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Design of wehnelt ion lens for focusing high throughput argon ion beam

Dachun Lu, Hongyu Liu, Heng Jiang"

Shenzhen creatom company, Guangdong, Shenzhen

[ Abstract] Wehnelt ion lenses are commonly used techniques for transversely compressing ion beams, playing
a crucial role in achieving high-resolution and high-quality focused ion beams. For the enhancement of ion beam
current transmission rate in the transport and focusing process of high-throughput argon ion beams, this study designs
a wehnelt ion lens specifically for focusing high-throughput argon ion beams. The ion impact area was investigated
using SIMION simulation software. By optimizing the lens structure layout and voltage configuration, it was found
that 72% (2 keV) or 65% (5 keV) of ions can be focused within a 10 mm x 10 mm rectangular area, and over 99%
of ions can be focused within a 20 mm X 20 mm rectangular area.

[ Keywords] Wehnelt Ion lens; Ion beam; SIMION; Focusing

518 o T S 2% S5 20 B R A QB T, it

BEEDKRBORIARTA e, RN E Sk 4b, EAEVIBEAB RO, 37 AR T
A BRI A BRI B4 MR e B RANWTS A T, SRTIR I R M 4%, 9 L 2 i 97 BE R T 1 1)
RGBSR (PVDO R 2 S TTRI(CVD)  REAG AL AN AR A% S8 11 ) 4 S04,
SRR T AN RET 2 AT 52 2% A 94 K S5 4 4 BT AR DAL A — B B LR — D7 1A
FERIE TR RE O, B PO EOR T H B @3 — BT, A TR RO, Gl R
AT R, BN AR DRI L R A R B ke BB B BTG A AT 0 AR AL B, BT
R TR, HAERMENE R ZIW Ao Re s, B B I NRLE G B R, SR
AR AT L, IR AR A Ry RSN B SN /g, S Y R [ 5 AN T )
FBHE U b A5 22 N L, KA FRIPIE . B S ST RPN T2

el R TR U AR RS 200 BNSACZE IR, A AR A (] T AT, A
AF Ve, EREMSEYURIN THSCBUR M ESRE L MSRBURENCR . BOETHE R F 2R R R A2
AN RE « AR ARG HIE o, Lk E X AR SR (IR LI B AR IN R B IR) 0 o SR A A

IR

-28 -


https://pstr.oajrc.org/

N )

T R A el R T AU wehnelt B BB T

BB ORI 2%, 7 BT 2 (1) 4% ) AN %
RS R HB T ey . SHEESAHLL, BB A
A REFEAC, MBS, TR RUNRR AL, WTLAEA IR
(1075 [i] AR BS T AR AT SR AR

L R T A T 3 R 5 B RS R SR s i
TRIILHFIREE . HIH2R B 7o ffar 7= AR AE
A1, Moo & F R R A e . AR gi s
FREAR S MEREMH T HESR, KA T =AE
TFIEGN AR RS T REITEREE, HES
TFIRALIEIR T wehnelt HLMK LIRSS & B YRR
RERENE,

| BESBRERETRM wehnelt EFIEEE
N RIRIE

AT I BB B R K 3 EORYE T
wehnelt FJA8E, IXE7E1F% FIB-SEM #4818
[ — N AR . X BT IE T LA T R I
B R, iR R 5 e AL B A
KEAFRE A, X6 F Tk A = e s, 15
A 1) 3 AR 5 T K UBLAL B 47, v i
B E THR AT UR E R A ROR, PR A .

B & IR BT IR e eilid wehnelt FEAREE
AR A B IR I B - R SRR, B R AR
BN, 2R ZRBIBRIATRE, EARFEEN
L0 B B W AR B8 1 8 wehnelt & 133
BRI R BN

2 SIMION 1 EL A= HA R B 4 S0 490

2.1 ARAME S

BAVEL JLA[E 5 gmFEA/E SIMIONS.0 7 &
ST EARA, Wi 2-a BN, [RINTPERR SR 220
mm [P B AL BEE TR AR, SRR T R IR
ST B IAE  A  ZAEE U .
FUYaFE . BRI SR B T A T T R Ay FELE R 1)

wehnelt  lens1

lens2

\

ion source

BN SR RIS B .

