f; Nanomeghyas

www.nanomeghyas.ir
e

&y a1 69, Wil ydgil Al » Soglio s )5 cw)yp g cSlu
ol lod yo (il 8 gy il e gl 587 (o Lulits

(bl s 5 %0313 5158 a5 8l aobol

Olioms 3g,0L8 9,0l Jiaio olRiils (glaine owaige 5 Kb caSuils

1o 55 gm0 (oo il 5 tog] ool Cale, Blod 4y ol cglalod 55 Jlazdl b5 sl 5 clule o (6K s
w9 Sl Bua b ols el bl Cpl pcaol HIoyed 0 (glog Cuenl | olSKiu Yl o (alee ¢ sixo ¢ gy ¢ Sloyd
b e ol sled 53 plald g b cod Jebl S pllid lp aST 69y D gl aly p eglie a2
545 i 2l Sl (Bgy 4 ¥ nm Ly sl 4y ST g5, S35 hmggy ol 358 3y90 (55 me likad cals (4l
AR o D50 omb laled p Jebl S5 wglie slaclale (gl (ianhd (b cos 5 (loSus & bgye sl il
okt Jgbl 55 @ 1) ang B Comlas Fun ol 45 Canl o J) S od atble Sus lolis j Lol mls co8
3593 sl Sirg el cavts A °C gl 5 361 los UV il cos Jgibl A+ ppm @y (o> VWY 5 Fr Comlus amd 0
3 odlatul gl 1) S ol eyl 9 65 a5 Cabil (gl @ Gloj (gl S Gie (39 (oS ke S ()]

3l oo caslio sl 919, il Aiile lain] sl ot b Lo o 50 Y cglod €06 (6,505l )5l & olnbasoes

S 55 i 3Ll bl 55 ¢ taslis S 258 155l

‘hamha@shahroodut.ac.ir

w255 b 4 sl a5 dles 1 Jsibl [¥] 5o slog) Lauoes

WSy ke Gglite o ol 038 saoglS dodio —)

SLCSgw) j9ige Cgw ¢ Ihdy g 2l mlio (sjlugld
02l 35 9 il g ol pily) dmelKan Yl (s
o9 w98 g0 o) alolid oludl (w5l il
o)l dlex Il 48)S )15 Gl Smio 5 oS Giagh
Sy 53 JSI aa glolis 4 ol i 5 olulis
omdiS > IS el ( Sadgh CutsS s (ISl gl

b MolS 55 iowww T0T (5,9kd dnwg b opil (cly Jlos po
51 skl [V] cawl onds plesl Kadign Cuino g Nadgr (SW;

s 9y50 Sy B 5 bR Gl 295 L S

! Internet of Things
Ve [oF/VY 2 bl )y )l pdd Jls | ¥ oyled [VFer bt WY

Vool 8NY 2 o pdy )l
DOR: 20.1001.1.24235628.1400.8.4.14.9

MO



mailto:hamha@shahroodut.ac.ir

iy 4 4o b S0 Gjle 4 VAV ] Ngd o (5,
s 4 b S (6)9ld it gib ke was dlge s
ol Joi Jb > 6 xS el

JEL o JiSmmy 4SG) (5l MOS e slo S
ol & B 5 sle b ghpl Ky 4 bl dzsly G
(F+ e Vee OC o Vb elalod) o) &9 4 Yans (55
5 cabo BbSus 5 5555 5 odlitel Lol gd e ool
Solite mluo ;> sl o)l lp 1) ool lacosgase
slod by e cpl 0358 3 )8 & 2y b g WS (0 bx]
2 ele lp bl o a4 S5 il SO VL Sllee
Sl ohy 4 GbSue x5 @ dlse Sl )l
ol Jgol 5l il gaa slacodgase ¢ sl LB slajlE
vl gl e a b b)S 15 5, deng adlailivl 4
@ |l sy cul SUlad jlay il L6 slajls
b aiS o )8 U1 slod o &S ol S ol plo ) ol yer
0lSiwd (gilocSesS @iip 5 56l Bpae Guls, Jls 4,
Slge 3 o9l VY=YV ] siten Cogllao (5l 5 ool 2138
A5ke 45, YU slod (sl SR &S (6,500 (sbacudgie (598
e CSLo dga Gl GSes Ful 3 )lub pae
($lod (sl Sl o3lital S e Joo 20 5 5 S
sl Golie slaylSaly (et WS phany 1) U
el o Sl BBl slod o B o Sus > Sles
oalaiwl (gl 4 UV il jl eolawl 4y ylg5 oo 5)lg0 oyl dles
Sge b g bl o lslogl slge 5l odlizl (5Sp)5 ;]
4 dag b VY] 5,8 o)Ll (g e Slge plgis 4 ojlusiy
MOS (slo S 3 o555 5l oolitl 4 bgye oMt
el S gk a8Me 3)50 (o3 S (o UV b
ol g b la Jobs sliws wliél L UV b cov
slyt i olSal sl slales 53 5 ol ke L
Cos gl a4 Cond G cot sl Sue lly )l
Pomk $3Pl Spae Jud J 2 SRy 09 L nogl b
St SlolS ool (ISl 5 i 5ty 5SS Lo
W5l 38 (9t 65 S bl jlxiil LB

