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B ool M= mbeAR] kA Qg2 g 7153 Zn0 B2 Continuous Flow Reaction(CFR) W02 Al
Z 718 Yol XA B3 ATEAR ALES) zine acetate®] F ol whE Alsloled wluko] MIEX ) o]59] #17]
A EXJo] ZAFE|QIT} Alsloled Bl) A2 0.005~0.02 M2 zine acetate F S04 FEE QI Alslold wlaks rAds)
I QE n08] YRV 1= FE7F SRS SR oH, wEke] SR A Sk ITE. CFR Hell &gtk Alslold
ko] A= A7l kel BlEF 0% Q&= A IRlsglon, st vk Alxab] flst A=A
9] H3] 5= 0.01 Mot R, A7=49] s dElsto] Al alslold vkl Zdste] oist dFE 1V 53
7|7 F7Jst Ay, wiete] FAL S7RESE e AR SRtk 2R Alsloldd whke] HMRE A7EAe] wEH
Sk 243k 4= Qlrk. Bk Alslord wlukS: 300 °ColA 5 min E<F 500 ppmy HoSell w=EAIX] Aw, Aste] gk 5
#ho] wobgitt, o] o} o] Akglod o] M7 B3 7EAIN R S8 Qe TFe S ERINA T At & - Qo

Abstract — The zinc oxide thin film, which can be applied as the gas sensor of a semiconductor type, was grown on
the silicon substrate by CFR(continuous flow reaction) method in this study. The growth property and the electrical
property of the zinc oxide thin films synthesized by CFR method were also investigated. Zinc acetate solutions of
0.005~0.02 M were used as the precursor for the preparation of zinc oxide thin films. The size of ZnO particles con-
sisted on the zinc oxide thin film increased not only with increasing concentration of precursor, but also the thickness of
thin film increased. The growth rate of zinc oxide thin film by CFR method was proportionably depend on the concen-
tration of precursor and the uniform ZnO thin film was prepared when zinc acetate of 0.01 M is used as the precursor.
The charged currents on the zinc oxide thin films were obtained as its electrical property by I-V meter, and increased
agree with increasing the thickness of zinc oxide thin film. Thus, it was concluded that the charged current on the zinc
oxide thin film can be controlled with changing concentration of precursor solution in CFR method. The charged cur-
rents on the zinc oxide thin films also decreased when ZnO thin film is exposed under hydrogen sulfide of 500 ppmv at
300 °C for 5 min. From these results, it could be confirmed that the zinc oxide thin film prepared by CFR method can be
used for the detection of sulfur compounds.
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CFR el gJ&t 2lsjold ujuie]

\ako.

8]. ZnO HHIRS A
2 Ao 7tAAEA g e Ao
ZnO BHkE CFR WO AJ7gstaiat aqitt. 7k allA = H)
Al wel ZErt ] ek 7 Q7] witel 71l
sputtering, CVD, MOCVD, PLD, MBE ¥ 5-& ©]&3}7]°]
=] x31tH9,10]. ol W e 1F4 e whs A

= Ao] glovt 7te] WFAgu) 7 ARSE| I Bheke] %
ofHrh= Zlo] whdoltt. o]zfgt o] follA] & AFellA|
5 88707 4% = 9l CSD(chemical solution deposition) ]
9] Rtz &% CFR(continue flow reaction) O & 7}~41A-8-
Abslotad whEks FAJSIGITE o] WS- Alkslotdde] A9 A
e Tole AT Nkl ot vheAd RS A
Shz wadad7lsoloh WS EEE] IRloA Hheao] A&
E 7|4 3FE7] Wil WhEEe] w5E s AAE
I, BlEo] FHNEG| ost A9 S5 A FAE
Utk w2 ATrelxE WgERl A=A 80 2] v
£ WA dAst A B AR Alslold Blere] A% E
HIE sk, o] 52 1713 5435 source I-V S 7]Z source %
el gk AR[E S48k alek. =gk CFR o2 713t 9ol
A7AIZ) Absloted wheto] wlgke] S]] T EHYE W -V
curve®] W3S ¥H6lo] HS & 7l EA 9] 28 7S &
kAt skgict.
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2-1. ZnO 22}2| HIZ=

