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Preparation of Ta,0Os solid electrolyte thin film by a combination sputtering method with

radio-frequency oxygen plasma irradiation.

Hiroshi TANEDA', Yukie HIGASHIMARU', Fumihiro SEI?, Yoshihiko KAWANO? and Daisuke
NOGUCHI

(Received October 3, 2011)

Abstract We have developed a technique for high-rate (equivalent to that of tungsten metal) low-temperature (100°C or
less) deposition of metallic compound thin films that involves depositing ultrathin metal films by sputtering and repeating a
series of processes in which radio-frequency plasma irradiation is performed using an active gas. Using this technique, we
successfully prepared Ta,Os solid electrolyte thin films that have outstanding ion conductivities. The deposition rate of
Ta,Os thin films prepared by this technique was approximately 10 times faster than that of films produced by DC reactive
magnetron sputtering. In addition, the substrate temperature was approximately 30°C and the films had excellent ion
conductivities of 1x10” S/cm or higher.
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Fig.1 Schematic structure of all-solid-state electrochromic
device.
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Fig.2 Relationship between the O, partial
pressure and electric discharge voltage.
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Fig.3 Summary of the combination sputtering with RF
oxygen plasma irradiation.
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Fig.13 Surface roughness(Ra) and surface
area(S) of Ta,Os films as a function of final
kinetic energy(E¢o.).
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Fig.16 Ionic conductivity of Ta,Os films as a
function of final kinetic energy(Egr,).
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Fig.17 Ionic conductivity of Ta,O; films as a
function of final kinetic energy(Eo.).
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—DEI TN HRAEHDEE LTHRZA D
EWRTES, ZhiCLY, RiFOEET R ALX—0NE
WSS IR EILEOMEE S WS RS ~RE T
5EFHTES.
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B TRIZBWTIXBREA oL LTHEKR
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FrD—EBE—5y MEEZRIIKFTHZ L THE
AT HEKANCPIERRL T 5.

& BB\ T Ta K7 DOEB =R L F—2
REM SRHREMR EOEEE IS 228812
W T Thomton E7 Wd>6E 2 fcha, ERERERD
Ta K7 DEB) T VX — R EVIE EERHEE TR —
FARZRY, RETHEEREENIKE SRS, L
L, FERITENRBERFO Ta biFOEE R —)

MW EEREBE IR -7 X, RETEL<L RoTWS.

i, BARKENRSZWE TFRINDF—F A2 EEEIC
BWTA A AREE LR V. ZThb OREROFRE
ELTHEWVERS = R X — 2o KBk 7 v
(A1) DIE~DOERZFK L L Ta BASy XL
ARMEEBENER LIz EEZBND. ZORME
TAZD 18004t Lz & & OER = XL ¥ —E,,°
RO KLYV RDDZENTES

_ W, -M,)’
I4r (Mf +Mg)2 c

ZITC MM, VelZTENENERTaDRTE, 7/
YORFEBLORIERETEETHS.

®

Fig.20 The kind of a particle influencing a film at
each process.
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v DIEE)T RV —PFLH TE, Fig. 21 [CEARE) 2R
DOEBET NI DEB =RV X — L A A AREED
BRERT. TILIAF LD Ta ARy EDL
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IR —T7 ZARRBEEIZRDZ ENELZBND.
BEZROLDBE PICL D LAENRABEARAY X
U 7RI LD WO, #EBRAERIZ B\ TSR T O A
AOMBNKFELEALOHA Y FAEMLTWSZ
L, KBET VT OEE) T RV — N VR
MEEOBRBEIEM LSS bR E - IXERm O

7a b UBRRESOBFE LS LOHAR Y R Mt
HIZENWFREND. 2FV, REAOBEIZLY S
2 hBEOBOEITIBBSEEFINDZ LITRD
e, 4 AU MEEEREWE FREINR—TF R
BEIZBWTA AV CEENETFT LZEEZLNRS.
SREAL TR CIIEEESICEET 5 DIIMEIES
FTHY, FOEE T R F — N @i T IEEAMR
SN B OBIER 2T B i & /e
5. BBRIEA AV DEB = R VX—RRARBZEMETO
FHEERERIIEN O REZRVS, REHISBIT
HRERBICBWTITREIEBMEE SN HBEBEEA
7 DEE) T ROV X — P @\ ORI TR R EE S
RABERNRIH BT, EEEEN D EKEEITA 4
VOBE LT XEEZ RS, BBEEA 4 DOER)
TARANVF—PEVIZEREAHL 720 BEKIHE 2
LIz, MWA T UAREERRADBITTTHS. L
ML, FERPGIFMEILEA A4 DEBT RLX—
HIRWER TR <, HFEDEH = 2L —HE TR
A A NACEENHERTE . ZOREILE R AR
ITRETOANFVBEEOKTARBAMEDOL S 42
RIEIZ L DS D L FBRICREILEARRIC & B K4
& R~ D@V EB) = RV X —H 22 L B KD
ERBA A ARZEEZHTTWEbEEZILNS.
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Fig.21 Relationship between the ionic conductivity
and final kinetic energy(Ar").
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BIR TIEIA A = RAX— NN R Ry Z R
HEINL, #100~1000 eV DA F > = XL ¥ —{EHRTA
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B LIEFITEOD, Ta B F~D =R X —EHEHR
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BB XX —REWEES, REEES 575 &
20 R—T ARKMEEICRET D

4) BlitieA A BEEITR T OBESH TR F—RNE
BARBATRICBWTEREAER, #BRIITRICEN
THEEERTELNE. £, A4V EEEN 107
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