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' laser ablation

¥ vapor transport

" solvothermal

¥ Coulomb blockade

® template- assisted electrochemical synthesis
* chemical vapor deposition (CVD)
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" DNA based templating
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Data Stack size : 256

*****************************************************/

#include <mega32.h>

/I Alphanumeric LCD Module functions
#asm

.equ __lcd_port=0x18 ;PORTB
#endasm
#include <lcd.h>

#include <delay.h>
#include <stdlib.h>
#define buz PORTD.2
#define ADC_VREF_TYPE 0x40
#define rl read_adc(7)
#define r2 read_adc(6)
#define r3 read_adc(5)
#define r4 read_adc(4)
#define k1 PIND.6
#define k2 PIND.5
#define k3 PIND.4
#define k4 PIND.3

float x[11]={0,0,0,0,0,0,0,0,0,0};

// Read the AD conversion result

bit lock = 1;

int delay_counter = 0;

unsigned int read_adc(unsigned char adc_input)

{

ADMUX=adc_input | (ADC_VREF_TYPE & 0xff);

/I Delay needed for the stabilization of the ADC input voltage
delay_us(10);

Y



/I Start the AD conversion
ADCSRA|=0x40;

// Wait for the AD conversion to complete
while ((ADCSRA & 0x10)==0);
ADCSRA|=0x10;

return ADCW;

}

// Declare your global variables here
void alarm(char num,char delay){

char counter=0;
for(counter=0;counter<num;counter++){
buz=1;

delay_ms(delay);

buz=0;

delay_ms(delay);

¥
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void error(void){
alarm(200,1);
buz=1;
delay_ms(400);
alarm(200,1);
buz=1;
delay_ms(400);
}
void v2lcd(unsigned long int data,char x ,char y){
char str[16];
Itoa(data,str);
Icd_gotoxy(x,y);
lcd_puts(str);
lllcd_putsf(" ™);
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void w2lcd(char flash *Ic2,char x,char y){
Icd_gotoxy(x,y);

Icd_putsf(ic2);

}

void main(void)

{

Il Declare your local variables here

/I Input/Output Ports initialization

// Port A initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
I/ State7=T State6=T State5=T State4=T State3=T State2=T Statel=T StateO=T
PORTA=0x00;

DDRA=0x00;

// Port B initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
I/ State7=T State6=T State5=T State4=T State3=T State2=T Statel=T StateO=T
PORTB=0x00;

DDRB=0x00;

// Port C initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
I/ State7=T State6=T State5=T State4=T State3=T State2=T Statel=T StateO=T
PORTC=0x00;

DDRC=0x00;

// Port D initialization

// Func7=In Func6=In Func5=In Func4=In Func3=0ut Func2=0Out Funcl=In FuncO=In
I/ State7=T State6=T State5=T State4=T State3=0 State2=0 Statel=T StateO=T
PORTD=0x00;

DDRD=0x0C;
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// Timer/Counter 0 initialization
/I Clock source: System Clock
/I Clock value: Timer 0 Stopped
// Mode: Normal top=FFh

// OCO output: Disconnected
TCCR0=0x00;

TCNT0=0x00;

OCR0=0x00;

// Timer/Counter 1 initialization

Il Clock source: System Clock

/Il Clock value: Timer 1 Stopped

// Mode: Normal top=FFFFh

// OC1A output: Discon.

// OC1B output: Discon.

// Noise Canceler: Off

/Il Input Capture on Falling Edge
// Timer 1 Overflow Interrupt: Off
/Il Input Capture Interrupt: Off

/l Compare A Match Interrupt: Off
// Compare B Match Interrupt: Off
TCCR1A=0x00;

TCCR1B=0x00;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;

OCR1AL=0x00;

OCR1BH=0x00;

OCR1BL=0x00;

/l Timer/Counter 2 initialization



/I Clock source: System Clock
Il Clock value: Timer 2 Stopped
// Mode: Normal top=FFh

// OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

/I External Interrupt(s) initialization
Il INTO: Off

Il INT1: Off

Il INT2: Off

MCUCR=0x00;

MCUCSR=0x00;

/l Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK=0x00;

/I Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

/I ADC initialization

/l ADC Clock frequency: 1000.000 kHz
Il ADC Voltage Reference: AVCC pin
/[ ADC Auto Trigger Source: None
ADMUX=ADC_VREF _TYPE & 0xff;
ADCSRA=0x82;

// LCD module initialization
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lcd_init(20);

X[1]=0;

while (1)
{
w2lcd(*'r1=",0,0);
w2lcd(*'r2=",0,1);
w2lcd("'r3=",0,2);
w2lcd(*'r4=",0,3);
w2lcd("ohm™,7,1);

v2lcd(rl,13,0);
v2lcd(r2,13,1);
v2lcd(r3,13,2);
v2lcd(r4,13,3);

