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Measurement of breakdown—voltage by the pulse dlscharge method

S < O=< /a1 = P A1 1

i (i frm=), A4

NE (JUNEEZER ) , LW LR T)

TAKASAKI Ken, SHIGEMATSU Toshinobu, KAWASAKI Hitoharu (SASEBO National College of Tech. ),
IMASAKA Kiminobu (Kyushu Sangyo Univ.) and KAWAE Tatsuya(Kyushu Univ.)
E-mail: shige@post.cc.sasebo.ac.jp

1. [ZC®HIZ

B E TIEINET, IMEEROMREANVT LFR2ED
RIBRIRR T, 7 — I EIBEICKD =R F ) Fa—T
(CNT) @éﬁk;@%ﬁé)ﬁof%f_o FORER WHRANVD LT
DEBERIZIO I —R T ) F a—T DAERIC R Th LM,
LU, MU CrERERETIT>Th, CNT A% TLHTE
DO TIHREHMICZ LWL, T2 T, EOREOFHI
PRI RN DT80 TIRAR W& A AR R O fl i
M (A EE-E R (235 B UIFIEZ1T o7,

$-4800 30.0kV 5.9mm x500k TE

Fig.1 TEM images of the nano-material products using contact
arc experiment in liquid helium. Though its inside diameter is 2
~ 4nm, its outside diameter is approximately 20nm.
Unfortunately, it is not possible to find out how may walls
these clusters have because of the low sensitivity of TEM
imaging. This shows that it has multi-walls.
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Fig. 2. Breakdown-voltage vs. gaps
in liquid Nitrogen
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Fig. 3. Breakdown-voltage vs. gaps
in liquid Helium
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Improvement of capacitive dilatometer
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Fig.1 Old capacitive dilatometer. (a) fixed capacitor
holder,(b) sample holder,(c)movable capacitor holder, (d) fixed
capacitor plate,(e) movable capacitor plate,(f)sample
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Fig.2 New capacitive dilatometer of present work. The left
panel shows the section of capacitive dilatometer. The right
panel shows the movable capacitor plate. (A) fixed
capacitor holder,(B) movable capacitor holder,(C) sample
holder,(D) adjust sample holder,(E) fixed capacitor plate,(F)
movable capacitor plate,(G) sample stage,(H) movable
capacitor spring,(I) lock nut,(J) spring stopper,(K) sample
The range of variation exgected
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Fig.3 1/C & C vs angle of sample stage
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Characteristics of optical fiber sensor at cryogenic temperature (Secondary Report)
Improvement of characteristics measured using zinc—plated optical fiber sensor at cryogenic temperature
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Fig.1 (a) Braided CFRP board  (b) Excitation electromagnets

sample with through hole. with cores.
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Fig.2 (a) dB,/dx distribution above CFRP sample. It was
measured with current injection method.

(b) dB,/dx distribution with eddy current method in case of
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(c) dB,/dx distribution with eddy current method in case of
the sample with through hole.
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Visualising by CCD endoscope for cryogenics
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The 5th cooling cycle test in 200 m—class superconducting DC power transmission test facility
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Fig.1 SEM photographs of cross-sectional views of the
coated trench sidewalls cleaved after deposition.
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Fig. 2 I-V characteristics for the sample NbN14% at
different temperature from T=4K to 42K. (P) denotes
current direction is perpendicular to the stripes, (A)
denotes along the stripes.
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Fig.3 Optical
surface of Si-Trench side wall coated by
NbN.

photograps

87 20134F FERFRIR T2 - BAEY R



1P-pl10

FEEFEZERE PIT 12 & BFeSeTe #E1n

BRI ERH - Fe R

SR DR

Fabrication of FeSeTe wire by a novel chemical-transformation PIT process

FHEE 2O, K

, i ORI (EHER)

i FZ (NIMS)

IZAWA Hiroki, MIZUGUCHI Yoshikazu, MIURA Osuke (TMU); TAKANO Yoshihiko (NIMS)
E-mail: izawa—hiroki@ed.tmu.ac.jp

