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Abstract
This paper represents an indoor security car which invented to safety inspect in the building,
not only to save the staffs who stand by for security, but also be useful in dangerous location.
There are two parts on car movement, manual and automatic. Manual movement
communicates with computer to received pictures. The pictures are sent from a wireless camera
rotated by servo motors and the car can move by DC motors. Also the car can be controlled to
avoid obstacles, such as wall, with infrared sensors from 3 directions, front, left, and right. The

other part, automatic movement, the car can find the route to the start point by using data storage.
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Parallel Port (SPP) BAHAI0A
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(Female at the cable side)

71U 2.3 amuamanesaoynau

Pin [Name | RS [d232 (V24 Dir  Description |
T €D 'CF 109 4 Carrier Detect

|2 [RXD 'BB 104 :..__. Receive Data

3 [TXD [BA 103 |, Transmit Data

4 BTRJ!CD 108.2 —4 Data Terminal Ready i

S [GND 'AB 102 '—— Signal Ground
6 [DSR_“CC 107 : 4 Data Set Ready
7 [RTS ca 105 [_..'Request to Send

s lcts “cB {106 ' 4 Clear to Send
S

9 RI 'CE %125 -— Rlng Indicator

P “ PO )
MTHN 2.1 A7 1UFAIRIHUINUDIVIA W 9
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. Abbreviation * Full Name . Originator - Function
| TD | Transmit - DTE Serial data output (TXD) from i
| Data . - DTE.
RD " Receive | DCE - Serial data input (RXD) to DTE.
_‘ - Data |
. e e
CTS . Clear To DCE Tell DTE that DCE is ready to

Send | " exchange data.
[
(D)YCD { (Data) I DCE Carrier from remote DCE is
~ Carrier ' ~detected.
i Detect
" DSR  iDataSet | DCE  Tell DTE that DCE is ready to
| Ready . establish a link. l
- — - --——-——-'_-——r-— . -p— —_— . e e - - }
DTR Data DTE Tell DCE that DTE is ready to i
Terminal : establish a link. 3
Ready ' i
RTS Ready To DTE Tell DCE that DTE is ready to
Send exchange data.
RI : Ring DCE . Ringing signal from the phone
, " Indicator line is detected.
[ . . : . o0

m3aN22 nansdygruaeanaslugluuuoynsy

v o o Y o s S

mhfveId g § N

ol A oa w o 1y e ol Y
Protective ground ugafineiudufenvasginsel uaz liresudygyiala o luszuuive
Teensau Wunmsfiessusuniennindalaes uazldilu shicld dosdunissuniy
Signal ground 138 Common return 1ijuyadfmgandessiluszuy Rs-232 mszilu
gﬂgnﬁwmnﬂﬁ'ﬁgﬂym sAdU Protective ground
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MAHUIN N

Source code NI UNINAS
#include<reg51.h>
#define LED P2

sbit forward = P2°7;
sbit reward = P2°6;
sbit left = P275;
sbit right = P2°4;
sbit sensor = P2*3;
sbit camera = P22,
shit stop = P21,
sbit status = P2"0;
unsigned char dat;

void delay{unsigned char time)

{
unsigned int i j;
for(i=0;1<time;i++)
for(j=0j<500;j++);
}
/*void send_data{unsigned char dat1)
{
f/camera = 0;
SBUF = datl;
while(~TI);
TI=0;
/*delay(20);
camera = 1;
3*/

void Init Serial{void)
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if(RI)

RI=0Q;
dat = SBUF;
b
switch(dat)
{
case ' {
/isend_data(0x51),
P1=0x01,
delay(20);
forward = 0
delay(20);

forward = 1; break;

case '2":
{
/fsend _data(0x52);
P1=0x02;
delay(20);
reward = 0;
delay(20);

reward = 1;

case 3" {
/fsend_data(0x53);
P1=0x03;
delay(20);

left = 0;

#/ forward

break;

/f reward
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delay(20);
left = 1;
}
case '4": {
/send_data(0x54);
P1=0x04;
delay(20);
right = 0;
delay(20);
right = 1;
}
case 'S": {
/fsend_data{0x55);
P1=0x05;
delay(20);
camera = 0,
delay(20),
camera = 1;
}
case '6'": {
//send_data(0x56);
P1=0x06;
delay(20);
camera = 0;
delay(20),
camera = 1; break;
}
case '7": {

/fsend_data(Ox57);
P1=0x07,

break; // left

break;

break,

/f 60 degree

/l right

/1 30 degree
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delay(20);
camera = 0Q;
delay(20);
camera = 1; break; // 90 degree
}
case '8": {
//send data(0x58);
P1=0x08;
delay(20);
camera = Q;
delay(20);
camera = 1; break; // 120 degree
}
case '9": {
/fsend_data(0x59);
P1=0x09;
delay(20);
camera = (;
delay(20);
camera = 1; break; // 150 degree
}
case 'a"t {
/fsend_data(0x5A);
P1=0x0A;
delay(20);
sensor = (;
delay(20);
sensor = 1; break; //sensor

case 'b': {
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//send_data{0x5B);
P1=0x0B;
delay(20);

sensor = 1; break; // stop sensor

case '0": {

/fsend_data(0x50);

P1=0x0C;
delay(20);
stop = 0;
delay(20);
stop = 1; break; // stop, exit
}
}
}
void InitSerial()
{
TMOD =0x20; // TIMER]1 MCDE?2?
SCON = 0x50; // Serial Port TX/RX data
TH1 = 0xF4, /12400 bps
TI=0; /f Clear bit flag TX
ET1=0;
TR1=1, / Start TIMER]
ES =0;
EA =0,
}
void main()
{

InitSerial();

dat ="0";
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P2 = OxFF;
while(1)
{
status = 0;

Init_Serial();




Source code MNHIUNMATY

#include<reg52.h>

#define TIMEOUT 3000
sbit led = P17,

sbit rewardl = P2~0; /5

sbit forwardl = P2°2; //7

sbit reward2 = P2~1; /10

sbit forward2 = P2°3; //12

sbit LEDforward = P1°3;

sbit LEDreward = P1°4;

sbit LEDleft = P1°5;

sbit LEDright = P1°6;

shitenl = P24, 16

sbit en2 = P215; i1

sbit out = P27,

sbit sen_front = P1#1;

sbit sen_left = P1°2;

sbit sen_right = P1°0;

sbit VT = P0"4;

#define dat PO//unsigned char datl;
/*unsigned char content[2];

char ii= 0%/

void sensor();
void delay_led(unsigned char time)
{
unsigned int i,j;
for(i=0;i<time;it++)

for(j=0,j<500j++);
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}
void delay{unsigned char count)
{
unsigned int i;
while{count)
{
1= 1000; while(i>0)i--;
count--;
}
}

I R ADIUST DUTY CYCLEHIHTITH T

void on_m{unsigned char on)

{
enl =1;
en2 =1;
detay(on);
enl =0;
en2 = (0
}
void off m(unsigned char off)
{
enl =0;
en2 =0;
delay{off);
}
void normal_speed() /1 50% Duty Cycle
{
on_m(5);

off_m(5);
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}
/*void slow_speed() /f 20% Duty Cycle
{ :
on_m(2);
off m(8);
3
void fast_speed() // 80% Duty Cycle
{
on_m(8);
off m(2);
}
T FCONTROL CARITITIHE i
void ready()
{
enl =0;
en2=0;
LEDforward = I;

LEDreward = 1;

LEDleft = 1;
LEDright = |;
H
void forward()
{

forward1 = 0; forward2 = 0;
rewardl = 1; reward2 = 1;
normal_speed(};
LEDforward = 0;
delay_led(10);

ready();
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void reward()

{
forwardl = 1; forward2 = 1;
reward] = d; reward2 = 0;
normal_speed();
LEDreward = {;
delay led(10);
ready();

}

void left()

{
forwardl = I, forward2 = 0;
rewardl = 0; reward2 = 1;
fast_speed();
LEDleft = 0;
delay led(10);
ready();

}

void right()

{
forwardl = 0; forward?2 = 1;

rewardl = |; reward2 =0,

fast_speed();
LEDright = 0;
delay led(10);
ready();
}
T T P C AMER AL T T T

void eam(unsigned char i,j)




/ TMOD=0x21;
THO0=0xB7,
TLO=0xFF;

1" TRO=1;
while(TF0!=1);

THO=i;
TLO=j;
TF0=0;
out=1;
while(TF0!=1);
TF0=0,
THO=0xB7;
TLO=0xFF;
out=0;

}

/*bit WaitTimeOut{)

{

unsigned int i;
i=TIMEOUT;
do
{
if (RI)
return 1;
}
while (i--) ;
refurn 0;
¥/

void GetPacket()

{// 8 dat] dat2 chksum 0x0D 0x0A
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/*unsigned char bytecount;, chksum;
bytecount = {;
/fchksum = §;
do
{
if (WaitTimeOut())
{
content{bytecount++}= SBUF;
Ri=0;
}
else
return ;
}
while ((contentf1]!=0x0D));
bytecount = 0;
if (content] 1}==0x0D)//( chksum = {content{0] + content[1}))
{

datl = content[0Q]};*/

/*if(RI)
{
RI=0;
datl = SBUF,
3/
if{iVT==1)
{
switch{dat)
{
case OxFC: ready(); break;
case 0xF1: forward(); break;

case 0xF2: reward(); break;
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case 0xF3: lefi(); break;

case 0xF4: right(); break;
case 0xF5: cam{0xFB,0xCC); break;
case 0xF6: cam(0xFB,0x33); break;
case OxF7: cam(OxFA,0x9A); break;
case 0xF8: cam(0xF A ,0x00); break;
 case OxF9: cam(0xF9,0x67); break;
case OxFA: sensor(); break;
case 0xFB: sensor(); break;
}
}
else
ready();
/*for(ii = 0; ii <2; ii++)
{
content[ii] = 0;
)
1/
)

LTI T Detect Object/ T T
void sensor()

{
unsigned char q;
ifldat==0xFA)
{
iftl(P1&0x07)==0x07) // Cannot detect

forward();

}
else if{(P1&0x07)==0x02) // left&right

/1 30 degree
/1 60 degree
// 90 degree
/{120 degree
/1150 degree
// Sensor

// Stop Sensor




{
forward();
}
else if((P1&0x07)==0x01)
{

reward();
for(q=0;q<3;q++)
right();
/* delay(100);
if(sen_front==1)
forward();
clse
right();*/
}
else if({(P1&0x07)==0x04)
{
reward();
for(q=0;q<3;q++)
left();
/* delay(100);
if(sen_front==1)
forward();
else
left();*/
1
else if({P1 &0x07)==0x00)
{
reward();
for(q=0;q<3;q++)
left();
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// front&lefi

// front&right

// 3 side




else if((P1&0x07)==0x06) // right only

{

}

}
else if{(P1&0x07)==0x05)
{
for{q=0;q<20;q++)
left();
[*if{sen left==1)
{
left();
delay(100);
f{((P1&0x07)==0x06)
forward();
}
else
left();*/
}

forward();

else if((P1&0x07)==0x03) //left only

{

forward();

else

ready();

else

GetPacket() ;
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// front only
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}
///////////////////////////////////////////SERIAL PORT/H U
/*void Init_Ser()

{
TMOD = 0x20; /f TIMER1 MODE?2
SCON = 0x50; // Serial Port TX/RX
TH1 = 0xF4; /1 2400 bps
RI=0; / Clear RI flag
TI=0; H Clear TI flag
TR1=1;

3/

void main()
{
Hnit_Ser();
ready();
TMOD=0x21; /! Set camera 90 degrees
THO=0xB7;
TLO=0xFF;
TRO=1;
while(TF0!=1);
THO=0xFA,;
TLO=0x9A;
TFO=0;
out=1;
while(TF0!=1);
TF0=0;
THO=0xB7,
TLO=0xFF;

out=0;
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led=1;
while(1)
{
led =0;
GetPacket();
}
}
Source code C++ Builder
It

#include <vclh>

#pragma hdrstop

#include "frm_tm.h"

#include "frm_tm_xx.h"

ff--- -

#pragma package(smart_init)
#pragma link "hvideocap”
#pragma link "ievect”
#pragma link "ieview"
#pragma link "imageenview"
#pragma link "CPort"
#pragma resource "*.dfm"
TForm] *Forml;

intk =0;

i

__fasteall TForm1::TForm1{TComponent* Owner)

: TForm(Owner)
{

num = 0;

i=0;
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Recf = 0;
}
{f==- —

void __fastcall TForm!::FormCreate(TObject *Sender)

