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A study on the micro hole machining of Al:O3 ceramics

H. J. Youn™, S. J. Lim™ , D. J. Lee™
Abstract ol g o] &3 FHIEFo] o] shFHES
This paper describes result of experiment 2 golqu Y spgaw’t Bt 2y
of parameters affecting the micro hole drilling 7!t V5ol ‘il—ﬂﬁ olefl th3t AFEo] %%3]
using laser such as energy, pulse, drilling time, eg=)of git}
kind of assisting gas and it’s pressure. 2 AT s wizAl FGARl AMEEE
The result reveals that parameter value of /\100'4 Alepel vbg eol M FHrbEe] gk vhE
0.08], 20Hz, dwell time of 300 microseconds can , HEI7EA R/, BE7EA g8 Fo] v &=
be a good machining condition to make micro Oé% 3? s
hole diameter range of 50-70xm. Assistant
gas such air, Os, Ar, N2 was adapted. 2.4 ¢ %Wy
Assistant gas of air makes heat affected
zone enlarge due to burning of material, also it 21 7F &
makes hole irregular and damage because of XA Mgkl vl F9 s 3
refusion stick to caused by chemical reaction HNzAS 2719 o™ au=R], AFEaS,
with AlOs ceramic material. 02(99.9%6) has ZAPAZE B8 sbewgg sl we, vpew
good characteristic to get good drilling and o] 7hEE el #o] A |7t 0.05~3], 7HE
smooth surface on pressure of 0.2kg/em’, but F34 10-50Hz, FAMAIF 100~500pxs2 3t%
it is expensive. Ar, N2 makes material burn I OHZERVA EHFEE T gdEs FEwd 5
and crack severely and proved to be an o] ¥glE FuA 7tFTYe AvYg four
appropriate but, Ar was better than N 2 =3 . #@7ta ol
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22 Ag B4 2 AFFA
JVEAIES] EAMHS Table 13 gon A3
s 9% LumonicsAte] HOHF#EH 35W

YAGH ol A2 A Y-8 Table 29 2}
Table 1. Properties of hot pressed AlbO: ceramics

. 33 . . 1333 {compressive| 24,000
density sublimation . L
g on Cal'g strength kag/cr
] ] _ | specific 0.19 cubical 10"
melt nt{2030 C
g por o heat Cal'gC | resistivity f.om
boiling 2080 T thermal | Q®Cd am| Material | L*W*T
point T T leonductivity | csec - C Size 11D 05
- . coefficient
melting 225 | absurption 00 ¢ Lh] e | 7~76
. ¢ o .
latent heat | Cal g { confficient ? erma «10%T
expansion
vaporrization| 11338 tensile 2300 Abh's 9
latent heat | Cal g strength kg o hardness




Tabe 2 Spedfication of laser system (MS 3 LD,

Lurmorics CO, UK

Max power 3B/W repegz:)s: el SOHZ
Dol
o, Jomos | e | o
Hole Diameter| > 0.003mm Lamp 100 or 50( u F)
Max speed | 50 hole/sec | XY table 1 £ m/100mm
Max energy 15] Demensions | 1450 X 200 x 130

ZA A= Table 33 22 9|5 ROIAMY
optical measurement inspection system< ©]-&

Ao

Table 3. Mesurement system ( ROI C.O.,, USA )

Travel size(mm) 100x200x 200 (X,Y,Z)

0.001 - 0.0002mm

5X to 350X macro optics
5X to BOOOX micro optics

Resolution

A wide of Video monitor
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Fig. 1 Ray trace of simulation model
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Fig. 2 Simulated hole features
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{a) Photo of Air

(b) Photo of O

(c) Photo of Ar

(d) Photo of N
Fig.3 Dependence of hole on kind of assitance gas

olN
N

A Ak A AAEHAR, FHE ]l ARS
A

A F Atk oy &AlY Ao Am,
Aol vy gEolgtn Fadc ¥,
222 airt O B ASA £8F AL

2 d¥sdoh Fig3d @9 D+ &
g4 st Aret NoE Abgstd 283 A9l
o Fig3(c)e 9F Aaies ZARAZE 500us,
st ZARAIZE 300 s¥d el 7 e o] H,
£FHEE airtt OolY} Hou} 7ol Fe] @
Aekar glem ofadlwel FyEAALe ZALAIZL
500 psollA FHEARCl 7A1WE & + vk Fig3
o} (d) NuAl Fgo] ez

L}.};}L},_ 78 §L015~}9‘,\1E}.

i B S

. — ey
Chd! o by O3 Ause 20t Ol tire - A0, Gs Tyre C?(EEQ%

D coss ng A stanoe mm)

100 |
™ |
% . e
Rl Y SN, SIRPEE S S
w a -
E & K4 - _
2 . ..
S IR RPN .
K - — -~ qpr hde
T — @~ ownde |
k)
2 |
€9z 1B €1 05 b 0.6 0.1 0.15 0z !
|
I