1. [ZC®IC

a1 IR i R FeSe, , 8k — A CEUL
o2 Lok, EFREEELFD, BIOSREEE R
T FeSe ~MEIEZAL S 281 L WM ERLY v & 2 2 BH%
L7=[1], AR TIX, Fe(SeysTey s) o & 2 7 HIBKA L L
THHT2ZEICL D, FeSe L0 EN-BIERMEZT
T Fe(Se, ;Te, 5) & M 2 7\ FF BB AT OB % & 8
(BRI DWT, BT ORE R A RET D,

(R RO
TEFRD Fe (Se, Te) AR TFIEIZIS W TRIBEADS 2 28
Foid,

(1)Fe §E#L in—situ PIT (Powder in tube) L&k — AWNEL
T, BLUBIUBT L LV —AD Fe & G SH DM
E7 a2 TH Y | FeSe MW TILLLIAIE W T,
k(2] 3507, BMERIRFIC KX 72 void 2334
be BT, Fe(Se, Te) MM IZIBUWNTILHRI =2 7 2% FeSe
& FeTe lZ0Hf LT L EWBRERHEDMK T35 [31,

(2)ex-situ PIT TiL, #M =27 THD Fe(Se,Te) . H
SN CDIBTER L., Fe(Se, Te) & 2 — A IZFE D THAS
kT 270 2ThHd, ZOFETIE void DFAEZE
Z NS Y, BVLEE BRI ISk & I L, B R
HEMNME TS5 4], o T, T bidWET LI
VERLTVEDOBFENRE EN TV D,

(55 - BFSE B 89)

INLOMES I, EYEETR Fe(Se, Te) #A1E
DA, Se & Te DIyHEABL < & RIRFC, WISk w4
T D HERH D, 2T, Hx ;tff%ajﬁ 75hE PIT 15
ZRFE LIz, Zhud, NS 2 FEO Fe(Se, Te) . %
Py — AP TCTEUEIT S Z Lic kD, By — A bEkE
fifa U, 1B dbiid & Ff DB 2 7”79 Fe (Se, Te)

NEBIEHARES S, PUEE M EMET L Z LIk Y

WEER DR A MH T 28 LOBRMIER T e 2 Th 5,

2. EEAHE

Fig. 1O T HEEMZARERIC L W Fe (Se, Te) Hhf %
L7z, B a7 OB L 725 Fe(Sey sTe, o) g & BEFHI
i, E2E | 680°C TIERY, Fe 72— 712 Fe (Sey sTeg 5) 1.4
EEALX Y v 7% L CHBIEREETT S, JEER, 55
NI 3 -1, BT T AFICEZZE AL, 400
~800°CTIEAT 5, MEMUZLYD Fe v —AnbHarm~&
Fe Zf4 L.Fe(Seq 5Teg 5) % 27 & DM DO/ Z4T -
77

HEIX, PPMS 12X 5 o-T HIZE, XRD 2L =2T7 DX
HREIHT EFBEMEE R KO SEM 12 K 2 #p4 hr [ o
WEEICELD -V HEETTI,

!sﬂ-s—

:l Ol W s o

_— |
weated 0 a0 esouned Geans
e

5~ Hs
S

Fig.1 Schematic chart for fabrication of FeSe superconducting
wire by the chemical-transformation PIT process.
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Fig.1 Appearance of a Gd-Ba—Cu~O bulk superconductor 64.5 mm in
diameter and its trapped field distribution at 77K.
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Synthesis of bulk superconductors suitable for pulse magnetization
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Trapped field performance by pulsed—field magnetization
of a bulk superconductor with small holes
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Numerical simulation of flux dynamics during PFM in superconducting bulk with small holes
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Fig. 1. Trapped field B:“ at the center of the bulk surface for the normal
and hole bulks as a function of applied pulsed field B.y.
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(a) Experimental result (b) Simulation model

|
]
3
]

(c) Simulation B, (B,,=2T) oT. (d) Simulation B, (B,,=4T)

(e) Simulation J/(0.003s)
(B,,=4T)

(f) Simulation T (0.1s)
(Bo=4T)

Fig. 2. (a) Experimental results of trapped field profile. (b) Simulation
model. Results of simulation of trapped field profile for (c) B=2 T and
(d) Bo=4 T. (e) Current distribution at =0.003 s for B=4 T. (f)
Temperature distribution at /=0.1 s for B.,=4 T.
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Fig.1 Schematic of experimental arrangement.

Fig.2 Oscillation of the superconducting levitating
magnet with magnetic fluid. (Photography interval of 4 ms)
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Fig.3 Comparison between the oscillations.

