Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

REE FER RS R ER R

XmodA G Em RKEE hmE WK FFH ALE

Effect of swift heavy ions irradiation on the microstructure and current—carrying capability in YBa,Cu,0,_4 high
temperature superconductor films

LiuLi Liudie ZengdJian ZhaiPeng-Fei Zhang Sheng-Xia  XuLi-Jun  Hu Pei-Pei  Li Zong-Zhen

Ai Wen-Si

5| {5 B, Citation: Acta Physica Sinica, 69, 077401 (2020) DOI: 10.7498/aps.69.20191914

TELR I TE View online: https://doi.org/10.7498/aps.69.20191914

MHH PN ZS View table of contents: http://wulixb.iphy.ac.cn

FETT ARG HoA S EE

Articles you may be interested in

iR N G A e T ey < DE WA K o .8
Dynamics of evaporating drop on heated surfaces with different wettabilities

YIBR2E4f. 2018, 67(11): 114702 hitps://doi.org/10.7498/aps.67.20180159

I RE S %) 2 YR 5 Y Ba2 Cu3 07— W 14 22 TRT el M Fn L PR

Low—energy ion beam modified surface property and mechanism of high temperature superconductor YBa2Cu307- thin film

PrPezd. 2018, 67(3): 036103 https://doi.org/10.7498/aps.67.20170822

[ MOCVD-Y BCOH; b 5 i 8 7 £ Rl 1 -5 e Sl A P B 5
Development of a 4 T (46 K) 100 mm high—temperature superconducting coil made of homemade MOCVD-YBCO coated conductors
YIHZAAR. 2018, 67(6): 068401  htips://doi.org/10.7498/aps.67.20171491

R ARSI A BK TE] B B 457 B R ) R
Surface effect on interstitial dislocation loop in iron

YIBR2A4R. 2020, 69(3): 036101  https://doi.org/10.7498/aps.69.20191379

TENA2Zr207/58 28 A7 0 T35 0 K% o g 1 AN,
Solubility and ion—irradiation effects of uranium in Nd2Zr207 pyrochlore
YrH2E 4. 2018, 67(19): 192801  https://doi.org/10.7498/aps.67.20181204


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191914
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20180159
https://doi.org/10.7498/aps.67.20170822
https://doi.org/10.7498/aps.67.20171491
https://doi.org/10.7498/aps.69.20191379
https://doi.org/10.7498/aps.67.20181204

) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 7 (2020) 077401

R E B F 45 BB Xt YBa,Cus O s S PR i
ey AP ES gt =L edtab=A T

X FE D2 k) A DI w2 EBEWTYY O KEEY
HWAEDVD  HERED Fzx;ED) L EDY

1) (P EBEBET BRI, 22 730000)
2) (PEBREEBER =R E SEARZEE, JLET 100049)
(2019 4F 12 A 17 HYLE]; 2020 4F 1 H 17 HUEIE )
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B 1 2549 28 Ak 2 R B OO B AL SR R &0k
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SPEREHEA T, b s [ 2 i 2% 1 2 e B
R TT K, S KW 5 T, S G AT
JETEAZ TS SN 2000 Hz XIRIE 1V 404 F
HATHY.
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SREAR R KA. I PPMS U AR ] i A8
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Fig. 1. AC susceptibility versus temperature of YBCO high
temperature superconductor films irradiated with different

fluences.
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Fig. 2. (a) Field dependence of critical current density at
77 K after Ta ions irradiation; (b) The variance of pinning

force at 77 K with increasing fluence.
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F #1738, HitE AR F, = J. x B. 5 AT
JEFEETFLII TR R 2(b) FivR, Mkl
8.0 x 10" ions/cm? B}, £ FLJ7 o Z$E T, HAEWL
Yy Ry 0.70 T I i BUEEAE, %0535 S ETHL &
ik 0.30 MN/m?, 2520 AR5 A (0.146 MN/m?)
A

Stk g R B R IR YBCO #E R £ T
FLIAI M I O, X E 2(b) H AT FL T i 2Rtk
b, 1B —ALETHLT) f, = F,/Fymax S8
Y1 h = HfHyoe ZIRER, HH F, 0 HETHLT
AR, Hypo A ERRETFLT BN BLRESA A, H—
RZER A 3 Fr7R. 4545 Higuchi $T4L IR pR&R
X —ARETHL D i AT LG BL32 A A
1R, B E 3 FURMBLG SR AT, 2 h > 1
B, BRIV — AR THL ) % B M AR T A & T E T 4L
Jr =, U PR B R B s T AT LA T R R
55, MR b < 1 IR AL ETHL
77 IR )R S5 TR T LT X I 114 eR I 2 X6 iz, 158
T ARFE G P T SR B ETFL— B 6. SR,
BEA FR IR TE R AR, K37 S ATHLE BB AT T
FLI AR SRy 25 1) R R AR S AH ) s BB E T H L.

