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SmNiO; RE & 7/ EEFIHIZL S
70 FUBBEREERX 1 v FHEEEDERIEL

Enhancement of Protonation Resistive Switching Property
by Controlling SmNiOj3 Interface and Nanostructures
BRAER', RARI?, BIKXIAYT 4« 7HHEHRER®
OM)Haly |A', EHE BEAZ B KE2L X BHS U0 #i° #HE RN°
HR 2° F iR, BS &' @ F0'
SANKEN, Osaka Univ. !, Grad. School of Eng., Osaka Univ. 2, MSL, Tokyo Tech.3,
°K. Umesaki', S. Kayao?, D. Toh?, G. Ohkatsu®, W. Yamaguchi®, R. Nitta,
Y. Majima®, H.B. Li', A. N. Hattori', H. Tanaka'
E-mail: umesaki77@sanken.osaka-u.ac.jp
SEAHBE = v 7 VER{LY) ReNiO3(Re=Nd, Sm, Eu) i, /K3 F—71C X Y BRI LA %4 U 2 R
DOFmAF Yy bu= s 2k LCGERI [, BRICK 224 v FHEEDRE STV 2
(2], v b VEREIRIR A v F 784 R TOEPEMIL, F % 4 TH % ReNiO; WTDKFEDE L
AR e LTAEL, IR R 2 M L322 1C3KEA 4 v &2 E
WHPOINFRINC T ¥ ANHNEIEE ¢ 5 Z L PHEETH S, ZOFE
M7 A A VIR 2 EB T 2 Fih e L, ()EER o8 S E L &
Q)F ¥ A NDF ) FEELBEHTH Y, (1)ITD W THi[EFK 4 1% STEP
FW % Fl o 7o IS A B X 2 KR EERIUEFS R om Ex
Wi L72[3]e ARWFFE Tl SmNiOs(SNO) 754 2D 7'm b v BRE)IC &
LIFLAA v FHEREO I L2 HIME L, —HORMBERAHHGF S 1 3

SNO on pristine-LAO

00 150

0 50

1
fil RS T B HE = v 5 v 7'k (Catalyst-Referred Etching : CARE i%[4]) i< Time (s)

Fig. 1: Resistivity of SNO/pristine-LAO

X 2R OFA, B L OCEBY v v 7D F 7 27— I X
(black) and SNO/CARE-LAO (blue)

% K FAL B RSB THIE & KPR A4 v FHBED A L% 3 A 7=,
CARE JE1C X 0 REFEAL % L 72 HifE 5 LaAlOs(LAO) (001) FEHK
(CARE-LAO) (Fig. 1 inset) |12, 50 nm JE & @ SNO % ERK L 72,
¥y v 7R 450 um O Pt ZIn B E 5 L 2R FRRE IO L
250°CC Hy/Ar B4 Z (H: 4%, Ar: 96%) P CHEFIZ LR D BERIZ L 231 |
& L 7z (Fig. 1) CARE-LAO L@ SNO [ <id, /K& F— 7 DBk (=0 ?
sec) 2> b4 100 sec T 10° 1 K S AN T F 7 2R L, ITE(LEE
D) 1.4 %5, =65 s TOEPTEACK D ML LI 7 2 @ndfl & @sh®A
PREHIENC X > CTEB Lz, FryaroF/ #EticBL <z, &
THEE Y v 25 7 4 —ic X b Pt IS 50 nm %43 % SNO @ik Fig. 2: SEM image of SNO film with
FixA4 v FF 4 2B ERLIC KL L 7= (Fig. D), FFEoL. EpE 50 nm nano-gap Pt electrode.
RHAR D FREHIE L . F 7 ¥ v v THEERIEIC X 2IPTR 4 v FHRED M it L TR T O,
References: (1) J. Shi et al., Nat. Commun., 5 4860 (2014), (2) U. Sidik et al., Appl. Phys. Express., 16 014001
(2023), (3) Ml &, 25 70 [ B SBR T FINGERS 17p-A408-13, (4) A. 1. Osaka et al., ACS Appl.
Nano Mater., 4 12091 (2021)

during hydrogeneration. The inset shows

an AFM image of CARE-LAO.
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BE/ILFILTIGEZRORATOEBRICHF ESA-EEEOHESR .
BEICEKET DDA N=X L
Bias voltage induced - electrical conductivity at electrode interfaces of a rutile TiO2
single crystal: two different mechanisms depending on temperature
MME Ok . LT B2, /RO B
NIMS °Taku T. Suzuki, Yoshiyuki Yamashita, Isao Sakaguchi

E-mail: suzuki.taku@nims.go.jp

AR, TiO S 23T 2 FIINEEICFHE SN HEMEORBLUL, IR A v F o 70X UcH
T DL RICHICBWTEHEETH S, TOIHDO—2 L L THAIIKFEOBRAIBI AR L
TV DD, FREERE DOFEHIASEA DT 22 > T eW [1], AKFERKET 500 K B I2INE L TfThi
D=, ABFFETIE AT AR TiO, BifE IOV T, 295K (ZiE) 725 600 K O, FHIINEE
(LIRS 2 AR A TR~ T

TiOz HifsnalBHE, 970 K, 2 RFfE] O TO LT BMLIRIZ L D RHIEA IMQ -m LA & 72
5 X9 H B0 U AR LB Uz, SERFFEOFmIL, #iZE&H (Wi GL, Vi 0.2sIm, #%
JL200K LAF), MITEEEZE (UHV) TiTo7-, @A (Al ERD) (X NEDE & Lo, FRATRERH
2 kA A RS (TOF-SIMS) #I7E (21 PHI TRIFT V nanoTOF (ULVAC PHI), =N %
FIH L7 X #1400t (HAXPES) #IZEIZ1E PHI Quantes (ULVAC PHI) % iV 7z,

BIREERER E D | FIRICE & 2RV BB FEEL
THZE, FLTCZOHEBEBMIIXME ST R—30 b O
BRICHEESNTZBENC LS Z P Ranz, ZhUiZ
SOFATIREF[FET HRRTH D, AFIETITZNIC
Mz T, EEMITREIKFET D DDA D= AL L
STHRETLHIZENAHINT (M1), =|RIZIVVEE
Tl AKOQOUF ¥ RAFAOBBSHBIIREE [ o
95 (KM1oi), —J, 450K L EOEIRTIL, BFE WFE% i .ZC¢
224l (Vo) 2S[001]iC TEEL 7 IR~ 5 Z & CE M
DREBETDH (KM1oi), SHIEVoIXYT /— R T
NS, ZRAD Y — FRECBB L CEET 5L 5L o)
HILH, XRDHIENSHIE, 2O Vo EANZ~ 7 R UHD ol

