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ABSTRACT

This thesis presents about the constructive warehouse and warehouse control system by using
computer which checks and compiles for trade in or trade out product. User can choose operation
about trade in or trade out product by access on application. Then computer will transmit the
control signal to automatic crane by serial port. Automatic crane is controlled by microcontroller
PIC16F877A and check row and column by infrared sensors. Automatic crane use dc motor for

movement to warehouse.
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MARUIN D

Tlsunsumugy

#include<16F877A.h>
#define TxD Pin_C6

#define RxD Pin_C7

#fuses HS,NOLVP,NOWDT,NOPROTECT
#use delay(clock=20000000)
#use rs232(baud=9600,xmit=TxD,rcv=RxD)
#byte porta=0x05

#byte portb=0x06

#byte portc=0x07

#byte portd=0x08

#byte porte=0x09

#bit Direct8=portb.7

#bit Direct7=portb.6

#bit Direct6=portb.5

#bit Direct5=portb.4

#bit Directd=portb.3

#bit Direct3=portb.2

#bit Direct2=portb.1

#bit Direct1=portb.0

#bit sensor1=portc.0

#bit sensor2=portc.3

#bit sensor3=poric.4

#bit sensor4=portc.5

#bit pinc1=portc.1
#bit pinc2=portc.2

#bit Swi=portd.0
#bit Sw2=portd.1
#bit Sw3=portd.2
#bit Sw4=portd.3
#bit Swb=portd.4

int i,flag1,flag2,col,row,loop;

int in,back,up,lateral,flag_col,flag_row;

int flag_Sw1,flag_Sw2,home,sub_col,sub_row;

char test1,test2;

char stocki3];

char Trad[2] = {I''O"};

char Block[15] = {'1','2",'3','4','5''6",'7",'8",'9",'A",'B",'C','D",'E",'F '},
char side[2] = {'L''R};

void Getcode()

printf("Please Choose Position\n\r");
for(i=0;i<3;i++)

stock[i] = getc();

printf("Recive Complete\n\r");
loop = 1;



void Check()
for(i=0;i<2;i++)
{ if(Trad[i]==stock[0])
{ in =i

printf("Trad = %d\n\r",in);
}

for(i=0;i<15;i++)
if(Block[i]==stock[1])
{

up =i
printf("Block = %d\n\r",up);
}

for(i=0;i<2;i++)
if(sidelij==stock[2])

lateral = i;
printf("Side = %d\n\r",lateral);
}
}
}

void Motor_on()

{
Direct1=0;
Direct2=1;
Direct3=0;
Directd=1;
}

void Crane_in()
switch(up)
case 0: if(col<1)
if(sensor1==18&&flag1==0)
flagl = 1;
col = col+1;
sub_col = col;

printf("Col = %d\n\r",col),

if(sensor1==0)
flagl = 0;

if(col>=1)

Direct1 = 1;
Direct2 = 1;
flag1 = 1;

flag_col = 1;

}

if(row<3)
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{
if(sensor2==1&&flag2==0)

flag2 = 1;

row = row+1,;

sub_row =row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2 = 0;

if(row>=3)

Direct3 = 1;
Directd = 1;
flag2 = 1;
flag_row = 1,
}
break;

case 1:if(col<2)

if(sensor1==1&&flag1==0)

flagl = 1,
col = col+1;
sub_col = col;

printf("Col = %d\n\r" col);

if(sensor1==0)
flag1 = Q;

}
if(col>=2)

Directt = 1;
Direct2 = 1;
flag1 = 1;

flag_col = 1;

}
if(row<3)
if(sensor2==1&&flag2==0)

flag2 = 1;

row = row+1;

sub_row = row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2 = 0;

if(row>=3)

Direct3 = 1;
Direct4 = 1;
flag2 = 1;
flag_row = 1;
}
break;
case 2:if(col<3)
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if(sensori==18&8&flag1==0)
{

flagl = 1;
col = col+1;
sub_col = col;

printf("Col = %d\n\r",col);

if(sensor1==0)
flag1 = 0;

}
if(col>=3)

Direct1 = 1;
Direct2 = 1;
flag1 = 1;

flag_col = 1;

}
if(row<3)
if(sensor2==18&4&flag2==0)

flag2 = 1;

row = row+1;

sub_row = row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2 = 0;

if(row>=3)

Direct3 = 1;
Direct4 = 1;
flag2 = 1;
flag_row = 1;

}

break;
case 3:if(col<4)

if(sensor1==18&4&flag1==0)
flag1 = 1;
col = col+1;
sub_col = col;
printf("Col = %d\n\r",col);

if(sensor1==0)

flag1 = 0;
}
if(col>=4)
{
Direct1 = 1;
Direct2 = 1;
flagt = 1;
flag_col = 1;
}

if(row<3)
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if(sensor2==18&&flag2==0)

flag2 = 1,

row = row+1;

sub_row = row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2 = 0;

if(row>=3)

