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This project propose the designation and development of recording techniques in

I satellite signal. Use the microcomputer in stead of pen recording. The communication between

-

computer and external signal in series interface. The measurement apparatus consist of the analog

e

to digital converts and amplifier. CPU for controlling this unit using address control reference.
The graphic mode and processing using Visual Basic 4.0 langnage. The real time signal can be
display and evaluated. This experiment shows the result from computer in reliable.
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: a1 (Volt) watr | (Volt) 8 (Volt) 1281 (Volt) 1 {Voit)
1 0.188 21 0.184 41 0.195 61 0.189 81 0.188
| 2 0.184 22 0.184 42 0.189 62 0.189 82 0.197
o3 0.182 23 0.195 43 | 0495 63 0.188 83 | 0.188
: 4 0.182 24 0.193 44 0.197 64 0.188 84 0.184
5 0.203 25 0.189 45 0.189 65 0.199 85 0.182
o6 0.205 26 0.191 46 0.188 66 0.182 86 0.184
7 0191 | 27 0.193 47 0.188 67 0.178 87 0.184
8 0.195 28 0.188 48 0.193 68 0.182 88 0.184
il 9 0.191 29 0.188 49 0.193 69 0.182 89 0.184
E 10 0.191 30 0.189 50 0.189 70 0.182 90 0.182
b 11 0.188 31 0.188 51 0.195 71 0184 | o1 0.195
E 12 0,195 32 0.182 52 0.189 72 0.184 92 0.191
H s 0.188 33 0.182 53 0.188 73 0.184 93 0.197
E 14 0.195 34 0.18 54 0.189 74 0.191 94 0.195
il 15 0.191 35 0.182 55 0.188 75 0.195 95 0.188
: 16 0.188 36 0.184 56 0.18 76 0.195 96 0.188
{ 7 0.182 37 0.182 57 0.182 77 0.195| 97 0.199
L 0.182 38 0.184 58 0.203 78 0.189| 98 0.184
vl 19 0.182 39 0.184 59 0.197 79 0.199| 99 0.191
i 20 0.184 40 0.195 60 0.189 80 0.188] 100 0.188
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A151971 1 LarAdA1 STDEV 1A Vpeak Y8R5 033NN

A15197 2 HaAsAN STDEV Uag Vpeak vauni nedaimiundwds
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STDEV VP
0.007997 | 0.023
0.005039| 0.013
0.003688 | 0.011
0.004322| 0.015
0.003373| 0.009
0.006815| 0.023
0.00599 { 0.021
0.005461{ 0.015
0.004473 | 0.015
0.004766| 0.015
0.006075 | 0.017
0.005293| 0.017
0.004926 | 0.015
0004523 | 0.015
0.005712{ 0.019
0.005355 | ~ 0.015
0.007442{ 0.021
0.004408| 0.013
0.004932| 0.015
0.004696 | 0.013
0.005794| 0.015
0.004089{ 0.013
0.003695| 0.009
0.005486| 0.015
0.005538| 0.019
0.006363| 0.021

STDEV VP
0.001285| 0.004
0.001265] 0.004
0.001687 | 0.004
0.002066 | 0.004
0.001265| 0.004
0.0012656] 0.004
0.002066 | 0.004
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0.001265] 0.004
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0.001265| 0.004
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0.002066 | 0.004
0.002108.} 0.004
0.001932| 0.004
0.002424 | 0.007
0.002066 | 0.004
0.001687 ) 0.004
0.001165| 0.004
0.002741 0.01
0.002394 0.01
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Object={3B7C8863-D78F-101B-8985-04021C009402}#1.1#0; RICHTX32.0CX
Object={6B7E6392-850A-101B-AFC0-4210102A8DA7}#1.3#0; COMCTL32.0CX
Object={FAEEE763-117E-1018-8933-08002B2F4F5A}#1.0#0; DBLIST32.0CX
Object={00028C01-0000-0000-0000-000000000046}#1.0#0; DBGRID32.0CX
Reference="\G{BEF6E001-A874-101A-8BBA-
00AAOO300CAB#2.0#0#C\WINDOWS\SYSTEM\OLEPRO32.DLL#Standard OLE Types
Reference="\G{00025E01-0000-0000-C000-000000000046}#3.0#0#C\PROGRAM
FILES\COMMON FILES\MICROSOFT SHARED\DC:\PROGRAM FiL#Microsoft DAO 3.0 Object
Library

ProjwinSize=74,607,193,206

ProjwinShow=2

lconForm="main"

HelpFile="

Name="Project”

HelpContextID="0"

StartMode=0

VersionCompatible32="0"

MajorVer=1

MinorVer=0

RevisionVer=0

AutolncrementVer=0

ServerSupportFiles=0

VersionCompanyName="KMITL"
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Inpout32.bas

Aftribute VB_Name = “inpout”
‘const of program

Public Const OX As Integer = 56
Public Const OY As Integer = 29

Public Const CH1 As Long = 1
Public Const CH2 As Long = 2

‘define port

Public Const Pcontrol As Integer = &H378
Public Const Pdata As Integer = &H379
Public Const Peoc As Integer = &H37A

Public Const FileTempCh1 As String = “Untitled1*
Public Const FileTempCh2 As String = "Unlitled2”
‘Inp and Qut dectlarations for direct port /0

'in 32-bit Visual Basic 4 programs.

Public Declare Function Inp Lib "inpout32.dil* _

Alias "Inp32" (ByVal PortAddress As Integer) As Integer

Public Declare Sub Qut Lib "inpout32.dii" _

Alias "Out32" (ByVal PortAddress As Integer, ByVal Value As integer)

‘var state for procedure
Public RecState1, RecState2 As Boolean
Public LoadState1, LoadState2 As Boolean

Public RecCh1, RecCh2 As Boolean
Pubiic LoadCh1, LLoadCh2 As Boolean

Public ChActive As Long
"-file name for program

Public FileSaveCh1, FileSaveCh2 As String
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Public FileLoadCh1, FileLoadCh2 As String

‘define value Std

Public Point As Long



» e —

Ty e e e

e Tr— ———— ey g

Main.frm

VERSION 4.00
Begin VB.MDIForm main
BackColor = &H00808080&

Caption = "Amplitude Scintiilation Satteliite Reccord"

ClientHeight = 6285

ClientLeft 60
ClientTop = 1725
ClientWidth = 8985

Height = 6975

lcon = "main.frx":0000
Left =0

LinkTopic = *MDiForm1*
Top = 1095

Width = 9105

WindowState = 2 ‘Maximized

Begin MSComDig.CommonDialog SDialog

Left = 11160
Top = 240
_BxtentX = 847
_BxtentY = 847
_Version = 363216
Defaultext = **°
FileName I
Filter = """

InitDir = “c:\project"
End
Begin VB.Menu MnuFiie
Caption = ‘“&File"

Begin VB.Menu MnuNew
Caption = "&New File"

End

Begin VB.Menu MnuLoad

Caption = "&Load File"
End
Begin VB.Menu MnuSaveAs
Caption = "&Save File As"

End
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Begin VB.Menu MnuCls
Caption = "&Clear Screen”
End
Begin VB.Menu Mnui1
Caption = "
End
Begin VB.Menu Exit
Caption = “E&xit*
End
End
Begin VB.Menu MnuTool
Caption = "&Tools"
Begin VB.Menu MnuGroup
Caption = *"Set &Group for Calculate”
Begin VB.Menu Mnu10

Caption = “10 Point / Group®
Checked = -1 "True
End

Begin VB.Menu Mnu20

Caption = "20 Point/ Group®
End
Begin VB.Menu Mnu30
Caption = "30 Point / Group”
End
End
Begin VB.Menu MnuConvert
Caption = "Convert RSS File Link to &Exel
End

Begin VB.Menu MnuConRss

Caption = *Convert &RSS File”
End
End
Begin VB.Menu MnuWin
Caption = "&Windows"
Begin VB.Menu MnuCascade
Caption = *&Cascade’
End

Begin VB.Menu MnuTileHor
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Caption = "Tile &Horizontal®
End
Begin VB.Menu MnuVertical

Caption = "Tile &Vertical"
End
End
Begin VB.Menu Mnuhelp
Caption = *&Help”

Begin VB.Menu MnuHow

Caption = "How to &Use"
End
Begin VB.Menu MnuAbout
Caption = "&About
End
End

End

Altribute VB_Name = "main’
Attribute VB_Creatable = False
Attribute VB_Exposed = False

Private Sub Exit_Click()
End
End Sub

Private Sub MDIForm_Load()
ChDrive "c”
ChDir "c:\project”
channel1.Scale (0, 600)-(800, 0)
channel2.Scale (0, 600)-(800, 0)
channel1.FileLabel1.Caption = FileTempCh1
channel2.FileLabel2.Caption = FileTempCh2
channel1.Show
channel2.Show
channel1.SetFocus
Me.Arrange vbCascade
Point = 10
ChActive = CH1

End Sub
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Private Sub Mnu10_Click()
Point = 10
Mnu10.Checked = True
Mnu20.Checked = False
Mnu30.Checked = False

End Sub

Private Sub Mnu20_Click()
Point =20
Mnu10.Checked = False
Mnu20.Checked = True
Mnu30.Checked = False

End Sub

Private Sub Mnu30_Click()
Point = 30
Mnu10.Checked = False
Mnu20.Checked = False
Mnu30.Checked = True

End Sub

Private Sub MnuAbout_Click()
about.Show vbModal
End Sub

Private Sub MnuCascade_Click()
Me.Arrange vbCascade
End Sub

Private Sub MnuCls_Click()
Select Case ChActive
Case CH1
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channel1.Cls
Case CH2
channei2.Cis
End Select
End Sub

Private Sub MnuConPm_Click()
SDialog.ShowPrinter
End Sub

Private Sub MnuConRss_Click()
Dim DataStr As String

Dim DataFloat, DataPoint As Single
Dim Dataint As integer

Dim Data As Integer

Dim Filein, Fileout As String

Dim Rec As Long

Rec =0

With SDialog
.DialogTitle = *Open File to Convert *for File Modify Complete™
.Filter = "for File Modify Complete(*."){*.**
.ShowOpen
if Len(.filename) = 0 Then
Exit Sub
End If
Fileout = .filename

End With

Filein = InputBox(*Put Name to RSS File®, “Convert File®, Default, 300, 250)
If Filein = ™ Then

MsgBox "Put FileName Before Save”

Exit Sub
End if

Filein = Filein + ".rss" -
Open Filein For Binary As #1

Open Fileout For input As #2 'read



A e

A

b

Do While Not ECF(2)

Line Input #2, DataStr
DataFloat = Val(DataStr)
Dataint = Format(DataFloat * 1000, "0007)
Rec =Rec +1
DataPoint = (Dataint / 500) * 256
Data = Cint{DataPoint)
Put #1, Rec, Data
Loop
MsgBox "Convert to RSS File Complete”
Close #1
Close #2
End Sub

Private Sub MnuConvert_Click()

Dim Filein, Fileout As String
Dim Rec, EndRec As Long
Dim Vhex As Byte

Dim Vint As Long

Dim Vt As Single

Dim Excel, Chart As Object
Dim StrCol As String

Dim StdCol, VpCoi As String
Dim nPoint As Integer

Dim Nstd, Ngroup As Long
Dim ForStd, ForVp As String

Set Excel = CreateObject("Excel. Application®)

With SDialog
.DialogTitle = "Open File to Convert”

.Fiiter = "Reccord Satellite Signal(*.rss){*.rss"

.ShowQOpen

If Len(.filename) = 0 Then
Exit Sub

End If
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Fileout = .filename

End With

Filein = InputBox("Put FileName to Save As", "Convert File®, Default, 300, 250)
If Filein = ™ Then
MsgBox “Put FileName Before Save"
Exit Sub
End If
Fitein = Filein + *.xss"
Open Fileout For Binary As #1
EndRec = LOF(1)
Rec=0
Open Filein For Qutput As #2
Excel.Visible = True
Excel.workbooks.Add
Do
Rec =Rec + 1
Get #1, Rec, Vhex
Vint = Format(Vhex * 0.01953125, "0.00") * 100
Print #2, Str(Vint), Spc(5)
StrCol = A" & LTrim$(Str(Rec))
Vt = Format(Vint / 1000, “0.000")
Excel.range(StrCoi).Value = Vit

Loop Until Rec = EndRec
main.SetFocus

MsgBox “lédiayaa Tuisuns Excel (Fuu¥onudn”

‘calculate Std

Ngroup = EndRec \ Pgint

For Nstd = 1 To Ngroup
‘set number column C or STD
StdCol = *C" & LTrim$(Str(Nstd))
‘set number column D or Vpeak
VpCol = D" & LTrAm$(Str(Nstd))

‘find Vpeak by use column A
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ForVp = =" & *(* & "Max" & "(" & "A" & LTrim$(Str(((Nstd - 1) * 10) + 1)) & " & "A* & LTrim$(Str(10
* Nstd)) & 7)" & " & "Min" & *(" & "A" & LTrim$(Str{((Nstd - 1) * 10) + 1)) & "" & "A" & LTAm$(Str(10

* Nstd)) &) &Y

‘find Std by use column A
ForStd = "=STDEV" & "(" & "A”" & LTrim$(Str{((Nstd - 1) * 10} + 1)) & " & "A" & LTrim$(Str(10 *

Nstd)) & "
‘put value to column C
Excel.range(StdCol).Value = ForStd
Excel.range(VpCol).Value = ForVp

Next Nstd

‘show graph
Excel.range("C1:D" & LTrim$(Str(Ngroup))).Select
Set Chart = Excel.charts.Add()

Close #1

Close #2

main.SetFocus

MsgBox "Convert Complete”

End Sub

Private Sub MnuHow_Click()
help.Show vbModal
End Sub

Private Sub MnuLoad_Click(}

With SDialog
If RecState1 = True Or RecState2 = True Then
MsgBox “litmnsa Load Wiflavannmdsinmniufines *, vbOK + vbinformation, *Anuuziir”

Exit Sub
End if
.DialogTitle = "Open File"
.Filter = "Reccord Satellite Signai(*.rss){*.rss"
.ShowOpen
If Len(.filename) = 0 Then
Exit Sub
End tf
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Select Case ChActive

Case 1
FileLoadCh1 = flename
channel1.FileLabel1.Caption = FileLoadCh1
LoadState1 = True
LoadCh1 = True

Case 2
FileLoadCh2 = .filename
channel2.FileLabel2.Caption = FileLoadCh2
LoadState2 = True
LoadCh2 = True

End Select

End With
End Sub

Private Sub MnuNew_Click()
Select Case ChActive
Case 1
channel1.Cls
Case 2
channel2.Cls
End Select
End Sub

