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Abstract

The Monitoring system has been used for many years ago. 1t was utilized for recording
many kinds of data for analysis. Then, these data will be used to predict what it should occur.
According to data analysis a result, we can carefully plan to hand on that problem. The
monitoring system, in this thesis, consists of two types, Type one for using with host computer
(1 unit) and type two are clients (this thesis has ] unit). AII units consist of Microcontroller and
interfacing circuit for amateur radio. For client unit its addition some sensor (depend on purpose
of measuring) and Solar system but host unit.

On the operation all clients unit (so call beacons unit) will be installed to many
_ positions on the certain area (usually is a very big area) in rang of propagation radio signal. User
can easily access to all of client unit for getting data by only clicking on screen (GUI) of host
computer. With intelligent programming software that was installed on host/client unit, all units
can automatically working together. We don’t need to journey to client units for checking/

recording data any more. This will reduce very much of payment.
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3.1.1 laezunsuaerlurslisunsuain Computer (Visual C# 2005)
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310 3.1 TWdwsnlisunsuaau Computer (Visual C# 2005)
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51/ 3.3 3UuuY04 Data Format
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3.2 i:hmaa Hardware
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a 3 [ ‘Qy Qy = J
1. aaaelagmsauidanani Ina setup.exe

2. DA Next

%

Setup

Select Language

B

Please select the language that you would like to use during the
installation.

Welcome

Welcome to the LMSAR Setup program. This program will install
LMSAR on your computer.

Itis strongly recommended that pou exit all Windows programs
before munning this Setup program.

Click Cancel to quit Setup and then close any programs you have
running. Click Nest to continue with the Setup program.

WARNING: This program is protected by copyright law and
international treaties.
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Choose Destination Location &

Setup will install LMSAR in the following folder.

To install to this folder, click Next

v T T
AR Browse... 8111NABINIAAGI 13N Diver 91U

S et
Setup.
[c \Program Files\LMSAR
Space Required: 10240KB
Space Available: 25816032 KB

¢ Back

vy
fade ued1rnlidean1siaen Drive 1na Next 1@y

Choose Destination Location P S

Setup will install LMSAR in the fallowing folder.

To install to this folder, click Mext

Tainstall to a different folder, click Browse and select another
folder.

You can choose not toinstall LMSAR by clicking Cancel to exit
Setup.

]C “Program Files\LMS&R
Space Required: 10240 KB Browse... l
SpaceAvalable: 5816032 KB )

< Back Cancel
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Copying Files

C:\Program Filesh\LMSAR Yuninstall exe
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Setup Complete

.

Finish to exit setup.

Setup has finished installing LMSAR on your computer. Press
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aIuvealnallsunsy Visual C# 2005

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Text;

using System. Windows.Forms;

using System.IO.Ports;

namespace WindowsApplication2

{

public partial class Form] : Form

{
/ Ails s232

private SerialPort 15232 = new SerialPort("COML1", 9600, Parity.None, 8,
StopBits.One); )

static string ss;

private void rs232_DataReceived(object sender, SerialDataReceivedEventArgs

e)
{
ss = rs232.ReadLine();
ss = rs232.ReadLine();
}
public Form1()
{

InitializeComponent();



e o o Y < 9 1 7w
i iiumsanmamstiiudoyasinwesa RS - 232 lagldGenilendu
rs232 DataRecieved
rs232.DataReceived += new SerialDataReceivedEventHandler

(rs232_DataReceived);

private void btExit_Click(object sender, EventArgs €)

{
this.Close();

private void btConnec_Click(object sender, EventArgs €)

{
btDiscon.Enabled = true;
chTem.Enabled = true;
chTem2.Enabled = true;
btS.Enabled = true;
Clientl.Enabled = true;
Client2.Enabled = true;
Relayl OFF.Enabled =true;
Relay2OFF.Enabled = true;
RelaylON.Enabled = true;
Relay2ON.Enabled = true;
btConnec.Enabled = false;
btConnec.Text = "Connecting";

/7 32N t’ﬁﬁswﬂ151&@5@5@5&1‘14&%%0
if (cbComP.Items.Count > 0)

{
if (rs232.IsOpen)

{
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llonen);

private void btDis_Click(object sender, EventArgs €)

{

rs232.Close(); i/"‘ia_lﬂW@‘;@l

timer1.Stop();

tbfontT1.Text

mnn,

ss="";

}

timer1.Start();

rs232.BaudRate = 600;

rs232.DataBits = &;

rs232.Parity = (Parity)Enum.Parse(typeof(Parity), "None™);
1rs232.StopBits = (StopBits)Enum.Parse(typeof{StopBits),

rs232.PortName = cbComP.Text;

rs232.0pen();

tbBuad.Enabled = false;
chTem.Enabled = false;
chTem?2.Enabled = false;
btS.Enabled = false;
Client1.Checked = true;
Clientl.Enabled = false;
Client2.Enabled = false;
RelaylOFF Enabled = false;
Relay2OFF.Enabled = false;
Relayl1OFF.Checked = true;
Relay2OFF.Checked = true;
Relay1ON.Enabled = false;
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Relay2ON.Enabled = false;
Relay1ON.Checked = true;
Relay2ON.Checked = true;
btDiscon.Enabled = false;
btDiscon.Enabled = false;
btConnec.Enabled = true;
btS.Enabled = false;

if (rs232.IsOpen) rs232.Close();
btConnec.Text = "Connect";

tbfontT1.Clear();

private void btS_Click(object sender, EventArgs e)
{

/15232, Write("P");

if (Client1.Checked == true)

{
textBox5.Text +="1";
textBox1.Text ="1";

}

else

{
textBoxS5.Text +="2";
textBox1.Text ="2";

}

if (chTem.Checked == true)

{

textBox5.Text += "R";



else

textBox5.Text += "N";

}
if (chTem2.Checked == true)

{

textBox5.Text +="R";

else

textBox5.Text += "N";
}
if (Relay1ON.Checked == true)
{

textBox5.Text +="0";

textBox3.Text = "ON";

}
else
{
textBox5.Text +="F";
textBox3.Text = "OFF";
3

if (Relay2ON.Checked == true)
{

textBox5.Text +="0O";

textBox4.Text = "ON";
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else

textBox5.Text +="F";
textBox4.Text ="OFF";
}
1s232.Write("P" + "\t" );
System. Threading. Thread.Sleep(1000);
rs232. Write("P" + "\t"" +textBox5.Text + "\r" + "H");
textBox5.Clear();
btS.Enabled = false;
System. Threading. Thread.Sleep(7000);
btS.Enabled = true;
System.Threading. Thread.Sleep(10000);

private void btC_Click(object sender, EventArgs €)
{
chTem.Checked = false;
chTem.Enabled = true;
chTem2.Checked = false;
chTem2.Enabled = true;

private void tbfontT1_TextChanged(object sender, EventArgs e)

{



private void timerl_Tick(object sender, EventArgs e)

{
tbfontT1.Text = ss;

private void cbComP_SelectedIndexChanged(object sender, EventArgs €)

{

private void btOK Click(object sender, EventArgs e)

{

private void Form1 Load(object sender, EventArgs e)

{
tbBuad.Enabled = false;
chTem.Enabled = false;
chTem2.Enabled = false;
btS.Enabled = false;
Client1.Checked = true;
Clientl.Enabled = false;
Client2.Enabled = false;
Relayl OFF .Enabled = false;
Relay2OFF.Enabled = false;
Relayl OFF.Checked = true;
Relay2OFF.Checked= true;
Relayl1ON.Enabled = false;
Relay2ON.Enabled = false;
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Relay1ON.Checked = true;
Relay2ON.Checked = true;
btDiscon.Enabled = false;

L, Yo g3 A o

i 1}’? 'Jiﬁ_l'j $ INUTUNITTOWBIAVUNTY
string[] s = SerialPort.GetPortNames();.
inti=0;
timer1.Stop();

3 o = 3
'ﬂ'@fMI‘UﬁTVf'i‘ljiﬁ@ﬂﬁiﬂﬂmc‘ﬁwa??’5\

c¢bComP.Items.Clear();
foreach (string port in s) 1 gﬁ'ama%" anesalu cbComp
{
cbComP.Items.Add(s[i]);
i+t
}
if i >0)
{
cbComP.SelectedIndex = 0; // Lﬁ@ﬂwa‘fm‘z ﬂﬁ?\!m‘ﬂuﬁ’lﬂﬂg
}
else
{
cbComP.Enabled = false; 7 lailgiAen eenn laiwy
immswaffmmgmﬂum?m
btConnec Enabled = false; i Lilndntudouds
}

private void groupBox3_Enter(object sender, EventArgs e)

{
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private void chTem_CheckedChanged(object sender, EventArgs e)
{

private void comboBox2_SelectedIndexChanged(object sender, EventArgs e)

{

private void tbBuad_TextChanged(object sender, EventArgs e)

{

private void groupBox5 Enter(object sender, EventArgs e)

{

private void chTem2_CheckedChanged(object sender, EventArgs e)
{

private void chRelayl CheckedChanged(object sender, EventArgs e)
{
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private void chRelay2 CheckedChanged(object sender, EventArgs e)
{

private void textBox5_TextChanged(object sender, EventArgs e)

{

private void textBox1 TextChanged(object sender, EventArgs e)

{

private void RelaylOFF CheckedChanged(object sender, EventArgs e)
{
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#include <REG51AC2.h>  // Declare T89C51AC2's register (replace for AC3)
#include <delay ac3.h> // Declare Delay library

#include <stdio.h> | |

#include <ctype.h>

#include <string.h>

char buf_Tempc[15] = {\0',\0',\0',\0',\0" // Set buffer for display Temp
\0,N0',N0L N0, N0
N0LNO',N0LN0YNO'Y

char buf_Tempcl[15];

sbit data bit = P4"0; // IN/OUT PIN for signal connection

sbit key = P172;

unsigned int 1;

unsigned char gencrc(unsigned char *m);

_ unsigned char touchbyte(unsigned char d);
unsigned char touchreset(void);

void readrom(void);

void skiprom(void);

void converttemp(void);

void delay(char i);

void readécratchpad(unsigned char *scratch);
void Rs_232_int(void);

void ggets(void);

unsigned char data_in[13};



/*

The main C function. Program execution Here

void main (void)

{

unsigned char tempbuf[10],j;
float i;
int t;
char c;
key=0;
delay ms(200);
Rs 232 int(); /I Set RS-232
while (1)
{
¢ = getchar ();
if (c=="P")
{
key=1;
delay_ms(3000);
key=0;

oy



//********************* Function RS_232*******************

void Rs_232_int(void)

{ |
CKCON = 0x00; // Initial X2 Mode (58.9824 MHz)
//* Initial MCS51 Serial Port
TMOD &= 0x0F; // Reset old Timerl Mode Config
TMOD = 0x20; // Update Timer] = 8 Bit Auto Reload
SCON = 0x50; // Serial Port Mode 1 (N,8,1)
ES = 0; // Disable Serial Interupt
ET1 = 0; // Disable Timerl Interrupt
PCON &= 0x7F; // SMOD1 = 0 (Disable Double Baudrate)
TH1 = 0x80; // Setup Timer1 Baudrate 9600BPS /58.9824 MHz
TL1 = 0x80;
TR1 = 1; // Start Timerl Generate Baudrate
T =1; // Set TI to send First char of UART
return;
}
[[=========s==s=Fs==s===Ss=s====57
void ggets(void)
{
int x=0;

data_in[0]=getchar();
while(data_in[0]!="P")