22 BHARERAT AL

AE AT B4 S K PR T A SEBR B L, TR
H, BFVIHERESNSHERERCEE., RAME
SIMIONS.0 “F-& 1, FH“Particles Define”hAg 1T
IR ES T 1 E Lo

WE B FHE N 1000, T 5T AN TR,
Rl B I AT A 1, R E N 39.948. B
FREHE TS, RIE A Bk N & A,
W T BT WA P 7 M A Re &, U7 ) 5 [E HE 4
fi, FAKANA 25°, meRicfi BF T RE.
7t SIMIONS.0 “F 5 1] “Fast Adjust Voltages” i [H 4%
HWESHEESH.

AARAER TN 2 keV F1 5 keV BT HI
B DL R I 75 H ) SIMION A7 EL45 SR An & 2-b fir
No

WA MRS TYIGEE RN 2
keV B}, wehnelt R FIHL TN 2kV. BSFIEH 1 1)
HLHN-5.5 KV, B FiESE 2 MHEEN 1.9 kV. BT
B 3 MR N-5.5kV i, AT DUEEEE TR R A
£ 10 mm % 10 mm PJHIEXILA 72%. H&E T H)
UG RE RN 5 keV B, wehnelt B HLE N 5
kV. BFZEH 1 MWEEAN93KV. BTEHE 2 H
JEH 45kV. BTIES 3 M EN-9.3kV I, AL
fESEE TR EHAELE 10 mm x 10 mm [KFEEZ XA
63%.

A b e B ()G S TR I RE SR 99% 11 SR £k
£ 20 mm x 20 mm AT XA

WAV FICR T Ar B TAERE S IER R 10
TR e TR N, FEE A Matlab #AF#ET 14
PEIHT, B 2-c BN T Ar B TLERE S LR R 1 1 %
(] 43 A P

lens3

/

ion beam
sample holder

1 wehnelt B FIERRIEREE

-29-



N )

2keV

(€)

0
\ /’/
__
5 0

e

E2 (a) SIMION {FEFMEFERRELERE;

(b) SIMION {HELERE;

2kV -5.5kV 1.9kV -5.5kV

|| 63%

5KV -9.3KV 4.5KV -9.3kV

SkeV

(c) Ar BFEBTAFERBRERETF

mEAR A (8 73

2.3 ALkt

N T VAL wehnelt BT 500 B 1 M) R AR AL
S, FRATVE A AL A SR AT 1) H e 18 X S R
(e BRE T &, 25 R 3-a R, fEE T OR%H
WIS, KES B R XA (A-12.7
mm F| 12.7 mm) .

SR I 23 8] 0 AR 20 5, 3-b B
TNe N TR SERR R TR SR, 7R SR I AR AT
TEHLR Ar BT AR 351G . ik, FRATT
RSB TR UK EL,  DLIRAS 3N I I X A
XY S AR B IR A . EAR AR, N T SEEL
X—Hbr, ATSHEC T OB BRI HE, HIEHM
W7 IEERMEE. B 3-c BN T XM mERE
T Ar BRI, SCRE A& 3-d fos.

2.4 BAR FH

BT BB R AR B AN
FEAT. FABEESH . wehnelt BB, LA =AEEE
HH (O IR S iEs 1. B B s 2 M TiE s
3) , BTEESENE 4-a Frn. BAGME E
e fE VR A, DL FiEs, Hh A%
W SEFFHEAR N 6 mm, KL M6 B4l LB E
9 80 mm, HEAKFFK Ny 190 mm, WE 4-b Fim. N

