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1. 89:; 
REBa2Cu3Oy(RE = rare earth, RE123) < BaZrO3 

(BZO)=>?@ABCDEFGHIJK PLD Lpulsed 

laser depositionMNORE123POQ�RSHcTUVWUXYZKS?LB//c T[/M=\JRS]^_`abcLJcM�de\fghRSLBiMHijk[1]lmnQ�opqFr<stnk�uT[/U BZO vwxyNzZK{|}~�y RE123PO]U cT����<Z����nkK���k[2]lm=K������y���n�JkPO��Lcoated conductorMU BZO
opqFry���U���n�Jkl���������U�k|}~�

[3]
���_ 

[4]
�¡¢

[5]£¤=uT����Q
B//cT[/= Jc¥¦�£§Bi¨/©�ªkm<y«�n�Jklmn� cT����=`a¬®¯U°±k²³Q�`´µ¶·¸^_`abc=¹cº»¯�¼½�n�uT����=¾¿�\RSÀ= cT����Á�Â®¯yÃ£km<y«�n�Jk[6]lZÄZ�ÅIyÆÇ�n�Jk\RSÈÉUÊJ��BZO

opqFr��PO= c T����Á�Â®¯QË¥Ì�ÄU£Í�J£Jl Î�Ï=Ð�Q�c T����<Z� BZO
opqFrH��ZK Er123 OUÑJ�ÒRSÄ�®U\RSÈÉ=®¯UÑJ�ÓÔUÕÖ�R×ØBÄ�R×ÙBÈÉUÄ¦�BZO

opqFr= cT����<Z�=ÚkÛJHÌ�ÄUjkm<��kl 

 

2. ÜÝÞß àáQ�BaZrO3 (BZO)HâYZK Er123@ACDEFGHIJ�PLD ãU�ä
SrTiO3 åA�æç©UNOZKPO��k[7]lÎ�Ï�Q�ènén 1.5wt%BZO 

(1.5BZO-doped Er123 film), 3.5wt%BZO 

(3.5BZO-doped Er123 film)=âYêyÃ£kCDEFGHIJ�NOZKl1.5, 

3.5BZO-doped Er123 film=^_ëcQTcQènén�88.8 K, 88.0 K ��ÍKlmm��ìíàá<ZNOZK non-doped 

Er123 film (pure Er123 film)Q Tc = 90.2 K��ÍKl 

BZO âYU�kopqFrîï=ðñQ�������=òó`ôõö÷LTEMMHøIZKl¬®¯QPOH 2 mm
(l)ù

0.03 mm
(w)=úûFü}UNýZ�þaÿ�ôãHIJ�`´µ¶·�fghRS�^_`abc®¯=ëc�RS�RS=XY¹cº»¯H�ê�U¼½ZKl�Â�FGQ������� �RS��CD=\��

20T-SM(oxford�	)HIJ�RS 0-17 T
�ëc

60-300 

K �
�Z���£k\RSÈÉ=
�Q��úûFr�Â�FGHIJ�27 T
Ë�=\RS��
�HWÍKlëc��cQ�10 mK �c��ä�RS=XY¹cQ B//c Hθ = 0°<��ZKl^_`abc Jc Q�1 

µV/cm=æ���fghRS BiQ 10
-7

 Ωcm�ènén��ZKlmm�IJKfghRS=��æ�Q 1 

µV/cm���ZK^_`abcy 10 A/cm
2<£kRS<�½��kl 

 

3. ÜÝ�� 

 

3-1. ������ 

Fig. 1U�1.5, 3.5BZO-doped Er123 film=TEM�H�jlV �LFigs. 1(a) and (b)Mde�� �LFigs. 

1(c) and (d)M�ä�Er123 � ��GûF!"#Uop"$D%=|}~�yðñ�nklm=m<Ä��&[=àá<¨�BaZrO3vwxy cT[/U'(ZKopqFr)*Hijkm<y+Äk[8]lènén=opqFr=
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 TEM images of (a) and (c) 1.5BZO-doped Er123 film, (b) and 

(d) 3.5BZO-doped Er123 film. (a) and (b) are plane-view, (c) and (d) 

cross-sectional view. 