{
data_in[0]=getchar();



while (x<=11&&data_in[x]!="H")

{
x++;
data_in[x]=getchar();
}
return;

//*****************Function for DSISZO sk sk sk ok ok ok ok sk sk skok sk ke skok skok

unsigned char gencrc(unsigned char *m)
{

char 1,5;

unsigned char crc = 0;

unsigned char k;

for(j=05<75++)

{
for(i=0;1<8;i++)

{

-

k=ml[j] » crc;

if((k & 0x01) == 0x01)

{
crc = crc ” 0x18;
crc >>=1;
crc |= 0x80;

}

else



crec >>=1;
mfj] >>=1;

}

return crc;

unsigned char touchbyte(unsigned char d)
{

unsigned char 1;

unsigned char j;

char c; |

for(c = 0;c < 8;ct+)

{

j>>=1,;

i((d & 0x01) == 0x01) _

{
data bit = 0;
i=4; while(i>0) {i--;}
data_bit=1;
i=10; while( > 0) {i--;}
if(data_bit) {j |= 0x80;}
i=61; while(i > 0) {i--;}
}
else



data bit=0;

i=4; while(i > 0) {i—;}
data_bit = 0;

i=10; while(i > 0) {i--;}
if(data,_bit) {j |- 0x80;}
i=90; while(i > 0) {i--;}

}
data_bit=1;
d>>=1;

}

return j;

unsigned char touchreset(void)
{
unsigned char 1;
data_bit = 0; /* start reset pulse */
i=255; while(i>0) {i-—;}
i=255; while(i>0) {i--;}
i=255; while(i>0) {i-~;}
data bit=1; /* release data line */
1=230;
while(i>0)
{
if(!data_bit)
{
while(!data_bit) {i = 4;while(i>0) i--;}



return 1;
else {i—; } |
}

return O;

void readrom(void)
{
char i;
unsigned char rombuf[8];
unsigned char crc;
while(ttouchreset()) {}
touchbyte(0x33); /*read rom command */
for(i=03i<8;it+)
{
rombufli] = touchbyte(0xFF);
}
crc = gencre(rombuf);
while(cre = rombufl7]) {}

return;

void skiprom(void)

{
while(!touchreset()) {}
touchbyte(0xCC);



return;

}
void converttemp(void)
{
touchbyte(0x44);
return;
}
void delay(char 1)
{
unsigned int j;
do
{
for(j=0:j<1000;j++) {}
i
}
while(i > 0);
return;
}

void readscratchpad(unsigned char *scratch)

{

char 1;
touchbyte(0xBE);
for(i=0;i<9;i++)

{



scratch[i] = touchbyte(0xFF);
}

touchreset();

return;

tﬂy 1 d’ Y o U 24 tﬂ' = I 5 1 Y o ¥ ¢ Y ¥
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#include <REG51AC2.h>  // Declare T89C51AC2's register (replace for ’AC3)

#include <delay ac3.h> // Declare Delay library

#include <led 2x16_ac3.h> // Declare LCD library

#include <stdio.h>

#include <ctype.h>

#include <string.h>

char buf Tempc[15]={\0,\0,\0',\O',\0' ~ // Set buffer for display Temp
L0000
AN0',N\0LNOLNONO'S

char buf_Tempel[15];

sbit data_bit =P4°0; // IN/JOUT PIN for signal connection

sbit Relayl =P1°0;

sbit Relay2 =P1°1;

sbit key =P112;

sbit GND=P1"3;

unsigned int i;

unsigned char gencrc(unsigned char *m);
unsigned char touchbyte(unsigned char d);
unsigned char touchreset(void);

void readrom(void);

void skiprom(void);

void converttemp(void);

void delay(char 1);

void readscratchpad(unsigned char *scratch);



void Rs_232_int(void);

void ggets(void);

unsigned char data_in[13];

void main (void)

{

unsigned char tempbuf[101,j;

float i;

char ch;

key=0;

delay ms(200);

init_led(); // Initial LCD in 4-bit mode 1 line
Rs_232 int(); // Set RS-232

printf(" Hi... ;fhis is of DS1820 \n");

putstr led(linel,"...TEMPRATURE. > MRk
putstr_lcd(line2,"...BY DS1 820...");

_ while(1)

{
ggets();
putstr_led(linel,data_in);
if (data_in[0]=="P")
{
if(data_in[2]=="T")
{

1=0;



skiprom();
converttemp();
delay(25);

skiprom();
readscratchpad(tempbuf);
if(tempbuf[ 1] =0)

{
i = (float)tempbuf[0]/2;
sprintf(buf Tempc,"Temp = +%04.1f C",i);
sprintfibuf_Tempcl,"+%04.11",1);
}
else
{
i = ~tempbuf[0] + 1;
1=1/2;
sprintf(buf_Ten.lpc,"Temp =-%04.1f C",i);
sprintﬂbuf_Tech 1,"-%04.11",1);
}
putstr_Icd(line2,buf Tempc);
}
if(data_in[2]=="1")
{

delay _ms(5000);
if(data_in[3]=R)
{

1=0;

skiprom();



}

cqnverttemp() ;

delay(25); //7 interrupt 20000
skiprom();
readscratchpad(tempbuf);
if(tempbuf[1] == 0)

{
i = (float)tempbuf[0]/2;
sprintf(buf_Tempc,"Témp =+%04.1f C",i);
sprintf(buf_Tempel,"+%04.1f" i);

}

else

{
i = ~tempbuf[0] + 1; A
1=1/2;
sprintf(buf Tempc," Temp = -%04.1f C",i);
sprintf(buf_Tempcl,"-%04.11",1); '

}

putstr_lcd(line2,buf Tempe);
key=1;

deiay_ms( 1000);
printf("\n%s\n",buf_Tempc1);
delay _ms(1000);

key=0;

if(data_in[5]=="0"){Relayl=1;}

if(data_in[6]=="0"){Relay2=1;}

if(data_in[5]="F'}{Relay1=0;}



if(data_in[6]¥=’F'){Relay2=0;}

//******************** Function RS_232****************

void Rs_232 int(void)

{
CKCON = 0x00; // Initial X2 Mode (58.9824 MHz)
//* Initial MCS51 Serial Port
TMOD &= 0x0F; // Reset old Timerl Mode Config
TMOD |= 0x20; // Update Timerl = 8 Bit Auto Reload
SCON = 0x50; /I Serial Port Mode 1 (N,8,1)
ES = 0; i Disable»Sen'al Interupt
1 <5 50; // Disable Timerl Interrupt
PCON &= 0x7F; . // SMOD1 = 0.(Disable Double Baudrate)
THI1 = 0x80; // Setup Timer] Baudrate 9600BPS / 58.9324 MHz
TL1 = 0x80;
TR1 = 1; // Start Timerl Generate Baudrate
T =1; // Set TI to send First char of UART
return;

}



void ggets(void)

{
int x=0;
data_in[0}=getchar();
while(data_in[0]!="P")
{
data_in[0]=getchar();
}
while(x<=11&&data in[x]!="H")
{
x4+
data_in[x]=getchar();
}
return;
}

//*******************Function for D81820 sk ok sk ok ok ok o 3 ok ok 3k 3k ok ok ke sk

unsigned char gencrc(unsigned char *m)
{
char 1,j;
unsigned char crc = 0;
unsigned char k;
for(j=0;j<7;j++)
{
for(i=0;i<8;i++)
{

k = mfj] ” crc;



if((k & 0x01) == 0x01)

{
crc = crc” 0x18;
cre >>=1;
crc |= 0x80;
}
else
{
cre>>=1;
}
mlj] >>=1;
}
%
return crc;

unsigned char touchbyte(unsigned char d)
R
unsigned char 1;
unsigned char j;
charc;
for(c = 0;c < 8;c++)
{
j>>=1;
if((d & 0x01) == 0x01)
{
data bit=0;



i=4; while(i>0) {i--;}
data bit=1;

i=10; while(i >0) {i--;}
if(data_bit) {j |= 0x80;}
i=61; while(i>0) {i-;}

}
else
{
data bit = 0;
i=4; while(i > 0) {i—;}
data bit=0;
i=10; while(i> 0) {i--;}
if(data_bit) {j = 0x80;}
i=90; whileG > 0) {i--;}
}
data bit=1;
_d>=1;
}
return j;

unsigned char touchreset(void)
{ .
unsigned char i;
data_bit=0; /* start reset pulse */ |
i=255; while(i>0) {i--;}
i=255; while(i>0) {i--;}



i=255; while(i>0) {i--;}

data__bit =1; /* release data line */
i=230;
while(i>0)
{
if(!data_bit)
{
while(!data_bit) {i = 4;while(i>0) i--;}
return 1;
}
else {i--; }
}
return 0; ]
}
void readrom(void)
{ Y
‘char 1
unsigned char rombuf[8];

unsigned char cre;
while(Itouchreset()) {}
touchbyte(0x33); /*read rom command */
for(i=0;1<8;i++)
{
rombuf[i] = touchbyte(0xFF);

}

crc = gencrc(rombuf);



while(cre = rombuf[7]) {}

return,

void skiprom(void)

{
while(Itouchreset()) {}
touchbyte(0xCC);
return;

void converttemp(void)

{
touchbyte(0x44);
refurn;

}

void delay(char 1)

{
unsigned int j;
do
{

for(j=0;j<1000;j++) {}
i

}

while(i > 0);

return;



void readscratchpad(ﬁnsigned char *scratch)
{

char i;

touchbyte(0xBE);

for(i=0;1<9;i++)

{

scratehli] = touchbyte(OxFF);
}
touchreset();

return;
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TCM3105DWL, TCM3105JE, TCM3105JL

TCM3105NE, TCM3105NL
FSK MODEM
SCTS019C — NOVEMBER 1985 — REVISED MAY 1994
Single-Chip Frequency-Shift-Keying (FSK) J OR N PACKAGE
Modem (TOP VIEW)
Meet Both Bell 202 and CCITT V23 U )
Specifications \é&'ﬁé 0+ = 16} gggf
Transmit Modulation at 75, 150, 600, and 2 s
1200 Baud CDT[}3 14[] TXD
. S RXA[]4  13]] TXR1
Receive Demodulation at 5, 75, 150, 600, TRS [ 5 12[] TXR2
and 1200 Baud NC [l 6 1f) TXA
Half-Duplex Operation Up to 1200 Baud RXB [} 7 10[] cDL
Transmit and Receive RXD [} 8 of] Vee
e Full-Duplex Operation Up to 1200 Baud
Transmit and 150 Baud Receive DW PACKAGE
® On-Chip Group Equalization and (TOP VIEW)
Transmit/Receive Filtering v,
e Carrier-Detect-Level Adjustment and Voplj 1 24] 08C2
Carrier-Fail Output Clkfl2  23jJoscC1
® Single 5-V Power Supply CE;E 3 22 % L)éD
- 4 21
® Low Power Consumption RXALL 5 20[] TXR1
® Reliable CMOS Silicon-Gate Technology NC[l 6 19]] NC
o TRS[ 7 18[I NC™ ~
description Nell s 17]] TXR2
The TCM3105 is a_single-chip asynchronous RXT[ o 16[) TXA
frequency-shift-keying (FSK) voice-band modem NC[[10 15[NC
that uses silicon-gate CMOS technology to RxB[f 1 14f] coL
implement a switched-capacitor architecture. Itis RxDf} 12~ 13[] Vss

pin selectable (TXR1, TXR2, and TRS) for a wide
range of transmit/receive baud rates and is
compatible with the applicable BELL 202 or
CCITT V23 standards. Operation is fully
reversible, thereby allowing both forward and
backward channels to be used simultaneously.

