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M10813 Code

int adcPin = 0;
int adcValue = 0;
float v;
float rs,ppm;
void setup ()
{
Serial.begin (9600);

delay (2000);
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void loop ()

{
adcValue = analogRead(adcPin);
v = adcValue*(5.00/1024);
1rs=(100-(20.00*v))/v;
Serial.print("Volt out put");
Serial.println (v);
Serial.print("RS=");
Serial.println (rs);

delay (1000);
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Arduino BT Arduino Mega 2560 Arduino Pro Arduino Fio
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Arduino Mini Arduino Nano
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Board

Arduino UNO
Arduino Lenonardo
Arduino DUE
Arduino YUN
Arduino Mega ADK
Arduino Ethernet
Arduino Mega 2560
Arduino BT (Bluetooth)
Arduino Micro
Arduino Pro Mini
Arduino Pro

Arduino Pro

Arduino Mini
Arduino Nano
Arduino Nano
Arduino Fio

Arduino Robot
Arduino Esplora
LilyPad Arduino USB

LilyPad Arduino Simple

Micro-controller Clock Speed

ATmega328
ATmega32u4
AT91SAM3XSE
ATmega32u4
ATmega2560
ATmega328
ATmega2560
ATmega328
ATmega32u4
ATmegal 68
ATmegal68
ATmega328
ATmega328
ATmegal 68
ATmega328
ATmega328P
ATmega32u4
ATmega32u4
ATmega32u4

ATmega328

LilyPad Arduino SimpleSnap ATmega328

LilyPad Arduino

LilyPad Arduino

ATmegal 68V

ATmega328V

16 MHz
16 MHz
84 MHz
16 MHz
16 MHz
16 MHz
16 MHz
16 MHz
16 MHz
8 MHz
8 MHz
16 MHz
16 MHz
16 MHz
16 MHz
8:MHz
16 MHz
16 MHz
8 MHz
8 MHz
8 MHz
8 MHz

8 MHz

Flash Memory SRAM
32KB 2 KB
32KB 2.5KB
512 KB 96 KB
32KB 2.5KB
256 KB 8 KB
32KB 2KB
256 KB 8 KB
32KB 2KB
32KB 2.5KB
16 KB 1 KB
16 KB 1 KB
32KB 2KB
32KB 2KB
16 KB 1 KB
32 KB 2 KB
32 KB 2 KB
32 KB 2.5KB
32 KB 2.5KB
32 KB 2.5KB
32 KB 2 KB
32 KB 2 KB
16 KB 1 KB
16 KB 1 KB
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EEPROM
1 KB
1 KB
1 KB
4 KB
1 KB
4 KB
1 KB
1 KB
512 Bytes
512 Bytes
1 KB
1 KB
512 Bytes
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
512 Bytes

512 Bytes
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Arduino 111131110 DU©9 Microcontroller 19 AVR chip 5191152 ndauazisonanas

9 [ . . Ja a o
dm5unaulann Platform Windows,Linux taz 0SX Aruauginssiomansoiind 1aiaeimh
s A 9 9 a 4 o Y A ]

m3nou Indine upload 191993 Taeldnmnouiunes C/C++ aunsanmsauud uleu v
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= o 9 1 ~q ¥ ° ) S ¥
« 138U programds 1¥iau aues Ieenvindr Inetimaes 1o
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= 99

E Arduino - 0011 Alpha =

e
£

EBTink

The basic Arduino example. Turns on an LED on for one second,
Then off for one second, and S0 on... We use.pin 13 because,
depending. on wour Arduino board, it has either a built-in LED
ar a huilt-in resistor so that wou need only an LED.

= % % % % % 3 3

http: AAmn, arduino. ccenTutaorial /B1ink

v

int ledPin = 13; A4 LED connected to digital pin 12

void setup () A4 run once, when the sketch starts
pinMode(TedPin, OUTPUT); A4 sets the digital pin as output

¥

void Toop() A4 orun ower and over again

digitallWrite(ledPin, HIGH); A4 sets the LED an

del ay (Looof]; /¢ waits for a second
digitalbrite{ledPin, LOkY; /4 sets the LED off

delay {10007 ; A4 waits for a second

Done compiling.

] 191 2-10 ¥111M1v09 Arduino Software Developer


http://www.duinothumb.com/articles/platform-arduino-open-hard/Arduino_IDE_-_v0011_Alpha.png?attredirects=0
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2.53 $9e19M31¥ Arduino AUvesalulasneulnsaans
1. 2lalysunsy Arduino IDE f18121 Inaaun

910 http://arduino.cc/en/Main/Software

2. dioda Tdsunsuudrnz nununia19wes IDE aegl

_F_ile Edit Sketch__Tpo[S_ I-_|_e_|p

sketch_sep02a

Arduino Uno on COM19

3. 119 Tools->Board ud ndenliasanuvesanldaiu §1%5U Arduino UNO

Y A 14 .
R3 l41a0n1Ue3a Arduino UNO

IS v 9 9 v 2
4. lﬂlﬂuiﬂillﬂillﬂﬂsll@ﬂ'ﬂllﬂ"luaN‘Ll


http://arduino.cc/en/Main/Software
http://www.ec.in.th/index.php?route=product/product&product_id=1002
http://www.ec.in.th/index.php?route=product/product&product_id=1002

/%

/
Arduino "Hello world"

This example code is in www.EC.in.th.

*/

// the setup routine runs once when you press reset:

void setup() {
// initialize serial communication at 9680 bits per second:

Serial.begin(9688);
¥
// the loop routine runs over and over again forever:
void loop() {

// print out the value you read:
Serial.print("Hello World\n\r");

(o)

5. nniuae IlaTUsunsulae 11N Sketch->Verify / Compile

sketch_sep02a | Arduino 1.0.1 = | =

File Edit [Sketch Tools HeIP i
Verify / Compile

sketch Show Sketch Folder

Import Library... » 7
Ardui] Add File... [

This exawple code is in www.EC.in. th.
/ the setup routine runs once when you press reset:
void setup () {
/ initialize serial communication at 9600 bits per second:

Serial.begin(9600) ;

'/ the loop routine runs over and over again forever:

void loop() {

// print out the walue you read:
Serial.print("Hello Worldin\r™):

Arduino Uno on

29



A I 9 2y v
6. lll@ﬂf]llUl‘l/\lﬂﬁf]llﬁf]ﬂfﬂgN‘Uf]ﬂ')']lll]ﬁ'lﬂaﬂq‘gﬂ

7 'y
sketch_sep02a | Arduino 1.0.1 [E=REE

File Edit Sketch Tools Help

sketch_sep02a §

it -

Arduino "Hello world™

This

xample code is in wuww.EC.in. th.