Saa by Jloygie gy b Zn0 ¢l o« iaghy ol 5
@D g 2 s Jebl 55 alols ol @Sl &

SIB g CedS pasls (JI Gpan 4 Sl S,
I¥=F] 3905 0,81 olionds slo,tiSTy y yllss 5 lié slge
Sl SErSl G pee p JPU Ses Jlte Gl
o g 035 JWy sl (pd S CudS pasuls
ool 485 )13 02latul )50 0903 CudeS g @ CulsS J S
P Gl o8 Wl e G5 GlaSus Sl Jd> 4
Sogkd 5l anej ol cnly ansly Jbl alex gl ololis
e 5> sl 0dd A s (SW) 3 (oulal Gise Sy 4
9 LSS dawg ) (o Olea gl )3 plaiedih L,
FE polas Hlon (pla)Sus B )b die (6)Kue g
sla S 4o S1[0-A] Wil 1) o 5L L canlio g liebol
e S35 b S )1 3929 S ool (6l (Solite
“gly oloj 3 4 (MOS) (g3 a1 (sl Slsa
g o odbo b 3,Skee gl Vb Cmslus wligS oo
Sl ulio glo S 5l (295 plis & dyjp 05 (6)ISS
2 bl )3 o SJE plo b g )5 ) el
095 BTV V] sl 039 o SKidingly 429 3)90 sl
WO; TiO; ZnO SnO; wile ¢35 1451 Slgo 51 (6 leus
NiO €CuO g1 ¢ bluyps olye 4 Fer0;3 9 InpOs3
llid sl P gy Sbloyes plois 4 CnO; 5 Cos04
Ol Ll [IYVYF] wlad 31,8 solainl 390 cglae (slajl5
b )b e 551 SE s 4 Zn0 oad (55 slge
ogal My Celll (g ewpt B 4 cwle Ful YL
2o a5l (o Clo gy (Sl g mb abje
g8 2 0938 DAY] cwl (G55 slaySus (5)5l i
4 MOS g iwe 35 o Sus Camlus (S o3l
Sloogad 5 (olidcsy, @b cod w2y JB b
olge 0)lyd Judn Ghogy b )l I3 Sus dlge (5)lis L
Cow 4 dlge ool glaylidle &S cuwl oad asuise
Ol 4 Cond (glio QL (B33 4 pasie Cluogasd
Sy s B 5N lp Jgore sla)idlo b g
FJB 35 Vb oo 4 e Cand IS 4 jlslogl g
Lol 39t el gl b b bagyl (cails 0511 39y duulio

. Metal Oxide Semiconductor
* Debye Length

pidn Jlo | ¥ ojlasd [VFor b 1Y



laasLis uo).c) slaols L;Lm”:SJI ‘d)i..o odlo Ls"'*‘“’ 4Y
O Mo i 5l (Fer pm el gy Aol 9 Yoo um
ashd l gloloryb g ond SlisaY VY. nm cuwls
S om vl SWIA IS 50 glailis 29,5 ol pods 4y (6 S
Joy),o L;LQ)IA‘)Li d)ﬁfo)'l_\ﬂ ‘Lg)i“o FHY L;}L.ooblp] 41>),o
Sl S (5l sl loli i b Sl 55 (5,5 4
(Y JS8) ws pbsl (GSCS-400 NanoSAT CO.) ;5
sbakle s J93U| 55 e L;\).g o dinlw sl Sue
LUV b cog g A °C lod g 661 slod jd eglaze
L oianlyd il aoe b obdasuin Y,Y mW/em? s
e S YA N zge Job b (gys8 (g I eslal
0l s (435 S oK iy B g Sl Sig Sl
dsde JAS )lples asly S bl cus g el
0SS by Sus lp b 2y9e sled opizmen () US)
@ S dalad g 305 o ol 3)b 18 Coud dlaase gy &S

¥ JS8) 2,5 o0 )13 o) 2 pitans S0

- ~o
4 ~
,

.
’ o s - N
s g

A

Ses

UV gin cusi oo
Wummumm@ e

>

~ -

(GSCS-400 NanoSAT CO.) 5 sloySus (lolids piuges Y JSa

°C) el slabed 3 5 UV il cov ond aisbo (gl Sus

)5 )58 ey 390 (SN0
7S sy =Y
)"o &L.:b...‘: 9 Yo -¥Y-)

A i plo SOl by 4 Zn0 Cldgl (imgl cnl 5
Ol S5 g AVY g lal il gyb cpl 4 e Jolye
& Jgke ¥+ ml ,» (Zn(CH3z COO), .2H, O) 4l ¢
ColSE g Joloo ¢ A o JolS jobo 4y adBd Ve e
Jsbne & (IS a5 | 42l LS Cpm 4 (CioHLoBEN)
i gl sl Jglone ST als ey b 03938 bt S
Jsbme 4 NaOH Yye 53 Jsbne (PH=10) Jobeo PH
b Jeols Jslore b 0938l il (i g iliSEygm (gol
o Ollos U ad Jao)r+ €C poes 4 stuw gMS g5l albass
ded plsl celo Vo e 4 VA °C glod 3 Jloyig)un
& Jglore slod b a5 o3l ojlsl olo, ST e plest )
5 Jolome lalsl Gis (gl e ey 361 (slod
M1 )3 gy Alsyo cpl )3 B &l )5 g ditands Al> o (pi>
clod > Jobs g plliw s Sis 50 °C oo L
AnlS g yhunes] Cod 095 13 el 1,0 e 4 Yoo °C

oSl g Gy 3T il oyl Sl ey sl
Gldlosy wyp lp s (XRD (Unisantis XMD-300))

