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ABSTRACT =~ = !

This project report is an application of a frequency counter Lnd a function generator in

one ‘card and push on ISA siot. It is controlled by personal computer(PC).The operating program is

y

written by C++ and display on window platform which are popular operation system because it can

communicate between user and PC by graphic user interface (GUI) .This card can order with
keyboard or mouse in order to the convenient to using . i‘

According to the card, it is divided two parts.The firstis a fun‘ption generator that is able to
generate the frequency for all of signals are square, triangle and sineawaves.They can be selected

on monitor. Another part is frequency counter that can count frequenc}y since 1 Hz to 256 MHz and

displays on monitor either.
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project.h

produced by Borland Resource Workshop

#define IDC_FRAME1
#define IDC_FRAME2
#define IDC_FRAME3
#define IDC_FRAME4
#define IDC_FRAMES
#define IDC_FRAMESG
#define IDC_FRAME7
#define IDC_FRAMES
#define IDC_FRAMES
#define IDC_FRAME10
#define IDC_FRAME 11

#define IDC_SINE
#define IDC_SQUARE
#define IDC_TRI

#define IDC_UP
#define IDC_DOWN
#define IDC- RANGEUP

#define IDC_RANGEDOWN 117

#define IDC_AMPUP
#define IDC_AMPDOWN

#Hdefine IDC_GEN
#define IDC_COUNT
#define IDC_NORMAL
#define IDC_64

#define IDC_EXIT
#define IDC_CONTROL
#define IDC_MINIMIZE

#define IDC_DB
#define IDC_RANGE
#define IDC_DIGIT

100
101
102
103
104
106
106
107
108
109
110

111
112
113

114
115
116

118
119

120

121
122
123

124
126
126

127
128
129
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#define IDC: HZ 130
#define IDC_SHOW1 131
#define IDC_SHOW2 132
f:define IDC_SHOW3 133
#define IDM_ABOUT 134

#define IDD_FRAME 135
#define IDD_TITLE 136
#define IDD_TITLE1 137
#define IDD_TITLE2 138
#define IDD_TITLE3 139

#define CURSOR1 140
#define CURSOR2 141
#define CURSOR3 142
#define CURSORA4 143
#define CURSORS 144
#define CURSORS 145
#define CURSOR7? 146
#define CURSORS 147

LRESULT CALLBACK WindowProc(HWND , UINT , WPARAM , LPARAMY);
BOOL FAR PASCAL About(HWND , UINT , WPARAM , LPARAM );
long FAR PASCAL NewButtonWndProc(HWND , UINT, WPARAM , LPARAM );

BOOL InitApplication(HINSTANCE );

BOOL Initinstance(HINSTANCE ,int );

void InitControls (HWND , HINSTANCE );

void InitFrameRect (HWND , int, RECT *);

void DrawFrameMain (HDC, RECT *, HBRUSH);
void DrawFrame (HDC, RECT *, HBRUSH);
void Display_HZ(void);

void Display_Digit(PSTR);

int LoadProgramData(void);

int SaveProgramData (HWND);
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/
PROJECT.RC

produced by Bortand Resource Workshop
* > /

#include <windows.h>

T B M s g sioiaog o i e, 9,

#include "project.h”

Project DIALOG 0, 0, 295, 92
STYLE WS_POPUP | WS_CAPTION | WS_SYSMENU

CLASS "Project”

CAPTION "Frequency Counter & Function Generator"
FONT 8, "MS Sans Serif*
{

LTEXT ™, IDC_FRAMET1, 3, 14, 16, 13

LTEXT ™ IDC_FRAMEZ2, 3, 29, 16, 12

LTEXT *.IDC_FRAMES, 3, 43, 16, 13

LTEXT ™, IDC_FRAME4, 223, 14, 20, 42

LTEXT ™¢ IDC_FR’_AMES, 247,14, 43, 42

LTEXT "™, IDC_FRAMES, 153, 70, 66, 13

CONTROL ™, IDC_FRAME?, "STATIC", SS_WHITEFRAME | WS_CHILD | WS_VISIBLE, B9, 70, 8,13
CONTROL ™, IDC_FRAMES, "STATIC", SS_WHITEFRAME | WS_CHILD | WS_VlSIBLE.l 39,70, 8, 13
CONTROL ™, IDC_FRAMES9, "STATIC", SS_WHITEFRAME | WS_CHILD | WS_VISIBLE, 3, 14, 196, 42
LTEXT ™, IDC_FRAME10, 23, 70, 62, 13 i

LTEXT ™, IDC_FRAME11, 104, 70, 31, 13 ‘

CONTROL ™, IDC_EXIT, "BUTTON", BS_OWNERDRAW | WS_CHILD | WS_ VlSlBLElVYS GROUP |

et o i it g g i

WS_TABSTORP, 4, 15, 14, 11 f
CONTROL ™, IDC_CONTROL, "BUTTCN", BS_OWNERDRAW | WS_CHILD | WS_VlSléLE | WS_GROUP |

WS_TABSTOP, 4, 29, 14, 11 !
H
CONTROL ™, IDC_MINIMIZE, "BUTTON", BS_OWNERDRAW | WS_CHILD | WS_VISIBLE | WS_GROUP |

WS_TABSTOP, 4, 44, 14, 11 i
CONTROL ™, IDC_UP, "BUTTON", BS_OWNERDRAW | WS_CHILD | WS_VISIBLE | WS_GROUP |
¢

WS_TABSTOP, 224, 15, 18, 20
CONTROL ™, IDC_DOWN, "BUTTON", BS_OWNERDRAW | WS_CHILD IWS_VISIBLEil WS_GROUP |

WS_TABSTOP, 224, 35, 18, 20 !

CONTROL ™, IDC_RANGEUP, "BUTTON", BS_OWNERDRAW [WS_CHILD | WS_VISIIBLE | WS_GROUP |
WS_TABSTOP, 89, 70, 8, 7
CONTROL ™, IDC_RANGEDOWN, "BUTTON", BS_OWNERDRAW | WS_CHILD | WS_VISIBLE | WS_GROUP

| WS_TABSTOP, 89, 77,8, 7
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CONTROL ™, IDC_AMPUP, "BUTTON", BS_OWNERDRAW | WS_CHILD | WS_VISIBLE | WS_GROUP |
WS_TABSTOP, 139, 70, 8, 7 i

CONTROL ™, IDC_AMPDOWN, “BUTTON", BS_OWNERDRAW | WS_CHILD { WS_VISIBLE | WS_GROUP |

WS_TABSTOP, 139, 77,8, 7 i

CONTROL.™, IDC_SINE, "BUTTON", BS OWNERDRAWIWS CHILD | WS _ VISIBLEIWS‘IGROUPI

WS_TABSTOP, 27, 17, 14, 10 i

CONTROL ™, IDC_SQUARE, "BUTTON", BS_OWNERDRAW | WS_CHILD | WS_VISIBLE II\NS_GROUP |

WS_TABSTORP, 27, 30, 14, 10
CONTROL"™, IDC_TRI, "BUTTON", BS_OWNERDRAW | WS_CHILD | WS_VISIBLE | WS_ éROUP[

WS_TABSTOP, 27, 43, 14, 10
CONTROL ™, IDC_GEN, "BUTTON", BS_OWNERDRAW | WS_CHILD | WS_VISIBLE | WS3GROUP |

WS_TABSTOP, 248, 15, 41, 20
CONTROL "™, IDC_COUNT, "BUTTON", BS_OWNERDRAW | WS_CHILD | WS_VISIBLE | WS_GROUP |

WS_TABSTOP, 248, 35, 41, 20
CONTROL ™, IDC_NORMAL, "BUTTON", BS_OWNERDRAW | WS_CHILD | WS_VISIBLE | WS_GROUP |

WS_TABSTOP, 154, 71, 32, 12 i
CONTROL ™, IDC_64, "BUTTON", BS OWNERDRAWIWS CHILD | WS_VISIBLE | WS_ GROUP[
WS TABSTOF’ 186, 71, 32, 12

LTEXT "Function Generator & Frequency Counter”, -1, 23, 3, 131, 9 t
CTEXT "Function", -1, 254, 3, 30, 9 )
CTEXT "Input", -1, 172, 59, 30, 9 ]
RTEXT ™, IDC_RANGE, 25, 73, 57, 8 |

LTEXT “Frequency Range", -1, 23, 59, 59, 9 .
LTEXT "Attenuate”, -1, 108, 59, 34, 9 l
RTEXT ™, IDC_DB, 108, 73, 26, 8 |
RTEXT *, IDC_DIGIT, 47, 25, 151, 26 }
RTEXT ™, IDC_HZ, 200, 37, 16, 14
CTEXT "anniumalulad’, IDC_SHOW1, 223, 60, 66, 10
CTEXT "WszRaNInan’, IDC_SHOW2, 223, 69, 66, 10 .
CTEXT “AAnmMuIzaIansla’, IDC_SHOWS, 223, 78, 66, 10

}

AboutDlg‘DlALOG 0,0, 188, 136
STYLE WS_POPUP
FONT 8, "MS Sans Serif'
{
LTEXT "™, IDD_FRAME, 12, 11, 164, 90 .
CTEXT "Function Generator & Frequency Counter”, IDD_TITLE1, 14, 18, 160, 11
CTEXT "Copyright (c) 1997 by Gos", IDD_TITLE, 21, 35, 145, 13
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CTEXT "For Control Interface Card", -1, 18, 565, 152, 9
-t % L]}

CTEXT "a\xB6MxBAXBIIXB7\A4I\BITafI\XBEs2\xA8RNIXA 147", IDD_TITLE2, 18, 70, 1{52, 11

CTEXT "L\><A§'1\><A4\x83\xa7ms=m\xe4\xA17:\xBA\xAT', IDD_TITLES, 18, 84, 152, 14

- e R an eeag

PUSHBUTTON "OK", IDOK, 66, 108, 55, 22
ICON "Projécticon”, -1, 22, 71, 18, 20
ICON "Projecticon”, -1, 149, 73, 18, 20

}

Project ICON

{
‘00 00 01 00 01 00 20 20 00 01 00 00 00 00 A8 08’

‘00 00 16 00 00 00 28 00 00 00 20 00 00 00 40 00'
‘00 00 01 00 08 00 00 00 00 00 80 04 00 00 00 00'
‘00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00°

i
!
1{
i
i
f
!
{
!
{
!
|
{
i

‘00 00 40 00 00 00 80 00 00 00 FF 00 00 00 00 20
‘00 00 40 20 00 00 80 20 00 00 FF 20 00 00 00 40’
‘00 00 40 40 00 06 80 40 00 00 FF 40 00 00 00 60’
'00 00 40 60 00 00 80 60 00 00 FF 60 00 00 00 80°

'00 00 40 B0 00 00 80 80 00 00 FF 80 00 00 00 A0'
‘00 00 40 A0 00 00 80 AQ 00 00 FF AQ 00 00 00 Co
'00 00 40 CO 00 00 80 CO 00 00 FF CO 00 00 00 FF! t
'00 00 40 FF 00 00 80 FF 00 00 FF FF 00 00 00 00’ i
‘20 00 40 QO 20 00 80 00 20 00 FF 00 20 00 00 20 ;
‘20 00 40 20 20 00 80 20 20 00 FF 20 20 00 00 40' 1
'20 00 40 40 20 00 80 40 20 00 FF 40 20 00 00 60 l
‘20 00 40 60 20 00 80 60 20 00 FF 60 20 00 00 80' |
‘20 00 40 80 20 00 80 80 20 00 FF 80 20 00 00 AQ' I‘
‘20 00 40 A0 20 00 80 A0 20 00 FF AQ 20 00 00 CO' !
200040 C0200080C0 2000 FFC0200000FF ’
'20 00 40 FF 20 00 80 FF 20 00 FF FF 20 00 00 00' {
‘40 00 40 00 40 00 80 00 40 00 FF 00 40 00 00 20' {
‘40 00 40 20 40 00 80 20 40 00 FF 20 40 00 00 40" f
‘40 00 40 40 40 00 80 40 40 00 FF 40 40 00 00 60 !'
'40 00 40 60 40 00 80 60 40 00 FF 60 40 00 00 80

‘40 00 40 80 40 00 80 80 40 00 FF 80 40 00 00 AQ' ‘
'40 00 40 A0 40 00 80 AO 40 00 FF A0 40 00 00 CO" i
‘40 00 40 C0 40 00 80 CO 40 00 FF C0 40 00 00 FF* ;
‘40 00 40 FF 40 00 80 FF 40 00 FF FF 40 00 00 00' L



NAME
DESCRIPTION
EXETYPE
STUB

CODE

DATA
HEAPSIZE
STACKSIZE

; PROJECT.DEF

FUNCTION_GENERATOR

“Function Generator 1996 by GOS Project”
WINDOWS

"WINSTUB.EXE"

PRELOAD MOVEABLE DISCARDABLE
PRELOAD MOVEABLE

16384

8192

-
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#include
#include
#include
#include

#include

HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP
HBITMAP

HWND

"windows.h" PROJECT.CPP
<mem.h>

<io.h>

<dos.h>

"project.h”

hBitmapSine, hBitmapUnSine, hBitmapSineSelect;
hBitmapSineFocus, hBitmapUnSineFocus;
hBitmapSquare ,hBitmapSquareSelect, hBitmapUnSquare;
hBitmapSquareFocus, hBitmapUnSquareFocus;
hBitmapTn ,hBitmapTriSelect, hBitmapUnTr;
hBitmapTriFocus, hBitmapUnTriFocus;
hBitmapPower, hBitmapPowerSelect;
hBitmapControl, hBitmapControlSelect;
héitmapMinimize, hBitmapMinimizeSelect;
hBitmapRangeUp, hBitmapRangeUpSelect;
hBitmapRangeDown, hBitmapRangeDownSelect;
hBitmapAmpUp, hBitmapAmpUpSelect;
hBitmapAmpDown, hBitmapAmpDownSelect;

hBitmapUp, hBitmapUpSeiect, hBitmapDown ,hBitmapDownSelect;
hBitmapCounter, hBitmapCounterSelect, hBitmapCounterOn;

hBitmapGen, hBitmapGenSelect, hBitmapGenOn;
hBitmapNormal, hBitmapNormalSelect, hBitmapNormalOn;

hBitmap64, hBitmap64Select, hBitmap640n;

hwnd;

HINSTANCE hinstance;

static char szAppName(] = "Project”;

char sziniFile{128]; /1 INI file name

int  nWaveType;

int  nFunctionType;

int  ninputType;

int  nResetWaveType = Ox71F;

int  nSetSine = 0x20;

int  nSetSquare = 0x40;

int  nSetTr = 0x80; .

v b mima -
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int nResetRange = Ox7EQ;

e e e DL Y

int  nSetRange(] = {0x01, 0x02, 0x04, 0x08, 0x10};

int  nResetlnputType = OxFF;
int  nSetinput(] = {0x400, 0x100, 0x200};

int  nOutputFrequency;
int  nOutputControl;

int  nOutputAmp;

int  nOportFrequencylD = 0x210;
int  nOportControllD = 0x211;
int  nOportAmpID = 0x212;

int  nlporthigh = 0x0213;

int  nlportlow = 0x0214;

int  nTemp;
int  nRange;
unsigned UAmMp;

int cxWindowPos, cyWindowPos;

L il L
.
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FARPROC IpfnOldButtonWndProc[16]; -
FARPROC: IpfnNewButtonWndProc;

RECT rectFrame{11];
char *szRange[] = { "8 - 40Hz ","40 - 400Hz ", "400 - 4kHz ", "4kHz - 40kHz ",

"10kHz - 100kHz "};

char *szError{] = { "Error”,

"There is not enough memory available”, 1
“There are no timers available", 3
“This field does not contain a phone number”, I‘
“Unable to save program data to disk. You migr;t be able "™\
"to correct the error by closing another prograr? or "\
“freeing up some disk space before tenninating;.WinDial. “\
"Do you still wish to quit?”, {
*Unable to open COMX", [
"Unable to initialize COMX", _ f
|
¥



“Either your modem is off or there is no modem "\

"connected to COMX",

"Unable to transmit commands to the modem” };

iy i ot =

int PASCAL WinMain (HINSTANCE hinst, HINSTANCE hPrevinstance,
LPSTR lpszCmdLine , int nCmdShow)

hinstance = hinst;

MSG msg;

if(thPrevinstance)

if({InitApplication(hinstance))
returmn (FALSE);

if(!Initinstance(hinstance, n"CmdShow))

B R D, e S —

-

feturn (FALSE);

while (GetMessage(&msg, NULL, 0, 0))
{

|
|

if(hwnd == 0 || !IsDiaiogMessage(hWnd, &msg) || (msg.message == Wr\?_SETFONT))
DispatchMessage(&msg);
}

return msg.wParam;

}
BOOL InitApplication(HINSTANCE hinstance)

{

e e gt e,

— e o —

WNODCLASS wc;

we.style=0;

- e

wec.lpfnWndProc=WindowProc;
wc.cbClsExtra= 0;

wc.cbWndExtra= DLGWINDOWEXTRA:
wec.hinstance=hlinstance;

we.hlcon= Loadlcon(hinstance,"Projecticon");
wc.hCursor= LoadCursor(NULL,IDC_ARROW);
we.hbrBackground = NULL;

we.lpszMenuName = NULL;

— e m— g iy .

" wec.lpszClassName = szAppName;

wec.IpszClassName = "ProjectNoTitle";
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retum (RegisterClass(&wc));

BOOL Initinstance(HINSTANCE hinstance,int n"CmdShow)
{
/' hWnd = CreateDialog(hinstance, szAppName, 0, NULL);
hwWnd = CreateDialog(hlnstance, "ProjectNoTitle", 0, NULL);
if(lhwnd)
retum (FALSE);

InitControls(hWnd, hinstance);

UpdateWindow (hWnd);
return (TRUE);

3
} 1
void {nitControls (HWND hwnd, HINSTANCE hinstance) ] {
’ . H
{ i
|
1

inti;

HWND hWndButton;

|
1
i
for (i=0; i<11; i++)
InitFrameRect (hWnd, IDC_FRAME1 + i, &rectFrame(i]);

i
N
1
(]
H

IpfnNewButtonWndProc = MakeProcinstance ((FARPROC)NewButtoandPro}c
, hinstance);

t
i
i
}
i
for (i=0; i<16; i++){ 1
hWndButton = GetDIgltem(hWnd, IDC_SINE + i); ’

!

i

IpfnOldButtonWndProc[i} = (FARPROC)GetWindowlLong(hWndButton
(GWL_WNDPROC);

SetWindowlLong (hWndButton, GWL_WNDPROC 3
,(LONG)ipfnNewButtonWndProc); 1
) i
i
, |
long FAR PASCAL NewButtonWndProc(HWND hwnd, UINT msg '
1

— . WPARAM wParam, LPARAM [Param)

t



if((msg == WM_KEYDOWN) && (GetKeyState (VK_SHIFT) >= 0) &&
(GetKeyState (VK_CONTROL) >= 0) && ((IParam & 0x20000000L)== 0)}{

casé VK_ESCAPE:
SendMessage(hWnd, WM_COMMAND, IDC_EXIT, OL);

{
i
switch(wParam){ }
{
l

retum O;

case VK_PRIOR:
SendMessage(hWnd, WM_COMMAND, IDC_UP, OL);

'
}
|
!
¥ return 0; !
case VK_NEXT: ’
SendMessage(hWnd, WM_COMMAND, IDC_DOWN, OL);
return O;
case 0X53:
SendMessage(hWnd, WM_COMMAND, IDC_SINE, 0L);

return O; .

case OX73: !
SendMessage(hWnd, WM_COMMAND, iDC_SINE, 0L);

return O;

— s n

case 0x51:
SendMessage(hWnd, WM_COMMAND, {DC_SQUARE, 0L);
return O;

case Ox71:
SendMessage(hWnd, WM_COMMAND, IDC_SQUARE, OL);

— o mm——————

retum O;

case 0x54:
SendMessage(hWnd, WM_COMMAND, IDC_TRI, OL);

-t m mm

retum O;
case Ox74:

! SendMessage(hWnd, WM_COMMAND, IDC_TR!, OL);

return 0;

e i iy it g

defauit:
return CalNVindowProc(lpanIdButtoandProc[GetDIgCtrﬂD(:hwnd) -
IDC_SINE],hwnd, msg, wParam,ilParam);

) I

}
__ return CallWindowProc(IpfnOidButtonWndProc[GetDigCtri!D(hwnd) -

j
£



IDC_SINE],hwnd, msg, wParam, iParam);

e it sttt s B0t U m ke

void |nitFrameRect(HWND hWnd, int niD, RECT *rect)

¢ I
GetWihdowRect(GetDlgitem(hWnd, niD),rect); i
ScreepToClient(hWnd, (POINT FAR *)&rect->left); !
ScreenToClient(hWnd, (POINT FAR *)&rect->right);
DestroyWindow(GetDlgitem(hWnd,nlD));

}

/.

