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'FrmDIPmain

Private Minndex(0 To 2) As Integer
Private MaxIndex(0 To 2) As Integer
Private TheKernelO As Single

Private Declare Sub Out Lib "inpout32.dll' Alias "Out32" (ByVal Portaddress As Integer, ByVal Value As Integer)
Private Declare Function Inp Lib ‘inpout32.dll" Alias "Inp32" (ByVal Portadress As Integer) As Integer

Public pwrite As Integer
Public pread As Integer

Private Sub cmdapply_Click()
PicORIGINAL Picture = PicResult. Picture
goriginal. Picture = PicORIGINAL Picture
End Sub

Private Sub CmdgetPDF Click()
Dim pixelsQ As RGBTriplet

Dim PDFDATA(0 To 255) As Single
Dim bits_per_pixel As Integer

Dim X As Integer

Dim Y As Integer

Dim pix As Integer

Dim i As Integer

" Get the pixels from picOriginal.
GetBitmapPixels PICORIGINAL, pixels, bits_per pixel
Fori=0To 255
PDFDATA(j) =0
Next i
For Y =0To PicORIGINAL.ScaleHeight - 1
For X =0 To PicORIGINAL.ScaleWidth - 1
With pixels(X, Y)
shade = (CInt(.rghRed) + .rgbGreen + .rghBlue) / 3
[IgbRed = shade
[IghGreen = shade
[IgbBlue = shade
pix = Int(shade)
PDFDATA(pix) = PDFDATA(pix) + 1
End With



Next X

Next Y

Open txtPDFdata.Text For Output As #1
For pix =0 To 255

Print #1, PDFDATA(pix)

Next pix

Close #1

End Sub

Private Sub cmdGetprofile_Click()
Dim pixelsQ As RGBTriplet

Dim bits_per_pixel As Integer
Dim X As Integer

Dim Y As Integer

" Get the pixels from picOriginal.
GetBitmapPixels PICORIGINAL, pixels, bits_per pixel
Y =Val(Txtyline.Text)
" Set the pixel colors.
Open txtfilenamedata. Text For Output As #1
For X =0 To PicORIGINAL.ScaleWidth - 1
With pixels(X, Y)
shade = (CInt(.rghRed) + .rghGreen + .rghBlue) / 3
[IghRed = shade
IghGreen = shade
IghBlue = shade
End With
Print #1, shade
Next X
Close #1

End Sub

Private Sub CmdresetOriginal_Click()
PicORIGINAL.Picture = Picscan.Picture
goriginal. Picture = PicORIGINAL.Picture
End Sub

Private Sub Cmdstart_Click()

FraBeltxray.Enabled =True

IbiTime. Enabled =True

Label3. Enabled = True

Label4.Enabled = True
LbIBeltMotor.Caption ="RUN"
LbIBeltMotor. BackColor = &HFF00&
IblXray.Caption ="ON"
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IbIXray.BackColor = &HFFFF&
Out pwrite, &HL
Refresh

canimage_Click

Do
N = Inp(pread)

Loop Until N =0
Out pwrite, &HO
LbIBeltMotor.Caption ="STOP"
LbIBeltMotor.BackColor = &HFF&
IblXray.Caption ="OFF"
IbIXray.BackColor = &HFF8080
FraBeltxray. Enabled = False
IbITime.Enabled = False
Label3.Enabled = False
Label4.Enabled = False

End Sub

Private Sub Imgoriginal_DbIClick()
frmdisplay.Show
frmdisplay.ImgDisplay. Visible =True
frmdisplay.Imgdisplayl. Visible = False

End Sub

Private Sub Imgresult_dblClick()
frmdisplay.Show
frmdisplay.ImgDisplay.Visible = False
frmdisplay.Imgdisplayl .Visible = True

End Sub

Private Sub imgresult_ MouseDown(Button As Integer, Shift As Integer, X As Single, Y As Single)
Txtyline.Text = Int((Y * PicResult.Height) / 473)
PicResult.Cls
PicResult. Picture = PicORIGINAL Picture
PicResult. ForeColor = vbRed
PicResult.Line (0, YMPicResult.Width, ), VbRed
Linel.Y1 = 1680 +Y
Linel.Y2 = 1680 +Y
End Sub

Private Sub PicResult MouseDown(Button As Integer, Shift As Integer, X As Single, Y As Single)
Txtyline.Text =Y
PicResult.Cls
PicResult.Picture = PicORIGINAL Picture



PicResult.ForeColor = vbRed
PicResult.Line (0, Y)-(PicResult.Width, Y), vbRed
End Sub

Private Sub Timerl_Timer()
N = Time$
Ibitimedisplay.Caption = N
a = Hour(Time)
b = Minute(Time)
¢ = Second(Time)

End Sub

Private Sub Timer2_Timer()
LbIBeltMotor.Caption ="RUN"
LbIBeltMotor.BackColor = &HFF00&
Out pwrite, &HL
TxtbeltMotorTimer.Enabled =True
Timer2. Enabled = False
Timer4.Enabled =True

End Sub

Private Sub Timer3_Timer()
LbIBeltMotor.Caption ="STOP"
LbIBeltMotor.BackColor = &HFF&
Out pwrite, &HO
Timer3.Enabled = False
Timer4.Enabled = False
TxtbeltMotorTimer.Text =0
FraBeltxray.Enabled = False
IbTime.Enabled = False
Label3.Enabled = False
Label4.Enabled = False
Label5.Enabled = False
Label6.Enabled = False
Timer2.Enabled = False
Timer3.Enabled = False
Timer5.Enabled = False
Timer6.Enabled = False
TxtbeltMotorTimer.Text =60
TxtXraytimer.Text = 34
TxtbeltMotorTimer.Enabled = False
TxtXraytimer. Enabled = False

End Sub

Private Sub Timer4_Timer()
i = TxtbeltMotorTimer.Text
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i=i-1
TxtbeltMotorTimer.Text =i
End Sub

Private Sub Timer5_Timer()
IbIXray.Caption = "ON"
IbiXray.BackColor = &HFFFF&
‘Out pwrite, &H2
TxtXraytimer. Enabled =True
Timer5.Enabled = False
Timer7.Enabled =True

End Sub

Private Sub Timer6_Timer()
IblXray.Caption ="OFF"
IbIXray.BackColor = &HFF8080
Timers.Enabled = False
Timer7 Enabled = False
TxtXraytimer.Text ="0"

End Sub

Private Sub Timer7_Timer()
| = TxtXraytimer.Text
J7-1 |
TxtXraytimer.Text =]

End Sub

Private Sub Timer8_Timer()
N = Inp(pread)
Lbldatain.Caption = N

End Sub

Private Sub Toolbarl ButtonClick(ByVal Button As MSComctiLib.Button)
On Error Resume Next
Select Case Button.Key
Case "New"
‘ToDo: Add ‘New' button code.
MsgBox "Add ‘New' button code."
Case "Open’
'ToDo: Add 'Open' button cod.
"MsgBox "Add 'Open' button code."
open Click
Case "Save'
‘ToDo: Add "Save' button code.
"MsgBox "Add 'Save" button code."
mnusaveas Click



Case "Cut’
'ToDo: Add 'Cut' button code.
MsgBox "Add 'Cut’ button code."
Case "Copy"
ToDo: Add 'Copy" button code.
MsgBox "Add ‘Copy' button code."
Case "Paste’
'ToDo: Add 'Paste" button code.
MsgBox "Add ‘Paste’ button code."
Case "Delete"
'ToDo: Add 'Delete’ button code.
MsgBox "Add "Delete’ button code."
Case "Undo’
'ToDo: Add 'Undo" button code.
MsgBox "Add ‘Undo’ button code."
Case "Redo’
'ToDo: Add 'Redo’ button code.
MsgBox "Add ‘Redo’ button code."
Case "Print'
'ToDo: Add 'Print' button code.
"MsgBox "Add 'Print’ button code."
mnuscanimage_Click
Case "Properties”
'ToDo: Add 'Properties’ button code.
MsgBox "Add ‘Properties’ button code."
End Select
End Sub

1Arrange the controls.
Private Sub ArrangeControlsQ
" Position the result PictureBox.
PicResult.Move _
PiCORIGINAL.Left + PicORIGINAL. Width + 120,
PicORIGINAL.Top, _
PicORIGINAL Width, _
PicORIGINAL.Height
PicResult.Cls

PicDummyResult.Move _
PiCORIGINAL.Left + PicORIGINAL Width + 120,
PicORIGINAL.Top, _
PicORIGINAL.Width, _
PicORIGINAL.Height

PicDummyResult.Cls
' This makes the image resize itself to
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Hfit the picture.
PicResult. Picture = PicResult. Image
PicDummyResult. Picture = PicDummyResult.Image

" Make the form big enough.
'Width = PicResult. Left + PicResult. Width + _
Width - ScaleWidth + 120
'Height = PicResult.Top + PicResult.Height +
Height - ScaleHeight + 120
DoEvents
End Sub

"Arrange the controls.

Private Sub ArrangeControlsRotate(ByVal angle As Single)
Dim new_wid As Single

Dim new_hgt As Single

Dim old wid As Single

Dim old_hgt As Single

* Calculate the result's size.

old_wid = PicORIGINAL. ScaleWidth

old_hgt = PicORIGINAL.ScaleHeight

new wid = Abs(old_wid * Cos(angle)) + Abs(old_hgt * Sin(angle))

new_hgt = Abs(old_wid * Sin(angle)) +Abs(old_hgt * Cos(angle))

new_ id = ScaleX(new wid, vbPixels, ScaleMode) + PicORIGINAL Width - ScaleX(PicORIGINAL.ScaleWidth,
vhPixels, ScaleMode)

new_hgt = ScaleY(new_hgt, VbPixels, ScaleMode) + PICORIGINAL.Height - ScaleY (PicORIGINAL.ScaleHeight,
vhPixels, ScaleMode)

" Position the result PictureBox.

PicResult.Move _
PicORIGINAL Left + PicORIGINAL.Width + 120,
PICORIGINAL.Top, new_ id, new_hgt

PicResult.Line (0, 0)-(PicResult.ScaleWidth, PicResult.ScaleHeight)
PicResult.BackColor, BF

PicResult.Picture = PicResult.Image

PicResult.Visible = True

L

'This makes the image resize itself to
fit the picture.
PicResult.Picture = PicResult.Image

DoEvents
End Sub

Rotate the image.
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Private Sub Rotatelmage(ByVal pic_from As PictureBox, ByVal pic_to As PictureBox, ByVal angle As Single)
Dim white_pixel As RGBTriplet
Dim input_pixels() As RGBTriplet
Dim result_pixels() As RGBTriplet
Dim bits_per_pixel As Integer
Dim xmaxjn As Integer

Dim ymaxjn As Integer

Dim Cxin As Single

Dim Cyln As Single

Dim CxOut As Single

Dim CyOut As Single

Dim xjn As Single

Dim yjn As Single

Dim ixjn As Integer

Dim iyjn As Integer

Dim ix_out As Integer

Dim iy_out As Integer

Dim dx As Single

Dim dy As Single

Dim radius As Single

Dim theta As Single

Dim dx1 As Single

Dim dx2 As Single

Dim dyl As Single

Dim dy2 As Single

Dim v11 As Integer

Dim v12 As Integer

Dim v21 As Integer

Dim v22 As Integer

* Set the white pixel's value.

With white_pixel
[IghRed = 255
rghGreen =255
IghBlue =255

End With

" Get the pixels from pic_from.
GetBitmapPixels pic_from, input_pixels, bits_per_pixel

" Get the pixels from pic_to.
GetBitmapPixels pic_to, result_pixels, hits_per_pixel

' Get the centers of both images.
Cxin = pic_from.ScaleWidth / 2
Cyln = pic_from.ScaleHeight / 2



CxOut = picJo.ScaleWidth / 2
CyOut = pic_to.ScaleHeight / 2

" Get the size of the original image,
xmaxjn = pic_from.ScaleWidth - 1
ymaxjn = pic_from.ScaleHeight - 1

" Calculate the output pixel values.
For iy_out =0 To picJo.ScaleHeight - 1
For ix_out =0 To picJo.ScaleWidth - 1
" Map the pixel value from
1(ix_out, iy_out) to (x_in, y_in).
ax =ix_out - CxOut
dy =iy_out - CyOut
radius = Sqr(dx * dx + dy * dy)
theta = ATan2(dy, dx)
xjn =Cxin +radius * Cos(theta +angle)
yjn =Cyln + radius * Sin(theta + angle)

" Find the nearest integral position,
ixjn = Int(x_in)
iyjn = Int(y_in)

* See ifthis is in bounds.
If (ixjn >=0) And (ixjn <xmaxjn) And _
(iyjn >=0) And (iyjn <ymaxijn) _
Then
"The point lies within the image.
* Calculate its value.
dxl =xjn - ixjn
dyl =yjn - iyjn
a2 = 14 - dxt
dy2 = 14 - dyl

With result_pixels(ix_out, iy_out)
* Calculate the red value.
v11=input_pixels(ixjn, iyJn).rgbRed
v12 =input_pixels(ixjn, iyjn + 1).rgbRed
v21 =input_pixels(ixjn + 1, iyJn).rgbRed
v22 =input_pixels(ixjn + 1, iyjn + 1).rghRed

IgbRed = _
VIL*dx2 *dy2 +vI2 *dx2 * dyl +
V2L *dxL *dy2 +v22 * kL * dyl

" Calculate the green value.
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v11 =input_pixels(ix_in, iy in).rghGreen
v12 =input_pixels(ix_in, iy_in + 1).rghGreen
v21 =input_pixels(ix_in + 1, iy in).rghGreen
v22 =input_pixels(ix_in +1, iy in + 1).rghGreen
[fghGreen = _

VIL *dx2 *dy2 + vI2*dx2* dyl +_

V21 *dxL *dy2 + v22% dxl* dyl

" Calculate the blue value.
v11 =input_pixels(ix_in, iy in).rghBlue
v12 =input_ pixels(ixjn, iyjn + 1).rgbBlue
v21 =input_pixels(ix_in + 1, iy_in).rgbBlue
v22 = input_pixels(ix_in + 1, iyjn + 1).rghBlue
TgbBlue =
VIL * o2 *dy2 + vI2*dx2* oyl +
V2L oL *ay2 + v22* okd* dyl
End With
Else
'The point is outside the image.
" Use white.
result_pixels(ix_out, iy_out) =white_pixel
End If
Next ix_out
Next iy_out

* Set pic_to's pixels.
SetBitmapPixels pic to, bits_per pixel, result_pixels
picto. Picture = pic_to.Image

End Sub

' Transform the image Negative.
Private Sub TransformimageO
Dim pixelsQ As RGBTriplet

Dim bits_per pixel As Integer
Dim X As Integer

Dim Y As Integer

' Get the pixels from picOriginal.
GetBitmapPixels PICORIGINAL, pixels, bits_per pixel

" Set the pixel colors.
For Y =0 To PicORIGINAL.ScaleHeight - 1
For X =0 To PicORIGINAL.ScaleWidth - 1
With pixels(X, Y)
[IgbRed =255 - .rgbRed
[gbGreen =255 - .rgbGreen



rghBlue = 255 - .rgbBlue
End With
Next X
Next Y

* Set picResult's pixels.
SetBitmapPixels PicResult, bits_per pixel, pixels
PicResult.Picture = PicResult.Image
Imgresuit. Picture = PicResult.Picture
End Sub

Private Sub Form_Load()
PicORIGINAL AutoSize =True
PicORIGINAL.ScaleMode = vbPixels
PicORIGINAL.AutoRedraw = True
PicResult.ScaleMode = vbPixels
PicResult. AutoRedraw = True

Picscan. AutoSize =True
Picscan.ScaleMode = vhPixels
Picscan.AutoRedraw = True

digopentile.CancelError =True
digopenfile.InitDir = App.Path
digopenfile.Filter = _
"Bitmaps (*.bmp)[*.bmp|" & _
'GIFs (*.gif*.gifl" & _
"JPEGs (*Jpg)[*jpg;*jpegl &
"lcons (*.ico)[*ico|' & _
"Cursors (*.cur)*.cur" & _
'Run-Length Encoded (*.rle)[*rle[" &
"Metafiles (*wmf)[*.wmi]" & _
"Enhanced Metafiles (*.emf)[*.emf|" & _
"Graphic Files!™.bmp;*.gif:* jog;* jpeg;*.ico;*.cur;* rie;* wmf*.emf|" &
"All Files (‘. **

If PiCORIGINAL.Picture < 0 Then
ArrangeControls
End If
Picscan.Picture = PicORIGINAL.Picture
Imgoriginal. Picture = PicORIGINAL Picture
pwrite = &H378
pread = &H379
Out pwrite, &HO
End Sub
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Private Sub hbarbrightness_Change()
Txtbrightness.Text = hbarbrightness.Value

*If an image is loaded, transform .

If PicORIGINAL Picture < 0 Then
Screen.MousePointer = vbHourglass
DoEvents
TransformimageBright
Screen.MousePointer = vhDefault

End If

End Sub

Private Sub  binarycontrast_Click()
ShowHistogram PicORIGINAL
picHistogram.Visible =True
" picHistogram.Move _

" PicResult.Left, _

" PicResult.Top + PicORIGINAL Height + 50

End Sub

Private Sub  brightness_Click()
ArrangeControls
hbarbrightness.Enabled = True
Txthrightness.Enabled = True

End Sub

Private Sub hbarcontrast Change()

If PicResult. Picture < 0 Then
Screen.MousePointer = vbHourglass
DoEvents

TransformimageContrast
Screen.MousePointer = VbDefault

Txtcontrast.Text = hbarcontrast.Value
End If
End Sub

Private Sub  contrast_Click()
ShowHistograms PicORIGINAL, True
hbarcontrast.Enabled = True
Txtcontrast.Enabled = True

End Sub

Private Sub  exit_Click()

74



Unload frmmotorxray
End
End Sub

Private Sub  Filterldentify Click()
' Create an identity kemel.
ReDim TheKerneKO To 0, 0 To 0)
TheKemeKO, 0) = 1#

' Prepare some controls.
FilterShowFilter.Enabled =True
IbIFilterType.Caption = "Identity"

" Apply the fiter.
ApplyTheFilter
End Sub

Private Sub mnuGrayscale_Click()
ArrangeControls
TransformImagegray

End Sub

Private Sub egative_Click()
ArrangeControls
Transformimage

End Sub

Private Sub  open_Click()
Dim file_name As String

" Let the user select a file.
On Error Resume Next
digopenfile.Flags = cdIOFNFileMustExist + cdlOFNFlideReadOnly
digopentile.ShowOpen
If Err.Number = cdiCancel Then
Exit Sub
Elself Err.Number < 0 Then
Beep
MsgBox "Error selecting file.", 1vbExclamation
Exit Sub
End If
On Error GoTo 0

Screen.MousePointer = vbFlourglass
DoEvents



file_name = Trim$(dlgopentile.FileName)
dlgopenfile.InitDir = Left$(file_name, Len(flle_name) _
- Len(dlgopenfile.FileTitle) - 1)
Caption =" X-Rays Image Processing [ & digopenfile.FileTitle & "'

" Open the original file.

