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## 4970238521 : MAJOR NUCLEAR TECHNOLOGY

KEYWORD : PORTABLE SCALER, SINGLE CHANNEL ANALYZER, CPLD, LabVIEW
KOSOL WANGKAN: DEVELOPMENT OF AN ECONOMICAL PORTABLE SCALER
USING CPLD. THESIS ADVISOR: DECHO THONG — ARAM, THESIS CO — ADVISOR:
ASST. PROF. SUVIT PUNNACHAIYA, 92 pp.

The objective of this thesis is to develop an economical portable scaler using CPLD. The
system consists of a high voltage power supply with a variable output range from 0 to 2000 volts,
a pulse amplifier with'a maximum gain of 100, a single channel analyzer with a variable voltage
level from 0 to 10 velts for LID and 'ULD, a rate meter with an average count rate from 0 to 100
keps in 4 selectable ranges, and & counter and a timer that are designed within a CPLD chip in
order to reduce Gircuit size and increase count rate capability. Interfacing circuit which facilitates
data communication and eperation controls of various circuits.is developed on computer using
LabVIEW. Three ﬁpeuﬁng modes of plateau mode, scaler mode and SCA scanning mode are
provided.

Performances of the system were evaluated, In the plateau mode, high voltage output can
be set from 0 to 2000 volts with a minimum voltage step of 16 volts. A maximum count rate in
the scaler mode is 1 MHz, with'a 1 second to 99 hours presetable timer. In the SCA scanning
mode, the voltage level which is propertional to the energy can be set from 0 to 10 volts with a
minimum voltage step of 0.1 volts. Spectrum analysis was performed tested using a Nal(T1)
detector and SMMW Cs-137 and E@ﬂ,lﬁ‘ﬂ:hﬂﬂhty of energy calibration

was found to be 0.999. The results are satisfactory and the system and be use for teaching and
training purposes,

Department Nuclear Technology . ... Student’s signature. . Tﬁgﬁfj‘&:‘ 4. KN
Field of study Nuglear Technology . Advisor's signature..........%... :I; .......................

Academic year 2009 ... ... . Co-Advisor's signature........ . r.‘?)‘ .
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4.1.1.3 HamInaaey
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2 3.93 1.57 6.17

MINN 4.2 wanmsnaaetmanienszua ihasaaueadnar i +15 Tad uaz -15 Thad

EY Q

ANuAIUNIU Ivan +H5V 15V
(Q) Vo (V) Io (A) Po (W) Vo (V) Io (A) Po (W)
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48 14.86 0.311 4.62 15.18 0.313 4.75
36 14.85 0.410 6.09 15.14 0415 6.28
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4.1.2.3 WamMIinaaou

=\

4.1.23.1 ‘I/Iﬂﬁﬁ]ﬂﬂ’)'mﬁnﬂ’iﬂiuﬂWiﬂlWﬂﬂigllﬁqw%Wﬁ\‘]ﬁﬂ NIy

U q

MUMUAIA LAAIAIATIN 4.3

M13190 4.3 wamsnadgeumsvenszua ldilieinagegavesmasieg liihdnar lihga

Load 0.5MQ IMQ 2MQ aMQ 6MQ

Voltage VIV) | ImA) | V(V) | T(mA) | V(V) [ T(mA) | V(V) | T(mA) | V(V) | I(mA)

0 0 0 0 0 0 0 0 0 0 0

250 250 0.5 250 0.25 250 0.125 250 0.063 250 0.042

500 500 1 500 0.50 500 0.250 500 0.125 500 0.083

750 750 148 750 0.75 750 0.375 750 0.188 750 0.125

1000 1000 2 1000 1 1000 0.500 1000 0.250 1000 0.167

1250 1250 &> 1250 1.2% 1250 0.625 1250 0.313 1250 0.208

1500 1400 2.8 1500 1.5 1500 0.750 1500 0.375 1500 0.250

1750 1445 2.89 1750 Jh-7/'5 1750 0.875 1750 0.438 1750 0.292

2000 1460 2.92 1860 1.86 2000 1 2000 0.500 2000 0.333

41232 wageuanudumaduvesanaliudnarldilh  AaTvan

AUATUNIY 2 MQ 1dAnadn1sNn 4.4 1azgili 4.6

I~ <3| a v o
MTNNN 4.4 Naﬂ'lﬁ‘Vlﬂﬁ't')‘]Jﬂ'J'llll“].]ul‘lﬂlﬁlu"ll@Qﬁ!ﬂﬁﬂ'ﬁﬂﬁﬂﬂ'lhl%ﬁ’l\h

