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ABSTACT

In the making of soilless culture farmstead, there are several factors which cause effect to
the plants, for example, temperature, humidity, light, and ventilation. Therefore, we have to
control it in order to make output to the aimed target. It can decrease farmstead keepers also be
managed in less time. This project presents the controelling factors of electronic control in the
designed system of which temperature and humidity can be detected via internet work as well as
controls the intensity of light, ventilation fan and imitates the pumps for the real situations to be

displayed in LCD or computer monitor.
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RH = (Vout — 0.824) / 0.0307

Typical Applications
+V,
GAY)
OUTPUT
HIH-4000-003 ©—4V)

v W
317 3.3 dmsedunnuiu

vV, @0%=0.824 @753%=3.132V
Linear output for 2% RH accy @25:
Zero offset =0.824 V

Slope = 30.655 mV / %RH

RH = (V_, —0.824) / 0.0307

Ratio metric response for O to 100%RH:
Vo= Sy * (0.1648 10 0.7779)

@.1)
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151N 4.1 Mg Iagungl

gaimgil
mas Juiimes (°C ) MA3ala (°C) % anuianaia
30 30.24 0.80
31 31.43 1.39
32 32.70 2.19
33 33.35 1.06
34 34.66 1.94
35 35.22 0.63
36 36.19 0.52
37 37.27 0.73
38 38.55 1.45
39 39.43 1.10
40 40.18 0.45

4 o 'y
A1T19N 4.2 MIATIVIAANUSU

i
SANYO Versatile sl %0 AanuAaNaA
Environmental Test
Chamber
40 40.06 0.15
45 45.44 0.98
50 50.37 0.74
55 55.82 149
60 60.39 0.65
65 65.48 0.74
70 70.13 0.19
75 75.56 0.75
80 80.23 0.29
85 85.36 0.42
90 90.63 0.70
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LDR na ON ilalrua LDR ssuamananovasa W 220 V unzvaon tW Black Light 484
LCD (Wa — Yo amuarsadinald
A OFF 1A Inum LDR tiaoa'lW Black Light 489 LCD Ta - Ta eunasaineld
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ON | OFF ON OFF
pump 1 I v v | v
pump 2 IV vV
o VA RV v R
Light S v | v | v
Water Injector v v v v
qﬂns af Bottom
LDR ON* OFF** -
Motor Left Right Stop
Webcam Open Webcam Close Webcam Capture
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* LDR f1na ON — viaea'lW 220 V uazviaoa I Black Light ¥99 LCD 1Tla — Ta muuaa
andlé
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Code P8sCs51RD2

#include <REGS1F.H>

#include <stdio.h>

#include <math.h>

#include "I.CD.h"

kinclude "comport.h™

#include "ads7841.h"

AN/ input

sbit SW1=P1"0:

sbi1t SW2=P1"71;

sbit SW3=Pl"2;

sbi1t S5W4=P1"3;

sbi1t SWS=F1"4;

unsigned char SW([é];

unsigned char SWOI[6]); ///// old status

I/rEAEr /7 Qutput

sbit Lol=pP27™7;

sbit LoZ=P2"6;

sbit Lo3=P2"5;

sbit Lo4=p2"4;

sbit Loh=P2 3;

S0 00 0000 Motor

sbit Mol=pP2"2;

sbit Mo2=P2"1;

L7707 787777777

sbit LDR=P1"6; //77 LDR

sbit BL_LCD=F175;  /// backlight LCD

sbil Ruzzer=°r1"7;

unsigned char LdrCon=0;

/// unsigned int Temp;

unsigned char

Convert [10]={0x30,0x31,0x32,0x33,0x34,0x35, 0x3¢,0x37,0x36,0x39}:
£/77 0-9
unsigned int Ttemp = 0, Ttempl 0;
unsigned int Htemp — O, Htempl = 0;
unsigned int al, te;
float av,rv;

vold Conldr {(void)

{

1

1£({T.drCon==1}
{ if (LDR==1) /// dark
{ Lod=0; /// on Tod
else } ///7 light

Lo4d=1; /7 off lod

1E(8W[4]=="1")y //// on
{
Lod=0; //7/ on
// printE("D"):
}



else
{
Lod=1; /777 off
// printf("I");
1
}
}
vorld ReadSwich {void)
{
fAAESAS S/ inpat
SWl=1;
SWz=1;
SW3=1;
SWa=1;
SWhHh=1;
/4 W 1 on */
1 {8Wl==0) [
DISBUF[18]="1";
SW|1]="1";
}
clse { DISBUF[181='Q"; /* SW 1 off */

SWl1l]j="0";
}
/* 8W 2 on */
1f{(SWz2==0} {
DISBUF[19]="1";
SW{z2]i='1";
}
else |
DISBUF[19]='0'; /* SW 2 off */
SW(2]1="0";
}
/* SW 3 on */
1f£{5W3==0) |
DISBUF[20)j="1";
SW[3]="1";
}
=else {

DISBUF[201="0"'; /* SW 3 off */
SW{3]="0";

/* SW 4 on */
1T (SWd==0) |
DiSBUF({’1]="1";
SW[4]="1";
}
else |
DISBUEF[211="0"; /* SW 4 off */
SWi4|='0";

/¥ SW 5 on */

1f(SW5-—=0) {
DISBUF[22]="1";
SW[51-'1";

else {
DISBUF[Z22)j="Q"; /* 8W 5 off */
SWis5]='0";



}
JIL0000 /7 control output
///// check SW1 change
if(SW[1]!=SWO[1]1){ SWO[l}=sSW([1l]; ///// new reccrd

1f(SW[l)=='1") //// on
{
TLol1=0; //// on
//printf ("A") ;

elsc
{
Lol=1l; //// oft
//printf{"E");
}
}
// /77 check SWZ change
1E (SW([Z2] '=SWO[2]){ SWOI2}=8W[2]; ///// new record
if{swlz]=='1") //// on
{
Lo2=0; //// on
f/7 prantf("B");
}
else
{
To2=1; [/ off
/// printf("G");
}
}
///// check SW3 change
1E(SW[3]1=SWO[3]){ SWO[31=SWI[3]l; ///// new record
1f(SW[3]=="1"}) //// on
{
Lo3=0; A/ on
///printf("cmy;
}
else
{
Lo3=1; //// off
/// printf ("H");
}
1
///// check SW4 change
1F(SW[4] 1 =SWO[4]){ SWO[4]|=8W[4]; ///// new record
ConLdr (};
}
///// check SW5 change
Pf(SW([5]!'=8SWO[5]1){ BWO[S]=swW[5]; ///// new record

1E(SW[5]=="1") //// on
{
Lob=0;
///praintt ("E™);
}
else //// off
{
Lob=1;
/// /printf("J") ;



1
IS N N
}
void KeyControl (char ky)
{
if(ky =='A") ///// load 1 On
{
Lol—0;
DISBUF[271='1"'; /// on
return;
}
if({ky =="B'Y ///// 1load 2 On
{
Lo2=0;
DISBUF([281="1"; /// on
return;
}
iftlky =='C"y ///// load 3 On
{
Lo3=0;
DISBUF[24]="1"'; /// on
return;
}
1f(ky =='D"') ///// load 4 On
{
Lod=0;
DISBUM[30]="1"; /// on
return;

}

1f{ky =='E") ///// load 5 On
{
Lob=(;
DISBUE[311="1'; /// on
return;
}
[l 70777/ command for off
1f(ky =="F") ///// load 1 Off
{
Lol=1;
DISRUF[27]='0Q"; /// on
return;

iftky =='G") ///// load 2 Off

Lo2=1;
DISBUF{28]='0"'; /// off
return;
}
1ftky =='a"y ///// leoad 3 Off
{
T.o3=1;
DISBUF([29]='0"'; /// off
return;
}
iftky =='1"} ///// 1load 4 Off
{



