
���

�

����	 

ESD
���������������	����� 
 

��� � !"#� $%!&'� (!)*� +,!-.� /0 
 

Research on the ESD Method for the Thin Film 
using Transparent Conductive Films 

 

� � � � � � � � � � Masana NAKAMURA, Masaaki FURUYA, Osamu ABE, Hiroyuki YAMADA and Masaki OGATA 

 

1� 2 
345678�9:;<=>�?<@=ABCDEFGHIJKLGMNOPQRS
��T��UV�����

WXYZ4[\]V^_`;94a;bcdefghij=kl ZnO [m5nMopIqU9ZnO rWsWq9ZnO

�tSPuv In9wxyzuv Al9{|}Quv Mg[~��qUhrg�g 5%��UVsW9fc�j=tSPuv

In2O3 [��UhZ4U9��5�A�cgV ZnO � In [��UVsWq Al [��UVsW��Uh9~����[

10%915%920%�UVsW[XYU9fc�Z4[\]V^rW��9ZnO� In[ 5%��UVsWA��� 3.9�!cm9

Al[ 5%��UVsWA��� 15.6�!cmA�cg9�V9������ 80%��[��qADEV^ 

 

1^�� � 
��������pI�}xN�KLGt�FPD���

 fghi¡¢£¤¥¦�~�§5¨©D�5ª9«

¬®¯T°W±²M³W´�µ¶ ·�¸¹º» 9

¼½�¾W¿�ÀW�Á9L�KÂpH�±MIUh

npÂ�}xqUhs�Ãghi^�V9�ÄW�Å

5�ÆÇÈ É¨©D�5ª9ÊËÌÍÎ�·ÏÐÑ 

qUhÒ�KD8�fghiÓpILGMI�� f

gVT9Ô\³·ÕÖÍW×Ò�K������[±M

IfØ9Ù��Ú��qDÛT¶Ü·Ý�µ¶ qU

h�Ãgh>T9ÞßàWÒ�Káw·9âãW×!ä

5åæWç ABCfghi 1)^ 

èé9�¦NêtK É�� fghi�����

�9j=tSPuvKë�ITO��Aìª icghi

A9tSPuv�í4W®5cî_`ïðWñòsóô

h>T9õö÷æWøùAúûDü^�V9j=kl

�ZnO�����ýþ�>©��� 80%��Dü�q9

��5���[��5å9ITOq��������qUh

W��[�Uhi^�V9ZnO �	g
Y [�]h

iVÜ=�È·�ÈD�Ãg5å�����Dü

�q9�ö÷q5kl Zn �_`A��Dü�q5

åW��Aü 1)^ 

èé9�����Wm15Y����K�pn
Dü

T9��67A�	�� Ds�����qí4DüT9

�����1AüVÜ9��;<�� A!"5

åW�2Aü^ 

�g�D9345678�9:;<=>�?��5�

¢�[�]V��ABCDE#$%&Wt'S=
W

��DüFGHIJKLGM
[ç UV(�.��

���) ESD 
qÄ�^�[* U9¼½�¾+xW�

	��[\]hEV 2-5)^ 

r�D9,�	D��W ESD 
[* U9ITO �W-

.qUhBCfghi ZnO �/eUh90±KID1

 �Ïôcg�����W����W23[e4UV^ 

,�D� ZnO [�5�90���=ABCDE~�

�ö÷[679rW8967UVö÷��ih~���

�W9*=[:;UVWD9�<�^ 

 

2^ESD
����=
 
ESD
 6)q�9>?�>bUV�� @��[9í�A

[b©VBëxCD�Ï�¡E[.�fØ9%F9GHU9

>?[I�fØ�qD9JK�L<9�¢!�U9��

�=
Dü^M�� ESD
WN1M[¤�^ 

,�	�>©��=
�O7$W>¡[QPSPO

SLDBëx�QRU9BëxqJKS�9í�A[b

©�q��TGHfØ=
Dü^�V9JK[

ÓpILGMI��TO7TU�VW5Ac��UV^

M 2 ���67[¤�^QPSPOSL� BAS MICRO-

DIALYSYS XÇ KDScientific�IC3200�[9ÓpILGM

I� FisherScientificXÇ Isotemp Hotplates[9í�A�`

�Y7LGQPRS(Z)Ç HAR-30P1[� UV^ 

 



�[�

�

������

��	�(350
540�)

��

+

�

��
�10kV

 
M 1  ESD
WN1M 

 

