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CHAPTER I
THEORY AND LITERATURE REVIEW

2.1 Nuclear spectroscopy system

2.1.1 Signal pulse processing. A principal block diagram of a nuclear
spectroscopy system is shown in Fig. 2.1. The system comprises of radiation detector,

HV supply, preamplifier, spectrosco

is essential for nuclear spect | alysis fipf s kinds of radiation i.e. alpha; beta,
gamma, neutron and x-r ectr &pends on the radiation detector

anplifier, and pulse height analyzer. The system

response.
—
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Fig. 2.1 A of SPecttroscopy system.
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The mcnde.mt radiation at the i}nsmve volume of detector is detected by

converting theﬂﬂ Eja’a wtﬁ%aﬁowge’}rﬂrfﬁomon to the absorbed

energy. A voltadd pulse amplitude h‘glght representmg the burst of charge at specific

energy%‘ -aT;a ﬁ)ﬂrﬁ m«u%ﬂ q%ﬁ %1& %Jabllshed at any

rt of ront-end and added to signal chain of preamplifier. Therefore, the
spectroscopy amplifier will be designed not only for gaining the signal pulse but also for
the signal to noise ratio improvement through using the noise filter or signal wave

shaper, shown as a functional diagram in Fig. 2.2
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NP fler is used at the front end

because of its low noise 4 ' | : \o the gain due to the detector

capacitance variation. Thé g / ated onto a suitable feedback

capacitance, which giVes #iseafto e \‘ \\: al at the output of the charge

sensitive preamplifier Mithdfanl a .’..-;..“; orresponding to the ratio between the

generated charges and féed ck ~{,;¢ *u e. A'stalrcase voltage is formed when a

train of radiation interacts inhedia of re h détector, as shown in Fig. 2.3b. Each

step voltage with amplitude e_amount of charge generated by

radiation contributes S0_the Vvoitage pie-tib —Alterit=reaghés the saturation level the

A

system will be reset G giot f itil the new event comes.
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Fig. 2.3 lllustration of an output signal of RC and active reset preamplifier

Next stage, each step signal is fed to main amplifier where signal is

filtered or shaped. This primarily optimizes the signal-to-noise ratio of the system.



Figure 2.4 shows the signal output at different filter shaping times. The output pulses are
also different in shape. A small shaping time gives a narrow output pulse while a large
shaping time gives a wider output. At this stage, noise is considerably removed from the
output signal. The error associated with signal is made small, but the optimum one is still
to be identified. In all cases, one of the resulting output signals may be performed as a

suitable pulse for further processing_or analyzing depending on its applications. In

above mentioned system, the sigi al ) @ chain in nuclear spectrometer acts as
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The final stage in signal pulse processing is the pulse height analyzer,
single channel analyzer (SCA) or multi-channel analyzer (MCA) which is used to analyze
the pulse height and form pulse height distribution. Pulse height analyzer is substantial
in measuring the different pulse heights and recording each individual quantum of

radiation that interacts in the detector. The signal pulse height analyzer works on the

basis of pulse height discrimination. A system might count the signals, which have the



same amplitude and store in the counter or scaler and produce the histogram of signal
amplitude from a detector as shown in Fig. 2.5a. Owing to the presence of noise, there
occurs pulse height fluctuation resulting in pulse height broadening as shown in Fig.

2.5b
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practlce radiation ‘Qf different energ|es are emnbd and detected in

the nuamtﬂq@ﬂ%mﬁ%wa;ﬁﬂaqta Hutlon profile is

formed algo known as the energy spectrum. Basically, the sharp shape of a pulse height

b) Spectrem in practice

distribution, called “energy resolution”, at each energy peak depends predominantly on
the type of detectors. The comparative pulse height spectra recorded using a Nal(Tl)
scintillation counter and Ge(Li) detector is illustrated in Fig. 2.6. Moreover, an energy
resolution of each spectrum can be degraded by a combination of many factors to be

mentioned in the next section.
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Fig. 2.6 Energy spectrum ofNal'af 1l conducter detector Ge(Li) from pulse height

N

analyzer.

