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Numerical investigation of electron beam focus by extracting electrodes in
hollow cathode source

Azadah Sharifzadeh, Saeed Mirzanejhad, Amin Ghadi, Farshad Sohbatzadeh
Department of Atomic and Molecular Physics, Faculty of Basic Science, University of Mazandaran, Babolsar

Abstract- In this paper, resolution Poisson's equation is investigated in cylindrical coordinates of the electrostatic
field lines in a hollow cathode electron source. The anode outlet is optimized by changing the structure of the anode
electrode and the potential dynamics of the electron beam on. The investigated parameters in the electron source are
the focus of the Andes, the divergence angle of the electron beam spot and the diameter of the electron source.

Keywords: electron beam, electron source, electrostatic lens, accelerator.

Yy

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1404-fa.html

[ Downloaded from opsi.ir on 2025-07-15]

WA o VEIY OlRl SS9 (5)9ld 5 (cwiite 1S retd 5 SHF 9 9 Sl (ST g 5 Cen

Sl Syl 0 Ghseels Slasle 5 Jel 05l
6;‘9‘)3 4.&»;5.» Ls).vj...uols GLQ)‘)S| rn)J )l oolaiul La ‘Saj).._;.”
5 Slwlxe 38l 65 S MATLAB asby g ol
o DYl Sl gl > Sl 658 Sl g0 Julos
or sl e S8 el g cnl jo s Lo sl
S5 50 GeysIl A )b silusslse b g SIS g0
aw bols gl sloog mSl oao,S colaiul jls o0
omlie gloalols 4y a5 G Lt pwain JlSLu b sy 25
G859, 4 Jol 09,8l il oals JSis cailad 550108 oo
SISl el @ e ol US55 el Bgpme il
0diS S yeie 3 SO Ll jo g g e oduel cams
2 P SL oy g S Aol il sl Al
dw )5.»4> L’ ‘..\.4_)‘ iloads Al 9 (o) LQ)J.A‘)[J [ESowE g
O Lad o Ll mje attie dwain boog Sl
Al g psIl Y e adgl Lyl a4z gl b e 5 00,5
235 (o Wl S8 Jsb 5 SsiS

Silw sl (g, Y

Sl Sy Glp e Sl S 4 5 FgealS g5l A
5 Wl ilepgas ol 5 0 Shee Julow gl loyl l)d
oais] (Seiyl 6la e slp (b sgnp jshite
5 celan ey Wi ol o Lo [B6]ewd sas o
slezd 5loomb @58l Lol el 4Gl ol Kee
S5 ey 5 eoliil b eutS o oolitl Spstilg 25!
Sslialy 2SI 5 5 samslis gan,Se MATLAB
LU alas sl 1y oypeolsy aloles 5 pusS o (g3l a1

S o0 > 60928 A s LS

Vip=0 M

shalais jo 50 Sl 5iSUl Jonsly (V) dobae & 2295
&5 & Jeily 0LolS (B85 Loy 09doe (e LAS
oy 2 S Sl lae

E = —6(0 M)

doosio —)

JoeS sy, 4 oSl adss o Go xSl loasis
5 SHngey S gl S (S pSlgg (Sl
S sygb @ [llasS e ady oSl ey WIS
Gl b6 8,5 18 salwy Sl JouS Gloasia
gl 5 lagyg 2l g S (oo oo YU (S 2SIl ploe o
L Ghsy onl gdse oS Ssliwly iSUl slag s Langs
8,5 15 addlle 5,50 VAYA L o updyei o Lold
Ol 32 &5 ol S pSllgigh LS gloantiz pgd (b,
Sy 08 s laggisd 31 S (55, a5
LS i e Iz by olge 51 sblines 2SIl ik
3552 3l by on 255 p by WIS gl g xSl
Glodaiz ;0 5 05d 0 bl &l S L 655l 5 058
51wl oo oy 2SIl izren 5 Wb Smge s S
gt ol s L (538 5o

