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APPENDIX A. The summary of all applied MATLAB function

This section provides a quick review of all MATLAB function applied in this research

work. For more detail type help command at Command Window.

Function Description
abs Compute the absolute value.
butter Butterworth digital and analog filter design.
conv Convolution sum computation.
ecdf Calculate the cumulat \ ., / ion function of data values.
\
fclose Close file. - y -//i
fft Computes disCiete ourie "u-eﬂ.e_l_-_g_l_ coefficients.
filter Create the,_fiité JAtafron »-.; and the filter coefficients.
fix Rounde QWarg |
fopen Open file. |
fprintf Write v ma --
fscanf
ifft ef transforms coefficients.
imag plex number.
max or.
mean Dete " E_W{:‘
min Determ' the tor ,;J
plot Generate I.pear 2-dimension plot
= AUBANININEANS
rand Ggnerated pseudorandom number that is uniformly dlstnbutuon over

real
serial
set
std
tfe

Zeros

AWIAINIUINIINAY

Determines the rea of complex number.

Construct serial port object.

Set object properties.

Determine the standard deviation of data values.

Transfer function estimation from input and output of system.

Create array of zero.




67

APPENDIX B. The summary of an applied script files
This section provides a description and detail of MATLAB script files applied in this

research work.

Function Description

comm Establish communication between TDS 360 and computer.
tdstmp Setup the controlled parameters of TDS 360.

tdsver Get amplitude multiplies and offset parameter.

tdsdaq Acquire data

tdsacc Acquire a'set.

commclose Close GO eell TDS 360 and computer.

noise ditrary cumulative distribution
events

signal_sim

cfilter ‘equency response.

1. [out,tds_comm]=comm
tds_comm = serial('COM1‘);
set(tds_comm,'BaudRate 8600}
set(tds_comm 'InputBuffer

set(tds_comm, Timeout' 2)

set(tds_comm, 'Te"ﬂﬂ ﬁq ‘ﬂ U Vl 3 w EJ’] ﬂ ‘5

fopen(tds_comm);

forintf(tds_ iﬁ‘jaﬂ[ﬂim NW]'JVIEI']Q d

out= fscan

2. tdstmp(tds_comm)

%Turn off the header from query responses.
cmd=['HEADER OFF' char(13)]
fprintf(tds_comm,cmd)

%Set up the data source to be channel 1.

cmd=['DATA:SOURCE CH1' char(13)]



fprintf(tds_comm,cmd)

%Set up the data encodeing to be ribinary and data width to 1.
cmd=['DATA:ENCDG RIBINARY;WIDTH 1' char(13)]
fprintf(tds_comm,cmd)

%Set up the record length, which start from 1 stop at 1000
cmd=['HORIZONTAL:RECORDLENGTH 1000' char(13)]

fprintf(tds_comm,cmd)

%Start at 1
cmd=['DATA:START 1' char(13)]
fprintf(tds_comm,char(13))
%Stop at 1000
cmd=['DATA:STOP 1000' ¢
fprintf(tds_comm,cmd)
cmd=['HEADER OFF' cha
fprintf(tds_comm,cmd)

3. [yoff,ymult]=tdsver(tds_com
%fprintf(tds_comm,'HEADER O
cmd=["'WFMPRE:CH1:YOFF?' chadd3jk*
fprintf(tds_comm,cmd) -
yoff=fscanf(tds_comm); | I
forintf(tds_comm,'HEADER FF)

9%for i=1:200000 ﬂuﬂ’g ﬂﬂﬂiw gInN7

%end

. Wﬁﬁ"‘ifﬂ URIINYIAY
fprintf(tds_ ﬂnﬁj

ymult=fscanf(tds_comm);

4. [sample]=tdsdaq(tds_comm,ymult,yoff)

[yoff,ymult]=ptdsver(tds_comm)

sample=[];

fori=1:10

[volt,wave]=ptdsacc(tds_comm,ymult,yoff);



sample=[sample;wave];

i

end

5. [volt,wave]=tdsacc(tds_comm,ymult,yoff)
fprintf(tds_comm,'ACQUIRE:STATE RUN')
%Wait for the scopr to acquire data

for i=1:40000

end
%Send scope curve query to g
forintf(tds_comm,'CURVE?') "=
%Read data waveform
%Wait for the scopr to acqui
%for i=1:100000
%end