On Error GoTo LoadError
PicORIGINAL.Picture = LoadPicture(file_name)
Imgoriginal. Picture = PicORIGINAL Picture

On Eror GoTo 0

IMake picResult the same size and position it.
ArrangeControls

Screen.MousePointer = vbDefault
Exit Sub

LoadError:
Screen.MousePointer = vhDefault
MsgBox "Error " & Format$(Err.Number) &
" opening file & file_name & ..& vbCrLf &
Err.Description
End Sub

Private Sub mnurotation_Click()
Const PI = 314159265

Dim angle As Single

1Do nothing if no picture is loaded.
If PicORIGINAL Picture = 0 Then Exit Sub

" Get the angle of rotation in radians.
'On Error GoTo AngleError

‘angle = CSng(txtAngle.Text) * PI / 180
angle = CSng(-90) * PI / 180

On Error GoTo 0

Screen.MousePointer = vbhlourglass

PicResult.Line (0, 0)-(PicResult.ScaieWidth, PicResult.ScaleFleight),
PicResult.BackColor, BF

DoEvents

" Arrange picResult.
ArrangeControlsRotate angle



' Rotate the image.
Rotatelmage PicORIGINAL, PicResult, angle

Screen.MousePointer = vbDefault
Exit Sub

"AngleError:
‘MsgBox “Invalid angle"
'txtAngle.SetFocus

End Sub

Private Sub aveas_Click()
Dim file_name As string

"Let the user select a file.
On Error Resume Next
dlgopenfile.Flags = cdlOFNOverwritePrompt + cdlOFNHideReadOnly
dlgopenfile.ShowSave
If Err.Number = cdiCancel Then
Exit Sub
Elself Err.Number <> 0 Then
Beep
MsgBox "Error selecting file.", 1vbExclamation
Exit Sub
End If
On Error GoTo 0

Screen.MousePointer = vbHourglass
DoEvents

file_name = Trim$(dlgopenfile.FileName)

dlgopentile.InitDir = Left$(file_name, Len(file_name) _
- Len(dlgopenfile.FileTitle) - 1)

Caption = "Complem [" & digopenfile.FileTitle & "

" Save the transformed image into the file.
On Ermor GoTo SaveError

SavePicture PicResult.Picture, file_name
On Eror GoTo 0

Screen.MousePointer = vbDefault
Exit Sub

SaveError:
Screen.MousePoainter = vbDefault



MsgBox "Error " & Format$(Err.Number) & _
"saving file & file_name & ..& VbCrLf &
Err.Description

End Sub

Private Sub canimage_Click()

On Eror GoTo error:
r = TWAIN_AcquireToClipboard(Me.hWnd, t%)
PicORIGINAL.Picture = Clipboard.GetData(vbCFDIB)
frmpicDIP.Picresult.Picture = Clipboard.GetData(vbCFDIB)
frmpicDIP.ImgDIP.Picture = frmpicDIP.PicDIP.Picture

goriginal. Picture = PicORIGINAL Picture

Picscan. Picture = PicORIGINAL Picture
Refresh

error.

End Sub

Private Sub electsource_Click()
r = TWAIN_SelectimageSource(Vie.n\Wnd)
End Sub

' Transform the image.

Private Sub TransformimagegrayO
Dim pixelsO As RGBTriplet

Dim bits_per_pixel As integer

Dim X As Integer

Dim Y As Integer

" Get the pixels from picOriginal.
GetBitmapPixels PicORIGINAL, pixels, bits_per_pixel

" Set the pixel colors.
For Y = 0 To PicORIGINAL.ScaleHeight - 1
For X = 0 To PicORIGINAL.ScaleWidth - 1
With pixels(X, Y)
shade = (CInt(.rgbRed) + .rghGreen + .rgbBlue) / 3
IgbRed = shade
[IgbGreen = shade
IghBlue = shade
End With
Next X
Next Y

" Set picResult's pixels.
SetBitmapPixels PicResult, bits_per_pixel, pixels
PicResult.Picture = PicResult. Image
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Imgresult.Picture = PicResult.Picture
End Sub

' Transform the image.

Private Sub TransformimageBrightO
Dim factor As Single

Dim pixelsQ As RGBTTiplet

Dim hits_per_pixel As Integer

Dim X As Integer

Dim Y As Integer

' Get the selected brightness value.
factor = hbarbrightness.Value / 100#
' Get the pixels from picOriginal.
GetBitmapPixels PicORIGINAL, pixels, bits_per_pixel
" Set the pixel colors.
For Y = 0 To PicORIGINAL.ScaleHeight - 1
For X = 0 To PicORIGINAL.ScaleWidth - 1
With pixels(X, Y)
If factor < 0 Then
" Make the color darker.
IgbRed = (L + factor) * .rgbRed
1ghGreen = (1 + factor) * .rghGreen
rghBlue = (1 + factor) * .rgbBlue
Else
" Make the color brighter.
IgbRed = .rgbRed + factor * (255 - .rgbRed)
rghGreen = .rgbGreen + factor * (255 - .rghGreen)
rghBlue = .rghBlue + factor * (255 - .rgbBlue)
End If
End With
Next X
Next Y

" Set picResult's pixels.
SetBitmapPixels PicResult, hits_per_pixel, pixels
PicResult.Picture = PicResult.Image
Imgresult.Picture = PicResult.Picture

End Sub

' Transform the image.

Private Sub TransformimageContrastO
Dim pixelsO As RGBTTiplet

Dim hits_per_pixel As Integer

Dim r_mid As Integer

Dim g_mid As Integer
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Dim b_mid As Integer
Dim _scale As Single
Dim g_scale As Single
Dim bh_scale As Single
Dim r_diff As Integer
Dim g_diff As Integer
Dim b_diff As Integer
Dim r As Integer

Dim g As Integer

Dim b As Integer

Dim X As Integer

Dim Y As Integer

" Get the pixels from picOriginal.
GetBitmapPixels PicORIGINAL, pixels, bits_per_pixel

" Get the middle values for the components.
r_ mid = (Maxindex(Q) + Minindex(0)) / 2
g_mid = (MaxIndex(1) + Minindex(1)) / 2
b_mid = (Maxindex(2) + Minindex(2)) / 2

' Calculate the scale factors needed to resize

"the color values.

r_scale = hbarcontrast.Value / (Maxindex(O) - Minindex(0))
g_scale = hbarcontrast.Value / (Maxindex(L) - Minindex(1))
b_scale = hbarcontrast.Value / (Maxindex(2) - Minindex(2))

* Set the colors for each component separately.
For Y = 0 To PicORIGINAL.ScaleHeight - 1
For X =0 To PicORIGINAL.ScaleWidth - 1
With pixels(X, )

r_diff = rgbRed - r_mid

r_diff = r_diff * r_scale

r=127 +r_diff

lfr<0Thenr=0

If r> 255 Then r = 255

fgbRed =1

g_diff = .rgbGreen - g_mid
g_diff = g_diff * g_scale

g = 127 + g_diff
lfg<0Theng=0

If g > 255 Then g = 255
fgbGreen = g

b_diff = .rghBlue - b_mid
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b_diff = b_diff * b_scale
b =127 + b_diff
fb<0Thenb=0
If b > 255 Then b = 255
TgbBlue = b
End With
Next X
Next Y

" Set picResult's pixels.

SetBitmapPixels PicResult, bits_per_pixel, pixels

PicResult. Picture = PicResult.Image
gresult.Picture = PicResult.Picture LA

«-

" Show the new brightness histogram.
ShowHistograms PicResult, False
End Sub

1Show the component histograms.
Private Sub ShowHistograms(ByVal piclmage As PictureBox, ByVal save_min_max As Boolean)
Dim counts(0 To 2, 0 To 255) As Long
Dim max_count As Long

Dim brightness As Integer

Dim pixelsQ As RGBTriplet

Dim bits_per_pixel As Integer

Dim X As Integer

Dim Y As Integer

Dim i As Integer

Dim j As Integer

" Clear the previous results.
Fori=0To 2

" picHistogram(i).Cls

" picHistogram(i). Refresh
Next i

" Get the pixels from picimage.
GetBitmapPixels piclmage, pixels, bits_per_pixel

" Count the brightness values.
For Y =0 To picmage.ScaleHeight - 1
For X = 0 To picimage.ScaleWidth - 1
With pixels(X, Y)
counts(0, .rgbRed) = counts(0, .rgbRed) + 1
counts(L, .rgbGreen) = counts(L, .rgbGreen) + 1
counts(2, .rghBlue) = counts(2, .rgbBlue) + 1



End With
Next X
Next Y

"Find the largest count value.
Fori=0To2

* Skip value 0. There tend to be a lot of

"them and they dominate things.

Forj = 1To 255

If ax_count < counts(i, ) _
Then max_count = counts(, j)

Next |

Next i

" Find the largest and smallest non-zero counts.
If save_min_max Then
Fori=0To 2
Minindex(i) = 255
For brightness = 0 To 255
If counts(i, brightness) > 0 Then
Minindex(i) = brightness
Exit For
End If
Next brightness

MaxIndex(i) = 0
For brightness = 255 To 0 step -1
If counts(i, brightness) > 0 Then
MaxIndex(i) = brightness
Exit For
End If
Next brightness
Next i
End If
End Sub

FILTER

" Apply an erosion filter.
Private Sub ApplyErosionFilterO
Dim bound As Integer



Dim input_pixels() As RGBTriplet

Dim result_pixels() As RGBTriplet

Dim black_pixel As RGBTriplet .
Dim white_pixel As RGBTriplet

Dim brightnessO As Integer

Dim bits_per_pixel As Integer

Dim X As Integer

Dim Y As Integer

Dim i As Integer

Dim | As Integer

' Get the kernel's bounds.
bound = UBound(TheKemel, 1)

" Set the white values.
With white_pixel
IgbRed = 255
[rgbGreen = 255
rgbBlue = 255
End With

" Get the pixels from picOriginal.
GetBitmapPixels PicORIGINAL, input_pixels, hits_per pixel

" Allocate space for the result pixels.

ReDim result_pixels(
LBound(input_pixels, 1) To UBound(input_pixels, 1), _
LBound(input_pixels, 2) To UBound(input_pixels, 2))

' Allocate the brightness values.

ReDim brightness( _
LBound(input_pixels, 1) To UBound(input_pixels, 1), _
LBound(input_pixels, 2) To UBound(input_pixels, 2))

" Calculate brightness values.
For Y = bound To PicORIGINAL.ScalePleight - 1- bound
For X = bound To PicORIGINAL.ScaleWidth - 1 - bound
With input_pixels(X, Y)

brightness(X, Y) = Clnt(.rgbRed) + .rgbGreen + .rgbBlue

End With
Next X
Next Y

" Set the pixel colors. Note that we
" must skip the edges because some of
"the kernel values would correspond
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"to pixels off the image.
For Y =hound To PicORIGINAL.ScaleHeight - 1 - bound
For X =bound To PicORIGINAL.ScaleWidth - 1 - bound
" Examine the nearby pixels.
For i = -bound To bound
Forj = -bound To bound
' Get the pixel's brightness
If brightness(X +1, Y +]) < TheKernel(i, ) Then Exit For
Next |
Ifj <= bound Then Exit For
Next i

' See if we stopped early.
Ifj <= bound Then
result_pixels(X, Y) = black_pixel
Else
result_pixels(X, Y) = white_pixel
End If
Next X
Next Y

" Set picResult's pixels.
SetBitmapPixels PicResult, bits_per pixel, result_pixels
PicResult.Picture = PicResult.Image
Imgresult.Picture = PicResult.Picture
End Sub

" Apply a dilation filter.

Private Sub ApplyDilationFilterQ
Dim bound As Integer

Dim input_pixels() As RGBTriplet
Dim result_pixels() As RGBTriplet
Dim black_pixel As RGBTriplet
Dim white_pixel As RGBTriplet
Dim brightness!) As Integer

Dim bits_per_pixel As Integer
Dim X As Integer

Dim Y As Integer

Dim i As Integer

Dim j As Integer

' Get the kernel's bounds,
bound = UBound(TheKemel, 1)

' Set the white values.
With white_pixel
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[gbRed = 255

IgbGreen = 255

IgbBlue = 255
End With

" Get the pixels from picOriginal.
GetBitmapPixels PicORIGINAL, input_pixels, bits_per_pixel

" Allocate space for the result pixels.

ReDim result_pixels( _
LBound(input_pixels, 1) To UBound(input_pixels, 1), _
LBound(input_pixels, 2) To UBound(input_pixels, 2))

" Allocate the brightness values.

ReDim brightness( _
LBound(input_pixels, 1) To UBound(input_pixels, 1),
LBound(input_pixels, 2) To UBound(input_pixels, 2))

" Calculate brightness values.
For Y = bound To PicORIGINAL.ScaleHeight - 1 - bound
For X = bound To PicORIGINAL.ScaleWidth - 1 - bound
With input_pixels(X, Y)
brightness(X, Y) = Clnt(.rgbRed) + .rgbGreen + .rgbBlue
End With
Next X
Next Y

1Set the pixel colors. Note that we
" must skip the edges because some of
"the kemel values would correspond
"to pixels off the image.
For Y = bound To PicORIGINAL.ScaleHeight - 1 - bound
For X =bound To PicORIGINAL.ScaleWidth - 1 - bound
" Examine the nearhy pixels.
For i = -bound To bound
Forj =-bound To bound
" Get the pixel's brightness
If brightness(X +1, Y +]) >= TheKernel(i, j) Then Exit For
Next |
Ifj <= bound Then Exit For
Next i

" See if we stopped early.
If j <= bound Then

result_pixels(X, Y) = white_pixel
Else
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result_pixels(X, Y) = black_pixel
End If
Next X
Next Y

' Set picResult's pixels.
SetBitmapPixels PicResult, bits_per_pixel, result_pixels
PicResult.Picture = PicResult.Image
gresult.Picture = PicResult.Picture
End Sub

* Manage the mouse and apply the image.

Private Sub ApplyTheFilter(Optional offset As Variant)
* Do nothing if no picture is loaded.
If PicORIGINAL.Picture =0 Then Exit Sub

1Do nothing if no filter is loaded.
If Len(IbIFilterType.Caption) = 0 Then Exit Sub

Screen.MousePointer = vbHourglass

PicResult.Line (0, OHPicResult.ScaleWidth, PicResult.ScaleHeight),
PicResult.BackColor, BF

DoEvents

" Apply the filter.
If IsMissing(offset) Then offset = 0
ApplyFilter TheKernel, offset

Screen.MousePointer = vbDefault
End Sub

" Apply afilter to an image.
Private Sub ApplyFilter(kernel() As Single, ByVal offset As Integer)
Dim bound As Integer

Dim input_pixels() As RGBTriplet
Dim result_pixels() As RGBTriplet
Dim bits_per_pixel As Integer
Dim X As Integer

Dim Y As Integer

Dim i As Integer

Dim | As Integer

Dim r As Integer

Dim g As Integer

Dim b As Integer



" Get the kernel's bounds,
bound = UBound(kernel, 1)

1Get the pixels from picOriginal.
GetBitmapPixels PicORIGINAL, input_pixels, bits_per pixel

" Allocate space for the result pixels.

ReDim result_pixels(
LBound(input_pixels, 1) To UBound(input_pixels, 1), _
LBound(Input_pixels, 2) To UBound(input_pixels, 2))

* Set the pixel colors. Note that we
" must skip the edges because some of
"the kemel values would correspond
"to pixels off the image.
For Y = bound To PicORIGINAL.ScaleFleight - 1 - bound
For X = bound To PicORIGINAL.ScaleWidth - 1 - bound
* Start with no color,
r = offset
g = offset
b = offset
" Apply the kernel values to
"the nearhy pixels.
For i = -bound To bound
Forj =-bound To bound
With input_pixels(X +1, Y +])
r=r+.rgbRed * kemnelQ, i)
g =g + .rgbGreen * kernel(j 1)
b =h+ .rgbBlue * kemel(j, i)
End With
Next j
Next i

" Make sure the values are
" between 0 and 255.
lfr<0Thenr=0

If r > 255 Then r = 255
fg<0Theng=0

If g > 255 Then g = 255
fb<0Thenb=0

If b > 255 Then b = 255

" Set the output pixel value.
With result_pixels(X, Y)
TgbRed =
TgbGreen = g



rghBlue = b
End With
Next X
Next Y

" Set picResult's pixels.
SetBitmapPixels PicResult, bits_per_pixel, result_pixels
PicResult.Picture = PicResult.Image
Imgresult.Picture = PicResult.Picture
End Sub

" Apply a rank filter to an image.

Private Sub ApplyRankFilter(ByVal rank As Integer)
Dim bound As Integer

Dim brightnesses™ To 9) As Integer
Dim color_values(1 To 9) As RGBTriplet
Dim tmp_brightness As Integer

Dim tmp_color_value As RGBTriplet
Dim input_pixels() As RGBTriplet

Dim result_pixels() As RGBTriplet

Dim bits_per_pixel As Integer

Dim X As Integer

Dim Y As Integer

Dim idx As Integer

Dim i As Integer

Dim j As Integer

Dim sort_done As Boolean

' Get the pixels from picOriginal.
GetBitmapPixels PicORIGINAL, input_pixels, bits_per_pixel

" Allocate space for the result pixels.

