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ABSTRACT

This thesis presented a design and development of Energy Consumption Record and
Control System for Split Type Air condition. The system consisted of the measure, the control air
condition, the RS232/RS485 converter and the display on computer. Which can show the number,
graph and temperature at real time? This system control energy of split type air condition with

quantity properly and don’t have effect with action.
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if (expression) Expression False,
Statement 1;
True Else
Else Statement 2
Statement 1 Statement 2
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switch (k)
{
case 1: statement 1:
break;
case 2: statement 2:
break;
case 3: statement 3
break;
default: ¢ statement ﬁ;
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while (1)

{
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P1 = OxOAA
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void delay (unsigned int x)
{

unsigned char j;

while (x--)

{ -
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}
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/* BYTE register */

sfr PO = 0x80;
sfr P1 = 0x90;
sfr P2 = 0xAO;
sfr P3 = 0xBO0;
/* BIT register */
/* TCON */

sbit TF1 = 0x8F;
sbit TR1 = 0x8E;
sbit TFO 0x8D;
sbit TRO 0x8C;
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#include <reg51.h>
#include <absacc.h>
#include <ctype.h>
#include <intrins.h>
#include <math.h>
#include <stdarg.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

#define TIMERO COUNT 0xDC11 /* 1000h - ((11,059,200Hz / (12 *
FREQ)) = 17) */

static unsigned timerO_tick; /* timer tick variable */

#define My ID 'B' /* ID for this room */

#define STX 0x3A /* start of text = : */

#define ETX Ox3R /* End of text = ; */

unsigned int a count = 0;

bit data ready;

unsigned char inputbuf(16];
unsigned char reportbuf[32];
unsigned char TEMBUF{2];
sbit statusLED = P0"0;

sbit BUSY = P0"1;

sbit HI LO = P0*2;

sbit TXCTRL = P377;

sbit TMDAT = P270;

sbit TMDAT1 P2°1;

sbit TMDATZ2 = P2°2;

sbit compressor = P0"3;
static void intO isr (veoid) interrupt 0 using 1 /* intl vector */

{

unsigned i;

TRO = 0;

a_count = TLO+ (TH0<<8) ;
TLO = 0;

THO = 0;

data ready = 1;
}

static void intl_isr (void) interrupt 2 using 1 /* intl vector */
{

TRO = 1;
}

void counter0 initialize (void)

{

EA = 0;

timer0_tick = 0;

TRO = 0;

TLO = 0; /* counter 8 bit low = 0000 */

THO = 0; /* counter 8 bit hight = 0000 */
TMOD &= ~0xOF; /* TMOD = TMOD and (1111 0000) */
TMOD |= 0x05; /* TMOD (C/TO = Counter 16 bit) */

PTO = 0;
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enable interrupt
eénable interrupt
enable interrupt
falling edge int
falling edge int

from TO pin */
from INTO pin */
from INTO pin */
0 */

0 */

ETO = 1; /*
EXO = 1;- /*
EX1 = 1; /*
ITO = 1; /*
ITl = 1; /*
TRO = 1;

EA = 1;

}

void dmsec (unsigned int count)

{
unsigned int 1i;
while (count)

{

/* mSec Delay 11.0592 Mhz */

i = 200; while (i>0) i=-=;

count--;
}
}

void tmreset (unsigned char chipno)

{

unsigned int i;

switch (chipno)

{

case 0:
TMDAT = 0;
break;

case 1:
TMDAT L
break;

case 2:
TMDAT2
break;

I
=
~

Il
(=}
~

i = 103;
while (i>0)
i-=;

switch (chipno)

{

case 0:
TMDAT = 1;
break;

case 1:
TMDAT1
break;

case 2:
TMDAT2
break;

It
=

]
=
~e

i = 4;
while (i>0)
i-=;

}

/* delay */

vold tmpre (unsigned char chipno)

{
*/

/* Keil v5.2 */

/* Reset TX */

/* mov p2.0,0 */

/* mov p2.1,0 */

/* mov p2.2,0 */

/* 103 loop = 900 uS */
/* Approx 900 uS */

/* mov p2.0,0 */

/* mov p2.1,0 */

/* mov p2.2,0 */

/* Wait for Presence RX
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unsigned int i;
switch{chipno)

{

case 0:
while (TMDAT) ; /* loop until tmdat = Q0 *
while (~TMDAT) ; /* loop until tmdat = 1 *
break;

case 1:
while (TMDAT1) ; /* loop until tmdatl = 0
while (~TMDAT1); /* loop until tmdatl = 1
break;

case 2:
while (TMDAT2) ; /* loop until tmdat2 = 0
while (~TMDAT2) ; /* loop until tmdat2 = 1
break; g

}
i = 4;
while (i>0)
i-7

}
bit tmrbit (unsigned char chipno)
{ /* read one bit */
unsigned int i;
bit dat;

switch (chipno)

{

case 0:
TMDAT = 0; i++;
TMDAT = 1; di++; i++;
dat = TMDAT;
break;

case 1l:
TMDAT1 = 0; i++;
TMDAT1 = 1; i++; i++;
dat = TMDATI1;
break;

case 2:
TMDAT2 = 0; i++;
TMDATZ2 = 1; i++; i++;
dat = TMDAT2;
break;

i = 8;
while (i>0) i--; /* Approx 65 uS */
return (dat);

}

unsigned char tmrbyte (unsigned char chipno)
{ /* read one byte */
unsigned char i,j,dat; -
dat = 0;
for (i=1;i<=8;i++)
{
j = tmrbit (chipno);

*/
*/

*/
*/
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dat = (j << 7) | (dat >> 1);
}
return (dat);

