JLiEE kS

7> HOKKAIDO UNIVERSITY

PRESS RELEASE 2013/6/21

BFzX¥a1vyv tHALAHTHEMRBOMREZES
~ BRI E BB T B B R~
HA Y
- B AT B B O RS G 2 51838 T 3 2 & (SR,
EVERICET A B UAn CRTHROTES B0 3 B 14 U TEL.
 BBHRA BT 37 OBN LMK 2 RE,

E3

EERFEFRAMEMORKEBRELR S OME I IL— 7L, OERICEFAHALADE I L
T, BEBRICERT 2BV OMENERL 2EICEETESL I %, MIHTERIELE LT

RBEME L, BEEE2E5X2EHBL (E—Ry 75R*?), BICBERERT EAEZD (RILF
TR MEERT DD, MEINEZERCBETONTLWIERAOBERILTEEINTL
F9d, BEAZNERLCBRICERT 27-0I1C1F, EXZ2BLYTL, BREEZESIRICRET HE
ENKEL, Bz@BLIc<w, HEOENT-ABMEAIVETT N, BEBXREEE (BB OF
DEL—F - FT7ERIPEFLRY, HEERENEATHELA,

CORAEE LT, BROWEMICETFABELADS L, EEXRAZTZTICABREEZESOHOND
EWSERmA 1993 FICRESNE L, COERIE, BX2zRIREBZEXLES 2L E THA
RAAFAIBEF S ZAWTEILESN, /N7 * L 5 E0REREIB@AERINE L7, AT
BTEEDOUREL LTI, NLIDBRKELIZEAEEZELLRVWE WS HELNHY £ L1,

COMBEBART 270, XL IL—T1F, 2016 FEIHFH-ICIREINTESR [ KELLEL -7
BFEZHRWERICEALIAD S Z T, LY RELMEERIERNIRI D] OFRFFICMYBEAZ L, B
REICIE, RERE W B 30BKELLEN >T-BF 2 ALBEFICEHUAD IR, /Lo i 1015
DEBRIEEZENL, AITBETFEEOUREZERE 2FICEDD I EICHIL £ LT,

EM->T-BF & HOWERICRALASD 52 & T, ABREOIEENRE DD, HEAEEIE L0
SEIORRIFERNTHY, FK I35 ANREREA, BBECIVE1—XGELNLDEREER
ICEZ TEWHNAT 2HEMICENY £, AR, ZREFE (A Fr—-312=47—> 3> X]

BFHR) I, ZEERHE2018F6 8208 (k) IcEINE L7,

RWERICEFZHALAD S I & T, ABEMHORZBRUCEERY S ERMNEREL 2F 12 L

1/8



1L
J i

[FR]

HENICEDNDE TRALF—ORBOE, FHINAWEFERE LTREBICKRHEINTWET, Z
DEF— IR IFINF—DELZIND2ICRINEEDLN, ZOFEI R ILF—2EBERICEZID L
N, EIXLF—0BERLEL TEEINTVLWET, HIESNI2BZEXTICEX D I ENTEDHE
MEHE, BEEZ%EZ5RX5ERBEL (T—XvI9R), BICEREZRT EARAD (RILFzHR) HE
TSI EN D, RERFOHAHRTFELTHATEEYS, PTHLRERTIE, AXAREM, I B
FECIVE 21— O SNZESREZ, BALRERICEBRTELZZ AL, RIERIU -2 TR
F—HiTe L TRELBEIFEONTVLET,

MERLCAZBRUCERT 27-0(10, ABZHBMRICIE, EX2BLYIVIE (BLWEEX), &
EEHEZ I EICRETIERE (BERE) NREVWTE, BEBLICKWIE (BEVWAMRER), O
=OOUBEERBICH T IEAKRDONET, L1, EEREABEORTIOMICIEMNL—F -
F7OREFENHY, BRZBLCITLKTEEEENMETT 270, MEEEm®H27-HICIFEEIR L EE
BEDIEREBIRZ RS 2 ENH Y £ LT,

DEDDRARFTFEELT, 1993 FICTHFa—Cvy VIRKFEORL Yy RILNATZHERSICL-T
[EWERICEFZEALADDE, BROBLYTIZZEXD I A< BEEZEO LN LW 5 EHE
MREINZE L, ZOER®IL, 2007 &F, [E5zB8IEEZ, EXzBIAVWETHLAHZAL
BEF (B1] ZHAVWTEIESNE LA, NL7DOKSEREAABHEEEIRZIZ 0D, BS%
BEAVWBEEDATBRIEEOTHMEEII AL DEIEE IFEAETHLANE WS HELSH
DE L7