Private Sub MnuPmDat_Click()
‘set print signal in format text

Oim fp1, p2 As Integer

Dim mp1, 2 As Long

Dim ep1, ep2 As Long

Dim vptemp1, vptemp?2 As Variant
Dim vp1, vp2 As Varant

If LoadState1 = True Then
FilePrintCh1 = FileLoadCh1

PmState1 = True
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p1 = 0 "‘count reccord

fp1 = FreeFile

Open FilePrintCh1 For Binary As #{p1
ep1=LOF({p1)

Printer.ScaleMode = 4
Prnter.CurrentX = 25
Printer.CurrentY = 1
Printer.Print FiiePn'niChT
Printer.CurrentX = 10
Printer.CurrentY = 2

Do
ml=ml+1
Get #fp1, m1, vpt

vptemp1 = Format(vp1 * 0.01953125, *0.00%) * 160

Printer.Print vptemp1
Loop Untit 1 = ep1
PmState1 = False
Close #ip1
End If

If LoadState2 = True Then
FilePrintCh2 = FileLoadCh2
PmSlate2 = True
2 = 0 'count reccord
fp2 = FreeFile
Open FilePrintCh2 For Binary As #p2
ep2 = LOF(fp2)

Printer.ScaleMode = 4
Printer.CurmrentX = 25
Printer.CurrentY = 1
Printer.Print FilePrintCh2
Printer.CurrentX = 10
Printer.CurrentY =2

Do
m2 =m2 +1
Get #fp2, m2, vp2

vptemp2 = Format(vp2 * 0.01953125, *0.00" * 100



Printer.Print vptemp?2
Loop Until rp2 = ep2
Printer.EndDoc

PmState2 = False
Close #fp2
End If
End Sub

Private Sub MnuSaveAs_Click()
With SDialog
.DialogTitie = "Save File"
.Filter = "Reccord Satellite Signal(*.rss)|*.rss"

.ShowSave

Select Case ChActive
Case 1

FileSaveCh1 = filename

FileCopy FileTempCh1, FileSaveCh1
Case 2

FileSaveCh2 = .filename

FileCopy FileTempCh2, FileSaveCh2
End Select

End With
End Sub

Private Sub MnuShowCh1_Click()
channel1.Show

End Sub

Private Sub MnuShowCh2_Click()
channel2.Show

End Sub

Private Sub MnuSignal_Click()
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End Sub

Private Sub MnuTileHor_Click()
Me.Arrange vbTileHorizontal
End Sub

Private Sub MnuVertical_Click()
Me.Arrange vbTileVertical
End Sub
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VERSION 4.00

Begin VB.Formm channei

AutoRedraw = -1 'True
BackColor = &HOOFFFFFF&
Caption = " Channel 1*
ClientHeight = 6435
ClientLeft = 1140
CiienfTop = 1815
CiientWidth = 6690
Height = 6840
lcon = "channeil.frx":0000
Left: = 1080
LinkTopic = ‘Form2°
MDIChild = -1 True
ScaleHeight = 429
ScaleMode = 3 ‘Pixel
ScaleWidth = 446
Tag =030
Top = 1470
Width = 6810
WindowState = 2 'Maximized
Begin VB.Timer TimerLoad1
Interval = 1
Left = 9960
Top = 1080
End

Begin VB.CommandButton StopCht

Caption
Height

Left =

Tablndex

Top

Width
End

= *Stop”

= 495

9600
=1

= 3960
= 1215

Begin VB.CommandButton StartCh1

Caption
Height

= “Start*
= 495

Channeit.frrn
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Left = 9600
Tablindex =0
Top = 2520
Width = 1216
End

Begin VB.Timer TimerNew1

Interval = 1
Left = 9960
Top = 360
End
Begin VB.Label Label24
Appearance = 0 'Flat
BackColor = &H00000000&
BorderStyle = 1 'Fixed Single
Caption = *Label20"
ForeColor = &HB0000008&
Height = 375
Left = 8310
Tabindex = 28
Top = 7800
Width = 15
End
Begin VB.Label Label23
Appearance = 0 'Flat
BackColor = &H00000000&
BorderStyle = 1 'Fixed Single
Caption = “Label20"
ForeColor = &H80000008&
Height = 375
Left - = 6840
Tabindex = 27
Top = 7800
Width = 15
End
Begin VB.Label Label22
Appearance = 0 'Fiat
BackColor = &HOD000000&
BorderStyle = 1 'Fixed Single
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Caption = "Label20"

ForeColor = &HBOO0D0008&
Height = 375

Left = 5340

Tabindex = 26

Top = 7800

Width = 15

End '

Begin VB.Label Labei21

Appearance = 0 'Flat
BackColor = &H00000000&
BorderStyle = 1 ‘Fixed Single
Caption = "Label20"
ForeColor = &HB0000008&
Height = 375

Left = 3840

Tabindex = 25

Top = 7800

Width = 15

End

Begin VB.Label Label20

Appearance = 0 'Flat
BackColor = &HO0000000&
BorderStyle = 1 ‘Fixed Single

Caption = "Labei20"
ForeColor = &HB0000008&
Height = 375

Left = 2340

Tabindex = 24

Top = 7800

Width = 15

End

Begin VB.Label Label19
Appearance = 0 ‘Flat
BackColor = &HB0000005&
BorderStyle = 1 'Fixed Single
Caption = “Label15"
ForeColor = &HB80000008&
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Height =15
Left = 720

Tabindex = 23

Top = 6570

Width = 255
End

Begin VB.Label Label18
Appearance = 0 'Flat
BackCoior = &HBOOOOOOS&
BorderStyle = 1 'Fixed Single
Caption = "Label15"
ForeColor = &HB0000008&
Height = 15

Left = 720

Tabindex = 22

Top = 5175

Width = 255

End

Begin VB.Label Labei17
Appearance = (0 ‘'Fiat
BackColor = &H80000005&
BorderStyle = 1 'Fixed Single
Caption = “Label15"
ForeCoior = &HB0000008&
Height = 15

Left = 720

Tablndex = 21

Top = 3780

Width = 255
End

Begin VB.Label Label16
Appearance = 0 'Flat
BackColor = &HB0000005&
BorderStyle = 1 'Fixed Singie
Caption = "Label15"
ForeColor = &H80000008&
Height =15

Left = 720
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Tabindex = 20

Top = 2385
Width = 255
End

Begin VB.Label Label15

Appearance = 0 ‘Flat
BackColor = &H80000005&
BorderStylte = 1 'Fixed Single
Caption = "Label15”
ForeColor = &HB80000008&
Height = 15

Left = 720

Tabindex = 19

Top = 990

Width = 255

End

Begin VB.Label Label14
Appearance = 0 'Flat
BackColor = &H00000000&
BorderStyle = 1 'Fixed Single

Caption = *Label13"
ForeColor = &HS80000008%
Height = 15

Left = 840

Tabindex = 18

Top = 7980

Width = 7695

End

Begin VB.Label Label13

Appearance = 0 'Flat
BackColor = &H00000000&
BorderStyle = 1 ‘Fixed Single
Caption = "Label13"
ForeColor = &HB0000008&
Height = 7500

Left = 840

Tabtndex = 17

Top = 480
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Width = 15

End

Begin VB.Label Labei12
BackColor = &HOOFFFFFF&
Caption = 400"

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AAD04BB851}

Name = "MS Sans Serif*
Size = 825

Charset = 222

Weight = 700

Underine = 0 ‘False
italic = 0 'False

Strikethrough = 0 'False

EndProperty
Height = 255
Left = 240
Tabindex = 16
Top = 2280
Width = 375
End

Begin VB.Label Label11
BackColor = &HOOFFFFFF&
Caption = *300"

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AAD04BB85 1}

Name = "MS Sans Serif"
Size = 8.25

Charset = 222

Weight = 700

Underline = 0 ‘False
ltalic = 0 ‘False

Strikethrough = (O ‘False

EndProperty
Height = 255
Left = 240
Tabindex = 15
Top = 3600
Width = 375

End
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Begin VB.Label Label7
BackColor = &HOOFFFFFF&
Caption = 200
BeginProperty Font {0BE35203-8F91-11CE-ODE3-00AAQ04BB851}

Name = *MS Sans Serif
Size = 825

Charset = 222

Weight = 700

Underline = 0 ‘False
ltalic = 0 'False

Strikethrough = 0 ‘'False

EndProperty
Height = 255
Left = 240
Tabindex = 14
Top = 5040
Width = 375
End

Begin VB.Label Labsl4
BackColor = &HOOFFFFFF&
Caption = "00"
BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AAQ04BB85 1)
Neme = "MS Sans Serif’

Size = 8.25
Charset = 222
Weight = 700
Underine = 0 ‘False
ltalic = 0 ’'False

Strikethrough = 0 ‘'False

EndProperty
Height = 255
Lett = 240
Tablndex = 13
Top = 6480
Width = 375
End

Begin VB.Label Label2
BackColor = &HOOFFFFFF&
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- Caption = "500°
BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851)

Name = "MS Sans Serif*
Size = 8.25

Charset = 222

Weight = 700

Underline = 0 'False
Italic = 0 ‘False

Strikethrough = 0 'False

EndProperty
Height = 255
Left = 240
Tabindex = 12
Top = 840
Width = 375
End

Begin VB.Label Labei1
BackColor = &HOOFFFFFF&
Caption = "FileName :"
BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}
Name = “MS Sans Serif*

Size = 975
Charset = 222
Weight = 700
Underline = 0 'False
ltalic = 0 ‘False

Strikethrough = Q0 ‘False

EndProperty
Height = 255
Left = 2880
Tablndex =N
Top = 120
Width = 1215
End

Begin VB.Label FileLabel1

BackColor = = &HOOFFFFFF& -
Caption = "
Height = 375
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Left = 4080

Tabindex = 10

Top = 120

Width = 5415

End

Begin VB.Label Labei3

BackColor = &HOOFFFFFF&
Caption = “Amplitude”

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AAD04BB85 1}
Name = "MS Sans Serif"

Size = 8.25
Charset = 222
Weight = 700
Underine = 0 ‘False
ftatic = 0 ‘False

Strikethrough = 0 ‘False

EndProperty
Height = 255
Left = 8760
Tabindex =9
Top = 5640
Width = 855
End

Begin VB.Label Amplabelt
Alignment = 2 'Center

&HOOFFFFFF&

BackColor

BorderStyle = 1 'Fixed Single

Caption = ®"
Height = 375
Left - = 9720
Tabindex =8
Top = 5640
Width = 975
End

Begin VB.Label Label5
BackColor = &HODFFFFFF& -
Caption = mve
BeginProperty Font {0BE35203-8F91-11CE-GDE3-00AAQ04BB851)
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Name = "MS Sans Serif"

Size = 825
Charset = 222
Weight = 700
‘Underline = 0 'False
italic = 0 ‘False

Strikethrough = 0 'False

EndProperly

Height = 255

Left = 10920

Tablndex =7

Top = 5640

Width = 375

End

Begin VB.Label Label6

BackColor = &HOOFFFFFF&
Caption = "Tine"
BeginProperty Font {0BE35203-8F51-11CE-QDE3-00AA004BB851}
Name = "MS Sans Serif’
Size = 825
Charset = 222
Weight = 700
Underline = 0 °‘False
ltalic = 0 'False

Strikethrough = 0 'False

EndProperty
Height = 255
Left = 9000
Tabindex =6
Top = 6600
Width = 495
End

Begin VB.Label TimelLabeil
Alignment = 2 'Center
&HOOFFFFFF&

1}

BackColor
BorderStyle = 1 'Fixed Singie
Caption [
Height = 375
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Tablindex

Tabindex =5

Top = 6600

Width = 975

End

Begin VB.Label Label8

BackColor = &HOOFFFFFF&
Caption = "Sgcond'

BeginProperty Font {0BE35203-8F31-11CE-9DE3-00AA004BB851}

Name = "MS Sans Serif"
Size = 825

Charset = 222

Weight = 700

Underline = 0 ‘False
Itatic = 0 'False

Strikethrough = 0 ‘False

EndProperty

Height = 255
Left = 10800
Tabindex = 4
Top = 6600
Width = 855

End
Begin VB.Label Labelg

BackColor = &HOOFFFFFF&

Caption = "Amplitude(mV)"

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851)
Name = "MS Sans Serif*

Size = 975
Charset = 222
Weight = 700
Underline = 0 'False
italic = 0 'False

Strikethrough = 0 ‘'False

EndProperty
Height = 265 -
Left =120

3
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Top = 120

Width = 1575

End

Begin VB.Label Labei10

BackColor = &HOOFFFFFF&
Caption = "Time(sec)"
BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA0048B851)
Name = “MS Sans Serf*
Size = 875
Charset = 222
Weight = 700
Underline = 0 'False
ftalic = 0 'False

Strikethrough = 0 'False

EndProperty
Height = 255
Left = 8760
Tablndex = 2
Top = 7800
Width = 1215
End

End

Altribute VB_Name = "channel1”
Attribute VB_Creatable = False
Attribute VB_Exposed = False

Dim fi1, fo1 As Integer

Dim R1 As Long

Dim Vch1 As Byte

Dim Vch1U, Vch1il As Byte

Dim C1 As Byte

Dim (1 As Long

Dim Vtemp1 As Integer

Dim Erec As Long 'end reccord
Dim EOC1 As Byte

‘load state 1

Dim LCH1 As Boolean -

Private Sub Form_Activate()
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ChActive = CH1
End Sub

Private Sub Form_Load()
On Emor Resume Next
Kill FileTempCh1
DrawWidth = 2
LCH1 = False
TimerNew1.Enabled = False
TimerLoad1.Enabled = False

End Sub

Private Sub Form_MouseDown(Button As Integer, Shift As Integer, X As Single, Y As Single)
" tine (OX+ 0, QY + 0)-(OX + 500, OY + 500), QBColor(12)
End Sub

Private Sub StartCh 1_Click{)

if LoadState1 = True Then
Cls
TimerLoad1.Enabled = True
Exit Sub
End If
Cis
FileLabel1.Caption = FileTempCh1
RecState1 = True
RecCh1 = True
TimerNew1.Enabled = True
End Sub

Private Sub StopCh1_Click()
If LCH1 = True Then
LCH1 = False
LoadStatet = False
TimerLoad1.Enabled = False =
Close #fo1
End If
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RecState1 = Faise
TimerNew1.Enabled = False
Close #fi1

End Sub

Private Sub Timerl.oad1_Timer()
If LoadCh1 = True Then
R1 =0 'count reccord
t1 =56
fo1 = FreeFile
Open FileLoadCh1 For Binary As #o1
Erec = LOF(1)
LoadCh1 = False

LCH1 = True
End If
R1=Rt+1

Get #fo1, R1, Vchi
f R1 = Erec Then
Close #fo1
LoadState1 = False
TimerLoad1.Enabled = False
End If
Vtemp1 = Format(vch1 * 0.01953125, "0.00") * 100
AmpLabell = Viemp1
PSet (t1, OY + Vtemp1), QBColor{12)
t1=t1+1

