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Control of Explosion Behavior in Micro Hole Using UV Laser
on LTCC Green Sheets Containing Carbon Particles
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Abstract: Hole explosion behaviors were observed during drilling fine holes with laser beam on the LTCC green
bar of 320 um thick after lamination of green sheets prepared by tape casting of thick film process. The incidence
of these hole explosions was inversely proportional to hole sizes. The incidence of hole explosion was 20 %
number of hole with the size of 60 um exploded for the UV radiation, while the explosion did not appear for hole
sizes over 100 m. To prevent hole explosion behavior during laser-drilling of fine holes, carbon black powder was
added as an additive in the LTCC composition, which has superior thermal durability. As a consequence, hole
explosion rate was suppressed to 0.8 % for the hole size of 50 pm green sheet with the carbon black amount of
10 weight % and the laser power of 3 watt. Added carbon is thought to reduce the heat-affected region during
laser drilling.
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LTCC 18 AES Aaslr] oald, Bd U=
4.6 um anorthite AX3st FatAet H4 U= 1.78
48 AlOs (AES-11, Sumitomo, Japan) I+Q-C
6.5:3.5 |2 23t & S5 AEsioh &2
20N AT O AIES AAGH] st 2
o] 7 otedE Zbzb 1 wt%, 5 wt%, 10 wt%
Molstel s2jelz Axsynt of fuj= E=al
(99.5%, Daejung chemical and metals Co. Ltd.,
Korea)it of&+2(95.0%, Daejung chemical and
metals Co. Ltd., Korea)& 6:49] v|&=2 ZE%stil,
A BYK-111 (BYK Chemical, Germany)& 0.6
Wi%E A7etol $APge ustEct AHE PVB
(poly vinyl butyral, BM-SZ, Sekisui, Japan)S A&
sttt DBP (dibutyl phthalate, Dajung Chemical
and Metals Co. Ltd., Korea)& 7I4A|2 AE5tE 0
o, 7 H¥]&2 (P/B ratio) 0.4, vpIy #3235
vol%g A7eto] £elelg AEstgch doln &2l
+ AFZIZZ AASH] $sto] 20 ¢ ZESIC

flo aju B

M, 24417t 5t 20 rpm =8 RS PSS AX
S comma coater (coating machine, INNOSYM,
Korea)E ©]&35t9] 2 m/min £Z0A AlE FE=
Yt 7E SEE 20-80°C WelolA &5}
o, LTCC AE F7= 40 mm= JPsIATt. o]ZA
AxE AE 1082 =5 2 Yalstol =7 320 o)
LTCC 2dutE dQloh

Bal oIz} F7])= Ax=BAM7|(Masterizer S, Malvern,
USA)S ol&sto] ZAslglon, 1o gate Faa
ArA0l4(JSM 6700F, JEOL, Japan)g ©]-&35to 24
stoict. 1Y AJEQ] IAXME T Thermal transient
tester (T3Ster, MicReD Inc., Hungary)?] EX #Aty]
9l DynTiM (dynamic thermal characterization of
thermal interface materials)0 2 Z=7%35}%O0H, H
Al &9 Tl FE-FUEdE ol&sto] ZAsHAH.
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Fig. 1. Photos of LTCC green sheet with hole fabricated by
UV-Laser drilling; (a) and (b) for the cases of fully-drilled
green sheets, and (c¢) and (d) for those of half-drilled green
sheets. (a) and (c) are showing the front sides, and (b) and

(d) are for the back side of green sheets.
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Fig. 2. Incidence of hole explosion for the variation of hole
size with different UV power radiation.
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Fig. 3. Effect of carbon powder addition on the thermal
conductivity and the hole-explosion incidence of green sheets.
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Fig. 4. Schematic of hole formation by UV-laser radiation; (a)
for the pure LTCC green sheet, and (b) for the carbon black
added green sheet.
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Fig. 5. Incidence of hole explosion for the different hole size
with the different laser powers and carbon amounts.

—a— 1 watt, 1wt% carbon
—eo— 1 watt, Swt% carbon
—a— 1 watt, 10wt% carbon
—+— 3 watt, 1wt% carbon
—O— 3 watt, Swt% carbon
—4— 3 watt, 10wt% carbon

Incidence of hole explosion (%o)
S

Hole size(um)

Fig. 6. Photos of green sheet with hole for the different
amount of carbon addition. (a) and (b) for the cases of 1 wt%
of carbon addition, and (c) and (d) for those of 10 wt%. (a)
and (c) are showing the front sides, and (b) and (d) are for
the back sides of sheets.
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Fig. 7. TGA data of 10 wt% carbon added LTCC green sheet.
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