{
/ Add View styles and constants to the Combo Box
ComboBox 1->Items->AddObject("30™, (TObject *)vsIcon);
ComboBox 1 ->Ttems->AddObject("60™, {TObject *)vsList);
ComboBox 1 ->Items->AddObject("90™, (TObject *)vsReport);
ComboBox 1->Items->AddObject("120", (TObject *)vsSmalllcon);
ComboBox1->Items->AddObject(" 150", (TObject *)vsSmalllcon);
ComboBox1->Itemindex = 0;
mem = 0;
Recf=0;
Recfl = 0;

}

I -

void __fastcall TForm1::ComboBox 1Click{TObject *Sender)
{
ComPort1->Open();
iflComboBox ! ->ItemIndex == 0){
S1="5"
for(int kk = 0; kk<30; kk++){
ComPort1->WriteStr(S1);
ComPort1->ReadSte(Stel, 1);/110HHHITTTTTIIIT TN
Memol->Lines->Add(IntToStr{kk)-+"\t"+Str 1 ), /{11111
}
ComPort1->Close(};

}

else ilComboBox1->ItemIndex == 1)}{
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S1="6";
for(int kk = 0; kk<30; kk++){
ComPort1->WriteSt{S1);
ComPort1->ReadSte(Stel, 1 );//1IHHIHTHEIIIIHT
Memol ->Lines->Add(IntToStr(kk)}+"\t"+Str 1 ); /111111111111
}
ComPort]->Close();
}
else iffComboBox1->ItemIndex == 2){
S1="7",
for(int kk = 0; kk<30; kk++}{
ComPort]->WriteStr{S1);
ComPort1->ReadStr(Strl,1); /MM
Memol->Lines->Add(IntToStr(kk)+"\t"+Sex 1),//////1111111111
}
ComPortl->Close();
}
else if{ComboBox1->ltemiIndex == 3)}{
51="8"
for{int kk = 0; kk<30; kk++){
ComPort1->WriteStr{S1);
ComPort1->ReadSte(Strl, 1)/ TN
Memol->Lines->Add(IntToSte(kk)+"\t"+Ste 1 ); /M
}
ComPort]->Close();
}
else{
S1="9".
for(int kk = 0; kk<30; kk++){
ComPort]1->WriteStr(81};
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ComPort1->ReadStr(Stel, 1)/
Memol->Lines->Add(IntToStr(kk)+"\t"+Str 1 ),/
1
ComPort]->Close();
}
//Labell->Caption = ComboBox1->ItemIndex;
/f{ComPort}->ShowSetupDialog();
}
"

void __ fastcall TForm1::Button12Click(TObject *Sender)
{

if("lmageEnVideoView1->ShowVideo){
Button12->Caption = "Camera Off";
ImageEnVideoView1->DoConfigureSource();
ImageEnVideoView1->DoConfigureFormat();
//ImageEnVideoView 1->DoConfigureSource();

r = ImageEnVideoView]->GetVideoSize();
ImageEnVideoView1->Height = r.Height();
ImageEnVideoView1->Width = r.Width();
ImageEnVideoViewl->ShowVideo = true;
Buttonl->Enabled = true;

3

elsef

Button12->Caption = "Camera On";
ImageEnVideoView | ->ShowVideo = false;
Buttonl->Enabled = false;}

}

i —

void __fastcall TForm1::Button7Click(TObject *Sender)
{
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Close(};

}
/

void __fastcall TForm1::Button4MouseDown(TObject *Sender,.
TMouseButton Button, TShiftState Shift, int X, int Y)

{

ComPort1->0Open();

S1="1";

Timerl->Enabled=True;

Timer2->Enabled=True;

/*Memol->Lines->Add("s"); */

}

/

void _ fastcall TForml::Button6MouseDown(TObject *Sender,
TMouseButton Button, TShiftState Shift, int X, int Y)
{
ComPort1->QOpen();
S1="4"
Timerl->Enabled=True;
Timer2->Enabled=True;
}
I

void __fastcall TForm1::Timerl Timer{TObject *Sender)
{

i=it+l;

iflmem =— 1)

Labell->Caption = IntToStr(i);
}
i

void __fastcall TForm1::Button6MouseUp{TObject *Sender,
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TMouseButton Button, TShiftState Shift, int X, int Yj
{
Timer1->Enabled=false;
Timer2->Enabled=false;
§51="0"
for(int kk = 0; kk<30; kk++){
ComPort]l->WriteStr(S1);
ComPort1->ReadStr(Strl, 1),/
Memo1->Lines->Add{(IntToSte{kk)+"\t"+Str ;1111111711
}
ComPort1->Close();
if{mem == 1){
datal[num] = 22;
data2[num] = i;
num +=1;
i=0;
}

}
7 -

void _ fastcall TForm1::Button4MouseUp(TObject *Sender,
TMouseButton Button, TShiftState Shift, int X, int Y)

{

Timerl->Enabled=false;

Timer2->Enabled=false;

S1="0";

for(int kk = 0; kk<30; kk++){
ComPortl->WriteStr{51);
ComPort1->ReadStr{Stel,1); JHTHITTTTTHTITTITTTTTTTTT
Memo1->Lines->Add{IntToStre(kk)+"\t"+Str 1),/ 11T




80

ComPort]l->Close():
iflmem == 1){
datal[num] = 11;
data2fnum) = i;
num +=1;

i=0;

}

}
/"

void __ fastcall TForml::ButtonSMouseDown(TObject *Sender,
TMouseButton Button, TShiftState Shift, int X, int Y)

{

ComPortl->Open(),

S1="2m,

Timerl->Enabled=True;

Timer2->Enabled=True;

}
"

void _ fasteall TForml::Button5MouseUp(TObject *Sender,
TMouseButton Button, TShifiState Shift, int X, int Y)

{

Timerl->Enabled=false;

Timer2->Enabled=false;

S1="0"

for(int kk = 0; kk<30; kk++){
ComPort1->WriteStr{S1);
ComPort1->>ReadStr(Stel, 1),/
Memol->Lines->Add(IntToStr{kk)+"\t"+Str 1 );///1/11H11

}
ComPortl->Close();
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iflmem == 1){
datal[num] = 33;
data2[num] = i;
mum +=1;

i=0;

}

}
1

void __fastcall TForm1::Button3MouseDown(TObject *Sender,
TMouseButton Button, TShiftState Shift, int X, int Y)

{

ComPort1->Open();

S1="3";

Timerl->Enabled=True;

Timer2->Enabled=True;

}

i

void __fastcall TForm1::Button3MouseUp(TObject *Sender,
TMouseButton Button, TShifiState Shift, int X, int Y)

{

Timerl->Enabled=false;

Timer2->Enabled=false;

S1="0",

for(int kk = 0; kk<30; kk++){
ComPort1->WriteStr(S1);
ComPortl->ReadSte{Stel, 1), //1HHITHIITHITHITT
Memo1->Lines->Add(IntToStr(kk)+"\t"+Str 1 );,/////i1H1H}
¥

ComPort]->Close();

iflmem = 1}{
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datal[num] = 44;.
data2[num] =i;
num+=1;

1i=0;

}

}
-

void __ fastcall TForml::Button11Click(TObject *Sendcer)

{
if(datal[0] !=0)
xx *MyThreadl = new xx(False);

}
/" -

void __ fastcall TForml::Timer2 Timer{TObject *Sender)

{

ComPort1->WriteStr(S1);

ComPort1->ReadSte(Strl, 1),/ HHTIITTIIIIHTHT
Memo1l->Lines->Add(IntToStr{k)+"\t"+Strl); /T
k++;
}

/"

void _ fastcall TForml::Button13Click{TObject *Sender)
{

ComPort] ->ShowSetupDialog();
Memo1->Clear().//IIHHITTHTINIIIITTTIIIITTINT

}
I

void __ fastcall TForm1::Button10Click(TObject *Sendcr)

{
iflmem=—=0){
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mem = 1;
1=0;

Buttonl]->Enabled = true;

}

elsef
mem = 0;
num = {;
1i=0;

for(int kk = 0; kk<200; kk++){
datal[kk] = 0;
data2[kk] = 0;

}

Buttonl1->Enabled = false;

{f
void __fastcall TFormi::Button1Click(TObject *Sender)
{
if{SaveDialogl->Execute()){
ImageEnVideoViewl->RecFileName = SaveDialogl->FileName; //"C://Capture.avi”;
ImageEnVideoViewl->RecAudio = true;
ImageEnVideoView1->RecFrameRate = 30;
ImageEnVideoView1->StartRecord();
Buttonl->Enabled = false;

Button14->Enabled = true;

1 -
void __fastcall TForm1i::Button14Click(TObject *Sender)
{
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ImageEnVideoView!->StopRecord();
Buttonl->Enabled = true;
Buttonl4->Enabled = false;

}
" -

void __fastcall TForm1::Button8MouseDown(TObject *Sender,
TMouseButton Button, TShiftState Shift, int X, int Y)
{
ComPort1->Open();
S1="a";
for(int kk = 0; kk<30; kk++){
ComPort]->WriteStr(S1);
ComPort1->ReadSte(Stel, 1) /11110
Memo1->Lines->Add(IntToStr(kk)+"\t"+Strl /1111111
}

Timer2->Enabled=True;

}

void __fastcall TForm1::Button8MouseUp(TObject *Sender,
TMouseButton Button, TShiftState Shift, int X, int Y)

{

Timer2->Enabled = false;

ComPort]l->Close();

}
S ——

void _ fasteall TForm1::Button9MouseDown(TObject *Sender,
TMouseButton Button, TShiftState Shift, int X, int Y)

{
ComPortl->Open();
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S1="b";

for(int kk = 0; kk<30; kk++){
ComPort]->WriteStr(S1);
ComPortl->ReadStr(Strl,1); /T
Memol->Lines->Add(IntToStr(kk)+™\t"+Str 1 ):///11H11111HTT
}

Timer2->Enabled=True;

}
" N ——

void _ fastcall TForml::Button9MouseUp(TObject *Sender,
TMouseButton Button, TShiftState Shift, int X, int Y)

{

Timer2->Enabled = false;

ComPort1->Close();

}
1" -

#inchude <vcl.h>

#pragma hdrstop

#include "frm_tm_xx.h"
#include "frm_tm.h"
#pragma package(smart_init)
void _ fastcall xx::Execute()
{
/f---- Place thread code here -~~~
Form1->ComPortl->Open();
T
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Forml->Timer!->Enabled=True;
while(Form1->i != 429)////Edit here na ja honey{(time(ms))
{
Form1->ComPort1->WriteStr("3");
Form1->ComPortl->ReadStr(Form1->Strl, 1,/
Formi->Memol->Lines->Add(IntToStr{Form1->i+"\t"+Form1->Str1 },///////{//
}
Form1->Timerl->Enabled=false;
Forml->i=0;
T
for (int kk = 0; kk < ((Form1->num}); kk++){
if (Forml->datal[kk] == 11){
/MDown = True
Forml->Timerl->Enabled=True;
//Form1->Label2->Caption ="11";
while(Form1->i != Form1->data2[kk])
{
Form1->ComPort1->WriteStr("1");
Form1->ComPort1->ReadStr{Form 1->Stel, 1),/
Forml->Memol->Lines->Add(IntToStr{Form1->i)+"\"+Form1->Str1);//////{1l
3
Form1->Timerl->Enabled=false;
Forml->1 = (;
}
if (Form1->datal[kk] — 22){
/Left H= True
Forml->Timerl->Enabled=True;
//Forml->Label2->Caption = "22";
while(Forml->i '= Forml->data2[kk])

{
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Form1->ComPort1->WnriteStr{"3");
Form1->ComPortt->ReadSt(Form1->Stel, 1)/
'Form1—>Memol->Lines->Add(IntToStr(Form1->i)+"\t"+Fon'n1 =>8trl )T
}
Form1->Timerl->Enabled=false;
Forml->1=0;
}
if (Form1->datal[kk] == 33){
/Up = True
Form1->Timer]->Enabled=True;
//Form1->Label2->Caption = "33";
while(Form1->i '= Form1->data2[kk])
{
Form1->ComPort1->WriteStr{"2");
Form1->ComPort1->ReadSte{Form1->Ste 1, 1 y:/(HHHHTTHTIINETTT
Form1->Memol->Lines->Add(IntToStr{Form1->i)+"\t"+Form 1 ->Str1);//////11/
}
Form1->Timerl->Enabled=false;
Forml->1=0;
}
if (Form1->datal[kk] == 44){
//Right H= True
Form1->Timerl->Enabled=True;
#/Form1->Label2->Caption = "44";
while(Form1->i != Form1->data2[kk])
{
Form1->ComPort1->WriteStr{"4");
Form1->ComPort1->ReadSte(Form1->Str 1, ;400

Forml->Memol->Lines->Add(IntToStr{Form1->i)+"\t"-+Form1->Str1);//////////

}
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Form1->Timer1->Enabled=false;
Forml->i =0;
}
}
Forml->81="0";
for(int kk = 0; kk<30; kk++){
Form1->ComPort1->WriteStr{Form1->81);
Form1->ComPort1->ReadSte(Form1->Stel, 1),/
Form1->Memol->Lines->Add(IntToStr{kk)+"\t"+Form 1->Str1 );//////11]]

}
Form1->ComPort]->Close();

}
/"
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LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The 1.M324 series are low—cost, quad operational amplifiers with
true differential inputs. They have several distinct advantages over
standard operational amplifier types in single supply applications. The
quad amplificr can operate at supply voltages as low as 3.0 V or as
high as 32 V with quiescent currents about one-fifth of those
associated with the MC1741 (on a per amplificr basis). The common
mode input range includes the negative supply, thereby eliminating the
necessity for external biasing components in many applications. The
output voltage range also includes the negative power supply voltage.