-30 -

TIERNRAALZE B, R e M3 i3
ZfL5 wehnelt HLH MBS T B 8 %€ . wehnelt HLHK
HEABETFERMEAS—ME (70 mm) DAE T8 44
HEe,

wehnelt LI N4EN 64 mm, FL42N 24 mm,
LR N 3mm, HFIEH 1 MAEA 30mm, K
FEN 18 mm, BT7iESL 2 AN 64 mm, KN
55 mm, & FiE8 3 FINAA 64 mm, KEH 15 mm.
RN B ' 27 4 0 ok A 3 1 e o 2 31 s 1l r
FL b, A A v e s et e, LR AE RS
g ORI AY, W 4-c & 4-d AETOLSAE Bli%E
IR Z 40 () 2 e S ]

2.5 MRIKIE

IEAh, FATIEMR T AR 22 %% wehnelt B TE 5
PITEOL R, B VR AR BN [F) B 2 3 1 BRI IR
o SEIGEE R, ER AR LR B
BUT, WL E IR B, R 5-a B, @it
FIHRMABEGANEOLEEGENBRE, 7JUER
R EREE Ar BSOS Ar B R G ER A A
5-c fin. B 5-b 5 5-d Jy E3CIE 3 v s
33032 B FLUE S ARG & B R AR R E S
FRFIH ), 7E AT IR I



bl K%

RLLT,

P TR A el R 2 1 AU wehnelt B BB T

(a)

Voltages as simulation Equivalent beam density

300 3
250 25
N
£
200
z 3
=3
] =
E} 150 E’ 15
g 5]
5 ©
o c
100 s
5
(6]
50 05
0 il
-40 -30 -20 -10 0 10 20 80, L 40 30 20 -10 0 10 20 10 40
Position (mm) Position (mm)
© Defocused settings (d) Defocused settings
250 25
200 g 2
£
€
_ <
L 10 2 1s
= 2z
S 1w = 1
a3 E
[
5
Q
50 05
0 0
40 30 -20 10 0 10 20 30 a0 40 30 20 10 0 10 20 30 40
Position (mm) Position (mm)
E3 TEFEREET, (@ . b)) IAELNSENSEREELRENEETFRIEBRAREER; © . @ &4

(a)

6" flange

6 rads to fix lense:

B4 (a) BFERDE

BERNREEERERGHES FRAERAREEE

(b) Rods OD=6mm

Ceramics

M3 _screw hole o fix ceramics on rods

3 screw hale to fix lens on ceramics

lens2  lens3

>
>

&
<

Center to center=80mm

&;

(b) BFERDEMINERENE;

(C) \

() BFERERARRBRRZPHIEZETYE

231 -



N )

T R A el R T AU wehnelt B BB T

Without lenses

( a) 120

100

Current (pA)

Position (mm)

Manually tuned
(©

300

~i=1kev

Current (UA)

40 30 -20 -10 1] 10 20 30
Position (mm)

40

(b)

Current (pA)

(d)

Current (UA)

Voltages as simulation

300

=t=1kev

250

200

150

100

Position (mm)
Defocused settings

250

—b=1kev
==2kev

3kev
==dkev

Skev

N
\:&m

40 30 20 .10 o 10 20 30 a0

Position (mm)

El5 TEHAREET, () RAMBFERNEEFRIEE; O FAEUSINSEREERENEEFREE
E; (o) ENEFELERFNEARBEREN Ar BFRLE;

3 Zhig
AT M TREFEERTE TR

wehnelt B 1i&E5:, BIRH wehnelt S =BT
EHH N . BT SIMION FHLL 3% %248 L 1)
EHBE LUK 72% (2 keV) 5K 65% (5 keV) K
B RAELE 10 mm x 10 mm FIFEEXIR, F£H 99%
DA A T RE S JE A2 1E 20 mm x 20 mm fAE T [X 35
AR SCHRE R T T B [ 5 FRAR S A ) S B A

=D

I TR R R SR TR 0 R R R IR A

o T HAZE BT b B 2 A T PR R sl Tt —
A ¥ e H A F A UK N

(1]

(2]

SE R

Awan IZ, Hussain SB, Haq A, et al. Wondrous Nanotechno-
logy[J]. JOURNAL OF THE CHEMICAL SOCIETY OF
PAKISTAN, 2016, 38(6): 1026-1055.

