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Study on Optical System Simulation of 60 kV Space Electron Gun
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[ABSTRACT] According to the performance parameters and structure position of the design target, the initial value
of the gun is obtained by the comprehensive iteration method. Moreover, the performance of tungsten and LaB, cathode
materials was compared, the appropriate cathode materials were selected, and the 60 kV space electron gun was simulated
by using the SOURCES related procedures, and the simulation results such as coefficient of chromatic aberration and
beam spot diameter were obtained. According to the focal length formula, the focal length of the first-order focusing
system is obtained and the simulation results of the focusing system, such as focal length, beam spot and optical path
diagram, are obtained. By analyzing the shortcomings of the first stage focusing system, the second stage focusing system
is redesigned, and the performance parameters such as pole shoe hole diameter, coil excitation and the distribution map
of the electromagnetic lens axis are obtained by simulation. Finally, the parameters of electron gun and electron optics are
obtained according to the simulation results of two-stage focusing system.
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Table 1 Design objective of electron gun for space welding

iR aaNELN HifH

Jig L kv 60

LRI kW 3.6

HLF AR /mA 60

I/ NREE AR /mm 0.4
TAEFEES (HFAR I 2 TR ) /mm 300

®2 BFRVBSH

Table 2 Initial parameters of electron gun

MRS EL HfE

SIS IR UV 63600
EEAE R/mm 0.15
FRHE J./ (A em™) 7.64

REATRIRBE BAR R AR SCTERES AL, ISk 5 s .

2 RERGHHES

KZSH T TG RGBS A & 1 Frs.
ABBRIEL S, O Ab A BANG S A , FE S O A5 34 mm Ab g sfifilE,
FEES O 45 285 mm Ab N EOEEETLLL .

% 1 A0 TAERE B 8 300 mm. X x A,
v AR B (315mm ), Y158 LB AR N 1=0.3 mm,
1470 B AR 7,=0.4 mm, f1 2B 10056240 2

- (1)

r] X
Al 53] x=236.25 mm,
*3 HBEFRAENMHEHHSH

Table 3 Electron gun optimization simulation output parameters

LIRIE 214 HfE

IR I A% 7, /mm 1.08
SR P/up 0.00374
EARBAR AR 6/ (°) 1.4166
Itk 4% R/mm 22.55

PR %2142 R,/mm 10.4

P FL2ARE 7 /mm 0.279
PRl 58 & Z,/mm 12.147

FRAR IO Z A Z, /mm 12.15

R./R, 3.005

18 Z, SRR 7y (Z,) /mm 0.451
|tang,/tang, 1| 0.0029

R Z, /mm 34.03

*4 585 LaB, FAtREEFie S5

Table 4 Tungsten and LaB, cathode electron gun parameters

) QQ oy . .
5345 éT_ E it ,4:,4%?*& Lj ek / | Richardson | J# 1
Wk W/ EE s/ (A &V o TK
K (A:em?)| cm’-Sr')
W | 2700 3.55 10° 4.5 120 3653
LaBg | 1800 5.44 10° 2.7 60 2800

x5 BTFRIFEER

Table S Electron gun simulation results

B AR /| A L/ HRE AU
Hm mm 3/mm 5"/mm
299.665787 33.826546 | —6.1502785¢+05 | 6.4275486e+05
REFH -
SRS /A
(1/2) /mm (1)/mm
1.2849131e+01 | —4.9555366e+03 0.0600
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Fig.1 Position diagram of electronic optical system of space electron gun
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Table 6 Performance parameters of first-order focusing system

SRR RGEATS
S/D
(W #ft A S=8 mm; 0.8
ML e D=10 mm )
JEE ] 365.7
FERE f;/mm 60
IR N —0.15
5T I REBE /um 400
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PLOTF & )7 R 22 il FRL W 55 5% A s 2 M 42
P8 370045 . I PLOTF F205 v 22t Fa w2 48l |
Yo3Ai 4 s BioR

HE 5 AT, CL, B8 K a0 38 2 0.0582
T, CL, it I e KRN 5 2 0.00595 T

1.74e+00 -
— ==
— - )
17440055 315.00
Z/mm
1. 74¢+00
% YP
~1.74e1004755 315.00
Z/mm
p
—1.74e+ )
174400525 315.00
Z/mm

2 —HBREBFELEE
Fig.2 Optical path diagram of first-order focusing lens

CL, CL,
ﬁﬁ LT oL %
Ex 5l
b c d

B3 X=BRFR-KERERGTEE(mm)
Fig.3 Schematic diagram of the second-order focusing system of the

space electron gun (mm)
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Table 7 Geometric parameter for electronic optical system

. Y @/ | WEFLEAE D/ | WREREIBE S/ 2k
5
mm mm mm (A-T)
ClLy 150 10 10 684
ClLy 250 18 18 3416
1.75e+00
—1.75e+000 563.00
Z/mm
1.75¢+00
Yp
— ]
1.75e+000 563.00
Z/mm
1.75¢+00 R,
- ]
1.7Se+000 365 00
Z/mm

E 4 Munro ItE B FZZhETE

Fig.4 Trajectory of electrons calculated by Munro
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Table 8 Performance parameters of electron gun

D% kW | IR AV | BIREAR mm | RAORLAE /mm
3.6 60 1 4

B AL /mm | SRR/ /mA | SN EEEAR /um | 38 PR E /mm
4 60 300 33.8

R9 BFAFRHFRITSH

Table 9 Design parameters of electronic optical system

gopg | /| SREMIHA-T) SID
U m | (SERRABUREEREN 50% ) | (S=14 mm, D=14 mm )

ClLy 150 183 1
ClLy 250 800 1

= 5.82e-02

2
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5

kS
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" 0 ]

< -30.900 31.300

Z coordinate/mm
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=

g

kS

"

=

o

=

X

0
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(b) CL,

B 5 WSS Em R ES T
Fig.5 Distribution of magnetic induction intensity on
two Kinds of excitation lens axis
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