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Characteristics of direct laser micromachining of IC substrates
using a nanosecond UV laser
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Abstract

Dimensions (line/space) of circuits in IC substrates for high-end chips (e.g. CPU, etc.) are anticipated to

decrease as small as 10um/10um in 2014. Since current etch-based circuit-patterning processes are not able

to address the urgent requirement from industry, laser-based circuit patterning processes are under active

research in which UV laser is used to engrave embedded circuits patterns into IC substrates. In this paper,

we used a nanosecond UV laser to directly fabricate embedded circuit patterns into IC substrates

with/without ceramic powders. In experiments, we engraved embedded circuit patterns with dimensions
(width/depth) of abut 10um/10um and 6pm/6pm into the IC substrates. Due to the recoil pressure

occurring during ablation, the circuit patterning of the IC substrates with ceramic powders showed the

higher ablation rate.
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Fig. 1 Experimental setup.

Table 1 Properties of build-up films used in experiments

Material A | Material B
Average filler size (um) 0.5 -
Amount of filler (wt%) 63 -
CTE (ppm/C) 23 35
Surface roughness (nm) 150-250 150-250

Table 2 Experimental conditions

Parameters Values
Ave. power (mW) 200, 320
Scan speed (mm/s) 350-600

Rep. rate (kHz) 300

No. of scan 1

(ScanlabAh)o] ARQF2 ZHAE] 56mm, A Y
20mm x 20mmo]t}.
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Fig. 2 Experimental results with parameters: laser
power 200mW, repetition rate 300kHz.

Table 3 Comparison in the ablated area with parameters:
laser power 200mW, repetition rate 300kHz

2
Pulse Scan | Overlap | Ablated area (um’)
energy | speed ratio Material | Material
(n) | (mm/s) (%) A B
350 80 37.2 322
400 78 23.8 16.5
0.66
500 72 8.1 8.9
600 66 54 6.0
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Fig. 3 Experimental results with parameters: laser power
320mW, repetition rate 300kHz.

Table 4 Comparison in the ablated area with parameters:
laser power 320mW, repetition rate 300kHz

2.
Pulse Scan | Overlap | Ablated area (um’)
energy | speed | ratio | Material | Material
W) | (mmis) | (%) A B
350 80 38.9 39.2
400 78 45.9 30.8
1.06
500 72 39.7 26.2
600 66 26.3 83
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Fig. 4 Confocal microscope images of a pattern fabricated
in Material A with parameters of laser power 200mW
and scan speed 400mmnys.

Fig. 5 SEM images of patterns fabricated in Material
A: (a) laser power 200mW, scan speed 400mm/s,
width 7.0pm, depth 6.8um and (b) 320mW, 400mmnvs,
10.8um, 8.5pm.

confocal microscope®]| 4] Z
HEI} Zolg J|Fo s4pE DA ANt
et
Fig. 3(a)olA HH, #olx R AL &£&7}
S7rtaA 7HsE "o AEa golrt oE
g0l Hls Aoldt A FE Holewl, oA
Material Aol XZ3H Algtd] 2o] 7Hg & &
gtelo] sigle] HEZa ozt
AR 54 eatolA vxE :
Fig. 4,594 X Material Ao 7}g% =4
e Ewo] Alebe BuSe B 4 glow, of

L
-
=

2, 7 34 Al Be TN Ex Tks

a0l M7 tS &5 K| MI1563 HI3%E, 20124 9



Y Profile

10 pm

(b)

Fig. 6 (a) Confocal microscope image and (b) optical
microscope image of a pattern fabricated in
Material B with parameters of laser power 320mW
and scan speed of 350mm/s.

Fig. 7 SEM image of a patterns fabricated in Material
B: laser power 320mW, scan speed 300mm/s.
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