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## 4870203421 : MAJOR NUCLEAR TECHNOLOGY
KEY WORD : PIPELINE ADC / HISTOGRAM MEMORY / GAMMA SPECTROMETER / POCKET PC

KAMONTIP PLOYKRACHANG: A POCKET PC-BASED GAMMA SPECTROMETER USING
PIPELINE ADC. THESIS PRINCIPAL ADVISOR: DECHO THONG-ARAM, THESIS CO -

ADVISOR: ASST. PROF. SUVIT PUNNACHAIYA, 86 pp.

This thesis, a 4096 channel fixed conversion time type pocket PC based gamma spectrometer was
developed to achieve with a compact size, lightweight and low power consumption rate. The FPGA
technology, 12- bit pipeline ADC and 8-bit microcontroller were employed for nuclear pulse height to digital
converter, interfacing and control circuits of these system. For pulse amplifier circuit could be continuously

gain adjust of 100 time.

The results of this research found that pulse amplifier and shaper circuit was corresponding to energy
level from the detector with 0.7 s of shaping time, 2 ps of pulse width and 0.22 % integral non-linearity. The
processing time for each nuclear pulse height to digital converter was found to be 1.27 ps, with an integral
non-linearity 0.45 % and channel deviation was found to be = 2 channels (FWHM) at the center of the
maximum analysis range. Test result of the system found that the maximum throughput was 160 kcps and the
gamma energy resolutions of Cs-137 using 2” x 2” Nal(TI) detector and 1 ¢m x em CsI(TI1) coupled with PIN

photo diode were found to be 8.30 % and 12.61 % respectively.

Department Nuclear Technology. Student’s signature

Field of study _____Nuclear Technology Principal Advisor’s signature
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Option Explicit
Public Vdata(4100) As String
Public MAXCH As Long
Public CntMAX As Long
Public ChMax As Integer
Public TimeSet As Integer
Option Explicit
Dim Data As String
Dim sData As String
Dim IHighByte As Long
Dim ILowByte As Long
Dim Ch As Integer
Dim i As Integer
Dim j As Integer
Dim Y As Integer
Dim Cls As Integer
Dim CodeMAXCH As String
Dim t As Integer
Dim FinishTime As Boolean
Dim Stop_But As Boolean
Dim WData As String
Dim m As Integer
Dim Cursor As Boolean
Dim OPX_M As Integer
Dim PX_M As Integer
Dim Xpos_M As Integer
Dim HCursor_M As Integer
Dim OHCursor_M As Integer
Dim OXpos_M As Integer
Dim AxisYMAX As Integer
Private Sub Form_load()

Timer1.Enabled = False

If Comm1.PortOpen = True Then

Comm1.PortOpen = False ' Close COM1

End If
Comm1.InputLen =0

If Comm1.InBufferCount > 0 Then

WData = Comm1.Input
End If
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meeees COM PORT Properties Setting **+++sssrsss

Comm1.Settings = "19200,N,8,1"
Comm1.RThreshold = 2
Comm1.InputLen = 2
Comm1.DTREnable = False
Comm1.CommPort = 1
Comm1.InBufferCount = 0
meres Maximum Address Setting *+-esssssssss
CboMAXCh.Addltem "512"
CboMAXCh.AddItem "1024"
CboMAXCh.AddItem "2048"
CboMAXCh.AddItem "4096"
LED.BackColor = vbGreen
CmdStart.Enabled = True
Ch=0
i=0
FinishTime = False
Stop_But = False
Cursor = False
CntMAX =2
End Sub
Private Sub CmdStart_Click()

If Comm1.PortOpen = True Then

Comm1.PortOpen = False ' Close COM1
End If
Comm1.InputLen =0
If Comm1.InBufferCount > 0 Then
WData = Comm1.Input
End If
Comm1.InputLen =2
If Comm1.PortOpen = False Then
Comm1.PortOpen = True ' Open COM1

End If
CmdStart.Enabled = False
CboMAXCh.Enabled = False



CmdReset.Enabled = False
CmdAnalyze.Enabled = False
Cursor = False

LED.BackColor = vbRed

Ch=0

j=0

m=0

FinishTime = False

Stop_But = False

TimeSet = Int(TxtTime.Text)

