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Abstract: In the case of micro—electro-mechanical system (MEMS) devices, the quality of punched via hole is one of
the most important factors governing the performance of the device. The common features that affect the laser
micromachining of via holes drilled by using Nd:YVO, laser are described, and efficient optimization methods to
measure them are presented. The analysis methods involving an orthogonal array, analysis of variance (ANOVA), and
response surface optimization are employed to determine the main effects and to determine the optimal laser process
parameters. The significant laser process parameters were identified and their effects on the quality of via holes were
studied. Finally, an experiment in which the optimal levels of the laser process parameters were used was carried out to
demonstrate the effectiveness of the optimization method.
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Table 1 Experimental conditions of Nd:YVOQO, laser

Laser source Nd:YVO,
Wave length (nm) 532
Pulse energy (mJ) 0.21
Average power (W) 8 (at 40kHz)
Beam Diameter (mm) 1.2
Beam mode TEM,, Gaussian

Low
Resalution
CCD camera

Aperture Unit

Figh
Resclution
€CD camera

Extracti
raction B |
Stage Controller

Com 1
Com 2 Grabber Board
Com 3
r Comd

Main Control PC |26 I
Com 5

CCD camera

Debris extraction Working stage

(b)

Fig. 1 (a) System layout of multilayer wafer micro
machining (b) Experimental setup of Nd:YVO,
laser

Insulation layer

Silicon wafer \ /
. W Aluminum
Epoxy layer |2 Z

Glass layer

Fig. 2 Schematic of micro hole for silicon wafer
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Fig. 3 Optical micrographs of micro hole in silicon wafer
using Nd:YVO, laser (experiment condition;
current: 30A, frequency: 30kHz, shot time: 1s)
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Table 2 Design variables and their levels Table 4 Analysis of variance for front hole diameter
Variable| Description |Level 1|Level 2|Lever 3 |Level 4 Design variable Ss(l;r;rzg DOF | Variance | F-ratio Eafg?oc(tj/\o/;
x| Current (A) | 24 26 28 30 Linear  |3701.51] 1 | 1336 | 9.01 0.8
x, [Frequency (kHz) 10 40 70 100 ¥, | Quadratic | 251.51 | 1 1332 | 898 0.8
X3 Shot time (s) | 0.001 | 0.01 0.1 1 Cubic 11.8 1 13.27 8.95 0.8
Linear 684.74 1 1.79 1.21 0.1
Table 3 Layout and experimental results for L4’ x, |Quadratic | 5233 ) 251 1.69 02
orthogonal arrays -
Cubic 23865 | 1 1.51 1.02 0.1
Exp. | X X, X, Frgr&lr;;’le Rza(r;;‘;le Linear. 101.64 | 1 | 4755 | 3206 3
| 0 o000l | 24 207 23.09 X; |Quadratic | 943 | 1 | 24587 | 23321 | 218
5 20 | o001 % 3413 8.0 Cubic 17859 | 1 | 34266 | 231.05 | 21.6
3 70 0.1 28 4371 102.76 X,X, | Interaction | 493.86 1 5.54 3.74 0.3
2 100 1 30 5079 6446 XX, | Interaction | 662 | 1 | 360.79 | 24327 | 227
5 40 0.1 30 50.08 122.67 X,X; | Interaction | 14.1 1 76.48 51.57 4.8
6 10 1 78 51.53 58.9 xlzx2 Interaction | 2.27 1 9.67 6.52 0.6
7 100 | 0001 1 26 0 x'x, |Interaction | 354.01 | 1 | 35401 | 2387 | 223
2 70 | ool 1 0 Error 148 | 1 1.48
9 70 1 2 1222 7914 Total 6247.01| 15 107098 | 100
10 100 0.1 24 0 0
11 10 001 30 5091 58.9 Table 5 Analysis of variance for rear hole diameter
12 | 40 0001 | 28 | 2859 | 4LI8 Design variable | g °' | DOF | Variance | Frratio | & 10
13 | 1oo | oot | 28 4331 45.83 Lincar | 18557.1| 1 | 847 | 279 1.7
14 70 | 0.001 | 30 44.31 53.36 x, | Quadratic | 141 | 1 664 | 218 13
15 | 40 1 24 0 0 Cubic 1348 | 1 | 501 | 1.65 1
16 10 0.1 26 45.79 51.98 Linear 1144 | 1 | 9562 | 3144 | 187
® [Quadratic | 369 | 1 | 9334 | 3060 | 182
EAARE (s )el T SA T 22 delA A Lincar 3639 | 1 36.5 1.2 0.7
o Aemisiel ek A B Hxgheln. ¥, [Quadmatic | 31752 | 1 | 337 | i1 | 07
Table 3 #o]A S0 3700 T2k Lyt vl Cubic 729 | 1 | 286 | 094 | o6
B38| AIRIHIA] (design matrix)ot L S41A 24 LHER x,x, | Interaction | 2909.8 | 1 | 9245 | 304 | 18.1
W Zo|th Nd:YVO, oA = 7t 2749 =27 XX, | Interaction | 21927 | 1 | 1684 | 554 33
582 38 A9 Aetgior AAIT. Fig 4= X,%; |Interaction | 1275.6 | 1 841 2766 | 164
Lighe] Al dpel td dh dnjd whd AS x'x, | Interaction | 1127.7 | 1 | 8753 | 2878 | 17.1
i"jﬁq—o ;];:1:]-%"7 ;i'—;—?]ﬂ jf)\ﬂ—%jﬁifﬁii :ﬂ‘f;‘% x]2 X, | Interaction | 112.5 1 122.5 4.06 2.4
ST S TR o= e Error 608 | 1 | 608
Chebyshev #] 1t} A 4>(orthogonal polynomial Total 334335 | 14 107098 | 100
coefficient)>' S ©]-&-3}. Chebyshev 2] mTHEH2]&-
Axpete] ¢dE 7 Ape] ol ME SdHetaL = _
548 7P ] el nARe Agg wey NS WARTE AGenLs ARE S
O ARk S ek Agel e Axg 8Ol MR G do0.6% ot mE AF T
oA mAFoR EAHOR TH oS S0, Table T TS AR BARARES Ao AE xx,
4= AWR E Ao g 2 Ans Jepg Il 45%= T Foh oleh WhlE, FuE &
1;} o7|4 BARA S 7} Wb Sute] mA= w A 7%(See Table 5)oll YIS Wol vAE= FHHUS
#wg i ARoR AuRAss grad. 2 TR 369%2] A71F 7R aaAE
o R AT wSARE AgHow HUt = ox o #EE xx o dFo] 352%01aL xx 2
g g drh AR Z A A AujAl IS D&l 16.4%° A71E 7t FAREA S 7
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Fig. 4 Optical Micrographs and experlmental results for L,¢4° orthogonal arrays
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Table 6 History of optimal solution for laser micromachining

