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Abstract

We report the development status of an NEA-GaAs photocathode DC-gun for an energy recovery linac (ERL) light 
source. The next generation ERL light source requires large current, low emittance and ultra-short bunched electron 
beams to generate high brightness, coherent and ultra-short X-rays. We have developed a 250kV-50mA DC 
photocathode gun employed a GaAs-based semiconductor for the ERL light source. The GaAs cathode is activated the 
surface to negative electron affinity using cesium and oxidation..  

�������	
250KV-50MA������DC��������

                                                          
1 E-mail: iijima.hokuto@jaea.go.jp 

�������

�����	
��������������

�	������� ERL!"#$�%�&'��
()*+",-.�/0123�45 566 GeV!
789:;��<�%=�4>� ?@MeV!*+
"�A����	���()5B9CDE"8F�

�D=�/0
[1,2]
1G�ERL����"42H0%=

�IJ-*+JK�1L9M'NOP01���
NEA-GaAsQRSTU	V"$/%DCM'N"W$
H0G�XYMZ�[\]^_�`abcd�e	

f"42H0gh�<�*+"*i�%
[3]
1

YMZ�_�`abcd�M'e	f"42H0%

=9��TU	V�&'jkOAh�l�`abc

d�_/m�"$/0nJOP01Go�%pq"

r%HTU	V����sM'tuv Negative 
Electron Affinity, NEA!wx�GaAsTU	VOyz
{�[|�G{}X9<�&'jk�6%~�O4
>�{�/0 1����MZ�100mA"��H0
%=9��$H0�	�	������795nm"�
�H0�nJ-�	�	��	��3.1W�-0%
=�mo��A/&'jkO�}�/1<GX��

�NEA-GaAs\|m�cV��a
�Y�/Al��
�m�"�oG�X&'jk":���0G�"�

����% 1}%�&'jk"���YMZ"�

��HG�Xl�`abcdOY�h-0G�O�

 �{0O�G{"�¡H0%=9TU	V"¢£

'B¤9H0G�m¥¦��/0

[4]

[5]

[5]
1

§¨�TU	V�©ª9«����TU	V¬

�®¯�9°h±²H0G�Oyz{�/0
[6]
1G

{�TU	V�z�M'e	fOTU	VM^¬

�³´µd"¶·c¸��G{OTU	Vwx"¹

��º»NEAwx"¼HG�X©ªO½h-0�¾
¿�/01��OÀÁ�H0100mA�Â¾ÃÄ[4]�
ÅÆ 9mA!\|m10Ç~�A/MZ�XP0%=
TU	V¬�®¯��\|A/m�OÈ=z{�

P0~�©ª"ÉÊH0%=9�®¯�"10-10 Pa~
�9H0nJOP0�ËÌ�%

[7,8]
1

Í��\o-ÎÏ�z�NEA-GaAsOM'N�T
U	V���ERL9nJ-ÐÑ"��0G�"4>
H0%=9�250keV DC-M'N�*+"*i�%1
-[�45X�M'N�500kV, 100mA"¥¦��/
0

[9]
1

	� 
������

2.1 M'NÒÓ

M'NÒÓ�ÔÒ8Õ��G{}X��O*+�

��%JAEA ERL-FEL����M'N[10]
"Ô9��

/01Ö1�*+×�M'N�ØÙÖXP01AM
Ú+ÛÜ�ÝÞ�6ß�Cockcroft-Walton�M�"$
/�[|�G��v 250kV, 50mA!OM'N�Ð
Ñ"à=�/01AMÚ�áâ��SF6µd µd
Ú62.0 kgf/cm2

!"ãä�%bcåæ9AMÚ+Û

Ü"�çH0èé"ê.�/0
[3]
1

-670-



Proceedings of the4th Annual Meeting of Particle Accelerator Society of Japan 
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)

Ö 1ëM'NØÙÖ� a) SF6µdbcå� b)
Cockcroft-Walton�M��c) ìí`aåî�d) ï
ð	VM^�e)TU	VM^�f) ñ	Vñaåòó
c�	�g) 
���	ôõcòóc�	�h) Sí
cdQö	ñaV�i) ¶·c÷c


Öø�ùú�"ûü�%M'NÒÓ�ý®XP01

GGX�Cockcroft-WaltonM�"�ç�%bcå"
�þ��/01

Öøëùú"ûü�%M'NÒÓ1

M'NÒÓ�M^O8F�{0�¶còóc�	�

GaAsTU	V"¶cdS	�H0ñ	Vñaå
òóc�	�NEAwx"�0
���	ôõcòó
c�	�zB��{01G{z�òóc�	�®¯

"¾���òbc��m�9�%1�òóc�	9

�<{�{��¶còóc�	9ø��200 l/s¶·
c÷c
�2000 l/s�NEG÷c
�ñ	Vñaå
òóc�	9300 l/sb		÷c
�1700 l/såí¶·
÷c
�
���	ôõcòóc�	9500 l/s¶·
c÷c
�2000 l/s NEG÷c
"8F�%1

Ö
ëïð	VM^ �!��¶còóc�	æ9

8F�{%TU	VM^ �!