2.1.2 EngfgyffraSolutién e imperfection of detection

system and the pulse procgSsifigegi (.%, \\ idth of the peak in the spectrum.
A v )
The Full Width at Half Maxifum=t=a/-iy eak @ue to the monoenergetic nuclear

particle is the definition of the restia of gar spectroscopy system. The FWHM is

widely used as indexio on of a's; fem and is alternative to the

P —

standard deviation,al 9f

0 4 the analyzer. The peak in

the pulse height spect " can be approximated by Gaussian distribution, which has the

mean energy,H,, and the §tandard deviation ®¥pulse heights as shown in Fig. 2.7
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Fig. 2.7 Definition of system resolution.
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The Gaussian function most conveniently is given as:

A 3
G H = e—(H—Ho) 120 (21)
12 o2

The width parameter o determines the FWHM of Gaussian through the relation of 0.5

probabilities at average pulse height, and can be derived as

=g ie

AH =+2In2 -0 . v !
FWHM =2AH = 2.35 s
The energy resolutlon . | e rafional of FWHM and average pulse

(2.2)

height (H,) or in other _ 3 at averagé.energy (E).

R FWHM= FWHM 4 ' » W (2.3)
HO

The source of fluctuation j nalp 7'1 in'will combine statically fluctuations

from the detector to giv Groverall ¢ éSolution of spectroscopy system.

Fluctuation sources degrading:h ion in term of standard deviation,o,

comprise of four c_';‘.:.-.-.------—----—--—-—---;——-—,, -------- tirg of detection process in a

v, = RY
e ount” of charges created by the
L l!'

monoenergetic nucleas particle. The second one is
random nature r‘ e@v e, fi iﬁgﬁ 4and is represented by o,
Third, o,, the rﬂjzlit riﬂﬂyje Bu cg];’]j\ﬂ:j; much shorter than the
charge collection time in the ﬁr‘ The, las oﬁi v i g lectronic noise,
the mzﬁi‘rﬁﬁ iﬁtﬁ ﬁe ﬁmga Tlﬁ :je zj the degree of

degradation in energy resolution arising from the overall standard deviation can be

detector, is represé

e pulses pile-up due to the

written as follows:
0'=072+0,2+02+0} (2.4)

or represented in term of FWHM values for each individual sources of fluctuation:
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(FWHM )’ overaii=(FWHM) detector+ (FWHM)noise-+ (FWHM) pie up+(FWHM) ballistic deficit

Fig. 2.8, illustrates the energy degradation due to pulse height
fluctuation. However, the optimum signal processing system would reduce the standard
deviation to a minimum except the effect due to nature of detection process which

depends on a detector-front-end system. The following section will describe the detail of

’ Wlution in nuclear spectroscopy.
/ﬁistribution

the three factors that degrades th

Fiv

on de ij adation.

ﬁ ‘ﬁ( major contribution to
energy resolutéj ﬁ ?ﬁﬁﬂa aﬂﬂjofijaas stated in published
papers and well known nuclear electﬁmlcs textbo The to ifier system can
be mo@ewq &ﬂn mcu ﬁyg ﬁgjsﬁ aMg

= a/'ﬂ
QoY c-l-

Shaping
Network,
'l' o’ = H(jo)h(t)

Fig. 2.9 Detector amplifiers modeled with noise sources.
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Noise is assumed to arise from four uncorrelated sources at the input;
E(,,2 and I(,,2 generate white voltage and current noise of spectral densities a and b
respectively. E,2 and /,2 generate 1/f voltage and current noise of spectral density a/In
and b/lf] respectively [12,13,14]. A global equivalent input current noise spectral

densities is N (w) , and can be given as:

N@)=C%a’+b+C’, @] +b,/| (2.5)

where 27T a, = ag, and 27T b, = b\ /

Noise sources arise from je, &as resistor, preamplifier feedback
- ——

resistor, resistor connec vecn aeiector and preamplifier, FET gate

current, channel resistag and dielectric loss. Especially

for high-energy nucleaf®spg€tidsts 7 >\~

\\ { due to radiation damaged

;, \k a ived from the knowledge of
r . &0 eristic of devices and circuits in

devices usually found.

equivalent circuit and al Ch

the mathematical form as | adc tion, mathematical of input noise

spectral density can be D, W 'h give information of physical

3

characteristic and can be deriVed—=t estadliShed numerical technique for spectral

identification [15,16] i

iy | o,
ko e b3 o L"'Zo -
K +

| ‘= -
0 !u Lo

Nw)=YH, — =
= ; “1+G2? W
(2.6)

All constants (ﬂhu Eia)% quw‘c%fw&%ﬂﬁ an angular frequency.