NC — No internal connection

D package are available taped and reeled. Add the R suffix to
device type (e.g., YCM3105DWLR).

The transmitter is a programmable frequency synthesizer that provides two output frequencies (on TXA),
representing the marks and spaces of the digital signal present on TXD.

The receive section is responsible for the demodulation of the analog signal appearing at the RXA input and
is based on the principle of frequency-to-voltage conversion. This section contains a group delay equalizer (to
correct phase distortion), automatic gain control, carrier-detect-level adjustment, and bias-distortion
adjustment, thereby optimizing performance and giving the lowest possible bit error rate.

Carrier-detect information is given to the system by means of the carrier-detect circuits, which set a flag on the
CDT output if the level of received in-band energy falls below a value set on the CDL input for a specified
minimum duration.

The TCM3105JE and TCM3105NE are characterized for operation from —-40°C to 85°C.The TCM3105DWL,
TCM3105JL, and TCM3105NL are characterized for operation from 0°C to 70°C.

Caution. These devices have limited built-in protection. The leads should be shorted together or the device placedin conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

A
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PRODUCMNDATAHWMBWBMMW.
Products conform to specifications per the terms of uashstrmuhz
Aard Ay - fidy inc

y. P does not
testing of all parameters.

Copyright © 1994, Texas Instruments Incorporated
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TCM3105DWL, TCM3105JE, TCM3105JL
TCM3105NE, TCM3105NL
FSK MODEM

SCTS019C — NOVEMBER 1985 — REVISED MAY 1994

Terminal Functions

TERMINAL
NO. DESCRIPTION
NAME
Dw JORN
CDL 14 10 Carrier-detect-level adjust for external adjustment of carrier-detect threshold
CDT 3 Carmier-detect output. A low-level output indicates carrier failure
CLK 2 Output for a continuous clock signal at 16 times the highest selected (transmit or receive) bit rate
NC 4,6, 8,10, No internal connection
15,18, 19, 21
0scC1, 23, 15, Oscillator connections. The crystal (typically 4.4336 MHz) is connected to OSC1 AND OSC2. Ifan external
0SC2 24 16 clock is used, OSC2 is left open and the clock is connected to OSC1.
RXA 5 4 Receive analog input to which the received line signal must be ac coupled
RXB 1 7 Receive bias adjust for external adjustment of the decision threshold of the comparator to minimize bias
distortion
RXD 12 8 Receiver digital output for the demodulated received data in positive logic. The high logic level is a mark
and the low logic fevel is a space.
RXT - Receive test access. Output of limiter is available on RXT. (DW only)
TRS 7 5 Transmit/receive standard select input, which with TXR1 and TXR2, sets the standard bit rates and
mark/space frequencies 4
TXA 16 11 Transmit analog output for the modulation signal, which must be ac coupled
TXD 22 14 Transmit digital input for data to the transmiitter in positive logic. The high logic level is a mark, and the low
logic level is a space. The data can be accepted at any speed from zero to the selected speed and may
be totally asynchronous.
TXR1 20 13 Bit-rate select 1 input which along with TXR2 and TRS, sets the bit rates and mark/space frequencies
TXR2 17 12 Bit rate select 2 input, which along with TXR1 and TRS, sets the bit rates and mark/space frequencies
VpD 1 1 Positive supply voltage
Vss 13 9 Most negative supply voltage (normally ground); connected to substrate
3 1,
EXAS
INSTRUMENTS
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POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443




TCM3105DWL, TCM3105JE, TCM3105JL
TCM3105NE, TCM3105NL

FSK MODEM

SCTS019C — NOVEMBER 1985 — REVISED MAY 1994

_functional block diagram

Transmit - Digital- Transmit
Digital ] FSK " - XMT Low-Pass | Analo
mput T 7| Modulator to-Analog Filter Filter XA Gutput
Receive Bias .
Adjust RXB ll;iec;;\'le
Receive Low-Pass Recei FSK Comparator [~ RXD Ougtput
Analog RXA—1 TFiter || ﬁﬁf;}'e Comparator Demodulator | |
Input and
g Grou Receive
Automatic | | Bilay offset ¢ RXT Test
( Control Equalizer Compensation DW Package Only Access
]
y
Carrier | |  Carrier- cbT g::::tr.
Detector Detect Delay Output
Carrier-Detect
Level Adjust coy
Oscillator J OSC1 4.4336-MHz | |
Connection 0SC2 Oscillator
Timing
Bit-Rate. | TXE1 and CLK Clock
Select TXE2 Control
Transmit/Receive TRS
Standard Select
timing diagram °
RXA A
Input
(amplitude of received signal)
OffiOn Threshold — N
I
} — On/Off Threshold
| |
| L -
| |
L | -
. | : 't
| ' ‘
| |
CDT 4 ! I
Output | ﬁ’_‘"l_l td(on-off)
td(off-on) _“—"I |
| |
| |
| |
t
3 1
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3
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TCM3105DWL, TCM3105JE, TCM3105JL
" TCM3105NE, TCM3105NL
FSK MODEM

SCTS019C — NOVEMBER 1985 — REVISED MAY 1994

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

Supply voltage range, Vpp (see Note 1) ................. e e -03Vto10V
Input voltage range, V| (@ny Nput) ........ooeuiinii i i .... =0.3VtoVpp
Operating free-air temperature range, Ta: TCM3105DWL, TCM31 05JL,TCM3105NL ...... —10°C to 70°C

TCM3105JE, TCM3105NE ............ ... ~55°C to 85°C
Storage temperature FaNge: ........voisenrirrtar et —55°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or Npackage ............... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J package ..................... 300°C

NOTE 1: Voltage values are with respect to Vgs.

recommended operating conditions

TCM3105JE TCM3105DWL
TCM3105NE TCM3105JL
TCM3105NL UNIT
MIN NOM  MAX MIN NOM MAX
Supply voltage, Vpp 4 5 5.5 4 5 55 \%
High-level input voltage, ViH 2 VDD 2 Vbp Vv
Low-level input voltage, Vi 0] 0.8 0 0.8 \%
Analog input level, peak to peak (ac coupled) : 0.3 0.78 0.3 0.78 Vv
Clock frequency, felock 4.4334 4.4336 4.4338 |4.4334 4.4336 4.4338| MHz
Analog load impedance at TXA 50 50 kQ
Operating free-air temperature range, To —-40 85 0 70 °C
w3
EXAS
INSTRUMENTS
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TCM3105DWL, TCM3105JE, TCM3105JL
TCM3105NE, TCM3105NL
FSK MODEM

SCTS019C —~ NOVEMBER 1985 — REVISED MAY 1994

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted) ’ : ,

TCM3105JE TCM3105DWL
TCM3105NE TCm3105JL
PARAMETER TEST CONDITIONS o TCM3105NL UNIT
mMIN TYPT MAX] MIN TYPT MAX
High-level output RXD, CDT, _
VOH voltage CLK loH =-100 pA 2.4 VDD 24 VDD \%
Low-level output RXD, CDT, _
VoL voltage CLK lop =16 mA Vss 04} Vss 04 \
Vpp =4V 1.55 1.55
Analog output voltage - Ry =50 kQ,
level, peak to peak TXA Vpp=5V Ry = 100 pF 1.4 1.9 23 14 1.9 23 A
Vpp=55V 2.1 241
‘ RXB 2.3 2.7 341 2.3 27 3.1
Adjust voltage Vpp=5V \%
cbL 2.8 3.3 39 2.8 3.3 39
Analog output dc offset | TXA Vpp/2 ) Vpp/2 \
. TXD, TRS, o
Digital input current TRX{, TRX2 Vi=0toVpp 1 1 uA
Analog input current RXA +15 +15 RA
Bias input current RXB, CDL V=3V +150 +150 pA
Vpp =4V 3 6 3 5
ipp  Supply current Vpp=5V 5 10 5 8| mA
Vpp =55V 8 16 8 12
Cj Input capacitance, all inputs f=1MHz 10 10 pF
Co Output capacitance, all inputs f=1MHz 10 10 pF
Phase jitter 200 200 us
Bias distortiont +15% +15%
Carrier-detect threshold, offfon8 —-455 ~43 | —455 -43] dBm
Carrier-detect threshold, on/ofi8 ~48 —45.5 ~48 -4551 dBm
Carrier-detect hysteresis 2.5 2.8 25 2.8 dBm

switching characteristics over recommended operating free-air temperature range (unless
otherwise noted)

. TCM3105JE TCM3105DWL
TCM3105JL
PARAMETER TEST CONDITIONS TCM3105NE TCM3105NL UNIT
MIN TYPT MAX] MIN TYPT MAX
Carier-detect off-to-on delay f RX = 600 or 1200 b/s 12 25 12 25
arrier-detect off-to-on delay time ms
d(ofi-on) v RX = 5, 75, or 150 b/s 48 80| 48 80
RX = 600 or 1200 b/s 12 20 12 20
-t ier- -{0- ] ms
td(on-offy Carrier-detect on-to-off delay time RX= 5. 75, or 150 bls P s yr 7o
Transmit frequency deviation from _
assignment (see Table 1) felock = 44336 MHz 1 1 Hz

1 All typical are at Voo = 5 V, To = 25°C.
1 Bias distortion is the departure from a 50% duty cycle when a series of alternating mark and space tones is received.

§ This is the threshold with the CDL input properly adjusted.

“9 TeEXAS
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TCM3105DWL, TCM3105JE, TCM3105JL
TCM3105NE, TCM3105NL
FSK MODEM

SCTS019C — NOVEMBER 1985 — REVISED MAY 1994

PRINCIPLES OF OPERATION

The TCM3105 FSK modem is made up of four functional circuits. The circuits are the transmitter, the receiver,
a carrier detector, and control and timing (see Figure 1). '

Bias Adjust RXB i
Receiver |————— RXD Digital Output
Analog Input RXA
Carrier
Detector [ cDT Detect Output
Level Adjust CDL
TXR1, TXR2, TRs ———  Timing
and ———— CLK  Clock Output
Master Clock {interna) ————  Control
Digital Input TXD —————1{ Transmitter J——— TXA Analog Output

Figure 1. TCM3105 System Partitioning

transmitter

The transmitter comprises a phase-coherent FSK modulator, a transmit filter, and a transmit amplifier. The
modulator is a programmable frequency synthesizer that drives the output frequencies by variable division of
the oscillator frequency (4.4336 MHz). The division ratio is set by the states of the transmit/receive standard
input (TRS), the bit-rate select inputs (TXR1 and TXR2), and the digital data input (TXD).

A switched-capacitor low-pass filter limits the harmonics and noise outside the transmit band, and the
characteristics of this filter are set by the frequency-select inputs as previously described. The harmonics
introduced by the transmit filter clock are removed by a continuous low-pass filter.

The transmitter output level varies with power supply voltage and so must be compensated inthe 2-wire to 4-wire
converter to give a constant output level to the line.

receiver

A continuous low-pass antialiasing filter is followed by the receiver amplifier, which automatically controls the
gain to give a constant output level from the receiver filter. The receiver filter limits the bandwidth of the signal
presented to the demodulator reducing out-of-band interference and has very high rejection of the transmit
channel frequencies. These are typically present at much higher levels than the received signal.