Fig. 4 Dependence of hole Diameter on defocus length

Table 4 Data of hole size on defocus length(unit @ zm)

hole no

1121374516178 9|10 Avg
head met

top | 80! 75| 71] 80] 73] 75| 80| 75| %01 80| 76.9
020 [hottom | 0] 0] 60] 40| 50| 60] 50] 60[ 0 | 52| 531
top | 75 78] 73] 70| 71| 71| 73] 72| 70l e8] 721
015 hottom | 0 | 60| 55| 48] 60] 60] 51 38| 50| 0] 553
top | 70| 71 71] 71| 70| 75| 71| 70] 73 72| 714
010 portom | 0 | 68] 68] 611 58] 60| 70] 2] 0] 50| 609
wop | 72| 77 63 72| 71| 70| 70| 70| 70] 35| €9.2
“0.05 'hotrom | 68] 68] 0] 60| 60| 63| 60| 68| 65| 60! 64.1
rop | 70] 67 68] 63| 70| 70| 78! 71] 691 70| €9.8
0 Thottom| 42| 40| 50| 33| 45| 53] 29] 49| 50| 65| 48.0
op | 70! 68] 70] 70] 65] 68| 70| 68] 70| 70| 68.9
bottom | 0 501 60! 45] 40| 60| 60| 50| 40| 483
top | 70] 70/ 70] 70| 72 70| 70| 68| 68] 70| 9.8
bottom | 28| 55| 40| 50} 40| 60 60| 55| 60] 58| 206
top | 76] 70{ 75] 74{ 701 71| 72| 76| 72| 70| 726
015 [horom | 421 62] 64| 62] 42] 58] 32| 48] 0| 32/ 513
top | 72| 70| 72| 71] 70| 70| 72| 72| 70! 75 1.4
bottom | 39! 36| 32 48! 38| 38] 26] 38| 42| 36| 373
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Fig. 5 Dependence of hole diameter a kind of
assistance gas on dwell time 300 ¢ s

Table 5 Data of hole size on dwell time 300
#s (unit @ g#m)

hole no
112 3145|678 9]10Avg
gas tvpe

top | 70} 68| 70| 71} 70| 7t| 70| 70| 70| 69| 69.9
bottom| 40| 31} 40| 35| 32| 32 32} 48} 40| 50| 38.3
top | 80| 80| 78| 80| 79| 80| 78| 80| 78} 801 79.3

Air

O ottom] 60| 60| 59| 62| 0] 0 60| 60| 56| 50| 56.4
ap |top | 70} 70] 69] 70| 62 70 6| 70| 70| 70] 69.0]

bottom| 53] 49| 50| 60) 58| 62| 601 60} 69| 65| 588
«, |top | 73] 71 80 58] 6] 70] 64] 80| G0 80| 70.
* Ibottom| 55| 53| 68] 70| 63] 48] 53] 46| 50| 50| 55.6
no | top | 68| 68| 70| 70] 70! 68] 70| 70| 71] 69| 69.4

gas jbottom| 46{ 43| 47| 48| 47| 45| 46| 46| 48| 45| 46.1
«@dtion{ Bergy : 0.08), Rise : 204, Ol tine : 500,
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Fig.6 Dependence of hole diameter a kind of
assistance gas on dwell time 500 » s
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Table 6 Data of hole size on dwell time 500 «s
(unit @ g£m)

hole no
1123456} 7| 8| 9|10jAvg
gas tvpe
A top |78 |80 {75 |68 {70 {73 |80 {80 |81 |75 {76.0
Alr bottom (50 (43 |60 (45 165 {70 (78 {70 (70 (70 [62.1
top |70 (78 |70 {70 |71 |72 {70 (70 |70 |70 {71.1

O hottom |62 |70 |70 165 [0 [88 |71 |61 |50 |65 |66.9
top |78 |80 |70 |80 |78 |70 |70 |80 |77 |74 |75.7
bottormn 81 |70 |66 |75 |67 |70 |70 |60 [72 |65 |69.6
top |70 |70 |69 |65 |70 [70 |78 70 |78 |74 |71.4
N> Thottom [69 60 [69 [70 |70 |65 |70 |62 |62 |72 [66.9
o | too [77[75 76 |77 |78 177 |75 |16 |77 |75 [763
gas | bottom |47 |54 147 43 43 |45 |48 [48 |45 |46 |466

Ar

« Condition [ Energy 0 08J, Pulse 20He,
Dwel{ trme : 300]

100
9o
-
3 80 - e
s 0 e — e . -
? e -
5 - e
S & ~ e e » - -
o
5 — .
£ ~#— lbper Hol e
30 — @~ tow hole
20
o 02 0 4 06 0.8