MAXCH = (Int(CboMAXCh.Text)) - 1

Select Case MAXCH
Case 511
CodeMAXCH ="A"
Case 1023
CodeMAXCH ="B"
Case 2047
CodeMAXCH ="C"
Case 4095
CodeMAXCH ="D"

End Select

Timer1.Interval = 60000

Timer1.Enabled = True

t=0

Comm1.0utput = CodeMAXCH

End Sub
Private Sub Comm1_OnComm()

If Comm1.CommEvent = comEvReceive Then
sData = Comm1.Input
Ch=Ch+1
If Ch <= MAXCH Then

HighByte = Asc(Mid(sData, 1, 1))
ILowByte = Asc(Mid(sData, 2, 1))
Data = (IHighByte * &H100) Or ILowByte
Vdata(Ch) = Int(Data)
End If
If Vdata(Ch) - CntMAX >= 0 Then
If Ch <> 4095 Then
CntMAX = Vdata(Ch)
ChMax = Ch
End If
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End If
If Ch = MAXCH Then
If Comm1.PortOpen = True Then
Comm1.PortOpen = False
End If
Comm1.InputLen =0
TxtCuntMM.Text = CntMAX
TxtChM.Text = ChMax
Call PlotSpec1
End If
If Ch > MAXCH Then
WData = Comm1.Input
End If
End If
End Sub
Private Sub Finish()
CmdAnalyze.Enabled = True
CmdReset.Enabled = True
LED.BackColor = vbYellow
Ch=0
End Sub
Private Sub PlotSpec1() ' Plot Spectrum
AxisYMAX = ((CntMAX\ 1000) + 1) * 1000
PicSpec1.Cls
PicSpec1.Refresh
Fori=1To MAXCH Step 4
On Error Resume Next
PicSpec1.DrawPoint (i * (PicSpec1.ScaleWidth /
MAXCH)), PicSpec1.ScaleHeight - (Vdata(i) *
(PicSpec1.ScaleHeight / (AxisYMAX + (AxisYMAX *
0.1)))), vbYellow
Next i
If Comm1.InBufferCount > 0 Then
WData = Comm1.Input
End If
Comm1.InputLen = 2
If Comm1.PortOpen = False Then
Comm1.PortOpen = True ' Close COM1
End If
Ch=0

If FinishTime = True Then



m=m+1
Ifm=2Then
CmdAnalyze.Enabled = True
CmdReset.Enabled = True
LED.BackColor = vbYellow
Cursor = True
PX_M =1
End If
End If
Comm1.Output ="G"
End Sub

Private Sub PicSpec1_MouseDown(Button As Long,

Shift As Long, X As Integer, Y As Integer)
If Cursor = True Then

OPX_M =PXM

PX_M=X

Xpos_M = Int(((PX_M * MAXCH) /
PicSpec1.ScaleWidth) + 1)

HCursor_M = Int(Vdata(Xpos_M) *
(PicSpec1.ScaleHeight / (AxisYMAX + (AxisYMAX *
0.12))))

OXpos_M = Int(((OPX_M * MAXCH) /
PicSpec1.ScaleWidth) + 1)

OHCursor_M = Int(Vdata(OXpos_M) *
(PicSpec1.ScaleHeight / (AxisYMAX + (AxisYMAX *
0.12))))

If OXpos_M = Xpos_M Or HCursor_M =
OHCursor_M Then

PX_M = OPX_M
Exit Sub
End If
PlotCursor_M OPX_M, PX_M
Else
Exit Sub
End If
End Sub
Private Sub PlotCursor_M(OPX_M As Integer, PX_M
As Integer)
Dim gab_M As Long
Dim Cline_M As Long
gab_M = PicSpec1.ScaleHeight / 40
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Cline_M = PicSpec1.ScaleHeight/ 15

PicSpec1.DrawlLine PX_M, (PicSpec1.ScaleHeight
- HCursor_M - gab_M), PX_M, (PicSpec1.ScaleHeight
- HCursor_M - gab_M - Cline_M), vbRed

