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Z= B YA 2 (ALD: atomic layer deposition) 2 150°Col|l A 47 zinc oxide (ZnO) Zuteke] 7 W3l
whE p2, 4714, F3H 54S ZABKIT Zn0 weke S35 98] B4 A7 9k MSEE 27 diethylzines}
deionized waterS ARE-3I9TE ALD AlolE & AFELS 150 °ColA 2F 0.21 nm/cycleZ U4 31921, 50 Alo]F o]
ate] AEES 27] ALD A TAGA ddid oz gk TR Qste] HIAA AAE 2 A0 E HIATh 100 Abo]
Zoll41 200 Atel 2= FAZE SRl wiel ZnO whete] A4 do] S7HeFAL hexagonal wurtzite 7325 B.3{Th T,
ZnO ¥ere] YA} A717F ALD AtolFe] S29] Z7toll whe} S/t 17124 54 4 A} uhet FA|9) Fle) wlel
A HIAG Fhol ZhAstgl o, ol vt A F7tel whE At 27] F7F 2 AR /AR o T8 ZnO Hhtel A
A AAL) w 7hast AR WAV D& & 5 AT F3HH 54 B4 Az = A2A 9 (300 nm~400 nm)el
Aol ME olx] 47} 27} 2 o) EHET o] AL Zn0 B FA 2] 2ol B ele] Fre] 217} 719 o
o2, o] Azkz utut 9] Flo) e ARE ghet T ARk AR o2 vpvte] A7) Zole o o] &
o] gkstElo] WiE o] raata ARG 2 AEAe] FFES & 5 AT

JE

Abstract: We investigated the structural, electrical and optical properties of zinc oxide (ZnO) ultra-thin films grown
at 150°C by atomic layer deposition (ALD). Diethylzinc and deionized water were used as metal precursors and reactants,
respectively, for the deposition of ZnO thin films. The growth rate per ALD cycle was a constant 0.21 nm/cycle at 150°C,
and samples below 50 cycles had amorphous properties due to the relatively thin thickness at the initial ALD growth
stage. With the increase of the thickness from 100 cycles to 200 cycles, the crystallinity of ZnO thin films was increased
and hexagonal wurtzite structure was observed. In addition, the particle size of the ZnO thin film increased with increasing
number of ALD cycles. Electrical properties analysis showed that the resistivity value decreased with the increase of the
thin film thickness, which is correlated with the decrease of the grain boundary concentration in the thicker ZnO thin
film due to the increase of grain size and the improvement of the crystallinity. Optical characterization results showed
that the band edge absorption in the near ultraviolet region (300 nm~400 nm) was increased and shifted. This phenomenon
is due to the increase of the carrier concentration with the increase of the ZnO thin film thickness. This result agrees
well with the decrease of the resistivity with the increase of the thin film thickness. Consequently, as the thickness of
the thin film increases, the stress on the film surface is relaxed, the band gap decreases, and the crystallinity and
conductivity are improved.
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Zn0 BFe-& LCD -] (Fusion 1737)¢} Si (100) 7]+

mlo]|Z2 AR & 971485 A] A267d A235 (2019)

o 150°CelA ALDE ©]§-3to] T2 AkelE 5 10 2
20, 30, 50, 100, 200 Alo] &8 XA 3l F7A 7} thE vt
95 A 28k th ALDE traveling wave BFY) 9] Lucida
D100 A] 2= (NCD Technology, Inc., Korea)2 A}-&-3}o =
AT} Zn ATFA Z = diethylzineDEZ, EGChem. Co.,
Ltd., Korea) & AF8-3}99 3L, O 23| = deionized water
(H,0)2 AH&3H Tt DEZSF H,05 W27 & A3l
10°Col| A 5-2] 31 2., 20 scem(standard cubic centimeters
per minute)2] <=5 Ny(99.999%) 24+ 7] A 2} 3+ 3
HEZ AgH At ALDE °]-&sto] 523 ZnO e
2 N A 2E o3 2thFig. 1(a)): DEZ 0.1 s pulse —
N, 10 s purge = H,O 0.1 s pulse = N, 10 s purge.