Current at 50 V

(vw o1) auno souedwo) —T

Hysteresis area

e (b)

L L L L s L L
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A P72 2 L AMBIER STz, Vo ICBIFRT 5 8 e Tempersture (0
B A 5 =R MBI LT, TOF-SIMS & HAXPES # /vy BT MLZEUT, 72 (308 & 51 %2
CHEE LT, (UHV) o> -V JED DR T=(a) 50

V TOERE, (b) EATU ARHRD

[1] T.T. Suzuki et al., J. Appl. Phys 131 (2022) 034501. AR AR LD PALR,
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Empowering Efficiency: Scaling Device Area for Ultra-low-power
Dissipation in Protonic Synapses

Kyushu Univ.}, ° Satya Prakash Pati', Satoshi Hamasuna® and Takeaki Yajima®
Email: pati@con.ed.kyushu-u.ac.ip

The pursuit of energy-efficient computing systems has become increasingly important in various fields,
including artificial intelligence and neuromorphic computing. Protonic artificial synapses have garnered
significant attention as a potential solution for achieving ultra-low-power dissipation. However, optimizing
the power efficiency of these synapses remains a key challenge. In this study, we focus on the concept of
scaling the device area as a means to empower efficiency in 2-terminal protonic artificial synapses. By
exploring the relationship between device area and power dissipation, we aim to unlock new possibilities for
energy-efficient computing architectures. We demonstrate analogous resistance change in a high impedance
range through homogeneous proton migration, instead of the conventional filamentary method. Power
dissipation can be as low as 10fw for a 50nm diameter device. Our research builds upon prior studies that
have investigated the use of protonic artificial synapses in neuromorphic systems [1-3]

Our two-terminal protonic device comprising Pt (30 nm)/WOQO3 (120 nm)/Pd (30 nm) was grown on a
Si/SiO; substrate having various diameter (100 um-800um) of top electrode. Figure 1(a) presents the 1-V
curve of samples with varying device sizes, all exhibiting a medium proton content in the conductance state.
Notably, the output current of the device is directly influenced by the device area, indicating that the
conductance state can be modulated not only by voltage and proton potential but also by the size of the
electrodes. The dissipated power, determined by the formula P=IxV, was examined under three conditions
representing high, medium, and low conductance states (proton content) as shown in Figure 1(b), presented
in a log-log plot. It is evident from the figure that scaling the device size can significantly reduce the
dissipated power. By following the scaling law, it was observed that power dissipation can be lowered to
below 10 fW with a device diameter of 50nm. Furthermore, additional reduction in power dissipation is
achievable through control of device area, proton content, and operational voltage. The consistent linear
relationship across all conductance states in the samples confirms the validity and robustness of the scaling
law. Figure 1(c) demonstrates the existence of both filamentary and non-filamentary types of memristive
devices. The reduction in power dissipation observed with scaling electrode size provides evidence for the
non-filamentary nature and uniform dispersion of protons in the oxide layer. Our findings pave the way for
the development of next-generation neuromorphic computing systems with improved power performance.

(a)

(c)

s.0x10° | T T B Low . :
& 5e10° [ —— 100 um ] . . Filamentary  Non-filamentary
rop< b ——200um f 10° Medium
.0X r |
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=380 500 um LY 0.* 000 0 '.. .
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Daox10° F ] L A
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Figl (a) I-V curves measured for samples having various electrode diameters with medium proton content (b) Log-log plot of
device area dependent power dissipation and corresponding linear fitting with low, medium and high proton content in the
sample. (c) Demonstration of filamentary and nonfilamentary type memristive device.

This work was supported in part by JST CREST Grant Number JPMJCR19K2.

[1] S. P. Pati et al. 83rd JSAP Autumn Meeting 21a-B204-4 (2022) [2] S. P. Pati et al.,70" JSAP Spring
meeting (2023) 18a-A302-6. [3] S. P Pati et al. SSDM, H-2-02 (2022).
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BREL TR n BRI - EAREE S ) 555 ReRAM D ERL &
LB O REt

Preparation of transparent ReRAM using various multicomponent n-type oxide semiconductor thin films
and study of resistance change mechanism
#RIK © MHAF R, BE =i, 5B RiA
KIT OEDS R&D Center.'!, °Kyosuke Kimural, Tatsuya Ishida, and Toshihiro Miyata
E-mail: tmiyata@neptune.kanazawa-it.ac.jp