Direct3 = 1;
Direct4 = 1;
flag2 = 1;
flag_row = 1,

}

break;
case 4:if(col<b)

if(sensor1==1&8&flag1==0)
flag1 = 1;
col = col+1;
sub_col = col;
printf("Col = %d\n\r",col);

if(sensor1==0)

flag1 = 0;
}
if(coi>=5)
Direct1 = 1;
Direct2 = 1;
flag1 = 1;
flag_col = 1;
}
if(row<3)

if(sensor2==1&8&flag2==0)

flag2 = 1;
row = row+1;
sub_row = row;
printf("Row = %d\n\r",row);
if(sensor2==0)

flag2 = 0;

if(row>=3)

Direct3 = 1;
Direct4 = 1,
flag2 = 1;
flag_row = 1;
}
break;
case 5:if(col<1)
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if(sensor1==18&&flag1==0)

flag1 = 1;

col = col+1;

sub_col = col;

printf("Col = %d\n\r",col),

if(sensor1==0)
flag1 = 0;

}
if(col>=1)

Directl = 1;
Direct2 = 1;
flag1 = 1;

flag_col = 1;

}
if(row<2)
if(sensor2==18&&flag2==0)

flag2 = 1;

row =row+1;

sub_row = row;
printf("Row = %d\n\r",row),

if(sensor2==0)
flag2 = 0;

if(row>=2)

Direct3 = 1;
Direct4 = 1;
flag2 = 1;
flag_row =1;
}
break;
case 6: if(col<2)

if(sensor1==18&&flag1==0)

flag1 = 1;

col = col+1;

sub_col = col;

printf("Col = %d\n\r",col);

if(sensor1==0)
flagl = 0;

}
if(col>=2)

Direct1 = 1;
Direct2 = 1;
flag1 = 1;

flag_col = 1;

}

if(row<2)

{
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if(sensor2==1&4&flag2==0)

flag2 = 1;

row = row+1;

sub_row = row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2 = 0;

if(row>=2)

Direct3 = 1;
Direct4 = 1;
flag2 = 1;
flag_row = 1;
}
break;
case 7:if(col<3)

if(sensor1==18&8&flag1==0)

flag1 = 1;
col = col+1;
sub_col = col;

printf("Col = %d\n\r",col);

if(sensor1==0)
flag1 = 0;

}
if(col>=3)

Direct1 = 1;

Direct2 = 1;

flag1 = 1;

flag_col = 1;
}

if(row<2)
if(sensor2==18&&flag2==0)

flag2 = 1;

row = row+1;

sub_row = row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2 = 0;

if(row>=2)

Direct3 = 1;
Direct4 = 1;
flag2 = 1,
flag_row = 1;
}
break;
case 8: if(col<4)

if(sensor1==1&8&flag1==0)

47



flag1 = 1;

col = col+1;

sub_col = col;

printf("Col = %d\n\r",col);

if(sensor1==0)
flag1 = 0;

}
if(col>=4)

flag_col = 1;

}
if(row<2)

if(sensor2==18&8&flag2==0)
{
flag2 = 1;
row = row+1;
sub_row = row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2 = 0;

if(row>=2)

Direct3 = 1;
Direct4 = 1;
flag2 = 1;
flag_row = 1;
}
break;
case 9: if(col<5)

if(sensor1==18&&flag1==0)

flagt = 1;

col = col+1;

sub_col = col;

printf("Col = %d\n\r*,col);

if(sensor1==0)
flagt = 0;

}
if(col>=5)

Direct1 = 1;
Direct2 = 1;
flagl = 1;

flag_col = 1;

}
if(row<2)

if(sensor2==1&&flag2==0)
{
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flag2 =1,

row = row+1;

sub_row = row;
printf("Row = %d\n\i",row);

if(sensor2==0)
flag2 = 0;

if(row>=2)

Direct3 = 1;
Direct4 = 1;
flag2 = 1;
flag_row = 1;

}

break;
case 10:if(col<1)

if(sensor1==1&8&flag1==0)

flag1 = 1;

col = col+1;

sub_col = col;

printf("Col = %d\n\r",col);

if(sensor1==0)
flag1 = 0;

}
if(col>=1)
{

flag_col = 1;

}

if(row<1)
if(sensor2==18&&flag2==0)
{

flag2 = 1;

row = row+1;

sub_row = row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2=0;

if(row>=1)

Direct3 = 1;
Direct4 = 1;
flag2 = 1;
flag_row = 1;
}
break;
case 11:if(col<2)

if(sensor1==18&4&flag1==0)

{
flag1 = 1;
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col = col+1;
sub_col = col;
printf("Col = %d\n\r",col);

if(sensor1==0)
flag1 = 0;

}
if(col>=2)

Directl = 1;

Direct2 = 1;

flag1 = 1;

flag_col = 1;
}

if(row<1)
if(sensor2==18&&flag2==0)

flag2 = 1;

row = row+1;

sub_row = row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2 = 0;

if(row>=1)