The group delay equalizer is a switched-capacitor network that compensates the delay introduced by the
receiver filter and the network. The output from the equalizer is then limited to give an FSK modulated
squarewave that is presented to the demodulator.

The demodulator is an edge-triggered multivibrator that triggers off positive- and negative-going edges. The
output of the demodulator is a stream of constant-length pulses at a frequency that is double the frequency of
the limited input signal. The dc component of this signal is proportional to the received frequency and is extracted
by a switched-capagcitor, low-pass, post-demodulator filter.

The variation of dc level with received frequency is presented to a comparator that slices at a level externally
fixed by the RXB bias-adjustment pin. This voltage depends on received bit rate and internal offsets. The
comparator output is then the received data at RXD.

"@ TeExXAS
INSTRUMENTS
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TCM3105DWL, TCM3105JE, TCM3105JL
TCM3105NE, TCM3105NL
FSK MODEM

SCTS019C — NOVEMBER 1985 — REVISED MAY 1994

carrier detect

The carrier-detect circuits comprise an energy detector and digital delay. The energy detector compares the
total signal level at the output of the receive filter to an externally set threshold level on the CDL input. The
comparator has a 2.5-dB hysteresis and a delay to allow for momentary signal loss and to prevent oscillation.
The output detector is available on CDT where a high level indicates that a carrier is present. The data output
is clamped to a mark condition when the carrier-detect output switches off at the end of transmission.

control and timing

An on-chip oscillator runs from an external 4.4336-MHz crystal connected between OSC1 and OSC2 or an
external signal driving OSC1. A clock signal equal to 16 times the highest selected bit rate (transmit or receive)
is available on the CLK output.

The single-supply rail means that all analog functions are referenced to an internally generated reference. All
analog inputs and outputs must be ac coupled.
transmit and receive modes

The various modes of operation of the TCM3105 are given in Table 1. The data convention is that a logic high
is a mark and a logic low is a space.

“9 TEXAS
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TCM3105DWL, TCM3105JE, TCM3105JL
TCM3105NE, TCM3105NL
FSK MODEM

SCTS019C — NOVEMBER 1985 — REVISED MAY 1994

Table 1. Modes of Operation

TRANSMIT RECEIVE CLK
smoamo | s | T | T | TERVSWTIED | SECENED | malelcy | FREGUENCY. | emeauanor
(Hz) (Hz) (kHz)
L L L 1200 1200 g" ;?gg "S" ;?83 19.11
H L L 1200 75 '\S” ;fgg ';" i’gg 19.11
N 00 75 w0 T s .56
CCITT V.23 H L H 600 600 g‘ }?gg z' 1388 9.56
L H L 75 1200 “S” zgg g ;?gg 19.11
T 75 600 N
L H H 75 75 ';" igg '\S" igg 1.19
CLK L L 1200 1200 g" ;ggg “S" ggg‘ 19.11
CLK/8 L H 1200 150 ';” ;ggg g‘ ig; 19.11
CLK/8 L H 1200 5 g" ;ggg “S" 38; 19.11
BeLae | ok | Ho| oL 50 1200 Al 1 E R
CLK H H 150 150 ';" 22; “S" 32; 2.39
A 5 1200 B A X
U EUT SR Bt 1200 Fens o] /9 o0 19.11

H = high level, L = low level

1 In these modes, the modulation is controlled by TRS and TXR2. TXD is tied high.
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TCM3105DWL, TCM3105JE, TCM3105JL
TCM3105NE, TCM3105NL
FSK MODEM

SCTS019C — NOVEMBER 1985 — REVISED MAY 1994

APPLICATION INFORMATION

Vpp VbD
= 7 L
RXB cDL
Vpp, Vss, or CLK —21 TRS vppH— Vop
e A .
1
TXD|—<¢—
— - | 2-Wire
. - Line to i
Line | Signaling Termination 4-Wire Fgg;',‘,%;ggm UART <:> Microprocessor| %
— -1 | Converter 8
{ RXDf—P—
| rxA
2 |
CLK >
TXR1 :2 <
TXRZ[- 4
cbT >

0SC1 0SC2 Vss

A

A
A 4

Pin numbers shown are for the J and N packages.

Figure 2. Typical System Configuration
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TCM3105DWL, TCM3105JE, TCM3105JL
TCM3105NE, TCM3105NL
FSK MODEM

SCTS019C — NOVEMBER 1985 — REVISED MAY 1994

Receive 8

osc1 08C2

Data -4—RXD RXB

Transmit 14

Data »— | TXD

TCM3105

5V VpDp

10
%*—— cbL

TXA

Carrier 3
Detect € €07

Select Mode
(bit rate and
standard)

—-»—>{TRS
—»——1 TXR1
-p—TXR2

<4—={CLK
Vss RXA

Il

/‘[\ 0.1 uF

APPLICATION INFORMATION

el
30pr UH%M)pF

186 15~

77 =300 Q
A 17
100 kQ
ZL =
100 kQ Zr _
3 < =300Q
1B R
A
Zy’
RX Gain Adj 100 kO
100 kQ

5V

U1 =1LM124

4
250kQ A
uic

47 kQ

10 yF

Pin numbers shown are for the J and N packages.

Figure 3. Telephone Line Interface Circuit
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TCM3105DWL, TCM3105JE, TCM3105JL
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FSK MODEM
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APPLICATION INFORMATION

B ol o= TUN
PT T7° T
= = 100 kQ
15 16 :
0SC1 0SC2 | 0.1pF 4 =
5V TXA ﬂ{ ZT=600Q
7 100 kQ R
100 kQ RXB
=
1 5y
5V VpDp
5V
10
100 kQ %—— CDL
1 TCM3105 4TkQ
. - 8
Receive Data—4—1— RXD
Transmit Data—»——] TXD
__y_11 TXR1 0.1 pF 47 kQ 10 pF
12 RxA |2 '
Standa_rd and —»—=}TXR2
Bit Rate
—»311Rs 100 kQ =
Carrier Detect—€——1CDT 100 kQ
2 2 o
Clock—4——{ CLK Z—T = Z—T U4 = 1/2LM124
Vss L L
J-Q
Figure 4. Simplified Telephone Line Interface Circuit
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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current. '

Ti warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Spegcific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of T products in such applications is understood to be fully at the risk of the customer. Use of Ti
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Ti through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

T1 assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl .covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright © 1995, Texas Instruments incorporated
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General Description

The MAX220-MAX249 family of line driversfreceivers 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 SuW. 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

MAXI/V

+5V-Powered, Multichannel RS-232
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

4 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 o +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 [(\)) Drivers/Rx Ext. Caps _(uF) State SHDN (kbps) Features
MAX220 +5 2/2 4 0.1 No — 120 Ultra-low-powey, industry-standard pinout
MAX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 a5 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 22 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 2f2 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 4/3 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0 (0.1) No — 120 Complements 1BM 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;

+7.5t0 +13.2 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) 45 4/5 4 1.0 (0.1) Yes — 120 Complete 1BM PC serial port
MAX242 +5 2/2 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, two shutdown modes
MAX246 +5 8/10 0 — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/9 o] — 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 (4 120 Available in quad flatpack package
MNAXE N 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.
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MAXZ20-MAX249

+5V-Powered, Multichannel RS-232

20-Pin Plastic DIP (derate 8.60mW/°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/Recelvers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply VOltage (VOC) -+ ccvvirmseiimivsiseisnss -0.3Vio +6VY
Input Voltages
THNereeseeeeseresmemereacsssessssssssssss st ssnsmsnsss -0.3V to (Vcc - 0.3V)
RIN (EXCEPt MAX220) ..cooovvriirirmcemssimisnississsenississioriess +30V
RIN AMAXZ20).... oo +25V
TouT (Except MAX220) (NOtE 1) ..o +15V
TOUT (MAX220) ..o seesernssssssismssssesssimsssessnonssnes £13.2V
Output Voltages
TOUT v resreemss s et eme et eme s +15V
Rout -0.3Vto (Vec + 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_ s
MAX2__AE_ _, MAX2__E _.. .
MAX2_ _AM_ _, MAX2_ M__.

Storage Temperature Range........

Lead Temperature (soldering, 10s

Note 1: input voltage measured with Tour in high-impedance state, SHDN or Vo = 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 at these or any other conditions beyond those indicated in the operational seclions of the specifications is not implied. Exposure to
absolute maximurm rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Vo = +5V £10%, C1-C4 = O.1yF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, TA = TMIN to TMAX, unless otherwise noted.)

PARAMETER e CONDITIONS [ N TYP  MAX [UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 +8 \
Input Logic Threshold Low 14 0.8 \Y
input Logic Threshold High All devices except MAX220 2 1.4 v
MAX220: Vge = 5.0V 2.4
. All except MAX220, normal operation 5 40
Logic Pull-Up/inpi SRl SHDN = 0V, MAX222/242, shutdown, MAX220 001 w1 | M
Vog =5.9Y, SHDN = 0V, VouT = 215V, MAX222/242 +0.01 +10
Output Leakage Current el A
Vee = SHDN = 0V, Vout = 15V +0.01 +10
| Data Rate . 200 116 | kbps
Transmitter Output Resistance Vee = Vi = V== 0V, VouT = 22V 300 10M Q
Output Short-Circuit Current Vour = 0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 \
RS-232 Input Threshold Low Ve = 5V AL SXCQRIMAESEIN 08 13 Y,
MAX243 R2|N (Note 2) -3
RS-232 Input Threshold High Ve = 5V Al except MAX243 R2N 18 24 1y
MAX243 R2)n (Note 2) -0.5 -0.1
RS-232 Input Hysteresis All except MAX243, Voe = 5V, no hysteresis in shdn. 0.2 0.5 1 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 lout = -1.0mA 35 Vce-02 \
. Sourcing Vout = GND -2 -10
TTL/CMOS Output Short-Circuit Current Shrinking VouT = Voo 0 0 mA
MAXIMN




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

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

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Vcc or EN = Vi (SHDN = 0V for MAX222),
TTL/CMOS Output Leakage Current 0V < Vout Ve +0.05 +10 HA
EN Input Threshold Low MAX242 1.4 08 Y
EN Input Threshold High MAX242 2.0 1.4 Y
Operating Supply Voltage 45 55 \
MAX220 0.5 2
No load
Vee Supply Current (SHDN = Veeh MAX222/232A/233A/242/243 4 10 mA
Figures 5, 6, 11, 19 3kQ load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta = +25°C 0.1 10
Ta =0°Cto +70°C 2 50
Sh ly C t MAX222[242 A
utdown Supply Curren / T 40°C 10 385°C > 50 p
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 Vv
Cy = 50pF to 2500pF, -
RL = 3kQ to 7k, MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Voo =5V, Ta = +25°C, Vius
measured from +3V | MAX220 15 3 30
to -3V or -3V to +3V
MAX222/232A/233A/242/243 1.3 35
Transmitter Propagation Delay PHLT MAX220 P 10
TLL to RS-232 (Normal Operation), s
Figure 1 (N gy tion” t MAX222/232A/233N/242/243 15 385 | "
i MAX220 5 10
MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay IPHLR MAXD28 06 3
RS-232 to TLL (Normal Operation), - s
Figure o (Normal Ogegiions t MAX222/232/233A1242/243 0.6 1 H
. g."n MAX220 08 3
Receiver Propagation Delay tPHLS MAX242 0.5 10 S
RS-232 to TLL (Shutdown), Figure 2 | tp| g MAX242 25 10 H
Receiver-Output Enable Time, Figure 3 | ter MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | DR MAX242 160 500 ns
Transmitter-Output Enable Time t MAX222/242, 0.1pF caps 250 s
(SHDN Goes High), Figure 4 T (includes charge-pump start-up) H
Transmitter-Output Disable Time
(SHDN Goes Low), Figure 4 toT MAX222/242, 0.1pF caps 600 ns
Transmitter + to - Propagation 1 1 MAX222/232A/233A/242/243 300 ns
Delay Difference (Normal Operation) PHL_T ‘ PLHT MAX220 ) 2000
Receiver + to - Propagation 4 4 MAX222/232A/233A/242/243 100 ns
Delay Difference (Normal Operation) | 'R " PLHR MAX220 225

Note 3: MAX243 R20uT is guaranteed to be low when R2)y is = OV or is floating.