1

void tmwbyte (unsigned char chipno, unsigned char dat)
{ /* write one byte */
unsigned int i;
unsigned char j;
bit testb;
for (j=1;3<=8;j++)
{
testb = dat & 0x01;
dat = dat >> 1;
if (testb)
{

switch (chipno)

case 0:
TMDAT = 0; /% Write 1 */
i++;
i++; /* Approx 4 uS */
TMDAT i
i = 8;
while (i>0) i--; /* Approx 65 uS */
break;
case 1:
TMDAT1
i++; ;
1++; /* BApprox 4 uS */
TMDAT1 1;
i = 8;
while (i>0) i--; /* Approx 65 uS */
break;
case 2:
TMDAT?2
b a
it++; /* RApprox 4 uS */
TMDAT2 = 1;
i = 8;
while (i>0) i--; /* Approx 65 uS */
break;

0; /* Write 1 */

0; /* Write 1 */

}
}
else

{

switch (chipno)

case 0:
TMDAT = 0; /* Write 0 */
i = 8;
while (i>0) i--; /* Approx 65 uS */
TMDAT = 1;
it++;
i++; /* Approx 4 uS */

break;
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}

case 1:
TMDAT1 = 0;
i=8;
while (i>0)
TMDAT1 = 1;
i++;
i++;
break;

case 2:

TMDAT2 =
i = 8;
while (i>0)
TMDAT2 = 1;
i++;

i++;

break;

0;

void tmstart (unsigned char chipno)

{
*/

}

tmreset
tmpre (chipno);

dmsec (1) ;

tmwbyte (chipno, Oxcc);
tmwbyte (chipno,0x44);

(chipno);

void tmrtemp (unsigned char chipno)

{

}

void serialport initialize

unsigned char a,b;
TEMBUF[0] 0;
TEMBUF[1] 0;

tmreset (chipno);

tmpre (chipno);

dmsec (1); 3

tmwbyte (chipno, Oxcec);
tmwbyté (chipno, 0Oxbe);

I

/*
/%

a = tmrbyte (chipno); /*
b = tmrbyte (chipno); /*
if (b==1) return;

TEMBUF{[{1] = a & 0Ox1; /* 0=
a=a > 1;

TEMBUF([0] = a + 1;

if (TEMBUF[1]

== 0)

/* Write 0 */

/* Approx’bS us */

/* Bpprox 4 uS */

/* Write 0 */

/* Approx 65 uS */

/* Approx 4 uS */

/* dsl820 start convert
/* skip rom */

/* convert */

/* read temp */

skip rom */
convert */
LSB */
MSB */

/* don't care negative temp */

x.0 1l=x.5 */

/* adjust for Thailand*/

printf("chipno %bd tmpbufl %$bx tmpbufl
$bx\n", chipno, TEMBUF[0], TEMBUF[1]);

(void)
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{ /* serial port use C/T#1 */

/* Digital Meter (ICL7135) use port C/TO

*/

SCON = 0x50; /* SCON: mode 1, 8-bit UART, enable rcvr */

TMOD |= 0x20; /* TMOD: timer 1, mode 2, 8-bit reload */

TH1 = Oxfa; /* TH1: reload value for 9600 baud */

TR1 =1; /* TR1: timer 1 run */

TI = 1; /* TI: set TI to send first char of UART
*/

void delay(int i)
{
while (1i>0)
i-=;

}

unsigned char read volt ()
{ .
unsigned char volt;
HI 1O = 0O;
delay(1000);
volt = (a _count-1001)/10;
HI LO = 1;
delay (1000);
BUSY =!BUSY;
sprintf (& (reportbuf+4),"%03d", (int)volt);
}

unsigned char read ampl ()

{

unsigned char amnpl;

HT LO = 1;

delay (2000);

ampl = (a count-1001)/10;

BUSY =!BUSY;

sprintf(&(reportbuf+7),"%02d",(int)ampl);
}

void read amp2 ()
{
unsigned char amp2 =0;
sprintf(&(reportbuf+9),"%02d",(int)ampZ);
}

void read temp(unsigned char chipno)

{
unsigned int i;
tmstart (chipno);

i = 150; /* scan display & delay approx 1 sec

*/
while (i>0)

i-=;

tmrtemp (chipno); ' /* read ﬁemperature */
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switch (chipno)
{
case 0:
sprintf (& (reportbuf+ll), "$bd", (unsigned
char) TEMBUF[0]) ;
break;
case 1:
sprintf(&(reportbuf+13),"%bd",(unsigned
char) TEMBUF[0]) ;
break;
case 2: .
sprintf (& (reportbuf+15),"% d", (unsigned ~
char) TEMBUF[0]) ;
break;

}
/%

todo: write function
read volt ()
read ampl ()
read amp2 ()
read temp ()
read templ ()
read temp2 ()
read package ()
send package ()

*/

char getch{()

{
char c;
while (!RI);
¢ = SBUF;
RI = 0;
return (c);

}

unsigned char read package()
{
char j=0;
inputbuf[0]=getch();
if (inputbuf [0]==STX)
{

=1
while ( (inputbuf[j]=getch()) !=ETX)
{
J++;
}
inputbuf[j] = '"\0';
) .
else
{
j=-1

inputbuf[0] = '\0';
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return j;

}

unsigned char check ID()
{

if( inputbuf[l] == My ID )
return 1;

else
return O;

}
unsigned char check command ()

{
if( inputbuf[l] == My ID )
return inputbuf([3];
else
return -1;

}

void CompressorOn (bit onoff)
{
if (onoff == 0)
COmpressor

I
,_l
~

/* off compressor */
else

I
o
~

compressor /* on compressor: */

void send report ()

{
TXCTRL = 1;
printf("$s\n", reportbuf);
TXCTRL = 0O;

void compose report ()

{

I

reportbuf[0]
reportbuf[1]
reportbuf[2]
reportbuf[3] = ;
reportbuf{17] = ';°
reportbuf[18]

T. v,
14

IAI;

I

I
- =
_]L<
—
o

!