/ the setup routine runs once when you press reset:
void setup() {
 initialize serial communication at 9600 bits per second:
Serial.begin(9600);

/ the loop routine runs ower and over again forever:
void loop() {

// print out the walue you xead:
Serial.print("Hello Worldin\r"):;

Ximum)

Arduino Uno on COM19

7. @dUDSA Arduino UNOQ.R3 AN UADNN UMD HIUNINDSH USB



http://www.ec.in.th/index.php?route=product/product&product_id=1002
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g’/ { [ 4 {
8. 911141 117 Tools->Serial Port taztaon1n5a0 VD5 A Arduino UNO N

191 (dmFuvesa Arduino UNO R3 Tisunsuaziaenlion Tuiia)

p
sketch_sep02a | Arduino 1.0.1

)

File Edit Sketch Help

Auto Format
Archive Sketch
Fix Encoding & Reload

sketch_sep02;

" Serial Monitor
Arduino "He|

Board

This exampl
28 SR Serial Port

Programmer
// the setup |
void setw () Burn Bootloader

// initialize

ial communicatl
Serial.begin(9600);

// the loop routine runs

void loop () {

/ print out :
Serial.print(“Hello Worldin\r"):

ralue you res

ver and ov

Ctrl+T
Ctrl+ShiftsM | &
’ I ———
4 Ccom3
[ COM16
| v como |
bits per second:
er again forever:

’
sketch_sep02a | Arduino 1.0.1

[File] Edit Sketch: Tools Help

Upload Using Programmer  Ctrl+Shift:

Page Setup Ctrl+Shift+P
Print Ctrl+P
Preferences Ctrl+Comma
Quit Ctrl+Q

// print out the walue you read:
Serial.print("Hello World\n\r"):;

New Ctrl+N

Open... Ctrl+0

Sketchbook >

Examples 4 i
Close Ctrl+W

Save Ctrl+S

Save As... Ctrl+Shift £

Upload Ctrl+U

®U0 bits per second:

I again forever:
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10. 91nW w11 @ Serial Monitor U84 Arduino IDE 1@ @ u], 1/ 9 Tools-> Serial

Monitor

V sketch_Hello_World | Arduino 1.0.1
File Edit Sketch Ldp
Auto Format
Archive Sketch
Fix Encoding & Reload

| Serial Monitor
Arduino "Hef

sketch_Hello_t

i

Board
This examply >
o p Serial Port
Programmer >
// the setup | bet:

void setup() Burn Bootloafir
’/ initialize serial communication at 9600 bits per second:
Serial.begin(9600);

}

// the loop routine runs owver and over again for
void loop() {

// print out the walue you read:
Serial.print(“Hello Worldin\r"™):;
}

< »

Arduino Uno on COM19

P . { vy o
11. tijoidla Serial Monitor 92 laon1ueA51)

r ™\
COM19 [E=EE

Hello World =
Hello World
Hello World
Hello World
Hello World
Hello World
Hellec Werld
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hellec World —
Hello v

Autoscroll No line ending v 9600 baud v
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3.3.2 veialulnsaeulnsaaes Arduino 34 Arduino UNO R3

ICSP
for USB interface

(SPI) MISO
(SPI) MOSI
(SPI) SS

Interrupt 1
Interrupt 0

(SPI) SCK

(12¢) sCL
(12C) SDA

ICSP
for Atmega328
UsSB
to computer

7to 12V
DC input

- - o w -~

(12C) SDA
(12C) sCL

a s 7 .
1 3-6 voFalulnsaonInsaes Aduino UNO R3

v
X o

] Y
Arduino UNO R3 (¥4 Microcontroller board #1 14 ATmega328 Wu MCU ndn Fadail

=~ .. a 4 o Y= =~ a
92891 Digital 14 91 dunnae Wiy (@wnsaviuilu PwM 1a0s 6 ¥1) aziivn Analog Bunm
1490 6 U1, U109 16 MHz 3 USB Connector 112 Power Jack DC 4 Concept U

. - o 4 1 4 1 Y o a 4 1
Arduino Board ﬁﬂ1u1lﬁﬂﬂ31ﬂﬁ$ﬂﬂﬂ QTﬂiuﬂ15L%ﬂ§J@]@L"U1ﬂ‘1_|‘ﬂ'é)llW’Jm®3 7115909 USB

v A 9

Y o s ~ Y o o YA o =
UNUYDIADUNDIANTINITD Run Iﬂillﬂ‘iﬂ‘ﬂ Board llﬂ !Wlﬂgﬁﬂ"i‘iﬂﬂ NIANLTIUAUNTLVIU

v
Tilsunsy Uswazioen lasagiaal

Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended)  7-12V
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Input Voltage (limits) 6-20V

Digital I/0 Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)
EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz
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3.3.3 d9uandWa LCD

Vin

Digital Input/Output

D13
D12

D10 [

D9
D8
D7

D6 |

D5
D4
D3
D2
D1
DO

Vo

RS

R/W

DBO

DB1

DB2

DB3

DB4

DB5

DB6

DB7

LED+

LED-

an

d' 1 Y @ J .
E‘]J‘Vl 3-8 1599 LCD 110V UDIA Arduino

3V3 5V
Power
s RST
i AREF
Arduino
e
10K potentiometer
— AQ
— Al
>
—_— A2 B
&
— A3
=
©
—_ A 5
— A5
GND

v

1 4 . o Y kg
dU13909UDIA Aduino NU LCD Ulﬂ i

LCD RS 7911 Digital 12

LCD Enable @01 Digital 11

LCD D4 a9n1 Digital 5
LCD D5 A9nY Digital 4
LCD D6 A9n1 Digital 3

LCD D7 #9nY Digital 2
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1 o < 1 1
LCD Gnd ag LCD R/W #9110 11919918%150921U84 10K pot 0 1ansy udined GND

LCD Vee @onU 119919089 10K pot LAIABIN 5V ATY

LCD VO 791U 910219904 10K pot AL
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3.3.4 viaoa W LED
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31N 39 d@anilszneuved Light-Emitting Diode

LED 69811910 Light-Emitting Diode n30i58n31 1 loaulauasdsauisalasuas
Y A J 9 A A A 1 A v = J [
ponun lauasilaseenuidszneualsnauanudmelnasaneiioany Faa19nULa s
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F55uANMAUNeNTY TasvasaLED aiusanlasuasldiesenszua IWihduisuaniios
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3.3.5 Buzzer (EMB - 2306L)

=
N

311 3-10 Buzzer

VUIA 23*16 mm
FOIT YY1 3191A8
usean lfhunasgiu 6V
usaeu Irldhlulgiians 4-8V
nszua Wi 25 mA
=y s ~
(@EUDMWNN 20 cm 75 dB
4 4
ANUDUDIT 400 Hz
Y
1min 10g
dB/30cm
16'520 £ 16.7+0.2 100
/ 0 95 3
] THEN )%
o A a-v” ¥
e ST b 1P0.0+5 A AR
R i t % "%
o5l e A A
- 9 Y 80
ﬁ_ A s, b ///
A= 75
AN & Sy ) /