ReDim result_pixels( _
LBound(input_pixels, 1) To UBound(input_pixels, 1), _
LBound(input_pixels, 2) To UBound(input_pixels, 2))

" Set the pixel colors.
bound = 1
For Y = bound To PicORIGINAL.ScaleHeight - 1 - bound
For X = bound To PicORIGINAL.ScaleWidth - 1 - bound

" Load the nearby colors,

iox = 1

For i = -bound To bound

Forj =-bound To bound
With input_pixels(X +1, Y +])
brightnesses(idx) = CInt(.rgbRed) + .rgbGreen + .rghBlue



End With
color_values(idx) = input_pixels(X +i, Y +])
idx = idx + 1
Next |
Next i

1Sort the color values by brightness.
Do
sort_done = True
Fori=1To 8
' See if the i and i+1 entries
“are in the right order.
If brightnesses(i) > brightnesses™ + 1) Then
" Swap them.
tmp_brightness = brightnesses(i)
brightnesses(i) = brightnesses” + 1)
brightnesses™ + 1) =tmp_hrightness
tmp_color_value = color_values(i)
color_values(i) = color_values(i + 1)
color_values(i + 1) = tmp_color_value
sort_done = False
End If
Next i
If sort_done Then Exit Do
Loop

" Pick the color with the right rank.
result_pixels(X, Y) = color_values(rank)
Next X
Next Y

* Set picResult's pixels.
SetBitmapPixels PicResult, bits_per_pixel, result_pixels
PicResult.Picture = PicResult.Image
Imgresult.Picture = PicResult.Picture
End Sub

1Copy kernel entries from a variant array of

"variant arrays into a normal array.

Private Sub VariantToArray(ByVal var As Variant, ByRef arr() As Single)
Dim bound As Integer

Dim i As Integer

Dim | As Integer

bound = UBound(var) \ 2
ReDim arr(-bound To bound, -bound To bound)
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For i = -bound To bound
Forj =-bound To bound
arr(i, j) = var(i + bound)(j + bound)
Next |
Next i

End Sub

" Apply an offset embossing filter.
Private Sub mnuEmbossing_Click()
" Build the kernel.
VariantToArray Array( _
Array(1, 0, 0), _
Array(0, 0, 0), _
Array(0, 0, -1))
TheKernel

' Prepare some controls.
mnuFilterShowFilter.Enabled = True
IblFilterType.Caption = "Embossing 3x3"
ApplyTheFilter 127

End Sub

" Apply an erosion filter.
Private Sub mnuErode_Click()
' Build the kemel.
VariantToArray Array( _
Array(127, 127, 127), _
Array(127, 127, 127),
Array(127, 121, 127)),
TheKernel

' Prepare some controls.
mnuFilterShowFilter.Enabled = True
IblFilterType.Caption = "Erosion"

* Do nothing if no picture is loaded.
If PicORIGINAL.Picture = 0 Then Exit Sub

' Do nothing if no filter is loaded.
I Len(IbIFilterType.Caption) = 0 Then Exit Sub

Screen.MousePointer = vbhlourglass

PicResult.Line (0, 0)-(PicResult.ScaleWidth, PicResult.ScaleFleight),
PicResult.BackColor, BF

DoEvents



Al ErcsicrFler

Screen.MousePointer = vhDefault
End Sub

" Apply a dilation filter.

Private Sub mnuDilate_Click()
" Build the kernel.
VariantToAray Array( _

Array(127, 127, 127)
Array(127, 127, 127),
Array(127, 127, 127)),
TheKerel

' Prepare some controls.
FilterShowFilter.Enabled = True
IbiFilterType.Caption = "Dilation"

" Do nothing if no picture is loaded.
If PicORIGINAL Picture =0 Then Exit Sub

" Do nothing if no filter is loaded.
If Len(IblFilterType.Caption) = 0 Then Exit Sub

Screen.MousePointer = vbPlourglass

PicResult.Line (0, OMPicResult.ScaleWidth, PicResult.ScaleHeight),
PicResult.BackColor, BF

DoEvents

ApplyDilationFilter

Screen.MousePointer = VbDefault
End Sub

" Let the user define a custom fiter.
Private Sub  FilterCustom_Click()
Dim bound As Integer

Dim i As Integer

Dimj As Integer

Dim idx As Integer

frmCustom.Show vbModal
If Not frmCustom.Canceled Then

bound = frmCustom.CustomBound
ReDim TheKerel(-bound To bound, -bound To bound)



idx =0
For i = -bound To bound
For | =-bound To bound
TheKemel(i, j) = CSng(frmCustom.txtCoefficient(idx))
idx = idx + 1
Next |
Next i

FilterShowFilter. Enabled = True
IblFilterType.Caption = "Custom " & _
Format$(bound) & "X" & FormatS(bound)
End If

Unload frmCustom
End Sub

Private Sub  Filterldentity_Click()
1Create an identity kemel.
ReDim TheKermnel(0 To 0, 0 To 0)
TheKemel(0, 0) = 1#

' Prepare some controls.
FilterShowFilter.Enabled = True
IblFilterType.Caption = "ldentity"

" Apply the filter.
ApplyTheFilter
End Sub

" Display the filter coefficients.

Private Sub mnuFilterShowFilter_Click()
frmShowFilter.PrepareForm TheKernel
frmShowrFilter.Show vbModal

End Sub

" Apply a strong high pass filter.
Private Sub mnuHighPassStrong_Click()
" Build the kernel.
VariantToArray Array)
Array(0, -1, 0), _
Array(-1, 5, -1)
Array(0, -1, 0))
TheKernel

' Prepare some controls.
FilterShowFilter.Enabled = True
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IblFilterType.Caption = "Strong High Pass 3x3"
ApplyTheFilter
End Sub
" Apply a very strong high pass filter.
Private Sub  HighPassVeryStrong_Click()
" Build the kernel.
VariantToArray Array( _
Array(-1, -1, -1), _
Array(-1, 9, -1), _
Array(-1, -1, -1)), _
TheKernel

" Prepare some controls.
mnuFilterShowFilter.Enabled = True

IblFilterType.Caption = "Very strong High Pass 3x3"

ApplyTheFilter
End Sub

" Apply a very weak high pass filter.
Private Sub mnuHighPassVeryWeak_Click()
" Build the kernel.
VariantToArray Array( _
Aray(1 /12, -1/12,-1112), _
Aray(-1/ 12,20/ 12, -1/ 12), _
Arayt-1 /12, -1/ 12, -1/ 12)), _
TheKernel

" Prepare some controls.
mnuFilterShowFilter.Enabled = True
IblFilterType.Caption = "Weak High Pass 3x3"
ApplyTheFilter

End Sub

" Apply a weak high pass filter.
Private Sub  HighPassWeak_Click()
" Build the kernel.
VariantToArray Array( _
Array(-1 /4,114, -114),
Arrayf-1 [ 4, 12 4 1 4),
Array(-1 / 4, 114),
TheKernel

" Prepare some controls.
mnuFilterShowFilter.Enabled = True
IblFilterType.Caption = "Weak High Pass 3x3"
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ApIyTreFiter
End Sub

1Apply a weak Laplacian edge detection filter.
Private Sub mnuLaplacianWeak_Click()
" Build the kemel.
VariantToArray Array( _
Array(0, -1, 0), _
Array(-1, 4, -1), _
Array(0, -1, 0)), _
TheKernel

1Prepare some controls.
FilterShowFilter.Enabled = True
IblFilterType.Caption = "Weak Laplacian 3x3"
ApplyTheFilter
End Sub

1Apply a strong Laplacian edge detection filter.
Private Sub mnuLaplacianStrong_Click()
" Build the kemel.
VariantToArray Array( _
Array(-1, -1, -1), _
Aray(-1, 8 -1), _
Array(-1, -1, -1))
TheKernel

' Prepare some controls.
mnuFilterShowFilter.Enabled = True
IblFilterType.Caption = "Strong Laplacian 3x3"
ApplyTheFilter

End Sub

" Apply a very strong Laplacian edge detection filter.
Private Sub  LaplacianVeryStrong_Click()
' Build the kernel.
VariantToArray Array( _
Array(-1, -2, 1), _
Array(-2, 12, -2), _
Array(-1, -2, -1))
TheKernel

1Prepare some controls.
mnuFilterShowFilter.Enabled = True
IblFilterType.Caption = "Very Strong Laplacian 3x3'
ApplyTheFilter



End Sub

" Apply a low pass fiter.

Private Sub  LowPass_Click(Index As Integer)
Dim bound As Integer

Dim i As Integer

Dimj As Integer

" Build the kernel,
bound = (Index - 1)\ 2
ReDim TheKerel(-bound To bound, -bound To bound)
For i = -bound To bound

Forj =-bound To bound

TheKernel(i, j) = 1/ (Index * Index)

Next |

Next i

1Prepare some controls.
mnuFilterShowFilter.Enabled = True
IbiFilterType.Caption = "Identity"

" Apply the filter.
IbIFilterType.Caption = "Low Pass " & _
Format$(Index) & "X" & _
Format$(Index)
ApplyTheFilter
End Sub

" Apply a peaked low pass filter.

Private Sub  FilterLowPassPeaked_Click(Index As Integer)
Dim bound As Integer

Dim i As Integer

Dim j As Integer

Dim total weight As Integer

" Build the kemel,
bound = (Index - 1)\ 2
ReDim TheKernel(-bound To bound, -bound To bound)
For i = -bound To bound
Forj =-bound To bound
TheKernel(i, j) =2 * bound + 1 - Abs(i) - Abs())
total_weight = total_weight + TheKernel(i, j)
Next |
Next i

" Adjust the kernel so the sum of the
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 coefficients is 1
For i = -bound To bound
Forj =-bound To bound
TheKemelO, ) = TheKernel(i, j) / total_weight
Next |
Next i

" Prepare some controls.
FilterShowrFilter.Enabled = True
IblFilterType.Caption = "Low Pass Peaked " & _
Format$(Index) & "X" & _
Format§(Index)
ApplyTheFilter
End Sub

" Apply a stongly peaked low pass filter.
Private Sub  LowPassStrongPeak_Click()
Dim i As Integer

Dim | As Integer

" Build the kernel.
ReDim TheKernel(-1 To 1, -1 To 1)
Fori=-1To 1

Forj=-1To 1

TheKernel(i, j) = 1/ 20

Next |
Next i
TheKemeKO, 0) = 12/ 20

" Prepare some controls.
FilterShowFilter.Enabled = True
IblFilterType.Caption = "Strongly Peaked 3x3"
ApplyTheFilter
End Sub

" Apply a Prewitt edge detector.

Private Sub mnuPrewitt_Click(Index As Integer)
Dim i As Integer

Dim j As Integer

" Build the kernel.
Select Case Index
Case 0 "NW to SE
VariantToArray Array(
Aray(l, 1 1), _
Array(1, -2, -1)



Array(1, -1, -1))
TheKernel
Case 1 "Nto
VariantToArray Array(
Aray(l, 1, 1), _
Aray(l, -2, 1), _
Array(-1, -1, -1))
TheKernel
Case 2 "NEto
VariantToArray Array(
Aray(l, 1, 1), _
Array(-1, 2, 1), _
Aray(-1, -1, 1)), _
TheKemnel
Case 3 1Eto
VariantToArray Array(
Array(-1, 1, 1),
Array(-11-2, 1), _
Array(-1, 1, 1))
TheKernel
Case 4 'SE to NW
VariantToArray Array(
Array(-1,-1, 1), _
ArrayM, -2, 1), _
Aray(1, 1, 1))
TheKernel
Case5 ' toN
VariantToArray Array(
Array(-1,-1,-1)
Array(1, -2, 1)
Array(1, 1, 1))
TheKernel
Case6 ' toNE
VariantToArray Array(
Array(1, -1, -1)
Array(1, -2, -1)
Array(1, 1, 1))
TheKermnel
Case 7' toE
VariantToArray Array(
Aray(1, 1, -1), _
Array(1, -2, -1)
Array(1, 1, -1))
TheKermnel
End Select
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" Prepare some controls.
mnuFilterShowFilter.Enabled = True
IblFilterType.Caption = "Prewitt " & _
mnuPrewitt(Index).Caption
ApplyTheFilter
End Sub

1Apply a rank filter.

Private Sub mnuRank_Ciick(Index As Integer)
1Prepare some controls.
mnuFilterShowFilter.Enabled = True
IblFilterType.Caption = "Rank " & Format$(Index)

" Do nothing if no picture is loaded.
If PicORIGINAL.Picture =0 Then Exit Sub

Screen.MousePointer = vbHourglass

PicResult.Line (0, 0)-(PicResult.ScaleWidth, PicResult.ScaleFleight),
PicResult.BackColor, BF

DoEvents

" Apply the fiter.
ApplyRankFilter Index

Screen.MousePointer = vbDefault
End Sub

' Transform the image.

Private Sub Transformimagebinarycontrast(ByVal cutoff As Single)
Dim pixelsQ As RGBTriplet

Dim bits_per_pixel As Integer

Dim brightness As Integer

Dim X As Integer

Dim Y As Integer

" Get the pixels from picOriginal.
GetBitmapPixels PicORIGINAL, pixels, bits_per_pixel

" Set the pixel color values.
For Y = 0 To PicORIGINAL.ScaleFleight - 1
For X = 0 To PicORIGINAL ScaleWidth - 1
With pixels(X, Y)
brightness = (CInt(.rgbRed) + _
rghGreen + .rgbBlue) / 3
If brightness >= cutoff Then
[rgbRed = 255



[IgbGreen = 255
IghBlue = 255

Else
rgbRed =0
rghGreen =0
1ghBlue = 0

End If

End With
Next X
Next Y

" Set picResult's pixels.
SetBitmapPixels PicResult, hits_per pixel, pixels
PicResult. Picture = PicResult.Image
gresult.Picture = PicResult.Picture
End Sub

1Show the brightness histogram.

Private Sub ShowHistogram(ByVal picimage As PictureBox)
Dim counts(0 To 255) As Long

Dim ax_count As Long

Dim brightness As integer

Dim pixelsO As RGBTriplet

Dim hits_per_pixel As Integer

Dim X As Integer

Dim Y As Integer

Dim i As Integer

" Clear the previous results.

picHistogram.Line _
(picHistogram.ScaleLeft, picHistogram.ScaleTop)- _
Step(picHistogram.ScaleWidth, picHistogram.ScaleHeight),
picHistogram.BackColor, BF

picHistogram.Refresh

" Get the pixels from piclmage.
GetBitmapPixels picimage, pixels, bits_per pixel

" Count the brightness values.
For Y = 0 To picimage.ScaleFleight - 1
For X =0 To piclmage.ScaleWidth - 1
With pixels(X, Y)
brightness = (Clnt(.rgbRed) + _
rghGreen + .rghBlue) / 3
counts(brightness) = counts(brightness) + 1
End With
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Next X
Next Y

"Find the largest count value.
* Skip value 0. There tend to be a lot of
"them and they dominate things.
Fori=1To 255
If ax_count < counts(i) _
Then max_count = counts(i)
Next i

' Display the brightness histogram.
picHistogram.ScaleTop = L1 * max_count
picHistogram.ScaleHeight = -1.2 * max_count
picHistogram.ScaleLeft = -1
picHistogram.ScaleWidth = 258
For brightness = 0 To 255

If counts(brightness) > 0 Then _

picHistogram.Line (brightness, 0)-(brightness + 1, counts(brightness)), , BF

Next brightness

" Make the changes permanent.
picHistogram.Picture = picHistogram. Image
End Sub

* Set the hinary contrast enhancement level.
Private Sub picHistogram_MouseDown(Button As Integer, Shift As Integer, X As Single, Y As Single)
If PicORIGINAL.Picture <> 0 Then
picHistogram.Cls
picHistogram.Line _
(X, picHistogram.ScaleTop)- _
step(0, picHistogram.ScaleHeight), vbRed
Screen.MousePointer = vbHourglass
DoEvents

Transformimagebinarycontrast X
Screen.MousePointer = vhDefault

End If
End Sub
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'FrmDisplay

Private Sub Form_Load()
gDisplay. Picture = FrmDIPmain.PicORIGINAL.Picture
Imgdisplayl.Picture = FrmDIPmain.PicResult Picture
End Sub

Private Sub  gDisplay_dblclick()
Unload frmdisplay
End Sub

Private Sub Imgdisplayl_dblClick()
Unload frmdisplay
End Sub

'FrmCustom

Option Explicit
Public Canceled As Boolean
Public CustomBound As Integer

Private Sub CmdClose_Click()
Me.Hide
End Sub

Private Sub CmdOK_Click()
Canceled = False
Me.Hide

End Sub

Private Sub Form_Load()
" Assume we will cancel.
Canceled = True
TxtBound.Text = "1"
End Sub

" Set a new filter size.

Private Sub txtBound_Change()
Dim new_bound As Integer
Dim i As Integer

Dimj As Integer

Dim idx As Integer

Dim X As Single

Dim Y As Single
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Dim wid As Single

" Get the new bound.

On Error Resume Next
new_bound = CInt(TxtBound. Text)
If Err.Number > 0 Then Exit Sub
If new_bound < 0 Then Exit Sub

CustomBound = new_bound

' Position the controls,
idx =0
Y = txtCoefficient(0). Top
For i =-CustomBound To CustomBound
X = txtCoefficient(0).Left
For j = -CustomBound To CustomBound
' See if we need a new TextBox.
If idx > txtCoefficient.UBound Then
Load txtCoefficient(idx)
End If

" Position the control,
txtCoefficient(idx).Move X, Y
txtCoefficient(idx). Visible = True
X = X + txtCoefficient(O). Width + 120
iox = idx + 1

Next |

Y =Y + txtCoefficient(O).Height + 120

Next i

* Size the form and position the buttons.

Height = txtCoefficient(idx - 1).Top + _
txtCoefficient(idx - 1).Height + _
CmdOK Height + 2 * 120 + _
Height - ScaleHeight

wid = txtCoefficient(idx - 1).Left + _
ttCoefficient(idx - 1(.Width + 120 + _
Width - ScaleWidth

If wid <2 * CmdOK Width + 3 * 120 _
Then wid = 2 * CmdOK Width + 3 * 120

Width = wid

1Position the buttons.