I
~
o
~

}
void main (void)
{
unsigned int mode, present_mode, next mode;
char mode typel[3];
int 1i;
unsigned char numchar;
unsigned char command char;
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*/

mode = 0;
serialport initialize ();
counterO initialize ();

printf("ID=%c Version 1.20
statusLED = 1;

TXCTRL = 0O;

data ready = 0;

while (1)

{

read volt(
read ampl (
read amp2();
read temp(0);
read temp (1) ;

(2)

read temp

compose report();
read package();

if ( (numchar = read package())

{
BUSY =!BUSY;
}

/* initial serial port */
/* initial’digital meter

ready\n",My ID);

= -1)

command char = check command();

switch(command_char)

{

VOI:
CompressorOn (0) ;
break;

lll:
CompressoxOn(l) ;
break;

}

case

case

if(check ID() == 1)
{

i = 100;

while(i--) ; // delay
statusLED = !statusLED;
send report();
inputbuf[1] = '\0';
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Imports System
Imports System.Drawing
Imports System.Data
Imports System.Data.OleDb
Imports System.Windows.Forms
Imports System.Threading
Imports System.Collections
Imports System.ComponentModel
Imports System.IO
Namespace TestSubstr
Public Class Forml
Inherits System.Windows.Forms.Form
Dim inPackage As String
Dim runmode As Integer
Dim Conn As OleDbConnection = New OleDbConnection
Dim olecmd As OleDbCommand = New OleDbCommand
Dim ds As DataSet = New DataSet
Dim dataAdap As OleDbDataAdapter
Dim sqlAdd As String = " "
Dim strConn As String =
"Provider=Microsoft.JET.OLEDB.4.0;data source=D:\\project\work.mdb"
Dim ff As Integer
Dim counter As Integer
Dim hasdata As Boolean = False

#Region " Windows Form Designer generated code "

Private Sub Forml ILoad(ByVal sender As System.Object, ByVal
e As System.EventArgs) Handles MyBase.Load
PortComl.Open ("COM1")
Timerl.Start ()
Timerl.Enabled = True
End Sub
Private Sub PortControllerl OnDataReceived (ByVal sender As
System.Object, ByVal e As System.EventArgs) Handles
PortComl.OnDataReceived
Me.inPackage = PortComl.Read()
TextBoxl.AppendText (Me.inPackage)
Trace.Write (TextBoxl.Text)
End Sub

' ffuaumsiiau
Private Sub Button4_Click(ByVal sender As System.Object,
ByVal e As System.EventArgs) Handles Button4.Click
Timerl.Stop ()
Me.Close ()
Y oumsthinm
Timerl.Enabled = False
End Sub
Sub Fill Database (ByVal stringl As String)
Dim str tx, str rx, str volt, str_ampl, str amp2,
str_tmpl, str_tmp2, str tmp3 As String ’
stringl = TextBoxl.Text
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Trace.WriteLine (TextBoxl.Text)
If stringl.Length > 30 Then
TextBoxl.ResetText ()

End If

If stringl.Length < 25 Then

Else
str tx = stringl.Substring (10, 1) ' rx
str_rx = stringl.Substring(9, 1) ' tx

str_volt = stringl.Substring(12, 3) 'volt
str_ampl = stringl.Substring(1l5, 2) / 2 'ampl
str_amp2 = stringl.Substring(l7, 2) / 2 'amp2
str_tmpl = stringl.Substring(19, 2) "templ
str_tmp2 = stringl.Substring (21, 2) 'temp2
str_tmp3 = stringl.Substring(23, 2) 'temp3
TextBox2.Text = str tx

TextBox3.Text = str rx

TextBox4.Text = str volt

TextBox>.Text = str ampl
TextBox6.Text = str amp2
TextBox7.Text = str tmpl
TextBox8.Text = str tmp2

TextBox9.Text = str tmp3

hasdata = True
TextBoxl.ResetText ()

sqgqlAdd = "Insert into
workl(Data_date,Data_time,rx,tx”ﬁﬁh,mmml,mmmZ,qmumﬂqqmnﬁm,qmmﬁ3)"
sqlAdd &= " values('" & Label22.Text & "' , '" g
Label24.Text & "', "™ & TextBox2.Text & "' , '" g TextBox3.Text & "'
'" & TextBox4.Text & ™', '" & TextBox5.Text & "' ,~'" ¢
TextBox6.Text & "' ¢ '"" & TextBox7.Text & "' , "" & TextBox8.Text &

", '" & TextBox9.Text & "')"

Try
With Conn
If .State = ConnectionState.Open Then
.Close ()
.ConnectionString = strConn
.Open ()
End With

olecmd = New OleDbCommand
With olecmd
.CommandType = CommandType.Text

.CommandText = sglAdd

.Connection = Conn

.ExecuteNonQuery ()
End With

Catch errorToAdd As System.Exception

Timerl.Stop ()
PortComl.Close ()
PortComl.Open("Coml™)
Timerl.Start ()

Return
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End Try

dataAdap = New OleDbDataAdapter (sqlAdd, Conn)

dataAdap.Fill (DataSetll, "workl")