S agy S9S) ogSugSen I gl uliiesy)
osa>pe o ( FE-SEM (Zeiss- Sigma HV-300)) lae

PL) Guiluireggd (oot jl 5,8 (Shy in &lp
5 ealaiwl ((Shimadzu-RF6000)

Sy sl yiol)b (655 031l g (6K dalad Sl =YY

moykad SLI Y B9y & Joibl 1> ZnO (cla 349l Joloxe

8 S plowl o9y 4 a5l (so) b Slis 4Y

' Drop Casting

pidn Jlo | ¥ ojlasd [VFor b ¥



ul_hu) |) 03 Jrem Zn0O 4 L>9_:)A SEM Py -y c\:J&m
dgd s 1uSlie ol ay Ladiily slul 90340 &0 4 dlge

Cowl ¥+ nm

S35l map psaie 4 361 glod )3 Zn0 39l PL il
0 S5 50 a5 b len ol otel & JS5 )3 alBL zokaw
nm S slazse Job 3 ald 95 (glyld diges il asuin
M LS 2o b 4 brye sloali .cusl ¥5A nm o ¥4
5 (NBE") Jloss 05 ad oS @ ccud 5 40 FFA nm g Y-
030> i A1 (69, ;5 (DLE') sos slnjly JouS

D9 g0
S
-
=
< S
N S —_~
2 =g s
2 = S
5 8 <
= 3
= S
10 20 30 40 50 60 70

2 Theta (degree)
ZnO <y ¢b XRD cabs ¥ s

100 nr EHT= 4.00 kY Signal A= inLens
WD = 8.7 mm Meg = T00.00 K X

4 Y
B i - e
Dete .10 Dec 2020
Time :12:24:50

Zn0 &l,3955 FE-SEM 905 ¥ IS5

? Near Band Edge
* Deep Level Emission

4 Bua 38 50 cou teslas (Sensitivity) Sus ol

e _R,—R,
Sensitivity (%}—R— ®100 (V)

S Coglio Ry g 1oy )3 S Cuoglio R o 2 &S
loj o S a3zl Gloj Cusl Ban S5 g
P &y S Canglie «Ban 5 390 5l (g & 3950 @S
To M e ey Lo Hhul b Caglio e
Cooglio AiS o Jsbo & Sloj Cde cg S daivee 5l 5
lge a4 oy ol clls e Cuglie Hlade 720 4

NV o9 o iy (2bjl oo
ey g s Y
od s diged (ol —V-Y

U.»Lwl.wu XV \.: 04ud o Lglb).)y 5;1.: 4 by).o XRD uu.b
b ol cwl odd oy LS Y S 55 (ysb His b s g
ol o 2l Sl gy a dlge i > & dmd o L
a5 b colye ksl « (JCPDS-900-4180) an ye cinb
slaS o D93 pie s 4 50 g Gl oads LSS ZnO
s XRD b ;3 Zn0 & by sl 5 (6,50
D5 099 (alBl diS m ol i jDgy )0 oS g o
Gty (Y g 8) b Lo Jgo b Lol ocSysls ol
[Yo] ] e

[ 089
" PBeosk

(v)

il ) e > Sy slag B S ysk ol D o] 53 oS
'Sl agli 05 (VOF A e (sl2) Sl antl g0 Jsbo
(1) 5 - ¥) 0] 05 6 il il stndl o
o Syl sl 5 48,5 a5 S ol o] Auele (gl
Loy (o ld claald ol 5l oael cowty pwSko ol

ol Cawdy YV nm

' Full Width at Half Maximum
* Bragg's angle

pidn Jlo | ¥ ojlasd [VFor b O



Jb 4 g S o 1> MOS sla S 4 bgyyo Sy
9y 3= bame GFeST Ll yd cpl cod )l )15 e lgn
d‘)b ]ﬁ) "\"9_“’6_" uJ._'> LS’Li"’"_“’ L:))9_A0 4 ool éla.w
Jmos 0980 00555 lsie g sl (VL (5531559 2SI
oy (9, 1 aldss YY) aslil ply & ZnO ik,
°C eSS b e (slod &S Jhgo 5 g (Do JuSuis aild
e o o 05 g0 581 J9Sge g 8l Ve
Sl el s g YAV (7 23ST5) 3980 JoSuts
i sl wily 1) Ban 55 L S emy (sl Y 55
UV (a5 L Lo)S Symo 4 o555 0l 00 3l cslon b
0 pS LUV Ll cov (o) odle doxilin g o (ol
2 il S8 Jds 4 0jinm 9 Sl 705 63k e &
sbaom b (il S8l (86 lao i 50> g I (¥
load plerd o 18 0T oy g 5 45 (S
1 alys s s | 5euS] JpSlge 5 0 STy 3
L 3 ot sl dsSge plojo s5b 4 g (B 42ST)
O3 (ny) 9 035 Sy 3,1y il 5,55 51 (BU (sl xSl

0,46 =0y <100 (%)
h‘ﬂ _}E]-:lﬁ'—l_hﬂ_ﬁ (\c)
03 ads) This —Osee) (®)
Oz¢eae) Teha~02may (%)