Features

Shornt Circuited Protected Outputs

True Differential Input Stage

Single Supply Operation: 3.0 V1032V

Low Input Bias Currents: 100 nA Maximum (LLM324A)

Four Amplifiers Per Package

Internally Compensated

Common Mede Range Extends to Negative Supply

Indusiry Standard Pinouts

ESD Clamps on the Inputs Increase Ruggedness without Affecting
Device Operation

Pb—Free Packages are Available*

® NCV Prefix for Automotive and Other Applications Requiring Site
and Control Changes

“For additional information on our Pb—Free strategy and soidering details, please
download the ON Semiconductor Soldering and Mounting Technigues
Reference Manuai, SOLDERRM/D.

. . -
€ Semkonductor Components Indushies, LLC, 2005 1
September, 2006 - Rev. 19

ON Semiconductor®

http://fonsemi.com

PDIP-14

N N SUFFIX
CASE 646
y
14 \ﬁ D SUFFIX
i
1

CASE 751A

TSSOP-14
DTB SUFFIX
CASE 948G

PIN CONNECTIONS

out1[1] = [14] Out 4
Inputs 1 {gbj g} Inputs 4

Voo [ [11] Vgg, GND
ms{E]% [@g } a3
out2[7] 8] Ou3
{Tep View)

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 10 of this data shest.

DEVICE MARKING INFORMATION

See genecral marking information in the device marking
section on page 12 of this data sheet.

Publication Qrder Number:
LM324/D




LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

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

Rating Symbol Value Unit
Power Supply Voltages Vdc
Single Supply Ve 32
Split Supplies Vee, VEE 116
input Differential Voltage Range (Note 1) Vior +32 Vde
Input Common Mode Voltage Range VicR -0.3t032 Vdc
Output Short Circuit Duration tsc Continuous
Junction Temperature (Note 2} Ty 150 °C
Thermal Resistance, Junction-to-Air (Note 3) Case 646 Raya 118 °Ciw
Case 751A 156
Case 948G 190
Storage Temperature Range Tstg -65to +150 °C
ESD Protection at any Pin Vesd v
Human Body Model 2000
Machine Model 200
Operating Ambient Temperature Range Ta °C
LM224 -25to +85
LM324, 324A b to +70
LM2802 -40 to +105
LM2902V, NCV2902 {Note 4} -4010 +125

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normal operating conditions) and are not valid simultanecusly. If these fimits are exceeded, device functional operation is not implied,

damage may occur and reliability may be afiected.
1. Split Power Supplies.

2. For supply voltages less than 32 V, the absolute maximum input voltage is equal to the supply voltage.

3. All Rpya measurements made on evaluation board with 1 oz. copper traces of minimum pad size. All device outputs were active.

4. NCV2902 is qualified for automitive use.

http://onsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vcg=5.0V, Vge = GND, T4 = 25°C, unless otherwise noted.)

Characteristics

Symbol

tM224

LM324A

LM324

LM2902

LM2902VINCV2902

Min

Typ

Max

Min

Typ

Max

Min

Typ

Max

Typ

Min | Typ | Max

Unit

Input Offset Voltage
Vee 2 50V1030V
Vicr=0Vto
Vec =17V,
Vo=14V Rg=0Q
Ta=25°C
Ta = Trigh (Note 5)
Ta = Tipw {MNote 5)

Vio

20

5.0
7.0
7.0

20

3.0
50
5.0

2.0

r.0
9.0
9.0

2.0

7.0
10
10

7.0
13

mv

Average Temperature
Coeflicient of Input
Oftset Vdltage

Ta = Thigh '© Tiow
(Notes 5 and 7}

AVio/AT

7.0

7.0

30

7.0

7.0

pvPC

Input Offset Cumrent
Ta = Thigh 1 Tiow
(Nate 5)

ho

3.0

30
100

5.0

30
75

5.0

50
150

50

50
200

50
200

nA

Average Temperature
Coefficiant of Input
Oftset Current

Ta = Trigh 10 Tiow
(Notes 5 and 7)

Alg/AT

10

10

300

10

10

Input Bias Current
Ta® Th'm 10 Tiow
(Note 5)

-150

=100
-200

=250

-250

Input Common Mode
Vottage Range
{Note &)

Ve =30V

Tp = +25°C

Ta= T@., 10 Tiny
[Note 5}

Vicr

28.3
28

28.3
28

28.3
28

24.3
24

243
24

Differential input
Voltage Range

ViDr

Voo

Vee

Ve

Vee

Vee

Large Signal Open
Loop Voltage Gain
Ry = 2.0 kg2,
Voo =15V,
for Large Vo Swing
Ta= Th'gh 10 Tigw
(Note 5}

Ayor

25

100

25

100

25

100

25

100

25 100 -

15 - -

vimv

Channel Separation
10kHz << 20 kHz,
Inpul Refarenced

C§

-120

-120

~120

- -120 -

dB

Common Modse
Rejection,
Rg £ 10 k€2

CMR

70

85

65

70

65

n

70

70 -

dB

Power Supply
Rajection

PSR

65

100

65

100

85

100

100

50 100 -

d8

5. LM224; Ty = ~25°C, Tign = +85°C

LM324/LM3I24A; Ty, = 0°C, Thigp = +70°C
LM2902: Tigw = —40°C, Thigh = +105°C
LM2902V & NCV2902: Tiow
NCV2902 is qualified for automotive use.
6. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vg —1.7 V, but either or both inputs can go to +32 V without damage, independent of the magnitude

of Ve

7. Guaranteed by design.

-40°C, Thigh = +125°C

http:/fonsemi.com
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LM324, LM324A, LM224, LM2902, L M2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vec =50V, Vie = GND, Ta = 25°C, unless otherwise noted.)

Lm224 LM324A LM324 LM2902 LM2Z802VINC Y2902

Characteristics Symbol | Min | Typ | Max [Min | Typ | Max | Min Typ | Max | Min | Typ { Max [ Min | Typ Max | Unit

Output Voltage - VoH v
High Limit
{(Ta = Thigh to Tiow)
{Note B)
Vec=50V.R_ = 33 | 35 - 33 | 35 - 33| 35 - 33| 35 - 33| 35 -
2.0 k§2, Tp = 25°C
Voo =30V 26 - - | 26 - - |= - - |22 - - | 22 - -
Ry =2.0kQ
Voo =30V 27 | 28 - |27 | 28 - |z | 28 - |23 | 24 - |23 | 24 -
RL=10xQ

Output Voltage - Vou - 5.0 20 - 5.0 20 - 50 20 - 50 100 - 5.0 100 mv
Low Limit,
VCC =50 V.
R =10k,
TA = Thigh t0 Tiow
{Note 8)

Output Source Current los mA
(Vip = +1.0V,
Voo = 15V)
Ta=25°C 20 40 - 20 40 - 20 40 - 20 40 - 20 40 -
Ta = Thigh 1o Tigw 10 20 - 10 20 - 10 20 - 10 20 - 10 20 -
{Note 8)

Output Sirk Current Ig- ‘ A
Vp=-10V, 10 20 - 10 20 - 10 20 - 10 20 - 10 20 -
Ve =15 V)
Ta = 25°C
Ta = Thigh t0 Tiow 5.0 8.0 - 5.0 8.0 - 5.0 B.0 - 5.0 8.0 - 5.0 8.0 -
{Note 8)
Mp+==10V, 12 50 - 12 50 - 12 50 - - - - - - - pA
Vo =200 fTIV,
TA = 25°C)

QCutput Short Cincuit Isc - 40 60 - 40 60 - 40 60 - 40 60 - 40 60 mA
to Ground
{Note 9)

Power Supply Current lec mA

{Ta = Thign to Tigw)
{Note 8)

Veg =30V - - 3.0 - 1.4 3.0 - - 3.0 - - 3.0 - - 3.0
Vos0V.R =0

Voo =50V, - - 1.2 - a7 12 - - 1.2 - - 1.2 - - 1.2
Vo=0V,R ==

8. LM224: Tigw = —25°C, Thigh = +85°C
LM324/LM324A: Tg, = 0°C, Trigh = +70°C
LM2902: Tiow = —40°C, Thlgh = +105°C
LM2902V & NCV2902: Tigw = -40°C, Thigh = +125°C
NCV2902 is qualified for automolive use.

9. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode valtage range is Ve —1.7 V. but either or both inputs can go to +32 V without damage, independent of the magnitude
of Vcc.

http://onsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Bias Circuitry
Common to Feur
Cutput Amplifiers
o
" o . _ ov
- 015 .0 : E c
o= | Ry{om | (02 |
13 Kl [
a0k ! |
Qi1g X |
‘ ( | |
5.0 pF
%3 402 }
+ I I
I i
| |
r\an I I
—{as )
| [
Qs | 07 L, } Q25 I
af 24k 3|1
a8 I?10 I I
Q26 rl j 20k I |
! . + + * | O Vee/GND

Figure 1. Representative Circuit Diagram
{One-Fourth of Circuit Shown)
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

CIRCUIT DESCRIPTION

The LM324 series is made using four internally
compensated, two-stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single cnded converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differentizl to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

IRERITUEUE SN T

it Ny teaa
LB LB N B S At e m

[

4=
-
ey

1.0 VDIV

.
LA NEARRELIARAFr =LERIARERERDAS

5.0 usDIV
Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving cach amplifier good temperature characteristics as
well as excellent power supply rejection.