anavuniiila mdna1lulih (v) anavunihila mdna lulih (v)
0.5 108 5.5 1175
1 219 6 1276
1.5 334 6.5 1375
2 442 7 1471
A3 552 g, 1570
3 656 8 1664
3.5 764 8.5 1759
4 868 9 1852
4.5 975 9.5 1946
5 1072 10 2000
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* k *

"*  Nane PORTABLE
SCALER. BAS

*

"*  Aut hor [ sel ect

VI EW . . EDI Td? OPTI ONS]
*

"* Notice : Copyright-(c)
2009 [sel ect VEEW'.. EDL.TOR
OPTI ONS] *
b Al'l" Ri ghts
Reser ved

*

"* Date

*

"* Version : 1.0

*

"*  Notes

*

9/ 9/ 2009

"X

*

L R SRR S S S S S S S S R R S R S
R S Sk Sk S R R S Ok Sk R I

* k *

I ncl ude "PROTON 4. | NC'
ADIN_RES 10
' Set the
resolution to 10
ADIN TAD FRC
' Choose the
RC osc for. ADC sanpl es
ADI N_STI ME 50

" Al ow 100us
for charge tine
ADCONL = 940001110
TRISD = 90000000
TRISA.0 =1
TRI.SE =.$00
PORTE = $00

Di m Senode[ 2] As Byte

Di m Col unm As_Byte

Di m | N DATA[ 4] As Byte
Dmi As Byte
DimrTine As Byte

Dim LLD As Byte

Dim ULD As Byte

Dim F_ULD As Byte

Di m W ndow As Byte
DimLL, UU WN, F_UU As Byte
Dm Stp As Byte

Dim xTime As Byte
Dim Pul se As Wrd
DmtFlag As Wrd

Dimsettinme[2] As Byte
D mindex As Byte

Di m dataTi ne[ 2] As Byte
Di m dat aCount [ 6] As Byte
Dim DTi ne As Byte

Dim DCount As Byt e
Dimjj[1] As Byte
Dimkk[ 1] As Byte

Dimj As Byte

Dimk As Byte

Dimiii As Byte

Dmjjj As Byte

Di m dat aTi mel[ 2] As Byte
Di m dat aCount 1[{ 6] As Byte
Di m Rangel As Byte

D m Range2 As Byte

Di m I nput ADC As Word

Di m Qut put ADC As Word

Dm ZZ As Byte

Dim StartV As Wrd
Di m UpV As Byte

Di m St opV As Byte
Di m StepV As Byte

Di m St epScan As Byte

Symbol OEN=PORTA. 1
Synbol CSSCA=PORTA. 2
Symbol STA=PORTA. 3
Symbol STB=PORTA. 5

Symbol STSTOP=PORTB. 1
Synmbol STCQUN=PORTB. 2
Synbol * Up=PORTB. 3
Synbol Down=PORTB. 4
Synbol STCLR=PORTB. 5
Synbol "C k1=PORTB. 6
Synbol © C nod=PORTB. 7

PORTC. 0
PORTC. 1

Synbol SEL_R1
Synbol SEL_R2

Symbol A0 = PORTE. 0

of 4 conparator)

dac address input O (select
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Synbol WR = PORTE. 1
" 'wite (enable |ow
Synbol CS = PORTE. 2
" chip select (enable |ow
Synbol Pin = PORTB.O