Ift1 > 556 Then
Cls
tt =56

End if

End Sub

Private Sub TimerNew1_Timer()
If RecCh1 = True Then
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R1 =0 ‘count reccord
t1 =56
fi1 = FreeFiie
Open FileTempCh1 For Binary As #i1
RecCh1 = Faise
End if
Rt=R1+1

‘read value 4 bit lower
Out &H378, &H8
Out &H378,0
Do
EOC1T = inp(&H37A)
EOC1 =EQC1 And 4
Loop Untit EOC1 =4

Veh1U = Inp(&H379)
Vch1U = Vch1U And &H78
Vechiy = vehiu * 2

‘read 4 bit upper
Qut &H378, &H10

Vehil = inp(&H379)
vchil = Vchil And &H78
Vehil =VchilL/8

Vch1 = VehtU + Vehil

Put #fi1, R1, Vch1

Vtemp1 = Format(vch1 * 0.01953125, "0.00%) * 100
AmpLabel1 = Vtemp1

PSet (1, OY + Viemp1), QBColor(12)

t1=t1+1

If t1 > 556 Then
Cls
t1="56



End if

End Sub
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VERSION 4.00

Begin VB.Form channel2

AutoRedraw = -1 'True
BackColor = &HOOFFFFFF&
Caption = "Channel 2
ClientHeight = 5970
ClientLeft = 1095
ClientTop = 2616
Clientwidth = 6690
Height = 6375
icon = "channei2.in<":0000
Left = 1035
LinkTopic = ‘Form3d"
MDIChild = -1 "True
ScaleHeight = 398
ScaleMode = 3 'Pixel
ScaleWidth = 446
Tag —O%n
Top = 2265
Width = 6810
WindowState = 2 'Maximized
Begin VB.Timer TimerLoad?2
Interval = 1
Left = 10320
Top = 1320
End

Begin VB.CommandButton StartCh2

Caption

Height

Left

Tablndex

Top

Width
End

= "Start’
= 495
= 9840

Begin VB.CommandButton StopCh2

Caption
Height

= " Stop”
= 495

Channel2.frm
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Left = 0840

Tabindex =0

Top = 3360
Width = 1215
End

Begin VB.Timer TimerNew2
Interval = 1

Left = 10320
Top = 720

End

Begin VB.Label Label29

BackColor = &HOOFFFFFF&
Caption = "500°
BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851)
Name = "MS Sans Serif*
Size = 825
Charset = 222
Weight = 700
Underline = 0 'False
italic = 0 'False

Strikethrough = 0 ’False

EndProperty
Height = 255
Left = 240
Tabindex = 33
Top = 840
Width = 375
End
Begin VB.Label Label28
BackColor = &HOOFFFFFF&
Caption = "100"
BeginProperty Font {0BE35203-8F91-11CE-SDE3-00AA004BB851}
Name = "MS Sans Serif"
Size = 825
Charset = 222
Weight = 700
Underiine = 0 'False

ltalic = 0 'False
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Strikethrough = 0 ‘False

EndProperty
Height = 255
Left = 240
Tablndex = 32
Top = 6480
Width = 375
End

Begin VB.Label Label27

BackColor

Caption

BeginProperty Font {0BE35203-8F91-11CE-9DE3-C0AA004BB851}

Name
Size
Charset
Weight
Underline

ltalic

= &HOOFFFFFF&
= 200"

= °"MS Sans Sernif*
= 825

= 222

= 700

= 0 ‘'False

= 0 'False

Strikethrough = 0 'False

EndProperty
Height = 255
Left = 240
Tabindex = 31
Top - = 5040
Width = 375
End

Begin VB.Label Label26

BackColor

Caption

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851)

Name
Size
Charset
Weight
Underline

itatic

= &HOOFFFFFF&
= 300"

= "MS Sans Serif*
= 825

= 222

= 700

= 0 ‘False

= 0 'False

Strikethrough = 0 'False

EndProperty
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Height = 255

Left = 240

Tabindex = 30
Top = 3600
Width = 375
End

Begin VB.Label Labei25
BackColor = &HOOFFFFFF&
Caption = "400°
BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}

Name = "MS Sans Serif”
Size = 8.25

Charset = 222

Weight = 700

Underine = 0 'False
itatic = 0 ‘'False

Strikethrough = 0 ‘False

EndProperty
Height = 255
Left = 240
Tabindex = 29
Top = 2280
Width = 375
End

Begin VB.Label Label13

Appearance = 0 'Flat
BackColor = &H00000000&
BorderStyle = 1 'Fixed Single
Caption = ‘"Label13"
ForeColor = &H80000008&
Height = 7500

Left = 840

Tabindex = 28

Top = 480

Width = 15
End

Begin VB.Label Label14
Appearance = 0 ‘Flat
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BackColor = &H00000000&
BorderStyle = 1 'Fixed Single
Caption = "Label13"
ForeColor = &HB0000008&
Height = 15

Left = 840

Tabindex = 27

Top = 7980

Width = 7695

End

Begin VB.Label Labei15
Appearance = 0 'Flat
BackColor = &H80000005&
BorderStyle = 1 ‘'Fixed Single
Caption = “Label15"
ForeColor = &HB0000008&
Height = 15

Left = 720

Tabindex = 26

Top = 990

Width = 255

End

Begin VB.Label Labei16
Appearance = 0 ‘Flat
BackColor = &H80000005&
BorderStyle = 1 'Fixed Single
Caption = "Label15"
ForeColor = &H80000008%
Height = 15

Left .= 720

Tabindex = 25

Top = 2385

Width = 255
End

Begin VB.Label Label17

Appearance
BackColor
BorderStyle

= 0 'Flat
= &H80000005&
= 1 'Fixed Single
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Caption = "Label15"

ForeColor = &HB80000008&
Height = 15

Left = 720

Tablndex = 24

Top = 3780

Width = 2585

End '

Begin VB.Label Label18
Appearance = 0 'Flat
BackColor = &H80000005&
BorderStyle = 1 'Fixed Single

Caption = "Label15”
ForeColor = &HB80000008&
Height = 15

Left = 720

Tabindex = 23

Top = 5175

Width = 255

End

Begin VB.Label Label19
Appearance = 0 ‘Flat
BackColor = &HB0000005&
BorderStyle = 1 'Fixed Single

Caption = "Label15"
ForeColor = &HB80000008&
Height = 15

Left = 720

Tabindex = 22

Top = 6570

Wwidth = 255

End

Begin VB.Label Label20
Appearance = 0 'Flat
BackColor = &HO0000000&
BorderStyle = 1 ‘Fixed Single’
Caption = "Label20*
ForeColor = &HB0000008&
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Height = -375

Left = 2340
Tablndex = 21
Top = 7800
Width = 15
End

Begin VB.Label Label21
Appearance = 0 ‘Flat
BackColor = &H0O0000000&
BorderStyle = 1 'Fixed Singie

Caption = "Labei20"
ForeColor = &HB0000008&
Height = 375

Left = 3840

Tabindex = 20

Top = 7800

Width = 15
End

Begin VB.Label Label22
Appearance == 0 'Fiat
BackColor = &H0O0000000&
BorderStyle = 1 'Fixed Single

Caption = ‘“Label20"
ForeColor = &HB80000008&
Height = 375

Left = 5340

Tablndex = 19

Top = 7800

Width = 15

End

Begin VB.Label Label23

Appearance = (Q ‘Flat
BackColor = &H00000000&
BorderStyle = 1 'Fixed Single
Caption = "Label20"
ForeColor = &H80000008&
Height = 375

Left = 6840
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Tabindex = 18
Top = 7800
Width = 15
End

Begin VB.Label Label24

Appearance = 0 'Flat
BackColor = &HO00000000&
BorderStyle = 1 ‘Fixed Single
Caption = "Label20"
ForeColor = &H80000008&
Height = 375

Left = 8310

Tabindex = 17

Top = 7800

Width = 15

End

Begin VB.Label Label12
BackColor = &HOOFFFFFF&
Caption = "400"

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}
Name = "MS Sans Serif*

Size = 825
Charset = 222
Weight = 700
Underiine = 0 'False
italic = (0 'Faise

Strikethrough = 0 'False

EndProperty

Height = 255

Left = 240

Tablindex = 16

Top = 2280

Width = 375

End

Begin VB.Label Labei11
BackColor = &HOOFFFFFF&
Caption = "300°

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}
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Name = "MS Sans Serif*
Size = 825
Charset = 222
Weight = 700
Underline = 0 'False
Htalic = 0 ‘'False
Strikethrough = 0 ‘False
EndProperty

Height = 255

Left = 240
Tabindex = 15

Top = 3600

Width = 375

End

Begin VB.Label Label7

BackColor = &HOOFFFFFF&
Caption = 200
BeginPraperty Font {0BE35203-8F91-1 1CE-9DE3-00AA004BB851}
Name = "MS Sans Serif"
Size = 825
Charset = 222
Weight = 700
Underiine = 0 ‘'False
italic = 0 'False
Strikethrough = 0 ‘Faise
EndProperty
Height = 255
Left = 240
Tablndex = 14
Top = 5040
Width = 375
End

Begin VB.Labei Labeld

BackColor
Caption

&HOOFFFFFF&
"100"

BeginProperty Font {0BE35203-8F91-1 1CE-9DE3-00AA004BB851}-
Name = "MS Sans Serif”

Size = 825
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Charset = 222
Weight = 700
Underine = 0 'False
italic = 0 ‘'False

Strikethrough = 0 ‘Faise

EndProperty
Height = 255
Left = 240
Tabindex = 13
Top = 6480
Width = 375
End
Begin VB.Label Label2
BackColor = &HOOFFFFFF&
Caption = 500"
BeginProperty Font {0BE35203-8F91-11CE-SDE3-00AAC04BB851}
Name = "MS Sans Serif"
Size = 825
Charset = 222
Weight = 700
Underine = 0 ‘False
ltalic = 0 ‘False

Strikethrough = 0 ‘False

EndProperty
Height = 255
Left = 240
Tablndex = 12
Top = 840
Width = 375
End
Begin VB.Label Label10
BackColor = &HOOFFFFFF&
Caption = "Time(sec)

BeginProperty Font {0BE35203-8F31-11CE-9DE3-00AA004BB851}

Name = "MS Sans Serif”
Size = 975 1
Charset = 222

Weight = 700
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Underline = 0 'False

ltalic = 0 ‘False

Strikethrough = 0 'False

EndProperty
Height = 255
Left = 8880
Tabindex = 1
Top = 7800
Widlh = 1215
End
Begin VB.Label Label9
BackColor = &HOOFFFFFF&
Caption = "Amplitude(mV)"
BeginProperty Font {0BE35203-8F91-11CE-3DE3-00AAQ004BB851)
Name = "MS Sans Serif”
Size = 9.75
Charset = 222
Weight = 700
Undertine = 0 ’'False
itatic = 0 'False

Strikethrough = 0 'False

EndProperty

Height = 255

Left = 240

Tabindex = 10

Top = 120

Width = 1695

End

Begin VB.Label Label8

BackCoelor = &HOOFFFFFF&
Caption = "Second”

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}

Name = "MS Sans Serif"
Size = 825

Charset = 222

Weight = 700

Underine . = 0 ‘'False

italic = 0 ‘False
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Strikethrough = 0 ‘Faise

EndProperty
Height = 255
Left = 11040
Tabindex =9
Top = 5880
Width = 735
End

Begin VB.Label TimeLabel2

Alignment = 2 ‘Center
BackColor = &HOOFFFFFF&
BorderStyle = 1 'Fixed Single
Caption = ""

Height = 375

Left = 9960

Tablindex =8

Top = 5880

Width = 975

End

Begin VB.Label Label6
BackColor = &HOOFFFFFF&
Caption = “Time"
BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AAC04BB851}

Name = "MS Sans Serif"
Size = 8.25

Charset = 222

Weight = 700
Underine = 0 ‘False
italic = 0 'False

Strikethrough = 0 'False

EndProperty

Height = 255
Left = 9360
Tabindex =7
Top = 5880
Width = 495
End

Begin VB.Label Label5
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BackColor = &HOOFFFFFF&

Caption = 'mv
BeginProperty Font {0BE35203-8F31-11CE-9DE3-00AA004BB851)}

Name = "MS Sans Serif"
Size = 8.25

Charset = 222

Weight = 700
Underline = 0 ‘False
ltalic =0 ’f;'alse

Strikethrough = 0 ‘False

EndProperty
Height = 255
Left = 11160
Tabindex = 6
Top = 5160
Width = 375
End

Begin VB.Label AmpLabel2
Alignment = 2 'Center
&HOOFFFFFF&

BackColor

BorderStyle = 1 'Fixed Single

Caption = °"

Height = 375

Left = 9960

Tabindex =5

Top = 5160

Width = g75

End

Begin VB.Label Label3

BackColor = &HOOFFFFFF&
Caption = "Amplitude”

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AAQ04BB851}

Name = "MS Sans Serif’
Size = 8.25

Charset = 222

Weight = 700

Underdine = 0 'False

ltalic = 0 'False
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Strikethrough = 0 'False

EndProperty
Height = 255
Left = 8880
Tabindex =4
Top = 5160
Width = 975

End -

Begin VB.Labei FileLabel2
BackColor = &HOOFFFFFF&
Caption = "

Height = 375
Left = 4320

Tablndex =3
Top = 120
Width = 6015

End

Begin VB.Label Label1
BackColor =~ = &HOOFFFFFF&
Caption = “FileName :*

BeginProperty Font {0BE35203-8F31-11CE-9DE3-00AAC004BB851}

Name = *MS Sans Serif®
Size = 9.75

Charset = 222

Weight = 700

Underine = 0 ‘False
Italic = 0 ‘False

Strikethrough = Q 'False

EndProperty
Height = 255
Left = 2880
Tabindex = 2
Top = 120
Width = 1215
End

End -
Attribute VB_Name = "channei2"
Attribute VB_Creatable = False
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Altribute VB_Exposed = False

Dim fi2, fo2 As Integer

Dim R2, Erec2 As Long

Dim Vch2 As Byte

Dim Vch2U, Vch2L As Byte

Dim C2 As Byte

Dim t2 As Long

Dim Viemp2 As Integer

Dim EOC2 As Byte

Dim LCH2 As Boolean

Private Sub Form_Activate()
ChActive = CH2

End Sub

Private Sub Form_Load()
On Error Resﬁme Next
Kill FileTempCh2
DrawWidth = 2
LCH2 = False
TimerNew2.Enabled = False
TimerLoad2.Enabled = Faise
End Sub

Private Sub Form_MouseDown(Button As Integer, Shift As integer, X As Single, Y As Single)
‘Line (OX + 0, QY + 0)-(0X + 500, OY + 500), QBColor{12)

