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Ch(chalcogen, ZE=Al ¥YA) : 0, S, Se, Te, Po, == o]59 *go|y,

D : P, As, Sb, Bi & o529 g olH,

a: 0.1~0.9 o]

X : 0~0.4 o]y,

b : 1~3 o]

c:0~0.5%)

AZIA, A7 MY EEEe A4dde % (partial weight)dl wEhA] A5 5]'3 #HEe 4 g,
g I E(S defect)7F TAHE O o] dFRS) F27F X157] ol#Y] 2 Fx27F WyE 5 9o, 1 |
Y Fule 7 7HXE Shvbe RS F&7F ol XRD intensity Hl&9 A4 Fxoli, thE O}b}‘” H 44 el

U, £ 4, 5, 6& #F=xs4A, - A% ppSe A= (bh)agh=Z= (111) 3 (220)4 A7) (intensity)7} & &
olg] ol el RS TFRAME E7] oH FFolt}.
, A FxE AIA-EWNE=(ZB) FERY SEZ-To)EH () TR mol&Y(R) T #HE F

, SFE-3o]&Y TxE dARS)} FA-EA=(ZB) FE27F FHA FRoltt.

o F 3 | 60131 AF-EWH=(ZB)7} 401w 3 AFH(S defect)o] A7]H

& A= ?17} didd 4 oy 3 Ao MAIAH HA-EHE F2E FAH7] o
3 SE FHsHA HEH, o Fx7F Zol&e Fxolnw, 3 Ao
H 4438l fvhs HolA £ Ao m2& uAd Fxe stZ-3ol&y EE FolEY

. A7) seta) 19 Ao w Easle] stdslA HW, steakgo] dojube AAXZE HhS o] Wrke
= 2o APuATAEA A A (crystal domain)@ ¥]1AZ (M ZA A, amorphous domain)g 3E

AA e v oyt ok3k AaFA (diamagnetic or weak paramagnetic)S YERW, T3k A7) 24
g 2& & e, o AAg Ay oA Aol Ae ygow giAsr2 g,

B

i)

a7} Qa, olel e My 9a 9

A
el

o AR WA B sel g PRe
o4 HET Wgom BAsE duh.

f

3}eta] 1~40]4 MO& Pb, Che S, DE PE AFE3le] ax 0.1~0.9, x& 0~0.4, b= 1~3, ¢ 0~0.521 oA
o) Wel & F 3¢ HAeFale] AxEHO W ABFIZ 10 Torre] ATAHS W= T 20
o] QA Ael7k et HES sto] EXE o gs| WHAstn, A2FHE /FAR (furnace) BWol 4
% 550T~1100C, HESAIZE 10~100A17F &9t HbSAIA MZHAFAE FAASG G . o2 A3 4
hAb-S o] g5ke] B & v E A Y AEoem RS AEE Hol MIuSES 5
=)

FMHeR 58 AetnaTES o Bastel UetE Adow 2 U@ ARE wol Ay

S
=
Ho
N

015,
K

—_'~,

1

m"*‘ Sl A
e 2 12 T Hoh
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[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

SE==35| 10-2404607

AE 1 g EE4 (ICP-AES)

AEEAS An (e 28 Z=v 92 WEE33 7] (Inductively Coupled Plasma Atomic Emission
Spectrophotometer))E& o]&3le] Ao &5 S 43T},

Aol o)ate] Bad Alge] AES AZHE Pb:Cu:S:P = 0.40 : 0.60 : 0.55 : 0.069]
AR Fo g AES AFH|E Ph:Cu:S:P = 0.40 : 0.60 : 0.90 : 0.05 o|UH($) & A
7t A vET dEFE 3, S5 Y dolHE ppm HHE Yo, o]E BEAHE o83 Y (E8])E gt
3 ).