lteration X, X, X, Front hole diameter | Rear hole diameter Difference A,
(A) (kHz) (s) (£m) (1m) (pm)
1 8.3356 92.651 0.30477 43.049 834.92 3328.2
2 8.8082 100 0.29223 109.1 630.71 3086.7
3 8.5285 100 0.30045 45.967 606.47 3116.7
4 24.988 100 0.024089 29.361 1.2926 23.778
5 25.392 95.524 0.067308 48.095 42.925 12.508
6 25.376 95.613 0.072621 44.804 44.145 9.2601
7 25.376 95.612 0.072703 44.748 44171 9.2007
8 25.376 95.611 0.072786 44.692 44.196 9.1411
9 25.376 95.610 0.072951 44.580 44247 9.0215
10 25.376 95.609 0.073033 44.523 44273 8.9615
11 25377 95.608 0.073116 44.298 44.298 8.9013
Opt. 25.376 95.614 0.072456 44.093 44.093 9.3787
o ALtsk3i.
FHeS ol 8T AW AHdE

LB =T us ol AS- 3t

| o5 del= e A 7t
F34 95 kHz ZAMAIZE 0.072
v 5 9 AEs vhEs fdl
294 olst Z}El‘: a2 3l A

o 4% Bat Ao,
Fig. 8 Optical micrographs for optimal condition: Fig. 82 AW HAZAAF x: 25376 A,
(a) front hole diameter (b) rear hole diameter 7FE F3E x,: 95.614 kHz, FAMAIZE x50 0.072456 s)
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