PicSpec1.DrawLine OPX_M,
(PicSpec1.ScaleHeight - OHCursor_M - gab_M),
OPX_M, (PicSpec1.ScaleHeight - OHCursor_M -
gab_M - Cline_M), vbBlack

If Xpos_M > MAXCH Then

Xpos_M = MAXCH

End If

TxtCuntMM.Text = Vdata(Xpos_M)

TxtChM.Text = Xpos_M

End Sub

Private Sub FinalPlot()
PicSpec1.Cls
PicSpec1.Refresh
Fori=1To MAXCH Step 4
On Error Resume Next
PicSpec1.DrawPoint (i * (PicSpec1.ScaleWidth /
MAXCH)), PicSpec1.ScaleHeight - (Vdata(i) *
(PicSpec1.ScaleHeight / (CntMAX + (CntMAX *
0.1)))), vbRed
Next i
If Comm1.InBufferCount > 0 Then
WData = Comm1.Input
End If
Comm1.InputLen = 2
If Comm1.PortOpen = False Then
Comm1.PortOpen = True ' Close COM1
End If
CmdAnalyze.Enabled = True
Cursor = True
Ch=0
Comm1.Output = "F"
‘Comm1.InBufferCount = 0
End Sub
Private Sub CmdAnalyze_Click()
FrmAnalyze.Show

End Sub



Private Sub CmdReset_Click()

CmdStart.Enabled = True

CmdAnalyze.Enabled = False

CboMAXCh.Enabled = True

FinishTime = False

PicSpec1.Cls

TxtTime.Text = Empty

TxtCuntMM.Text = Empty

TxtChM.Text = Empty

CntMAX =2

LED.BackColor = vbGreen

Stop_But = False

Cursor = False

For Cls = 0 To MAXCH
Vdata(Cls) =0

Next Cls

Comm1.InputLen =0

If Comm1.InBufferCount > 0 Then
WData = Comm1.Input

End If

Comm1.InputLen = 2

If Comm1.PortOpen = False Then

Comm1.PortOpen = True ' Open COM1

End If
Ch=0
Comm1.Output ="R"

Timer1.Enabled = False

End Sub
Private Sub CmdStop_Click()

Stop_But = True
FinishTime = False
Comm1.Output ="S"
Comm1.Output ="S"
LED.BackColor = vbYellow
CmdReset.Enabled = True
CmdAnalyze.Enabled = True
Comm1.Output ="S"
Cursor = True
Comm1.Output ="S"
Comm1.InputLen =0

If Comm1.InBufferCount > 0 Then

WData = Comm1.Input
End If
Timer1.Enabled = False
End Sub
Private Sub Form_OKClick()
If Comm1.PortOpen = True Then
Comm1.PortOpen = False
End If
App.End
End Sub
Private Sub Timer1_Timer()

t=t+1

If t = TimeSet And Stop_But = False Then

FinishTime = True
Comm1.Output ="F"
Else
Exit Sub
End If

End Sub
Option Explicit
Dim k As Integer
Dim OPX As Integer
Dim PX As Integer
Dim Xpos As Integer
Dim HCursor As Integer
Dim OHCursor As Integer
Dim OXpos As Integer
Dim MaxChANZ As Integer
Dim MaxCuntANZ As Integer
Dim ValueMin As Integer
Dim ValueMax As Integer
Dim | As Interger
Dim MaxCuntROI As Integer
Dim ValueHSC As Integer
Dim ROIL As Integer
Dim ROIR As Integer
Dim IntCount As Long
Dim Expand As Boolean
Dim ROI As Boolean
Dim ExpL As Integer
Dim ExpR As Integer
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Dim Ymax As Integer