(RRFE]

CORMBEEZBRT 2720, WBBERFAZRERVEARHELTRPAREZEDOR WBK, RAXF
BETFHNPMRTOXABESIR, ERAFAFRIFZRAMTREESHTRERE O RRE—ZUR, THAFE
ARERIFHARROES h#EdFE, AE - BUKBAFD Yu-Miin Sheu Bh# o O HRMR S L —7
IZ, 2016 FICHEBE—BHEIR (LA ERFL Yy EINTREZESICL > THEICREIN-ESR
[ KELIED 2 -BFEFWEBICEALAD S Z & T, LU KRZARBTREE AN S (B2)] OXRIE
ICERY A E L7,

BFICIE, RFELTOUEL, BELTOMENHLIEAMONTWET, T T, BFDA
Y %, ROER (K- 7A0KREY) ZAVWVTHRELET, £7, RLYIRELED>712ETF
NBE->7-mEE (EX 0.4 nm~bnm) ZAHEL, ZOBEBZBLSHATRNG WERIE (EXH 4 nm)
TEHAATS, B P4 v FOLSHEE (NIBETF) 2ERTLZLIcLY, RELEN-E
FEPFONERMICEACADE L7z, EELT, RERMUAIBERFHIERLE LT
BRezBImEEOMEIE LT, 2007 FORELELF X VBA MOV F UL ICZATHEMAT
MEEBIRLE LT FRYBAMAVFILEZFTHI bOYF 7 L*° OICIE, SrTi, Nb,0, &
AR (0=x=1) 2B TEZ 2PN TVET, £, SITi NbO;ERE (0=x=1) OFWE
EESIL, ZDOFR - 7O BREANIZE A, x=03 DHBEICIFHFERL 41 nm TLEH, x=0.4
DFEITIEE3nm &R, IR KELLLEIBZ bl £L7 (B 3a),

RIZ, SrTip Nb,O;E&AE (x=0.2, 0.3, 0.8) #BWEOBEINANIEL L TERAL, BRHAHENK
L SITiO; B TiAA TATEBEF 2R L, AERFUEZFTAILE L7, ZZTIEEENIC, x=0.3
T ATElE, x=04%ZBHEBEERLET,

2/8



CEAZED

B 3bic, x=0.3 (AfEEL) & x=0.4 (B 0Bz ETRERE (1~12 BEF, 1 BUKEFO
EXE0.4nm) %, EXH4nm OIEEIARE CHRAAA I ANTIBEFOREBEERESGEZRLET, B
[EBIEOEINRBDT BICONTEABRENIBEARAL, x=0.3 (A EHE) OATBEFTIE, EREF
CLNLT4-5 EOREBRIERARONETAH, AFRD x=0.4 (B EE) O ALBIKFDOEERIE
BESIFI0FISET LI eI X7,

RIS, BRAEBIWEBOE % 1 BAETF (0.4 nm) ICEAELT, BBX (K4a) LB (H
4b) ZEHRIL £ L7, /NLy ERERIC, AIBRFOEEREIEFF v U 7EEICIZITELF L &L
LE LD, AIBEFOREROEFF v 7REKREMEIL, NLvy (Fv ) TREN1TENLT S
&, BVEBREIZ 198 uV K1ZT2) LUHEAMEE (0300 uV KD TEET L b Y EL
oo STNHLOT—RZAVWT, BEBEHNRF (=AEREXABRXxEEX) 2H8HL/-L 25 (R4c),
x=0.6 DATBIETH, M 2 FICHET S 5.5 mW/ mKZORBEZIRHNZRTI I E2HKBLE
L7ze INODOERIE, 2016 FICEBEIRE FL vy NI IERSICE > TIRESNEERIEL
WZ & A RBNICEIAT 250 THY, FEUVBI A YF U LUNOREMEICERT 22T, £
ORBEBMENAKIRBICEDOND Z L ABEITRTHDTT,

[S#&~DHIFF]

SEHOERIE, F - 7O00ERRIMRVHEEZERTHL, EF2ERRERVERICHALADS 2
T, ABEMHICREEZ S CRICHKE S 2BEICHEE T 2HEREZ/VILIL LHTERYT 2 &V ) EH
NLHERTY, BE, AP TERICHARINTW 2Bz ST 270 DFHLMRIEREHE
Premp EMFENET, Ik, THCANFEEBR, BPEPIVE1—RXBREDEAZBRICEAT
BAAT 2EMICENY 27,

(9EF)