Direct3 = 1;
Directd4 = 1;
flag2 = 1;
flag_row = 1;
}
break;
case 12:if(col<3)

if(sensor1i==1&&flag1==0)

flag1 =1,

col = col+1;

sub_col = col;

printf("Col = %d\n\r",col);

if(sensor1==0)
flag1 = 0;

}

if(col>=3)

{
Direct1 = 1;
Direct2 = 1;
flag1 = 1;
flag_col = 1;

}

if(row<1)

{
if(sensor2==18&8&flag2==0)

flag2 = 1;
row = row+1;
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sub_row = row;
printf("Row = %d\n\r",row),

if(sensor2==0)
flag2 = 0;

if(row>=1)

Direct3 = 1;
Direct4 = 1;
flag2 = 1;
flag_row = 1;
}
break;
case 13:if(col<4)

if(sensort==18&&flag1==0)

flag1 = 1;

col = col+1;

sub_col = col;

printf("Col = %d\n\r",col);

if(sensor1==0)
flag1=0;

}
if(col>=4)

Direct1 = 1;
Direct2 = 1;
flag1 =1;

flag_col = 1;

}
if(row<1)
if(sensor2==1&4&flag2==0)

flag2 = 1,

row = row+1;

sub_row = row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2 = 0;

if(row>=1)

Direct3 = 1;
Direct4 = 1;
flag2 =1,
flag_row = 1;
}
break;
case 14:if(col<b)

if(sensor1==18&&flag1==0)
flag1 = 1;

col = col+1;
sub_col = col;
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printf("Col = %d\n\r",col);

if(sensor1==0)
flag1 = 0;

)
if(col>=5)

flagl = 1;
flag_col = 1;

}
if(row<1)
if(sensor2==18&&flag2==0)

flag2 = 1;

row = row+1;

sub_row = row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2 = 0;

if(row>=1)

Direct3 = 1;
Direct4 = 1;
flag2 = 1;
flag_row = 1;
}
break;
}
}

void Go_side1()
if(flag_col==1&&flag_row==1)
switch(lateral)

case 0. Direct5 = 1;
Direct6 = 0;
Direct7 = 1;
Direct8 = 0;
flag_Sw1 =1;
printf("Axis Z Go Left\n\r");

break;

case 1: Directb = 0;
Direct6 = 1;
Direct? = 0;
Direct8 = 1;
flag_Sw1 =1;
printf("Axis Z Go Right\n\r"});

break;

}

}
}
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void Stop_Z1()

{
if((Sw1==0||Sw2==0)&&flag_Sw1==1)

{

flag_col = 0;

flag_row = 0;

up = 15;

Direct5 = 1;

Direct6 = 1;

flag_Sw2 = 1;
printf("Stop Floor1\n\r”);

)
f((Sw3==0||Sw4==0)&&flag_Sw2==1)
{

Direct7 = 1;
Direct8 = 1;
printf("Stop Floor2\n\r");
back = 1;
flag_Sw1 = 0;
}
}

void Backward_in()

{

if(back==1)

{
Direct3 = 1;
Direct4 = 0;
flag_Sw1 = 1;
flag_Sw2 = 0;
printf("Little move Y\n\r");

if(Sw5==08&&flag_Sw1==1)
{
Direct3 = 1;
Direct4 = 1;
back = 0;
printf("Stop YAn\r");
switch(lateral)
{
case 0: Direct5=0;
Direct6 = 1;
Direct7 = 0;
Direct8 = 1;
flag_Sw2 =1;
printf("Axis Z Go Back Left\n\r");
break;

case 1;. Directs=1;
Direct6 = 0;
Direct7 = 1;
Direct8 = Q;
flag_Sw2 =1;
printf("Axis Z Go back Right\n\r");
break;

}
}
if(Sensor4==18&8&flag_Sw2==1)

Directb = 1;



Direct6 = 1;
flag_Sw1 =0;
printf("Axis Z1 initial\n\r"};

if(Sensor3==18&4&flag_Sw2==1)
{

Direct7 = 1;

Direct8 = 1;

flag_Sw2 =0;

printf("Axis Z2 inital\n\r");

back = 0;

home = 1;

}

void Go_Home()
if(home==1)
{

Directl = 1;

Direct2 = 0;

Direct3 = 1;

Direct4 = 0;

flag1 = 0;

flag2 = 0;

col = sub_col;

row = sub_row;

home = 2;

printf("Col = %d\n\r",col),
printf("Row = %d\n\r",row);

}
if(home==2)
if(sensor1==1&&flag1==0)

flag1 = 1;

col = col-1;

/] sub_col = col;
printf("Col = %d\n\r",col);

if(sensor1==0)
flag1 = 0;
if(col==0)
{
Direct1 = 1,
Direct2 = 1;
flagl = 1;
/iflag_col = 1;

}
if(sensor2==18&4&flag2==0)

flag2 = 1;

row = row-1;

/lsub_row = row;
printf("Row = %d\n\r",row);

if(sensor2==0)
flag2 = 0;



if(row==0)