ÓÔUÑJ��V ��äV�opqFrbc�� ��äV�opqFr�H��¨ÍKlV�bcQ�1.5, 

3.5BZO-doped Er123 film
ènén� 8.7x10

10
 ± 

2.9x10
10

 cm
-2
�

2.5x10
11

 ± 0.6x10
11

 cm
-2��ÍKlmn�=bcH�F��ÂRSU��jk<�ènén Bφ = 

1.8 ± 0.6 T, 5.1 ± 1.3 T��klÑËä�BZOâYê=�Y�opqFrbcy�Yjkm<y+ÄÍKlËK�V��Q 1.5, 3.5BZO-doped Er123 film
ènén� 7.6 

 2.5 nm, 7.0 


 1.5 nm��ÍKlmnQ�opqFr�y BZO âYêUº»Z£Jm<H��jkl��U�ènén=opqFrQ c T[/U�	U
Í�Jk�¦�Q£§�c T[/Ä��JKopqFr¨5§��nklopqFr= c T[/Ä�=��=V�¹cH� � LFigs. 1(c) and (d) M � ä�� ¨ k < � 1.5, 

3.5BZO-doped Er123 film
ènén� 6.4°, 4.0°��ÍKlj£���opqFrbc=�YU�ä�opqFr=��[/y cT[/��ä
�m<y+Äkl 

 

3-2. ������� 

Fig. 2 U�77.3 K UÊ¦kRS]=`´µ¶·=¹cº»¯
(ρ(θ))H�jl&àá<¨Uθ = 0°(B//c T)U��F�y�n�Jklm=��F�QÙB}�UÊ¦

k c T����=²³H��U�Z�Jkl��F�=��QRS=�YU Í�!"ZKl Fig. 2 =#��U 26 T
]=`´µ¶·=¹cº»¯H�jlm=A$�ä�&àá<¨U26 T=�RS%UÊJ�¨ cT����yi&U'J�Jkm<y+Äkl&àá=��F�=��Q�c T����y¡¢[9]

�������~�
[3]=àá=A$<()Z��*+U,§£Í�J K l � � U �&à á = �� F � =� � Q �

1.5BZO-doped Er123 film=[y 3.5BZO-doped Er123 

filmU(Ö��F�Q�§£Í�JKl m=��F�=ÚkÛJHÕÖkK�U�θ = 0°<èmÄ�-nKθ = 12°=`´µ¶·=ëcº»¯H()ZKA$H Fig. 3 U�jlFig. 3(a),(b)=θ = 0°=`´µ¶·=ëcº»¯�ä.�K�Bi(77.3K, B//c-axis) Q 1.5, 3.5BZO-doped Er123 film
ènén�8.7 T, 10.4 

T ��ÍKlmnË�=/012[10]
�

BZO=âYêU J�Bi(77.3K, B//c-axis)Q/©ZKlmm��T = 100 

K �34�ZK`´µ¶·=θ = 0°<θ = 12°=5∆ρn = 

ρn(0°) - ρn(12°)H��jkl∆ρn =6=7+Q��F�=��<�8Z�JklËK�m=∆ρnQ�cT����U�kR×ÙB}�UÊ¦k+9=!"H��Z�Jk=��∆ρn=6=�D!=:�;∆ρn
maxQ c T����

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Angular dependence of resistivity at 77.3 K for 

(a) 1.5BZO-doped Er123 film and (b) 3.5BZO-doped 

Er123 film. Insets show the angular dependence of 

resistivity at a high field of 26 T. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Comparison of the resistivity between θ = 0° 

and 12° for (a) 1.5BZO-doped Er123 film and (b) 

3.5BZO-doped Er123 film. 
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(b)3.5BZO-doped Er123 film