[IZUDIZ] AFRETIE, BEFICDOIE D ZRERBRICEEERICRET 585217 - CTX
TEY ., LR EVIEERIL, £ O ILEOMAE DM ERIE TS 2 212k, &
LEOREME, R, LR SE A B LS D N TEDLZ L ZHLMNT LTS, [1]
Al FFZI0HR n MR L BRI A2 B A g, B AN ERICE b E S E R A
FNENEH T 5%H ReRAM Z1Ef L., 2D AXAE VHEEZH SN T 5 L & &I LRI
OWTHR LD THET 5,
(328 51k] B R OV PG EMmE & L CiX, SnOx:F(FTO),ITO, ,
& U< 13 ZnO:AIAZO)EIE 42/ L 72, FTO, RO ITO iliarmiin
SN TWDHEPEERS & T 7 A%, AZO I T 7 2K 10'
B Elc#—4 v b & LT AZO(ZnO+AL:0:2%), A8y & H X & F
L T Ar:0.6[Pa]z= VTR L7z, A LB THDH Ltk n 2
B - EATEET . ZnO. SnO,. O3 KT Ga,Os By K % Hi
ME LIXREA L TER LY —7 y EERAT @A~ 7 %
fa ARy &2 Y 7 f-MSD)EZ -V T, BUBREE © SR (RT), :
Ar b L <IX Ar+O IR E T ARFHKH, A/Xw X A AT 0.6Pa il W =T 0.7 0.3
FETTIER L, EEEME L TAZX LAY ZHOTHE Voltage[V]
REEBEEZ Al R—7 ZnO(AZO)LEﬂE';’?EH%% rf-MSD 7%  Fig. 1 Set/reset characteristics of transparent
TR LTz, 1ERK LT BHTA LWL Van der pauw 5, X of AZ0/Zn0/FTO ReRAM
MREIPTE LR OBERREIC L D, BERH, S5 &R U '
Ktk a T Z ik L7z, £72. ReRAM O AE U FHEIT -V & g
ATV 2 AR OV SOV RSB RFEIC Z0 I L 7=,
(G5 L #%2] —fil& LT, Fig.1 |2 FTO % FEEMmE L7-%EWH
ReRAM DU 22 KT LR E A2 "7, E 72, ITO,AZO % i
BRI W55 R P LR 035 D iz, — 5, FTO,
ITO }x (N AZO FHEM LI ZE IR LTs ZnO iR L O .
FEEL R X, MM OREICRE IKFF LTz, Lizido Y N T
T ReRAM DHEH AL -; N6 O FEEBROENC LS, ’ oS '
mm%mﬁ@ﬁ PERESERT R %Lﬁ“:k@”ﬁoﬁoﬁ
TR VR A ka3 B 71 o EHZESLB & LT ZnO Fig.2 The .clirrent va::ue c;:ﬁoir;eoie\;ilii;zd:eow
WAL, 0 FICHEA% 0.1, 0.3, 0.5, 0.9 %O 1[mm] & resistance as tune
FL & T R 5 e A2 5 FINT AZO BV TR L C diameter
W%Ltﬁ@z*%ﬁ#&@ﬁﬁ#ﬁ@%%®%ﬁm@im@ﬁ AR 27, RN R T &
T, EPURE ORI IS B 1 Tt D B I X B E AR IR Lo T, LI TR
72 CHERL L 72 ZnO &) ReRAM DOIEHIZEA(L A 7 = X A%, ZnO Bl ORI LD T
. EEEMRARICEMOKRE SAEKFE LR T ¢ 7 A 2 MROEIERE O & THHIC & > TEMR
MIOEHAEL L TWD EEZ LD,
[ & ®] ABFZECTIERR L 7= ZnO 159 ReRAM OHKFIZA LRI, HIZE(LIE OSSP ITE L
Rinolz, o, BIEA = XA&LTi\ﬁ#”%%%ﬁmwﬁﬁ#747%/%®ﬁmﬁoﬁ
WicksrbnlEZOBND,

Current[mAl
EO
T

Current [mA]

Top electrode diameter [mm]

[Z% 3]
1) T.Minami, “New n-Type Transparent Conducting Oxides”, MRS Bulletin, Volume 25, No.8, Aug.2000
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ERSMBNIL—9 LEIZER L V0, D
ERFBERRAAYFUTICEFI2I7L—VBROTER

Effect of the hBN flake boundaries on current

induced resistive switching of VO/hBN
BRAER'. ME - #HEBEE2 CM) ZSHHEE . LA FLH2 EEEEL
A0 2, FFE ', REBE'. ARFN’
Osaka Univ. ', NIMS?, °Yuki Tomita', Shu Nakaharai’, Yutaka Wakayama?, Kenji Watanabe?,

Takashi TaniguchiZ, Haobo Li', Azusa N. Hattori', Hidekazu Tanaka'

E-mail: yuki.tomita051677@sanken.osaka-u.ac.jp

TERAL N T VT A(VO) X E IR THUR RS JEMHIES ICFE S Bt o ITZ L 2R L.
ZA v FREFHEDREBBMGHFIN TS, ZNFTHALIZ, 7L F 2 TAF4 ZIGH
FEND 2 XITERMEL DN T REL S 7 FEMBN) O il ECHREKT I A~ v FICHIR
X zmﬁu“n’fé VO, HIEDO K EDFIRETH V [1]. BIRFBERIIAA v F v Z8)fF e &2 W&
L T & 72[2], (L ASMBIRIR(CVD i) TR 4 72 Kifif& hBN [3]1% &k e LCHET % C
XY AL O ICH R 2 ARE X 0% 25, CVD-hBN (T332 um P2 oo fG ks
75>ﬁf T2 720 fEE R R 0 AL I SO TR OB 2 N D M B B, AT
ZeciETAREE LT, BAZEDHEN hBN 7 L — 27 2\ T VO, DEFRBLIEIT 2

Ay Fvrchz R L 72,

Si0/Si(001) FE MK b ~Hn 5 L 7= Bk &
hBN 7L —7 Ric, &= 60nm O VO, %
SNNVAL —F—HEREIC K OB L, 7+
MY VI T 7 40 XY ACEEIRIC 2 Y
T PyCr EMZELY {1772, 20 pm O EHR
BIC hBN 7 L — 7 5 % &1 VO, 754
A (Figl@@) L & E R\ VO, 794 R

(Fig.1(b)) Z {F# L =i CEIR-BIEI-)FF  Fig.1: Optical microscopy image of the VO,/hBN device
S _ (a) with and (b) without hBN flake boundary. (c) The plot
PERE 21T - 72 (Fig.1(c))e < DR, 7V of dI/dV vs V and I-V curve of VO,/hBN devices. (orange:

— JHEER S F 7\ VO, T34 A3 With boundary, blue: without boundary)
HIEQG7 V) THEI RO IR 2 2aER LA & 2 0% VO, Bl o i IE 2 BLH

IR L, BRZED VO, 754 2 Tld X W ERWEIL14~22 V) TRE O E 1iHEE

BcRK 3 2 L OMPIEITIA 4 v F A8 &E iz, ZHiE hBN © 7 L — 7 R ST

IR A TER L, SIS Y 2= —VINBVEFR L 253 & & 2 b4, CVD-hBN L T?D VO, i

BOTHEBIELEBER A v F R T NA AR TEL L HZREL TV D,

2 3CHk [1] S. Genchi et al., Sci. Rep. 9, 2857 (2019) [2] S. Genchi et al., Jpn. J. Appl. Phys. 62,

SG1008 (2023) [3] H. Ago et al., Nature Electronics 6, 126 (2023)

BHRAIYTFE | (c)
e

E424

‘L‘l RAYF
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di/dv (A/V)
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HfO;-ReRAM ADEE/LAHBITODA LV HE Y B 2 AEAL D off time K FF1E
Off time dependence of conductance change behavior of HfO, based ReRAM device
with voltage pulses stimulation
BAEAFBRTHHER CHE EM, AR HA ¥ JIFE FK E5h #F & HER E=
Kansai Univ., °M. Tanaka, S, Okayasu, C.Y. Huang, T. Shimizu, T. Ito and S. Shingubara
E-mail: k164209@kansai-u.ac.jp

