
論文 / 著書情報
Article / Book Information

題目(和文) Sicパワーデバイスを用いた円形誘導加速器用加速セルドライバーの研
究

Title(English)

著者(和文) 岡村　勝也

Author(English) Katsuya Okamura

出典(和文)  学位:博士（工学）,
 学位授与機関:東京工業大学,
 報告番号:乙第4118号,
 授与年月日:2015年9月30日,
 学位の種別:論文博士,
 審査員:堀田　栄喜,堀岡　一彦,高山　健,安岡　康一,林﨑　規託

Citation(English)  Degree:Doctor (Engineering),
 Conferring organization: Tokyo Institute of Technology,
 Report number:乙第4118号,
 Conferred date:2015/9/30,
 Degree Type:Thesis doctor,
 Examiner:,,,,

学位種別(和文)  博士論文

Category(English)  Doctoral Thesis

種別(和文)  論文要旨

Type(English)  Summary

Powered by T2R2 (Science Tokyo Research Repository)

http://t2r2.star.titech.ac.jp/


�	
 ����ÆĖ�

�

ĿĢÊ��ŀ  

� � � � � � � � Ģ�� �Ê��� Ē��� Î��Ŀ�Ê�	
 	
 	
 ¤û±ŀ  

 

���ñ�  

�

 

��j�ā� � � � �� � � ��

 

�á������ ®×� �k�

Ŀ�Ē��Î�ŀ  
Ğ«�įÌ²9Âï��~³�į�&�6Ğ«�įGeBcQceĿInduction Synchrotron: ISŀ+


Ğ«�įJb*�įA^NZ)òî�6ö³VbIĹ�)3"%ĎĹă£9�į�6GeBcQce

&�"%
���åÈ'UeMĵ)�Ą�76�'(2
�426<>e9�į�6�'0&16'�

�¡1(ê¸9Ó�6�IS).�%Ğ«�įJb9R`<Y�6VbIĹèĿSwitching Power Supply: 
SPSŀ+ÖĦó)ĴĒ(Ee[fSeQ&�5
�79¬�ľºČ��
�4)wĻº9ľ06�'0
~³Ğ«�į�9ľ=SbAf<>eè'�%�4)ò­��6�0*ĴĒ(Ġļ&�6�ÖĢÊ+G

aEe?fU<R(SiC)�«sÌ²*SPS9Ķò�6�')3"%�*Ġļ9ĕâ�-2ı0%1�ď
ċ*÷ý9.'0�1*&�6�ĢÊ*}§Þ¼+oh*Į5&�6�  
āŁÿ�°Ģ
&+Ö÷ý*rĉ$39Ïø)�6�0Ğ«�į*�Ö�í
.�÷ý¼Û*Ò�

*Ĳï9ôÁ�KEKPHKb�į�*ÝĒ)#�%Ĭ-��  
āłÿ�Ğ«�į�GIO\*Þ¼'ìë*Ġļ
&+
Ğ«�į�í9ï���į½ä)#�%

35ħ/Ī: ģĢ9Đ�''1)�*¾đó�Ą
�4)�7.&ï�47%1�GaEe(Si)�«
sÌ²*I<NMeCĹè*Ġļ)#�%Ĭ-��  
āŃÿ��«sI<NM*VbIVdf,*¹ï'Ğ«�į,*Ĳï�ČºÜĘ
&+
��ĳ)

.�%Ë�*�«sVbIĹè9Ķò�6)��"%�7.&Đ87%1�IGBT
MOSFET
SIF<a
IKĂ�ü�«sVdfPU<I*÷ýëã)#�%Ýē�
µ�ĳ&+�«sVdfPU<I*ið

)ĺË91�4�'Õ´�76SiCPU<I9�74Í¥SiPU<I'àĩ�6�'&�*zrº9ø
ĝ�
SiC-JFET*I<NMeCºČěvĆÛ�4
Ğ«�į�JbR`<Ufïą£'�%T<Vdf
VNDfHĶò0ĴĒ&�6�'9ú���  
āńÿ�SiC-JFETïľÇéVNDfH*Ķò
&+
Ö÷ý).�%Ë�)Ķò�7�=[@G]

fbRP;IBafQVNDfHSiC-JFET)#�%Ĭ-���*VNDfH+4.2mmĔ*SiC-JFET9=
[@G]fbR��P;IBafQK<Z*VNDfH&�6��*ºČěv9Đ"�ĆÛ
1 kV-27 
A-1 MHz&İć�t0�Č&�6�'0øĝ�7��éĕÚ9Đ"�ĆÛ
�*Ð*Å¢+235 W
Ò
ľç±+183 	&�"��'0ú�7��  
āŅÿ�SiC-JFET9ï��I<NMeCĹè*Ĝt'�*ěv
&+
ËĶò*ą£9ï��I<

