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S-01 2016B5430, 2017A5430
BL16B2

BESERRY 57412 &5 SiC BfEEEMRD ST
=EEHMAS OnEiRETEERr B B, $5F %R, &8 R

[FLHIZ: SIC BFERAZIT ZLDIERRMENTFIEL . CHOHT/\( REMEI ZEBSEA 52 TV 2, #ER KM
FERT B1=0IZ1F. INoDEES KUREARICEET AR D EENEELL S, BETE ALV X #8504
(FHERDEITHL TR TH S8 IFFRE COIERRIEOBEHE SFEICBRGFETHD, —A.SIC T/3
ARIZIEELSEMEIEAZENTHY .. TEAT I vIILEREB(ETER)DERIENAVESLL S, ZAXRME OO
YRRIE RSN B E 5L TEFRERRMED Z<LIETEBLERED RMAETHBEINSZEMNZL, ZTDT=0. #
mRMRE T DERADEEEFHET 57=0IZ1E, TEEREMN 5. TERB/ERTEZ 80 fldFE TaiHlid 2wEN
BB, X $RT S 71 DBIEEREI I TEEEE REEELH D, REFETIEEETRILF—DEE X #fEAL
BHET, REAEE(TE B)DIERIIHEDHEEUFT HENTED, T2 T R IIREFE ZKYEED SiIC TE
Bh&HiZ1To7=,

582 n B 4H-SiC EAR LDIRE 100 pm DIE BEFHEREREL Tz, X $RNRY 5 745258(% SPring-8 BL16B2 T
170N, REREGEI T X ERNRY S7EEUSLT=. BIEIZIE SiB1M)E/IRA—4—(C kY BEELT- X 7% L V=,
X DI RILF—IF 8,15, 16, 18keV ELT. 1 1 28,1 1 212,2 2 416,2 2016 ZDEHT X ig£I&HLT=,
NSDEHIZHITEHMHREIE 40 ym ~ 340 um F2ETH B,

2. X 1 [IRICHEEE . T ENELSEETREL= X R8RT 57 ThH 5, sHEREI CEEL AR DHTRS
WEELZ 45 ym THAHE 1(a)TIEEIZ, EBES T AERR(TSD) XL d 5885 A B Z&8igssn i, — A, #
HFEREMNEKZ 90 um THHE 1(b) Tl B 1(a)&RFE TSD DELINZE, Sz KGRIV MR
O, ROV IS ZADERER SN, [ 1(b)DH THERSM =0 hS AN Z DU TIX(1)EREREA DR V& <
FET BERhrb UL, (2) TSD BNy IVEEL, ERDERTERLV=C LI KYsEfcn -t DEEZ NS,

1. SIC TERXI v )LEARD X G RIS
(@)g= 11212 (15 keV). (b)g= 22416 (18 keV)

SR

[1] M.Skowronski and S. Ha, J. Appl. Phys. 99 011101 (2006).

[2] S. Onda, H. Watanabe, Y. Kito, H. Kondo, H. Uehigashi, N. Hosokawa, Y. Hisada, K. Shiraishi and H. Saka, Phil.
Mag. Lett. 93 (2013)439-447

[BIREr&z, ELamX, IRIEKE, (20006).
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WE R ST L BSICEFERE
ZEEBHSSHH ERBHBRAMER OhH B, $F HE.

RS

8 R

P24/s-01
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O HHAXBRINT Z 21
[ZkBSIC I E/E DT

it

@SiIC/YT—F/ V1R

- BHRKOKIBIER

BUNSICTE R O Sl Tl R B E A —
AR B (< 8 RIS B HEHE(~ 104 fom?) ' =

{EEIECHLTEBEBBENEHNTHEMN
EHRP D RMGENEL B 1= R H RS
{BRIEE RAEE TRl

FERRHEIZEDT N ANDEFZEN2

-ERHDORMEEIERDORIEDOBERIEENER

SHAEMELICIETEROERIEARE

I
o

75 7 T

o1 —

1. SICT /N R EFER R

EIESICZE B DRSS A2 15D
FIEB R FGFE DB 2 142

- RETEEE DI AX R RS S T2k B

RERFIE
SitH S A ERH DS

+4°72(0001)SiE nZ!4H-SICEAR LD
EE100 ymDTEE

O HE T %
AT RS 574
- SPring-8 BL16 B2
-Si(311) TR &L
- RETERE =
H2. EEREELE

0 10 20 30
XD I )L¥—(keV)