G 72 B35BT E &I SET By T ol b Bt %

VP4 ReRAM Tl =a—a®ELT 4 v 7 ay EDDLTETH S,
Ea—74 Y7 TONLYF T RAHEF~DIG
MBEHIN TS, ATy F72ARTLL
THERET 2 20 ICZEE L RICH L Ta v
Ry Ry AN T D EREEL

Top electrode TiN 30nm
W12, AW TIFEEDMED A TR,
. N ) . / Hf 5nm
LA D ontime. KU offtime ICXf L Ta v & HfOx film
7 & AEAEE AR L C&E 2, ST -
I off time IKTFIEICE H L THGET 21T > 72 D Au 0.75nm

(5477 i%])

Fig | 1 SR L 7 3% T ORAR 275, TN S0nm
HfOx JEHFic Au HPfEJE 2 E A L. HfOx JEic

BELTHIE2MEA IRV Yy =L LT Fig.1 Schematic of fabricated ReRAM device
T 7z, BIRDIZEHRTDH 5 FTHIr T

Ixlpym?> TH %, HfO, &l Ar & O,. TiN I O
Ar & N, DIRE T A& W2 Mot R 3y & %6k i

Bottom electrode

D
HRCHE L 72, ZOHERTFICONWT, EEBES T uf i
c 2k ]
WVAZHIE[ L, %D offtime # 2L I ¢ T2 g ol ]
. - - >
VR R v AZACOIE & HRET L 72, g 18} (=~ oFF Time T00ks i
[%i%] O 1gFl=* off time 25us i
e
14 1 1 1 1 1 1 1 1 1 1
Fig.2 ICEE VA (-4V,100us)IC K B a3 v X7 0 1 2 3 4 5 6 7 8 9 101
Pulse number(-
2 v 2RI OMERE A FT . off time 5 ©)
100us D & Za v &y x v 22 LISV X 10 Fig.2 Voltage pulse characteristics
FKTH W DI T2 57223, 25us D & Z % 3 Sk

A0%FEEDORE o v &7 2 v 2B [1] Ryo Nakajima ez al 2018Jpn. J.
TNz, TN offtime lFa v X7 XV R Appl.Phys. 57 06HD06

EEEIR DL ICKEREELRDL DL LD [2] S. Shingubara et al 2022 Jpn. J. Appl.
3o 77, %Al RESET WD % it L Phys. 61 SM1011
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Ty PR a-CaO BERBZRAV-RIEMFEORIRARICET &
Study of selective growth of oxide thin films using bridge structured a-CaO layer
SRXEI OR#A =N, HO E#, JINT @

College of Sci. and Eng., Kanazawa Univ.

R. Kajitani, S. Taguchi, and T. Kawae

E-mail: kaji85.riko@stu.kanazawa-u.ac.jp
[IzU®IZ]

oo 2 A+ 57N T 7 A CaO (a-CaO) EAMHRE L LI2KY 7 MA47 (WLO) 7
2t 2AZRE L, BLrfili L s B eSO R - v~ 7 F—=2 T BT A R
WHEDERUIZOWTHE L TE[L], £/, V7 I 7 vt —XOeEEEEZ BIRHEE T 5 70
vAHANE LT, 7Y v OB LU MEEE V2 Dolan EN A< Bl b V5 [2],

ZZTHEL, WLOIEIZ L 207 X 7 a4 — X OB bWERORINKE 2 &8s, 7V » UM
a-CaO Mg & v 7o BRI HERE I B9~ D st 21T o 7o,

[F2571%]

(100)Si JEtk bz~ A7 VAT (47 —2, DDB-701) OV L — A7 — L@ % AT,
BREEZ AT OV AN TA " F— 2 LTz (Fig.l (8)), &KIZ, PLD T a-CaO &% =ik
HFE L7z, ZDOh, T FAREIZE D VU RA MREERITV, 7V v URID a-Ca0 T A /3%
— &I L7z (Fig.l (b)), 1ERL7=7 U » UMl a-Ca0 557 A > /3% —(Zxf L, PLD Z W T
on-axis C Pt A SIEHERE L7-, fRIZKIRIEIZ L % a-Ca0 EFREZITV, PtEREID 7 A L X
2= EEK LT, 72d. T2 TIEPMMREES LT PER A @R LT,

[t 1 & 2]

Fig.l (@) ([ZL YA M3& — 2 O BEMEE S Fig.1 (b)I2 7 VU » U a-Ca0 o> FE-SEM 4 % 7R
T Si R EICVI A NRE =0 DT A 0FE (45um) KOO OE (20um) o, 7V v
DM a-CaO ENTERR ST 2 & M43 5, Figd OICTERL S L7 Pt O SE 2 BAMeE % 2 7T,
FER ST PUEIEDO A N Y v 75 A 22T, 7Y P a-Ca0 EDBH AR (20um) 2454 pm
TR BRI DAESES MR S LTz, U, PtRIERE O 7' L — A& D, HEREEE SR UAND
DAFHITIT LD D EHEE SN D, 5% 1%. PLD 7V — ADOFEMMEE & 5 S8R, B 0358
DA X« ROk 2 B FE 2 TN EEND,

(a) (c)
l Si substrate 1 Si

bstrate

)

Fig.1 (a) Optical microscope image of photo-resist pattern, (b) FE-SEM image of bridge
structured a-CaO layer, (c) optical microscope image of deposited Pt thin film.

[1] 1. D. Antoro et al., ECS J. Sol. State. Sci. and Tech., 10, 083005 (2021).
[2] G. J. Dolan, Appl. Phys. Lett., 31, 337-339 (1977).
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M=k - KBEZERWN = a0BF2VEMSOBIEFS Y
T/ HFDOER : 7+ 2 —E/ILFIVEDHIHEH
Synthesis of titanium oxide nano-powders from titanium oxalates by homogeneous
precipitation and hydrothermal methods: control of anatase/rutile phases
FEXRET!, HREI? RESKEMTHS #SRAKXEHR’

O(M2)IRIRET !, WRAFR 2, RIREH ', FLEL? BEHKES, 4K B84 BIBE!
Sophia Univ., Nihon Univ.2, Tokyo Medical and Dental. Univ.3, Shizuoka Univ.#, °Shohei Kajiwara?, Kiyoshi

Itatani® 2, Hideki Kuwaharat, Takeshi Toyama?, Taishi Yokoi®, Tetsuo Sasaki‘, Haruhiko Kuroe!