/IX[1] = (488000/76)-(r1*450/76);
/if (r1<230 || r1>1010) alarm(1,10);
11x[2] = -(r2*100/9)+59000/9;

X[1] = 6500-(r2*6);

if ((r2<240 || r2>1010)&&(lock==1)) alarm(1,10);
if (k2==1) lock=0;

v2lcd(x[1],3,1);

Iv2Icd(k4,16,3);
Iv2lcd(k3,17,3);
Iv2Icd(k2,18,3);
Iv2Icd(k1,19,3);

if (delay_counter>10) {
delay_counter=0;

Icd_clear();
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delay_counter++;
/ldelay_ms(1);
//break;

}
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Effect of reactive gas flow of nanostructured tin oxide (SnO,) was synthesized in a
vacuum method (CVD)

Malekan, Omicl'; Haratizade, Hamidl; Mohamadian, Javad'
!Shahrood. Daneshjoo Boulevard, Shahrood University of Technology, Physics Department

Abstract

Nanostructured materials due to the unique characteristics compared to other Nano-structures show the specific
applications have accounted for in different industries. Therefore, Nano-rods, tin oxide (SnO,) CVD method and
the vacuum conditions have been synthesized for use in industrial gas sensors. In this study, the effect of
changing the flow of reactive gas (0O,) and its effect on the morphology of tin oxide nanostructures have been
studied. The results indicate that changes in reactive gas flow results in the formation of Nano-structures are
with different shapes and dimensions. Samples synthesized in the flux of oxygen150 scem fit and show optimal
density of Nano- rods with diameters in the range 20-30 nm. The Nano-rods in different conditions by varying
different parameters have been synthesized. In this study, the change in the physical conditions governing the
reactive gas flux reactor optimal growth conditions for the synthesis of tin oxide Nano-rods achieved.

dile e sla gy 4wl AeST sy S sl U
;}Lg-ol J_:_Jé “ s')'b'- .12.3_[),.:4 BLE] CVD J-:‘.BJ J A_JUa.a L",.‘._l DL Le

aAdy dald e min J s Bl 5ol gles ps

A4

dodio

e e U il (558 SladnST i SO sla il S0 |
355 am |y Oliies 5l (Sols a5 ba ales S0 5 a ) 4L
o qcb.,.;..._.._? el s a bajltle cl ales S e
o VL e 28 (gles 8 Sl S g g5 men 5 YL s
calia b 53 ol sla esliial gl SO gla il SU

DYVl esls jolas! s e 4



Ll plasl 5l e AL e Yo scom (AT Ll 58 L
s okile pasilie Oloy 43 oD S oS s e & pede
XRD 3 SEM sls LT sl Wl LS (g5l asbel 51 aa

.;,.iflqdlfj\ldh‘_,u)ﬁl:o.‘\.i;ub)é
Aoz O (S 5l 5 Gl e e | Laaipal ) S
s ool 1 58 (6 S Slaces b Wl s3lal Lad gad o

b S ledal 03 ki sad 51 oS plapen S35 4 a5 L
IS el |y S gl U8 Gles B S Wl 1) K s
@ st sl 6Pl s bl Ll ol
.J.iulfjma&i)aud}gwh_glfdﬁ.&ouibj

SIS 55 5 Sl Y Sl de b el ) S

@q;c_gw

B e CRN W W PPV PO
A a1 a3 s 4 (S 058 oS s ploans
sl o3ls Ay (lawi 503 SEM , sas 058 30 IS5 L leds 031>
SEM ,;5lai 4 ar g b oms (o LS 1y ol ST s it
O3S S2STy 58 L ok b ol JSC25 gla bl Ol o
IS )5 s Sedalisler scom Ve seem S o5 gl
s oS e GU s S el 56 s Y

Slr s oS o dalis PH NPT PRppes ol s Ll

5035 Seed DI Sl S0 b e gl A 5 Lkl e
-[r]pi|°315 oslizal DAd sao LB
S e

b S U 51 UL a4 e plal gls
5L 5 (Sn0O,) B S ol s g eole &S L ~ (CVD)
Lol s &Y 25 55 2 Sn0s sl oo 5L adly A3, Sl
slal 5s o oo s am by gl il . (ALOs)
10 %C Glod 35 a5 0 sslal (VoxAx Y mm) ol y5ds
high vac - CVD 210 | el 55 S S (60,8 o sd)
53 Lo 5a3 O 51 L il 0l S Sns (015l s 5L e85
S 5 gl b S 008 Lo ) VYo e OC glos
bkl 56 sma gl 5 ol VA %0 WYy 8
S 0,58 53 s Al podiledd o3lal (SNO2) s .5
$U Sl Jgame S Lol a3 hes) Cov slasU s
skt o213 15 W o3t 4y Il llB 5 A2l e L