MAXIMN
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MAX220-MAX249
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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. BATA RATE ON-TIME EXITING SHUTDOWN
10 1 — AoV ——
8 W § - QUTPUT LOAD CURRENT § < Caps |V 4%
| EITHER V+ OR V- LOADED 3 ] [LOWSFROMV+TOV- wy N L
6 ' p aloars T——| sy f—] | OfRFCARS
s 4 } Vee =5V | OtpF_ | ’g 9 —| - 15v !
= NO LOAD ON E = P
S 2 | TRANSMITTER QUTPLTS Z 4 Vg = 45,25V 8 ov
S | (EXCEPT MAXz20, MAX233H) £ S — D
= V- LOADED, NO LOAD ON W N T U Ay z
2 kv , Vi X =
5 4 0'1F 1F 5 " Vo= HI | £ \el—F 1F CAPS
. —t = 5 1
5 ~ \/ \\L \ ] !
%/ S b | AN 0.1F CAPS
-8 v/ V- V-
0 = V+ LOADED, NO LOAD ON V- ] o
0 5 10 15 0 B 0 10 20 30 4 50 60 S00us/div
LOAD CURRENT (mA) DATA RATE (Kbils/sec)

4 MAXIMN




+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

Input Voitages
THN ovveeneerereeenmreeemeee e
RINo. s oreereeeeseseee s ere et en e reb s eh e e

Qutput Voltages
Tout (V+ + 0.3V} to (V- - 0.3V)
ROUT o oveereereemr et -0.3V to (Vee + 0.3V)
Short-Circuit Duration, TOUT «oevvervrrerimrenmnssmin e Continuous
Continuous Power Dissipation (Ta = +70°C)
14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW
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) .......... 1.07W
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)...... 500mwW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mW

24-Pin Wide SO (derate 11.76mW/°C above +70°C)....... 941mwW

- 28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1w

44-Pin Plastic FP (derate 11.11mW/°C above +70°C).....888mW
14-Pin CERDIP (derate 9.09mW/°C above +70°C).......... 727mW
16-Pin CERDIP (derate 10.00mW/°C above +70°C)........ 800mwW
20-Pin CERDIP (derate 11.11mW/°C above +70°C)......... 889mwW
24-Pin Narrow CERDIP

(derate 12.50mW/°C above +70°C) .......cc..... 1w
24-Pin Sidebraze (derate 20.0mW/°C above +70°C).......... 1.6W
28-Pin SSOP (derate 9.52mW/°C above +70°C)............. 762mwW

Operating Temperature Ranges .
MAX2 _ _C _ ooieeeertissir st s s s 0°C to +70°C
MAX2 __E__.. -40°C to +85°C
MAX2 __M_ e 55°C to +125°C
Storage Temperature Range............... ~65°C to +160°C
Lead Temperature (soldering, 108) .......ccooorvevniicecnns +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause perrhanent damage to 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 device reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241, Vcg = +5V £10; MAX233/MAX235, Voo = 5V £5%, C1-C4 = 1.0pF; MAX231/MAX239,

Voe = 5V £10%; V+ = 7.5V 10 13.2V, Ta = Tmin O Tmax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Swing Al transmitter outputs loaded with 3k to ground 5.0 +7.3 \
MAX232/233 5 10
Vee Power-Supply Current ?‘: Loigéoc MAX223/230/234-238/240/241 7 15 mA
MAX231/239 0.4 1
MAX231 1.8 5
V+ Power-Supply Current NAX39 3 T mA
Shutdown Supply Current Ta = +25°C MARESS 15 >0 LA
i MAX230/235/236/240/24 1 1 10
Input Logic Threshold Low | Tin; EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) 0.8 v
TiIN 2.0
Input Logic Threshold High Eﬁ ‘SHDN (MAX223); 04 \
EN, SHDN (MAX230/235/236/240/241) ’
Logic Pull-Up Current Tin=0V 15 200 LA
Operating angs = ¥ i
MAXIMN 5
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MAX220-MA.

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/286/237/238/240/241, Voo = +5V £10; MAX233/MAX235, Voe = 5V 5%, C1-C4 = 1.0uF; MAX231/MAX239,
Veg = 5V £10%; V+ = 7.5V 10 13.2V; Ta = TMin to TMAX: unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 0.8 1.2
- o SHDN = OV (MAX235/236/240/241)
RS-232 Input Threshold Low n ey C. v
cc= Shutdown (MAX223)
SHDN = 0V, 0.6 15
EN = 5V (R4N, RSIN)
Normal operation
SHDN = 5V (MAX223) 1.7 2.4
- 5 SHDN = 0V (MAX235/236/240/241)
RS-232 Input Threshold High L% e C v
cc = Shutdown (MAX223)
SHDN = 0V, 1.5 2.4
EN = 5V (R4, R5iN)
RS-232 Input Hysteresis Vce = 5V, no hysteresis in shutdown 0.2 0.5 1.0 \
RS-232 Input Resistance Ta = +25°C, Vce = 5V 3 6 7 39
TTL/CMOS Output Voltage Low louT = 1.6mA (MAX231/232/233, lout = 3.2mA) 0.4 \
TTL/CMOS Output Voltage High lout = -1mA 35 Vcc-04 \
0V < Rout € Vee; EN = 0V (MAX223);
TTL/CMOS Output Leakage Current EN = Voo (MAX235-241 ) 0.05 +10 uA
_ 3 Normal MAX223 600
Receiver Output Enable Time \ ns
P operation MAX235/236/239/240/241 400
MAX223 900
Receiver Output Disable Time Norma‘l ns
operation MAX235/236/239/240/241 250
RS-232 IN to Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT,} SHDN = oV tPHLS 40 ps
Cp = 150pF (MAX223) ks v 20
MAX223/MAX230/MAX234-241, TA = +25°C, Veg = 5V,
Ry = 3kQ to 7kQ, CL = 50pF to 2500pF, measured from 3 5.1 30
+3V 1o -3V or -3V to +3V
Transition Region Slew Rate Vius
MAX231/MAX232/MAX233, Ta = +25°C, Vec = 5V,
Ry = 3kQ to 7kQ, C = 50pF to 25600pF, measured from 4 30
+3V to -3V or -3V to +3V
Transmitter Output Resistance Vee = V+ = V- =0V, Vout = x2V 300 Q
gansmitter Output Short-Circuit £10 mA
urrent
6 MAXEMN




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

Typical Operating Characteristics

8.5

80

Vor (V)

75

70

6.5

-1.5

VoL (V)

-8.0

-85

-8.0

MAX223/MAX230-MAX241
TRANSMITTER OUTPUT VOLTASE {Vou)

TRANSMITTER OUTPUT vs. LOAD CAPACITANGE AT TRANSMITTER SLEW RATE

VOLTAGE (Von) vs. Vce DIFFERENT DATA RATES vs. LOAD CAPACITANCE
I 4 20 RANSMITTER LORDED o H
2 TRANSMITTERS % |§ i Ta=425°C g
LOADED 72 110 Vg = 45V
i /1 LOADED, R| = 3kQ|
100 4 C1-C4 = tuF—]
18 ~ = N |
1 TRANSMITTER >>(‘ S %0 2 TRANSMITTERS
LOADED / S 68 I yg0kvits/sec w LOADED
i AR N A~y B\
65 | 20Khils/sec z M~ N
/ LOADED ) 3 70 N
/ TA =+25°C | 6.4 | Tp= +25°C 0 __3 TRANSMITTERS \ A,
4 Ci-C4=1pF Vog = +5V 6. LOADED | N
/ f TRANSMITTER 62 |3 TRANSMITTERS LOADED {TRANSMITTERS ‘\
4 TRANSMITTERS LOADS= | R=3Q 34 ‘ LOADED O
LOADED | 31l 2500pF oo LCOAZ ; , |
45 50 55 T g 500 1000 1500 2000 2500 0 500 1000 1500 20000 2500
Vee (V) LOAD GAPACITANCE (pF) LOAD CAPACITANCE (pF)
TRANSMITTER OUTPUT VOLTAGE (Vot)
TRANSMITTER QUTPUT vs. LOAD CAPAGITANCE AT TRANSMITTER OUTPUT VOLTAGE (V+, V-)
VOLTAGE (Vot) vs. Vee DIFFERENT DATA RATES vs. LOAD CURRENT
. = 60 10
ATRANS-  Ta=+25C § Tae 125 /@ ]| §
MITTERS _ C1-C4=1uF | 62 yppos5v 8 B
LOADED " TRANSMITTER 3 TRANSMITTERS LOADED / 6 Ta=425C e
\ LOADS = 64 R =3ka 7 4 Vee =+5V
- \\ 321} 2500pF | op | Ci-Ce=TuF / Ci-C4= 1pF
w ! s 2 V- LOADED
[~ N Z 55 | t60Kbits/sec ,/ g3 _‘E’BSX‘LDL}"__NO L0AD |___|v+ LOADED, |
1 N | &1 80Kkbits/sec = TOADED. | ONVs NO LOAD
1 TRANS- 70 |— 20Kkbits/sec <] 2t ON V-
MITTER :
LOADED \ 5 / . vaE3"
2 TRANS- 3 TRANS- ' a4 — 5 e e
MITIERS  MITTERS 74 = P —|
LOADED  LOAGER A o LT AL TRANSMITIERS UNLOADED
45 50 55 0 500 1000 1500 2000 2500 0 5 10 15 20 25 30 35 40 45 50
Vee V) LOAD CAPACITANCE (pF) CURRENT (mA)
V+, V- WHEN EXITING SHUTDOWN
{(1uF CAPACITORS)
MAXZ20-13
Vi
. 0
V-
L : SHON®
500ms/div
*SHUTDOWN POLARITY IS REVERSED
FOR NON MAX241 PARTS 7

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

SUNPUT g3

PIN NUMBERS IN TYPICAL OPERATING CIRCUIT ARE FOR DIP/SO PACKAGES ONLY.