Private Sub CmdClsExp_Click()
PX=1
MaxChANZ = MAXCH
'MaxCuntANZ = CntMAX
MaxCuntANZ = Int(TxtMCHSSet.Text) 'new
ValueMax = MAXCH
ValueMin =1
MaxChANZ = ValueMax
Expand = False
CmdExp.Enabled = True
TxtMIinCh.Text = 1
TxtMaxCh.Text = MAXCH
CmdExpR.BackColor = &HC000CO
CmdExpR.Enabled = True
CmdExpL.BackColor = &HC000CO
CmdExpL.Enabled = True
TxtCrCh.Text ="
TxtCrCunt. Text ="
PicAnalyze.Cls
Screen.MousePointer = 11
Fork =1 To MaxChANZ Step 1
On Error Resume Next
PicAnalyze.DrawPoint (k *
(PicAnalyze.ScaleWidth / MaxChANZ)),
PicAnalyze.ScaleHeight - (Vdata(k) *
(PicAnalyze.ScaleHeight / (MaxCuntANZ +
(MaxCuntANZ * 0.12)))), vbYellow
Next k
Screen.MousePointer = 0
End Sub
Private Sub CmdClsSpec_Click()
PicAnalyze.Cls
CmdClsSpec.Visible = False
CmdShowSpec.Visible = True
End Sub
Private Sub CmdExp_Click()
Expand = True
PicAnalyze.Cls

PicAnalyze.Refresh
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ValueMin = Int(TxtMinCh.Text)
ValueMax = Int(TxtMaxCh.Text)
CmdExp.Enabled = False
If ValueMax > MAXCH Then
MsgBox "Over Maximum Channel",
vbinformation
End If
MaxChANZ = ValueMax - ValueMin
Call FindMAXCuntROI
Call PlotExpand
End Sub
Private Sub CmdExpL_Click()
ExpL = Xpos
TxtMinCh.Text = ExpL
CmdExpL.BackColor = &H800080
CmdExpL.Enabled = False
End Sub
Private Sub CmdExpR_Click()
ExpR = Xpos
TxtMaxCh.Text = ExpR
CmdExpR.BackColor = &H800080
CmdExpR.Enabled = False
End Sub
Private Sub CmdROIDelnt_Click()
IntCount =0
TxtROIR.Text ="
TxtROIL.Text ="
Txtint.Text ="
CmdROIL.BackColor = &HFFCOCO
cmdROIR.BackColor = &HFFCOCO
CmdROlInt.Visible = True
CmdROIDelnt.Visible = True
CmdROlInt.Enabled = True
CmdROIL.Enabled = True
cmdROIR.Enabled = True
If Expand = True Then
Screen.MousePointer = 11
For k = ROIL To ROIR Step 1
On Error Resume Next
PicAnalyze.DrawLine (k - ValueMin) *

(PicAnalyze.ScaleWidth / MaxChANZ),



PicAnalyze.ScaleHeight, (k - ValueMin) *
(PicAnalyze.ScaleWidth / MaxChANZ),
PicAnalyze.ScaleHeight - (Vdata(k) *
(PicAnalyze.ScaleHeight / (MaxCuntANZ +
(MaxCuntANZ * 0.12)))), vbBlack
Next k
Screen.MousePointer = 0
Else
Screen.MousePointer = 11
For k = ROIL To ROIR Step 1
On Error Resume Next
PicAnalyze.DrawLine (k) *
(PicAnalyze.ScaleWidth / MaxChANZ),
PicAnalyze.ScaleHeight, (k) * (PicAnalyze.ScaleWidth
/ MaxChANZ), PicAnalyze.ScaleHeight - (Vdata(k) *
(PicAnalyze.ScaleHeight / (MaxCuntANZ +
(MaxCuntANZ * 0.12)))), vbBlack
Next k
Screen.MousePointer = 0
End If
End Sub
Private Sub CmdROlInt_Click()
Dim h As Integer
Dim gab_Int As Integer
For h = ROIL To ROIR
IntCount = IntCount + Vdata(h)
Next h
TxtInt.Text = IntCount
CmdROlInt.Enabled = False
CmdROIL.Enabled = False
cmdROIR.Enabled = False
If Expand = True Then
Call PIotROIExp
Else
Call PIotROINoExp
End If
End Sub
Private Sub PlotExpand()
TxtCrCh.Text ="
TxtCrCunt. Text ="

Screen.MousePointer = 11
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For k = ValueMin To ValueMax Step 1
On Error Resume Next
PicAnalyze.DrawPoint ((k - ValueMin) *

(PicAnalyze.ScaleWidth / (MaxChANZ - 1))),
PicAnalyze.ScaleHeight - (Vdata(k) *
(PicAnalyze.ScaleHeight / (MaxCuntANZ +
(MaxCuntANZ * 0.12)))), vbYellow