*

DrawFrame draws a recessed frame at the specified location. The frame's

background is painted with the specified brush.

*

Input parameters:

* hdc = Device context handle
* rect = Pointer to RECT structure containing the frame's coordinates

* hBrush = Handle of brush used to paint the frame's background

i mp A amtiets by (U Bt B
AU W s gt A o S ke o

* Retums:

* Nothing
t/ £
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void DrawFrameMain (HDC hdc, RECT *rect, HBRUSH hBrush)

{
HPEN hPen;

FillRect (hdc, rect, hBrush);

hPen = CreatePen (PS_SOLID, 1, RGB (128, 128, 128));
SelectObject (hdc, GetStockObject (WHITE_PEN));
MoveTo (hdc, rect->left, rect->bottom - 1);

LineTo (hdc, rect->left, rect->top);

LineTo (hdc, rect->right, rect->top);

MoveTo (hdc, rect->left + 1, rect->bottom - 2);

—
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LineTo (hdc, rect->left + 1, rect->top + 1);
LineTo (hdc, rect->right - 1, rect->top + 1);
MoveTo (hdc, rect->left + 2, rect->bottom - 3);
LineTo (hdc, rect->left + 2, rect->top + 2);
LineTo (hdc, rect->right - 2, rect->top + 2);
DeleteObject (SelectObject (hdc, hPen));
MoveTo (hdc, rect->right - 1, rect->top + 1);
LineTo (hdc, rect->right - 1, rect->bottom - 1);
LineTo (hdc, rect->left, rect->bottom - 1);
MoveTo (hdc, rect->right - 2, rect->top + 2);
LineTo (hdc, rect->right - 2, rect->bottom - 2);
LineTo (hdc, rect->left + 1, rect->bottom - 2);
MoveTo (hdc, rect->right - 3, rect->top + 3);
LineTo (hdc, rect->right - 3, rect->bottom - 3);

LineTo (hdc, rect->left + 2, rect->bottom - 3);

void DrawFrame (HDC hdc, RECT *rect, HBRUSH hBrush)

HPEN hPen;

FillRect (hdc, rect, hBrush);

hPen = CreatePen (PS_SOLID, 1, RGB (128, 128, 128));
SelectObject (hdc, hPen);

MoveTo (hdc, rect->left, rect->bottom - 1);

LineTo (hdc, rect->left, rect->top);

LineTo (hdc, rect->right, rect->top);

MoveTo (hdc, rect->left - 1, rect->bottom);

LineTo (hdc, rect->left - 1, rect->top - 1);

LineTo (hdc, rect->right + 1, rect->top - 1);

MoveTo (hdc, rect->left - 2, rect->bottom + 1);

LineTo (hdc, rect->left - 2, rect->top - 2);

LineTo (hdc, rect->right + 2, rect->top - 2),
DeleteObject (SelectObject (hde, GetStockObject (WHITE_PEN)));
MoveTo (hdc, rect->nght - 1, rect->top + 1);

LineTo (hdc, rect->right - 1, rect->bottom - 1);

LineTo (hdc, rect->left, rect->bottom - 1); 7
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MoveTo (hdc, rect->right , rect->top);

LineTo (hdc, rect->right , rect->bottom);
LineTo (hdc, rect->left - 1, rect->bottom);
MoveTo (hdc, rect->right + 1, rect->top - 1);
LineTd (hdc, rect->right + 1, rect->bottom + 1);

LineTo (hdc, rect->left - 2, rect->bottom + 1);

void Display_HZ(void)

{

RECT tect;
HFONT hFontOld,hWndFont;
HDC hDC;

hwndFont = CreateFont(24 , 0, 0, 0, 0, // specify pt size

0.0,0,0,0, 0,0, 0, "MS Serif'); // and face name only
GetWindowRect(GetDigitem(hWnd, IDC_HZ).&rect);
ScreenToClient(thWnd, (POINT FAR *)&rect.left);
ScreenToClientthWnd, (POINT FAR *)&rect.right);
hDC = GetDC(hWnd);
hFontOld = SelectObject(hDC, hWndFont);
SetTextColor (hDC, RGB (0, 255, 0));
SetBkColor (hDC, RGB (0, 0, 0));

DrawText(hDC, "HZ" ,2, &rect, DT_BOTTOM | DT_SINGLELINE | DT_LEFT);

SelectObject(hDC, hFontOld);
DeleteObject (hWndFont),
ReleaseDC(hWnd, hDC);

void Display_Digit(PSTR pszDIGIT)

{

RECT rect;
HFONT hFontOid,hWndFont;
HDC hDC;

hWndFont = CreateFont(60, 0, 0, 0, 0, // specify pt size

0,0,0,0,0,0, 0, 0, "MS San Serif"); // and face name only

. —— ey Y
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GetWindowRect(GetDIgitem(hWnd, IDC_DIGIT),&rect);
ScreenToClientthWnd, (POINT FAR *)&rect.left);

L

ScreenToClient(hwnd, (POINT FAR *)&rect.right);

P

hDC = GetDC(hWnd): {
4

hFontOld = SelectObject(hDC, hWndFont);

SetTextColor (hDC, RGB (0, 255, 0)); ;

SetBkgolor (hDC, RGB (0, 0, 0)); :

DrawText(hDC, pszDIGIT , Istden(pszDIGIT), &rect, DT_VCENTER | DT_SINGLF“LINE | DT_RIGHT);

SelectObject(hDC, hFontOid);
DeleteObject (hWndFont);
ReleaseDC(hWnd, hDC);

e al i L ]

int LoadProgramData(void)

{

—

-~

HFILE hFile;
char NEAR *npBuffer;
UINT nm;

//Open PROJECT.INI and allocate a buffer in the local heap whose
/Isize equals PROJECT.INI 's file size. Then read PROJECT.INI into
/lthe buffer.

if((hFile = _lopen (sziniFile, READ)) == HFILE_ERROR)
return 2;

n=(UINT) filelength ((int) hFile);

if((npBuffer = (char NEAR *) LocalAlloc(LPTR, n)) == NULLY
_Iclose (hFile);
retumn 1;

}

if(Iread (hFile, npBuffer, n) == HFILE_ERROR)

i S R g sl b e e ba il o e e iy by AP S S W e

LocalFree((HLOCAL) npBuffer);

Iclose (hFile);

R g

return 3;

-

}

_Iclose (hFile);
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/Mransfer the program data from the buffer to local variables.

memcpy (&exWindowPos, npBuffer, sizeof(int));

n = sizeof(int);

memcpy (&cyWindowPos, &npBuffer{n], sizeof(int));
n += sizeof(int);
memcpy (&nWaveType, &npBuffer(n], sizeof (int));

n += sizeof (int);

memcpy (&nFunctionType, &npBuffer(n], sizeof (int));

n += sizeof (int);

memcpy (&ninputType, &npBuffer{n], sizeof (int));

n += sizeof (int);

memcpy (&nRange. &npBuffer{n], sizeof (int));

n += sizeof (int);

memcpy (&nCutputFrequency, &npBuffer{n], sizeof (int));

n += sizeof (int);

memcpy (&uAmp, &npBuffer{n], sizeof (unsigned));

n += sizeof (unsigned);

LocalFree((HLOCAL) npBuffer);

return 0

int SaveProgramData (HWND hwnd)

{

RECT rect;

HFILE hFile;
WINDOWPLACEMENT wp;
UINT nBufferSize, n;
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char NEAR "npBuffer;

i

// Initialize cxWindowPos and cyWindowPos with the window coordinates.

i
if (Islconic (hwnd)) {
" GetWindowRect (hwnd, &rect);
cxWindowPos = rect.left:

cyWindowPos = rect.top;

}

else {
wp.length = sizeof (wp);
GetWindowPiacement (hwnd, &wp);
cxWindowPos = (wp.rcNormalPasition). left;
cyWindowPos = (wp.rcNomalPasition).top;

}

1

/I Allécate a buffer in the local heap and copy the program data to
/! the buffer in the format in which it will be written to disk.
/"

nBufferSize = (4 * sizeof (int))+sizeof(unsigned);

if ((npBuffer = (char NEAR *) LocalAlloc (LPTR, nBufferSize)) == NULL)

retumn 1;

memcpy (npBuffer, &cxWindowPos, sizeof (int));

n = sizeof (int);

memcpy (&npBuffer[n], &cyWindowPos, sizeof (int));

n += sizeof (int);

memcpy (&npBuffer[n], &WaveType, sizeof (int));

n += sizeof (int);

memcpy (&npBuffer{n], &nFunctionType, sizeof (int));
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}

LRESULT CALLBACK WindowProc(HWND hWnd, UINT msg, WPARAM wParam, LPA;RAM [Param)

{

n += sizeof (int);

memcpy (&npBuffer{n], &nlnputType, sizeof (int));

n += sizeof (int);

memcpy (&npBuffer{n], &nRange, sizeof (int));

n += gizeof (int);

memcpy (&npBuffer{n], &nOutputFrequency, sizeof (int));

n += sizeof (int);

memcpy (&npBuffer{n], &uAmp, sizeof (unsigned));

n += sizeof (unsigned);

/"

/I Create the INI file and copy the contents of the buffer to the file.

/
if ((hFile = _lcreat (sziniFile, 0)} == HFILE_ERROR) {
LocaiFree ((HLOCAL) npBuffer);

retum 2;

if (_write (hFile, npBuffer, n) == HFILE_ERROR) {
LocalFree ((HLOCAL) npBuffer);
_Iclose (hFile);

return 3;

i

/I Free the buffer allocated in the local heap and close the file.
/"

LocalFree ((HLOCAL) npBuffer);

_lIclose (hFile);

retum 0;
El

-
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int i;

LPDRAWITEMSTRUCT Ipdis:

PAINTSTRUCT
FARPROC
HBITMAP
HDC

HWND

static HBRUSH
static UINT
RECT

char

PSTR
unsigned long
UINT -

4

switch(hsg){

ps.
IpProcAbout;
hOldBitmap;
hdc,hMemoryDC;
hWndButton;
hGrayBrush;
nTimer!D;
rect,rectFocus;
szBuffer{8];
pszDigit = "0%
lulnputValue;

uTempt;

case V_VM_CREATE:

i = GetModuleFileName (hinstance, sziniFile, sizeof (sziniFile));

while (sziniFile[i] |= 0x5C)

Istrepy (&sziniFile(i+1], "PROJECT.INI");

if((nTimer!D = SetTimer (hWnd, 1, 500, NULL))==NULLX

MessageBox(hWnd, szError{2], szError{0], MB_OK);

retum -1;

if(LoadProgramData()){

cxWindowPos = (GetSystemMetrics (SM_CXSC?EEN) -
((LPCREATESTRUCT) IParam)->cx)>> 1;

cyWindowPos = (GetSystemMetrics (SM_CYSCREEN) -
((LPCREATESTRUCT) IParam)->cy)>> 1;

nOutputControl &= nResetWaveType;
if(nWaveType == 2)

nOutputControl |= nSetSquare;
else if(nWaveType == 3)

o

R L L R W= SR o gl Ve 5
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W mm i

hQutputControl [= nSetTr;
else
nQutputControl |= nSetSine;

outport(nOportControllD, nOutputControl);

nQutputControl &= nResetlnputType;
if(nFunctionType == 1)

nOutputControl |= nSetinput[ninputType];
else

nOutputControl |= nSetinput[2];
outport(nOportControllD, nOutputControl);

SetDlgltemText (hWnd, IDC_RANGE, szRange[nRange]);

Wl meane snan, e b gy he ke e e M g oo o

nQutputControl &= nResetRange;
nQutputControl |= nSetRange[nRange];

o tagmafmes =

outport(nOportControliD, nOutputControl);
outport(nOportFrequencylD, nOutputFrequencyy);

wsprintf(szBuffer,"%d%s",uAmp,"dB");

SetDlgitemText (hWnd, IDC_DB, szBuffer);

nOutputAmp = uAmp * UAMp;

outport(nOportAmpID, nOutputAmpy);
}
SetWindowPos(hWnd, 0, cxWindowPos, cyWindowPos, 0, 0,

SWP_NOSIZE | SWP_NOZORDERY);

hGrayBrush = CreateSolidBrush (RGB(192, 192, 192));

s e Nl e e e ki kg o e Shige mAma G o

hBitmapSine = LoadBitmap (hinstance, "Sine");

i e Moade

hBitmapSineSelect = LoadBitmap (hinstance, "SineSelect");

hBitmapUnSine = LoadBitmap (hinstance, “Unsine");

— g,

hBitmapSineFocus = LoadBitmap (hinstance, "SineSelectFocus");
hBitmapUnSineFocus = LoadBitmap (hinstance, "UnSineFocus");

hBitmapSquare = LoadBitmap (hinstance, "Square");

P it

hBitmapSquareSelect = LoadBitmap (hinstance, "SquareSelect");
hBitmapUnSquare = LoadBitmap (hinstance, "Unsquare"); !
hBitmapSquareFocus = LoadBitmap (hinstance, "SquareSeIectFOCLzs");
hBitmapUnSguareFocus = LoadBitmap (hinstance, "UnSquareFocué");

i



[P VO

hBitmapTri = LoadBitmap (hinstance, "Tri");

’

hBitmapTriSelect = LoadBitmap (hinstance, "TriSelect");

i g A

hBitmapUnTri = LoadBitmap (hinstance, "UnTn");
hBitmapTriFocus = LoadBitmap (hinstance, "TriSelectFocus"); ]
hBitmapUnTriFocus = LoadBitmap (hinstance, "UnTriFocus");
hBitmapPower = LoadBitmap (hinstance, "Power");

hBitmapPowerSelect = LoadBitmap (hinstance, "PowerSelect”);

A =

hBitmapControl = LoadBitmap (hinstance, "Control");

hBitmapControlSelect = LoadBitmap (hinstance, “"ControlSelect"),

e e

hBitmapMinimize = LoadBitmap (hinstance, "Minimize");

hBitmapMinimizeSelect = LoadBitmap (hinstance, "MinimizeSelect");
1
hBitmapRangeUp = LoadBitmap (hinstance, "RangeUp"); 1

).

hBitmapRangeUpSelect = LoadBitmap (hinstance, "RangeUpSelect;),

hBitmapRangeDown = LoadBitmap (hinstance, "RangeDown"); 1

hBitmapRangeDownSelect = LoadBitmap (hinstance, "RangeDownS'elect"):
)

hBitmapAmpUp = LoadBitmap (hinstance, "AmpUp"); :
hBitmapAmpUpSelect = LoadBitmap (hinstance, "AmpUpSelect"); l
hBitmapAmpDown = LoadBitmap (hinstance, "AmpDown");

hBitmapAmpDownSelect = LoadBitmap (hinstance, "AmpDownSelett");
hBitmapUp = LoadBitmap (hinstance, "Up");

hBitmapUpSelect = LoadBitmap (hinstance, "UpSelect");

w— e ey

hBitmapDown = LoadBitmap (hinstance, "Down");

hBitmapDownSelect = LoadBitmap (h!nstance, "DownSelect");

.

hBitmapCounter = LoadBitmap (hinstance, "Counter”);
hBitmapCounterSelect = LoadBitmap (hinstance, "CounterSelect”); H
hBitmapCounterOn = LoadBitmap (hinstance, "CounterOn"); |
hBitmapGen = LoadBitmap (hinstance, "Gen"); ’
hBitmapGenSelect = LoadBitmap (hinstance, "GenSelect"); '
hBitmapGenOn = LoadBitmap (hinstance, "GenOn");
hBitmapNormal = LoadBitmap (hinstance, “InputNormal");
hBitmapNormaliSelect = LoadBitmap (hinstance, "lnputNormaISelecl");
hBitmapNormalOn = LoadBitmap (hinstance, "InputNormalOn");  §
hBitmap64 = LoadBitmap (hinstance, "Input64"); .
hBitmap64Select = LoadBitmap (hinstance, "Input64Select");
hBitmap840n = LoadBitmap (hlnstance, "Input640n");

e e i

retum O; -
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case WM_PAINT:
/n
/[Draw the frames surrounding the static text control
/n
hdc = BeginPaint (hWnd, &ps);
GetClientRect (hWnd, &rect);
DrawFrameMain(hdc,&rect, hGrayBrush);
for(i=0; i<8; i++)
DrawFrame(hdc, &rectFramel[i]l, hGrayBrush);

for(i=8; i<11; i++)

DrawFrame(hdc,&rectFrame(i], GetStockObject(BLACK_BRUS

EndPaint(hWnd, &ps);
Display_HZ();
Display_Digit(pszDigit):

retumn 0O;

case WM_CTLCOLOR:
if(HIWORD(IParam)==CTLCOLOR_STATIC) {

if(GetDIgCtrID (LOWORD (IParam)) == IDC_RANGE ||
GetDigCtrID (LOWORD (IParam)) == IDC_HZ ||
GetDIgCtrID (LOWORD (IParam)) == IDC_DIGIT ||
GetDigCtrlD (LOWORD (IParam))} == IDC_DB){
SetBkColor ((HDC) wParam, RGB (0, 0, 0));
SetTextColor ((HDC) wParam, RGB (0, 255, 0));
retum GetStockObject(BLACK_BRUSH);

}
if(GetDIgCtriD (LOWORD (IParam)) == IDC_SHOW1 ||

pesn

SetBkColor ((HDC) wParam, RGB (192, 192, 192));
SetTextColor ((HDC) wParam, RGB (255, 128, 0));
Display_HZ();
retumn hGrayBrush;
'
SetBkColor (HDC) wParam, RGB (192, 192, 192));
Display_HZ();

GetDIgCtrilD (LOWORD (IParam)) == IDC_SHOW2 ||
GetDIgCtrilD (LOWORD (IParam)) == IDC_SHOWS3){

—
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return hGrayBrush;

}
retumn NULL;

4

case WM_DRAWITEM:
/"

— S——— kg oo

s

// Paint an owner-draw button.
I
Ipdis = (DRAWITEMSTRUCT FAR") IParam;

[ e T

CopyRect (&rect, &(lpdis->rcltem));

hdc = Ipdis->hDC;

switch(lpdis->itemAction)}{

case ODA_DRAWENTIRE:
I
// Paint the button in its entirety.
I
if(wParam == IDC_SINEX
hMemoryDC = CreateCompatibleDC (hdc);

e e s b sl i i

if(nWaveType == 1)
hOldBitmap = SelectObject(hMemoryDC,hBitr}napSine);
else
hOldBitmap = SelectObject(hMemoryDC,hBitr‘napUnSine);
BitBit(hdc, rect.left, rect.top *
,rect.right - rect.left, rect.bottom - r’ect.top

./hMemoryDC, 0, 0, SRCCOPY);

i

SelectObject(hMemoryDC, hOIdBitmap); i[

DeleteDC(hMemoryDC); !