TOP VIEW r— .
G
¢l - 46] 1 = Vcc16 2
+1 Vi
16] Vee o _&—3' Ct+ WSVT0 +10V V4 +10v
vi 2 15| GND “T>-=§Ct-  VOLTAGE DOUBLER
4
G2+ 6 -0V
ci-{3 14| Ttour 2] +OVT0-10V V-
] mmam [ C2~ 5o VOLTAGE INVERTER ca
o [s] waxzsza el Mo 40K
v- ] [11] T w11 T 14,
T2our | 7 10| T2 TIL/CMOS RS-232
] o] INPUTS OUTPUTS
Row [8] o] R2our
DIP/SO
<1_2_ Rigur Riln E‘
CAPACITANCE (uF) TIL/CMOS 5k RS-232
DEVICE €1 (703 C4 05 R 4 S S O\ [
MAX220 47 47 1010 4] -
MAX232 10 10 10 10 10 :
MAX232A__ 01 01 01 01 01 *Q
g GND =
15
Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit
TOP VIEW WVINPUT €3 1 | CAPAGITORS = 0.1F
: e
— 17
2 Ve 3
_ B o | s sytomoy vt
S e 7 ) (NC)EN [ 1] [20] SHON ot vouThGE DOUBLER
e BN 1] ig] SFON C1s [2] 19] vee T4 §§+ avTo-oy vl
o [3] 7] vec w3 ] oo =51 G2- yOLTAGE INVERTER T ca
= 1- 5V -
v+ [3]  16] GND ¢-[a] maxam |17l Tor sk S, EXCEPT MAX220)
- [1] maam [l tor 2 [5] %ﬂgﬁg [16] N.C.
ca+[5] MAx222 ] Riy c2- [ [15] Rt
MAX242 TTL/CMOS (EXCEPT MAX220) RS-232
c2- 5| 13] Rtour v-[7] 4] Rigur ~— INPUTS QUIPUTS
v-[7] 12 e Tour [ 13] nc.
T20u1 [z E T2 R2iy E T__Z—l Thin 13) Riout RUN |14 4
R2iy 16] R2 R2 T2
Lo} o] o OUTE 1] 7o TIL/CMOS 5k RS-232
QUTPUTS < INPUTS
DIP/SO SSOP <. PaN|9
5ke2
{ ) ARE FOR MAX222 ONLY. L SionHe

L6

Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit

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

Ordering Information (continued)

PART TEMP RANGE PIN-PACKAGE PART TEMP RANGE PIN-PACKAGE
MAX222CPN 0°C to +70°C 18 Piastic DIP MAX232AC/D 0°C to +70°C Dice*
MAX222CWN 0°C to +70°C 18 Wide SO MAX232AEPE -40°C to +85°C 16 Plastic DIP
MAX222C/D 0°C to +70°C Dice* MAX232AESE -40°C to +85°C 16 Narrow SO
MAX222EPN -40°C to +85°C 18 Plastic DIP MAX232AEWE -40°C to +85°C 16 Wide SO
MAX222EWN -40°C to +85°C 18 Wide SO MAX232AEJE -40°C to +85°C 16 CERDIP
MAX222EJN -40°C to +85°C 18 CERDIP MAX232AMJE -55°C 1o +125°C 16 CERDIP
MAX222MJIN -55°C to +125°C 18 CERDIP MAX232AMLP -55°C to +125°C 20LCC
MAX223CAl 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 Plastic 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 to +85°C 20 Plastic DIP
MAX225CWi 0°C to +70°C 28 Wide SO MAX233AEWP -40°C to +85°C 20 Wide SO
MAX225EWI -40°C to +85°C 28 Wide SO MAX234CPE 0°C to +70°C 16 Plastic DIP
MAX230CPP 0°Cto +70°C 20 Plastic DIP MAX234CWE 0°C to +70°C 16 Wide SO
MAX230CWP 0°Cto +70°C 20 Wide SO MAX234C/D 0°Cto +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 SO MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EJP -40°C to +85°C 20 CERDIP MAX234MJE -55°C to +125°C 16 CERDIP
MAX230MJP -55°C to +125°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 to +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 to +85°C 14 Pastic DIP MAX236CWG 0°C to +70°C 24 Wide SO
MAX231EWE -40°C to +85°C 16 Wide SO MAX236C/D 0°C to +70°C Dice*
MAX231EJD -40°C to +85°C 14 CERDIP MAX236ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX231MJD -55°C to +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 -55°C to +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 +85°C 16 Wide SO 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
MAX232MJE -55°C to +125°C 16 CERDIP MAX237MRG -55°C to +125°C 24 Narrow CERDIP
MAX232MLP -55°C to +125°C 20LCC MAX238CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232ACPE 0°Cto +70°C 16 Plastic DIP MAX238CWG 0°C 10 +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
* Contact factory for dice specifications.
MAXIMN 35
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DS18520
High Precision
Wire" Digital Thermometer

FEATURES : PIN ASSIGNMENT

e Unique 1-wire interface requires only one
port pin for communication DALLAS Ne R
e Fach device has a unique 64-bit serial code DS1820 '
stored in an on-board ROM C 5 NC -3
e Multi-drop capability simplifies distributed Voo [ §

temperature sensing applications
Requires no external components j
Can be powered from data line. Power supply 8-pin 150-mil SOIC

range is 3.0V to 5.5V (DS18S20Z)
e Measures temperatures from ~55°C  to
+125°C (—67°F to +257°F)
e +0.5°C accuracy from —10°C to +85°C L)L
e  9-bit thermometer resolution Y
‘e Converts temperature in 750 ms (max.) R/9
e User-definable nonvolatile alarm settings
e Alarm scarch command identifies and @ h
addresses devices whose temperature is
outside of programmed limits (temperature (BOTTOM VIEW)
alarm condition)
.. ; . TO-92
e Applications include thermostatic ~controls, (DS18520)
industrial systems, consumer products, .
thermometers, or any thermally sensitive
system PIN DESCRIPTION
' GND - Greund

DQ - Data In/Out
Vpp - Power Supply Voltage
NC  -No Connect

DESCRIPTION

The DS18S20 Digital Thermometer provides 9-bit centigrade temperature measurements and has an
alarm function with nonvolatile user-programmable upper and lower trigger points. The DS18S20
communicates over a 1-wire bus that by definition requires only one data line (and ground) for
communication with a central microprocessor. It has an operating temperature range of —55°C to +125°C
and is accurate to 20.5°C over the range of —10°C to +85°C. In addition, the DS18S20 can derive power
directly from the data line (“parasite power™), eliminating the need for an external power supply.

Each DS18S20 has a unique 64-bit serial code, which allows multiple DS18520s to function on the same
]—wire bus; thus, it is simple to use one microprocessor to control many DS18S20s distributed over.a
large area.  Applications that can benefit from this feature includle HVAC environmental controls,
temperature monitoring systems inside buildings, equipment or machinery, and process monitoring and
control systems.
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DS18520

DETAILED PIN DESCRIPTIONS Table 1
8-PIN SOIC* | TO-92 | SYMBOL | DESCRIPTION
5 | 1 GND | Ground.

4 2 DQ Data Input/Output pin. Open-drain 1-wire interface pin. Also
: provides power to the device when used in parasite power mode

» (see “Parasite Power” section.)

3 3 Vop Optional Vpp pin. Vpp must be grounded for operation in

parasite power mode.

* All pins not specified in this table are “No Connect” pins.

OVERVIEW

Figure 1 shows a block diagram of the DS18S20, and pin descriptions are given in Table 1. The 64-bit
" ROM stores the device’s unique serial code. The scratchpad memory contains the 2-byte temperature
register that stores the digital output from the temperature sensor. In addition, the scratchpad provides
access to the 1-byte upper and lower alarm trigger registers (T and Tp). The Ty and Ty registers are
nonvolatile (EEPROM), so they will retain data when the device is powered down.

The DS18S20 uses Dallas’ exclusive 1-wire bus protocol that implements bus communication using one
control signal. The control line requires a weak pullup resistor since all devices are linked to the bus via a
3-state or open-drain port (the DQ pin in the case of the DS18520). In this bus system, the
microprocessor (the master device) identifies and addresses devices on the bus using each device’s unique
64-bit code. Because each device has a unique code, the number of devices that can be addressed on one
bus is virtually unlimited. The 1-wire bus protocol, including detailed explanations of the commands and
“time slots,” is covered in the 1-WIRE BUS SYSTEM section of this datasheet.

Another feature of the DS18S20 is the ability to operate without an external power supply. Power is
instead supplied through the 1-wire pullup resistor via the DQ pin when the bus is high. The high bus
signal also charges an internal capacitor (Cpp), which then supplies power to the device when the bus is
low. This method of deriving power from the 1-wire bus is referred to as “parasite power.” -As an
alternative, the DS18520 may also be powered by an external supply on Vpp.

DS18520 BLOCK DIAGRAM. Figure 1 -
Vey
47K PARASITE POWER WIS~ 4
CIRCUIT adah ol DS18S20
pQ v
l4—{ TEMPERATURE SENSOR
INTERNAL Vpo 64-BIT ROM
_[ 1-wire PORT ALARM HIGH TRIGGER (Tr)
-w
GND.@ ;c” SCRATCHPAD (@1 " REGISTER (EEPROM)
ALARM LOW TRIGGER (T
— 4P| " RecisTER (EEPROM; Y
“Vor, B— é SUPPLY
po SENSE >
8-BIT CRC GENERATOR J
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DS18S20

OPERATION — MEASURING TEMPERATURE

The core functionality of the DS18S20 is its direct-to-digital temperature sensor. The temperature sensor
output has 9-bit resolution, which corresponds to 0.5°C steps. The DS18S20 powers-up in a low-power
idle state; to initiate a temperature measurement and A-to-D convetsion, the master must issue a Convert
T [44h] command. Following the conversion, the resulting thermal data is stored in the 2-byte
temperature register in the scratchpad memory and the DS18S20 returns to its idle state. If the DS18S20
is powered by an external supply, the master can issue “read time slots” (see the 1-WIRE BUS SYSTEM
section) after the Convert T command and the DS18S20 will respond by transmitting 0 while the
temperature conversion is in progress and 1 when the conversion is done. If the DS18S20 is powered
with parasite power, this notification technique cannot be used since the bus must be pulled high by a
strong pullup during the entire temperature conversion. The bus requirements for parasite power are
explained in detail in the POWERING THE DS 18520 section of this datasheet.

The DS18S20 output data is calibrated in degrees centigrade; for Fahrenheit applications, a lookup table
or conversion routine must be used. The temperature data is stored as a 16-bit sign-extended two’s
complement number in the temperature register (see Figure 2). The sign bits (S) indicate if the
temperature is positive or negative: for positive numbers S = 0 and for negative numbers S = 1. Table 2
gives examples of digital output data and the corresponding temperature reading.

Resolutions greater than 9 bits can be calculated using the data from the temperature, COUNT REMAIN
and COUNT PER °C registers in the scratchpad. Note that the COUNT PER °C register is hard-wired to
16 (10h). After reading the scratchpad, the TEMP_READ value is obtained by truncating the 0.5°C bit
(bit 0) from the temperature data (see Figure 2). The extended resolution temperature can then be
calculated using the following equation:

COUNT _PER C—COUNT _ REMAIN

TEMPERATURE =TEMP READ —0.25+
& COUNT _PER _C

Additional information about high-resolution temperature calculations can be found in Application Note
105: “High Resolution Temperature Measurement with Dallas Direct-to-Digital Temperature Sensors”.