Next k

Screen.MousePointer = 0

End Sub
Private Sub PlIotROIExp()

Screen.MousePointer = 11

For k = ROIL To ROIR Step 1
On Error Resume Next
PicAnalyze.DrawLine (k - ValueMin) *

(PicAnalyze.ScaleWidth / (MaxChANZ - 1)),
PicAnalyze.ScaleHeight, (k - ValueMin) *
(PicAnalyze.ScaleWidth / MaxChANZ),
PicAnalyze.ScaleHeight - (Vdata(k) *
(PicAnalyze.ScaleHeight / (MaxCuntANZ +
(MaxCuntANZ * 0.12)))), vbRed

Next k

Screen.MousePointer = 0

End Sub
Private Sub PlotROINoEXxp()

Screen.MousePointer = 11

For k = ROIL To ROIR Step 1
On Error Resume Next
PicAnalyze.DrawLine (k) *

(PicAnalyze.ScaleWidth / (MaxChANZ - 1)),
PicAnalyze.ScaleHeight, (k) * (PicAnalyze.ScaleWidth
/ MaxChANZ), PicAnalyze.ScaleHeight - (Vdata(k) *
(PicAnalyze.ScaleHeight / (MaxCuntANZ +
(MaxCuntANZ * 0.12)))), vbRed

Next k

Screen.MousePointer = 0

End Sub
Private Sub FindMAXCuntROI()

For | = ValueMin To ValueMax Step 1

If Vdata(l) - MaxCuntROI > 0 Then
MaxCuntROI = Vdata(l)



End If

Next |
MaxCuntANZ = MaxCuntROlI

End Sub

Private Sub CmdROIL_Click()
ROIL = Xpos
TxtROIL.Text = ROIL
CmdROIL.BackColor = &H404040
CmdROIL.Enabled = False

End Sub

Private Sub CmdROIR_Click()
ROIR = Xpos
TxtROIR.Text = ROIR
cmdROIR.BackColor = &H404040
cmdROIR.Enabled = False

End Sub

Private Sub CmdShowExp_Click()
FrameROI.Visible = False
FrameEXP.Visible = True

End Sub

Private Sub CmdShowROI_Click()
FrameROl.Visible = True
FrameEXP.Visible = False

End Sub

Private Sub CmdShowSpec_Click()
MaxChANZ = MAXCH
MaxCuntANZ = Int(TxtMCHSSet.Text)
'‘MaxCuntANZ = CntMAX
TxtTimeShow.Text = TimeSet
"TxtMCHSSet.Text = MAXCH
CmdROlInt.Visible = True
CmdROIDelnt.Visible = True
CmdShowSpec.Visible = False
IntCount =0
ValueMax = MAXCH
ValueMin =1
TxtMIinCh.Text = 1
TxtMaxCh.Text = MaxChANZ
MaxChANZ = ValueMax
TxtMIinCh.Text = 1
TxtMaxCh.Text = MAXCH
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CmdExpR.BackColor = &HC000CO
CmdExpR.Enabled = True
CmdExpL.BackColor = &HC000C0O
CmdExpL.Enabled = True
CmdExp.Enabled = True
CmdClsExp.Enabled = True
TxtCrCh.Text ="
TxtCrCunt.Text ="
MaxCuntROI = 1
PicAnalyze.Cls
Screen.MousePointer = 11
Fork =1 To MAXCH Step 1
On Error Resume Next
PicAnalyze.DrawPoint (k *
(PicAnalyze.ScaleWidth / MaxChANZ)),
PicAnalyze.ScaleHeight - (Vdata(k) *
(PicAnalyze.ScaleHeight / (MaxCuntANZ +
(MaxCuntANZ * 0.12)))), vbYellow
Next k
Screen.MousePointer = 0
CmdClsSpec.Visible = True
End Sub
Private Sub Form_load()
MaxChANZ = MAXCH
TxtMCHSSet. Text = CntMAX ' new
MaxCuntANZ = Int(TxtMCHSSet.Text) 'new
'MaxCuntANZ = CntMAX
FrameROl.Visible = True
FrameEXP.Visible = False
CmdClsSpec.Visible = False
CmdShowSpec.Visible = True
CmdROIDelnt.Visible = True
CmdROlInt.Visible = True
IntCount =0
ValueMax = MAXCH
ValueMin =1
MaxChANZ = ValueMax
MaxCuntROI = 1
HSCCursor.Min =0
HSCCursor.Max = (PicAnalyze.ScaleWidth)