3. RHECEICHITEEFTAISILBEDSHTRSE

Eect

“FTEDRRE" MO RNXRASE"E

—-g=-1-128

EIRAIREARRIE SRR
. E i 3
-22016 ASIXE | XBAHA| SRS
1128 8 9.6 39
11212 15 1.6 45
53416 16 9.6 280
18 1.9 90
22016 18 8.1 340

RREEE

O E L BEITNIIILE LR HRES (S BIRIE

@ 1128(8 keV) & 22416(16 keV) DL EE

@ g=11212 ‘ BROEH THBg=224161=FH01T
BEBERLOANREEINT Bragg&#Z -9 BN AL (ER: (a), (b)) (a) r
@ g=22416 BMIBETRALLXEOE TR
BB OISEBERD CRAEFICE 5L ?
IRV RS RO RES NI H

o g=224161=HUL T, TEDDAVFSRMAS :

B HiEROEEERLL ‘ BB TH1(TH: (@)1, (b)-1) L il

@ g=2016 -TEDADORIMEE TR } o= fis
FICEBEMOHNEESNT PTRSHREVLICLVERELR 7 T ¥

. b=1/3[1120] D & E F sz {1 A%
SHIRANCKYRAIRIC Aot £ HER

TSD'ﬁ‘ HHEA

B4, HHOE 1¢rmu_xﬁw%7

FEDH

@ REEEDOXIRIRT S T0—I12&Y., EIE(100 pm)SICTEAF v )L AR OISR IEEEEEEREL -,
SEIRILF—HN D, BROEHEERT HLT, THTHIERANDERETLARILT HIENTE =,
S RDEIHZEFATHET, TED(EBEIREL) DAV NSRS EHEICHBEICHEON T,

‘ IRE100 umDEVSICIEEITHLTH, REEREICLDMITIXIRIRT 5711
FARGERRMEHEFERTHS.

. TED: B3 FRIEfL

H15. g=1128(8 keV). 22416(16 keV) CHRELI- XY 57

SE

[1] M.Skowronski and S. Ha, J. Appl. Phys. 99 011101 (2006).
[2] S. Onda, H. Watanabe, Y. Kito, H. Kondo, H. Uehigashi, N.
Hosokawa, Y. Hisada, K. Shiraishi and H. Saka, Phil. Mag. Lett.
93 (2013)439-447.

[BIKF 2, BEH/X, RRIFEKXZE, (2006).
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S-02 2016A5130, 2016B5130
BL16XU

B8 X SR EF IR ABREIR/Si EA R Em D Xz E ST

=EBH W) IR ATIRET B B B BAL A A
FALKE RRRFRMHERR 52— e B2, 58 Eif

(FLEDIT: AE)OAN—FEERRIEREF TSNS MOSFET (Metal-Oxide-Semiconductor Field—Effect
Transistor) [FFA DAEFIITRARIGEFT /A ATHY . B TR UHEGRI ZHERERLEDN I EA o TULVD, #ERE
BEAS(EREME R LD T=DI 2T — MREIED SEFENFETHY . BYEIEOH LI/ EARSRE D RFEERZE D
FEDREDIRBELSTUVD, CNETIZ, SIOFEDIEEIZEB LI-f#TE =ML . CVD A THEELT- SO 5% Ar
TS5XITHRETHILTHRBHEOM L, BEEFEENGELHELTLS [1, 2l LMLENS, I5%45
MOSFET D4F!4Hm_EDT=IZIE, BEFZ1F T I8/ EARFEANLEHER R L AT HED$H D, T T, /I [3]
PINED [4] [TEYIRESN TS A7 REEEINEFDAEFHICAEZE FAULVT, R/ BRI D REEEMZRE
D& EXA 1=,

