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Development of general-purpose thermopower measuring
equipment for ultra-fine thermoelectric materials
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Thermoelectric materials can convert temperature difference to electricity. Although the most important
key toward realization of high-performance thermoelectric materials is “nanostructuring” , it is very
difficult to measure accurate thermopower of fine specimen. In order to overcome this issue, I developed
general-purpose thermopower measuring equipment using ultra-fine thermocouples (25 4 m @ ), which can
simultaneously measure both local temperature and thermo-electromotive force of tiny device. It was
demonstrated that the equipment can measure accurate thermopower of fine specimen with transistor
structure even if the thermopower is relatively small. The present thermopower measuring equipment may
be an effective tool for visualizing special electronic states of fine specimen such as two-dimensional

electronic states.

MEDESR EBHY
IANVF = OFEHRAPZINF 2R A D—2 L LT, P, BEEREMIEEIEL > T D, BEMEL
I B SRR RARICIEE 2N G5 L, LOMEADPEEICLHR I N D Seebeck AR ZFIH L, BEEAZ EH
BARICEW T 2 2 EATE L. BRI L, BN, 7Yy FEBEIOSHT 5 2 & TR % OB EAA

e E KA RHA e #0%
Research Institute for Electronic Science, Hokkaido University, Professor
Email : hiromichi.ohta@es.hokudai.ac.jp



JRSFI L BISFZE R (2016)

INDLELTHRFEINTNED, 508 I AHEMEORSEREIRRFT MM 20, KB 2 FEHIIZE - T
W, BEMEHIIEEER o, K Seebeck B (FATERE) S, RAZER KD OENB2, "4 TV v FH
BHIIGH T 2 72O I IEASBELAEMA ORI & %2 2 BB OWRIER ZT (=" ¢ T- + 2P b 2%
BEZBEFNER SRV L EDNTEY, BUED 2 BE ZTAEMHOREIH T LN T2,

= ZTEBMEIEH O [/ fEft] TH 5. 1993 41K E MIT @ Dresselhaus © (2 & o TEEMEOF
HEEALIZ & 2 SR L O BER AR E [2] S TR, BEMEOF /G LS 7 — a2, Fl2ZT>2 O ZT
BGEMEDSHR O THE SN/ [3]. 29 LzF 7B LIC X 2R 2rolRFIEFICERBERTH 5. HIzIL, K
AT TRE AR EZFAH L OELS B nm O RKIGE T T ARER L, ZOBEREI NNV O 5SHEHGET L (1
RETR B 25 %) & & 2 FERIYICW S A2 L 72 [Nature Mater. 6, 129 (2007)]. % 7z, K[ Caltech @ Boukai 5%, Si
F I IAX—DZTHNV 7 D 1005 1M T 5 1ITET 5 &) FERE R % ;e L 72 [A. L Boukai et al., Nature 451,
168 (2008)].

LGtk WEEALIC X B B ZTEEM B ORI ZER RS+ i L SN D 2%, WG TRE 2ME D 5.
BIZAE, BT BEEOBRERELFHNT 2T LT, R EICHSAAZEIURERS 2 HWTF /714 Y —0
REZAEZFHT 2 FEFMON TV DA, BRI L ICIBURES 2 KIE L 2% b wizo, &%
WRETH L. T 50 F ) HEEALAEM B OWIFEHTE 2179 720121, WEGIZEREE 0 LN ZVE R EHI 2
EFLEA R TH L. RFFETIE, RATRE 2SI 6E 2 56 25 1 m ORmMEERT % v, B 7314 A
OMSGIRE & BT ) & MR EE 2, PUREOR W EIHZERFHIEE OB Hig L L7

iR e

AWEDBINE, BMEEHIH RS (~ £ 1K) 253 28k - ikt 2 3G - iET 222 Th b, W
R, FZEBREE T CRIBHIEAE O BGERE ST BB 20 [REBCHIZA A R BGERERHIZEE | ZRGH-BIEL 72 (M
D). 4%, BERFEMELTH/ ANV I A—=F E2L v F2PHETELZD, WHEZEDL720IEHBETY S
WINF A= LEa Y ba—J &ALz 72, #Hkem e LT PRE Rl ) BaEGE T etk 25 4 m)
BIUOaArsy2BA L., HEZEREBENTIHNZIT) 720, BAFEMTh 2 BINR 7 0 — N — % gk L7z, b
TV IRAY B EORBBMRENCIRERE 535720, ZHORVF 2 FETFE Ly LRSSV R BIELZ.
o, VT 2R TICARICERZAMTEL L) 77V VE—O7 4 — FAV—%2AEL 7=

1. #BEE7O—/N—(ICHAAAZBHMAEMHARERETAKED (a) SHEE (b) FHARFOKRTF
Fig.1. Thermopower measurement system for tiny thermoelectric material, which is attached in a cryogenic probing

station; (a) appearance and (b) measurement area.
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Fig.2. Temperature dependence of (a) resistivity and (b) thermopower of W-doped VO, (V,,W,0,) thin films.
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Fig.3. CAN-gated VO, thin film transistor. (a)Schematic illustration, (b)picture of a TFT, and (c) cross-sectional HAADF-
STEM image.
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Fig.4. Electron transport properties of CAN-gated VO, thin film transistor. (a) Gate voltage dependence of sheet resistance,

(b) gate voltage dependence of thermopower, and (c¢) temperature dependence of sheet resistance.
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