CmdOK.Move ScaleWidth / 2 - CmdOK.Width - 60,
ScaleHeight - CmdOK Height - 120

CmdCancel.Move ScaleWidth / 2 + 60, CmdOK.Top
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" Hide unneeded controls.
For idx = idx To txtCoefficient.UBound
txtCoefficient(idx). Visible = False
Next idx
End Sub

‘EZTWAIN3?2
" 32-hit EZTWAIN functions for Visual Basic 5.0

Declare Function TWAIN_AcquireToClipboard Lib "EZTW32.DLL" (ByVal hwndAppé&, ByVal wPixTypes&) As Long
Declare Function TWAIN_SelectimageSource Lib "EZTW32.DLL" (ByVal hwndAppé&) As Long

'Parallel Interface

Private Declare Sub Out Lib "inpout32.dir Alias "Out32" (ByVal Portaddress As Integer, ByVal Value As Integer)
Public pwrite As Integer

Source Code DDB Helper CD-ROM
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n.J) &esraee D & HC%%F%
y UNITRODE %@‘é VTS
Current Mode PWM Controller &
features DESCRIPTION
. Optimized For Off-line And DC  The UC1842/3/4/5 family of control ICs provides the necessary features to im-
To DC Converters plgaqnent ,off-lmle otr DCI fo I?C flxe? {r?quen”cy, curlrent ngoge,oor]ttrql slct:jemes
with a minimal external parts count. Internally implemented circuits include un-
Low Start Up Current (<Im#) der-voltage lockout featﬂring start up currenYIesg than 1mA, a precision refer-
Automatic Feed Forward ence trimmed for accuracy at the error amp_ input, logic to_insure latched
Compensation operation, a PWM comparator which also provides current limit control, and a

hv. it totem pole output stage designed to source or sink high peak current. The out-
Pulse-by-puise Current Limiting put sta%e, suitgble forgdrivinggN Channel MOSFETS, ig |0\FI]\I the off state.
Enhanced Load Response

Differences between members of this family are the under-voltage lockout
Characteristics thresholds and maximum duty cycle ran es.yThe UC1842 and UC%844 have

Under-voltage Lockout With UVLO thresholds of 16V (on) and 10V (off), ideallg suited to off-line applica-
Hysteresis tlogs.7 g\t}eTchorrﬁs fggéng tgrgahl%lgg for the U(t31t43d and U|C1845 are %..4V
. i and 7.6V. The an can operate to duty cycles approachin
Dpuble Pulse Suppression 100%. A range of zero to 50% is obtained b@/ the UC184% a¥1d UCfEE45 by th%
* High Current Totem Pole addition of an internal toggle flip flop whichblanks the output off every other
Output clock cycle.
. Internallz Trimmed Bandgap
Reference
« 500khz Operation
* Low Ro Error Amp
BLOCK DIAGRAM
zz ...
S L | a7l
SIR -
LIZEbiM>L « RF s
2500 0 INTERNAL S
] F
LOGIB
Relct [yT1  0SC
>T
ERROR QUIPUT
AMP 2R \
Vo 12751- :D“ TIvg > -] Dk &R
COMP 17771- | CURRENT GROUND
current ) COMPARATOR
SENSE
4 Yl Kl Bf0 g e

6/93
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(e

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage %Low IMPEAANCE SOUICE)...vvvvvvvvvvrvveesssssssssssmssssssssesssssssssssssssennieen 30V
Supply Voltage (ICC <GOMA)..vvvvvveeeriiimmvsssssssesssssssssssmmmssssssssssssssssssssssnees Self L|m|t|n
UIDIUT CUITEIIE vvvvvovevegegevessesesssescossssssssssssssssssssssssssssesssssesssssssssssssssssssssssssssesssnsssssseseens

Output Ener[gy &Capacmve LOAA)...vvvvvvvrreeesssssssssmsssssssssssssssssssssssssssssssssessgssc v 5 J
Analog Inputs (PINS 2, 3 ) .vvvve . vevee 3Vio +6.3
Error Amp Output Sink Current...... S 10mA
Power Dissipation atTa  25°C (DIL-B) ......vvvvrmmrmssssssrismmsssssssmmsssssssssssssssssssssssssngs 1w
Power Dissipation at Ta  25° (SOl 14) ................. 725mW
Storage TeMPEratUre RANGE........ccourwrercrrsssssmeveesessssessssssssssssnsees -65° to +150°c
Lead Temperature (Soldenng, 10 SECONAS)...vvvvvvvssersririvvssrrrsrmssssssssssssssssssssssnes 300°c
Note 1. Aﬁvolta es are with respectfo Pin
currents are positive fnto the specified terminal.

Cons&t Packaglng Section of Databook for thermal limitations and considerations
ofpackages.

CONNECTION DIAGRAMS

DIL-8, SOIC-8 (TOP.VIE PLCC-20 (TOP VIE
N'orJ Pac agé D8 Package QP scksqg W)
COMP E il Vref P/éCKAGEPINFUNCTIOl\IlN
unction
Vb [2 T\ Vce NIC 1
COMP 2
ISENSE [ ] OUTPUT 132120 wg 3
4
Rt/Ct [7 ] GROUND w8 5
5 17
NIC 6
6 16 (SENSE 7
=p
N 9
S0OIC-1 (TOPVIEW) 9 10 11121314 Rt/Ct 10
e g(/\?R GND 2
12
COMP [l Vref GROUND 1
N/C [T IN/IC NIC 14
OUTPUT 15
Vb U Vee \l)l/C 16
N c 17
ISENSE [ ] OUTPUT e %8
N/C d T\ GROUND
tice U ] PWR GND
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/4]
% /3] /g
UC3842 3145
QIPCTRICAL CHARACTERISTICS: Unless otherwise stated these SﬁeCI fications apply for -65°c  Ta 125°Cforthe
UC184X: -40° 85"C forthe U

18 c C284X 0°c” Ta 70°c forthe 384X; Vcc =
15V (Note 5); Rt = Tk Ct=330F TasTy
PARAMETER TEST CONDITIONS Hgigﬁglglﬁlg UCSBAITA5 NITS
MN  TYP  MAX MN TYP MAX
Reference Section
Output Voltage Tj=25°, 1o =1mA 495 500 505 490 500 510 V
Line Regulation 12 sVins 25V 6 20 6 20 mv
Load Regulation 1 lo 20mA 6 25 6 25 mv
Temp. Stability (Note 2) (Note 7) 02 04 02 04 mveC
Total Qutput Variation Line, Load, Temp. (Note 2) 49 51 482 518 Vv
Output Noise Voltage 10Hz f 10kHz, Tj =25°c (Note2) 50 50 nv
Long Term stability Ta=125°, 1000Hrs. (Note 2) 5 5 5 5w
Output Short Circuit -0 -100 -180 -30 -100 -180 mA
Oscillator Section
Initial Accuracy Tj =25°c (Note 6) 47 52 51 41 52 51 kHz
Voltage Stability 12 Vee 25V 02 1 02 1 %
Temp. Stability Tmin s Tas Tmax (Note 2) 5 5 %
Amplitude Vpin 4 peak to peak (Note 2) L7 17 Vv
Error Amp Section
Input Voltage Vpin 1=25V 245 250 255 242 250 258 Vv
Input Bias Current 03 - 03 2 pA
Avol 2 Vo 4V 65 90 65 90 dB
Unity Gain Bandwidth (Note 2) Tj =25° 0.7 1 0.7 1 MHz
PSRR 12 Vee 25V 60 70 60 70 B
Output Sink Current Vpin2=2.7V, Vpin 1= 1.1V 2 6 2 6 mA
Output Source Current Vpin2=2.3V, Vpin 1=5V 05 08 05 -08 mA
Vour High Vpin2 =2.3V, R_= 15k to ground 5 6 5 6 v
VOUT Low Vpin2 =2.7V, R1 =15k to Pin 8 07 11 07 1 Vv
Current Sense Section
Gain (Notes 3and 4 265 3 315 285 3 315 WV
Maximum Input Signal Vpin 1 =5V (Note 3) 09 1 11 09 1 11 Vv
PSRR 12 Vcc 25V (Note 3) (Note 2) 70 70 dB
Input Bias Current 2 -0 2 10 pA
Delay to Output Vpin3=01o 2V (Note 2) 15 300 15 300

Note 2. These parameters although guaranteed are not 100% tested in production.
Note 3: PararHe rgeasured attrip pont oflatch with Vpin 2 =0.
Note 4: Gain defin

~AVPINL

Note 5: Adjust Vcc above the startthreshold befores ting at 15V,
Note 6: Q ut(re uency equals osgi Iato requenc ort C1842 and UC1843,

Quthut frequenc |s one hal oscrl tor TequUEncy ort C1844 and UC1845.
Note 7: Temperature stability, sometimes referred'to as average temperature coefficient, is described by the equation:

nrpStabrlrty Vr% max% TI(mi

n)
Vref (max') and Vref (min) are the maximum and minimum reference Yoltages measured over the a]g) rogrrate
temperature range. Note that the extremes  voltage do not necessarily ocCur at the extremes in te r? ture.
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Ucl1gan
UC2842/af
uC3g4afi/
electrical CHARACTERISTICS; Unless otherwise stated, the?e sRecifications apgly for-55°ci Ta 125°Cforthe
UC184X:-40°Cs Ta _85°cTor the UC284X; 0°C * Ta  70°c for the 384X; Vee =
15V (Note 5); Rt = 10k; Cr =3.3nF, Ta=Tj.
PARAMETER TEST CONDITION Hgigﬂ%ﬁﬁ UCSBA2ISAIS LNTSl
MIN | TYP  MAX MIN | TYP MAX
Output Section
Output Low Level isink = 20mA 01 04 01 04 i
isink = 200mA 15 22 15 22 V
Output High Level Isource =20mA 13 135 13 135 V"
isource  200mA 12 135 12 135 v"
Rise Time Tj=25°, CI =1nF (Note 2) 5 150 50 150
Fall Time Tj=25°c, C1=1nF (Note 2) 5 150 5 150
Under-voltage Lockout Section !
Start Threshold X842/4 5 16 17 145 1 175 VH
X843/5 78 84 90 78 84 90 'V
Min. Operating Voltage X842/4 9 0 un 8 10 15 V]
After Tum On X8435 70 761 82 70 76 82 |V
PWM Section
Maximum Duty Cycle X842/3 % 97 100 9 97 100 %
X844/5 46 48 50 47 48 50 %
Minimum Duty Cycle 0 0 %
Total Standby Current
Start-Up Current 05 1 05 1 m
Operating Supply Current vpin2 Zvpin 3= 0V u u 17 m
Vce Zener Voltage ce =25mA A A Vv

Note 2: These parameters, although guaranteed, are not 100% tested in production.
Note 3. Parameter measured at trip point of latch with Vpin 2 =0.
Note 4: Gain defined as:

AXV\/‘PwéLO VPIN3 0.8V.

Note 5: Adjust Vcc above the start threshold before setting at 15V.
Note 6: Quitput frequency equals os?allato[fre enc fortﬁe C1842 and U51843.
utBut eauency Is one halfosciliatorfrequency for the UC1844 and UC1845.

ERROR AMP CONFIGURATION

g
I

Error Amp can Source or Sink up to 0.5mA
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,Mlerwvoltage lockout

_{7}.

UC1842
UC1844

16V
v

Von
| \ofF

WP

UC1843
UC1845

84v
76V

Ve

<mA +

1 l
T

Vee

uring under-voltage lpck-out, t
smL ﬁunor amoung P current

CURRENT SENSE CIRCUIT

lls

Kll=a. L

G

coMP |
CURRENT

e shunted to

itch wit

ERROR
AMP

2R

Von

age currents.

CURRENT
SENSE
COMPARATOR

oo SENSE
Rs GND X

Peak Current (Is) is Determined By The Formula

109

Vorr
ris hiased to  ground with a bleeder resjstor to prevent activating the power
g/v hextraneous eal< ? gfhep

ISMAX *- - -
Asmall RC fitter may be required to suppress switch transients.
OSCILLATOR SECTION
|
VRer (8 |
l AT Deadtime vs CT (RT> 5k) 102'““9 e e iy
30
RrCT [4] i | 74— o
. 7 g
| o 1 3 / 5
. : / - 10
GROUND 2 1 L4 o«
| et 03 l 3
=1 B -~d5%ey58
172 CT - (nF)
L For RT> 5k '~RTCT
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OUTPUT SATURATION CHARACTERISTICS  FREQGANHALSR RiGa00P

~ 4
SN EFEE | ! 1
. Vee = 15V / —~ 80 ! i i
g 3T - s2stc= 3 8 1 ! l o ‘.__ru
@ TA = -65°C|—~ . 80
G 2 - II/, 3 ’ Ny j 5=
> 7 '
_ k== V[ 40 t -0
€ Pe=t=1-T1" A9 b
2 . = \ § 25 \\ 8~
g |7 ASOURCE SAT (Vec-Vou = Av —" L
2 |4~ sk SAT (Vou) > 0 -180
& o 1 UM A e | i
01 02.03.04.05.07 1 .2 .3.4.5 .710 « W * WK WK M
Output Current, Source or Sink - (A) Frequency - (HZ)

OPEN-LOOP LABORATORY FIXTURE

; O VREF
' | %m
2N2222 C77 En e, vee
47K 100K MC1842 I
rM. 1JCOMP VReF [8}—40.1LF

ERR%R)JGASA? s 2] Vee Vce wF 9
> T 1K 1W
o ADle'gf, j:— [3] Isense QUTPUT [6] O OUTPUT
= [4]Rr/CT  GROUND [5]
. I A O GROUND
Cr
High peak curreng associated with caRacrtrv loads necessr round. The transistor Fnd 5k potentjometer é'ire user*d to sam
tat %refu rounding techniques. Timing an( é;/pass ca e the osdllator waveform and apply an adjustable ramp to
tors should e conrected close to pi 5 In @ single Bornt in3
SHUT DOWN TECHNIQUES
K
r-VvV—x»---[8] VREF ]~ COMP
130 . SHUTDOWN
A ISENSE Vol
SHUTDOWN — W °°°" -

10 RRENT
SEN&%J RESISTOR

Shutdown of the UC1842 can be accomplished br/Ntwo meth- rn 1 n /0r 3 is removed.  one ex external
o s ert e aise pin 3 above V or uII beIo olta e own may be ccom Irs e

VSIBIS ove roun Ert u est eset (ﬁ/c
u o e com ar f0r 10 be hr re erto oc dra ram Att IS point the erence turns o aI owrn
he PW{VI latch is 1 elt(do ma soth utwr remain orese
low until the next clock cycle er the s ut n condition a
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OFFLINE flyback regulator

R1
w

w vac |VARS, [ ci A
s e T M= 4w
_ sex 3
R‘K Ra’( ?N3812 2N3612 -’-le ----- . s 22007
i o —Am — N12 e t 12v com
G o Rl ° I 22000
A5 150K| 2 L4 S22 T —g[,i: Bl [I— KH
o | ﬂ) t
C14 pF
Rc“:: s T -lK UFN633 O M
cs ::IOK':__ . s |
OUE — . . R10 N R
0 ‘“,3:::,; I IRITREN %?( 2\350 J- T'%X%
Power Supply Specificat%ns 5. OUIEUt}/KoclL e -
1-DputVotage 95VA(ﬂ2to B Ripple voltage: 50mV P-P Max
2. Line Isolati %%OHV fre) B. LV, +30/T aiAto 0.3Aload
e S0ar Ripple voltage: 100mV P-P Max

3. Switching Frequency ~ 40kHz
4. Efficiency @ Full Load  70%

SLOPE COMPENSATION

Vv +3°/ 0.1A00.3Al0ad

c. -1
Ripple voltage: 100mV P-P Max

L tasl A fraction %f the oscillator ramP be re |st||veI¥
- summed wit lpe current sense Sﬁn dp row(fes
RT/CT o l appefisaton fof Converters tequiring duty cycles oler
0.
Uc1842/3 =
= ote that capacitor, Ct for safllterthh R2to suppress
— 1 ! 'SE“SE Hee g & geS\Mﬂ] W
= _l 3 Rsense
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UNITRC3DE

L

Current Mode PWM Controller

FEATURES .
* Qptimized for Off-line and DC to DC
Converters

*  Low Start Up Current (<0.5mA)

+  Trimmed Oscillator Discharge Current

*  Automatic Feed Forward Compensation

*  Pulse-by-Pulse Current Limiting

+ Enhanced Load Response Characteristics
* Under-Voltage Lockout With Hysteresis

* Double Pulse Suppression

112

1 S/l

b > A

i)
UC3B42A3A/4AIS]
DESCRIPTION

The UC1842A/3A/4A/5A family of control ICs is a pin for pin compa.
ible improved version of the UC3842/3/4/5 family. Prowdm% the net
essary features to control current mode switched mode powe
supplies, this family has the following improved features. Start up Cf.
rent is guaranteed to be less than 0.5mA. Oscillator discharge s
trimmed to 8.3mA. During under voltage lockout the output stage Ca
sink at least 10mA at less than 1,2V for Vcc over 5V.

Ehle difference between members of this family are shown in the tatle
elow.

