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Abstract: The powders for the NayWO; (x= 1 and 0.75) sputtering targets were synthesized by the
calcination in reductive atmosphere. Near single-phase NaWQ; and single-phase Nap7sWO; powder targets
were prepared. By using the targets, thin films of each composition were deposited by rf magnetron
sputtering on the SiO» (100 nm)/Si substrates and annealed by RTP (rapid thermal processing) for
crystallization. In the case of the NaWO; composition, single-phase NayWOs thin films, where x was
believed to be slightly less than 1, were fabricated accompanying the Na-diffusion into the substrates
during RTP. However, in the case of the NaysWO; thin film preparation, it was unable to make
single-phase thin films. From the phase formation behaviors of both powders and thin films, it was
revealed that Na,WQ; with nonstoichiometric composition of X, which was slightly less than 1, was
favorable. The good electrical conduction properties were obtained from the single-phase NayWOs thin
films. Their electrical resistivities were as low as 75 x 107 Q-cm.
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1. M 8

MWO; 33H4g 7HAa Qe ®H4&d HE=
(tungsten bronze)t WO; ZHA7} HAHE F/3
HA 32 2EBYS o|F1 glon, dukxos ¢
Ze] £ ¢ZYEFES Mol WOz ZHA Ato]o]
Alse] e F2E AUz o =3 BF M9
ZAo] 0<x<1¢] v EA }FES ol [1]
Mo Mdo wi} oz FF @2 BEZV} TF
3ta oo g A7} o] FoiA K, 2 FA
T E3 Nazt 4¢g® NaWO; (sodium tungsten
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bronze)7} &2 #AES Wl [1].

Nag TR & WO 383z FH3y
714 REAQE, Na H7tF F7te @t 4@
Tz3, 383, A714 EA Wit dede Fo2
& EAL AYn Ao [2-4]. FM x7F 0AAF
H 0127b4% monoclinic, orthorhombic, tetragonal-I
AR FzZ9 Aol yehta, 012 - 028 AlojoAe
tetragonal-12} tetragonal-TIte] A=, 0.28 - 0.39
Tl M tetragonal-Il B5 4e], 0.39 - 043 oA+
tetragonal-II’d ¥ cubic’de] EA7E, 22| 043 ol
JAE cubicAtte] Yeht: 4WsE HA [6). °]
g s NaW0se 333, 713 543 2
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detA daHo o B8HE 549 FHgoze, A
Hel7HE F38to] Na,WO:;2oll Na o]29] 4, 28 &
7195 og zAs Fo A FEEE WA
A7 & (electrochromic materials)E dlZ &
At [6]. Nae] &3 F7tel upel B33 549 ¥
o 7 AZV|IAESAHE @38, x7F o 025 &
AoA F%-H]F4 o] (metal-insulator transition)
7F dojun, 53] x7 043 o] ¢4 YEUE cubic
29 A ANAEEZ 4% 353 AV §
AL YehE Aoz &84 g [2]. x7F 05 o4
ol 4] vl A o] ¢ 7.0 x 10° Q-cm °ldY FEE ¥
EAQJe] Raud v U [7.3]

oj¢} o] ¢d AVAEEE YehhE Na W0
gtubslale YA A 5 OFd Az AFo
2 &8 715¥ Aoz AZddg. a4y ¥a
(bulk) NayWOzol thajxs B 77 o]Fojse
1 dhe Na, WO A+ Folr7] oo} [9]. & o
FoMe £29H FEHHE o] &8 NaW0s (x= 1,
0.75) u% AZE AlEdtgen, 4 4F AFH
A7NHE 548 ZABIA

L (2

=]