Ji 4.6 ‘6 5 9

10.5
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21
17
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= tﬁ‘ [ d
34 ﬂ]‘il‘llﬂui‘llﬁ!!ﬂ‘illsllﬂﬂ!ﬂif’)fnﬂ!!ﬂﬁﬂf’]ﬁlﬂﬁ

3.4.1 HUETIM 3NN UV U5UN5H (Flow chart)

@4—

\ 4

91UA1 Volt 910

Sensor
No
Volt>3
Yes
A 4
Mg% = (e(‘v’RL+3-4EEE:-_-"1 1:15:“;10 Mg% = (EI:vRL—I}.lEu?tl}.-’D.EI}EE];-10
Yes
mg% > 50
\ 4
HAAIA1 mg% Lag No

[AeufsuNoDALAY ,
UEAIAT me%

|

»
»

19l LED @a (3 3u1¥)

STOP
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3.4.2 Code program #azA10511e

// include the library code:

#include <math.h> //M3i38nLibrary Math

#include <LiquidCrystal.h> //M3i38ALibrary LiquidCrystal 1% 1um3@euLcD
// initialize the library with the numbers of the interface pins

LiquidCrystal lcd(2, 4, 5, 15, 16, 17); //(RS, Enable, D4, D5, D6, D7)

#idefine d3 3 /iviualids fewns
#define d6 6 /mualitde Av6
#define d7 7 Jdmualid7 Aez
void setup(){

lcd.begin(16, 2); // set up the LCD's number of columns and rows:

Serial.begin(9600); // initialize the serial communications:

pinMode(d3, OUTPUT); Il ﬁWﬁuﬂ1ﬁd3lﬂuoutputL%} 1 ’sj analog write
pinMode(d6, OUTPUT); /Imun 1 deriluoutputihgenana
pinMode(d7, OUTPUT); /mualitd7iluoutputthg LED
analogWrite(3, 100); /ammuaanutuamiaie
}
double analog_in = 0; //set?h!,éug]}usllﬂ\iﬁlﬁllﬂi
double v =0; JIrGadueaiauls
double ppm = 0; JsetmiFuduveaiautls
double mg_per = 0; JsetmiFuduveaiautls
void loop(){
while(1){
analog_in = analogRead(0); /1140811 analogRead udufvualu analog_in
v = (analog_in*35)/1023; /malagennnv=0-1023v 113 1v=0-5v
Serial.print(v, 4); JimuadanlsviduaImaAT sn4a L
Serial.print("V"); /maaan1eualsviuserial monitor

Serial.print("\t\t");

iflv<=3){ 1 v<31dvhauieu luae T
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ppm = exp((v+3.4089)/1.1215); /mnuvaeuldaslugas

Serial.print(ppm, 4); Jiviuadansppmif uA A auAE N
Serial.print("ppm"); /maasmaanys ppmﬂlu serial monitor
Serial.print("\t");
mg_per = ppm/10; /A ppm—=- 10%3‘1ﬁ}ﬁ1mg%
led.setCursor(0, 0); // set the cursor to column 0, line 0

led.print(" Alcohol Meter "); //MdEA9A1I1 Alcohol Meter UULCD

lcd.setCursor(0, 1); // set the cursor to column 0, line 1

led.print("Value =");
led.print(mg_per, 0);

led.print(" mg% ");

else if(v>3){

ppm = exp((v-0.1674)/0.5055);

Serial.print(ppm, 4);
Serial.print("ppm");
Serial.print("\t");

mg_per = ppm/10;

//ERA4A1I1 Value = YULCD
/IERIAIME% VULCD

/A1 mg%UULCD

1 Y
sy =31vhauten luae il
/mnuvienu laalugas
/el sppmid U meren4dm i

o @ < 1 a o ]
//ﬂWTTu@WI’JLL‘iJ3ppmlﬂ‘1Jﬂ11/]ﬁUfJ3J4§nLL1’Tu\1

//‘LinpmﬂO%hlﬁJﬂng%

lcd.setCursor(0, 0); // set the:eursor to column 0, line 0
led.print(" Alcohol Meter "); JE298397 Alcohol Meter UULCD

lcd.setCursor(0, 1); // set the cursor to column 0, line 1

led.print("Value = ");
led.print(mg_per, 0);
led.print(" mg% ");
iflmg_per>=50){
digital Write(d6, HIGH);
digital Write(d7, HIGH);
delay(500);
digital Write(d7, LOW);
delay(500);

/MER9AI Value = UULCD
/AR IMe% VULCD
/MR mg%UULCD
/3 mg%= 50
/mviualiiesanand
/mvual¥iLEDAR
/mualLEDAAS00ms
/mvua i LEDAY

Jviua 1 LEDA1500ms



digitalWrite(d7, HIGH);
delay(500);
digitalWrite(d7, LOW);
delay(500);
digitalWrite(d7, HIGH);
delay(1000);
digital Write(d6, LOW);
digital Write(d7, LOW);
H
else{
H
H
Serial.print("Value Alcohol ");
Serial.print(mg_per, 4);
serial monitor
Serial.println("mg%");
delay(1000);
H
H

/fmualiLEDAA

/i ualiLEDAAS00ms
/mualHLEDAY

/i ua 1 LEDAD500ms
/fmualiLEDAR

/i vualiLEDAA1000ms
/imualiesanady

/imualiLEDAU

/MEA9A11 Value Alcohol Userial monitor

o 1 I a o 1
fiviua liuaainimgZetlunaiouddumuauy

/MEaem mg% UUserial monitor

ABIUANN 131N
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3.43 m3Vaullsunsu Arduino IDE
¢ . Y =~ v .
V05 Aduino U Ao 1Vaua210 1151054 Arduino IDE ( Integrated Development
[l Y v
Environment ) GTNmTiJsLmsmaﬁuugﬂwmmmmmﬂiﬂmmu open source D814 Processing
v 9 Y Y
Iag Wiring nagalenNuNNedd TUsunsN Processing L11& Wiring uugﬂwwuﬁumﬁ’fmmm
=2 o q ¥ v v 3 a wa . . Y o
TAVA e T ausaldau ldnsuuszuul§1ian1s Windows, Linux tiaz Mac OS 18 67
Y )

T1/5un5 Arduino IDE gawannduuuie I 1damIdhedzainuazannudy deuvoans
@ouTsunsulugdnuvvesni c/c+ IdgiSeudie lududeu Jmdaag laussmsen'ld

s

o yiaveadmlslumsdeullsunsw

Char  Hvwa 8da  ldunudoya -128 3 127

° 3

It Jvwa 160a  ldunudoyatavaway luyig -32,768 01 +32,767

Long Hwwia 3230a  THunudoyasimiuiu 1uaig -2,147,483,648 f19 +2,147,483,647
Float Jvwa 32 0a  lgunudoyatiuiuaielugig 10 enmias -38 D9 10 onriaa 38