/ |
if(wParam == |[DC_SQUARE){

-

hMemoryDC = CreateCompatibleDC (hdc):
if(nWaveType == 2) i
hOIdBitmap = SelectObject(hMemoryDC,hBitthapSquare);

else
i

hOldBitmap = SelectObject(hMemoryDC,hBitr’;mapUnSquare);
BitBlt(hdc, rect.left, rect.top .
,rect.right - rect.left, rect.bottom - rLct.top
|



"
I
i

/!
I
/"

-

,hMemoryDC, 0, 0, SRQCOPY);

'
SelectObject(hMemoryDC, hOldBitmap); "
DeleteDC(hMemoryDC); :

} ¢

if(wParam == [DC_TRI){
hMemoryDC = CreateCompatibleDC (hdc); ]
if(nWaveType == 3)

hOldBitmap = SelectObject(hMemoryDC,hBitmapTri);
else !
hOldBitmap = SelectObject(hMemoryDC,hBitlhapUnTri);
BitBit(hdc, rect.left, rect.top
,rect.night - rect.left, rect.bottom - rect.top

,hMemoryDC, 0, 0, SRCCOPY);

SelectObject(hMemoryDC, hOldBitmap);

DeleteDC(hMemoryDC); ?
: , I
if(wParam == IDC_EXIT) I
hMemoryDC = CreateCompatibleDC (hdc); !
if (Ipdis->itemState & ODS_SELECTED) l
hOldBitmap = SelectObject(hMemoryDC,hBithapPowerSelect);
else ;
hOldBitmap = SelectObject(hMemoryDC,hBitfnapPower);
BitBlt(hdc, rect.left, rect.top :
,rect.right - rect.left, rect.bottom - Eect.top
‘hMemoryDC, 0, 0, SRCCOPY), |
SelectObject(hMemoryDC, hOldBitmap); {
DeleteDC(hMemoryDC); i
1

}
if(wParam == IDC_CONTROL)

hMemoryDC = CreateCompatibleDC (hdc);
if (lpdis->itemState & ODS_SELECTED)

hOldBitmap = SelectObject(hMemoryDC,hBitmapControlSelect);

i
else |
hOldBitmap = SelectObject(hMemoryDC,hBitrfnapControI);
BitBIt(hdc, rect.left, rect.top :
,rect.nght - rect.left, rect.bottom - r:ect.top

-.hMemoryDC, 0, 0, SRCCOPY); !

v
1
1
i
1
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SelectObject(hMemoryDC, hOldBitmap);
DeleteDC(hMemoryDC);

}
if(wParam == IDC_MINIMIZE){

s il .-

hMemoryDC = CreateCompatibleDC (hdc);

. iy et

i if (lpdis->itemState & ODS_SELECTED)
Vi hOldBitmap = SelectObject(hMemoryDC,l;uBitmapMinimizeSelect):
N else i
hOldBitmap = SelectObject(hMemoryDC.TBitmapMinimize);
BitBlt(hdc, rect.left, rect.top f

,rect.right - rect.left, rect.bottori - rect.top
,hMemoryDC, 0, 0, SRCCOPY)i‘
SelectObject(hMemoryDC, hOldBitmap);
DeleteDC(hMemoryDC);
}
if(wParam == IDC_RANGEUP){

hMemoryDC = CreateCompatibleDC (hdc);
hOldBitmap = SelectObject(hMemoryDC.hBitma:pRangeUp);
BitBit(hdc, rect.left, rect.top i
,rect.right - rect.left, rect. bottorr; - rect.top
,hMemoryDC, 0, 0, SRCCOPY);E’
SelectObject(hMemoryDC, hOldBitmap); i
DeleteDC(hMemoryDC);
}

if(wParam == IDC_RANGEDOWN){

hMemoryDC = CreateCompatibleDC (hdc); ‘

i
hO!dBitmap = SelectObject(hMemoryDC,hBitmadRangeDown);
l

1

BitBlt(hdc, rect.left, rect.top
,rect.right - rect.left, rect.bottom & rect.top

,hMemoryDC, 0, 0, SRCCOPY); |

SelectObject(hMemoryDC, hOldBitmap); '
DeleteDC(hMemoryDC); !

} l
if(wParam == IDC_AMPUP){ }
:

hMemoryDC = CreateCompatibleDC (hdc);

hOldBitmap = SelectObject(hMemoryDC,hBitmapé\mpU P);
— BitBlt(hdc, rect.left, rect.top

19



e —

20
1

,rect.right - rect.left, rect.bottdm - rect.top
,AMemoryDC, 0, 0, SRCCOPY};
SelectObject(hMemoryDC, hO!dBitmap):; !
DeleteDC(hMemoryDC);
}

i
|
iftwParam == IDC_AMPDOWN){ '}
1

hMemoryDC = CreateCompatibleDC (hdc);

hOldBitmap = SelectObject(hMemoryDC.hBitm%pAmpDown):
BitBlt(hdc, rect.left, rect.top

\
,rect.right - rect.left, rect.bottori1 - rect.top
.hMemoryDC, 0, 0, SRCCOPY)!
SelectObject(hMemoryDC, hOldBitmap);
DeleteDC(hMemoryDC);
}

if(wParam == [DC_UP){

[ i

A
1
hMemoryDC = CreateCompatibleDC (hdc); |
i

hOIldBitmap = Se!ectObject(hMemoryDC,hBitma;:DU p);
BitBlt(hdc, rect.left, rect.top ;

.rect.right - rect.left, rect.bottom!- rect.top
JhMemoryDC, 0, 0, SRCCOPY): 1
SelectObject(hMemoryDC, hOldBitmap); .

DeleteDC(hMemoryDC);
]
}

l

|

if(wParam == IDC_DOWN ){

hMemoryDC = CreateCompatibleDC (hdc);

¥
hOIdBitmap = SelectObject(hMemoryDC,hBitmapi)own);
BitBlt(hdc, rect.left, rect.top :

]

. }
srect.right - rect.left, rect.bottom -irect.top

,hMemoryDC, 0, 0, SRCCOPY);

i1

SelectObject(hMemoryDC, hOIdBitmap); 1
¥

DeleteDC(hMemoryDC);
} ;
if(wParam == IDC_GEN){ t
hMemoryDC = CreateCompatibleDC (hdc): |

if(nFunctionType == 0)

hOIdBitmap = SelectObject(hMemoryDC,hBitr}1apGenOn);
else .

papeE L



BitBIt(hdc, rect.left, rect.top !

i
hOldBitmap = SelectObject(hMemoryDC.ﬁBitmapGen);

H
rect.right - rect.left, rect.bottorg - rect.top

.hMemoryDC, 0, 0, SRCCOPY);!

a

SelectObject(hMemoryDC, hOldBitmap); 4

DeleteDC(hMemoryDC);

}

if(wParam == IDC_COUNT){

o e el

hMemoryDC = CreateCompatibleDC (hdc);

if(nFunctionType == 1)

else

hOldBitmap = SelectObject(hMemoryDC,hBitmapCounterOn);

BitBlt(hdc, rect.left, rect.top

i
!
!
B
i
hOldBitmap = SelectObject(hMemoryDC.thtmapCounter);
]

.rect.nght - rect.left, rect.bottom trect.top
1

,hMemoryDC, 0, 0, SRCCOPY); i

SelectObject(hMemoryDC, hOldBitmap);

DeleteDC(hMemoryDC); i
} !
if(wParam == IDC_NORMAL){ }
hMemoryDC = CreateCompatibleDC (hdc); ;
if(IninputType && nFunctionType) . i
hOldBitmep = SelectObject(hMemoryDC.hBi;mapNormalOn);
else '
hOldBitmap = SelectObject(hMemoryDC,hBitimapNormal):
BitBlt(hdc, rect.left, rect.top ;

SelectObject(hMemoryDC, hOldBitmap);
DeleteDC(hMemoryDCY);

}

if(wParam

.rectright - rect.left, rect.bottom - fect.top

,hMemoryDC, 0, 0, SRCCOPY); !

== |DC_64){

P —

hMemoryDC = CreateCompatibleDC (hdc);

if(ninputType && nFunctionType)

else

PUpNe

hQldBitmap = SelectObject(hMemoryDC.hBitrﬁap640n);

I
hOIdBitmap = SelectObject(hMeeryDC,hBitn’iap64);

4

!
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{

,rect.right - rect.left, rect.bottoim - rect.top

BitBlt(hdc, rect.left, rect.top

.hMemoryDC, 0, 0, SRCCOPY);
SelectObject(hMemoryDC, hOldBitmap); !
DeleteDC(hMemoryDC); ;

} .
if (lpdis->itemState & ODS_FOCUS) { 1

FrameRect (hdc, &rect, GetStockObject (BLACK_BRUSH)):

1

CopyRect (&rectFocus, &(ipdis->rcltem));
iftwParam > [DC_64)
InflateRect (&rectFocus, -4,-6);
if(wParam == IDC_NORMAL || wParam == |DC_64)
InflateRect (&rectFocus, -8,-5);
if(wParam == IDC_GEN |} wParam == IDC_COUNT)
inflateRect (&rectFocus, -10,-9);

. -
i i s i it A -

iftwParam >= IDC_RANGEUP && wParam <= IDC_AMTDOWN)

InflateRect (&rectFocus, -2,-2);
iftwParam == IDC_UP || wParam == IDC_DOWN) 1
inflateRect (&rectFocus, -8,-6);

if (Ilpdis->itemState & ODS_SELECTED) |
OffsetRect (&rectFocus, 1, 1); '
DrawFocusRect (hdc, &rectFocus); {

} i

return TRUE; }
{
i

case ODA_SELECT:

!

1 i
/I Redraw the button in a depressed or undepressed state.
/I |
ifwParam == IDC_SINE){ !
hMemoryDC = CreateCompatibleDC (hdc); .

if (Ipdis->itemState & ODS_SELECTED) i

hOldBitmap = SelectObject(hMemoryDC,hBitrapSineSelect);
else if(nWaveType == 1) '

hOldBitmap = SelectObject(hMemoryDC,hBitmapSine);
}
else

i

hOldBitmap = SelectObject(hMemoryDC,hBitmépUnSine);



}

}

if(wParam == IDC_TRI){

}

if(wParam == IDC_EXIT){

hMemoryDC = CreateCompatibleDC (hdc);

L

BitBlt(hdc, rect.left, rect.top, rect.right - rect.lelt

,rect.bottom - rect.top

.hMemdryDC, 0, 0, SRCCOPY);

SelectObject(hMemoryDC,hOldBitmap); :
DeleteDC(hMemoryDC);

i

i

]

if(wParam == IDC_SQUARE){ t

hMemoryDC = CreateCompatibieDC (hdc);
if (Ipdis->itemState & ODS_SELECTED) {

hOldBitmap = SelectObject(hMemoryDC,r{BitmaquuareSelect);
else if(nWaveType == 2) ;

hOldBitmap = SelectObject(hMemoryDC,hBitmapSquare);
else i

hOldBitmap = SelectObject(hMemoryDC,hbitmapUnSquare);
BitBlt(hdc, rect.left, rect.top, rect.right - rect.left :

,rect.bottam - rect.top
,hMemoryQiEC, 0, 0, SRCCOPY);
SelectObject(hMemoryDC,hOldBitmap); '
DeleteDC(hMemoryDC); i

hMemoryDC = CreateCompatibieDC (hdc);
if (pdis->itemState & ODS_SELECTED)

R

hOIldBitmap = SelectObject(hMemoryDC.hBi}mapTriSelect);
else if(nWaveType == 3)

i
hOldBitmap = SelectObject(hMemoryDC.hBit‘maan');

else 1

hOIdBitmap = SeIectObject(hMemoryDC,hBitinapUnTn');
BitBIt(hdc, rect.teft, rect.top, rect.right - rect.left  +

,rect.bottom:- rect.top

,hMemoryDC, 0, 0, SRCCOPY);

i
SelectObject(hMemoryDC,hOidBitmap); {
DeleteDC(hMemoryDC); }

|

if (pdis->itemState & ODS_SELECTED)

a2
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¥
hOldBitmap = SelectObject(hMemoryDC hBitmapPowerSelect):

i
else H

hOldBitmap = SelectObject(hMemoryDC.!\BitmapPower);

BitBlt(hdc, rect.left, rect.top E

Jsrect.right - rect.left, rect.bottogn - rect.top

,hMemoryDC, 0, 0, SRCCOPY);;
SelectObject(hMemoryDC, hOIldBitmap); }
DeleteDC(hMemoryDC); !
} i
if(wParam == IDC_CONTROL){

]

hMemoryDC = CreateCompatibleDC (hdc),  *
if (Ipdis->itemState & ODS_SELECTED) |
hOldBitmap = SelectObject(hMemoryDC,HBitmapControlSelect);

else 1

hOldBitmap = SelectObject(hMemoryDC,h’BitmapControI);
i

LY

BitBlt(hdc, rect.left, rect.top
Jrect.right - rect.left, rect.bottorm - rect.top
,hMemoryDC, 0, 0, SRCCOPY);i )
SelectObject(hMemoryDC, hOldBitmap); i
DeleteDC(hMemoryDC); '
} i
if(wParam == IDC_MINIMIZE){ 3
hMemoryDC = CreateCompatibleDC (hdc); !
if (Ipdis->itemState & ODS_SELECTED) i
hOldBitmap = SelectObject(hMemoryDC.héitmapMinimizeSeIect);

else 1

hOldBitmap = SeIectObject(hMemoryDC,hEZitmapMinimize);
¥

BitBlt(hdc, rect.left, rect.top . '

,rect.right - rect.left, rect.bottom}- rect.top
,hMemoryDC, 0, 0, SRCCOPY); '
SelectObject(hMemoryDC, hOldBitmap); i
DeleteDC(hMemoryDC);
}
if(wParam == |[DC_RANGEUP){
hMemoryDC = CreateCompatibleDC (hdc);

i ey

if (lpdis->itemState & ODS_SELECTED)
hOldBitmap = SelectObject(hMemoryDC,hBifmapRangeUpSelect);

24
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{

1
else

!
hOldBitmap = SelectObject(hMemoryDC,hBitmapRangeUp);

BitBlt(hdc, rect.left, rect.top ;

,rect.right - rect.left, rect.bottorh - rect.top

'
,hMemoryDC, 0, 0, SRCCOPY);

SelectObject(hMemoryDC, hOldBitmap); §
DeleteDC(hMemoryDC); !
}
if(wParam == IDC_RANGEDOWN){ '

hMemoryDC = CreateCompatibleDC (hdc); t
if (Ipdis->itemState & ODS_SELECTED)
hOldBitmap = SelectObject(hMemoryDC,hBitmapRangeDownSelect);
else f
hOldBitmap = SelectObject(hMemoryDC,h!?:itmapRangeDown);
BitBlit(hdc, rect.left, rect.top }
rect.right - rect.left, rect.botton - rect.top
,hMemoryDC, 0, 0, SRCCOPY); !
SelectObjectthMemoryDC, hOldBitmap); ‘
DeleteDC(hMemoryDC);

}
if(wParam == {DC_AMPUP){

— g s

s

hMemoryDC = CreateCompatibleDC (hdc);
if (Ipdis->itemState & ODS_SELECTED) 'r
hOldBitmap = SelectObject(hMemoryDC.héitmapAmpUpSelect);
else i
hO!dBitmap = SelectObject(hMemoryDC.hB‘itmapAmpU p):
BitBlt(hdc, rect.left, rect.top i
rect.right - rect.left, rect.bottom £ rect.top
,hMemoryDC, 0, 0, SRCCOPYY); '
SelectObject(hMemoryDC, hOldBitmap);
DeleteDC(hMemoryDC);
} }
if(wParam == [DC_AMPDOWN)

O i

L]

hMemoryDC = CreateCompatibleDC (hdc); i

if (lpdis->itemState & ODS_SELECTED) ]
hOldBitmap = SelectObject(hMemoryDC,hB‘itmapAmpDownSelect);

else

25



1
' }

hOldBitmap = SelectObject(hMemoryDC?hBitmapAmpDown);
BitBit(hdc, rect.left, rect.top !