Gas Pressure (kol /o)

Fig. 7 Dependence of hole diameter on

gas supply pressure of upper direction
« Condition [ Energy © 0.08J, Pulse : 20Hz,
Dwetl tine @ 500
100
%0
~ 80 ...
g e el R
& 0 Tt e e c—
5 70 -
@
2 60 - e _— .
®
2 40 e
— % — Lpper hole
&) -m—lowhde |
20
0 0.2 0.4 0.6 0.8
s Pressure (kgf/for )

Fig. 8 Dependence of hole diameter on gas
supply pressure of upper and low direction
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Table 7 Data of hole size on gas supply of

upper direction pressure (unit : g m)
hole no
112{3] 4516 7| 8| 9| 10|Avg
P(kgy/cm”
top (80 {78 |82 {85 (80 |80 (80 (|80 { 85| 80i81.0
0
bottom|[60 {60 {62 {60 |52 |60 |39 |60 | 55] 52]58.0
top {71 |70 |61 |69 |69 |70 |70 {71 | 70| 70{69.1
0.2
bottom |55 |38 |55 {60 (56 {41 [0 |60 | 551 60/50.0
top |70 (70 |70 |70 {70 |70 {70 |70 | 70| 70| 70.0
04
bottom (70 |60 [65 [50 [0 150 {55 |60 | 68| 50]52.8
top |65 |63 |71 170 {70 |70 (75 |70 | 80{ 70| 70.4
0.6
bottom |60 [0 |0 |70 |68 |58 |68 |60 | 68| 63515
top (78 {71 [76 |72 |75 {70 |78 |80 | 78| 75| 75.3
0.8
bottom |70 [60 |60 |70 |60 |60 |65 {70 | 70| 60!64.5
Table 8 Data of hole size on gas supply of
upper and low direction (unit : #m)
hole no 2 5| 6 81 91 10/A
Pkgy/cr? 1 31 4] 5 7 ¢ vg
0 top 80| 80| 80| 81| 82| 80; 80| 80| 80| 80|80.3
bottom | 60| 60| 58| 61 481 50| 60| 60| 55{ 60{57.2
0 top 80| 701 80] 70| 74| 65| 751 80| 75| 75| 74.4
' bottom | 601 70| 40| 40| 50| 69 61| 50| 53] 0 [54.8
04 top 75| 70| 69| 72| 75| 70| 73| 75| 76| 75| 73.0
' bottom | 47| 55| 65| 60{ 651 55| 60| 50| 49| 58| 56.4
06 top 75| 851 721 71| 701 69] 70| 70| 72| 71| 725
’ bottomn | 32| 33| 68| 0] 30| 60 40| 50| 52| 65/ 47.8
08 top 70| 701 711 70| 72| 69| 70| 65| 69| 63| 69.1
’ bottom | 65| 20| 23 70| 0] 58 60| 60| 65| 01526
Fig.73 FiglllM = BR7MAE 0.8 A& 3}
of FEHYUS VWY FF AewY ¥Fo=
Adstg, ey wsE Fud 49 g
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« Qrdtion [ Brergy 0.08J, Rise 20,
Dvel | tine © 300 )
180
175
g1
@ 165
2 .- e .
E 160 ~. ~ sl
g ~. ~e PR
215 N Do L
180 ARY 1
<(145 v
g [~ e
L0 - o wpmr ton
138
130
0 02 0.4 0.6 0.8
Gas Fressure( kgh /arr)

Fig. 9 Dependence of het effect area on gas supdly
messure of upper and upper + low direction
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Table 9 Data of heat area hole size on gas

supply of upper direction (unit @ gm)

hole no

Plkay 2) 1021314156 7] 81 9]|10| Avg
0 172 | 156 {158 {170 |175 1155 {173 |154 (150 {154 | 1617
0.2 160 | 160 {160 (160 (160 (170 |170 |170 |170 |160 | 1640
04 160 {166 (165 {166 (160 (160 |150 1130 |150 |145 | 1570
06 140 [140 {150 {170 {150 |140 [140 |150 |156 {140 | 1475
08 150 {180 {160 |160 (160 [160 [161 {170 {172 {140 | 1613

Table 10 Data of heat area hole size on gas

supply of upper+low direction (unit : g#m)
P(kgf/s:,”o 1] 2|3 4|5]6]7]8|9]|10]Avg
0 164|169 165157 167167 |161 (158|160 |161 | 162.9
02 160 |130 {180 | 160 {150 | 150 (148 {150 {160 (150 | 1538
04 155 {150 {160 {160 150 |155 |150 |150 160 |140 | 153.0
06 130 {140 {180 140 |150 {140 |170 | 160|150 {140 | 150.0
08 140 {170 |160 {170 {170 {180 |170 {160 |150 | 160 | 163.0
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