Double 1A 64 U6 IFunutouad 151119 10 #AfIA -308 D9 10 AA1E9 038

U

o Iassairumsvenldunsy
#include<d5 N1FLibrary >
Usemaandsnigg

. o Y ' . = 1 I
void setup() { mwu@hamportmm Taely ‘arduino iS00 port AN unBE@Y

void loop()

msmrualums Il duaie
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® MENU bar 984 Arduino IDE 2z15znauag

0 N @ { J . s o
1. Menu File Tagvihmihnusmssanisdoyaiiionin Sketch File (Irldnvimsidion

92{38n71 sketch files)

9 . '
* New : @31 Sketch File 1]
* Sketchbook :

a Ao =2 Yo v X
1. Open 1 1380 Sketchbook wuuwﬂll’mauwum
2. Example :11la Sketchbook AI0E1NUININ Library

=] i @
* Save : UHUNN Sketch File m.ﬂﬂfguu
* Save as : JU#N Sketch File 14?1 U1 040 143l

1 [ A a <
* Upload to I/0 board : N1 burn q MCU(AVR)T’WNﬂ?ﬂﬂlmﬂuiﬂillﬂiulﬁiﬁ]
g’/ 1 1
* Preference : $NA1 N ] U99Arduino IDE
2. Edit Menu ywshiud by wording
a o W A a o g’; 1

* Undo : EJﬂLﬁﬂﬂWﬁQWi@ﬂ?iWﬂJWﬂiﬁaTQfﬂ

[ 90} o v A a 4 g’; 1
* Redo : ﬂ1%1ﬂ1ﬁﬂﬂi@ﬂ1§WMWﬂiQﬁ1@ﬂ
* Cut : Anven1u 131U clipboard

* Copy : iNAONTBAINDIN clipboard
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* Paste : 14)2¥0AININ clipboard
A D) ¥
* Select all : (ADN(ULTNDUDANUNINHUA
. 9 9
* Find : AUNIUDAIY
* Find Next : Au11vonnuda 11
< Hq Yo & . ST
3. Sketch Menu Lﬂutugwimﬂwaq Compile /Wl Library
* Verify/Compile : Compile ¥ c/c++ 1149111 Machine
* Stop : ¥1g@AN135 Compile
* Import Library : (@0n/3 Library 1agunsnluussnausn
[ A d
* Show Sketch-Folders : ‘i’l'lﬂ?i!!’ﬁﬂ\‘]‘ﬂ!ﬂﬂiﬂﬁuﬂﬁll
. Y ) A = o = o
* Add File.. : aAAaon File Lﬂﬂﬂ/LWiJiJ'l”]JUTIﬂﬁ'J?J(lu Folder ﬂﬂﬂﬂu
9 o A 4 . A .
4. Tools Menu : 1999 code L4a0N1U835 Microcontroller 4601 port serial

[ a3 1 1 {
* Auto Format : 90274 code Miiluszilisvadsay Mo Iade Tasusnd code 1

dumdaazdus
* copy to Forum : AAQON code a4 clipboard

* Archive Sketch : #41¥TiUSa Folder TaguiuilulWatiuda fiss Towilunsvh

CVS
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H @ ] a3
* Board : 1290 Hardware Device 1991100 11511053 195 Arduino Nano 11 udu

* Serial Ports : 138 port IW® communication 5¥%319 Hardware Device N1 Arduino

IDE

* Burn Bootloader : WOV bootloadder Glﬁ} Hardware Device Iﬂﬂﬁ}mﬁlﬂ%m

3.4.4 mslviaaldsunsuasvesa

1. 1laT1511n51 Arduino IDE 7118 1vaau1a1n

http://arduino.cc/en/Main/Software

2. dodlaTdsunsundrnznununraisves IDE aegl

& :
sketch_augllb | Arduing 1.0.5 E e

¢ BEHE

sketch_augl1b

Arduino Un
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9 (%

. L
3. 119 Tools->Board tdnaenlinsesnvuesanléau 115U Arduino UNO

Y A P .
R3 1¥i1@9n1U939 Arduino UNO

File Edit Sketch Help

Auto Format Ctrl+T
Archive Sketch

sketch_aug11y Fix Encoding & Reload

| FPR = & Serial Monitor Ctrl+ Shift+M
l Serial.]
Serial.] Board
Serial. .
] Serial Port N
ny_per j
leod, et p
. rogrammer b
led.pris
leod, zetl Burn Bootloader il
led.print("Value = ")
led.print (mg_per, 0):
led.print(™ mo% &y

if{myg_perx=50){
digitallilrite (dé, HIGH):
digitalirite (dl3, HIGH):
delay(500) ;
digitallirite (dl3, LOW):
delay (500 ;
digitallirite (dl3, HIGH):

H @ Arduine Uno

Arduino Duemilanove w/ ATmega328

Arduino Diecimila or Duemilanove w/ ATmegal68
Arduino Mano w/ ATmega328

Arduino Nano w/ ATmegalG68

Arduine Mega 2560 or Mega ADK

Arduino Mega (ATmegal280)

Arduino Leonardo

Arduino Esplora

Arduine Micro

Arduino Mini w/ ATrmega328

Arduine Mini w/ ATmegal68

Arduino Ethernet

Arduine Fio

Arduino BT w/ ATmega328

Arduino BT w/ ATmegal68

LilyPad Arduino USB

LilyPad Arduino w/ ATmega328

LilyPad Arduino w/ ATmegal68

Arduino Pro or Pro Mini (5Y, 16 MHz) w/ ATmega328
Arduino Pro or Pro Mini (5Y, 16 MHz) w/ ATmegal68
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmegal68
Arduino NG or older w/ ATmegal68

Arduino NG or older w/ ATmegal

Arduino Robot Control

Arduino Robot Motor


http://www.ec.in.th/index.php?route=product/product&product_id=1002
http://www.ec.in.th/index.php?route=product/product&product_id=1002

4. 1weu lalsunsu

sketch_auglla | Arduine 1.0.5 . @M

File Edit Sketch Tools Help

sketch_augl1a g

~
I /¢ include the library code: B
#include <math.h>
#include <LigquidCrystal.h>
/¢ initialize the library with the mmbers of the interface pins
LiguidCrystal ledilZ, 11, 5, 4, 3, 2); //(E3, Enable, Dd, D5, DA,

m

|| #define d& &
#define d7 7 i
#define d3 &
#define d9 9
#define dlo 10
#define dl3 13

void setupi){
led.begin(lé, 2); // set up the LCD's mumber of columns and rows [N
Serial.begin(9600); // initialize the serial communications:
pinMode (d6, OUTEUT):
pintode (d7, OUTRUT);

sketch_auglla | Arduino 1.0.5
. v

File Edit

Verify / Compile Ctrl+R

Tools Help

Show Sketch Folder  Ctrl+K
Add File...