R HAORREEE A TSXIDE/ ERFENDUMREASN T HIETHIN., SEITSEGR p B
Si AR LIZEED CVD ETHALTZ SO & (10nm) DFHEZEA Tz, COYTILOREIZ. 5nm DA RZV L
BS% . EEIERR—RNERAVWTEIBERRELTz. RIZ. N\A T RAEEHMAD R T—12, REEHEET7—X
(2% &S KSICEEL . FEEN S/ A7 REEZEINL I REE THBEFHAIRIEN TR HLIIZLT=, BLI6XU DEEX
BABEFIEEERL. FHEX BROIRILE—% SkeV, HEBEFEWY HLAREE 85 FEIERELIIREET Si1s AR
IR IVERUFLT =,

$ER: N\ATRAEEZEMLTLVELKRE, BEUEEEB 10 V O/ (T REBEEEEINNLIKEED Si 1s X
ROMVER N ITTRT , I T RAEEEZENNT B2 EI2EoT, Si EARD Si 1s E—IDELL TLNBIENRERTE
%, CDE—DLTNEIF/N AT RAEEHMELIELFIL THEST . COEDDIE/ EARDFREERDFZE HT=5,
CDEIGARYGMVE, -35 MNo+35 V DERT/ \A 7 RABEEZZEbSE THUFL . /MRS DEETRZ ALV T, Bk
JEDE—ULIME (Aox) T RMEEMERE EL-FEREZE 2 TR, CVD-SIO, fE& Si ERFmIZ, L el
AT, ~5 x 10?eV'em? DREERAFET S EERT famn\Fons-, &, EXEHR (CV AE) 1LY K
ERDZUMEREIL ., FHEF XA T 5E8H(2, A TS5 X THRESIN-ED SHE~ERL T,

Si-sub.

Int. [arb. units]

LA EE B B S S B B B B | 0.8 T T T T T

1850 1845 1840 1835 1 2 3 4 5 6x10"

Binding Energy [eV] Interface State Density [eV'1cm'2]

1. INA 7 REINEFD Sits ARIMLDZEEAE 2. CVD-SiO,/Si EARFED RIEEZEED FATHER

S5 3k

[1] K Kawase, A. Teramoto, H. Umeda, T. Suwa, Y. Uehara, T. Hattori and T. Ohmi : J. Appl. Phys. 111 (2012) 034101.

[2] K Kawase, T. Motoya, Y. Uehara, A. Teramoto, T. Suwa and T. Ohmi : J. Vac. Sci. Technol. A 32 (2014) 051502-1.

[3] H. Kobayashi, A. Asano, S. Asada, T. Kubota, Y. Yamashita, K. Yoneda and Y. Todokoro : J. Appl. Phys., 83 (1998) 2098.
[4] M. Kobata and K. Kobayashi : J. Vac. Soc. Jpn, 58 (2015) 43.
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XA EF 7 (HAXPES) [Z&HEELIR/SiIE AR 5 D R bz BT

S0-01, S-02

SHEE () AHRALATRT B RE Ax BOTE O i
A REHERHERARR L I— B Bz, Sh 5 520 |6AS130, 201685130
1. 1EL8IZ 4. EERMER
AERYOA VNG EF R BFTHASNDIMOSFETIEH 7 D 45E Os 3s Sits SI’& 3@

[STRAIRGBFTINARTHD, (EFEREOEBEER LOHIZE
T ELIEORERENEETHY . BILEOBILEERATOR
MREMZEDHHNREDEBELA>TNS, CNETIZ, BILEDE
BITEBLBITEERL. CVDEATHIEL=SIOEEArSS AT T
BYHILTHREZMORL BEFEEEMEEERALTLS [1,2]
LLEAS, S5EHMOSFETDHER LD =01, BILEL T
K BILR/ERAEANLHER REL T E2LELNH D, T TEEL
BEMMHAXPESE FLNT., BAEIE/E AR R O R e #E461 Z B 0 5T
[3,4] Z&tar1=,