Direct3 = 1;
Directd = 1;
flag2 = 1;
loop = 0;
}
}
}

void Littie_Down_Y()
for(i=0;i<10;i++)
{

Direct3=1;
Direct4 = 0;
detay_ms(1000);

}
if(i==9)

Direct3 = 1;
Direct4 = 1;
}

void Backward_out()
if(back==1)
{

Direct3 = 0;

Direct4 = 1;
flag_Sw1=1;

flag_Sw2 = 0;
printf("Little move Y\n\r");

if(Sw5==18&&flag_Sw1==1)
{
Direct3 = 1;
Direct4 = 1;
back = 0;
printf("Stop Y\n\r");
switch(lateral)

case 0: Directs = 0;
Direct6 = 1;
Direct7 = 0;
Direct8 = 1;
flag_Sw2 = 1;
printf("Axis Z Go Back Left\n\r");
break;

case 1: Direct5=1;
Direct6 = 0;
Direct7 = 1;
Direct8 = 0;
flag_Sw2 = 1;
printf("Axis Z Go back Right\n\r");
break;

} }
if(Sensor3==1&8&flag_Sw2==1)
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Directs = 1;

Direct6 = 1;

flag_Sw1 =0;

printf("Axis Z1 initial\n\r");

}
if(Sensor4==18&&flag_Sw2==1)
{

Direct7 = 1;

Direct8 = 1;

flag_Sw2 =0;

printf("Axis Z2 inital\n\r");

back = 0;

home = 1;

}

void main()

{
set_tris_b(0x00);
set_tris_c(0xB9);
set_tris_d(0xFF);
portb = 0;

/lcol = 0;

/lrow = 0;

loop = 0;

/iflag1 = 0;
/iflag2 = 0;
/iflag_col = 0;
/fflag_row = 0;
lateral = 2;
/fflag_Sw1 = 0;
/iflag_Sw2 = 0;
pinc1=1;
pinc2=1;

printf("Automatic Warehouse System\nin");
while(1)

{

flag1 = 0;
flag2 = 0;
flag_col = 0;
flag_row = 0;
flag_Sw1 = 0;
flag_Sw2 = 0;
col = 0;

row = 0;

back = 0;
home = 0;
sub_col =0;
sub_row = 0;
Getcode();
Check();
Motor_on();
while(loop==1)
{

if(in==0)

Crane_in();
Go_side1();



Stop_Z1();
Backward_in();
Go_Home();

}

if(in==1)

{
Crane_in();
Little_Down_Y{();
Go_side1();
Stop_Z1();
Backward_out();
Go_Home();

}

}
Y/end while(1)
Ylend main
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LM124
LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

a WIDE GAIN BANDWIDTH 1 3MHz

a INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

« LARGE VOLTAGE GAIN: 100dB

« VERY LOW SUPPLY CURRENT/AMPLI - 3750A

a LOW INPUT BIAS CURRENT : 20nA

« LOWINPUT OFFSET VOLTAGE : 5SmV max.
{for more accurate applcations, use the equivalent pars
LIM124A-I1M224 4L M324A which feaiure 3m\ max}

= LOWINPUT OFFSET CURRENT . 2nA

= WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY . +3V TO +30V
DUAL SUPPLIES . £1 8V TO £18V

-

P
TSSOP14

w

N o]
DiP14 S014
{Plastic Package) {Plastic Micropackage)

(Thin Shrink Smail Outline Package)

DESCRIPTION ORDER CODES
Thgsg circuits censist of four independent, high Part Temperature Package
gain, internally frequency compensated operational Number Range N D P
amphﬁer_s . They operate froma single powersuppl_y TM124 55°C, +125°C N N .
over awide range of voitages. Operation from split LM224 40°C. +105°C . . .
power supplies is also possible and the low power e
supply current drain is independent of the magni- LM324 0°C, +70°%C * * M
tude of the power supply voltage. Example : LM224N
PIN CONNECTIONS (top view)
Ourput 1 1 E j i4 Outpur d
Inverting Inpur1 2 E z j 13 Invernag Input4
Non-mverting Input 1 3 E :! 12 Non-mverung Input4
vee~ 4 ] j 11 Vee-
Non-mverting Input 2 5 E + :] 10 Non-mverting Input 3
Invertmg Input2 6 C p : ] 9  Inverting Inpur3
Quwput 2 7 : e :l 8 Ourput3
June 1999 1114
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SCHEMATIC DIAGRAM (1/4 LM124)

Vee
» ©  ©®
4pA 100,
L T
Ccom Q6
Q3 [ '
2
Inverting Q Q7
input Ql Q4
Rse
Non-inverting i g
on-mve
input My L Output
Q13
Q8 ’69
SOpA
7 * GND
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter LM124 | LM224 LM324 | Unit
Vee Supply Voltage +16 or 32 \'
Vi Input Voltage -0.3 to +32 \Y
Vig Differential Input Voltage - (*) +32 +32 +32 A"
Ptot Power Dissipation N Suffix 500 500 500 mw
D Suffix - 400 400 mw
- Output Short-circuit Duration - (note 1) Infinite
In Input Current ~ (note 6) 50 50 50 mA
Toper Operating Free Air Temperature Range -55 to +125 | -40to +105 0 to +70 °c
Tstg Storage Temperature Range 65 to +150 | -65to0 +150 | -65to +150 °c
2/14 ‘7[
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LM124 - LM224 - LM324

ELECTRICAL CHARACTERISTICS

Vet = +5V, Ve = Ground, Vo = 1.4V, Tamo = +25°C (unless otherwise specified)

Symbol Parameter

LM124 - LM224 - L M324

Min.

