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Abstract

The objective of the special project is to construct the robot which is
controlled by the internet network. The IBM computer platform with Linux operating
system is used for main processing. The CCD camera is set up on the robot for the
image sensing. The robot and CCD camera movement can be controlled by terminal in
this internet network. For more application, the robot can use as the remote control

sensing.
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Computer #1 Computer #2
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°UT1‘4§ 6 (Data Set Ready)
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YN 8 (Data Carrier Detect)

Y19 20 (Data Terminal Ready)
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1 Data Carrier Detect
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2.8 AT89C52 8-Bit Microcontroller with 8 Kbytes Flash

AT89C52 'l TasaeuTnsiaes § Bits ¥u1A 40 01 #319/2umalulod Amel’s
High Densiy Nonvolatile Memory Technology Tﬂaﬁwﬁ’aﬂmmﬁﬂﬂmmumﬂ’lummﬂ 8
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(PEROM) wiheaamsfoyamoluving 256 Bytes a¥rudaomalulad CMOS AT89CS2
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J o [ % 9 A
yoslindlumstszndanasan'ld 2 Tvua A Tnua Idle ttaz 1119 Power Down

2.8.1 ANUAUTAYDI ATEICS2

1. dhduldiu i Taseeu Insiaesaszga MCS-51

5 oA lasuns sl unn Flash Memory Y118 8 Kbytes 011301081
wsoauTUsunsnlane 1,000 ﬂﬁzmamﬁu%’agablﬁmuﬁa 103

3. 19 sesaud 2.7-6 Volis

4. vhandglugaenawa 0 Hz e 24 MHz

5. 52UVHUIAWSUSUNTUD 3 TEA

6. 1 /O Wasa 32 1

7. 1l Counter/Timer YUA 16 Bits 3 p)

8. WOSABUNFULUY Full Duplex

) ﬁln[crrupl 8 Lnag

¥
10. HN911uA Low power Idle 1182 Power Down
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3.2.3.2 Linux Terminal
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/*
Linux Robot AT89C52
By Santichai Poungkaew
Create 10/17/2000 00.30 AM.
Modified 1/11/2001 01.32 PM.
X
#include "c:\mc\8051io.h"
#include "c:\mc\8051lreg.h"
#inciude "c:\mc\8051bit.h"

extern register char cputick;
extern register int PWM1, PWMZ;
/* ---- variable --*/
register int xdest, xuser;
register int ydest, yuser;
register int odest, ouser;
register int pdest, puser;
register int zdest, zuser;
register int adest, auser;
register int bdest, buser;
register int value,negative;
register char dest;

register int odl,od2;

unsigned register char OUTPO,OUTPZ:

register char delayl,delay2,delay3,delay4; // delay for stepl,2,3,4
unsigned register char c_delayl,c_delayz,c_delay3,c_delay4;

unsigned register char bit con,bit_stop; //bit controll 4 step motor
register char countl, count2, count3, count4;

register int i lhe2 s, Sl 62 ,/GBINOA £

/* —---- Table -- */
unsigned steptabl[]={0x01,0x02,0x04,0x08};
unsigned steptab2[]={0x10,0x20,0x40,0x80};

unsigned int power[] = {OxOOO0,0xOOOl,OxOlOl,Ox0841,0x1111,0x1249,0x2949
, 0x2A93,
Ox5555,0xD555,0xD5D5,0XEDBG,OXEEEE,OXF7BE,OXFEFE,OXFFFE,OXFFFF};

/2 stepl step2 step3 step4
dir bit_con 0x10 0x20 0x40 0x80
en bit stop 0x01 0x02 0x04 0x08

x/

main ()

{

serinit (9600);
init_value();
// printf("hello lbot! >>"J%
dcl (0):

dc2 (0):r

while (1)

{

while (cputick<1l)

control ()

delay count() s
step_run();



init_value()

{

dest=' ';

value=0;

negative=0;

xdest=0;

ydest=0;

odest=0;

pdest=0;

zdest=0;

adest=0;

bdest=0;

xuser=0;

yuser=0;

ouser=0;

puser=0;

zuser=0;

auser=0;

buser=0;

cl=0;c2=0;c3=0;c4=0;

countl=4;

count2=4;

count3=4;

countéd=4;

OUTPO=0x11;

OUTP2=~0x11;

delayl 2; T 4permmrman e 3¢ mseR
delay2 7
delay3
delay4 = 5;
bit_stop = 0x00;
odl=1;0d2=1;

([

]
w

|
~

}
int get_one_ char (char c)

// if U "B )WPes (cP AR G o= ' S I 4
switch(c) {

case 'A': adest=l;auser=l; break;
case 'B': ‘bdest=ljbuser=1l; break;
case 'C': adest=-1;auser=-1; Dbreak;
case 'D': bdest=-1;buser=-1; break;
case 'M': adest=0; auser=0; break;
case 'N': bdest=0; buser=0; break;
case 'X': adest=0; bdest=0; auser=0;buser=0;break;
case 'F': adest=l; bdest=1l; auser=1;buser=1;break;
case 'R': adest=-1;bdest=-1; auser=-1;buser=-1; break;
case 'x'
case 'y'
case 'o'
case 'p'
case 'z'
case 'a': oy
case 'b':
dest=c;



break;

case '=':
negative = 0;
break;

case '-':
negative = 1;
break;

case '+':
negative = 0;
case '0':

case '1l':

case '2':

case '3':

case '4':

case '5':

case '6':

case '7':

case. '8!:

case '9':

value *=10;
value +=4cz"0"');

break;
case .
casef' Nr':
case f\n':
casef', ':

if (negative) {
value = -value;
}
if (dest=="x"') {
xuser=value;

} if(dest == 'y') {
yuser=value;

}rif (dest (=="1o") [
ouser=value;

} ‘if (dest =="'p') {
puser=value;
hoifidest =) z!) W
zuser=value;
}o1f (dest ==_"a’')" {
auser=value;

} if(dest == 'b') {
buser=value;

}

dest = "W

value = 0;

negative = 0;

if( ( e=='"\n")||( c=="\r'") ){
xdest = xuser;
ydest = yuser;
odest = ouser;
pdest = puser;
zdest = zuser;
adest = auser;

bdest = buser;
xuser=0;yuser=0;ouser=0;puser=0;zuser=0;
//auser=0;buser=0;

return 1;

}

break;



}

return O;

delay_count ()

c_delayl++;
c_delay2++;
c_delay3++;
c_delayd++;

if (c_delayl >= delayl) { c_delayl = 0; bit_con |= 0x01;}
if (c_delay2 >= delay2) { c_delay2 = 0; bit_con |= 0x02;}
if (c_delay3 >= delay3) { c_delay3 = 0; bit_con |= 0x04;}
if (c_delay4 >= delay4) { c_delay4 = 0; bit_con |= 0x08;}
}
step_run()
{

//step 1

if( ((bit con & 0x01) != 0) && ((bit stop & 0x01)!=0) )

{

bit con &= ~0x01;

if ((bit_con & 0x10) != 0)
{ countl+ts )}

else {countl--77

OUTP2 |= 0x0f;
OUTP2 &= ~steptabl[countlz4];
cl++;

if( cl >= ol ) [ ¢l=0;bit stop &= ~0x01l;putch('i')

&

/&P ——-F
//step 2
if§ W (Gt _copPNPED2) L)) &5 ((bit stop & 0x02)!=0)

{
bit con &= ~0x02;
if ((bit_con & 0%x20)!1=:0)

{ count2++;}
else {Neountds -}

OUTP2 |= 0xf0;
OUTP2 &= ~steptab2[count2%4];
c2++;

}

if( 2 >= 02 ) { Cigl/ Ditmaihemi= ~0x02;putch('j") 7}

//step 3

if( ((bit_con & 0x04) != 0) && ((bit_stop & 0x04) !'=0)

{

bit _con &= ~0x04;

if ((bit_con & 0x40) != 0)
{ count3++;}

else { count3--;}

OUTPO &= O0xf0;
OUTPO |= steptabl[count3%4];
c3++;

)

)



if( c3 >= 03 ) { c3=0;bit_stop &= ~0x04;putch('*');}

Ll = ean
//step 4
Af((i(bit con;i& 0x08) !'= 0) && ((bit_stop & 0x08) '=0)

{
bit_con &= ~0x08;
if ((bit_con & 0x80)
{ countd++;}
else { countéd--;}

= 0)

OUTPO &= O0x0f;
OUTPO |= steptab2[count4%4];
cd++;
if(cd >=-04 1) | c4=0;bit_stop &= ~0x08;putch('*"') 7}
}
[if=mr=rm=r
P0 = OUTPO; // load value to PO
P2 = OUTP2; // load value to P2

stepl (int a)
f
1

if (a)
{
if faf < O
{ [pft con Jr Ok 0% 7}
else
{ | bit_con &=~0x10:7 ]
bit| stop 1=.0x01z
ol & abs (d) s
}
)
step2(int. a)
{
if(a)
{
if W&\< 2
{ DbANCcOng [= Ox207 )
else
{ bit¥cen &=~0x20; }
bit_stop l= 0x02;
o2 = abs{a%
}

}

step3 (int a)

{
if(a)
{
1f (a <:0)
fi=bitdconisl= 0x40; }
else
{ bit _con &=~0x40; ]
bit stop |= 0x04;
o3 = abs(a):

}

step4d (int a)
{



if(a)
{

EEila<0)
{ bit_con |= 0x80; }
else

{ bit_con &=~0x80; }
bit_stop |= 0x08;
o4 = abs(a);
}
}

motorl (int s)

if (s<0)
setbit (P1.0)
else clrbit(P1.0)

clrbit (1E.5)
PWMl=power[l6-abs(s)];
setbit (IE.5)

}

motor2 (int s)
{
if (s<€0)
setbit (P1<2)
else clrbit(P1.2)

cinbi TALE &
PWM2=power [l6~abs(s)]/
setbit(IE.5)

}
dcl(int d)

{

if (d!=o0dl)