1. SIOfEDHFH

Fik AiRiE WERE EE HEEE XREE

BEE Si, SiC =) T & &
SUHLEIE  Si SIC ZE # = 15

CVD T= FE 15 S ] &

2. YU T )LHEE

Os (5nm) L
CVD-SiO,f& (10nm)

pEISiE R
(B dope: 10'5cm3) \

B2 o T ILBELEEMNMESR R

- pEISIEAR EICCVDETERLIE (SIOfE) Z10nmE &

- REEBELTOsEESNMEL R

- SEEREAVTCRABE-SIERMBICEENML. ZOBROHR
BEFE—IDYTNERT

3. REEMDENAIE [4.5]

REEO/NAURHE BEEMME D/ RS

EIETIREE Y Ec
Ec

T EgV

Eem E EF0 Erm j Ev
Ev

|REEMICEFHASYIENS |
[—

3. EEMICLS/N\UREBEELDEXE

- BEAMICEOTNHAVREBENELL. REEMICEFLISY

TEnd
CREBFE—IDIIDLNUFEEDEILERIFLY, X

FRVTRAEEMNTEELHE
AVy =V - Vg

DA(ErY) = (€ Ao/ £60) (dAV,, / dV) {1/ (1 - dAV,/dV)}

Int. [arb. units]
Int. [arb. units]

3035 1850 1845 1840 1835
Binding Energy [eV]

3065 3055 3045
Binding Energy [eV]

B4. +1.0, 0, -1.0VENIIEF DA EFARI L
- OsOE—VHEF—FETHY. SIDE—IHEMNEEICE>TH
BT TN BT LERER

ENInEE
+3.5V

0.0V

Int. [arb. units]

-3.5V

1850 1845 1840 1835
Binding Energy [eV]

5. EEEIMICKDSi 1sE—I DTk
+ BEMICE->TSIERICHRT IE—IHEHFEMIZS TN S
CLEHER

1i0 0‘.8 OTB 0i4 0i2 0‘.0
Ec-E [eV]
6. AEEMTETEER
- SIEBOABEFE—IDVINENORELEMFEELFHE
+3x10M~5x102eVIcm2EEENREEMBE THLH_LEHR

5.FED

[#5:m]
- HERIRERREOXMRE EE MO, EEEMHAXPESIZ&S
Ealits g : 0

+ CVDATHRPELI=SIO,/SIFE D RIEHEMZEEETEL, 3x 10" ~
5x10"2 [eV-lcm?] BEDREEMMNEET S EETTHREERET

[51&]
- BREHE (CVIR) BETAVTARBROZ L MZRIL Y S &3,
RERELECLOIREA~NOREETET S

© Mitsubishi Electric Corporation
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S-03 2016A5110, 2016A5410, 2016B5110, 2016B5410

BL16XU, BL16B2

loT TiERT5EEFEARAE)(FRAM)IZEI1TS PLZT SEIEOFESRIEAN=X L

ELENEA, Eh@EtIars 04— B BT E XEAL U0 FEL PR B
BT E2NE BB S —EAL =R BB 52 ER W AR RS

de B2

ERLEN: EEBTEH. SESEHR | SEEMI EHEL B *
EERA T8 EARAT) FRAMIE, RY—RAh—R0BEET /1 R
AT IEEFBIN TS IoT (Intemet of Things)iEm]IF~D FIFEEARAEA
BN TS, Lttid. 1999 5 HF Z528RI+T FRAM D EEEEFRIAL . TR1E.
EETTA 018 m, BWEEE 1.8 V. SHEE 8 Mb DRGILICHEZIL TS, &
[l F< (%, BEEEAHE PLZT (PoLaZr TNO)DFERIL 7 —— ) LEFDFEISI =
BLT. 7ILTY A2 2%DEER (0)EEFED (05 20Z&T. MHBIFED o Lap— :
FLE (R 1L EEL T, FRAM OESESEY ARSI LS 5T EE R, R PN,
Z DEEEBISMN T =812, X I = & B AR % 1T o1, B1. JRESHP O Ar/O, 77
SEE&:  Si EAR/SiO/Ti (20 nm)LIZ, TEREIBEL THEDR Pt iE% 175 nm ETRURL., 3512, BREER WA
1) 35T PLZT &% 150 nm [ETRAEL 1=, PLZT IRDFERALT =—)LIE. Ar/O, FESUZH LT, 600°CT 90 F#fH
EfESNT-, FERIET ——ILEED O/(Ar+O)EEAY 0, 025, 2, 50, 100%D 5 FEEEDH T ILEHERLT=, &5,
Ar/O, SRELEDEILS PLZT [RIZHE T, MHERAERBIEDEVEF R D102, 7——)LEREID 245585809
TIVEEE(ELT=, 2 RITIEHES PILATUS100k 24 1= Huber $H5IZEAEEEZ FALVT ., X $REHTRIEZ =L 1=,
XEEDIARILF—(E. 15keV HBUVE 20 keV LY. JRERZE CuK diR (154056 A)THEL TRIRLT=,
$FEFR: Oy 0%, Oz 2%, Oz 100% 25115 2 0 w- R VEYT DHEFERERI 2 (TR, F0iE Oy 2% Tl JEHIin-
F2AR)—=7RDE— (FFRDREDASEERL TS AFERIE. Fo8G O 2% T, TEEEI SFERAET 5B
mL7T= PLZT #5& ERIRDDHHMBEMIZHBSN ., PLZT REEETHRERRET 574 LEEREEA 1=
PLZT &8 (G4 LRDHERL TSI EERL TS, S5I2, Ar/0, FRELEDEADEHD PLZT [RIZHLVT,
1ERARBIEDEVVEFINTIER. ERTEHTH S/ 1 O/O7HENSLENHRTHS AT RHA MENDIHERS
REM., Ar FHSTIEERC, 0, FHEKTILEN I EN AL IoTz, AMERIE. O.IZF/ N\ 1O O 7HELELS
., ROT DA ME~NOIBEFSE T DINEN DD EETIET D, i 05 2%TlE, PLZT REMA LA