E-mail: s-kajiwara-2i9@eagle.sophia.ac.jp

(T2 (TiOo) DERDER % it b 2D — DT 5T 4 —EH TOIM A 3 B 24
D TND, ZOFZE RO /VTF VARLIRE T 2L MR RS IR0 D, Fox 13T 7 SRR %
TR U T — TR BE LK BIEZAL A B0 | Bk 4 e ia 2 2D TiO2 IREMAE G L T,
AHERTITEEMNTOT FH—B LT IV OFLEAE A FIE T 572D DFE SR OV THRE T 5,

T aUWeT 2 TIVT B IKFN (Ti ) (2R 38 (PR LRdik (pH FHEE A1) 200 A 7o TR B 2 i
L7z, 80°C. 24 h DA T — LB AAT o721 | Bk % 7254 (100~180°C, 1 h) TKEVLHZ1T -
TR RAARLEL , IR Z ST, ZOWE LV a (NEIEEEYE) LA2REG L, X #REPT-U—h
~OVMEATZATU BB O FEERE R OB G 2R DT, Fig. 1(a) DX, KEVLELR EE 2 IN4%
EIEAE R DB LT A — BRI L LT, FT2, 160°C B LT3 LT VR B E T,

LI DIRIAIN AT R LAZIEK (3000 em'?) (k%2 (1000 em? BL ) 2B B EA D
BRI DSBS VT, N (B, 7 B=0 LA KIBILT 2 7T 2%) DORIHRSBLHIS
T3, INEVILER (900°C, 10 min) Z1T-7-L 24 ZIHD AL K- 2 IR T R LTz,

£k % 72554 (200~900°C., 10 min) TWLEMZINET S Fig. 1(b) (23 E91Z, 700°C LA TN
AATIIIERE N T T2 —B IR L T8 E» T 42— HOE &0 25—, 750°C LA
ETET A= EBREBATF AR L T 2 —BHOBI G A LTz, L EORERDG KBS
MBI D St % e b3 528128 T ZNHDOHDOEI G A TEHZ e btz

ZOWFFEO —ERITAEMREE i TP L RS OB A 52 T T2 b O Th D,

100 T T T T T T T T T 100 T T T T
L : ° _ L (] J
80 @) 5170 - 80 (b) ° * °s
o C ; S P ] ]
g 60 g 60 :
2 2 '
c c
40 40 + -
é é | Hydrothermal
< 5 < ,o |temperature: |
i ] ] 1 170°C o .
0 O OO e Ol el el O] olo—.0 @ 0.0 2000°
100 150 200 0 300 600 900
Hydrothermal temperature/°C Heating temperature/°C
® Anatase TiO, @ Non-cryst. O Rutile TiO, ® Anatase TiO, O Rutile TiO,

materials

Fig.1 (a) Relative amounts of anatase/rutile TiO2 and non-crystalline materials in the resulting powder as
functions of the temperature for the hydrothermal treatment. The solid curves indicate the guides for the
eye. (b) Relative amounts of anatase and rutile TiOz in the resulting powder (with the hydrothermal
temperature of 170°C) as functions of the temperature for the heat treatment. The anatase and rutile TiO2
amounts could be measured from the integrated intensities of X-ray diffraction from the anatase (101)
and the rutile (110) planes, respectively.
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LR IC X 2 LT % v F R TF OB FIREE

Effect of annealing process on electronic structure of titanium dioxide nanoparticles
TEARRBAHET!,  MDHE X ’F =5
Graduate School of Science and Engineering, Chiba Univ. !,
Kenta Nakadai ! and Koji Okudaira !
E-mail: nakadai_0809@chiba-u.jp
WAL £ v (TiO2) 12, AHEEKEEROIEEE L AV F—L DT 74 AV
BECFEACELEEOE S EEFHOAR I h o EfEAE L LTI T3
L2 L. BRALW)FIE i< S 2 RS X i 0 — 30 (35 P D BiTBAA & (L5 - B I UG L
KGEMOWREEHLIE 2 LA ONT WS, /2, TLED F— 7 LEEIic X v %
18 R WG EE Eﬁ*ﬁﬁiﬂ“ﬂﬂ“é ZeBMmEIR TS, [1]2o k) etkmEsltzlvc. R
BT REZERT 2720103, RIGHBD 726 TEIREZLEZHS 2 ICT 2 481D
%o AL T3, @bnﬂﬂﬁﬁ%ﬂ“ﬂ:é%f: LEICH 72 THEEM@Z nic X i I
Uiy AREAE T, M OWRHEM OZ L OREEICO W THIRZG2 2 L ZHRE LT 5,
ARHERNL, YA BRI GCCERIL 72 TiO2 77 Kif% SiOz Hiic A v v ¥ ¥ A b
THIE L . # 0%k 350°C,450°C I 7 v = v EFAH 350°C,450°C e € BRI 2L
BLTfTo7%, XRD (¥, CuKafiZHIFEE LT 72, BRI 5 X AR WO A i
(NEXAFS) %, fht e EEE%(7 + b~ 7 7 7 + ) —)BL11A Ic TREFINRE THE L
7o BB T (UPS) IZ[FfER: BL3B i CHIE L 7z,
X 112773 TiL 45D NEXAFS 27 F L Cld, t2g BB, egifil
BHRO ©— 7 DR TE 2 23, K&KH 500°CTHMELL 72 TiOz2 1%
400°CTHIEA L 72 D & Hx| t2g B & eg BB IR D & — 7 78
HARECZEMHL, THIC egWuBEHRDO Y — 27 DIE D LML T
5. CHIE TIO2 DNAFIFHEDES, b L CIE—HT T3 D 0l o a0
L9 UIARNL2 A U T 2 A[REE AR R L T\ %, [2] [X] 2 Fig.1 TiL-edge NEXAFS spectra
ICRFTUPSOFER L . 7= v FERHA 450°C<bn*iwt TiO2 of TiOz
CIRERIIC i b VR BhE S 2 i1 Ll 328 b L 72, %¢