End Sub

Private Sub StartCh2_Click()
If LoadState2 = True Then
Cls
TimerLoad2.Enabled = True
Exit Sub
End If
Cis

FileLabel2.Caption = FileTempCh2

RecState2 = True
RecCh2 = True
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TimerNew2.Enabled = True

End Sub

Private Sub StopCh2_Click()

if LCH2 = True Then
LCH2 = Faise
LoadState2 = False
TimerLoad2.Enabled = Faise
Close #fo2

End If
RecState2 = Faise
TimerNew2.Enabled = Faise
Close #fi2

End Sub

Private Sub TimerLoad2_Timer()
If LoadCh2 = True Then
R2 =0 ‘count reccord
2 = 56
fo2 = FreeFile
Open FileLoadCh2 For Binary As #fo2
Erec2 = LOF(1)
LoadCh2 = Faise

LCH2 = True
End If
RR=R2+1

Get #fo2, R2, Vch2
If R2 = Erec2 Then
Close #fo2
LoadState2 = Faise
TimerLoad2.Enabled = False
End If
Vtemp2 = Format(Vch2 * 0.01953125, "0.00") * 100
AmpLabel2 = Viemp2
PSet (2, QY + Vtemp2), QBColor(9)
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P=12+1

if 2 > 556 Then
Cls
2 = 56

End if

End Sub

Private Sub TimerNew2_Timer()
If RecCh2 = True Then
R2 = 0 'count reccord
2 =56
fi2 = FreefFile
Open FileTempCh2 For Binary As #fi2
RecCh2 = False
End If
R2=R2+1

‘read vaiue 4 bit lower
Out &H378, &HY
Out &H378, 1
Do
EOC2 = Inp(&H37A)
EOC2 = EQOC2 And 4
Loop Until EOC2 =4

Vch2U = Inp(&H379)
Vch2U = Veh2U And &H78
Veh2U = Veh2U * 2

‘read 4 bil upper
Out &H378, &H11

Veh2L = inp(&H379)
Vch2l = Veh2L And &H78

Veh2L =Vch2lL /8

Vch2 = Veh2U + Veh2L
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Put #fi2, R2, Vch2

\ﬁempZ = Format(vch2 * 0.01853125, "0.00%) * 100
Amplabei2 = Viemp2

PSet (12, QY + Vtemp?2), QBColor(9)

2=2+1

If 2 > 556 Then
Cls
2=56

End if

End Sub
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About.frm

VERSION 4.00

Begin VB.Form about
BackColor = &HOOFFFF80&
BorderStyle = 3 'Fixed Dialog
Caption = "fvafuTilsunsy”
ClientHeight = 4500

ClientLeR = 1590

ClientTop = 2175
CliemtWidth = 7020
Height = 4905

Left = 1530
LinkTopic = “"Forml™"
MaxButton = 0 'False
MinButton = 0 'Faise
ScaleHeight = 4500
ScaleWidth = 7020

ShowInTaskbar = 0 'False

Top =

1830

Width = 7140

Begin VB.CommandButton com_ok

BackColor = &H00COCOC0&
Caption = "OK"
Height = 375
Left = 3000
Tabindex = 0
Top = 3840
Width = 1215
-End
Begin VB.Label Label7
BackColor = &HOOFFFF80&
Caption = "97138 ¥ifa wgsnflsuase
BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}
Name = "AngsanaUPC"
Size = 15.75
Charset = 222
Weight = 400 -
Underline = 0 'False
Italic = 0 TFalse

Strikethrough = 0 'False
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EndProperty

Height = 495

Left = 3480
Tabindex = 7

Top = 1680
Width = 3255

End

Begin VB.Label Label6
Alignment = 2 'Center

Appearance = 0 'Flat
BackColor = &HOOFFFF80&
Caption = "Tsunsufuiindygiganifion ssuudtasa”

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}

Name = "Angsana New"
Size = 1575
Charset = 222
Weight = 700
Underline = 0 'False
Italic = 0 TFalse
Strikethrough = 0 'False
EndProperty

ForeColor = &HS80000008&
Height = 495

Left = 960

Tablndex = 6

Top = 20

Width = 4815

End

Begin VB.Label Label5

BackColor = &HOOFFFF80&
Caption = "81“156 9310 umBgw”
BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}

Name = "Angsana New"

Size = 1575

Charset = 222

Weight = 400

Underline = 0 ‘False +
Iralic = 0 ‘'False

Strikethrough = 0 'False
EndProperty
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Height = 375

Left = 3840

Tablndex =5

Top = 1200

Width = 2295

End

Begin VB.Label Label4

BackColor = &HOOFFFF80&
Caption = "B w1sdifSnm”

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}

Name = "Angsana New"
Size = 15.75

Charset = 222

Weight = 700

Underline = 0 'False
Italic = ( 'False

Strikethrough = 0 'False

EndProperty

Height = 375
Left = 4200

TabIndex = 4

Top = 720

Width = 1455
End

Begin VB.Image Imagel
BorderStyle = | TFixed Single

Height = 2775
Left = 360

Picture = "about.frx":0000

Stretch = -1 True

Top = 600

Width = 2415

End

Begin VB.Label Label3

BackColor = &HOOFFFF80&

Caption = "W10 WufnA seudy wWes3un"

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}
Name = "Angsana New"

Size = 1575

Charset = 222
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Weight = 400
Underline = 0 'False
ltalic = 0 ‘False

Strikethrough = 0 ‘'False

EndProperty

Height = 495

Left = 3480

Tablndex =3

Top = 3120

Width = 2895

End

Begin VB.Label Labei2

BackColor = &HOOFFFF80&

Caption = "W gnd yanvimmz ¥es3u2"

BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}

Name = "Angsana New"
Size = 15.75

Charset = 222

Weight = 400

Underline = 0 'False
Italic = (0 'False

Strikethrough = 0 'False

EndProperty

Height = 375
Left = 3480
Tablndex = 2
Top = 2640
Width = 3015
End
Begin VB.Label Labelil

BackColor = &HOOFFFF80&
Caption = "Jamilay "
BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}

Name = "Angsana New"

Size = 15.75

Charset = 222

Weight = 700 -
Underline = 0 'False

Ttalic = (0 'False

Strikethrough = 0 'False
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EndProperty

Height = 375
Left = 4440
Tabindex = |
Top = 2160
Width = 855
End
End

Attribute VB_Name = "about”
Attribute VB_Creatable = False
Attribute VB_Exposed = Falsc

Private Sub com_ok_Click()
Unload Me
End Sub

Private Sub Form_Load()
Top = Screen.Height / 2 - Height/ 2
Left = Screen.Width / 2 - Width/ 2
End Sub
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Three-Terminal Positive
Voltage Regulators

Theee voltage regulators are monolithic integrated circuits designed as
fixed—voltage regulators for a wide variety of applications including local,
on-card regulation. These regulators- employ intemal current limiting,
thermal shutdown, and safe—area compensation. With adequate heatsinking
they can deliver output currents in excess of 1.0 A. Although designed
pﬂman'ly as a fixed voltage regulator, these devices can be used with
external components to obtain adjustable voltages and currents.

* @ Qutput Current in Excess of 1.0 A

® No External Components Required
¢ |ntemal Thermal Overioad Protection
" Internal Short Circuit Current Limiting
QOutput Transistor Safe—~Area Compensation
Outéut Voltage Offered in 2% and 4% Tolerance
Available in Surface Mount D2PAK and Standard 3-Lead Transistor
Packages
e Previous Commercial Temperature Range has been Extended to a
JuntF:tion Temperature Range of —-40°C to +125°C

{

DEVICE TYPE/NOMINAL QUTPUT VOLTAGE

Order this document by MC7800/D

MC7800,
MC7800A, LM340,
LM340A Series

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

SEMICONDUCTOR
TECHNICAL DATA

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connected to Pin 2.

Pin 1. Input
2. Ground
3. Qutput

D2T SUFFIX
PLASTIC PACKAGE
CASE 936
(D2PAK)

Heatsink surface (shown as ferminal 4 in
case outline drawing) Is connected to Pin 2.

STANDARD APPLICATION

r———=—"
MC78XX Output
| S,
TCO..

input

o.a:ﬁiﬂ: T

A common ground is required between the
input and the output voltages. The input voltage
must remain typically 2.0 V above the output
voltage even during the low point on the input
ripple voltage.

XX, These two digits of the type number
indicate nominal voltage.
* Cin is required if regulator is located an
appreciable distance from power supply
filter.

** Co is not needed for stability; however,

MC;IBOSAC MC7812C A
LM340AT-5 50V LM340T-12
MC;78050 i MC7815AC
LM340T-5 LM340AT-15 o
MCF7806AC 6.0V MC7815C
MC7808C : LM340T-15
MC7808AC MC7818AC
8.0V 18V
MC7808C MC7818C
MQ78090 2.0V MC7824AC 24V
MC7812AC 12V MC7824C
LM340AT-12
i
i
;
. ORDERING INFORMATION
¥ Output Voltage Operating
Device Tolerance Temperature Range Package
MC78XXACT
insertion Mount
LM.’EMOAT—XX 2%
MC78XXACD2T ) Surface Mount
T =—40°to +125°C
MC78XXCT
e Insertion Mount
LM340T-XX 4%
MC78XXCD2T Surface Mount

it does improve transient response. Values
of less than 0.1 pF could causse instability.

XX indicates nominal voitage.

© Motorola, inc. 1997

RevS
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b MC7800, MC7800A, LM340, LM340A Series

£

MAXIMUM RATINGS (T = 25°C, unless otherwise noted.)

Rating Symbol Vaiue Unit
Input Voltage (5.0 - 18 V) V| 35 Vdc
‘ (24V) 40 !
Power Dissipation
Case 521A
TA j 25°C Pp Internally Limited w
al Resistance, Junction—to—Ambient RaJA 65 °‘Cw
ymal Resistance, Junction—to—Case ReJc 5.0 CW
Case $36 (D2PAK)
TA$25°C Pp Internally Limited w
Thermal Resistance, Junction—-to-Ambient - RgJA See Figure 13 CwW
Theymal Resistance, Junction-to-Case RgJa 5.0 °CwW
Storage Junction Temperature Range Tsig -65 to +150 °C
Operating Junction Temperature Ty +150 °C

NOTE: ESD data available upon request.
i

Representative Schematic Diagram

MC7800 = {
2
g2 Zener
LAT LAT3A L&

Q17

Ei

018
™ Lo < 275k
’ QNPN

b QONPN
Eca }Li" %RM
1.0k
Q10 K
QNPN = A
580 R23
A2 600
100 % % 02 v
e

A30
Q12 N 18k
QNPN > A é | Sense
3.0k 9.0k
]
R25 A28
P 8.0k . 9.0k
3340-{3318ACT) A A7
30k 9.0k

K suB 11860
] Q112

<ZR7

im

il
"
A
I
t
I

’ This device contains 22 active transistors.

MOTOROLA ANALOG IC DEVICE DATA
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MC7800, MC7800A, LM340, LM340A Series
ELECT;“CAL CHARACTERISTICS (Vin = 10V, Ig = 500 mA, Ty = Tiow to Thigh [Note 1], uniess otherwise noted.)

' MC7805C/LM340T-5
1 Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 48 5.0 5.2 Vdc
Output Voltage (5.0 MA <10 < 1.0A, Pp<15W) Vo Vdc
7.0 Vdc < Vi < 20 Vdc 475 5.0 5.25
8.0 Vdc < Vi <20 Vde - - -
Line Regulation (Note 2) Regline mv
7.5 Vdc < Vi €20 Vdc, 1.0 A - 0.5 20
8.0 Vdc < Vin < 12 Vde - 0.8 10
Load Regulation (Note 2) Regioad mv
50MA<ip<1.0A - 1.3 25
50MA<IQ<1.5A (Ta =25°C) - 13 25
Quisscent Current IB - 32 6.5 mA
Quiescent Current Change Alg mA
7.0 Vdc < Vin S 25 Vde - 0.3 1.0
50mA <0< 1.0 A (Ta = 25°C) - 0.08 0.8
Ripplé Rejection RA 62 83 - dB
8.0 Vde < Vin < 18 Vdc, = 120 Hz
Dropdut Voltage (I = 1.0 A, T = 25°C) vi-Vo - 20 - Vdc
Output Noise Voltage (Ta = 25°C) Vi = 10 - uVNQ
10 Hz << 100 kHz
Output Resistance f = 1.0 kHz 0 - 09 - mQ
Short Circuit Gurrent Limit (Tp = 25°C) Isc = 0.6 - A
Vin,= 35 Vde
Peak Output Current (T j = 25°C) Imax A 22 - A
Average Temperature Coefficient of Output Voltage TCVo - -0.3 - mv/,C
E
ELECTRICAL CHARACTERISTICS (Vin =10V, Ig = 1.0 A, T = Tiow to Thigh [Note 1}, unless otherwise noted.)

' MC7805AC/LM340AT—5 -

. Characteristic Symbol Min Typ Max Unit
Outplit Voitage (T = 25°C) Vo 49 5.0 5.1 vde
Output Voltage (5.0 MA <lg<1.0A, Pp <15 W) Vo 4.8 5.0 52 Vdc

7.5 Vdo < Vip <20 Vde
Line rRegulation (Note 2) Regline mV
7.5 Vde < Vi, < 25 Vdc, 10 = 500 mA - 05 10
8.0 Vdc S Vin S 12 Vde, Io=1.0 A = 0.8 12
8.0 Vde € Vin 12 Vde, Ig = 1.0 A, Ty = 25°C - 1.3 40
7.3Vdc < Vin 20 Vde, Ig = 1.0 A, Ty =25°C - 45 10
Loac:! Regulation (Note 2) Regioad mv
50mA<Io<15A,T)=25'C - 1.3 25
50mA<Ig<1.0A - 0.8 25
250 mA < Io < 750 mA - 0.53 15
Quiéscent Current Ig - 32 6.0 mA
Quiescent Current Change Alg mA
8.0 Vdc < Vip s 25 Vdc, |g = 500 mA - 0.3 0.8
7.5 Vde < Vin <20 Vde, Ty =25°C - - 0.8
50mASIg<1.0A - 0.08 0.5
nipfale Rejection RR 68 83 - dB
8.0 Vdc S Vin < 18 Vdc, f = 120 Hz, 10 =500 mA
Dropout Voitage (I = 1.0 A, T = 25°C) V|-Vo - 20 - vde
NOTES: 1. Tigy = ~40°C for MC78XXAC, C, LM34OAT-XX, LM34OT-XX  Tpigh = +125°C for MC7BXXAC, C, LM340AT-XX, LM340T-XX
2. Load and iine reguiation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account
{ separately. Pulse testing with low duty cycle is used.
3
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MC7800, MC7800A, LM340, LM340A Series

]
‘
.
\

ELECTRICAL CHARACTERISTICS (continued) (Vip = 10V, Ig = 1.0 A, T = Tiow to Thigh [Note 1}, uniess otherwise noted.)