%volt = fscanf(tds_comm);
volt=fread(tds_comm,2014,'
%Turn off the header from query
fprintf(tds_comm,'HEADER OF F!)di
volt=volt(7:1007);
Y%volt=volt(2:1000);
for i=1:1000

%if volt(1+i*2)> ﬂ uﬂ ’2 VI EWI?W Ejflﬂﬁ

if volt(1)>127

V°'“'ﬁWﬁ€i*ﬂﬂ§m1m'Ymmﬂﬂ

end

for i=1:1000
Y%wave(1+i)=volt(1 +i*2)*256+volt(2+i*2)-sscanf(yoff,'%f');
wave(i)=volt(i)-sscanf(yoff,'%f");

end

wave=wave*sscanf(ymult,'%f'):
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6. commclose(tds_comm)
fclose(tds_comm)
delete(tds_comm)

clear tds_comm

7. [sim]=noise(f,x)
%Generate random number
rnd=rand(1,1);

id=1;

while f(id) < rnd
id=id+1,;

end

id=id-1;

%id=16

if id==24
sim=x(24);

else
dsim=(rnd-f(id))*(x(id+1)-x(id))/(fEd*5=5ict));
%dsim=0; |

sim=x(id)+dsim; e
end
8. [event,count]= events(la da preset _time)

reﬁum ETINYINg

% 'event' is time s

Zf:f?::i;'zﬁmmmmumfmmaa

c=1,

while a<preset_time
t(c)=photon_gen(lambda);
% loop unitl reach preset_time

a=a-+t(c);



% counting
c=c+1;
end
v=size(t);
count=v(2);
N=ones(1,count+1);
% stem(t,N)
% t=t';
event(1)=0

for i=1:count

event(i+1)=event(i)+t(i);
end
count=count+1;
9. [v,t_sim,event,count]=
% event is time serie drivend
% a is amplitude
[event,count]=events(lambda,prese i
% Time digitizer resolution is 1e-8ad it =4
% resol=1e-8;
b=1;

s=size(event);

Z::fi?zi";i?:ﬂm;mﬂ NINYINT
“’”°f‘is%m‘“ra\1nstuum'ma'1aa

for i=1
if t>event(i)
v(b)=v(b)+a*exp((t-event(i))/-50e-6);
end
end
t_sim(b)=t
b=b+1;



end

10. [ht]=cfilter(h)

% h is frequency response
a=size(h);

na=a(1);

t=zeros(na,1);

% Kernel length

% old value 26/4/2004 M=100;

%M=5000;

M=1000

% Shift filter kernel length

%fori=1:a

% j=i+M/2;

% ifj>a

% j=j-a-1

% end

% t()=h();

%end

%TEMPLATE —_— —
{7

%Db(1:M/2)=a(na-M/2+1:na ';

%b(1+M/2:na)=a(1:na-M/2)"

t(1 3M/2):h(na—M/2@y Ej'fj VI H ﬂ %Jw H ’I ﬂ s

t(1+M/2:na)=h(1:na
% Truncat i i H 190 ~ Y
o AN TOTTIMNRTINYIRE
ifi<=M

% Hamming windows

%t(i)=t(i)*(0.54-00.46*cos(2*pi*i/M));

% Blackman

t(i)=t(i)*(0.42-0.5*cos(2*pi*i/M)+0.08*003(4*pi*i/M));

end
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APPENDIX C.1 CANBERRA 2022 Spectroscopy amplifier specification