Bl ol il cot diged Cuoglie Wl sy aS] 1 ae
Ban g 4 degi b ogd 30)5 5N daie 4 Ban
Cuaglio (p g5 b 1 g9) Lluojnss g5 5 (oaialS b outns)
@ g b gy opl ke plall L Gl S
N g5 bloyps 35 ZnO 4 onals 55 Joibl 515 ass]
Jds v iSly ab b e piell Sue Cwglis wul

2 IS g sl ord wl)l g8 B aS ola )15 ol
d9 oo 035 Cuns NBE & yidisl 3 anl JuwS ST (59,
al JenS rizmen Eoul (Gt oS i I (iU oS
g bl s & o] slitte oS 35500 bgsye DLE & e
5> Sl (Vo) oSt sl e G laaks
Sl (Z03) 595 Gt o 9 (01) ST (et o2 (V)
SEEAIM LS z90 Jsb 4 basye 4B PL il 5 [Y5]
[YV] Vo 3939 s @ 8155 oo il ol yg5 JunS 0,25 5
Ol s dged deginn BB 5 olajl 5 onlply sl
Jole a8 655 plon sl cpl 0,5 0 S8 (S o als
i Jele 1515 e citad PL cisb > _Sut] slayliS
A Al jo habl g e b ladigel o5 An]E (Sl
SLS Sl i b ply o8 @ie 31 Ll L 500 @)le
56 iy o gl o 4 005 buls ()lg BBL) )l
8L ((ogilsS” Cudgazme oy 3 ]

Sop25 Sl & €8S a5 o wiged PL il il
Sy Bl y2aS (551 b (Wges bawgs (19598 ) iges
SIPl P9 FSeeS 3929l &5 Cuwsl > (ren 4015 392
L Laggssh do oISl (Y80 nm) (ool deuder (sl ygis
)13 2929 0y 980l 95 Mg g diged

468 nm

390 nm

Intensity (a.u.)

350 400 450 500 550 600
Emission Wavelength (nm)

Zn0 &l 56 PL il 1 S5

UV U&:b’ o ‘5,5..» f},}&a -Y-y

pidn Jlo | ¥ ojlasd [VFor b Y\



P& oS MU I S Bly ol asly Ll
Jol8 5k & it (2l & Canl ol S 00 IS BT (sle
S ol o> Gl b a8 Jb 55 18] 55508 plixd
Sy odd ol sbaS w4 Lo 1 il e
L &S 29 00 odalde 35 (V) JSKB 50 0y salgs S8
ool 01 plal (55 oS ygb & i (il o> Sl
Cot |y R & 55 650 Sbagiagg > oL bl
ol bl «lodly I8 wyy 3ys0 U sl o UV il
slhckle » S Cuwlus (@WH) JSE V] cwl
ol duwolie UK L As °C lod 9 3B slod (gl cglize
slckle » Sus dod Lili8l b ded o odalin a7 Cul
e (sl ol ls g 5 el 55 S 5 ol
g /A Loy b1 clod jd Voo ppm clale p SKus Cawlus
(o) S5 50 omimad Canl ZYY plp As OC lod
slod ¢3bl slod) Lod 36 Av e ppmyasuie clile S (ol p

Do oo oddlie Cuwlus 59y » (A °C lod g0+ °C

9 S5k by Hle 4 by IO, 4y b Joibl GiS on
P &S Heblen [NO] M daled S Cwglis ials 4 s
Clale b Jpbl 5 29)9 b e Cungliio 29 g0 03 & JS

Gl a8l ials 56l gl ;o UV il co A+ + ppm

C,H,OH+30; 5 —>2C0,+3H,0+3¢ v)

IS alos b 8 glod 3 Sus Copmlus anglio (ol
390 Comlurs Glyss 9 ol OBl As °C lod < V++ °C
Oglite glachale )3 Ko Cpwlas 13905 285 )15 (o)
9 &bl led > il co A+ ppm U Ve+ ppm I sl
4 8 sl 0k oy (0 5 ) Y S )3 A °C lod
Sl G cdale Gl L Lo 53y 53 395 oo 03 zody

) il 3l S

5F OO
&

ol
— <>/<>'<>’<>
e \ %

&

= Q &
N—’ /

40 | \ o
L /
Q < <&
= \ &
s &
2 /
‘735 \ ~©
k) & P
[ \ <

Y P
. . . 5
30 | & lygly  Yooo
e Lol s ple)
25 1 " 1 " 1 " 1 " 1 " 1 "
0 10 20 30 40 50 60

