
������ ���	
 �������������
Correlated pinning properties of heavy ion irradiated Er123 films ������ �� � ! "# $! %& '()*��+, -. /0! 12 3456789 :; <

M. Namba
1
, S. Awaji

1
, K. Watanabe

1
, H. Kai

2
, M. Mukaida

2
 and S. Okayasu

3
 

1
 Institute for Materials Research, Tohoku University 

2
 Kyushu University, 

3
 Japan Atomic Energy Agency 

 

1. =>?@ 
REBa2Cu3Oy(RE123, RE ABCD)EFGHICoated 

conductorJAKLMNOPQRSTUVWXYZ[\]^_`abcKd7eZfghijk^_[1]lRmKnopqrTstuvwInoxyzJ{|}~_`akK�����Q Jc

T��VW�1Z�~_�����YT��h��\]^_
[2, 3]l`\AKc �Z���st���uvwhKB//c
ZX��]V������XY{1���_ c �����a�]8 ~_`a{¡¢�]^_l�£h¤]K¥¢¦§|H¨T©ªbc«K

c �����{|}�£W¬TV������XYh®c\]^_l�b�KnoxyzAFT¯°±²k³µ́¶eZ·¯�\_£®Kc ��1Z¸¹Zº¤£·tZA�c»K¼T¯°�1Z½¾{¿�]^_[4, 

5]l`T£®Knoxyz{|}�£À¨ZÁÂ_ c �����TÃÄAK�cZÅÆZ�_Ç YhÈ_l É«ÊËe�
c �����AKÌqÍ�ÎÏZÐ¤]|}�\_st��kÈ_l`Tst��AKpqra�Q{È_²QÑÒÇ kÈ_`abcKÓÔÕ�EFÀ¨Z��]Ö×TØÙhÈ_

[6, 7]l�b�K¼TÖ×AÚyÛ��VWRSÜÝTØÙkÈÞK¥¢¦§|H¨ZÁ^]Ìß�UVWàáZÁÂ_V������89Zâ^]AãäZå½�æçhèc\]^�^lÚyÛ��VWÜ�TUVWàákAKV�GT�QhV������é�êëT�Q{¦ì_£®KV�íYTîjäÅÆ�V�tïa�_aðñ�\_l�b«K
c �����aò�óô��hõ¬~_`akKö÷A�cZÅÆa�_lÉRT�økAK����T·t��QZÐÞKUVWùTV������tïhÅÆZú�~_`ahØÙ�\]ÁÞK�ûTüý{þÿ�]^_

[8]l ��økAKæñe� c �����kÈ_ÌqÍ�ÎÏZÐ_st��{��|}�\£ Er123 F{¢^]K�����QTUVWXY{��Z���K¼TÔ�bcKÚyÛ��VWÜ�TUVWàáZÁÂ_K
c�����TÃÄZâ^]üý~_l 

 

2. �	
� ¢^£À¨AK���ë�ë¯F�(PLD�)
ZÐ¤]

SrTiO3ÓÔÕ���Z���£ ErBa2Cu3OyFkÈ_
[9]l`TÀ¨ZK��567�ø89Tê��ô���{¢^] 200MeV

T
197

Au
+15
qÍ�{ÎÏ�£lÎÏ�AK5.0 x 10

9
 ions/cm

2
 (ÚyÛ��VWBφ�= 0.1T)

a

5.0 x 10
10
 ions/cm

2
I
Bφ�= 1TJ{ c��1I��a���1JZÎÏ�£«TT�K Bf �= 1T

TÎÏ�{ c �bc
23��Â]ÎÏ�£¬ 3 !D{¢"�£l `\cT��PQ TcAKÎÏ#À¨k 90.8 KKÎÏ$À¨kAK
Bφ�= 0.1T

k
90.3 KKBφ�= 1T

k
88.1 K

a�¤£lÎÏZÐ¤]·¯�\£st��AKTEM
ZÐ_��k�%&

10nm
²QkÈ_`ah½b¤]^_l `\cTÀ¨AK'()*+�ò',ZÐ¤]K- 100µmK°�&

1mm
T.*y/tZ�+�K������{016�k�¤£lVWùT23XY45ZAK���6�7H¨�ø897:VW¦§|H¨�øé�êëT

20T
¦§|Ú�;y){¢^KÚ�;y)Z<=�\]^_>�'xëË?òqÍ�êy)ZÐÞ

He
>�'xëkPQÑÒ{�¤£l����AK1µV/cm
T���@kA��KBÇCVWA Jc

h
10A/cm

2 a�_VWa�]�D�£l 
 

3. EFGHI 
3-1. cJ@KLMNOPQ 
Fig. 1

ZKc�Z��ZÎÏ�£À¨RSÎÏ#À¨
(pure)

T
Jc

TTQUVY{W~lÎÏ#À¨TÀ¨k«KB//c
Z�ë?hXc\KBÇCVWRSTUVWàákAK¼T�ë?hY��]^_`ah½b_l`TÐZ�[_\^AKÖ×T RE123 FkØÙ�\]ÁÞK¼T]^A_TQ`�ZVa~_btcd�eÕ�fkÈ_a�\]^_