Typ.

Max.

Unit

Vio Input Offset Voltage (note 3)
Tomb = +25 C

LM324
Tmin < Tamb £ Tmax

LM324

2

©~N~NO

mv

lo input OffsetCurrent
Tamb = +25°C
Trn < Tamb € Tmax.

100

nA

lin Input Bias Current (note 2)
Tamb = +25°C
Tmin < Tamb < Tmax.

20

150
300

nA

Avg Large Signal Voltage Gain

Ve’ = +15V, RL = 2kQ, Vo = 1.4V to 11.4V)
Tamb = +25°C
Tmin < Tamb < Tmax.

50
25

100

vimv

SVR Supply Voltage Rejection Ratio (Rs < 10k<)
(Vec''=5Vio 3OV)

Tamb - +25 C

Tmm. < Tamb < Tmax

65
65

110

dB

lec Supply Current all Amp, no load

Tamb = +25 C Vce = +5V
Vee = +30V

Trun < Tamb £ Tmax. Vce = +6V
Vce = +30V

2O =20
oo~

1.2
3
1.2
3

mA

Viem Input Common Mode Voltage Range
(Vog = +30V) - (note 4)

Tamb = +25°C

T < Tamb S Tmax

Vce -1.5
Vce -2

CMR Common- mode Rejection Ratio (Rs < 10kQ)
Tamb = +25°C
Tmin € Tamb S Tmax

70
60

80

dB

Isource Output Current Source (Vg = +1V)
Voo = +15V, V, = +2V

20

40

70

mA

sk Output Sink Current (Vig = -1V)
Vee = +15V, Vo = +2V
Vcc = +15V Vo = +0 2V

g

10
12

20
50

mA

3/14
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LM124 - LM224 - LM324

ELECTRICAL CHARACTERISTICS (continued)

LM124 - L M224 - { M324 .
Symbol Parameter - Unit
Min. Typ. Max,
VoH High Level Output Voltage \
(Vcg = +30V)
Tamp = +25°C RL = 2kQ 26 27
Tmln- < Tamla> < Tmax. 26
Tamb =+25°C RL= 10kQ2 27 28
Tmin. € Tamb € Tmax. 27
(Vcc = +5V, R = 2kQ)
Tamp = +25°C 3.5
Tmin. £ Tamb € Tmax. 3
Voo Low Level Output Voltage (RL = 10kQ) mV
Tamb = +25°C 5 20
Tmin. € Tamb € Tmax. 20
SR Slew Rate Vips
Vee = 15V, Vi = 0.5 to 3V, RL = 2kQ, C. = 100pF,
unity gain) 0.4
GBP Gain Bandwidth Product MHz
Ve = 30V, f = 100kHz, Vin = 10mV
RL = 2kQ, CL = 100pF 1.3
THD Total Harmonic Distortion %
f= 1kHz, Ay = 20dB, R| = 2kQ, Vo = 2Vpp
CL = 100pF, Vce = 30V 0.015
en Equivalent Input Noise Voltage nVv
f=1kHz, Rs = 100Q, Vcc = 30V 40 vHz
DV, Input Offset Voitage Drift 7 30 KV/°C
Dio Input Offset Current Drift 10 200 pAr°C
Vo1No2 | Channel Separation (note 5) dB
1kHz < f < 20kHz 120
Notes : 1. Short-circuits from the output to Vcc can cause excessive heating if Vee > 15V. The maximum output current
Is approximately 40mA independent of the magnitude of Vcc. Destructive dissipation can result from simulta-
neous short-circuit on alli amplifiers

2 The direction of the input current 1s out of the IC. This current is essentially constant, independent of the state
of the output so no loading change exists on the input lines.

3. Vo = 1.4V, Re = 002, 5V < Vge* < 30V, 0 < Vi < Vge' - 15V

4. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more
than 0.3V. The upper end of the common-mode voltage range is Vec” - 1.5V, but either or both inputs can go
to +32V without damage.

5. Due to the proximity of external components insure that coupling is not ortginating via stray capacitance be-
tween these external parts. This typically can be detected as this type of capacitance increases at higher fre-
quences

6. This input current only exists when the voltage at any of the input leads is driven negative. It is due to the
collector-base junction of the input PNP transistor becoming forward biased and thereby acting as input di-
odes clamps. |n addition to this diode action, there is also NPN parasitic action on the IC chip. this transistor
action can cause the output voltages of the Op-amps to go to the Vcc voltage level (or to ground for a large
overdrive) for the time duration than an input s driven negative.