Time (s)
Jobl 5 e con R Cuglio o & S

BBl glos 3 Clle ol s S Gl oloj Jlged
@@l Oloj jl osd dible Ko o dmd o LS (A JS2)
Gy b s ool 503 jle w8 (U
@k 53 d92ge (Sleglie (slo S b duglio ) (295l
ppm Clale 3 4 g90 4w o olis LiSTly Jeibl G5
ol g Gl ol s 4l VY dgds S a3zl loj Ae e
Slygss Aee ppm U Ver ppm I 58 cbale o b olo;
e s yel)ly bl loj g gl ploj bl (pwguine
Lol ol 58 o Gl o 42,51 ol (5385 (5l S
bl Sws il jasuie (V) JSS 55 o5 468 plen

pidn Jlo | ¥ ojlasd [VFor b VY



20 ) —0— 800 ppm
18 |- 40 —0— 600 ppm
16 I —/— 400 ppm
- i —v— 200 ppm
~ 14 | =30 —— 100 ppm
Q L u [] o\
g <
g 12 — ] é‘
g°r - Z20}
2 of
% F |75}
o °r 10 |
4
2+
L 0}
0 1 1 1 1 1 1 1 1
0 200 400 600 800 L . . L L
. 0 10 20 30 40 50 60
Concentration (ppm) Time (s)
BT slod > Calé s o S gy loj A 83
120 (o) —0— 800 ppm
120 ’ —0— 600 ppm
° —~— 400 ppm
L () P 100 - —— 200 ppm
100 L _~ 80°C 3 —>— 100 ppm
y 80 +
r'e 2
~ - yd
S =
~ yd n
b // g
E 60 - ' N 40 |
=]
£ 25°C
) 40 ® = 20
° s I///
_ 0 =03
-
20 _— 1 1 1 1 1
./r 0 10 20 Tlm3é) (S) 40 50 60
0 1 " 1 " 1 1 1 1 1 1

0 100 200 300 400 500 600 700 800 900

; o) 3b1 sled > calisee slacdale ) Kus Comwlus (W) ¥ s
Concentration (ppm) 2 (<) @bl gles S 2 s Gy () v Jsis

120 A+ °C (gl
L (<)

100l dod il38l b oS 59 oo cidlyyd Cumlus Glyoss 4 ax g b
_ L Jbke lyp cawol asly poe BB s SKus Cawles
S
>80t a LFe 5l S cuwles A OC b G61 clod ) Loy yuis
e Lo Ltal33l b amd o Lt oo ol sl iy i 1IY
=]

A el 56 oS Gl 5l iU slapyg sl 5 0958l
wl 09l e Sl @ poxie 9 3580 Mg digad > LS
S Camwlus 03,5 S8 (6)Sue Aulyd 4 &S WS salgs

2 , . , . , . [¥e] ] e cund &

20 40 80

60

Temperature (°C)

5 b1 clos o il elaclals (3 Ss Coplus duglie () A S5
caliseo glaled )3 Jgill A oppm 4 ) Kus comlus (O) A+ °C lod

pidn Jlo | ¥ ojlasd [VFor b VA



3590 5oy Vo sy 38 Sas oyl (agh (ol ) (opiomen
Iy 0 2 Cas 4 (gylub 5l R &S cwl o s

120
100 |-
<
&\/ 80 |
>
£
2
=
4 60
[P}
9]
40
20 1 " 1 " 1 " 1 " 1 " 1 " 1 "
0 5 10 15 20 25 30 35

Time (dav)
BT IR X VAPV GWERCIuow IRES | B LW

2 Jebl clle oyl Rus s el s
A+ °C lod g 361 sbod > Ae+ ppm b Y-+ ppm o,zns
5 &bl lod gl (Staned coys ol okl VY S5

ol < AVAY o < AVEY 35 4 A °C (lod

ol il g e (s Su Guwl dge el &5 L p gyl
S ol g @S ol (wlidcsy) 5 sl ()
v G a1 938] Hlinlogil dlge )0 0yl oliws WU
2 (ed 9o S Coplu (il el YU oo &
k> Jsbo pl 5 5l 5o S bl (D) &l ojlul &S )50
Wl dey Sz b & R Cawlus il (Lp)
6 b 4 g Cul oole aasuin a5 gLy Job [YA] b
iy A daly Ghgo a0l S oy clale 5 S xSl

Pyds

Lo=( o )1;2 "

o=
e?N,

029 L) oy JBs Np ¢ o sllies el g ol o &
oyS o 5 nails plas 3 cow ytibo, D<Lp &5 olKin

2 e S &5 Ab pasube Jhagh ol @l el
ol 3> gl 5 4y Job LB gusly 3B clos 5 ZnO
ol edlatul s Gl 53 )18 536 sl el S
&S o Sl 1y 361 glod 3 (6, Sl &S 35 UV
heeals 5B a (sl (o6 lulyd cod Sus S J
O 5 Bl ey ead Cla ST g & ol
Lo gaw & (gFms b 405 (1 4 Cans (03 4yy)
o &y s (it Eol 4 pmie dox VO] 29800
M il L UV il cou oplple b sales (SO
oSyl Sl )51 wald L g i) Jlgi 53 )k slo Jol>
olPl gaw olerd phiSly q@aw p il JW
SRR REL

Aiwd gp9) ol L MOS (laySus o8 Mo 5 (S
Col (S0 (5K 03le S 15 sl Sws (392 5 i3S
ol )3 dg2g0 5 sz b Ban By 938l Glojen yob 4
Febl @SR cnlply il wal jiSeay b
4 (HBly lame )5 wlgny S S a0 Gl cnl e
Sl SN Coslus (S GRS on slp 29d 485
» Sligel 5 5 SamSlied Jobon Jobe Jsbl closls
2 &S yobpled «8)S )15 (awyp 350 Are ppm clale
B s ) Camlun oyl )N 3580 0003 N+ IS
sl azils ol