’ rect.night - rect.left, rect.botto}n - rect.top
,hMemoryDC, 0, 0, SRCCOPY);
SelectObject(hMemoryDC, hOIldBitmap); I
DeleteDC(hMemoryDC); ;
} l
if(wParam == |DC_UP){ 1
hMemoryDC = CreateCompatibleDC (hdc); !
if (lpdis->itemState & ODS_SELECTED) ;
hOIdBitmap = SelectObject(hMemoryDC, hBitmapUpSelect);

1

else
{

hOldBitmap = SelectObject(hMemoryDC,hBitmapUp);
BitBit(hdc, rect.left, rect.top i
.rect.right - rect.left, rect.bottom - rect.top
,hMemoryDC, 0, 0, SRCCOPY);
SelectObject(hMemoryDC, hOldBitmap); §
DeleteDC(hMemoryDC); i,
'
iftwParam == IDC_DOWN){

oy Mdge W eshma

hMemoryDC = CreateCompatibleDC (hdc);
if (Ipdis->itemState & ODS_SELECTED) |
hOldBitmap = SelectObject(hMemoryDC,I'iBitmapDownSeIect):
else 4
hOldBitmap = SelectObject(hMemoryDC,l'iBitmapDown):
BitBlt(hdc, rect.left, rect.top
srect.right - rect.left, rect.bottorri - rect.top
.hMemoryDC, 0, 0, SRCCOPY);1
SelectObject(hMemoryDC, hOldBitmap); ’
DeleteDC(hMemoryDC); i
’ i
if(twParam == I[DC_GEN){ H
hMemoryDC = CreateCompatibleDC (hdc); ;
if (Ipdis->itemState & ODS_SELECTED)

1
hOldBitmap = SelectObject(hMemoryDC,h;BitmapGenSelect);
i

J
hOIdBitmap = SelectObject(hMemoryDC,héitmapGenOn);

else if(!nFunctionType)

i
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27
else

[SRE.

hOldBitmap = SelectObject(hMemoryDC.I{BitmapGen):
BitBlt(hdc, rect.left, rect.top ;

,rect.right - rect.left, rect.bottor;[ - rect.top
hMemoryDC, 0, 0, SRCCOPY);!
SelectObject(hMemoryDC, hOldBitmap);
DeleteDC(hMemoryDC);
}
iftwParam == IDC_COUNT){ {
hMemoryDC = CreateCompatibleDC (hdc);
if (Ipdis->itemState & ODS_SELECTED)
hOldBitmap = SelectObject(hMemoryDC,héitmapCounterSelect);
else if(nFunctionType) |

1
hOIdBitmap = SelectObject(hMemoryDC,ht?itmapCounterOn);
1

hOldBitmap = SelectObject(hMemoryDC,hB!itmapCounter):

else

BitBlt(hdc, rect.left, rect.top :

«rect.right - rect.left, rect.bottom i rect.top
,hMemoryDC, 0, 0, SRCCOPY);
SelectObject(hMemoryDC, hOldBitmap);

[IOFSPRIREN

DeleteDC(hMemoryDC);
}
if(wParam == IDC_NORMAL){

o mp—

hMemoryDC = CreateCompatibleDC (hdc);
A
{
if (Ipdis->itemState & ODS_SELECTED)

hOldBitmap = SelectObject(hMemoryDC,hBl;tmapNonnalSelect);
else if(IninputType && nFunctionType) '
hOldBitmap = SelectObject(hMemoryDC,hBiimapNormalOn);
else
hOldBitmap = SelectObject(hMemoryDC.hBii!mapNormaI);
BitBlt(hdc, rect.left, rect.top i
,rect.nght - rect.left, rect.bottom -fect.top
.hMemoryDC, 0, 0, SRCCOPY):;
SelectObject(hMemoryDC, hOldBitmap);
DeleteDC(hMemoryDC);
}

if(wParam == IDC_64){

- ——— ——



hMemoryDC = CreateCompatibleDC (hdc); 1

‘ if (Ipdis->itemState & ODS_SELECTED)
hOldBitmap = SelectObject(hMemoryDC,LBitmap64S'elect);
else if(ninputType && nFunctionType) i
hOIdBitmap = SelectObject(hMemoryDC,hBitmap640n);
else
hOIdBitmap = SelectObject(hMemoryDC,hBitmap64);
BitBit(hdc, rect.left, rect.top ‘
,rect.right - rect.left, rect.bottoln - rect.top
,hMemoryDC, 0, 0, SRCCOPY)‘;
SelectObject(hMemoryDC, hOldBitmap);
DeleteDC(hMemoryDC);

|
}

return TRUE; :
1
case ODA_FOCUS: i
/" ;
/I Redraw the button with or without the input focus. 1
1 .
i

CopyRect (&rectFocus, &(Ipdis->rcitem));
if(wParam > IDC_64) ‘
InflateRect (&rectFocus, -4,-6); )
)

if(wParam == |IDC_NORMAL || wParam == |DC_64)
InflateRect (&rectFocus, -8,-5);
if(wParam == |DC_GEN || wParam == IDC_COUNT)

- e as

InflateRect (&rectFocus, -10,-9);
if(wParam >= |IDC_RANGEUP && wParam <= IDC_AA}]PDOWN)
InflateRect (&rectFocus, -2,-2); i
iftwParam == IDC_UP || wParam == IDC_DOWN) ;
InflateRect (&rectFocus, -6,-6);

DrawFocusRect (hdc, &rectFocus); i
retum TRUE; '
1
}

|

break;
'
1
case WM_KEYDOWN: !

if(GetKeyState(VK_SHIFT) >= 0 ) && (GetKeyState (VK_CONTROL) >= 0)
1
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&& ((IParam & 0x20000000L) == 0)){ b
if(wParam == VK_ESCAPE)
SendMessage(hWnd, WM_COMMAND, IDC_EXIT, oL);
return 0; i

}
if(wParam == VK_PRIOR){ !

SendMessage(hWnd, WM_COMMAND, IDC_UP, 0OL);

return O; i

}
if(wParam == VK_NEXT){ s
SendMessage(hWnd, WM_COMMAND, IDC_DOWN, pL);

return O;

} '
if(wParam == 0X53 || wParam == 0x73){

SendMessage(hWnd, WM_COMMAND, IDC_SINE, OL,);

return O;

}

if(wParam == 0x51 || wParam == 0x71){

v .

SendMessage(hWnd, WM_COMMAND, IDC_SQUARli, oL);
return O;
} i
if(wParam == 0x54 || wParam == 0x74){
SendMessage(hWnd, WM_COMMAND, IDC_TRI, 0L);

retum O;

P e

}

break;

P N L

case WM_COMMAND:
if(wParam == IDM_ABOUT){ L
IpProcAbout =MakeProcinstance ((FARPROC) About, hinstance);

—

DialogBox(hInstance,"AboutDIg",hWnd, I[pProcAbout);
FreeProcinstance (IpProcAbout);
return O;

} "

if(wParam == [DC_EXIT){

-

SendMessage (hWnd, WM_CLOSE, 0, 0OL);



-

retum 0; i
f
} $
if(wParam == IDC_MINIMIZE)}{
CloseWindow(hWnd); :
}

1

{
IpProcAbout =MakeProcinstance ((FARPROC) About, hlnst?nce);

iftwParam == IDC_CONTROL)

DialogBox(hinstance,"AboutDlg",hWnd,IpProcAbout); {

FreeProcinstance (IpProcAbout);

return O; .
} %

if(wParam == IDC_SINE){ ;
nWaveType=1; ;
for (i=0; i<3; i++) a
RedrawWindow(GetDlgltem (hWnd, IDC_SINE + i), NL;LL, NULL,
RDW_INVALIDATE);
nOutputControl &= nResetWaveType;
nOutputControl |= nSetSine;
outport(nOportControllD, nOutputControl);
\ .
if(wParam == IDC_SQUARE){

nWaveType=2;

I I B N

for (i=0; i<3; i++)
4
RedrawWindow(GetDlgltem (hwWnd, [DC_SINE + i), NULL, NULL,
RDW_INVALIDATE);

-

nOutputControl &= nResetWaveType;
nOutputControl |= nSetSquare; 1
outport(nOportControliD, nOutputControl);

} ¥

if(wParam == IDC_TRI){ }

nWaveType=3; i

for (i=0; i<3; i++) ¢
RedrawWindow(GetDlgitem (hWnd, IDC_SINE + i), NU;LL. NULL,

RDW_INVALIDATE);
nOutputControl &= nResetWaveType;
nOutputControl |= nSetTri;
outport(nOportControllD, nOutputControl);

R



}
iftwParam == IDC_UP) N
nOutputFrequency > 4095 ? nOutputFrequency = 0 : nOutputFrequency+= 100;

3

outport(nOportFrequencyiD, nOutputFrequency);
> !
if(wParam == {DC_DOWN){
nOutputFrequency < 0 ? nOutputFrequency-= 100 : nOutputFrequency = 4095;
outport(nOportFrequencylD, nOutputFrequency); i
} I
if(wParam == IDC_RANGEUP)

nRange == 4 ? nRange = 0 : nRange++,

o wn o o

SetDlgltemText (hWnd, IDC_RANGE, szRange[nRange]);
nOutputControl &= nResetRange; l
nQutputControl |= nSetRange[nRange];
outport(nOportControliD, nOutputControl);
} '
if(wParam == |DC_RANGEDOWN){
nRange ? nRange--: nRange = 4;
SetDigltemText (hWnd, IDC_RANGE, szRange[nRange]);
nOutputControl &= nResetRange;
nOutputControl |= nSetRange[nRange];
outport(nOportControllD, nOutputControl);
} 1
if(wParam == |IDC_AMPUP){ !

uAmp == 255 ? uAmp = 0 ; UAMp++,
wsprintf(szBuffer,"%d%s",uAmp,"dB");
SetDlgitemText (hwWnd, IDC_DB, szBuffer);
nOutputAmp = uAmp * UAMp;

outport(nOportAmplD, nOutputAmp);

]

}
if(wParam == |DC_AMPDOWNY
uAmp ? uUAmMp—: uAmp = 255;

- s e

wsprintf(szBuffer,"%d%s",uAmp,"dB");
SetDlgitemText (hWnd, IDC_DB, szBuffer);
nOutputAmp = uAmp * UAmMp;

- e

outport(nOportAmpliD, nOutputAmp);

s e



if(wParam == IDC_GEN){
nFunctionType = 0; :

for (i=0; i<4; i++)

]

|

RedrawWindow(GetDigitem (hWnd, IDC_GEN + i), NULL, NULL, ROW_INVALIDATE);

nOutputContro! &= nRessetlnputType;
nOutputControl |= nSetinput(2];
outport(nOportControllD, nOutputControl);
}
if(wParam == IDC_COUNT){
nfFunctionType = 1;

for (i=0; i<4; i++)

N

RedrawWindow(GetDIigltem (hwnd, IDC_GEN + i), NULL, NULL, RDW_INVALIDATE);
i

nOutputControl &= nResetinputType;
nOutputControl |= nSetinput[ninputType];
outport(nOportControllD, nOutputControl);
}
if(wParam == IDC_NORMAL)

ninputType = 0;

RedrawWindow(GetDlgltem (hWnd, IDC_NORMAL), NULL, NULL, ROW_INVALIDATE);
RedrawWindow(GetDlgltem (hWnd, IDC_64), NULL, NULL,

nOutputControl &= nResetinputType;
nOutputContro! |= nSetinput[ninputType];
outport(nOportControllD, nOutputControl);

}

ift(wParam == [DC_64){
ninputType = 1;
RedrawWindow(GetDlgitem (hWnd, IDC_NORMAL), NULL,
RedrawWindow(GetDlgltem (hWnd, IDC_64), NULL, NULL,
nOutputControl &= nResetInputType;
nOutputControl |= nSetinput{ninputType];
outport(nOportControliD, nOutputControl);

}

return 0O;

case WM_TIMER:
lulnputValue = inport(niporthigh);

lulnputValue <<= 8§;

RDW_INVALIDATE);

i
L
1

- wm o

NULL, RDW_INVALIDATE);
RDW_INVALIDATE);

[ T N Y
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uTemp1 = inport(niportiow);
lulnputValue |= uTempf;
wsprintf(szBuffer,"%Iu" lulnputValue);

Display_Digit((PSTR) szBuffer);

wspnntf(szBuffer,"Port Address %x ,Value = %X “,nOportControllD

,nOutputControl);
MessageBox (hWnd, szBuffer, "Look Ahead"

1

\MB_YESNO | MB_ICONSTOP );

retum O;

case WM_CLOSE:
if(SaveProgramData()){
if(MessageBox (hWnd, szError[4], szError{0]

MB_YESNO | MB_ICONST

retun O;
b "/
DestroyWindow(hWnd);

return O;

case WM_DESTROY:

o

o —n

|

OP ) ==IDNO)

/I Unsubclass the push buttons, delete GDI objects, and free mer’nory

// 'and timer resources. Then post a WM_QUIT message to the message

/I queue to terminate the program.

N

for (i=0; i<16; i++) {
hWndButton = GetDlgitem (hWnd, IDC_SINE + i);
SetWindowlLong (hWndButton, GWL_WNDPROC,
(LONG) IpfnOldButtonWndProc(i]);

}

FreeProcinstance (IpfnNewButtonWndProc);

KillTimer (hWnd, nTimeriD); .

DeleteObject (hGrayBrush);

DeleteObject (hBitmapSine);

DeleteObject (hBitmapSineSelect);

DeleteObject (hBitmapUnSine);

1
i

|
}
i

*/
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DeleteObject (hBitmapSineFocus);
DeleteObject (hBitmapUnSineFocus);
DeleteObject (hBitmapSquare);
DeleteObject (hBitmapSquareSelect);
DeleteObject (hBitmapUnSquare);
DeleteObject (hBitmapSquareFocus);
DeleteObject (hBitmapUnSquareFocus);
DeleteObject (hBitmapTn),
DeleteObject (hBitmapTriSelect);
DeleteObject (hBitmapUnTri);
DeleteObject (hBitmapTrFocus);
DeleteObject (hBitmapUnTriFocus);
DeleteObject (hBitmapPower);
DeleteObject (hBitmapPowerSelect);
DeleteObject (hBitmapControl);
DeleteObject (hBitmapControlSelect);
DeleteObject (hBitmapMinimize);
DéleteObject (hBitmapMinimizeSelect);
DeleteObject (hBitmapRangeUp);
DeleteObject (hBitmapRangeUpSelect);
DeleteObject (hBitmapRangeDown);
DeleteObject (hBitmapRangeDownSelect);
DeleteObject (hBitmapAmpUp);
DeleteObject (hBitmapAmpUpSelect);
DeleteObject (hBitmapAmpDown);
DeleteObject.(hBitmapAmpDownSelect);
DeleteObject (hBitmapUp);
DeleteObject (hBitmapUpSelect);
DeleteObject (hBitmapDown);
DeleteObject (hBitmapDownSelect);
DeleteObject (hBitmapCounter);
DeleteObject (hBitmapCounterSelect);
DeleteObject (hBitmapCounterOn);
DeleteObject (hBitmapGen);
DeleteObject (hBitmapGenSelect);
DeleteObject (hBitmapGenOn);
DeleteObject (hBitmapNormal);

- ——— My Ee s e
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-

. e e  onn

- e

34



BOOL FAR PASCAL About(HWND hDlg, UINT msg, WPARAM wParam, LPARAM |Param)

{

i

DeleteObject (hBitmapNormalSelect);
DeleteObject (hBitmapNormalOn);
DeleteObject (hBitmap64);
DeleteObject (hBitmap64Select);
DeleteObject (hBitmap640n);

/i

/f Save program data to WINDIAL.INI and give the user the option} of
i

// preventing Windows from terminating if an error occurred.
"
if (SaveProgramData (hwnd)) {
if (MessageBox (hWnd, szError[4], szError{0],
MB_YESNO | MB_ICONSTOP) == [DNO)

retum 1;
}
PostQuitMessage(0);
return O;
default:

return (DefWindowProc (hWnd, msg, wParam, {Param));

}

return (DefWindowProc (hWnd, msg, wParam, |Param));

static HPEN hPen;

static HBRUSH hBrush,hBrushBlue;
static RECT rectFrame;

static HFONT  hDIgFont;
PAINTSTRUCT ps;

LOGFONT If;
RECT rect;
HDC hDC;

char szBuffer{8];

switch (msg){

-

- w

}
t

e & e

[
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"

/1
I

case WM_INITDIALOG:
GetWindowRect (hDlg, &rect);
SetWindowPos (hDlg, 0,

ks

(GetSystemMetrics (SM_CXSCREEN) - (rect.right - rect.left)) / 2,
(GetSystemMetrics (SM_CYSCREEN) - (rect.bottom - rect.to'p)) /2,
0, 0, SWP_NOSIZE | SWP_NOZORDER);

InitFrameRect (hDlg, IDD_FRAME, &rectFrame);
‘

GetObject ((HFONT) SendMessage (hDlg, WM_GETFONT, 0, OL);.

sizeof (LOGFONT), &lf); $
If.IfHeight = (If.IfHeight * 3) / 2;
If.1fWidth = (If.IfWidth * 3) / 2;
[f.lfltalic = 1;
wsprintf(szBuffer,"%i, %i" If.IfHeight, If. [fWidth);

MessageBox(hWnd, szBuffer, "If', MB_OK); .

if((hDIgFont = CreateFontindirect (LPLOGFONT).&If)){= NULL)
. H
SendDlgitemMessage (hDlg, IDD_TITLE, WM_SETFONT, hDigFont, OL);

1

GetObject ((HFONT) SendMessage (hDlg, WM_GETFONT, 0, OL);.
sizeof (LOGFONT) , &if); |

If.IfHeight = (If.IfHeight * 6)/4;

If.IfWidth = (if.IfWidth * 6)/4;

wsprintf(szBuffer,"%i, %", If. fHeight, If.fWidth);

— N RS mawn e B W e

MessageBox(hWnd, szBuffer, "If', MB_OK);

if((hDlgFont = CreateFontindirect ((LPLOGFONT) &lf))!= NULL){
SendDligltemMessage (hDig, IDD_TITLE1, WM_SETFONT, hDIgFont, OL);
SendDigitemMessage (hDig, IDD_TITLE2, WM_SETFONT, hélgFont, oL);
SendDlgltemMessage (hDig, IDD_TITLE3, WM_SETFONT, h@lgFont. oL);

}

hPen= CreatePen (PS_SOLID, 1, RGB(128, 128, 128));

hBrush = CreateSolidBrush (RGB(192, 192, 192));

hBrushBlue = CreateSolidBrush (RGB(0, 0, 255)); {
retum TRUE;
case WM_CTLCOLOR: 3

SetBkColor ((HDC) wParam , RGB (0, 0, 192));
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if((GetDIgCtrdID (LOWORD (IParam))) == IDD_TITLE)

SetTextColor ((HDC) wParam, RGB (255, 0, 0)); }
else ‘

SetTextColor ((HDC) wParam, RGB (0, 255, 0)): .
return hBrushBlue; g

-

case WM_PAINT:
hDC = BeginPaint (hDlg, &ps);

- S e

GetClientRect (hDlg, &rect);
DrawFrameMain(hDC,&rect, hBrush):

i

DrawFrame(hDC,&rectFrame, hBrushBlue); )
SelectObject (hDC. hPen); €
SelectObject (hDC, GetStockObject (NULL_BRUSH)); :
Rectangle (hDC, rectFrame.left, rectFrame.top,
rectFrame.right, rectFrame.bottom);
SelectObject (hDC, GetStockObject (WHITE_PEN)): 5

Rectangle (hDC, rectFrame.left + 1, rectFrame.top +1,
t
rectFrame.right +1, rectFrame.b;ottom +1);
EndPaint(hDIg, &ps);

return TRUE;

case WM_COMMAND:
switch (wParam) {
case IDOK: '
case IDCANCEL:
EndDialog (hDig, 0);

return TRUE; '

' §

break; f

case WM_DESTROY: .

if(hDigFont 1= NULL) ‘

DeleteObject (hDigFont); ‘

DeleteObject (hPen); ,é

DeleteObject (hBrush); i
DeleteObject (hBrushBlue);

return TRUE;

- e W ek

e
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retum FALSE;