{ motorl(d) ;odl=d;}
}

dc2 (int{dy
{

if (d!'=0d2)

{ motor2(d) rod2=d;}
}

control ()

{

charich;
if (ch=chkch{))
{

dc - (adest);
dc?2 {(bdest) ;

if (get_one_char (ch))

stepl (xdest) ;step2 (ydest) ;
if (zdest)

{

step3 (zdest) ;step4(-zdest);
}



else
{ step3(odest);stepd(pdest);}

Vi printf("xdest=%d,ydest=9d,odest=%d,pdest=%d,zdest=%d,adest=%d,bdest
=%d\n",
Ll xdest, ydest, odest, pdest, zdest, adest, bdest) ;

xdest=0;
ydest=0;
odest=0;
pdest=0;
zdest=0;
// adest=0;
// bdest=0;
}

}

}
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' MS — Windows Terminal

"main_frm.frm

Option Explicit

Dim ji As JOYINFOEX ' joystick state buffer
Dim caps As JOYCAPS ' joystick capabilities
Dim flag_xjoy As Boolean

Dim flag_yjoy As Boolean

Dim flag_butt As Boolean

Dim xaxis_num As Integer

Dim yaxis_num As Integer

Dim rc As Long ' return code

Dim i As Long "index

Private Sub About_Click()

main.Enabled = False
about_p.Show
End Sub

Private Sub backward_Click()
Dim data As String

data ="b" + Chr(10)
main.Winsock1.SendData (data)
End Sub

Private Sub connect_but_Click()
connect.login.Text =™
connect.password.Text =™
flag_xjoy = False

flag_yjoy = False

flag_butt = False

connect.Show

main.Enabled = False



End Sub

Private Sub disconnect_but_Click()

Winsock1.Close
Timer1.Enabled = False
connect_but.Enabled = True
Frame1.Enabled = Faise
Frame2.Enabled = False

"

connect.host =

m

connect.login =
connect.password ="
disconnect_but.Enabled = False

End Sub

Private Sub down_Click()

Dim data As String

data ="d" + Chr(10)
main.Winsock1.SendData (data)
End Sub

Private Sub exit_Click()
Winsock1.Close
Unload main

End Sub

Private Sub Form_Load()

disconnect_but.Enabled = False

' Start with timer disabled
Timer1.Enabled = False

' Get capabilities of joystick1

rc = joyGetDevCaps(JOYSTICKID1, caps, Len(caps))

If (rc <> 0) Then

'MsgBox "Couldn't detect the joystick”

StatusBar1.Panels(1).Text =

"Couldn't detect the joystick”



ji.dwSize = Len(ji)
ji.dwFlags = JOY_RETURNALL

' Get the current joystick data

rc = joyGetPosEx(JOYSTICKID1, ji)

' Display the status
If (rc = 0) Then
‘Status.Caption = "status: joystick connected"
StatusBar1.Panels(1).Text = "status: joystick connected"
Else
If (rc = JOYERR_UNPLUGGED) Then
‘Status.Caption = "status: joystick unplugged”
StatusBar1.Panels(1).Text = "status: joystick unplugged"
Else
'Status.Caption = "status: joyGetPosEx error, rc ="& rc
StatusBar1.Panels(1).Text = "status: joyGetPosEx Error”
End If
End If

Frame1.Enabled = False

Frame2.Enabled = False

End Sub

Private Sub Form_Unload(Cancel As Integer)

MsgBox "simanisaananniisunsa’, vbOKCancel, "Exit"

End Sub

Private Sub forward_Click()

Dim data As String



data = "f" + Chr(10)
main.Winsock1.SendData (data)
End Sub

Private Sub left_Click()

Dim data As String

data ="I"+ Chr(10)
main.Winsock1.SendData (data)
End Sub

Private Sub right_Click()

Dim data As String

data ="r" + Chr(10)
main.Winsock1.SendData (data)

End Sub

Private Sub stop_Click()

Dim data As String

data ="s" + Chr(10)
main.Winsock1.SendData (data)

End Sub

Private Sub Timer1_Timer()
‘Dim i As Long
" Initialize struct
ji.dwSize = Len(ji)
ji.dwFlags = JOY_RETURNALL

' Get the current joystick data

rc = joyGetPosEx(JOYSTICKID1, ji)

' Display the status
If (rc = 0) Then
'Status.Caption = "status: joystick connected"

StatusBar1.Panels(1).Text = "status: joystick connected"



Else
If (rc = JOYERR_UNPLUGGED) Then
'Status.Caption = "status: joystick unplugged”
StatusBar1.Panels(1).Text = "status: joystick unplugged"
Else
‘Status.Caption = "status: joyGetPosEx error, rc ="& rc

StatusBar1.Panels(1).Text = "status: joyGetPosEx error”
End If

End If

' Display the data on the form
'xa.Caption = ji.dwXpos
'va.Caption = ji.dwYpos
'bt.Caption = ji.dwButtons
Dim data_buttom As String
Select Case ji.dwButtons
Case 1
If flag_butt = True Then
data_buttom = "f' + Chr(10)
main.Winsock1.SendData (data_buttom)
flag_butt = False
End If
Case 2
If flag_butt = True Then
data_buttom ="1" + Chr(10)
main.Winsock1.SendDatz (data_buttom)
flag_butt = False
End If
Case 4
If flag_butt = True Then
data_buttom = "b" + Chr(10)
main.Winsock1.SendData (data_buttom)
flag_butt = False
End If
Case 8



If flag_butt = True Then
data_buttom ="2" + Chr(10)
main.Winsock1.SendData (data_buttom)
flag_butt = False
End If
Case 16
If flag_butt = True Then
data_buttom ="s" + Chr(10)
main.Winsock1.SendData (data_buttom)
flag_butt = False
End If
Case 256
If flag_butt = True Then
data_buttom ="z" + Chr(10)
main.Winsock1.SendData (data_buttom)
flag_butt = False
End If
Case 64
If flag_butt = True Then
data_buttom ="0" + Chr(10)
main.Winsock1.SendData (data_buttom)
flag_butt = False
End If
Case 128
If flag_butt = True Then
data_buttom ="3" + Chr(10)
main.Winsock1.SendData (data_buttom)
flag_butt = False
End If
Case Else
If flag_butt = False Then
flag_butt = True
End If
End Select



If (ji.dwXpos > 65000) Then

If flag_xjoy = True Then
Dim data_x1 As String
data_x1 ="r" + Chr(10)
main.Winsock1.SendData (data_x1)
flag_xjoy = False

End If

Else
If (j.dwXpos < 100) Then

If flag_xjoy = True Then
Dim data_x2 As String
data_x2 ="" + Chr(10)
main.Winsock1.SendData (data_x2)

flag_xjoy = False

End If

Else

'CENTER
if flag_xjoy = False Then

flag_xjoy = True

End If

End If

End If

If ji.dwYpos > 65000 Then
If flag_yjoy = True Then
Dim data_y1 As String
data_y1 ="d" + Chr(10)
main.Winsock1.SendData (data_y1)
flag_yjoy = False
End If
Else
If ji.dwYpos < 100 Then
If flag_yjoy = True Then
Dim data_y2 As String



data_y2 ="u" + Chr(10)
main.Winsock1.SendData (data_y?2)

flag_yjoy = False

End If

Else

'‘CENTER
If flag_yjoy = False Then

flag_yjoy = True

End If

End If

End If

'‘Debug.Print ji.dwYpos, flag_yjoy

End Sub

Private Sub turn_left_Click()

Dim data As String

data ="2" + Chr(10)
main.Winsock1.SendData (data)

End Sub

Private Sub turn_right_Click()
Dim data As String

data ="1" + Chr(10)
main.Winsock1.SendData (data)

End Sub

Private Sub up_Click()

Dim data As String

data ="u" + Chr(10)
main.Winsock1.SendData (data)

End Sub

Private Sub Winsock1_Close()



Winsock1.Close

End Sub

Private Sub Winsock1_Connect()

MsgBox "Connected. Success", vbOKOnly, "Success”
Timer1.Enabled = True

connect_but.Enabled = False

Frame1.Enabled = True

Frame2.Enabled = True

disconnect_but.Enabled = True

connect.Hide

End Sub



' connect_frm.frm

Private Sub connect_cancal_Click()
main.Winsock1.Close
main.Enabled = True

connect.Hide

End Sub

Private Sub connect_ok_Click()
main.Enabled = True
If host =™ Then
MsgBox "No host name specified”, voOKOnly, "Error”
Else
main.WinsocM.cohﬁect host, 3002
End If

End Sub
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>
Makefile for Linux Robot

&l

CC=cc

project := Ibot

objects := main.o Ibotsock.o c52Ibot.o

cflags =

libs :=

$(project) : $(objects)
$(CC) $(cflags) -o $(project) $(objects) $(libs)

main.o : main.c Ibotsock.o c52Ibot.o

$(CC) $(cflags) -c main.c

Ibotsock.o : Ibotsock.c Ibotsock.h

$(CC) $(cflags) -c Ibotsock.c

c52Ibot.o : c52lbot.c c52Ibot.h
$(CC) $(cflags) -c c52Ibot.c



I
Ibotsock.h
create 22.55 ,2 Jan 2001
By Benchapol Tunhoo 40054028 (Rv.B)
*/
#define NSTRS 3 /* number. of strings */
#define PORT 3002

void initsock();

void acept_con();

int Send_str(char *ch,int len_str);
char Recv_ch();

char Rec_ch();

void Close_sock();



r* Ibotsack.c

create 22.55 ,2 Jan 2001
by Benchapol Tunhoo 40054028 (Rv.B)

ol

#include <sys/types.h>

#include <sys/socket.h>

#include <sys/un.h>

#include <string.h>

#include <netinet/in.h>

#include <errno.h>

#include <sys/wait.h>

#include <stdio.h>

#include "Ibotsock.h"

int ns, len,sockfd;

struct sockaddr_un saun, fsaun;

struct sockaddr_in my_addr;

struct sockaddr_in their_addr;

int sin_size;