. Part WLOOn  WLoOff  Maxigun Dy
. ycle
High Curren.t Totem Pole Output m 150V 100V e
* Intemally Trimmed Bandgap Reference UC1843A g5V 70V <100%
* 500kHz Operation UC1844A 16.0V 10.0V <50%
»Low Ro Error Amp UCL845A 8.5V 7.9V <50%
BLOCK DIAGRAM
vee [7]12) ;
34V UvLO # Y
f
S/R 5v * 814 56?/
Gnd Eﬂ}éh PEL e 50mA
250V 1
~d Internal
L VREF Bias -
RT\Ct [4]7H Osc Al
Error
Amp
Vre |2]3 }
Comp [1/1] t'S;:::'saem
Comparator
crs [3]5

Note l:\A/B\IA =QJLS Pin cJ\Iurvb,er. B =S0-14 Pin Number.
Note 2: Toggle on a

e 2: Togg
6/93

flip flop used only in 1844A

nd 1845A.
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absolute maximum ratln%
C

gupply Voltage (Low Impedance SOUTCE) .......vveeersresrvvcee 30V
8 ptyVoItage ICC mAE ....................................... Self L|m|t|n?
,putCurrent ..................................................................... +1A
a?ul Energy &Capacnwe (070 ) 5pd
oglnpu NS2,3) s corrremeeerernen -0.3Vto +6.3V
Error Amp OQutput Sink Curre 1] O 10mA
po*«r D|55|pat|on atTa 25°C (DIL-8).ceervvrrermrsrassssrvnnnen 1
Storage Temperature Range . . e -05°C 10 +150°C
Lvad TemPerature (Soldering, 10 Seconds) .................. 300°
HoIe 1 Allvottages are with res ectto Ground, Pin 5. Currents

R e

fegera pac ages. Pin num ers referto OIL package only.

S01C-14 (TOP VIEW)
D Package
Comp[T Vref
Nic[T ]NC
Vs [T Ve
nlc|T Ve
|seree[F To Qutput
NC[7 71Gd
rt/ct[7 Tlpwf G

electrical characteristics Unless otherwise stated, thes? speC| |cat|ons ap(;)JIy
UC184xA; -40°c  Ta 85°ciorthe U

Uc 1842A13A/4A/5A
C2842AI3AI4AI5A
C3842AI3A/4AI5A
CONNECTION DIAGRAMS
DIL-8, SOIC-8 &TOP VIEW)
JorN, D8 Package
—
Comp E _T_] VREF
Vrs E z] Vce
I 8ENSE E __T_] Output
Rr/cr [4] 5] Gne
PLCC 20 LCC 20 PACKAGE PIN FUNCTION
Ek FUNCTION PIN
LPac ages NIC 1
Comp 2
NIC 34
Vo

pa2100 g
8

I
]1251 Pwr Gnd
9NN LB NC

oco—~Noool>
(o]

U SN SRR I N -:\loxn

=
3 S
DO} )

or-59°c s T*i 125° for the

clort 70°c for the UC384xA Vee =

15V (Note 5 Rt = 10k; Cr =3.3nF; Ta Tj Pin numb ers refer to DIL-8.

PARAMETER TEST CONDITIONS
Reference Section
Output Voltage Tj=25°, 1 =1mA
Une Regulation 12 VN 25V
Load Regulation 1 lo 20mA

Temp. Stability
Total Qutput Variation
QOutput Noise Voltage

(Note 2, Note 7)
Line, Load, Temp.
10Hzsfs 10kHz
Tj=25° (Note 2)
Long Term Stability
Output Short Circuit
Peculator Section
Initial Accuracy
Voltage Stability

Tj=25°c (Note 6)
12 Vee 25V

Ta=125-C, 1000Hrs. (Note 2

UCL84xXAIUC284xA UC3BXA s

MIN. TYP. MAX. MIN. | TYP. IMAX.

49 500 505 490 500 510 V
6 2 6 2 mv
6 % 6 % my
02 04 02 04 mveC

19 51 48 518V
50 50 pv
5 %5 5 % v

30 -100 -180 -30 -100 -180 mA
4 5 51 4 52 51 kHz

Temp. Stability
Amplitude
Discharge Current

TwinsTa  TMAX (Note 2)
Vpin 4 peak to peak (Note 2)
Tj =25°, Vpina=2V

02 1 02 1 %
5 5 %
17 17 V
78 83 88 78 83 88 mA
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UC1842A/3A/4A/5*
UC2842A/3A/4AN
UC3842AI3A/4A/S*
(E,H:A% I%_?é% UQ{ggs otherw stated these speC| |cat|ons a%)lyfor -55°C Ta 125°Cfor the UCL84XA;
ISTICS (cont.) -4™°C*Ta 8h°Cfor the U X@ s Tas 70°c for the UC384XA; Vce = 15V (Note 5); Rt =
10k Ct=3.3nF; Ta :Tj; Ptn numbers refer to DIL-8.
UC184xA\UC284xA UC384XA "
PARAMETER TEST CONDITIONS VN TYP. MAX. MIN.TYP . MAX. UNrrsj
VPIN4=2V 75 88 76 88 md
Error Amp Section
Input Voltage VPIN1=2.5V 245 250 255 242 250 258  y—
Input Bias Current 03 1 03 2 m
Avol 2 Vo 4V 65 0 65 2 dB~
Unity Gain Bandwidth Tj =25° (Note 2) 07 1 07 1 mhT
PSRR 12 Vec 25V 60 70 60 70 3B
Output Sink Current Vpin2=2.7V, Vpin 1=1.1V 2 6 2 6 mA
Output Source Current VPIN2=2.3V, Vpin 1=5V 05 08 05 -08 mA
Vout High VPIN2 =2.3V, R1 =15k to ground 5 6 5 6 Vv~
VOUT Low Vpin2 =2.7V, R1 =15k to Pin 8 07 1 07 11 v-
Current Sense Section
Gan (Note 3, Note 4) 28 3 315 28 3 315 W
Maximum Input Signal Vpin 1 =5V (Note 3) 09 1 11 09 1 11 vy
PSRR 12 Vec 25V (Note 3) 70 70 @B i
Input Bias Current 2 -10 2 10 pA
Delay to Output Vpin3=0to 2V (Note 2) 15 300 150 300
Output Section
Output Low Level ISNK 20mA 01 04 01 04 Vv
ISINK = 200mA 522 5 22V
Output High Level ISOURCE =20mA 13 135 BB 135 Vv
Isource 200mA 2 135 2 135 )
Rise Time Tj =25°c, GL=1nF (Note 2) 5 150 5 150
Fall Time Tj =25°c, Ci =InF (Note 2) 5 150 5 150
UVLO Saturation Vee =5V, IsiNK = 10mA 07 12 07 12 Vv
Under-Voltage Lockout Section
Start Threshold X842A/4A 5 16 17 145 16 175 V
X843A/5A 78 84 90 78 84 90 V
Min. Operation Voltage After ~ X842A/4A 9 0 1 85 10 15 V
TurnOn XB43AZA 70 76 82 70 76 82 V
PWM Section
Maximum Duty Cycle X842A/3A 9 9% 100 9% 9% 100 %
X844A/5A 4 8 50 41 8 50 %
Minimum Duty Cycle 0 0 %
Total Standby Current
Start-Up Cunent 03 05 03 05 mA!
Operating Supply Current Vpin2 =Vpin 3=0v u u 7 mj

Note 2 These aram ters atthough guaranteed, are not 100%
tested In production
Note 3: Paramet rmeasured attrtp {)omtoflatch with VPIN2=0.

Note 4: Gain defined as: A - Fl'” 10 veina 08V,
Note 5: Adjust Vcc above the startthreshold before setting at

Note 6: Oufnut frequency equals oscilator frequency for the
UC1%42A gng Xl&SA Output?requ%ncy ?éone

Note 7: 'Tem erature staol
age t mperature co

5-188

oscilator frequen y orthe U(31844A and UC1845A

0 Temp Stability -

Vref
mum re

temperature range.

=

mergr?cnedvo

tgsomettm s referred to as aver-
ficien

t, 15 described by the equa-

ote I?

are t)ne mjgx um & mini-

measyred over the Iaﬂl)eﬁ riate

tne extremes
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frrnr Amp Configuration

2.50V

|
|
|
Wl |5
{z] I .

Error Amp can Source and Sink up to 0.5mA, and Sink up to 2mA.

der-Voltage Lockout

lcc
Vee ON/OFF COMMAND
TO REST OF IC
I
| <TmA 4+
I |
|
| UC1842A | UC1843A
| UC1844A | UC1845A <05mA -+
{ Von | 16V 8.4V : ; Vee
: Vore | 1oV 7.6V VorF Von
I During UVLO, the Outputis low.
Current Sense Circuit
ERROR
AMP
| -

CURRENT
SENSE
COMPARATOR

Peak Current (Is) f Determined By The Formula
SMAKH

Asmall RC filter may be required to suppress switch transients.

5189



=
e

APPLICATIONS DATA (cont.)
Output Saturation Characteristic» Error Amplifier Open-Loop Frequency Response

LTI T 710 ) | o
Vee = 16V / @ BN R}
3—1Ta = s25°c= | i /1 gw R .45§
Ta = -55°C| =~ i |’M & \\ :
2 s 2lf ] G % \ %0
Ll LA b-p==T A P s Ty
7 ] § 20 \ $5
1 7 * Av — 7 \4
Y somoe SAT (Vco-Vooq > 0 -180
| \—S;INKI SAT (Vix)
0 =1
U002 03.04.05 07 . 2 .5.4 .b (10 0 00 « 10k W0k WM WM
Output Current, Source or Sink - (A) Frequency - (Hz)
Oscillator Section
Osclllator Frequency vs Timing Resistance Maximum Duty Cycle vs Timing Resistor
== 009 T n
| : \ i
— ] ; + P H
w £ 80.0 ;
e T M= S o — 4
I RT : S ) 2, { 1
§ ’l I~ N J a \"f)o o 60.0 WL I Ty
RriCT [5]—  SOAD NINe 2 f H
& 100k =) = o t =
l ——=Cr - '\“”lk - & i i
e 2oe X 2 400 ' : i
« & i 1
Grouro : U e
L S 1ok 3 :
e : 20.0 : y
|
For RT> 5k 1.-;1% BERE
300 1.00k 3.00k 10.0k 30.0k 100k 300 1.00k 3.00k 10.0k 30.0k 100k
RT (ohms) RT (ohms)

Open-Loop Laboratory Test Fixture

o Vref

%RT
2N2222 l—< BT R - Vee
4.7k 100k UC1842A ; I
) ] cCOMP :

ERROR AMP
ADJUST = £l vrs [0.1pF 9
ISENSE S 3] Isense  OUTPUT [6 = k W o QUTPUT
4.7k ADJUSTT
L [4]Rr/Ct  GROUND
B o GROUND

4]%

%h Cp a]kcurrent assoc ated with caPacmv EJads necess- [ou d. Thﬁ transistor and 5k potentiometer are ulsed to sam-
tate carefu| groun in te niques. Tim gass capaci- g Eﬁe oscillator waveform and apply an adjustable ramp to
tors should be connected close to pin 51 asm(_ﬁ point
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IAPPLICATIONS DATA (cont)
[Wack Requlator

117

Yo KD

UC3BA2AI3NAAISA

Rt T Dé L1
sQ (NOTE 2) USD94S (NOTE 2)
% VARO A~ +5V
A ceo
17 VAC |ym e8 — :;O“F Z:ik $ = :gg?’pr NS o Clox xf;:)our
L l 250V s i . by o 10V g
56K $ D4 S
= ZE IN3613 gzswoz
| >t o +12v
?n ;osk ?'f“‘z ‘“"“2 g.mz T 35230“’: +12V COM
WA W J_ J:K N12 l c13 i
o 2200uF
1005F e 8803 = e os | 'V
TR ;2 7 25V 22uF | 3w 25V ﬁsn . -12v
W 100
100 ,;7 {1
c““’F UC1844A zls & 5 ca
8 6 UFNM: = 880pF
R6 i— & 600V
10k 3 AAA
CS = 4 5 usD1120 R8
OWF L 2 R13 > Ri0 s $Ru
| Tster L A L R ok
i m
Power Supply Specifications 5. Output Voltage:
1. Input Voltage 95VAC to 130VA A. +5V, £5%; 1A to 4A load
(50 Hz/60Hz) Ripple voltage: 50mV P-P Max
2. Line Isolation 3750V B. +12V, £3%; 0.1Ato 0.3A load
3. Switching Frequency 40kHz Ripple voltage: 100mV P-P Max
4. Efficiency @ Full Load 70% C. -12V ,+3%; 0.1A to 0.3A load
Ripple voltage: 100mV P-P Max
Slope Compensation
VRerF |8 I
==0.1uF Afraction of the oscillator ramp can b resistivel X
i sumed Wi the caent sense sgnal Provq slope
= compensatlon for converters requifing auty cycles over
RT/CT ol Pal 49 50%.
e Not? t (?t caggcn C, forms a filter with R2 to suppress
842A/3A 1 the leading edge switch spikes.
R2 ISeNsE
ISeEnse (3

EEAT (AN (I

v | Sl [»
| iay = \L 7 s ‘
U alledd iy

igigh

Rsense

5191
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« Dynamic dv/dt Rating

. RePetltlve Avalanche Rated
ated Central Mounting Hole

* Fast Switchin

* Ease of Paral

* Simple Drive Requirements -

* |0

Description

Third Generation HEXFETS from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

?eling.

118

PD - 9.543C
IRFPG 50
HEXFET® Power MOSFET
8 VDSS= 1000V
R (on)- 207
: ID=6.1A

on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to

meet the requirements of most safety specifications.

Absolute Maximum Ratings

lde Tc=25C
lo@ Tc= 100°c
IDM

Pde Tc=25°C

Vgs
Eas
lar

Ear

dv/dt
Tj
Tstg

Parameter
Continuous Drain Current, Vigs @ 10V
Continuous Drain Current, Vgs @ 10V
Pulsed Drain Current
Power Dissipation
Linear Derating Factor
Gate-to-Source Voltage
Single Pulse Avalanche Energy ()
Avalanche Current
Repetitive Avalanche Energy ©
Peak Diode Recovery dv/dt D
Operatin% Junction and
Storage Temperature Range
Soldering Temperature, for 10 seconds
Mounting Torque, 6-32 or M3 screw

Thermal Resistance

Rbjc
ROCS
Rhja

Parameter
Junction-to-Case
Case-to-Sink, Flat, Greased Surface
Junction-to-Ambient

TO-247AC
Max. Units
6.1
39 A
24
190
15 Wi°C
+20 Vv
800 mJ
6.0 A
19 mJ
1.0 vins
-55 to +150 \
C
300 (1.6mm from case)
10 Ibfin (2.1 N.m)
Min. Typ. Max. Units
— — 0.65
— 0.24 - “CIW
— — 40
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IGR Rectifier

Electrical Characteristics @ Tj =25° (unless otherwise specified)

V(BR)DSS
AV(br)dss/ATj
RdSi)

VGS(th)

gis

loss

(Oss
Coss
Orss

Parameter

Drain-to-Source Breakdown Voltage

Min.
1000

Breakdown Voltage Temp. Coefficient ~— —
Static Drain-to-Source On-Resistance —

Gate Threshold Voltage
Forward Transconductance

Drain-to-Source Leakage Current

Gate-to-Source Forward Leakage
Gate-to-Source Reverse Leakage
Total Gate Charge
Gate-to-Source Charge
Gate-to-Drain (“Miller") Charge
Tum-On Delay Time

Rise Time

Turn-Off Delay Time

Fall Time

Internal Drain Inductance

Internal Source Inductance

Input Capacitance
Output Capacitance
Reverse Transfer Capacitance

2.0
54

Source-Drain Ratings and Characteristics

IS
lsm

Vsd
tr

Qrr

ton

Notes:

Parameter
Continuous Source Current
(Body Diode)
Pulsed Source Current
(Body Diode)
Diode Forward Voltage
Reverse Recovery Time
Reverse Recovery Charge
Forward Turn-On Time

© Repetitive rating; pulse width limited by
max. junction temperature (See Figure 11)

© Vdd=50V, starting Tj=25°c, L=40mH
Rg=25D, las=6.1A gSee Figure 12)

Typ.

12

—

130
36

50

13

2800
250
84

Typ.

630
35

Max.

2.0
4.0
100
500

100
-100

Max.
6.1

24

18
950
53

its

V
vi°c
a
pA

nA

nC

pF
Units

Vv
pC

Test Conditions
Vgs=0V, la= 250jiA
Reference to 25°c, lo= 1mA
Vgs=10V, Id=3.6A
Vos=Vgs, 0=250pA
Vds=100V, ld=3.6A
Vos=1000V, Vgs=0V
Vds=800V, Vgs-0V, Tj=125°C
Vgs=20V
Vgs=-20V
lo=6.1A
Vds=400V
Vgs=10V See Fig. 6 and 13
Vdd=500V
ld=6.1A
Rg=6.2Q
Ra=8UL See Figure 10®
Between lead £
bmm (025 ) ({th

i
Vgs=0V
Vds=25V

nd center o
le contact
[=1.0MHz See Figure 5

Test Conditions
MOSFET symhol I
showing the I| E=

integral reverse
p-n junction diode.