120

100

S
z
= 60
5
g7
5
& 40

20

Jsili! Jilze KW 1)
Jskan ;
Shige o

Sglato 5B M 4 Caws Zn0 Sues ool Ve S

prin Jlo | ¥ ojles Ve e liuse; A



3 5eS) b slaled > Joibl 55 (oS Jliblogil dlge 5
D ey Kl (Ve - °C

2 S S b iags ol s e ol
5 Camwlas Gl @bs opl dulie o ol osel 3 Jgas
soled 5l Jols b auslio U Cowl 045 odlau] (Rg/Ra) guly

295 oSl 5015 b eVl )

5l oolatwl dgng b a8 amd o i VO] L Ligh oyl duolie
Fdig alé 55 9 (B fide ©Ad g CandUl lyie 4 Mo
=09 sl ol imgly 5l S Jolbs sl VO] g2 ye
9 [VeT0pd $U g [YF] Suwd by (e SR Gy il
9 ol Al (85 Has 5 L sl iegh b awslie ) [YO]

ol i ] )5 s easlio gusly (o lilé i

alde gla)ls Koo b )l cpl )3 osd ad bl Sus oL awlis ) Joi>

s =
3 —c \
- = ¢ o
v ¢ Eo3 FL oy 0
% c : & g9
73 v g, [ v
: - ;‘. s
[Ya] #).¥0 Yooo RT £.) o b ZnO:Au
[¥¥] e A Ve RT Vif S 6l Zno
[¥a] Y yo¥ RT VoW 0,3 b Zno
[V-] YA 7T O RT  oaz 83 e gl Zno
s ) Wrai Aee RT Yy 00 &b Zno

=RYRY, "= (1YL,

S S —¥

2 el S 5l Jobl S5 olelid sl pinghs cnl
by s ouds didli (soglie S ololids .o odlaiwl oyl
Wbl 5l Giasl i alb cov g Gb1 gl o Rus opl &
5 4 5 ol Jorgs g gl I8 ololis sl ey BB
slod ) (o B 5 Jluil BB sl (6K Cenl
Oglate mluo ) slod s 35 Wlg o SN ol 5L
oo 5 A Gy & dges &Sl @ dagr b oasl atsly
9 d)l.}ub cwl“o dy 0J4ud o @39)5‘ .)]9.0 9 Wu.‘blf
2 oo Sl B0 glod 3 pwolie Caws 4 (65 HE0 S
Sisad ayd b S aelpdS e 3B sl

s Loy oS ol 9 Wb o (B8 s JS )5 albs Y
& bl Ggbiee adss Spde Jb gladals o JolS
Gl & Giley Wl 2y al o bl sl UK
4 gladl kdle JS 0 Lyd 550 slyly b plals

40 ()
ASO -
S
2
Zaf
§z y=0.0452x + 3.107
R R?=0.9764
10 |
0 [ ]
0 200 400 600 800
Concentration (ppm)
120 - (o)
100 |
§ 80 |-
=
Z oot
§ | =0.1299x + 8.8702
S a0l y=0. X + 8.
v R2=0.9794
20 [
0 )
1 1 " 1 " 1 " 1
0 200 400 600 800

Concentration (ppm)

Ae °C los () b1 slos () 5 yoml S oo DY S5

)LJBﬁldlﬁu@,g&&M@,ﬁJ&bﬁjbmaﬁd
Ssk 09s0 il byt (obley o)l 3529 Sysls 990
3 o8 byl (o8 2 [¥Y] 29800 S (4 J5)
5 sbley » ool Ol sbul cel daw o yiiSTy

IYY] 59 0yl
nm sgus &l o3l Sk (¥ US5) SEM olas ol

) ZnO by Job ojlil ply o0 1 iSosS & wunl ¥
s UV il lojed edlaiwl b caons )5 .ol [YA] (Yonm

pidn Jlo | ¥ ojlasd [VFor b \Y-



[6] E. Tan, D. Slaughter, J. Thompson "Freeze
damage detection in oranges using gas sensors ",
Postharvest Biology and Technology, 2, 177-182,

2005.

[7] R. Lima, G. Danielski, A.C. Pires, "Mastitis
detection and prediction of milk composition using
gas sensor and electrical conductivity", Food

Bioprocess Technol, 2017.

[8] R.S. Lima, G.C. Danielski, A.C.S. Pires.,
"Electronic nose for quality control of colombian
coffee through the detection of defects in “cup
tests", sensors, 1, 36-46, 2010.

[9] K. Timsorn, T. Thoopboochagorn, N.
Lertwattanasakul, C. Wongchoosuk, "Evaluation of
bacterial population on chicken meats using a
briefcase electronic noses",

engineering, 116-125, 2016.

biosystems

[10] S.P. Chang, K.Y. Chen "UV illumination
room-temperature ZnO nanoparticle ethanol gas
sensors", ISRN Nanotechnology, 2012.

[11] Z. Li,H. Li, Z. Wu, M. Wang, J. Luo, H.
Torun, P.A. Hu, C. Yang, M. Grundmann, X.
Liud,., Y. Fu,

mechanisms of semiconducting metal

"Advances in designs and
oxide
nanostructures for high-precision gas sensors
operated at room temperature", Materials Horizons,

470-506, 2018.