Lod=1;
DISBUF[30]1='Q'; /// off
return;
}
1f(ky =='J") ///// load 5 Off
{
Lo5=1;
DISBUF{311='0"'; /// off
return;
1
fESfIEA 7/ motor
if(ky =="t")
{
Mol=1;
Mo2=0;
return;
}
if(ky =='-")
{
Mol=0;
Mo?=1;
return;

}

1if(ky =='8"}
{
Mol=0;
Mo2=0;

return;
}
LIPII0P i rs s/ TH

1f{ky =="'T"'"y ///// show T
{
printf(Tectc. tcre”, DISBUF[1], DISBUF[2],DISBUF([1],DISBUF[L] ) ;
return;

1f(ky =='2'y ///// show H
printf("sc3e. Sc%c”, DISBUF[10], DISBUF[11], DISBUF[13], DLSRUF[14])

return;

if(ky =='t") /////test t
{
al=analcg (2);
av=al*0.001221;
rv= al*0.1221;
printf{"AD = \t3d Step \t = &fV \t T = 3f C\n",al,av,al-
675,rv);

return;
}
if{ky —="h") /////test h
{

al=analog(3);



av=al*0.001221;

rv={al-675)+0.039837;

printf ("AD = \t%d Step \t = %fV \t offset = Id
%2\n",al,av,al-675,1v);

return;

if(ky =='Y') ///// on from TDR

{
LdrCon=1; // control on by LDR
Conldr () :
return;

}

if{ky =='X") ///// oft
{
LdrCon=0; // control cff by LDR
ConLdr () ;

return;

}
}
vold ReadComumnand (void)
t
unsigned char c;
1T {RI)
{
c=38BUF;
RI-0;

KeyControl{c);
}

}
vold ReadDHTIH4000 (void) //// hi
{

unsigned int t;

unsigned int ADCBULF[3]:
/#
12 bit = 0-4095
1 step = 5/4085 = 0.001221V
HIH4000 zero offset = 0.824V = 675 step
EH 100 - = 3.8895V — 3185.5 step
A kwkdkk bkkert D570 5 step / 100
1% = 25.105 step
0.1% = 2.5105 step
0.01%2 = 0.25105 step
1 step = 0.03983270 %
up * 100 for show lcd = 3.9832
*/
/77 h= {analog(3)-6/5)* 3.9832;

fi0A077/7/ ac ade

ADCBUF[2] =(analog(3)-675}* 3.9832;
DelayMs {10} ;

’

ADCBUF[1] (analog (3)-675)* 3,9832;
DelayMs (10);
ADCBUFT0] = (analog(3)-675)* 3.983Z;
Htemp = { ADCBUF[2]+ADCBUF[1]+ ADCBUF!IO}] ) / 3;

1f(abs (Htemp-Htempl) >50) //// more 1%



Htempl=Htemp; JI7ISA N7 set old temp

//DISBUF[10]=Convert [Htemp/10000];
t=Htemp%10000;
DISBUF(10]=Convert [t/10007];
t=t%1000;
DISBUF[11l]=Convert [t/100];
t=t%100;
DISBUF([l3]=Convert [t/10];
DISBUF[14]=Convert[t%10];
1
}
vold ReadLm3b (void} //// temp
{
unsigned int t;
unsigned int ADCBUF[3};
/\k
temp — 10 mv / 1C
12 bit = 0-4095
1 step — 5/4095 = 0.001221V

1 step = 0.1221 C
up * 100 for snow lecd = 12.21
*/

ADCBUF[2] =analog(Z)* 12.21;
DelayMs (10);
ADCRUF 1] =
DelayMs (10) ;
ADCRUF[0] = analog(2)* 12.21;

analog (2)* 12.21;

Ttemp = ( ADCBUF|Z]+ADCBUF{1]+ ADCRBUF[O0] ) / 3;
Ttemp =Ttemp-3; ///// jun
1f (abs (Ttemp-Ttempl) >50) //// more 1.8c¢
{
Ttempl-Ttemp; 1101077077777 7477 set old temp

//DISBUF [ 10]=Convert [TLemp/10000];
t=Ttemp210000;

DISBUF[1l]=ConverlL [t/10007;
t=t%1000;

DISBUK [2]=Convert [t/100];

t=t%100;

DISBUF[4]=Convert[t/10];
DISBUE|5]=Convert [t%10];

void LdrControl (void)
{
f4l0 01777/ control load and back light
iL{LDR==1) /// dark
{
BL Lcp=1; /// on back light LCD

else ///7 light

BL ICD=0; /// off Dback light LCD
}
i

vold CheckErr (void)



{
JISA0N A/ buzer alam
/////check trmp
if (Ttemp >—=4000 ) ///// temp over 40 C
{
Buzzer=1l; /777 on
DelayMs (1000);
Buzzer=0; [/ otf
DelayMs (1000);
}
else 1f(Ttemp <=500 ) ///// temp down 5 C
{
Buzzer=1; //// on
DelayMs {100} ;
Buz.er=0; //// off
DelayMs (1000} ;
}
else
{
Buzzer=0; /// off
}
JIAIANSA A/ check
Lf (Htemp >=9000 ) /7)) hi > 903
{
Buzzer=1; ///7 on
DelayMs (500) ;
Buzzer=0; [/ off
DclayMs (1000) ;
i
else 1f (Htemp<=500 ) ///// hi down < 5%
{
Buzzer=1; /77 on
DelayMs (800) ;
Buzrer—0; //// off
DclayMs (10000 ;
}
else
i
Buszer=0; /// off
1
t
void main (void)
{
Pl=0xff;
P2=0xff;
LCD Init{);
P1=0x00, //////// Clear Data
Clear DISBUEF();
SALPAAA AN show £ oh
DISBUF[O]="T";

DISBUF{1]=" ';
DISBUF([2]="' ';
DLSBUE[3]=".";
DISBUF[4]=" ';
DISBUF[5]="' ';

DISBUF[6]=0x13;
DISBUF|71="C"';
DISBUN[B]="' "'



DISBUE [
DISBUF|
DISBUF [
(
[
(

H

H

DISBUF
DISBUF
DTSBUF
DISBUF[15]="¢%";
FLIPSA A show 1o
DISRUF[16]="1";
DISBUF[17]="P";

H

L
’

LI
’

9)="H
10]
117
12]
13]
14]

DT%BUF[lB]—' Yo/ sdwl
DISBUF({19]=" '; /// 8W 2
DISBUF[201="' '; /// SW 3
DISBUF|21]=" '; /// SW 4
DISBUF[22]=" '; /// SW 5
DISBUF([23]=" ';
DISBUF[2471=" ';
DISBUF[25]="0";
DISBUF[26]="P"';
DISBUF[27]='0"; //// Output 1
DISRUF|28)='0"'; //// Output 2
DISBUF[29]1='0"'; //// Output 3
DISBUF[20}="0"'; //// Output 4
DISBUF([31]='0"; //// Output 5
Lol=1;
LoZz=1;
Lo3=1;
Lo4=1;
Lo5=1;
///old T=T;
///old_H=H;
SWO[1]1=8W[1]1=0;
SWO[2]=8W([2]=0;
SWO[3]1=8W[3]-0
SWO[4]=8W[4]=0;
SWO[5]=8W[5}=0
JELLITLT TPl iirirrry
LDR=1; //// input check LDE
BL LCD=0; /// off back light LCD
Buzzer=0; //// buzzer off

LCD Display(};
TnitSeraal (};
whilc (1)
{
ReadSwich(};
///sprintf(DISBUF, "asasas™);
ReadLwm35(); //// teump
ReadDHIH4000(); /// hi
DelayMs (10) ;
LdrControl ();
CheckErr () ;
/i*h)#******/
LCD Display();:
ReadCommand () ;
1