=

2. §8 %y
21 2HE E} H%F

% ~5¢E g7l (sputter target) S #|ZH3}7] )3}
of gty ANt S o g3y FUELARE
Na;CO;, WO3 £2& A&3drth. Na,WOs (x= 1,
0.75) 249 9A 98 £4S HAALE AFdn
ANzzYol & oEdLda & F3Hsto 2443 F
4 29 (ball-mil)E A3tk 2% F &4
TEE 2E84A 100T, 2427+ F¢ Axs A=
H?ER L A/2E o838y A E HAAFAE
g, 5%Hy/Ar #$17], 600T-700TC =04 3 WHoj
dfadhe 194 staa 4 718471, 600TedA
AE A ASES F4F F 5%HY/Ar ¥4
7], 650CA F7t= B2 E A FHolE &
3t 294 A, 2714 WHeR F{AE AAS)
Ao FAHE £2Y A #AAS M FAHL X
A SAENEE AEddd. ¥4 29 HAHE
oo st Yoz FAHE ELE F%o] 3 inch
9 9y = (mold)dll ¥ ZHAE o|f3td U4

3ol 4= AvE AL ARG oj4te] AH

|  nNaco, |T-l WO, |

I Wet ball-milling, 24hr —I
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Fig. 1. Flow chart for the preparation of Na,WO;
powder targets.

H % B9 A4S Aelsted 29 19 e
At

2.2 Na;WOa !I‘q HE

ol¥ 29H gAE o] &8 of vl EE 2
HYez wd F&E A% 7|#LEE 20T
2 dAsgden, 29 7122 Ar 50 scem FY 84
At 3 mTorrg AASEY. 2¥H 9+ 200
W= Ao 308 7+ T} AAdAY. 53} A
EA3} 71387 Al 60 mmo|dct 9y FFe 9
g ZgezE G4t Si0r 100 nm7k AAE Si
7| 9& ALE3

FALE 200CE 299e ZAAZ}A |70 FEF
2%7t obdch. uieps Fag uebg AASAA 2
e 27 84 FEAYE dAsET. 9wy
oz ugte 12 dFY Fo N 5N L 4
dukgo] dojur] 4. ol &g HAslE|
A3t T3 wyow dxg Azte] &AL RTP
(rapid thermal processing) H& &3 £% ~
HE et A A9} w2 We] AbstE whA
3t7] 95t AF (107 Torr) ¥97], 5%Hy/Ar ¥4
7], Ar 291719 #dEH7|A EAHeE HAAEHA
ot dx2 £5E 600 - 900T oA, A|7He 28
S Hesgen $245E 200C/minol 9ltt

=



604 J. KIEEME, Vol. 25, No. 8, pp. 602-610, August 2012: S.-H. Lee et al.

dxed g Fe FUA37] Hstd XA g
dEAS AAddY. 3 Afde 6-209d
Hl3te] ZAAGE A AEE A FARY
(glancing angle scanning)$ AHE&F$ith  uhate] A7|
AEEE A2 HAges Frisigled, 4938  @-point
probe mathod)22 WAFE FAHIF F FE-SEM
(field-emission scanning electron microscopy)2 2
FAE Uue] FAE Fatd v AZ S AU

3. @3 % 1@
3.1 2AHE EA H=

NaWOsd& @437l Hsixe= Wol isks71 +5
frA#oF e, AAEH7ANA FAE HAS

Wol B} £ 33l+E 7HA8e Z8o 39
0 Aol A4dE 7154 34 Ho & EF
2 W9 A7 +6°1 WO3E AHE-31% 7] wf &0
GAE97] st He® Aoz AZHAG =
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AAstg o 1 Axg a9 20 el 119
34 deoN & F g1%e] 600T, 650T, 70T &
T 2k 2HAM FA4E 42 & cubic 2FFA
& AYE NaWoydo|lew A%Fe NaWOsidol
EA=lo] At} Nael € (mole) 7} Wel 8|3}t
2811 Na;WOsgol &Felvrt Yepd 2L AAds
Na,WOs42] Na =4 x7F 38td&3 =42 14 &
HE uAgds AL v did,
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Fig. 2. X-ray diffraction patterns of the powders of
NaWO; composition calcined at various temperatures for
10 hours in 5%Hy/Ar atmosphere.
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Fig. 3. X-ray diffraction patterns of the powders of
NaWQ; composition (a) calcined at 600C in air for 4
hours (first step) and (b) calcined at 600T in air for 4
hours followed by an annealing at 650C in 5%HyAr
atmosphere for 10 hours (first step + second step).
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Fig. 4. X-ray diffraction patterns of the powders of
NapsWOs composition calcined at various temperatures
for 10 hours in 5%H»/Ar atmosphere.
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Fig. 5. X-ray diffraction patterns of the powders of
NapsWOs composition (a) calcined at 600C in air for 4
hours (first step) and (b) calcined at 600T in air for 4
hours followed by an annealing at 650C in 5%Hy/Ar
atmosphere for 10 hours (first step + second step).
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AAHo2E Nagt We £ 7} 1118 A5
7] dgol gt Azoe AV & RAeE ud
3kt