The relation between non-white noisg and white Egise is derived@m corner angular
frequeQ W@Mﬁﬁw%}%’%@eWHoweﬂnage spectrum
and whit8 current noise‘spectrum cross the non white current spectrum. The actual
range is variable between a few Hz and 1 MHz according to the device and the
operating conditions [11]. The corner frequency at which white voltage noise spectrum
Cross non-voltage noise spectrum is the noise corner time constant so that a reasonable

duration for the pulse response can be made.
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2.1.4 Pulse pile-up and Ballistic deficit

a) Pulse pile-up. Pulses pile up phenomenon is caused by the
random nature of radiation emission. The time interval between two consecutive signals
characterised by an exponential random distribution. The finite width of filtered signal

will produce the distorted signal amplitude when the time interval between the

consecutive pulses is too short. Thie adiation emission rate introduces the more

distorted signal amplitude re | rgyresiition degradation. as shown in Fig. 2.10

b) Bg "‘“‘j;"‘; cit.'_ e Cit arises from the longer time to
collect charges induced™t

time of filtered signa .o ¥ // \\\ \\ \

\‘ 0 --3 ro copy amplifier is inconsistant

diation detector than the peaking
roscopy amplifier, as shown in
Fig.2.11. The loss in Pllses

if the fluctuation of g th ’ ~. ic deficit variation can be a

@ \ troscopy system under high

dominant contributor

counting rate conditions.

i — High counting

l- ~~~~~~ Low counting
q . ,

i Distortion by pile-up

L/ﬁ

a ity

a) Pulse pile up b) Spectrum distortion

AMPUTUCE

TS S (Sl LED0F B TR 1NN I |

Fig. 2.10 lllustration of energy spectrum distorted by pulse pile up.
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Vit)

oo time Ballistic
constant deficit

‘ pole-zero compensation circuit is

R high pass at the first stage of

signal processing chain. Thg SICPole-zel e ion to eliminate the under shoot is

shown in Fig. 2.12. In nucleag'p v stem, the pulse height is measured
relative to a true zerebase line. Th > presence-of any-ov eror undershoot will degrade

energy resolution dué O 2 nergy.

Base line restorer. The baseline féstorer circuit has its function
to restore the ﬁ f ffect of baseline shift
comes from th@wﬂl’lo nﬂ;?tje ﬁﬂ ajtllﬁmplifier and gives rise
to very ct ﬁjll ﬁx ﬁﬂ hlgh resolution
spectro gﬁﬁﬁ ﬁﬁ% if ﬁ\ﬁr m?iwi El
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After compensat L
ompensatio R,
a) ‘ db) Pole zero network
Fig. 2.1 e undershoot
2.2 Optimization of sign
221 Si ' nbise fatid, Jssumed that the overall FWHM is due
solely to the noise contrib e Bffect: : llesup and ballistic deficit variations
being neglected. The outpusi : } e'0f noise will be the pulse having a

. : |
constant height V. If the noise a ! .e. oltage V, at any time the signal pulse

will superimposed by thi 7 pulse height (V)=V+V_as in
Eig.2:13 Vﬁ#ﬁﬁ* “

—
'I = i
| D 0
‘ L

v=V-¥,. [2l0g2 v=V+| [2104,2
© C)

Fig. 2.13 lllustration of signal and noise in spectroscopy (a) Noise voltage only (b)
Probability distribution of noise voltage (V,) (c) Noise voltage plus pulses of

constant height (V) (d) The probability distribution of pulse height (V+V.,)
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The signal to noise ratio,n, is defined as the ratio of the mean signal pulse height V to

the root mean square (RMS) noise voltage V,. This leads to the following relation.