30Vt Vcc(max) Veo
———= Ve o o L
O l o o = 15Vt Vcc(maﬂ
o o .
¢ 2 o ©
© o
o Ho
p 3 -0 o =
o ==
g ’4‘/ o pl b o 1.5 V10 VEE(max
VeEE ?—J
Single Supply = Vee/GND Split Supplies
Figure 3.
70 70
60 - 80
™ Phase Margin
\\

— - o
@ ( 50 <
=) P
z N o 9
Q N =
< 2
= 30 ]
= . ] z
g 20 ‘ Gain Margin 0

10 | S0 10

a i}
1.0 10 1000 10000

LOAD CAPACITANCE (pF)

Figure 4. Gain and Phase Margin
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1, INPUT VOLTAGE (V)

VoR, OUTRUT VOLTAGE RANGE (Vyp)

Ices POWER SUPPLY CURRENT (ma)

LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

20
120
i _ LN
= 100 < Veg=15V
. 2 iz N o0
14 ~ v 55 g Ta = 25°C
. P Nl
12 - g N
VP o G E g
10 ive o’ ‘/ 4 g g SN
8.0 Negalve ¢ = a a0 &
‘/// Pasitive 58 t
6.0 v < O ™
A z 2
40 v i ™
2ol A S g .
0 -20
0 20 40 60 80 10 12 14 16 18 20 1.0 10 100 1.0k 10k 100k 10M
1 Voo/Vge, POWER SUPPLY VOLTAGES (V) f, FREQUENGY (Hz)
Figure 5. Input Voltage Range Figure 6. Open Loop Frequency
14
lL | QI | 550
L=20k
12 \ Vog =15V 5 50
A Vee - GND < Input
10 Gain = -100 & S
\ Ri=1.0kQ S s00 Qutput Fay
8.0 Re = 100 kS g ' /
5 350
60 E o \ A
S \ [~
A
10 AN 5 250 \7 Voe =30V
N Vee = GND
20 1 200“ Ta = 25°C
0 ‘ UL CL=50pF
10 10 100 1000 0 10 20 30 40 50 60 70 80
f, FREQUENCY (kHz) t, TIME (ps}
Figure 7. Large~Signal Frequency Response Figure 8. Small-Signal Voltage Follower
Puise Response (Noninverting)
21 Ty =25°C
Ry = = T %N
1.8 = —
z ""\
15 & M,
c__:’ \
1.2 o
0.9 g B0
=
0.6 z
=
03 2
0 70
0 50 10 15 2 5 ki 35 0 20 40 60 80 10 12 14 16 18 20

Voo, POWER SUPPLY VOLTAGE (V)

Figure 9. Power Supply Current versus
Power Supply Voltage

hitp://onsemi.com
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Voo, POWER SUPPLY VOLTAGE (V)

Figure 10. Input Bias Current versus
Power Supply Voltage



LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Voo
; ‘_".Vo
MC1403 |
vo=25v (14 &)

Figure 11. Voltage Reference

< —
3%
,

T:n

ap=C {1 +a+b)(ep-6y)

Figure 13. High Impedance Differential Amplifier

50k
——AM————

Figure 12. Wien Bridge Oscillator

R2
Hysteresis
Vou I‘ I >
R1
me O Vo |
O——8 I
Vi 0 VO I
“ Vou v Ty
inL I inH
R
Vil= Fra e VoL - Vret) + Vet Viel

R1
Vin= gy, pp  (YOH = Vreth + Vrel

Ri
H=Rivre Mon-Vo)

Figure 14. Comparator with Hysteresis

N 1
' 100 k lo="%RC
——]— € A R1= QR ;
Vin C|E1 R2 c C o < % Viet= 5 Veo
) BP
104 oy
LM324 WA, 100k —
+ iy
> O Ci1=10C
Vief 0 For: 1, = 1.0 kHz
v Q=10
Bandpass rel
Vit L Qutput .R.?. Tgp =1
2RI YW Ty =1
‘Evz\r 1 Ci
i€ ®Notch Quipt A = 160kQ
0 C =0.001pF
R1 = 1.6 MQ
Viet Where: Tgp = Center Frequency Gain A2 = 1.6MQ
Ty = Passbhand Nolch Gain R3 = 1.6 MQ
Figure 15. Bi-Quad Fliter
sl L L] " B
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

1 .
V==V, Triangle Wave R2
B Output ¢ —V
300
Viat O R3
75k
» O—g—=8
Al o Square
It 100k Wave Vin
]é' . Viet Output
Ry
_Ri+Re __R2R1
" 4CRR1 "R2+ R

Figure 16. Function Generator
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A1

Figure 17. Multiple Feedback Bandpass Filter

Given: 1, = center frequency
Afls) = gain at center frequency

Choose value I, &

] e
Then: HR3= 74C
R3
n1=—2AM
A1 A3
Hz'mﬂm-na

0ot

BwW

For less than 10% ermor from operational amplifier, <04
where f, and BW are expressed in Hz.

It source impedanca varies, fiter may be preceded with
voltage dollower bulfer to stabilize filter parameters.



LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ORDERING INFORMATION

Device Operating Temperature Range Package Shipping?
LM224D SOIC-14 55 Units/Rail
LM224DG SCIC-14 55 Units/Rail
(Pb-Free)
LM224DR2 SCIC-14 2500 Tape & Reel
LM224DR2G SQIC-14 2500 Tape & Reel
(Pb-Free)
LM224D7TB ~25°C to +85°C TSS0OP-14" 96 Units/Rail
LM224DTBG TSSOP-14* 96 Units/Rail
LM224DTBR2 TSSOP-14" 2500 Tape & Reel
LM224DTBR2G TSSOP-14" 2500 Tape & Reel
LM224N PDIP-14 25 Units/Rail
LM224NG PDIP-14 25 Units/Rail
{Pb—Free}
LM324D SCIC-14 55 Units/Rail
LM324DG SOIC-14 55 Units/Rail
(Pb-Free)
LM324DR2 SOIC-14 2500 Tape & Reel
LM324DR2G SOIC-14 2500 Tape & Reel
(Pb-Free)
LM324DTB TSSOP-14" 96 Units/Rail
LM324DTBG TSSOP-14" 96 Units/Rail
LM324DTBR2 TSSOP-14* 2500 Tape & Reel
LM324DTBR2G TSS0OP-147 2500 Tape & Reel
LM324N PDIP-14 25 Units/Rail
LM324NG PDIP~14 25 Units/Rail
{Pb—Free)
0°C to +70°C
LM324AD SOIC-14 55 Units/Rai
LM324ADG SQIC-14 55 Units/Rail
(Pb-Free)
LM324ADR2 SOIC-14 2500 Tape & Reel
LM324ADR2G S0IC-14 2500 Tape & Reel
{Pb-Free)}
LM324ADTB TSSOP-14* 96 Units/Rail
LM324ADTBG TSSOP-14" 96 Units/Rail
LM324ADTBR2 TSSOP-14* 2500 Tape & Reel
LM324ADTBR2G TSSOP-14* 2500 Tape & Reel
LM324AN POIP-14 25 Units/Rail
LM324ANG PDIP-14 25 Units/Rail
(Pb—Free}

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Ree! Packaging
Specifications Brochure, BRDB011/D.
*This package is inherently Pb-Free.

http://onsemi.com
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LM324, LM324A, LM224, L M2902, LM2902V, NCV2902

ORDERING INFORMATION (continued)

Device Operating Temperature Range Package " Shippingt

LM2902D SOIC-14 55 Units/Rail

LM2902DG S0IC-14 55 Units/Rail
{Pb~Free)

LM2902DR2 S0IC-14 2500 Tape & Reel

LM2902DR2G SOIC-14 2500 Tape & Ree!
(Pb-Free)

LM2902DTB -40°C to +105°C TSSOP-14* 96 Units/Rail

LM2902DTBG TSSOP-14* 96 Units/Rail

LM2902DTBR2 TSSOP-14* 2500 Tape & Reel

LM2902DTBR2G TSSOP-14* 2500 Tape & Reel

LM2902N PDIP-14 25 Units/Rail

LM2902NG PDIP-14 25 Units/Rail
(Pb-Free)

LM2902VD S501C-14 55 Units/Rail

LM2902VDG SCIC-14 55 Units/Rail
{Pb~Free)

LM2902VvDR2 SOIC-14 2500 Tape & Reel

LM2902VDR2G S0IC-14 2500 Tape & Reel
{Pb-Free)

LM2902VDTB TSSOP-14* 96 Units/Rail

LM2902vDTBG TSSOP-14" 96 Units/Rail

LM2902VDTBR2 -40°C to +125°C TSSOP-14* 2500 Tape & Reel

LM2802vDTBR2G TSSOP-14* 2500 Tape & Reel

LM2902VN PDIP~14 25 Units/Rail

LM2902VNG PDIP-14 25 Units/Rait
(Pb-Free)

NCV2802DR2 SOIC-14 2500 Tape & Reel

NCV2902DR2G SOIC-14 2500 Tape & Reel
(Pb-Free)

NCV2902DTBR2G TSSOP-14* 2500 Tape & Ree!

tFor information on tape and reel specifications, including part orientation and lape sizes, please refer to our Tape and Reel Packaging
Speciflications Brochure, BRD8011/D.
*This package is inherently Pb-Free.

http://lonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902
MARKING DIAGRAMS

PDIP-14
N SUFFIX
CASE 646

14 14 14 14

LM324AN
O AWLYYWWG

LMx24N
C AWLYYWWG

LM2902N
O AWLYYWWG

LM2902VN
O AWLYYWWG

1 1 ] 1
S0IC-14
D SUFFIX
CASE 751A
14HHHHHHH 14 14HBHHHBB 1dﬂﬂﬂﬂﬂﬂﬁ
LM324ADG LMx24DG LM2902DG LM2802VDG "
o AWLYWW o AWLYWW o AWLYWW o AWLYWW

LR EER ULEREER TRERELLE TEERELRR

TSSOP-14
DTB SUFFIX
CASE 948G
14 14 14 14
AAREARA EABEARA HEAEAR
x24 324A 2902 2902
v
AWYWe AWYWe AWYWs AWYWs
Qo . o . Qo o =
LELEL] LLLELLES LELL
1 1 1 1
X = 2or3 *This marking diagram also applies to NCV2902.
A = Assembly Location
WL = Wafer Lot
YY,Y = Year
WW, W = Work Week
G = Pb-Free Package
L] = Pb-Free Package — (Note: Microdot may be in either location)

http:/fonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

PACKAGE DIMENSIONS

PDIP-14
N SUFFIX
CASE 646-06
ISSUE N

FAW LWL LWL

14 8

@)
TATATATATATAT

- A

et gty =t

—o|Fl— L
i
—
Y

I~

o " ;

&[5 05 [@)

SEATING
PLANE

—=H G

501C-14
D SUFFIX
CASE 751A~03
ISSUE G
“O AR HAHAC T
I=B=] p7p
o l|$| 0.25 0.010)®[ B ®]

—-|G|¢— ¢ Rx45°—7
== ==t
—-”4— D 14FL KL {j

[&]o25 po10)@] 1] 8 @2 G|

J
SEATING M
PLANE
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1.
2
3.

4.

HNOTES:

DAMENSIONING AND TOLERANCING
PER ANSI ¥14.5M, 1982,

. CONTROLLING DIMENSION: INCH.

DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.
DIMENSION B DOES NOT INCLUDE
MOLD FLASH,

§. ROUNDED CORNERS QOPTIONAL.
INCHES MILLIMETERS

DIM| MIN MAX MIN MAX

A l0?15 | 0770 | 1816 | 18.80
B 0.240 1 9.260 6.10 6.60_|
€ {0145 | 0,185 3.69 4.69
D | 0015 | 0,021 038 98
F 0.040 | 0.070 1.02 1.78
G 0.100 BSC 2.54 BSC

H | 0.052 | 0,095 1,32 2.41

J_) 9008 | 0015 2.20 0,38
K ] 0315 | 0.135 2.92 3.43

L 0.290 | 0.310 7.37 71.87
M hbtnd 10° e 19°
N ] 0.015 | 0.039 0.38 1.01

NOTES:
1. DIMENSIONING AND TOLERANCING PER

A oww

o

ANSIY14.5M, 1682,

CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.

DIMENSION D DOES NOT INCLUDE
DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.127
(0.005) TOTAL IN EXCESS OF THE D
DIMENSION AT MAXIMUM MATERIAL
CONDITION.

MILLIMETERS INCHES
om| MiN_| MAX | MIN | MAX
A 856 | 8756 10337 |0.344
B } 380 | 400 {0.150 [0.157
[} 135 1,75 | 0.054 |0.068
D 035 ] 049 10014 10019
E 640 | 1.25 0016 |0.049
[+] 127 BSC D050 BSC
J | 619 | 0.25 0.008 [0.008 |
K { 010 | 0.25 Jo.o04 j0.008
M a® 7° o° 7°
p ! 580 | 520 10228 10244
R1 025 050 Fooip 0019




LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

PACKAGE DIMENSIONS

TSSOP-14
DTB SUFFIX
CASE 948G-01
ISSUE A

14x K REF

[a]o15 wosf T ® _'“'—H’l 0.10 .00 T U B[ V]
ﬁ AAAA0 H _{ " S

m

f" b e

DETAIL E

[o]o1s po]T[UO] | A s

1

iec

{
S )

£]0.10 (0.004) —
-‘LI:IW, D_I T ——IGL— ——I H DETAIL E

NOTES:
1.