ARIE, XBRFE - BEAREFE FRMEEAR [/ BEBBO 70> T4 7HA]
(2013-2017 &£, #EEEk BR Th) I[CHF5, FTEMR [/ EEExR@mo 70>y 7 1 7 A
(R E LHER), FHEAR [F/ BEBERICE OV HMEERER] (FRAE BT IH), FHEH
% [RFBHIEICL 23 L OTRHEEERR] (ARAE KEBE) ROXBPRZE - REMRE#HDE
ERHRA) [BEMROR ZT i@ 7=+ / BT ERESE O SMEEZRMERR | (2017-2020 £,
MERE KARE), A BELYEEOACA/ R=YaVABEAF IV - TI5AT Y ARED
YR— b EZIFTERBEINE L1,

X ER
X% Double thermoelectric power factor of a 2D electron system (ZXRITEFRD ZEDEE
ZHH AR F)

EEZ & WMBL B @3 M 823 Cheng-Ping Chang?, Yu-Miin Sheu, Hd I3, /R
HE— 2, KEHBE Y ((UBBEAFRZRERBVZMRR, HRAFRFRIZRAREHL
BN THERE, *FREAFIFE, *ABELURBAY, *BEAFEFRFHEN

Mzt4# Nature Communications

DO | 10.1038/s41467-018-04660-4

NEB HERE2018E6 8208 (k) 54 25

3/8



BREVWADLESE
ILEERFEFRFMRN H® KHEBE (BB70A4DB)
TEL 011-706-9428 F A X 011-706-9428 X —JL Hiromichi.ohta@es.hokudai.ac.jp
URL http://functfilm.es.hokudai.ac.jp/
[
BB R FEFTBELHREE (T060-0808 #LMRHILXIL 8 &5 T B)
TEL 011-706-2610 F A X 011-706-2092 X —Jb kouhou@jimu.hokudai.ac.jp

4/8



(2EX]

1o Ti
| {oTi
1eTi
o]
"‘*».\Ti
‘o Nb/Ti
AT
oTi
-‘."Ti
{4Ti
|5
BTEE

R T — L)

1 BRZzBIIEEEZ, EXZBEILVETHLADEATERF, AIBEFORIHEZMAT S
&, MIBICIEE =Ny ZHRICEYBEEICRLC-EENRET S, ATEBEEZERT D LICXY,
BFIEEERAIL S ERAICHEND, TAaHLLERZIMVHTIENTES, HlIZIE, EZ# 0.4 nm D
SrTi, Nb,O; E/AE (x=0.6) 2BS#BIHERE L, ESH4 nm OEKEBI LWL SITIO,BTY
YR Y TFOEIICHRBAATLEERFRT 5T LT, BROERICEFEARHALAD DL I ENTE 5,

FTARED A X~

= &

BEBREDIERES (f5)

B2 2016 FICHEE—RHIE GRILXE) L FLy N RBESICE > THEICRES N -BH
[(RELGEDH > EBFZHRVERICALADHS I LT, LWARELATRIGENEZ 5] OEAXR, | -
TAMKRYPRALZBEIEBIREREEZ, —HMOBIEZBSBVWETYH Y KV v FDLDICERAT,
TROES £ THRVWEMICEH LAY IIGE, ABREDIEBESIIF - 7/ KRRARWIEREL L2,

5/8



a A%E1S; RS,
. _ __ _____ ______
=
S i
g ~.5.3 nm ]
O I
: »
4_0- Ao S (R S S (T S S N SR S N ]
0 0.2 0.4 0.6 0.8
BLEETRB SrTii-xNbyOs3icslF BxDiE
10 1 T 1 1 I 1 1 1 1 1 1
b ' ' _
A\ @ =02 _
8 \ Ox=03 ]
o @ x=0.8 -
g :
o MEE  BSAESE
S ]
4o : : N
" g ' -
_________ S !,f»
0 1 1 1 l 1 1 1 1 I 1 1 1 1
1 5 10 15

BREEIBOES (BAIRT)

3 (a) BREBTEDOF - 70M4ERE (b)) ATBBFORETRDEEES, (a) SrTi NbO,ER
i (0.05=x=0.9) DEFEVWEREZERL, ZO R - 7AMEEZANLET S, x=0.3 (A 8E) 0HAE
ICIERESREB LU 41 nm 7257279, x=0.4 (B DHBAEICIE53nm &R Y, H130%KELEND T
EDDH T, (b) BREBTREE L LT x=0.2, 0.3 %000.8 D SrTi, Nb,O;ERHZEN, EEH
4 nm DHEIFIARE TELAAA T ALBIRFOREBRIEBESZFAN- & T 5, x=03 D ALEBIEF T,
WRERULCNILT L A~S FSOEBEEEN R SNTD, KFERD x=0.4 OANLBIEFOEEHEIL A
E&IZ10FIET &b o7,