[10]l`TÀ¨ZÌqÍ�ÎÏZÐÞst��{|}�£Ô�K�»b�ÎÏ�kÈ_ Bφ = 

0.1T
À¨k«Kc ��1T�ë?h1��]^_`ah½b_l�cZÎÏ�{Y��£Bφ = 1T

À¨kAKc��1T�ë?A�cZ:g�\]^_l`TÔ�AKÎÏ#À¨ZÁ^]K³hZ·¯�\_cd Ibtci�c�jcdJ�eÕ�f�jTKMk{ÿ£�^K«�×AlmZn�^ c �����Zop]Knopqr{¿~_st��hK:^ßO��7{¿�]^_`aZ]q�]^_l~��rK:^��7{¿~_ c �����AK��k«s�eZt×`a{W�]^_luZK`T
Jc

T
c ��ë?T���{45~_£®KB//c

T�����QJcc{TQUVYTÉnv Jc min
kw¤£v{Fig. 2ZW~l Jc c/ Jc minAKx��eZ c�����Z�y�£ Jc

T�ë?{z~�ò{ëêa�]æç~_|hv}_l«�KJcT c��ë?h~��£W¬AK
Jc

c 
= Jc 

min
 
a�ÞKJc c/ Jc min

 =1
a�_lpure

À¨T_VWàákAKJc c
/ Jc 

minAVWTY�Z�¤]���K



5T RSk���a�_l�cZVW{Y�~_a Jc c
/ Jc 

min
BÇCVWZ1b¤]��ZY�~_l`TÔ�AK~kZ_P¬¯(LTG)

T
Sm123FZÁ^]ØÙ�\]^_

[10]l``ZKÌqÍ�ÎÏZÐ¤]st��{|}~_aKJc c
/ Jc 

minA¹VWàákKÎÏ�ZUV�]1�~_`ah½b_l�cZKJc c
/ Jc 

minAKÎÏ#À¨aD��]KVWTY�Z�^�����£$ZK�na�ÞUVWkA��ZY��]^_l_VWTJc 
c
/ Jc 

min
T��AK��VWhÚyÛ��VW{	ì££®Kst��Z��
®�\�^V�hö\K`\chV�����¢Z]q�£V�íYZÐ¤]��
®�\]^_£®aìc\_lÚyÛ��VWÐÞ«å½UVWZÁ^]AK��eZ c �����T��An�×�_aìc\_l¼\kAKc �����T��h��k�_VWAKjT×c^UVWkÈ�ZblFig. 

2
Zbc½b_ÐZZKBφ = 0.1T

À¨T
Jc 

c
/ Jc 

minA 13TTUVWZÁ^]«K ãÎÏÀ¨aop]Y��]^_`abcK��×a«ÚyÛ��VWÐÞ«�å�U^VWk«Kc �����AV�íY{��]K¿sZ8 �]^_`ahW��\_[11]l `\cTV������XY{X_£®ZKFig. 3 ZÎÏÀ¨TV�������GI
Fp

�GJ{W~lBφ = 

0.1T
À¨kAKFp

�GZ�âT�ë?hö\£l_V
W�T�ë?APQZUV�»KÚyÛ��VWaR^v{�_`abcKÚyÛ��VWa�y�]^_aìc\_l_VW�TFp

T�ë?A�� 0.3 T
Zö\_`abcKFig. 3(a)

kAKFp{ B = 0.3 T
Tvk����£l¼TÔ�K_VWT�ë?RSÜÝTVWkAK

Fp

�Gh�âT�GZ�_`ah½b¤£lUVW�T�ë?AKPQT_ÝZ�¤]UVW�Z�')~_a�ZK_VWT�ë?aop]��eZY��]^_
[12]l 

-30 0 30 60 90
θ (deg.)

T=70.0K

(b) B
φ
 = 0.1T

B = 1, 3, 5, 7, 9, 11, 13, 15 T

100

1000

10
4

10
5

10
6

10
7

-30 0 30 60 90

J
c (

A
/c

m
2
)

θ (deg.)

T=70.0K

(a) pure

B = 1, 3, 5, 7, 9, 11, 13 T

-30 0 30 60 90
θ (deg.)

T=70.0K

(c) B
φ
 = 1T

B = 1, 3, 5, 7, 9, 11, 13, 15 T

Fig. 1 Angular dependence of Jc at 70.0 K for Er123 film before irradiation (a), after irradiation with Bφ = 0.1 T (b) 

and 1T (c). 
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Fig. 2  Field dependence of Jc 
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Fig. 3  Normalized flux pinning force for Er123 films 

irradiated with Bφ = 0.1 T (a) and 1 T (b). Insets are 

scaling plots, Fp/Fp
max

 vs B/Bi. 
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Fig. 4  Angular dependence of Jc at 70.0 K for Er123 

film irradiated with Bφ = 1 T and 23˚ tilted from c-axis. 
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Fig. 5  Normalized flux pinning force density curves 

for Er123 film irradiated with 23˚ tilted angle and Bφ = 

1T.  
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Fig. 6  Field dependence of normalized pinning force 

density in logarithmic plot for Bφ = 1T along c-axis and 

23˚ off c-axis.   