FILE *fp;

/*

* Strings we send to the client.

il

char *strs[NSTRS] = {
"Welcome to Internet Robot Control.\n",
Il\n",

"login :"

void initsock()

{



if ((sockfd = socket(AF_INET, SOCK_STREAM, 0)) < 0) {
perror("server: socket");

exit(1);

}
my_addr.sin_family = AF_UNIX;
my_addr.sin_port=htons(PORT);
my_addr.sin_addr.s_addr=INADDR_ANY;
bzero(&(my_addr.sin_zero),8);
if (bind(sockfd, (struct sockaddr *)&my_addr, sizeof(struct sockaddr))==-1) {
perror("server: bind");

exit(1);

if (listen(sockfd, 5) < 0) {
perror(*server: listen");

exit(1);

void acept_con()
{
sin_size=sizeof(struct sockaddr_in);
if ((ns = accept(sockfd,(struct sockaddr *)&their_addr,&sin_size))< 0)

{

perror("server: accept”);

exit(1);

fp=fdopen(ns,"r’);

int Send_str(char *ch,int len_str)

{

send(ns,ch,len_str,0);



char Recv_ch()

{

char *buf;
recv(ns,buf,1,0);

return (cnhar)*buf;

char Rec_ch(}

{

char ch;

while((ch=fgetc(fp
{

return ch;

}

void Close_sock()
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/* c52lbot.h i/

int open_port(void);
void init_rs232(void);

void end_rs232(void);

void stepX(int step); // use step =0,1,2,...,255
void stepY(int step);

void stepZ(int step); //use

void motor1(int dir); // use dir = -16,-15,...,0,...,15,16
void motor2(int dir);

void all_motor(int dir);

void M1(int op); // use op =-1,0,1
void M2(int op); //use

void MB(int op); //use



/* Driver RS 232 for ¢52 linux robot */
[* By SantiChar PoungKaew */

/* Create 8:50 P.M. 19/12/00 */

/*  Update 4:20 P.M. 21/12/00 */

#include <stdio.h> /* Standard input/output definitions */
#inciude <string.h> /* String function definitions */

#include <unistd.h> /* UNIX standard function definitions */
#include <fcntl.h> /* File control definitions */

#include <errno.h> /* Error number definitions */

#include <termios.h> /* POSIX terminal control definitions */

static struct termios orig, new;

static int peek = -1,

int mainfd;

struct termios options;

/*
* ‘open_port()' - Open serial port 1.
* Returns the file descriptor on success or -1 on error.

2/

int open_port(void)

{
int fd; /* File descriptor for the port */

fd = open(*/dev/ttyS1", O_RDWR | O_NOCTTY | O_NDELAY);
if (fd == -1)

{ /* Could not open the port */
fprintf(stderr, "open_port: Unable to open /dev/ttyS1 - %s\n”,



strerror(errmo));

return (fd);

init_rs232()
{

mainfd = open_port();

fentl(mainfd, F_SETFL, FNDELAYY); /* Configure port reading */
/* Get the current options for the port */

tcgetattr(mainfd, &options);

cfsetispeed(&options, B9600); [* Set the baud rates to 9600 */

cfsetospeed(&options, B9600);

/* Enable the receiver and set local mode */
options.c_cflag |= (CLOCAL | CREAD);
options.c_cflag &= ~PARENB; /* Mask the character size to 8 bits, no parity */
options.c_cflag &= ~CSTOPB;
options.c_cflag &= ~CSIZE;
options.c_cflag |= CS8; * Select 8 data bits */

options.c_cflag &= ~CRTSCTS; /* Disable hardware flow control */

/* Enable data to be processed as raw input */

options.c_lflag &= ~(ICANON | ECHO | ISIG);

/* Set the new options for the port */

tcsetattr(mainfd, TCSANOW, &options);

end_rs232()



{

close(mainfd);

}

stepX(int step)
{

int i;

char command[10];

sprintf(command,"x=%d\n",step);

for(i=0;command[i]!= 0;i++)
{
write(mainfd,&commandl(il, 1);
usleep(100000);
}
}

stepY(int step)
{

inti;

char command[10];

sprintf(command,"y=%d\n",step);

for(i=0;command[i]!= O;i++)
{
write(mainfd,&commandlil,1);
usleep(100000);

}

stepZ(int step)



{
inti;

char command[10];

sprintf(command,"z=%d\n",step);

for(i=0;command[i]!= 0;i++)

{
write(mainfd,&commandl[il, 1);
usleep(100000);

}

}

void motor1(int dir)
{
inti;

char command[10];

sprintf(command,”a=%d\n\n",dir);

for(i=0;command[i]!= 0;i++)

{

write(mainfd,&command(il, 1);
usleep(100000);
}

void motor2(int dir)
{
int i;

char command[10];

sprintf(command,"b=%d\n\n",dir);



far(i=0;command(i]!= 0;i++)
{
write(mainfd,&command]il, 1);

usleep(100000);
}

void all_motor(int dir)
{
inti;

char command[10];

sprintf(command,"a:%d,b:%d\n\n’,dir,dir);

for(i=0;command[i]!= 0;i++)

{
write(mainfd,&command[il, 1);
usleep(100000);

}

}

void M1(int op)

{
int i;

char command([10];
iflop==1)
{
sprintf(command,"A\n*);
}
iflop==0)
{
sprintf(command,"M\n");

}
iflop==-1)



{

sprintf(command,"C\n");

}
for(i=0;command[i]!= 0;i++)

{
write(mainfd,&command[i],1);
usleep(100000);

}

void M2(int op)

{

inti;

char command[10];
iflop==1)

{
sprintf(command,"B\n");
}

if(lop==0)

{
sprintf(command,"N\n");

}

iflop==-1)

{
sprintf(command,"D\n");
}

for(i=0;commandli]!= 0;i++)
{
write(mainfd,&commandli],1);
usleep(100000);

}



void MB(int op)

{

inti;

char command[10];
iflop==1)

{
sprintf(command,"F\n");
}

if(op==0)

{

sprintf(command,"X\n");

}

iflop==-1)

{

sprintf(command,"R\n");

}

for(i=0;command[i]!= O;i++)

{

write(mainfd,&command]i], 1);
usleep(100000);

}



*
main.c for Linux Robot
create by Benchapo! Tunhoo 40054028 (Rv.B)

*l

#include <stdio.h>

#include <unistd.h>

#inciude <fcntl.h>

#include "Ibotsock.h"

#include "c52Ibot.h"

#include "i8255.h"

int fda;

struct i8255_struct A;

main()
{
charc;
int i;
int flag_x,flag_z;
int xaxis_num,zaxis_num;,
initsock();
init_rs232();
init_i8255();
while(1)
{
acept_con();
xaxis_num=0;
zaxis_num=0;
Send_str("Good\n",5);
for(i=0;i<1024;i++)
{

c=Rec_ch();

switch(c)

{



case '
{
printf("Step turn left\n");
xaxis_num-+-+;
if(xaxis_num == 5)
{
xaxis_num=4;
printf("xaxis_num = 5\n");
break;
}
else
{
printf("xaxis_num : %d\n" xaxis_num);
stepX(10);
break;
}
}
case'r"
{
printf("Step turn right\n");
xaxis_num=xaxis_num-1;
if(xaxis_num == -5)
{
xaxis_num= -4,
printf("xaxis_num = -4\n");
break;
}

else

printf("xaxis_num : %d\n" xaxis_num);

stepX(-10);

break;

case 'u



{

printf("Step turn up\n");
zaxis_num-++;
if(zaxis_num == 5)

{

zaxis_num=4;

printf("zaxis_num = 5\n");

break;
}
else
{
printf("zaxis_num : %d\n",zaxis_num);
stepZ(10);
break;
}
}
case 'd"
{
printf("Step turn down\n");
zaxis_num=zaxis_num-1;
if(xaxis_num == -5)
{

xaxis_num= -4,
printf("zaxis_num = -5\n");
break;

}

else

printf("zaxis_num : %d\n",zaxis_num);

stepZ(-10);

break;

case 'f:



printf("DC Motor go forward\n");
MB(1);
break;
}
case 's"
{
printf("DC Motor stop\n”");
MB(0);
break;
}
case 'b".
{
printf("DC Motor go back\n');
MB(-1);
break;
}
case '1"
{
printf(f‘DC Motor turn right\n");
MB(0);
M1(1);
break;
}
case '2"
{
printf("DC Motor turn left\n");
MB(0);
M2(1);
break;

printf("return zero\n");

case '0"



{

printf("LED on\n");
Led_On(0);
break;
}
*/
----- LED oft --—--—-—-*/
case '3"
{
printf("LED off\n");
Led_Off(0);
break;
}
Y,
————— return to zero x xais ---—-—-—--"/
case 'z".
{

printf("return zero\n");

if(xaxis_num>0)

{
for(flag_x=0;flag_x < xaxis_num;flag_x++)
{
stepX(-10);
usleep(500000);
printf(">0 : %d\n" flag_x);
}
Send_str("complete\n”,9);
}
else
{
if(xaxis_num < 0)
{
for(flag_x=0 ; flag_x < abs(xaxis_num);flag_x++)
{

stepX(10);



usleep(500000);
printf("<0 ;%d\n" flag_x);

}
Send_str("complete\n”,9);
}
else
{
printf("=0\n");
}
}
fHemmmm e end return x axis —--—--—- il
[Femmmmmme— return z axis------—--—-- !

if(zaxis_num>0)

{
for(flag_z=0;flag_z<zaxis_num;flag_z++)
{
stepZ(-10);
usleep(500000);
printf(">0 : %d\n",flag_z);
}
Send_str("complete\n”,9);
}
else
{
if(zaxis_num < 0)
{
for(flag_z=0;flag_z < abs(zaxis_num);flag_z++)
{
stepZ(10);
usleep(500000);
printf("<0 ;%d\n" flag_z);
}
Send_str("complete\n”,9);

}

else



printf("=0\n");
}
}

xaxis_num=0;
zaxis_num=0;
break;

}

case 'q"

{

printf("quit");
[*xaxis_num=0;
zaxis_num=0;*/

Close_sock();

exit(0);
1
}
}
}
e
Close_sock();
exit(0);
%
end_rs232();
}

Led_On(int bit) // PORTA BITO .. BIT7

{

struct i8255_struct AA,
AA.regnum = REG_AQ;
AA bitno = bit;

ioctl(fda, 18255_CLRBIT, &AA);



Led_Off(int bit)

{
struct i8255_struct AA,;
AA.regnum = REG_AD;
AA.bitno = bit;
ioctl(fda, 18255_SETBIT, &AA);

init_iB8255()
{
fda = open(*/dev/i8255a", O_RDWR);
if( fda == -1) {fprintf(stderr,"error :<\n"); }

A.regnum = REG_DO;
A.value = 0x80; // out portA = 0x80
ioctl(fda, 18255 _WRITE, &A);



Jexs ek FhAHAKKEXAREHX KK * I —

X i8255 Loadable Module for Linux

* $1d: i8255.h,v 1.10 1998/10/14 20:28:20 sanne Exp $

* Copyright (c) 1998 by Sanne Graaf (sanne@mmm.xs4all.nl).