[12] R. Mostafavian Maleki, A. Esmaili, R. Taheri
Ghabhrizjani, "The use of Ag doped SnO2 nanorods
and nanoparticles in designing, fabrication and
sensitivity enhancement of H2S gas sensor
considering ultra-violet ray and self-heating",
nanomeghyas,3, 76-89, 2020

[13] M. Salimi. S.M.M Hosseini, "Performance
evaluation of the ethanol gas sensor based

S oyl o el 5l s S el cnn - AVEY
h ol & cal Jgbl 5 @ o (gl oloj oog: obsS
@ e Ui Job BB (mgel ploj b @ )5
WS oad anle Fus & wae ol @b S b
rl 2 09l (HBly e 3 (4SS Gl (olie
odmd L 50> slagiegh b (hagh ool @l 4wlie

ol B glod 53 5 ey Ll g pcasbio by

SRl
Syokd 5 Oliass pale &jlie b coles jl dlds B e
.JJJ\;L;O @l.)).l.é \F—‘\‘\—~Y—~ A ~YV ‘_5)[4;9‘

&
[1] S. Feng, F. Farha, Q. Li, Y. Wan, Y. Xu, T.
Zhang, H. Ning - Sensors, , “Review on smart gas

sensing technology”, Sensors, 17, 2019.

[2] S. Matindoust, M. Baghaei-Nejad, M.H.S.
Abadi, "Food quality and safety monitoring using
gas sensor array in intelligent packaging", Sensors
Review, 2, 169-183, 2016.

[3] T. Tharsika, M. Thanihaichelvan, A. Haseeb,
S.A, Akbar.,"Highly sensitive and selective ethanol
sensor based on ZnO nanorod on SnO, thin film
fabricated by spray pyrolysis", Frontiers in
Materials, 122, 5-9, 2017.

[4] Q. Li, D. Chen, J. Miao, S. Lin, Z. Yu, D. Cui,
Z. Yang, X. Chen, "Highly sensitive sensor based
on ordered porous ZnO nanosheets for ethanol
detecting application", Sensors & Actuators: B.
Chemical, 2021.

[5] C.Baskar, N. Nesakumar, J.B. Rayappan, M.
Doraipandian, "A framework for analysing E-Nose
data based on fuzzy set multiple linear regression:

Paddy quality assessment", Sensors and Actuators
A, 200-209, 2017.

pidn Jlo | ¥ ojlasd [VFor b Y


https://scholar.google.com/citations?user=6e4kMKcAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=a3I6vyUAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=QQpSpCsAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=397kDKEAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=397kDKEAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=1PXre4cAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=vY9N53MAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=S9C8Y3IAAAAJ&hl=fa&oi=sra
https://www.sciencedirect.com/science/article/abs/pii/S0924424717314929#!
https://scholar.google.com/citations?user=996hIzUAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=YxJIRhYAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=hYTPO-oAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=4rvzKcMAAAAJ&hl=fa&oi=sra
https://doi.org/10.5402/2012/453517
https://scholar.google.com/citations?user=PpQ96CEAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=TBQSnVkAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=h9gO5GAAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=h9gO5GAAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=sG9qk14AAAAJ&hl=fa&oi=sra

activation of zinc oxide nanoparticles", Sensors
and Actuators B, 2, 945-952, 2008.

[23] H. Chen, Y. Liu, C. Xie,J. Wu, D. Zeng, Y.
Liao, "A comparative study on UV light activated
porous TiO; and ZnO film sensors for gas sensing

at room temperature", Ceramics International, 1,
503-509, 2012.

[24] Q.P. Zhang, G.Z. Xie, H.F. Du, J. Yang, Y.J.
Su, H. TAI M. XUK. ZHAO,

behaviors of gas molecules on the surface of ZnO

"Adsorption

nanocrystals under UV irradiation”, Sci China
Tech Sci, 12, 2226-2235, 2019.

[25] S.S. Kumar, P. Venkateswarlu, V.R. Rao, G.
Nageswara Rao, "Synthesis, characterization and
optical properties of zinc oxide nanoparticles",

International Nano Letters, 2013.

[26] A. Galdamez-Martinez, G. Santana, F. Giiell,
P. R. Martinez-Alanis, A. Dutt,
"Photoluminescence of ZnO Nanowires: A

Review", Nanomaterials, 2020.

[27] K. Lim, M. Azmi Abdul Hamid, R.
Shamsudin, N.H. Al-Hardan, I. Mansor, W. Chiu
"Temperature-driven structural and morphological
nano-coalesced

defect-related

evolution of zinc oxide
microstructures and 1ts

photoluminescence properties", Materials, 2016.

[28] A. Mirzaei, J.H. Lee, S.M. Majhi, M. Weber,
M. Bechelany, H. Woo Kim, S. Sub Kim,
"Resistive gas sensors based on metal-oxide

nanowires", Applied Physics, 2019.

[29] R. Kumar, X. Liu, J. Zhang, M. Kumar,
"Room-temperature gas under

to 2D

Sensors
photoactivation: from metal oxides
materials", Nano-Micro Lett, 164, 2020.

on electrochemically synthesized zinc oxide
nanotubes", nanomeghyas,4, 60-68, 2021

[14] Y. Deng, "Semiconducting Metal Oxides for
Gas Sensing", Nature Singapore, (2018).