1 Serial

TextBoxl.Update ()
TextBox2.Update ()
TextBox3.Update ()
TextBox4.Update ()
TextBox5.Update ()
TextBox6.Update ()
TextBox7.Update ()
TextBox8.Update ()
OleDbDataAdapterl.Fill (DataSetl11,
DataGridl.Refresh ()
AxChartSpacel.Update (
AxChartSpace2.Update (
AxChartSpace3.Update(
AxChartSpaced.Update (
AxChartSpace5.Update (
AxChartSpace6.Update (
End If

End Sub

"lddeyalu dataset

"workl™)

Private Sub Timerl Elapsed(ByVal sender As System.Object,

PortComl.Write (":CA;"™)

Label22.Text = Now.ToShortDateString
Label24.Text = Now.ToLongTimeString
Fill Database (inPackage)

counter = counter + 1
End Sub

ByVal e As System.Timers.ElapsedEventArgs) Handles Timerl.Elapsed

Private Sub Timer2 Elapsed(ByVal sender As System.Object,

ff = counter Mod 2

If TextBox7.Text = counter Then
Panell.BackColor = Color.Lime
If ff = 1 Then

ByVal e As System.Timers.ElapsedEventArgs) Handles Timer2.Elapsed

Panell.BackColor = Color.LimeGreen

End If
End If

If counter > 10 Then
If TextBox7.Text > 19 Then

Panell.BackColor = Color.Yellow

End If
If £f£f = 1 Then

Panell.BackColor = Color.Goldenrod

End If
' haualnd
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If TextBox7.Text = 19 Then
Panell.BackColor = Color.Lime
If £ff = 1 Then
Panell.BackColor = Color.LimeGreen
End If
End If
End If

If counter > 15 Then
If TextBox7.Text > 19 Then
Panell.BackColor = Color.DarkRed
End If
If ff = 1 Then
Panell.BackColor = Color.Red
End If
' fhauled
If TextBox7.Text = 19 Then
Panell.BackColor = Color.Lime
If £ff = 1 Then
Panell.BackColor = Color.LimeGreen
End If
End If
End If
! End If

End Sub

Private Sub btopen Click(ByVal sender As System.Object,
ByVal e As System.EventArgs) Handles btopen.Click
Timerl.Stop()
PortComl.Write (":CA1;")
Timerl.Start ()
End Sub

Private Sub btclose Click(ByVal sender As System.Object,
ByVal e As System.EventArgs) Handles btclose.Click
Timerl.Stop ()
PortComl.Write (":CAO;™)
Timerl.Start ()
End Sub
End Class
End Namespace
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Data Sheet

4/, Digit, BCD Output, A/D Converter

The Intersil ICL7135 precision A/D converter, with its
multiplexed BCD output and digit drivers, combines dual-
slope conversion reliability with £1 in 20.000 count accuracy
and is ideally suited for the visual display DVM/DPM market.
The 2.0000V {ull scale capability, auto-zero, and auto-
polarity are combined with true ratiometric operation, almost
ideal differential linearity and true differential input, All
necessary active devices are contained on a single CMOS
IC, with the exception of display drivers, reference, and a
clock.

The ICL7135 brings together an unprecedented combination
of high accuracy, versatility, and true economy. It features
auto-zero to less than 10uV, zero drift of less than 1uV/eC,
input bias current of 10pA (Max), and roflover error of less
than ane count. The versatility of multiplexed BCD outputs is
increased by the addition of several pins which aliow it to
operate in more sophisticated systems. These include
STROBE, OVERRANGE, UNDERRANGE, RUN/HOLD and
BUSY lines, making it possible to interface the circuitio a
microprocessor or UART.

Pinout

V[T
REFERENCE [Z]
ANALOG COMMON [3]
INTOUT [T
AZIN [E]

8UFF ouT [}
REF CAP - [7]
REF CAP + [8]
NLo[F

iN 1 [i5]

v+ ]

(Msp) bs [i2]
(LsB) B1 [T3]

B2 [14]
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ICL7135
(PDIP)

ICL7135

December 2000 File Number 3093.2

Features

+ Accuracy Guaranteed to +1 Count Over Entire £20000
Counts (2.0000V Full Scale)

-

Guaranteed Zero Reading for 0V Input

1pA Typical Input Leakage Current

True Differential Input

.

True Polarity at Zero Count for Precise Null Detection

Single Reference Voltage Required

Overrange and Underrange Signals Available for Auto-
Range Capability

All Outputs TTL Compatible

.

.

Blinking Outputs Gives Visual indication of Overrange

Six Auxiliary Inputs/Outputs are Available for Interfacing to
UARTS, Microprocessors, or Other Circuitry

Multiplexed BCD Outputs

.

Ordering Information

TEMP.
RANGE (°C)

PKG.

PART NUMBER PACKAGE NO.

ICL7135CP! Oto70 28 Ld PDIP E28.6

TOP VIEW

[28] UNDERRANGE

CAUTICN: These devices are sensitive 1o elactrostatic discharge; follow roper IC Handlng Procedures.
! P

1-888-INTERSIL or 321.724-7143 | intersit and Design is a irademark of intersil Corparation. |

Copyright © Intersit Gerporation 2000
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ICL7135
Typical Application Schematic
SET VREF = 1.000V-
U/

e oy f S0 o g
S 17
ANALOG 100k0 & =
GND [l

o ANODE DISPLAY
| DRIVER
TRANSISTORS

0.47uF 270
100k 1uF l f E
— 100k

I

5
G
° WF EEE ICL7135

= C.uF

7
T i - 7337

2o ——t
[fe——t
+8Y o——{] 7 g—
B £ 71
13 1§7
l—E i) “Sgc.
' DECODE
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ICL7135

Absolute Maximum Ratings

Supply Voltage V+

V-
Analog Input Voltage (Either Input) (Note 1) . ........... V+to V-
Reference Input Voltage (Either Input). . ............... V+to V-
Clock InputVoltage . .............coouevnna. ... GND to v+
Operating Conditions
Temperature Range. ... ann.. 0°C to 70°C

Thermal information

Thermal Resistance (Typical, Note 2)

PDIP Package

Maximum Lead Temperature {Soldering 10s)

Maximum Junction Temperature
Maximum Storage Temperature Range

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above thoss indicated in the operational sections of this specification is not implied.