sbslotd wheke] 7R Al 24 2] 54E AR | 2l8te] AHeE
7o g ol 4ts} o] EAsk= A 2] (silicon) 719 475k
ek AME Az Slet el 71ehe 7k Bl AR Zolg BT
10 mm<! AAE FEZ kom0 = A= AuE photoli-
thographic method® & THE3Ith. F0]E 712 9]of] Algjold
vraks A43A]717] 215191 CBD(chemical bath deposition) = 7141
3} CFR(continue flow reaction) H= ARE-5IATE CFR WHollA = o}
o] shiE AFEAR zine acetate[(C,H;0,)Zn H,015 AH-3I51
on, AFEA THH olANEES HAAL & Q= HAAR
sodium bicarbonate[NaHCO;)7} AHE-= It} A543 A=
A e SJalA] Efo]RREE B3] 7199l RE FuEET,
el =daty] Aell T-mixerel A ahte] FHE AAwo] 80 °CE
7HEE water baths 533t $ H2]2 7|90 % Rig-Eo| Fw4rt
A7=843 FHAE TmixerllA 3% F water baths S-735HH
A HEgo] dofd HE= Z28] S 7 HH, 71kl AL
B S 7)ol 1A HAES YA Fot vkeEo] A5
SuEHA FHEEH o2 79 flex] AAo] FAE] wiEel
W-SE52 3 AlRo] Aojdars 273788 1] wol LojuiAl
2 AT E BREE FREE A7EAY A s
WA A AT £5F Alofata, o] 2H-E 713k 3] 4%
¥ Alsloll o] AT M7 EA W 7N RS S-S AR
Atk CFR W& flste] ARG Eloet FH.o] W ¥ Aol 242}
2mm, 130 eme|tt. o] AgeflA] A7-E242] 5= 0.005~0.02 M,
AAQ FEE 0.01~0.04 M FRE0] Wg)ollx zdslit), 5t
Elase=l 36 ml/min® 1173k, RES-51= <F 80 °C
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HEZ 3 min 3 FAIBFITE CFR el &J3)] Al 713 $loll A
HHERS 500 °CollA 2 h gt F71E917 1014 A esto] Atst
o] AR =S 3G}

2-2. AB01 Hiato| AL 5l EMEM

AP 713 ol 37 Alsloed wiuke] FARE FAFAR N
74 (SEM, scanning electronic microscopy) 2= 325151 0 v vluks
TASL e vAadgRIAke] A7 dulg o R HEE AR oR
FE gkt xux T IA5AFA R (AFM, atomic force
microscopy) = STt vhete] AR T3 XA 3R]
(XRD, X-ray diffraction meter)= ©]-&3}0] -5t} 103k A2
713 7 Atsloted WhEke] A= a-stepl . SR

2-3. ZnO H{219] A 3L £H

A 713 floll 4378= Alslotdd Bhete] AV 4S8 AR
71 £18149 1-V meters ]85} source Aol thdt 5 (current)2]
HslE SAsgith. et 3slriof Alslolel vhlo] w2y 9S
-V meterel] 5788 A7) WigkES S4sITh o] AdelA
500 ppmv H,S/N, =i 240 7|A7F 7 A REe7I=Z
YER= ZelA Abslota wheks A1 A 73] HgT]
Ulell Ax]=]o] 5 min 3%t 3 35HE 1Al =ZH et o] w wk
§718] &5 300 °CE IPgAIF A, 71A1S] fS 50 ml/min &
SHTE 58 0.01 M zine acetate <21} 0.02 M sodium bicarbonate
Tg-olo]] SJaiiA A7 Absloted vhato] A T9E B vkE
71ell 44131 300 °Ce] 2=F710A 500 ppmv H,SE FrIAI7 %A
A7kl Wsls dEsisitt.

