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I S A 68C Al Tk R 2 & &g~ & R IFFEDSK & < &1L 3 2 sk ik
LT s AN F VI (VO) Z I —FT 4 VT L7z A<T— b7 4 ¥ K720 LCEEL
High (ZnO)F /7 a vy F Ny 77 —=@E#EH L TRIBEICHT 5 BWAAL v F v FIeFEB L
FIEFIC e EEEom L2 HIE L7, ZnOF /9y 2Ny 7 7 —=I12X 5T VO, Db
BhrgEIN, A~v—F74 Y F7OUEBFHTIEEETH 2 Tum, Tsa LA T 12DWT
22.1,30.6 X UN14.5% Z3#E L7z, B, VO, BE 2 20nm & #H W40 VO Mk L,
60% LA EDE Tium, Teot ERIEFIZ, A Teq & LT6.0% ZERFIGER L. IS OfEIE
RN TLRXVOMETHY), SHEOEFVINHFEINLEHRETDH 5.

Smart window which enables automatic reduction of incident infrared light due to ambient
temperature rise has been developing rapidly with expectation of energy-savings. Vanadium
dioxide (VO.) film which shows insulator-to-metal transition with temperature at around
68C is promising material for such smart window. In this study, we introduced zinc oxide
(ZnO) nano-rod buffer layers for succeeding VO, growth in order to realize superior
crystalline growth of VO.. Due to high crystalline ZnO nanorod, ultra-thin crystalline VO,
film was achieved. As the results, we achieved high index values of Tim, Ts and A Ty, of
22.1, 30.6, and 14.5%, for thick VO: film. Further, simultaneous realization of quite high
Tum and T around 60% together with certain A Tso of 6.0% was achieved. These values are
top ranking data in the world, arising high expectation to this smart window technology as
hopeful candidate for energy-savings.
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AR, WADED S ARIIOEHIRICEH > TEBFBOE W Zn0 23Ny 7 7 =g &35 VO, it
FEOWZEDHEIE L 72 . 89 L (Zine Oxide: ZnO) XA TR TH Y, HTF AHEDIEN
B EAND cHIEMRE LS W20 H T A EANVO, HE % HiR S8 2 B2 A %) 72 55 5
T 7= b LTHIET A720TH 5. AU TIITHIGERF DN L& BAf 2k sk
HTH VO, MEOREIC X 2HRIEA v F o 7R E2HIELTZn0 F/ 0 v Ng
DBEAZXAToT2. A= 174 ¥ FOMBIRETH 5 Tum, Tsa LA Ty fifi & 57l L 72.

2. EBRBERUVAY?— b1 2 FOERETEIEE
2.1 ZnOY—KREBRUZNOF/0Ov /Ny 7 7—ROERRUVOEEKIR

ZnOF /vy FEIZZnO ¥ —FEZZLEE L, ZnO ¥ — FJE®D ZnO i EEN
F 0y FORKROMVEBEZ IO L, ROIZASY ¥ EEEEZHWTHBROA — 7V
S AHMEZ 0.7mm) E~200nmED Zn0 ¥ — FEZEE L, v CEmkELz2 M
WTZnO F/ay FIKEZ1T-72. 50~100nm D F /ay FORBEREZMERL 7.
High (Zn) PR & U CHRYBEREE SR S /KAIW (Zn (OH) 2:6H.0) Z W CTARIREZZ 2 TET +
OY—%G#L, Sy FEEZHET S -0C68WTH 5 HTMA((CHy) ¢N,) % &
AL7:. HTMA AW IR EE TR R E W02+ 2 2y Fo c WiithgE 283 7
RERERN R Z AL, BOAREWVWATREREICEL TWS, 0LIWHEIZ, ¥ — FEOHER
ELTARAEYa— b EZUFH L. B Soa—T4 V73 H5AE = METIEAIN Y
FHBITHRTHBEBEE LK IR TE57:0TH 5.