' MC7805AC/LM340AT-5

{ Characteristic Symbol Min Typ Max Unit
Outpu{ Noise Voltage (Ta = 25°C) Va - 10 - HVNQ

10Hz <1< 100 kHz

Output Resistance (f = 1.0 kHz) o - 0.9 - mQ
Short Gircuit Current Limit (TA = 25°C) Isc - 0.2 - A
Peak Quput Current (Tj = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVo - -0.3 - mv/°C

NOTES] 1. Tigw = ~40°C for MC78XXAC, C, LM340AT-XX, LM340T-XX Thigh= +125°C for MC78XXAC, C, LM340AT-XX, LM340T-XX

2. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account
*  separately. Pulse testing with low duty cycle is used.

3

ELECTRICAL CHARACTERISTICS (Vi = 11 V, 10 =500 mA, T = Tigw to Thigh [Note 1}, unless otherwise noted.)

, MC7806C
E Characteristic Symbol Min Typ Max Unit
Outpuit Voltage (T, = 25°C) Vo 5.75 6.0 6.25 Vdc
Outpuit Voltage (5.0 MA<Ig<1.0A Pp<15W) Vo Vdc
8.0 Vdc < Vin <21 Vdo 57 6.0 6.3
9.0 Vdc < Vin <21 Vde L - -
Line Regulation, T; = 25°C (Note 2) Regine mv
8.0 Vdc < Vin <25 Vdc - 0.5 24
9.0,Vdc < Vi < 13 Vdc - 08 12
Load Reguiation, Tj = 25°C (Note 2) Regioad - 1.3 30 mv
50mA<Ip<15A
Quiescent Current (T j = 25°C) B - 33 8.0 mA
Quiegcent Current Change Alg mA
8.Q;Vdc < Vip <25 Vdc - 0.3 1.3
50mA<lg<1.0A - 0.08 05
Rippld Rejection RR 58 65 - dB
9.0, Vdc < Vin < 19 Vdc, f = 120 Hz
Dropéut Voltage (Ig = 1.0 A, Tj = 25°C) Vi-Vo - 20 - Vdc
Oulpist Noise Voltage (T = 25°C) Vn A 10 - HVNO
10Hz <1< 100 kHz
Output Resistance f = 1.0 kHz o - 0.9 - mQ
Short Circuit Current Limit (Tp = 25°C) Isc - 02 - A
VM =35 Vde
Peak Output Current (T j = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVo - 0.3 - mvVrG

NOTE?: 1. Tiow = —40°C for MC78XXAC,C  Thigh = +125°Cfor MC78XXAC, C

2. Load and line reguiation are specified at constant junction temperature. Changes in Vg dus to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

!
]
i
.

i
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MC7800, MC7800A, LM340, LM340A Series
ELECTRICAL CHARACTERISTICS (Vin=11V, lg =1.0 A, Tj = Tiow to Trigh [Note 1}, unless otherwise noted.)

; MC7806AC
Characteristic Symbo! Min Typ Max Unit
Output Voltage (T = 25°C) Vo 5.88 6.0 6.12 Vdc
OutputVoltage (5.0 MA<IQ<1.0A,Pp<15W) Vo 5.76 6.0 6.24 Vdc
8.6 Vdc < Vin <21 Vde
Line Regulation (Note 2) Regiline mvV
8.6 Vdc < Vi <25 Vdc, I = 500 mA - 5.0 12
9.0 Vdc S Vin <13 Vdc, Io=1.0A : - 14 15
Load Reguiation (Note 2) Regjoad mV
50mASig<15A, Tj=25C - 1.3 25
50mASig<1.0A - 0.9 25
250 mA < Ig < 750 mA - 0.2 15
Quies¢ent Current ) - 3.3 6.0 mA
Quiescant Current Change Alg mA
9.0 Vdc s Vi < 25 Vdc, Ip = 500 mA - - 0.8
9.0 Vdc < Vin <21 Vdc, Ig = 1.0 A, T = 25°C - - 0.8
5.0mA<IQ<S1.0A - - 05
Rippid Rejection AR 58 65 - dB
9.0 Vdc < Vin < 19 Vdc, f = 120 Hz, Ig = 500 mA
Dropout Voitage (I = 1.0 A, Ty =25°C) Vi-Vo - 2.0 - Vdc
Output Noise Voltage (Ta = 25°C) Vi L 10 - HVNQ
10 Hz <1< 100 kHz
Output Resistance (f = 1.0 kHz) o A 0.9 - mQ
Short gCincuit Current Limit (T = 25°C) isc o 0.2 ~ A
Vin =35 Vde
Peak Output Cunrent (T, = 25°C) iNds 0 22 - A
Average Temperature Coefficient of Output Voltage TCVo - -0.3 - mv/°C
ELECTRICAL CHARACTERISTICS (Vi = 14 V, Ig =500 mA, Ty = Tiow to Thigh [Note 1], unless otherwise noted.)
; MC7808C
{ . Characteristic Symbol Min Typ Max Unit
Outpyt Voltags (T} = 25°C) Vo 7.7 8.0 8.3 Vde
Output Voltage (5.0 mA<lg<1.0A, Pp<15W) Vo 76 8.0 84 - | Vdc
10.5 Vdc < Vip < 23 Vde
Line Regulation, T = 25°C, (Note 2) Regiine mV
10.5 Vdc < Vip < 25 Vdc -~ 6.0 32
11 Vdc < Vin € 17 Vde - 1.7 16
Load Reguiation, T j = 25°C (Note 2) Regjoad - 1.4 35 mV
5QmAs<ig<15A
Quiecent Current B - 33 8.0 mA
Quieécent Current Change Alg mA
10.5 Vdc S Vin < 25 Vde - - 1.0
50mA<ig<1.0A - - 0.5
Ripple Rejection RR 56 62 - dB
11,5 Vde < Vin < 18 Vdc, f = 120 Hz
Dropout Voltage (I = 1.0 A, Ty = 25°C) Vi-Vo - 2.0 - Vdc
Output Noise Voltage (Ta = 25°C) Vn - 10 - nVNo
10'Hz £ f< 100 kHz

NOTE?: 1. Tiow = —40°C for MC78XXAC,C  Thigh = +125°C for MC78XXAC, C :
.2. Load and line reguiation are specified at constant junction temperature. Changes in V(g due to heating effects must be taken into account
separately. Puise tasting with low duty cyde is used. -

MOTOROLA ANALOG IC DEVICE DATA 5
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! MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (continued) (Vin = 14 V, Ig = 500 mA, T = Tjow 1o Thigh [Note 1], unless otherwise noted.)

r

‘ ; MC7808C
i Characteristic Symbol Min Typ Max Unit
Ou!puti Resistance f = 1.0 kHz 0 - 0.9 - mQ
Short Gircuit Current Limit (T = 25°C) Isc - 0.2 - A
Vin = 35 Vde
Peak Quiput Current (T = 25°C) Imax - 22 - A
Avarage Temperature Coefficient of Output Voitage TCVo - 04 - mV/°C

i
3
ELECTRICAL CHARACTERISTICS (Vin = 14 V, Io = 1.0 A, Ty = Tiow to Thigh [Note 1], unless otherwise noted.)

: MC7808AC
N Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 7.84 8.0 8.16 Vde
Output Voltage (5.0 MA<I0<1.0A,Pp<15W) Vo 7.7 8.0 8.3 Vde
’ 10.8 Vdc < Vi £23 Vde
| Line Regulation (Note 2) Regline mv
10.§ Vdc < Vjn < 25 Vdc, o =500 mA - 6.0 15
11 VYdc<Vin£17Vde, Ig=1.0A - 1.7 18
10.4 Vdc < Vijp <23 Vde, Ty =25°C - 5.0 15
Load Regulation (Note 2) . Regioad mV
50mAsSIgsS1.5A,Ty=25°C = 1.4 25
5.0mA<Igs1.0A - 1.0 25
250 mA <1p <750 mA - 0.22 15
Quiescent Current s - 3.3 6.0 mA
Quieacent Current Change Alg mA
11 Vdc < Vi <25 Vdc, Ig = 500 mA - - 0.8
10.6 Vdc< Vin <23 Vde, g =1.0A, T =25°C - - 0.8
50mA<lo<1.0A - - 05 1~
Rippie Rsjection RR 56 62 - dB
11.5 Vdc < Vip < 21.5 Vdc, f = 120 Hz, Ig = 500 mA
Dropout Voltage (Ip = 1.0 A, Tj =25°C) Vi-Vo - 2.0 - Vdc
Output Noise Voltage (TA = 25°C) Vn - 10 - uVo
10 Hz < <100 kHz
Output Resistance f = 1.0 kHz fe) - 0.9 - mQ
Short Circuit Current Limit (TA = 25°C) Isc = 0.2 - A
Vin =35 Vdc
Peak Output Current (T = 25°C) Imax - 22 - A
Averdge Temperature Coefficient of Output Voltage TCVo - 0.4 - mV/°C

mmz_{: 1. Tiow = —40°C for MC7BXXAC, G Thigh = +125°C for MCTBXXAC, C

} 2. Load and fine reguiation are specified at constant junction temperature. Changes in Vg due 1o heating effects must be taken into account
+  separately. Pulse testing with low duty cycle is used.

- e ow w
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' MC7800, MC7800A, LM340, LM340A Series

¥

ELECTRICAL CHARACTERISTICS (Vi = 15V, g = 500 mA, T,j = Tiow to Thigh [Note 1], uniess otherwise noted.)

: MC7809CT
b Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 8.65 9.0 9.35 Vdc
Outpu Voltage (.0 MA <19 < 1.0A, Pp<15W) Vo 8.55 9.0 9.45 vde
11. Vdc < Vin < 24 Vde
Line Regulation, T = 25°C (Note 2) Regline mv
11 Vdc < Vin <26 Vde - 6.2 32
11.5 Vdc < Vjn < 17 Vde ‘ ) - 1.8 16
Load Regulation, T ) = 25°C (Note 2) Regigad - 1.5 mv
50mA<ig<15A
Quieatent Current I - 34 8.0 mA
Quiestent Current Change Alg mA
1.5 Vdc < Vin < 26 Vde - - 1.0
50MA<ioS1.0A - - 0.5
Rippie Rejection RR 56 61 - dB
11.5 Vdc S Vin < 21.5 Vdc, f = 120 Hz
Dropolit Voltags (i = 1.0 A, Ty = 25°C) Vi-Vo - 20 - Vde
Output Noise Voltage (T = 25°C) Vi - 10 - uVNQ
10 Hz < < 100 kHz
Outpu} Resistance f = 1.0 kHz 0 = 1.0 - mQ
Short Circuit Current Limit (T = 25°C) Isc - 02 - A
Vin = 35 Vdc
Peak Output Cument (T,j = 25°C) b = 22 - A
Average Temperature Coefficient of Output Voltage TCVo - -0.5 - mVvrC
ELECTRICAL CHARACTERISTICS (Vin =19V, 10 = 500 mA, Tj = Tigw to Thigh [Note 1}, unless otherwise noted.)
i MC7812C/LM340T-12
; Characteristic Symbol Min Typ Max Unit
0utpu$ Voltage (T = 25°C) Vo 11.5 12 12.5 Vdc
Oulput Voltage (5.0 mA<lg<1.0A, Pp < 15W) Vo 11.4 12 12.6 vdc
14.8 Vdc < Vi £ 27 Vde
Line Regulation, T = 25°C (Note 2) Regline mv
14.5 Vde < Vip <30 Vde - 3.8 24
16 Vdc < Vin <22 Vde - 0.3 24
14.8 Vdc s Vin 27 Vde, Ig=1.0 A - - 48
Load Regulation, T = 25°C (Note 2) Regioad - 8.1 60 mv
50mA<ig<15A
Quissgent Current Ig - 34 6.5 mA
Quisecent Current Change Alg mA
14.5Vde < Vin <30 Vde, lo = 1.0 A, Ty = 25°C - - 0.7
15 Vde < Vi < 30 Vde - - 0.8
50mA<igs1.0A - - 0.5
Rippie Rejection RR 55 60 - dB
15 Vdc < Vin < 25 Vdc, f = 120 Hz
Dropout Voltage (Io = 1.0 A, T =25°C) Vi-Vo - 20 - Vdc
NOTES! 1. Tigw = ~40°C for MC78XXAG, C, LM340AT-XX, LM340T-XX  Trigh = +125°C for MC7BXXAC, C, LM340AT—-XX, LM340T-XX
¢ 2. Load and line regulation are specified at constant junction temperature. Changes in V() due to heating effects must be taken into account
i separately. Pulse testing with low duty cycle is used.
i
3
b
. 7

MOTQROLA ANALOG IC DEVICE DATA

%

s




e R N U PV S S —

hdiial

-

ELECTRICAL CHARACTERISTICS (continued) (Vin =19V, Ig=500mA, T

MC7800, MC7800A, LM340, LM340A Series

= Tiow 1o Thigh [Note 1], uniess otherwise noted.)

E MC7812C/LM340T-12
; Characteristic Symbol Min Typ Max Unit
OmpmfNoese Voitage (TA = 25°C) Vn - 10 - ugo
10 Hz << 100 kHz
Output Resistance f = 1.0 kHz 0 - 1.1 - mQ
Shext Circuit Current Limit (Tp = 25°C) ISC - 0.2 - A
Vin % 35 Vde )
Peak Qutput Current (T = 25°C) Imax - 22 - A
Avemge Temperature Coefficient of Quiput Voltaée TCVp - -0.8 - mv/rC

ELEC'E'RICAL CHARACTERISTICS (Vi =19V, l0=1.0A, Ty = Tigw 10 Thigh {Note 1], unless otherwise noted.)

i MC7812AC/LM340AT-12
! Characteristic Symbol Min Typ Max Unit
Output Voltage (T j = 25°C) Vo 11.75 12 12.25 Vdc
Output Voitags (5.0 mA <10 < 1.0 A, Pp s 15 W) Vo 1.5 12 12.5 vdc
14.8 Vdc < Vi 27 Vde
Line Regulation (Note 2) Regiine mvV
14.8 Vdc < Vi, < 30 Vdc, g = 500 mA - 38 18
18Vde s Vins22Vde, Ig=1.0A z 2.2 20
14.5 Vdc < Vin <27 Vdc, Ty = 25°C = 6.0 120
Load lF!egulation (Note 2) Regload mv
5.0:mA <lps15A,T)=25C = - 25
50mA<in<1.0A - - 25 -
Quiegcent Current Ig < 34 6.0 mA
Quieécent Current Change alg mA
15 Vdc < Vin < 30 Vdc, Ig = 500 mA 2 & 0.8
14.8 Vdc < Vin < 27 Vdc, Ty = 25°C A -~ 08
50mA<Io<1.0A, T)=25C - - 0.5
Ripple Rejection RR 55 60 - dB
15,Vdc < Vin s 25 Ve, = 120 Mz, 1o = 500 mA
Dropout Voitage (I0 = 1.0 A, T) =25°C) Vi-Vo - 2.0 - Vdc
Outplut Noise Voltage (Ta = 25°C) Vn - 10 - WNo
10Hz<f< 100 kHz
Outgut Resistance (f = 1.0 kHz) 10 - 1.1 - mQ
Shot Circuit Current Limit (T = 25°C) Isc - 0.2 - A
Vik = 35 Vde
Peak Output Current (T j = 25°C) fmax - 22 - A
Avoiage Temperature Coefficient of Qutput Voltage TCVo - -0.8 - mV/rC

NOTES: 1. Tiow = ~40°C for MC78XXAC, C, LM340AT-XX, LM340T-XX Thigh = +125°C for MC78XXAC, C, LM340AT-XX, LM340T-XX
i 2. Load and line regulation are specifiad at constant junction temperature. Changes in Vo due 1o heating effects must be taken into account

separately. Pulse testing with low duty cydle is used.