Viweme = E 1yin - 2.35ﬂ = 2.35 (2.7)
V E V

The signal to noise ratio in a give depends on both the magnitude of noise and

also on the signal pulse magnitu e energy of nuclear particles being

I of the noise sequences can be

\ liscrete-time random processes.
The sample-to-sample caffeldtia of E:

i \
averaged autocorrelation Q¥er @ny. one! of- alizatiens of the process. Therefore, the

an be characterized by the time-
power spectral density L& “ihe'fdiscrete-time Fourier transform of the

Ry/k] = i (2.8)

—0 2M 44

Where x[n] is "-y-f';' oWeT Spectral Density Sx(f) is

Sx() = Zk Rx[k]eXPé J27 fkT) (2.9)

Rkl ANLNIVEANT « ve saarers o

represents the contnbutlon of noisefto the total system. The val@g’ of ENC is usually
expresgdw’] aﬁez] 5 m umqu ngp’]eattgj signal charge
generated in the detector. In time domain, the ENC value of any noise component can
be calculated from output noise waveforms by dividing the root-mean-square of noise
voltage to the amplitude of signal pulse generated by a single electron at the shaper
output. In frequency domain, ENC of particular noise sources can be calculated if noise
power spectral density function and shaping network transfer function are already

known. The power spectral density of noise is shown in Fig. 2.14.
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2.2.3 Power transferfunction of spectroscopy amplifier

2.2.3.1 Lineart nv stems. A linear-Time-Invariant (LTI)
5‘% SR/ L.

system is one where d'tin:

" s -

time delay in the sys ¥ ""7‘; ust an indexing variable

ce causes an equivalent

prit

b |
which use to keep trac f system input and output samples. If a system provides an

output y(n) given an mputf)

ﬂﬂﬁl’mﬂﬂﬁﬂﬂ’]ﬂﬁ
QRIAINTUNATINIENa Y

For a sys%m to be time invariant, with a shifted version of the original x(n) input applied,

x'(n), the following applies:
result in

X'(n)=x(n+k) ————— y'(n)=y(n+k)

Where k is some integer representing k sample period of time delays.
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LTI systems have a useful commutative property by which their
sequential order can be rearranged with no change in their final output. This situation is
shown in Fig. 2.15, where two-different LTI systems dose not alter the final output.
Although the intermediate data sequences f(n) and g(n) will usually not be equal, the

two pairs of LTI systems will have identical y(n) output sequences.

Input x(n)

LTI Output y(nz

ystem 2

b) Input x(n) - ﬂh \ Output y(n)
M@ 4 \ NI

Al.u

Fig. 2.15 Linear time-invariaft sys ‘Z‘Z" N s€ Block diagram of two LTI systems
b) swappmg the orde *?P.,‘E % v dose not change the resultant output

y(n). ..‘-\-. \:"

%3.2 pectr -amplifier as f': linear time-invariant model.
The nuclear spectroscopyﬂphfler consnsts&three major parts or sub system i.e. Pole-

zero compensﬂu%j ’3 %tﬂaﬂ ﬁswﬂé}ﬂ ﬁey are formed to be a

complex model“nd can be defmeq, as a linear tlme invariant nUeI which can be
deson@i wqtﬂs@ ﬂﬁmtﬂ%@@%’i ahﬂunctlon can be
defined By direct technigues without first selecting a confined set of possible models.
This method is called nonparametric since they do not employ a finite dimensional
parameter for the best description. The frequency response of nuclear spectroscopy
amplifier is determined from the relation of input to output in time domain. The frequency
response is not represented by equations but represented by arrays of numbers at each

resultant frequency called arbitrary frequency response.
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2.2.3.3 Frequency Response Function. If x(n) and y(n) are input
and output signals of linear time invariant system characterized by the impulse response
h(n), then y(n) is resulted from convolution of x(n) and h(n), as shown in Fig. 2.16 The
impulse response, in principle, can be computed through the deconvolution operation.
However, deconvolution is not always computationally feasible, if the input and output

processes are jointly stationary.