3.2 9t M=

AZE &% 25H gAL o] &3 v FHL
ANt gdutg ez A3ie A¥E Alde 24
7t22 Ard 0,9 ERFIEE AMEEHY, Na,WOsk
S 27 fEME v F3 AldE W AgeE
+52 FAE dort 7] wie] Arthe AME3E%oh
ZIBEE 200CE HEstd v FEAIG Ay
NaWO; =43 NaysW0; 24 EFoAM dd3 4
Zo] FAHA oyt FHLE 200CE 4o 2
Aot 7)o FEG 2E7) ofY7] wEo] F A4 B
T HAd £ v A A 77 gtete] A HU
wtetA] 2A3E A8t F7F dAesE 2ass
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o3l 71@zke] AWyE-S H28¥ £ JdE RTPH
& ol&dtd A E AYsAT. A Aldx W
o] A3tE #As] fdstd ARSI dHHE A
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s}7} oo, 28y 18 6(b)gk ol 20 20° -
35° Alol o] sduE S Fosja wEE B AFE
A718 A7 Ar, Ho £47104 dA2d AH9
S 27° B2 NaaWOdol 2% E£g=o] e A
€ U4 & gl meky AFEY7] RTP A7t
g2 29719 vsA gddd Az fEsice 2
#E dAd.

A9 A2RZRE dAe &7 AFTLE 133
3 EHe Lo o AAs AFL A7) Y5
o] 600CHH 900CT7A 100C HFez 258 ¥
s}sle] utuhe A2 F X-H EAL Ao
2 A3RE a9 74 Yehidch dAzEx e 4
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Fig. 6. (a) X-ray diffraction patterns of the thin films of
NaWO; composition annealed by RTP at 800C in various
atmospheres. (b) magnified patterns of (a) between 20°
and 35°.
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Fig. 7. X-ray diffraction patterns of the thin films of
NaWO; composition annealed in vacuum at various
temperatures.
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Fig. 8. Cross-sectional FE-SEM images of the thin
films of NaWO; composition: (a) as-deposited and (b)
annealed at 800C in vacuum. Plane-view images: (c)
as—deposited and (d) annealed at 800C in vacuum.
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Fig. 9. X-ray diffraction patterns of the thin films of
NapsWO: composition annealed by RTP at 800T in
various atmospheres.
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Fig. 10. X-ray diffraction patterns of the thin films of
Nap7sWO; composition annealed in vacuum at various
temperatures.
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Fig. 11. X-ray diffraction patterns of the thin films of
Nap7WO; composition annealed in Ar atmosphere at
various temperatures.
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Fig. 12. Cross-sectional FE-SEM images of the thin
films of NagWO3; composition: (a) as-deposited and (b)
annealed at 800C in vacuum. (c) Plane-view image of
the film annealed at 800C in vacuum. Magnified images
of (d) the left side and (e) the right side of (c).
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Fig. 13. Resistivities of the thin films of NaWO; and
NapsWOs compositions annealed in vacuum at various
temperatures.
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Na,WO:AH 54 Weol &4 o< Aoz Ajztd.
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Na,W0; (x= 1, 0.75) £ 2% H BAE AZ3}7]
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TH Aoz FYHAFTUH.
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