[
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ﬁ MC7800, MC7800A, LM340, LM340A Series
ELECTRICAL CHARACTERISTICS (Vi = 23V, Io =500 mA, T, = Tiow to Thigh [Note 1], unless otherwise noted.)

3
: MC7815C/1LM340T-15
b Characteristic Symbol Min Typ Max Unit
Outpuk Voltage (T, = 25°C) Vo 14.4 15 15.6 Vdc
Outpuf Voltage (5.0 MA<Ig<1.0A,Pp<15W) Vo 14.25 15 15.75 Vdc
17.5 Vdc < Vi <30 Vde
Line Regulation, T j = 25°C (Note 2) Regline mv
17.9 Vdc < Vi <30 Vde - 8.5 30
20 Vdc < Vip < 26 Vdc - 3.0 28
Load Regulation, T j = 25°C (Note 2) Regjoad - 1.8 55 mv
50mA<igsi5A
Quisecent Current ig - 35 6.5 mA
Quiescent Current Change Alg mA
17.5 Vdc < Vi, < 30 Vdc - - 08
17.? Ydc<Vijn <30 Vde, lgp=1.0A, Tj=25°C - - 0.7
50mA<ig<1.0A - - 0.5
Rippl? Rejection RR 54 58 - dB
18.{5 Vde < Vi £28.5 Vde, f = 120 Hz
Dropdut Voltage (1o = 1.0 A, Ty = 25°C) Vi-Vo - 2.0 - Vdc
it Noise Voltage (Ta = 25°C) Va - 10 - uNo
10Hz<t<100 kHz
Output Resistance f = 1.0 kHz ro - 12 - mQ
Short Circuit Current Limit (T = 25°C) Isc - 0.2 - A
Vi,i =35 Vde
Peak Output Gurrent (T, = 25°C) lalax - 22 - A
Aver?g‘e Temparature Coefficient of Output Voltage TCVo - -1.0 - mv/rC
ELECTRICAL CHARACTERISTICS (Vin=23V, 10 =1.0 A, Tj = Tiow to Thigh [Note 1], unless otherwise noted.)
MC7815AC/LM340AT-15
Characteristic Symbol Min Typ Max Unit
Output Voltage (T, = 25°C) Vo 14.7 15 15.3 Vdc
Output Voltage (5.0 mASInS1.0A, Pp<15W) Vo 14.4 15 15.6 Vdc
17.9 Vdc < Vi < 30 Vde
Line Regulation (Note 2) Regiine mv
17.9 Vde < Vip < 30 Vdc, I = 500 mA = 8.5 20
20 Vdc < Vin < 26 Vdc - 3.0 22
17.5 Vdc < Vin <30 Vdc, Ig = 1.0 A, T = 25°C - 7.0 20
Load Regulation (Note 2) Regioad mV
50mA<In<15A,Tj=25C - 1.8 25
50mA<In<1.0A - 15 25
250 mA<lg S 750 mA - 1.2 18
Quibscent Current B - 35 6.0 mA
Quig’ascent Current Change Al mA
17.5 Vdc < Vi < 30 Vide, Ig = 500 mA - - 0.8
17.5 Vdc < Vin <30 Vde, Ig = 1.0 A, Ty = 25°C - - 0.8
50mA<Igs1.0A - - 0.5
NOTES: 1. Tjgw = —40°C for MC78XXAC, C, LM340AT-XX, LM340T-XX  Thgn = +125°C for MC78XXAC, C, LM340AT-XX, LM340T-XX
1 2. Load and fine regulation are specified at constant junction temperature. Changes in Vo due 10 heating effects must be taken into account
, separately. Pulse tasting with low duty cycle is used.
N
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‘ MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (continued) (Vin = 23V, Ig = 1.0 A, T, = Tiow 1o Thigh [Note 1], unless otherwise noted.)

! MC7815AC/LM340AT-15
¥
‘ Characteristic Symbol Min Typ Max Unit
.| Ripple pqm RAR 60 80 - dB
18.5,Vdc < Vin < 28.5 Vdc, f = 120 Hz, 1o = 500 mA
Dropout Voitage (10 = 1.0 A, T = 25°C) Vi-Vo - 20 - vdc
Output Noise Voltage (Tp = 25°C) Vn - 10 - HVNO
10 Hz < f< 100 kHz
Outpuf Resistance f = 1.0 kHz o - 1.2 -~ mQ
; Short Circuit Current Limit (Ta = 25°C) Isc - 02 - A
{ Vin ¥ 35 Vdc
{ | Peak Output Current (T, = 25°C) Imax - 22 - A
j Average Temperature Coefficient of Output Voltage TCVo - -1.0 - mvV/°C
‘ }
' ELECTRICAL CHARACTERISTICS (Vin =27 V, Ig = 500 mA, Tj = Tiow to Thigh [Note 1], unless otherwise noted.)
i MC7818C
t Characteristic Symbol Min Typ Max Unit
Outpyt Yoltage (T, = 25°C) Vo 17.3 18 18.7 vdc
Output Voltage (5.0 mA<lp<1.0A,Pp<15W) Vo 17.1 18 18.9 vdc
21 Vde < Vijp <33 Vde
Line Regulation, (Note 2) Regiine mv
21 Vdc < Vi < 33 vde - 9.5 50
24 Vdc < Vi, < 30 Vdc - 32 25
Load Regulation, (Note 2) Regjoad = 20 55 m\-
5dmA<igs15A
Quisdcent Current s - 35 6.5 mA
Quiegcent Current Change Alg mA
21 Vdc < Vi < 33 Vdc = 3 1.0
50mA<ig<1.0A - - 0.5
Ripple Rejection AR 53 57 - dB
22,Vdc < Vi < 33 Vdc, t = 120 Hz
Dropout Voltage (Ig = 1.0 A, T = 25°C) Vii-Vo - 20 - Vdc
Output Noise Voltage (T = 25°C) Vn o 10 - M7
10 Hz <1<100 kHz
Outgut Resistance f = 1.0 kHz o - 1.3 - mQ
Short Circuit Current Limit (T = 25°C) Isc - 02 - A
Vin =35 Vde
Peait Output Current (T = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVo - -1.5 - mV/°C

NOTES: 1. Tiow = ~40°C for MC78XXAC, C Thigh = +125°C for MC78XXAC, C
I 2.Load and line regulation are specified at constant junction temperature, Changes in Vg due to heating effects must be taken into account
separately. Pulse testing with low duly cydle is used.
i
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t MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (Vin =27V, lo = 1.0 A, Ty = Tiow to Thigh [Note 1], unless otherwise noted.)

E . MC7818AC
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 17.84 18 18.36 Vdc
Output Voitage (5.0 MA <10 < 1.0 A, Pp < 15 W) Vo 17.3 18 18.7 vdc
21 Vde < Vin < 33 Vde
Line Regulation (Note 2) Regjine mv
21 Vdc < Vin < 33 Vde, Ig =500 mA - 9.5 2
24 Vdc < Vin <30 Vde, g =1.0A - 32 25
24 Vdc < Vin < 30 Vde, Io = 1.0 A, T =25°C - 3.2 105
20.8 Vdc < Vin <33 Vdc, lg = 1.0 A, Ty =25°C - 8.0 22
Load Regulation (Note 2) ReGload mv
50mAsigs15A, Ty=25°C - 20 25
50MmA<Io<1.0A - 1.8 25
250'mA < Ig < 750 mA - 1.5 15
Quiescent Current ig - 35 6.0 mA
Quisscent Current Change alg mA
21 Vdc < Vi < 33 Vdc, I0 = 500 mA - - 0.8
21.5 Vde < Vi <30 Vde, Ty = 25°C - - 0.8
50mA<Ig<1.0A - - 05
Ripplp Rejection RR 53 57 - dB
22 Vdc 5 Vin <32 Vdc, t = 120 Hz, 1o = 500 mA
Dropbut Voitage (g = 1.0 A, T = 25°C) Vi-Vo - 20 - Vde
Qutput Noise Voltage (T = 25°C) Vi - 10 - uVNQ
10Hz <1< 100 kHz
Om Resistance f = 1.0 kHz 0 - 1.3 - mQ
Shost Circuit Current Limit (Tp = 25°C) Isc - 02 - A
Vi =35 Vde
Peak Output Current (T) = 25°C) Bax - 22 - LA
Avorgge Temperature Coefficient of Output Voltage TCVo - -1.5 - mv/°G
|1
ELE(ETRICAL CHARACTERISTICS (Vin =33V, lp =500 mA, Ty = Tiow to Thigh [Note 1], unless otherwise noted.)
' MC7824C
k Characteristic Symbol Min Typ Max - Unit
Output Voltage (Tj = 25°C) Vo 23 24 25 Vvdc
Output Voltage (5.0 MA <Ig < 1.0 A, Pp < 15 W) Vo 228 24 25.2 Vdc
27 Vde < Vi < 38 Vde
Ling Regutation, (Note 2) Regline mV
27 Vde < Vin <38 Vde - 27 60
30 Vdc < Vi < 36 Vdc - 27 48
Load Regulation, (Note 2) Regload - 44 65 mv
50mA<ip<15A
Quibscent Current 5 - 36 6.5 mA
Quiescent Cutrent Change Alg mA
27 Vdc < Vi < 38 Vdc - - 1.0
50mA<IgS1.0A ' - - 0.5

NOTES: 1. Tigy = —40°C for MC7BXXAC, G Trigh = +125°C for MCTBXXAC, C

{  2.Load and line regulation are specified at constant junction temperature. Changes in Vg due o heating eftects must be taken into account
: separately. Pulse testing with low duty cyds is used.

e
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' MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (continued) (Vi = 33 V, Io = 500 mA, Tj = Tiow t0 Thigh [Note 1], unless otherwise noted.)

*

: MC7824C
1 Characteristic Symbol Min Typ Max Unit
Ripple Rejection AR 50 54 - dB
28 Vdc < Vin < 38 Vdc, f = 120 Hz
Dropout Voitage (I = 1.0 A, T = 25°C) Vi-Vo - 2.0 - Vde
Output Noise Voltage (TA = 25°C) Vn - 10 - HVNo
10 Hz <15 100 kHz
Outpuf Resistance f = 1.0 kHz 0 - 14 - mQ
Short Circuit Current Limit (TA = 25°C) Isc - 0.2 - A
Vin # 35 Vdc
Peak Quiput Current (T j = 25°C) Imax - 2.2 - A
Averaée Temperature Coefficient of Output Voltage TCVo - 2.0 - mv/°C
}
ELECTRICAL CHARACTERISTICS (Vin =33V, Ig = 1.0 A, T = Tiow to Thigh [Note 1], uniess otherwise noted.)
MC7824AC
’ Characteristic Symbol Min Typ Max Unit
Output Voltage (T, = 25°C) Vo 235 24 245 Vdc
Output Voltage (5.0 MA<I0<1.0 A, Pp <15 W) Vo 23.2 24 25.8 vde
27.3 Vdc < Vin < 38 Vde
Line Ffagulaﬁon (Note 2) Regline mv
27 Vdc < Vin < 38 Vdc, Ig =500 mA = 115 25
30 Ydc < Vin 36 Vdc, ig = 1.0A = 38 28
30 Vdc < Vin < 36 Vdc, Ty =25°C - 3.8 12
26.7 Vdc < Vin < 38 Vdc, Ig = 1.0 A, Ty = 25°C - 10 25
Load Regulation (Note 2) Regload my’
50mAsig<15A, Ty=25°C - 2.1 15
50mA<ig<1.0A - 2.0 25
250 mA < 1o < 750 mA - 1.8 15
Quiescent Current I8 = 3.6 6.0 mA
Quiescent Current Change Alg mA
27.3 Vdc < Vjp 38 Vdc, Ig = 500 mA - - 0.8
27 Vde € Vin < 38 Vdc, Ty = 25°C - - 0.8
50mAs<igs1.0A - - 05
Ripple Rejection RR 45 54 - dB
28 Vdc S Vin < 38 Vdc, f = 120 Hz, Io = 500 mA
Dropgut Voltage (o = 1.0 A, T = 25°C) vi=Vo - 2.0 - Vde
Outplit Noise Voltage (Ta = 25°C) Vn - 10 - uVNQ
10 Hz < 1<100 kHz
Output Resistancs (f = 1.0 kHz) o - 14 - mQ
Shor Circuit Current Limit (TA = 25°C) Isc - 0.2 - A
Vin = 35 Vdc
Peak Output Current (Tj = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVo -~ -2.0 - mv/°C

NOTES: 1. Tjow = —40°C for MC7BXXAC,C  Thjgh =+125°C for MC78XXAC, C

E 2. Load and line regulation are specified at constant junction temperature. Changes in Vo dus to heating effects must be taken into account

¢ separately. Pulse testing with low duty cycle is used.