sketch,

44 incl) Import Library... 3
#include <math.h>

#include <LicuidCrystal.hs

## initialize the library with the numhers of the interface pins —
LigquidCrystal led{12, 11, 5, 4, 3, 2): //(R%, Enable, D4, D5, D&,

m

#define de6 &
#define d7 7
#define di &
#define d9 2
#define dl0 10
#define dl3 13

wold setup () {

led.begin(le, 2): 4/ set up the LCD's nuwber of columns and rows
Serial.begin(9600); // initialize the serial communications:
pinMode (d6, OUTPUT) ;

pinMaode (d7, OUTPUT);

4|
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6. ionon lrldGeusesaziidonnuiingaagil

&2 sketch_suglla | Arduino LO.5 ol =)

File Edit Tecls Help

Verify [ Compile Ctri+R

Show Sketch Folder  CirleK
Add File... =
Irnpost Library... L]

Finclude <math. o
Finclude

skeich)

L. ke

L led{lz, 11, 5, 4, 3, 21} K

Fdefine d5 &
fdefine 47 7
fdefine dd &
Fdefine 42 2
fdetine dl0 L0
Fdefine 413 13

rald setup(){

led.begin{L6, 2): i Ehe na and
| seriad.pegin(e6o0): 3 -
; e (46,
le[d7, O -

7. 90059 Arduino UNO R3 141AUADLNIADS HIUNIINDSA USB

=

#SW WWW.ARDUINO.CC ~ MADE IN ITALY
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% { [ 4 {
8. 91U 13 19 Tools->Serial Port aztdon a3 a0UUDIA Arduino UNO 9

191 (dmFuvesa Arduino UNO R3 Tdsunsuazidonion Tuiia)

sketch_auglla | Arduino 1.0.5 [‘:' 5] M
File Edit Sketch Help

Auto Format Ctrl+T
Archive Sketch
sketch_aug?1; Fix Encoding & Reload
! Serial Menitor Ctrl+Shift+h =

/4 include thy
#include <matl Board »
#include <Lic

m

Serial Port M oY COM4

A4 initialize pins —
LimidCryscal e —_—. , fble, D4, DS, D8,
#define db & Burn Bootloader

#define d7 7
#define di &
#define d9 &
#define 410 10
#define d13 13

woid setupi){
led.begin(lé, 2); // set up the LCD's number of columns and rows
Serial.begin(9600); // initialize the serial communications:
pintode (d6, OUTPUT):
pinMode (d7, OUTEUT);

sketch_auglla | Arduing 1.0.5
File Edit Sketch Tools Help i

v Eifi

sketch_augliag

»

A4 include the libhrary code:
#include <math. b

#include <LicuidCrystal.hs
/¢ initialize the library with the numbers of the interface pins —
i LigquidCrystal led{lZ, 11, 5, 4, 3, 2); //(REi, Enable, D4, D5, DA,

1

#define d6 6
#define 47 7
#define d3 &
#define 49 9
#define d10 10
#define d13 13

void setup i) {
led.begin(lé, 2); // set up the LCD's nmumber of coluwmns and rows
Serial.begin(9600); // initialize the serial communications:
pinMode (d6, OUTPOT) ;
pinMade (d7, OTTEIT) ;

Arduino Uno o
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10. 9101 111)A Serial Monitor U84 Arduino IDE Iﬂﬂulﬂﬁ Tools->Serial Monitor

sketch_auglla | Arduino 1.0.5 l @M
| File Edit Sketch Help

Auto Format Ctrl+T
Archive Sketch
sketeh_augll: Fix Encoding & Reload

Serial Monitor Ctrl+Shift+ M =
J¢ include thy
#include <matl Board » =
ﬁinzrj;l:i:aii::‘ Senallbor ' p interface pins
LiquidCrystal Programmer v ghle, D4, D5, DA,
#define dS 6 Burn Bootloader

#define d7 7
#define d3 &
#define d9 9
#define dl0 10
#define d13 13

void setup () {
led.begin(le, 2); // set up the LCD's number of columns and rows
Serial.begin(9600); // initialize the serial communications:
pinMode (d6, OUTEUT) ;
pinMode (d7, OUTEUT);

Arduino Uno on COG

11. tioidla Serial Monitor 92 Idonuaagll

LS ISt .f.—;f\’é

0.8305V 36.6635ppm Value Rlcochol 3.6664mc *
0.68843V 2.46839%pm Value Alcchol 3.8484mc
0.7283V 40.0026ppm Value Alcchol 4.0003mg
0.7376V 41.0624ppm Value Rlcchol 4.1062mc—
0.7820V 41.966%ppm Value Alcochol 4.1967mg
0.7967TV 42.5192ppm Value Alcochol 4.2519mg
0.28113V 43.0788ppm Value Alcchcl 4.3079mg !
0.8211V 43.4559ppm Value Alcchcl 4.3456mg
0.826e0V 43.68457ppm Value Alcohol 4.3646mg =
0.3309V 43.8363ppm Value Rlcchol 4.3836mg
0.8309V 43.8363ppm Value Alcchol 4.3836mg
0.8309V 43.8363ppm Value Alcochol 4.3836mc
0.8309V 43.8363ppm Value Alcchol 4.3836mg
0.2309V 43.8363ppm Value Alcchol 4.3836mg|
4 | 11 i
[¥] Autoscroll Nolineending  |9600baud

SRR
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NN 4

a A 4 [ Y] d
ﬂ"Iiﬂﬂﬁﬁ)‘]Jﬂi%ﬁﬂﬁﬂ1W!ﬂ%ﬂQ’Jﬂi$ﬂ‘U!mﬁﬂﬁ)aﬂﬁﬁ’mﬁu?ﬂﬂiﬂ

4.1 UNN

dy I A Aa a A [ @ <Y
Tuunilwgilumsnaasuionageulszaninmuouniosinszauuoanogodaloa
o 4 1 [ 4
melufisununseut1iaueaneaea Intoximeters Alco-Sensor IV with Memory - Black DOT
n'lduinsgiuveslsanervia Nianudananundeoiiedla awisoi ld 1493404

A oA [ J
3ol ieussgingiszasnveslnganu
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http://www.duinothumb.com/articles/platform-arduino-open-hard
http://www.ec.in.th/index.php?route=cms/article&article_id=34
http://thai.alibaba.com/product-gs/mechanical-buzzer-emb-2306l--216662761.html
http://thai.alibaba.com/product-gs/mechanical-buzzer-emb-2306l--216662761.html
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TECHNICAL INFORMATION FOR TGS2620

Technical Information for Volatile Organic Compound (VOC)
Sensors

The Figaro 2600 series is
a new type thick film metal
oxide semiconductor, screen
printed gas sensor which offers
miniaturization and lower power
consumption. The TGS52620
displays high selectivity and
sensitivity to volatile organic
vapors such as ethanol, methanol,

an ISO9001 company

etc.
Page
Basic Information and Specifications
Features.... .2
B o) ] S 2
b S 1T 1§ SRS
Basic measuring circuit. . ..o ceeaeee e e eeaeeeeeae 2
Circuit & operating conditions......cooovviiiiiiaeiniieeeecenn3
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Typical Sensitivity Characteristics
Semnsitivity to various gases.. . - 4
Temperature and humidity (lepen(lenn'............................5
Heater & circuit valtage dependency.... 6

Gas response........eennennns
Initial action.. T
Long term characteushcs ............................................................. 8

Pracitical Considerations for Circuit Design
Sensitivity to various organic compounds........ooeceeieereeneeaceas 9
Inrush current of heater..
Effect of air flow.....
Heater resistance dur ahl]ln' .................................................. 10

Cantions

See also Technical Brochure ‘Technical Information on Usage of TGS
Sensors for Toxic and Explosive Gas Leak Detectors’.