Tj=25°C, 1s=6.1A, Vgs=0V
Tj=25'C, 1f=6.1A
di/dt=100A/gs

Intrinsic turn-on time is neglegible (turn-on Is dominated by Ls+Lo)

$ Is0<6.1A, dildt<120A/(IS, Voo<600 ,

T<150

Pulse width < 300 (is; duty cycle <2%.
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International IRFPG50
IQR Rectifier
rop [ | d Ton ?EV u Py
o 10! o 7
’(-D\ j01 |2orion 5.'2‘\: 1// = BOTTON 22.. A
o P~ Q
& £
= = '
& o /
5 / 8 4.5V opel
% 0 @ ‘% 100 1/
[ 10 5
[} = & T
B "‘iv / - —-——T— o
SRR, WP 20us PULSE WIOTH 20us PULSE WIDTH
Te = 259C Te = 150°C
100 . 10! 10¢ 100 10! 102
vos, Drain-to-Source Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics Fig 2. Typical Output Characteristics
3.5
)b 7244___ g Ip = 6.1A
101 ’// ‘(_-/_; 3.0
DT Ea A 3
= 130c 4 Nt I‘I:: 2.5
< L AZCL <L Oo ,
= = /
3 wHaE Lt | BE % P4
% .E % : ///
S GKORN UN =
o { © =
S L~
& o5
—Vpg = 100V D
20us PULSE WIDTH & ” VGs = 10V
v v . 50 -40 =20 0 20 4 60 80 100 120 140 160

Vqss, Gate-to-Source Voltage (volts)

Tj, Junction Temperature (°C)

Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance
Vs. Temperature
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Capacitance (pF)

ISQ Reverse Drain Current (Amps)

i VGJ OV. f = IMHz
= Cyyi + Cyg. Cygiy SHORTED
BE 7 CPS“ " ng
Cous = Cag * ng

N

g

8

b

N
X
S

n

Q

2
o

0 \L-——
100 10!
ML} Drain-to-Source Voltage (volts)

Fig 5. Typical Capacitance Vs.
J Dyra)un to- Sopurce Voltage

//
10! /é
7
| A
| /
I
1500C /
100 {
1 T?SOC —T =
okl
i / |1
/ / (J(:‘ = 0V
1071 -
2.z 0.4 U6 08 1.0 12 1.4 \F

Vso, Source-to-Drain Voltage (volts)

Fig 7. IT:yplcal Source-Drain Diode
orward Voltage

Vgs, Gate-to-Source Voltage (volts)

2

International
IOR Rectifier

VDS - 400V T

VDS ~ 200V —_:x
VOS- 100V

12 /
: //

/V

o
N~

FOR TEST CIRCUIT
SEE FIGURE 13

0 40 80 120 160

Qg. Total Gate Charge (nC)

Fg 6. Typical Gate Charge Vs,
J Gyar%e-to-Source Vo?tage

20C

100 T

OPERATION lN THIS AREA LIMITED

BY Rp
| /’/ 1 S«T |

N ) 5 7 B | AP B A9 I
N < NT1ous

A 4( N “\l

10 =

T ~ i 100us

i}
N NIims

10ms

Tc=25°C

Ty=150C
Single Pulse

Spe—————

“1w vy W
VDS, Drain-to-Source Voltage (V)

Fig 8. Maximum Safe Operating
Area
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IOR Rectifier )
Vos > ANA
1 DUT.
7.0 é
—*Voa
6.0 ~
g ™~ : 1] 1ov'
Eso < e
~ s
= N . T .
S “° T Fig 10a. Switching Time Test Circuit
3., N
= V
‘S AN DS
= N 90% \I A \I /[
)
£ | |
10 1 | |
| | |
0.0 ‘ 10% 1 . f =
I 5 I w  » W VGS“/'.._.L '
Tc, Case Temperature (°C) o) b taon 4
Fig 9. Maximum Drain Current Vs Fig 10b. Switching Time Waveforms
Case Temperature
1 i i
. =5 i !
_ F0-0. 5~ L "/T"F || -
[3} 14 il
\N? 0.2 _-: ,-ﬁ %/f
o 0
g k0.1
o A0z T
& Lo.ce L 'sncie pucse
© Lo.otr U] (THERMAL RESPONSE) X
g 10"} — « i
é’ = 2 s 5 1 | e e | P Po’} l
lv-'- | .
“MOTES: =i
1. OUTY FACTOR, D=ti/t2
-3 2. PEAK Tj=Ppy x Zthjc * Tc
e 1075 107 1073 1072 0.1 1 1€

t1, Rectangular Pulse Duration (seconds)
Fig 11.  Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Vary 1p to obtain Vos > ik

e D.UT. 2000 it
B I
) L. -
T.YD0 — BOTTOM 6.14
{ 2 1600[\
las 5 : \\
I 0010 E’ 1200 \
! ] w \\
. . . . Q
Fig 12a. Undamped Inductive Test Circuit 2 N
% 800 \
V(8RIDSS o N
F—' _‘& 030 400 i\\\\\
/ Yoo o AN
] / \ o |10 = sov <
o8 // \ 25 50 75 100 125 150
/ \\ \ Starting T, Junction Temperature(°C)
agceing =777 Fig 12c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current

Current Regulator

Q o
10v_.____G____ : < -:V
DUT T-08
t L-Qgas t— Qap t]_ﬂ>
Vas
Ve mal ]
| |
Charge — G D

Currant Sampling Resistors

Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit
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IRFPG50

Peak Diode Recovery dv/dt Test Circuit

—<+ Circuit Layout Considerations
D.U.T
f— « Low Stray Inductance
A o) « Ground Plane
« Low Leakage Inductance
Current Transformer
—
+
o il ®
Lol
(0N AN
@ )
A
Rg « dv/dt controlled by Rg +
¢ Driversame type as D.U.T. T+ Voo
« Igp controlled by Duty Factor "D* ’
« D.U.T. - Device Under Test
O] Driver Gate Drive
Period =-PW.
f——P W ~ Period
t
Vgg=10V *
(C +
)]
@ [p.u.T. Iy Waveform T
))
Reverse
Recovery | Body Diode Forward
Current ™ Current /
di/dt
@ louT Vps Waveform y
Diode Recovery \ -
dv/dt ;
\:DD
Re-Applied |/ (( e
Voltage Body Diode ’’ Forward Drop
@ Inductor Curent S\ﬁ
Ripple < 5% Isp
)

* Vgg = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFETS
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T0-247AC Package Details

3.65(.143)
15.90 (.626)

International
|OR Rectifier

& 3.55(.140) 5.30 (.209)
15.30 (.602) 4.70 (.185)
//%l_gl'o,zz (010) W[D [ @) R 2122 gggg;
20.30 (.800) & _L 4
19.70 (.775) X 5.50 (.217)
4.50 (.177) 1 DIMENSIONING &TOLERANCING
PER ANSI Y145M. 1987,
y 2 CONTROLLING DIMENSION . INCH.
3 CONFORMS TO JEDEC OUTLINE
: TO-247-AC.
14.80 (.583) . !
prye i
' ' LEAD ASSIGNMENTS
240 (.094
220 (07 J T v -
2 -
0.25 (.010 ClA 2.60 (.102) -
D OIS o 1 BRRRE
2X 2. i ;

3.00 (.118)

Part Marking

EXAMPLE: W?’H |SASASNE N||FE§E$E30 @
LOT CODE 3A1Q INTERNATIONAL O rd PART NUMBER
RECTIFIER ~ IRFPE30
LOGO ~ TOR
3JA1Q 9302
asseneLy ~ S\ DATE CODE
LOT CODE (YYWW)
YY = YEAR
ww WEEK
International
IC R Rectifier
WORLD HEAD

EUROPEAN HEAD%UARTERS: Hurst Green,

IR CANADA: 15 Lincoln Court, Brampton
IR GERMANY: Saalburgstrass

ITALY: ViaLiguria
hi-ikebukuro 3gchome, Toshima-ku, Tokyo Japan Tel: 81 33 983 0086
utram Road, #10-02 Tan Boon Liat Building, Singapore 16907 Tel: 65 221 8371

IR
IR FAR EAST: 171 (K&H BldQB 30-4 Nis

IR SOUTHEAST ASIA: 315

UARTERS: 233 Kansas St., El Segundo, California 90245, Tel: (310) 322 3331

Oxted, Surrey RH8 9BB, UK Tel: ++ 44 1833 732020
Ontario L6T 322, Tel: El905)1453 2200
Bad Homburg Tel: ++49 6172 96590
orgaro, Torino Tel;++39 11 451 0111

e 157, 61350
49,10071 B

Dataandspecificationssubjectto change withoutnotice.



M aterial characteristics

Material

Initial permeability

Relative loss (acter

Temperature (actor

Saturation (lux density
Residual tlux density

Coercive (orce

Hysteresis material constant

Disaccomodation (actor
Curie temperature
Resistivity
Density

Symboi  Unit

piac
tan 6 .
D X10-
apr X10-
Gauss

8s
mT
Gauss

Or
Aml
Oe

He
Alm
X 10-*
B Tt
OF  X10-
Tc o
p 0-cm
d glem’

H 56 z

+20%
<200
40MHz

<250
100MHz

2000
200
1100

no

960

<50

>450
10
43

Hb5%1z

+20%
<160
40MHz

<220
100MHz

2100
20
1200
120

800

<-50

>450
10
43

Note' ) The values were obtained with toroidal cores (FR2S 4/ 154/5).
2) The values were obtained at 2312 *c unless otherwise specified.
3) Initial-permeability were measured at 10 kHz, 0.8 Alm.

Hb5z

+20%
< 60
5 MHz

<162
TOMH:Z

4-20
2500
250
1300
130
8.0
640

<3

>400

0
45

H 53z

wn

<
1 MHz
<120
10MHz
3-10
3-10
1 20
290
1600
160
3.0

240

<0
>350
101
45

H52 A

230
+20%

<%
1 MHz

< 60
5 MHz

0-5
3300
30
2200
20
2.0
160

<D0
>300

4.4

H 52
8
+20%
<N
0.5MHz
<4
1 MHz

0-2

39

3

17
170
0.7
5%

<18
10kHz

<N

>250
5

46

126

H57 H5LA H5lz
12 12 12
£20%  £20%  +15%

< b <3 <15
0.IMHz 0.1IMHz 0.IMHz
<P < 87 < 4
0.5MHz 05MHz 0.5MHz

1.5- 7 0.3-2-
15- 0R-2 02-1
38 46 46
30 465 465
160 15 15
1 150 1
0.5 0.5 0.5
40 | 40
e 10319#3 |M<l?|#|§1
< <6 <
>0 >2 >200
5 5 5
4.7 4.7 4.7



H20B H21Z H23B H24B H24A H24Z H2Z H28B H4H

2000
+20%

<3.5
100kHz

2000
£20%

<25
100kHz

0.4-12
0.4-12
42
420
8
80
0.15
17.0

<0.4
10kHz

<2.0

>170
5
48

J S

<3.0
10kHz

0-2.0
0-2.0
40

90
0.30
24.0

<1.0
10kHz

<3.0
>125
20
48

40
+20%

< b
IMkHz

0-1.5
0-1.5
44
440
15
150
0.13
10.4

<1.0
10kHz

<3.0
>145
20
48

50
+20%

< 4
[TOkHz

-0.5-2
-0.5-2

45
450
15
150
0.13
10. 4

<1.0
10kHz

<3.0
>145
10
48

70
+25%

< T
10kHz

0-2.0
0-2.0
40
4
9
90
0.13
10.4

<1.0
10kHz

<3.0
>125
3

49

120
+30%

< 6
10kHz

0-1.5

40

4
950
9%
0.05
4.0

<1.0
10kHZ

<2.0
>125
3

49

35
+20%

< 50

ITOkHz

-3-3

47
410
10

0.20
16.0

<0.8
1 kHz

<3.0
>2

48

150CT

+20%

< 5
[TOkHz

50
15
150

0.16
128

>230

4.8

H49 B
17
+20%

< 8
IWkHz

53
530

18
180

0.20

>230
10
48

H45  HG63
25 2
$20%  £20%
< 4 <4
IWkHz  ITOkHz
47 52
470 520
10 12
1 10

0.16
128
>2 >230
1 1
48 4.8

20

H63B H45A H63A

20
+20%

< b
IMkHz

50

15
150

2.8

>2

48

24
+20%

< 5
IMkHz

48
480
12
120
0.16
12.8

>2

4.8

1250
+20%

< 3
IWkHz

47
470
31
310
0.25
20.0

>270
10
4.7
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TL783
HIGH-VOLTAGE ADJUSTABLE REGULATOR

SLV/S036E - SEPTEMBER 1981 - REVISED FEBRUARY 2000
 Output Adjustable From 1.25Vto 125V KC PACKAGE

When Used With an External Resistor (TOP VIEW)
Divider IN
+ 700-mA Output Current 0 %JJT
* Full Short-Circuit, Safe-Operating-Area, and o _
Thermal-Shutdown Protection The OUT terminal is ~ electrical
+ 0.001%/V Typical Input Voltage Regulation contact with te mounting bese.
* 0.15% Typical Output Voltage Regulation
+ 76-dB Typical Ripple Rejection 10-22048
+ Standard TO-220AB Package
description

The TL783 is an adj ustable three-terminal

h|% voItagle re\gu lator W|t an out ut range of
and a M(t)hS out ut tran3|stor

capable of sourcing, more than

der)| ned for use mg high-voltage (ﬁp |cat|ons Where standard bipolar regulators canpot be used. Excellent

performance specl |cat|ons superior to those of most bipolar regulators, are achieved through circuit design

and advanced Tayout techniques.

As a state-of-the-art regulator the TL783 combines st andard bi EE)olar circuitry W|th high-voltage double-diffused
MOS transistors on oné chip to ¥|e|d adevice capable 0 W|thst dlng voltades far higher than standard bipolar
mtegrated circuits. Because of 1ts lack of second arZ breakdown an thermal runaway characteristics usually
assoclated with b oI r outputs, FheT 783 malnt full ovi rload rotect|on while operating atupto 125 Viro
Input to output. Ot er features of the device Inclu ecurrent Imiting, Safe-operaing-area Ag rotection, an
thermal shutdown. Even it ADJ Is madvertently disconnected the' protection circlitry remaing functional.

Only two external resistors are required to program the output voltage. An input bypass caPacnor IS necessary
only when the regulator Is situated far from the'Inpuit filter. Anoutﬁut ca?acnor alth? %h no (e(ﬂ d, Improves
transient response and protection from instantaheous outpuit short circuits. Excellent ripple fejection can be
achieved without a bypass capacitor at the adjustment terminal.

The TL783C is characterized for operation over the virtual junction temperature range of 0°C to 125°C.

AVAILABLE OPTIONS
PACKAGED DEVICE

CHIP
. HEAT-SINK
Tj MOUNTED F?YF;M
(KC)

0°cto 125° TL783CKC TL783Y
Chip forms are tested at 25°C.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimiers thereto appears at the end of this data sheet.

PRODUCTION DATA informaion s curent as of pubicaion cte Copyright © 2000, Texas Instruments Incorporated
Pro coniorm o | eC| ications per the terms of Texas In trmi ns

ran%ner uction processing does not necessany Inclu
testmgo

Instouml|nts
POST OFFICE BOX 655303+ DALLAS, TEXAS 75265 1
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TL783
HIGH-VOLTAGE ADJUSTABLE REGULATOR

SLVS036E - SEPTEMBER 1981 - REVISED FEBRUARY 2000
functional block diagram

l
IN

Error

Amplifi R2
ONCTRPOF Vo= Vrei(1 * Eﬁ)
+

ouT T
Protection
Circuit Vref At

ADJ l

L

absolute maximum ratings over operating temperature range (unless otherwise noted)t

Input-to-output differential VOIEAGE, V|- VO iroieiiimsinernsssssssssssssssessssssmmsssssssssssssssssssssssssssssen 125V
Operating free-air, Ta; case, To; or virtual junction, Tﬂ IEMPETAtUIE  ..vvvrvvvveerseesssesrsesssssssseenns 150°C
Package thermal im dance, A (see Notes 1and 2) ............................................................................ Z%dy\l
Lead temperature 1,omm (1/16 |nch from case for 10 SECONAS  .......ccoiivvvmmmmsssssssssssssssssssgsargsssenns C
Storage temperature range 1o RO/ A1/ A 0, . NPy N O, -65°C to 150°c

t Stresses beyond those listed under “absolute maX|mum rat|n S' may cause permanentdamageto the device. These are stress ratmtqs only, and
functional operation of the device at these or any other con |t|0nsb ond those indicated tnder “recommenced operating conditions™is not
|m I|ed Elxposure to absolute- maX|mum rated cond|t|ons or exten ipenodf ay affect device reliability.

Maximum power |55|pat|on is.a function_of T max e maximum aIIowabIe ower dissipation at an;r allowable
amb|enttemperature IS Pg = (Tj(max) - Ta erat|n at the absolute maximum T} of 150°c can impact reliability. Due to

variations in'individual cewce electrical charactensﬂcs and thermal resistance, the budt -In thermal overload protection may be
activated at power levels slightly above or below the rated dissipation.

