CHAPTER IV
EXPERIMENT AND RESULTS

This chapter describes the setup of equipment and apparatus used in
the experiment. The experimental procedure is designed and conducted to investigate
the optimization searching method of energy resolution in comparison with conventional

experimentation in nuclear spectroscopy system. The experimental task consists of two

Iation and optimization searching

method.

4.1 Experiment apparatus 7
A set of elect ‘

wares are employed for ir

NS ments and computer soft

} al simulation. The system

comprises of:

4.1.1 Electronic dnstrumen

A. DigitaliStora ~ lektronix model TDS 360

i

b inasas
B. Function generator+ Packard model 8111A

m 4 processor or higher, on

WB RAM and RS-232

Sommtmicati A il windows XP systern
AUEANENINYINS

ARSI BTy

B. Developed programs for digital filter design.

4.1.3 Nuclear instrument:
A. NIM Bin with power supply: ORTEC 4001C
B. Pulser: CANBERRA model 807
C. Spectroscopy amplifier: CANBERRA model 2022
D. Multichannel analyzer: CANBERRA model 35 plus
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E. CdTe Detector-preamplifier: AMPTEK model XTR100
F. 5 mCi Am-241 radioisotope source with collimator

G. Cables and connector accessories.

4.2 Experimental procedure

4.2.1 Input parameter preparation for simulation

The experimental equipment
consists of AMPTEK XTR100 CdlestoW-ene! maletector with preamplifier and high

W \\1. 50 and personal computer

which is used to control thaffiat / Sition \ ,

expefmental system. The system

lation, in collaboration with

is set under an operating cofditit ith Jowalb 3 nvironment and keeping a
warm up time for half an hour 6 ghsue< Sie 7 5t 'Iity.. For data acquisition, the
signal containing noise and ve > ) C erated by preamplifier's devices

and CdTe radiation detector is digitizee-by-digi cilloscope. A thousand of sampled

i

noise has been sent togthe it of-digital oscilloscope for

-
il

performing a calculatio \ of the-mean, - ' Ot rhean square, amplitude

distribution and power sp%al de L‘j

AU ININTNEINS

=

Detector Preamplifier Digital Oscilloscope Computer
and high
voltage

Fig. 4.1 The system set-up for sampling a sequence of noise from preamplifier.
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Personal computer

Digital oscilloscope

-

Fig. 4.2 Photograph of SDGW tem set-up forsampling a sequence of noise

from preamplifier output!
In computatighal gor

s,_t‘he:'ﬁmﬁigioal cumulative distribution function
(=R 4N .
of noise amplitude is caicula df functi in MATLAB, This function is applied to

Al s ddd 3

ofithe c\i?mﬂtiv dis‘tribution function (cdf), also

-

calculate the Kaplan-Meier e

]

known as the empirical cumu ivge:‘éi‘g_{r'ib"”ﬁaégunc%n of the sequence of noise

sy

samples. The calculated empirical dimtion@én of a sequence of noise samples
Ao N

is shown in Fig. 4.3. The og’terion of using this fungtion is the‘jngut of the large number of

——
W{dﬂsures that the criteria

requirement is met. I - i

Y
samples and in this cagegthe ample size

Li

Empirical cupiulative proability distribution function of preamplifier noise
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Fig. 4.3 Calculated empirical distribution function of a sequence of noise sample.
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To simulate noise that has the same characteristic in frequency and time
domain of preamplifier output under test, the data must be created from random number
of a known distribution function. The method used to generate random number is the
Inverse Function method, which is the popular method in Monte Carlo simulation. The
benefit of this method is the usage of the observed data themselves to specify a data
distribution directly. Signal samples are drawn during the simulation, rather than fitting a

theoretical distribution to data. The simulated noise signals of preamplifier output are

'ﬁnal generation. An input

hdeCa Ise of preamplifier output

parameter to be used to s

which carries the rand® adiation (disintegration of

radioisotope) and an energ@y ombining two equations

of Eq. (3.6 ) and Eq. (3.7 ers such as mean count
rate and pulse decay time Suinterval distribution (At) of
radioisotope decay is obtaing an bers from O to 1 and mean
count rate at 50 cps from pulse ‘* a 000 eps from radiation count rate,

respectively and they account for the-inpuf fo equatien (4.1)

