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Abstract The advancement of Artificial Intelligence (AI), mobile, and Internet of Things (IoT) technologies has driven the
demand for high integration, high-speed signal transmission, and fine patterning in semiconductor packaging. While organic
substrates are commonly used, they present limitations in planarity, thermal/mechanical stability, and dielectric properties.
Glass substrates offer superior characteristics, but their brittleness hinders fine-pattern processing, particularly in forming
Through Glass Via (TGV). This study presents a TGV fabrication method using photosensitive glass based on Ce- and Ag-
doped lithium aluminosilicate (LAS). Selective crystallization of lithium metasilicate (LMS) was achieved via UV exposure
and thermal treatment, followed by hydrofluoric acid etching to form vias. Key process parameters were analyzed for their
impact on via formation and quality, and the proposed process enhanced controllability over via morphology while offering
practical insights into advanced packaging applications using photosensitive glass.
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Fig. 1. TGV formation under different UV exposure times: (a)
1 min, (b) 2 min, (¢) 3 min, (d) 4 min, () 5 min.

50

(a) 100
90
-~ —bare galss
xX 80 —— 1min(exposed)
; ——2min
e 70 ——3min
© —4min
%‘ 60 ——5min
7}
c
o
'_

40

30

1 1 1 1
250 300 350 400 450 500
Wavelenth (nm)

(c)

Intensity

IEEEN

0
1
2
3
4
5
6
7
8
9

X (pm)
Fig. 2. (a) UV-Vis transmittance spectra with varying UV

exposure times and (b~c) optical simulation results by mask
pattern size: (b) 10 um, (c) 20 um.

=33 AZbo]l &S gl 18), TLE Age] %ol
FEale] FelzE PAgo] TS| olFAAA Fata,
oo ml AAsl g FFale] Hloprt AFEHA Ge
T} WA, g Al7be] AojAeE o B2 Ag o9
ghlElo] ZeizE g8 ARt dgs] AgEm,
221 o} FAo| 7FsazItt

B3k, 10 pm 3Ee] 79 33 AlEF A Db, ¢
53 722 Qelo] AwH). wiA o] Fe<e
7Aoo Bd EHE Qe sHtol| =gdhe
F A7)7t BAasa, o) FRE FGdola cet ake)
1 Ag' 3 ukE-S Asfiste] AAst E 2)7F whgAo]
AA Aok wE kAl ' (> 20 um)e] A5
28, wlA HE (10 um)e] 7§ 4% olde] o]
atct.

ot

I T A A 1 I
o b 2

o
A fEl AR vjo} ¥4 AFE ®HoFETH 550°C 2
560°ColA = FHoT mlAe 2]zt £20] Yelton,

PALVETI

Fig. 3. TGV formation under different crystallization tempera-
tures: (a) 550°C, (b) 560°C, (c) 570°C, (d) 580°C, (e) 590°C.
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Fig. 4. (a) XRD patterns at different crystallization temperatures and (b) calculated degree of crystallinity from XRD analysis.

—a— 30pm(MASK) —a— 30pm(MASK)
—e— 20pm 60 |- —e— 20pm
50 |- —a— 10pm —a&— 10pm
§_4O | §'50 - H—.—/.’//—.
[ (]
a0} 5 S
w o 40 /r‘\'/‘
£ |
20+
30}
10}
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Exposure time (Min) Exposure time (Min)

Fig. 5. (a, b) Optical images of crystallized regions after UV exposure for 2 min and 20 min, (c) variation of crystallized region
diameter with exposure time, (d, e) optical images of etched regions after UV exposure for 2 min and 20 min, and (f) variation of
etched via-hole diameter with exposure time.
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Fig. 6. (a, b) Optical images of crystallized regions after heat treatment at 580°C and 630°C, (c) variation of crystallized region diame-
ter with crystallization temperature; (d, €) optical images of etched regions after heat treatment at 580°C and 630°C (f) variation of
etched via-hole diameter with crystallization temperature.
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Fig. 7. SEM images of the boundary region between patterned and unexposed areas after crystallization at (a) 580°C and (b) 630°C,
followed by 10-s etching; (al, bl) show the corresponding enlarged views.
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Fig. 8. (a, b) SEM images of via structures after etching for 5
min and 10 min, respectively; (c) variation of via-hole diame-
ter as a function of etching time.
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