1= O12&Y. PLZT DIEEAMEIZ O REDMAELIHER. PLZT RED 53 LRSI OIEEHAMIIHE L, BLE
B DHAMBIAN AEERE L =TSN B,

(a) p if—“ ( (b)

N
[

2P, (uC/cm?)
N
w o
T Q\ T

i
o

[

10 100

Intensity (arb. units.)

Intensity (arb. units)

35 35
40 0

40 0
26 (4og) 45 26 (dog) 45

2. 20w RYE T BIFEFER, ()05 0%, (b)Oz 2%, (c)O;; 100%,

MRS FEE-BFHH BT nE: X EEY
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IoTH 1 TR A AT FRAM)I<5 113
FUjITSU PLZTRE DS IEAHD=X L

BRASHELTERRAR ELBE LI T V2K S22
FA BT E X2 LA FR BF B2
BT 2 /NE R—ER2 S —F2 =R 82, Bk =82, /8 W2, Ak #E

RERS - BITRR

8 SE WK A" (Ferroelectric Random Access Memory)&ld WiESBYE EOER
s - PLZTER B DAr/O, 7 1Kk TF
.iig?ﬁ%%%ﬁfiggﬁg’%ﬁ%gém Arsf (05 0%) BEEH 0, 2% Ot (0 100%)
SREFEEMAMA: PZT (Pb(ZrTi)O,). PLZT ((Pb,La)(Zr,Ti)Ox)% L i P " =
HERHPLZTEERALI-FRAMO B EFE t .
ZHTiA A DY TN EY AL SEET0IN 1 17— EL TS £
P 26 (deg) . s 26 (deg) s 26 (dog) s

FBEM (0, 2%) Tl FU4 LERROPLZTAVESR

i) ”“ Argts (O,; 0%) AR VEESEME
WE :
Y ) . ;
“1” Data = BEMES
S —— 0z 2%I=H 1T oK RIE S5 WRAOPLZTIXBREIZHH
loT(Internet of Things) D EBERBE v F—4 BB 502; 2%)'5(9(:; Tﬂ%t;ib\%)ﬁ&‘é’ 6%@?3#&%&9(:%&3%.
ZOWALT — SO RUEES Ty D7/ A RITFIFA MAEOSL T LRANHETSEET, BRSEYLA L
loTZESEVIF—IDRY hI—0
PLZT#ERREAD=ZX LB VSV F LEES O 5EH
(=7 et PLZT#: S5 R @D XRDIZ &5 XAFSIZ &2 %8
m m Sl pLZT(111) — (PLZTZ®20~30 nm)
F—50 F—50 ISt Lvd ;
lﬂﬁdﬁmt ‘ ) e t l;;;m w t l;;gm - ) ’:::: - e
FRAM(XEV) piEREnSREH &Y RVE ) - oy
owroviemcioren  maaem x-s-om FELTFR * om0 h
@l Va0 ,e«., [Im i
Fha pay e {/ g s
i T ™ n
0o [pyrochlore(222) PLZT(100} B e
AHROBH . \\ ®
PLZTIED#ERIL7 =—ILEOBESKIZH LT, » b D\H 5 ’ oy K

ANlZ2%ND0,E & 5(0,; 2%) & T, B
DR E%EC T, FRAMDO S ESBY HARE<H £

) &
Time (sec.)