NMeCĹèĿSPSŀ*ęė'Ĝt
��%ěvĆÛ)#�%Ĭ-��Ĝt��SPS*�sěv9Đ"
�ĆÛ
800 V-21 A-1 MHz&*İć�t0øĝ�7��.�
ĜtĹè9Ğ«�įJb)Ãć��¦Ľ
1Đ�
I<NMeCĹè'Ğ«�įJb9ľĹ�qĭDfYb&Ãć��¦Ľ&+
DfYb*ĥĎ

Ā*É�À¿ 3&+(2
Ĺèx)1��À¿9Ãć�6�'&��VbIå³*þ!h050Æ�

�76�'9Ï4�)����4)
<eXfLeI0Íõ*DfYb'�%50�*�ĨDfYb9u
"���)+
<eXfLeIÉ�9�6l&þ!g05Ðķ
þ!h05Ðķ'�%�7�735ns

27ns0¶47
2 MHzog*Ĉ5ī��åÈ1�Č&�6�'0��"��  
āņÿ�SiC-JFETI<NMeCĹè9ï��¦Wf\�į
+
ÖĢÊ*T<`<Q&�6���

&+
Ĝt��I<NMeCĹè9¦ĸ*Ğ«�įGeBcQceĿKEKPHKb�į�ŀ)«{�

Ĵ<>e*�į¦Ľ9Đ"�ĆÛ)#�%Ĭ-���į©Ĥ'��*+m/q=4*Ĵ<>e&
¦ĽØp
+Ò¡ù�0.23 T
Ò¡=SbAf6.9 MeV&�"��Ö¦Ľ).�%SPS+PHKb�į�*�·GI
O\)Ãć�7
VbI¨± ġ9Đ��'&SPS'VbI¯0� �·�7���*ĆÛ
Ķò��
SPS+SiCVdfPU<I9ï��VbIĹè'�%ið&�0%<>eWf\�į9¦Ě���  
āŇÿ�SiCPU<IVNDfH*Ñ(6ı�'�*�į�,*¹ï­Ķ
&+
ªÙ­Ô'�%ß

in*Vdf]H_fb*Ķò'Ğ«�įÌ²9Ĳï��~³�į�*mµ*�Čº)#�%Ĭ-�� 
Òµ)
āňÿ�ĆĢ
).�%|s*ĆĢ9Ĭ-��  

yĊŉĢÊĒÎ+
�Ê�	
 	
 	
 ¤'čÊ�	
 	
 ğ9�ĳ8#Ä��6�
1�2+čÊ�	
 	
 ğ9�ĳÄ��%2 ����

 26)���#,)5-5�"700%49�5,27/(�&)�57&0-66)(�-1�)-6,)4�%�'239�2*� � ������%3%1)5)��,%4%'6)45�%1(�����$24(5���1+X-5,��24��'239�2*�����$24(5�

��1+/-5,���



�	
 ����ÆĖ�

�

æ»ŉ�
��G:���SKUNSRLPSV#�!�WEBJTMUQOP��>IH@FC:����D
�F��C�	?B=A><;�

�66)16-21��#,)5-5�"700%49�8-//�&)�37&/-5,)(�21� #2.92�#)',�!)5)%4',�!)325-6249� � $)&5-6)��#�!���� �



�	
 ����*6�

�

:8+�$;  

� � � � � � � � 8�� �+��� 5��� ,�:�4�+�;�����: 3	
 	
 71'; 

:Summary;  

 

�#!0�  

�

 

����2� � � � �� � � ��

 

�.���� � &-� ���

 

:�5��,�;  
A novel synchrotron called an induction synchrotron (IS) was developed in 2006 in KEK. In the IS, 

charged particles are accelerated by a pulse electric field driven by a switching power supply (SPS) 
employing high-power and high-repetition-rate semiconductor switches. The SPS that generates high 
voltage pulse is obviously one of the important apparatus in the IS system. This thesis treats on the 
development of the next-generation high performance SPS utilizing SiC switching power devices. 

SiC switching devices are considered to be some of the most promising candidate for next-generation 
SPS, since they have inherently excellent properties in high electric fields such as durability, high-speed 
switching and high-temperature resistances [Chapter 3]. Accordingly, a high-power discrete SiC-JFET 
package was developed, with which successful operation at 1 kV, 27 A and 1 MHz was confirmed [Chapter 
4]. Following the successful results of the device evaluation, he designed and constructed an SPS that had 
H-bridge circuit topology and evaluated its performance with a dummy load and an actual acceleration cell, 
where the importance of impedance matching effect was discussed [Chapter 5] 

Then, developed SPS employing SiC-JFET was installed in the KEK digital accelerator system and the 
ion beam acceleration experiment was conducted. As a result, successful operation was confirmed with the 
experimental conditions of m/q of 4, maximum magnetic field of 0.23 T, and maximum ion energy of 6.9 
MeV [Chapter 6]. 

For the future perspective, the development of 2nd generation high power package that has 2.4 kV 
voltage rating and 2 in 1 construction and the development and application of induction accelerators are 
described [chapter 7].  

To conclude this thesis, the results of this research would have progress and be applied to the various 
kind of ring type induction accelerators that would be constructed all over the world in the near future. 
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