A e e
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iICLO038

n
ICL8038 5 REH] |
- . - ‘
Precision Wavefcrm . NI
FY 3
Generator/Voltage
. A
Controlied Cscillator , .;
GENERAL DESCRIPTION FEATURES
The ICLEO28 Waveform Generator is a monolithic inte- ® Low Frequehcy Drift With Temperature
gratec circuit czpable of producing high accuracy sine, — 250ppm/°C
souare, irianguiar. sawiooth and pulse waveforms with a ¢ Simultaneous Sine, Square, and Triangle Wave
minimum of external compaonents. The frequency (or repeti- Qutputs '
tion rate) can bs selected externally from .001Hz to more ¢ Low Distortion — 1% (Sine Wave Output)
than ZO0CkHz using either resistors or capacitors. and ® High Linearity — 0.1% (Triangle Wave Output)
frequency mocuiation and sweeping can be accomplished ¢ Vide Operafing Frequency Range — 0.001Hz to
with an externai voltage. The ICL8038 is fabricited with 300kHz
advanced monolithic technology, using Schotiky-barrier ® Variable Duty Cycle —2% to 98%
diodes and thin fitm resistors, and the output is stable over a ® High Level Outputs — 7TL tc 28V
wide range of temperature and supply variations. Thesa ® Easy to Use —Just A Handiul of External
devices may be interfaced with phasa locked loop circuitry Components Required
to, reduce tempzrature drift to less than 250ppm/°C. \
ORDERING INFORMATION |
PART NUMBER ' STABILITY | TEMP. RANGE PACKAGE
iICL3C33CCUD ! 250ppm/°C yp | 0°C to ~70°C CEZFOIP
ICLSC332CI0 ] 180ppm/°C ivp | 0°C 1o +70°C CER0IP
ICLS022AC! 110ppm/°C e ; 0°C to +70°C CERDIP
ICLEO3ESMID® 350ppm/*C max : -53°C 1o -125°C CER0IP
ICLEO35AMID® ] 250ppm/*C max ! -S5°C 1o - 125°C CERDIP
ICLES3E. O i - . - . Dicg
*Aco /8838 1o can ~umber i 883 processing s required. '
**Parameier MinsMax wmats guaranteea at 25°C only far DICE orders. l
{ Ve
! ¢ 1
CURRENT ~7
SOURCE <x COMPARATOR
L3} /T"" w '
+ 1] _'—V—
¥ _T_ SINE WA .
%;2{ CCMPARATOR ADJU:E E E "
'L CT .2 SINE \V;m F’_‘;‘l NE
/% TRIANGLE ey h3; SINE wave
( , ] U::r:' T ADJUST
. 4 14 ¥~ OR GND
L oot =
CURRENT A/ . 4 o TIMING
SOURCE i FLip-FLOP #040s73{ (5] 1'% capaciron
w2 A
T =~ SQUARE WAVE
Yilis $1
; } V" or GNO e — o
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E
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i 3
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Figure 1: Functional Diagram Figuré 2: Pin Configuration
(Outiine dwg JD)




(cL8038 . BINTERSIL

4gSOLUTE MAXIMUM RATINGS

apply Voltage (V™ to V) e Stcrage Temperature F\aﬂge..\ ......... -65°C to +150°C
zawel Dlssmatnon'I ................ Operating Temperature Hange:

-yt Voltdge {any pin)............ 8038AM, 80388BM......c.coeuenenn -55°C to +125°C
-5yt Current (Pins 4 and 5) ......... 8038AC, 80388C,8038CC .......... 0°C to +70°C
= out Sirk Current (Pins 3 and 9) Lead Temperature (Soldéring, 10S€C) weiirarernrnnnnns 300°C

-pse5 above those listed uncer Absolute Maximum Ratngs may cause permanent camage to the cevice, ’heie are stress ranngs only, and funcuonai
on of the device at these or any other conaitions aoove those indicated in the operational sections of the Soecilications is not implied. Exposure to

,sscute maximum rating concitions for extended periogs may affect device rehaoiisy.
wITE 1: Derate ceramic package ai 12.5mW/°C for ambient temperatures above 100°C.

ELECTRICAL CHARACTERISTICS (vsyppLy = 10V or +20V, Ta = 25°C, RL= 10k, Test Circuit Unless

sinerwise Speciiied)

8038CC 8038BC(BM) 8038AC(AM)
SYMBOL GENERAL CHARACTERISTICS 7 UNIT
MIN l TYP | MAX | MIN | TYP | MAX | MIN l TYP | MaX
\gPPLY | Suppty Voltage Qoerating Range | } | X i
: | Singte Suoply +10 -30 } ~10 30, | <10 30 v
Tt v Dual Suppiies =5 =18 =5 =15 =5 =15
'§UPELY Supply Current (Vsuppry = =102
803BAM, 80385M ] 12 | 15 12 | 15 mA
8038AC, 8C388C, 8038CC 12 | 20 | 12 | 20 2 20 mA
FSEQUENCY CHARACTERISTICS (all waveforms) \
- Maximum Frequency of Oscifaton 100 i } o2 | 1| 00 xHz
g0 Sween Frequency ot FM Input 10 ] 10 | : 10 RHZ
| Sweeo FM Range®! 35:1 ] 3s:t | X 3501
I #M Lneanty 10:1 Rauo cs5 | . 0.2 | ] 0.2 °
ith T (S)
st | e T 2 | w | AL e} e
8038 AM. BM, -55°C to 125°C | | i 3o, | 250
Meav g‘i‘;‘;‘es"ggz"’\}o’l’:’a'g’e S;::;,Voﬂage ! 0.05 | 0.05 ! ;' c.05 eV
0UTPUT CHARACTERISTICS 1
Square-Wave I 1
K Leakage Current (Vg = 30V) 1 1 1 KA
KI¥e Saturation Voltage (lgink = 2mMA) | 02 0.5 0.2 04"’ 0.2 0.4 v
. | Rise Time (AL = .7k { 80 180 b 180 ns
“ Fall Time (Ry = ¢.7%0) | 40 w | 1 <0 as
2 Typical Duty Cycte ~aust {Note 6) 2 | s8 2 I e8| 2 9B | %
Triangte/Sawtooth/Ramp ];
I RIANGLE Ampfituds (Rrr = 100k C.30 0.33 0.30 0.33 i{ 020 | .033 xVsuprLY
_ Lineanty 0.1 | 0.05 ’ 0.05 %
Izt Outout Imoecance (loyT = SMA} | 200 200 7 200 Q
Sine-Wave 1
N Amplitude (RgNg = 100kEY) 0.2 | 022 02 | 022 ! 02 | o022 xVsyureLy
-2 THD (Rg = 1M1 | 20 5 5 | a1 10 | 15 -
s THO Adjusied (Use Figure 6) | 15 | 1.0 | ') 08 | ~

HCTES: 2. ]a ang Rg currents not includeq.
3. VgurpLy = 20V: Aa and Ra = 10k f 2= 10kHz nommnat: can be extended 1000 o 1. See Fuguras 7a and 7b.
4. BZkQ connected tetween pins i1 and 12, Triangle Duty Crcte set at 30% (Use Rp ana Rg.)
5."Figure 3. pins 7 anad 8 connected. VsyuppLy = = 10V. See Typical Curves tor T.C. vs VsyseLy-
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¢
TEST CONDITIONS ;
i
i u
PARAMETER Ra i Rs Ry Cy SWq l MEASURE
Suopty Current 1002 1 10kQ 10kQ 3.3nF ¢ Closed Current into Pin 6§
Sweeo FM Rangal'l 10402 10:2 10kQ 33nF | 4 Open Frequency at Pin 9
Frequency Dnft waith Temperature 1002 10k Q2 10k 3.3nF ¥ Closed Frequency at Pin 3
Frequency Dnft with Supply Voltage'd) 10kQ  } 10kQ 10kQ 3.3nF , Closad Frequency at Ping
Output Amphitude: Sine 1089 10k 10kQ2 3.3nF , Closed Pr-Pk output at Pin 2
(Note 4) Triangle 10k 10k 10kQ2 3.3nF Ciosea Pk-Px output at Pin 3
T
Leakage Current (otf)®) 10k 10kQ 3.3nF 3 Closed Current into Pin 9
Satration Voitage (on)®® 10k 10k 3.3nF ¥Closed Outout (low) at Pin g
Risa and Fall Times (Note 5) 10kQ2 | 10k 4.7Q 3.3nF ;Closed Waveform at Pin 9
Duty Cycle Adjust  |MAX S0k | ~16kQ 10kQ | 3.23nF ¥Closed Wavelorm at Rin 9
(Note 5) MIN ~25k Q2 50k 10kQ 3.9nF *Closed Waveform at Pin g
Triangle Waveform Linearity 102 10k 10k2 3.3nF *Closed Waveform at Pin 3
Totat Harmonic Distortion 102 10k 10kQ 3.3nF Closed Waveform at Pin 2

NOTES: 1. The ht and lo frequencies can be obtamned by cornecung pin 8 to pin 7 {fy,) anc then conhectng

apply Sweep Voltage at pin 8 (2/3 VgyppLy +2V) < Vsweep < VsuppLy where Vgyppry 1d
pin 8 should vary between 5.3V and 10V with resoect o greund.

2. 10VSV* <30V, or =5V € VgypeLy € 215V.

3. Oscillation can be halted by forcing pin 10 10 ~ 5 volts or -5 votts. B
4. Qutput Amplitude is testad under static conaions by forcing pin 10 to 5.0V ihen 0 ~5.0V.

S. Not tested: for design purcoses only.

DEFINITION OF TERMS:

Supply Voltage (VsyppLy). The total supply voltage from
v*t to v©

Supply Current. The supply current required from the
power supply to operate the device, excluding load currents
and the currents through Rp and Rg.

Frequency Range. The frequency range at the square
wave output through which circuit operation is guaranteed.
Sweep FM Range. The ratio of maximum frequency to
minimum frequency which can be obtained by applying z
sweep voltage to pin 8. For correct operation, the swes
voltage should be within the range

(2/3 VsyuppLy + 2V) < Vsweep < VsuppLy

FM Linearity. The percentage deviation from the best-fit
straight line on the control voltage versus output frequency
curve.

Output Ampiitude. The peak-to-peak signal amplitude
appeanng at the outputs.

Saturation Voltage. The output voitage at the collector of
Qa3 when this transistor is turned on. it is measured for a
sink current of 2mA.

Rise and Fall Times. The time required for the square wave
output to change from 10% to 90%, or 80% to 10%, of its
final value. ’

Triangle Waveform Linearity. The percentage deviation
from the best-fit straight line on the rising and falling triangle
waveform.

Total Harmonic Distortion. The total harmonic distoruion
&t the sine-wave output.

pin 8 10 pin 6 (fig). Otherwse

the totai supply voltage. In Figure 7,
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 4: Phase Relationship of Wavefor;ns

DETAILED DESCRIPTION
(See ‘Figure 1)

An externai capacitor C is charged and discharged by two
current sources. Current source # 2 is switched on and off
by a flip-flop, while current source #1 is on continuously.
Assuming that the flip-flop is in a state such that current
source #2 is off, and the capacitor is charged with a current
I, thd voltage across the capacitor rises linearily with time.
When this voltage reaches the level of comparator # 1 (set
at 2/3 of the supply voltage), the flip-flop is triggered.
changes states, and releases curreni source #2. This
current source normally carries a current 2I, thus the
capacitor is discharged with a net-current | and the voitage
across it drops linearly with time. When it has reached the
level of comparator #2 (set at 1/3 of the suppiy voitage),
the the flip-flop is triggered into its original state and the
cycle starts again.

Four waveforms are readily obtainable from this basic
generator circuit. With the current sources set at | and 2!
respectively, the charge and discharge times are equal.
Thus a triangle waveform is created across the capacitor
and the flip-flop produces a square-wave. Both waveforms
are fed to buffer stages and are available at pins 3 and 8.

The levels of the current sources can, however, be
selected over a wide range with two exiernal resistors.
Therefore, with the two currents sat at values different from
| and 2l, an asymmetrical sawtooth appears at terminal 3
and pulses with a duty cycle from less than 1% to greater
than 99% are availabie at terminal 8.

The sine-wave is created by feeding the triangle-wave
into a non-linear network (sine-converter). This network
provides a decreasing shunt-impedance as the potential of
the triangle moves toward the two extremes.

WAVEFORM TIMING

The symmetry of all waveforms can be adjusted with the

external timing resistors. Two possible ways to accomplish

this are shown in Figure 5. Best resuits are obtained by
keeping the timing resistors Ra and Rg separate (a). Rp

~

controls the rising portion of the triangle and sing-wave an-
the 1 state of the §quare-wave.

The magnitude of the triangle-waveform is set at 1/
VsuepLy.: therefore the rising portion of the triangle is

] -
Cxv CxYWxVsyppLyxRa 5
= 7 = = RaxC

! 5 xVsuppLY 3

The falling portion'of the triangle and sine-wave and the-
state of the square;wave is:

ty =

CxV Cx1/3 VgyppLy 5

ZXVSL}PPLY 1x VsuppLy
5" Rg 5 Aa

¥
Thus a 50% duty cycle is achieved when Rg = Rg.

If the duty-cycle is to be varied over a smail range abe.
50% only, the connection shown in Figure 5b is slight
more convenient. if no adjustment of the duty cycle ~
desired, terminals 4 and 5 can be shorted together, ¢
shown in Figure 5c. This connection, however, causes 3
inherently farger variation of the duty-cycle, frequency, ¢

With two separate jtiming resistors, the frequency is give
by ,

ty+t2 5 ( Ry

or, if Ra=Rg=R

.3
= —— (for Figure S5a
AC ( g )
If a single timing resistor is used (Figure S¢ only). ™

frequency is H

0.15

RC
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129105 R =
Figure 5: Possible Connections for the External Timing Resistors

Nenther time nor frequency are dependent on supply
woltzge, even though none of the voltages are regulated
~s:ide the integrated circuit. This is due to the fact that both
currents and thresholds are direct. linear functions of the
suoply voltage and thus their effects cancel.

To mnimize sine-wave distortion the 82k resistor
setween pins 11 and 12 is best made variable. With this
#tangement distortion of less than 1% is achievable. To
z3uce this even funther, two potentiometers can be con-
~ztied as shown in Figure 6: this coniiguration allows a
woical reduction of sine-wave distortion close to 0.5%.

| l | v
i
1]
|
i %41
H Ax Re L}
]
)
T A
i
i 1CL8038 3‘_‘,/\/\'
—
10 1 12 1 2-——0’\1\} 10K
e 100k{}
¢ 100k11
i 10k
; |
€ Y ot GND
° [eade -
Figure 6: Connection to Achieve
Minimum Sine-Wave Distortion

SELECTING Rp, Rp and C

For any given output frequency, there is a wide range of
RC combinations that will work, however certain constraints
are placad upon the magnitude of the charging current for
optimum performance. At the low end. currents of less than
1uA zre undesirable because circuit leakages will contribute
significant errors at high Yemperatures. At higher currents
(1 > 5mA), transistor bets and saturation voltages will
contribute increasingly Iaréer errors. Optimum performance
will, thereiore, be obtained with charging currents of 10uA
to 1mA. if pins 7 and 8 ard shorted together, the magnitude
of the charging current dL;.e to Ra can be cziculated irom:

LRxvTovh) 1 vt ovo)
= 0 x— =

(R1 +Ra) Ra SRA
A similar calculation holds for Rg.

i
The capacitor value shguld be chosen at the upper end
of its possible range.

WAVEFORM OUT QEVEL CONTROL AND
POWER SUPPLIES

The waveform generator can be operated either from a
single power-supply (10 to;SO Voits) or a dual power-supply
(=5 to 215 Volts). With a single power-suppiy the average
levels of the triangle and sine-wave are at exactly one-half
of the supply voltage, while the square-wave alternates
between V* and ground. A split power supply has the
advantage that all waveforms move symmetricaily about
ground.

1

The square-wave output'is not committed. A load resistor
czn be connected to a diqerent power-supply, as long as
the applied voitage remains within the breakdown capability
of the waveform generator {30V). In this way, the square-
wave qutput can be made TTL compatible (Icad resistor
connected to + 5 VoltsT while the waveform generator itself
is powered from a much ]’ﬁgher volitage.
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Figure 7: Connections for Frequency Modulation (a) and Sweep (b)

FREQUENCY MODULATION AND
SWEEPING -

The frequency of the wavefcrm generator is a direct
functlcn of the DC voliage at terminal 8 {measured from
ASY Sy altering this voitage, frequency modulation 1s
performed. For small deviations (e.g. = 10%) the moculating
signai can be applied directly to pin 5. merely providing DC
decounling with a capacitor as shown in Figure 7a. An
external resistor between pins 7 and 8 is not necessary, but
it can be used to increase input impedance frem about 8k
(pins 7 and 8 connected tegether), to about (R = k).

The sine wave output has a relatively high cutput
impedance (1k$2 Typ). The circut of Sigure 8 provides
buffering. gain and amplitude adjustment. A simple op amp
follower couid also be used.

L 'y 1CL8038

I
[ ’

epn

st

Figure 8: Sine Wave Qutput Buffer Amplifiers

For larger FM dewat[ors or fcr frequency sweeping, I
modulating signal is zpplied between the positive supp!,
voltage and pin 8 (Figure 7b). In this way the entire bias fo
the current sources is crealed by the modulating signal, ax-
a very large (e.q. 1000:1) sweep range is created {f =02
Vsweep = 0). Care mus' be taken, however, to regulate tv
suooly voltage; in this conflgurauon the charge current is #:
‘onger a function of the supoly voltage (yet the trigg®
thresholds stil are) and thus the frequency becoma
cependent on the sqoply voltage. The potential on Pin ¢
may be swept down from V™ by (1/3 VsuepLy - 2V)

APPLICATIONS

With a dual supply vditage the external capacilor on Pe
10 can be shorted to ground to halt the ICL8038 osciliatio”
Figure 9 shows a FET gwitch, diode ANDed with an inc.
strobe signal tc altow thé output to aiways start on the sa™
slone.

To obtain a 1000:1 Sweep Range on the ICL8038 I
voltage across external tesistors Ra and Rg must decreas
to nearly zero. This requires that the highest voltage ¢
control Pin 8 exceed the  voltage at the top of Rp and Rg®

a few hundred millivolts.

