14 gm0l X 75 ekEl x|

UV gojx &-& ¥t=A| 7|#g gt 3= dd 7%

&87]7,

A4, A4

FEENAITA, FR71ADTE

Fabrication of embedded circuit pattems for IC substrates using UV laser
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Abstract

Semiconductor industry demands decrease in line/space dimensions of IC substrates. Particularly for IC
substrates for CPU, line/space dimensions below 10um/10pm are expected to be used in production since
2014. Conventional production technologies (SAP, etc.) based on photolithography are widely agreed to be
reaching capability limits. To address this limitation, the embedded circuit fabrication technology using laser
ablation has been recently developed. In this paper, we used a nanosecond UV laser and a picosecond UV
laser to fabricate embedded circuit patterns into a buildup film with SiOz powders for IC substrate. We
conducted SEM and EDS analysis to investigate surface quality of the embedded circuit patterns.
Experimental results showed that due to higher recoil pressure, picosecond UV laser ablation of the buildup

film generated a better surface roughness.
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Fig. 1 Schematic of FCBGA (filp chip ball grid array).

Table 1 Parameters for package substrate (CPU, etc,)3

Year of production | 2010 | 2012 | 2014 | 2016 | 2018

Min. line width/space y /
(um) 15/15|12/10 [ 10/10 | &/8 | 5/5

Min. line thickness
25 20 15 12 10
(nm)
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Fig. 2 Schematic of (a) semi additive process (SAP)
and (b) embedded circuit patterning procedures.
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Fig. 3 Comparison of robustness of a circuit line made
by (a) SAP and (b) embedded patterning.
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Table 2 Specifications of nanosecond and picosecond lasers
used in experiments

Nanosecond laser | Picosecond laser
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343
8 x 10°
15
400

Wavelength (nm)
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Ave. power (W)
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Table 3 Process parameters
Nanosecond laser| Picosecond laser
Ave. power (mW) 32 283
Rep. rate (kHz) 15 133
Scan speed (mm/s) 38 337
Pulse energy (1) 213 2.13
Peak power (W) 0.05 x 10° 0.26 x 10°
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Fig. 4 SEM of embedded circuit patterns made with
(a) nanosecond laser and (b) picosecond laser.

Fig. 5 SEM of SiO, powders stuck to the surface of
buildup film.

Journal of KSLP, Vol. 14, No. 1, March 2011

rmfgmarm
4&

E3, Fig 6(a)0lx Re vieh Zo] guy=E
ol HEY HE YRl Ao U™ Si; £
| =84 = A& & 4 Utk Fig 794
o] EDS(Energy Dispersive x-ray Spectroscopy)
ABRNNE Si7} awt%es AL 24T &
ol d2H AL & & AUk

ml? ke

A

S
rsi

¥

(b

Fig. 6 Detailed SEM of embedded circuit patterns made
with (a) nanosecond laser and (b) picosecond
laser.
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Fig. 7 EDS result of embedded circuit pattern made with
nanosecond laser in buildup film with SiO, powders

(C: 33wt%, O: 33wt%, Si: 34wt%).
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(a) (b)
Fig. 8 SEM images of embedded circuit patterns made
with picosecond laser in a buildup film (a)
with and (b) without SiO, powders.

(b)

Fig. 9 Detailed SEM images of embedded circuit patterns
made with picosecond laser in buildup film (a)
with and (b) without SiO, powders.
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Fig. 10 EDS results of embedded circuit patterns made
with picosecond laser in (a) buildup film with
SiO; powders (C: 67wt%, O: 22wi%, Si: 11wt%)
and (b) one without Si0; powders (C: 76wt%,
O: 19wt%, Si: Swt%).
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