2. The package thermal impedance is calculated in accordance with JESD 51,
recommended operating conditions

MIN  MAX  UNIT
Input-to-output voltage differential, V| - Vo %V
Output current, 0 L 700 mA
Operating virtual junction temperature, T TL783C 0 15 °C

INSTRUMENTS
2 POST OFFICE BOX 655303 » DALLAS, TEXAS 75265



PARAMETER

Input voltage
requlation

Ripple rejection

Output voltage
requlation

Output voltaqe change
with temperature

Qutput voltage
long-term ari

QOutput noise voltage
Minimum

output current to
maintain regulation

Peak output current

ADJ input current
Change in
ADJ input current

Reference voltage
(OUT to ADJ)

V|- Vo=20Vio 125V,
AVI(PP) = 10V,
10 = 15 mAto 700 mA,

o0 =15mAto 700 mA,

1000 hours at Tj = 125°,
f= 10 Hz to 10 kHz,

V|-Vq=15V

V|- Vo=25v,
V|-Vo =15V,
V|- Vo=V,
V|- Vg =125V,

V|- Vg=15Vi0 125V,

-Vg=10Vio 15V,
\S/Iee Ngte 3
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TL783

HIGH-VOLTAGE ADJUSTABLE REGULATOR
SLVS036E- SEPTEMBER 1981 - REVISED FEBRUARY 2000
electrical characteristics at V|- v0=25V,10 =05 A, Tj =0°c to 125° (unless otherwise noted)

TEST CONDITIONSt
_ Tj=25%
p <rateddissipation =0° to 125°C
Vo =10V, f=120 Hz
- V0 <5V
— Vo55V
p < rated dissipation Vo>5V
V|-Vo =125V
Tj=25%
c=1ms
t=30ms
t=30ms
t=30ms

0 =15mAto 700 mA, p <rated dissipation
o =15mAto 700 mA, p <rated dissipation,

TL783C
TYP
0,001
0.004
66 76
15

0.15%

20

0.3%

04%

MIN

0.2%
0.003%

1100
715
900
250

83

05
12 12

700
100

MAX
001
0.02

2
0.5%
10
15%

110
5

13

UNIT

%V

aB
mvV

mv

pA
pA

Vv

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into

account separately.

t In}Rut voltage regullation is expressed here as the percentage change in output voltage per 1V change at the,inPut.
NOTE 3 Due to'the dropout voIta%e and output current-limiting characteristics of this device, output current is

input-to-output voltage ditferentials of less than 25 V.

imited to less than 700 A at
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TL783
HIGH-VOLTAGE ADJUSTABLE REGULATOR

SLVS036E-SEPTEMBER 1981 - REVISED FEBRUARY 2000

electrical characteristics at V|- Vq =25V, . =05 A, Tj =25°C (unless otherwise noted)
TL783Y

PARAMETER TEST CONDITIONSt uN o T max NI
Input voltage Vg = iecinat
regulation V[-Vo=20Vio 125V,  p<rated dissipation 0001 %V
Ripple rejection AV|(PP) =10V, Vo=10V, f=120 Hz 76 dB
Vo<5V 75 mv
lg =15 mAto 700 mA
Outplu%,voltage f xo > 55 \</ 0-152"/00 y
regulation B . 0< m
0=15mAto 700 mA p <rated dissipation Vo5V 0%
Output voltage change
vvithptempereﬂure ! 0.4%
Output noise voltage £ =10 Hz to 10 kHz 0.003%
V|- Vo=25V, t=1ms 1100
Peak output current \\;II xg ) %g\\; : 2%8 ﬁ ;é‘g mA
V|- Vq =125V, t=30ms 250
ADJ input curent 8 PA
%Bﬁr}%gd{] aret V-V =15V0125V,  0=15mAto 700mA, p<rated dissipation 05 pA
Reference voltage Vé-Vo =10Vio 15V, o =15mAto 700 mA p <rated dissipation, 197 v
(OUT to ADJ) See Note 3 '

t PuIse-t?sting tetcTniques maintain the junction temperature as close tothe ambient temperature as possible. Thermal effects must be taken into
account separately. ,
t InPut voltag?e re%l}iation is expressed here as the percentage change  output voltage per 1-V change at the,lnPut,.
NOTE 3 Due tothe dropout voltage and output current-liniiting characteristics of this device, output"current is limited to less than 700 mA at
input-to-output voltage ditferentials of less than 25 V.

ents
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HIGH-VOLTAGE ADJUSTABLE REGULATOR

SLVS036E-SEPTEMBER 1981 - REVISED FEBRUARY 2000

TYPICAL CHARACTERISTICS

OUTPUT CURRENT LIMIT
2INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL

18 tw=1ms
16
| 14 /"\
R O
/ &
08 \// \\\
|06 Te=25°C = &\‘.
] T // \\.\
0 ! Tc = 125°C
00 25 50 75 100 125

V|- Vo - Input-to-Output Voltage Differential - V

Figure 1
OUTPUT CURRENT LIMIT
™ E
V|- Vo =25V
14 IC=z
< 12
1 1
| 08
306
0.4
02
0
0 10 20 30 40
Time - ms
Figure 3

Output Current Limit - A

Ripple Rejection — dB

OUTPUT CURRENT LIMIT

INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL
2

1.8 _tw=30ms

1.6

1.4

1.2 I
1

\ Tc=0°C
0.8 %\\\\ '/\ Tc=25C —]
0.6 \\ £
= 77 IR
Te = 125°C \\\S

0217

0

0 25 50 75 100 125
V|- Vo - Input-to-Output Voltage Differential - V

Figure 2

RIPPLE REJECTION

OUTPUT VOLTAGE
120

100

80
N
\\‘

60 e

40 [ Viav)-Vo=25V
AViippy=10V
lo =100 mA

20  f=120 Hz
Co=0
Tg=25°C

0 | 1 | 1
0 10 20 30 40 50 60 70 80 90 100

Vg - Output Voltage - V
Figure 4
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TL783

HIGH-VOLTAGE ADJUSTABLE REGULATOR
SLVS036E- SEPTEMBER 1961 - REVISED FEBRUARY 2000
TYPICAL CHARACTERISTICSt

RIPPLE REJECTION

OUTPUT CURRENT
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Ripple Rejection - dB
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Figure 5

OUTPUT IMPEDANCE
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T
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0 1

f- Frequency -kHz

Figure 7
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RIPPLE REJECTION
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Figure 6
REFERENCE VOLTAGE
VIRTUAL JUNCTION TEMPERATURE
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127
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124
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7550 25 0 %5 50 75 100 125 150 175

Tj - Virtual Junction Temperature - °c
Figure 8

133

t Data at high and low temperatures are applicable only within the recommended operating free-air temperature ranges of the various devices.
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AVg = Output Voltage Deviation — %
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TYPICAL CHARACTERISTICS
INPUT CURRENT AT ADJ DROPOUT VOLTAGE
VIRTUAL JUNCTION TEMPERATURE VIRTUAL JUNCTION TEMPERATURE
, 25 —
Vi=25V / AVQ =100 mV
Vo = Vref
1o =500 mA // 55 /
/ Z 15 ///
/ g //
] T s e
/ 3: |g=soo:A ——
3 10f—Ip=500mA ==
2
// o 1o = 250 mA L et |
sl lo=100mA
/ Ilp=15mA —
0 25 50 75 100 125 0—75 -50 -25 0 25 50 75 100 125
Tj - Virtual Junction Temperature - °C Tj - Virtual Junction Temperature - °C
Figure 9 Figure 10
OUTPUT VOLTAGE DEVIATION OUTPUT CURRENT!
Vs INPUT VOLTAGE
VIRTUAL JUNCTION TEMPERATURE 12
I T
z:;:gg 10 Tc=0°C 0 ]
Io = 15 mA to 700 mA )//
\ 13 8 - ]
\\ § ] % N Tc =i25°c
\ 3 = | \© Tg =125°C
bt g
N L
2
0
0 25 50 75 100 125
0 25 50 75 100 125 150 V|- Input Voltage - V

Tj - Virtual Junction Temperature - °C

Figure 11

TL
HIGH-VOLTAGE ADJUSTABLE REGULATOR
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tThis isthe minimum current required to maintain voltage regulation.

Figure 12

Insttojments
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TL783
HIGH-VOLTAGE ADJUSTABLE REGULATOR

SLVS036E-SEPTEMBER 1981 -REVISED FEBRUARY 2000

TYPICAL CHARACTERISTICS

LINE TRANSIENT RESPONSE g LOAD TRANSIENT RESPONSE
S R
g Ty=25°C § 6 |-
G} S —
.>5 0.2 - Co=10pF 3 0
§ 0 —M_ V\ g -2
1 B ' g
2?-0.2 R : 2o
> I i T < T
4 - Vj=35V
g 11 o Vo=10V
5 5 Co=1pF
§ as - 95 Tf:zsl:c
_E 5 | | | § I [ P S [ |
B 0 1 2 3 4 i 120 160 200 240
[ Time - (IS 2 Time - ps

Figure 13 Figure 14

DESIGN CONSIDERATIONS

The internal reference (see functional block diagram) ?enerates 1.25\/ nominal (Vref) between OUT and ADJ. This

voltage is developed acro?s RL and causes a constant current to flow through RL and the programming resistor R2,
g|vm8 an output voltage of:

Vo = Vref (1 +R2/R1) + lI(ADJ) (R2)
or

Vo =Vref(l +R2/R1)

The TL783 was designed to minimize the InPUt current at ADJ and maintain consistency over line and load variations,
thereby minimizing the associated (R2) error term.

To maintain |(ADJ) Etb IﬁW level> I\qd escge eratin cu[regt IS returned to the outPut terrwnal This gwescent
current must suink byt eexterna 0 Isthe minimum load current necessa opevent eoutput m rising
The recommended RY value of 82 Q provides a minimum load current of 1 arger values can be used when

the input-to-outgut dlqerentlal voltage IS less than 125V (see the output- current curve |n Figure 14) orwhen the Ioad
sinks 'some portion of the minimun”current,

InstrBments
8 POST OFFICE BOX 655303« DALLASITEXAS 75265
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TL783
HIGH-VOLTAGE ADJUSTABLE REGULATOR

SLVS036E-SEPTEMBER 1981 - REVISED FEBRUARY 2000
DESIGN CONSIDERATIONS

bypass capacitors

The TL783 retgulator is stable Wi_thout,tR/ ass capacitors; however anK requlator becomes unstable with certain
values of qufput capacitance If an | ;Eut caP citor is ot used. Thergfore, the use of input bypassing Is

recommended whenever the regulator is located more than four nches from the power-supply filter capacitor.
A TIF tanta?um or aluminum efectrolytic capacitor USUEE]R/HIS sufficient. P PRy P

Adjustment-terminal capacitors are not recommended for use on the TL783 because they can seriously
degrade load transient response as well as create a need for extra protection circuitry. Excellent ripple rejection
presently s achieved without this added capacitor.

Due to the relatively low gain of the MOS output stage, outFut voltage d.opout may occur under large load
transient conditions. The addition of an output bypass capacitor greatly enhances load transient response.and

Rq,events droBout. For most applications, it is récommended that an output bypass capacitor be used, with a
inimum value o,

c0(mP = 15Al0
Larger values provide proportionally better transient-response characteristics,

protection circuitry

The TL783 regulator includes built-in lprotectlon circuits capable of quarding the device against most overload
conditions encountered in normal operation. These protective features are current ||m|t|nF, safe-operatmg-area
rotection, and thermal shutdown. These circuits protect the device under occasional fault conditionS only.
ontinuous operation In the current limit or thermal shutdown mode is not recommenced.

The internal protection circuits of the TL783 protect the device up to maximum-rated V| as long as certain
precautions are taken. If \{Lls mstalntaneously switched on, transients exceeding maximum mEgut ratings may

ocedr, which can destroy the regulator. These are usually caused by lead inguctance and bypass capacitors

causing,a ringin volt_a? ontheTnput.. addition, when rise times in éxcess of 10 V/ns are %op_led tothe Input,
3 aCre g% Sé]n ransistor in parallel with the DMOS output can be tumed on, causing the_device to fal. If the
Vice |

rated over 50 V and the input is switched on rather than ramped on, a iow-Q capacitor, such as
ta?talum or aluminum electrolytic Fhoul ,ge used rather Ahan ceramic, e’g) LoD ass ca| a(:|to[s. A
Qactar of 0.015 or greater uSually provides acequate gamping tQ supp ess ringing. No g,fn problems

occur i the input voltage 1 allowed to ramp upward through the action of an ac line rectifier and filter network.

Similarly, when an instantaneous short circuit is applied to the output, both nnth;mg and excessive fall times can
result. A tantalum or aluminum electrolytic bypass capacitor Is recommended to eliminate this problem.
However, If a large output capacitor is used and the input Is shorted, addition of a protection diode. mag be
necessary to prevent capacitor discharge through the requlator, The amount of discharge current delivered 1s

deloe dent on' output voltage, size of agautor, and all time or V. A protective diode (see Figure 17) Is required
only for capacitance values greater than:

c00F = 3x 104/(Vo)?

Care alwa%s should be taken to prevent insertion of regulators into a socket with power on. Power should be
turned off before removing or Inserting regulators.

er, qr plastic b?/

Instruments
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TL783
HIGH-VOLTAGE ADJUSTABLE REGULATOR

SLVS36E - SEPTEMBER 1961 - REVISED FEBRUARY 2000
DESIGN CONSIDERATIONS

«

TL783

7 IN ouT|—e *— Vo
ADJ
R1

R2

Figure 15. Regulator With Protective Diode

load regulation

The cyrrent-set resisfor 8R1) should be located close to the regulat_or output terminal ragher than near the lgad.
This eliminates long line drops from bemg athfled, throygn the action of R1and R2, to degrade load regulation.
To provide remote ground Sensing, R2 Should be near thie load ground.

TL783 Vo

\4 IN ouT|
ADJ
R1
] R2
({
N )

Rline

Figure 16. Regulator With Current-Set Resistor
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1uF
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TL783
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TL
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APPLICATION INFORMATION

Vo = Vi (1 +
ouT
R1
82Q
+
10
R2
0to 8 kQ

L

t Needed if device is more than 4 inches from filter capacitor
Figure 17.1.25-V to 115-V Adjustable Regulator

V|=70to0 125V

TIP30C

TIPL762

Vo=50V

at05A

%3.3 kQ, 1W

A

+
~ 50 puF

uF

Figure 19. 50-V Regulator With Current Boost

V| =145t0 200 V

75kQ,1W

120V, 1.5 W
. 125 V
0.1 puF =< TL783 82Q
L
+
§ R2 =10 pF
8.2 kQ, 2W

Figure 18. 125-V Short-Circuit-Protected
Off-Line Regulator

125V
10
100
1kQ TIPL762
TL783

/f'nz

‘Figure 20. Adjustable Regulator
With Current Boost and Current Limit

INSTOIJMENTS
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HIGH-VOLTAGE ADJUSTABLE REGULATOR
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APPLICATION INFORMATION

Figure 21. Current-Sinking Regulator

1uF

VCC

i

AD.

N

ﬁ[\
n::ur +4°81

V=

Vorrser = Vret (

OuT | s
J OUTPUT
82Q
L

l+§§)

Figure 23. High-Voltage Unity-Gain Offset Amplifier

12

1hf:

TL783

IN
ouTt
ADJ

'=Tml'

Load

1

Figure 22. Current-Sourcing Regulator

V=90V

TL783

ADJ

TL783

6.25 Q

=i
°F}

3.9kQ

L

Figure 24. 48-V, 200-mA Float Charger

Instilments
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ULN200LA, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
The ULN2001A is obsolete HIGH-VOLTAGE HIGH-CURRENT DARLINGTON

and is no longer supplied. mm%%w%

* 500-mA-Rated Collector Current ULN2001A . . . D OR N PACKAGE
(Single Output ooz, S S RASE paciace
*  High-Voltage Outputs ... 50 V ULQ2003A, ULQ2004A "DORN PACKAGE
*  Output Clamp Diodes (TOP VIEW)
‘ Inopg%s Compatible With Various Types of .l ~ el
* Relay-Driver Applications iEEi ﬂ 22
* Designed to Be Interchangeable With a8[l4  13l4ac
Sprague ULN2001A Series s8fls  12lsc
6B[]6 11]] 6C
description/ordering information 8[7 1wfl7c
@ 9]coM

I E{we@ )

nl Vol h| ourrent ﬁﬁtjn‘trﬁn sto arra ac consn ofse 8 |n N pal sthatfeatur
v 88 0des orsvw e Coll orcr
rﬁoasm I| a|r|s og a|rscn he cu (3
Cat u mer vers il s rné? 3

al cier, & n il Vmse Intercr ange VEISION an

ORDERING INFORMATION

T PACKAGE SRTNMBR  WARKG
ULN20O2AN ULN2002AN
PDIP (N Tibeoi2s  ULN2OSAN ULN2003AN
ULN20OAAN ULN2004AN

Tubeofdd  ULN2003AD ULN2003A

20T gy Reelof 2500 ULN20O3ADR
Tubeofd)  ULN200AD LN

Reel of 2500 ULN200ADR
ULN20O3ANSR ULN2003A
SOP (NS) Reel of 2000 \ooouansR ULN2004A
ULQ2003AN ULQ2003A
POIP (N Tube o ooonaan ULQ2004AN
- Tubeof4D  ULOZ003AD ULQ2003A
~40°cto85% () Reelof 2500 ULQR003ADR ULQ2003A
Tubeof)  ULQ2004AD ULQ2004A
Reel0f 2500 ULOZ004ADR ULQ2004A

t Packaqe drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
avallable at www.1i.com/sc/package.

Please be aware that an important notice concerning availability, standard Warrant}/ and use in critical applications of
Texas Instruments semiconductor proaucts and disclaimiers thereto appears at the end of this ata sheet.

Copyright ©2008, Texas Insrurments Incorporated

T
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ULN200LA, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT DARLINGTON

i
RO SR RABR R s Feeruney a0 B 4-hBashGe subbliett
description/ordering information (continued)
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
The ULN2001A is obsolete HIGH-VOLTAGE HIGH-CURRENT DARLINGTON

and isno longer supplied mmﬁ%@%%%

schematics (each Darlington pair)

CoM COM
Output Output
Input C C
B
E
7.2kQ 3kQ E
ULN2001A ULN2002A
COM
R
Input 8
B
ULN/ULQ2003A: Rg = 2.7 kQ
ULN/ULQ2004A: Rg = 10.5 kQ 72kQ  3kQ

<

Al esistor values shown are norminl ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

Instalments
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

BANCILTD Rty ©VRRENT DARLINGTON The DLIDO0IAis by
TEDECH/BERY SED FERRUARY 208 and'is o fonger suppli

absolute maximum ratings at 25°c free-air temperature (unless otherwise noted)t

llecto E%nitter volta (1 ......................................................................................................
amp Cloce TEVErse VOIAGR (SBE NOIE 1) ".....cecveeveevvsssnsssmsssesssesssssssesssessnsssosssesssessses V
B v

Ol Cltet (s O ) O | (1
0 L
emi ?-termma current ... R g A
rating free-alr temperature Tange, Ta, ULNDIOXA ......oovoveeecsercssnscsessesnnns 20 é g
_ 1) Y (
Package thermal impedance, QA (see Notes 2 and 3): gglzag ........ CS&QV
Package thermal impedance, « . (see Notes 4 and 5): Ngggcgage ........ 28@
Eggﬁ%%\élr% ur%“T%“r?%?ﬂﬁg?rfﬂn%%n G SRR gﬁ&
{0rag tEMPEATUIE TANCE T +.vrovvessvessssssnsnsssssssssssssssssssssssssssssssssesnsssses c

t Stresses peyond those listed under "absolute maximum rating,s‘,’ may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conciitions begond, those indlicated tinger “recommended operating condliions™Is not
implied. Exposure to ahsolute-maximum-rated conditions for extende: Perlo_ds may affect device reliability.

NOTES. 1" Al voltage values are with respect to the emtter/substrate terminal E, unless otherwise noted. o

2. Maxjmum power dissjpation is a function of Tj(max), 0JA, and Ta-The maximum allowable power dissipation at any allowable
ambient temperature Is Pd = (Tj(max) - Ta)leja- Operating at the absolute maximum T} of 150°C can atfect reliability.

3. The package thermal impedance Is calculated In accordance with JESD 51-7. o
Maximum power dissipagion isa function of Tj(max), 0JQ, and To. The maximum allowable power dissipation at any allowable case
temperafure IS Pd = (T)(max) - Tq)lsjq. Operating at the absolute maximum g ] of 150°C can affect reliability.