Specifications @
INPUTS Lﬂﬂ_ﬂsﬂ
INPUT — Accepts positive or negative pulses from an associ- $wny

ated preamplifier: amplitude: =10 V divided by the selected osssigiena
gain for linear response: =12 V maximum: rise time: less than e
SHAPING time constant: decay time constant: 40 s to o= for
0.5. 1. 2. 4 and 8 ps shaping time con to <= for
12 s shaping time constant: Z,, = 1 ki
BNC connectors.
OUTPUTS
UNIPOLAR OUTPUT - Provides pe \e nea "“72533_‘
tered near-Gaussian shaped plilse
12 V max.; dc restored_:p;u : / / A l’ c: ?\‘1”1‘\"\“‘"‘“
0=5 mV. front panel Z , 1 ' ‘r’ ex
rear panel Z , = 93 Q.
delayed 2 us with option 202 242 of 4
front and rear panel BNC cofinegfors.
BIPOLAR OUTPUT - Providg p
linear active-filtered bipolag#ha i
to =10 V. 12 V max.. negative jobeafis
positive lobe: dc coupled: outplit dgleve rﬂ 1%

ﬂ‘LlEl’JVIEWIﬁWEI’Iﬂ‘i
’QW’m\‘iﬂ‘im NN Y



APPENDIX C.2 XR-100T-CdTe radiation detector specification

SPECIFICATIONS
MODEL XR-100T-CdTe MODEL PX2T

X-RAY and GAMMA RAY DETECTOR
GENERAL

OWER SUPPLY + SHAPING AMPLIFIER

75

Detector Type: CdTe-Diode 6 X35inches (153X 153X 89 cm)
Detector Size: 3 x 3 mm (9 mm?) (1.15kg)
gﬁ:ﬁgﬁg&cﬁess Vi PX2T is provided through a Standard
20 plug (1107250
@ 122 keV, '?" e T— c3 VAC, 50/60 Hz). See Figure 3.
Dark Counts: <5x 10-3 ¢ ' e four(4) L s needed to operate the XR-100T-
@ 10keV < E < Cdle are st :d through a female 9-Pin D-Connector on
Detector Window: Be, 10 mil he PX2T this connector is given below. The
Preamplifier: Amptek ich connects the PX2T to the XR-

the system.

Case Size: QR ON THE PX2T-CZT
Case Weight: x .'
Tatal Power: r power @ 0.7 A max.
INPUTS ture monitor power
Test Input: 20 mV test i Ay bt b cteclor bias, +400 Volt max.
Preamp Power: +8Volts @ 25 ' ! 256
Detector Power: + 400 Volts @
Cooler Power: Current = 0.
Voltage =
QUTPUTS PING AMPLIFIER
1) Preamplifier Positive Unipolar
Sensilivity: 0.82 mVikeV 3
Polarity: Negative-Signal Out 4@ HM. See Figure 4
(1kQ 5 p——————— Sk angular” with Base Line
2) Temperature Monitor Y # alion, Pileup Rejection, and
Sensitivity: 1 pA correspe Time Discrimination (RTD).
CONNECTIONS ~ XR-100T-CdTe: 6 16:60 mV/keV
Preamp Output: BNC coaxtal Output Range: +6.0 Volts into 500 Q load

Test Input: BNC coaxval c Outpﬂlpedance 50Q

o ﬁ WH" "J"Vl N

e PX2T Shaping Amplifier is
ing cooled CdTe detectors,

OPTIONS end be connected dcrecﬂy to the input of a Mumchannel
- Other detector sizes (5 x x 1 mm?) are availabie on ' Anatyzer (MCA), If different shaping time gonstants or gains

SERRAREA I

- Colfimator kit 8 high fiux applications. Input from XR-100T-CdTe: Front panel BNC

- See also XR-100CR specifications using Si-PIN for OUW to MCA: Front panel BNC N

detection of low energy X-Rays with high resolution Pileup Rejection (PU):  Rear panel BNC, Positive TTL

(186 eV FWHM @ 5.9 keV, %Fe). For the duration of this output
gate, any detected puise must

6~lPIN. LEMO CONNECTOR ON THE XR-100T-CdTe be rejected by the MCA.

Pin 1: +8 Volt temperature monitor power Input Count Rate (ICR):  Rear panel BNC, Positive TTL

Pin2: + H.V. detector bias, +400 Volt max. <2us

Pin3: -8 Volt preamp power When connected to a counter,

Pin4: +8 Volt preamp power

Pin 5. Cooler power return

Pin 6. Cooler power (0 to +2.1 Volt @ 0.7 A max.)
CASE: Ground and shield

the ICR countrate corresponds
to the total number of X-Rays
events that strike the detector.

eﬁm gmer o
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