1.0F
5.0x 10 ions/cm?
—— Normal point pinning
0.8 —— Surface pinning
0.6 g
o
04
0.2 |/ —®— Pristine sample
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h

K3 4RIRAETS YBCO WM 29 ET L 0 th 4 S gl & 45 24
Fig. 3. Scaling behavior of normalized pinning force curves

for YBCO films before and after irradiation and fit curves.

1 BIHLIIEBEAREL R B
Table 1.  Fitting functions of scaling behavior of normal-

ized pinning force.

ETFLRREL ETHLA 2R
9 h\?
fp(h) = Zh(l — g) Normal point pinning
25 h\?
fo(h) = E\/ﬁ(l — g> Surface pinning

255 LA AT, X 300 nm &Y YBCO
W, SRIAER N 1.9 GeV (1) Ta 851X il
HATHRIR, RN 8.0 x 10 jons/cm? IR T
REIR B AL, FEZ T N G A i B S T4 13
RMEFESRTE, Holm A A2 R B o] i 281k, BE G
MR E— 2P, ETHLACR B R AR 55, S Mg
FrEIRAL. S DR FR P B R IR B
REIR AL R ISR, K ) PR g 75 IR 1) YBCO
TR POV SR A T 53407

32 RESFERSIENMUEHITH

PSP B 15 YBCO SRR
A EAEFHPLE], FATR M SRIM (stopping and
range of ions in matter) F2FF X} 1.9 GeV Y Ta &
T1E YBCO il A B[R] 28 B VR BE T g i
PR A TR B3, 25 R AN 4 .

40

—&— Electronic energy loss
—8— Nuclear energy loss

w
(e}
T

CeO»

Al O3

Energy loss/keV-nm~1!
= ®)
o S
T

0 10 20 30 40 50
Penetration depth/pm
4 Ta BF1£ YBCO - BHh iy HL 7 REH 5 B AEH(H

Fig. 4. The nuclear and electronic energy loss in YBCO su-

perconductor under Ta ions irradiation.

M 4 HAT IR F], Ta B 17 YBCO # F41
R RE R G AN, — R e SR R
A FL - 2 A A A Al (A P R
KBER, WAL A HL F BEH (electronic energy
loss), — P 48 5 ¥ R T4 Ak s b iR, Bkl
% HBef (nuclear energy loss). BEH N 1.9 GeV 1Y
Ta B F £ YBCO f& il #8585 v i) oL 7 Be P (i
(S.=39.4 keV /nm) SHZHEYE (S, = 0.04 keV /nm)
FHZEL 3 DEURE R, WAEAR LS Ta B 1 E 2L
FL T BE 81 A 7 0K BE B AL 8 45 YBCO i B
1.9 GeV 1) Ta B 775 YBCO # PR 1 5 T2 24
53 wm, R F IR, AG 8RB
FARTC T, HORT 200 52 I B AR
R B T4 YBCO 8 FM b ™= A i S i 1230 1
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B K 35 keV /nmbPY, f i8G5 R AT, 1.9 GeV
(1) Ta B F1E YBCO Wi b iy e REH(E K T 15
B, BT e R A S S T AR . R AR
FIRAGX4RIER A 1.0 x 10" ions/cm? HYHE
AT PN L, A ERE A, IR AR A ds B
LR s T AT R, 45 SR LA 5(a) F1 (b). 1%
£ TEM B 3EWE 5(a) B, 8 Sk bRiEm 7 m
Ta B FHAS . HIETTH, 1.9 GeV ) Ta
TAERE )27 T oA KBS —dEE 20
. FEANIEL 5(b) s 4 BT, AR & Fl
A TE SR AE e 0, (E L N ER A AR AR S5 A Bl o8 2
W, B2HAEMA, ULHPE iR RS 8UR TR T
Hi%. WAl HAR ST FE 5—15 nm Z [A].

Eq- P, A
!,',k":tingl. layer

e

B 5 A 1.0 x 10" jons/cm?, fig it A 1.9 GeV Y
Ta & T4 I YBCO # 2 # it TEM K (a) {IKf5 TEM &
18 (b) W AR 14 =5 43 BE R TEM ElE

Fig. 5. TEM images of 1.9 GeV Ta ions-irradiated YBCO
high temperature superconductor film with the fluence of
1.0 x 10" jons/cm? (a) Low-resolution TEM image; (b)
high-resolution TEM image of latent track.