* Al rights reserved.

* This program is free software; you can redistribute it and/or modify it

* under the terms of the GNU General Public License as published by the Free
* Software Foundation: either version 2 of the License, or (at your option)

* any later version.

* This program is distributed in the hope that it will be useful, but WITHOUT

* ANY WARRANTY: without even the implied warranty of MERCHANTABILITY or
* FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License for
* more details.

* You should have received a copy of the GNU General Public License

* along with this program; see the file COPYING. If not, write to

* the Free Software Foundation, 675 Mass Ave, Cambridge, MA 02139, USA.

""" % 4l 2 /
#ifndef INCLUDED_8255_DRIVER

#define INCLUDED_8255_DRIVER

#define MAX_DEVICES 10 /* max numbe- of 8255's */

JREREE AR R SRR IR AR % * Kk *rk

* Functions

*

5



#define 18255_RESET
#define 18255_DEBUG
#define 18255_EXCL
#define 18255_TEST

#define i8255_READ

#define 18255_WRITE

#define 18255_SETBIT
#define 18255_CLRBIT
#define 18255_READBIT

(e}

/* RESET/INIT CARD*/
/* Set Debug level 2
/* Set Device Exclusive*/

/* Display all values in syslog*/

/* Read i8255 Register 2,
/* Write i8255 Register*/

/* Set one bit on i8255*/
/* Clear one bit on i8255*/
/* Read one bit on i8255*/

/ AR AR

* Register Mask bits and status register masks

*

3

#define BITO
#define BIT1
#define BIT2
#define BIT3
#define BIT4
#define BITS
#define BIT6

#define BIT7

#define 18255_USED
#define 18255_IRQOK
#define 18255_PORTOK

OxFE
OxFD
OxFB
OxF7
OxEF
OxDF
OxBF

Ox7F

0x01
0x02
0x04

/* inverse mask bit O g/

3
.
3
X
i
3

*/
*/
)
*/
A
*/

/* inverse mask bit 7 b/

/* 8255 isinuse */

/* IRQ is configured )

/* 10 port configures i/

Jrx
* Various defines

*



il

/I #ifdef GENERIC_I8255

#define DEV_NAME "i8255"

#define 18255_PORTNUM 4 /* 8255 number of ports
#define 18255_MAJOR 64 [* device major number )
#define REG_AQ 0 /* Reg AO offset*/
#define REG_BO 1 /* Reg BO offset*/
#define REG_CO 2 /* Reg CO offset*/
#define REG_DO 3 /* Reg DO offset™/
#define 18255_A0(num) num+REG_AO /* 8255 port A */
#define 18255_B0(num) num+REG_BO  /*8255portB ¥/
#define 18255_C0(num) num+REG CO /8255 portC ™/
#define 18255_D0(num) num+REG_DO /* 8255 status register™/
/I #endif

#define ON 1 /* general ON  */

#define OFF 0 /* general OFF */

#define 18255_VERSION"0.2" /* version number */

Vi * * Jede kK * *

* General Structures

i

struct i8255_struct { /* communication struct il

int regnum; /* register (REG_A0 ..)  */



u_char value; /* value to write */

u_char bitno; /* bitmask for set/clr bit */

¥

struct i8255_cfg { /* One 8255 Cfg structure  */
int iobase; /* 8255 IO base address */
int irq; /* 8255 IRQ number i

u_char data_regs[18255_PORTNUM];  /* current register values %

u_char i8255stat; /* bitmapped status byte  */

u_char exclusive; /* allow multi usage or not */

u_char usenum; /* number of uses */
'

static struct i8255_cfg i8255_dev[MAX_DEVICES]; /* 18255 config struct array */

static struct wait_queue *i8255_wait;

#ifdef __ KERNEL__

> x Fok kA kAR *x s « *k xR

* Module Function Prototypes.

*

*

static int i8255_read(struct inode *inode, struct file *file, char *buffer, int count);

static int i8255_open(struct inode *inode, struct file *file);

static int i8255_write(struct inode *inode, struct file *file, const char *buffer, int count);
static int i8255_ioctl(struct inode *inode, struct file *file, u_int cmd, u_long arg);

static void i8255_release(struct inode *inode, struct file *file);
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* /proc/i8255 stuff

*

bl



static int i8255_get_info(char *, char**, off_t, int, int);

static struct proc_dir_entry i8255_proc_entry = {
0, 5, "i8255", S_IFREG | S_IRUGO, 0, 0, 0, 0, NULL, i8255_get_info, NULL,
NULL, NULL, NULL

* Module file operation structure.

*

*

i

struct file_operations i8255_fops = {

NULL, I Iseek */

i8255_read, /* read */
i8255_write, /* write 1

NULL, /* readdir */

NULL, /* select */

i8255_ioctl, / iocti n

NULL, /* mmap =/
i8255_open, /* open */
i8255_release, /* release )

NULL, /* fsync 9,

NULL, /* fasync )

NULL, /* check_media_change */

NULL, /* revalidate )

)

#endif //_KERNEL__
#endif //INCLUDED_8255_DRIVER



*

* Reads one byte from ioport

*

* Args: ioport -> ioport to read from
* Return: byte read

i

u_char ioread(int ioport)

{

u_char byte_read;

if (slow8255)
byte_read = inb_p(ioport);
else

byte_read = inb(ioport);

my_printk(3, "ioread-> 1/0 Port 0x%X -> 0x%X\n", ioport, byte_read);

return byte_read;

/ . " y
* 10O write routine

*

* Writes one byte to ioport

*

* Args: outbyte -> byte to send

*

joport -> ioport to send to

*

* Return: always 0
B/

u_char iowrite(int ioport, u_char outbyte)

{



my_printk(3, "iowrite-> 1/0 Port 0x%X -> 0x%X\n", ioport, outbyte);

if (slow8255)
outb_p(outbyte, ioport);
else

outb(outbyte, ioport);

return (0);

/ - .
* Set one bit

*

* Sets one bit within a byte

* Args: reg -> byte to set bit in

* bit -> bitmask

i value -> local copy of register

*

* Return: new register value

*

i

u_char set_onebit(int reg, u_char bit, u_char value)

{

u_char val;

val = value;

my_printk(2, "set_onebit-> origional val: 0x%X (mask 0x%X)\n", val, bit);
val |= ~bit;

my_printk(2, "set_onebit-> new val: 0x%X\n", val);

iowrite(reg, val);

return (val);
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* Clear one bit

*

* Clear's a bit in a byte

* Args: reg -> byte to clear bit in

b bit -> bitmask

2 value -> local copy of register

*

* Return: new register value

*
u_char clr_onebit(int reg, u_char bit, u_char value)

{

u_char val;

val = value;

my_printk(2, “clr_onebit-> origional val: 0x%X (mask 0x%X)\n", val, bit);
val &= bit;

my_printk(2, "clr_onebit-> new val: 0x%X\n", val);

iowrite(reg, val);

return (val);
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* Read from device

*

* routine to handle things like 'cat /dev/i8255x" ...

*

* Args: inode -> inode structure

*

file -> file structure



* buffer -> buffer voor gelezen data
* count -> aantal te lezen bytes

*

* Return: data from buffer in user-space allocated memory

*

*f

static int i8255_read(struct inode *inode, struct file *file, char *buffer,

int count)

int offset, i;

my_printk(1, 'i8255_read-> Request for %d bytes, minor: %d\n”",
count, MINOR(inode->i_rdev));

if (count<=0) return -EINVAL;

if (count > 18255_PORTNUM) count = 18255_PORTNUM,;

for (i=0; i < 18255_PORTNUM; it+)
i8255_dev[MINOR(inode->i_rdev)].data_regs[i] =

ioread(i8255_dev[MINOR(inode->i_rdev)].iobase+i);

my_printk(2, "i8255_read-> Bytes: A:0x%X B:0x%X C:0x%X D:0x%X\n",
i8255_dev[MINOR(inode->i_rdev)].data_regs[0],
i8255_dev[MINOR(inode->i_rdev)].data_regs[1],
i8255_dev[MINOR(inode->i_rdev)].data_regs[2],
i8255_dev[MINOR(inode->i_rdev)].data_regs[3]);

for (offset=0; offset<count; offset++)
put_fs_byte(i8255_dev[MlNOR(inode—>i_rdev)].data_regs[offset],
buffer+offset);

return offset;




* Write to device

*

* routine to handle things like 'cat [whatever] > /dev/i8255' ...