IMPORTANT NOTE: OPERATING CONDITHONS IN WHICH FIGARO SENSORS ARE USED WILL VARY
WITH EACH CUSTOME CTFIC APPLIC ATHONS. FIGARD STRONGLY RECOMMENDS COMNSULTING
OUR TECHNICAL STAFF BEFORE DEPLOYING FIGARD SENSORS IN YOUR APPLICATION AND, IN
PARTICULAR, WHEN CUSTOMER'S TARGET GASES ARE NOT LISTED HEREIN. FICARD CANNOT
ASSUME ANY RESPONSIBILITY FOR ANY ITS SENSORS IN A PRODUCT OR APPLICATION FOR
WHICH SENSOR HAS NOT BEEN SPECIFICALLY TESTED BY FIGARO.
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TECHNICAL INFORMATION FOR TGS2620

1. Basic Information and Specifications

1-1 Features

* High selectivity to volatile organic vapors
* Low power consumption

* Small size

* Long life

1-2  Applications

* Alcohol testers

* Organic vapor detectors/alarms

* Solvent detectors for factories, dry cleaners, and
semiconductor industries

1-3 Structure

Figure 1 shows the structure of TGS2620. Using thick
film techniques, the sensor material is printed on
electrodes (noble metal) which have been printed onto
an alumina substrate. One electrode is connected to
pin No.2 and the other is connected to pin No.3. The
sensor element is heated by RuOz2 material printed
onto the reverse side of the substrate and connected
to pins No.1 and No4.

Lead wires are Pt-W alloy and are connected to sensor
pins which are made of Ni-plated Ni-Fe 50%.

The sensor base is made of Ni-plated steel. The sensor
cap is made of stainless steel. The upper opening in
the cap is covered with a double layer of 100 mesh
stainless steel gauze (SUS316).

1-4 Basic measuring circuit

Figure 2 shows the basic measuring circuit. Circuit
voltage (Vc) is applied across the sensor element
which has a resistance (Rs) between the sensor’s two
electrodes and the load resistor (RL) connected in
series. When DC is used for Ve, the polarity shown in
Figure 2 must be maintained. The Vc may be applied
intermittently. The sensor signal (VRL) is measured
indirectly as a change in voltage across the RL. The
Rs is obtained from the formula shown at the right.

Stainless steel gauze

Sensor element

Lead pin

Fig. 1 - Sensor structure

(+)
Lr
e
o +)
b Ll
- e
VH = Rs
l R
GAS
Ve o ) ~——
(-]
X ]
D0
L]
Ri= \T_
o . 5
(=)

Fig. 2 - Basic measuring circuit

NOTE: In the case of VH, there is no polarity, so pins 1 and 4 can
be considered interchangable. However, in the case of ViC, when
used with DC power, pins 2 and 3 must be used as shown in the
Figure above.

Rs = _VE —VRL x RL
VRL

Formula to determine Rs

Revised 10412
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1-5 Circuit & operating conditions 1-7 Dimensions

The ratings shown below should be maintained at all

times to insure stable sensor performance:

Item Specification
Circuit voltage (VC) 50V=02VACDC
Heater voltage (VH) 50V+02VACDC
Heater resistance (room temp) 830 (typical)
Load resistance (RL) variable (0.45k2 min )
Sensor power dissipation (Ps) =15mW
Operating & storage temperature -40°C ~+70°C
Optimal detection concentration 50 ~ 5,000ppm

1-6 Specifications vere

Item Specification
Sensor resistance (300ppm sthancl) 1EQ ~ 5kQ
Sensor resistance ratio (f) 0.3~03

B = Rs(300ppm ethanol)/Rs(30ppm ethancl)

Heater current (RH) 42 £ 4mA
Heater power consumption (PH) approx. 210mW

NOTE 1: Sensitivity characteristics are obtained

under the following standard

(Standard test conditions)

Temperature and humidity: 20 =
Ve = 5.0£0.01V DC

Circuit conditions:

test conditions:

2°C, 65 £ 5% RH

VH = 5.0+0.05V DC

RL=10.0k2 1%
Preheating period: 7 days or more under standard circuit
conditions

All sensor characteristics shown in this brochure
represent typical characteristics. Actual
characteristics vary from sensor to sensor and
from production lot to production lot. The only
characteristics warranted are those shown in
the Specification table above.

I:K Top view
|-—@8. H).
Sensing
element
Side view
100+1.0
00.5640.05 —IF
36401
Sl Bottom view

2%\_ “ 26401
/\2
\/ _,)ﬂ

< — uw/m: mm
Pin connection:

1: Heater

2: Sensor electrode (-

3 Sensor electrode (+)

4: Heater

Fig. 3 - Sensor dimensions

Mechanical Strength:

The sensor shall have no abnormal findings in
its structure and shall satisfy the above electrical
specifications after the following performance tests:

Withdrawal Force - withstand force of 5kg in each
(pin from base) direction
Vibration - frequency-1000c/min., total
amplitude-4mm, duration-one
hour, direction-vertical
Shock - acceleration-100G, repeated 5
times

Revised 10/12
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2. Typical Sensitivity Characteristics 100

2-1 Sensttivity to various gases

Figure 4 shows the relative sensitivity of TGS2620 10
to various gases. The Y-axis shows the ratio of the

sensor resistance in various gases (Rs) to the sensor
resistance in 300ppm of ethanol (Ro).

Rs/Ro

Using the basic measuring circuit illustrated in Fig.
2 and with a matched RL value equivalent to the Rs

value in 300ppm of ethanol, will provide the sensor
output voltage (VRL) change as shown in Figure 5. 0

10 100 1000 10000
Gas concentration (ppm)

Fig. 4 - Sensitivity to various gases (Rs/Ro)

NOTE: 5 ; ! ! [
All sensor characteristics in this technical brochure | : | :

1'eprese11ttypica15@11501'c11a|‘acter15ﬁc5. Since the Rs Hydrogen |

or output volta gecurve va ries from sensor to Sensor, e Iso—bmarie

_F_,_,_._._-—-—- Carbon mmox ide

calibration is required for each sensor (for additional

information on calibration, please refer to the Technical =

. P . . e o
Advisory “Technical Information on Usage of TGS Sensors &
for Toxic and Explosive Gas Leak Detectors’).

i i i i
2000 3000 4000 5000 6000

Gas concentration {ppm)

Fig. 5 - Sensitivity to various gases (VRL)

Revised 10v12 4
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2-2 Temperature and humidity dependency

Figure 6 shows the temperature and humidity
dependency of TGS2620. The Y-axis shows the ratio
of sensor resistance in 300ppm of ethanol under

various atmospheric conditions (Rs) to the sensor
resistance in 300ppm of ethanol at 20°C/65%RH
(Ro).