TEMPERATURE REGISTER FORMAT Figure 2

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
15Byte| 22 \N Do | BAADLNL?Y | &2 [ 20 | 2!

bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8
mSBye| S | S | S| .S ]S |- s [ s | s |

TEMPERATURE/DATA RELATIONSHIP Table 2

TEMPERATURE DIGITAL OUTPUT DIGITAL OUTPUT

(Binary) (Hex)

+85.0°C* 0000 0000 1010 1010 00AAQ
+25.0°C 0000 0000 0011 0010 0032h
+0.5°C 0000 0000 0000 0001 0001h

0°C 0000 0000 0000 0000 0000h

-0.5°C 1111 1111 1111 1111 FFFFh
-25.0°C 1111 1111-1100 1110 FFCEh
-55.0°C 111111111001 0010 FF92h

*The power-on reset value of the temperature register is +85°C
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DS18520

OPERATION - ALARM SIGNALING

After the DS18S20 performs a temperature conversion, the temperature value is compared to the user-
defined two’s complement alarm trigger values stored in the 1-byte T and Ty registers (see Figure 3).
The sign bit (S) indicates if the value is positive or negative: for positive numbers S = 0 and for negative
qumbers S = 1. The Ty and Ty registers are nonvolatile (EEPROM) so they will retain data when the
device is powered down. Ty and Ty, can be accessed through bytes 2 and 3 of the scratchpad as explained
in the MEMORY section of this datasheet.

Ty AND T, REGISTER FORMAT Figure 3

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
S 26 2° 23 2’ 22 2! 2°

Only bits 8 through 1 of the temperature register are used in the Ty and Ty comparison since Ty and Ty,
are 8-bit registers. If the result of a temperature measurement is higher than Ty or lower than Ty, an
alarm condition exists and an alarm flag is set inside the DS18S20. This flag is updated after every
temperature measurement; therefore, if the alarm condition goes away, the flag will be turned off after the
next temperature conversion.

The master device can check the alarm flag status of all DS18S20s on the bus by issuing an Alarm Search
[ECh] command. Any DS18820s with a set alarm flag will respond to the command, so the master can
determine exactly which DS18520s have experienced an alarm condition. If an alarm condition exists
and the Ty or Ty, settings have changed, another temperature conversion should be done to validate the
alarm condition.

POWERING THE DS18S20

The DS18S20 can be powered by an external supply on the Vpp pin, or it can operate in “parasite power”
mode, which allows the DS18520 to function without a local external supply. Parasite power is very
useful for applications that require remote temperature sensing or that are very space constrained. Figure
1 shows the DS18820’s parasite-power control circuitry, which “steals™ power from the 1-wire bus via
the DQ pin when the bus is high. The stolen charge powers the DS18S20 while the bus is high, and some
of the charge is stored on the parasite power capacitor (Cpp) to provide power when the bus is low.
When the DS18S20 is used in parasite power mode, the Vpp pin must be connected to ground.

In parasite power modé, the 1-wire bus and Cpp can provide sufficient current to the DS18S20 for most
operations as long as the specified timing and voltage requirements are met (refer to the DC
ELECTRICAL CHARACTERISTICS and the AC ELECTRICAL CHARACTERISTICS sections of this
data sheet). However, when the DS18S20 is performing temperature conversions or copying data from
the scratchpad memory to EEPROM, the operating current can be as high as 1.5 mA. This current can
cause an unacceptable voltage drop across the weak 1-wire pullup resistor and is more current than can be
supplied by Cpp. To assure that the DS18520 has sufficient supply current, it is necessary to provide a
strong pullup on the 1-wire bus whenever temperature conversions are taking place or data is being
copied from the scratchpad to EEPROM. This can be accomplished by using a MOSFET to pull the bus
directly to the rail as shown in Figure 4. The 1-wire bus must be switched to the strong pullup within 10
ps (max) after a Convert T [44h] or Copy Scratchpad [48h] command is issued, and the bus must be held
high by the pullup for the duration of the conversion (teony) Or data transfer (tw; = 10 ms). No other
activity can take place on the 1-wire bus while the pullup is enabled. :

The DS18S20 can also be powered by the conventional method of connecting an external power supply to
the Vpp pin, as shown in Figure 5. The advantage of this method is that the MOSFET puilup is not
required, and the 1-wire bus is free to carry other traffic during the temperature conversion time.
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DS18820

The use of parasite power is not recommended for temperatures above 100°C since the DS18S20 may not
be able to sustain communications due to the higher leakage currents that can exist at these temperatures.
For applications in which such temperatures are likely, it is strongly recommended that the DS18520 be
powered by an external power supply.

In some situations the bus master may not know whether the DS18S20s on the bus are parasite powered
or powered by external supplies. The master needs this information to determine if the strong bus pullup
should be used during temperature conversions. To get this information, the master can issue a Skip
ROM [CCh] command followed by a Read Power Supply [B4h] command followed by a “read time
slot”. During the read time slot, parasite powered DS18520s will pull the bus low, and externally
powered DS18S20s will let the bus remain high. If the bus is pulled low, the master knows that it must
supply the strong pullup on the 1-wire bus during temperature conversions.

SUPPLYING THE PARASITE-POWERED DS18520 DURING TEMPERATURE
CONVERSIONS Figure 4

VPU

DS18S20
; GND DQ Vpp
Micro- - |

processor 47K AV
1-Wire Bus

To Other
1-Wire Devices

POWERING THE DS18520 WITH AN EXTERNAL SUPPLY Figure 5

DS18S20 \_’PR_(External Supply)
Micro- GND DQ Vpp

processor A | ‘

1-Wire Bus

To Other
1-Wire Devices

64-BIT LASERED ROM CODE

Each DS18520 contains a unique 64-bit code (see Figure 6) stored in ROM. The least significant 8 bits
of the ROM code contain the DS18520’s 1-wire family code: 10h. The next 48 bits contain a unique
serial number. The most significant 8 bits contain a cyclic redundancy check (CRC) byte that is
calculated from the first 56 bits of the ROM code. A detailed explanation of the CRC bits is provided in
the CRC GENERATION section. The 64-bit ROM code and associated ROM function control logic
allow the DS18S20 to operate as a 1-wire device using the protocol detailed in the 1-WIRE BUS
SYSTEM section of this datasheet.

64-BIT LASERED ROM CODE Figure 6

[ 8-BIT CRC [ 48-BIT SERIAL NUMBER | 8-BIT FAMILY CODE (10h) |
MSB LSB MSB LSB MSB LSB
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DS18S20

MEMORY

The DS18S20’s memory is organized as shown in Figure 7. The memory consists of an SRAM
scratchpad with nonvolatile EEPROM storage for the high and low alarm trigger registers (Tw and Ty).
Note that if the DS18S20 alarm function is not used, the Ty and Ty, registers can serve as general-purpose
memory. All memory commands are described in detail in the DS18520 FUNCTION COMMANDS

section. ‘

Byte 0 and byte 1 of the scratchpad contain the LSB and the MSB of the temperature register,
respectively. These bytes are read-only. Bytes 2 and 3 provide access to Ty and Ty registers. Bytes 4
and 5 are reserved for internal use by the device and cannot be overwritten; these bytes will return all 1s
when read. Bytes 6 and 7 contain the COUNT REMAIN and COUNT PER °C registers, which can be
used to calculate extended resolution results as explained in the OPERATION — MEASURING
TEMPERATURE section.

Byte 8 of the scratchpad is read-only and contains the cyclic redundancy check (CRC) code for bytes 0
through 7 of the scratchpad. The DS18S20 generates this CRC using the method described in the CRC
GENERATION section.

Data is written to bytes 2 and 3-of the scratchpad using the Write Scratchpad [4Eh] command; the data
must be transmitted to the DS18S20 starting with the least significant bit of byte 2. To verify data
integrity, the scratchpad can be read (using the Read Scratchpad [BEh] command) after the data is
written. When reading the scratchpad, data is transferred over the 1-wire bus starting with the least
significant bit of byte 0. To transfer the Ty and Ty data from the scratchpad to EEPROM, the master
must issue the Copy Scratchpad [48h] command.

Data in the EEPROM regisf.ers is retained when the device is powered down; at power-up the EEPROM
data is reloaded into the corresponding scratchpad locations.  Data can also be reloaded from EEPROM

to the scratchpad at any time using the Recall g [B8h] command. The master can issue “read time slots”
(see the 1-WIRE BUS SYSTEM section) following the Recall E? command and the DS18S20 will
indicate the status of the recall by transmitting 0 while the recall is in progress and 1 when the recall is
done. \ %

DS18520 MEMORY MAP cdl &

SCRATCHPAD (Power-up State)
byte 0 | Temperature LSB (AAh} (85°C)4

byte 1 | Temperature MSB. (00h) EEPROM
byte 2 | Ty Register or User Byte 1* <«—>»| Ty Register or User Byte 1
byte 3 | TL Register or User Byte 2* <«—»| Ty Register or User Byte 2

byte 4 | Reserved (FFh)

byte 5 | Reserved (FFh)

byte 6 | COUNT REMAIN (0Ch)
byte 7 | COUNT PER °C  (10h)
byte 8 | CRC*

*Ppower-up state depends on value(s) stored
in EEPROM
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DS18S20

CRC GENERATION

CRC bytes are provided as part of the DS18520’s 64-bit ROM code and in the 9" byte of the scratchpad
memory. The ROM code CRC is calculated from the first 56 bits of the ROM code and is contained in
the most significant byte of the ROM. The scratchpad CRC is calculated from the data stored in the
scratchpad, and therefore it changes when the data in the scratchpad changes. The CRCs provide the bus
master with a method of data validation when data is read from the DS18520. To verify that data has
been read correctly, the bus master must re-calculate the CRC from the received data and then compare
this value to either the ROM code CRC (for ROM reads) or to the scratchpad CRC (for scratchpad reads).
If the calculated CRC matches the read CRC, the data has been received error free. The comparison of
CRC values and the decision to continue with an operation are determined entirely by the bus master.
There is no circuitry inside the DS18S20 that prevents a command sequence from proceeding if the
DS18S20 CRC (ROM or scratchpad) does not match the value generated by the bus master.

The equivalent polynomial function of the CRC (ROM or scratchpad) is:
CRC=X*+X’+ X' +1

The bus master can re-calculate the CRC and compare it to the CRC values from the DS18S20 using the
polynomial generator shown in Figure 8. This circuit consists of a shift register and XOR gates, and the
shift register bits are initialized to 0. Starting with the Jeast significant bit of the ROM code or the least
significant bit of byte 0 in the scratchpad, one bit at a time should shifted into the shift register. After
shifting in the 56M bit from the ROM or the most significant bit of byte 7 from the scratchpad, the
polynomial generator will contain the re-calculated CRC. Next, the 8-bit ROM code or scratchpad CRC
from the DS18S20 must be shifted into the circuit. At this point, if the re-calculated CRC was correct, the
shift register will contain all 0s. Additional information about the Dallas 1-wire cyclic redundancy check
is available in Application Note 27 entitled “Understanding and Using Cyclic Redundancy Checks with
Dallas Semiconductor Touch Memory Products.”

CRC GENERATOR Figure 8 - NPT

Ry NENo g ot e Nu e
(MSB) b (LSB)
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DS18S20

1-WIRE SIGNALING

The DS18S20 uses a strict 1-wire communication protocol to insure data integrity. Several signal types
are defined by this protocol: reset pulse, presence pulse, write 0, write 1, read 0, and read 1. All of these
signals, with the exception of the presence pulse, are initiated by the bus master.

INITIALIZATION PROCEDURE: RESET AND PRESENCE PULSES

All communication with the DS18S20 begins with an initialization sequence that consists of a reset pulse
from the master followed by a presence pulse from the DS18S20. This is illustrated in Figure 10. When
the DS18S20 sends the presence pulse in response to the reset, it is indicating to the master that it is on
the bus and ready to operate.