TEHEBEREONOT A4 MANDOREBEE

Photon Energy eV)

BRAE 20, (uC/em?)

5 ABES:  EHLLRL O, FPLZTRED
BHZ MY 571012, XRDEUXAFSIZ &S ol o ‘O, FHER: ELLHEL HHERFEZ N
B R A= Cosmront ~ERi#(0,; 2%): TEREB CTERCKRE TEL
\ ~/ SARIOTROBAESICEIRELDEL ORERENTETI
YT IR URIERE
<. O,lx/\fnyO7H%E "
H 7L RESHIHNE .
HOF N DER M e )
PLZTHE(150 nm) / {111}EFPtE(175 nm) / Ti(20 nm) / SIO, / SiZ:4R e "
PLZTORE R UAERIET=—IL ORI MORREIZWETLE RAOYOFHENSROT AN ME~DIEER ma
R BERR T s RO I IR ORE_[ Taikimm [PLTREN
HERIET=—)L: Ar/O,BES T600°C ) - 100%, 50% | 0| il BE oo
BE2% i FE . 0
0%,025% | (R 123 T ommem  PLZT
AIEAHE ®iE &H
2RTTIRH R
BiEEH (0,; 2%)TlE, OPLZTEE M D#MESNT-0,ICKYELT-0,BE RS
RIHRY, @0,I<&B/{/O0/O0FHOREILHRICEY, PLZTREDSV S A
-#2Hi88: DECTRIS#&IPILATUS100k RS OHEEME
X$%: 20keV /15 keV (CuKalTiiEL THR) i =
s B

® BFEBAPLZTICH(TAEMILT =—/LIRDA/02 i ENBEILIZEY.

se==

[Ty DT/ RFHAEY BT 2R sL

@ SPring-8DEEEXROFIAIEY. FRAMORESBYHELTSEHERY .
PLZTREBREAD=ZX LEREHAL . TO-REAFR R O EMHL IR

R FEERRMENOEGRETIRE
SX#R: Ti-KIRUREH(4.964 keV)
RHES: 20~30 nm
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S-04 2016A5110, 2016A5410, 2016B5110, 2016B5410
BL16XU, BL16B2

ANINERB GaN-ZnO F/H1F7 /— R EBIED

XAFS/HAXPES [Z & A9 HT
B SLETZT AR B GE BA B Bk RE X2 #t =k R X 4th &=

ARLZ-HRIBSHREL TSN TS NTHEREIE. K, ZEBMERFREAG O D . BEROKER. BHIZE £/
TH5ELED T, IRIILF— REFRECHLEEMNTH S, CORIEDENEIEADERLZF—D—IIET7 /—FE
BTHY . FEEDTVRN—TRIEAXFTOZEA AR EIZa—RUTf= £, AL - D55, B
WRISSIED BABE1FHIZIE. —IRIZZTTHRED O HAANES KRS VREFET FTO EAREICHRBLG TGRS
B0\, RERETIE, T7AVILH S /HFHEREENPD)Z AL VTHERIL 1= GarZnN1L,OL 7/ — F BABD#ERL x=045 =
BWT EEDOEB ZLEARE 100 FOEREFOZENTE . TOEVAERDRERETAR S5-I, EiFetFt
% X #R[E#r. HAXPES, £&U XAFS [CKYDHTLTz, X $REHFTIL. #A/ x ICKDEFERDEILEF~T=,
HAXPES Tl XD &L512#Rk& Valence Band Maximum D& ED BHEEEAT-, 52 XAFS Tl AEID &
512 NPD [RE. [RER COREERRFIED B VETIA =, SNBITHNIR | SEEURSTERIZ LD/ \URF vy T BRE
BENTSIEERD OSSN DIBEET LEN—REL., B TREHEL T, TOFER. NPDEDOEL VAERIE
IEEAEEDIRSE A KEL V=8 Conduction Band HEMY, \URFoyTHEDLI=CEICkBEEZOND,