o=

Fig. 2.16 Input-output ligg@r ifng iants ' - l lelmWhere x(n) and y(n), are input
ideal response and gut .\ ively.
The discrete Fourier transfornif(D AN a-;j; ) v f a linear-time-variant system's

impulse response and an input f‘{{ nee I to'the product of the spectrum of the

input sequence and the DF ."-":’i?r i) ,,- nse. If two time domain sequences

K

=

h(n) and x(n) have '"..;---::33_1-:7-"-'-'-'-*‘%ﬁ""-"-'-'-"-'-';'"-, the frequency response,

X"

H (¢ ) can be obtained fro Of crOss correlation between these

'I JJ

two processes and the rel;tlonshlp can be stated as follows:

s h(n)*@wm‘i’lﬂ?mﬂﬂ’lﬂ‘i
H(efﬂs&%&ammummmaﬂ

Where R, and R, are Fourier transforms of cross correlation and input.

2.2.4 Dependence of noise on shaping time. The importance of various
source of electronic noise in the measured signal to noise ratio depends on choices of
parameters used in the filtering or wave shaping operation. One of the important choices

presented to the routine use in nuclear spectroscopy amplifier is a wide range of
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possible shaping time. The optimum shaping time will generally occur at the point where
the series and parallel noise contribution are equal. As illustrated in Fig. 2.17, the
contribution of series noise tends to become less significant if shaping time is increased.
On the other hand, sources of parallel noise become more significant. There is another
category of noise that includes i.e., effect of charge motion in detector or semiconductor

devices. The 1/f noise dose not char e with choice of the shaping time.

FWHM
A//E: S\\\ \\\
Series noise
001 100
= «.;,., icroseconds)
Fig. 2.17 The contri s \‘ HM and shaping time.

;J
Besides effect from puls% pile-up at high cwt rate is also dependent on the shaping

e 1 ALY A SGI BOLT oror s

searching as a mst activity after the i ‘pdlwdual set up of the detector system in order to

e RRTRIN I AN Y

23 therature review

2.3.1 Factors of energy resolution degradation. Radiation detector,
which converts the detected photon energies of radiation into electrical charges and
forms the electrical signal, is the major factor effecting energy resolution of nuclear
spectroscopy system. The discrete numbers of charges depend on the conversion

factor or mean particle energy per ion pair which is subject to the statistical fluctuations



..~ )
weruUAND HATNUINEY] nn
: d - »
B eomisumnenns 21

causing energy resolution degradation. Radiation induced damage is also one problem
in energy resolution degradation. Ethan L. Hull, Richard H. Pehl, Craig Tindall, Paul N.
Luke and James D. Kurfess [19] study the effects of radiation damage caused by 200
MeV protons on charge collection effects in Si (Li) gamma-ray detector to determine the
validity of operation in space. The result exhibits slight energy resolution degradation -
and no other radiation damage effects are observed.

Preampilifier is thesfirst'ele a signal processing chain. It serves as

an interface between the radiation detecto : gulse processing portion including

rom preampliier arise from the input capacitance, a
“Cable™so e cable length must be kept

‘\\_s reampliﬁer should be tested

following IEEE STD 301-4@764 si@ndara .\e\ ramplifiers and preamplifiers

iZing ation, to ensure the optimum

connected detector, HV bi c Sonr 2C

[ »"I
as short as possible to efféct.

for semiconductor radiati

energy resolution of the s g tai \'s\ days, the circuit of charge

sensitive preamplifier is change to active reset preamplifier to prevent the
v =, :

overload recovery and pile-up t snergy resolution as shown in Fig. 2.18.
== Tl . ) -

At present energy resolt | degradation fr ectrical. noises from preamplifier

electronic devices bg Samajor concer

R4
a) RC type b) Active reset type

Fig. 2.18 Charge sensitive preamplifier circuits.

CMOS front end systems have been developed to acquire and process
signals from pixel detectors in broad area detector. CMOS is a major source of 1/f noise
related to gate-oxide thickness. P.F. Manfredi, M. Manghisoni, L.Ratti, V. Re and V.