Fig.4 Outlines of the oscillating magnetic fluid.

87 20134 ERFKIR 147 - MEES S



1P-pl7

=
2

T BEALER

EREBEKMETOEXNDHS S BT E RO H A
~IT YN —FRWN) - BAME DS RRE
Application of Magnetic Separation to Dairy Wastewater ~Fast Removal of Suspended Solids
and Phosphorus Using a Magnet Bar

NBPSE B, WEF PR, Aadr B (FEVE Q) R — @ (FR) s2er F71 BN (Dhaka K)
ONODERA Toshihito, SAKAI Yasuzo, KASHIWAZAKI Masaru (Utsunomiya Univ.) ; IHARA Ikko (Kobe Univ.) ;
SAHA Mihir Lal (Dhaka Univ.)
sakaly@cc.utsunomiya—u.ac.jp

1. [ZL®HIZ

ARWFFETIL, BEERBEAMND SSURBME) LV & mil T
PrETHIEEBEEELZ, BRSO OEIL 7= FFEKIZ,
WRlesE (D) 27N, pH10~11 TESESHE -, v/ RZ A
(RIEE Lum L F) 2N 52 THAR —T (7L, 7
o ML DRER AT M A ik I T, 45 e (8 0D Y RE R AT
1 FOC SSIHIFIT 100%FE T, Uild 96% & EIN - (5 Tx7-, %
LY ORI E S BELV R S Tholz,

INETOH A DHFFEICIBNT, BEERFE K LBEICRIE
TEMEVGIREZ A 35854, BiLEELC Ca(OH), &2V iz
TUE=T AN v T LA B R HELE L CE (1],
Ca(OH), Z AWV AV hE LT, AL EERI D2 oD BE|%
FHRDZENARETHY, F7-, B THHIENRZE T HND,
LML, BT DR — L DI L, B O 4 BE
) B9~ 5 R D o 72, ARFFECTIX NaOH LAfiER Sk (1)
BV, R —T A T8I o T, WV LR — )L
RAIET, Bl TR CXDRER Sy BiEA s H L7z Rl
B o A5 e LT,

2. AL

FEE KA B IS DY Y T U B R B KT R
I (FREEEk (1) ) %, Fe** LT 0~1500 mg/L #INL, NaOH
T pH 28 10~11 ITFHFEL BHE Ty V2T ST, £ D%,
VI REANERRE SS OREOFILELLALDESITMZ, 100
L/d DY T Fig. 1 DMK HEEBICBL., ZOEEITH
£ 40 mm OHENROT ZVVE ORI ZER 25 mm, BX
100 mm, REMWHREE 1| T O~Z Ko I—ZREBELIZLD
Tho[2], EEOFEEIIN 1.3 cm® THD, 7 Fvh—|Z
WAELI-7ay2iX, kORI — =12 L>THEREN,
D EOKTHPTHIENTED, WA, JHAKD SS, U,
COD,, 7L % JIS B> TRIE LT,

25 mm

<>

100 mm
Flow rate
100 L/d »
<>
40 mm
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Separation of magnetic activated sludge by rotating drum magnetic separator

built in neodymium magnets
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Research on application of magnetic activated sludge process to industrial wastewater

treatment.
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The relation between seawater flow and cross—section shape of duct
in the seawater—oil| separator using Lorentz forces
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Fig.1 Schematic diagram of the oil-seawater separator.
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Fig.2 Current dependence of R for the rectangle duct (a)
and the square one (b).
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Table.1 Specifications of model cable

Outer diameter (mm)
C fc
oppet former 30.6 (412 mm?)
(Cross-sectional area)
Heater 1 (AC-loss) 32.6 (0.154 W/m)
Electrical insulation 56.6
Heater_2 (Dielectric loss) 58.6 (0.511 W/m)
Electrical insulation 82.6
Heater 3 (AC-loss) 84.6 (0.149 W/m)
Protecting layer 88.6
0.2 > 19.3 mm
0.18 - 22.3 mm
0.16 = 25.3 mm
0.14 —> 32.3mm
0.12 = 35.3 mm
g 0.1 — 383 mm
s
008
0.06
0.04 - T e - ® Experiment
s —— : S ES S Sss it
’ 0 1000 2000 3000 4000 5000 6000 7000 8000
Time (s)
Fig. 1 Transitional temperature changes
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) Fine = 0.3 W/mK '\
0.05 = Tyvec®/PE
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; T
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Fig. 2 Temperature distribution in radial direction.
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Table 1 Model Cable 1 of
Specifications
Outer
diameter
(mm)
Capper former 30.6
HTS conductor
34.5
[units :mm] w—— YBCO Tape layer
Electrical

