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Title Fabrication Automatic Thin Film Soaking Machine with
Successive lonic Layer Adsorption and Reaction Method
Students Wongsakorn  Singaiem  Student ID 55051601
Degree Bachelor of Science (Applied Physics)
Department Physics
Faculty Science
University King Mongkut’s Institute of Technology Ladkrabang (KMITL)
Academic Year 2015
Advisor Dr.Witoon Yindeesuk
Abstract

This special project studied fabrication of thin film solar cell by automatic
soaking machine with successive ionic layer adsorption and reaction method (Silar).
In the past investigator experiment by self, that wasted time many hours depending
on soaking time and drying time. This' machine created for facilein silar method.
Machine working by connect computer with microcontroller (Arduino UNO R3) for
command both stepper motor system, so thatuser can set cycles, soaking time and
drying time, and machine has precise time every times of soaking and drying. The
machine has 8 slot for beakers, support capacity 50 - 250 ml or diameter not more
than 7.2 cm, and has one clamp arm for stick sample. The experimentation machine
by use 4 slot with beaker 150 ml. soaking and drying time is 60s. at 80 cycles
duration time about 9hr. 30min. After experimentation finished machine still working
and no dislocation, soaking time and drying time follow user setting. Sample using in
experimentation has PbS film layer on sample surface because reaction between
Pb(NO3), and Na,S.

Keywords : solar cell , thin film , microcontroller , stepper motor
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3. Hybrid synchronous stepper
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Half Step Drive
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sketch_jan26b Choose Mode

int inAl = 2; // input 1 of the first stepper :::;: G; : :.{{ gz{:

'}nt inAZ = 3; // input 2 of the first stepper 5 Hew, many 100ps 7

}nt '}nEl = 4; // input 3 of the F}rst stepper . [puration of Soaking ? (seconds)
int inB2 = 5; // input 4 of the first stepper Sl ndtidn of Drying 7 (seconds)
int inA3 = 6; // input 1 of the Second stepper h - i

int inA4 3 /7 1nput 2 of the second stepper
int inB3 = 8; // input 3 of the second stepper
int inB4 = 9; // input 4 of the second stepper 2
int stepDelayl = 2; // Delay between steps in millisec’
int stepdelay2 = 2; // Delay between steps in millisec™)
int Mode = @; :
int Loops = @;

int Drytime = @;

int Drytimefix = 0;

int Soaktime = @;

int spinl = 16@; // Step of first motor
int spin2 = 625; // step of seconcd motor
[ »

g @ Autoscrol Nofineending [ 9600 baud
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sketch_jan26b

inAl = 2; //
inAZ = 3; //
inBl = 4; //
inBZ = 5; //
inA3 = 6; //
inAd = 7; //
inB3 = 8; //
inB4 = 9; //
stepDelayl =
stepdelay2 =
Mode = @;
Loops = @;
Drytime = @;
Drytimefix
Soaktime = @;
spinl = 160;
spin2 = 625;

the
the
the
the
the
the

input 1 of
input 2 of
input 3 of
input 4 of
input 1 of
input 2 of

first stepper
first stepper
first stepper
first stepper
second stepper
second stepper
input 3 of the second stepper
input 4 of the second stepper
2; // Delay between steps in millisec
2; // Delay between steps in millisec

// Step of first motor
// step of seconcd motor

Arduino/Genuino Una on /dev/cu.ushm

dem1all

LB /dev/cu.usbmodem1411 (Arduino/Genuino Uno)
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|Loops :

Choose Mode

Press @ = Half Cycle

Press 1 = Full Cycle

How many loops 7

Duration of Soaking ? (seconds)
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Full Cycle : 10 Loops
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Drying time : @ s.
Duration of process : @ :
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Mode = @;
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Drytime = @;
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stepper
stepper
first stepper
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second stepper
second stepper
input 3 of the second stepper
input 4 of the second stepper
2; // Delay between steps in millisec
2; // Delay between steps in millisec

0;

// Step of first motor
// step of seconcd motor
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Choose Mode