This is not destructive and normal output will set up again for input voltage higher than -0.3V.
4/14 "I
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1S72

L298

DUAL FULL-BRIDGE DRIVER

OPERATING SUPPLY VOLTAGEUP TO 46 V
TOTAL DC CURRENT UPTO 4 A

LOW SATURATION VOLTAGE
OVERTEMPERATURE PROTECTION
LOGICAL "0” INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logic levels and drive
inductive loads such as relays, solenocids, DC and
steppingmotors. Two enableinputs are provided to
enableordisablethe deviceindependentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding externalterminal can be used for the con-

BLOCK DIAGRAM

Multiwatt15 PowerS020

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Muitiwatt Horiz. )
L298P (PowerS0O20)

nectionofan externalsensing resistor. An additional
supply input is provided so that the logic works at a
lower voltage.

ouTh oyr? +Vg ours ouUTe
(o) lmnF Q
2 3 s ] &
s |4
T L
100nF
(] 1
2 3 &
tn} né
o—42 [;_1 2l S
Al b o | 1
ena g EnB
o »
v s 18 —0
SENSE AO—4 ) _L p—OSENSE B
gn“ Rsp

Jenuary 2000
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L298
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 v
Vss Logic Supply Voltage 7 \'
Vi, Ven Input and Enable Voltage —03to 7 \'
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100ps) 3 A
~Repetitive (80% on —20% off; ton = 10ms) 25 A
—DC Operation 2 A
Vsens Sensing Voltage -1t02.3 \'
Piot Total Power Dissipation (Tease = 75°C) 25 W
Top Junction Operating Temperature -2510 130 °C
Tsg, Ty  |Storage and Junction Temperature —40to 1650 °C
PIN CONNECTIONS (top view)
l 15 CURRENT SENSING B
14 T ouTPUTA
L — OUTPUT 3
12 9 INPUTA4
(AT S— ENABLE B
10 3 INPUT3
#VI . s —— LOGIC SUPPLY VOLTAGE Vsg
ultiwatt15 s > ow
4 Neasm— INPUT 2
6 "D ENABLEA
s INPUT 1
4 "> SUPPLY VOLTAGE Vg
_$_ s——= ourur2
2 775 ouTPUTH
\ [ o~ ' CURRENT SENSING A
Z TAB CONNECTED TO PIN 8 D9SINZ40A
4
GND [T 1 20 /] GND
SenseA [} 2 19 ] SenseB
NC [T 3 18 ] NC.
out1 [ 4 17 [ Out4
ou2 [T—] s PowerSO20 46 [/ outs
vs 3 6 15 [ Input4
Input1 1 7 14 [ Enable B
EnableA [T} 8 13 [ Input3
input2 4 9 12 /1 vss
GND [ 10 11 [ eND
D95IN238
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rincase | Thermal Resistance Junctioncase Max. - 3 °C/W
Rinj-amb |Thermal Resistance Junction-ambient Max. 13 (%) 35 °CW

(*) Mourted on aluminum substrate

213
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L298

PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
1,15 218 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
2.3 4,5 Out 1; Out2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-nductive 100nF capacitor must be connected between this
pin and ground.
5,7 7:9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8:14 Enable A; Enable B ]TTL Compatble Enablke Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
conneded between this pin and ground.
10,12 13,15 input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13,14 16,17 Out 3; Out4 Qutputs of the Bridge B. The current that flows through the load
conneded between these two pins is monitored at pin 15
~ 3,18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss = 5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Voltage (pin 4) Operative Condition Vi +2.5 46 \'
Vss Logic Supply Voltage (pin 9) 4.5 5 7 \4
Is Quiescent Supply Current (pin4) [Ven=H; IL=0 Vi=L 13 22 mA
V,=H 50 70 mA
Ven =L V| =X 4 mA
Iss Quiescent Current from Vss (pin 8) [Ven=H; IL=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven =L V=X 6 mA
Vi Input Low Voltage -0.3 1.5 \4
(pins 5,7, 10,12)
ViH Input High Voltage 2.3 VSS \%
{pins 5,7, 10, 12)
he Low Voltage Input Current Vi=L ~10 pA
(pins 5,7, 10, 12)
hH High Voitage Input Current Vi=H< Vgg 0.6V 30 100 A
(pins 5,7, 10,12)
Ven =L }Enable Low Voltage (pins 6, 11) ~0.3 1.5 \'
Ven = H |Enable High Voltage (pins 6, 11) 2.3 Vss \'
len =L [Low Voltage Enable Current Ven =L -10 pA
(pins 6, 11)
len =H |High Voltage Enablke Current Ven = H £ Vg5 0.6V 30 100 pA
(pins 6, 11)
Vcesai(H) |Source Saturation Voltage L =1A 0.95 1.35 1.7 \
IL=2A 2 27 \4
Veesat(r) |Sink Saturation Voitage I=1A (5) 0.85 1.2 1.6 Vv
IL=2A (5) 1.7 2.3 \'
Vcesat | TotalDrop IL=1A (5) 1.80 3.2 Vv
IL=2A (5 4.9 v
Vsens |Sensing Voltage (pins 1, 15) -1 (1) 2 Vv
1S7] 313
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L298
ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
T4 (V) |Source Current Turn-off Delay 0.5V.to 091  (2);(4) 1.5 us
T2 (V) }Source Current Fall Time 091 to011L  (2);(4) 0.2 us
Ta (V) |Source Current Turn-on Delay 0.5Vito 0.11L  (2);(4) 2 1S
T4 (V) |Source Current Rise Time 0.11 to 091, (2);:(4) 0.7 us
Ts (V) |Sink Current Turn-off Delay 0.5Vito 0.91L  (3);(4) 0.7 us
Te (V) |Sink Current Fall Time 09 to011L  (3);(4) 0.25 Bs
T7 (V) [Sink Current Turn-on Delay 0.5Vito 0.91L  (3).(4) 16 us
Ts (V) [Sink Current Rise Time 01l to0.91L (3);(4) 02 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T1(Ven) |Source Current Turn-off Delay 0.5Vento 0.9 (2);(4) 3 us