	B=���y���n�Jk<���nk[4]lm=
∆ρn

max =RSº»¯H Fig. 4 U�jl1.5BZO-doped 

Er123 filmQ�7 T�%=ÒRSÀ�∆ρn
maxy���q�j£����F�y»�Z�J£Jy�9 T �©=RS� ∆ρn

max yåÕU�Y j k m < y+ Ä Í K l
3.5BZO-doped Er123 filmQ�1 T ���nk��F�y�
3-11 T =RSÈÉ���	±�13 T �©=RS�
∆ρn

max y å Õ U �Y j k m < y + Ä Í K l
3.5BZO-doped Er123 film= ∆ρn

maxQ 3 T �%=ÒRSÈÉ� 1.5BZO-doped Er123 film �ä\§£Í�JKy�9 T �%=\RSÈÉ�Q�
UÒ§£Í�JKl������ZK Y123 O=A$[3]�ä�
∆ρn
max=;Q

|}~�bc<��y�km<y+ÄÍ�Jklj£���ÒRSÈÉ=∆ρn
maxQBZO

opqFrbc<��y�km<Ä��ρ(θ)=��F�Q BZO
opqFrU��Z�Jk<í±�nklZÄZ£y��\RSÈÉ=∆ρn

maxQ BZO
opqFrbc<h=��y�ÍKlmnQ�\RS= ρ(θ)=��F�yBZO

opqFr�-= cT����U��jkg¯H��Z�Jkl��U�Fig. 4=#��Uì�àá prue Er123 film < BZO-doped
&àá=()A$H�jlBZO-doped

&àá<¨�c T����y�}¡¢��k prue Er123 filmU(Ö�*+U��J∆ρn
max=RSº»¯H�jm<y+ÄÍKl 

 

3-3. �������� 

Fig. 5 U�&àá= Jc= T = 77.3 K UÊ¦kRSXY¹cº»¯ (Jc(θ))=RS��H�jl��	�=
Jc(θ)��cT����U��ZKθ = 0°(B//cT)=�D!<��Gû�üF!���¨Z§Q������U��ZKθ 

= 90°(B//ab
 

)=�D![11, 12]y»�Z�Jkl1-2 T�%=ÒRS�Q�&àá<¨U Jc(0°)y Jc(90°)�ä̈��§£Í�Jklj£���ÒRSÀ�BZO
opqFrQ cT����<Z�*+U�§'§m<H�Z�Jkl �U�BZO âYê=²³H��jkK� Jc
c 

/ Jc
min <J�;H��jklmm��Jc

c Q Jc(0°)=m<��Jc
min Q

Jc(θ)UÊJ�:¨ÒJ Jc ��kl�Í��Jc
c 

/ Jc
min Q

Jc(0°)=�D!=���H��U��ZK¨=���D!y»�Z£JS?Q�Jc
c 
/ Jc

minQ�qU£klFig. 6U�2�£ëc�= Jc
c 
/ Jc

min=RSº»¯H�jl&àá<¨ Jc
c 

/ Jc
minQ�F��ÂRS���%=ÒRSÈÉ��q�ä��ÄÍKy�RS=�YU J� !"Z���£kRS=�Y��
U�YZKlÒRSUÊJ� �

3.5BZO-doped Er123 film = Jc
c 

/ Jc
min Q

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Magnetic field dependence of ∆ρn
max

 at various 

temperatures. Inset shows the comparison to the pure 

Er123. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Angular dependence of Jc at 77.3 K for (a), (b) 1.5BZO-doped Er123 film and for (c), (d) 3.5BZO-doped 

Er123 film. (a), (c) Linear and (b), (d) logarithmic plots for the focusing low-Jc region. 