Code C#

#region Namespace Tnalusions
using System;
Using System.Data;
using System.Text;
using System.Drawing;
using System.IC.Ports;
using System.Windows.lForms;
using Syslem.ComponentModel;
using System.Collections.Generic;
using WebCamLib;
using System.Runtime.TnteropServices;
using SerialPortTerminal.Properties;
using WIALib;
#endregion
namespace SerialPortTerminal
{
fregion Public Enumerations
public enum DataMode { Text, Hex }
public cnum LogMsgType { Incoming, Outgoing, Normal, Warning, BError
}i
#endregion
public partial class frmlTerminal : Form
{
#region Local Variables
// The main control for communicating through the RS-232 porl

private SerialPort comport = new SerialPort();
// Various colors for logging info
private Color[] LegMs=gTypeColor = { Color.Blue, Color.Greern,

Color.Black, Color.Orange, Color.Red t;
// Temp holder for whether a key was pressed
private bool KeyHandled = false;
#endregion
fregion Constructor
public frmTerminal ()
{
// Build the form
InitialireComponent () ;
// Restore the users settings
InitializeControlValues();
// Enable/disable controls based on the current state
EnableControls () ;
// When data 1s recleved through the port, call this method
comport.DataReceived 4= new
SerialDataReceivedEventHandler (port DataReceived);
}
#endregion
#region Local Methods

/// <summary> Save the user's settings. </summary>

private void SaveSeltings/()

{
Settings,Default.BaudRate = int.Parse(cmbBaudRate,Text);
Settings.Default.DataBits inl.Parse (cmbDataBits. Text);
Settings.Default.DataMode = CurrentDataMode;




Settings.Default.Parity = (Parity)Enum.Parse (typeof (Parity),
cmbParity.Text);

Settings.Default.SteopBits =
{StepBits)Enum. Parse (typeof (StopBits), cmbStopBits.Text);

Settings.Default.PortName = cmbPortName.Text;

Settings.Default.Save();
}

/// <summary> Populate the form's controls with default settings.
</ summary>
private void InitializeControlValues(]
{
cmbParity.ltems.Clear () ;
cmbParity,Items.AddRange (Enum.CetNames (typeot (Parity)));
cmbStopBits.ltems.Clear ()
cmbStopBits. Ttems.AddRange (Enum. GetNames (typeof (StopBits) ) )

cmbParity.Text = Settings.Default.Parity.ToString();
cmbStopBiis.Text = Settings.Default.StopBits.ToString();
cmbDataBits.lText = Settings.Defaull.DataBits.ToStringl();
cmbParity.Text = Settings.Dcfault.Parity.ToString();
cmbBaudRate.Texl = Settings.Default.BaudRate.ToString();
CurrentDataMode — Settings.Default.DataMode;

cmbPortName.Iltems.Clear{);
foreach (string s in SerialPort.GetPortNames (}))
cmbPortName.Items . .2dd(g) ;

if (cmbPortName.TItems.Contains(Settings.Default.PortNamc))
cmbPortName.Text = Settings.Default.PortName;

else if (cmbPortName.Items.Count > 0) cmbPortName.Selectedindex
= 0;

else

{

MessageBox.S8how(this, "There are no COM Ports detected on
this computer.\nPlease i1nstall a COM Port and restart this app.", "No
COM Ports Installed", MessageBoxButtons.OK, MessqgeBoxIcon.Error);

this.Close();

}

/// <summary> Enable/disable controls based on the app's current
state. </summary>
private void EnableControls()

{
// Enable/disable controls based on whether the port is open or

not
gbPortSettings.Enabled = !comport.IsOpen;
if (comport.lsOpen) btnOpenPort.,Text = "&Close Port";
else btnOpenPort.Text = "&Open Port";

4

/// <summary> Send the user's data currently entcred in the
"send' box.</summary>
private void SendDatal)



if (CurrentDataMode == DataMode.Text)

catch (FormatException)
{
}

4

/// <sumnmnary> Log data to the terminal window. </summary>
/// <param name="msgtype"> The type of message to be written.
</paramn>
/// <param nane="msg"> The string containing the message to be
shown. </param>
private void Log{LogMsgType msgtype, string msqg)
{
rt{Terminal.Invoke (new Eventlandler (delegate
{
rtfTerminal.SelectedText = string.Empty;
rtfTerminal .SelectionFont = new
Font (rtfTerminal,SelectionFont, FontStyle.Bold);
rtfTerminal.SclectionColor = LogMsgTypeColor[ {(int)msgtype]:;
rtflerminal.dppendText (msg) ;
rtfTerminal.ScrollToCaret ()

ISR

private byte[] HexStringToByteArray(string s)
{
s = s.Replace(" ", "");
byte[] buffer = new bytefs.Length / 27;
for (inL i = 0; i < s.Length; 1 += 2)
buffer{i / 2] = (byte)Convert.ToBytc(s.Substring(i, 2), 16);
retuarn buffer;

4

/// <summary> Converts an array of bytes into a formatted string
of hex digits (ex: E4 CA BZ)</summary>
/// <param name="data">» The array of bytes to be translated into
a string of hex digits. </param>
/// <returns> Returns a well formatted string of hey digits with
spacing. </returns>
private string ByteArrayTolexString(bytel] data)
{
StringBuilder sb = new StringBuilder {(data.Length * 3);
foreach (byte b 1n data}
sb.Append(Convert.ToString(b, 16).PadLeft (2, '0').PadRight (3,
LD I
return sb.ToString().ToUpper();



fendregion
¥region Local Propcrties
privdle DataMode CurrentDataMode
{
getl
{
if (rbHexz,Checked) return DataMode.Hex;
else return DataMode.Text;

set
{
1f (value == DataMode.Text} rbText.Checked = true;
else rbHex.Checked = true;
}
}
fendregion

¥region Event Handlers
private void lnkAbcut T.inkClicked{object sender,
LinkTabellinkClickedEventArgs e)
{
// Show the uscr the about dialog
{new trrmAbout (})).ShowDialog(this};

4

private void frmTerminal Shown(object sendcr, EvenlLArgs e)
{
Log(LogMsglype.Normal, String.Format ("Applicalion {U}j\n",
DateTime.Now} ) ;

}

private void frmTerminal FormClosing(object sender,
FormTlosingEventArgs e)

{

// The form is c¢losing, save the user's preferences
SaveSettings (};

i
private void rbText CheckedChanged({cbject sender, EventArys e)

{ 1f (rbText.Checked) CurrentDataMode = DataMode.Text; }
private volid rbHex CheckedChanged(object sender, EventArgs e)
{ 1f (rbHex.Checked) CurrentDataMode = DataMode.Hex; }

private void cmbRaudRate Validating(object sender,
CancelbventArgs e)

[ 1nt x; e.Cancel = !int.TryParsc{cmbBaudRate.Text, out x}); 1}

private void cmbDataBits Validaling(object sender,

CancelbkventArgs e)
{ 1nt x; e.Cancel = !int.TryParse(cmbDataBits,Text, out x); }

private void btnOpenPort Click({objcct sender, EventArgs e)
{

// 1f the port is open, close it.

if (comport.IsOpen) comport.Close();

else

{

// Set the port's settings

comport .BaudRate = inil.Parse(cmbRBaudRate.Text);
comport.DataBits —= int.Parse (cmbDataBilts.Text):
comport.StopBits = (StopBits)Enum.Parse{typeof (StopBitsy,

cmbStopBits. Text) ;



comport.Parity = (Parity)Enum.Parse{typeof(Parity),

cmbParity.Text);
comport.PortNamc = cmbPortName. Text;

// Open the port

comport.Open{);
t
// Charge the state of the form's controls
FnableControls () ;

// If the port is open, send fccus to the send data box
// 1f {comport.IsOpen) txtSendData.Focus();
}
private void port DataReceived(object scnder,
SerialDataReceivedrventArgs e)
{
// This method will be called when there is data waiting in the
port's buffer
// Determain which mode (string or binary) the user 1s in
if (CurrentDataMode == DataMode.Text)
{
// Bead all the data waiting 1n the buffer
string data = comport.ReadExisting();