oS5 5 shlo 939Ul 5l Hlse e WIS Sladeiay
ol gdice adis ol oty o 58 LS aliwgy o5 wloas
5 s S0 e ol 45 Wl e YU 5y & basg i)
150 Jlo jl Jooyi> WIS cloanda dgde 43
mdelr K08 ) S (S S (97 9 WAL xS
=4S, 5,8 oo 1,8 eolatul 090 08 S jeb 4y w3l o
o5 ladeiz ol 5l ond LS o)l s sle
5 JUsl jshite 4y Jaro slas )l ST 50 ls Sl
24 a5 el o3 ol 3 (gladS b 51 5o oolid
gl ALl 455 (55lge b g 35 yeke 1By

s 5 Sl 085 o 21 Sailily 250 sl
S mildee (g9 @ g e ooliiul o)l ol)d ey
3 S S ek 1y Sl wlgisad (50 90 e S
st adgl (5] 4 S (98 Sl 551 &S (59
50 30 S PBlas b aal p3Y o e 45 .05 0
Jlo o GuilKen g 0, BT [2]ogs adlol pinw
3 ot 5 S St eyt sl 1AV
Sloyd ol olys 5 w5 solital Sty 1S slajd
55 5 [3,4]5isls 15 adlllas 550 1, o oo 5 j5ome oo
Sel el Gles 5 G Gl Ve L
a3l oolitul b 1, Ssliwly iUl a5, 50 slapines

[5]ws,8 (ot 6 F5eelS slagsslos

YYA

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1404-fa.html

[ Downloaded from opsi.ir on 2025-07-15]

VYA poge VEY

8 10 12 14 16 18

<5 X (em)

«Sliwlg iS5 5 onims Ll asgaze )0 Jowilly o zokaw Y
5V caisS 55 peie 53 9 10V oaias ol 09 xSUl Joamilis o) o a8

beam diameter

10F focusing 4
length

0 3 4 5 5 0 2 4
x (cm)

5 g oains GlLd Asgese ,o ab,F Llis g Sl asy L oF IS

Sy Sl

ez 4 B, s, ) o5 Al o sl
o)é Qo 6‘)-.’ ‘) C,S)} &».ol.\.n) Q] o as Mo; oolaul
&5 &b $loygls adgl e b o (le <A alold o

o200 8 s 8550 (re il JguSTle

2

p
2m kT

e

f(p)=p*exp(- ) ®
Of olsh g ooy mSUl slal 5l (oles (V) S5 aeo oo )8
S adgl pwain Jlsle SO ol o e o plid | e
s Sty b o 3 el 51,5 4 T 5
Sorte Sl 2l polie (53l ity gy Sy Iy Sl
) I PR C)La‘ 9 ‘5:3),5.” 95y CakS
s emeoolil asgeme 0 feily o2 zshe
oS oyim o] 0 a5 smse olis |y Saslily S

So ity po 1) (Sl

AR

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

——+ 0.7

- = = 1.3~

E) T
(] "
] .
- H
' ———— 3 -] 5 - 6.5

7.6 H

H

. H
' " RO.25 H
: 675 — I.-!.
! %

T -1 .0 b=

N\ 0.8
r ~

98I 2l &5, o o 5l Sl 09 2SIl el 2SN (g0 Sy )
g2 olal g 0aisS 55 aie 3 SLL 05 xSl g saias Gls 89 xS Sle
Al g0 2 il o

6 8 10 12 14 16 18
<5 X (cm)

3 g s QLLS dsgezme (19,0 (S Sl Glane bghas Y
¥ UK 58 end 58 clasine b Sty 2SI

2 el slml g gt Gl Al 5 (2hb 5l o
S slaglae ;o 1) o)l Bl o8 o Ssliys ]
Ol a0 Sl S eiS e (o)