DIMENSIONING AND TOLERANCING PER
ANSIY14.5M, 1982,

2. CONTROLLING DIMENSION: MILLIMETER.
kR

DIMENSION A DOES NOT INCLUDE MOLD
FLASH, PROTRUSIONS OR GATE BURRS,
MOLD FLASH OR GATE BURRS SHALL NOT
EXCEED 0,15 {0,006} PER SIDE.

. DIMENSION B DDES NOT INCLUDE

INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL
NOT EXCEED 0.25 (0.010) PER SIDE.

. DIMENSION K DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 {0.003) TOTAL
IN EXCESS OF THE K DIMENSION AT
MAXIMUM MATERIAL CONDETION.

. TERMINAL NUMBERS ARE SHOWN FOR

REFERENCE ONLY.

. DIMENSION A AND B ARE TO BE

DETERMINED AT DATUM PLANE -W-,

MILLIMETERS _ INCHES
ma[ MIN | MAX | MIN | MA
480 | 510 [0.193_}0.200
4,30 4.50 |0.169 10.177
-— | 120 ——- [opa7
005 | 0.15 [0.002 [0.008
6,50 | 0.75 ]0.020 10,030
0.65 BSC 0.026 BSC
0.50 | 060 [0.020 [0.024
208 1 020 [0.004 [0008
0.0% 0.16_}0.004 |0.006
018 | 0.30 [0.007 |0.012
019 1 0225 [9.007 {0,010
6.40 BSC 0.252 BSC
o] el o°[ &°

[

:

zi-El=slzleomolome

ON Semikconductor and m are registered trademarks of Semicondudor Componems Indusiries, LLC {SCR1C). SCILLC resarves the righl to make changes without lurther notice
1o any products herein. SCILLC makes no warmanty. representation or guarantee regarding the suttablity of #a products for any panicular purpose, ner dogs SCILLC assuma any liabliity
arising out of the application or use of any product or circull, and specifically disciaims any and afl ieblity, Including without limitation spedial, consequentlal or incidental damapes.
*Typical” paremeters which may be previded in SCILLC data shegts and/or specifications can anc do vary in different applications and eclual performance may very ovar time. All
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PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT. N. Amarcan Technlcal Suppart: 800-282-9855 Tl Frea
Litereture Distribution Center for ON Semicanductor USA/Canada

P.Q. Box 81312, Phoenix, Arizona 85082-1312 USA

Phone: 480-828-7710 or 800~344~3860 Toll Free USA/Canada Japan: ON Semiconductor, Japan Customer Focus Center
Fax: 480-829-7709 or B00—344-3867 Toll Free USA/Ceanada 2-9=1 Kamimeguro, Megura=ku, Tokyo, Japan 153-005%
Emall: orderl{@@onsemi.com Phone: 81-3-5773-3850

ON Semkonductor Website: htip2fonsemi.com
Order Literatura: hitp/iwww.onsemicomiltordar

For additionai Information, please contact your
local Sales Representative.
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+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line driversfreceivers is
ilended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particufarly applications where +12V is
nct available.

These parts are especially useful in baitery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than S5pW. 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 Netwarks

N AXI/WV

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)

4+ Meet All EIA/TIA-232E and V.28 Specifications
4 Muitiple Drivers and Receivers

4 3-State Driver and Receiver Qutputs

4+ Open-Line Detection {MAX243)

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CS5E 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 10 +85°C 16 Plastic DIP
MAX220ESE -40°C {0 +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C 10 +85°C 16 CERDIP
MAX220MJE -55°C 10 +125°C 16 CERDIP

Ordering Infermation continued at end of data sheet.
*Conlact factory for dice specifications.

Selection Table

Power Ho. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Active in Data Rate
Number [\4) Drivers/Rx_Exi. Caps _(uF) State SHDN _ {kbps) Features
MAX220 +5 22 4 0.1 No — 120 Ultra-low-power, industry-standard pinout
MAX222 +5 2/2 4 5] Yes — 200 Low-power shutdown
MAXZ23 (MAX213) +5 4/5 4 1.0{0.1} Yes v 120 MAX 241 and receivers active in shutdown
MAX225 +5 55 0 — Yes v 120 Available in SO
MAXZ30 (MAX200) +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5and 212 2 1.0{0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0+13.2 same functions as MAX232
MAXZ32 (MAX202) +5 22 4 10{0.1) No — 120 (64) Indusiry standard
MAX232A +5 212 4 0.1 No o 200 Higher slew rale, small caps
MAX233 (MAX203} +5 242 Q - No —_ 120 No external caps
MAX233A +5 212 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 (MAXZ206) +5 43 4 1.0(D.1} Yes — 120 Shuidown, three state
MAX237 (MAX20T) +5 53 4 1.0 (0.1} No -— 120 Complaments IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1} Mo - 120 Replaces 1488 and 1489
MAX239 (MAXZ209} +5and 315 2 1.0{0.1} N — 120 Standard +5/+ 12V or battery supplies;
+7.510 +13.2 single-package solution for IBM PC serial port
MAX240 +5 515 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 45 4 1.0(G.) Yes — 120 Complete IBM PC serial port
MAX242 +5 22 4 0.1 Yes v 200 Separale shutdown and enable
MAX243 +5 212 4 0.1 No — 200 Opaen-line detection simplifies cabling
MAXZ44 +5 810 4 1.0 No —_ 120 High slew rate
MAX245 +5 8/10 0 - Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8110 0 — Yes v 120 High slew rate, int. caps, three shuidown modes
MAX247 +5 8/9 0 —_ Yes v 120 High slew rate, int, caps, nine cperating modes
MAX248 +5 8/ 4 1.0 Yes v 120 High slew rate, selective halfchip enables
MAX249 +5 6/10 4 1.0 Yes v 120 Available in quad flatpack packags
MNMAAXI N Maxim integrated Products 4

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-0CCXVIN



LIl o VA Y 7 L oV V.V " i~y

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

Supply Voltage (VoE) e -0.3V {0 +6V
Input Voltages

TINevveines eneeen=0.3V 10 (Vi - 0.3V)

RiN (Except MAX220) ..ot +30V

RIN{MAX220). ..o .25V

TouT (Except MAX220) (NOte 1) ..o 2 15V

TOUT IMAX220) ... ceeiiisee s, +13.2V
Qutput Voltages

TOUT v eeestreeesee e et et e e sttt a e s b e bbb e e b +15V

Rour.. e n-03V 1O (Voo + 0.3V)

Driver/Receiver Output Short Circuited to GND..........Continuous
Contiruous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP {deraie 10.53mW/°C above +70°C}..,.842mw
18-Pin Plastic DIP {derate 11.11mW/*C above +70°C}....889mwW

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO {derate 8.70mW/C above +70°C)...696mwW
16-Pin Wide SO (derate 9.52mwW/°C above +70°C)......762mwW
18-Pin Wide SO {derate 9.52mw/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mwW
20-Pin SSOP (derate 8.00mwW/C above +70°C) ......... 640mw
16-Pin CERDIP (derate 10.00mwW/C above +70°C).....800mwW
18-Pin CERDIP (derate 10.53mW/C above +70°C)....842mW
Operating Temperature Ranges
MAX2_ _AC_ _ MAX2_ _C_ ., 0°C to +70°C
MAX2_ _AE_ _ MAX2_ _E__ ... -40°C 10 +85°C
MAX2_ _AM_ _, MAX2_ _M__ ..-55°C to +125°C
Storage Temperature Range .........
Lead Temperature (soldering, 108} .......cccinviiiiiiiniinnnnn, +300°C

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

Slresses beyond those listed under "Absoiute Maximum Ratings” may cause permanent damage (o the device. These are stress ratings only, and functional
operation of the device at 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 devica reliabilily.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

(Voo = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047pF, C2-C4 = 0.33uF, Ta = TMmIN to Tamax, uniess otherwise noted.}

PARAMETER | CONDITIONS | MIN  TYP  MAX | UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 +8 v
Input Logic Threshold Low 1.4 0.8 \
Input Logic Threshold High All devices except MAX220 2 i4 v
MAX220: Vo = 5.0V 2.4
. All except MAX220, normal operation 5 40
Logic Pull-Upfinput Current SHON = OV, MAX222/242, shutdown, MAX220 001 =1 | ™
Output Leakage Current Voo = 5.5V, SEDN = 0V, VouT = 215V, MAX222/242 +0.01 +10 UA
Voo = SHDN = oV, VouTt = 215V +0.01 +10
Data Rate 200 116 kbps
Transmitler Output Resistance Voo =V+ = V-= 0V, Vour = 22V 300 10M Q
Output Short-Circuit Current VouTt = 0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 A
RS-232 Input Threshold Low Voo =5V All except MAX243 R2in 0.8 13 Y
MAX243 R2my (Note 2) -3
. All except MAX243 R2|N 1.8 2.4
RS-232 Input Threshold High Voo =5V MAX243 Fops (Nowo 2) NG o v
RS-232 Input Hysteresis All except MAX243, Vo = 5V, no hysteresis in shdn. 0.2 0.5 1 v
MAX243 1
RS-232 Input Aesistance 3 5 7 k{2
TTL/CMOS Output Voltage Low louT = 3.2mA 0.2 0.4 v
TTL/CMOS Qutput Voltage High logut = -1.0mA 35 Veg-02 Vv
TTL/CMOS Output Short-Circuit Current Sou‘rC|‘ng Voyr = GND 2 10 mA
Shrinking Vour = Vcg 10 30
2 N AX)V




+5V-Powered, Multichannel RS-232
Drivers/Receivers

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

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Vi or EN = Ve (SEON = OV far MAX222),
TTL/CMOS Output Leakage Current OV < VoUuT € Voo +0.05 +10 pA
EN Input Threshold Low MAX242 1.4 0.8 v
EN Input Threshold High MAX242 2.0 1.4 v
Operating Supply Voltage 45 55 v
MAX220 05 2
No {oad
Vee Supply Current (SHON = Vee), MAX222/232A/233A/242/243 4 10 A
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°Cio +70°C 2 50
Shutdown Supply Current MAX222/242
upply / Ta = -40°C Lo +85°C 2 50 WA
Ta =-55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 x1 WA
SHDN Threshold Low MAX222/242 1.4 0.8 v
SHDN Threshold High MAX222/242 20 1.4 %
CL = 50pF to 2500pF,
AL = 3k 10 7k, MAX222/232A233A/242{243 6 12 30
Transition Slew Rate Vee = 5V, Ta = +25°C, Vius
measured from +3V | paxooq 15 3 30
to -3Vor-3Vio +3V
MAX222/232A/233A/242/243 1.3 35
Transmitter Propagation Delay tPHLT MAX220 4 10
TLL 10 RS-232 (N 10 tion),
Foraq 202 (Normal Operation) t MAX222/232A]230AI242]243 R
PLHT MAX220 5 10
MAX222/232A/233A/242/243 0.5 1
Receiver Pfopagalion Delay tPHLR MAX220 0.6 3
RS-232 to TLL (Normal Operation), : 5
o o2 0 Tt (Normal Operation) : MAX222/232AI233NI242/243 os 1 | "
PLHR MAX220 08 3
Receiver Propagation Delay tPHLS MAX242 0.5 10 <
RS-232 to TLL {Shutdown), Figure 2 IPLHS MAX242 28 10 H
Receiver-Output Enable Time, Figure 3 | tER MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | DR MAX242 1680 500 ns
Transmitter-Output Enable Time t MAX222/242, 0.1uF caps 250 s
{SHDN Goes High}, Figure 4 o {includes charge-pump start-up) H
Transmitter-Output Disable Time
(SHON Goes Low), Figure 4 ioT MAX222/242, 0.1uF caps 600 ns
Transmitier + to - Propagation MAX222/232A/233A/242/243 300
; : tPHLT - tPLHT ns
Detay Diference (Normal Operation} MAX220 2000
Receiver + to - Propagation ; ¢ MAX222/232A/233A/242/243 100 n
Delay Difference (Normal Operation) PHLR - IPLHR MAX220 295 s
Note 3: MAX243 R20uT is guaranteed to be low when R2)y is 2 OV or is floating.
MAXEN 3