�

M 2����67 
 

3^�����ö÷W:; 
3\1� 1]^_ 
,�	D������qUh9ZnO �[�5�~��

qUh In9Al�V� Mg[ 5%��UVsWq9`a�b

qUhj=tSPuv In2O3W 5 cdW�����[XY

U9Z4[\]V^ZnO >¡�e=kl ZnCl2[�5�9

~�� In9Al9Mg �rg�ge=tSPuv InCl39e

=wxyzuv AlCl39e={|}Quv MgCl29[��

UVsWq9In2O3 >¡� InCl3[� U9>?���f

qFnBMxWg�¡��>hU9{|}ÂpHKnM

�DijUY�UV^ 

67W^_��kW�	D�cgVsW[J�9l�

�A 12kV9BëxqJKqWmn��)�ÁSmn�

70mm9QPSPOSLW¡QRoU 8ml/h9¡$ 50ml9

pMnTU 540q9rstuxvU 0.006mol/l �h��[

\]V^ 
3\2� ��>�?wx 
��UV(�W���[yzVÜ9���{�|}

=~(Z)Ç Loresta-GP MCP-T610���T�7UV��[

M 3 �¤�^�7��bc ZnO � In [��UVsWA

3.9��cm9Al [��UVsWA 15.9��cm q��5��

[��qADEV^ 

��9���[yzVÜ9�Ì���ËÌ%��U

{�(Z)��ÇY�Ç SolidSpec-3700���T�7UV�

�[M 4 �9���ýþ 400nm�700nm W������

[£ 1 ¤�^{���bc In2O3[�iV ZnO ��ih

�9åW~��[��Uhs9���ýþ�>ih9�

�� 80%��q5�qAÃb]V^�V9��UV(

�W�¢�[2��VÜ9X Í��67�(Z)PÒHÇ

Ultima IV���T�7UV��[M 5 �¤�^ ZnO W

100 ;9002 ;>�? 101 ;W²MH�|�Íq��g9

PDF �Má�� 01-37-1451 ��q��� 2� A 31.77�9

34.42�>�? 36.25��rg�gèg^M 5 �¤�q>

T9~��[��UV���>ihs9�U��Ãs

WW ZnO W|�Íq�"²MH[�Uhi�qAÃ

b]V^ 

1

10

100

1000

ZnO ZnO�In�� ZnO�Al�� ZnO�Mg�� In2O3

�
�
�
[�
�
cm

]

O
pe

n

 

M 3 ��� 

0

20

40

60

80

100

��� ��� ��� ���

�
�
�
[%

]

��[nm]

ZnAlO� !

ZnMgO

ZnO� !

In2O3� !

ZnInO� !

�

M ������

 

£ 1 ���ýþ�400nm�700nm��>©���W��� 

�SLx ����400�700nm���9���%� 

In2O3 72.8 

ZnO�  84.0 

ZnO� In�� 80.9 

ZnO� Mg�� 85.4 

ZnO� Al�� 83.3 

3.9 

15.9 



���

�

�" #" �" "" �" $"

X%
&
'
[a
.u
]

2�[(]

ZnInO

ZnAlO

ZnMgO

ZnO

In2O3

 
M 5� XÍLJ��tx�

 
� 4^~��W��W9*= 

3 %D zV�Å�9~��qUh��UV�����

�A��Dü]V In q Al ��ih9~����[ 5%�

20%��=fØV�����[XYU9Z4UV^ 

4\1� 1]^_ 
3-1 %q�"^_D9���9���A��Dü]V In

q Al ��ih9~����[ 10%915%920%qUV�

����[��UV^ 
4\2� ��qwx 

3-2 %q�����UV(�W���[�7UV^rW

��[M 6 �¤�^��bc9In9Al qs� 5%W~��

��W�����A��Dü�qAÃb]V^�g�9

~��A�U�d¡fgq~��¢£A¤�T9�¦

W¥¬UA)AVÜDüqwôcg^ 

��9~����W�=������W�=[`aU

V^In >�? Al W~����[�=fØV��W���

K¦HIx[9M 7 >�?M 8 �rg�g¤�^�V In

>�? Al W~����[�=fØV��W���ýþ

�¹§ 400nm�700nm�W���W���[£ 2�¤�^

�7��bc9In ��ih�~����[ 20%��q

:Eª���A¨©U9Al ��ih�~����A 10%9

15%920%W������� 80%ª«Dü]V^�g�9

���q���~��A�W��[ºVÜqwôcg

^ 

1

10

100

1000

0 5 10 15 20

�
�
�

[�
�
cm

]

)*�+,(%)

ZnO�In��

ZnO�Al��

�

M 6� ~�����������= 

0

20

40

60

80

100

��� ��� ��� ���

�
�
�
[%

]