53300 gt rmd 555} olan b it 750

%:—e(ﬁ+1\7xl§j ™)
dt c

p2
S ,eSL y = 1+m2c2 s P=ymyV o«

o9 Sy € g aiian 09 iSUlpy g L M 5 € oo
Aol @0 o 1, (V) dolee slacasS el D= 0

oS (50 Sy (2 ME 0 C 9l Loy g B (Fgy5 el

~ ~ o, ~ vV ~
t:a)ct ‘ X:_CX V== ‘p=i
c c m,c

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1404-fa.html

[ Downloaded from opsi.ir on 2025-07-15]

VYA poge VEY

emittanca  [mm mwad)
2

< potantial (V)

sl 0928 Joily o (SailenS Y

LY @ s Ve oS ol b sl e Gialiil 5 oS s
ialS amls ety Ll L ol s a5 el il
it S 5 (FailnS

L
S ols Jsb s osSl S Kool (sjbeans b
L aS ad Jols ass opl SCslinlg sxSUN 50 9 oasms
ok Sl alol Sy mSUl 3 Josly s
39y SIl ity @ 5 Jenily 4z 2 5 wbe Rl
el 1) (et Ak ddoe S0 sumalin
Olg s 0 g oyial b s b dslol jo .cuils
dodz (g o cles Slasie b xSl g

2,5 sll g xSl

&=y

[1] Roth, J. R. (2001). Industrial Plasma Engineering: Volume 2-
Applications to Nonthermal Plasma Processing (Vol. 2).
CRC Press.M. Lundstrom, Fundamentals of Carrier
Transport, p. 44, Cambridge University Press, 2000.

[2] Sise, O., Ulu, M., & Dogan, M. (2005). Multi-element
cylindrical electrostatic lens systems for focusing and
controlling charged particles. Nuclear Instruments and
Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment, 554(1),
114-131.

[3] Read, F. H., Adams, A., & Soto-Montiel, J. R. (1971).
Electrostatic cylinder lenses. . Two element lenses. Journal
of Physics E: Scientific Instruments, 4(9), 625.

[4] Adams, A., & Read, F. H. (1972). Electrostatic cylinder
lenses 1I: Three element einzel lenses. Journal of Physics E:
Scientific Instruments, 5(2), 150.

[5] Sise, O., Okumus, N., Ulu, M., & Dogan, M. (2009).
Computer simulation of electrostatic aperture lens systems for
electron spectroscopy. Journal of Electron Spectroscopy and
Related Phenomena, 175(1), 76-86.

[6] Drummond, I. W. (1984). The ion optics of low-energy ion
beams. Vacuum, 34(1-2), 51-61.

vY-

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

2.0
-
1.5
E]
210 o
5 05 -
ﬂ:'
'*-5 0.4 B
—
':' -
onsS
Ll
I-rl T T T T J
2 o 2 4 g a
Potential (V)

b 99555 bty o G515 alols D s

| ]
1.3
E -
E
= 1z
- -
=
£ 11
=]
(=] -
o
&
0.5 o
L]
0. T r v 1
z o z 4 & 1

patential (W
5 355550 Joslty o 3555 45 Sl a5

3 oyl I8 am s VL0 0g Sl cud gl g g
5o 1y eaims Gl 0g xSl S 51 600 6l ¥ galsld
) Sl 20 0 ity Ll o 5 o2y Ve il
Oldue bglas (V) K& puals JI 8 pio cdg YV U -2 O
Wges Sy () S8 g laog iUl BILI slas oSG Sl
Oldee cnl ST 50 485 Ot (g 2SIl 4 )l Seelias
Slpsd go0e gl jidn oaes e uled | (SO sl
oy 5eei b 35Sl 5, Slaiia s, oad ol

255 pelyS oy p | e (2l 09 S]]

GO @l.n -Y

b sl 5 Slakiin 5005 (V) JO) sl JS5
@) JS& 50 il o w5 (2ol 395U iy ot
Sl 5 who SI53 55 1S Aol oy G151 L
L nly S8 alold by g V) 50 Joilty &5
Sy oS GhE () JS8 oedee e (Bl VA

el Gl L oS s oo LA ) (o] S

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1404-fa.html
http://www.tcpdf.org