2.0 . : : T
Zn (x=0.24) —Film Data
NPD Film Flm FEFDFEt
151 N/O  Gaizn -- F'u\ vder FEFF Fit |
€
<
2
(2]
c
3
S 0 b, 1 L 2yeso oG
0 1 2 3 4 5
D R\
2.0 r
e
2 Fuwu-.-v FEFF Fit |
L Powder 4
’_E‘- T T T T
- == Film Dzta
S; Zn (x=1) Ga/Zn --~F::: FE‘;F Fit
— Powcer Data
..%a 2'0 B NIO -~ Powder FE;F Fit |
3 &
2 ?
: =
14
N’
>
T T T T T T T
12 10 8 6 4 2 0
BE (eV) 0 2 (A)3
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AL ERKAGaN-ZnOF/HiF7 /—FEBIED

XAFS/HAXPESIZ & B9 #T
() DHEFEA AEES. SR BA.EE Bk, KE 2.
Ht+ =k, B KA. Sh EE

Composition
GaossZno 4sNossO0.4s

Introduction Experimental

A5 BBMRLLTHSNTIS ATHARIEHIE K. = Voo k] o
B BRSNS, BR-OKE, BRIELRT HLOT. :
IRLF— REMBEICHEELRITO—D2THDH, CORIED fsrete I 3
EANRIEADERALTHRD—DET7/—REBTHY. BLIR 2
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Investigation of crystal defects in SiC-MOSFETs HITACHI
by X-ray topography.
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Ref: T. Asano et al., ACS Appl. Mater. Interfaces 2017, 9, 5056—5061
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illustration of the fabricated
device for Au carrier
modulation via EDL-gating

with a back-gate structure.

Figure 2: The in-situ HAXPES spectra of the fabricated device
under various applied gate biases. No redox behavior was observed
in the Ti 2p binding energy, which otherwise should shift with
applied bias.
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Abstract: Electric double layer (EDL)-gated carrier injection using ionic liquid has attracted rapidly growing attention due to its capability to modulate material properties in
the vicinity of the EDL interface. In order to turn this newly emerging technology into real devices, it is inevitable to realize all-solid-state devices working at room temperature.
Here, we have demonstrated conductivity modulation of gold thin film using all-solid-state EDL-gating at room temperature at the speed of ~ 1 sec.

Introduction: lontronics (lonics x Electronics)
Functional material properties have been modulated
utilizing electric double layer (EDL)-gating.

Advantageous characteristics of EDL:
v'High capacitance (~ uF/cm2 — 10 uF/cm2)
vStrong electric field (~ MV/cm - ~10MV/cm)

v Extremely high concentration of carriers induced
at the interface (10%3/cm? — 10 /cm?)

Lz Ueno, etal. Not. Mater. 2008
Emergence/modulation of materials properties:
e.g. Superconductivity, Magnetism, Optical, Metal/insulator transition, etc.

» Desired to turn the ionic liquid-based device into
all-solid-state EDL device for real application.
> More than switching devices such transistors

~
Target: Carrier injection into metals via solid-state EDL

The metallic properties that can be modulated by
electron injection
Metallic fun.
properties
Catalitic activity
Optical properties
Tc for Superconductivity
Tc for Magnetism

» Metallic properties are governed by the
electronic structures in the vicinity of Fermi
surface.

% Injection of carriers into metals will raise Fermi
energy or change the shape of Fermi surface.
-> Various functional properties of metals can
be modulated by electron injection.

al

Governing electronic charactel

Work function (or E)
Plasmon resonance frequency, (D(E))
D(Ef)

D1(Ef)-Dy (Ef)

Conventional dielectric gating:

Density of states (DOS) and Fermi surface of metals
= 00s) nyp ™~ 102 /cm? > AE, ~ 1 meV > Too small for any noticeable variation

£ Objective of this study
To demonstrate sensible carrier concentration
modulation of metals (> 1013 /cm2) at room
temperature using all-solid-state electric double
layer (EDL) gating.