VO, MBS Z A b a vy 28y ¥ 2 W, ZnOF 2 0y & EAD
VO, B TlE ZnO #5523 300C R EDIKIR THN 2 720 250 C L TR T 2 2 L 28
VLR DL, 22T, EHINA T RAEBEXHMT 55 7 A Ay § k@i L7z 12
INA T AEVINEERA 7 — Y FICRIE L2V L — M 13.56MHz BlEEE 70 v ¥~
TEXNTIT—FHNLTHMTAIETHDONA 7 ABEZIM L7, BEHEESE LT
-100~-150 VREEOENA 7RI T 7 AP OIEA + 2 m# L, KR SRE LT
L7 THIE %0 bH. VO, DFEIESEME A0, it % 60, 1sccm, &£ 0.5Pa, ¥
=7y N REEJI200W & L7z, VO, ORI IZ IR A2 2 2 CHIE L7z, BERER 30
min TiZ 100nm, 5min Ti% 20nm DEETH - 7-.

2.2 BEOBEFMESERVCA?— b7 1 v KOEEFEISE

Zn0 K ' VO, oI T ~ » 4% iE (Horiba, Jovin Yvon, XploRa) & U8 XRD
(Philips, X' pert MRD) |2 & = TH7 - 72, AR BILE 13 E AR E 1 B8 (FE-SEM,
Hitachi,S-4800) T17 - 72. VO, HEOIPLOMEMRAEIZ AV F = R T X 2 HEEH >
AT A E AWz w2 SR A 6(300~3000 nm) (2 H. S G E 0 =% 40w E G
(SHIMADZU, UV-3150) 1 & D ll5E L7z, G Oim AR E IS RO E A3 — b 4~
R s 2 L T oo/ LA .7
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F1g 1 Raman spectra for ZnO- seed (a) and ZnO- Fig. 2 X-ray diffraction patterns for VO, films (30
nanorod (b) . Cross-sectional SEM images for min-deposition) on ZnO-nanorod buffered
VO2/Zn0O-nanorod/Zn0O-seed/glass, (c), (d). glass. Dependence on bias power.
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VO, BEIEE R 30min, Bl H VO, FEEAS 100nm (2B 1) 5 15 K O Y64 % @ 4514 % Fig.
412787 . Fig.4(a) 1X ZnO-seed 1212 VO, % Bl L 7253 (VO2/ZnO-seed/glass) TH 1, (b)
lZ ZnO-nanorod % 41 L 72#%3% (VO /ZnO-nanorod/ZnO-seed/glass) T&H 5. X 300~

2500nm (2 H.5 A7 M VIZKEEA R
27+ )V (Solar spectra) T& V), 550nm %
Hb &3 % AR MOV O R
# (Luminous spectra) TH 5. (a) &
Zn0 ¥ — F EIZHEEE VO, #K 2 ik 8
7284, 90C TP 900 nm LL Eo
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D, 2000 nm Tl 45% £ D 1% 8 RAK )k
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AP AY &, RAN G O R A3
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Fig.3 Resistance — temperature characteristics
for VO films (30 min-deposition) on ZnO-
nanorod buffered glass. Dependence on
bias power.
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Fig.4 Optical transmittance of VO, films (30 min-deposition) on ZnO-seed buffered glass (a) and ZnO-
nanorod buffered glass (b) . Insets show photographs of samples. Solar and luminous spectra are

also shown.
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Fig.5 13 VO, Bk i 5min, B % VO, RIEA 20nm 125 1F 2 g b1 % ik
TdHA. Fig.5(a)l ZnO-seed 112 VO, % Wil L 72#55E (VO /ZnO-seed/glass) TH 1, (b)
1% ZnO-nanorod % 4 L 72##7& (VO /ZnO-nanorod/ZnO-seed/glass) TH 5. Z D4, (a)
® ZnO-seed | Tl VO, IREAS 20 nm & #7226 A & B \BEA60% VL Fd b
FEFITEVD, 0CIZEIFTHHEB/EOEBITEL WV b2 5. 2T VO, 2%
b L CWARWOTH A, A8y ¥FEIZE B VO, B E TIEEE AT 12 #H B RS
TIRAESETORIEEHE LwE Shb, ZHSKH L TFig.5 (b)®Zn0 F /8y REEA
L723%A1E 90T ICBWTOREMFEOMIMKATIRL S, P& 2000 nm Tid 24% OALIR AL
7z, 30 min JEIEDIE IR & AR TGRSR IR A3, 60% FLEE O #R D TRl %% #
ZHEFELTCBY, ZnOF /0y FOEAIZL > TEWITHGERE —EOHRINEA L v
F U REBRTELEIIRELRBERDID S, BOHDEEBRRIIHEA L2GE S b B
Zhhrsb.
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Fig.5 Optical transmittance of VO: films (5 min-deposition) on ZnO-seed buffered glass (a) and ZnO-
nanorod buffered glass (b) . Insets show photographs of samples. Solar and luminous spectra are
also shown.