Synbol SCK = PORTC. 3
" Clock pin
Synmbol SO = PORTC. 5
' Data out pin
Synbol CSAMP = PORTC. 4
Synbol CSHv = PORTC. 2

Cs=1

Low SEL_R1
Low SEL_R2
Qut put Up
CQut put Down
Qut put Clk1
Qut put C nod

Qut put CSAMP
CQut put CSHV
Cl nod=0
Down=1

H gh STCOUN
H gh STSTOP
Low STA

Low STB

mai n:
CSAMP = 1
CSHV =0
SHQut SO, SCK,
mebfirst,[$11, 20]
CSHY =1
Del ayMs 10
HSerln ['Str Senpde]

Sel ect Semnpde[ 0]

Case " X"
i ndex =-Val
( Senmode, Dec)

If index = 0 Then
“hserout ["PP"]
CoTo Pl at au

Endl f

If index = 1 Then
"hserout ["Scan"]
GoTo ScanMbde

Endl f

If index = 2 Then
CGoTo Scal er Mbde

Endl f

EndSel ect
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Scal er Mbde:

I NTCON. 7=0 '"dis all interrupt
ADCONL 940001110

TRI SD %©0000000

TRISA. O 1

TRI SE = $00
PORTE = $00

Cs=1

Low SEL_R1
Low SEL_R2
Qut put Up
Qut put Down
Qutput C k1l
Qut put C nod

Qut put CSAMP
Qut put CSHV
Cl nod=0

i =1

=5

i Rik=1

Jij=5

Up=1

Down=1

H gh STCOUN
H gh STSTOP
Low STA
Low STB

Set scal er:
TRI SD = %©0000000
For k=0 To 3
HSerin [Str | N _DATA]

Sel ect | N/DATA[ 0]

Case "H'

CSAWVP =1

i ndex = Val
(1'N_DATA, Dec)

CSHV-=0

SHQut SO SCK,
nmebfirst,[$11, i ndex]

CSHV. = 1

Del ayUS 10

Case "A"
i ndex = Val
(I N_DATA, Dec) 'conver str.to
dec

CSAMP=0
SHQut SO SCK,
mebfirst, [$11,index] '
Send write enabl e command
CSAWP = 1
Di sabl e to execute conmmand
Del ayUs 10



Case "L"

TRI SD = $00
Low CEN
Low CSSCA
Del ayUs 10
CS=0 '"REl
A0 0 ' RA3
WR =0 ' REO
i ndex = Val

(I N_DATA, Dec) 'conver str to

dec

LLD = (i ndex* 255)/100
Del ayUs 10

PORTD ="LLD

WR =1

cs=1

Case "U"
TRI SD = $00
Low CEN

i ndex = Val
(1 N_DATA, Dec)
ULD = (i ndex*255)/100
Del ayUs 10
PORTD =/ULD
R 1
(O 1
EndSel ect
Del ayUs 10

Next
Count er Ti ner::

TRI SD = $FF

Hi gh CEN

Low CSSCA
HSerln 10, T1 ,[Str settine]
Sel ect settine[ 0]

Case "Z"
i ndex = Val
(setti ne, Dec) ‘conver str.to
dec
If index = 1 Then
CGCoTo main
Endl f
Case. " U!
i ndex = Val
(settinme, Dec) ‘conver str to
dec
If index = 1 Then
Up=0
Del ayUS 1

Up=1
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Endl f
Case "D
i ndex = Val
(settinme, Dec) ‘conver str to
dec
If index =1
Then
Down=0
Del ayUs 1
Down=1
Endl f
Case "C'
i ndex = Val
(settime, Dec) ‘conver str to
dec
If index = 1
Then
Low STCOUN
Del ayUS 1
H gh STCOUN
iii=1
jij=5
GoTo C1
Endl f
Case "S"
index = Val
(settine, Dec) ‘conver str to
dec
If index = 1
Then
Low STSTOP
Del ayUS 1
H gh STSTOP
Endl f
Case "R
i ndex = Val
(settine, Dec) ‘conver str to
dec
I f index =1
Then
Low STCLR
Del ayUs 1
H gh STCLR
Endl f
Case "T"
i ndex = Val
(settine, Dec) ‘conver str to
dec
If index = 1 Then
d nod=0