Ep+A
Py

>10% /em?

Injected carriers: qiy; = |, EE: “p (E)dE
D(E)

2\ (

trategies / Fabricated device structure
Device Concept:

> For high electrochemical stability and high ionic conductivity,
solid state lithium ion conductor, La, s¢Liy 33TiO5, was employed.

> Epitaxial growth of lithium ion conductor and gate electrode
for ion transport.

Device Fabrication:
» PLD growth of gate electrode and solid state electrolyte.
> Lift-off process to define Au channel and lead electrodes.

Cross sectional device structure Plan view SEM image
Vso

§ derneath

Ga
i | l Solid electrolyte | g
Ve

= |

state electrolyte (LaLiTiOs) G =

Gate (SrRu03)

| Substrate (STO100) | Electrode:

XRD pattern of the device (8-26, before Au deposition

Li* transport planes

(100)
< 5T0(100)
<5T0(400)

< sT0(300)
(400)

170(300)

SRO

RO
K

10

SRO (300)

Pl

Intensity (cps)

20 (deg)

v' Successful epitaxial growth of the solid electrolyte,
Lag 56Lio 33Ti05-
v 2D Li* ion transport planes vertically aligned.

Cross sectional TEM images

Superlattice _r.

v' Thin gold channel deposited on atomically-flat
electrolyte surface.

v 1-2 monolayers of the disordered phase present at
the interface.

v’ Selected area diffraction confirmed the superlattice

structure laid in in-plane direction (consistent with
XRD pattern).

/

AN

-

Au conductivity modulation via all-solid-state EDL-gating
Modulation of Au channel conductance by gate bias
For V, < 0: Electrons expelled For V;, > 0: Electrons injected

Channel (I5p) and gate (I¢) currents

variation with gate bias (V)
Forfa<0 G

Byl R

B3 o o o
X | Electrolyt Vo

) 8.0 yte E

e # * «‘/J
can

DOS

v The polarity of Au conductivity modulation is consistent with the Li* ionic motion in
the electrolyte.

¥ The induced electron density is approximately estimated to be ~ 7e13 /em? at Vg =
1.0V, which corresponds to the capacitance value of C~ 10 uF/cm?2. This value is in
the order of the EDL capacitance.

-> The Au conductance modulation is due to EDL formed between the Au and solid

state electrolyte.

{5 10 65 00 05 10 15
Vo)
v Channel current (Ig) is modulated by gate bias (V).
v Gate current (Ig) is much less than the channel
current (lgp) by the factor of 102 -10%.
-> Change in the channel current is indeed due to
carrier density modulation in Au channel.

Indication of non-linear ionic transport
lication of gate bias

Verification of Au-conductivity modulation
HAXPES Spectra Current variation after a

Detoctor

incident X-ray /
Wy
===

Substrate (STO (100))

0255075 300 600 960
Time (sec)

Fitting equation:

Al 0) = (0=, C, m{lfix, p[fiﬂ

v
S5 S0 s
Binding Energy [V]

ST s S0 ws
Binding Energy [eV]

Binding Energy [¢V]
» No Ti2p peak shift under applied bias.
- No Tivalence variation under applied bias.
-> Electron density in Au film indeed varied
under applied gate bias.

» Time constants exponentially decrease with applied gate bias.
-> Indicating that the nonlinear ionic transport occurred.
> Data can be fitted with two time constants.
-> Indicating two competing processes to develop the carrier accumulatios

El

N

( Conclusions

« We have successfully demonstrated the Au conductivity modulation via all-solid-state EDL gating.

* Using Li* conducting La, 56Lis 33TiO5 @s an electrolyte, the carrier density modulation can be as fast as
the order of ~ 1 Hz at room temperature.

The EDL evolves with two time constants, and the time constants exponentially decreases with the

J N\

\ increasing applied gate bias, unique feature of ion-induced gating. )

Ref: Tetsuya Asano et al., ACS Appl. Mater. Interfaces, 2017, 9, 5056-5061.

e-mail: asano.tetsuya001@jp.panasonic.com
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Figure 1. Pt Ls-edge XANES collected in N2- and CO-saturated 0.1 M HCIO4 solution for Pt/C (a) and Ptw—PtCo/C
(b) catalysts.
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