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A dream of room-temperature superconductors
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Room-temperature ambient-pressure superconductors :~ LK-99: A room-temperature superconductor?
On July 27, 2023, a Korean research team announced the discovery of a room-temperature ambient-pressure superconductor: LK-99 (chemical formulaPb9Cu(PO4)6O , a lead-copper apatite), which exhibited superconducting propertiesat 127°C !



378 K(105℃)

Magnetic and electricalmeasurements on LK-99:Diamagnetic-like & zero-resistance-like superconductor!!



 On August 1, another article showed that LK-99 can be asuperconductor via proper copper doping  the first paper to prove thefeasibility of the "LK-99" by theory.
 Driving superconductor concept stocks to sharp rise (AmericanSuperconductor AMSC, lead & copper futures, conductive wirematerials, medical, etc.)!
 Room-temperature ambient-pressure superconductor ~ the "HolyGrail" of science~LK-99 ?



•Characteristics of superconductor:
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Zero resistance!

Introduction to superconductivity:
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Meissner effect: B = 0 in superconductors
~Perfect diamagnetism !

Persistent Current (>105 years)!



Magnet
釔鋇銅氧（YBa2Cu3Oy,YBCO）superconductor
Liquid N2

A Nobel-Prize Experiment you can do:



H. KamerlinghOnnes(歐尼斯)1913 Nobel Prize in Physics

 Discovered by Kamerlingh Onnesin 1911 during first lowtemperature measurements toliquefy helium.
 Whilst measuring the resistivity of“pure” mercury (Hg) he noticedthat the electrical resistancedropped to zero at 4.2 K .
 In 1912 he found that the resistivestate is restored in a magnetic fieldor at high transport currents.

Discovery of Superconductivity





(第一類超導體) (第二類超導體)

Magnetic flux trapped by defects or impurities



~ Phonon-mediated Cooper pairs! & Tc < 40 K!

(古柏對~電子對)

1972 Nobel Prizein Physics



Consequences of BCS and experiments:
• Energygap:
(超導能隙)

2. Isotope effect:
(同位素效應)

~

The conduction band of asuperconductor exhibits asuperconducting gap

~ Sound-like perfect both in theory and experiment!



Bednorz & Muller discovered the La-Ba-Cu-O superconductor with Tc ~30 K

1987 NobelPrize in Physics
T (K)

~The generation of high-Tc superconductors (1986):



Since the discovery of superconductors, the transition of Tc

Liquid nitrogen

Liquid helium
Liquid hydrogen

MgB2(39 K,2001)

RFeAsOxFy (56K, 2008)

�Highest Tc undernormal pressure: ~135 K

Higher Tc ?New SCs ?(Unconventional SCs)

LaH10 (250 K @170GPa, 2019)
H2S (203 K @150 GPa,2015)



1. An unusual isotope effect in a high-transition-temperaturesuperconductor ~ see: Nature, Vol. 430, No. 6996. (08 July 2004), pp.187-190.  not BCS superconductor!

High-Tc superconducting (HTS) cuprates:

2. Quantum critical point:~ Spin (quantum) fluctuationmediated :~see: Philippe Bourges et al.,Physical Review Letters (2006, May)
*The parent material  through doping someelements suppress antiferromagnetic (AF)characteristics  superconductivity appear!
*Electron pairs are paired by "quantumfluctuations" as a medium, not by the vibrationof lattice atoms (traditional low-temperaturesuperconductors)! Strongly coupled pairs!



QCP phase diagram of iron-basedsuperconducting FeTe1-xSex [1]
QCP phase diagram of iron-basedsuperconducting NaFe1-xCoxAs [2]

[1] J. Hu et al., Phys. Rev. B 88, 094505 (2013).[2] A. F. Wang et al., Phys. Rev. B 85, 224521 (2012)

Iron-based superconductors:
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*The parent material  through doping some elements suppressantiferromagnetic (AF) characteristics  superconductivity appear!

Finding new high-Tc SCs?~ Search antiferromagnetic materials ~ the parent compound of anew SC!



Applications of superconductors:in large scale: magnetic levitation, high-current electrodes,superconducting magnets, magnetic resonance imaging (MRI), etc. in small scale: superconducting filters, superconducting quantuminterference devices (SQUIDs), quantum computers, sensors, etc.