// Display the text to the user in the terminal
Log(LogMsglype.Incoming, data);

1

else

{
// Obtain the number of bytes waiting in the port's buffer
int bytes = comport.BytesloRead;

// Create a byte array buffer to hold the incoming data
byte[] buffer = new bytel|bytes];

// Read the data from the port and store it in our buffer
comport,Read (buffer, 0, bytes);

// Bhow the user the incoming data in hex format
Log (LogMsgType.Incoming, ByteRrrayToHexString(buffer)):

}
private void txtSendData KeyDown(object sender, KeyEventArgs e)

{
// If the user presses [ENTER], send the data now
if {Keyllandled = e.KeyCode == Keys.Enter] { e.Handled - true:;
SendDatla(); }
}
private void txtSendpata KeyPress(object sender,
KeyPressEventArgs e}
{ e.Handled = KeyHandled; }
fendreqgion
private void frmTerminal Load(object sender, EventArgs e}
{
R Test Webcam. ....ovvve... 7/
Device[] devices = DeviceManager.GetAl lDevices();
foreach (Device d in devices)

{



cmddevice. Items.Add (d) ;
1f (devices.Length > 0}

cmddevice.SelectedIndex = 0;

timerl.Start{);
timerl.Enabled=true;

this.labelZ.Text = "Pump 1";
this.label3.Text = "Pump 2";
this.labeld4.,Text = "FAN";
this.labelb.Text = "SPORT";
this.label6.Text - "Water Injector";
this.buttonl.Text = "Tift";
this.buttenlé.Text = "STOP";
this.buttonl7.Text = "T";
this.butten2.Text = "Right";
this.button3,Text — "ON";
this.buttond.Text = "OFF";
this.pbuttonb.Text = "ON";
this.buttoné.Text = "OFF";
this.button77.Text = "ON";
this.buttong.Text = "OFF";
this.button9.Text = "ON";
this.puttonl0.Text = "QFF";
this.buttonll.Text = "ON";
this.buttonl?.Text = "OFF";

this.pictureBoxl.RackColor = Color.Black:
this.plciureBox2.BackColor Color.Black;
this.pictureBox3.BackColor = Color.Black;
this.picturcBoxd.BackColor — Color.Black;
this.plictureBox5.BackColor = Color.Black;
this.pictureBox6.BackColor = Color.Black;

label9.Text = "F";

labell(.Text = "G";
labelll.Text = "H";
labell2, Text = "I";
labell3.Text = "J";

private void lblSend Click{ochject sender, EventArgs
{
}
private void buttonl Click(object sender, EventArgs
{
Seri1aiPort pocrta = new SerialPort ("COM4™, 9600,
Parity.None, 8);
porta.Cpen{);
poerta.Write ("+");
Console.Beep (1000, 100);
porta.Close();
}
private wvoild buttonZ Click{object sender, EventArgs
{
SerialPort porta = new SerialPort ("COM4™, 9600,
Parity.None, 8);
porta.Quen();
porta.Write("-");



Console.Beep (1000, 100} ;
porta.Close();
1
private void label2 Click({cbject sender, EventArgs e)
{
}
private void label3 Click{object sender, kventArgs e)
{
1
private void button3 Click(objcct sender, EventArgs e)
{
pictureBox2.BackColor = Color.Red;
labelS8.Text = "A";
SerialPort porta = new SeriallPort ("COM4", 9600,
Parity.None, 8);
porta.Opent);
porta.Write ("A™);
Console. Beep(lOOQ 100} ;
porta.Close ()
f
private void buttend Click(object sender, EventArgs e)
{
this.pictureBox2.BackCclor = Color.Black;
lakel9.Text = "";
SerialPort portf = new SerialPort ("COM4"v, 9600,
Parity.None, 8);
portf.Open{);
porLf.Wraite ("F");
Conscle.Beep (500, 100);
portft.Close();
}

private void picturcBoxl Click{object sender, EventArgs e)
{

}

private void buttonb Click{object sender, EventArgs e)
{
this.pictureBox3.BackColor = Color.Black;
labellD.Text = "G";
SerialPort portg = new SerialPort ("COM4"™, 93600,
Farity.None, 8};
portyg.Opsni{);
portg.Write("G");
Console.Beep (1000, 10Q);
portg.Closea();
4

private void button5 Click(objcct sender, EventArgs e)
{
this.pictureBox3.BackColor = Color.Red;
1labell(0.Text = "B™;
SerialPort portbh = new SerialPort ("COM4”, 9600, Parity.None,

porth.Open{);
portb.Write{"RB");
Console.Beep(SOO 100 ;
portb.Clcose ()



}

private void groupBox2 Enter (object sender, EventArgs e)

{
}

private vold button? Click(object sender, EventArgs

{

W

this.pictureBox4.BackColor = Color.Red;

labelll.Text = "C";

SerialPort portbh = new SerialPort ("COM4", 9600,
Parity.Nonc, 8);

porth.Open();
portb. . Write ("C");
Conscle.Beep (500, 100},
portbh.Close();

v

}

private vold buttonB8 Click(object sender, Evenifrgs e¢j
{
this.pictureBux4.BackColor = Color.Black;
labelll,Text = "H";
SerialPort portg — new SerialPort ("COM4A", 9600,
Parity.Nonc, 8);
portg.Open();
portg.Write ("H"};
Console.Beep (1000, 100);
portag.Close(});
}

private void button9 Click({object sender, EventArgs e)
{
this.pictureBoxbh.BackColor = Color.Red;
labell2.Text = "D";
SerialPort portg = new SerialPort ("COMA", 9600,
Parily.None, 8);
portg.Openi();
portg.Write("D");
Console.Beep (1000, 100);
portg.Close(};
}

private void buttonlO Click({object sender, EventArgs e)
{
this.pictureBox5.BackColor = Color.Black;
labellz.Text = "1";
Seri1alPort portg = new SerialPort ("COMA", 9600,
Parily.None, 8);
portg.open();
portg.Write ("I"};
Console.Beep (1000, 100);
portg.Close();
1

private void gbMode Enter{object sender, EventArgs ¢)
{



}

private voird rtfTerminal TextChanged(object sender, EventArgs

1

}

private void cmbBaudRate SelectedIndexChanged(object sender,

EventArgs e)
{

i

private void cmbParity SelectedIndexChanged({object sender,
EventArgs e)
{

}

private void huttonll Click({object sender, EventArgs e)
{
this.pictureBox6.BackCelor = Color.Red;
labell3.Textt — "E";
SerialPort portg = new SerialPort("COM4"™, 9600,
Parity.None, 8});
portg.Open{);
portg.Write ("k");
Console,Beep (1000, 100);
portg.Closed{);
}

private void buttonll Click{object sender, EventArgs e)

{
this.pictureBox6.BackCclor = Celeor.Black;

labell3.Text = "J";

SerialPort portg = new SerialPort("COM4", 9600,
Parity.None, 8);

portg.Opent);

portg.Write ("J");

Console,Beep (1000, 100);

portg.Closel();

}

private veid label6 Click{object sender, EventArgs e)
{

}

private void frmTerminal MouseHover (object sender, EventArgs =)

{
}

private void frmTerminal MouscEnter {cbject sender, EventArgs e)

{

}



private void timerl Tick(object secnder, EventArgs e)
{

A Cleock Time........ /7

label8.Text =DateTime.Now.ToLongTimeString();

J o AR Date DD/MM/YY......... ’
label7.Text = DateTime.Now.TcLongDateString();

S/ PictureBox2..... //
1f (DateTime.Now.ToLongTimeStrang()
==textBoxl.Text.To3tring())
{
pictureBox2.BackColor = Color.Red;
label9.Text = "A";
SerialPort porta = new SerialPort {"COM4", 9600,
Parity.None, 8);
pcorla.Openi) ;
porta.Write ("A");
porta.Close(};
}
elge 1f (DateTime.Now.ToLongTimeString() ==
textBox2.Text.ToString())
{
plrctureBox?.BackColor = Color.Black;
label9.Text = "F";
SerialFort portf = new SerialPort("COM4A", 9600,
Parity.Neone, 8);:
portf.Open();
portf.Write("F"};
portf.Close();
}