The Circuit of Figure {0 achieves this by using a diode
lower the effective supply voltage on the ICL8038. T
large resistor on pin 3 helps reduce duty cycle variatie™
witn sweep.
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“he lineanty of input sweep voltage versus outpul ¢ voltage will not exceed the capabilities of the phase
i:enzy can be significantly improved by using an op amp A3 det_ec.tor. If a smaller ‘{C;O signal is required, a simple
~awn in Figure 11. resistive voltage divider is connected between pin 9 of the
waveform generator and, the VCO input of the phase-
YSE IN PHASE-LOCKED LOOPS detector.
‘s high :frequency stability makes the ICL8038 an wteat Second. the DC output level of the amptlifier must be
-iding block for a phasa-locked loop as shown in Fgute made compatible to the DCE level required at the FM input of
¢ In this application the remaining functianal blocks, Ne the waveform generaior (pin 8, 0.8V™*). The simplest
"ise-detgctor and the amplitier, can be formea t\v‘ ;* solution here is to provide a voltage divider to V¥ (R4, Rz
-tar of available IC's (e.g. MC4344, NE5S52, HAZM'W. as shown) if the amplifiershas a lower output level, or to
~¢£20) grouna if its level is higher.‘The divider can be mage par of
“£-der to match these building blocks to each otner. tw the low-pass filter.
33 —ust be taken. First, two different supply voltages &% This application not or!tly provides for a free-running

2 z2nd the square wave outout is returned to the supt™¥

. frequency with very low temperature drift, but it also has the
N phase detector. This assures that the VCO mwut y with very P =

i

o
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unique feature of producing a large reconstituted sinewave For further information, see Intersii Application Note
signal with' a frequency identical to that at the input A013, “Everything You Always Wanted to Know About The
ICL8038." ,
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i
]
X CUARENT SOUACTS 1
%:;. | %luv. %.(ll‘ i ] $z‘ ! ! i { ; : ! ;;}’.
? to-<o- o8 b, o.>—‘-—§ ' : Pl g ! ;
;:‘.’lf**"—‘, B P Lo T ; - o
L v S A S R 1 0 D R Vg
Y & LKQ’ ; Pl ] HE ? Ry ' ¢ A ‘
: : [ ! : T — e -+
i ’I'_' f—"_“ : " fcoumru : ; ! : i 110-‘1— e
e > L& i ] b Sy WA
dne G | o>—- - ERT el
o 1 é!:?siu,éa'}' L d,, ekt =
SR - e O ; v et .
. i R i — " [ HERT- . -
TR b T e e
ny | [ P A e = T Ay al . A Ry
0 i : °‘>~,—T—- X Lo :-2.—\ : Pt %:u . ;:a- ;n-
' ' ! Ol I \ P T T T T T = o= =
H i -.%KQ,,; Pl om0 . ¥ ¥ ¥ % T §lv.
¥ on i P ) : Pl : — - — — T
. P ! %u %né-.' ; —’é" % e T ;A R -
;0: ' i l '\oo Imﬂ?mx S “-o§ ”,;; an gn,-. Ax
Xos ; P T T ! : = e ; . '
Fou e ; ——— L
i T e
an e 17 a0 B " T oy
’ { o %n..l i : °' ' 1 . '/‘b
T it ; Ko i ’M"" Mo . : i’)’ * $a7s
oo —_i ;'—Kh o:.E PR S lo: : °“>‘ N
;o R ;O ' ’
- | on H GrrQre i él«-.._r\/ —t o SRy
rny .}';.;K 7Y e, 1T | ! i - \,; 12
IS - TR T T r oA N
= = Vo= A gurrer aururien a SR ,
“‘ﬁ:—'} %}ﬁ = %m v . 82 T "ss.ui(“.‘;"c
= = $ha = ¢ ™ T + = T T T
FUASLOP - = SINE.CONVERTER |
DSo1ME .
Figure 13: Detailed Schematic { :



UA741C, uAT411, uA741M
GENERAL-PURPGSE OPERATIONAL AMPLIFIERS

+ D23z MOVEMBER 1970 — REVISED JANUARY 1992

Short-Circuit Protection UAT41M ... J PACKAGE
(TOP VIEW/)
Oftset-Voltage Null Capability 2
U c
Large Common-Mode and Differential NC[[ # ™ 1sfINC
Voltage Ranges NCll2  13fINC
OFFSET N1} 3 12[] NC
* No Frequency Compensation Required N-{] ¢ nflvee.
R ) w+fls  1wfour
Low Power Consumption Ves-[] ¢ of] OFFSZT N2
* No Latch-Up Nell ¢ [l NC
* Designed to Be interchangeable With UA741M , .. JG PACKAGE
Fairchild nA741 UA741C, uA741} ... D OR P PACKAGE
(TPP VIEW)
description i v,
The uA741 is a general-purpose operational OFFSET‘:1_E ; : %cgc
vos - e +
amplifier featuring offset-voltage null capability. N+ {] 3‘i 6 {] OUT
The high common-mode input voltage range and Vee-[ ¢ 5 [] OFFSET N2
the absence of latch-up make the amplifier ideal ¥

for voltage-follower applications. The device is

. N . b
short-circuit protected and the internal frequency YAT4TM ... U FLAT PACKAGE

compensation ensures stability without external (TOP VIEW)
components. A low potentiometer may be T
connected between the cffset nullinputs to null out NC(] 10]] NC
the offset voltage as shown in Figure 2. OFFSETN1{] 2 sff NC
IN- Vee-
The uA741C is characterized for operation from |N*E i ::]]of.v?r
0°C tq 70°C. The uA741! is characterized fgr VCC—q e s[] OFFSET N2
operation from -40°C (0 85°C.The UA741M is

characterized for operation over the full military

temperature range of —55°C to 125°C, UA741M ... FK PACKAGE

(TQP VIEW)
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uA741C, uA741l, uA741M

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS )

AVAILABLE OPTIONS .

PACKAGE N

Ta SMALL OUTLINE | CHIP CARRIER | CERAMIC DIP | CERAMIC DIP | ‘PLASTIC DIP | FLAT PACK
() (FK) ) (JG) (P) v
0°C 1o 70°C UA741CD UA741CP
-40°C to 85°C UA7411D T uA74lIP
-55°C 10 125°C UA741MFK UA741IMY UAT4IMIG | uA741MU

The D package is available taced and reeled. Add the suffix R {2.3., UA741CDR). 1

. 1

schematic {

f ¢ Vees

1

1

IN- i . ﬁ i

ouT
IN+ -—z_—_'

A

Component Count

1)

I -

OFFSET N1 ——L—4
OFFSET N2

Resistors - 11
Diode -1
1 Capacitor -1

W s one

cC-

Transistors— 22

absolute maximum ratings over operating free-air temperature range (Unless otherwise noted)

UA741C  |; uA741i UA741M UNIT
Supply voltage V. (see Note 1) 18 22 22 \
Supply voltage Voi - (see Note 1) -18 -22 -22 v
Differantial input vettzge (see Note 2) =15 =30 =30 \
Input voltage any inpu: (see Notes 1 and 3) =15 . =15 =15 v
Voltage between either offset null terminal (N1/N2) and Vo =15 ' =05 =0.5 v
Duration of output shor circuit (see Note 4) unlimited |, unlimited unlimited
Coniinuous total power dissipation See Dissipation Rating Table
Operatng free-air temperature range 0to 70 1-<0t085 | -55t0 125 ‘C
Storaca temperature range ~6510150 | -651t0 150 | -851t0 150 *C
Case t2mperature for €0 secands FK package i 260 °C
Lead i2mperature 1.8 mm (1/16 inch) from case for 60 seconds | J, JG. or U package : 300 °C
Lead izmperature 1.6 mm (1/16 inch) from case for 10 seconds | D or P oackage 260 , 260 °C
NOTES: i. Al voltage velues, unless otherwise noted, are with respect to the midpoint between Vo, and Voo
2. Dferentias voltages are at the noninverting input terminal with fespect to the inverting input téjminal.
3. The magnituce of the input voltage must never exceed the magnitude of the supply voitage ot 15 V, whichever is less.

IS

. The outpur may be sherted to ground or either power sy,

PPly. For the uA741M only, the unlimit|ec' duration of the short circuit applies

at {or below? 125°C casa temperature or 75°C free-air temperature.

*p

TExas '
INSTRUMENTS
POST OFFICE BOX 655303 * DALLAS, TEXAS 75255 {
_ j v



UA741C, uA7411, uA741M
GENERAL-PURPOSE DPERATIONAL AMPLIFIERS

DISSIPATION RATING TABLE
PACKAGE Tas25°C DERATING DERATE Tp =70°C Tp = 85° Ta=125C
POWER RATING  FACTOR ABOVETs POWERRATING POWER RATING POWER RATING
D 500 mW 5.8 mwsrC 64°C 464 mW 377 mW N/A
FK 500 mW 11.0 mW/*C 105°C 500 mW 500 mwW 275 mwW
J 500 mW 1.0 MW/ °C 105°C 500 mW 500 mw * 275 mwW
JG 500 mwW 8.4mwWrC 80°C - 500 mW 500 mW 210 mw
[ 500 mwW N/A N/A 500 mW 500 mW N/A
U 500 mW 5.4 mWFC 57°C 432 mwW 351 mW | 135 mwW

electrical characteristics at specified free-air temberature, Voo =15V

i

PARAMETER TEST TAT UA741C UA7411, UA741M UNIT
. CONDITIONS MIN  TYP MAX MIN  TYP MAX
25°C 1 6 1 5
Vio Input offset voltage Vo=0 mv
P 9 S Full range 7.5 . 6
AViorad) Offset voltage adjust range Vo=0 25°C =15 ) =15 mv
25°C i 2 200 20 2
o Input offset curent Vo=0 Full ange 0 380 L2 - Sx nA
I8 Input bias current Va=0 25°C 8o 500 80 500 nA
. Full range 800 ¥ 1500
Common-mode input 25°C =12 =13 =12 =13
Vicr v
voltage range Full range =12 z]2
R = 10kQ 25°C =12 =14 =12 =14
VoM Maximum peak output RL=10kQ Full range 212 =12 v
voltage swing RL=2kQ 25°C =10 =13 10 -=13
RL=2kQ Fuilrange [ =10 =10
AVD Large-signal differential RL=2kQ 25°C 20 200 50 200 VimV
voltage amplification Vo==z10V Fulf range 15 25
I Input resistance 25°C 0.3 2 0.3 2 MQ
. Vo =0,
o Output resistance Sge Note 5 25°C 75 ! 75 Q
] Input capacitance 25°C 1.4 . 1.4 pF
CMRR Common-mode rejection ratio Vic = VicR min 25°C 70 90 7 %0 8
Full range 70 70
Ksvs Supply voltage sensitivity Vec=29Vto 25°C 30 150 ) 30- 150 WV
. (AV|0/aVGe) =15V Full range 150 ) 150
los Short-circuit output current 25°C 25 =40 . =25 40| mA
. 25°C 1.7 2.8 i 1.7 2.8
! t Noload, Vg =0 mA
lcc Supply curren ° Full rangs 33 33
25°C 50 85 N 50 85
[ issipati No load, Vo =0 L mw
D Total power dissipation Fullrangs T00 100

1 All characteristics are measured under open-ioop conditions with zero common-mode input volta

the UA741C is 0°C to 70°C, the uA741! is ~40°C to 85°C, and the uA741M is —55°C to 125°C,
NOTE 5: This typicai value applies only at frequencies above a few hundred hertz because of the effects of drift aind thermal feedback.

ge unless othegwise specified. Full range for

TEXAS “.’}
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uA741C, uA7411, uA7T41M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

5

operating characteristics, Vo= = =15V, Ta=25°C

PA;RAMETER TEST CONDITIONS uATaIC : UATAl, uATAIM UNIT
- MIN  TYP MAX| MIN TYP MAX
1 Rise tima V| =20mv, Ry =2uQ, 0.3 0.3 ps
Overshcot factor Ci =100 pF, See Figure § 5% { 5%
Lo Vi =10V, R =2k0, )
SR Slew rate 2t unity gain CL = 100 pF, Ses Sigure 1 0.5 * 0.5 Vius

PARAMETER MEASUREMENT INFORMATION

Vi
Input
+
— gy
INPUT VOLTAGE =

WAVEFORM

Figure 1. Rise Time, Overshoot, and Slew Rate

RL=2kQ

TEST CiRcuiT]
!

APPLICATION INFORMATION

N2

To VCC—

Figure 2. Input Offset Voltage Nuli Circuit

TExas {'f

INSTRUMENTS

POST OFFICE 30X 853303 * DaLLas, TEXES TS265




uA741C, uA741l, uA74iM
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt
1
INPUT OFFSET CURRENT INPUT BU$ CURRENT
vs S
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
100 T ] T 400 T T T
VCC0=1SV Veocse =15V
<« [ Vec-=-18V 350 |- Voo =15V
T e\ K
A Lo
- o
3 & \ 5 250 ‘ -
< \ o [e— UA741C "1
£ 5 \ H ! '
S \ — uA741C z 200 V! !
2 a0 | 2 \ l I
£ N T £ 150 - !
1 N |- [ 1 N 3 [
o 3o @ N\ [
= AN 1 £ 100 :
20 Sl : N
’ I~ 50 L
10 = S|
ol— (]
—60-40 -20 O 20 40 60 80 100 120140 -60-40-20 0 20 40 60 80 100 120 140
Tp — Free-Alr Temperature —°C Ta — Free-Alr T‘omperaturs -°C
Figure 3 Figure 4
+
MAXIMUM PEAK OUTPUT VOLTAGE
) i
vs
LOAD RESISTANCE '
=14 —
VCCL = 1I5 \} l L1
13~ Vee-=-15V
Ta=25C
=212 4
U
=11 /
/) I
=10 /

Vom— Maximum Peak Output Voltage -V

25 /
24

Q.1 0.2 04 07 1 2 4 7 10‘
Ry - Load Resistance ~ kQ

Figure 5

1 Data at high and low temperatures are applicable only within the rated operating free-gir temperature raﬁ‘ges of the various devices.

l -
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uA741C, uA741l, uA741M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 3
TYPICAL CHARACTERISTICS :
OPEN-LOOP SjIGNAL DIFFERENTIAL
MAXIMUM PEAK OUTPUT VOLTAGE VOLTAGE AMPLIFICATION
Vs ) Vs
FREQUENCY SUPPLY VOLTAGE
20— T R i > 400
| Vee. =15V Gl e R £ vgsedov s 1 L |
>| =18~ vego=-15V .i ] RIT {] 1”’ f RL=2kQ i /
° RL =10kQ | ! i IRRL c | Ta=25C . .
g =167 14 =25°C ] i 1 ! 2 200 A § /’/
- AL 1 I R g i
3 L0 TR £ LA
% =12 ." T ” E‘ 100 >
o B \1 | . 7 .
= i i = yd i
g =10 M ] = 7 i
- AT O
- T TN ' E
g Ll \ : 4
A T ! 5 ;
= L il A = |
Xz = ! 1l \\ ? 20 ¥
s B N a i
> = i HH { I > ;
RS O
1K 10k 100 k 1M 0 274 6 18 10 12 14 16 18 20
t - Frequency — H, Ve =2 Supply Voltage - V
Figure 6 Figure 7
OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
Vs
FREQUENCY ;
7
10 i LA LLL |
c B;' Veeci =15V
s 105 : Veo-=-15V
3 i Vo =210V
8 M i RL =2kQ ;
5 10° q 71 Ta =25°C
1 Hp
E 104 N o ! 5“ (
Q 0
£ N o )
S 103 | |:‘: : [
s N : f
2 i G
g 102 1 : : ~
g | BN T
3 1 i AN
.10 T ] SNUTE
o SN RN
< i LR, S '
Pl I':i b f H 3
10-1 B Wi
1 100 10k ™™ 10M
{ - Frequency - H,
Figure 8 H
L3
i
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uA741C, uA7411, uA741M
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

)]

70

60

50

40

CMRR - Common-Mode Rejectlon Ratio - d8

TYPICAL CHARACTERISTICS !
COMMON-MODE REJECTION RATIO OUTPUT,VOLTAGE
vs Vs
FREQUENCY ELAPSED TIME
28 T ,
i ! Piand L DLINYL i H
HiliEN "JL Vees =15V |l | i |
| ' \ | Veg-=-15V I"ﬁ 24 i .
N Bszoka i | .
\ AI"], 3| 20 P
N I I > ~ l ;
\ fl E \
\ ’ l [ PO [- : ! :
T | g 1 |
i ° 12 i '
p > i 3 i
N 3 . ]
\ il { é_ 8 ; @ 1
B T S N e 7 A A R
N Lo ! i Vees =15V
; ! N I o ; Veeo = =15V —
Tl 10% i } RL=2kQ
i L o S a1
1 . e 4]
[ AT I e T
Hil -4 : !
100 10k iM 100 M 0 0.5 1 15 2 25
f - Frequency — Hz t- i’lme -us
Figure 9 Figur{e 10
VOLTAGE-FOLLOWER 1
LARGE-SIGNAL PULSE RESPONSE ¥
8 i H [
Vecs =15V 3
Vee-=-15V ] N
6 | i Ry =2 kQ
: Cy =100 pF .
>' 4 B / 1 Ta=25C E
2 /
g J l\ | ‘
g °? [
3 !
g 0 i
3 |
/AN
2 -2 y I
g | v
g - =
- S I - \ !
-6
L | :
0 10 20 30 40 S0 60 70 B0 90 1
t-Tlme - us ;
Figure 11
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PLESSEY :

Semiconduciors :

SP4632 '

1GHz + 64 PRESCALER WITH LOW CURRENT AND LOW RADIATION

The SP4632 - 64 prescaler is one of Plessay
Semiconcuctors’ latest range cf high speed cwvicers for i
<Consumer frequency synthesis 3nd measurement systams, it :

Qo ~ Do
has a lower supply current Giving reduced dissipation ang d “‘ H
operating temperatures in an 8-pin plastic DIL package. -ML_ 8P _.(ev"w
Sourious radiaion has been reduced from all stages. 5 ‘“

The SP¢632 incerporates an on-chip preamplifier with &G o
ditterennal inputs, and has talanced ECL outpuls. oPs
FEATURES £33 1 Pin conneclions - top view
& Lo~ Supply Current
8 Lo Raciation
B input widenzng Amptiher
B Hieh npu Sensitivity
& High Input Impegance
B Balances ECL Quicus

ABSCLUTE MAXIMUM RATINGS

Supply voitage Vee =7V L
Input voltage 25V o-p
Storage temperature -58°Cto +125°C
Qoeraung :emperature range P Clo +e0°C
SupPLY -

. Yl
Yee

Vags } :

i °
o+ fovrRuT

I I i

L
oﬂ;'e':sr:nu nrc; 1)1
la |

© T

ov

F19.2 SF4£32 tlock ciagram




ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tere = 0°C to ~70°C, Vec = 4.5V 1o 5.5V (Test circuit see Fig.3)

SP4632

k]
Characteristic Pin i VT::. Mo Units Conditions
Supply current 8 25 a5 MA |Vee =5V 1
Input sensitrvity 23 RMS sinewave 150 ohms system)
8OMHz 8 175 mv
150MH2 4 10 mv i
30OMH2 3 10 mv .
SOCMHZ 3 10 mv
700MHz 3 10 mVv i
SOOMHZ 4 10 mv
1GHz 6 175 mv
Input overload 23 200 mv | 80MHz 0 4GH:
operating frequency
Input impedance 23 50 ohms | See Fig.5 i
2 pF
Output vohage no load ‘75 g:: ::z } fin = 1GHz Ve » SV
Output voltage with load & 0.55 \ ) s
asFios 7 055 v } fin = 1GHz Vee » 5V
Output impedance 6 05 kohms
7 05 kohms P
Quitput imbatance 6.7 o1 v

NOTE

The cifference tatween tne maxsmum nput sensraty 2
Should be mamtaned wdnn these hmuls at all hrequencies

0 ANAWMUM OVerica0 vONages 1S tne Guaranieed Cynamic range 1nout sgral levers

i

e —{

Q
———{]
e souT —U—J-T—C 3

R o

2 srex 'H*—
-H__l— -
s{] J

Fig.4 Applicatron circuit
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dme A

National
Semiconductor
Corporation

LF353 Wide Bandwidth Dual

JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, dual JFET input
operational amplifiers with an intemally trimmed input offset
voltage (B!I-FET H™ technology). They require fow supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF353 is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overall performance
of existing LM1558 and LM358 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage, low input bias current, high input impedance, high
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.