Rs/Ro

Q) 35%RH 50%EH 63%RH 95%RH

-10 1.80

-20 -10 0 10 20 30 40 50
10 148 1.30 0.96 Ambient temperature ("C)

20 137 120 1.00 075 Fig. 6 - Temperature and humidity dependency (Rs/Ro)

30 1.04 022 074 0.63

40 0.85 0.73 0.62 0.57

Table 1 - Temperature and humidity dependency
{typical values of Rs/Ro for Fig. 6)

10

-10°C
----- 20°Ci65%RH
— 40°C/96%RH

Table 1 shows a table of values of the sensor’s

resistance ratio (Rs/Ro) under the same conditions
as those used to generate Figure 6. bbb e g SN —

Rs/Ro

Figure 7 shows the sensitivity curve for TG52620
to ethanol under several ambient conditions. While
temperature may have a large influence on absolute
Rs values, this chart illustrates the fact that the effect
on the slope of the sensor resistance ratio (Rs/Ro) is

not signiticant. As a result, the effects of temperature

0.1 - — -
on the sensor can easily be compensated. 100 1000

Gas concentration (ppm)

For economical circuit design, a thermistor can be
Fig. 7 - Resistance change ratio

incorporated to compensate for temperature (for under various ambient conditions

additional information on temperature compensation in
circuit designs, please refer to the Technical Advisory
“Technical Information on Usage of TGS Sensors for Toxic
and Explosive Gas Leak Detectors”).

Revised 10412 a5
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2-3 Heater voltage dependency

100 i ] I | : i i
Figure 8 shows the change in the sensor resistance ;
ratio according to variations in the heater voltage E s e . Air
& .
(VH). T
2
=]
Note that 5.0V as a heater voltage must be maintained 2 - + Ethanol S0ppm
because variance in applied heater voltage will cause ¥ ; ; 5
T z I ._g—{j : Ethanol 3D0ppm
the sensor’s characteristics to be changed from the z = T : : ; : :
typical characteristics shown in this brochure. & Voesy
01 i i i i i i i
44 45 48 50 52 54 56 S8 60
Heater \oltage (VH)
Fig. 8 - Heater voltage dependency (Vc=5.0)
2-4 Circuit voltage dependency 100
Figure 9 shows the change in the sensor resistance
ratio resulting from variation in circuit voltage ~ T
Q
(Vo). g
£ 10
5
. oy sy &
As shown here, using a V¢ higher than the 5.0V g : : ;
o i H &
specified in Section 1-5 may result in the sensor = = T v L Ethanol Soppm |
. . . - L ] i
diverging from Ohmic behavior and thus altering I ) i
. N . g . T 1 : '
its characteristics from those shown as typical in this é‘: Ethanol 300ppm ]
o N
brochure. :
P P S S B S
0 5 10 15 20 25
Circuit Voltage (V)
Fig. 9 - Circuit voltage dependency (VH=3.0)
Revised 10/12 6
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2-5 Guas response

Figure 10 shows the change pattern of sensor resist-
ance (Rs) when the sensor is inserted into and later
removed from 300ppm of ethanol.

As this chart displays, the sensor’s response speed
to the presence of gas is extremely quick, and when
removed from gas, the sensor will recover back to its
original value in a short period of time.

Figure 11 demonstrates the sensor’s repeatability
by showing multiple exposures to a 300ppm
concentration of ethanol. Unlike the test done for Fig.
10, here the sensor is located in a single environment
which is exchanged periodically. As a result, though
the process of gas diffusion reduces sensor response
speed, good repeatability can be seen.

2-6 Initial action

Figure 12 shows the initial action of the sensor
resistance (Rs) for a sensor which is stored unenergiz-
ed in normal air for 30 days and later energized in
clean air.

The Rs drops sharply for the first seconds after
energizing, regardless of the presence of gases, and
then reaches a stable level according to the ambient

atmosphere. Such behavior during the warm-up ~

process is called “Initial Action”.

Since this ‘initial action” may cause a detector to
alarm unnecessarily during the initial moments after
powering on, it is recommended that an initial delay
circuit be incorporated into the detector’s design (refer
to Technical Advisory “Technical Information on Usage of
TGS Sensors for Toxic and Explosive Gas Leak Detectors”).
This is especially recommended for intermittent-
operating devices such as portable gas detectors.

Senecr resict noe (ko )

Sersar resiska nee (ko)

SerEor resisia nee (k)

79

100

in 300ppen

i air

aittsanal

01

4

Tima (mim.)

Fig. 10 - Gas response to ethanol

Gas300pom ethanal

15 20 25

Timie {min_}

30 3 40

Fig. 11 - Repeatability

45

01

4

Time (mnin.)

Fig. 12 - Initial action
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2-7 Long-term characteristics

Figure 13 shows long-term stability of TG52620 as
measured for more than 700 days. The sensor is first
energized in normal air. Measurement for confirming
sensor characteristics is conducted under standard
test conditions. The initial value of Rs was measured
after two days energizing in normal air at the rated
voltage. The Y-axis represents the sensor resistance
in air, 1000ppm of hydrogen, 100ppm of carbon
monoxide, and 300ppm of ethanol.

The Rs in both ethanol and hydrogen is very stable
over the test period.

Figure 14 shows the influence of storage in an
unenergized condition on the sensor’s resistance.
The sensors were stored unenergized in air after 20
days energizing, then energized for one hour before
a measurement was taken.

As the charts presented in this section illustrate, the
sensor shows stable long term characteristics.

Rs (k{1

Rs (k1)

| —— Air

| —¢— Hydrogen 1000ppm
i.] —%— CO100ppm

- - & - - Ethanol 300ppm

100
10
1
0 100 200 300 400 500 600 70O 80O
Elapsed time (days)
Fig. 13 - Long-term stability (continuous energizing)
—8— Air
—3&— Hydrogen 1000ppm
—&— Q0 100ppm
- - A - - Ethanol 300ppm
100 |-
Sensor unpowsied [
10 o ' '
051

0 100 200 300 400 500 600 7OO 800
Elapsed time (days)

Fig. 14 - Influence of unenergizing
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3. Practical Considerations for Circuit Design

3-1 Sensitivity to various organic compounds

Figure 15 shows the sensitivity of TGS2620 to vari-
ous kinds of gases at concentrations of 100ppm and
1000ppm. The x-axis shows the sensitivity ratio of
sensor resistance in clean air (Rair) versus sensor
resistance in the listed gas (Rgas).