Fig. 1 Model Cable 1
Structure

insulation (PPLP®) 85

Table 2 Model Cable 2 of

Specifications
Outer
diameter
" (mm)
Capper former 30.6
Electrical 78.9
insulation (PPLP®) )
(ke smm] VOO Tpe HTS shield layer 79.3
Fig. 2 Model Cable 2 Electrical
Structure insulation (PPLP®) 85
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Fig.3 Overcurrent of a coated conductor
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Application of superconducting power cables to feeder and return of DC electric railway systems
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1. H. Ohsaki, et al.: “Application of Superconducting
Power Cables to DC Electric Railway Systems,” Phys.
Procedia, vo. 36 (2012) pp. 908-913
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Fig. 3 An example of more detailed model
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Cooling test of superconducting cable for railway systems
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1. [ZL®HIZ
POERIF TR, BEitEKSGEIZRBITDE VAT LAOA

TRLFX—{bEEREL T, ShEABEE —7 VO E
5@0@% D, RBEE Y — T N ESEORBERICHEAT 52

T, EEK, BRSO, 2 EHTH O A i HE L
%;ﬂémtfoeéz DOREBEFFTED, LOLARNS, BEID®
DTNV —PNUELRY | T BB L2 e b,
ZITVBEHARAOREE HHEL, r—7 Va7 NICH
AR A AT HBEE S — T L 22 W THAHEIY AT L%+
B, BHIRBREIT =D TR BA WS 5,

2. BEAVAT L

R — 7 VEINAE T HE WA E X, AN—H—

HEHE | HZE LB EM e S A DI I Wm LR
JVETHRHEEADIRIBA A REL 72> TWND, — T, A
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HEL 7z,

SE X

1. M. Tomita, et.al: Abstracts of CS] Conference, Vol81
(2009) p.21

2. M. Tomita, et.al: Abstracts of CSJ Conference, Vol86
(2012) p.171
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Fig.1 Schematic of a HTS cable for opposed flow

SUperCOndUCtlng Cable Current lead

__I_ for railway systems |___|
Pl ==
I:l

Return flow| Go flow

Reservoirand LN, pump  Cryocooler Flowmeter

(a) Flow diagram of Cooling system

i -Cryocooler &

(b) Photograph of Cooling system

Fig.2 Cooling system

77
75 A
<
L 73 -
>
S flow
g 4 Return
: -« —*+— 1
()
'_
69 1 Goflow
67 T T T T T T 1
Cryocooler 0 1 2 3 4 5

Position (m)

Fig.3 Temperature distribution

87 20134F FERFRIR T2 - BAEY R



1P-p25

Y Fa A VAL (2)

HBin82 KR 5 BIK(C K D2BaA/ /LD IR TRk FE
Additional AC loss properties of superconducting 2—strand parallel conductors wound into
2-layer.
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FNENRE LS RIC OV THIZFEAE —B L, BRI
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Fig.1 A transposed two—strand parallel conductor

Fig. 2

A parallel conductor wound into a 2-layer coil
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Fig.3  The dependence of the additional ac loss on 5,
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Study on the current sharing properties of superconducting parallel conductors wound into

double pancake coils
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Fig.1 Most effective transposition pattern of 4-stands parallel
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Racetrack coil design based on Ic -B— 6 characteristics of

commercial REBCO coated conductors
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T THE R mIRAB FE A (BL T REBCO A3 41 ¢
DOENTBEREE R 720, S~ I N #E
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L5H00, SHESLHLE LN LT LT o TERY, @E
MG ) — B TIER, Z 0728, BRSSO TR
Kb TRl M 2R SNERSH D, T, ML
Dfiflk REBCO #i##4 (SuperPower, Fujikura, AMSC, SuNAM,
FLED) O, [if FUE G OBES A BEARAEIE ORI Z FE R LT, 15
b= REBCO #f OFstEZR L LI, L—AT v ra L ikF
ELTol-DTEDRERERET D,