NOTES:

1. Input voltages may exceed the supply voltages provided the input current is limited to +100pA.,
2. Byp is measured with the component mounted on a low effective thermal conductivity test board in free air. See Tech Brief TB379 for details.

Electrical Specifications v+=+5v, V. = -5V, Ty =25°C, fo i« Set for 3 Readings/s, Unless Otherwise Specified

PARAMETER

TEST CONDITIONS

1 MIN 1 TYP l MAX ] UNITS

ANALOG (Notes 3, 4)

Zero Input Reading

Vin = 0V, VREp = 1.000V -00000 | +00000 | +00000 | Counts
Ratiometric Error {Note 4) Vin = VREF = 1.000V -3 0 +3 Counts
Linearity Over + Full Scale (Emor of Reading from Best Straight Line) | -2V < ViN s +2V - 0.5 1 LSB
Differential Linearity (Difference Between Worse Case Step of =2V £ Vg 5 +2V - 0.01 - L8B
Adjacent Counts and ldeal Step)
Rollover Error (Difference in Reading for Equal Positive and SViN =tV = 2V - 0.5 1 LsB
Negative Voltage Near Full Scale})
Noise (Peak-to-Peak Value Not Exceeded 95% of Time), en Vin = OV, Full scale = 2,000V - 15 - uV
input Leakage Current, Ij_ Viy =0V - 1 10 pA
Zero Reading Drift (Note 7) Viy = OV, 0°C to 70°C - 0.5 2 nviree
Scale Factor Temperature Coefficient, T (Notes 5 and 7) Viy = +2V, 09C to 70°C - 2 5 ppm;°C
Ext. Ref. Oppmi°C
VINH 28 22 - v
ViNL - 1.8 0.8 \
hNL Vin =0V - 0.02 0.1 mA
i Vi = 45V - 0.1 10 uA
DIGITAL OUTPUTS
Ali Outputs, Vo oL = 1.6mA - 0.25 0.40 \
B1, B2, B4, B8, D1, D2, D3, D4, D5, Vo log = -1mA 24 42 - s
BUSY, STROBE, OVERRANGE, UNDERRANGE, POLARITY, VoH | lon =-10pA 4.9 4.99 - \
SUPPLY
+5V Supply Range, V+ +4 15 16 Vv
-5V Supply Range, V- -3 -5 -8 \
+5V Supply Current, i+ fc=0 - 11 3.0 mA
-5V Supply Current, I- fc=0 - 08 3.0 mA
Power Dissipation Capacitance, Cpp vs Clock Frequency - 40 - pF
CLOCK
Clock Frequency (Note 6) 1 DC [ 2000 | 1200 ! kHz
NOTES:

3. Tested in 41/2 digit (20.000 count) circuit shown in Figure 3, (Clock frequency 120kHz.)
4. Tested with a low dielectric absorption integrating capacitor, the 27 INT OUT resistor shorted, and RiNT = 0. See Component Value Selection

Discussion.

5. The temperature range can be extended to 70°C and beyond as long as the auto-zero and reference capacitors are increased to absorb the

higher leakage of the ICL.7135.

6. This specification relates to the clock frequency range over which the ICL7135 will correctl
Frequency” section for limitations on the clock frequency range in a system.

7. Parameter guaranteed by design or characterization. Not production tested.

y perform its various functions See “Max Clock
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DALLAS

SEMICONDUCTOR

DS1820

1-Wire™ Digital Thermometer

FEATURES

¢ Unique 1-WireT™ interface requires only one port pin
for communication

* Multidrop capability simplifies distributed temperature
sensing applications

® Requires no external components
® Can be powered from data line
® Zero standby power required

® Measures temperatures from ~55°C to +125°C in
0.5°C increments. Fahrenheit equivalent is -67°F to
+257°F in 0.9°F increments

® Temperature is read as a 9-bit digital value.
¢ Converts temperature to digital word in 200 ms (typ.)

e User—definable, nonvolatile temperature alarm set-
tings

® Alarm search command identifies and addresses
devices whose temperature is outside of pro-
grammed limits (temperature alarm condition)

® Applications include thermostatic controls, industrial
systems, consumer products, thermometers, or any
thermally sensitive system

DESCRIPTION

The DS1820 Digital Thermometer provides 9-bit tem-
perature readings which indicate the temperature of the
device.

Information is sent to/from the DS1820 over a 1-Wire
interface, so that only one wire (and ground) needs tobe
connected from a central microprocessor to a DS1820.
Power for reading, writing, and performing temperature
conversions can be derived from the data line itself with
no need for an external power source.