Payal, Pandey P. Role of Nanotechnology in Electronics: A

(6]

-32-

(d) BENMERMRERERERSHEETFRIIEE

Review of Recent Developmentsand Patents[J]. Recent

Patents on Nanotechnology, 2022, 16(1): 45-66.

Kaloyeros AE, Arkles B. Review-Silicon Carbide Thin Film
Technologies: Recent Advances in Processing, Properties,
and Applications: Part II. PVD and Alternative (Non-PVD
and Non-CVD) Deposition Techniques[J]. ECS JOURNAL
OF SOLID STATE SCIENCE AND TECHNOLOGY, 2024,
13(4): 043001.

Vorobyova M, Biffoli F, Giurlani W, et al. PVD for
Decorative Applications: A Review[J]. MATERIALS, 2023,
16(14): 4919.

Cho S, Lee JS, Jang H, et al. Comparative Studies on
Crystallinity, Thermal and Mechanical Properties of
Polyketone Grown on Plasma Treated CVD Graphenel[J].
POLYMERS, 2021, 13(6): 919.

Guo Z, Li C, Zu P, et al. The kinetics of crack propagation in



N )

T R A el R T AU wehnelt B BB T

[7]

[10]

(1]

CVD graphene film[J]. DIAMOND AND RELATED
MATERIALS, 2022, 126: 109056.

Huang L, Wu H, Cai G, et al. Recent Progress in the
Application of lon Beam Technology in the Modification and
Fabrication of Nanostructured Energy Materials[J]. ACS
NANO, 2024, 18(4): 2578-2610.

Ghyngazov S, Ovchinnikov V, Kostenko V, et al. Surface
modification of ZrO2-3Y203 ceramics with continuous
Ar<SUP>+</SUP> ion beams[J]. SURFACE & COATINGS
TECHNOLOGY, 2020, 388: 125598.

Honey S, Asim J, Ahmad I, et al. Modification in properties
of Ni-NWs meshes by Ar+ ions beam irradiation[J].
MATERIALS RESEARCH EXPRESS, 2020, 7(6): 065008.

Liao Y, Su B, Fa T, et al. Etching of Low Energy Argon lon
Beam on Beryllium[J]. RARE METAL MATERIALS AND
ENGINEERING, 2023, 52(5): 1610-1615.

Chandrasekaran V, Titze M, Flores ARR, et al. High-Yield
Deterministic Focused Ion Beam Implantation of Quantum

Defects Enabled by In Situ Photoluminescence Feedback[J].

-33-

[12]

ADVANCED SCIENCE, 2023, 10(18).

Gupta D, Umapathy GR, Singhal R, et al. Nano-scale depth-
varying recrystallization of oblique Ar+ sputtered Si(111)
layers[J]. SCIENTIFIC REPORTS, 2020, 10(1).

Prakash J, Samriti, Wijesundera DN, et al. Ion beam
nanoengineering of surfaces for molecular detection using
surface enhanced Raman scattering[J]. Molecular Systems

Design & Engineering, 2022, 7(5): 411-421.

Leveneur J, Zhang Y, Fiedler H, et al. Surface modification
of collagen using low-energy noble gas ion implantation[J].
SURFACE & COATINGS TECHNOLOGY, 2023, 468:
129768.

Yoshida R, Hara M, Oguchi H, Z. Micromachined multiple
focused-ion-beam devices[J]. JOURNAL OF VACUUM
SCIENCE & TECHNOLOGY B, 2016, 34(2): 022001.

RRAUE B : ©2024 1535 5 FFBERBUAFIAT 7 L (OATRC)Ft
o RUEHBAMRIEZEL T ZRER.

http://creativecommons.org/licenses/by/4.0/

€O OPEN ACCESS


http://creativecommons.org/licenses/by/4.0/

	引言
	1 聚焦高通量氩离子束的wehnelt离子透镜简介及原理
	2 SIMION仿真模拟及硬件实物
	2.1 仿真模型的建立
	2.2 参数设置及仿真结果
	2.3 优化设计
	2.4 模型及实物
	2.5 测试数据

	3 结论