AR RPE R RS 10 nm, S PERESUE]

BT N )3 A 5.0 x 10 ions/cm?, 1A AT
H, FizFEE TR DT S AR 39.3 %, i

YBCO 3 B 45 i i A KR B, O g
FHAE S AL TE AR I (A B A S ok i B R R T i T
S RE R, PR B R IR R T AR A
JE R AR IR Z A1, TV A g LRI 1) 5 R i
& Z A 5 B 22, 78 BT AL IR 23T WL T X 9,
N 7 DX S D 8 S A 0 S O 5 Tl T R AR AE
MIBREG. T A BITREE AR R, WAl J&] Rl 1 g X
TR RTEARII Y 3 52547 P67, 25 LI A ik 4 it
FPHaE, NS4RS 5.0 x 10™ jons/cm? B
NRCLEA T ENES, SO IZE R B
PERE Y SUREAL 5 B R A B XA T
BRI KR, A, RATBOGIE R AR hr 2580
R i B AR SRR AR AR ) A T — 2 5

EVA=D/ni: va i v 2 0l Esar NEIDO L 7/l pii N o
THER R SIS UEAT M. SR B G T X R i
J5 1) YBCO # S IR A7 R AE, M4 R K 6
k. IEAC45 K YBCO Bkl Sbr bbb 54
4 PP S FEE B, 735108 Ba-A, Cu(2)-A,. O(2,
3)-Big. O(4)-A,. O(4)-A, $ 2 5408k S 75
HAEBVMNEKR P 280X §=13.58-
0.027v, Hor v 2 O(4)-A, WX A AR A4 R
R B O(4)-A, R S A 500 em !, W 6 =
0.08, B AL I A2 2 YBayCuyOg g:-

Hi 151 6(a) AT, BE & 25 50 B 5 0y 38
YBCO (i 2 e Jo B i A8 4k, iE R A 5.0 x
10" ions/cm? Bf, £ F 600 cm ! FtiL B T —A>
e, o0 B T 3G i ] AR R, g S
Ba-Cu-O JE#8 T A4 56 B9, Ba-Cu-O WAy H B
P B B TR IR S 3 YBCO Wil & A4 T IERS
AR AR A A, X5 R A R S
TR RSB 25 ) 4 1042 B4R Ba-Cu-O 4k
SRE B R 1 AN BT, (E RSN Sy 5 ) AR R B
A G, SRR B R P2 TR B ) ELAR A1 38 o
RAWSE.

K 6(b) F s H T YBCO 5 4% AH 56 i P A~
B O(2, 3)-By,. O(4)-A,, WU bR IR
SRS R AT, B R R R
O(4)-A, WL e 58, (H R Bl (o7 A2, 56 H]
P B TR IR A O YBCO 1 R S 4
B, MR E] 5.0 x 10! jons/cm? I}, O(2,
3)-B, WERIETE [ RE 1 IR 5, ELIGEA ] AR 5Ty
MR, MEEN 1.6 x 102 ions/cm? B, (]
Bl 338.1 cm ! & 335.4 cm !, YL E B TR
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Abstract

YBa,Cuz07s (YBCO) high temperature superconductor materials have many promising applications in
energy, transportation and so on. Nonetheless, the application of YBCO in high magnetic field was limited
because of low critical current. One-dimensional latent tracks produced by swift heavy ions irradiation can be
effective pinning centers, thus enhancing superconductivity in external field. YBCO high temperature
superconducting films were irradiated with 1.9 GeV Ta ions at room temperature and vacuum condition.
Structure damages in irradiated samples were characterized by transmission electron microscopy (TEM).
Continuous amorphous latent tracks, with diameter from 5 nm to 15 nm, throughout the whole superconducting
layer can be observed from TEM images. Physical property measurement system (PPMS) was used to measure
superconducting properties of samples before and after irradiation. When irradiated at optimal fluence of 8 x
101 ions/cm?, critical current reaches its maximum value and pinning force was twice of unirradiated sample,
while critical temperature almost unchanged. The analysis of experimental results shows that latent tracks
produced by swift heavy ions irradiation can enhance in-field current-carrying capability, without decreasing
critical temperature. In the power-law regime J. o« B~ values of a decreased with the increasing of fluence,
indicating a weaker magnetic field dependence of critical current. a reaches its lowest value 0.375 when
irradiated at a fluence of 5.0 x 10! ions/cm?, corresponding to a lowest in-field J,.. This result may be a
combination of increasing pinning centers and decreasing superconductor volumes that work together.
Normalized pinning force f, = F,/F, . of sample irradiated with different fluence as a function of magnetic
field h = H/H,,,, was analyzed using Higuchi model. Fitting results show that planar defects are main source of
pinning when A > 1, independent of irradiation. Whereas, dominate pinning centers shifting from surface
pinning to isotropic normal point pinning with increasing fluence when h < 1. Given that latent tracks produced
by Ta ions irradiation act as strong anisotropic pinning centers, the reason of the dominate pinning centers

change with increasing fluence remains to be further studied.

Keywords: YBCO high temperature superconducting films, swift heavy ions irradiation, pinning
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