6PVCXVIN-OCCXVIN
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics
MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVAILABLE OUTPUT CURRENT MAX222/MAX242
QUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 1 H0v
T T T ]
8 IuF % ~ DUTPUT LOAD CURRENT g S 1uF CAPS b g
| E1THER V- OR V- LOADED X 10 f\ FLOWS FROM V. T0 - ¥ vt Z50 1F CAPS ;
£ a4 VooV owi_1 ¥ g | ?LFCAPS B S 1?5 ] 1
& NG LOAD ON = pT~—~] = SAON
2 2 | mansMITTER OUTPUTS Z 4 _Vepe525v 4 w
S 5 | (EXCEPT MAXZ20, MALZISN) & ) =]
Z 0ALED. N Lhas o 3 | mioaes e w
g 2 L V- LOADED, NO LOAD GN ¥+ = [~ 0.1pF Fall --\ >‘
S .4 03pF 1pF — % 6 eg= s * Vel F o
5 o et NN 1] \ —
% )__ﬁ_.:—' 5 - - \\ C1pF CAPS
e Y- T\HE y-
® z V+ LOADED, MO LOAD ON V- . . | 1
0 5 w15 W B 0 10 A N N N & S00psidiv
LOAD CUARENT (ma) DATA RATE (kbits/sec)

4 NAXIVI




+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

VT v ettt e ettt e an s -0.3V 1o +6V
{Vcc - 0.3V) to +14V

Vo e s +0.3V 10 -14V
Input Voltages
TIN cemeeeeneee et s -0.3V to (Vg + 0.3V)
RN ettt e +30V
Output Voltages
TOUT «coevveerrreesimieeincreeennieeesrreesseeee e (V+ + 0.3V) to (V- - 0.3V}
ROUT cverrmrrnvsnresrieiiernnennnnes .-0.3Y o (Voo + 0.3Y)
Shor-Circuit DUFation, TOUT -« e rnimnens Continuous

Continuous Power Dissipation (TA = +70°C)

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mwW
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
20-Pin Plastic DIP {derate 11.11mW/°C above +70°C)....889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/C above +70°C) ... 1.
24-Pin Plastic DIP (derate 9.08mW/°C above +70°C)......
16-Pin Wide SO (derate 9.52mW/*C above +70°C}........762mW

20-Pin Wide SO (derate 10 00mW/°C above +70°C)....... 800mwW
24-Pin Wide SO (derate 11.76mW/°C above +70°C)....... 94 1mw
28-Pin Wide SC (derate 12.50mW/°C above +70°C) ............ 1w
44-Pin Plastic FP {derate 11.11mW/°C above +70°C) ..... 39mw
14-Pin CERDIP (derate 8.09mW/°C above +70°C).......... 72TmwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C)........ 800mwW
20-Pin CERDIP {derate 11.11mW/°C above +70°C)........ 889mw
24-Pin Narrow CERDIP
(derate 12.50mW/°C above +70°C) ............1TW
24-Pin Sidebraze (derate 20.0mW/°C above +70°C).......... 1.6W
28-Pin SSOP (derate 9.52mW/°C above +70°C)............. 762mw
Operating Temperature Ranges
MAXZ | _C e 0°C to +70°C
MAX2 _ _E _ _ -40°C 10 +85°C
MAX2 _ _M__
Storage Temperature Range ..........
Lead Temperature (soldering, 10s

+
[
=]
o
]
O

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. Thase are siress ratings only, and functional
operation of the device at these ¢ any other conditions beyond those indicated in tha operational sections of the specifications is not implied. Exposure to

absoiute maximum rating conditions lor extended periods may affect device reliabifity.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

{MAX223/230/232/234/236/237/238/240/241, Voo = +5V £10; MAX233/MAX235, Voo = 5V £5%, C1-C4 = 1.0pF; MAX231/MAX23S,
Voo = 5V £10%; V+ = 7.5V to 13.2V; Ta = TMIN 1o TMax; unless otherwise noted.)

MAXIMN

PARAMETER CONDITIONS MiIN TYP MAX UNITS
Output Voltage Swing All transmitter ouiputs loaded with 3k to ground +5.0 +7.3 v
MAX232/233 5 10
Ve Power-Supply Current 'T“:’ 1029 | MAX223/330/234 23812407241 7 15 mA
MAX231/239 0.4 1
V+ Power-Supply Curren} MAX231 18 5 mA
MAX239 5 15
Shutdewn Supply Current | Ta = +25°C MAX223 15 50 uA
MAX230/235/236/240/241 1 10
Input Logic Threshold Low | Tin; EN, SHON (MAX233); EN, SHDN (MAX230/235-241) 08 v
TiN 20
Input Logic Threshold High E_N SHDN (MAX223); 54 \4
EN, SHDN (MAX230/235/236/240/241)
Logic Pull-Up Current Tn=0V 1.5 200 pA
e oo w | v
5

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

Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241, Voo = +5V £10; MAX233/MAX235, Voo = 5V +5%, C1-C4 = 1.0uF; MAX231/MAX239,
Voo =5V 210%; V+ = 7.5V 10 13.2V; Ta = Tmin to TMax; unless otherwise noted )

Current

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHON = 5V {MAX223} 0.8 1.2
- o SHDN = 0V {(MAX235/236/240/241
RS-232 Input Threshold Low L’a‘ N +23 C. ( ) v
cc=95 Shutdown (MAX223)
SHON = 0V, 0.6 1.5
EN = 5V (R4, RSN}
Normal operation
SHON = 5V (MAX223) 1.7 2.4
Ta = +25°C SHDN = OV (MAX235/236/240/241)
RS-232 Input Thresheld High v 5y ’ v
cc= Shutdown (MAX223)
SHON = 0V, .5 2.4
EN = 5V (R4)n, BSIN)
RS-232 Input Hysteresis Ve = 5V, no hysteresis in shutdown 0.2 05 1.0 v
RS-232 Input Resistance Ta = +25°C, Voo = &V 3 5 7 kQ
TTL/CMOS Cutput Voliage Low lour = 1.6mA (MAX231/232/233, loyTt = 3.2mA) 0.4 v
TTLICMOS Cutput Voltage High lout = -1mA 35 VNee-04 v
OV < RguT £ Vec; EN = 0V (MAX223);
TTLW/CMOS Output Leakage Current EN = Voe (MAX235-241 ) 0.05 +10 HA
_ ' Normal MAX223 600
Receiver Qutput Enable Time . ns
vip operation MAX235/236/239/240/241 400
_ . ' Normal MAX223 900
Receiver Output Disable Time . ns
pu operation MAX235/236/239/240/241 250
RS-233 N 10 Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT.| SHDN = ov IPHLS 4 40 HS
CL= 150pF (MAX223) IPLHS 40
MAX223/MAX230/MAX234-241, Ta = +25°C, Vg = 5V,
AL = 3k to 7kQ, C| = 50pF 1o 2500pF, measured from 3 5.1 30
+3Vto -3V or -3V to +3V
Transition Region Slew Rate Vius
MAX231/MAX232/MAX233, Ta = +25°C, Voo = 5V,
RL = 3k to 7k, C| = 50pF 10 2500pF, measured from 4 30
+3V to -3V or -3V to +3V
Transmitter Qutput Resistance Voo = V+ = V- = 0V, Vour = z2V 300 Q
Transmitter Qutput Short-Circuit 10 mA

NAXIMN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics
MAX223/MAX230-MAX241
TRANSMITTER DUTPUT VOLTAGE {Von)

TRANSMITTER DUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE
VOLTAGE (Vou) vs. Voo DIFFERENT DATA RATES vs. LOAD CAPACITANCE
85 | 74 120 . E— :
2 TRANSMITTERS § |§  TRANSMITTER LOADED Ty = 125°C é
LOAGED / 72 e S iotd, el
VBl =
80 | ya i, ] )% 0.0 . ¢1-Cd = 1F—
* ~ 3 \ | |
1 TRANSMITTER />>( £ o ——] 2 TRANSMITTERS
= LOADED / = 68 I 16omitsse ™ < i LOADED
5 75 : 3haNs-f St /\\ £ a0 Y
= 77 wmers |5 o | B o) — DN
/ LOADED R g 1 —4 A
g1
10 A1 TamasC ] 64 |la=e25C __3m~swm&\\\\
: C1-C4 = tyF Vog =45V 6.0 LOADED | N
/ TRANSMITTER 62 |3 TRANSMITTERS LOADED \\
! 2 | 50 2 TRANSMITTERS —a,
4 TRANSMITTERS LOADS = A= 340 LOADED N
65 LOADED | kL2 1) 25000F 60 C1-C4 = 1uF ‘0 \ L
T 50 55 T o0 e 1000 1500 2000 2500 ¢ S0 1000 1500 2000 2500
Ve {v) LOAD CAPACITANCE {pF) LGAD CAPACITANCE (pf)
TRANSMITTER OUTPUT VOLTAGE (VoL}
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER OUTPUT VOLTAGE (V+, V-)
VOLTAGE (VoL} vs. Voo DIFFERENT DATA RATES vs. LOAD CURRENT
40 . " 60 , 10
ATAANS-  Th=425°C Ig Tae 425°C ) é ; = ;
s MITTERS _ C1-C4=1uF | 2 [~vepe sty A
™ LOADED ™ TRANSMITTER 3 TRANSMITTERS LOADED / 8 Ta=+25°C =~
\ L0ADS - R T Y i 4 Voo = +5V
70 P 3k62 11 25000F 1 C1-Cd = pF /] C1-C4 = TuF
\ o8 | Vd g ¢ v 1V- L0ADED
€ . D M E o5 | i T g Leamty | apipap |V LOADED, |
£ 1 =~ £ B()kbils,n'secy x ToA0ED | ONVe NO LOAD
1 TRANS- 20 |— tkotssecy < 2 ON Y-
B0 | MITTER :
LOADED / \ 72 // ) M’ y L
85 |2 TRANS- __3TRANS- 5 - -
85 " wimers ™ Mitrens 74 e 3 A ol -
oy |LLDAOR_ LOD 6 0 FotT AL TRANSMTTERS UNLOADED
T 45 50 55 T o0 50 000 1500 2000 2500 005 101520 5 M 35 40 45 %
Voo ) LDAD CAPACITANCE (pF) CURRENT (ma)
V+, V- WHEN EXITING SHUTDOWN
(11F CAPACITORS) ,
Vi
0
: SHDN
' !

500ms/div

*SHUTDOWN POLARITY 1S REVERSED
FOR NON MAX241 PARTS

MAXIN 7
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+5V-Powered, Multichannel RS-232

Continuous Power Dissipation (Ta = +70°C)
28-Pin Wide SO {derate 12.50mW/°C above +70°C)............. 1w
40-Pin Plastic DIP (derate 11.11mW/°C above +70°C}..611mwW
44-Pin PLCC (derate 13.33mW/°C above +70°C) .......... 1.07W

Cperating Temperature Ranges
MAX225C_ _, MAX24 C_ | .ol 0°C to +70°C
MAX225E MAX24_E_ _ ... ...-40°C to +85°C

Storage Temperature Range .......... .

L.ead Temperature (soldering, 105} ......coovvvivieiiiiierceer

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249
Supply Voltage (VeC) ooy -0.3V to +6V
Input Vollages  ___ ___ ____
Tin, ENA, ENB, ENR, ENT, ENRA,
ENRB, ENTA, ENTB...oooooiiieeeee e -0.3Vio (Voo + 0.3V)
BN ot st nae e ranens +25V
TOUT (NOEB )i i sems e ssrn sttt +15V
ROUT oo -0.3V 10 (Vce + 0.3V)
Short Circuit {one output at a time)
TOUTIO GND L. e Continuocus
ROUTTO GND ..o Continuous

Note 4: Input vollage measured with transmitter cutput in a high-impedance state, shutdown, or Voo = OV.

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage lo the device, These are stress ralings only, and functionat
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absoiute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249
(MAX225, Voo = 5.0V 25%; MAX244-MAX249, Voo = +5.0V 210%, external capacitors C1-C4 = 1uF; Ta = Tpin to Tpsax: unless oth-

erwise noled.)