A2 XRD 24

XRDAE AH) (FH) . o232 X-A 3 A-AEA 7] (Multi-Purpose X-ray Diffractometer))E o]&3}o] AAHES

L 35 Fxstd, W ol 2HEZE Az ot A Algtel AT Aol gk aejzola, FHA 2HEe
Arjdel] oa] 1xREel gk Algbuisietaoel tigk Lezolw | w9 = AAjdel] o)k 2xHEe g Aleh st
3] )8

A 1%
el tigh 2zl oS Fal & ¢ Akol, dA9] A=rF wig- w2 A (amorphous) 4= & A,
:

AA o o8 A5 A7 ATFS =A3}7] $8+e] PPMS(Physical Property Measurement System, =@% B4
e 3

st AlgtEslstEe] giste] g2l A A F 0. 030290§
HAPo] kA o] A, ZHol7} Lojx, Hgo] RY W], v]AE p=R-A/L), °

A 74 &R Cu-doped PbSe] #H A HIAE-S 0.13Q - cme]™, doping®e] Swt%7F Bo™ wAT 7S ¢ 9]
A fraskA @3 dAsKT. web 71EET 1008 o @ HAY gds ¢ o+ ok
(https://www.researchgate.net/publication/322406660_Deposition_of_Cu - doped _ PbS
_thin_films_with_low_resistivity_using DC_sputtering # =)

o8 Fotel, ANl ol@ AusTEMAL T3 mAREe B AN Pojd & = o)
o Z__":Xé;

f & =
o= el A mid ’“%%‘% "é T v . (Fe e B, 22 AYE vbEo] AT
)

2ol ZFAA (ferromagnetic) EFAEL AAA (insulator), ¥F=A(semiconductor)® AMEFH I Y& &
o, B @y mZs AgysitES uAgd FRoR sty 7] 4H RS TR EARY 4 e A
S BRYoEH g2 Fx 4 E4S 2t A E 5 UL

L 2 ouky

goll Wz AlghysigteES vgd 54w s, AAa-Ed= wld, stE-solEeY e TolEY
Fz¢9F ¥%d short range orderE 7HE o=
7

ferromagnetism®. 2 Q3] W& A& ztE oz Aysd ¢£5 o,
ARd4 23S A (Magnetization measurement)

Aol o3 Almeo A3ES SAHIY] Yste]  =SA A8 (MPMS3-Evercool (Quantum Design Inc.))E
o]g313ltt.

o) Ao ZAAFE 0.120e & A8,

A7 A7 S 0= 'gauss' o E8H O] ARES, AESHAE Oe= AV AlZIE YERE AolH,
gaussi= A7 ZAdel E¥ frimd A1 Al71E dERI

W AR A= RN 7t oF AVFHRE #7]))9] Al7IE HERZIAl 0eE AFSRATHRLA o2 A7}
71% 0.2~0.30e A% ), https://ko.wikipedia.org/wiki/%ECHI7%I0REBHASIBATECHSARALSED%EELIF) .

o mEt ARE ARG 2AYE A 2 wAR 2yt A4 &elA 2AmEAe 549



[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

SSS0ol 10-2404607

A4 ol (Diamagnetic transition)® A&7] alAe w9 A& A714e BojFolof g, of ul WA
Hol= fgF 50C A3 &2 wAsic),

-50C ofglel A F #Al 22k Hol7} Yel=d o] AL 1xF A ] 7F A=A Wl AAdE vortexol 9 oFslE
A7 B EEHA UEheE Ao®, = ovortex AES WA AEle] AA 9 (-50T~50TC )& AA vortex7}
okl u) Yo WA AHE Eolrly] i Holx: A ]EP.