*

* Args: inode -> inode structure

= file -> file structure
. buffer -> buffer voor te schrijver data
¥ count -> aantal te schrijven bytes

*

* Return: data from buffer in user-space allocated memory

*

&)

static int i8255_write(struct inode *inode, struct file*file,

const char *buffer, int count)

int orig_count, offset, i;

my_printk(1, "i8255_write-> Request for %d bytes\n", count);
orig_count = count;
if (count > 18255_PORTNUM) count = 18255_PORTNUM;
for (offset=0; offset<count; offset++) {
i8255_dev[MINOR(inode->i_rdev)].data_regs[offset] =
get_fs_byte(buffer+offset);
iowrite(i8255_dev[MlNOR(inode->i_rdev)].iobase+offset,
i8255_dev[MINOR(inode->i_rdev)].data_regs[oﬁset]);
}
my_printk(2, "i8255_write-> Bytes: A:0x%X B:0x%X C:0x%X D:0x%X\n",
i8255_dev[MINOR(inode->i_rdev)].data_regs[0],
i8255_dev[MINOR(inode->i_rdev)].data_regs[1],
i8255_dev[MINOR(inode->i_rdev)].data_regs[Z],
i8255_dev[MINOR(inode->i_rdev)].data_regs[3]);

return orig_count;



* Open and Lock device
* Orig: Routine to prevent more filehandles to be opened to the device
* Now: only counts devices who use the device

*

* Args: inode -> inode structure

*

file -> file structure

*

* Return: nothing (0).

*

7

static int i8255_open(struct inode *inode, struct file *file)
{
my_printk(1, "i8255_open-> Request, minor: %d\n",
MINOR(inode->i_rdev));
if ((i8255_dev[MINOR(inode->i_rdev)].i8255stat & 18255 _USED) &&
(i8255_dev[MINOR(inode->i_rdev)].exclusive == 1)) {
my_printk(1, "i8255_open-> Request on exclusive device, minor: %d\n",
MINOR(inode->i_rdev));
return -EBUSY;
}
MOD_INC_USE_COUNT;
i8255_dev[MINOR(inode->i_rdev)].i8256stat |= 18255_USED;
i8255_dev[MINOR(inode->i_rdev)].usenum-++;
my_printk(2, 'i8255_open-> Opened %d times, minor: %d\n",
i8255_dev[MINOR(inode->i_rdev)].usenum,
MINOR(inode->i_rdev));

return O;
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* Unlock device

*

* Routine to unlock device / decrement number of users
* Args: inode -> inode structure
o file -> file structure

*

* Return: nothing (0).

*

*/

static void i8255_release(struct inode *inode, struct file *file)
{
my_printk(1, "i8255_release-> Request, minor: %d\n",
MINOR(inode->i_rdev));
MOD_DEC_USE_COUNT;
i8255_dev[MINOR(inode->i_rdev)].usenum--;
if (i8255_dev[MINOR(inode->i_rdev)].usenum == )
i8255_dev[MINOR(inode->i_rdev)].iB255stat &= ~18255_USED:

Jrwas . -
* joctl function

*

* Command based ioctl routine. This will do all the work to/from the 8255

*

* Args: inode -> inode structure

*

file -> file structure

o cmd -> command to execute (read/write/clear/set/reset)
5 arg -> argument, is used as pointer to i8255_struct
*/

static int i8255_ioctl(struct inode *inode, struct file *file,



u_int cmd, u_long arg)

int rc, i, temp, portnum;

struct i8255_struct request;

my_printk(1, "i8255_ioctl-> func=0x%X, arg=0x%X, minor=%d\n",

cmd, (int) arg, MINOR(inode->i_rdev));

if (cmd > 18255_TEST) {

rc = verify_area(VERIFY_READ, (struct request*) arg, sizeof(request));

if (rc)
return rc;

memcpy_fromfs(&request, (struct i8255_struct*) arg, sizeof(request));

portnum = i8255_dev[MINOR(inode->i_rdev)].iobase + request.regnum;

if ((portnum < i8255_dev[MINOR(inode->i_rdev)].iobase) ||
(portnum > i8255_dev[MINOR(inode->i_rdev)].iobase+18255_PORTNUM-1)) {
my_printk(0, "i8255_ioctl -> ERROR: Wrong 10port address: 0x%X, minor: %d\n”,

portnum, MINOR(inode->i_rdev));

return -EINVAL;

switch (cmd) {
case 18255_READ: /* Read register */
i8255_dev[MINOR(inode->i_rdev)].data_regs[request.regnum] %
ioread(portnum);

return (58255_dev[MINOR(inode->i_rdev)].data_regs[request.regnum]);

case 18255_WRITE: /* Write register  */
iowrite(portnum, request.value);
i8255_dev[MINOR(inode->i_rdev)].data_regs[request.regnum] =
request.value;

break;

case 18255_SETBIT: /* Sets one bit  */



i8255_dev[MINOR(inode->i_rdev)].data_regs[request.regnum] =
set_onebit(portnum, request.bitno,
i8255_dev[MINOR(inode->i_rdev)].data_regs[request.regnum]);

break;

case 18255_CLRBIT: /* Clears one bit */
i8255_deviMiNOR(inode->i_rdev)].data_regs[request.regnum] =
clr_onebit(portnum, request.bitno,
i8255_dev[MINOR(inode->i_rdev)].data_regs[request.regnum]);

break;

case 18255_READBIT: /* Reads one bit */
temp = 0;
i8255_dev[MINOR(inode->i_rdev)].data_regs[request.regnum] =
joread(portnum);
temp = i8255_dev[MINOR(inode->i_rdev)].data_regslrequest.regnum]
& ~request.bitno;
my_printk(2, "i8255_ioctl -> READBIT -> 0x%X\n", temp);
if (temp)
return (1);
else
return (0);

break;

case 18255_DEBUG:
if ((arg > 0) && (arg < 4))
debug8255 = arg;
else
debug8255 = 0;
my_printk(0, "ioctl -> new DEBUG level: %d\n", debug8255);

break;

case 18255_EXCL:
if (arg != 0)
i8255_dev[MINOR(inode->i_rdev)].exclusive = 1;



else
i8255_dev[MINOR(inode->i_rdev)].exclusive = 0;

break;

case 18255_RESET: /* Init 8255, all input &)

#ifdef GENERIC_18255
iowrite(18255_D0(i8255_dev[MINOR(inode->i_rdev)].iobase), 0x9B);
i8255_dev[MINOR(inode->i_rdev)].data_regs[REG_DO0] = 0x9B;

#endif

#ifdef ADVANTECH_PCL731
iowrite(18255_D0(i8255_dev[MINOR(inode->i_rdev)].iobase), 0x9B);
i8255_dev[MINOR(inode->i_rdev)].data_regs[REG_D0] = 0x9B;
jowrite(18255_D1 (i8255_dev[MlNOR(inode->i_rdev)].iobase), 0x9B);
i8255_dev[MINOR(inode->i_rdev)].data_regs[REG_D1] = 0x9B;

#endif

#ifdef ADVANTECH_PCM3724
iowrite(l8255_D0(i8255_dev[M|NOR(inode->i_rdev)].iobase), 0x9B);
i8255_dev[MINOR(inode->i_rdev)].data_regs[REG_DO0] = 0x98B;
iowrite(18255_D1(i8255_dev[MINOR(inode->i_rdev)].iobase), 0x9B);
i8255_dev[MINOR(inode->i_rdev)].data_regs[REG_D1] = 0x9B;
iowrite(l8255_D|R(i8255_dev[MINOR(inode->i_rdev)].iobase), 0x00);
i8255_dev[MINOR(inode->i_rdev)].data_regs[REG_DIR] = 0x00;
iowrite(I8255_GATE(i8255_dev[MINOR(inode->i_rdev)].iobase), 0x00);
i8255_dev[MINOR(inode->i_rdev)].data_regs[REG_GATE] = 0x00;

#endif

for (i=0; i < 18255_PORTNUM; i++)
i8255_dev[MINOR(inode->i_rdev)].data_regsl[i] =
ioread(i8255_dev[MINOR(inode->i_rdev)].iobase-+i);

break;
default: /* invalid function number */

return -EINVAL,;



return O;
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* 18255 Interrupt routine

*

*

static void i8255_interrupt(int irq, vaid *dev_id, struct pt_regs *regs)
{

struct i8255_dev *dev = (struct iB255_dev *) dev_id;

inti;

static int isr_active = 0;

my_printk(1, "Interrupt: %d\n", irg);
if (isr_active) {
my_printk(2, "!!__Nested Interrupt__{L\n");
return;
}
isr_active++;
if (dev == NULL) {
my_printk(0, "Interrupt from unknown device \n");
}
for (i=0; i < num_devices; i++) {
my_printk(1, "port: %X\n", i8255_devl[il.iobase);
if (i8255_devVlil.irg == irq) {
my_printk(1, "Got Interrupt from device %d, io 0x%X.\n", i, i8255_dev[il.iobase);
i8255_devl[i].data_regs[REG_CO0] = ioread(i8255_devli].iobase+REG_CO0);

}
wake_up_interruptible(&i8255_wait);

isr_active--;
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* Static device init

*

* Init routine for kernel module, grabs I/O range and if used interrupt

*

*/

int i8255_init(void)
{

inti, j;

if (register_chrdev(18255_MAJOR, DEV_NAME, &i8255_fops)) {
my_printk(0, "Cannot register to major device: %d\n",
18255_MAJOR);
return -EIO;

}
my_printk(1, "Registered to major device %d.\n", 18255_MAJOR);

if (proc > 0) {
i8255_proc_entry.namelen = strlen(DEV_NAME);
i8255_proc_entry.name = DEV_NAME;
j = proc_register_dynamic(&proc_root, &i8255_proc_entry);
my_printk(1, "Registered /proc/%s, ret: %d, num: %d\n", DEV_NAMEj,
i8255_proc_entry.low_ino);
}

for (i = 0; i < num_devices; i++) {
i8255_dev[i].iobase = ioport[i];
i8255_devlil.irq = irg[il;
i8255_devV[i].i8255stat = 0;
i8255_dev[i].usenum = 0;

i8255_dev[i].exclusive = exclusivel[il;

if (check_region(i8255_dev[i].iobase, 18255_PORTNUM) < 0) {



my_printk(0, "l/O PORT region (0x%X) is taken by other device\n",
i8255_dev[il.iobase);

continue;