Low STA
Low STB
Endl f
If index = 2 Then
Cl nod=0
H gh STA
Low STB
Endl f
If index = 3 Then
Cl nod=0
Low STA
H gh STB
Endl f
EndSel ect

'"TRI SD = $FF
If i=1 Then
Cl nod=1
G kl=1
Del ayUS 1
DTi e = PORTD. &
%9©0001111
StrN jj = Str$(Dec
DTi ne)
dataTinme[i]= jj[0]
Del ayUS 1

Cl k1=0
Del ayUS 1
i =0
G kl=1
Del ayUs 1
DTi me = PORTD &
290001111
StrNjj = Str$(Dec
DTi ne)
dataTine[i]l= jj[0]
HSer Qut [ Str dataTi ne]
HSerQut [ 10]
DelayUs 1
C k1=0
Del ayus 1
i=1
Cl nod=0
Endl f
GoTo Count er Ti mer

|||||||||||||||||||||||||||||||

Cl:
TRISD = 941111111
d nod=1
If iii=1 Then
d nod=1
dkil=1
Del ayUs 1
DTime = PORTD &
290001111
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StrNjj = Str$(Dec

DTi me)
dataTinmel[iii]=jj[0]
Del ayUs 1
a k1=0
Del ayUS 1
iii=0
G kl=1
Del ayUs 1
DTime = PORTD &
290001111
StrNjj = Str$(Dec
DTi ne)
dataTinel[iii]=
i1 [0]
"HSerQut ["T"]
HSerQut [Str
dat aTi nmel]
"hserout[ 13]
Del ayUS 1
Cl'k1=0
Cl nod=0
Del ayUs 1
iii=10
Endl f

If jjj<6 Then
G kl=1
Clnod =1
Del ayUs 1

DCount = PORTD &
2941110000

DCount = DCount >> 4

StrN kk'. = Str$(Dec
DCount )

dat aCount 1[jjj]= kk[ 0]

Del ayUs 1

Cl k1=0

Del ayUs 1

jii=iii-1
Endl f
If jj5j =0 Then
d ki=1
Del ayUs 1

DCount /'= PORTD"&

%1.1110000
DCount = DCount >> 4
StrN kk = Str$(Dec
DCount )

dataCount1[jjj]= kK[O]
HSerQut ["C']

HSer Qut [ Str dat aCount 1]

"hserout [13]



| nput ADC = ADIn O

Qut put ADC = (| nput ADC /
10) *48. 924
" HSerQut [" R']
HSer Qut [ DEC4 CQut put ADC]
" HSerQut [13]
Endl f

HSerIn 20,Cl ,[Str settine]
Sel ect settine[ 0]

Case "Z"

i ndex = Val
(settine, Dec) ‘‘conver str to
dec

If index = 1
Then
GoTo mai n
Endl f
Case "R’

i ndex = Val
(settime, Dec) 'conver str to
dec

If index = 1
Then
Low STSTOP
Del ayUS 1
H gh STSTOP
Low STCLR
Del ayUs 1
Hi gh STCLR
P
GoTo
Count er Ti ner
Endl f
Case "S"

i ndex = Val
(settinme, Dec) ‘conver str to
dec

If index =1
Then
Low STSTOP

Del ayUs 1
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H gh STSTOP
GoTo C1

Endl f

Case "C'
i ndex = Val
(settine, Dec) ‘conver str to
dec
If index =1
Then
Low STCOUN
Del ayUs 1
H gh STCOUN
iii=1
jij=5
Cl nod=0
CGoTo C1
Endl f
Case "M
i ndex = Val
(settine, Dec)
If index =1
Then
Low SEL_R1
Low SEL_R2
"HSer Qut ["ML"]
" HSer Qut [ 13]
Cl nod=0
iii=1
Jii=5
CGoTo C1
Endl f