5. The package therm_af Impedance is calculated in accordance with MIL-STD-883.

electrical characteristics, Ta =25°c (unless otherwise noted)
ULN2001A ULN2002A

TEST
PARAMETER FGURE  TEST CONDITIONS M TP MAX MN. TYP max NT
V|(on)  On-state input voltage 6  VCE=2V, 10=300mA 3V
y Collecor-eniter 5-250 A 10=100mA 09 u 09 1
CEfsal)  SaLralon oliage 5 [=30pA  o=200mA 1 13 113 v
[ =500pA,  lg=350mA 12 16 12 16
Vp Clamp forward voltage g  Ip=350mA 17 2 17 2V
VOE=50V, 1|=0 50 50
JOEX Collector cutoff current Vge =50V, =0 100 100 A
2 Ta-70°C veev 50
hof)  Off-state input current 3 \T/gE ;dr%ocv C=50pA 5 50 65 PA
i Input current 4 V=1V 082 12 mA
Vr=50V,  TA=70° 100 100
Ir CIarT1p reverse current 7 Vr =50V 5 5 pA
h o paclmadaurent 5 yeeooy 0=30mA 1000
G Input capacitance V=0, f=1MHz L 5 L 5 pF
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT DARLINGTON

The ULN2001A is obsolete
énd Is no fonger supplied. SRAZT- DECBEEH 96 R A

electrical characteristics, Ta = 25°c (unless otherwise noted) (continued)

TEST ULN2003A ULN2004A
PARAMETER FIGURE TEST CONDITIONS MN TYP MAX MIN TYP  MAX UNIT
Ic =125 mA 5
Ic =200 mA 24 6
. _ Ic =250 mA 2.7
V|(on) On-state input voltage 6 VCE=2V 6 = 275 mA ] Vv
Ic =300 mA 3
Ic =350 mA 8
y Collector-emitter [ =250 pA, lc =100 mA 09 11 09 1l
CE(saf) ~saturation voltage 5 [=350pA  lc=200mA 113 113 v
[ =500 pA, lc =350 mA 12 16 12 16
1 VCE=50V, 1]=0 50 50
lcex Collector cutoff current ) VCE=50V, =0 100 100 pA
Ta=70°C V= v 500
Vp Clamp forward voltage 8 Ip = 350 mA 17 2 17 2V
f(of)  Off-state input current 3 ¥£E ;goocv' lo=500pA 5 g5 5 65 pA
V[ =385V 093 135
| Input current 4 v=v 035 05 mA
V=12V 1 145
VR=50V 50 50
Ir Clamp reverse current 7 Ve =50V TA=70% 100 100 pA
Cj Input capacitance V| =0, f- 1 MHz 15 25 5 25 pF

Instw jments
P(BT(]:FICEK)X6553&3°DN.LA3TEXA975265 5
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, UL Q200

M'X%m H-CURRENT DARLINGTON

SED FEBRUARY 208
electrical characteristics over recommended operating conditions (unless otherwise noted)

TEST

ULQ2003A

ULQ2004A

PARAMETER FIGURE TEST CONDITIONS MN TYP MAX  MN  TYP  MAX UNIT
lg = 125 mA 5
lg =200 mA 2.1 6
: lg =250 mA 29
V|(on) On-state input voltage 6 vV =2V 14 = 275 mA 7 V
lg =300 mA 3
lg =350 mA 8
Cal i | =250 pA, Ic =100 mA 09 12 09 1
CE(sal) sauratonolsge 5 1=350pA Ig =200mA 1 14 113 v
| =500 pA, 1g =350 mA 2 17 12 16
1 VCE=50Y, =0 100 50
[QEX Collector cutoff current _ =0 100 A
2 VCEZSOV S0 P
Vp Clamp forward voltage 8 Ip =350 mA 1723 17 2V
l|(off) Off-state input current 3 VCE=50V, Ic =500 pA 65 50 65 pA
V=385V 093 135
| Input current 4 v=sv 035 05 mA
V=12V 1 145
Ir Clamp reverse current 7 A L R 1o %0 pA
Vr=50V 100 100
Cj Input capacitance V=0, f=1MHz 15 25 15 %5 pF
switching characteristics, Ta = 25°c
ULN2001 A, ULN2002A,
PARAMETER TEST CONDITIONS ULN2003A, ULN2004A  yniT
MIN TYP MAX
o H  Propagation delay time, low- to high-level output See Figure 9 0.25 1 ps
tppiL  Propagation delay time, high- to low-level output See Figure 9 0.25 1 ps
Vgh  High-level output voltage after switching BRE 0=300mA .29 mv

See Figure 10

switching characteristics over recommended operating conditions (unless otherwise noted)

ULQ2003A, ULQ2004A

PAFIAMETER TEST CONDITIONS MN TV MAX UNIT
to_H  Propagation delay time, low- to high-level output See Figure 9 1 10 ps
'PHL  Propagation delay time, high- to low-level output See Figure 9 1 10 ps
Vgh  High-level output voltage after switching Vs =500V, la =300mA,y5.500 mv

See Figure 10

Instruments
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

Tht WCOtA s snle

HIGH-VOLTAGE HIGH-C M

PARAMETER MEASUREMENT INFORMATION

Open VCE

ICEX
| ?: f<—l
Open

Figure 1, Tcex Test Circuit

Open VCE

M *lc

Fig-ure 3. ll(oﬁ:) Test Circuit

Open

NOTE: || is fixed for measuring V cE(sat)’ variable for
measuring hpE-

Figure 5. hpp, VcE(sat) Test Circuit

Open

Figure 7. Ir Test Circuit

Open  VCE

ICEX

Vi

Figure 2, lcex Test Circuit

Open

\7 Open

Figure 4. | Test Circuit

Open
Vce

Figure 6. Vj(on) Test Circuit

Open

Figure 8. Vg Test Circuit
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

lflbgl &iﬁg@g H-CURRENT DARLINGTON The Lif;qolA sobso| 3
A 1SED FERRUARY 218 ahd is o onger supplied.

PARAMETER MEASUREMENT INFORMATION

Input _/‘/50% 50% SF

|4 tpHL b l4 toLH ¥
| [
Output R0 SOV/_
VOLTAGE WAVEFORMS

Figure 9. Propagation Delay-Time Waveforms

Input

Open 2mH
ULN2001A Only - 1N3064
L 2000
Pulse
Generator e el Output
(see Note A) ULN2002A
ULN/ULQ2003A T CL=15pF
ULN/ULQ2004A - L (see Note B)
TEST CIRCUIT

W VIH
Input 90% 90% N | (see Note C)
|4 15V 1.5V K| 1%
10% | | N 0V
v OH
Output \ /
Vqgl

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zo = 50 £1
C| includes probe and jig capacitance.
C. Fortesting the ULN2001A, the ULN2003A, and the ULQ2003A, V|H = 3 V; for the ULN2002A, VH = 13 V;
for the ULN2004A and the ULQ2004A, V|H =

Figure 10. Latch-Up Test Circuit and Voltage Waveforms

In st
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
The ULN2001A is obsolete HIGH-VOLTAGE HIGH-CURRENT DARLINGTON

and is no longer supplied g_mpm&ﬁ?%.@%%ﬁm

TYPICAL CHARACTERISTICS

COLLECTOR-EMITTER COLLECTOR-EMITTER
SATURATION VOLTAGE SATURATION VOLTAGE
COLLECTOR CURRENT TOTAL COLLECTOR CURRENT
(ONE DARLINGTON) (TWO DARLINGTONS IN PARALLEL)
2.5 25
. i P |
° TA = 25°C % Ta=25°C Iy = 250 jA
g 2 3 2 —
= I = 250 pA s I =350 pA
2 / I = 350 A -
5 15 /// Iy = 500 uA | —| Z 18 At
5 “ 5 o]
: Ve : Py,
1 w 1 '/r
i =
:3 0.5 S 05
! =
ﬁ %0 100 200 300 400 500 600 700 800 g %0 100 200 300 400 500 600 700 800
Ic - Collector Current - mA *C{tot) - Total Collector Current - mA
Figure 11 Figure 12
COLLECTOR CURRENT
INPUT CURRENT
500 T T
aso |- RL=100 ==
TA=25 c| it /
< 400 ... / 7
: L vs=10v/ /|
g Vg=8V
S 300 / ,/ 3
: [/
g 250 / /
3 200
: [
L) 150
100
50

0U P TR VR N 11 VRV N e D R WA IV

I|- Input Current - pA
Figure 13

Instruments
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT DARLINGTON

&%NEE%@%%%SEDFEBRUARYM %ﬁc@g S ' n9er supplied.
THERMAL INFORMATION

D PACKAGE
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
DUTY CYCLE DUTY CYCLE
600 600
T 500 \ < 500 X ~
,; REBN . NN SRR
: WK N N N= g \ N [y
8 400 \\\ \ N N=4 E 400 \\\ / 1_4
= N=3 N © \ >‘ 3
§ 1\ \\\ N ~ i AN NG
A A NN BEES NN
£ N=6— NN\ \\ \\ (g N=7 ” %\\l'\\\
E 200F N=7 —3 2 \\ — E 200 1 ‘\\\\\ ‘\\
X N=5 A '\\'\\ = §>\~
T | S T = ——
o 100 |— TA=70°C — 1. 100~ Tp =85°C
N = Number of Outputs 2 N = Number of Outputs
i y Copduclting Slimulltane?uslyl » { Co?ducsing S|imu|}aneoluslyI
0 10 20 30 40 50 60 70 80 90 100 0 10 20 3 40 % 60 /0 8& 9 10
Duty Cycle - % Duty Cycle - %
Figure 14 Figure 15

10 POST CFFICE BOXGEE03+ DALLAS TR T52%
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
The ULN2001A is obsolete HIGH-VOLTAGE HIGH-CURRENT DARLINGTON

and is no longer supplied. RS- M\BEI%M%

APPLICATION INFORMATION

ULN2003A

Vg ULN2002A vee ULQ2003A

S

{>oi;':

{>o
ot

{>o
o
o
{>o

2y

ot
{>o
o
o
{>c

t 7
P-MOS I
Output 8 W

= Output =
Figure 16. P-MOS to Load Figure 17. TTL to Load
ULN2004A ULN2003A
Vdd ULQ2004A Vee ULQ2003A V
¥ L
o= -
| {>CD Ty oo Doryrd
Cpte P> Tt
Doty Doryrd
{ s ECC | _& |
CMOS ;}7 LN ;}7 LN
Output
TTL
- = = Output =
Figure 18. Buffer for Higher Current Loads Figure 19. Use of Pullup Resistors
to Increase Drive Current
Texas

Instruments
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90%

[l

- 80%

pin

( Transformer Rating )

= 50
12,000

I 1]
— Do

12.6

80%

Pout X 100%
Pin

Pout = 60

pp = Pout X 100%

= 60x 100% = 75
80

mA

kHz

68 %

152



Pn = Pout (3)

Vi1 = V0 (4)

1=, 5
v,

v, = 50V Poul- 60
[ = 60 «1.2 A

50
( Core Selection )
Ap = = 0.68XPXDx 108 (6)
{* Bmax
ot - 60, D =400 circular mil peramp 1f- 40 kHz
Bmax = 2400 G 6
= 0.068x60x400x 108 = 1,700 cm4
40 x 108 x 2400
fl EE80/76  ae= 3.7 cm?2 = 14.80 cm>2
AeAw =377 x 14.80 = 55.796 cm4
Aedw =2X55.796 = 111.592 cm A ! EE80/769
(
5] )
, = ( ve X5.X103) (7)
X Bmax
vp= 50V 1Tm = 50 Js, e = 377 mm2, Aem = 2400 G 7
Np= (50 x50x 103) = 27.63 Np = 22

377 x 240



14

2 2

Ns=  Np XxVS (8)
Np = 22 Lvs = 12,000V vp = 50V 8

Ns - 22X 12,000 = 5,280 Ns = 5280
50
= 5000
dwe = Ix circular mil (9)
[P = 12A

dwie  ~ 1.2x400 = 480 circular mil
dwie  AWG25 320.4 circular
mil 2 } d,ie 640.8 circular mil

Is = 1mA
d. = 1mAx400 = 10 circular mil

Wire

AWG 40 .= 9.9 circular mil AWG 39 , 125



circular mil

AWG 39

30 %

EE80/76

AWG 39

EE80/76

AWG 30

EE80/76

! EE80/76

AWG 39

155
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[ Analgugi

22

)

(0.036

0.018

AWG 25

)

(0.0914

0.0457

il

«

1/0.0914
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5
/| veniiu
7 g ’tJ
: Wi ¥ w
: WnINY
ATEATHALU
¥ €
1@ e , YRR M
5
5,000
5
1,000 AWG 30 0.0113
0.029 1
1/0029 ~ 34 100134 =29
0.1
0.01 3 1.7
1 (29X0.029) +(29X0.01 ) =

1131
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Electrostatic Meter kVp Meter
kV Output (kV) kVp Meter
K\Wp KV Output K\p KV Output
Meter (V) (k) Meter () ()
1 47 103 I 2 400
2 8 151 8 pa) 450
3 106 201 9 20 5.0
4 135 51 10 308 5.0
5 161 299 il 337 60.0
6 19 3.0 P 400 710
High Voltage
70 -V Y
e et S e S B
60 O LAL ONGRUR A
W SEFEEETEE A et
g T ey
D e e
e e
0."".'iIIIII,Tii'iZZZI ......
v)
0 50 100 50 200 250 300 30 400
kV Output (kV) kVp Meter



1
3.20

9
0.50

0l

2
2.50

10
0.40

I

2.00

0.32
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OKAMOTO X-Ray cassettes and Intensifying Screens
are being used in all over the World!!



Excellent com
OKAMOTDO
and OKAMO]

Merits on Adoption of Rare Earth Intensifying Screen

1. Reduction of radiation exposure

Radiation exposure to patients is reduced
greatly compared to conventional CaWwO-t
intensifying screen system.

2. Elimination of mation blur

Since exposure time is greatly shortened,
motion blur with motion subjects such
as the heart, digestive organs etc. have
been reduced and image quality has
been improved.

3. Reduction of X-ray unit capacity

A small capacity unit can have the same

efficiency as a large one, which can re-

duce unit cost. Especially portable units
can be adopted effectively.

4. Adoption of small focal spot X-ray

be improved. Also magnification radio-

graphy can be put into general use.

Type of Rare Earth Intensifying Screen

LDS High definition

Best used in the extremities, bones, skull
and chest. Speed and image quality are

Blmles s dof e
LMS ﬁ%t(i)snfactory speed and defi-

Speed is about twice of LDS. It can be

universally used for normal voltage radio-

graphy. Especially, good results can be

tain daiasr,{%?ach and intestines.
&?naﬁ INESINES

LUS, L-660 Eﬂ%&r ﬂljgeﬁd Spgneg

Best results can be obtained angio-

graphy, magnification radiography small

capacity unit radiography and examina-

tions in the motion subjects and gonadal
region.

Speed and image quality of LUS Screen
are equal to KODAK LANEX Regular

Uiy agers, gy, lnteneteoa
In nraHual

Speed is gradually varied from 1 to 2 and

OKAMOTO Rare Earth Intensifying Screens

Characteristics Table

Screen Relative Speed™>
LDS 45
LMS 100
LUS 200
L-660 260

(*LMS values assigned 100)

Relative Sharpness*
115
100
68
53

162 .-4

ination of
Intensifying Screen
0 X-Ray Cassette

Type of Blue
Emitting Screens

DD High definition

Definition is very excellent and most suit-
able for large capacity X-ray radiography.
This is also suitable for high-voltage radio-

U Yresarisad
DMS ﬁ%tésr}‘actory speed and defi-

Speed and definition are centered be-
tween DS and DD. Good results can be

éb(i’?'&ﬁda’la ﬁ/éri)rfmpart of the body.
DS Highspeed

For larger dosage radiography. Good
results can be obtained with minimum
exposure.

This screen has the same speed as

Srech it etetra
KS Super high speed

This is specially designed as very fast
screen, and has more than two times
the speed off DMS. It is recommended
to be used in the case where speed is

W%{yﬁﬂgirement. aﬂmrﬂqu
EC Gradual Speed

Speed is gradually varied from 1 to 2 and
1to 3.

Rare Earth Blue Emitting
Screens

05, Q120 tith et pgeg

These are Blue emitting every fast
Screens. Can be used same as Green

ey s, gy, Lurter et



OKAMOTO Intensifying Screens Characteristics Table

Screen. Relative 5%peed*
DVS 100
185
KS 225
65 300
120 600

('DMS values assigned 100)

«V t *4 &

OKAMOTO Mammography
Screens

S-100  Mammography Use

Single screen designed for mammo-
graphy. Equal to KODAK Min-R screen.

Refative Sharpness*
13

100
0

20
[
58

tvt-Ve scMOBI IV 11 -« ‘e VT 1t 4

VV§
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OKAOMOTO Intensifying Screens Characteristics Chart

140*
' DD
| ' 120 =
1008
|
| 60
x40,

50

LDS

O)
\LMS
\@MS

1*0

©

(TMG, MG or HR-S film)

\Ks/ e

(RP or Cronex-4 film)

150 2*0  2*0 30 350  4+0

Relative Speed(85KVO)

Q- 120

54 6 0(/0)

Most suitable objects radiographed for OKAMOTO Intensifying

Screen
\ Objects Upper &

lower limb

Typl
of P

Screen \
DD
DMS
DS
KS
Q-65
Q-120
EC
LDS 0
LMS
LUS
L-660

i LC
5-100

|Standard Type |

Chest
S

Head Stomach  Urinary ~ Pregnancy Head &  Lumber
Tomogran organs  Cnlidren's leg vertebra
Hip-Joint
0 ©
©
0 0
Complete Vertebrae Column
©
© © 0

0

Complete Vertebrae Column
Mammography
IQrth Type 0= Most suitable object

0 =Suitable objects

Specit-cations are subject to change without prior notice

Distributed by

OKAMOTO MANUFACTURING CO., LTD.

Bxporter:

I\<nf(J| Oratlina Co.,

Jtl .

NO 30 6.3-chome, Nishi Waseda, Shinjuku-ku. Tokyo 169. Japan

Phone (03)3207-0417 Pax: (03)3207-1452

PRINTED IN JAPAN '96.10-H02
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