2. L—RARSy oA L ERTH
FETAHAANMIKEDOL — AT I7a, )T, L)
700 kA, BEBRIGBITRN TS TREELRDLDELT-, I
1T FZE T, Y8 IR E 40 K25 50 K OBF O &S
B/ NI AIRGERE Reasdp BT, TE IR O _ERRIE 50 K &
FELIZ[1], 20728, % 1IZRT 1R REBCO #44 Ol i
PEE T, W 50 K, #RERIEYS 0 T 255 5 T DS THEML
7o TOMDL —ANT 7 AN DA HEE TR 2 17T,

3. L—RSwHaAILEE

FEFEL TR, B85 REBCO Bt DB S i Btk 2%
LI, AR 90 %D ST 700 kKA DERE A EHN L F Ta
ANOBFAEIERT IR TIRGEL 72, 7ed5, BRATEIEA-FEIR

Table 2 Basic specifications of the Racetrack coil

Coil shape Racetrack coil
Inside diameter 400 mm
Straight part length 600 mm
Height (axial direction) 60 mm
Packing factor 90 %
Load factor (at 50K) 90 %
Highest operating temperature 50 K

2
60 '7"77

Mag, Netic fiejy

1000 p, m €valyy tion 5 rea

Fig.1 Racetrack coil model for magnetic field analysis

1.000

FESITOBH TIRBIEE DL D&M LAE LT, fEirET 0050
JLEK 1R, —BiE LT SuperPower #DO#A % V2L 0o
X2 L BRI CO R R ER 2 (07T, —OBA e
MU DL —ANT 72— A )L DA LN JE T AT 0750
RNEL I TNBIENDIND, 0700
41D REBCO #441 % V=& DaA VR, @EET, o0
B R, BREELE 3 1ORT, ABEMEELE 50 K L .
—ANT w7 A VT, L CWODERE &) TRWERM D74 0500
73‘55)%% RN, BB E IS TRE A >TERY, 77 v 0.450
B DM COG R BT E LT RV Eb b L_ o
50 ’ 0300
AHFFE DL E L AEE O EFEA &2 52 T T o7, Fig.2 Load factor distribution map at the cross section of the
PR racetrack coil corner at 50 K
1. K. Nagashima, et al.: RTRI report, Vol. 25, No.3 (2011) Table 3 Comparison of coil winding thickness, coil shape,
p.17-22 current, current density and wire length at 50 K
Table 1 Specifications of commercial REBCO coated SuperPower | Fujikura AMSC SuNAM
conductors prepared for Ic =B— 60 characteristics evaluation Tal?e width 12 mm 10 mm 12 mm 12 mm
(coil No.) (5) (6) (5) (5)
Super Fujikura AMSC SuNAM Coil winding 74 mm 77 mm 227 mm 128 mm
Power Thickness
Width 4 mm 5 mm 4.8 mm 4 mm Current 210 A 336 A 137 A 121 A
Thickness 0.1 mm 0.2 mm 0.2 mm 0.1 mm Current 157 151 52 91
I, @ 77K s.f. 125 A 273 A 116 A 212 A density A/mm? A/mm? A/mm? A/mm?
Critical current 313 273 121 530 Wire length 8980 m 5630 m 16150 m 16500 m
density A/mm? A/mm?* A/mm® A/mm? Weight 93 kg 97 kg 336 kg 171 kg
Purchase years 2011 2012 2012 2012
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Influences of thermal history and shutdown on the epoxy impregnated GdBCO coils
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1. [ZC®IZ

REBa,Cu,O,(RE:Y J& UMy 37035 REBCO)BRA 1%, 78
W P RB W TH B W R B E EAHERFC& | F2 M)
DNATRANZHRKT D@ WIS SR EE RS2 e b, R
AR DB IRE ~ 7 Ry b~DISABHREES N TS,
R 2 —CTlEZ o REBCO #bf & AVWEZEMR 22 T &
W25 T RIS~ 7 Xy MOBAR D HIL TS,