During the initialization sequence the bus master transmits (Tx) the reset pulse by pulling the 1-wire bus
low for a minimum of 480 ps. The bus master then releases the bus and goes into receive mode (Rx).
When the bus is released, the 5k pullup resistor pulls the I-wire bus high. When the DS1 8S20 detects
this rising edge, it waits 15-60 {1s and then transmits a presence pulse by pulling the 1-wire bus low for
60240 ps.

INITIALIZATION TIMING Figure 10

MASTER Tx RESET PULSE MASTER Rx

480 ps minimum —pl¢—————— 480 ps minimum  ——————————»
DS18520 Tx
DS18S20 <« presence pulse

waits 15-60 15 —»| LN 60-240 ps

Veu 2 ' 3
1-WIRE BUS I /
GND i

LINE TYPE LEGEND

mmmemsm  Bus master pulling low

mwemea . DS 18520 pulling low

Resistor pullup
READ/WRITE TIME SLOTS

The bus master writes data to the DS18S20 during write time slots and reads data from the DS18S20
during read time slots. One bit of data is transmitted over the 1-wire bus per time slot.

WRITE TIME SLOTS

There are two types of write time slots: “Write 17 time slots and “Write 0” time slots. The bus master
uses a Write 1 time slot to write a logic 1 to the DS18S20 and a Write 0 time slot to write a logic 0 to the
DS18S20. All write time slots must be a minimum of 60 ps in duration with a minimum of a 1 ps
recovery time between individual write slots. Both types of write time slots are initiated by the master
pulling the 1-wire bus low (see Figure 11).

To generate a Write 1 time slot, after pulling the 1-wire bus low, the bus master must release the 1-wire
bus within 15 us. When the bus is released, the Sk pullup resistor will pull the bus high. To generate a
Write 0 time slot, after pulling the 1-wire bus low, the bus master must continue to hold the bus low for
the duration of the time slot (at least 60 ps). The DS18S20 samples the 1-wire bus during a window that
Jasts from 15 ps to 60 ps after the master initiates the write time slot. If the bus is high during the
sampling window, a 1 is written to the DS18S20. If the line is low, a 0 is written to the DS18S20.
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READ TIME SLOTS

The DS18S20 can only transmit data to the master when the master issues read time slots. Therefore, the
master must generate read time slots immediately after issuing a Read Scratchpad [BEh] or Read Power
Supply [B4h] command, so that the DS18520 can provide the requested data. In addition, the master can
generate read time slots after issuing Convert T [44h] or Recall E? [B8h] commands to find out the status
of the operation as explained in the DS18520 FUNCTION COMMAND section.

All read time slots must be a minimum of 60 ps in duration with a minimum of a 1 pis recovery time
between slots. A read time slot is initiated by the master device pulling the l-wire bus low for a
minimum of 1 ps and then releasing the bus (see Figure 11). After the master initiates the read time slot,
the DS18S20 will begin transmitting a 1 or 0 on bus. The DS18520 transmits a 1 by leaving the bus high
and transmits a 0 by pulling the bus low. When transmitting a 0, the DS18520 will release the bus by the
end of the time slot, and the bus will be pulled back to its high idle state by the pullup resister. Output
data from the DS18S20 is valid for 15 ps after the falling edge that initiated the read time slot. Therefore,
the master must release the bus and then sample the bus state within 15 ps from the start of the slot.

Figure 12 illustrates that the sum of T, Tre, and Tsampre must be less than 15 ps for a read time slot.
Figure 13 shows that system timing margin is maximized by keeping Tinir and Tre as short as possible
and by locating the master sample time during read time slots towards the end of the 15 ps period.

READ/WRITE TIME SLOT TIMING DIAGRAM Figure 11

START
o‘?gng OF SLOT
MASTER WRITE “0” SLOT MASTER WRITE “1” SLOT
PR +— 1us<Tpee<®
—————— 60 pus <Tx“07 <120 ——>|
e I<—- >14pus
Vpy
1-WIRE BUS
GND
< 15us »|¢ 15us »|<4— 30ps —>| <+ 15ps —»Iq- 15pus -ple— 30pus —p
MASTER READ “0” SLOT MASTER READ “1” SLOT
——yl <+ 1 ps < Trec < °
VPU
1-WIRE BUS
GND
>1ps l Master samples
>1pus —» |<— i
->|4———— 45 s ————"I l— 158 ->l

LINE TYPE LEGEND
mmmmem Bys master pulling low e (1518520 pulling low

Resistor pullup
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DETAILED MASTER READ 1 TIMING Figure 12

Veu . i .
1-WIRE BUS | : B VIH of Master

GND h
4+ T|N7>1|J,S _blﬂ——'—' Tre -———>|

< 15 s

RECOMMENDED MASTER READ 1 TIMING Figure 13

Veu

4-WIRE BUS VIH of Master

GND
Tor S Tro 2 Master samples
small’ smalt

7 } 16 us

LINE TYPE LEGEND
mmmemn  Bus master pulling low

Resistor pullup
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ROM COMMANDS FLOW CHART Figure 14

initialization MASTER Tx
Sequence RESET PuiSE |«

v

DS18S20 Ty
PRESENCE
PULSE

4

MASTER TxROM
COMMAND

FOh
SEARCH ROM
COMMAND

55h
MATCH ROM
COMMAND

MASTER Tx
BITO

CCh
SKIP ROM
COMMAND

DS18520 Tx BIT 0 DS18520 Ty BIT O
Ll o e ]
DS18520 Tx BIT 0 DS18520 Tx BIT 0
MASTER Tx BIT 0 MASTER Tx BIT 0
DS18520 Tx
FAMILY CODE
1BYTE
* BITO BIT O
MATCH? MATCH?
DS18520 Tx
SERIAL NUMBER Y
6 BYTES
+ DS18520 Ty BIT 1
DS18520 Tx MASTER Tx =3
CRC BYTE BIT 1 DS18520 Tx BIT 1
MASTER Tx BIT 1
N N
Y TY
T DS18520 TxBIT 63
MASTER Ty DS18820 Tx BIT 63
BIT 63
MASTER Tx BIT 63
N
BIT 63 BIT 63
MATCH? MATCH?
Y
MASTER Tx
FUNCTION
COMMAND
(FIGURE 15)

15 of 21



DS18820

DS18S20 FUNCTION COMMANDS FLOW CHART Figure 15

48h

MASTER Ty N CoPY
FUNCTION SCRATCHPAD
COMMAND .

PARASITE
POWER
?

PARASITE
POWER
?

DS18520 BEGINS MASTER ENABLES
CONVERSION MASTER ENABLES STRONG PULL-UP ON DQ
STRONG PULLUP ON DQ ¢
¢ DATA COPIED FROM
DS18520 CONVERTS SCRATCHPAD TO EEPROM
TEMPERATURE
DEVICE COPY IN
CONVERTING PROGRESS ¢
TEMPERATURE ?
? MASTER DISABLES
MASTER DISABLES by STRONG PULLUP
STRONG PULLUP
\ 4 MASTER MASTER
MASTER MASTER Rx "08" Ry*1s"
Rx “0s” Rx*1s" l

B8h
RECALL £2
?

MASTER Tx Ty BYTE
v MASTER Rx DATA BYTE TO SCRATCHPAD

MASTER BEGINS DATA FROM SCRATCHPAD
RECALL FROM E? PROM

-

PARASITE
-~ POWERED
7

MASTER Tx T, BYTE
TO SCRATCHPAD

MASTER

v MASTER MASTER
Tx RESET

Rx *1s” Ry "08”

DEVICE
BUSY RECALLING
DATA
?

MASTER MASTER
Ry "08" Ry 18"

I MASTER Rx SCRATCHPAD
CRC BYTE

RETURN TO INITIALIZATION
SEQUENCE (FIGURE 14) FOR
NEXT TRANSACTION
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DS18820

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to ground -0.5V to +6.0V
Operating temperature -55°C to +125°C
Storage temperature —55°C to +125°C

Soldering temperature

See J-STD-020A Specification

*These are stress ratings only and functional operation of the device at these or any other conditions
above those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

DC ELECTRICAL CHARACTERISTICS

(-55°C to +125°C; Vpp=3.0V to 5.5V)

PARAMETER SYMBOL | CONDITION | MIN | TYP MAX UNITS | NOTES
Supply Voltage Vpp Local Power | +3.0 +5.5 \Y 1
Pullup Supply Vru Parasite Power | +3.0 +5.5 v 1,2
Voltage Local Power +3.0 Vobp
Thermometer Error tERR -10°C to +0.5 °C 3
+85°C
-55°C to +2
; T2
Input Logic Low Vi -0.3 +0.8 \" 1,4,5
Input Logic High Viu Local Power | +2.2 The lower of v 1,6
5.5
Parasite Power (=+3.0 or
Vpp +0.3
Sink Current I Vyo=0.4V 4.0 mA 1
Standby Current Ipps 750 1000 nA 7,8
Active Current Ipp Vpp=5V 1 1.5 mA 9
DQ Input Current Ing 3 5 A 10
Drift +0.2 °C 11
NOTES:

1. All voltages are referenced to ground. -
2. The Pullup Supply Voltage specification assumes that the pullup device is ideal, and therefore the

high level of the pullup is equal to Vpy.

In order to meet the Vi spec of the DS18S20, the actual

supply rail for the strong pullup transistor must include margin for the voltage drop across the
transistor when it is turned on; thus: Vpy actuaL = VPU_IDEAL + VTRANSISTOR-
3. See typical performance curve in Figure 16
4. Logic low voltages are specified at a sink current of 4 mA.

10.
11.

To guarantee a presence pulse under low voltage parasite power conditions, Vimax may have to be
reduced to as low as 0.5V.

Logic high voltages are specified at a source current of 1 mA.

Standby current specified up to 70°C. Standby current typically is 3 pA at 125°C.

To minimize Ipps, DQ should be within the following ranges: GND < DQ £ GND + 0.3V or Vpp —
0.3V <DQ < Vpp. '

Active current refers to supply current during active temperature conversions or EEPROM writes.
DQ line is high (“hi-Z” state).

Drift data is based on a 1000 hour stress test at 125°C with Vpp =5.5V.
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DS18S20

AC ELECTRICAL CHARACTERISTICS: NV MEMORY

(-55°C to +100°C; Vpp=3.0V to 5.5V

: PARAMETER SYMBOL CONDITION MIN TYP MAX UNITS
NV Write Cycle Time tur 2 10 ms
EEPROM Writes NEgewr -55°C to +55°C 50k writes
'EEPROM Data Retention tEEDR -55°C to +55°C 10 years
AC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=3.0V to 5.5V)
PARAMETER SYMBOL | CONDITION | MIN | TYP | MAX | UNITS | NOTES
Temperature Conversion tconv 750 ms 1
Time
Time to Strong Pullup On tsPON Start Convert T 10 us
Command Issued
Time Slot tsioT 60 120 ps 1
Recovery Time tREC 1 us -1
Write 0 Low Time TLOWO 60 120 us 1
Write 1 Low Time tLow! 1 15 s 1
Read Data Valid tRDV 15 Us 1
Reset Time High tRSTH 480 us 1
Reset Time Low tRSTL 480 us 1,2
Presence Detect High tpDHIGH 15 60 ps 1
Presence Detect Low tPDLOW 60 240 s 1
Capacitance Cmvout 25 pF
NOTES:

1. Refer to timing diagrams in Figure 17.

2. Under parasite power, if tgstL > 960 (s, a power on reset may occur.

TYPICAL PERFORMANCE CURVE Figure 16
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