This data demonstrates that TGS2620 is an excellent
general purpose sensor for VOCs as it shows good
sensitivity to many kinds of organic compound va-
pors. NOTE: This data is shown only for demonstrating
the high sensitivity of the sensor to VOC s--never use Rair
as a reference for calibration.

3-2 Inrush current of heater

The heater material of the sensor has its own tempera-
ture dependency. Figure 16 shows both the inrush
current and steady state of heater current under
various ambient temperatures for the TG52620. This
chart illustrates that inrush current is approximately
40% higher than the steady state current. Since heater
resistance shows a lower value at low temperatures,
this would cause a larger than expected current at
room temperature. As a result, when a device using
the sensor is first powered on, an extremely high cur-
rent may be generated during the first few moments
of energizing. Therefore protection from inrush
current should be considered for incorporation into
circuit design.

In actual application, it should be noted that the pe-
riod of inrush current would last less than 10 seconds,
after which the heater current reaches to a constant
value as shown in Figure 17.

Heater current {mA)

Heat e current - IH[ma|

Ethanal
n-Heptane
EBanzene
Taluene

Hylene
Formakiehyde
acstatenyde
acztong |

Acatic acd
Propionic acld 8
Ammonia
Trimethylamine
Hydrogen sulide
Methyl mercaptan
Carbon monaxkde B
Hydrogen
Wethane
so-Butane

RairRgas

- _-_ : iviby i .-\. 3 Orga i L8 5
Fig. 15 - Sensitivity to various organic compound

80.0 |-

60.0 -

50.0 |-

i steady state current
s

_._ i i H

300
-40

-20 0 20 40
Ambient temperature (*C)

60 80

Fig. 16 - Temperature dependency of heater current

VH=5V, Ambient temperature=20 G*

Power on

20 258 30 35

Time (zac.)

Fig. 17 - Change in heater current after powering on
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3-3 Effect of air flow

Figure 18 shows how the sensor signal (VRL) is
affected by air flow. The test procedure involves
situating the sensor in an air stream of 3.1 meters
per second, with the air flow vertical/horizontal to
the flameproof stainless steel double gauze of the
sensor’s housing.

The increase in sensor signal shown in Figure 18
resulted from the decrease in sensor element tem-
perature caused by the air flow. As a result, direct
air flow on the sensor should be avoided.

3-4 Heater resistance durability

Figure 19 illustrates the procedure for testing the ef-
fects of excess voltage applied to the heater. Heater
resistance was measured while the heater was un-
powered and at room temperature.

The results of this test are shown in Figure 20 which
shows the change in resistance of the heater when
various heater voltages (rather than the standard
5.0V) are applied in the absence of gases.

As this section demonstrates, the heater shows good
durability against increased heater voltage. How-
ever, since excessive heater voltage will cause the
sensor’s heater resistance to drift upwards, excessive
heater voltage should still be avoided.

1V —
() : Az measured 10V —
8V
av
i

4 LA Lo

Fig. 19 - Test procedure for heater durability
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Fig. 18 - Effect of air flow
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Fig. 20 - Short term effect of VH on RH
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4. Cautions

4-1 Situations which must be avoided

1) Exposure to silicone vapors

If silicone vapors adsorb onto the sensor’s surface, the
sensing material will be coated, irreversibly inhibiting
sensitivity. Avoid exposure where silicone adhesives,
hair grooming materials, or silicone rubber/putty
may be present.

2) Highly corrosive environment

High density exposure to corrosive materials such
as H25, SO, Cl2, HC], etc. for extended periods may
cause corrosion or breakage of the lead wires or
heater material.

3) Contamination by alkaline metals
Sensor drift may occur when the sensor is contaminated
by alkaline metals, especially salt water spray.

4) Contact with water
Sensor drift may occur due to soaking or splashing
the sensor with water.

5) Freezing
If water freezes on the sensing surface, the sensing
material would crack, altering characteristics.

6) Application of excessive voltage

If higher than specified voltage is applied to the
sensor or the heater, lead wires and/or the heater may
be damaged or sensor characteristics may drift, even
if no physical damage or breakage occuurs.

7) Operation in zero/low oxygen environment

TGS sensors require the presence of around 21%
(ambient) oxygen in their operating environment in
order to function properly and to exhibit characteristics
described in Figaro's product literature. TGS sensors
cannot properly operate in a zero or low oxygen
content atmosphere.

8) Polarization

These sensors have polarity. Incorrect Ve connection
may cause significant deterioration of long term stability:.
Please connect Ve according to specifications.

4-2 Situations to be avoided whenever possible

1) Water condensation

Light condensation under conditions of indoor usage
should not pose a problem for sensor performance.
However, if water condenses on the sensor’s

surface and remains for an extended period, sensor
characteristics may drift.

2) Usage in high density of gas

Sensor performance may be affected if exposed
to a high density of gas for a long period of time,
regardless of the powering condition.

3) Storage for extended periods

When stored without powering for a long period,
the sensor may show a reversible drift in resistance
according to the environment in which it was
stored. The sensor should be stored in a sealed bag
containing clean air; do not use silica gel. Note that
as unpowered storage becomes longer, a longer preheating
period is required to stabilize the sensor before usage.

4) Long term exposure in adverse environment
Regardless of powering condition, if the sensor
is exposed in extreme conditions such as very
high humidity, extreme temperatures, or high
contamination levels for a long period of time, sensor
performance will be adversely affected.

5) Vibration

Excessive vibration may cause the sensor or lead
wires to resonate and break. Usage of compressed
air drivers/ultrasonic welders on assembly lines
may generate such vibration, so please check this
matter.

6) Shock
Breakage of lead wires may occur if the sensor is
subjected to a strong shock.

7) Soldering
Ideally, sensors should be soldered manually.
However, wave soldering can be done under the
following conditions:

a) Suggested flux: rosin flux with minimal chlorine

b) Speed: 1-2 meters/min.

c) Preheating temperature: 100£20°C

d) Solder temperature: 250=10°C

e) LIp fo two passes through wave soldering machine allowed
Results of wave soldering cannot be guaranteed if
conducted outside the above guidelines since some
flux vapors may cause drift in sensor performance
similar to the effects of silicone vapors.
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Figaro USA Inc. and the manufacturer, Figaro
Engineering Inc. (together referred to as Figaro)
reserve the right to make changes without notice to
any products herein to improve reliability, functioning
or design. Information contained in this documentis
believed to be reliable. However, Figaro does not
assume any liability arising out of the application or
use of any product or circuit described herein; neither
does it convey any license under its patent rights, nor
the rights of others.

Figaro's products are not authorized for use as critical
components in life support applications wherein a
failure or malfunction of the products may result in
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