Press @ = Half Cycle
Press 1 = Full Cycle
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int iNAL = 2; // input 1 of the first stepper

int iNA2 = 3; // input 2 of the first stepper

int inB1 = 4; // input 3 of the first stepper

int iNB2 = 5; // input 4 of the first stepper

int inA3 = 6; // input 1 of the second stepper

int inA4 = 7; // input 2 of the second stepper

int inB3 = 8; // input 3 of the second stepper

int inB4 = 9; // input 4 of the second stepper

int stepDelayl = 2; // Delay between steps in milliseconds of Mortorl
int stepdelay2 = 2; // Delay between steps in milliseconds of Mortor2
int Mode = 0;

int Loops = 0;

intDrytime = 0;

intDrytimefix = 0;

intSoaktime = 0;

int spinl = 160; // Step of first motor

int spin2 = 625; // step of seconcd motor

void setup() {
Serial.begin(9600);
pinMode(inAl, OUTPUT);
pinMode(inA2, OUTPUT);

pinMode(inB1, QUTPUT);
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pinMode(inB2, OUTPUT);
pinMode(inA3, OUTPUT);
pinMode(inA4, OUTPUT);
pinMode(inB3, OUTPUT);
pinMode(inB4, OUTPUT);
}

void step1() {
digitalWrite(inAl, LOW);
digitalWrite(inA2, HIGH);
digitalWrite(inB1, HIGH);
digitalWrite(inB2, LOW),
delay(stepDelay1);

}

void step2() {
digitalWrite(inA1, LOW);
digitalWrite(inA2, HIGH);
digitalWrite(inB1, LOW);
digitalWrite(inB2, HIGH);
delay(stepDelay1);

}

void step3() {
digitalWrite(inA1, HIGH);
digitalWrite(inA2, LOW);
digitalWrite(inB1, LOW);

digitalWrite(inB2, HIGH);
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delay(stepDelay1);

}

void stepd() {
digitalWrite(inAl, HIGH);
digitalWrite(inA2, LOW);
digitalWrite(inB1, HIGH);
digitalWrite(inB2, LOW);
delay(stepDelay1);

}

voidstopMotor() {
digitalWrite(inA1, LOW);
digitalWrite(inA2, HIGH);
digitalWrite(inB1, HIGH);
digitalWrite(inB2, LOW);
}

void step5() {
digitalWrite(inA3, LOW);
digitalWrite(inAd, HIGH);
digitalWrite(inB3, HIGH);
digitalWrite(inB4, LOW);
delay(stepdelay?2);

}

void step6() {
digitalWrite(inA3, LOW);

digitalWrite(inAd, HIGH);
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digitalWrite(inB3, LOW);
digitalWrite(inB4, HIGH);
delay(stepdelay2);

}

void step7() {
digitalWrite(inA3, HIGH);
digitalWrite(inAd, LOW);
digitalWrite(inB3, LOW);
digitalWrite(inB4, HIGH);
delay(stepdelay2);

}

void step8() {
digitalWrite(inA3, HIGH);
digitalWrite(inAd, LOW);
digitalWrite(inB3, HIGH);
digitalWrite(inB4, LOW);
delay(stepdelay?);

}

void pause() {
digitalWrite(inA1,LOW);
digitalWrite(inA2,LOW);
digitalWrite(inB1,LOW);
digitalWrite(inB2,LOW);
digitalWrite(inA3,LOW);

digitalWrite(inA4,LOW);
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digitalWrite(inB3,LOW);

digitalWrite(inB4,LOW);

}

void loop() {

Serial.println("Choose Mode");
Serial.println("Press 0 = Half Cycle");
Serial.printin("Press 1 = Full Cycle";

while (Serial.available()==0) {}
Mode=Serial.parselnt();

Serial.printn("How many loops ?");

while (Serial.available()==0) {}
Loops=Serial.parselnt();
Serial.println("Duration of Soaking ? (seconds)");
while (Serial.available()==0) {}
Soaktime=Serial.parselnt();
Serial.println("Duration of Drying ? (seconds)");
while (Serial.available()==0) {}
Drytime=Serial.parselnt();

Serial.print(n(" i

if(Mode==0){Serial.print("Half Cycle");}
if(Mode==1){Serial.print("Full Cycle");}
Serial.print(" : ");

Serial.print(Loops);

Serial.println(" Loops");

Serial.print("Soaking time : ");
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Serial.print(Soaktime);

Serial.printin(" s.");

Serial.print("Drying time : ");

Serial.print(Drytime);

Serial.println(" s.");

IIHTTI17171711171717 Balf \oop ///111111/111111111111111/
if(Mode==0){

intTimeHalfLoopsHr =
((((2*4*4*625*0.002)+((4*Soa ktime)+(2*Drytime)+1.05))+(8*4*160%0.002))*Loops)/3600;

intTimeHalfLoopsMin =
((((((2*a*4*625*0.002)+((4*Soaktime)+(2*Drytime)+1.05))+(8*1*1 60*0.002))*Loops)/3600)
-TimeHalfLoopsHr)*60;

Serial.print("Duration of process : );
Serial.print(TimeHalfLoopsHr);
Serial.print("h");