PARAMETER l CONDITIONS | MmN TYP  mAX] UNITS
RS-232 TRANSMITTERS
Input Logic Threshold Low 1.4 0.8 v
Input Logic Threshold RHigh 2 1.4 v
Logic Pull-Up/input Current Tables 1a-td Normal operation 10 50 A
Shutdown +0.01 +1
Data Rate Tables 1a-1d, nermal operation 120 64 kbps
Cutput Voltage Swing All transmitter outputs lcaded wilh 3k€2 to GND x5 7.5 v
Cutput Leakage Current (Shutdown) Tables 1a-1d Voo oV HA
VSST Ay +001 25
Transmitter Qutput Resistance Voo = V+ = V- = OV, Vour = £2V (Note 4) 300 10M Q
QOutput Short-Circuit Current Vourt = 0V 7 +30 mA
fAS-232 RECEIVERS
RS-232 Input Voltage Operating Range +25 v
AS-232 Input Threshold Low Voo = 5V 0.8 1.3 vV
RS-232 Input Threshold High Voo = 5V 1.8 24 A
AS-232 Input Hysteresis Voo = 5V 0.2 05 1.0 v
RS-232 Input Resistance 3 5 7 k2
TTL/CMOS Qutput Vohiage Low louT = 3.2mA 0.2 0.4 v
TTL/CMQOS Quipui Voltage High louT = -1.0mA 35 Vee-02 v
o Sourcing Vout = GND -2 -10
TTL/CMOS Cutput Short-Circuit Current Shrinkin§ Vour = Voo " m mA
TTL/CMOS Quipui Leakage Current ?:‘;ngl 10 ap_irglhgc';ags_:_s Sdf;gl%- =Vee +0.05 0.10 WA

MAXIMN




+5V-Powered, Multichannel RS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)
(MAX225, Voo = 5.0V £5%,; MAX244-MAX249, Vce = +5.0V £10%, external capacitors C1-C4 = 1pF; Ta = TMIN to TMax; unless oth-

erwise noted,)

PARAMETER | CONDITIONS | MIN  TYP  MaX [UNITS
POWER SUPPLY AND CONTROL LOGIC
MAX225 4.75 525
Operating Supply Voltage v
peraling supply Yollag MAX244_MAX249 45 55
MAX225 10 20
No load
Vee Supply Current MAX244-MAX249 1 30 mA
(Normal Qperation}) 3k Inads on MAX225 40
all outputs MAX244-MAX249 57
Ta = +25°C 8 25
Shutdown Supply Current A
PPy Ta = TMIN to Tivax 50 ¥
Leakage current x1 WA
Control Input Threshold low 14 0.8 v
Threshold high 2.4 1.4
AC CHARACTERISTICS
- CL = 50pF to 2500pF, R = 3kQ to 7k, Vioc = 5V,
Transition Slew Rate Ta = +25°C, measured from +3V to -3V or -3V to +3V > 10 30 Vius
Transmitter Propagati'bn Delay tPHLT 1.3 35
TLL to RS-232 (Nermal Qperation}, Hs
Figure 1 tPLHT 1.5 35
Receiver Propagation Delay tPHLR 0.6 1.5
TLL to RS-232 (Normal Qperation), us
Figure 2 PLHR 0.6 1.5
Receiver Propagation Delay tpHLS 0.6 10
TLL to RS-232 {Low-Power Mode), us
Figure 2 tPLHS 30 10
Transmitter + to - Propagation A
Delay Difference (Normal Operation} IPHLT - IPLHT 350 ns
Receiver + o - Propagation }
Delay Difference (Normal Operation} IPHLR - IPLHR 350 ns
Receiver-Output Enable Time, Figure 3 | IER 100 500 ns
Receiver-Output Disable Time, Figure 3 | 1DR 100 500 ns
MAX246-MAX249 5 s
(excludes charge-pump startup) H
Transmitter Enable Time tET
MAX225/MAX245-MAX249 10
. ms
(includes charge-pump startup)
Transmitter Disable Time, Figure 4 toT 100 ns

Note 5: The 30002 minimum specification complies with EIA/TIA-232E, but the actual resistance when in shutdown mode or Vo =
OV is 10MQ as is implied by the leakage specification.

MAXIN
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics
MAX225/MAX244-MAX249

TRANSMITTER OUTPUT VOLTAGE (V+, ¥-)

TRANSMITTER SLEW RATE QUTPUT VOLTAGE vs. LOAD CAPACITANCE AT
vs. LOAD CAPACITANCE vs. LOAD GURRENT FOR V+ AND V- DIFFERENT DATA RATES
1& N\ Vog=5v |B 1: g 0 Vog- SVWITHALL TRANGMITIERS DRIVEN |
JIRT i Vit AND V- LCADED o L S e OADED WITH Ske2 13
3 \ 6 | EITHER V+ 0R ™ N e e .
s " N s | V-LOADED _] 80 N 2tfsee ]
w \  CXIGANALPOWER SUPFLY = 4 bygesv \\ I o
) 1uF CAPACITORS 8, | EXTERNAL GHARGE PUMP s 3 P e ——
FY \ = 10 CAPACITORS z \ S
& 10 S 0 |BTRANSMITTERS > N 60Kb/sec —
& \\ MOMSDATARATE | = DANMING 5K AND £ \ ~
E s BTRANSMITTERS 4 £ "2 [ z00oF T o0mitsrsee 65 g
Z Nlowowhae] 2 M V- LOADED N\ N
g s \\ § v m!nv LFOADEDI e 50 5 10Cke
= 4 ""-.._\ -B * i ,——"__,._—-" 55 2C0kl:n'sec ‘\
, 0 ] v+ LOADED 5o LALCPCTORS 1|.1F\ N
0 1 2 145 0 5 10 15 2 B W B T 1 2 3 4 5
LOAD CAPACITANCE {7F) LOAD CURRAENT (ma) LOAD CAPACITANGE (nF)

10 NAX1MN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

INPUT “
N v

W

i SRR T

~l— lPHIT
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v
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Table 1a. MAX245 Control Pin Configurations
ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
0 0 Normal Operation All Active All Active
0 1 Normal Operation All Active Ali 3-State
1 0 Shutdown All 3-State All Low-Power Receive Mode
i 1 Shutdown All 3-State All 3-State
Table 1b. MAX245 Control Pin Configurations
—_— —_ OPERATION TRANSMITTERS RECEIVERS
ENT ENR .
STATUS TA1-TA4 TB1-TB4 RA1-RA5 AB1-RB5
0 0 Normal Operation All Active All Active All Active All Active
. N , RA1-RA4 3-State, RB1-R84 3-State,
0 1 Normal Operation All Active All Active RAS Aclive RBS Aclive
All Low-Power All Low-Power
1 0 Shutdown All 3-State All 3-State Receive Mode Receive Mode
RA1-RA4 3-State, | RB1-RB4 3-State,
1 1 Shutdown All 3-State Ali 3-State RA5 Low-Power RBS Low-Power
Receive Mode Receive Mode

Table 1¢c. MAX246 Control Pin Configurations

—_ —_ OPERATION TRANSMITTERS RECEIVERS
ENA ENB
STATUS TA1-TA4 TB1-TB4 RA1-RA5 RB1-RBS
0 0 Normal dperau’on All Active All Active All Active All Active
. . . RB1-RB4 3-State,
0 1 Normal Operation All Active All 3-State All Active RBS Active
. RA1-RA4 3-State, )
1 0 Shutdown All 3-State Al Active RAS Active All Active
RA1-RA4 3-State, RB1-RB4 3-State,
1 1 Shutdown Adl 3-State All 3-State RAS Low-Power RAS Low-Power
Receive Mode Receive Mode

12

MNAXIMN




+5V-Powered, Multichannel RS-232

- -
Drivers/Receivers
Table 1d. MAX247/MAX248/MAX249 Control Pin Configurations
TRANSMITTERS RECEIVERS
— | — | MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-|
ENTA | ENTB |ENRA |ENRE| OFCRATION ABS
STATUS MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TB3 RA1-RAS RB1-RB5
0 0 0 0 Normal Operation All Active | All Active | All Active All Active
All 3-State, except
0 0 0 1 Normal Operation All Active | All Active | All Active RBS stays active on
MAX247
0 0 1 0 Normal Cperation All Active | All Active | All 3-State All Active
All 3-State, except
0 0 1 1 Normal Qperation All Active | All Active | All 3-State RBS5 stays active on
MAX247
0 1 0 0 Normal Operation All Active | All 3-State | All Active All Active
All 3-State, except
0 1 0 1 Normal Operation All Active [ All 3-State | All Active RBS5 stays active on
MAX247
0 i 1 0 Normal Operation All Active | All 3-State | All 3-State All Active
All 3-State, except
0 1 1 1 Normal Operation All Active | All 3-State | All 3-State RBS5 stays active on
MAX247
1 0 0 0 Normal Operation All 3-State | All Active | All Active Alf Active
All 3-State, except
1 0 0 1 Normal Operation Al 3-State [ All Active | All Active RBS5 stays active on
MAX247
1 0 1 0 Normal Operation All 3-State | All Active | All 3-State All Active
All 3-State, except
1 0 1 1 Normal Operation All 3-State | All Active | All 3-State RBS stays active on
MAX247
Low-Power Low-Power
1 1 0 0 Shutdown All 3-State | All 3-State Receive Mode Receive Mode
All 3-State, except
1 1 0 1 Shutdown All 3-State | ANl 3-State lﬁg‘:j\?ew;:) de RBS stays active on
MAX247
Low-Power
1 1 1 0 Shutdown All 3-State | All 3-State | All 3-State Receive Mode
All 3-State, except
1 1 1 1 Shutdown All 3-State | Atl 3-State | All 3-State RBS5 stays active on
MAX247

13
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Detailed Description

The MAX220-MAX249 contain four sections: dual
charge-pump DC-DC voitage converters, RS-232 dri-
vers, RS-232 receivers, and receiver and transmitter
enable control inputs.

Dual Charge-Pump Voltage Converter
The MAX220-MAX249 have two internal charge-pumps
that convert +5V to £ 10V {unloaded) for RS-232 driver
operation. The first converter uses capaciter C1 to dou-
ble the +5V input to +10V on C3 at the V+ output. The
second converter uses capacitor C2 to invert +10V to
-10V on C4 at the V- output.

A small amount of power may be drawn from the +10V
{V+) and -10V (V-) outputs to power external circuitry
{see ihe Typical Operating Characteristics section),
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regutated,
s0 the output voltage drops with increasing load current.
Do not load V+ and V- to a point that violates the mini-
mum 5V EIA/TIA-232E driver output voltage when
sourcing current from V+ and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240,
MAX241, and MAX245-MAX249, avoid using V+ and V-
to power external circuitry. When these pars are shut
down, V- falls to OV, and V+ falls to +5V. For applica-
tions where a +10V external supply is applied to the V+
pin (instead of using the internal charge pump to gen-
erate +10V), the C1 capacitor must not be instafled and
the SHDN pin must be tied to Vgc. This is because V+
is internally connected to V¢ ¢ in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is +8V when
loaded with a nominal 5kQ RS-232 receiver and Vo¢ =
+5V. Qutput swing is guaranteed to meet the EIA/TIA-
232E and V.28 specification, which calls for £5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3k load, Vcc = +4.5V, and
maxirmum operating terperature. Unlcaded driver out-
put voltage ranges from (V+ -1.3V) to (V- +0.5V).

Input thresholds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnected
since 400k} input pull-up resistors to Vcc are built in
{except for the MAX220). The pull-up resistors force the
outputs of unused drivers low because all drivers invert.
The internal input pull-up resistors typically source 12uA,
except in shutdown mode where the pull-ups are dis-
abled. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
micrcamperes (maximum 25pA)—when in shutdown

14

mode, in three-state mode, or when device power is
removed, Outputs can be driven to +15V. The power-
supply current typically drops to 8pA in shuidown mode.
The MAX220 does not have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or V¢,

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-siate enable
line is high (for the MAX225/MAX235/MAX236/MAX239-
MAX241), and are also high-impedance whenever the
shutdown control ling is high.

When in low-power shutdown mode, the driver outputs
are turned oft and their leakage current is less than 1pA
with the driver cutput pulled to ground. The driver output
leakage remains less than 1pA, even if the transmitter
output is backdriven between QV and (Vcc + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1k$: series impedance. The transmitter is also zener
clamped to approximately Vcc + 6V, with a series
impedance of 1k,

The driver output slew rate is limited to less than 30V/ps
as required by the EIATIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unloaded and
10V/us loaded with 302 and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage
level greater than 3V as a logic 0, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inputs as well as EIA/TIA-232E and
V.28 levels.

