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(S defect)o] A71H
Sto] AsiAlH AFA-Bd= 2% FA57] o

S
ot
>
=
4
&
s
o
3
a1
=
<z
(]
o 2
()]
o
Kl
o,
h
& A
N
<
N
N
>
o
a
ot
o
%

shH | A7) slehy] 19 Ao R ERtste] ZFEEA HW, ghehekgo] doju AAFAIZE HhgSol WS AXA
H AAE = 22 A A=A A (crystal domam)JJr N A A (B ZA 4, amorphous domain)S ¥ &3}
= A7 fvk

o714 A7) AR AL diapAd ol oFgk AFx}Al (diamagnetic or weak paramagnetic)g WERW |, w3 A7) AA
HE A9 FF2E S 4 Aded, 9 A A oA Az At ygo 7 gAE = ).
Tk, 2 dwe A9 vgd EdoA ko] v RS EEE ot 9ar, ol uigk A JAl A
Az A Aigk ygoz giAsr|2 g,

AA 4

384 1~404 MO Z Pb, Chi S, DE PE AME3lo] ax 0.1-0.9, xE 0~0.4, bE 1-3, ¢t 0~0.5%1 HHolA

wlo] wel & F% 3¢S AFsle] AxFH Wi ATFILL 10 Torrd] JTAHEZ WE T, 2087 $AF
He] AA deol7t 15em7t ¥ = 5o Ex]—g— 01%‘11 dusta, A=FEE 7FEZ(furnace) Aol Wi vt
&5 550C~1100C, ¥HEAIZE 10~100A17F &<t WhgAA Mg d7-4E Faetleh.ohF o2 Az Aey
174 & GAPES o] &3to] g F Lﬂ_‘l‘:hir Aol AHo g Bagh ARE Kol AgusEdES 5539
m, %—7}%0; FES A siiEs o st detE Ao 23 BEd AlRE Rol Ay siihE

AQRRA Au) (e %Eé?} Zgt=zup 49 WEEF 7] (Inductively Coupled Plasma Atomic Emission

Ardo] olate] Healak Alme] RS Au|E Ph:CuiS:P = 0.40 : 0.60 : 0.55 : 0.060]91ew, o]} H]zt
AR R G g RS AR R Ph:CuiS:P = 0.40 : 0.60 : 0.90 : 0.05 o]ATH($ A= 1P BA14
Wb Ah HEY dEFE A, 5 9 dolEE ppn G R Yen, o]E BARRS o] &3 %iﬂl(%ﬂl)i ik
o #dd)

XRDA M (Fng: g4 X-A FHEA7](Multi-Purpose X-ray Diffractometer))E ©o]83te] AAJES

5 3 xshd, wool) e Alzdd] 9ty sk Mg Aol ek aezola, FHA g Ie
AAldle] g 1aEE ek MEtelsietEe] gk agizely, W §] ez AAdel ogh 2xEE st AlEtel e
FE digh azeld o]& S3 & F dxel, HAY Zrrt w2 vl A (amorphous) S & 7 ATt
243 A7 A 8ZA (4-probe resistivity measurement)

Aol o3k Age] AV|AEGS Z5H3l7] 93Fe] PPMS(Physical Property Measurement System, =24 EA
EHA])E o] 83Tt

=7l B Rl AAldel o8 2xke e At sgtael diste] el 54 @S 0.0302Q 0%
ol uAFoR Pt (4 1 Alw A @ He] A, Zo|7} LojaL, Aol RY uwf, HIAF p=R-A/L), °F
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[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

SE50dl 10-2825784

0.0015(~ 0.0015) Qcme] B A o] Doz,

R F7+A 2R Cu-doped PbSe] HA HIAZE 0.13Q - cme]™, doping%Fe] owt%7} Wom v AT k& o o
A gAasA g3 dASNRAY. oA 7R 1008 o @ HA-E gpds & & 9
(https://www.researchgate.net/publication/322406660_Deposition_of_Cu - doped _ PbS
_thin_films_with_low_resistivity_using _DC_sputtering %)

o Bajel, AASl @ AR e MAGRe B ARAA FolW & Y= A He
; SAsE, wuE

goz FEok AY v FEUS 4 F AT (FEY B, 2 2Y9E v HAYS
7 qEAEghe] Z7b2 2ste] 10°~10 Q)
BBl ZAA (ferromagnetic) =ZAEL AAA(insulator), HF=A](semiconductor)® AFEE i Y& =
=R =)
p T

wol] npes Aok s B Qlahe] 7)Ed keldl RS el BARG A4 vhe A

= O =<
ngon e T& U B4S Zutks A2 4 5 9

ot B
i

o r’lo
=
o
.

