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Abstract Semiconductors, optimized for artificial intelligence (Al) applications, are efficiently handling large-scale data
processing and complex computations with high speed and low power consumption. They accelerate Al model training and
inference in data centers, cloud services, autonomous vehicles, and mobile devices. As demand for high-speed data transmis-
sion and extensive data processing grows, global companies are developing proprietary Al semiconductors, and subsequently,
high-density packaging technologies are needed to interconnect multiple processor chips. To achieve this, an interposer is
required. An interposer is a layer used in packaging technology for combining multiple chips, which includes wiring that is
inserted to electrically connect a semiconductor chip with a substrate that has a significant pitch difference. Among the mate-
rials employed as substrates or interposers, organic, silicon and glass are being considered. While silicon interposers are usually
used to connect the main substrate and multiple chips, producing very thin silicon wafers and controlling warpage is challen-
ging, and so they suffer from poor yield and integration. Also, organic substrates have difficulty achieving fine pitch because of
their uneven surface and warpage. On the other hand, glass substrates and interposers have good electrical and thermal pro-
perties. For this reason, this study investigated Al semiconductor packaging trends and through glass via (TGV) technology,
emphasizing the importance of suitable glass material selection, reliable glass-metal bonding and application to solder bumping
on TGV. Advances in Al and TGV technologies are expected to drive next-generation Al semiconductor packaging develop-
ment.
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Fig. 1. Schematic of NPU packaging with DRAM.
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Table 1. Thermo-mechanical properties of glass, Si, Cu and organic materials.

Glass
Material properties Quartz . . Silicon Organic m?lterials Copper
(fused silica) Borosilicate  Soda-Lime (polyamides)

CTE (ppm/°C) 0.5 3.0~6.0% 9.5% 3.4 50*) 179

Dielectric constant ~2.61% 4.8 6.0°" 11.7% 3.6" -
Young’s modulus (GPa) 74.8% 62.8% 743 165% 2.5 102~144.8%
Thermal conductivity (W/m-k) 2327 0.82%0 1.46% 120~130% 0.11% 385%0
Thermal diffusivity (mm?s) 0.70%" 0.75% 0.49% 72~76" 0.116~0.185°" 113°0
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