Speziali [20] investigate the two different process of MOSFET in noise characteristic.
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The reduction in channel length and gate oxide thickness techniques can reduce 1/f
and thermal noise that are the cause of energy resolution degradation. Preamplifier kept
close to detector may be damaged by radiation. Werner Buttler, Bedrich J. and Hosticka
[21] show the radiation resistance testing for preamplifier. The preamplifier was exposed
by 150 krad of Gamma ray emitted by Co-60. The result shows no significant increase of -

equivalent noise source.

Spectroscopy aimn

| sugnal from preamplifier. The main
function of amplifier is to sha n....;_:\ gnal es noise and gains the maximum

signal to noise ratio. The rglation beteen noise o- ormance and signal shaping

technique is known as_i /r \ ed by F.S. Goulding [1]. He
presented the analysi 1/,/ t rformance of pulse shaping

performances of time varignt i oms ‘are ustrated by the technique.

systems. This techniqueg 6ts to physical process. Noise

Optimufh filir § theest fi allating the charge released by the
130
radiation detector in the pre ncom IC oisé spectral densities also featuring a
B -
pulse response subject to variot S constrain berto Pullia [16] presented the method

for calculating the opti fiter-fo uclear spectroscopy with time
domain constraints Hr-presence of e ' E" method can be set-up in

computer as a tool forﬁtiml - Oro ess@ spectroscopy in digital filter

ﬂ u'ﬁ;’?}%fﬁ W%Jw %}éﬂtﬂ (ﬁturbance occurs in the

system and defériorates energy re§olut|on where noise reductlon can be achieved

o B PT AAITE Ao worame

Howeverf energy resolution is not sufficiently immune to the unwanted periodic

section.

disturbance. Angelo Geraci and Emilio Gatti [17] presented the method capable of
eliminating the unwanted periodic disturbances occurring in high resolution
spectroscopy while still minimizing the effect of electronic noise which is the new class
of optimum filter.

The nature and magnitude of noise in presence of detector signal and

time interval between signal pulses in spectroscopy system or pile-up effect can be
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used as the starting point for the choice of shaping method which trades between high
energy resolution and high count rate. G.P. Westphal, K. Jostl, P. Schroder and W.
Winkelbauer [18] presented the method of adaptive digital filter, which automatically
adapts its noise filtering time to the pulse intervals occurring and matched to the

system'’s noise corner time constant.

Carlo simulation model" 2 ext : \ \. simulation show very good
predictions for the mu J 5 / \\\ |on R.P. Gardner and S.H. Lee
[25] have developed / - RPPU to simulate pulse pile-
up for high counting, llation results show excellent
agreement with measurgeg _' a , a Si(Li) detector. E. Karvelas ,
D. Loukas, A. Markou andfA. Snia] 2 res e Monte Carlo simulation of pile-
up effect in x-ray detectiof it |r ar silicon drifted detectors. The
correlation of incoming x-ray flex de ignal induced on sensing electrode
and front end analogh ____ ................... Y _g» strong influence on the

\
counting capability of&de 1080 nt in simulation. The results

I |

ector counting capability and pilesup efficiencies. M. Brigida, C.
Favuzzi, P. Fu ﬁ j’ co, B. Marangelli, M.N.
Mazziotta, N. mzﬂ;ﬂal ?r]dcﬂ ?Zin @HQTO fuII simulation code to
evaluat e ﬁj 5 ses leading to
genera @ rﬁ ﬂ i myﬁi’grﬂgjﬁi ﬁleotronics have

been taken into account. This simulation can be applied in the design stage of silicon

show the behavior of de

strip detector when the parameters have been chosen in order to optimize its
performance. Alberto Pullia et al. [5] conducted the method aimed at determining the
minimum noise filter to real system as shown in Fig. 2.19. A prerequisite for a proper
design of such a digital processor is an adequate knowledge of the overall input noise,
because its spectral characteristics, along with those of the signal itself, dictate the