S e PictureBox3,.... /St

1t (DateTime.Now.loLongTimeString({) ==
textBox3.Tlext . .ToString(})
{
pictureBox3.BackColor = Color.Red;
labell0O.Text = "B";
SerialPort portb = new SecrialPort ("COM4", 9600,
Farity.None, 8);
portbh.Open(};
portb.Write{"B"}:;
porth.Close ()

}
else 1if (DateTime.Now.TolongTimeString(} ==
textBox4.Text.ToString(})
{
pictureBox3.BackColor = Color.Black;
1labell0.lext = "G";
SerialPort portg = new SerialPort ("COM4", 9600,
Paraty.None, 8);
portg.Open();
portg.Write("GC");
portg.Close();



P PictureBoxd..... /7
If (DateTime.Now.ToLongTimeString(} ==
textRox5.Text.ToString () )

{
pictureBox4.BackCoclor = Color.Red;

labelll.Text = "C";

}
else if (DateTime.Now.ToLongTimeString() ==

textBox6.Text.ToString())

{
pictureBoxd.BackColor = Color.Black;

labelll.Text = "H";

1t (DateTime.Now.TolongTimeSiring() ==
textBox7.Text.ToString())

{
pictureBox5.BackColor = Color.Red;

Jabell2.Text = "D";
}
else 1f (DateTimc.Now.ToLongTimeString() ==
textBoxB8.Text.ToString())

{
pictureBexb.BackColor = Color.Black;

labellZ2.Text = "1I";

S e PictureBox6..... /7
1f (DateTime.Now.ToLongTimeString() ==
textBox9.Text.ToString () )

{
plctureBox6.BackColor = Color.Red;

labell3.Text = "E";
}
else 1f (DateTime.Now.ToLongTimeString{) ==
textBoxl0.Text.ToString ()} )

{
pictureBox6.BackColor = Color.Black;

labellld.Text = "J";

}

private void buttonl3 Click(object sender, EventArgs e)
{
Device d =
DeviceManager.GetDevice (cmddevice.SelectedIndex) ;
d.ShowWindow (Lthis.pictureBoxl);
b

private void buttonl4d Click(object sender, EventArgs e)
{
Device d =
DeviceManager.GeatDevice (cmddevice. SelectedIndex) ;



d.Stop{};

private void textBoxl TextThanged(object sender, EventArgs e)

{

}

private void butteonlb5 Click(object sendexr, EventArgs e)
{
new CaptureForm().Show(};

'

private void buttonlé Click({cbject sender, EventArygs e)
{

SerialFPort porta = new SerialPort ("COM4™, 9600,

Parity.None, 8j;

porta.Cpent();

porta.Write ("S");

Console.Beep {1000, 100);

porta.Close():

}

private void buttonl? Clickl{object sender, Eventfrgs e)
{

SerialPort porta = new SerialPort("COM4", 9600,

Parity.None, 8);

porta.Open{):

porta.Write ("T");

Conscle.Beep (1000, 100);

porta.Close();
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12-Bit, 4-Channel Serial Output Sampling
ANALOG-TO-DIGITAL CONVERTER

_—

FEATURES DESCRIPTION

® SINGLE SUPPLY: 2.7V to 5V The ADS7841 15 a 4-channel. 12-bit samphng analog-
® 4-CHANNEL SINGLE-ENDED OR to-digital converter {ADC) with a synchronous serial

2-CHANNEL DIFFERENTIAL INPUT mnterface The resolution 15 programmable to either 8
@ UP TO 200kHz CONVERSION RATE or 12 bus. Typical power dissipation s 2mW at a

200kHz throughput rate and a +5V supply  Fhe refer-

@ 11 LSB MAX INL AND DNL ence voltage (V) can be varied between 100mV and

®i1

® GUARANTEED NO MISSING CODES V- providing a corresponding imput voltage range of
® 72d8 SINAD OV w V... The deviee meludes a shurdown mode

which reduces power dissipittion to under 150W. Fhe

® SERIAL INTERFACE ADSTS4E 1y guaranteed down to 2 7V operation.

@ 16-PIN PDIP OR 16-LEAD SSOP PACKAGE
@® ALTERNATE SOURCE FOR MAX1247

Low power, high speed, and on-board multiplenet
mahke the ADS7RAT 1deal for battery operated systems
such as personal digital assistants, portable multi-

APPLICATIONS channel data loggers. and measurciment equipment.

The serial mrertace alsa provides low-cost 1selation

® DATA ACQUISITION for remote data acquisttion. The ADS7841 v avarlable
® TEST AND MEASUREMENT m a Lo-pm PDIP or a [6-lcad SSOP package and 1s
® INDUSTRIAL PROCESS CONTROL guaranteed over the —4H0"C to +85-C temperature range.

® PERSONAL DIGITAL ASSISTANTS
® BATTERY-POWERED SYSTEMS

SAR DCLK
le—— C5
Or—1 —_
ero Four gomparater Seral [+ SHON
cH1 o—al u
Channel CDAC Interface |<=—— DIN
CH2 O——m] i
Multiplexer C::tdrm DOUT
CH3 C—= L~ MoDE
Mo ¥
CO T — BUSY

Veer O

International Arrport Industrial Park + Mailing Address. PO Box 11400 Tucsun, AZ 85734 » Street Address 6730 § Tucson Bivd, Tucsen, AZ 85706 « Tel {520} 746-111% » Twx 910-952-1111
Internet http fiwww.burr-brown com! -« FAXLine (800) 548-6433 {US’Canada Only) + Cable BBRCORP * Telex D66-6491 - FAX (520) 889-1510 + immediate Product Info (800) 548-6132

199K Bun-Brown Corpotation PHS 11201 Printetd i LS A fune 1998



SPECIFICATION: +5V

At T = -40-C to +85°C, +Ve = +5V, Ve = +5V, fganpre = 200kHZ, and fo = 16  fguupe = 3 2MHz, unless otherwise noted

ADS73841E, P ADST841EE, PB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
ANALOG INPUT
Full-Scale Input Span Pesitive Input - Negative Input 0 Veer * * \%
Absolute input Range Positive input -02 Ve +02 * * A"
Negative Input 02 +125 * * v
Capacitance 25 * pF
Leakage Current +1 * uA
SYSTEM FERFORMANCE
Resolution 12 * Bits
No Missing Codes 12 12 Bits
Integral Linearity Error +2 +1 LSB
Differential Lineanty Error +0 8 05 1 LSB
Cifset Error +3 * LSB
Offset Error Match 015 10 * * LS8
Gain Error +4 +3 LSB
Gain Error Match 01 10 * * LSB
Noise 30 * uvrms
Power Supply Rejection 70 * dB
il
SAMPLING DYNAMICS
Sonversion Time 12 * Clk Cycles
Acquisition Time 3 * Clk Cycles
Throughput Rate 200 * kHz
Multtplexer Setting Time 500 * ns
Aperture Delay 30 * ns
Aperture Jitter 100 * s
DYNAMIC CHARACTERISTICS
Total Harmorwe Distortion@ Vin = 5Vp-p at 10kHz —78 —72 -80 -76 dB
Signal-to-(Noise + Distortion} Vi = 5Vp-p at 10kHz 68 71 70 72 daB
Spurious Free Dynamic Range Vi = 5Vp-p at 10kH=z 72 7% 76 at dB
Channet-to-Channel isolaticn Vi = 5Vp-p at 50kHz 120 * dB
REFERENCE iNPUT
Range o1 +Vee * * s
Resistance DCLK Static 5 k3 GO
input Current 40 100 o * LA
fsampLe = 12 5kHz 25 * HA
DCLK Static 0 001 3 E3 * uA
DIGITAL INPUT/OUTPUT
Logic Family CMOS *
Logic Levels
Vin | n | < +5pA 30 55 * * v
Vi [ | < +5pA -03 +08 * * v
VOH iOH = —250_UA 35 * \%
VoL loL = 250uA 04 * v
Data Format Straight Binary *
POWER SUPPLY REQUIREMENTS
+Weo Specified Performance 475 525 * * v
Quiescent Current 550 900 * uA
feampLe = 12 5kHz 300 * LA
Power-Dawn Madeldl, C8 = +V ¢ 3 * wA
Power Dissipation 45 * mw
TEMPERATURE RANGE
Specified Performance —40 +85 ¥ % o