¥
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Figure 1. Peak Output Current as a Function of
Input/Output Differential Voitage (MC78XXC, AC)
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Figure 3. Ripple Rejection as a Function of
Frequency (MC78XXC, AC)
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5 Figure 5. Output impedance as a Function of
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MC7800, MC7800A, LM340, LM340A Series

Figure 2. Ripple Rejection as a Function of
QOutput Voitages (MC78XXC, AC)
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Figure 4. Output Voltage as a Function of
Junction Temperature (MC7805C, AC)
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Figure 6. Quiescent Current as a Function of
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Design Considerations

The MC7800 Series of fixed voltage regulators are
designed with Thermal Overload Protection that shuts down
the circuit when subjected to an excessive power overload
condition, Internal Short Circuit Protection that limits the
maximum current the circuit will pass, and Output Transistor
Safe—Area Compensation that reduces the output short
circuit curtent as the voltage across the pass transistor is

In many low current applications, compensation
capacitors are not required. Howsver, it is recommended
that the‘regulator input be bypassed with a capacitor if the
regulatoir is connected to the power supply filter with iong

k

Figure 7. Current Regulator

4 e
, Input Mc7805 o
| R |
.0-33uF R Constant
Current to
! — Grounded
lo

{

i1

The MC7800 reguiators can also be used as a current source when

connected as above. [n order to minimize dissipation the MC7805C is

chosen in this application. Resistor R determines the current as foliows:
k

50V

: lo .t 's
Ig = 32 mA over line and load changes.

For éxample, a 1.0 A current source would require R fo be a 5.0 ©,
10 W resistor and the output voltage compliance would be the input
voltage less 7.0 V.

- o am we

Figure 9. Current Boost Regulator

|

Réource MJ2655 or Equiv.

'""‘“; gj‘oaauF

' R l'—_'__"!

: MC78XX »—e Output
I L_}__J‘—T

210pF A 10pF = 10pF
T T - T

S -

The MC7800 series can be current boosted with a PNP transistor. The
WmmwSOAmnnnmmmmvgg
thNPddermwhmﬂ\epasstbeng\dudmg.mls
cireyitis notshort circuft proof. Input/output differential vollage minimumis
mmedbyVBEdﬁupmmw

XX = 2 digits of type number indicating voliage.

TN e et

MC7800, MC7800A, LM340, LM340A Series
APPLICATIONS INFORMATION

wire lengths, or if the output load capacitance is large. An
input bypass capacitor should be selected to provide good
high—frequency characteristics to insure stable operation
under all load conditions. A 0.33 pF or larger tantalum,
mylar, or other capacitor having low internal impedance at
high frequencies should be chosen. The bypass capacitor
shoulid be mounted with the shortest possible leads directly
across the regulators. input terminals. Normally good
construction techniques should be used to minimize ground
loops and lead resistance drops since the regulator has no
external sense lead.

Figure 8. Adjustable Output Regutator

G Output

W.UT TO-IL _M.i7ios_ _J|_C 1 I
T 70 9 ]

‘L 0.33uF 6 0.1 uF

3

10k

o 40 MCI741G

l”—-«b

Vo=70Vio 20V
ViN=Vp =220V

The addition of an operational amplifier allows adjustment io higher or
inlermediate values while retaining regulation characteristics. The
minimum voltage obtainable with this arrangementis 2.0 V greaer than the
regulator voltage.

Figure 10. Short Circuit Protection

MJ2955
RSource Rsg Equiv.
L @ ;L\o.sa uF
el
2N6049

) r————"

0] MC78XX

I Output

5

XX =2 digits of type number indlcatmg voitage.

210p I

The circuit of Figure 9 can be modified to provide supply protection against
short circuits by adding a short circuit sense resistor, Rgg, and an
additional PNP transistor. The current sensing PNP must be able o handle
the short circuit current of the three—terminal regulator. Therefore, a

four-ampere plastic power transistor is specified.

14
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Figure 11. Worst Case Power Dissipation versus

MC7800, MC7800A, LM340, LM340A Series

Figure 12. Input Output Differential as a Function

' Ambient Temperature (Case 221A) of Junction Temperature (MC78XXC, AC)
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i DEFINITIONS

Line: Regulation — The change in output voltage for a
change in the input voltage. The measurement is made under
conditions of low dissipation or by using pulse techniques such
that the average chip tempsrature is not significantly affected.

Load Regulation — The change in output voltage for a
change in load current at constant chip temperature.

Maximum Power Dissipation — The maximum total
device dissipation for which the regulator will operate within
specifications.

Quiescent Current — That part of the input current that is
not delivered to the ioad.

Output Noise Voltage — The ms ac voitage at the output,
with constant load and no input ripple, measured over a
specified frequency rangs.

Long Term Stability — Output voitage stability under
accelerated life test conditions with the maximum rated
voltage listed in the devices’ electrical characteristics and
maximum power dissipation.

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee reganding
the suitabiity of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and

¥ disclaims any and all liability, including without limitation consequential orincidental damages. “Typical” paramaters which may be provided in Motorola
data sheets and/or specifications canand do vaty in differentapplications and actual performance may vary over time. Alloperating parametars, including “Typicals”
must b validated for each customer application by customer's technical experts. Motorola does not convey any kcense under its patent rights nor the rights of
others., Motorola products are not designed, intended, or authorized for use as components in systems itended for surgical impiant into the body, or other
applications intended to support or sustain ife, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Matorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its' officers, employees, subsidiarias, affiiates, and distributors hanmiess against all claims, costs, damages, and expenses, and reasonabie attomey fees
aﬁsingmnol,dmdyorindmwy.anyda'mdMimemmmmwmmmmm.mﬂmmmmm
anqﬁganmgmﬁuhededgnumaMmede&Motordaand@ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Afirmative Action Employer. =
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MC7800, MC7800A, LM340, LM340A Series

y OUTLINE DIMENSIONS
} T SUFFIX
. PLASTIC PACKAGE
¥ CASE 221A—06
' ISSUE Y
f NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
] SEATING Y14.5M, 1982
PLANE 2. CONTROLLING DIMENSION: INCH.

p—

le— S

o wr —

R

3. DIM ZDEFINES A ZONE WHERE ALL BODY AND
LEAD IRREGULARITIES ARE ALLOWED.

WCHES MBLLIMETERS

| _MIN_| MAX

1575

10.28

48

086 |

.73

2.88

kX<

0.64

.562 | 1270 | 14.27

1.52

5.3 |

u‘fxc.::nﬂontn»[g

3.04

279

139

6.47

1.2

) fos | G5 |t

2.04

.

~

D2T SUFFIX
PLASTIC PACKAGE

CASE 936-03

(D2PAK)
ISSUE B

B

M.M,.....-
. o —>]
n

-—I

L

I o—lk
[ ]0.010 (0.254® [T]

—

T

- o —

o

C

4

b
i

TERMINAL 4

ot ] —— ]

- < ———p

I

NOTES:

1 DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982

2 CONTROLLING DIMENSION: INCH.

3 TAB CONTOUR OPTIONAL WITHIN DIMENSIONS
AANDK.

4 DIMENSIONS U AND V ESTABUISH A MINMUM
MOUNTING SURFACE FOR TERMINAL 4.

5 DIMENSIONS A AND B DO NOT INCLUDE MOLD
FLASH OR GATE PROTRUSIONS. MOLD FLASH
AND GATE PROTRUSIONS NOT TO EXCEED
0.025 (0.635) MAXIMUM.

INCHES
N MAX
0288 | 0403
0.356_| 0368
0.170_| 0.180
0.026 | 0.038
0.045_| 0,055

0.051 REF

0.100 BSC 2540 BSC
0539 | 0579 |13691 [14.707

0,125 MAX

0,050 REF 1.270 REF
0.000_| 0,010
0,088
0.018
0.058_| 0.078
5°REF
8.116 REF.
0.200 MIN
0.250 MIN

MHLLIMETERS
MAX

10.238
9.347
4572
0914
1.397

1.296 REF

<=mz-u=.r—x-.::m-nmonw>l%
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National
Semiconductor

ADC0808/ADC0809 8-Bit .P Compatible A/D Converters

with 8-Channel Multiplexer

General Description
The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compati-
ble control logic. The 8-bit A/D converter uses successive
approximation as the conversion technique. The converter
features a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signals.
The device eliminates the need for extemnal zero and full-
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.
The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperature dependence,
excellent long-term accuracy and repeatability, and con-
sumes minimal power. These features make this device
ideally suited to applications from process and machine
control to consumer and automotive applications. For 16-
channel multiplexer with common output (sampie/hold port)
see ADC0816 data sheet. (See AN-247 for more informa-
tion.)

Features

a Easy interface to all microprocessors

® Operates ratiometrically or with 5 Vpc or analog span
adjusted voitage reference

& No zero or full-scale adjust required

® 8-channel multiplexer with address logic

= 0V to 5V input range with single 5V power supply

& Qutputs meet TTL voitage level specifications

u Standard hermetic or moided 28-pin DIP package

® 28-pin moided chip carrier package

8 ADCO0808 equivalent to MM74C949

B ADC0809 equivalent to MM74C949-1

Key Specifications

® Resoiution 8 Bits
B Total Unadjusted Error +% LSB and +1LS8
& Single Supply 5 Vpo
8 Low Power 15 mwW
B Conversion Time 100 ps

Block Diagram

START cLocK

Pt htetatoste) e M |
( o £N0 OF CONVERBON
o CONTROL & TIMING AETERAUPT)
2351 |
om— 8 CHANNELS |
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— l =
—
- ! ™. |l—o
sTaTe® Lo
ot [ saroums
Qo LATCH
| e —O
—s
0 | DY
SWTCH TREE :
[ i
3uT ADDRESS | O—d J— |
° LATCH i i 1
ADOMESS Axo
LATCH ENA DECODER | Ordering
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Absolute Maximum Ratings (otes 15 2)
# Miltary/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voitage (Vcc) (Note 3) 6.5V
Volage at Anty Pin —0.3Vto (Vg +0.3V)
Except Control Inputs

Voltage at Control Inputs -0.3Vto +15V
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)

Storage Temperature Range -65°Cto +150°C

Package Dissipation at To =25°C 875 mw
Lead Temp. (Soldering, 10 seconds)
Dual-in-Line Package (plastic) 260°C
DusHin-Line Package (ceramic) 300°C
Moidad Chip Carrier Package
Vapor Phase (80 seconds) 215°C
Infrared (15 seconds) 220°C
ESD Susceptibiiity (Note 11) 400V

Electrical Characteristics

Operating Conditions (Notes 1 & 2)
Temperature Range (Note 1) TMINSTASTMAX

ADC0808CJ —55'C<TaAS +125°C

ADCOB08CCJ, ADCOBOBCON,
ADCOBOSCCN —40°C<TA< +85°C
ADCO0808CCV, ADCOBOSCCYV ~ —40°C < Ta < +85°C
45Vpg 10 6.0 Vpe

Range of Ve (Note 1)

Converter Specifications: Vec=5 Vpo=VRer+. VReF(-)=GND, TMiNSTASTmax and fo k=640 kHz unless otherwise

stated.
Symbol Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C % LSB
(Note 5) TmIN to Tpmax +Y, LsB
ADC0809
Total Unadjusted Error 0°Cto 70°C +1 LSB
(Note 5) Tmin to Tax 1Y% LS8
input Resistance From Ref(+) to Ref(—) 1.0 25 kN
Analog Input Voltage Range | (Note 4) V(+)orV(—) GND-0.10 Vec+0.10 Vo
VREF(+) Voitage, Top of Ladder Measured at Ref( +) Vee Voe+0.1 v
Vi +V A
RO TRER() > REF) Voltage, Center of Ladder Vee/20.1 | Veo/2 | Voofz+01 | v
Veer(-) Voitage, Bottom of Ladder Measured at Ref(—) -0.1 0 \'%
W Comparator Input Current fc =640 kHz, (Note 6) -2 +05 2 pA

. Electrical Characteristics
! Digtal Levels and DC

ADCO0808CJ 4.5V<Vpc<5.5V, —35°C<Ta< +125°C unless otherwise noted

Specifications:
ADCOBOBCC., ADCOB08CCN, ADCO808CCV, ADC0809CCN and ADCO809CCYV, 4.75< Vec$5.25V, ~40°C<Tp< +85°C un-

kes otherwise noted
Symbol l Parameter Conditions f Min Typ l Max Units
AMALOG MULTIPLEXER
lorr(+) OFF Channel Leakage Current Ve =5V, ViN=5V,
TaA=25C 10 200 nA
T 1o Tuax 10 BA
lorr(-) OFF Channel Leakage Current Vee =5V, Vin=0,
TaA=25°C ~200 -10 nA
Tamin 10 Tmax ~1.0 A
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Electrical Characteristics (Continued)
Digital Leveis and DC Specifications: ADC0808CJ 4.5V Ve <5.5V, —55°C<Ta< +125°C unless otherwise nomeg

ADC0808CCJ, ADCOB0BCCN, ADC0808CCV, ADCOB09CCN and ADCOB09CCYV, 4.75<Vec<5.25V, —40°CSToA< +85°C un
less otherwise noted

Symbol | Parameter | conditions mn | typ | Max [ ume
CONTROL INPUTS
ViNet) Logical “1" Input Voitage Vec—1.5 v
Viney Logical "0” Input Voltage 15 v
Ny Logical **1" Input Current ViN=15V 1.0 A
(The Control Inputs)
hingo) Logical 0" Input Current ViN=0 -1.0 BA
(The Control Inputs)
lec Supply Current fork = 640 kHz 0.3 3.0 T
DATA OUTPUTS AND EOC (INTERRUPT)
VouTin Logical “1" Output Voltage lo= —360 pA Voo —0.4 v
VouTo) Logical “0" Output Voltage lp=1.6mA 0.45 v o
Vourtio) Logicai 0" Output Voltage EOC lo=12mA 0.45 v
louT TRI-STATE Qutput Current Vo=5V 3 Y
Vo=0 -3 pA

Electrical Characteristics
Timing Specifications Vee=VRer(+) =5V, VReF(~)=GND, t,=1=20 ns and To = 25°C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
IWALE Minimum ALE Pulse Width (Figure 5} 100 200 n
ts Minimum Address Set-Up Time (Figure 5) 25 50 n
N Minimum Address Hoid Time (Figure 5) 25 50 ns
to Analog MUX Delay Time Rg =00 (Figure 5) 1 2.5 ps
From ALE
tH1, tHo OE Control to Q Logic State C =50 pF, R = 10k (Figure 8) 125 250 ns
t1H ton OE Control to Hi-Z Cy =10 pF, R_= 10k (Figure 8) 125 250 ns
te Conversion Time fo =640 kHz, (Figure 5} (Note 7) 90 100 116 uS
fe Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) 0 8+2puS Cloct
Period
Cin Input Capacitance At Control Inputs 10 15 oF
Cout TRI-STATE Output At TRI-STATE Outputs, (Note 12) 10 15 pF
Capacitance
Note 1: Ab Manxi Ratings i limits beyond wiuch damage to the device may occur. DC and AC electrical specifications do not apply when cpersiy
the device beyond its specified operating conditions.
Note 2: All voltages are with respect to GND, uniess othewise specified.

Noto:!:Azonordodeeﬂsa.inlmly.fromvoctoGNDandhuatypulbmﬁdawnvohagod7Vw
Noh4:Tmon¢hipdodesmlhdlouchmnbginmmmammmmmdogmm«nmmbmm«m““
grelwmnntmva;nstppty.mespecallows100mVlmmmmmmmmtubmummvmdoummmmw
by more than 100 mV, the output code will be comect. To achieve an absolute 0Vog 1o 5V input voitaga range wil therefore require a minimum supply voitage?
4.900 Vg over temp iations, initial tol and loeding.