Wi L7-BmREErO A~ — 7 4 v Myl 2 (1) ~3)12ht-> TEE L 7.
Z Ok H % Table 112773, ZnO-nanorod /%y 7 7 —J@ & L CGEA LA, VO, HE
100 nm (B ERF [ 30 min) TR O E BV %2 7R T T 12 30CI2BWT 22.1%, #HR47+
KR E TEOLREGIEEIRICE 2 EBMEEZIRT T ERMICBNWT30.6% Th o7z, i
a2 QOCIZBITS T 1d316.1% TH Y, AT d14.5% &% o72. ZOffild Table 1 D
No.3 |Z/R L 72 AR 8% C 2018 4E 12584 L 72 ZnO ¥ — F EIZHE L 72 VO, @ ATsq O fi

Table 1 Values of Tium, Tso, A Tsot and reduction of IR at 2000 nm obtained in
this study, together with results reported by other research groups.

No. Year Structures T 1um (%) T so1 (%) AT AT%
Tim1  Twmn Tt Teoln (%) @2000 nm
1 present work  VO2 (100 nm)/ZnO_NRs  22.1 20.0 30.6 16.1 14.5 57
2 present work  VO2 (20 nm)/ZnO_NRs 60.1 565 61.7 557 6.0 24
3 2018 [13] VO2 (120 nm)/ZnO_seed 12.3 109 249 156 93 48
4 2011 [14] VO (95 nm)/Silica 434 41.1 473 34.1 13.2 ~56
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9.3% % KEL EHAHDTHY, ZnO F /0y FEADRISEAAL v F ¥ 71206 L TH
DTHMTHAHZ EDbh o713 2000 nm (2B 5 EERBFEKOMED ZnO F/ 12 >
FEAIZ L 5T 48% 705 57% ~ & L7 Table 1 1213 Mbfifse 7 v — 712 X % Silica |-
® 95 nm D VO, THEHESN/MEZIEL L. W FiRTO Tum, Teo 312 40% LLE & EW
ETHBHD, AT 12 13.2% 12 F 5T b, AWFRICEBWTER L7z VO, IKEAS 20 nm
EHWEAED Fig b WORLAZE D IZ—EDHRINEAAL v F v 7%RL, AT & LT6.0%
ZEB L7z, TOMEIZ/NSI VDS, WHDEEEE T 2560.1% EHAREHL XV TH S S
LrBFEz oL, FHNBEAT—b Y4 Y FOOEBIEDO VR E L HBCTE 5. W
HERE A MERE L 2250 —EORIOEAAL v F U T RERLIZL VR 5.

4. #8

WA 7 A EANIRE LI OEEAE - SR 2 RT VO, Biliza—74 735
AR—F T4 Y FETIZBWT, ZnOF /0y Ny 77 —@%EBATLHIETVO, D
R E R A~ — by 4 v N Eom L2 Hig L7z, ToO#E, /Ko
Zn0 /Ny 7 7 —J@IZHART VO, IO mEDS U SN, FISED AL v F ¥ 7 OfRiE
THDHATGIZBNWT14.5% VIR Yy TLRVOMEZEB Lz, ok Xu#hE
HEE IR Tun D 22% & KELYEEEI N HEIZZn0F / ay FEADOKREXZHFELE LT,
MR EBTE 2d 57220 nm FEEZEOH WV VO, IZB W THE MM SR EBITE, WL
TINTEAAL v F ¥ 7 (ATe 6.0%) DEREINT2. TDEE, Tium L Teo 212 60% &9
WO TEWETH Y, EFHNLEAT— M7 4 Y FIIZEDWREEE o572, 41, ZnO
F/ay FEVO,BEEDONG V2% EETLHI LT, MHLEBRKERIERAL v F >
FWDONTG v A% EHMRAT—1 74 Y FYRBICEHBTEA2bDEEZ SN,
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