PIN ASSIGNMENT

DALLAS
DS1820

BOTTOM VIEW
NC = 1 16 NC
NC = 2 15 NC
NCE= 3 14F— NC
NC = 4 13— NC
NCH— 5 12— NC
NCC— 6 1 /3 NC
ol i Vbbb =— 7 10— NC
[ e Rra)
Z g a bQ 8 9 F— GND
(U] > )
Ds1820 DS1820S
PR35 PACKAGE 16-PIN SSOP
See Mech. Drawings See Mech. Drawings
Section Section
PIN DESCRIPTION
GND - Ground
DQ ~ Data In/Out
Vpp — Optional Vpp
NC — No Connect

Because each DS1820 contains a unique silicon serial
number, multiple DS1820s can exist on the same
1-Wire bus. This allows for placing temperature sen-
sors in many different places. Applications where this
feature is useful include HVAC environmental controls,
sensing temperatures inside buildings, equipment or
machinery, and in process monitoring and control.

030698 1/27
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DETAILED PIN DESCRIPTION

PIN PIN
16-PIN SSOP PR35 | SYMBOL DESCRIPTION
9 1 GND Ground,
8 2 DQ Data Input/Output pin. For 1-Wire operation: Open drain. (See
“Parasite Power" section.)
7 3 Voo Optional Vpp pin. See “Parasite Power" section for details of
connection.

DS18208 (16-pin SSOP): All pins not specified in this table are not to be connected.

OVERVIEW

The block diagram of Figure 1 shows the major compo-
nents of the DS1820. The DS1820 has three main data
components: 1) 64-bit lasered ROM, 2) temperature
sensor, and 3) nonvolatile temperature alarm triggers
TH and TL. The device derives its power from the
1-Wire communication line by storing energy on an
internal capacitor during periods of time when the signal
line is high and continues to operate off this power
source during the low times of the 1-Wire line until it
returns high to replenish the parasite (capacitor) supply.
As an alternative, the DS1820 may also be powered
from an external 5 volts supply.

Communication to the DS1820 is via a 1~-Wire port. With
the 1-Wire port, the memory and control functions will
not be available before the ROM function protocol has
been established. The master must first provide one of
five ROM function commands: 1) Read ROM, 2) Match
ROM, 3) Search ROM, 4) Skip ROM, or 5) Alarm
Search. These commands operate on the 64—bit
lasered ROM portion of each device and can single out

DS1820 BLOCK DIAGRAM Figure 1

a specific device if many are present on the 1-Wire line
as well as indicate to the Bus Master how many and
what types of devices are present. After a ROM function
sequence has been successfully executed, the memory
and control functions are accessible and the master
may then provide any one of the six memory and contro!
function commands.

One control function command instructs the DS1820 to
perform a temperature measurement. The result of this
measurement will be placed in the DS1820’s scratch-
pad memory, and may be read by issuing a memory
function command which reads the contents of the
scratchpad memory. The temperature alarm triggers
TH and TL consist of one byte EEPROM each. If the
alarm search command is not applied to the DS1820,
these registers may be used as general purpose user
memory. Writing TH and TL is done using a memory
function command. Read access to these registers is
through the scratchpad. All data is read and written
least significant bit first.

MEMORY AND

DQ - 64-BIT ROM
AND

1-WIRE PORT

INTERNAL Vnp

=

POWER
SUPPLY
SENSE

CONTROL LCGIC
J 3

Y

TEMPERATURE SENSOR

SCRATCHPAD
HIGH TEMPERATURE
TRIGGER, TH

LOW TEMPERATURE
TRIGGER, TL

8-BIT CRC
GENERATOR

030598 2/27
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USING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

4.7K

uP O

TC OTHER 1-WIRE
DEVICES

DS 1820

é Kis}s) -
1O EXTERNAL +8V SUPPLY

OPERATION ~ MEASURING TEMPERATURE

The DS1820 measures temperature through the use of
an on~board proprietary temperature measurement
technique. A block diagram of the temperature mea-
surement circuitry is shown in Figure 4.

The DS1820 measures temperature by counting the
number of clock cycles that an oscillator with a low tem-
perature coefficient goes through during a gate period
determined by a high temperature coefficient oscillator.
The counter is preset with a base count that corre-
sponds to ~55°C. If the counter reaches zero before the
gate period is over, the temperature register, which is
also preset to the —55°C value, is incremented, indicat-
ing that the temperature is higher than =55°C.

Atthe same time, the counter is then preset with a value
determined by the slope accumulator eircuitry. This cir-
cuitry is needed to compensate for the parabolic behay-
ior of the oscillators over temperature. The counter is
then clocked again until it reaches zero. If the gate
period is still not finished, then this process repeats.

The slope accumulator is used to compensate for the
non-linear behavior of the oscillators over temperature,
yielding a high resolution temperature measurement.
This is done by changing the number of counts neces-
sary for the counter to go through for each incremental
degree intemperature. To obtain the desired resolution,
therefore, both the value of the counter and the number
of counts per degree C (the value of the slope accumu-
lator) at a given temperature must be known.

Internally, this calculation is done inside the DS1820 to
provide 0.5"C resolution. The temperature reading is

provided in a 16-bit, sign-extended two’s complement
reading. Table 1 describes the exactrelationship of out-
put data to measured temperature. The data is trans-
mitted serially over the 1-Wire interface. The DS1820
can measure temperature over the range of —-55C to
+125°C in 0.5°C increments. For Fahrenheit usage, a
lookup table or conversion factor must be used.

Note that temperature is represented in the DS1820 in
terms of a 1/5°C LSB, yielding the following 9—bit format:

)\ |l Bl e [ - ]

= =25°C

The most significant (sign) bitis duplicated into all of the
bits in the upper MSB of the two—byte temperature reg-
ister in memory. This “sign—extension” vields the 16-bit
temperature readings as shown in Table 1.