o ~

ro

2 dde] 2= AlgusEES vgd 5402 d, AA-EUE wjd, sE-Fol&Y T Fol&Y
H]5=3} short range orderE 7}d ZAo=
e} 7

1=
ferromagnetism@ 2 <13 W& &S zh= oz HAYst = ),

-1t
PN
K

AFd4 243E& 54 (Magnetization measurement)

Ao o3 Age AFES =AY Yste] =AW (MPMS3-Evercool (Quantum Design Inc.))E
o] &313ltt.

oluj nje] AR 0.120e & A &3},

7] A7 @glel 'Oe's 'gauss' 9t EREF O AJEE, AUSAE Qe AV)FY A7IE YERE Ao,
gauss® AR EAe e §EE 27)&e A7 E et

B Ao QoA clels 9% AFHE %71)9 A7IE UERRZel 0eE AFEITH (K oz XA}
71+ 0.2~0.30e A= ¥, https://ko.wikipedia.org/wiki/%EChI7%I0%EBRASEBA%SECHSABALREDBS5%IF ) .

B outgo was AgE Aol AA Lo wkxiA Ao (Diamagnetic transition)E HAESH] Y=
g 2 7G-S AojFEojof |, o] W Wkl FHolE g 50T HER HAg).

-50C ofglellAl F WA 221 Aol7} Yely=d o] AL 12 Ao|7} vortexol 93 oFal= S virt S HEHA L}
Elubs Aoz = vortex AEjel Wk AEle] AA FHG(-50T~50T)S AA vortex7} okstE w] e
A AHE Solrtr] wliEed Rols digelt).

A4

2stE S0l A = REAG Holrh BEHUSoNE, A o7t 2
o] EAlZ melt),

=t

A5 X = AL percolation(PAZE A4)

T 88 #HxH, XL 7)ol 9= AEOA AFLEE 200K(-73CT)7HA] WAAZ 3 0.120e9] ANAS
7Fskar 400K(127CH7HA] 7kEstiA AV RAES SAsHA ==, o]& ZRCe 3o},

TLothgell, 0.120e9] A71AE Ul A% Al ThAl 200K(=73C)7HA] WA ZIEA AV ERMES FA5H] H
= °]& FCg s},

244

244

244
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[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]
[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

SE50d 10-2825784

A5 MAMMA(Magnetically Modulated Microwave Absorption) &3

Aol o3k A2 MAMAZS =AH3H7] $18te] =44 (ESR(electron spin resonance, JES-FA200))E o]&

E3], 2% Wl ulg} mlo]A 23 TS (microwave absorption)S =43 AL ofg] z27]4d o] (magnetic

A

AL Zhzbel Edwity 71 Aol (transition) 7} dojuhs &A1 9] microwave absorption #{&Ele] th27]

ro

AHE MAMNAGS) H= MRMMSERaL -2k o] 7hx] W goje] zpold B VEHoR Fd

(3 MAMMAS(Magnetically Modulated Microwave Absorption Spectroscopy)

US4851762(Novel  technique using magnetic field dependent phase detection for detection of
superconductivity, 1989)

US4904929(Method for detection of weak links in the current path of electrically continuous

superconductors, 1990)
US5039944 (Magnetometer based on the magnetically modulated resistance of a superconductor, 1991)
US5059891(Microwave method for detection of weak links in superconductors, 1991)

Magnetically Modulated Microwave Absorption Behavior in the Bi-Pb-Sr-Ca-Cu-0/CdS Composite, J.
Supercond. Nov. Magn. 28, 1495 (2015)

MFMMS(magnetic field modulated microwave spectroscopy)

Magnetic field modulated microwave spectroscopy across phase transitions and the search for new
superconductors, Rep. Prog. Phys. 77, 093902 (2014)

Search for Superconductivity in Micrometeorites, Nature(Sci. Rep.) 4, 7333 (2014))

= 9% 2 Aol tig MAMNA dvlelBl® 2 JEl= peak ERYeltt.