} else i8255_dev[i].iB255stat |= 18255_PORTOK;
request_region(i8255_dev[i].iobase, 18255_PORTNUM, DEV_NAME);

my_printk(2, "i8255_init-> Request I/O ports (0x%x - 0x%Xx), exclusive: %d.\n",
i8255_devl[i].iobase, i8255_dev[i].iobase+18255_PORTNUM-1,

i8255_dev[i].exclusive);

if (i8255_dev[il.irg > 0) {
if (request_irq(i8255_dev[il.irg, i8255_interrupt, 0, DEV_NAME, i8255_dev)) {

my_printk(0, "IRQ %d taken by other device.\n",
i8255_devlil.irq);
continue;

} else i8255_dev[i].i8255stat |= 18255_IRQOK;

my_printk(1, "i8255_init-> Request IRQ %d\n", i8255_devl[il.irq);

}

return 0O;

o x
* Register and init dynamic module

A
int init_module(void)
{

int errnum=0;

if ((debug > 0) && (debug < 4))



debug8255 = debug;

else

debug8255 = 0;

if (slowio > 0)

slow8255 = 1;

my_printk(0, "Generic 8255 Kernel module v%s loaded.\n", 18255_VERSION);
my_printk(1, "$ld: i8255.c,v 1.9 1998/10/07 21:26:10 sanne Exp $.\n");
my_printk(0, "by Sanne Graaf, <sanne@mmm.xs4all.nl>\n");

my_printk(1, "Debug level: %d.\n", debug8255),

if (slow8255)

my_printk(0, "Slow 10 mode:\n");

while (ioport[num_devices] > 0) {
if (num_devices >= MAX_DEVICES) {
my_printk(0, "Init 8255, to many devices.\n");
break;

}
my_printk(1, "8255 num: %d, BasePort: 0x%X, IRQ: %d\n",

num_devices, ioport[num_devices], irg[num_devices]);
num_devices++;

}
my_printk(1,"Start Init 8255's, total: %d\n", num_devices);

errnum = i8255_init();
if (errnum = 0) {

my_printk(0,"Error(s) during Init 8255's: %d\n”, errnum);
}

return O;
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* Unregister device dynamic module and cleanup.



2,

void cleanup_module(void)

{
inti=0,j;

unregister_chrdev(18255_MAJOR, DEV_NAME);
while (i < num_devices) {
if (i8255_devl[i}.i8255stat & 18255_PORTOK) {
release_region(i8255_dev[il.iobase, 18255_PORTNUM);
my_printk(1, "Released |Obase 0x%02X-0x%02X\n",
i8255_dev[i].iobase, i8255_dev[i].iobase+18255_PORTNUM);
}
if ((irgli] 1= 0) && (i8255_deV[i].i8255stat & 18255_IRQOK)) {
my_printk(1, "Freeing IRQ %d.\n", i8255_dev[il.irg);
free_irq(i8255_devlil.irq, i8255_dev);
}
my_printk(1, "cleanup_module-> dev: %d, Released Baseport: 0x%02X, IRQ: %d\n",
i, i8255_devlil.iobase, i8255_dev[il.irg);

i++;

if (proc > 0) {
j = proc_unregister(&proc_root, i8255_proc_entry.low_ino);
my_printk(1, "Unregistered /proci%s, ret: %d, num: %d\n", DEV_NAME, j,
i8255_proc_entry.low_ino);
}

my_printk(0, "Module unloaded.\n");
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* /proc info routines.
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int i8255_get_info(char *buf, char **start, off_t fpos, int length, int dummy)
{
char *p;

inti;
p = buf;

p += sprintf(p, "Type  : %s\nNumdevices: %d\nDebug . : %d\nSlow /O : %d\nMajor
%d\n\n",
DEV_NAME, num_devices, debug8255, slow8255, 18255_MAJOR);

#ifdef GENERIC_18255
p += sprintf(p, "Num 10Base IRQ X Use Stat [A0] [BO] [CO] [DO]\n");
for (i=0; i < num_devices; i++) {
p += sprintf(p, "%3d 0x%03X %02d %d  %d 0x%02X 0x%02X 0x%02X 0x%02X 0x%02X\n",i,
i8255_dev[i].iobase, i8255_deV[il.irq,
i8255_dev[il.exclusive, i8255_dev[i].usenum, i8255_devl[i].iB255stat,
i8255_dev[i].data_regs[REG_AQ], i8255_dev[i].data_regs[REG_BO0],
i8255_dev[i].data_regs[REG_CO0], i8255_devli].data_regs[REG_DQ]);
}
#endif
#ifdef ADVANTECH_PCL731
p += sprintf(p, "Num I0Base IRQ X Use Stat [AO] [BO] [CO] [DO] [A1] [B1][C1] [D1]\n");
for (i=0; i < num_devices; i++) {
p += sprintf(p, "%3d 0x%03X %02d %d  %d 0x%02X 0x%02X 0x%02X 0x%02X 0x%02X
0x%02X 0x%02X 0x%02X 0x%02X\n" i, i8255_dev[i].iobase, i8255_dev[i].irg,
i8255_dev[i].exclusive, i8255_dev[i].usenum, i8255_devl[i].i8255stat,
i8255_dev[i].data_regs[REG_AO0], i8255_dev[i].data_regs[REG_BO0],
i8255_devl[i].data_regs[REG_CO0], i8255_devl[i].data_regs[REG_DO],
i8255_dev[i].data_regs[REG_A1], i8255_dev[i].data_regs{REG_B1 1;
i8255_devl[i].data_regs[REG_C1], i8255_dev[i].data_regs[REG_D1]);



#endif
#ifdef ADVANTECH_PCM3724
p += sprintf(p, "Num 10Base IRQ X Use Stat [A0] [BO] [CO] [DO] [A1] [B1] [C1] [D1] [DR] [GTI\n"):;
for (i=0; i < num_devices; i++) {
p += sprintf(p, "%3d 0x%03X %02d %d %d 0x%02X 0x%02X 0x%02X 0x%02X 0x%02X
0x%02X 0x%02X 0x%02X 0x%02X 0x%02X 0x%02X\n" i, i8255_dev[i].iobase, i8255_deVl[il.irq,
i8255_devli].exclusive, i8255_dev[i].usenum, i8255_dev[:}.i6255stat,
i8255_devl[il.data_regs[REG_AQ], i8255_dev[i].data_regs[REG_BO0],
i8255_devl[i].data_regs[REG_CQ], i8255_dev[i].data_regs[REG_DO],
i8255_dev[i].data_regs[REG_A1], i8255_devl[i].data_regs[REG_B1],
i8255_devl[il.data_regs[REG_C1], i8255_dev[i].data_regs[REG_D1],
i8255_dev([i].data_regs[REG_DIR], i8255_dev[i].data_regs[REG_GATE]);
}
#endif

p += sprintf(p, "\n");

return p - buf;
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Features

® Compatible with MCS-51™ Products

@ 8 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

256 x 8-Bit Internal RAM

32 Programmable 1/O Lines

Three 16-Bit Timer/Counters

Eight Interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

Description

The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8
Kbytes of Flash programmable and erasable read only memory (PEROM). The de-
vice is manufactured using Atmel’s high density nonvolatile memory technology and
is compatible with the industry standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by
a conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly flexible and cost effective solution to many embedded control
applications.
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Description (Continued)

The AT89C52 provides the following standard features: 8
Kbytes of Flash, 256 bytes of RAM, 32 /O lines, three 16-
bit timer/counters, a six-vector two-level interrupt architec-
ture, a full duplex serial port, on-chip oscillator, and clock
circuitry. In addition, the AT89C52 is designed with static
logic for operation down to zero frequency and supports
two software selectable power saving modes. The Idle
Mode stops the CPU while aliowing the RAM, iimer/couni-
ers, serial port, and interrupt system to continue function-
ing. The Power Down Mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions un-
til the next hardware reset.

Pin Description
Vce

Supply voltage.

GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-im-
pedance inputs.

Port 0 can also be configured to be the multiplexed low-or-
der address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal pul-
lups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-

tion. External pullups are required during program verifica- -

tion.
Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (liL) because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port Pin , Alternate Functions
P1.0 E T2 (external count input to
: | Timer/Counter 2), clock-out
| T2EX (Timer/Counter 2 capture/reload
P1.1 : s
| trigger and direction control)

Port 1 also receives the low-order address bytes during
Flash programming and program verification.

Port 2

Port 2 is an 8-bit bidirectional /O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (IiL) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX
@ DPTR). In this application, Port 2 uses strong internal
pullups when emitting 1s. During accesses to external
data memory that use 8-bit addresses (MOVX @ RI), Port
2 emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.
Port 3

Port 3 is an 8-bit bidirectional /O port with internal putlups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (1) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51, as shown in the following table.

| PortPin | Alternate Functions

;hPB.O RXD (serial input port)

| P34 | TXD (serial output port)

P32 INTO (external interrupt 0)

28.3 ! INT1 (external interrupt 1)

| P34 - TO (timer 0 external input)

| P35 ~T1 (timer 1 external input)

| P3.6 ,‘ Wi(externaldata memory write strobe)
| P37 | RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and programming verification.

RST

Reset input. A high on this pin for two machine cycles
while the oscillator is running resets the device.
ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) dur-
ing Flash programming.

(continued)
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Pin Description (Continued)

in normal operation, ALE is emitted ata constantrate of
1/6 the oscillator frequency and may be used for external
timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit O
of SFR location 8EH. With the bit set, ALE is active only
during a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no ef-
fect if the microcrontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine cy-
cle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT89C52 SFR Map and Reset Values

EANPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to Vcc for internal program execu-
tions.

This pin also receives the 12-volt programming enable
voltage (Vpp) during Flash programming when 12-volt pro-
gramming is selected.

XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2

Output from the inverting oscillator amplifier.

