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In this research subject, we have developed a thermoelectric measurement
system, in which the thickness of samples is controlled by electrochemical reaction. If we can
measure the thermoelectric properties with changing the thickness of materials, the investigation of

the nano-sclae thermoelectics would become possible in variety of material systems. In the fiscal
year 2017, we established the method to measure the Seebeck coefficient with reducing the thickness
of materials through the electrochemical etching. In the fiscal year 2018, we applied the
established approach to thermoelectric materials and realized the temperature-thickness mapping of a
single sample. The method established in this study would be applied to other materials, enabling
us to investigate nano-scale thermoelectrics and to find novel thermoelectric.



% A C—19, F—-19—1, Z—19., CK—19 (@)
FFZERRAE S F D 5

ﬁ%@mi*wﬁ \ZEHT ZEGES R, 1821 FFIC P —_y VRN SN TLR, K
200 12 J OVEfR & Ltﬁn#ﬁz}onf%to ZOBBEBNROBLEREVIRD &, WL OPDK
XRFEOHEREN D 572, £T1E. 1950 FERD BieTes RWEDH A TH Y | &1 6 R~
ﬂ%@%@ﬁ%ﬂ%w/7bbto%®ﬁﬁsﬁ EEHANROIEETH D (MR TT) PEREFE K ZT

ERLOBRZLEEINDIT~1 B2 D L9107 -7-, £ LT, 1990 I ETZE, T4
b%ﬁﬁﬁ%@%%@ﬁ%ﬁ%ﬁén TIRITE T RIBEE Y EOBED RO ZES R T
/ﬂ% AThbihbd Kot oT,

JERFE LA OB LART & W IRIKTE TR OB RO 2 HEDH TEX TEY | ZnO
ﬁma%%&&T?%A/7%%®ﬁﬁ%ﬁ@LtMtziPM&H&GBM%mHO:@
FERIT, xR E A T ROTTERICT D 2 L T, BRI EEMELE L COFEREZ A TE BT
BEMEA RIBT D, L LN D, JEEAN M nm F2EOBEKZED Z L I1X—EOME 2B TR
THNZIEFICHE L <. Z OREEDfRR i, (KR eE OBVERN RO R 5
b EMFEEIND,

T 2 TCHRE R ER L, ERULFER RSB AR & VT, IO R S 255 2 L
RN SEERRERITY FEERE L, -0, [B5  EHB NI LV VAN EECEE -« ¥
VT REZHIEL, REHIE—_y 7R E2RET D HE] 2T 52 LT, IRTTEEBRD
ENREOMIE 2 TRIBRICHEE TE D L DEZDO L &, AL BIE LT,

2. WO EB

AWFGED B E —F Tk 5 & T4 3R & 8RR m 2361 2 BT OL & fili9 %
T L CHEERAED H L. [RIFRF ﬁ%@%@ﬁf&f%%@ﬁ#é%&%ﬁiﬁé LITHD,
A F WK E S — MR E T ER _EB N TV

AL TIL, A A WRIEO S EEE (21X 3V) L/ R .
W — RNEBIE Vo ZHIIN L7258 120X. 1\7//1&0)7’“ o
vzw%AC?&b%#QWMﬂ) HEMNCE N : B o

SN D, FERBFIIAMFEOBRLGLIATC, Z DER E
BOFHTHME DX v U 7 HEEZHI#Ed 5 & R
Ny&%ﬁ%wﬁféﬁ%%%%bf%k(mzﬁ
PNAS 113, 6438 (2016); Small 12, 3388 (2016); Nano
Lett. 16, 4819 (2016); Nano Lett. 16, 2061 (2016); PRB
92, 165304 (2015).), — K5, fREBEE LY LW K& /2EE
EEHNT 2 &, K 1ICRT X0 A IR EE R S Substrate
W D BRACFEEUGT X0 Y8R i 7% 17 O JF1- D3 Uit

L. BREIOESINEDT 2, o726, PEERREHOBR K1 : FEAREER CTOES
(L5 w2 il U 7e s DEVENRIE 2 FIFRFICIT 9 & (BRSO RX, KIS A
ENTEIUR, B 7R R EHC B W CRRBEEEIR O — R&2RE L. -/ B
By JRHOMSEENFREE e D B2 DD, AT gmnwiel s b Hifsns,
EEHEST U, 5 LW ESHTREVERM B OB I BT 5,

3. MRk
kR T2 M8 ERY ) & 572012, BRI T Ok, B CHFE 2 21T LT,

1) @%Qﬁ%@ TEY AT b ORES
FEROEE N T VR AEE BN, = FEEAINTTRE 28T SR 5, BRI -
BE ) - R R E RIFRAIE T 57 31 A0 &2 5%E - 5l - k425, 2ok
%Hﬂb\ét PUBHE 2 2 i # I L SR D G EGENRZWETE 5 2 &0 | 7 ik
BT DEVENROENZ RN E=X T DN TE D EHIFFTE S,