If index = 2
Then
H gh SEL R1
Low SEL_R2
' HSerQut ["M"]
"HSer Qut [ 13]
C nod=0
iii=1
jij=5
GoTo C1
Endl f

I f index = 3
Then

Low SEL_R1

H gh SEL_R2

"HSer Qut ["M"]

"HSerQut [13]

Cl.nmod=0

iii=1

J11=5

GoTo C1

Endl f

If index = 4
Then



H gh SEL Rl
H gh SEL_R2
"HSerQut ["M4"]
" HSer Qut [ 13]
Cl nod=0
iii=1
jii=5
GoTo C1
Endl f
EndSel ect
GoTo C1
Pl at au:
ADCON1 = $06

"Configure all A/'D pin of
port NE to digital.'1/0

Cs=1
Qut put CSAMP
CQut put CSHV
TRI SC. 4=0 ' csanp out
TRI SC. 2=0 'es hv out
TRI SA = $00 ' Al portd
pi ns are out put
TRI SD = $00
TRI SE $00
PORTA = $00 " Initial
val ue on PORTB
PORTD $00
PORTE = $00

TMRO = 6 !
start tinerQ from®6
rTime =0
Initial value for neasurenent

time
tFlag = 0 .
Initial value for count tiner0O
i nterrupt
Pul se = 0
%/ = 0
On I nterrupt GoTo

count 2

OPTI ON_REG = 941000100
'100=1: 32

| NTCON = 940110000

Set Pl at au:

Low CEN
Low CSSCA

For i=0 To 4
HSerln [Str | N_DATA]
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Sel ect | N_DATA[ 0]

Case "Q
i ndex = Val
(1 N_DATA, Dec)
StartV = i ndex+1
Case "W
i ndex = Val
(| N_DATA, Dec) 'conver str to
dec
StopV = i ndex+1
Case "A"
CSHvV = 1
i ndex = Val
(I N_DATA, Dec) 'conver str to
dec
CSAMP=0

SHOut SO SCK,
nsbfirst, [$11, i ndex] '
Send write enabl e conmand

CSAWVP = 1
Di sabl e to execute conmmand

€asew' P
i ndex = Val
(1 N_DATA, Dec) ‘conver str to

dec

St epV = i ndex

St epScan = (StopV -
StartV)/ StepV

StepScan = StepScan +
1

Case "T"
XTi me = Val
(I N_DATA, Dec)

EndSel ect
Del ayUs. 10
Next
Set SCA:
Low CEN
Low CSSCA
I'NTCON. .7 =11 ' enable
al |l ‘interrupt
' set LLD
CS =0 'REl
A0 =0 ' RA3
WR = 0 ' REO

' HSerQut [DEC4 LLD]
PORTD = 990000110 ' set
LLD=0. 2V
Del ayUs 10
WR =1
Cs=1
Del ayUs 10



' set ULD
CS=0
AO = 1
WR =0
PORTD = 941111111 ' set
ULD=10V
Del ayUs 10
WR =1
cs =1
Del ayUS 10

GoTo set HV

1
0 T T N T O T T S O T o s R R N Tl I )

set HV:

Wil e ZZ <= StepScan

CSAMP =1

I nc-ZZ

CSHv =0

SHOut SO, SCK
nmebfirst,[$11, StartV]

CsSHv = 1

Del ayMs 50

GoTo Measl

Meas1:
' start measurenent
| NTCON. 7=1 ' enabl e. al
i nterrupt

If tFlag = 125 Then
I ncyr Ti me
increase tine 1 s 1s=625 ,
100n8=62
tFlag = 0 '
clear tFlag
End If
If rTime = xTime Then
I NTCON.Z = 0 '
di sabl e all interrupt
Del ayMVs 50
HSer Qut [ Dec Pul se]
HSer Qut [ 13]
TVMRO = 6
StartV = StartV +

StepV

0

Pul se
cl ear counter
rTime =0
clear tiner
GoTo set HV
End | f

GoTo Measl

&9

Wend
GoTo mai n
Di sabl e

count 2:

If INTCON.1 = 1 Then '
External interupt (RBO pin) ?
I nc Pul se
i ncrease Pul se when RBO
change

NTCON.1 =0

El se
If INTCON.2 = 1 Then
TMRO i nterrupt occurred ?
Inc tFlag
i.ncrease tine tFlag
TMRO = 6
' for 20 MHz (256-
6) *1/ (20/ 4) *32*625 = 1s

INTCON.2 = 0
End |If
End | f
Resune
Enabl e
Scanibde:
ADCON1 = $06

“Configure all A/D pin of
port A/E to digital /0O

€s=1
Qut put CSAMP
CQut put CSHV
TRI SC. 4=0 ' csanp out
TRI SC. 2=0 'cs hv out
TRI SA = $00 '~ A'l portd
pi ns are out put
TRI SD_= $00
TRI SE = $00
PORTA = $00 "Initia
val ue on PORTB
PORTD = $00
PORTE = $00

TMRO =6 '
start timer0 from®6

rTime =0 '
Initial value for neasurenent
tine



tFlag = 0 '
Initial value for count tinmer0O
i nterrupt

Pulse = 0

On Interrupt GoTo
count 1l

OPTI ON_REG = 941000100
'100=1: 32

| NTCON = 940110000

set scan:
Low CEN
Low CSSCA
For i=0 To 5
HSerIn [ Str I"N_DATA]

Sel ect | N_DATA[ 0]

Case "H'
CSAWMP =1
i ndex = Val
(1 N_DATA, Dec)
CSHV =0

SHQut SO, - SCK
mebfirst, [$11, i ndex]
CSHV = 1
Del ayUs 10
Case "A"
CSAWP = 1
i ndex = Val
(1 N_DATA, Dec) 'conver str to
dec
CSAVP=0
SHQut SO, SCK
mebfirst, [$11,index] !
Send write enabl e conmand
CSAWVP = 1
Di sabl e to execute conmmand

Case "L*
i ndex = Val
(1 N_DATA, Dec) 'conver str to
dec
LL = i ndex
LLD = (i ndex* 255)/100
Case "E"
index = Val
(1 N.DATA, Dec)
W N = i ndex
U = LL + WN
W ndow =

(1 ndex*255) /100
ULD=LLD + W ndow

Case "U'
i ndex = Val
(1 N_DATA, Dec)
F_UU = i ndex
F ULD = (i ndex*255)/100
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Case "T"
xTime = Va
(I N_DATA, Dec)

EndSel ect
Del ayUs 10
Next

SCA:
Low CEN
Low CSSCA

While WU < F WU

I'nc i
INTCON. 7 = 1 ' enabl e
al'l interrupt
'“set LLD
CS=0 'REl
A0 = 0 ' RA3

"Al =1 " RAS
VWR =0 " REO

PORID = LLD
Del ayMs 10
R —%l

CS= 1

Del ayMs 10

set ULD
0
1

3%

%a
'—\

i

<
o
1
<,

" " ®

LD

PR35Y

[
o

(S5
o

GoTo Meas

Meas:

start neasurenent
| NTCON. 7=1 ' enabl e al
i nterrupt
I #UFl agy = 125 [Then
Inc rTinme
increase time 1 s 1s=625 ,
100nms=62

tFlag = 0 '
clear tFlag
End If
If rTime = xTinme Then
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INTCON.7 = 0 '
disable all interrupt

HSer Qut [ Dec Pul se]

HSer Qut [ 13]
TVRO = 6
LLD = ULD
ULD = LLD +

. ----—-‘
cl ear counter

rw"

" clear tiner

i nterrupt

GoTo Meas
Wend

CGoTo mai n
Di sabl e

count 1:

If INTCON. 1 =
Ext ernal interupt
I nc Puls
" increase Pul se
change
| NTCON. 1

TMRO i nte

" increase tine tF

Ll],wm:e
" for 20 256-
6)*1/(20/4)*32* 25 =

ﬂﬁﬂ?ﬂﬂ TNYINT
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