Intensity(arb.unit)

S

27 20 3 A AF—IGECHRORERE S AL Tws 2 §
Db, TATYEREAH 450CTOMIMC X 3 HBERHOR §
FRIBD T B L 72 RGO A E 2 b B, KBTI &
<
XRD %7z #ic X 2 2l & oBEMEIC oW TH s 2 |
3, B
15 10 5
2 Sk Binding Energy(eV)

[1]R.Clayton Shallcross and N.R. Armstrong. J. Phys.Chem. C 2021,125,24011 —24024 Fig.2 UPS spectra of TiO2 at

[2]T.Kubo and H.Nozoe J. Vac. Soc. Jpn. 2000,43,7,728-733 hv = 40eV

© 2023%F [CHMEES 05-283 6.3



23p-A307-10 B4R AL AKE LIRS WETFBE (2023 BABA—LIEN3RIS)

BRTHEICLSIREXTRFIMBIET 2 VAMBEO S
EARUBBADIGH
Elemental doping into TiO: photocatalyst via liquid phase deposition for decomposing methane
BIXGYM', 74 31—#Xae’? OFKE XM, FH HE'L B mL HI O F!
Nagoya Institute of Technology', KMEW Co., Ltd.2, “Mitsuhiro Honda', Yusaku Yoshii',
Nobuchika Okayama?, Yo Ichikawa'

E-mail: honda.mitsuhiro@nitech.ac.jp

JEARBEIT. SERINIT £ ZERRK DL - R - PR ERI R 2R L. 2 OFERIEO A
BR L PRIEIN D, BN R, R £ 0 A U DR E T & EALISERT S 2 & D, BRI
TEDNAEHENESE D, EITFEE T EAOZ R X —IIE KT 5 2 & B TE UL,
SR R 2 w2 R TE D, VAR TR, IR R A X =B AR A DN T r e 2 TH D
AT HIELPD) 2T L 0 . &BA 4 BRI LB(ET % T IR 2B L, ZD A X )3
(R o I i1 Y g 1 A B

LPDEIZ LV, H T AFMR RICTeREME LT &7 VA Ak LTz, YnBiRo7=oIic, i,
a9V b, Bk =y L E VoA EEO.1~10mM) 2 E A L, [EIRSS A HVWT 70°C T 3 EEE. A
I TS, T 07 (MAX303 - #H) O (B - (360£10)nm) % 455
BHIHS U OB EZFRRE L. A X N AREDE A E T A v~ 87T 7 4 =T X BlEE
L7,

11T, AT AFEM BT S - siimshnmg e - &
VIED SEM £ & EPMA IZ X A8D~ » &2 7 i & oR
T, LPD IEIZ L o THMK S D BT R & 41 2 HRIRY 22 il
ROWEIEN, TTRIRMELT & TR T[RRI B
A, WL 78, BCROEIC B W Tl —I2oAi T
HIZENHERSNT, K210, KBEICLAAZ T A
REOEEZRT, LPDIEIC XV AR S L7z BE, KO
SeEANEERS e T (A 2 a— ) CER ST
DIl (7 H —BEET ¥ ) IRV T, JERRSTIC
K DAL AREOPA N BT, STRMIREIZ LD XA 5 2
P GIREMEN AT 5 2 I L, 0.1 mM TR o — ———
LRH T ERAMERE,

ZE3CHR: 1) A. M. Alotaibi et al., ACS Appl. Matter. Fig. 2 Photocatalytic reduction of methane gas
Interfaces, 12, 15348 (2020), 2) HiRAA, AJMHRE, B AR AME PS8, Vol. 33,No3. (2006), 3)M
Honda et al., Materials, 16(2), 639 (2023)

e ,
Fig. 1 (a) SEM image and (b)EPMA mapping of a

Cu-doped TiO; film (10 mM)

)

80 -

60 -

ion of methane (pp
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EBAHE L 1= Ce0, FHb/E S Ti0, R/ 2 EE D A

Photocatalytic properties of TiOz sputter thin films with CeO2 underlayer deposited at

room temperature
TOEVTZLXBAEH ! OF&ELCE!?
Dexerials Corp.?!, °Hitoshi Wako?
E-mail: Hitoshi.Wako@dexerials.com

IEOPURE EFRO R E VI3 LT, A IR Z A2 TiO, 2 ARy # U U 71T TR
BEUT-PUH 7 4 L B ERIET RLRZIT-o TN D, 7T AF v 7 7 4 v A BICHIET 2 BI21E
FERRIRE 2 SRR PR DL EE N 8 5 23, Z DIRE TIELTIONHIE & A Efb s b3 YA BErERE © IRV,
ZZ T, CeO & FHiIE & L TEMK LZ D EIZ TiO, Ak L CTHEMPED R E| 38 L OSLARMEEMFRE D
F] b %5 T

KT AFM N TiO, % 150nm KIE L7 b D L. HE2 U H T AFKAM 1T CeO, % 50nm [k
B L 7= D HIZ TiO, % 150nm pifiEE L 7= & & O X BRI R % Fig. 2 12397, TiO, D A D415 25.2°
FHEZHT RS TiO HERICE— 7 B TE 5 DITK LT, CeO, THIZ AT 25E101E,
CeO HikD B —27 & L HIZ TiO D B — 7 RHBRIZHER TE, CeOz FHIIZ KV TiO, Dk datED M)
ELTWDZEZREL TS,

JSERBENERE Z R A oI ENENOY T A LA VR a— N LTObL X ) LR
FRE U CORAED BRI X 0 3R S D 03B K OB I CRI L7z, A LA V% BAith, %
R Lo 30 B E Y U TNV O ZE Lz, FEBRICHWET T Z05E13.
Pl 1T 2 12 B3 o TWE | RIEIIEEIZIR D T L 1Teh o7z, TiO, DGR # 270 43 L
B lZ B2l A MK T LA 5 DIZKF LT CeO, FHIZ AT H85G1% 150 4 CHEflA MK T Lk
10° DA R THEAfLA MK T LTI Y CeOp FHIUT XV HfiMEED M ELTWD Z &R LTV D,

CeO,

TiO,

CeO,

Water contact angle(deg.)