(4.1)

log(1 —random numbgz-)

At = —————
. —mean count rate | y— w. ‘
r';
Preamplifier output signal £4,) simulation can be obtained frot equation:
P =t (4.2)

ﬂ‘lJEl’J‘VlEJ‘VIﬁWEﬂﬂ‘i

A is arbitrary valgp correspondlng to energy dep05|ted within
e @A AR T AT Y
simulation sfart from t=0 and proceeds until time equal to the time interval which is
drawn from equation 4.1. The new pulse will be generated and randomly superimposes
on a trailing edge of previous pulse. This means that the present and previous signals
can be added together becoming a consecutive pulse. The simulated pulse with 50 ps
decay time at constant amplitude under At function is shown in Fig. 4.4, and the

simulated pulse at a constant rate and amplitude stands for pulser output.
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=0 t1=t0+d1 2= t1+d2 time t=0 t1=t0+d ©2=t1+d time
a) Random consecutive pulse b) Pulser

Fig. 4.4 lllustrated pulse of preamplifier g ﬂut at constant amplitude.

The front-end signal in time doma erAeratign cal leved by adding a simulated

as signal input function.

noise to a simulated pulse of preBnplifier oLt ‘“L

timation. The experimental

tion estimation

equipment consists of CANB \ ifier, Hewlett Packard 8111A
function generator, TDS 360 Te ix Gigital osei RSCOPE and personal computer which
is used to control the data acqui anc k Stablish the data calculation under

MATLAB script command pregrami- Fig.« 4: e setup diagram of the

experimental system. 5{""---— ‘ onment and keeping a
warm up time for half an hotif fo st m%A rectangular pulse a 16
ms pulse width (t,), 60 mV r?a nitude and 9 Hz pulse rate generated from the function

generator, is appheﬂo%}ﬁ{}%&r]w%e‘r}wvﬂ’qaﬂéing of 96 (CG=300,

FG=0.32). Only frofif step of rectangu‘ar pulse, at time t< t,, acqmre by digital
oscnloscopaawgﬂ ﬁﬁﬂtﬁem w ‘5'1 ﬁ%ﬂ ﬂdﬁﬁnse output
signals of sp@ctroscopy amplifier at a shaping time varying from 0.5,1.0, 2.0, 4.0, 8.0
and 12 ps, are digitized by 5 MHz sampling frequency at 0.2 ps sampling interval.
A thousand sampled signals of each shaping time are sent to the computer via a serial
port, set by set, for performing calculations of input and output power spectral density.
The frequency response transfer function of a filter in spectroscopy amplifier is simply
reconstructed by dividing the cross power spectral of step input of amplifier output by

auto power spectrum of step input, as in equation 2.10 . Welch's method based on
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Fourier transform in “tfe” MATLAB script command is used to estimate the function. All

frequency response of spectroscopy amplifier at each shaping time is shown in Fig.
4.13.

Step signal o Amplifier > Pulse Height
; # f I
Digital Real // :, Personnel
—H - _1:—' Computer
T — 'J m——

,w--es(}aco;{ie -

b

Fig. 4.5 System setup fogthe estimaiio (_)'fSrequency respense of spectroscopy

-
4
e

amplifier.

|

- ,3*:
P

Function generator

S L i,

Fig. 4.6 Photograph of the set-up for the estimation of the frequency response of

spectroscopy amplifier.
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4.2.1.2.2 Digital filter design. The frequency response at
each shaping time, obtained from the previous experiment (4.2.1.2.1), has to be
transformed into a digital filter which has similar frequency response characteristics of a
system under test. Those frequency responses are transformed into digital filters for the
simulation of a time domain amplifier output by convolution method. The developed
program for digital filter design is used to derive the filter kernel. The frequency

response function after taken inverse di

windowing are applied to i i
function or the so-called fj ' i

frequency response and t

ete Fourier transform will change to time

e., truncating, shifting and
pORsSE giving almost similar filter
: 'he, co ayof the final filter kernel's
a " ncy response at shaping
FTE0 18 S0 oW in Fig.4.13 and Fig. 4.14
;; \ me searching. The input
parameters prepared in previou are used for optimum shaping time
searching. Front-end signal or q_:;tgg%; _, which carries information of a
complex noise and randgt 7-; ------------ —-e--»,;,-,—f ----- can-count Mig/rate at specific energy