L Cwlodd
oslizsl Oy 5 Ar s 58 ol J S 53 5 52w Al 3 5l
o RS dseS pa SN, by G LSl el
5>l g 0y S (g dhaime 213 5 555 51 S andl sy
) w338 e a5yl s 8 3 pasie Sl J S
AL o W ey 4 e e O3 S 25 a4
Lo 4 38 Cll 5L el gy T LS 5k 4 YL
G oS ¢ AP ok 65 e S s KLl
S VLM Jess Gl &S ol 54158 i 51 SO
oy ol & el el eslinal (U5 ey Sl WS e Sl
Sl U155 5 e xS e A Sl el 0 S 508 el
33 5 se M (6,8 Il gl 5 s 1 LS e Ve B
4 oS ol odd eslind Jlms e S Sl S s 4
S e s sd e ane Slilele 5 ey 4 S Dose
o5 53 gl 0ol S5 s s aY 5 058 esbel 5y s
s Verseem e S s 1, (02) Kasly 56 L il

Vave OC Aol B gles el edls 13000 scem s > ey



IS Lo il 55 cyaoituid dol llie
Hledl oyl o gl olLS1S
IAY olo (o 1V 918

. & by
)y oor sy
Q e
cOV/0 (Y (g0 A &L_:_‘}_)A_; L}—’j‘ &Lb ‘-‘<‘:'i 0 Jg.i_;.!
Jo 815 sl LSS YUY (YV (YA/0 (0)/0 ( 08/0
O3 el s sls g adaly 3l s WSl L (V0)) Cgr

Al s e Y6 NM

S8, LSN0; sl ools 0l sl als b I SEM jem5 8 S
Vooscem eS|y

.AkV X6.80K S.288vm

)Lf )Lf; LSHOZ o oslo RO s als yb )| SEM Ry 0 J)/\..Z
Voo scem KiassTy

R

® 0 ‘s
“nian \iacuu™ >

Ol ot 5l 1 e aasinly 5 6 Kam o 208
S Sl Foge w ol IS5 el § K s Sy des e
53 ool s O S e s (oob kel gk 5 kS il
ol G Sl el sz ol b s ed edaline LaoT A
iz Kony gledn] s &S ol plwil Caws 3 5 Ladd gel

Dltla sl &S gl wsed Gl WSSl 85 Bl cab Al dal

ks \) Sn02 6U JLZ....._{}S 3 .,Us)u,a oLis ‘) ol J:,<.L:

8.0kV X38.0K '

SELLELSN0; e esls wl; gls s SUGISEM o par i ¥ IS

Yor scem XSl

S8 L LSN0, edd esls iy (sla abe 5L SISEM ,pms 0¥ S

Yor scem sl



woam g b e Sl a e e 0L sl il sla3lE
iy sl ) g Lol i Y0r SCOM (gogies o iilejl
kol 3 wsed opl (5 S =5 ol el oS sl

Al 558

[1] IKorotcenkovand; “TablesMetal oxides for solid-state gas
sensors: What determines our choice?” Materials Science and
Engineering B 139 (2007) 1-23

[2] Sunghoon Park, Chanseok Hong, Jungwoo Kang, Namhee
Cho,ChongmulLee;* Growth of SnO2 nanowires by thermal
evaporation on Au-coated Si substrates Glassy Water™;
Current Applied Physics 9 (2009) §230-5233.

[3].M. Tonezzer and R.G. Lacerda; Zinc oxide nanowires
on carbon microfiber as flexible gas sensor, Physica E,

2010.

ay

20000 |

101

15000

10000 +

intensity

5000

20 30 40 50 60 70
2-theta scale

SnO; e e 5 31 SOl 55 A1 21 K2

S5 e

e bl K (O2) Kasly 5 L das o 0L Gados
S sl gl K bajlle opl 38 g |y osline

Llie 53 1, gl J.‘J\J..i;)ts-l_ﬂﬁja:b OLis 54
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Introduction
Tin oxide (SnQ,), a stable and large band gap (n-type) semiconductor, has been widely used in gas
sensors due to its low cost, high sensitivity, fast gas response and high stability of parameters [1].
1D SnO; nanocrystals are considered to be the most promising gas sensing materials of sensors

because of their higher surface-to-volume ratio than the conventional sensing materials[2-3].
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Fig. 1. Gas response for various temperature. : :
& P P Fig. 2. Response—recovery time curves of SnO,

Experimental methods nanostructire sensor in 300°C

Our resistive gas-sensor is a sensor with the active layer of SnO, nanowires grown on the insulating
layer of alumina (Al Os). For synthesis of these nanostructures a 2-zone electrical furnace (CVD)
with capability of working under vacuum and/or specified gas atmosphere was used.