2) A A OFEFIC L DR O Y — M DE O O R

AFFEIC BN TIEEDOFIEIXELAC RS E AN DE R, ZORISOR Z Y )7 - #1700 BA13A
FARE ORI R ARIFT D B2 b b, KA 7oA A IR % O TR S 1 O VR i 525k
ATV, VRS Y — M2 g U, e b B —RREDG O N 52T,

3) 1 O@%ﬁﬁﬁiﬁﬂ%)ﬂb\f:ﬂ%)?-iﬁfi%%ﬁf‘@?nﬂ;ﬁ o<y e s
BB R T % T/ @A O R 2 BT 51213, RBHNE A 2@ I AL S B b
BNREWET D Z LBHEFITAHNTHD, e, (mf”ﬁkfﬁé”**%ﬁ THIET D2 &L &
WEAVEB R FAFONDIREBEZTRD Z LN TE 508, TSI S bR TEET
oD, —OONERGEIN S | REREZER TORERMEDO~ v B 7 &2 T, -/ @ik



Aotz i&imd %,

. WFIERCR
AWFFEREDOHIFEIEEN 2 D5 b 7e EERRIZHOWTIRE T 5,

1) BRI 2 T T/ B TE AL & BVERN R 0D 2 O55RIE
77— MR 4ﬁ/{ﬁ{$éﬁﬁb\éﬁ”gﬁ)§ FT VAT, A F IRIKDBRAT R

XO/hsnWrs = EELZHMLZSES, #ENRT Y U7 F=70MTbihb, —F, Th L KR
SREEZHINT S L BRI E ISR 2 ERALEROSIC L0 FER CFER) &Kl DR F 3%

L, REIOEZ 2D IE5 2 <‘:75>’C‘§SZD <‘:75)$|§ﬁ:é2hf€b\é (Shiogai et al., Nature
Phys. 12, 42 (2016).), £1X. ZOELZLIG FIZBIT 5. ﬁﬁ%%@%@%ﬂm%ﬁo/
AT NG LT, EXREFEOS R (BB T ~AF 2607 FREET) TITH I & T,
FIGDAE— RZHIEI L, S 5 ICEBRE L A 4 A O E ok L CREJE J7 1) & TRELIC
BEAEZ 5 2 TEAEE I ZHIE LT,

AT, BRACFHNRENE 2 L 22N bEENRAZNETE 52 L 20 TR LT,
F7-. AW I, Nature Communications 10, 825 (2019). & L THE L7,

2) A A2 OREEDORINIC X 5 BEAL LG OHFE

ELALFEOSIZ AN D A A v OFEEIZ iék%ﬁmwﬁﬁTéxb~b% Bt () ¥y

—MEDORFE T o7, A AV T OWEEEZ CTERILFIGEBE LT A, T TORES
DREHEENREL 2B %%m%ﬁmwﬁﬁﬂmz%né ENRyIo T, ZhUE, K
EREHC RV B — &%ﬁk%l/?/?%ﬁ?hf%%&ﬂﬁf%é&%z%ﬂé S5\
4ﬁ/&¢@ YT OREZREZ D2 LT, RISHEDORIR BT, =y F o T ENHE0E %%
PEAZSIH - HIETX 5 2 L AR A Lz, Bz, FeSe WL A F L ikAO fiif CESAGFERIE
WD T U T HITO &, A AV OEEIC L VBIEERBIREN I0CRER LD Z L 2RKA
l/t_o

AWFFERSL%. Phys. Rev. Materials 2, 3, 031801(R) (2018). & L CH#i%& L7=,

3) BHEAREZEM CORAERMED~ v BV 280
7
R T BRALFSE 7 A =7/ 250
DGR & BB RO Z OHIE | THEFE LT
VAT NN T, CERERGEL O RBHE A % )
I L 72708 5 BV AE 2 AT 72 o 7= I 2001
FeSe Wz - EARGE & L THWERT L\
1d, AREHEAN 1~20 F / A— kv, BEN
10~300 7 /L E > OFEIKIZI T, JHEE—E
JEZER COMENRO~ v B TIZHH T
R L7z, 100
X2 %, BBHEA (Rifh) CIREE (i)
(2% L C FeSe (2B HEVEE K% 71
v FLTEbDTH D, AEHEL ORI & &b 50 ’
2, BVEB KSR L, EIZBEINEK 2 4 6 8 10 12 14 16 18
%/%~bw@ﬁﬁ BWT, BHEREKRE d (nm)
AT, BT, FIEMNDL 50 FrEVEND

; N S 2 : FeSe (BT %5, E\EE KT DIRE,
VBRI I B T SERH |2
Ll %{;f}@/ D R S ok BRI, AL EEOGI & Y 7 i

BN SERHEE B IR TR aR T DPRTO S T BRI SR

BBz L ERLTIND, %o

DX~y BT 0B THE
BLIZBIIZNE TIZEN S T2, KFEEZHWD Z & T, 67258 LWESHREVEM B OBER
BB TX D EEXTVD

KBFZER 1L, Nature Communlcatlons 10, 825 (2019). & L CT#HE LT,

(M 1-Wd pw)