Y]

and pulse decay time consiant --r‘-« gnals at a pulse rate of

50cps (pulser) 60 and 1000 cps of radlatron count rate are aken to convolute with a
final digital filter a .1 Qil , for generating the
spectroscopy amﬂeﬂﬂ r;?lgm Cw&r'rnhiolution output of
spectrosco er ﬁ m ion of those
outputs is %ﬁﬁ &ﬁﬁtimqu w togram for
FWHM determination, as shown in Fig. 4.17. The plot of relation between shaping time

and FWHM, with 2" order polynomial fitting which shows the optimum condition by

simulation is shown in Fig. 4.18.

4.2.3 Manual check for optimum shaping time searching. The
experimental equipment consists of the AMPTEK XTR100 CdTe low energy x-ray
detector with preamplifier, high voltage biasing. CANBERRA 807 pulser, CANBERRA
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2022 spectroscopy amplifier and CANBERRA 35 PLUS multichannel analyzer. A system
set-up for optimum shaping time searching is shown in Fig. 4.7. The system is kept at a
warm up time or half an hour to ensure their system stability. This system is set for x-ray
spectrometer to analyze an energy resolution of 59.54 keV peak of Am-241 sources,
which is related to the simulated amplifier output of previous experiment. The mean
count rate from Am-241 source can be varied for the count rate of 60 and 1000 cps by

varying a source to detector distance.

Detector Pream

B

Pulse Height Analyzer

CANBERRA 35 PLUS

s
AMPTEK XTR100 , .

High Voltage

Fig.4.7 System setlip Qffhe ener lution measurement.

The peak energy resol oF nd Am-241 at 60 and

1000 cps of radiation co 'gi or s A0.5, 1.0, 2.0, 4.0, 8.0, and
12 ps are analyzed by %ultic s analyzer."Values L'J FWHM determined from

energy peak resolutions are ploisagainst shapingtimes after 2" order polynomial fitting.

The plot shows theﬂ uﬂh’g}e%ﬂ% ﬁFWEJ ’] n 5
”E”’e"ﬁ"W‘Y‘EN\ﬂ‘ﬁm UNIANYIAY

4 3.1 Simulation of preamplifier noise. The simulated noise waveform
generated from empirical distribution function of sampled noise sequence is shown in
Fig. 4.8a with mean, standard deviation and root mean square of 0.0036, 0.0012, 0.0021
volt, respectively. In agreement with those from measurement in the time domain found
to be 0.0015, 0.0012, 0.0019 volt respectively. Fig.4.9 showed the similarity of power
spectral densities of the measured and simulated noises. The later are calculated from

sequence of noises from preamplifier output and simulation. Gaussian window is
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selected to smooth the power spectral density curve and averaged by ten
measurements and a hundred simulations. Even though, the statistical non-parametric
test with two independent samples shows the dissimilarity between both power spectral
densities. However, the equivalent noise charge (ENC) behavior after passing through a
one order CR high-pass and third order low-pass Butterworth filter at the shaping time
ranging from 0.25 to 12 pus shows the similarity between both measured noise from

preamplifier and simulated noise, as show

Fig. 4.10 and Fig. 4.11

volt

g
volt

Fig.4.8 a) Measured ngise ‘preampilifier imulated noise waveform.
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Fig.4.9 Comparison of Power spectral densities of a) Measured and b) Simulated

noise.
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CR high-pass filter

Third-order low-pass
Noise source ——-“4#—1—»“ Butterworth ﬁlterp -{ RMS meter

. 2
Noise [ | 2.
M
Fig. 4.10 The schematie®®f L€ atin \» perimentiest in noise behavior.
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Fig. 4.11 The equwa’ént noise charge (ENC) of both measured and simglated noise.
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detector—preamphﬂer output is simulated with consideration of the pulse decay time and
the time interval distribution as in equation (4.1) and (4.2). Thus the simulated pulse
process the pulse height equivalent to photon energy, and other natural phenomenon
like random photon emission in counting rate and the pulse decay time constant of the
preamplifier. The generated pulse superimposed by simulated noise is used as

detector-preamplifier output in optimum shaping time searching, as shown in Fig. 4.12.
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At the same time, the generated pulse without noise added can be used as a simulated

pulse pair, as shown in Fig. 4.13.