Typical Connection -

Simplified Schematic

1/2 Dual

Vee O

INTEANALLY

INTERRALLY TRIMMED

TRIMMED

~Vgg Ol

Features
= Intemally trimmed offset voltage 10 mV
® Low input bias current 50pA
= Low input noise voltage 16 nV/fHz
® Low input noise current 0.01 pA/{Hz
m Wide gain bandwidth 4 MHz
m High slew rate 13 V/ps
m Low supply current ' 3.8 mA
B High input impedance 10120
m Low total! harmonic distqrtion Ay =10, <0.02%
RL=10k, Vo =20Vp—p, BW =20 Hz-20 kHz
m Low 1/1 noise corner * 50 Hz
m Fast settling time to 0.01% 2ps
Connection Diagrams
Metal Can Package (Top View)
v
QUIPLT A outryT 8
INVERTING INVERTARG
INPYUT & INPUT 3
NON INVERTING NUI-IIVII"IG‘
INPUT A nrut s
e
Order Nymber LF353H
See NS Package Number HOSC
{
'
Dual-In-Line Package (Top View)
oUTPUT & H LI
INVERTIRG INPUT A —,- —1—- agTNT R
R
NORInveRmnG d 3 ¥ INVERTIRG MPuT B
v —_ 1] §_ RORIAVEATING
nreTt

Order Number LF353J, LF353M or LF353N

See NS Package Number JOSA, MOSA or NOSE
1
TU/H/5640~1

s




o aene

Absolute Maximum Ratings

%

It Mllitary/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales Office/
Distributors for availablilty and specifications.

Supply Voltage 18V
Power Dissipation (Note 1)
Operating Temperature Range 0'Cto +70°C
THMAX) 150°C
Ditferential Input Voitage *30v
Input Voltage Range (Note 2) +185V
Qutput Short Circuit Duration Continuous

Storage Temperature Ranje —65°Cto +150°C

Lead Temp. (Soldering, 10 sec.) 260°C
Soldering Information
Oual-In-Line Package !
Soldering (10 sec.) 260°C
Smalt Qutline Package
Vapor Phase (60 sec.)- 215°C
Infrared (15sec) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Retiability" for}:ther methods of soldering sur-
face mount devices,

ESD rating to be determinéd.

DC Electrical Characteristics ot 4)

*
4

Symbol Parameter Conditions LFas3 Units
Min Typ Max
Vos Input Offset Voltage Rg =10k}, To=25°C i 5 10 mv
Over Temperature 13 mv
AVos/AT Average TC of input Offset Rs=10kQN o
Voltage 10 . pV/I°C
los Input Offset Current Tj=25'C, (Notes 4, 5) -t 100 pA
Tj<70°C 4 nA
%) Input Bias Current Tj=25"C, (Notes 4, 5} 50 200 pA
Tj<70°C s 8 nA
RAin Input Resistance Tj=25C 1012 n
AvoL Large Signal Voltage Gain Vg= £ 15V, To=25"C 25 100 v/mv
Vo= =10V, R =2kn
. Over Temperature 15 R v/mv
Vo Qutput Voltage Swing Vs= £ 15V, R = 10k} +12 +13.5 v
= - 7
‘cM Input Common-Mode Voitage Vg= £ 15V £11 +15 v
Range —-12 v
CMRR Common-Mode Relection Ratio Rs< 10k} 70 . 100 ds
PSRR Supply Voltage Rejection Ratio (Note 6) 70 f 100 d8
s Supply Current f 3.6 6.5 mA
. e a: {
AC Electrical Characteristics iote 4)
Symbol Parameter Condltions ?‘Fssa Units
Min 1 Typ Max
Ampiifier to Amplifier Coupling TAa=25C, t=1Hz~20 kHz i_ 120 d8
{Input Referred)
SR Slew Rate Vg= $15V, To=25"C 8.0 "3 Vips
GBwW Gain Bandwidth Product Vg= 215V, To=25C 2.7 MHz
en Equivalent Input Noise Voltage T: Tozo %’ﬁzﬂs =100, 25 =
in Equivalent Input Noise Current Tj=25°C, {=1000 Hz Y01 pA/JHz
Note 1: For Qg at el the device must be derated based on a thermal resistance of 115°C/W typ junction to amblent for the N package,

arkd 195°C/W typ junction to ambi tor the H packag

Nots 2: Uniess otherwise specified the absolute maximum negatve input voltage is equal to the negative power supply voltage.

Note 3: The power dissipation fimit, however, cannot be exceaded. ‘

Note 4: These specifications apply for V5= £ 15V and 0°CS Tx< +70°C. Vg, Ig and los are measured at Vo =0. P

Note 5: The input bias are k loakag which app y double for every 10°C irx in the juncti p . Tj. Due 16 the limited
production test time, the input bias currents measured ase comrelated to juncti 1n normat the | risas above the amblent
tempera! as & rasult of internal power dissipation, Pp. Tj=Tat 8ja Pp where 8ja is the thermal resistance from junclion to embient Use of a heat sink is
recomtiended it input bias current is to be kept to a minimum.

Note 6: Supply voltage rejection ratio is measurad for both supply magnitudes | ing of g si
Vg = +6Vito 15V,

¥ In ac with




Typical Performance Characteristics

Input Bias Current

POSITIVE COMMON-MOOE IKPUT

INPUT BIAS CURRENT (pA)

MEGATIVE OUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V)

UMITY GAIH BANDWIDTH (M2}

100

20

Input Blas Current

T 1
Vge stV - —d —d.
L. Ta*28 € 4.
//
g
-5 L] 3 1

COMMON MODE VOLTAGE (V)

Positive Common-Mode Input

Voltage Limit

————T
0CgTan sl C L

/

/

/

§ n 18 0

POSITIVE SUPPLY VOLTAGE (W

Negative Current Limit

==

AN

p—u25"C

nc [ R+
n

10 20 n Ll

OUTPUT SINK CURRENT (mA)

Gain Bandwidth
5

-~
n

-

w
in

T
vge 1y _|

A= 2

Cp =100 9F =

M 30 48 3 80 e
TEMPEAATURE (€}

INPUT BIAS CURRENT (pA}

NEGATIVE COMMON-MODE INFUT
VOLTAGE LT (V)

OQUTPUT VOLTAGE SWING {Vp-p)

GAIN (48)

0

IS
Vemrt —1.

vgertsy 1 -

W 20 3 < 50
TEMPERATURE( C)

[2 B}

Negative Common-Mode lnpt;t
Voltage Limit

T—T—T
0EgTagsIeC

/]

7

/

4

NEGATIVE SUPPLY VOLTAGE (V)

Voltage Swing

N Aot
Lo
Mrge2sc
0 %
///
Hi //
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2]
10 e
]
[ [ 10 18 ]
SUPPLY VOLTAGE {-vi
n Bode Plot o
N Vg = 15V
20 ™ Ry=2 100
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10 \L 50
. | | | ! /_rnnsfs 0
G| !
-10 4 -5
|
-20 -4
-10 l——l -150
0.1 1 10 100

FREQUENCY (MH1)

(53349140} 35VHe

SUPPLY CURRENT (mA)

€ SOURCE (V)

+

POSITIVE OUTPUT VOLTAG

QUTPUT VOLTAGE SWIRG (Vp-p)

SLEW RATE (V/us)

14

%upply Current
4

rg

T 7
TASAIC

-

5 i ] 15 ] i
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L
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10 1] n L
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]

i
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0

»
-
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-
~
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N
7
k]
01 1 1
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[
RISING —
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Typical Performance Characteristics (continueq)

Distortion vs Frequency

62 L 1
Lv,-usv
LU S
wisf !l
Ed
=0 | Vo 20Vps
2 |
£ wuf 1% }
- _J Ay » 10!
500 |
s |
1050 T
ve
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10 108 n 0 toow
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Pulse Response
Small Signaling Inverting

OUTPUT VOLTAGE SWING {50 mV/DIV)

TIME (0.2 ,1/01V)
TL/H/S649-4

Large Signal Inverting

DUTPUT VOLTAGE SWING (5V/DIV)

TIME {2 u1/DIV)
TL/H/5649-6

OUTPUT VOLTAGE SWING (1v/DIV)

Application Hints

These devices are op amps with an internaily timmed input
offset voltage and JFET input devices (BI-FET l). These
JFETSs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputd? Théretqre Mari edkeréhtial input voi®Yes ParBasily
be B MoTH Mot B B ARTEEAd B IR IE
The maximum differential input voltage is independent of
the supply yqli3 oweyef, nej  the, iny tAgas.
should bg 4 oWeg; ?ﬂxﬂa &e’r@gfgyéjg?ppp}g'sy is v@‘uﬁ
causedargn symentsyg flownhiggea tesult ind dergmsed

unit,

Current Limit (R = 10002)

>

TIME (5 s/01V)

£0
B

Small Signal Non-Inverting !

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 u3/DIV)
TUH/5849-

Large Signal Non-Inverting

DUTPUT VOLTAGE SWING (5V/DIV)

TUH/5649-1

TL/H/564D-8

Exceeding the negative common-mode limit on sither inpul
will force the output to a high state, potentially causing-¢
reversal of phase to the output. Excesding the negative

on-mode limit on both inputs will force the amplifiet
ut to a high state, In neither case does a latch occu
‘sytee raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a norma
pperating mode.
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Application Hints (continueq)

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
Inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifiers will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
Whaen the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

Each amplifier is individually biased by a zener reference
which allows normal circuit operation on + 6V power sup-
plies. Supply voltages less than these may result in lower
gein bandwidth and slew rate.

The amplifiers will drive a 2 k! load resistance to 10V
over the {ull temperature range of 0°C to + 70°C. If the am-
plifier is forced to drive heavier load currents, however, an
increase in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards
in a socket as an unlimited current surge through theresuit-

Detailed Schematic

ing forward diode within th’e IC could cause fusing of the
internal conductors and resuit in a destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placemedt and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimjzing the capacitance from the
input to ground.

A feedback pole Is created {hen the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the h;equency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB fredquency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.
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Typical Applications '

n

Three-Band Active Tone Control
800ST - CUT

0.05

N
e MIO-RANGE
<
1.6k 100k . 1.6k
4 e AAA————
0.022
l-—o
1.8 500% 1.8k
—AAN - AAA e AAA e
t H"'”“’}} TRESLE
5
:
¥
—Q ouT
NOTE 4
i SRRl
20 K nate 2 1 s
.18 I H
*0 / NoTE IN] {
_— AT 11
2 NJ! ) \
: o Rl
g FTHERG
-10 ' 4
-15 - ' (NOTE l]) .
-0 [ NoTe s T) ’
1m0 T 10 100K

- FAEQUENCY (Hz)

Note 1: All controts flat.

Note 2: Bass and trable boost. mid flat.
Note 3: Bass and treble cut, mid fat.
Note 4: Mid boost. bass and treble flat.
Note 5: Mid cut, bass and treble flat.

* Al potentiomaters are linear taper
* Use the LF347 Quad for stereo applications
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Typical Applications (continued)

Improved CMRR Instrumentation Amplifier

-

VWA

<

-
<

-

-vg

]
5y

-
[
<.

-,

SEPARATE

2R2
AV - (.._ + 1) RS
A1 R4

717 and -_f.- 3re separate isolated grounds
Mazching of R2's, R4's and R5's contral CMARR
With Ay = 1400, resistor matching = 0.01%: CMRR = 136 d8

® Very high input impedance
® Super high CMAR

Fourth Order Low Pass Butterworth Filter

Hllllsljﬂll'l—o
U—‘I'I'I—o

<o i1

Corner frequency {tc) = /._l_ DL 1 - R
Rt1R2CC1 2n R1'R2°CC1 2%

Paasband gain (Hp) = (1 + R4/R3) (1 + R4'/R3")

First stage Q =~ 1.31
»Secnd stage Q = 0.541

Circuit shown uses nearest 5% tolerance resistor values for a filter with a comer frequency of 100 Hz
Offset nutling necessary for accurate DC performancs N

—Ovour

.and a passband gain of 100

A
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Typical Applications (continueq)

Fourth Order High Pass Butterworth Filter

<
a8

1 1 [
* Corner fr ylle) = «— = .
R1R2C2 27 VAVAZ'CZ 2n

* Passband gain (Ho={t + R4/R3) (1 + R4'/R3)
¢ First stage Q = 1.3%
* Second stage Q = 0.541

Ohms to Voits Converter

Voyp* Iv
FULL SCALE

AAA,

VWA
2 ‘l mA
1
[
T
1914 L35
15y
W
Vo ® ———— x Ay
ALapoER

Where R _apoen is the resistance from switch S1 pole to pin 7 of the LF353.

1

—

-

i

" -

Circuit shown uses closest 5% tolerance resistor values lor a fiter with a corner frequency of 1 kHz and F passband gain of 10.
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DAC1200, DAC1201 12-Bit Digital-to-Analog Converiers

1
'
¢ |
M g - {
General Description reatures : i
Tne DAC12C0 series of D/A converters is & family of ¢ Circuit complataly self-contained
precision low-cost converier tuiicing btocks :ntandec 10 PR j
. N L ) . 3oth currant and voltaga-mede cutpurts
turfill 3 wide rance of indusiriai anc militery D/A * gmes @
applications. Thnsse devices 2r2 complete ‘unctionz » Stencard ocwer supplies: 215V anc +5v !
.. . : N \
clacks r2cuiring only soplication of vower {or Soeration. » inwernal ouiiered reference: 1024V |
Tne design comoinas a precision 12-Dit wetghted current ~ i

v G 02 mA, 210V or 0 to {0V cuiput oy $trasoing

source {12 current switches anc 12-bit tnin-fitm resister . . K
internzl resistors; other scale: by external rasissces

network}, a rapid-sattling ooerational amplifier, anc

10.24V bufizred rz2ference. D /2 LS2 lineanity
s Fastsettling time: 1.8 usin %urrent moce
Input codirg is compiementary binary. In ali instances, 2.8 ps in doitage mode
¢ logic -10\3 (§ 8.5V) wrrs 3 given bit ON, 3nd 5 logic o Hign siew rate: 18 \V/usT -
“high” (2 2.0V) wrns the bit OFF. Output format mev _— uns . 4
be programmed “or bipotar {10V} or un.pclar {0 0 'k anq CMOS compatibie comulementarv binary
10V) operaton using internaly supcliea chinfim inout logic
resistor sin sirzo couions. Current mode opa-aticn iy s 12 5% Bnearity !

2150 aszfade from Q 10 2 mA. ¢ Stendard 0.6" 24-pin DIP package

i
The 2nure series ‘s 2vziiabie in narmetically sesled 22.
lead Di? -

Block and Connection Diagrams

AZE 52 " i P
V-srémur T3s BIRZE 4 14 38 2T 26 3 34 31 22 51 Dual-In-Line Package
M X o 9. o P
s 1 rn AR UL To 95 P o 1 M 2uze26 145 206072 04 ‘
pel LN :
a2y l J 1w
r = a1ey
e =t
-3} 3 & syt ri=T o taes 0UTAUT
S
B o TAMT LOSRENT UODE . LING 1 voaTace e
et — - - my ARa —— - H
3 Ty .m.nz:; RaY oy ) l- a3 :-f;"iur 21— s [y SSLTASEu0GE SuTRLT
a—‘ 1 / 24— = CUBAENT MOSE JIPUT

%) [ﬂz}an Felailan paree [ L TR (e s3] Ll areser
SNIREERERERREREE

‘3
1 i 1 e RIF COwS

2l eman pos vaTE INOUT
. 12 L
" 24— ; b Sy SCALS 204
0 -iv e 3
TD2 wiEw
i

Qrrier Number CACT20CHO, DACIZ00HCD.

DAC1201HO cr DACIZ0THCD
al « uﬁ Sew NS Packagl D240
~38V 18V ONT i
A
3
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DAC1200, DAC120-
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|
Absolute Maximum. Ratings - '
Supply Vclage (VT & V=) z1§v “}hort Circuit Durztion (pins 18, 19 & 21} Cer
Logic Supply Veitage Vee) *10v Qrerating Temparazure Range
Logic Input Veltage -0.7Vo -8y DACI200HD, DAC1201HD "-—'S.F i

DAC1200HCD, DAC1201HCD -233°Cy

Reference Input Yoltage -0V, -18v ’ .

Storage Temperzture Range -85°C o
Pawer Dissipation Isea craghs)

Lead Temperaurs (solcering, 10 s2¢.)

DC Electrical Characteristics DAC1200,1201 iBinary DIA (Noes 1. 2)

! * ! i DAC1200/1200¢ OAC1201/1201C
FARAMETER ! CONDITIONS o -
. i I CRETEETYR MIN | TYP | Max
Asotution 1‘ " 112 ; ! 12 )
Lin2arity Ercor (Note 2) 1TA*25°C i 5 120.0722¢ =002
f' ! ! i=C D2aa, 200875
Oftse: Vorrsze fTA =25'C ,’ u ! 1 HES i 0 i
i i ! o ) B
Voliage oce Full-Scale Error (Mgre 3NVREF » 10.2¢0v l 1 L 001 ey 1002 Az {
Veliags Moce Full-Scate Error El’m 21 cenneciec 1g Fun 14, Ta*25°C | I X 0s " %! 0.7 i
| A ; H
*tenozanicity tMotas 3, &) i ' ! Guarantaeg cuar tne lemoaratuce rangs R
H v » .

) JAVT sy . i i 0ce2 oa2 | 0002 o2z 4
aoviase idace Poner Sunply lav-e 22y Vaeme o oy | ‘ 0002 | 632 ! ro02 2z s
sensstrnry Jdvegezy  VREF 71022 ; | 0002 | 2.52 l' 1 0.062 22z e
Outout Vzitags Range [ﬂ;_ = Sk i zto.s I!:12 ' 12105 'z12
Voutags Voo Cutous Snor: Circuit ! . 96"~ i ia i . ,‘ ' . ' an
Currant Lomi; :TA Ll 'l ] 0 = | 0 =
Curren: Moce Voitage Compliance | tNote 5) | =25 l !’:2.5 ,

Current “ioue Outout Impedance H i ’ RE] ! . i3
Aaierence Veltzge ;:OmA< IREE <27 A Ta=25C ,l 10.120! 10.260; :0.220i 10.120 16.22C osc
Logic 1" thaut Voltags 1811 OFF) : P20 ’ ! 20 X
Logie 0" tmou: Yoliags (Bit ON) | [ te.2 ; f ‘oz
1 . »
Lagic “1" input Currang (Bit CFF) vy w285y ' ¢ 1 1 B R .8
H H ] . H H
Legic 0" taput Current (2it ON) insov N BT T | 10 g
1= |vreisov l 0 s | e s
Pover Scpzly Current I iv-eli50v TA=25¢C i 25 ] ;' , 23 K] -
“lee {Vecssov : , 13 zs | 20 i3
1
AC Electrical Characteristics DAC1200,1201
: {
T T : n

PARAMETER I CONDITIONS (Ta = 25°C) a , MIN | TYP MAX ' UNITS
Voltzge Mode | DpAciz00, Ve<i25mv 1 i 15 P30 =
=1 LS8 Sextting Time (Nore 5) ! DAC1201, Ve 5.0 mv ! ! i i 30 : )

[} -
Veltage Moce Full-Scale ! .DAC1200, Ve £1.25myv l ! 2.5 f 5.0 l
Change Sextling Time (Note 5) | DAC1201,v.<5.0my { ¢ 20 | 50 =
Current Mode | RL=1k, CL S 200F S5 : P
Full-Scate Settling Time ’ 0<algyt €2mA ; ’ ! f
Voliage Mode Slew Rate i -10V< avgur < -10v s v
——

1 .
Note 1:  Uniess oinervise noted, :hese s3ecifications ooty for V_‘ * 150V, V™ . —lS.?V, NG Ve = 3.5V over the emparasics r3=ge -25°C
-125°C for tna DACI200HD/1201HD and -25°C o *+85°C for the DAC'-200HCD/1201HCD.
Note 2:  All tyzical vaiyes 2re for T = 25°C, ! R
Note 3:  Uniesgg otherwise notez, :his soecification applies fer VRes = 10.24vy, anf over the temos-ature range -35°C 10 ~32iC, Tesu
conoitions ncfuaa aCjustmant of oifses to OV and full-scale to 10.2373 v,
Note &: The DACIZ00 is lested for Mornotonicity by stimulating anl bits: the DAC!20’1 is tested for monotonCity By Myanng sy e L
MSEs and holcing the 2 LS3s At 2.0V lie., 2 LSBs are QFF).
Note 5: Net tected — guaranteed by design. )

4



Typical Performance Characteristics >
, Q
Maximum Power Dissipation Supply Current vs Temperature Supply Current vs Temperature N
218 10 ) T (=)
A | \{I P =]
- ~ | u.:m__l_d R 7 e _'"\ -
i— "” N :E ke \\-lsv i . HE =
2 25 N z i~ "\l\u\‘ =i TR >
: AN £ u L] Bl ] ) 0
2 8 3- . 2 L - ' .
= s | | 1 0\ > 10 \\-\ iV ' l R ' ’,,“ I S
z & e ——— Sy " T
H ! | ! N H l 5 \4 O
2 o T T L l | wi s |1 il —
azs T 1 T ALLINPYTS LEGIC Low | ALUINPUTS LOGIE HiGn l
. oo 1 | iy e S i ¢ Ly ey |
9 15 8 s e 1 s -5 25 6 28 s 15 100 13§ -5 .8 0 5 KR35t s
TEVPEALTUREL O TEMPERATURE( C) ! TEMAERATLRE Q)

1 LSB Transition
1017...1 = 1100...0
Vg =0, 10V

Cg = 30pF !
Ta=25°C .