( olgst 2z Aol 71E ZHLAA om Had vl dom | Bi22l2 ZHEAY gk 2xHo]
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516 - 14392017000501406)

AskE SANAM = B o7t ARENEAE, AR dolrh #EEA @ A percolation(YAE A7)
of FAE Bol, o] % microwaved o]&dto] Aol ZHEAFo] EAst=A o5 o AU FAT

+ e
88 =3P, HJoll A7IFel gl AEHllA A25E 200K(-73CT)7HA WA T, 0.120e2] A71HS
7hetal 400K(127°C)7HA 7FgehdA A7 RAlES S48k wed], o zFCeh 3}

ki

I ohgell, 0.120e9] A71ES 2d2 f-A A thA] 200K(=73C)7HA] WA Z1AA AV EHES S435HA H
= °]& FCE} 3t}

ZHEA Y] HSee, ZFC A5 ¥ F AVIFE Ttete AR R wlolxay @dte] o] A 7)ol o]EA S
2= 100% X E ),

ol ZHEA UF-olA i A7 wdiEE A7ts AAdske Re
(diamagnetism)o]2t % 3t A7 EHEA &

L3, FCo A4S dAIRE o]l &, ZHE7) ofd AHolA EAVAE JslE R &r)o] A EA]
sl ARWR JAFESA Hez, 2 g SEE v AT AHrE Hu 2| AS IR Ista 45
= 2 skE At Ho] wiRr|Ade] Ity e g JRCHUE Ze &9 AVEHEES YEYY, BE [T B
Aol EAe we} FCollA= RExp71Ad o] =R ofyk A 42714 (paramagnetism, Fe] A7|EHE)E Ho]
= A= 9.

Ao olek Az MAMAE 437 st S5 M(ESR(electron spin resonance, JES-FA200))E o]£&-

H 2 %A v E=] 2 (non-superconduct ing matrix)Qtel Z %= (superconducting) Edo] E3tEo] & o,
Z A EA) (superconductor )& &R13tE WX (sensitivity) 7} 71 £& S HL vlo] A2 3 (microwave) &
o]-g3= Zloltt.

£3], 2% W3l wel wpo]3 239 S5S(microwave absorption)g 4 Z$-, o8] A7]%4 o] (magnetic
transition) ¥ ofye} =M% Holol o3 A=A HES + AT,

o] ZL 7tzte] Edwit} 1 Aol (transition)7F Yojub= =04 2] microwave absorption ¥l thE7] wiE
oltt.

o3k SAWHS NAMNACS) Ha= MRMMSERAL F-Evh. o] 7 7HA e gofe] Aold W VEAoR Fdh
ot

(Fa : 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)
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[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]
[0155]
[0156]

[0157]

[0158]

[0159]

SEE3d 10-2404607
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))

T 9% B 2AZRAZE MAE MANASY HES B, Ao n2WEdoZ(VIEE, QEFKA %%
o2 gl e S fga(a), U HEAEA>T IR, A F FUHe), A ot

Ay o2 ZHAZAE MAMA SAHNA R7kA] 1f2 Alad FHE woled, 542 dade 2259 7=
oA T2 ALowm Y@ W(PZAH eBFor FaE WI) AALE(To)AAAM = FF
(absorption)7} #A7] Z7leks Al1dS Hols 570 glon o8 uyshd, Aladoe] T7hek oo P

(DPeak E}FY(Fig. (a), (b)) : 57} o] HAax
@Undulatory B} (Fig. (c)) @ 7} o]F &7k g § ohr] Z7)
(BMonotonous B} (Fig. (d)) : #A& gleo] AL &7}

A, ojd AlRE FAHIPS W = 99 Yo AEl T ool dAShA o Aol 2Rl EAEHE A
S 4 F AdA F(Fa : Non Resonant Microwave Absorption (NRMA) Anomalies in High Temperature
Superconductors (HTS) Relevance of Electromagnetic Interactions (EMI) and Energy Stabilized Josephson
(ESJ) Fluxons, G. K. Padam (2012))

T 108 2 A2 thd MAMA HlolBlE I el peak BN EA AALETL oF 40C AR ZAEA] &
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showing different behavior irrespective of class of granular

NANA Signol Amplitude (A L)
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Fig. 5. Temperature dependence of NRMA signal amplitude

superconductor (data from literature).
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