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A, T4 v U o ABKEERIC BT 5 06bF - BEXRALFRRERIN-SRAER) 8L, 4> Y
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B 1 Fm i, MRS RE LT, RICL2EK - LA FTMEL =L 7 br =7 ZEHIZSNT
WL TV 5, RN X > TR EENET DB 2 E TICHEE L, KBDERENC L v EX - Ot
SFEENIELT D YOHy ICEH L. BFURHLORIC L 28R AR L EREZRITNWS, 5T, KHRE
T VL7 b= ZEAIZET T YOHy OXBE X v U 7 AROBIEIAN R K Th D R 2L, H D%
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%33 [YOHy TEF X v UIEOER L EFHIEEBL) Tk, =X X v LR LIC X DR FHEFLOK
AL, YOHy DYFF 4R b 2 555E L7z, HLloEREEZ b oA v MY TEERYLa=7T(YSZ)& CaF:
D(L11) G S EA FIZ YO:Hy = B2 % o ¥ LR A ERL L | SRAMEIRSIC X o TERIEGUE L 1.7x10* Qem 225
6.2x10* Qcm F T 7 HiLL HE T S, SBRHIC X 28R LICHRTHIH TR LT, ZoaBIRER Ar R -
125 °C+ 2 R O INEACHREE IR ARIZ R 0 (1.5%10° Qem), M 0 K LT REGRBENARETH L Z L2 R LTS,

%4 E DEHESRILOBE Tk, YOHy OXFHEERIICBVT, HOFSICHER Lty v U 7 A
WEERL WD, KBEEBILORIETY OO Tfco)Bs 05 S5 2 & AROFHKICEFET
EIRAEBEITTHZ LN, EBIEOBRTY O fcc B0, HEBRRETHDL Z L 2R LE, &5, #
f i ECHUGFE 2B U C. Y @ feec B FHONEEY A hE—HO HR AT L2 RAHELE, Zhbo
EREFRICESLSEEET L EAOTE - FEHEZITV., tFESBLoMES LT, NEARY A b2 5E7
DHPHIEICE > TETFEHHELTCHERD L TETF R ENAEEEIREL TV D,

% 5 % [NaCl KIFEHFIZH T D YOHy O ESILFHHazb) Tid, XF eI L YOHy B\ T, R
(B0 72 FIRIC L D @l i b 2 s L Cn s, BREFHC X 0 AE U H 2 BXALSEMISRINCHR 5 2 & T
Mtk & 572 NaCl /KIS TOBENMEIM (+0.57 V vs. AIWIKFEEN(RHE)) (2 &k » T~-5 B ToOFH{L - #afxib(E
KU L) & R Uz, IEROBGERIC X i b3k B > ~10° 8, =iR) & b U CEIR T 4 #1LL Lo E R
FERER L, S5, AR EEBAEMEZRY KT Z & T, BREN - BRROEHERARY K LEMENT]
RRTHDHILEIFIELTND,

%6 [EXRLFEILOEE) Tk, YOHy OESLFHEFILICB T 2 H OG5 2im L T\Wb, EXIL
ML 1R DAL RS R I AT B . AT & IR E ISRV T Cl &34 BI28me3°, HOBBESEE X
iz, E£72. RS - BRALEER TS IITRE Th o7, VLS, SRS TARL L= H2Y, IS CI
DORFWAEZ I U TR HEE L, B2 /MBEIE A~ T2 2 & Tt T 28222 L T 5,

% 7 3 [NaCl KAz B 5 ELSALFIEIEGUE] Tk, BEXALFEERIL L- YOH, iK% BRI K
BHL T 2B L Z OB OV TE#ER L TWD, 5.6 ZI2B T BRI AU DEAM E 1T T
BNEHIMLTZEZA (-44V vs. RHE) | YOHy BN FERE - KK T 2852 R L=, 512, BEAKE
(D)& HWIZRPLE T ~ iz L 0 . EBERALPEIRBUIZ - TEE D HEENIZ D BV AENT- 2 L 2R
720 5 6 EOBEXAFMEAIFIZ H O BET D88 4 1 & x| EBRULEHERILIZ L - T L 72 HES R &
N, BFRF—TENIHEZREL VD,

F 8 W MFLRYE) Tk, ARXERIFEL TS, SHOEBEL LT, NI 5/KEDRPTEREH
IR DB Dm B, R EBROBENRNG AW LY ha =7 AT 31 ZGHIZOW T RTWN S,
P EZETHIC, AR TIE, YOHy IZBW OEFREBICHO THRIIL, T0x v U 7ARE#EL LT HO
7o b ALMH)ERE L, & 512, HOBRALFM 2 MR AT LD ER « LA TNCHD THlzh Lz,
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The thesis entitled “Photochemical and Electrochemical Insulator-to-Metal Transition in Yttrium
Oxyhydride Thin Films” is written in Japanese and composed of eight chapters.

Chapter 1 is the introduction of the thesis. Since there have been no reports on materials showing
photoinduced metallic conductivity, the author focuses on yttrium oxyhydride (YOxHy) with photochromic
properties as a candidate for the photoinduced metallization. Furthermore, the importance of hydrogen is
introduced to understand the photocarrier generation and further physical-property modulation with
external fields.

Chapter 2 explains experimental methods.

Chapter 3 demonstrates the photoinduced metallization in YOxHy epitaxial thin films by reducing carrier
scattering from the grain boundaries.

Chapter 4 discusses the mechanism of photocarrier generation of YOyHy, focusing on the contribution of
hydrogen. Using first-principles calculations based on the structural model experimentally constructed, a
photocarrier generation mechanism is proposed as the change in the charge state of the H atom (H- to H*).

Chapter 5 demonstrates an electrochemical route to quickly insulate photo-metallized YOxHy thin films.
Positive potential application to YOyHy in an aqueous NacCl solution repeatedly insulates Y OxHy within ~5
seconds at room temperature.

Chapter 6 discusses the mechanism of electrochemical insulation observed in YOyHy. Based on the above
photocarrier generation mechanism, the electrochemical insulation mechanism is proposed: the
photogenerated H* desorbs from Y OxHy, releasing electrons.

Chapter 7 demonstrates an electrochemical switching between high-resistive and low resistive states in
YOxHy shown in Chapters 6 and 7.

Chapter 8 describes the summary and future perspectives of the research.

In this thesis, the photoinduced metallization in YOyHy is successfully demonstrated, and the mechanism
is proposed as the excess electron generation through the protonation of hydrogen. Furthermore, the
electrical properties in YOxHy are successfully modulated by electrochemical (de-)intercalation of protons.
These results indicate the design of the local environment of hydrogen in the crystal improves photo- and
electrochemical responses, paving the way for optoelectronics applications with multiple external fields
such as light and electric fields.
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