Higher resolutions may be obtained by the following
procedure. First, read the temperature, and truncate
the 0.5°C bit (the LSB) from the read value. This value is
TEMP_READ. The value leftin the counter may then be
read. This value is the count remaining
(COUNT_REMAIN) after the gate period has ceased.
The last value needed is the number of counts per
degree C (COUNT_PER_C) at that temperature. The
actual temperature may be then be calculated by the
user using the following:

{COUNT_PER_C - COUNT_REMAIN)
COUNT_PER_C

TEMPERATURE = TEMP_READ -0.25 -+

030598 4/27
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DS1820
TEMPERATURE MEASURING CIRCUITRY Figure 4
SLOPE ACCUMULATOR
PRESET > COMPARE
3 ¥
SET/CLEAR
LOW TEMPERATURE - PRESET o
COEFFICIENT OSCILLATOR COUNTER
‘ ¥
_ INC_
=0 > TEMPERATURE REGISTER
3
HIGH TEMPERATURE -
COEFFICIENT GSCILLATOR SR
|
Y
sTOP
=0

TEMPERATURE/DATA RELATIONSHIPS Table 1

: DIGITAL OUTPUT DIGITAL OUTPUT
TEMPERATURE (Binary) {Hex)

+125°C 00000000 11111010 00FA

+25°C 00000000 06110010 0032h
+1,50C 00000000 00000001 0001h

+0°C 00000000 00000000 0000h
—11°C 11111111 11111111 FFFFh
—25°C 11141111 11001110 FFCEh
-55°C 11111111 10010010 FF92h

OPERATION — ALARM SIGNALING

After the DS1820 has performed a temperature conver-
sion, the temperature value is compared to the trigger
values stored in TH and TL. Since these registers are
8-bit only, the 0.5°C bit is ignored for comparison. The
most significant bit of TH or TL directly corresponds to
the sign bit of the 16-bit temperature register. If the
result of a temperature measurement is higher than TH
or lower than TL, an alarm flag inside the device is set.

This flag is updated with every temperature measure-
ment. As fong as the alarm flag is set, the DS 1820 will
respond to the alarm search command. This allows
many DS1820s to be connected in parallel doing simul-
taneous temperature measurements. If somewhere the
temperature exceeds the limits, the alarming device(s)
can be identified and read immediately without having to
read non—alarming devices.

030598 &/27
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Using the SN75176 in an RS 485 Network

AppKit:
Using the SN75176 in an RS485 Network

This AppKit shows how to create a bi-directional RS485 network using the Texas Instruments SN75176 Differential Bus Transceiver
chip and a Parallax BASIC Stamp single-board computer.

Description

RS485 is commonly used to provide strong serial signals able to withstand long cable distances (up to 4000 feet) at high baud rates in
potentially noisy electrical environments. Two wires carrying an RS485 signal {the A and B lines) provide a signal base from which
many devices can communicate. Twisted pair wire is recommended for long distances, but for short distances we recommend using 24
guage wire. Up to 32 devices can be connectad to an RS485 data line with the SN75176 and communicate using a data protocol.
This is referred fo as an RS485 network; or an RS485 drop network.

The heart of this communication is the Texas Instruments SN75176 Differential Bus Transceiver chip. Thi;‘ chip converts RS485
signals to RS232 TTL-level signals allowing devices that traditionally communicate over standard RS232 sefial connections to
communicate over a single two-wire RS485 network.

Hardware Interface

The SN75176 chip has only 8 pins. Here is how it is connected to the BASIC Stamp:

BASIC
Stamp 1 or 2 SN75176 3V DC
P1 3 R Vee
% S Connect to
i RE B R$485 Network
\ DE A B and A Lines,
. respectively
Vin D Gnd
Gnd ==

The SN75176 requires 30 mA, therefore we recommend driving only one of these chips from the Stamp's Vdd pin provided no other
components require current. Setting RE (Not Recsiver Enable) to Low, the R (Receiver) pin is enabled, allowing the Stamp to receive
any data coming over the A and B RS485 network lines. Setting DE (Driver Enable) to High allows the Stamp to transmit data over
the RS485 network. Vec and Vdd are electronic terms with the same meaning.

PARALLAX 4
sales / technical support (916) 624-8333 « fax (916) 624-8003
stamptech@parallaxine.com Page 1
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Using the SN75176 in an RS 485 Network

Receiving and transmitting serial data using the BASIC Stamp works like this:
To Transmit data;

1) Set PO to High.
2)  Use SEROUT on P1 to transmit the data.

To Receive Data:

1) SetPOtoLow.
2) Use SERIN to receive serial data on P1

Setting Up the Network

An R8485 network operates with a controller/slave communication protocol. One controller commands everything, and one or more
slaves respond to the commands. This example uses one BASIC Stamp as the controller, and one BASIC Stamp as the slave. The
circuit shown below can easily be expanded to have up to 32 BASIC Stamps communicating on one RS485 network by connecting
additional slaves to the network A and B lines.

Construct the netwark by following these steps (see figure below):

1) Build two identical circuits as shown below. Designate one to be the controller and the other to be the slave.

2)  Onthe contraller connect the supplied switch between the BASIC Stamp’s P2 pin and ground, and the 10K resistor

between P2 and Vec as a pull-up resistor. This makes the line +5 V unless a button is pushed in which case it goes to 0

V.

On the slave connect the supplied LED and resistor in series between the BASIC Stamp’s P2 pin and ground.

Program the controller Stamp with the supplied program “control.bas” if you are using a Stamp 1, or “control:bs2” of

you are using a Stamp 2.

5)  Program the stave BASIC Stamp with the supplied program “slave.bas” if you are using a Stamp 1, or “slave.bs2’ if
you are using a Stamp 2.

6)  Flick the switch on the Controller. The Slave LED will turn or or off depending on the cantroller's switch position.