3. Zy 3 nE
3-1. ZnO g8} Zx|
ool A= CFR Y22 Si(100) 713 $loll ZnO BFuks- A4

AlZEE. CFR HellA A4 7 JaAE 58 e 35w
T-mixerol|A] £330 7|9kl FARE71744] oF 1 m J=2] Ele]E
FHE AsiA et o] W A7EA A -g-o] £3E]of
kgl dojuar ofd(Znye] ¥ FEo] FAJHrt o]
ol Ao oJgt fgzdy) FHe| Zo] 2HERE F &
No] B AI7RS oF 8.6 sec L ZHEICE Eghe] gole
HAnkgel o AYE= D ES YO ZHE AA o
o]FoZItt. ZnO kS A|3sk7] 218t AT-EAE AR zine
acetate®} F A2 ARE-E sodium bicarbonate®] FEE A3
w, Az o2 s Zn0 vheke] FAE Fig. 10 YeERASITH
o] Aol HAF-E-<! zinc acetate?] F = 0.005 ~0.02 M2 H
92 H3rFH o™, A sodium bicarbonate®] 55+ 0.01~0.4
M2] Hleflx] MstAZiTE o] wf H-Eda) A 23 e
0.5 3135{Tt. ZnO U] A71= Fig. 19 VR 21} 2
o] A7E4e st SRS E SMEE AdoR vtk A
T FE7F0.005 ML - 437 A ks FARIAR
ug o2 His] P o= YT YAA7IE 2F 10 nm ©]3f
2 gEC 0.01 M1 A9 9F 30~40 nm, 0.015 M3l -9 <k
40~50 nm 12]3 0.02 M?! 7% ¢F 60 nm ©]} o= /3=t
o= AR YA Aol MT-EH ] FREA o] HrE A on
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(c) 0.015M (d) 0.02M

Fig. 1. SEM images of ZnO thin film grown with the changing con-
centration of precursor solutions by CFR method, (a)0.005
M, (b)0.01 M, (¢)0.015 M, 0.02 M.

(b) 0.01IM

(a) 0.005 M

(c) 0.015M

(d) 0.02M

Fig. 2. AFM images of ZnO thin film grown with the changing con-
centration of precursor solutions by CFR method, (2)0.005
M, (b)0.01 M, (c)0.015 M, 0.02 M.

4 ol & 9 v Aol vkl =)
A Bl 9stol AFMO R T EARS BEslglon o=
Fig. 201 YERASITE FARAAAR] 7 02 32 AR (Fig. 1(a))el
A e 519} o] AFMOZ kel JAdolM X 0.005 M) W+
EAE 3H8IS A, 71l 4R Alslolde nlAsk izt
S o]Folx] glom Al o7 & Q50| 3 B}, 3
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Table 1. Thicknesses of ZnO thin films prepared with changing concen-
tration of zinc acetate by CFR method

Concentration of zinc acetate, M Thicknesses of ZnO thin films, nm

0.005 21
0.010 29
0.015 57
0.020 150

3-2. ZnO 28} 5

ATEA ) FE2 HElAA CFR Holl <JsiA] 7]3 9o e
Akglolad vhuke] £AE a-step 2 Z3IA T Z79 € a-step?] 2
¥E Table 16 YeERNSIC). A7-E2 0} 2dA st S
Al Brake] A7 b Yl o] 9k 2 Ak 1A w4
A&7} NS ol oEsp] wtolnt. 53], W-g=o] A%
A 07 FHEHA HEgo] o] wiitell W& Qe
A= 11, o] 2 HE] WFEL WL QA FA = EE slslo}
A kg FAIBKL Q= rlaAA e APAFEEE sl 4
= Zolt}, 7B 7 lslold wheke] A= W= FE9) 719
ol S5k Wh3-22] AT el E3HA| & Zoltt. Table 190 W
ERdl A3} o), AEA ] 57} 0.005 MY 79 FHth 21 nm
BEe] AR AR Ao vEpdth w3k A4EAe] 57t
0.01 M&1 Z-9-0lli= 29 nm, 12132 0.015 MS! Z-$-olli= 57 nm, 7}
Zuko 7 .02 MR 73-%oll= 150 nm o0 2 7}t & 4%
el Ao 2 Qlsle] Alsloled whake] FA S SUtEE A
° 2 Yelgth.

3-3. ZnO H12ie| XRD &M

ATEA ) Femslel w2 CFR BloR A Alsloled ulutel
ARTZZ XRDE X810t ATEAL] F5S HIAA A
21 4] 74 A189) XRD 381 Fig. 3o YERAIITE. 0.005 M zinc
acetates ATEHE ARESlo] AJAE Absloldd whake] XRD 4]
AvR= 135 A9 T ¢ s AR Agkon, oAl e
U= 912.9] 2-theta gh2 WA A|E9} A2 2 Zof|A] Vel
o} AFEAL 3RS =K o7 SR A Fig. 30 VRN

(¢ 0.020M 002)
100) aomn

r T T T T T 1

20 25 30 35 40 45 50
2-Theta
Fig. 3. XRD pattens of ZnO thin film grown with the changing con-

centration of precursor solutions by CFR method, (a)0.005
M, (b)0.01 M, (c)0.015 M, 0.02 M.
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(c) 0.015 M

(d) 0.02M

Fig. 4. SEM images of ZnO thin film grown on gas sensor device with
the changing concentration of precursor solutions by CFR
method, (2)0.005 M, (b)0.01 M, (c)0.015 M, 0.02 M.