For preparing the sensor device, first, grout like mixture of alumina and molite was swaged in a
specific cast. Then these devices were biscuited and annealed in an electrical furnace at 600 °C and
1200 °C respectively. Afterward they were putted in a tube furnace with the specific parameters
(evaporation temperature 1070 °C, flow rate of Ar gas 300 sccm, flow rate of O, gas 100 sccm).
Then under a flow of argon and oxygen (the gases used was the industrial ones) when the tube was
completely vacuumed to 107 Torr, synthesis of SnO, nanostructures was proceed. The Au
electrodes were deposited on as produced layer by PVD system. For studying the sensing behavior

of these nanostructures electrodes were wired and placed in a reactor (GSR-1 Nano SAT Co.).

A reactor was made of a chamber, flowmeter, multimeter, tow valves and a heater and controller.
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Then the N, flow was applied for turning the sensor to its stable point. Afterward LPG flow was
applied and sensing behavior of device was studied for various temperatures.

Results and discussion

X-ray diffraction data of synthesized nanowires were shown . i

in Fig. 3. All the diffraction peaks of could be indexed as the o i

SnO; Tetragonal rutile structure with lattice parameters £ R

a=0.475nmand ¢=0.319nm. Nanostructures grow é o

preferentially along the direction (101) and the Debye o

Scherrer equation shows the particle size of 24 nm.No peaks G?‘.o i

for residual Sn or SnO, impurities were found.In this study ———
sensors were tested at differenttemperatures rangingfrom Fig. 3.XRD spectra of SnO;nanowires.

150 to 300 °C to find optimize working temperature. The gas sensing experiment was performed to
examine the responses of the SnO, nanostructures with different temperature to LPG. Fig.1. shows
the gas response measured for as-prepared SnO; nanowires to 2000 ppm LPG in air and best gas
adsorption occurs at 300 °C. The sensitivity was calculated using the expression below:

S = [(Rg= Ra) / R,] % 100.
R, is resistant of layer in presses target gas, R, is resistivity when it’s being exposed to nitrogen gas.
Response time and recovery time for the sensor acting at 300 °C has been shown on Fig.2.For SnO,
gas sensors, the sensing activity involves “oxygen ionosorption” and the reaction of reducing gases
with ionosorbed oxygen ions [1]. At 300 °C more electrons trapped by oxygen ions and the sample
resistance decreases.
Conclusions
In this study, synthesis of one-dimensional nanostructures was proceed and sensing behavior of
fabricated industrial tin oxide gas sensor for flammable gases such as LPG was studied. The effect
of temperature on the gas sensor sensitivity was also investigated. The results show that the
sensitivity of the sensor increases with increasing temperature and the optimum temperature for the
sensor is a function of the active layer substance and the target gas. The prepared sensors showed
the best sensitivity, response and recovery time at the temperature of 300 °C.
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Abstract

Gas sensors are type of devices which could monitor concentrations of a special gas
by converting it to an electercial signal. Tin Oxide (SnOz) and Zink Oxide (ZnQ) are of
the important materials that have applications in Gas sensors. In recent years wide range
of studies are concentrated on Nano-structured Gas sensors. Low dimension of SnO;
and ZnO Nano-sized sensors have increased their potential in compare with micrometer
ones. The reason is their nano structure which give them high surface per volume ratio.
In this thesis industrial portable sensors based on nano structures were manufactured
and tested in special gaseous atmospheres. Batteries with maximum voltage of 12 were
used as power source. A filament was used in a substrate made of ceramic (combination
of Alumina & Mollite) to prevent the direct contact of it with gas. Then Nano wires and
Nano rods of SnO2 and ZnO synthesized through chemical vapor deposition method
(CVD) were used as active layers of the sensors. Industrial Oxygen gas was used in
synthesis process to concentrate on industrial aspect of the project. One dimensional
nano structures then was characterized by XRD, SEM and PL spectroscopy. The
sensitivity of SnO> Nano structures to LPG was investigated. In the case of ZnO its
nano structures were not stable on the substrate and thus were not suitable for sensor
applications. SnO2 Nano structures have shown sensitivity and selectivity to LPG. In
high temperatures the gas sensor was so sensitive to low concentrations of LPG. Thus,
regarding to dependence of sensitivity to dimension of the nano rods and nano wires
with less diameter, these nano structures have selected as the best choice for Gas

SENSOrs.

af



Shahrood University of Technology

Physics Department

Solid State Physics

Master of Science Thesis

Design and Manufacturing of Nano-structured Gas Sensor

Devices for Use in Industrial Gas Sensors

Omid Malekan

Supervisor:

Dr. Hamid Haratizadeh

Winter 2014

10