/)] REBCO S R N e/ SANAPNE 3 T S [Ae L
T 572DIIE, BERFORRICE NI EXIZ, 2/ VDE
*%riﬁx%immx ERRDEND, Lo, BHIEOBS
TNZEY, TRV EREITTaA B W TR OB 1x
EEANHEEL, BEAESSETAMERREI N TND
(1], ER~7 2o be U CHIAT 27201213, it OREE iR
H&Lttr FERROTERRBR B A AR LT kk 2 723 BRE AT\

DAL HIENEE LD,

7c TARBFIZED BB9IL, EREO~ 7 Xy MERBR B2 48 F

L= & RBREITV, ORI DAV O@ERE~DE
BERAETHIETHD,

2. EEBAE

KR AW oA L% Fig. 1 {RT, ZAud, 22 T 4
WIB IR E ~ 7 Ry MCEBICfE S Aa A L SRIE R
KO, TRXFVERIAANTHD, MMITT7 V77 8EH
GABCO M & LT, oA /UL =D T ir—3%
AL (CoilA, CoilB)xER/-_fEEy 7N/ r—F%adf
N THD, A NRITERFNCLOBE SN, BAVBIZ TR
M ORI ENRERT L — ML TERMIZEA SN WS,
Fio TAIBERN EERO CollA ICEOAHTH, 24
Lfnwvéﬁv&‘/%a%a:;of‘/%fﬂfmo B T NI
—F2A/WEAER 95 mm, AME 170 mm, ¥ —2 %% 126,
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ﬁ@’ﬁft%*ﬁuﬂibto %'ﬁ%ﬁ@ﬁffﬂ%uT Iz Tl\éo

B IERER I, UGS N EBOIRUETINd 5282 BIEL .,
HR KB TORABIOFIREIT o7, EHEIIRERIT,
EWHYO7 —T IS NEFMT5ZE2HEEL, 10 K5 T
454 C 400 A FTEEBEELT o7, MBRA VOB FEIERT
BRiZ. REBCO aANDr = FH LT R EDT- DI EW4
DIRMEERETHZEE HAEL ., BHEARBREFUSMT,
400 A JBERFICEROER AT T, NI T T =T Kb
OWHEWERIL, SMUDOBIRE~ 7 Ry "R T = F LI2IR I
EREET AL AL, MO BEBE <~ R MR L
72o WEBREOFAMIL, 30 K H OBGS FizkW\T, ERE
#£0.01 u V/emE L7 R BRI RO TR O B b E
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3. EERHER

BB B RBR A% OB EREE Fig.2 1OR
T, HIEIOEEREZ st L, LIRS A B Gth) T ICZ
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UL, ORI D 1 B O BUE FT 5% K4y T
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1. T. Takematsu et.al., Physica C 470 (2010) 674-677
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Fig.2. £-/ characteristics before and after thermal history
and hoop stress tests
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Evaluation of epoxy impregnated REBCO pancake coils with 75— (£t m—thick substrate
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DAIBO Masanori, FUJITA Shinji, IIJIMA Yasuhiro, ITOH Masahiko, SAITOH Takashi (FUJIKURA)
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1. [ZC®HIZ Table 1 Specifications of REBCO impregnated pancake coil
RE SRE S T m R 2 AL, 20 K LLEOIR Tape width 5.0 mm
FE RIS T 5\ B S — BRI R R 7200, B 7k ThicknoPe thiclness coppe s g-rlrj/f;;n .
EEAQKﬂ% PEIfESTOD. ?\‘/‘77(‘\01 RE FEBEEHR Inner diameter of coil 50 mm
MOEEREELELTNATaAFERKEZ 100 um END Outer diameter of coil 98 mm
75 um E~EREAEED TV, BEIC AT A 75 4 m Coil height 10.5 mm
JEZ& MWz RE RBEEMM O BPENAIEEL/e>TERY, Tape length 60m (30 mx2)
75 um JENAT O EARCHHRAE, BESAFEY 100 4 m Tgta}ll}umber;f s 201852
JEHART L S DL DR T BT LA TR TV, b S .
ARG TIIANAT AT 75 um JED RE R E B
Z HWTHME 98 mm O/NUEZEEIZ AV ARIEL, il — 10 ?
WiRzZEHzZ P CcOe—MrA7LERER, 5 T SRS T OEE obefore impregnation  n=27 ]
%ﬁ%%ﬁiofl@f, é?fﬂﬁ%%%%&%#é = o after impregnation 1st n=27 §
o . x after impregnation 3rd n=28 o
2. RE RBEEHHETL U r—F a4 LEHE S0 [ e moregretionsth 128
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1. Introduction