A3} 7¥o] 2-theta k0] 32, 35, 37°14 ¥=17} HEkslA ElE T

0]9} 72 XRD ¥ A A1 ZnO wruzite -4 LERAIT]H
*&ﬁlo}?i 1 ?JXWHH n|AA 07 o] Fo RS Aol ole) 7
2 97 d§lS A& 5= Stk 18 Fig. 3(d)2] 9= 2-theta 3k

o] 35%] BHD@” W A7E 002)Q] F=12] A717F A ek,
o} (002) A7 W2 Atslorl o] A o] K ER= cFell g7
HH% | dstotel Aol oF ko AL glrka & 5 Qlrk.

&2 A7k Fig. 1d)ell UER AR Aol ghe
Qs Alslolel v =] At 2 AR & 5 gk
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3-4. ASJ0fR1 Hilo] MY EN

CFR B2 Az¥ Alslold vluko] 2712 548 2AR] ¢
3lo] 10 nlo]AE 7H7 0% Mgy Au d=o] FEldE A 7)
T Sloll AEEe] FEE gElste] Alsloldd ks Alxsigl o
Az vheke] FRAEIE Fig. 40 YERH A7) o] ZAWXMH]
7o SISt AFlefA 5’%3 Fe Hatoln o F-
o AT AT Ao ) AelE Fatolok, AR ] 710,005 M

1 79, Fig. 4(a)ell YrERA 3137} o] 7]9bde] H=aiel] Abslo}
o1 whdto] wo] A E QI A FHiell= vheke] /o] nju|s}
Ak, sk AFEZ L] F57) 0.01 M -0l Fig. 4(b)ell UEk
Wl 3} o] AT o] W Alsloldo] AJE QL A
Fol= A wjgmE P ArE Alsloledo] AT o] o
E5E%712 0.015 MOIAE= Fig. 4(c)ell LR A3} 7o) Al
ol AEs] B gakse] FEeH, 0.02 M2 s E
Fig. 4(d)ell YR 212} o] A=53} Ale)i Fadel =eke]=] ¢k
WA Abslolelo] A E o] & QiAbEo] o] Q1 PR #
Qe Akslollo] Mo o] Wo] AEE AL F50] Full
o38kS 3] wjitolul, ATy} W= Afo) 9] Absluto] EAfs= A
Z Gl Fig. 1614 YeRd R0} 22 2oz vhdte] 47
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1.2
0.005M-fresh
e 0.01M-fresh
10 oo 0.015M.fresh J— -
.............. 0.02M-fresh K . - /

Current, mA

0.0 0.2 0.4 0.6 0.8 1.0
Source voltage, V

Fig. 5. I-V curves of ZnO thin film grown with the changing con-
centration of precursor solutions by CFR method.
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S AYe] 7kl thste] A7 S Blew ‘/]’E]"/Lh ]

