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ZIZ), Melting depth (28 Z/0]),

E-Beam micro-hole drilling features high productivity of 2,000 holes per second and a high aspect ratio of 10 (depth/
diameter). It can be used for the fabrication of nozzles and filters that require several holes. The hole-formation mechanism
comprises 1) melting the sample by the energy exchange of e-beam and 2) removing the molten sample by the explosion
of the backing material. Accordingly, hole-formation mechanism studies have focused on the effectiveness of backing
material and the workpiece’s melting characteristic. This study investigated the melting depth characteristics depending on
the beam current and exposure time that determines the E-Beam dose. The experiments were conducted without using the
backing materials with an aim to investigate the melting characteristic of the workpiece itself. The results showed that the
increase in the exposure current led to an improvement in the melting depth. The results were verified based on the
comparison with the results of the process involving the backing material.
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Fig. 1 Photograph of electron beam micro hole drilling system

Table 1 Specification of electron beam drilling machine

Value Specification Using range
Accelerating voltage [Kv] 150(Max.) 120
Exposure current [mA] 60 0-17
Exposure time [ms] - 0-20
Working distance [mm] 200(Max.) 45(Min.)
E-beam gun pressure [mbar] ~10¢ ~10°¢
Chamber pressure [mbar] ~107 ~107
Table 2 Specification of material
Sample type STS304
Sample size [mm] 50 x 50
Sample thickness [mm] 0.3,1.0

B.M. type
B.M. thickness [mm] 2.3

Silicon and brass powder
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Focused & single pulsed
e-beam source

Stage feed direction (x-axis)

Fig. 2 Schematic of single hole drilling with backing material
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Fig. 3 Schematic of definition of « value and melting velocity

Table 3 Classification of « value

Division a Range Meaning
! 0<a<02 (Re';os\;ZIS lslj:ft}i/ngoll)zint)
2 02<a<04
3 04<a<0.6
4 06<a<0.8
5 0.8<a<1.0 High quality hole

Fig. 3& 86 Zolo] tgt #4548 9I3) ol ol 1,ate
Uehjls mAxo]al, Table 3-& B4 93] ot MYS o}
Fol ek wojnh. W/F 88 H7
Ao AN AR Y] oF o] ZHof| 7FsfRl AAFH 9] oS
Urehick. agkel S7h A o] 88 AAael Aolt
28 Zo] FAEo] 7L Zo] ZRo] FAME|= AL ou|3ic)
oo #a HeQl 0-0.2 g (Division 1) 44 THo|| £-8§
o] MAR 4 QS UERiTk. ol Aol olg el
|8 Zole Ao A gt 59T s AYA €t w2t
A] Division 1 9o A 2] oZre 2§ zlolof tist B4 Qolo
= 28 7hssit

19‘

HlE Uell= ogh

Ol

Table 4 Experimental condition of constant exposure energy

Total Exposure Exposure Min. condition
energy current time for rear melting
input [J] [mA] [ms] [mA, ms]
(a) 5 3-25 13.9-1.7 15,2.8
(b) 7 3-15 19.4-3.9 12,4.8
(© 10 5-15 16.7-5.6 12,69

Fig. 4 Optical image of front side and rear side melting spot at min.
condition for rear side melting (Input energy: 5 J)
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Table 5 Operation condition for analysis of o value

Value Operating condition
Acc. Voltage [kV] 120(Fix)
Exposure current [mA] 9-17

Exposure time [ms] 0-20
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Fig. 6 Variation of « value (a) Exposure current function and (b)

Exposure time function

Table 6 Comparison of slope between current and time

Slone Determination Average
P coefficient (R?) error [%]
Exposure
current [mA] 0.1060 0.8643 17
Exposure 0.0201 0.8354 13
time [ms]
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Fig. 7 Variation of minimum exposure time for rear side melting
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Fig. 8 Variation of melting velocity at division 1

Table 7 Calculated & measured melting depth

Exposure Calculated Measured
time melting depth melting depth
[ms] [um] [um]

0.5 416.5 470
1.0 833.5 825
1.2 1,000(Max.) -
1.5 1,249.5 1,000 1
2.0 1,666 1,000 t

Exposure current: 17 mA, Melting velocity: 833 um/ms
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Table 8 Experimental condition for e-beam single hole drilling

Value Experimental condition
Sample STS304
Sample thickness [mm] 0.3
Acc. Voltage [kV] 120(Fix)
Exposure current [Ma] 2-12
Exposure time [ms] 0-15

(a) (b)

Fig. 10 Cross-sectional image of e-beam drilled sample (a) Z.:
2mA, ?,: 6 ms and (b) /,: 6 mA, #,: 1 ms
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Fig. 11 Variation of minimum exposure time for hole-formation

Fig. 10(a)= AlEa AHA o2 2AF AR 37 283 =
9] 718 A3tolaL, Fig. 10(b)y= ARE Adzoz 37 2§
gF 2719] 7k ATott. &l & Tk Al RARAFREE Al

fl

3
Table 9= F 7o dfgt 54 2 155
@2 (b) & 7oA 100-200 pm Z7]2] Tl Eo] FAHS



March 2021 /175

Table 9 Measured results of drilled sample

Inlet Outlet Curved Input
diameter diameter o length energy
[um] [um] [um] ]
(@) 197 122 0.61 152 1.44
(b) 153 105 0.69 83 0.72

sholalitt. 85 2179 7ﬂ_<,>4 ZAFE AR o R 34 &
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