_j
\plifier sional-at specific energy.
WA
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4.3%%&:@ w W%de.ﬁdﬁ] ﬂ%lculated frequency

responses at shapin@jtime of 0.5, 1.0, 2.0.‘4.0, 8.0 and 12.0 us of spectroscopy amplifier
=

e TSN I TN

shortest shaq'n'g time consta us) has the corner frequency abo

bandwidth about 200 kHz while the longest shaping time constant (12 us) has the
corner frequency about 13.26 kHz with band width about 10 kHz, as shown in Fig. 4.14.
The slope of frequency response in the high pass section is less than that in the low
pass section. The result agrees with the general spectroscopy amplifier design where

the filter order of high pass section is less than the filter order of low pass section.
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A noise like portion after the pass band arises from high frequency inaccuracy of
simulation method.

Frequency response of spectroscopy amplifier CANBERRA model 2022
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Fig. 4.15 Frequency response of digital filter equivalent to frequency response of

spectroscopy amplifier CANBERRA model 2022.
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4.3.4 Digital filter design. The digital filter, derived from the calculated
frequency response of CANBERRA 2022 spectroscopy amplifier, is employed to
perform as a wave shaper model at the shaping times of 0.5, 1.0, 2.0, 4.0, 8.0 and 12.0
us. The digital filter design needs to be modified to fit frequency response of the
amplifier by shifting, truncating and windowing. Filter kernels derived and modified in
steps are shown in time domain, Fig. 4.16. They process the same frequency

characteristics like the spectroscopy amplifier's frequency response in Fig. 4.14 and
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Fig. 4.16 The d&‘ved filter kernels w@oh have the snmllar frequencvsponse to
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The digital filter or filter kernels which is derived from frequency
response of spectroscopy amplifier is used for pulse output generation in time domain
simulation. Thereby a simulated front-end pulse signal is taken for convolution with
digital filter at shaping time of 0.5 us and 12 ps, resulting in an output pulse processing

irregularities affecting pulse height fluctuation, as shown in Fig. 4.17.
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Fig. 4.17 Amplifier output gene een front-end outputs and
filter kernel
4.3.5 Simulati ' n_sShaping 'he pulse height distribution
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1\\\ cthods are compared, as
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\

in form of histogram or spectgdn o8k ehg ?
. I

b T
shown in Fig. 4.18. In the sifulafiog me ,_: \ f signal due to a detector
(o, from 2.1.2) is not includ€d. =.,.u g W Of peak obtained from both
experiment and simulation are dete f i e JE andard deviation per mean or
peak resolution. The graphical n’?ﬁ ersus % peak resolution for
optimum shaping time sé ﬂg----.----.-------‘-a----m-ﬁ-- ---------- : A Fig. 4.19 and 4.20.
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Fig. 4.18 The FWHM resolution of system under test at 0.5 and 12 ps shaping time.

a) Conventional peak. b) Simulation peak
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Fig. 4.20 Graphical plot of optimum shaping time searching by manual check method.
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The optimum shaping time to enhance the signal to noise ratio of the
system under test is investigate at 50 cps generate from pulser, 60cps and 1 kcps from
Am-241 y-ray source with radiation detection. As show in fig. 4.19, the optimum shaping
times from simulation technique for the source count rate of 50 cps from pulser, 60 and
1 kcps from Am-241 are 9.0, 8.0 and 5.7 ps, respectively while those obtained from
manual searching, at the same source count rate in Fig. 4.20 yield the optimum shaping

times at 5.0, 7.2 and 8.0 ps respectively. Thegdiscrepancies in optimum shaping times
- \ 1

between these two searching methoe w count rate from pulse generator

(50 cps), 11% at low count ratesi “ and 28.75 at high count rate

from y-ray source (1 kcps)
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