��[nm]

In�5%

In�10%

In�15%

In�20%

�

M 7� ~���In���[�ôV��W���K¦HIx 

�

0

20

40

60

80

100

��� ��� ��� ���

�
�
�
[%

]

��[nm]

Al�5%

Al�10%

Al�15%

Al�20%

M 8� ~���Al���[�ôV��W���K¦HIx 

 

£ 2� ~����[�ôV��W���ýþ��� 

�

�V9~����[�=fØV��W�¢�[2��

VÜ9X Í��67�(Z)PÒHÇ Ultima IV���T�

7UV^~��qUh In[��UV��>�? Al[��

UV����ih9M 9 >�?M 10 �rg�g¤�^M

9bc9In��ih� 15%[¬ôq9ZnOW|�ÍW�

UA¨©U9�®A:Eª5]hi�qbc�¢�A

¯5Ãghi�qAÃb]V^�g�9~��[���

q�¢Wa¦7�A�=�VÜ9~����A:Eª

5qa¦7�A:Eª�=U9�¢�A¯5ÃgVÜ

¨qwôcg^Al ��ih�9�U�°i�±cg

A9�®��=�±cg5iVÜ9�¢��¯5Ãgh

i5iqwôcg^ 

~�� 

�� 

����¹§400�700nmW���9�

��%� 

In Al 

5% 80.9 83.3 

10% 79.8 77.2 

15% 81.5 75.7 

20% 74.9 77.6 



�²�

�

�

M 9� ~���In���[�=fØV��W 

XÍLJ��tx 

 

�

M 10� ~���Al���[�=fØV��W 

XÍLJ��tx 

�

���>�?������W��bc9,�D1][

\]V~�����>ih�9ZnO �~��qUh In [

5%��UV��As]qs�����qUh*Uhi

�qAÃb]V^V¨U9In �³©ö÷DüVÜ9�

���´sWWµ ö÷Dü Al [ 5%��UV��

��ihs�����qUh�ÎDüqwôcg^¶

8�9~����[ 5%�)�UV����ihs:;�

·7Dü^�V���¸�[e4U9ÕV5~��ö

÷W679�SLx[~¹�º»Æ�D 600q¼U��Ú

fØ½¾Ú¿ÀW�¡5å9fc59*=[\Å�

1Aüqwôcg^ 

 
5^�� � 

� ,�D�9ESD 
[* Uh9�����W����

W23[e4UV^rW��9ZnO � In [ 5%��UV

(��>ih9���ýþ�>©��� 80%���V

W5Ac9��5���[��qADEV^�V9�

���´sWWµ ö÷Dü Al [ ZnO � 5%��U

V(���ihs�����qUh�Î5ö÷Düq

wôcg^UbU5Ac9����õW�<D�cg

hi 10-4�10-3�!cm7)��Á]hi5i^¶8�90�

��=[�bVÜ9~����[ 5%�)�UV���

�ihW:;·9ÕV5~��ö÷W679�SLx[

~¹�º»Æ�D 600q¼U��ÚfØ½¾Ú¿À[\

Å5å9fc59*=��ih:;�^  

 

 

ÂwÃÄ 
1) Å*Æ������9QMFvQMÇÈ(2005)�P.1-5 

(2005) 

2) É�ÊË9"#$%9ÌÍÎ9�ÏÐ/�=���

�Ñ@¼½�¾W��9)ÒÓr�ÀÔ~�	³8�

	�<Õ� 5�9P.77-83 (2010) 

3) É�ÊË9"#$%9ÌÍÎ9�ÏÐ/�=���

�Ñ@¼½�¾W��9)ÒÓr�ÀÔ~�	³8�

	�<Õ� 6�9P.21-32 (2011) 

4) "#$%9É�ÊË9&'(9-./0�=���

�¼½�¾W��9)ÒÓÖ×ÔØ��+SnM��

23ÙUØû!�	�<9P.36-41 (2012) 

5) "#$%9É�ÊË9&'(9-./0�ESD
��

¼½�¾ (�WY�������	9)ÒÓÖ

×ÔØ��+SnM�� 24ÙUØû!�	�<9P.68-

72 (2013) 

6)  Morozov, V. N. & Morozova, T. Y.�Electrospray deposition 

as a method to fabricate functionally active protein films9 

Anal. Chem. 9Vol.79No.19P.1415-1420 (1999)Ú 

7) Å*Æ������Û9QMFvQMÇÈ9P.115-118 

(2007) 

 

 

 

 

 

 

 

 

 

 

 

 

 