6/8



a b T T T
104 ! 600
=% = [
=3 7
(&} L
2 sl 2 400
ﬁ B 500
102} L
101 FIFTTT P Ty MR PRy T T | P 0 daaaaial i vaagaal ek i-aataal i
1020 1021 1022 1020 1021 1022
BF+UTRE (on) BFFUTRE (on™)

Ty

e

BEEX BBREXBER O

#BHDEF (W m~! K2)

'1650 1021 B {052 -
BFF+I7RE (cm™d)

B4 ATB®FENNLT SITi NbO;Eisthn(a) BERE, (b) BERE, (c) HBHORFOEFF
¥ ) TREKREE, NV LERIC, ATBRFOEERIIEFF v U T7EEICIFZIZTERA L TELL
o =, AIBEFOREBREDOETF v 7VIREKRFEEL, Ny (Fr UTRED LIHELT 5L,
MEREIE 198 uV KTZE(LT %) LY bRAMEE (FI300 uV KY) TELLEL, ThodT—2%H

WT, ABRXABEXEERTRINIABHNIAFZEH L LI A, x=0.6 DATBHEFD, &€
SR 2 & IS T 2 5.5 mW/ mKZOBREZIE N Z RS Zehhh o7,

7/8



GBS

1 AEBME - BT RLF— (BELY) 2BIIXINF—ICEHT 24K, ABMEOmGICRE
EeE5ZABIEICESTEBENRETIRR (E—RvI9HR) 2FAT 5, BREEZ1°CHY DR
CENIERAER (= —~Ny 7R cHEN, ABMEOMRERERTIA—ZD—D2THY, B
MWICH T DEEICHEYET 2, KEBABEMIEKR (AT RLF—DoBIRIRNF—ICEBRIN DR
R) 2HB57-0I101F, RELHAERE, SVEBE, BEVUAMCEXRZTIMEINILETH D,

¥2 =Ry IR - SEPHEROEICEEEAS5ZX 5L, MEOMFERT v (Bf) 1%
NELD, COMFERT VI vILOENEEEN (BE) &4V nBHRTEIEFS, piMRI<TIE
EAA, TNEFNEBRAEZHET 2 AAICEIC, BVEBENITREEICHAIL TELT S A FbN
TWb, HALREZEH-Y OMEBEHITAEREL TRIN, BEZTHBEMHOMELZXRTEZLRRFTD
.

*¥3NRULF PR - =Ry IHRDOET, EEVCHEEFRDOEICBEREZRT ZLICL-T, BEDOHIR
NAEZDYEBRR, BFSFMELEbLN, 7AVEREDAEEEHLT, IRECPESHNAELVLEWLSF]
EABH D, EER I —F— Ny /PO 1 —ROAHIZISAINTWLWS,

x4 BB - FEFCEEOBICEEEESATBRICHIKICECSZEENDRERKMDOI L, €—N
v 7 REEBTIEND, ABEEMBOBEZ RO LEEZLYMEETDH 2,

*5 NIRRT - BEZLEEREREFEICL ST, BELDLRTF - HFHORIEHORAEMEORE%
XEICERBT A ETCAINIEONAERBRFOI L, NIBKRF2ELTEIETEFOIRIL
F—IRENZTIL L, KEAEBERELERIT I EAMONTWND,

¥6 NILY - HEARBEOKREZIZFODEEVCPEI I Vv I/AREDOERFRT, BENAEE X RTED
(REPRA) UANOEH,D T &,

*7 K- 7O4KE — BFORE LTOMEEXOREDL S ICRR LR, 75 A0ERWES
ELA - K- TOAICE>T 1924 EIIBE NS, —HRIC, MEEF - 7O0BEL Y bINER
ICEILRA®BS LT, ALY EEREBEBEE T I EHTE B,

*¥8F R VA bOYF UL - AIFERELTHAONEZRATRAHA MY (BAEF 0.4nm) O
L&, T4 ITBR B IR WEEIAESD, TN eE L TOEO A 72 FMLEY, BEZS|E
IR ZETEFIVERL, BREZBET LOICGRDIENMHENTWLS,

¥9 ZATBMA A VTFUL o FRVBIAMNOVTFILOF I VEFEINTCIATICEERZ /2~
A7 AHhA FROBLDER. SEOLDICERZBT I AN TWLWS,

8/8