0

1 10
-3

2 10
-3

3 10
-3

4 10
-3

0 5 10 15 20 25

∆
ρ

∆
ρ

∆
ρ

∆
ρ
n

m
a
x

B (T)

1.5BZO-doped

 Er123 film

3.5BZO-doped 

Er123 film

0

1 10
-2

2 10
-2

3 10
-2

4 10
-2

5 10
-2

0 5 10 15 20

∆
ρ

∆
ρ

∆
ρ

∆
ρ
n

m
a
x

B (T)

Pure Er123 film

BZO-doped Er123 film!

0

5 10
4

1 10
5

T = 77.3 K

J
c 
(A
/c
m

2
)

(a)

10
1

10
2

10
3

10
4

10
5

-20 0 20 40 60 80 100

1 T
2 T
3 T
4 T

5 T
6 T
7 T
8 T

θθθθ (deg.)

(c)
0

1 10
5

2 10
5

3 10
5

T = 77.3 K

J
c 
(A
/c
m

2
)

(b)

10
1

10
2

10
3

10
4

10
5

1 T
2 T
3 T
4 T
5 T

6 T
7 T
8 T
9 T
10 T

-20 0 20 40 60 80 100

(d)

θθθθ (deg.)



1.5BZO-doped Er123 film U(Ö��ÄÍKlZÄZ�\RS�Q��
U 1.5BZO-doped Er123 film = Jc
c 

/ 

Jc
min=[y 3.5BZO-doped Er123 filmU(Ö��§£ÍKlj£���ÒRS= Jc

c 
/ Jc

min QopqFrbc<��y�km<Ä��ÒRS= Jc(0°)=�D!Q BZO
opqFrU�k¨=<A��¦�nkl�[��fghRS��=\RS= Jc

c 
/ Jc

min QopqFrbc=�YU J��§£ÍKlmnQ�`´µ¶·
�U�ä��¨ÍK\RS=∆ρn
max =ÚkÛJ<12��ÍKl��U�\RSUÊ¦k BZO HâYZK&àá=∆ρn

max <
Jc

c 
/ Jc

min =;Q c T����y�}¡¢��k pure 

Er123 file U(Ö*+UÒ§£ÍKlèn��BZO
opqFrbc=�Y�!"jk∆ρn

max
¸

Jc
c 

/ Jc
minU®��¦�nkB//cT[/=ρ(θ)=��F�¸Jc(θ)=�D!Q�}¡¢y�8Z�Jkg¯y�klj£���

BZO
opqFr��POUÊ¦k cT����Á�Â®¯Q TEM =A$�ä�ÄnKopqFrbc<opqFr=���de�}¡¢U�ä��jk<�
�nkl 

 

4. ��: 

BZO
opqFrHijk Er123 POàáUÑJ��

TEM U�kîïðñ�de`´µ¶·�^_`ab

c=RS�ëc�RSXY¹cº»¯�ä c T����<Z�='�UÑJ�ÓÔUÕÖKlBZO
opqFrQCDEFGUâYjk BZO H�Y�ªk<�opqFrbcQ/©jky�opqFr�Q�����£Jm<y+ÄÍKl��U�opqFrbc=�YU�äopqFr=��[/y�ä c TU
�m<y+ÄÍKlB//c T[/=`´µ¶·=¹cº»¯=��F��de^_`abc=¹cº»¯=�D!=ÓÔ£
�U�ä�R×ØB�ÙBÈÉ�U�ÒRSÀ�Q BZO
opqFrbc=�Y� c T����<Z�='�y/©jkm<y+ÄÍKl��U\RSÀ�QBZO

opqFrbc=�Y� c T����<Z�='�yÒ%jkm<y+ÄÍKlmnQ��F��ÂRS���%=ÒRS�Q�
BZO

opqFryi&U'§y�\RS�Q BZO
opqFr<�}¡¢=�?U�ä c T����Á�Â®¯y��jk<í±�nkl 
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Fig. 6 Peak height of Jc(θ) at B // c-axis as a function 

of magnetic field for (a) 1.5BZO-doped Er123 film 

and (b) 3.5BZO-doped Er123 film. 
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