shape of the minimum noise filter. The experiment consists of noise spectral density and
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minimum noise filter determination. Noise spectral density derived from a sequence of
noise samples from preamplifier output passes along to the personal computer for the
calculation of the correlation function and computation of the corresponding its Discrete
Fourier Transform (DFT). Then the minimum noise filter is determined by mean of
published algorithm. This study shows the possibility to gain the knowledge on global

noise in real nuclear spectroscopy wnt h S|mple DSP techniques that can be found in

general signal-processing text

1oooor
1000!-
A
///
= 100 ¢
5
10F
1 B el s
-3’, P
0 bl ;
0.01 v
Ef‘:.m i .
Fig. 2.19 Noise Power Sp cirat-Dens ved from sample of preamplifier.
£ ’ -
a) Show subiPSE ~*M' now fitting parameter.

-
-
Ml |

‘.i‘.'?.’- noise using computer

stem in computation of 1/f, step

program named SPIC
and delta nois ﬁﬁ % m ngular and trapezoidal
shaping functl ﬁ - Hu]ﬁaﬁ noise components are
1/f. Tae-Ho ﬁﬁ te Carlo based
HSDICGQOﬁﬁﬁIOﬁ ﬁ% ﬂﬁﬁj wyﬁmon with CR-RC

wave shaplng circuit to generate the random amplitude noise wave form. The amplitude

hlch is responsive to the real s

distribution of thermal and 1/f noise are modeled and the noise sources are arranged in
form of noise produced waveform, referred to the noise from preamplifier output. Alberto
Pullia and Stefano Riboldi [30] proposed a computer simulation procedure for
generating the electronic noise of ionizing-radiation spectrometers in time domain. The
electronic noise is generated from fundamental electrical-physical parameter of the

system including: detector capacitance, detector leakage current, feedback resistor, 1/f-
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noise coefficient of the input transistor and temperature of the preamplifier input
devices. This simulation is benefit to study a new generation of cylindrical HPGe
detector. The method can be illustrated in three-dimensional (3D) co-ordinates of the
interaction points of the gamma photons inside the detector. The sophisticated
algorithms of pulse shape analysis (PSA) can be tested by this simulation. These

features of the research work come to fill

e gap of former simulation method.

enhancement of energy resolution
in nuclear spectroscop esigh IS@ on spectrometer components
development almost. | ‘ standard procedures of IEEE can be used
to approve the impro rgy resolution. Owning to the
unsuitable spectrosc Y : ' ) 8 consta n etting, the energy resolution

\
g ? \ no developed methods or

instruments supportin 8pé neter for searching the best

of system may be

shaping time.

From literat fievie hi eal spectroscopy system simulation
shows the good agreement betiu _7 and experiment. The sophistication of
radiation induced ~_ ........... orithms depends :;p detector model usage in
either works whethefl! B Butted. In this research, the

g '!

on is simplified by replacing
produced by 3 tng the major problem in
low energy spﬂaﬂ)g ﬂryfl ﬂzj; 1nﬁ cnted in Brigida's work.
Consequent ar signal ‘ ut fr fron ) simulated.

aq wﬁﬂiﬁ i‘meﬂtﬁf’jrﬁ;ﬁ Ej'rl?s] ﬁynal processing

method that enhances the energy resolution in nuclear spectroscopy by searching the

radiation signal simu e general model of signal

optimum shaping time constant that trades between high energy resolution and high
count rate can be performed in time domain simulation. The influencing parameters in
real system have to be measured and modeled. The behavior of signals passing
through the signal processing chain is simulated and used in evaluating the optimum

shaping time constant.
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This work aims to develop the signal processing method that enhances
the energy resolution in nuclear spectroscopy following the procedure mentioned
earlier. This method will be helpful to the nuclear spectroscopy users in the field of
radiation detection and measurement using the traditional spectrometers. Detail study
for a better understanding of nuclear spectroscopy system operation has been

integrated with a variety of theoretical te

||!
- I‘\

its associated parts and.gadiation charaGtEmstics like detector, noise and pile-up

e

niques to investigate their characteristics. The

techniques rely on models based : pofonly on the spectrometer itself but also
phenomenon. The success. i auclear spectroscopists and nuclear
researchers in low eng the development of digital

signal processing in the uclear instrumentation.
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