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Abstract

A new high power pulsed klystron has been developed for Boron Neutron Capture Therapy(BNCT). The klystron
horizontally-oriented and peak output 1.2 MW, average output 360 kW at 352.2 MHz, designed on the basis of the
350 MHz, 1.6 MW pulsed klystron E37621. It mainly consists of a triode electron gun, a six-cavity interaction circle, a
coaxial window, an output waveguide equipped with a T-bar converter and a force-water-cooled collector. The electron
gun is a triode tube with a beam perveance of 1.1 pP, the RF interaction circle is optimized to obtain efficiency more than
60% and the RF output power of 1.2 MW at a beam voltage of 80 kV and a beam current of 25 A. The collector can
handle up to 800 kW to work with non-RF condition. However, due to the volume reduction design, we succeeded in
making it smaller than E37621. Stable operation with an output power of 1.24 MW and an efficiency of 60% was achieved

in the test performed in May 2023.
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Table 1: Target and E37621 Specs

Parameter Target E37621
Frequency [MHz] 352.2 350
Output power [MW] 1.2 1.6
Beam voltage [kV] 90 max. 105
Anode voltage [kV] 85 max. 94
Beam current [A] 30 max. 25.5
Efficiency [%] 60 min. 60
Gain [dB] 47 41
Bandwidth [MHz] 1 min. 1
Average output power 360 144
[kW]
Collector Dissipation [kW] 800 284
Length [m] <4.9 4.9
Weight [kg] <2800 2800
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Table 2: Cooling Method and Collector Size

Cooling method Collector size
Water cooling +950 mm
Vaper cooling +600 mm

Water and vaper cooling +250 mm

Figure 1: Beam trajectories of DGUN(collector).

2.3 FHAEEREO= I ME

S BYAXDEERED 250 mm EPEST-D T, *HE
VEREROEMEYA XD AL 250 mm Pl EETH, 22
THAEERSEZROLIERIIEICEE LTSI~
WR LR CHD, B i774xm/®@wﬁﬂ&
BOZETHY, BEHAR TR EDLO TR A ATHE
b5, TTAPRILE L OBE ~A$F)k€-€om
FE LW L~ TR EDH, BB L% 7T g
b5, ENREILENREE 2 < T LRI WFFTx
DM EEREENEL 2> TLE), BEOMAAEH
*BE& EAEAARE N E L TR ET 5, 22 CTHHBEZMIC

BIDITIXAEEL, LT IR E K 0, DX %
(HIRT,

Ap =B 21/ wy (D

0p= e g —m— @
(1—B2)3/2
ZIT e, erfE M, mO:E i IR E R, g E
ZEFHEBERTHD, Bl i*%@iﬁﬁﬁ@ﬁf&;@t — NEIT
DEWNEERELIRD, 7T A~ 8B K w, 1T E B
k*owﬂ“ Lo TREY, BB E I/ N—E T RE
12&s, K(1)Q)EY, B —AEIEDNE W
?X‘W&E#EUM TV B S i b\H%E _7 72 I
ENELS, ERICe R SR 0E 25 [ BB Anf
VB AT D 7= 6D R /&5@17717@%&1&
WK FZ B ALK T T A~ REEFE AL TRge
77,

F9°. E37621 % 1.2 MW (T b L7-FRr o B/EH
MHEE /=T AERIIFE L LTS BT,
HA1ZE12MWIIC R &7 oX~v i BREFRELE
B/ RTA— &%Table?a T, IR TR50DTE —

LELELE—LEFE TP, 77X~ ENELRD
ZEDBIFFCED, VIRV EREAHBE LR 6.0 m &
72077, 1.6 MW HH I DHFT 6.4 m THY, 77X~ E
ZREALUCHAEERSEEZAS—V 79 2%L 150 mm
FfE CEDORE R LR o7, BEED 250 mm [ZITEA7RN
DT, WIZR—ET A2 @ LI RO B/EHEHE D
AR DWW TIRETET), S—E T A% RiF 5282k

DERBENEGLIRDDTT IRV ENELRDZEN
I C&D, R—ET A% 1.1 pP FTEL LD TS
AW EIT 4.8 m L7220, RILKAT =V T &{THEFHA
YERE R 2Y 600 mm £ 92 CEDRE R LT, 73—

PASJ2023 THOB10

BT A% 11 pP I EF TR CO IR RA R
T2HED/RT A—H% Table 4 (2T, L S—E 7/%
W ENDE EHEM RN RELIRY | EFOERE
MZE T DD THRNTFR->TLED, RBRAIDH S —
BT A% 0.75 uP 25 1.1 pP (2 EIFDERERIK 5%
KT 5DTY Il —ara—R FCI3])&f L T4
MRAOBLE e3R8 B ol b 228 TER 60%%
HfL7-, IR O R, HAEMEES 455 mm HfEL
AR 60%LT Ot B R 242 Tl 2 325 R0
iz, FMELT-AB BAERE OB K% Fig. 2 12RT,

Table 3: Parameter at 1.2 MW Output Power

Parameter E37621- E37621-
1.6 MW 1.2 MW
Output power [MW] 1.6 1.2
Beam voltage [kV] 105 94
Beam current [kV] 25 21.6
Perveance [puP] 0.75 0.75
Efficiency [%] 60 60
Plasma length [m] 6.4 6.0
Table 4: Parameter at 1.1 puP
Parameter E37621- 1.2 MW-
1.6 MW 1.1 uP

Output power [MW] 1.6 1.2
Beam voltage [kV] 105 83
Beam current [kV] 25 26
Perveance [puP] 0.75 1.1
Efficiency [%] 60 55
Plasma length [m] 6.4 4.8
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Figure 2: Outline drawing of interaction circuit.
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Figure 4: Electric field strength of poisson.
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Figure 5: Outline drawing of klystron.

Table 5: Target and Design Results

Parameter Target Design
Frequency [MHZ] 352.2 352.2
Output power [MW] 1.2 1.27
Beam voltage [kV] 90 max. 80
Beam current [A] 85 max. 68
Anode voltage [kV] 30 max. 24.9
Perveance [uP] 1.1 1.1
Efficiency [%] 60 min. 63.9
Gain [dB] 47 47.8
Bandwidth [MHz] 1 min. 1.6
Average output power [kKW] 360 360
Collector Dissipation [kW] 800 800
Length [m] <4.9 4.7
Weight [kg] <2800 2700
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Figure 6: Power transfer characteristics of FCI.
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Table 6: Target and Performance Test Results
Parameter Target Design
Frequency [MHz] 352.2 352.2
Output power [MW] 1.2 1.24
Beam voltage [kV] 90 max. 82
Beam current [A] 85 max. 69.2
Anode voltage [kV] 30 max. 25.3
Perveance [pP] 1.1 1.1
Efficiency [%] 60 min. 60
Gain [dB] 47 47.4
Bandwidth [MHz] 1 min. >1
Average output power [kW] 360 360
Collector Dissipation [kW] 800 800
Length [m] <49 4.7
Weight [kg] <2800 2700
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Figure 7: Power transfer characteristics.
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Figure 8: Picture of the klystron set.
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