Maglev high-speed railway in Japan:
日本中央新幹線磁浮高速鐵路工程:2015年4月21日每小時603公里的最高
速度;2020年東京奧運，開放山梨縣車站，
讓訪日外賓搭乘、體驗!
https://zh.wikipedia.org/zh-tw/%E4%B8%AD%E5%A4%AE%E6%96%B0%E5%B9%B9%E7%B7%9A

https://zh.wikipedia.org/wiki/%E9%AB%98%E9%80%9F%E9%90%B5%E8%B7%AF
https://zh.wikipedia.org/wiki/%E7%A3%81%E6%B5%AE%E5%88%97%E8%BB%8A
https://zh.wikipedia.org/wiki/2020%E5%B9%B4%E5%A4%8F%E5%AD%A3%E5%A5%A7%E6%9E%97%E5%8C%B9%E5%85%8B%E9%81%8B%E5%8B%95%E6%9C%83
https://zh.wikipedia.org/wiki/2020%E5%B9%B4%E5%A4%8F%E5%AD%A3%E5%A5%A7%E6%9E%97%E5%8C%B9%E5%85%8B%E9%81%8B%E5%8B%95%E6%9C%83


Three limiting factors of superconductors forapplications: Tc, Hc, Jc :
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copper rod High-Tc superconducting tape

High-Tc superconducting tape(1st generation )Bi2Sr2Ca2Cu3Oy(Tc = 120 K)



High-Tc superconducting tape (2nd generation )YBa2Cu3Oy (coated on stainless steel tape)



Price : ~ 20 USD/kAm Price : ~ 200 USD/kAm



超導磁浮
列車

Maglev

核磁共振
影像

NMR/MRI
NMR/MRI 超導馬達與

發電機
Motor/Generator
Motor/Generator

超導磁鐵Superconducting magnets
超導磁性
儲能

energy storage
高能物理實驗

High Energy Physics
High Energy Physics

磁流體動力
MHD

(magnetohydrodynamics)

Applications of superconducting magnets :



22 JUNE 2023~ HTS tapes applied to tokamak fusion reactor. (@MIT, USA)See : SCIENCE Vol 380, Issue 6651 pp. 1220-1222 (2023)

YBCO film

~ 2050 zero-carbon goal?



Small-scale application~ SQUID Applications:(超導量子干涉元件， Superconducting QUantum InterferenceDevice ~the most sensitive magnetic field sensor!)

• Biomagnetic Applications (生物磁場應用)
• Non-Destructive Evaluation (NDE,非破壞性檢
測)

• Geophysical Applications (地球物理應用)
• Scanning SQUID Microscope (掃描式SQUID顯
微鏡)

• SQUID NMR and MRI (核磁共振及核磁共振影像)

S 絕緣I S
~1 nm

Superconductor Superconductor

SIS tunneling junction



• MagnetoEncephaloGraphy (MEG,
腦磁圖)

• Liver Susceptometry (LS, 肝磁導儀)
• MagnetoCardioGraphy (MCG, 心磁
儀)

• Magnetic measurement (磁性測量）
• .…

Biomagnetic applications with SQUID



•MagnetoEncephaloGraphy (MEG)



Structure of magnetoencephalographic sensingsystem (CTF Systems Inc., Canada)
Helium Dewar



Elekta Neuromag MEG System

MEG System in NTU:



Commercialized SQUID magnetometer: (@ R110, Department of Physics, NTU)

u儀器名稱:超導量子干涉磁量儀 (SQUID) Magnetometer
u規格:美國Quantum Design公司，MPMSR2型

磁場強度：± 7.0 Tesla (± 70000 Gauss)
溫度範圍：2 ~ 400 K (提供2 ~ 360 K服務 )
磁矩範圍：5 × 10-7 ~ 300 emu

u服務項目:~磁化強度與溫度相依性測量 ( M-T Curve )。~ 定溫下磁化強度對磁場之相依性/磁滯曲線測量(M-H Curve/HysteresisLoop )。~定磁場及定溫度下之磁化強度測量
u設置時間: 1989年 (國科會貴儀中心)。

file:///http://www.hic.ch.ntu.edu.tw/SQUID/squid.html


Verify the LK-99 :
~ chemical formula :Pb9Cu(PO4)6O Pb2(SO4)O+ Cu3P

S1*, S2*(Cu2S-removed)
1 mm

Quartztube
LK-99

1 cm
furnace

**Cu2S exhibitsa reduction inresistivity ataround 385 K !



How to verify superconductors?~Taking YBCO film as an example: 2 cmSrTiO3substrate

YBCO film
Type II SCs:
magnetic susceptibility χ = 1(perfect diamagnetism) @ zero-fieldcooling (ZFC)
@ field-cooling (FC), �χ� < 1( due to magnetic flux pinning)

ZFC FC



Results: XRD & magnetization MT measurements:

diamagnetism(M <0)removal of Cu2S using ammoniasolution



380 K
Results~ electrical measurement (resistivitytemperature，T):

378 K

Semiconductor properties: T� 

Sharp transitionnear 380 Kdisappears inS2*  resistivetransition is dueto Cu2S!

2023/08/16



Thanks for your attention !

Summary:
A room-temperature ambient-pressure superconductor, LK-99,was announced by a Korean research team.
We synthesized LK-99 and found that the Cu2S phase can beeffectively removed by ammonia solution.
 The superconducting-like behavior in LK-99 should originatefrom Cu2S.  LK-99 is considered as a diamagneticsemiconductor.
 Search for a room-temperature superconductor remains achallenge.