Applications Information

1. Introduction 3. Unipolar and Bipolag Operation i
The DAC1200 series DA converters are designed to The DAC1200 series D/A's may ke configured for either
minimize adjustments and user-supplied external com- unipolar or bigolar op:eration'using resisiors srovided
ponents. For example, incluced in the package are a with the device. Figuré 1A illustrates the proper con-
buffered reference, offset nulled output amplifier, and nection for unipolar opdration.

applica(ilon resistors as well as the basic 12-bit current Bipolar operation is ccomplished by ofisetting the
mode D/A. output zmplifier A3 as shown in Figura 2A.

However, the DAC1200 series is a sophisticated building ©

block. Its principles of operation and the following -
applications infcrmaticn should be read before applying F P S Uyl .

power to the device. R

The user is referred to Nztionsl Semiconductor Applica-
tion Motes AN-156 anc AN-157 for adcitional informa-

tion. )
i
2. Power Supply Selecsion & Decoupling . - RZi.

) eely S . L VOUT = {IZERD 10,l FULLSCALE! ég.—,,’?fg
Selection of power supplies is important in applications - -
requiring 0.01% accuracy. The 215V supplies should be = {0mA 10 20475 mA(SkLl)
well regulated {15V = 0.1%} with less than 0.5mVrms ’ =QV 10 -10.2375V

of output noise and hum.
*Yatues shown are fof Ver = 10,240V,

T lize th eed iti 1 ice, all th
10 realize the full speed capability of the device, all three 1 LS8 Velmage Step . ‘040924 gv 2 2.5mv.

power supply lezds should be bypassed with 1ufF

antalum electrolytic c2oacitors in shunt with 0.01uF 1 LS8 Current Steo = 29MY =0 5.4
ceramic disc capacitors no farther than % inch from the 1 3:0kQ
device package. FIGURE 1A. DAC1200/DAC1201 Unipolar Operaticn




DAC1200, DAC1201
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g ooy

JI820415ma g

Cu3RENTugDE
2 B

*VOUT = {010 2.0475mAIR22 - V_RRZETF 221

= {00 2.0475mAIR22 - Vaer, 721 = A22
= -i0.230 0 « 10.235V
“Vaives shown are for VRgE = 1C.240V
TLS3=5mv.
FIGURE 2A. DAC1200/DAC1201 Bipalar Operztion

m

xternei resistors may be used to achieve altarnzta-rero
ng full-scale voltages. !t is advantageous ¢ utilize R21
and R22 2ven in these zpplications since they zre closely
martenad in TCR and temperature to the internal array.
Figure 3 illustrates the recommended circuit for zero to
SV oreration. RgXT should be of meral il or wire.
woung consiruction with a TCR of less than 10ppm/°C.

)

- . A : .

agpidtu

biTH L3

> T

+

$102.015ma §

. : VeyLLscate _ ., -
RTOTAL = {R211: (R2211 (R KT} = = HEESCALE J 9 2
TOTAL = (Rl T = = 0475 mA 8

FIGURE 2. DAC1200 0 10 5.120Vv Operation

4. Offset and Full-Scale Adjust

I¥ hignar precision is recuired in the zero and {uli-scale,
external adjusiments may be made. The circuit of figure
4 iltustrates the recommended circuit 1o adjust ofiset and
full-scale of the DAC1200 series. The circuit will work
2qually well for unipolar or bipolar operztion.

In bicolar operation, the offset is adjusted at minus full-
scale; in the unipolar case at zero scale.

sy rsv
o ‘run tivn )
INTURR l l e
~15¥ " T} 3 S—) o YV
OFFSET M SYLL SCME

FIGURE 4. Offset & Full-Scale Adjust

For wne values shown in figure 4, R1 will allow 3 =7mV
offsat zdjusiment for the unigolar case and 215mV for
the pipolar czsa. 2 will allow 2 *50mV adjustment of
full scale.

D e

§. Current N{)da Operation

Access 10 the summin iunction of A3 afarcs curren:
mode operation 2ither with 3 resistive i0zd or =2 drive 3
fast-settling gxternal cperational amplifer. The loop
around A3 should not be closac in currens
tion. There is 2 =2.5Y marimum compriancs vaitage 5t
A2’s output dpin 18} whicn restrics he maxirun size

of the load resistor; i.e., Fy » 'FULLSCALE S 2.5V

Mote: {pyts SCALE = 2mA,

6. Settling Time & Glitzh Minimization

The settling time of the DAC; 200 serias :nd %2 gl
which occurs batwsan major ingut 2o ce: Tay be
improved by’p!acing 2 13 1= 3Cuf ca
pins 18 (current-mcde cutpuz ane 12
outputl. The capacitzr is usec o canes! ou
tance of the &urran: moce O/A snd siréy capaciizace i¢.
pin 12. !

¥
7. Current Quiput Boosting

The DAC1200 series may be operazed 2s 2 “powier D/A"
by including & curreas bufier sucn s tne LRC002 or
LHOO63 in the loog with A3 zs shown in figure 3.

£

%
s
L IRELT WGl e
ta
a2

Fi?URE S. Curren: Soosted Quizut

¥
8. Logis Input Coding

The sense of ihe logic inputs o e DACI200 serizss is
complementary; i.e., 2 zivea &it is winse ON =y 2n
active "low"’ inpui. Table | sumimarizes [nput sszwes for
the unipolar and bipolar compiemenzary bingry end 380
codes. b

Other inpur codes may 2lso Le ugea, For sxampia, the
wos complement coce, which is used asivaly in
cemputer and microgroc2ssor 2opiicaticns, may ne cone
veried to the DAC1200 csmplementzry bipolar formst by
inverting all bits except the MS2. The invarsion may be
accomplished in the microorocessor by scitvere conzrol,
or by hardware using starczrd hex-inverters.

2. Reference V?I:age

External referq‘nce vollzoes may be usad with e
DAC1200 series. Voltzges other tan 10.240 or 10.000V
in the range of*+5.0V to 11V will work sa isfactonly
for voitage mode operation. Full-ecalz veitzge is abways
VRErF — 1 LSS where 1 1S3 = V agz/f4Cs8, Fullscaie
current may be éredictad Sv:

IFULLSCALE = {(VREF}0.19905117)mA
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{Note 8} [
CODE TYPE INPUT CODE OUTPUT STATE OUTPUT VOLTAGE OUTPUT CURRENT
VisB LS8 Vggq = 10.240v
+
0000 0003 0000 Full-Scale #10.2375V 2.0475mA
micetar Complementary ginary 1111 1111 1110 1LS2 CN. +2.§OGmV 0.5G0uA
1117 17111 1194 Zzro Scate Zeto Zero
1
0000 CO00 0000 Full-Seale +10.235V +1.0232mA
0111 1111 113 Hal? Full-Scaie -0.coov 0.000mA
;-aa.2¢ Compiementary Binary i
1111 1111 1110 1 L38 ON -10,235V ~1.0235mA
191 11 1.111 Zero Sceie -10.240V -1.0230mA

10210V a ‘00ZLovd

Note8:  Lzgiz inzut sense is suen that an active low (V(p < 0.8V) turns a given cit ON anc is sepresented as a logic “0” in 1ne tabte.

Definition of Terms

Pescluztion

2esclution is dafined zs the reciprecal of the number of
discrate steps in the D/A output (os designed). It is
girsstty related 1o the number of switches or blts within
2 DA, For example, the DAC1200 has 212 o 4096
stecs. Aesoluticn may :herefora oe expressed varicusly
i 12 bits, as 1 part in 212, 25 1 part in 4096, or as a
serczntace {1/5096 x 100 = 0.0224%).

Linearizy Ecror

Lxreanty arror is tha maximum ceviation from a straight
ine gassing througn the endpoints of the D/A transfer
zracieristic. It is massured zfter celibrating for zero

fuil-scale. The lin2arity error of the DAC1200 series
s quaranteed to be fess than =% LS8 or 0.0122% of F.S.
for me DAC1200/1200C 2nd =0.0483% of £.S. for the
DAC:203/DAC1201C. Linearity 2rror is a design para-
metar intrinsic 10 the device snc cannot be externally
ajusted.

Offsat Voltage

Ofisez voliage is an output voltage other than zaro volts
for unipolar operation {and other than minus fuli-scale
lor bipolar oceraticn) with all bits wrned OFF. ln the
DAC1200 series this arror rasices primarily in the output
implifier, A3. Qifset voltzge is zcjustable to zero as
scussed in the zpplications section.

Power Supply Sensi{ivity

Powrer suoply sensitivity is @ measure of the atfsct of

poweer supply changas on the D/A fullscale outout.

Setding Time

Two settling time parameters are specifiad for the
DAC1200 series. Full-ccale settling time requires 2 2200 U
fuil-scale or full-scdle tc zero output change. One L33
settting time requires one LS8 output chinge. I both
instznees, settling time is the time required from a code
wransizion until the'D/A output rezches witnin =2 LS8
of finzl output vaice.

Mcnotonicity i

Mcnozonicity is a tharacteristic of the D/A which re-
quires 2 non-negative outpu: step for an increasing indut
digital code. \4ono..omc1ty therefcra, demands na back
steps or changes in sngn of the slope of the D/A wransfar
cherzcteristic.

Full-Scale Error

Full-ccale error is 2 measure of the output erfor tetwesn
an ide2l D/A and the actual device ouspus. Icaslly, feor

the DAC1200 fuil- scale is VREF — 1 LEB. Fer VRer =
10.240V and unipolar operatica, VCULL:CAL‘
10.240V - 2.5mV = 10.2375V. Departures irom this

value include m'errlal qain, scaling, and reference 2rrors.
Full-scale esror is ’d|us zble %0 zero as discussed in the
Applications section.

H
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DAC1200, DAC1201

Typical Application

—_
us3 ‘ LS8
i e |y s 7 qs s la {3 2 L
i
0Ac1200. nact20f
s .
1Bope fis s [ s i oo [ Jaz {22 s
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f €3
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&2
=t
[ =
100¢ ; =
L {
itmg év.-u l) l J)
9 -5V -1V -8V vayr
100 FYULL ScaLE ¢
or ¥ 23t m"' OFFSET ADJUST
~15v -1ty -5y “15V  ¥ep e g v €y v (1LANRILE)
2‘:) Volt Fuli-Scate Complem‘muv D/A
DC Test Circuit
+3.0V ! vaE:
Q ] Y
———O
4 . =
Vout o
o "OFF~ 'OUT !'”""
100Ke2 1 " $12 (M4S8) H
101 Sii
FULL SCALE " " Sid
Y 2 Jis 10ba e
2
+15V — 16 1 9p—a 3
e | ol 8 _‘\s?_—'
100k S e AAA, 1 OUT . 50 4 3
10T 3
2ER0 e § s3
3
15V C_IL 20 TS —a 2
_ s
osvo-—-[ 3 l—-ZI ’ 4 p—a 3
+15V O 2 3t <
-15V O— ‘ 23 17— P
HLS3
a: 2 R S S el
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C1 = C2 = C3 =4.7u4F {s0lid tantalum) in parailel with & 0.011F ceramic dise

Crdering Information

25°¢ OPERATING
PART NUMBER { PpACKAGE LINEARITY TEMPERATURE
ERROR RANGE
DAC1200HD Ceramic DIP 0.01% ~35°C 10 -125°C
DAC1201HD Ceramic DIP 0.05% ~25°C 10 -125°C
DAC1200HCD | Ceramic DIP 0.01% -25°C 10 +85°C
DACi201HCD | Ceramic DIP 0.05% -25°C 10 +85°C
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Switchmode Power Rectifiers

. . designed for use in switching power supplies, inverters and as free wheeling diodes,
1ese state-of-the-art devices have tife following features:

Uttrafast 25, 50 and 75 Nanosecond Recovery Times

175°C Operating Junction Temperature

Low Forward Voltage

Low Leakage Current

High Temperature Glass Passivated Junction

Raverse Voitage to 600 Volts

lechanical Characteristics:

Case: Zpoxy, Molded

Weight: 0.4 gram (approximately)

Finish: Al Extemal Surfaces Corresion Resistant and Terminal Leads are Readily
Solderable

Lead and Mounting Surface Temperature for Soldering Purposes: 220°C Max. for
10 Secends, 1/168” from case

Shipped in plastic bags, 1000 per bagq.

Available Tepe and Reeled, S000 per reel, by adding a *RL" sutfix to the part number

Polarity: Cathode Indicated by Polanty Band

™

MUR120
MUR140
MUR160

MUR120, MUR140 and MUR16Q are
Motorola, Preferred Devices

3
i

ULUTRAFAST
RECTIFIERS

1.0 AMPERE
200-400-600 VOLTS

Marking: U120, U140, U160 ;
: CASE 59-04
LASTIC
IAMIMUM RATINGS
MUR '
Rating Symbol 120 140 N 160 Unit
“eak Repetitive Reverse Voitage VRARM 200 400 ; 600 Volts
Workx’ng Peak Reverse Voltage VawMm
DC Blocking Voltage Vg
Averzge Rectified Forward Current 'F(AV) 1.0 @ Ty =130°C 1.0 @ Ty =,120°C Amps
(Square Wave Mounting Method #3 Per Note 1)
Nonrepetitive Peak Surge Current IESM 35 ) Amos
{Surge applied at rated load concitions, halfwave, i
single phase, 60 Hz) R
Dparating Junction Temperature and T Tstg -6510 +175 i °C
Storage Temperature i
HERMAL CHARACTERISTICS
Haximum Thermal Resistance, Juncdon to Ambient Raya [ See Note 1 l ’C/Wj
| ECTRICAL CHARACTERISTICS
daximum Instantaneous Forward Voitage (1) vE H Volts
{ig = 1.0 Amp, T = 150°C) 0.710 1.05
{ie = 1.0 Amp, T = 25°C) 0.875 1.25,
Maximum Instantaneous Reverse Current (1) ) RA
(Rated dc Voltage, T = 150°C) 50 150,
(Rated dc Vortage, T = 25°C) 2.0 s.0
- L]
daximum Reverse Recovery Time tr ns
(Ilg = 1.0 Amp, ai/dt = 50 Amp/us) a5 75,
(le =0.5 Amp, ig = 1.0 Amp, g = 0.25 A) 25 50
Haximum Forward Recovery Time e 25 50§ ns
(lg = 1.0 A, di/dt = 100 Alus, Iggc i0 1.0V) .

) Pulse Test: Pulse Width = 300 us, Duty Cycle <2.0%




MUR120, MUR140, MUR160

=

MUR120 i
FIGURE 1 — TYPICAL FORWARD VOLTAGE FIGURE 2 — TYPICAL REVERSE CURRENT®
10 .
7 & -
4 1 M
70 /// 7 246 v —
50 JAVA 20 — Ty = 1780 ="
/ g W
7] o '
30 = s —
Ty = 175'c/ /%Z—m'c g W 2 100°C
20 I § a2 -
/ / 1[4____25-(: 0.08 |= 'Me curves shown are tyoscal lor (he highest voitage
A o« p-- dewce 1n the voitage groupeng. Typacal reverse cumrent
/ Y 004 b= tor tower vomage an od trom
&2 0.02 |- mese 1ame curves 4 Vg 1s sufficiently below rated VR,
10 <0008 — s
— ¥ ! — ~+ o,
L [ { 0.004 : - 5°C
= 07 z AW AN 0.002 — vl
=< . A
= . 17/ .00t f 1
5 0s _ [V ] 0 W @ 0 0 100 120 1 160 180 200
= [ 1] VR. REVERSE VOLTAGE (VOLTS)
=
(=)
g 0.3 [ [ / 1
1
E / Z FIGURE 3 — CYRRENT DERATING
2 02 {MOUNTING METHOD #3 PER NOTE 1)
g Z / / __ 50
=1 & [ I
wl o, o-
= [ z |
= R — + f = . iRated Vg
= 11 z RJA = 0TW
2 om A/ g
& 1 g 1
0.05 2w *
[ [l g \\
l S \ de
0.03 =20 AN .
/ g Square
o Wave A}
o0 I1T] 2 10 f\\\
E N
A=
0.01 / / / 0 : N
03 04 05 06 07 08 05 10 11 12 13 0 50 100 150 200
vE, INSTANTANEOUS VOLTAGE (VOLTS} Ta, AMBIENT TEMPERATURE
FIGURE 4 — POWER DISSIPATION FIGURE § — TYPICAL CAPACITANCE
z 50 U R 0 ]
Py :
Y (Capacitive Load) l—( = 20— @ \ T o 7
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FIGURE 6 — TYPICAL FORWARD VOLTAGE
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NOTE 1 — AMBIENT MOUNTING DATA

Data shown for thermal resistance junction-to-
ambient {Rgja) for the mountings shown is to be used
as typical guideline values for preliminary engineering
or in case the tie point temperature cannot be measured.

TYPICAL VALUES FOR Ryya IN STILL AIR

MOUNTING LEAD LENGTH, L
METHOD 18 | 14 | 12 |uNiTs
1 | 52| 65 | 72 |ow
2 Rasa| 67 | 80 | 87 | ow
3 50 W

MOUNTING METHOD 1

L L

e =il

MOUNTING METHOD 2

—-—{:I}_b
L+— +—rtL

Vector Pin Mounting

MOUNTING METHOD 3

o " "Board Ground

- Plane e e e
* - P.C. Board with = = - - = -t
- 1-1/2"-x 1-1/2" Copper Surface * -~ -,
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