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PCBs (Printed circuit boards) have been widely used in electronic products such as wearables, smartphones, and table
computers. Recent trends of miniaturizing electric components require improvement of component density and electronic
functionality by decreasing the size of micro via holes (50-110 um), which interconnect electric signals between adjacent
layers in high density interconnection (HDI) PCBs. To generate micro via holes, we studied CO; laser drilling with the help
of pulse shape controlling using acousto-optic modulator (AOM). Pulse shape controlling is one of the key factors to reduce
heat effect during the laser drilling process. To increase laser absorption, the substrate was subjected to black oxidation
prior to CO, laser drilling. We designed a diffractive optical system using a circular aperture. Micro via holes were obtained
by optimizing the optical distance. The laser drilled via hole was studied both experimentally and theoretically.
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Fig. 1 Premium smart phone and main PCB board
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Fig. 2 Internal structures of HDI circuit board
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Fig. 3 Optical layout of HDI laser drill
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Fig. 4 Power stability of new CO, laser (Coherent, J5-V)
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Fig. 5 Pulse shape control by using on time and delay of AOM
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Table 1 Control parameters of the optical layout

Item Specification
Laser Frequency [kHz] 4.5
Duty [%] 8
Pulse energy [mJ] 4.22-10.4
F-theta lens [mm] 120 (Tele-centric)
Scanner angle [rad] +0.35
Working field [mm?] 70 x 70
Optical path [mm] 2,800
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Fig. 7 Experimental setup of the beam profile measurement

¢Fot:l.ls
® o [ C 0 C

] o 0 C

Fig. 8 Drilled hole shape on the acrylic plate with 1 shot with pulse
duration of 10 ps

(120 mm) & Hlo] Q1&g §H4(SyE Urehdlict.

L gubH el WY o ® ofaY(PET) A
AL o]g3dlo] 7% HIS o]%31HA 1 Shot (10 W, 10 ps) Z
07 755 X3Pttt Fig. 8o Hi= ZAA7 PET Ao 1k
7 50 pm 7|22 Shot 7}y ¥ U|F: Vision2 &2 &4 9 =7]
£ elsto] WAET} 90% olAto]™ Hole Z7]7} 2kar &, ¢
2 Yoz AXA He 24 FERlste] dd FES 210
2 A3t 99 -2 S 285ke] HE o] H A Sizeo| of
sto] i 245 gk gt

Do\
2J1(—£”M)
I(x,y) = I, P = (X yH) 2 (M
Dp
Ad
- A oo_
0= 1.225 , S =dtan(0) 2)
Spot size = “:ELTMSZf 3)

Hole R ¥=o] F3kS = F B4 Bi4== F-theta Lens®| 5
ojch. Lens= W& 7Fs 9 7H8ak7] laliAl o] 49| ZnSe
4 Ge AR FgElo] glom 7k Al §l9] Zlol= Zhwe| e
FAre] FEFor U= 9 7y AUET) AstEe FEE0] o
7] wiitoll AP 7} 3o Fasitt A= A7 Datas 7|08
Zemax A7 Softwares Foto] ZAollA] ZF S Aol thgh
B7He #dskelar ¥ A3t Fig. 99 Uk} Qltt. Actylic Plate
of 27 AT} FUIL 7H 2SR AP (543 mm)oA| 7 &

of
o

fex]
=
o

dl

[Simulation]
Q2 o)
A W \
N
,"/ F| \\‘
' e N
Q3. ' Q4
e N
n Center ¢4 J. p

-—

Working field

(35,35)

——— -]

(-35-35) | (3539

Q3 Q4

Working field
(70mmx70mm)

85

Hole size (/m)
2 2 2 & 8

n
wmn
T

1 I

n
(—]

24 28 32 36
Output power (W)

-
"~
g
=

—
<

Fig. 10 Hole shape variation by controlling the laser power of 1st
shot

H o] Power 2718 AAH= Zlo] Fasith o HA 46 mm
7|&02 1 Shot 715 Al AOME| 7| WSS Folo] EA 2
o5 25 ps® IGT T AOM Z1F WistE o] ES Alof
she WA= &9 Rigl| W & F4Jo] Fig. 100 b 3l
CH13]. oldff 715 &9 F=HF & Y& (Heat Effectys 50171
18] Fig. sofl ®el vl2 Bao| A% 9 2ol o G RotE
A7t @ G WA F7) W Fo| JFsHe Brow

% 49| DOE 3712 Bato] 28 23 A9t o)A

ul A Resing©] Fol 31 2nd ShotE ©]-8-5t] & W9 <] Resin
TS AASH "ot =g AOM H§ Hol= & 8% &

=
GFOoE §4H Fro] Holu, AOM F§3 F9ol Fwl
§ol Haskge o 5 ek



June 2024 /427

Table 2 Optimal experimental results for via hole drilling

Hole Aperture AOM (Ist/2nd)  Power (1st)
(mm] (mm] [ us] (W]
50 2.8 25/18 19.18
65 34 25/18 26.53
78 437 25/18 33.45
80 4.6 25/18 37.28
88 5.43 25/18 43.39
110 6.22 25/18 47.34
Q2(-35mm, 35mm) Q1(35mm, 35mm)

Q4(35mm, -35mm)

Fig. 11 Microscopic view of the top and bottom image for 80 pm
via holes
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