ALDE S2td ZnO vt S AHAVEHE A
sho] glsiit. vtete] A4 Fx+= Cu-Ka WA (L =
0.154 nm) 2zt X-A 314 (XRD, Rigaku, Ultima IV)S
AREste] EA ST B 42 AA wE A AR
A r) 4 (field emission scanning electron microscopy; FE-
SEM, JEOL, JSM 7001F)ell 2]3l 7 =t} ZnO BF=t
9] root mean square(RMS) 3£ AZ 7] 41 Ax}7H
& v] 7 (atomic force microscopy; AFM, MultiMode 8,
Bruker)& ©]-&sto] SA 5kt 1714 542 A-20lA
E &3 =% (HMS3000, Ecopia)S AHE-3te] A=At}
3 3 2 EZ L 94 200~1,200 nm H $l oA 7€)
A 22 94 (UV-vis-NIR) 33 F=A (JASCO, V-570)5
AHgste] 2433k

ZnOH’ + Zn(C,Hs), = ZnOZnC,Hs" + C,H, [DEZ pulse]
0]
ZnOZnC,H;s" + H,0 — ZnOZnOH" + C,H, [H,0 pulse]
2

nmel A 37.7 nm ¥ $1¢) FA 2 F 2k ALD )]
FA® ZnO uture] F7E ALD Alo]E o) whe} A3
Hom FrrekAt(Fig. 1(b). 7219 A9 24 shollA ¢t
=021 ¢ A7 BZEAT 4714 12 U= v o
9]9] o] FAo) 3L ¢i= ALD Alo]F Folt}. AlolE T
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Fig. 1. (a) Schematic diagram of the process sequence used to
grow ZnO thin films. (b) Thicknesses of ZnO thin films
deposited on silicon (100) substrates vs number of ALD
growth cycles applied to grow the films.

A& (growth per cycle; GPC) 2 150°Co| A4 <F 0.21 nm/
cycleZ €7 8921, o]= 0.13 nm/cyclex 0.28 nm/
cycle /‘}O]-/] g2 A3AEol os) Huw gyt 2 U X
S} 1819 ALD A7 2he] GPC 32 274 sH4 whakol] u}
2t A ST o277 wEo 24 kel met gkl
th20 GPC 32 7138 F9l o8 93-S ol ALD 43
el 7] GAA ) A AAS gt ol gt
QA 279 zxpol= ALDE AAE ZnO uhete] Akgkg
GPC 7S A&t}

21 719 91 A48 S $A9) 200 Hetel 2

A FZE XRDE #4354t} Fig. 28 150°Col| A F7
9 6}*& ALDE °]-8-8to] 4473 ZnO BFke] XRD o

8-S HolFT ZnO ¥HHe] T = Fig. 1(b)9F 2ol 7t
Z+10 2 20, 30, 50, 100, 200 AFe] Z-o) thaf 2.5 2 5.7,9.7,
14.3,20.6, 37.7 nm$At}. 50 Alo] & O] St AMEEL 27]
ALD 7% Aol A dj A o2 gk FAZ Qlste] H]
A 4AE 7= Ao =2 Helth 100 AFe]Zell A 200 A
o|Z &2 FAI7L S g wel ZnO BEre] A o] F
7FsFS AL (100), (002), (101) 3178 3 =& Zh= hexagonal
wurtzite ~F2 B Th F53] -r771 AEFANM = XA
< 3A A F e O B2 847} o] 29 A7
7o A FA7E gk *J:‘%" 3lgo] A 7|8 &

(002)
(100)
(101)
M“m‘ 200 cycles (110)  (103)
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25 30 35 40 45 50 55 60 65
2 Theta (degree)

Fig. 2. Thin-film XRD patterns of ZnO films grown on glass
substrates for various numbers of ALD growth cycles.

A w2k v)$ 27] wo] ofwl Feo 4
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Fig. 3. Top-view FE-SEM images of ZnO thin films grown at 150°C on glass substrates, using various numbers of ZnO ALD cycles:
(a) 10, (b) 20, (c) 30, (d) 50, (e) 100, and (f) 200 cycles. All scale bars represent 200 nm.

(a)

(d)

Fig. 4. AFM images of the ZnO thin films grown at 150°C on silicon (100) substrates, using various numbers of ZnO ALD cycles: (a)

10, (b) 20, (c) 30, (d) 50, (¢) 100, and (£) 200 cycles.

AA 7= 10 2 20, 30, 50, 100, 200 ALD Alo] Z5 zH=
ZnO ¥-aboll T3] zHz} 0.194, 0.203, 0.290, 0.487, 0.662,
1.32 nm$1Th. ©]& Fig. 2¢] XRD #4] 3} Fig. 3¢] SEM &
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Fig. 5. The resistivity values of ZnO films deposited by ALD at
150°C as a function of number of cycles.
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Fig. 6. (a) The optical transmittances of ZnO films with various
number of ALD cycles. (b) The optical band gap of the
ZnO films with various number of ALD cycles.
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