[15] E. Wongrat, N. Chanlek, C. Chueaiarrom , B.
Samransuksamer, N. Hongsith, S. Choopun, "Low
temperature ethanol response enhancement of ZnO
nanostructures  sensor decorated with gold
nanoparticles exposed to UV illumination",

Sensors and Actuators A, 188—-197, 2016.

[16]J. Gong, Y. Li, X. Chai, Z. Hu, Y. Deng, "UV-
light-activated ZnO fibers for organic gas sensing

at room temperature", J. Phys. Chem. 2, 1293—
1298, 2010.

[17] V.S. Bhati, M. Hojamberdiev, M. Kumar,
"Enhanced

nanostructures-based gas sensors: A review",
Energy Reports. C, 4662, 2020.

sensing performance of ZnO

[18] B. Gong, T. Shi, W. Zhu, G. Liao, X. Li, J.
Huang, T. Zhou, Z. Tang, "UV irradiation-assisted
ethanol detection operated by the gas sensor based

on ZnO nanowires/optical fiber hybrid structure",
Sensors and Actuators B, 821-827, 2017.

[19] Z. Yuan, R. Li, F. Meng, J. Zhang, K. Zuo, E.
Han, T. Zhou, Z. Tang, "Approaches to enhancing

gas sensing properties: a review", Sensors, 7, 2019.

[20] S. Sharma, M. Madou, "A new approach to
gas sensing with nanotechnology"”, Phil. Trans. R.
Soc. A, 1967, 2012,

[21] F. Xu, H.P. Ho, "Light-activated metal oxide

gas sensors: a review", micromachines, 11, 2017.

[22] B.PJ. de Lacy Costello, R.J. Ewen, N.M.
Ratcliffe, M. Richards,

temperature sensors based on the UV-LED

"Highly sensitive room

pidn Jlo | ¥ ojlasd [VFor b \wY


https://scholar.google.com/citations?user=xhlzFs8AAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=rynoGy4AAAAJ&hl=fa&oi=sra
https://doi.org/10.1016/j.sna.2016.10.022
https://scholar.google.com/citations?user=xn2-3Y0AAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=3LBwuhYAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=pTCph1MAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=L28VbDEAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=JeH1UkAAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=ecQKPSAAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=TVtmBgsAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=RGTneQMAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=smHsy0sAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=oA-WRvAAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=oA-WRvAAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=myx1kUQAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=IfQx07cAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=IfQx07cAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=AZ8GPeUAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=m9jhgosAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=jUs2mdEAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=86lZ2U8AAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=1MmKYoYAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=JeH1UkAAAAAJ&hl=fa&oi=sra

[30] N. Sihar, T.Y. Tiong, C.F. Dee, P. Choon Ooi,
A. Hamzah, M. Mohamed, B. Majlis, "Ultraviolet
light-assisted copper oxide nanowires hydrogen

gas sensor", Nanoscale Research Letters, 150,
2018.

[31] L. Li, P. Salvador, G. Rohrer, "Photocatalysts
with internal electric fields", Nanoscale Research
Letters, 24-42, 2014.

[32] Y.F. Sun, S.B. Liu, F.L. Meng, J.Y. Liu, Z.
Jin, L.T. Kong, J.H. Liu, "Metal oxide
nanostructures and their gas sensing properties: a

review", sensors, 3, 2012.

[33] A. Dey, "Semiconductor metal oxide gas
sensors: A review", Materials Science &
Engineering B, 206217, 2018.

[34] M. Alenezi, A. Alshammari, K. D. G. L
Jayawardena, M. Beliatis, S. Henley, S. R. P.
Silva, "Role of the exposed polar facets in the
performance of thermally and UV activated ZnO

nanostructured gas sensors ", Phys. Chem. C,
1785017858, 2013.

[35] J. Zhai, T. Wang, C. Wang, D. Liu, "UV-
light-assisted ethanol sensing characteristics of
g-CsN4/ZnO composites at room temperature",

Applied Surface Science, 2018.

pidn Jlo | ¥ ojlasd [VFor b yYY


https://scholar.google.com/citations?user=gf4brpQAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=1JklB2EAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=FEE_dmUAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=ze3VCYQAAAAJ&hl=fa&oi=sra

=t T

QNanome ghyas

WWW. nanomeghyas ir

Fabrication and investigation of the resistive sensor based on
Zn0 nanoparticles for ethanol sensing under UV-irradiation
at low temperatures

F. Bagheri, H. Haratizadeh*, S. Afzali

Department Faculty of Physics and Nuclear Engineering, Shahrood University of Technology, Shahrood, Semnan,
Iran

Abstract: The safety and standard rules of industrial, medical, and research centers have restricted using heat
sources for sensing the flammable and toxic gases because of the reduction of the probable risks. Accordingly, in
this work, ZnO nanoparticles were synthesized by the hydrothermal method. The resistive gas sensors were
fabricated based on the as-prepared ZnO nanoparticles to detect ethanol gas. The results obtained indicated that
the performance of the sensors was significantly improved for sensing ethanol. Sensitivity of 40 and 113% to
800 ppm ethanol was obtained under UV irradiation at room temperature and 80 ° C, respectively. The other
features of this sensor include short response time, selectivity, and stability, linear calibration curve. Therefore,
this sensor could be applied in environments where operating sensors at high temperatures have many challenges
due to potential risks.

Keywords: Resistive sensor, Ethanol gas, Nanostructure, ZnO, UV-irradiation
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