2.2 ñ	Vñaåôd�f

TU	V�ïð	VM^�è9«����<{

OM'e	f��`abcd9��H0G��z/

hL��è����ùÆ�"�H��X/012

3��M^�mòbc��m�"$/�/01��

ïð	VM^��¶���180mm�*�Ü�40mm�
TU	VM^��120mm�����a
�¶��
40mmX8F�% Ö
Â�!1
Ö��ý®�GaAsTU	V"�òóc�	9�
�H0�9�$H0TU	V���	§éXP01

bcb� �a
"!h"��Ü#�òbcX�

��%1GaAs�$%�TU	V���	9&'c
S�{�bcb� �a
(*�(�8mm)9\|)
��{01G����	�SícdQö	ñaV�

*+9�,õ¶cS[\]TU	VM^9ê|¬;

%���	-;9Ý���SícdQö	ñaV�

�.9\|/01ÑX�®¯2X��òóc�	

3�4�9�G{"$/�/01

GaAsTU	V�M^5�¶cdS	�}X�6
7��[[\<��8|XP01���	9&'

cS�%GaAs"�1) Y9*��%ñ	Vñaå
òóc�	æ98F12) ®¯9:/%;��l<
=9\|GaAswx"É>��/0?K"!@13)
A	S��B"*����SícdQö	ñaV9

\|
���	ôõcòóc�	94�14) ìô

-671-



Proceedings of the4th Annual Meeting of Particle Accelerator Society of Japan 
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)

'f�CK9\|NEAwx���15) TU	VM
^54�1G�4�9«����Y9×X�P0O�

df	d9X�0G�"DE�%1

Ö�ëTU	VF4�%=����	§é�ý®1

G�z����	-;�bcb� �a
�TU	

V���	�,õ¶cS1

2.3 AMÚH��I

JK�}X9LsM2X�I",/�8Õ��

250kVH�"DE��/0 [3]
1ÒK��4�9T

U	VM^5�H��I",-.%1

��O�$��/0Cockcroft-Walton��AÚM
���vMÚ�Na
�"Oc�åS-è"É.

%}}�vMÚ�Na
�"_P��0%=9��

vÜ9LCQQ�b	"W$��/014��G�
QQ�b	�100kVH�9Ý��MÚRS"48Vp-p
9T¿[|�G���UV8Õ8|�mXP.%

[11]
1

G�QQ�b	"B�H0O¶�[\]�vWXm

Y��m�W$�%%=��K'ZÓX��M9\

0[MZ\MÚ9ÝH0]^-_Ð"`z{-/%

=�<{�{�K'9�ab9�	,ïBc	�"

ê|¬;�P01<�%=Cockcroft-Walton"B�
H0�¶·	V9sdO��|�º»�G{Oef

H0�/o2gODE�{%1

h/�SF6bcåæ9�}i]^-¯3OP0%
=��vWX�jkMv&"]^9Y�-m� �

£Mv30W�_¶c��dMÚ35kV l10Ò!�m
n��AMÚ�I"o*H01

2.4 �	�	�U�ð¶VO¶�

M'e	f����%=��	�	�$%�He-
Ne�	�	"�$H0G���%1�`abcd�
pY"T¿0%=9TU	V5��	�	���/

qr0sxt����23�<�8Õ\��",

-.�/01}%�M'e	f�������`a

bcduv",-oU�ð¶VO¶��8Õ[\]

��",-.%
[12]
1

�. ������
�����	
����&'��%=�M'N

���NEA-GaAsTU	V"$/%250keV-50mA 
DC-M'N�*+()",-.�/01G{}X9
M'NwJÜ�ùú"x¿�23<�ÐÑ�I"*

i��/01

AÚ+ÛÜ9«���Cockcroft-Walton"B�H
0�¶·	V"É>H0ÀyX�vÜ��zR{"

,-.�[|�|h/}�9ûüH0��XP01

}%�23�®¯�I",-.�/01

M'e	f����%=��	�	~t÷	S8

Õ����}%��`abcduv�%=�U�ð

¶VO¶����",/�Kæ9�$%�e	f�

���I"����/01

����

[1] http:// pfwww.kek.jp/ERLoffice/ 
[2] ������”ERLÕ��2”�Ò�Ã�.
[3] H. Iijima, et al., Proc of the 3rd Annual Meeting of Particle 

Accelerator Society of Japan, 529(2006) 
[4] C. Hernandez-Garcia, et. al., Proc. of PAC ’05 p.3117 
[5] T. Nishitani, et al., Proc of the 3rd Annual Meeting of

Particle Accelerator Society of Japan, 45(2006). 
[6] T.Siggins, et al., Nucl. Instrum. & Meth. Phys. Res. A, 

475(2001)549
[7] R. Nagai, et al., Proc of the 3rd Annual Meeting of Particle 

Accelerator Society of Japan, 559(2006). 
[8] F. Furuta, et al., Nucl. Instrum. & Meth. Phys. Res. A, 

538(2005)33.
[9] R. Hajima, et al., Proc of the 3rd Annual Meeting of Particle

Accelerator Society of Japan, 753(2006). 
[10] N. Nishimori, et al., Nucl. Instrum. & Meth. Phys. Res. A, 

445(2000)432.
[11]�������”ERL����$DCM'N9nJ�{
0AMÚ���”�Ò�Ã�.

[12]�������”DC��^M'N�%=��`abc
duv$U�ð¶V”�Ò�Ã�.

-672-