OF8H ‘ f | OFFH
i | | L Sy
B E |

OFOH: 50000000 { ; - OF7H
18 B » i o __._§77>7_.. ;-,,,_v..,,,‘;

OE8H | | ! | ; . OEFH
: , i o33 —
e ' ' ; ;

OEOH 40000000 | | | | | 0ETH

; | i i =
0D8H. | 5 ! ‘ . ODFH
L PSW | ; ; TR

0B0H 56000000 ; i PR e

ocan| 200N T2MOD RCAP2L | RCAP2H TL2 % | 1 e
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000 FEa

0COH | 0C7H

0B8H, 5 | 0BFH
| XX000000 )
‘ P3 |

OBOH: 11111111 , : ) 0B7H
? IE ? 5 SR

OABH. 0006000 NS : | oaFH
e

OAOH! 11117111 OATH
. SCON SBUF

98H! 50000000 | XXKXXXXXX izl
i P1

90H| 41111111 | i

gay! TCON TMOD TLO TL1 THO TH1 i 8EH
| 00000000 | 00000000 | 00000000 | 00000000 | 00000000 | 00000000 |

sl PO SP DPL DPH | PCON i
| 411111111 | 00000111 | 00000000 | 00000000 | 0XXX0000
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Special Function Registers

A map of the on-chip memory area called the Special
Function Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these' unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON—Timer/Counter 2 Control Register

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained
in registers T2CON (shown in Table 2) and T2MOD
(shown in Table 4) for Timer 2. The register pair
(RCAP2H, RCAP2L) are the Capture/Reload registers for
Timer 2 in 16-bit capture mode or 16-bit auto-reload mode.

Interrupt Registers The individual interrupt enable bits
are in the IE register. Two priorities can be set for each cf
the six interrupt sources in the IP register.

T2CON Address = 0C8H

Reset Value = 0000 0000B

Bit Addressable
| ITF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 CPRL2 |
Patpin T 6 5 4 2 1 0 | !
| |
| Symbol Function |
TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when

 either RCLK = 1 or TCLK = 1.

Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and

interrupt routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter

mode (DCEN = 1).

l
|
|
|
§ EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2
f
I

ML 1R B 8 Beemees B W 8 8 & .

Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in

serial port Modes 1 and 3. RCLK =0 causes Timer 1 overflow o be used for the receive clock.

Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock

| in serial port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

T2EX.

Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on
T2EX if Timer 2 is not being used to clock the serial port. EXEN2 =0 causes Timer 2 to ignore events at

f TR2 e 'StartlStop c-c-);;c‘)-l‘fgr Timer 2. TR2 = 1 starts the timer.

c2 edge triggered).

CP/RL2

auto-reload on Timer 2 overflow.

Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1.
CP/RL2 = 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at
T2EX when EXEN2 = 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to

Data Memory

The AT89C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an intemal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct ad-
dressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location 0AOH (which is P2).

MOV 0AOH, #data

Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect ad-
dressing instruction, where RO contains 0OAOH, accesses
the data byte at address OAOH, rather than P2 (whose ad-
dress is 0AOH).

MOV @RO, #data

Note that stack operations are examples of indirect ad-
dressing, so the upper 128 bytes of data RAM are avail-
able as stack space. :

AIMEL 5
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EAIRCHILD
| s R |
SEMICONDUCTOR s
Medium Power Linear and Switching
Applications
» Complement to BD136, BD138 and BD 140 respectively
1 TO-126
1. Emitter 2.Collector 3.Base
NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 7¢=25"C unless otherwise noted
Symbol Parameter Value Units
Veso Collector-Base Voltage : BD135 45 \Y
:BD137 60 Vv
: BD139 80 eV
Vceo Collector-Emitter Voltage :BD135 45 \
: BD137 60 Y
:BD139 80 \
Vego Emitter-Base Voltage 5 \
Ic Collector Current (DC) 1.5 A
lcp Collector Current (Pulse) 3.0 A
I Base Current 0.5 A
Pc Collector Dissipation (T¢=25°C) 125 w
Pc Collector Dissipation (T,=25°C) 195 Wi,
Ty Junction Temperature 150 °C
Tste Storage Temperature - 55~150 °C
Electrical Characteristics 1.=25°C unless otherwise noted
Symbol Parameter Test Condition Min. | Typ. | Max. | Units
Vceo(sus) Collector-Emitter Sustaining Voltage
:BD135 Ic=30mA, Ig=0 45 \Y%
:BD137 60 \
:BD139 80 \Y
lcso Collector Cut-off Current Veg =30V, Ig =0 0.1 uA
lego Emitter Cut-off Current Veg =58V, Ic =0 10 uA
hegq DC Current Gain :ALL DEVICE Veg =2V, Ic = 5mA 25
heg2 :ALL DEVICE Vce = 2V, Ig=0.5A 25
hegs :BD135 Vcg =2V, Ig = 150mA 40 250
:BD137, BD139 40 160
Vce(sat) Collector-Emitter Saturation Voltage Ic=500mA, Ig = 50mA 0.5 \
Vge(on) Base-Emitter ON Voltage Veg =2V, Ic = 0.5A 1 \
hgg Classification
Classification 6 10 16
hegs 40~ 100 63 ~ 160 160 ~ 250

©2000 Fairchild Semiconductor International

Rev. A, February 2000
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Typical Characteristics

hig, DC CURRENT CAIN

10 100 1000

I¢[mA], COLLECTOR CURRENT

Figure 1. DC current Gain

Vue[V). BASE-EMITTER VOLTAGE

Ic[A}, COLLECTOR CURRENT

Figure 3. Base-Emitter Voltage

P.[W]. POWER DISSIPATION

T¢[’C], CASE TEMPERATURE

Figure 5. Power Derating

Vee(sat)[mV], SATURATION VOLTAGE

Ic|A], COLLECTOR CURRENT

Figure 2. Collector-Emitter Saturation Voltage
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Figure 4. Safe Operating Area
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Package Demensions

TO-126
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ HiSeC™ SuperSOT™-8
Bottomless™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ pop™ UHC™
E2CMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Qs™
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GIOM SuperSOT™-6

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR
INTERNATIONAL.

As used herein:

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, ar (c) whose failure to perform reasonably expected to cause the failure of the life support
when properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to
result in significant injury to the user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification Product Status Definition
Advance Information Formative or In This datasheet contains the design specifications for
Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

©2000 Fairchild Semiconductor International Rev. E
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IoR| Rectifier

PD-9.325Q

IRF510

HEXFET® Power MOSFET

e Dynamic dv/dt Rating

® Repetitive Avalanche Rated

e 175°C Operating Temperature
® Fast Switching

® Ease of Paralleling , 5
® Simple Drive Requirements

VDSS = 1 OOV

'RDS(OH) = 054Q

Description

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

on-resistance and cost-effectiveness.

The TO-220 package is universally preferred for all commercial-industrial
applications at power dissipation levels to approximately 50 waits. The low
thermal resistance and low package cost of the TO-220 contribute to its wide

acceptance throughout the industry.

Absolute Max1mum Ratings

TO-220AB

5. Parameter \ Max Units
lp @ Tc=25°C Continuous Drain Current, Vgs @ 10 V 5.6
ip @ Tc=100°C | Continuous Drain Current, Ves @ 10V (% C o || A8 . A ;
| lom Puls@diDfEgn CurgNgy , WXW 2 |l 4 ~0 -~ /. e
Po @ Tc=25°C | Power Dissipation 2| 43 w
Linear Derating Factor 0.29 W/C
Vas | Gate-to-Source Voltage +20 \
Eas :Singte Pulse Avalanche Energy @ 100 md
lar | Avalanche Cumrent © . G\ S, ]
Eam e [—Rep;tmve Avalanche Energy (‘ ) 43 mJ
dv/dt i | Peak Diode Recovery dv/dt @ 5.5 Vins
Ty ! Operating Junction and -65 to +175
Tsta | Storage Temperature Range °C
s S R 2,.59'9QETSIGEP_‘%@‘,‘!!‘?’_ for 10seconds | 300 (1.6mm from case)
( Mounting Torque, 6 32 or M3 screw 10 ibfein (1.1 Nem)
Thermal Resistance
'. e Parameter e | T Max. Units
{ Rasc . | Junction-to-Case i 3.5
{Recs | Case-to-Sink, Flat, Greased Surface T o0 T = °C/W
| Baa Junction-to-Ambient R ey
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0

IOR

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
V(BR)DSS Drain-to-Source Breakdown Voltage 100 | — — V | Vas=0V, Ip= 250uA
AVierpss/AT,| Breakdown Voltage Temp. Coefficient — | 012 | — | V/°C |Reference to 25°C, lp= 1TmA
Rbs(on) Static Drain-to-Source On-Resistance — — | 0.54 Q |Vas=10V, [p=3.4A @
Vas(h) Gate Threshold Voltage 2.0 — 4.0 V | Vbs=Vas, o= 250pA
Jts Forward Transconductance 13 | — — S | Vps=50V, Ip=34A @
: — - 25 Vps=100V, Vas=0V
Ipss Drain-to-Source L.eakage Current = S MA VosmBOV, VasOV, Ty=150°C
e Gate-to-Source Forward Leakage — — | 100 nA Vgs=20V
Gate-to-Source Reverse Leakage — — | -100 Ves=-20V
Qg Total Gate Charge — — | 83 lp=5.6A !
Qe Gate-to-Source Charge e | 2.3 | NC | Vps=80V ’
Qgd Gate-to-Drain ("Miller”) Charge — — 3.8 Vas=10V See Fig. 6 and 13 @
ta(on) Tum-On Delay Time B 69— Vop=50V
tr Rise Time — 16 — . Ip=5.6A
tatori) Tum-Off Delay Time — 15 — Ra=24Q
t Fall Time —- 9.4 — Rp=8.4Q2 See Figure 10 @
Lo Internal Drain Inductance 28 AR Y g ?nt“,f?& 2[85,3: ) Lﬁé\
nH | from package GET)
Ls Intermnal Source Inductance NN\ £.34.% and center of r—%
die contact s
Ciss Input Capacitance — 180 — Vas=0V
Coss Qutput Capacitance e 81 —1"pF " [ Vps=25V
Crss Reverse Transfer Capacitance = 15 N f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. ' Units Test Conditions
Is Continuous Source Current [ ¢, g 56 ' MOSFET symbot D
{Body Diode) o showing the
Ism Pulsed Source Current o~ N 20 integral reverse s
{Body Diode) @ p-n junction diode. s
Vsp | Diode Forward Voltage — — 25 V| Ty=25°C, I1s=5.6A, Vgs=0V @
T | Reverse Recovery Time — 100 | 200 | ns |Ty=25°C, Ir=5.6A
Qr ' Reverse Recovery Charge — | 0.44 | 0.88 | uC |di/dt=100A/us ®
ton | Forward Tum-On Time Intrinsic tumn-on time is neglegible {tumn-on is dominated by Ls+Lp)
Notes:

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

® Vpp=25V, starting Ty=25°C, L=4.8mH
Rg=25Q, las=5.6A (See Figure 12)

® Isp<5.6A, difdt<75A/us, VDDSV(BR)DSS,

Ty£175°C

@ Puise width < 300 ps; duty cycle <2%.
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Ip, Drain Current (Amps)

Ip, Drain Current (Amps)
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/
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’
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100 L 4
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/ i
” 20us PU_SE WIDTH
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Vps, Drain-to-Source Voltage (volis)
Fig 1. Typical Output Characteristics,
Tc=25°C
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Fig 3. Typical Transfer Characteristics

Rps(on), Prain-to-Source On Resistance

Ip, Drain Current (Amps)
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7
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Fig 2. Typical Output Characteristics,
Tc=175°C
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Ip, Drain Current (Amps)
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1509

Appendix C: Part Marking Information — See page 1516 Intemational
Appendix E: Optional Leadforms — See page 1525 IR R : : tiﬁ er
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ULN2001A THRU ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 — D2624, DECEMBER 1976 — REVISED APRIL 1993

HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS

® 500-mA Rated Collector Current D OR N PACKAGE
(Single Output) (TOP VIEW)
® High-Voltage Outputs . .. 50V 75
: 18] 1 16 j 1C
® Output Clamp Diodes oa(l 2 15f] 26
e Inputs Compatible With Various Types of 38[] 3 14] 3¢
Logic 484 13[l4ac
® Relay Driver Applications 5[} 5 12[] 5¢
® Designed to Be Interchangeable With 6B([] 6 11]] 6C
Sprague ULN2001A Series 7llz  1ofi7c
S el 8 9[] com
description

The ULN2001A, ULN2002A, ULN2003A, and ULN2004A are monolithic high-voltage, high-current Darlington
transistor arrays. Each consists of seven npn Darlington pairs that feature high-voltage outputs with
common-cathode clamp diodes for switching inductive loads. The collector-current rating of a single Darlington
pair is 500 mA. The Darlington pairs may be paralleled for higher current capability. Applications include relay
drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line drivers, and logic buffers.
For 100-V (otherwise interchangeable) versions, see the SN75465 through SN75469.

The ULN2001A is a general-purpose array and can be used with TTL, P-MOS, CMOS, and other MOS
technologies. The ULN2002A is specifically designed for use with 14-to 25-V P-MOS devices. Each input of
this device has a zener diode and resistor in series to control the input current to a safe limit. The ULN2003A
has a 2.7-kQ series base resistor for each Darlington pair for operation directly with TTL or 5-V CMOS devices.
The ULN2004A has a 10.5-kQ2 series base resistor to allow its operation directly from CMOS or P-MOS devices
that use supply voltages of 6 to 15 V. The required input current of the ULN2004A is below that of the ULN2003A,
and the required voltage is less than that required by the ULN2002A.

logic symbolt logic diagram
9 9
CLAMP |-x—— coM 1 - com
1 | > 16 1B 1c
1B > Q>—~¥ 1C I——N—”
28 2C A ® L
3 14
B T %
s 4c 5 — £
12
B — L—ﬂ— 5C )
68 e, W = g
7 10
76

7B
5 12
T This symbol is in accordance with ANSI/IEEE Std 91-1984 5B 5C

and IEC Publication 617-12.

6B 6C

7 l : i 10
7B 7C

PRODUCTION DATA information is current as of publication date. Copyright © 1993, Texas Instruments Incorporated

Products conform tg qiecil_icaions per the terms of Texas In_sjrpn:ng H
testing of all parameters. it il ooy TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 31



ULN2001A THRU ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 — D2624, DECEMBER 1976 — REVISED APRIL 1993

schematics (each Darlington pair)

cOoMm com
Output C
Qutput C
Input B Input B
o 7 E
7.2kQ 3kQ E
ULN2001A ULN2002A
com
Output C
Input B
ULN2003A: Rg =2.7 kQ
ULN2004A: Rg = 10.5 kQ E
7
ULN2003A, ULN2004A
All resistor values shown are nominal.
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)
Collector-emitter voltage ' gl 110 -7 . HOLALNTATOM . €7 e Sugaay™ o+ - o - ff oo e 50 V
Input voltage, V) (see Note 1) ... ... e 30V
Peak collector current (see Figures 14and 15) . ... ... ... i 500 mA
Output clamp current, IoK - - 2t i i T e 500 mA
Total emitter-termimabhcUfrent .. S PR .S\ Y . VI 47 B ... -F - -25A
Continuous total power dissipation ... ... ..o See Dissipation Rating Table
Operating free-air temperature range ............ oo iiuie it i —20°C to 85°C
Storage temperature TANGE . ... ... o .vrrort ottt e e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .......... ... ...t 260°C

NOTE 1: All voltage values are with respect to the emitter/substrate terminal E, unless otherwise noted.

DISSIPATION RATING TABLE

PACKAGE Ta =25°C DERATING FACTOR Ta =85°C
POWER RATING ABOVE Tp =25°C POWER RATING
D 950 mW 7.6 mw/°C 494 mW
N 1150 mW 9.2 mW/°C 598 mwW

TEXAS ‘QP
INSTRUMENTS

3-2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



ULN2001A THRU ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 —- D2624, DECEMBER 1976 — REVISED APRIL 1993

electrical characteristics, Tp = 25°C (unless otherwise noted)

PARAMETER el TEST CONDITIONS ok S UNIT
FIGURE MIN TYP MAX MIN TYP MAX
Vi(on) On-state input voltage 6 VCg=2V, Ic =300 mA 13 \
I} =250 pA, ic =100 mA 0.9 1.1 0.9 1.1
VCE(sat) ga‘;'l'ﬁggfgnevmo'ftge 5 [y=350pA  Ic=200mA T T
) =500 pA,  Ic =350 mA 12 16 12 16
VE Clamp forward voltage 8 IF =350 mA 1.7 2 1.7 2 \
- VCE=50V, ;=0 50 50
IcEX Collector cutoff current Veeg=50v, |h=0 100 100 HA
2 TA=70°C  lvj=6V 500
o)  Offstateinput current 3 ¥§E ;oi‘z:v' GO s s 5 65 pA
I Input current V=17V 082 125 mA
IR Clamp reverse current 7 VR=50V, Ta =70°C 100 100 pA
hrE i;ar:'scf:r’:‘;’:gd Sl 5 |Veg=2V,  Ic=350mA | 1000
IR Clamp reverse current 7 VR =50V 50 50 uA
Cj Input capacitance V=0, f=1MHz 15 25 15 25 pF
electrical characteristics, Tp = 25°C (unless otherwise noted)
TEST ULN2003A ULN2004A
PARAMETER TEST CONDITIONS UNIT
FIGURE MIN  TYP MAX| MIN TYP MAX
Ic =125 mA 5
Ic =200 mA 24 6
Vi(on) On-state input voltage 6 VCg=2V BT 2 \Y
- Ig =275 mA 7
Ic =300 mA 3
Ic = 350 mA 8
I} =250 uA,  Ic =100 mA 09 1.1 Po i
VCE(sat) Sca"t'l'jg{gne\l’g‘[{t:ée 5 f4=350pA Ic=200mA — 1.3 fgatls sy
I} =500 pA,  Ig =350 mA 1.2 1.6 1.2 1.6
¢ VCE=50V, 1=0 50 50
IcEX Collector cutoff current Veg=50V, [h= 0 100 100 HA
2 TA=70°C  |vi=1V 500
Vg Clamp forward voltage IF =350 mA 1.7 2 1.7 2 \
l|(0ff) Off-state input current 3 \T/EE ;OSO%V GS 200 LA, 50 65 50 65 HA
V| =385V 093 135
Iy input current 4 Vi=5V 0.35 0.5 mA
Vi=12V 1 145
VR =50V 50 50
IR Clamp reverse current 7 HA
VR =50V, Ta =70°C 100 100
Cj Input capacitance V=0, f=1MHz 15 25 15 25 pF
TExAs @
INSTRUMENTS
POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265 3-3




ULN2001A THRU ULN2004A

DARLINGTON TRANSISTOR ARRAYS

SLRS027 — D2624, DECEMBER 1976 — REVISED APRIL 1993

switching characteristics, Ty = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tpLH  Propagation delay time, low-to-high-level output ; 0.25 1 us
8 . 3 See Figure 9
tpHqL  Propagation delay time, high-to-low-level output 0.25 1 us
VoH  High-level output voltage after switching Vs=50V, Ip=300mA, SeeFigure10 | Vg-20 mV
PARAMETER MEASUREMENT INFORMATION
Open VCE Open VeE
ICEX ICEX
+— 4+
Open Vi
Figure 1. Iggx Test Circuit Figure 2. Iggx Test Circuit
Open vy Open
liton)
Vi Open

Figure 3. ljoff) Test Circuit

Open

'IT

NOTE: |} is fixed for measuring VCE(sat). variable for measuring hrg.

Figure 5. hpg, VeEg(sat) Test Circuit

VR

I

Open

Figure 7. IR Test Circuit

Figure 4. |; Test Circuit

Open

Open

Figure 8. Vg Test Circuit
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