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Abstract: The diameter of a proton beam emanating from the MC-50 cyclotron is about 2-3 mm with Gaussian
distribution. This widely irradiated proton beam is not suitable for semiconductor etching, precise positioning, and
micromachining, which require a small spot. In this study, a beam cutting method using a microhole is proposed as an
economical alternative. We produced a microhole with aspect ratio, average diameter, and thickness of 428, 21 pm, and
9 mm, respectively, for cutting the proton beam. By using this high-aspect-ratio microhole, we conducted machinability
tests on microstructures with sizes of tens of um. Additionally, the results of simulation using GEANT4 and those of the
actual experiment were compared and analyzed. The outcome confirmed the possibility of implementing a micro
process technology for the fabrication of three-dimensional microstructures of 20 micron units using the MC-50
cyclotron with the microhole.
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Fig. 2 Schematics of apparatus for micro hole alignment

(a) (b) (c)
Fig. 3 Laser beam cut by micro holes (a) 10 micro holes
(b) 20 micro holes (¢) 30 micro holes

o] FAelA FU} AERY FH = v
Qstrh. FAY FHEE e o

o & AEV|TE o] 8 6}04 A4daigitt. HHg
e 7 dye] o W }Hb El o] A &2 o]
Folx 2*%71?3, el e SR

o 9ol =i HdAgell #HolA M*W" e 5,
ntol ' Y7ol A WAL= HolA7E HE 7]
T SRS A "9 #HolA 22 AXA
IS 0}04 FALE STk, ol#H A AAH
QA ~ES o]g, AHE 30 S FHe AF
Hl 428 o] wlola = Z& AUTh. FAo] FLrt
78 A5 o =& AEH e mtela® 9o A
Zto] 7hser Ao R of Ty,

Fig. 2 + mlola= & A4E A9 #A4=E HSl
t}. Fig. 39 (a)~(c)E "lola = &2 7zt 103, 20
2, 30 F ASIE WY FEE FE 2 ‘»ﬂ]OlXH
Apzlolth. Fig. 3 oA HAX|= mlola R &9 /i
7V 555 ol BE dlolA wleo] A o] zohH
= ¢ 7 Atk 10 &9 mlolaE &5 HAS W,
glo] A7k o] obd AT Kot} o] AL do]A 9
A ad wf#el Aow FAE.

3. QMR Bl AL AY g MAFDAL

0

3.1 MR HIol =y AH

Fig. 4 &= 23 NFES HBo] Frh. MC-50 Alo]
FEEZAN HAEE FAA 1 dFuFoR
o]Fozl A% 25mm 9 &5 71X 1 A AH e
AAI, A% 5Smm o &5 7Hx 2 A AHEE
AZITE, o] F AL W& Fig. 3 29 2 e FA
%S 71zl vlola g2 &8 FyE &2 e HA
%S 713 Aol AxwEl GAF Z 5o =edit,
kA 2} Hl-S- 10MeV-18.5Mev, 100nA-200nA ] =71
< 7HAM R XES mle|aREel A
150mm =, vlo]A 2 £33} GAF ZE9 A= 1-
3mm & ZA IS}

2 auis of translation

2 axis of rotation

Fig. 4 Schematics of apparatus for micro hole alignment
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Table 1 Test of normality using K-S Test

Experimental _value

condition P 95%(p>0.05)
10Mev, Imm 0.7780 Satisfied
10Mev, 3mm 0.0502 Satisfied
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Fig. 7 Comparison of experiment and simulation of
proton beam distribution under 10MeV energy
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Fig. 8 Comparison of experiment and simulation of
proton beam distribution under 10MeV energy
and 3mm distance
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Fig. 9 Comparison between experimental and simulation
results under different condition
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