1000

T (K)

150
100

10

0.1

5. LR
Udeskamst) GGE 2 1)

1) Sunao Shimizu, Junichi Shiogai, Nayuta Takemori, Shiro Sakai, Hiroaki Ikeda, Ryotaro



Arita, Tsutomu Nojima, Atsushi Tsukazaki, and Yoshihiro Iwasa, “Giant
thermoelectric power factor in wultrathin FeSe superconductor” , Nature
Communications 10, 825 (2019). (&FHA)

DOI: 10.1038/s41467-019-08784~7

2) Tomoki Miyakawa, Junichi Shiogai, Sunao Shimizu, Michio Matsumoto, Yukihiro Ito,
Takayuki Harada, Kohei Fujiwara, Tsutomu Nojima, Yoshimitsu Itoh, Takuzo Aida
Yoshihiro Iwasa, and Atsushi Tsukazaki, “Enhancement of superconducting transition
temperature in FeSe electric—double-layer transistor with multivalent ionic
liquids” , Phys. Rev. Materials 2, 3, 031801(R) (2018). (&#iH)

DOI: 10.1103/PhysRevMaterials. 2. 031801

(Fa%E) G 13 10
1)  “Enhanced Seebeck effect in ion—gated FeSe”
Sunao Shimizu. Junichi Shiogai, Nayuta Takemori. Shiro Sakai., Hiroaki Ikeda., Ryotaro
Arita, Tsutomu Nojima, Atsushi Tsukazaki, Yoshihiro Iwasa
APS March Meeting 2019 (Boston, Massachusetts), 201943 H 7 H

2) “BROEE LT YV RE L EIRYIEZE”
17K E
% 3 M EFEAREMATIEERF I 2090 (B ER, fikm). 201941 A 10 H-11 H, 24k
SERFICRTRIE S v o oA 20194E 1 A 11 H

3) “Electric field control of thermoelectric properties in layered two dimensional
materials”
Sunao Shimizu
3rd EU-Japan Workshop on Graphene and Related 2D Materials (Sendai, Japan), 2018 &
11 A 20 H

4) AFEA A b r =2 A2 & % HRe B
TEKE, &HRFER, Satria Bisri, &2
RIKEN-NIMS # 2 [E] ~7 U 7L A / ~_—v 3 a7 Workshop (RIIE, o< iE). 2018 4F
11H6H

5)  “FeSe MRidfBDENEEH IR
B B, WHE M, BE . B 8. A B2
% 78 [ PR B EGEES  (BRERESES - SiEERE v 2 — @it oo X
RTFIV), 20184E9 A5 H

6) “Thermoelectric Effect in Ultrathin FeSe”
Sunao Shimizu. Junichi Shiogai, Nayuta Takemori. Shiro Sakai., Hiroaki Ikeda., Ryotaro
Arita, Tsutomu Nojima, Atsushi Tsukazaki, Yoshihiro Iwasa
APS March Meeting 2018 (Los Angeles, California), 201843 H 9 H

7)  “Thermoelectric transport in gate—induced two dimensional electrons”
Sunao Shimizu
CEMS Topical Meeting on Emergent 2D Materials 2017 (Saitama. Japan), 201747 H 20
H

8) “URIKTTE T RITBIT D ENGE R D B S
17K E
AEWME - Mt OB L T — 2R —7 v a v (RBFF, AT, 2017456 A 27 A

Zofth 54, # 13 1

(MEF) GF 0 fF)

(7 M PEHE)
ORee Gt o )

T



LR
MR
T -

w7
HIFEAE
EN DR

ORI (i

By
I
MR
TEAA

E5
HUSAE -
ENS DR

(% DAfth)

)

1) WFFeFEE OFZER R (Nature Communications 10, 825 (2019).)72%. #ricsE (b L¥
Rk, 201943 H 8 HEAT], 50) I THY LiF bz,

2) WFFEAFRE OBFSERE (Nature Communications 10, 825 (2019).)%, L AU U —2L L

TR L7,

http://www. riken. jp/pr/press/2019/20190305_2/

3) WFRAEEOWZEEE: (Nature Communications 10, 825 (2019).) 2%, RIKEN Research
Highlight THY EiF &7z,
http://www. riken. jp/en/research/rikenresearch/highlights/20190524_FY20190006

4) WHFEREE OFTE DR — L=
http://www. cems. riken. jp/jp/laboratory/edrt

6. WF7EHR

(1) Wh7es5 4

WFFE5r A K4

n—v R4

FTIEMTFER& R4

R4
k4 -

WHIEE &S (8H1)

Q) WHoet /1
W B K4
0 —<FRA4

KEFEIC K D581, IFREOBTE L BTEICBWTERT 2O TY, D7, WO RV RDARKEIC
DNTE, EOEEEFEICES O TR, £ ORI T 2 RAFLTIEL, PFEEEARE S ET,