W
==

See the program listings for details of the software communication process.

Controlier Slave

Vdd

10K : A
RS485 Signals < LEQ

P2 B B P2
f 1 ] Vin ]_\%\/— '

:| Gnd =

PRALLAX 3
sales / technical support (916) 624-8333 e fax (916) 624-8003
stamptech@parallaxinc.com Page 2
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@ MOTOROLA

Highly Flexible Voltage
Comparators

The ability to operate from a single power supply of 5.0 Vto 30V or +15V
split supplies, as commonly used with operational amplifiers, makes the
LM211/LM311 a truly versatile comparator. Moreover, the inputs of the
device can be isolated from system ground while the output can drive loads
referenced either to ground, the V¢ ¢ or the VEE supply. This flexibility makes
it possible to drive DTL, RTL, TTL, or MOS logic. The output can also switch
voltages to 50 V at currents to 50 mA. Thus the LM211/LM311 can be used to
drive relays, lamps or solenoids.

Typical Comparator Design Configurations

Split Power Supply with Offset Balance Single Supply

Yee

58 < R
K)—J‘—i"' Output

Inputs

Ground-Referred Load

Load Referred to Negative Supply
IVCC ) vVee
3 ey8 2 ;\éﬂ
~N 7 N\
_/@, bt
44 SR

Inputs 3

Ch— Inputs 3
-1 Cutput
I

Ji
Vee Vgg

Order this document by LM311/D

LM311
LM211

HIGH PERFORMANCE
VOLTAGE COMPARATORS

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX
PLASTIC PACKAGE
CASE 628

j]

D SUFFIX
PLASTIC PACKAGE
CASE 751
(S0-8)

Input polarity is reversed when
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LM311 LM211

MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.)

Rating Symbol LM211 LM311 Unit
Total Supply Voltage Voo + Vegl 36 36 Vde
Output to Negative Supply Voltage Vo-VEg 50 40 Vde
Ground to Negative Supply Voltage VEE 30 30 Vde,
Input Differential Voltage viD £30 +30 vde'
Input Voltage (Note 2) Vin +15 +15 Vde
Voltage at Strobe Pin - Voo toVee-5 | Vog to Voe~5 Vde
Power Dissipation and Thermal Characteristics
Plastic DIP Po 625 mw
Derate Above T = +25°C 1/6)A 5.0 mwi*C
Operating Ambient Temperature Range TaA ~25to +85 0 to +70 *C
Operating Junction Temperature Td(max) +150 +150 “C
Storage Temperature Range Tsty —65to +150 ~65 to +150 “C

ELECTRICAL CHARACTERISTICS (Vgg=+15V, VEE =—15V, Ta = 25°C, unless otherwise noted {Note 1].)

LM211 LM311
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Note 3) Vio mv
Rg £ 50k, Ta = +25°C - 0.7 3.0 - 2.0 75
Rg < 50KQ, Tiow £ Ta < Thigh" - - 4.0 - - 10
Input Offset Current (Note 3) Ta = +25°C lio - 1.7 10 - 1.7 50 nA
Tiow < TA = Thigh" b pi 20 = - 70
Input Bias Current Tp, = +25°C i) = 45 100 - 45 250 nA
Tiow < TA < Thigh* - - 150 - - 300
Voltage Gain . Ay 40 200 - 40 200 - Vimyv
Response Time {Note 4) - 200 - = 200 - ns
Saturation Voltage VoL \
Vip £-5.0 mV, lg =50 mA, Ta = 25°C - 0.75 15 - - ~
VID =10 mV. 1o =50 mA, Ta = 25°C - - - - 0.75 1.5
Vec 245V, VEE=0, Tiow<Ta < Thigh”
VID £26.0 mV, Igjnk < 8.0 mA - 0.23 0.4 - - -
VIp £210 mV, lgink € 8.0 mA = - - - 0.23 04
Strobe "On” Current (Note 5) Is - 3.0 - - 3.0 - mA
QOutput Leakage Current
VIDp25.0mV, Vo= 35V, Tp = 25°C, Igrope= 3.0 MA - 0.2 10 - - - nA
VID > 10 mv, Vo= 35V, Tp = 25°C, Igtrobe= 3.0 mA - - - - 0.2 50 nA
VID>5.0mV, VO=35V, Tiow< TA < Thigh® - 0.1 0.5 - - - HA
Input Voltage Range (Tigw < Tp < Thigh") VIcR ~145 |-147t0 | +13.0 -14.5 | -14.7t0 | +13.0 v
13.8 13.8
Positive Supply Current Icc - +2.4 +6.0 - +2.4 +7.5 mA
Negative Supply Current 133 - -13 ~5.0 - -1.3 -5.0 mA
*Tiow  =-25°CforLM211 Thigh = +85°C for LM211

=0°C for LM311 =+70°C for LM311

NOTES: 1. Offset voltage, offset current and bias current specifications apply for a supply voltage range from a single 5.0 V supply up to %15 V supplies.
2.This rating applies for £15 V supplies. The positive input voltage limitis 30 V above the n

negative supply voltage or 30 V bejow the positive supply, whichever is less.

3. The offset voltages and offset currents given are the maximum values required to drive the

these parameters define an error band and take into account the "worst case” effects of voltage gain and inputimpgdance.

4. The response time specified is for a 100 mV input step with 5.0 mV overdrive.

5. Do not short the strobe pin to ground; it should be current driven at 3.0 mA to 5.0 mA,

egative supply. The negative input voltage limit is equal to the

output within a volt of either supply with a 1.0 mA load. Thus,

MOTOROLA ANALOG IC DEVICE DATA
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