% Same specihications as ADS7841E, P

NOTE (1) LSB means Least Sgnificant Bit With Vger equal to +5 0V, one L5B 15 1 22mV (2) Furst five harmonics of the test frequency {3) Auto power-down mode
{PD1 = PDO = 0) active or SHON = GND

The information provided herein is believed to be reliable, however, BURR-BROWN assumes no responsibiiity for inaccuracies or omissions BURR-BROWN assumes
no responsibiiity for the use of this mformation and all use ot such Information shall be entirely at the user's own nisk. Prices and specifications are subject to change
withoutnotice Mo patent nghts or licenses to any of the circuits described herein are implied or granted to any third party BURR-BROWN does not authonze or warrant
any BURR-BROWN product for use in life support devices and/or systems

BURR - BROWN®

ADS7841 ,



SPECIFICATION:

+2.7V

At Tp = —40°C to +85°C, +Vpp = +2 7V, Vg = +2 5V, foppie = 125kHz, and fo = 16 - fopype = 2MHzZ, unless otherwise noted

ADSTB41E, P ADST841EB, PB
PARAMETER CONRDITIONS MIN TYP MAX MIN TYP MAX UNITS
ANALOG INPUT
Full-Scale Input Span Positive Input - Negative Input 0 Vaer * * v
Absolute Input Range Positive Input 0.2 Ve 0 2 * * vV
Negative Input 02 +0 2 * * \
Capacitance 25 * pF
Leakage Current *+1 * uA
SYSTEM PERFORMANCE
Resolution 12 * Bits
No Missing Codes 12 12 Bits
Integral Linearity Efror +2 +1 Lsgm
Differential Lineanty Error 08 05 +1 LSB
Offset Errar 13 * LSB
Offset Error Mateh 015 10 * * 1LSB
Gan Error +4 +3 LSB
Gamn Error Match 01 10 * * LSB
Noise 30 * uvVms
Power Suppiy Rejection 70 * dB8
SAMPLING DYNAMICS
Conversion Time 12 * Clk Cycles
Acquisition Time 3 * Clk Cycles
Throughput Rate 125 * kHz
Muluplexer Setting Time 500 * s
Aperture Delay 30 * ns
Aperture Jitter 100 * ps
DYNAMIC CHARACTERISTICS
Total Harmonic Distortion(® Vi = 2 5Vp-p at 10kHz 77 72 -79 -76 dB
Signal-to-{Noise + Distortion) Viy = 2 5Vp-p at 10kHZ 68 71 7Q 72 dB
Spurtous Free Dynamic Range Vin = 2 5Vp-p at 10kHz 72 78 76 80 dB
Channel-to-Channel isolation Viy = 2 8Vp-p at S0kHz 100 * Js
REFERENCE iNPUT
Range 01 +Vee * * \
Resistance DCLK Static 5 * GQ
Input Current 13 40 * * LA
fbAMPLE =12 5kHz 25 ¥* HA
DCLK Static 0001 3 * B uA
DIGITAL INPUT/QUTPUT
Logic Farmuly CMOS *
Logic Levels
Viy | lw] s +5A e+ 07 55 ¥ * Vv
Vi |y | < +5pA 03 +08 B * Y
Von fon = —250pA e+ 08 * v
Voo loy = 250pA 04 * v
Data Format Straight Binary *
POWER SUPPLY REQUIREMENTS
+Ven Specified Performance 27 36 * * v
Quiescent Current 280 650 * * uA
feamete = 12 SkHz 220 * LA
Power-Down Mode®, €5 = +V¢ 3 * LA
Power Dhssipation 18 * mwW
TEMPERATURE RANGE
Specified Performance —40 +B5 * * °C

* Same specifications as ADST841E, P

NOTE (1)LSB means Least Significant Bit With Vper equal to +2 5V, one LSB1s 610mV (2) First five harmonics of the test frequency (3) Auto power-down mode

(PD1 = PDO = 0) active gr SHDN = GND

L

ADS7841

BURR - BROWN®



PIN CONFIGURATIONS

Top View DIP ssop
\
+vCCE 16 | DCLK +VCCE O EDCLK
CHO | 2 Ec_s CHOIZ 15| CS
CH1 E [14 | iy CH1 E 14 | DIN
CH2E 13 | BUSY CHZE 13 | BUSY
CH3 |5 ADST841 12 | bouT CH3 | 5 ADSTBAT 12 | DOUT
COM | 6 11 | MODE COM | 8 11 | MODE
SHDN ! 7 10 | GND SHDN | 7 10 | GND
Vier E E} Ve Veer | 8 __2] Ve

PIN DESCRIPTIONS

PIN NAME DESCRIPTION
Wl Vee Power Supply, 2 7V to 5V
2 CHO Analog Input Channel 0
3 CH1 Analog Input Channel 1
4 CH2 Analog Input Channel 2
5 CH3 Analog Input Channet 3
5] CCM Ground Reference for Analog Inputs Sets zero code voltage in single-ended mode Connect this pin to ground or ground reference
pomnt
7 SHDM Shutdown When LOW, the device enters a very low power shutdewn mode
8 Vaer Voltage Reference Input
9 +Voo Power Supply, 2 TV to 5V
10 GND Ground
11 MCDE Conversion Meode When LOW, the device always performs a 12-bit conversion. When HIGH, the resolution i1s set by the MODE bit in
the CONTRCL hyte
12 pouT Senal Data Cutput Data is shifted on the falling edge of DCLK. This output is high impedance when CS 1s HIGH
13 BUSY Busy Cutput This output s high impedance when TS 1s HIGH
14 DIN Seral Data Input. If TS s LOW, data 1s tatched on nsing edge of DCLK
15 cs Chip Select input Controls conversion timing and enables the senal mput/output register
16 DCLK External Clock Input. Tiis clock runs the SAR conversion process and synchronizes senal data O,

ABSOLUTE MAXIMUM RATINGS™

ELECTROSTATIC

! +Voeto GND . L.

v w —Q 3V IO BV Y

DISCHARGE SENSITIVITY

Analog inpuis to GND
Dugital Inputs to GND

Power Dissipation

Maximum Junclion Temperature

Operating Temperature Range .

Storage Temperature Range

Lead Temperature (soldering, 10s)

-0 3V to +Vee + 03V

. —40°C to +85°C
. ... —85°C to +150°C

.. ¥300°C

NOTE (!) Siresses ahove those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device Exposure to absalute maximum
conditions for extended penods may affect device relability.

-0 svztgo;sv\\; This mtegrated circuit can be damaged by ESD. Burr-Brown
_______________________ 150G recommends that all integrated circuits be handled with

appropriale precautions Failure to observe proper handling and
installation procedures can cause damage.