T2 (Ven) |Source Current Fall Time 091 to0.11L  (2);(4) 1 us
Ta (Ven) |Source Current Turn-on Delay 0.5Vento 011 (2); (4) 0.3 us

T4 (Ven) |Source Current Rise Time 011L to0.91.  (2);(4) 0.4 ps

Ts (Ven) |Sink Current Turn-off Delay 0.5Vento 0.91L  (3): (4) 22 1s

Te (Ven) }Sink Current Fall Time 09I to0.11L  (3):(4) 0.35 us

T7 (Ven) |Sink Current Turn-on Delay 0.5Vento 0.9 (3);(4) 0.25 us

Tg (Ven) |Sink Current Rise Time 0.1l to0.91l.  (3);(4) 0.1 Hs

1) 1)Sensing voltage can be —1V fort < 50 psec; in steady state Veens min2 0.5V

2) Seefig. 2
3) See fig. 4.

4) The load must be a pure resistor

Figure 1 : Typical SaturationVoltage vs. Output

Ysar
)
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1.8
1.2
08

0.4

Current.

Figure 2 : Switching Times Test Circuits.
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INPUT
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Note : For INPUT Switching, setEN = H
For ENABLE Switching, setIN = H
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+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where £12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than S5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

Drivers/Receivers

Features

Superior to Bipolar

¢ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢ Meet All EIA/TIA-232E and V.28 Specifications

¢ Multiple Drivers and Receivers

+ 3-State Driver and Receiver Outputs

¢ Open-Line Detection (MAX243)

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Activein Data Rate
Number V) Drivers/Rx Ext. Caps (uF) State SHDN (kbps) _ Features
MAX220 +5 212 4 0.1 No — 120 Ultra-low-power, industry-standard pinout
MAX222 +5 2/2 4 C.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5 and 2/2 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;

+7.5t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 2/2 4 1,0(0.1) No —_ 120 (64) Industry standard
MAX232A +5 2/2 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 2/2 0 — No — 120 No external caps
MAX233A +5 2/2 0 — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 4/0 4 1.0(0.1) No —_ 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps
MAX236 (MAX206) +5 413 4 1.0{0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0(0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0 (0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5 and 3/5 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;

+7.51t0 +13.2 single-package solution for 1IBM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0 (0.1) Yes — 120 Complete IBM PC serial port
MAX242 +5 22 4 0.1 Yes v 200 Separate shutdown and enable
MAX243 +5 2/2 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate
MAX245 +5 8/10 0 —_ Yes v 120 High slew rate, int. caps, iwo shutdown modes
MAX246 +5 8/10 o] — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/9 0 —_ Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes v 120 Availlable in quad flatpack package
MAXI/W Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.

6VCXVIN-0CccXVIN
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+5V-Powered, Multichannel RS-232

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C}...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 640mW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Operating Temperature Ranges

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply Voltage (VCC) .vevevereeeenininiinnnciiiiinenns -0.3V to +6V
Input Voltages

T I ertoreresrerieereereertessessaernessassssaressasessassens -0.3Vto (Vcc - 0.3V)
RIN (Except MAX220) ....ccoviiieciiiirncrineiie e +30V
RIN (MAX220)....ccccimmeiiierernieninennne 225V
Tout (Except MAX220) (NOLE 1) eccvevuenrecrireereeirrcracrccarcene 15V
TouT (MAX220)....cc.cevviercennnennne L+13.2V
Output Voltages

T OUT cerverremrrtesirrrersrseseesisaneseertrreessesesnnessesssnenesnsrnrressassasssss +15V
BOUT crrveereimiriirreirineesarmenresesseevsssennnensens -0.3Vto (Vcc + 0.3V)

Driver/Receiver Output Short Circuited to GND......... Continuous
Continuous Power Dissipation (TA = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW

MAX2_ _AC_ _, MAX2_ _C_ _.eirvvrvrmrnvecnninennd 0°Cto +70°C
.-40°C to +85°C

MAX2_ _AE_ _, MAX2_ _E__.....
MAX2_ _AM_ _, MAX2_ _M__.... ...-55°C to +125°C
Storage Temperature Range .......... -65°C to +160°C
Lead Temperature (soldering, 108) ...c...coeovinvirreeneieennanes +300°C

Note 1: Input voltage measured with Toyt in high-impedance state, SHDN or Vcc = OV.
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device al these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device rehability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Vcc = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = TMIN to Tmax, unless otherwise noted.)