Serial.print(" ");
Serial.print(TimeHalfLoopsMin);
Serial.printin("m");

for (int j=1 ; j<=Loops ; j++X
for (inti=1 ; i<=spin2 ; i++){//1//
step5();

step6();

step7();

step8();

}

stopMotor();



pause();

for(int count=0 ; count<Soaktime ; count++){
delay(1000);

}

for (inti=1; I<=spin2; i++){
step8();

step70);

step6();

step5();

}

stopMotor();

pause();

for(int count=0; count<Drytimefix ; count++)
delay(1000);

}

for (inti=1 ; i<=160 j++)
step1();

step2();

step3();

stepd();

}

stopMotor();

delay(100);

pause();

for (inti=1 ; i<=spin2 ; i++){//2//
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step5();

step6();

step7();

step8();

}

stopMotor();

pause();

for(int count=0 ; count<Soaktime ; count++){
delay(1000);

i

for (inti=1 ; i<=spin2 ; i++){
step8();

step7();

stepé();

step5();

}

stopMotor();

pause();

for(int count=0 ; count<Drytime : count++){
delay(1000);

}

for (inti=1 ; i<=160 ; i++)
step1();

step2();

step3();
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stepd();

}

stopMotor();

delay(100);

pause();

for (inti=1 ; i<=spin2 ; i++){//3//
step5();

step6();

step70);

step8();

}

stopMotor();

pause();

for(int count=0; count<Soaktime : count++){
delay(1000);

}

for (inti=1 ; i<=spin2 ; i++)(
step8();

step7();

step6();

step5();

}

stopMotor();

pause();

for(int count=0 ; count<Drytimefix ; count++)



delay(1000);

}

for (inti=1 ; i<=160 ; i++){
step1();

step2();

step3();

stepd();

}

stopMotor();

delay(100);

pause();

for (inti=1 ; i<=spin2 ; i++){//4//
step5();

step6();

step7();

step80);

}

stopMotor();

pause();

for(int count=0 ; count<Soaktime ; count++){
delay(1000);

}

for (inti=1 ; i<=spin2 ; i++){
step80);

step7();
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step6();

step5();

}

stopMotor();

pause();

for(int count=0 ; count<Drytime ; count++){
delay(1000);

}

for (inti=1 ; i<=800 : i++){
step1();

step2();

step3();

stepd();

}

stopMotor();

delay(100);

pause();
Serial.print("Loops : ");
Serial.print(j);
Serial.print("/");
Serial.println(Loops);

}

}
IITTT17111117117177117717 Bull Loops /1/11111111111111111411 44/

if(Mode==1){

a4



a5

intTimeFullLoopsHr =
((2"((2*4*4*625*0.002)+((4*Soaktime)+(2*Drytime)+1 .05))+(8*4*160*0.002))*Loops)/360
0;

intTimeFullLoopsMin =
((((2%((2*4*a*625%0.002)+((4*Soa ktime)+(2*Drytime)+1.05))}+(8*4*160*0.002))*Loops)/36
00)-TimeFullLoopsHr)*60;

Serial.print("Duration of process : ");
Serial.print(TimeFullLoopsHr);
Serial.print("h");

Serial.print(" ");
Serial.print(TimeFullLoopsMin);
Serial.println("m");

for (int j=1 ; j<=Loops ; j++X

for (inti=1 ; i<=4 i++){

for (inti=1 ; i<x=spin2 ; i++X

step5();

step6();

step7();

step8();

}

stopMotor();

pause();

for(int count=0 ; count<Soaktime ; count++)
delay(1000);

}

pause();



for (inti=1 ; i<=spin2 ; i++X
step8();

step7();

step6();

step5();

}

stopMotor();

pause();

for(int count=0 ; count<Drytimefix ; count++)
delay(1000);

}

for (inti=1 ; i<=160 ; i++)
step1();

step2();

step3();

step4();

}

stopMotor();

delay(100);

pause();

for (inti=1 ; i<=spin2 ; i++1
step5();

step6();

step7();

step8();
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}

stopMotor();

pause();

for(int count=0 ; count<Soaktime ; count++)
delay(1000);

}

for (inti=1 ; i<=spin2 ; i++){
step8();

step7();

step6();

step5();

}

stopMotor();

pause();

for(int count=0 ; count<Drytime ; count++){
delay(1000);

}.

for (inti=1 ; i<=160 ; i++){
step10);

step2();

step3();

stepd();

}

stopMotor();

delay(100);

ar



pause();

}

Serial.print("Loops : ");
Serial.print(j);
Serial.print("/");
Serial.printin(Loops);

}

}

pause();

Serial.printtn(" &3

Serial.printtn(");

}
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