Z Ce0,
z v
k= 4' Ti0,/CeO,
TiO, 0 b
-100 0 100 200 300 400
20 30 40 50 60 70

Xenon light irradation time(min.)
20

Fig. 2 XRD patterns of a titanium(lV)
oxide film and a titanium(IV) oxide
deposited onto a cerium(lV) oxide

under layer

© 2023%F [SRYEES

Fig. 1 Time dependence of the water contact
angle when each sample is coated with
oleic acid and irradiated with xenon

light(4.0mW/cm2@365nm).
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JILTILiEE YES L= Nitrogen(BHR) F—TR{LEROEFKE
Electronic structure of nitrogen-doped zinc oxide prepared by sol-gel method
TERGMEET ' CM)AE B BYE =5’

Graduate School of Science and Engineering, Chiba Univ. ', Shintaro Motohiro°’, Koji Okudaira '
E-mail: motoshin8787@chiba-u.jp

1. Fria

WAL iR (Zn0) & Bk E & L CHW T, ABGEBKILEM O mAR 22N T 272012, F—F
YUFEICRY | BEEOE G HDEICE FREE OB FHEEDOWENEHETH D, FrZ. 2R
pH K= 7 ZHELT 5792, Zn0 OFERIR 1 TH HEEFEO)VR 1 DA A 2 PRIZIE W ER (N1,
HYLRT 727X K= FERREINTEZ, N F—7 p Ml ZnO EEOI/ERIZIT Y VA NEEZ WD
T LT, AEE o X N ORI, AENEE O, ESORIRO BHER EOR R EGL I ENTE D, Ll
RN YT MENSEE L TN F—7 Zn0 Z 8R4 2 W& 307220, ZOTOAE TIEY V7L
B N—2Z LTERLZN F—7Zn0 Z A bRYET 2 0 Tldza <, —ERRZ#RH L T bl
BRI L A 2 — &7 ) 2L 2 RET D, TOBROMEMT 2O L~ TR—r 70
BRIZT TR NFTFEZDEY DT & OFREGIRENELZIT 2O TRV EERT, £ T,
WL O N A D OfEERIE, 22> BHIREOE(LAHEL Z L2 A E Lz,
2. FEB
YT LR VT, NiZnO OB RZ G LTZ, [1]. B LIEBROAK (RBEEE) . hre s GEfE
VSIE) VRIRAERL L T ITO Bl LIl Ay a— b Ui, S ISR L 72 #IRIC KT 150°CIEVL L %
ITo7ze TR X FRILIAIEE(NEXAFS) I, HUR IRk (7 + o7 7 7 h U —) @ BLTA IZ
TAREINEECTHE Lz, £/, Rz BL3B IZ TEHEALE T8k (UPS) #MIE L7,
3. AR LB

a)

Figure 1(a)lZ7s L 72 N K-edge NEXAFS (2451 ( toluene: NZnO water: NZnO f\(k{)tolﬁené: NZnOl water: NZnO
T. N % F—7L7% ZnO (N:ZnO) 12350 C ., /itoluene: ZnO 7 water: ZnO ;;}Olue”‘?: Zn0 | water: ZnO
400eV FHTICRINE — 27 BEFEICZH 5D T Ev\x T & 1 W\
%o AW N 1s 235 N-Zn f54 0 2pn° ~DiE é TN ] g y\\ \
BLiFRSN D, [2] SDICZOWIEET, » : .

399 460 401 399 400 401 404 406 408 404 406 408

SRR - JELA . 3 N Photon Energy (V) Photon Energy (eV)
W ERREE LT2Y5 6 O NiZnO DIF 3R, 2 Figl. NEXAFS N K-edge (a)N-Zn: the 1s to 2px” transition (b)N-O: 1s to 3px” transition

DZEmb, MmO X ) BRIFMHUIEEEZ W23, NS Zn LG 2 LICIREE TR L <EAI
TU(R=7TENONDLEEXLND, NJEFLY OJRTFDFN, EREEENEN LD, Zn-0 fEE
£V Zn-N FEGOBERBD L TND Z ENEZ B, IEFMHEREED ML= OFEEH TR E il LT
In-NFEAEN LV Z L EEND NZnO BIEEEPIZoE L T2 Al REMEN 5, Figure 1(b) LV M=%
MWT=556 D N:ZnO TDH 406.5¢V FAUTIZHEF AN E— 27 238 50T %, AL hv (2 N-O i
B D 3 ~OEBHROBINARNTND Z &b, [2] ZAUIBHEIECH L M T2
L TNZnO TN A O TaOFEEZBA L T D ATREMEZ R LTS,

ZESCWK

[1]J.J. Macias-Sanchez et al. Photochem. Photobiol. Sci. 14, 536 (2015).

[2] C. W. Zou, X. D. Yan, J. Han, et al. Appl. Phys. Lett. 94, 171903 (2009)
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WA~ 7R ke ARy 2 Y T X D EBEKEERA Cu0 HEDIER
Preparation of Cu20 thin film for thin film solar cells by r.f.magnetron sputtering method
#RIK © MHEH =T, XH FHA4. E@ #35A
KIT OEDS R&D Center.!, °Tatsuya Ishida®, Kyosuke Kimura, and Toshihiro Miyata

E-mail: tmiyata@neputune.kanazaw-it.a.jo

[IXCOIZ] ABFERICI VN TIE, AV E TISH & Bl L CER U 7= fi R b8 (Cu20) > — K & 5%
AT ~T ofEAKBEMEZER L, BIRE2EHL TEBY ., Cu0 N1l Crzghs 4 FEHL afFE/2 K
BB A S A B TH D Z L AME L TWANRY, TE, KEEMOSIRILOT 7 —F & L
TH o F LRIKEEMANER S TW5, A, Cu20 ~7T n A K EmE v 7L, Si%k
KEGEMmE R N A NMCERAT 22 07 ABRIKGEMOFEBRZ N E LT, TOHEEREE L TH
JEM~ 73 b ANy ZIEIZ LD Cu0 WEIEZER L., & ORISR & I RS R & o R
BRIZOWTHRET L0 TGS 5,

[EBR L] Al FEEAEMmE L CiE Sn %0 In203(1TO), F#shl SnO2 (FTO) F721Z.