ESD damage can range from subtle performance degradation to
complete device failure. Precision mtegrated circuits may be
more susceptible to damage because very small parametric
changes could cause the device not to meet its published specifi-

PACKAGE/ORDERING INFORMATION cations.
MINIMUM
RELATIVE DIFFERENTIAL SPECIFICATION PACKAGE
ACCURACY NONLINEARITY TEMPERATURE DRAWING ORDERING TRANSPORT
PRODUCT {LSB) {LSB} RANGE PACKAGE NUMBER NUMBER!2) MEDIA
ADSTB41E +2 68 —40°C 1o +85°C 16-Lead SSOP 322 ADST7841E Rails
" " " " " " ADST841E/2K5 Tape and Reel
ADS7841P +2 68 —40°C to +85°C 16-Pin PDIP 180 ADS7841P Rails
ADS7841EB +1 70 —40°C fo +85°C 16-Lead SSOP 322 ADST841EB Rails
" " " " - " ADST841EB/2KS | Tape and Reel
ADS7841PB +1 70 —40°C to +85°C 16-Pin PDIP 180 ADS7841PB Rails

NOTES (1) For detailed drawing and dimensicon table, please see end of data sheet, or Appendix G of Burr-Brawn IC Data Bock. (2) Models with a slash (/) are
available only In Tape and Ree! in the quantites indicated (e g., /2K5 indicates 2500 devices per reef) Ordermg 2500 pieces of “ADS7841/2K5” will get a single
2500-piece Tape and Reel For detaled Tape and Reel mechanical information, refer fo Appendix B of Burr-Brown IC Data Book.

BLIRR - BROWN &
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LM35

General Description

The LM35 series are pregision integrated-circult temperature
sensors, whose output voltage is linearly proportional to the
Celsius {(Centigrade) temperature The LM35 thus has an
advantage over lnear temperature sensors cahbrated in
* Kelvin, as the user 1s not required to subtract a large
constant voitage from its output to obtain convenient Centi-
grade scaling The LM35 does not require any external
calibration or timming to provide typical accuracies of +14°C
at room temperature and £34°C over a full -55 to +150°C
temperature range Low cost is assured by trimming and
cafibration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0 1°Cin still air The LM35 is
rated to operate over a =55° to +150°C temperature range,
while the L M35C s rated for a -40° 1o +110°C range (—10°
with improved accuracy) The LM35 series 1s avaitable pack-

&National Semiconductor

November 2000

Precision Centigrade Temperature Sensors

aged n hermetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM35D are also avallable in the
plastic TO-92 transistor package The LM35D is also avail-
able 1n an 8-ead surface mount smafl outline package and a
plastic TO-220 package

Features

m Cahbrated directly in * Celsius (Centigrade)
®r Linear + 10 0 mV/"C scale factor

0 5°C accuracy guaranteeable (at +25°C)
Rated for full ~55" to +150°C range
Suitable for remote applicationg

Low cost due to wafer-level tnmming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0 08°C n still air
Nonlinearity only +14°C typical

Low rmpedance output, 0 1 Q for 1 mA load

Typical Applications

+Vs
{4V TO 20v)

1

QuTRUT
M35 = 0+ 10.0 mysec

DS0059516-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C ta +150°C)

I

+¥s

LM3% | Your

_L Rl

-Vs
DS005516-4
Choose Ry = -Vg/50 pA
V our=+1.500 mV at +150°C
= +250 mV at +25°C
= =550 mV at =55°C

FIGURE 2. Full-Range Centigrade Temperature Sensor

© 2000 National Semiconductor Corporation DS005516

www national.com
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LM35

Connection Diagrams

TO-46
Metal Can Package*

BOTTOM ViEW
0S005516-1

*Case Is connected to negative pin {(GND)
Order Number LM35H, LM35AH, LM35CH, LM35CAH or
L M35DH
See NS Package Number HG3H

TO-92
Plastic Package

+V¥5 Vour GND

BOTTOM vIEW
D3005516-2
Order Number LM35C2Z,
LM35CAZ or LM35DZ
See NS Package Number Z03A

S0-3
Small Qutline Molded Package

N/

Your —}1
NC. —2
N.C —3
GND — 4

— +V
— NC.
—N.C.
— N.C.

(5 - R A ]

D3005516 21

NC = No Connection

Top View
Order Number LM35DM
See NS Package Number M0SA

TO-220
Plastic Package*

O

LM
3507
+Vg Your
GND
D5005515-24

*Tab 1s connected to the negative pin (GND)
Note: The LM35DT pinout 1s different than the discontinued LM35DP,
Order Number LM35DT
See NS Package Number TAO3F

www national com




Absolute Maximum Ratings (note 10) TO-92 and TO-220 Package,
If Military/Aerospace specified devices are required, (Soldering, 10 seconds) 260°C
please contact the National Semiconductor Sales Office/ SO Package {Note 12)
Distributors for availability and specifications. Vapor Phase (60 seconds) 215°C
Supply Voitage +35V 10 0 OV Infrared (15_3econds) 220°C
ESD Susceptibility {Note 11) 2500V
Output Voltage T6Vio -1V Specified Operating Temperature Range: Ty, to T
Output Current 10 mA (Note 2) IN MAX
Storage Temp.; LM35, LM35A -55C to +150°C
TO-46 Package, -60°C to +180°C LM35C, LM35CA ~40°C to +110°C
TO-92 Package, -60°C to +150°C LM35D 0°C to +100°C
50-8 Package, -65'C to +150°C
TO-220 Package, -65'C to +150°C
Lead Temp.:
TO-46 Package,
(Soldering, 10 seconds) 300°C
Electrical Characteristics
(Notes 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit {Max.)
{Note 4) {Note 5) {Note 4) {Note 5)
Accuracy T ,=125°C 02 05 +02 *0.5 C
(Note 7) T A=-10°C 03 +03 £10 C
T A= Thax +04 1.0 04 +1.0 C
T a=Trane 04 +10 04 5 °C
Nonhnearity T ST AT paax *0.18 1035 *0.15 03 ‘C
(Note 8)
Sensor Gain T iin<T a=T paax +10.0 +3.9, +10.0 +99, mvi'C
(Average Slope) +10.1 +10.1
Load Regulation T ,=+25°C 04 10 *04 +10 mV/mA
(Note 3) 0<i <1 mA T win<T aZT max 105 3.0 105 +3.0 mV/mA
Line Regulation T o=+25°C 001 +005 +0.01 *005 mvV/iv
(Note 3) 4VV <30V +0.02 *0.1 *0.02 *01 mvAv
Quiescent Current V g=+5V, +25°C 56 67 56 67 LA
(Note 9) V g=+5V 105 131 91 114 uA
’ V =430V, +25°C 562 68 562 88 A
V o =+30V 105.5 133 91.5 116 HA
Change of 4V <30V, +25°C 0.2 10 02 1.0 WA
Quiescent Current 4V=V <30V 0.5 2.0 0.5 2.0 WA
{Note 3)
Temperature +0.39 +0.5 +0.3§ +0.5 pASC
Coefficient of
Quiescent Current
Minsmum Temperature | in circuit of +1.5 +20 +15 +20 C
for Rated Accuracy Figure 1,1, =0
Long Term Stability T ,=Tax. TOr 008 *0 08 C
1000 hours
3 www nationat com
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LM35

