A

£tz X MiIPT
%\ /5 '?‘

Gee=>’ BEWING INSTITUTE OF TECHNOLOGY

TTTTTTTTTTTTTTT
OOOOOOOOOOOOOOOOOOOOOO

Thermoelectric (TE) detections
in cuprate superconductors
Jiabin Qiao

School of Physics, BIT

jiabinqgiao@bit.edu.cn

26/09/2023


mailto:jiabinqiao@bit.edu.cn

W/ BELING INSTITUTE OF TECHNOLOGY

Outlines

 Background

- Introduction to thermoelectric (TE) effect and its application in superconductors
*  On-chip TE detections in superconductors

- Extension of on-chip thermometry towards sub-10 K regime via Kondo effect

- Enhanced Seebeck effect in ultrathin Bi,Sr,CaCu,Og,, (Bi-2212)

8+x
- Reduction of vortex entropy in ultrathin Bi-2212 from Nernst measurements in
the underdoped regime

e Summary & Outlook



~ | Thermoelectric effects

TE effects: direct conversion between thermal and electrical energies
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| Seebeck effect and its converse effect
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1 Thermoelectrics in applications

Power Generation Mode Refrigeration Mode

Heat Source Active Cooling

Heat Rejection




1 Cryogenic TE cooling
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1 Giant Seebeck effect in iron-based superconductors
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~ | Thickness dependence of TE power factor in FeSe
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| TE detection in low-dimensional superconductors T
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1 Nernst effect: a powerful probe for vortex dynamics

Vortex motion driven by =V, T

Thermal force on a vortex per z-axis length :
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Wang, Y. et al., Phys. Rev. B 73, 024510 (2006)



1 Nernst effect: a tool to determine H_,
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| Nernst effect: a tool to determine H_,
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~ | TE device setup configuration

Heater Thermometerl Thermometer 2

—VT
i

(1)

— D

Joule heat
Source meters

17



~ | TE device setup for 3D crystal and MBE films AT
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~ | TE device setup for low-dimensional materials -
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1 Limitation of on-chip TE device setup
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| Kondo-effect-assisted TE device setup s

sl -0-0-0

Au (Fe) films Kondo effect Working range
R induced by
magnetic impurities 300K~ 1K

43 | | | | , 103

[ TTTII
L LI

Heater

| lIIIIIII | lllIIII| | IIlIIIl| | IIlIlIll

I I|IIII|| I lIIIIII| FTTIm T T

30 um

0 10 20 0 100 200 300
T{K) Tp (K)

Qiao, Zhang. Appl. Phys. Lett. 120, 173507 (2022)



1 TE detection in NbSe, thin flakes
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1 Bi-2212 in the 2D limit N pa—
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1 Bi-2212:
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bulk v.s. monolayer
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~1 Magneto- and TE transport in ultrathin Bi-2212
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1 Preparation of ultrathin Bi-2212 TE device --
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Hu, Qiao*, Zhang* et al. submitted



L

Preparation of ultrathin Bi-2212 TE device R
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Thermally activated transport in Bi-2212
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1 Possible origin: ordering states in the underdoped regime;
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The reduced entropy may be related to ordering states inside the vortices
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| Outlook

* It is unclear how H,, varies with p in Bi-2212
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* Determination of H., (p) in ultrathin Bi-2212 via Nernst measurements
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Thanks for your attention
Any comments are welcome
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