The receiver inputs withstand an input overvoltage up
to £25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART [(SHDN [SHDN| EN | EN(R) RECEIVERS
Low X High Impedance
MAX223 | High |Low — Active
High | High High Impedance
Low High Impedance
MAX225 — — — | High | Active '
MAX235 | Low Low High Impedance
MAX236 | Low _ __ | High | Active
MAX240 1| High X High Impedance

NAXIN
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nominal 5k values. The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIATIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V, This produces clear out-
put transitions with slow-moving input signals, even
with moderate amounts of noise and ringing. The
receiver propagation delay is typically 600ns and is
independent of input swing direction.

Low-Power Receive Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down mode but still allows it to receive information. This
is important for applications where systems are periodi-
cally awakened to look for activity. Using low-power
receive mode, the system can still receive a signal that
will activate it on command and prepare it for communi-
cation at faster data rates. This operation conserves
system power.

Negative Threshold—~MAX243
The MAX243 is pin compatible with the MAX2324, differ-
ing only in that RS-232 cable fault protection is removed
on one of the two receiver inputs. This means that control
lines such as CTS and RTS can either be driven or left
floating without interrupting communication. Different
cables are not needed to interface with different pieces of
equipment.

The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4V. Its output goes
positive only if the input is connected to a control line
that is actively driven negative. If not driven, it defaults
to the 0 or "OK to send” state. Normally, the MAX243's
other receiver (+1.4V threshold) is used for the data line
(TD or RD), while the negative threshold receiver is con-
nected to the control line (DTR, DTS, CTS, RTS, eic.).

Other members of the RS-232 family implement the
optional cable fault protection as specified by EIA/TIA-
232E specifications. This means a receiver output goes
high whenever its input is driven negative, left floating,
or shorted to ground. The high output tells the serial
communications 1C to stop sending data. To avoid this,
the control lines must either be driven or connected
with jurnpers to an appropriate positive voltage level.

MAXIM
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Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5us for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN
for the MAX242 and EN for the MAX223) that allows
receiver output control independent of SHDN (SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controts. The charge pumps
tum off and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops to less than 25pA and the receivers continue
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode}. On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RAS and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high.

Receiver and Transmitter Enable

Control Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs control
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit {normal active) and three-state {disabled). The
transmitter enable inputs also control the shutdown
mode. The device enters shutdown mode when all
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdown.

15
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Tables 1a-1d define the control states. The MAX244
has no control pins and is not included in these tables.

The MAX246 has ten receivers and eight drivers with
two control pins, each controlling one side of the
device. A logic high at the A-side control:input (ENA)
causes the four A-side receivers and drivers to go into
a three-state mode. Similarly, the B-side control input
(ENB) causes the four B-side drivers and receivers to
go into a three-state mode. As in the MAX245, one A-
side and one B-side receiver (RA5 and RB5) remain
active at all times. The entire device is put into shut-
down mode when both the A and B sides are disabled
{ENA = ENB = +5V).

The MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver cutputs. The
ENTA and ENTB transmitter enable inputs each contro!
four drivers. The ninth receiver (RB5) is always active.
The device enters shutdown mode with a logic high on
both ENTA and ENTB.

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs, The
ENTA and ENTB transmitter enable inputs control four
drivers each. This part does not have an always-active
receiver. The device enters shutdown mode and trans-
mitters go into a three-state mode with a logic high on
both ENTA and ENTB.

16

The MAX249 provides ten receivers and six drivers with
four control pins. The ENRA and ENRB receiver enable
inputs each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. In shutdown mode, active receivers operate in a
low-power receive mode at data rates up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled to
ground with a capacitor of the same value as C1 and
C2 connected as close as possible to the device.

MAXIMN
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Figure 24. MAX248 Pin Configuration and Typical Operating Circuit
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Ordering Information {continued)

PART TEMP RANGE PIN-PACKAGE PART TEMP RANGE PIN-PACKAGE
MAX222CPN 0°C to +70°C 18 Plastic DIP MAX232AC/D 0°C to +70°C Dice*

MAX222CWN 0°C 1o +70°C 18 Wide SO MAX232AEPE -40°C 10 +85°C 16 Plastic DIP
MAX222C/D 0°C 10 +70°C Dice* MAX232AESE -40°C 1o +B5°C 16 Narrow SO
MAX222EPN -40°C to +85°C 18 Plastic DIP MAX232AEWE  -40°C to +B5°C 16 Wide SO
MAX222EWN -40°C to +85°C 18 Wide SO MAX232AEJE -40°C 10 +85°C 16 CERDIP
MAX222EJN -40°C to +85°C 18 CEADIP MAX232AMJE -55°C to +125°C 16 CEADIP
MAX222MJN 55°Cto +125°C 18 CEADIP MAX232AMLP  -55°Cto+125°C  20LCC
MAX223CA| 0°C to +70°C 28 SSOP MAX233CPP 0°C to +70°C 20 Plastic DIP
MAX223CWI 0°C to +70°C 28 Wide SO MAX233EPP -40°C to +85°C 20 Piastic DIP
MAX223C/D 0°C to +70°C Dice* MAX233ACPP 0°C to +70°C 20 Plastic DIP
MAX223EAl -40°C to +85°C 28 SSOP MAX233ACWP 0°C to +70°C 20 Wide SO
MAX223EW -40°C to +85°C 28 Wide SO MAX233AEPP -40°C 1o +85°C 20 Plastic DIP
MAX225CWI 0°Cto+70°C 28 Wide SO MAX233AEWP  -40°C to +85°C 20 Wide SO
MAX225EWI -40°C 10 +85°C 28 Wide SO MAX234CPE 0°C to +70°C 16 Plastic DIP
MAX230CPP 0°C to +70°C 20 Plastic DIP MAX234CWE 0°C to +70°C 16 Wide SO
MAX230CWP 0°C to +70°C 20 Wide SO MAX234C/D 0°C to +70°C Dice*

MAX230C/D 0°C to +70°C Dice” MAX234EPE -40°C to +85°C 16 Plastic DIP
MAX230EPP -40°C to +85°C 20 Plastic DIP MAX234EWE -40°C to +85°C 16 Wide SO
MAX230EWP -40°C to +85°C 20 Wide S0 MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EJP -40°C to +85°C 20 CERDIP MAX234MJE -55°C 1o +125°C 16 CERDIF
MAX230MJP 55°Cto +1258°C 20 CERDIP MAX235CPG 0°C to +70°C 24 Wide Plastic DIP
MAX231CPD 0°C to +70°C 14 Plastic DIP MAX235EPG -40°C to +85°C 24 Wide Plastic DIP
MAX231CWE 0°C to +70°C 16 Wide SO MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX231CJD 0°C to +70°C 14 CERDIP MAX235MDG 55°C 10 +125°C 24 Ceramic SB
MAX231C/D 0°C to +70°C Dice* MAX236CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX231EPD -40°C 16 +B5°C 14 Plastic DIP MAX236CWG 0°C to +70°C 24 Wide 50
MAX231EWE -40°C to +B5°C 16 Wide SO MAX236C/D 0°C to +70°C Dice"

MAX231EJD -40°C to +B85°C 14 CERDIP MAX236ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX231M.JD 55°C 10 +125°C 14 CERDIP MAX236EWG -40°C to +85°C 24 Wide SO
MAX232CPE 0°C to +70°C 16 Plastic DIP MAX236ERG -40°C to +85°C 24 Narrow CERDIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX236MRG B5°C 1o +125°C 24 Narrow CERDIP
MAX232CWE 0°C to +70°C 16 Wide SO MAX237CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232C/D 0°C to +70°C Dice* MAX237CWG 0°C to +70°C 24 Wide SO
MAX232EPE -40°C to +85°C 16 Plastic DIP MAX237C/D 0°C to +70°C Dice"

MAX232ESE -40°C to +85°C 16 Narrow SO MAX237ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX232EWE -40°C to +B5°C 16 Wide 50 MAX237EWG -40°C to +85°C 24 Wide SO
MAX232EJE -40°C to +85°C 16 CERDIP MAX237ERG -40°C to +85°C 24 Narrow CERDIP
MAX232MJIE -55°Cto +125°C 16 CERDIP MAX237MRG -55°C 10 +125°C 24 Narrow CERDIP
MAX232MLP -55°C 10 +125°C  20LCC MAX238CNG 0°C to +70°C 24 Narrow Plastic DIP |
MAX232ACPE 0°C to +70°C 16 Plastic DIP MAX238CWG 0°C to +70°C 24 Wide SO
MAX232ACSE 0°C to +70°C 16 Narrow SO MAX238C/D 0°C to +70°C Dice*
MAX232ACWE 0°C to +70°C 16 Wide SO MAX238ENG -40°C to +85°C 24 Narrow Plastic DIP

MAXIMN

* Contact factory for dice specifications.
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Ordering information {continued)
PART TEMP RANGE PIN-PACKAGE PART TEMP RANGE PIN-PACKAGE

MAX23BEWG -40°C to +85°C 24 Wide SO MAX243CPE 0°C to +70°C 16 Plastic DIP
MAX23BERG -40°C to +85°C 24 Narrow CERDIP MAX243CSE 0°C to +70°C 16 Narrow SO
MAX238MRG -55°Cto +125°C 24 Narrow CERDIP MAX243CWE 0°C to +70°C 16 Wide SO
MAX239CNG 0°C to +70°C 24 Narrow Plastic DIP MAX243C/D 0°C 1o +70°C Dice*
MAX239CWGE 0°C to +70°C 24 Wide SO MAX243EPE -40°C to +85°C 16 Plastic DIP
MAX238C/D 0°C to +70°C Dice* MAX243ESE -40°C to +85°C 16 Narrow S0
MAX239ENG -40°C to +85°C 24 MNarrow Plastic DIP MAX243EWE -40°C to +85°C 16 Wide SO
MAX239EWG -40°C to +85°C 24 Wide S0 MAX243EJE -40°C to +85°C 16 CERDIP
MAX239ERG -40°C 1o +85°C 24 Narrow CERDIP MAX243MJE -55°C to +125°C 16 CERDIP
MAX239MRG -55°C to +125°C 24 Narrow CERDIP MAX244CQH 0°C to +70°C 44 PLCC
MAX240CMH 0°C to +70°C 44 Plastic FP MAX244C/D 0°C to +70°C Dice*
MAX240C/D 0°C to +70°C Dice* MAX244EQH -40°C to +85°C 44 PLCC
MAX241CAI 0°C to +70°C 28 SS0P MAX245CPL 0°C to +70°C 40 Plastic DIP
MAX241CWI 0°C to +70°C 28 Wide 50 MAX245C/D 0°C to +70°C Dice*
MAX241C/D 0°C to +70°C Dice* MAX245EPL -40°C to +85°C 40 Piastic DIP
MAXZ241EA) -40°C 10 +85°C 28 S50P MAX246CPL 0°C to +70°C 40 Plastic DIP
MAX241EW) -40°C 10 +85°C 28 Wide 50 MAX246C/D 0°C to +70°C Dice*
MAX242CAP 0°C to +70°C 20 S0P MAXZ246EPL -40°C to +85°C 40 Plastic DIP
MAX242CPN 0°C to +70°C 18 Plastic DIP MAX247CPL 0°C to +70°C 40 Plastic DIP
MAX242CWN 0°C to +70°C 18 Wide SQ MAX247C/D 0°C to +70°C Dice*
MAX242C/D 0°C to +70°C Dice* MAX247EPL -40°C to +85°C 40 Plastic DIP
MAXZ42EPN -40°C to +85°C 18 Plastic DIP MAX248CQH 0°C to +70°C 44 PL.CC
MAX242EWN -40°C 10 +85°C 18 Wide SO MAX248C/D 0°C to +70°C Dice*
MAX242EJN -40°C to +85°C 18 CERDIP MAX248EQH -40°C to +85°C 44 PLCC
MAX242MJIN -55°C 10 +125°C 18 CERDIP MAX249CQH 0°C to +70°C 44 PLCC

MAXZ49EQH -40°C to +85°C 44 PLCC

* Contact factory for dice specifications.

Package Information
For the latest package outline information, go to

www.maxim-ic.com/packages.

Maxim cannot assume responsibility for use of any circuitry other than circuilry entirely embodied in a Maxim product. No circuit patent licenses are
impfied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

36 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 54086 {(408) 737-7600

© 2003 Maxim Integrated Products Printed USA MAXLM s a registered trademark of Maxim integrated Products.
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