HSCCursor.LargeChange =
((PicAnalyze.ScaleWidth * 10) / MaxChANZ)
HSCCursor.SmallChange =
(PicAnalyze.ScaleWidth / MaxChANZ)
TxtMinCh.Text ="
TxtMaxCh.Text ="
TxtCrCh.Text ="
TxtCrCunt.Text ="
TxtTimeShow.Text ="
End Sub
Private Sub HSCCursor_Change()
Call HSCCursor_Scroll
End Sub
Private Sub HSCCursor_Scroll()
ValueHSC = HSCCursor.Value
OPX =PX
PX = ValueHSC
Xpos = Int(((PX * MaxChANZ) /
PicAnalyze.ScaleWidth) + ValueMin)
HCursor = Int(Vdata(Xpos) *
(PicAnalyze.ScaleHeight / (MaxCuntANZ +
(MaxCuntANZ * 0.12))))

OXpos = Int(((OPX * MaxChANZ) /
PicAnalyze.ScaleWidth) + ValueMin)

OHCursor = Int(Vdata(OXpos) *
(PicAnalyze.ScaleHeight / (MaxCuntANZ +
(MaxCuntANZ * 0.12))))

If OXpos = Xpos Or HCursor = OHCursor Then

PX = OPX
Exit Sub

End If

PlotCursor OPX, PX
End Sub
Private Sub PicAnalyze_MouseDown(Button As Long,
Shift As Long, X As Integer, Y As Integer)

OPX =PX

PX=X

Xpos = Int(((PX * MaxChANZ) /
PicAnalyze.ScaleWidth) + ValueMin)

HCursor = Int(Vdata(Xpos) *
(PicAnalyze.ScaleHeight / (MaxCuntANZ +
(MaxCuntANZ * 0.12))))

OXpos = Int(((OPX * MaxChANZ) /
PicAnalyze.ScaleWidth) + ValueMin)

OHCursor = Int(Vdata(OXpos) *
(PicAnalyze.ScaleHeight / (MaxCuntANZ +
(MaxCuntANZ * 0.12))))

If OXpos = Xpos Or HCursor = OHCursor Then

PX = OPX
Exit Sub

End If

PlotCursor OPX, PX
End Sub
Private Sub PlotCursor(OPX As Integer, PX As
Integer)

Dim gab As Long

Dim Cline As Long

gab = PicAnalyze.ScaleHeight / 40

Cline = PicAnalyze.ScaleHeight / 15

PicAnalyze.DrawLine PX, (PicAnalyze.ScaleHeig
- HCursor - gab), PX, (PicAnalyze.ScaleHeight -
HCursor - gab - Cline), vbRed

PicAnalyze.DrawLine OPX,
(PicAnalyze.ScaleHeight - OHCursor - gab), OPX,
(PicAnalyze.ScaleHeight - OHCursor - gab - Cline),
vbBlack

If Xpos > ValueMax Then

Xpos = ValueMax

End If

TxtCrCh.Text = Xpos

TxtCrCunt.Text = Vdata(Xpos)

End Sub
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Private Sub Form_OKClick() ' Close Appication

Form
PicAnalyze.Cls
IntCount =0
TxtCrCh.Text ="
TxtCrCunt.Text ="
TxtMinCh.Text ="
TxtMaxCh.Text ="



Txtint.Text ="'

TxtROIL. Text ="

TxtROIR.Text ="
CmdROIL.BackColor = &HFFCOCO
cmdROIR.BackColor = &HFFCOCO
CmdROlInt.Visible = True
CmdROIDelnt.Visible = True

FrmAnalyze.Visible = False
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CmdROIL.Enabled = True
cmdROIR.Enabled = True
TxtMCHSSet. Text ="
CmdClsSpec.Visible = False
CmdShowSpec.Visible = True
TxtTimeShow.Text ="

End Sub
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