Electrical Characteristics

{Notes 1, 6)
LM35 LM35C, LM35D o
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit {Max.}
{Note 4) {Note 5) {Note 4) {Note 5)
Accuracy, T ,=425°C +0.4 +10 *0.4 +10 °C
LM35, LM35C T o=-10C 305 *05 +15 C
{Note 7) T a=Twax +08 +1.5 +0.8 e
T a=Trm +0 8 +15 +08 +20 C
Accuracy, LM35D T A=+25"C +0.6 +15 C
{Note 7} Ta=Thax +09 C
Ta=Twin 09 C
Nonlineanty T ST A Tax t0.3 o5 *p2 * C
{Note 8} |
Sensor Gamn T ST 2% Thaax +10.0 +9.8, +10.0 +9.8, mv/'C
(Average Slope) +10.2 +10.2
Load Reguiation T A=+25°C +0.4 20 104 2.0 mvy/mA
(Note 3) 0<l <1 mA T ST a%Tmax to5 t5.0 105 *5.0 mVy/mA
Line Regulation T ,=425°C | +0 01 01 +0 01 +0.1 MV
(Note 3) 4V <30V 10.02 t0.2 $6.02 02 mv/V
Quiescent Current V g=+5V, +25°C 56 80 56 80 A
(Note 9) V =+5V 105 158 91 138 pA
V =+30V, +25°C 56.2 82 562 82 LA
V ¢=+30V 105.5 161 M5 141 pA
Change of 4V=Vg<30V, +25'C 02 2.0 02 20 pA
Quiescent Current 4Vey <30V 0.5 3.0 0.5 3.0 pA
(Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 WASC
Coefficient of
Quiescent Current
Mimimum Temperature | In circwt of +1.5 +20 +1.5 +2 0 C
for Rated Accuracy Figure 1, 1.=0
Long Term Stability T ;= Tuax for 008 +0.08 C
1000 hours i |

range

Note 4: Tested Limits are guaranteed and 100% tested in production

Note 9: Quiescent current I1s defined in the circuit of Figure 1

Note 8 Speufications i boldface apply over the full rated temperature range

Note 1: Unless clherwise ncted, these specifications apply- -55°C<T <+150°C for the LM35 and LM354° —40 <T,<+110°C for the LM35C and LM35CA, and
0 £T£+100°C for the LM35D Vg=+5Vdc and | qan=50 KA, 1n the circutt of Figure 2 These specifications alse apply from +2 C to Tyax in the circurt of Figure !
Spectiications in boldface apply over the full rated temperature range

Note 2° Thermal resistance of the TO-46 package 18 400°C/W, junction to ambient, and 24°C/W |unction to case Thermal resistance of the TO-92 package IS
180°C/W junction lo aminent Thermal resistance of the small outline moided package s 220°C/W junction to ambient Thermal resistance of the TO-220 package
15 90°C/W juncticn fo ambient For additional thermal resistance mformation see tabie in the Applications section

Note 3: Regulation 15 measured at constant junction temperature, using pulse teshng with a fow duty cycle Changes n output due to heatng effects can be
computed by multiplying the internal dissipation by the thermal resistance

Note 5: Design Limits are guaranteed {but not 100% preduction tested) over the indicated temperature and suppily voltage ranges These mits are not used to
caiculate outgomy guality levels

Note 7: Accuracy is detined as the errur between the output voltage and 10mv/'C times the device's case temperature, at specified conditions of voitage, current,
and temperature (expressed in °C)

Note 8- Nonlineanty 15 defined as the dewviation of the outpui-voltage-versus-temperature curve from the best-fit straight iine, over the device s rated temperature

Note 10. Absolute Maximum Ratings indicate imits beyond which damage to the device may occur DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditons See Note 1

Note 11: Human body model, 100 pF discharged through a 1 5 k€ resistor

Note 12: See AN-450 ‘Surface Mounting Methods and Ther Eftect on Product Relabiltty” or the section titled ~Surfare Mount” found in a current Natonal
Semiconductor Linear Data Book for other methods of solderng surface mount devices

www national com




Thermal Resistance
Junction to Air
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Thermal Response in
Stirred Oil Bath
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Quiescent Current
vs. Temperature
{Ir Circuit of frgure 2.}
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! Typical Performance Characteristics

Thermal Time Constant
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Minimum Supply
Voltage vs. Temperature
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Accuracy vs. Temperature
{Guaranteed)
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Quiescent Current
vs. Temperature
{in Circuit of Figure 1.)

160
140

120
100 P

80 .

50
40
20

[}
~75 -25 25 7 125 1715
TEMPERATURE (°()

DS005518-20

QUIESCEMT CURRENT (4A)

Accuracy vs. Temperature
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Honeywell

HIH-4000-001

HIH-4000 Series Integrated Circuity Humidity Sensor, 2,54 mm
{0.100 in) Lead Pitch SIP

: Features

Molded thermoset plastic housing with cover
Linear voltage output vs %RH

Laser trimmed interchangeability

Low power design

High accuracy

Fast response time

Stable, low drift performance

Chemically resistant

Representative
photograph, actual

product appearance may

vary.

Due 10 regional agency
approval requirements,
some producls may not be
available in your area.
Please contact your

regional Honeywell office Typgca] Appgﬁcaﬁgng
regarding your product of

choice. « Refrigeration

Drying

Meteorology
Battery-powered systems
OEM assemblies

Descrintion

The HIH-4000 Series Humidity Sensors are designed specifically for
high volume OEM (Original Equipment Manufacturer) users. Direct
input to a controller or other device is made possible by this
sensor’s linear voltage output. With a typical current draw of only
200 yA, the HIH-4000 Series is ideally suited for low drain, battery
operated systems. Tight sensor interchangeability reduces or
eliminates OEM production calibration costs. Individual sensor
calibration data is available.

The HIH-4000 Series delivers instrumentation-quality RH (Relative
Humidity) sensing performance in a low cost, solderable SIP (Single
In-line Package). Available in two lead spacing configurations, the
RH sensor is a laser trimmed, thermoset polymer capacitive sensing
element with on-chip integrated signal cenditioning. The sensing
element's multilayer construction provides excelient resistance to
most application hazards such as wetting, dust, dirt, oils and
common environmental chemicals.
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'HIH-4000 Series Integrated Circuity Humidity Sensor, 2,54 mm (0.100 in) Lead Pitch SIP
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: ﬁH Accuracy

Product Specifications

—

ackage Style

r§olderable Sip

P
Termination Details

" | 2,54 mm [0.100 in] Lead Pitch

|
}
f
i
i

Series Name

| HIH-4000 Series
]5 + 3.5% RH, 0-100 % RH non-condensing, 25 °C, 5 Vdc supply

i RH Interchangeability

i + 5% RH, 0-60% RH; + 8% @ 60-100% RH Typical

|
| RH Hysteresis

| + 3% of RH Span Maximum

| RH Repeatability

1 + 0.5% RH

| RH response time, 1/e

*l 15 s in slowly moving air @ 25 °C

| "RH stability

i

. + 0.2% RH Typical at 50% RH in 1 Year

E Supply Voltage

1 4.0 Vdc to 5.8 Vdc

; ! Supply Current

" 500 pA Max.

| Operating Humidity Range

[ 0to 100% RH, non-condensing

| E“E)perating Temperature Range

| -40 °C to 85 °C (-40 °F to 185 °F)

H

Temperature Compensation

" True RH = Sensor RH/(1.0305+0.000044T-0.0000011T2) T in °C
\(True RH = Sensor RH/(0.9237-0.0041T+0.000040T2) T in °C)

. Global

| Availability
' C

omment

Q_Light sensitive, shield from bright light.

UNSPSC Code

F411121

i
3
|
t
1
1

UNSPSC Commodity

' 411121 Transducers

oneywell

HIH-4000-001

HIH-4000 Series Integrated Circuity Humidity Sensor, 2,54 mm (0.100 in) Lead Pitch SIP



Mounting Dimensions
For Heference Only [mmiin]
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TYPICAL BEST FIT STRAKHT LINE TYPICAL 2nd TROER CURVE FIT
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HIH-4000 Series Integrated Circuity Humidity Sensor, 2,54 mm (0.100 in) Lead Pitch SIP



Recommended COperating Conditions
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HIH-4000 Series Integrated Circuity Humidity Sensor; 2,54 mm (0.100 in) Lead Pitch SIP
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' A\ WARNING

PERSONAL INJURY

I

faiiure of the product could resuit in personal injury.

: i DO NOT USE these products as safety or emergency stop devices, or in any other application where
i
|
i

Failure to comply with these instructions could result in death or serious injury.

A\ WARNING

MISUSE OF DOCUMENTATION

« The information presented in this product sheet (or catalog) is for reference only. DO NOT USE
this document as product instailation information.

« Complete installation, operation and maintenance information is provided in the instructions
supplied with each product.

Failure to comply with these instructions could result in death or serious injury.

© Copyright Honeywell Inc.1998-2004 All rights reserved.
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