ArellA Az Alsfold wiato] BIF 7|2 07 ofsh A
TWREE SJulsit), B3 Alslold g Az 913 M=
b EETE U 2 A 2 FloE etk &
‘7 Abslobd ] A AR A wheke] FAV TS H]
AEAo] =& 0 E FRIF I, o] AVE2 B Aol 54
H 1], drbF o2 Akslold WEA (single crystal)d 73-5-oll
Zollx] A7) MRS 7, thE Q1 Z9-olli= 300 °C Y]
B 250K AV ARAES 7= Ao F dEA Qi 1
XRD Aol Aol 7F7ke- A= A AR, v
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Fig. 6. I-V curves of ZnO thin film exposed under 500 ppmv H,S at
300 °C for 5 min.
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T, A7 2E o] g3lo] 350 °CE 71Ast AEjellA N, e Ae] 500
ppmv H,SE 5 min &<F RE37|2 FSIAIZITE o] 9} o] F-2o0lx
Abslotd whaks: Sl aol] wE3AIZ - W74 EAdskE ws)
Qom o] AF o gHE Hoj7l [V FAS Fig. 60l LFERAITE. A
slo}ed vhule] A7]A B oz ol Heke] wsle] tigh Ao
WHelE S48 43 o] 714 AlE7F AL vt dRvt s 2 e A
o7 et o] AlEE FolA 53] A7EA) =t M =
obx] slslotdd vhake] FAZL 71 AR AlRE] HFRIL 7P R
Ao ZAFEQITE B3lraol wED AR M7)F EAow o
Z AFE =F Aol uplsie] v 3hs JeRIGiET, ol 2
& A= slslored wiEke] spwo] H,S9be] 7|Al-1A| slshikgo)
oJsto] Fsjold o & HEE 7] wiito|et ket Sslod] A
/& Alstoldzte] AEA Alolef] QJsA] M7 ME) dold &
Jom, F3jold - slief] oJaix FA| Alslotdor 3]EE7]
o] 712-34 sfehikg-el oJgt AME TP 5 S Folet
o}, 7y B3 3lolad (ZnS)e) A 0 2 RE] AA YA
itof] Aglo] AAE o] 72| TF0] YEsA] Halo] A go]
opA &= Qlr}. Slslold S Alsloldof| Hlsto] & Fu]7} =17 o
g AksletAgz2ls Alelel & Fu)7t & sjoldo] A4
wo] AzpATHE WA =W Ak o] o Ay Aol &
Alsto] A EA Q) 7]50] SEE|7]e] ofelgo] Q& Hlole} Ikl
o e EE 3] HEAR] Zhe AME sk Flo] 3

Q3htar & 4= Qirt.
A, B WEg7)ol Absjolad vhato] PAdH THE 4}l
300 °C2] 252704 500 ppmy H,S$E F-4A17194 A ge] w3}
] Al

Mo oR oY MR 30
o i

=

rt

5 wEsiolom, sk A&e] MakE Fig. 70l YERSITE o] A
S|4 source 21S- 1 VE IAAZCE AERES 7o AAS S
A A7|EE o]gato] HEEI U] REE S8k TdelA
Aol 550] S7IEE AoE YEREoH, 300 °CE %7 4]
| Felli= AlA 2] AR o] Al FA = Flo] gkl
o] %l 500 ppmv H,SZ 50 ml/min®] 2.2 FAAHS ul, Fig.
70l VR Az} o] Aglo] oF 50x10% ohm FE7HA] S7HEE A
© 2 Yepdt} 13 500 ppmv H,$2] £3-8 100 ml/min® 2 57}
A1 W, Hdl 600x10° ohm7H4] F7=ESITE. H,S9) &8 2dt
StaL A4 ARE FYAFE W H7|A o] 3748 sk 2o R

700
1500 ppmv H,S, 50 ml/min 100 ml/min |
600 | | I
£ ]
= 500
S
‘= 400
o
w
< 300
(]
=
S 200 1
»n
g
o 100
0 4
1700 1750 1800 1850 1900 1950 2000

Response time, sec

Fig. 7. Resistance curve of ZnO thin film exposed under 500 ppmv
H,S at 300 °C.
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2 Aol Alslotdd whekg: AEE 7] CFR HoR /3%
AFeH, AT=He FERSE T v 55 2dsto] vl
w& FAska Qi Aol Yatar)e) wheke] AR 24
T ATk Alslord o mAAd YAk Z71%= ok 10~60 nm <)
oA A= ol YAk A7 ATEARE AR zine
acetate®] IHEE 7] Feol wet 2EH =], A7=42 F
b e s Ak A7) Ao, w57l weEt vAAn
o] IR =717} TR FAlel Bheke] A= 57 Rlvk 5, CFR
Heol| 25k 1lsloled vieke] A4 -2 A4 78N FHEE
z7] F5ol| AEEE ZE FRISISITE Egt o] 9} o] Az At
sloled vbake] A7) 5AS AR A, Alslolle] A%Ado] A
3 wake] FA7F FAETE source Al dist Aol M77F 2
2O F et 5, 2lslotdd wheke] 7] M /g wheke] £ 7}
FAESTE A & 4= ik gk Alslold vluks 7] FEC]
Folrdol =2AIX T A7 540 AU E, ol Alslol
A whdol] 2kl 3l as) slsloldo] 382 0 7 Wl-g-sto] 33}
ofdo] A E]7] witolet ket Ssjold F71E917] 7ol
A A AbskE] o] ABE 5= Q7] wiell A714 SAJo] 3Ed 4
AThaL s, ol gt AR R E H,SE 918 7AlZA] o]
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