filter that is
derived from _noise spectral c ratii ti ai ﬁ( .1The procedure
could b ﬁ:jﬁﬁtfj rﬁl yﬁﬁy, megj:l azJadjusts itself to
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the best energy resolution. Practically, it can be used as a tool replacing routine energy
resolution searching in spectrometer setup and quality control, enabling better
performance in nuclear instrumentation. It should be an inspection tool for nuclear

spectroscopy when it faces an abnormal operating condition not only from noises but

also the malfunction in spectrometer itself.
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