b

A4

b

b

b

A

o,
pou)
rlo
HE
R
Y
ﬂ,
o
%
ox
)
R
ne
2
™
12
(o
(@)
3
o
o,
o,
Al
lo
e
N
ol
rlr
rfo
H
el
tlo
ik
-
X0
ul
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SE=S06 10-2825784

AlE2d 014

5 1}

Intensity[arb. units]

n-‘ L Ill |

O 1 20 30 40 5 60 70 80 90
28(in degrees)

60000 - Al 2204

1A J___--l-.J__._J._.c‘I._._'_I___

Intensity[arb. units]

— 2A0
10000 -
0 - J " Jt L‘. | .Ll-. A i

L] I T I L T

0 10 20 30 40 50 60 70 80 9O
26[in degrees]
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EHS
Peak (hkl) 26
™ (111) 26°
2 (200) 30°
39 (220) 43°
EH6
rock salt-type  zinc blende-type
structure structure
(ah )
EH7
B Resistance = 0.0302 0
210" Standard Error= 4.64218 e-6 O .
.f/-
10t 4 // J
)
2 0 2
5
LS
10 o > o
10t
4103 T : .
A0x10% 00 1.0 10r®
Current (A)

Half-Heusler
structure

(]
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SE=506 10-2825784

EHS8

-0.00038 FC .
-01.00040 -
-0.00042 4

-0.00044 - -

7|20 E (emu)

-0.000486 4 ZFC -

-0.00048 4 -

-0.00050 T T T T
-100 -30 0 50 100 150

22(cC)

1
g
©

10 . .

» Peak .
*« Lorentz Fit

105 <

100 -

95 -

MAMMA

4l

85

0 10 20 30 40 50
2=(c)

CREIBEEERES
(4414 1]
[2432] Z79)
[2AAFFE] 37 1
(w7 4]

T2 Seh=rk 9A BEEFVI(ICP-AES) & ©] &3 A& £ S25F Pb, Cu, S, B P A&l AEHH,

ESR(electron spin resonance)< ©o|-&3lo] =43+ MAMMA(Magnetically Modulated Microwave Absorption) E|9]

Hel zal= 98 agEe 92 B9e vhehn,
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S=5051 10-2825784
U ek 3om mdEYe
(she44 3)
M.(Cu) 1-o(Ch)y(D).

rir
ot
ot
it
o

R R i 2

o714, M2 Pbolal, Che So]ar, De PolH,

a 0.1~0.90]3, b¥E 1-30]3, c¢& 0~0.5.

TEAY Eohzvk A BEERVI(ICP-AES) & © &3 AL w4 C=5H Pb, Cu, S, B P A&l A

=,

ESR(electron spin resonance)< ©|-&3lo] =43+ MAMMA(Magnetically Modulated Microwave Absorption) H| 9]

o 2d= vy g = v3 BYe veRdY,

e sheh 3o FAHE SES s AN Ay g9
(3444 3)

M, (Cu)1-,(Ch)y(D).

N

1714, M2 Pbolil, Che So]al, D= PolH,

ax 0.1~0.90]3, b¥ 1~30]1L, 0<c<0.5

p—
>
)
5
ol
[\
[ ==}

(23] H77 9

[AgARE=] A3 3

(78]

A1 el oiA

27)ZFo] Q= AFElolA] 200K7FA] WZEAZl B 0.12 0ed] A71AS 7Fske] 400K71A] FEEbEA A7) RHEES
=7 ¢ ZFC(zero field cooling) AX.e} 400Kell A 0.12 0eo] A47]1%4& FA8k A thr] 200K7b4] @2bstda Al z;
NEAEES 543 FC(field cooling) #AEIE400K mWHe] 2mo)A M2 o] AH ),

L%t ool wet el A7t ke AAY At S3E

(78]

A714o] Q1= AElol A 200K7FA] WZEAIZl $) 0.12 0ed] AL 7hate] 400K7HA] 7HEstHA #p7] REEES
ZFC(zero field cooling) #H XS} 400Kl A 0.12 0ed] A7 X3k 2| ThA] 200K7FA] W2l A =}
7IRHEZS =43 FC(field cooling) # B 400K w|wke] oM Mz o)A HH,

e gagel we el A0k Fokske ARG Ak SEE.
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