The discovery of high temperature superconductors has opened a new
way for their applications in technologically important areas. However,
depending on the specific applications, it is necessary to synthesize
them in specific forms like thin films. Superconducting electronics
devices require having high quality thin films, with high T values and
very smooth surfaces as well as in single crystalline form. In particular,
the use of high quality high-T¢ thin films is important for device
applications like SQUIDs, THz radiation sources, bolometers, intrinsic
Josephson junctions, and other cryo-electronic devices. In this study,
we have reported our results on the effects of the post-annealing
temperature on the Bi-2212 thin films deposited on MgO (100) single
crystal substrates by pulsed laser deposition.

2. Results and Discussion

Fig.l1 shows the XRD patterns of the thin films prepared with
post-annealing heat treatment between 800 and 880 °C. It is seen that
the peak intensity of the films significantly increases with the
increasing annealing temperature, and all main peaks were constructed
on the (001) lines of Bi-2212 phase indicating a certain degree of
texture in the film along the c-axis. The films annealed at higher
temperatures show better crystallization properties with higher peak
intensities. The lattice parameter ¢ and crystal size L of the films were
calculated from XRD diffraction patterns and are given in Table 1.
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Fig. 1. XRD patterns of films annealed between 800-880 °C

The SEM photographs of thin films prepared with post-annealing heat
treatment at 860 and 880 °C are given in Fig.2. It can clearly be seen
that the main matrices of the films contain well stacked terrace-like
grain structures and are layered mainly c-axis oriented.

Postannealing | ¢ (A) Crystal Size L (A)
880 30.868 589.64
860 30.870 565.03
840 30.890 461.48
820 30.867 430.45
800 30.910 388.44

Table 1. Lattice parameter ¢ and crystal size L versus post-annealing
temperature

The temperature dependence of the resistivity of the films annealed at
860 and 880 °C is given in Fig. 3. The resistance arising from copper
contacts was determined as 0.40Q. By taking into account this value,
the zero resistivity transitions 7y of the films were obtained as 89 K
and 87 K, and the superconducting transition widths (A7) varies as 6 K
and 5 K, respectively. It may be stated that both films have almost a
single phase with a sharp transition around 7.
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Fig.3. R-T of the films Fig.4. AFM images of the films
The surface morphology image observed with AFM on the film
annealed at 860 °C is given in Fig.4. The AFM scanning area was a 10
pum square. The roughness profile under the selected line demonstrates
that the heights of the steps oscillate in maximum range of two c-axis
of the 2212 phase.

The magnetic hysteresis cycles (M-H) of the films were performed
between the fields of £5kOe at 10 K, By using these we have
calculated the critical current density Jcof the films by using the Bean
model [1]. Fig.5 shows the calculated critical current densities of the
films as a function of the applied field, at 10 K. The best Jc value is
calculated as 3x107 A/em? for a film obtained at 860 "C.

. —1820°C
3x10°'

25x107
2x107-|
1.5x107-

1x107 |

Je (Alem’)

5x10°

[

1] 1000 2000 3000 4000 5000
H (Oe)

Fig.5. Critical current densities J. at 10 K calculated from M-H loops
for annealed films at 820-880 "C

3. Conclusion

In this study, we have investigated the structural and superconducting
properties of BSCCO thin films grown on MgO (100) single crystal
substrates by using the pulsed laser deposition (PLD) technique. Then
we have applied post-annealing heat treatments on those films in order
to determine the optimum annealing temperature to improve their
quality. In this way, the quality and the superconducting properties of
the film exhibited a significant improvement. The films were initially
deposited on the substrate at a temperature of 600 °C, and then
post-annealed at various temperature intervals. These ranged from 800
to 880 °C in argon and oxygen (Ar:93, O,:7) atmosphere. We have
obtained the optimum annealing temperature as 860 °C, resulting in
Bi-2212 phase with volume fractions of 99.9%, highly textured and
c-axis oriented perpendicular to the plane of the MgO (100) substrate.
The Tcs were obtained as 42, 75, 76, 82 and 80 K, for annealing
temperatures of 800, 820, 840, 860, and 880 °C, respectively.
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