NouS:Towumdhnmdmindudesoﬁset,mu-scah.Ihumy,mdnummSthnaMMMN&M.MUW!"
Hovnvev,iunmzmcmhmmmmmowmo.ov,orﬁlwmmaplnemts(formnue:o.svwd.svtul-w)mw’
Rages can be adj to achieve this. Ses Figue 13,
NouG:Cofrpuatorlnputcurrenlisabiascmranumooromoflhechoppasmbﬂlzldeompmwf.mmmmvmdrwwmdod(mmlﬂ"
lttle temperature dependence (Figure 6). See paragraph 4.0.

Note 7: The outputs of the data registar are updated one clock cycle before the rising edge of EOC.

Note 8: Human body model, 100 pF discharged through a 1.5 k(1 resistor.
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Functional Description

Muitiplexer. The device contains an 8-channe! single-end-
od analog signal multiplexer. A particular input channet is
selacted by using the address decoder. Tabie | shows the
input states for the address lines to select any channel. The
address is latched into the decoder on the iow-to-high tran-
sition of the address latch enable signal.

TABLE [

ADDRESS LINE
B

SELECTED
ANALOG CHANNEL

INO
IN1
IN2
IN3
IN4
INS
IN6
IN7

IXITIXITXrrrcio
IXTrrITXIrr
IrrITIrcrIrIXIrr

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its 8-
bt analog-to-digital converter. The converter is designed

to give fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R ladder network, the succes-
sive approximation register, and the comparator. The con-
verter's digital outputs are positive true.
The 256R fadder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularty important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the reference voltage.
The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transter curve. The first output tran-
sition occurs when the analog signal has reached + Y, LSB
and succeeding output transitions occur every 1 LSB later
up to full-scale.
The successive appraximation register (SAR) performs 8 it-
erations to approximate the input voltage. For any SAR type
converter, n-iterations are required for an n-bit converter.
Figure 2 shows a typical example of a 3-bit converter. In the
ADC0808, ADCO0809, the approximation technique is ex-
tended 10 8 bits using the 256R network.

CONTROLS FROM S.AR.
]
REF{+) O ’* * ‘ s
>
%R
R PN
.
. L]
R
° . ;.
*
0
28R 3 . X > COMPARATOR
F INPUT
> N
< . °
>
R q»
1\ .
R :: . .
- :
%A :b N—
1)
S
REFI-) O TL/H/S672-2

FIGURE 1. Resistor Ladder and Switch Tree
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Functional Description (continued)

The A/D converter's successive approxmation register
(SAR) is reset on the positive edge of the start conversion
(SC) puise. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accompiished by tying the end-
of-conversion (EOC) output to the SC input. If used in this
mode, an external start conversion pulse should be applied
after power up. End-of-conversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the
comparaior. it is this section which is responsible for the
ultimate accuracy of the entire converter. it is also the

.
- FULL-SCALE

1ne 1DEAL CURVE -~ ERROA=1/2L58

A/D OUTPUT CODE

- NOKLINEARITY = 172 L33
+

[eel vin
1828 3N 48 8 B3I

Vin AS FRACTION F FULL-SCALE

FIGURE 2. 3-8it A/D Transfer Curve

INPUT BV
VOLTAGE

g

comparator drift which has the greatest influence on ny
repeatability of the device. A chopper-stabilized comparasy
provides the most effective method of satisfying akk the con.
verter requirements.

The chopper-stabilized comparator converts the DC inpg
signal into an AC signal. This signal is then fed throught y
high gain AC ampiifier and has the DC level restored. Thg
technique limits the drift component of the ampiifier sncy
the drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter exiremey
insensitive to temperature, long term drift and input oftsg
errors.

Figure 4 shows a typical ermor curve for the ADCOB08 o
measured using the procedures outlined in AN-179,

INFINITE RESOLITM
" PERFECT CONVERTZA
118 M 10EAL 3-8IT CONVERTER
u oA P
g m unn::ls!rzo
OR
5 -1158
£ ASSOLUTE
3 m ACCURACY
Sm -t
QUANTIZATION
L ERROA
(] Vin
IR MBI IN
Vim AS FRACTION OF FULL-SCALE
FIGURE 3. 3-Bit A/D Absolute Accuracy Curve
REFERENCE LINE

FULL
STALE

TUW/SET2-S

FIGURE 4. Typical Error Curve
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Connection Diagrams

Duak-in-Line Package Molded Chip Carrier Package
< M@ O
w3 28|-N2 g§88§7LL%
N4 —{2 27Nt 1 ¢+ i1 11
ws—ls 26b-1n0 25 24 23 22 21 20 19 .
wne—4 25}—aD0 A No—126 ‘3‘2_3
N7{5 24-A0D B Nt427 17f=2""Ls8
START—{6 23}-a0 ¢ 2128 16|~ Veer ()
™3 15}=2"¢
foc—{7 22}=ALe -
254a 21}-2""uss Ne—2 =2
QUTPUT ENABLE 49 20}-2"2 WS—3 13- G0
cLock —{10 19p—2"3 N6—4 12} Vper (#)
TETRT R
Vegr (#) 112 174-2"%s8 5 g § -.-»N ; § >8
ono—{13 16} Veer () 2 2 3
s i1 15-2"¢ -
=1
[
=1
TL/H/5672-11 o
Order Number ADC0808CCN, ADCO809CCN, TL/H/5672-12
ADC0808CCJ or ADC0808CJ Order Number ADC0808CCV or ADC0809CCV
See NS Package J28A or N28A See NS Package V28A

Timing Diagram

e

stant o “
v
«_=f =]
[— Lt e
L stams agoness
ADDAESS 3% - ; T
e W
“::: —V I STARE _J_A
!

il‘g__{.
D & = 7C

[l l
w86}
m=ra
owTRyT - ¥ —
ERASLE
(3
“s
h——— 'soc—-——-l* f
| " i
-— o L F
ouTIUTS — o e S o i B s o S S Tt D D T S e O S o R S i . 4 e e s

FIGURE 5
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Typical Performance Characteristics

\J
fe= 1200 k2

N A

u .
(R
fe= S48 kHz

-0.57

TYPCAL iy WA)
-

Vin (V)

FIGURE 6. Comparator ljy vs Vix
(Vec = Vrer =5V)

TRI-STATE Test Circuits and Timing Diagrams

TYPICAL Rgy (k1)

2 —
Ta=06C
Ta=2%C -\
' / \\\
Tas-4FC
]
(] 12% b ] s s
Vig V)
TUNAm4
FIGURE 7. Muitiplexer Roy vs Vi

(Vec=Vrer=5V)

tﬂ1rcL=5°PF

R ]

iy th1 tim, CL=10pF
Vee Y
Vee
ouTPUT by
ENASLE
I GND
ouTPY
enase O O
C 10k Vou
ouTPUT
I en
toms to ton, CL =10 pF
Vee vee Y
Vee
ouTPUT haiod
0 ENABLE sax
oND “_11] }
ouTRUT Y
ENABLE o L]
Vee -

outPUT

FIGURE 8
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Applications Information (cortinued)

The ADC0808 needs less than a miliamp of supply current
so developing the supply from the reference is readily ac-
complished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
butfer shown can be an op amp of sufficient drive to supply
the mitliamp of supply current and the desired bus drive. or if
a capacitive bus is driven by the outputs a large capacttor
will suppiy the transient supply current as seen in Figure 12.
The LM301 is overcompensated to insure stability when
loaded by the 10 uF output capacitor.

The top and bottom ladder voitages cannot exceed Ver
and ground, respectively, but they can be symmetrically isg
than Voo and greater than ground. The center of the laddy
voitage shouid always be near the center of the supply. The
sensitivity of the converter can be increased, (i.e., size o
the LSB steps dacreased) by using a symmetrical referance
system. In Figure 13, a 2.5V reference is symmetrically con.
tered about Voc/2 since the same cusrent flows in idenacy
resistors. This system with a 2.5V reference aliows the { g
bit to be half the size of a 5V reference system.

AKX
/vv
vee
SUMPLY Vee
sy
VREs REF(+} DIGITAL
s ouTPYT
T REFERENCED
Ot ln? 10
in{O— ¢ GROUND
O ‘:8
r-l REF{-) LS8 N
©—4 GND Goyr = =N
Veer
ADCIOOS 4.75V < Voo = VRer < 525V
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
v
Vee
v Mss
f +
3 DIGITAL OUTPUT
YT o pertst gyt REFERENCED TO
REF(+) Ot la7 SROUND
Vi { O s
Oy Ing v
REF(-) Lss Qout = —-
I Vagr
9y M0 475V < Voo = Vper < 520
ADCo00S

TL/H/5672-8

FIGURE 11: Ground Referenced Conversion System with
Reference Generating Voe Supply
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Applications Information (Continued)

10-15Vpe
O

1k

REF(+)

<+ 10uF

— SoLi0
TANTALUM
@—P GND

oty

I—» REF(-)

FIGURE 12. Typical Reference and Supply Circuit

sV
el
WA= vee
ERLS PR mss
< In?
.
" ! DIGITAL OUTPUT
PROPORTIONAL 10
S Sour ANALOG (NPUT
b 125V < Vin < 275V
» |'°
125V
REF(-)
25V
REFERENCE Rg Ls8
VWA—¢- GND Ra=Rg
I *Ratometnc transducers
TL/H/S872-9
FIGURE 13. Symmetricaily Centered Reference
3.0 CONVERTER EQUATIONS 4.0 ANALOG COMPARATOR INPUTS

The transition between adjacent codes N and N+ 1 is given
by.

N1
u= {(Vnsm—vnsﬂ-))[z—ss*'gﬁlrvm} +VREF(-) 2)
The center of an output code N is given by:
N
"N{Wuer(ﬂ—vas(-v[;gg]tvm} +VREF(-) (]

The cutput code N for an arbitrary input are the integers
within the range:
N-%:’%&‘;‘(:xzse:w Accuracy @
where: Vi = Voltage at comparator input
VRer(+)=Voltage at Ref(+)
VRer(—) = Voltage at Ref(~)
Vrue = Total unadjusted error voltage (typically
VRer(+)*512)

The dynamic comparator input current is caused by the peri-
odic switching of on-chip stray capacitances. These are
connected altemately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized cemparator.

The average value of the comparator input currefit varics
directly with clock frequency and with Vi as shown in Fig-

. ure 6.

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter errors, as the tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

If input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current, 1t will then take on the character-
istics of a DC bias current whose effect can be predicted
conventionally.
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Typical Application

READ

ADDRESS
DECODE
(AD4-ADIS)*

WRITE

508 kHz—4 CLK
5000V ==4 Vaci(s)
0.008V —Vgp(-)

START
ALE

ADO =t A

AD1—48

ADCIONS
ADCSeSe

AD2 = C

sv sum.vT
Vee

A P

E0C INTERRUPT

7~V p—p 087
32 ey 088
21 pmmep DO5
24 po—p 084
25 p——p 083
1S ——por
2= fpmeip 081
7 p———p s Lss

= Vins8
6ND .
-5V
GROUND = * ANALOG
= iNPUT RANGE
I f—Vin 1
TL/H/5672-10
“Address tatches needed for B08S and SC/MP intertacing the ADCOB08 to a microprocessor
MICROPROCESSOR INTERFACE TABLE
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circuit)
Z-80 RD WR INT (Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800 VMAed2eR/W | VMAs$eR/W | TRQA or IRGB (Thru PIA)
Ordering information
S
TEMPERATURE RANGE —40°Cto +85°C —55°Cto +15%
Eror |t Y2LSBUnadjusted | ADCO808CCN ADC0808CCV ADC0808CCJ ADC0808C)
+11SB Unadjusted | ADCOB80SCCN ADC0B09CCV .
Package Outline N28A Molded DIP | V28A Moided Chip Carrier | J28A Ceramic DIP | J28A CeramicOF
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Initiatize Printse (Prime - Active LOW)
Error (Fauit - Active LOW)
Auto Lins Feod (Active LOW) =4

Seiect input (Active LOW) —

Return/Greund
Return/Grevnd —
Raturn/Cround =
Return/Ground =t
Raturn/Groeund
Return/Greuna —4
Return/Ground =
Roturn/Ground —d

)

(L]
0000000006866

8000000HHBA

N\ ///

P~ Outs 8it 7
p— OData it &
j—~ Cata $it 5
= Duta Bit 4
= Dats it 3
p=e Oumta Bit 2

FIQURE 11. IBM PC Paraliel Port

= Duta &t 1 (LSB)
= Outa Strebe (Astive LOW)

be Select (Active Wigh)

b= Pupar End (Aative HIGH)
b Busy (Astive HIGM)

f— Ackmowiodge (Astive LOW)
j— Oata @it & (M38)

IBM Parallel Printer Port Technical Reference Chart

HEX BASE DEC BASE RANGE
PORT ADDRESS ADDRESS in HEX
MGA Port A 3BCh 956 3BCh - 38Fh
CGA Port B 378h 888 378h - 37Fh
PS/2 Port C 278h 432 278h ~ 27Fh
experimental 300h 768 300h — 340h
Port C is also the IBM XT, AT, & 386 machine’s 3rd PRN port IBM allocated Hex 300h — 340h
for prototype board development.
BASE ADDRESS
D7 Dé D5 D4 D3 D2 D1 [»0]
DATA DATA DATA DATA DATA DATA DATA DATA
0B 9 8 7 6 5 4 3 2
Cent 9? 8 7 é 5 4 3 2
Many laptops are now being shipped with DO — D7 as bidirectional data bits.
This k assumes your printer port’s data bits are NOT bidirectional.
BASE + 1
3 I £ B R 2 A ()
BUSY ACK PAPER END SELECT ERROR
D8 11 10 12 13 15
Cent 11 10 12 13 15
The ACK pin is also used for a hardware inferrupt.
NOTE: BUSY is internally hard wired for inactive high, ACK is intermnally hard wired for active high.
BASE + 2 .
internal in out || in outll in out ff in out
SELECT
IRQ ENABLE INPUT INMAUZE | AUTO-FEED § STROBE
DB 17 16 14 1 R
Cent 36 31 14 1 1

SELECT, INIT, AUTO-FEED, and STROBE outputs are OPEN COLLECTOR.

NOTES: DB: = DB-25 connector, CENT = Centronics 36 pin parallel port connector.

IRQ ENABLE: = software controls this bit to enable or discble interrupt operation of, D§, atbase + 1.
Grounds on DB-25 connector: pins 18 to 25 on 36 pin Centronics connactor: pins 16, 33, and

19 to

30.