PARAMETER [ CONDITIONS | MmN TYP  MAX [UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND x5 +8 \
Input Logic Threshold Low 1.4 0.8 \
All devi except MAX220 2 1.4
Input Logic Threshold High evices excep v
MAX220: Vcc = 5.0V 2.4
All except MAX220, normal operation 5 40
Logic Pull-Upfinput Current — A
9 plinp en SHDN = OV, MAX222/242, shutdown, MAX220 001 =1 | "
Ve = 5.5V, SHDN = 0V, Vourt = 15V, 222(242 0.01 10
Output Leakage Current ce — ouT == MAX222/ * * pA
Ve = SHDN = 0V, Vout = 215V +0.01 +10
Data Rate 200 116 kbps
Transmitter Output Resistance Vee = V+ =V-= 0V, Vout = 22V 300 10M Q
Output Short-Circuit Current Vout = 0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 \Y
All t MAX .8 1.3
RS-232 Input Threshold Low Vee = 5V sxcept MAX243 R2iN 0 v
MAX243 R2|N (Note 2) -3
All t MAX243 R2 1.8 4
RS-232 Input Threshold High Vee = 5V oxcept MAX243 R2iN 2 v
MAX243 R2iN (Note 2) -0.5 -0.1
All t MAX243, Vcc = 5V, no hysteresis i . . . 1
RS-232 Input Hysteresis excep ,Vce = 5V, no hysteresis in shdn 0.2 0.5 v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low louT = 3.2mA 0.2 0.4 \
TTL/CMOS Output Voltage High loyt = -1.0mA 3.5 Vgc-0.2 \Y
Sourcing V = GND -2 -10
TTL/CMOS Output Short-Circuit Current - I_ng ouT mA
Shrinking Vour = Vcc 10 30
2 MAXIN
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Vee = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = TMIN to Tmax. unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Vg or EN = Ve (SHDN = 0V for MAX222),
TTL/ICMOS Output Leakage Current OV £ Vout € Vo +0.05 +10 A
EN Input Threshold Low MAX242 1.4 0.8 \Y
EN Input Threshoid High MAX242 2.0 1.4 Y
Operating Supply Voltage 4.5 5.5 \Y
MAX220 0.5 2
No load
Vce Supply Current (SHDN = Veg), MAX222/232A/233A/242/243 4 10 mA
Figures 5, 6, 11,19 3k load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta = +25°C 0.1 10
Ta = 0°C to +70°C 2 50
Shutdown Supply Current MAX222/242 A
own Supply Lurren f Ta = -40°C 10 +85°C 2 5 | ¥
Ta =-55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 pA
SHDN Threshold Low MAX222/242 1.4 0.8 \
SHDN Threshold High MAX222/242 2.0 1.4 \
C = 50pF to 2500pF,
RL = 3KQ to 7kQ, MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Voc =5V, Ta = +25°C, Vius
measured from +3V | max220 1.5 3 30
to -3V or -3V to +3V
{PHLT MAX222/232A/233A/242/243 1.3 3.5
Transmitter Propagation Delay L MAX22 2 10
TLL to RS-232 (Norma! Operation), 0 us
Figure 1 LT MAX222/232A/233A/242/243 1.5 35
MAX220 5 10
' MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay PHLR MAX22
RS-232 to TLL (Normal Operation), 0 06 3 us
Figure 2 MAX222/232A/233A/242/243 0.6 1
tPLHR
MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 0.5 10 s
RS-232 to TLL (Shutdown), Figure 2 | tp g MAX242 2.5 10 H
Receiver-Output Enable Time, Figure 3 | tgR MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpr MAX242 160 500 ns
Transmitter-Output Enable Time t MAX222/242, 0.1uF caps 250 <
(SHDN Goes High), Figure 4 ET (includes charge~pump start-up) H
Transmitter-Output Disable Time
(SHDN Goes Low), Figure 4 o1 MAX222/242, 0.1yF caps 600 ns
Transmitter + to - Propagation N -t MAX222/232A/233A/242/243 300 n
Delay Difference (Normal Operation) PHLT - (PLHT MAX220 2000 S
Receiver + to - Propagation N t MAX222/232A/233A/242/243 100
Delay Difterence {Normal Operation) PHLR - IPLHR MAX220 225 ns
Note 3: MAX243 R2purT is guaranteed to be low when R2|N is 2 OV or is floating.
MAXIN 8
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