Al % ZnO (AZO) #EH L, SEGHEERAZTEMR LA T AR X —7 v b -HpR [
(T-S):#J 40[mm], AEHEFE ST @ rf-50[W]. AN ZIKff#] % 180[min], A/ Z A AJE£ : ArtH.=0.6Pa (H:
G R 0-9%)D ST T Cu0 HEZ I Lz, £7-. /ER L7- Cu20 #fE iC AZO 2R L~TF 1
FEE Cu20 JEE RS EM 2 /ERL U7-, /B8 L 7= Cu20 FEREORE b m B L X #REIHT (XRD) 4
WCRHli 24T - 72, Cu20 TR O BRI RHE L OB AR EL, Kty 21— %2

VT AML5G MBS T, F IR =IRIC CREm L 7=, = ey
[5R - B2] —flL LT, Figl |2, BUEEETH L ITO, AZO, =

FTO Mz Z NI L= T 2 i Bic, B L7 Cu0 #ifio =

X BEHT T 07 7 A VR, MEICRT LS FTO BRI LE Zmes

Cu20 I TlE, ITO. AZO & H~<(200)2 58 < B LAkt BN £

Cu20 @H%%ﬂ%ﬁkf% f:o aoi ZnO(002) ZnO(101) Cu20(200)
RITENTSERMEE AT 5 Cu0 WA T 2B FHERs 3o

FTO L L, ARy X HAFDOKFEN ZA53E% 0-9%F TEL S+,

FOEBIZOWTHHF LTz, Cu0 HEEDMESEFHIRHEIX A Sy # H R | cwoew

FDOKFEH ANEICHRAKIE L, ANy ZHAPOKES ASEN 0% = = 40 a5 so

Diffraction Angle 2 60 [deg.]
TR S oI, CuO(002)if, /K& AED 9% TR &

AUTZ IR Cu(11) [ A28 # H A DKFE T A43EN 2.5%-7%  Fig.1 XRD patterns for CuzO thin films
prepared on various transparent

TR LT IL, Cuz0 (200) i 7~ 5 DIEYT & — 7 DB S 4 conducting bottom electrode.
120 R IKSE AT A 57 5% TR S VT B K58 T A 57 2.5% 15 -
& T% TR L 7o il & 0 % (200) i (25 < B Ui 7o G e 2 |

HT % Cu0 AR CTE 7z, —JFF. T%LL EDKFESETIHIETK
SIS HER T E T BT Cu0 OFERMENME T LIZEEZ BN D,

FTO BHAEEM EIC A/ Ny X T AR OKFEIEE 0-9%I2 2 L S+
TIERLL 72 Cu0 WA AT 52 ~T oo KGEmEZ/ER L, 20 i
IR DI E SRR DWW TG LTz, — Bl & LT, Fig2 ITKFEHT AFE 1}
5% 0D 5544 T TR L 72 Cu20 HEREZ W 72 KEG SR D IV K5k & B o) . .
TR R, FRICRT L1, RESTIEH L2, BHEERNEN S ™ voltage[V]
Nic, £l-, XEBENZDTNICBHT L 0N TE, A~ 3 Fig2 ',;\ég,‘éﬁig%ﬁ%cfﬁﬁ, -~
Fa 2Ry B VRIS K WIERL LT Cu20 T %2 1% BB R T He A solar cell.

FPEEAE VBN TR U OB IR ERTX -,

(B ICLBEHEER FTO BIZ ANy # H AP OKFET A43E % 5% THRAET 5 Z & T, Cu20(200)
IR < BEI) L 7o BN =i E 2 A 5 CuO A EB ¢ & | BIEER CHA %R A LIC kR
WOREEB N EFEBTE,

(L1 P, = EEREL - B b8 8K % T @ 3K s, i 4 #E 86 %4 8 5 p677-679. 2017

o
o
T

Current [mA]

o
o
T
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AEVALL—ETERL-
PET EMR_E Cu.O BEICFEHARIRE DS 5 2 5 &
Effects of Source Solution of Cu2O Films on
the Polyethylene Terephthalate Substrates Sythesized Using Spin-Spray Process

BHRATEL, O(M2)@ i ik, =ik o, A Bh—, WA
NDA MSE, Toru Takahiro, Hisashi Miyazaki, Koichi Kitahara, and Yoichi Okamoto
E-mail: em61022@nda.ac.jp

1. IIL®IZ

FA TN ETUREPHSOKREE CRIE AR A T A THLIAE U AT L—
% (1) ZHWT, Cu0 & T ZAEEMCCHIRAEFEN FICBE L, b — & — IR
ENE X DB OVWTHE L2, RV x=F LT L 7¥F—F (PET) X7
XUTNVT, REAENATRRRTZD, xR ~OICHM SN D, 22T, K
e Tk, MRIE TR RIE /e A B 2 7 L —{E & FVW T, PET 4K _EIZ Cu0 % 1E
L, FUEHEIR B L ORGSR OUE OB EDER U2 3UB O Rt~ 2 552 8%
~7z,
2. EBRFGL

AV AT —IEIL BRA A B E T RENA TR
&L BEAI EEEDRIGEREHE L, ThEh
B AT L— 6 mEENENT — 7 v D EICHE
L. BEEAKT 2 HETH D, FEARIZIE, Hik
(CHRERSR 5 KR & L(+)-7 AL B U a mfE L
Teb D%, ROSEIRIZIT, Kb Y o L&A
fer N U DL 2K LIS D& W, K
*ﬁédiiﬁﬂﬁﬁﬂi@f: &’)j(lf\‘}j_‘: 705 Xvﬂﬁffﬁ,@: 1. A A 7"]/»_%%0)1@{[5%
L7c PET EtRx MW, ®x VT HATEFR, 7
— 7 /VAEH0E 100 rpm, FEFE E1E 50 mL/min, A 7 L —KX 5 min, b— X —RE
Z3BK &L, AT V—1t%, 7—7NVEERB IO — 7 —REZRE LT, #6
Z 10 min fzff X7, ERLL7230BHT, XRD, SEM., EDX, 70t 8t X Ok
SRINE & FHVCTEME L 7=,
3. MEBLUEBE

20127 A )L U ERRE 2 A SRR L 720k}
D XRD N — %R T, TAA)VE URIREDN 6
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HREDSSGE SN L TR B, HHIE. PESMEEZZH L T 2 LT b 2ERED A LA
Wiffc& %, Znd. FTIR, XRD, SEM 72 &7 — X OIS H¥EAICTHRE T 5,
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Fig.1 Amount of hydrogen Fig.2 PL spectra of CN samples.
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