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3D Integration/TSV is pioneered

World 1st demonstration of
Chip-to-Wafer 3D integration

Integration Technology Using
Self-Assembly Technique”

since 1994 in Tohoku Univ.
by Prof. Koyanagi et al.,

“Vertical Buried Interconnection

& “Wafer Bonding”

HBM is originated from

3 IEDM 2000 K.W. Lee et al.,

“Three-Dimensional
Shared Memory
Fabricated Using Wafer
Stacking Technology”

Is given by IEDM 2005
T. Fukushima et al.,
“New Three-Dimensional

TSV Classification & Experimental Method
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Via-last die-level TSV Process

Why is the die-level TSV process required?

The answer is “rapid prototyping”.
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RESULTS & DISCUSSION 1: Wafer and Chip Thinning
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RESULTS & DISCUSSION 2: Bosch Etching
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Cycle step Deposition Etching Etching
Gas flow rate (sccm) SFg:1 C,Fg:50 SFg:50 C,Fg:1 SF¢:50 C,Fg:1
Active time (s) 8 8 8 o o 3
Pressure (mTorr) 20 20 20 H 50pm H50um  H30um
AR: 10 AR:12.5 AR:10
Substrate 20 20 20 O;-TEQS liner O;-TEOQS liner
Temperature (°C) 80 80 80
ICP power (W) 450/13.56MHz 450/13.57MHz 450/13.58MHz :
Platen RF power (W) 0 26/380kHz 26/380kHz
Bias (V) 0 110-126 110-127 Nano-TSV

RESULTS & DISCUSSION 3: High-Aspect-Ratio Sputtering & Cu Filling Bottom-up Electroplating
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RESULTS & DISCUSSION 4: Solder Microbump Formation & Bonding
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To do Al calculation, traditional 2D-IC has
to expand area and conventional 3D-IC
has to increase # of stack layers, cyclic
operation enables the huge number of
multiply-accumulate processing required
for deep learning with a small number of
layers.

Neuro chip-on-DRAM:
Kiyoyama, Fukushima & Koyanagi et al.,
3DIC 2021 (Best Paper Award)

IEEE
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Room-Temperature, Direct Cu Bonding,
for 3D Chip-on-Wafer Integration With yLED

Front End RF-IC
(V-band:

Phase Locked Loop (PLL) IC

« Optimized, Vertical, GaN Avalanche and Punch-Through pn diodes

SiGe RFIC-on-Control IC:
Mitsubishi Electric, T-Micro,

ULED array-on-Logic
T. Fukushima et al.,

and Tohoku Univ. 2021 IEEE EDL, 2023

CONLUSION

This research focuses a via-last die-level TSV formation process designed for small-batch, research-friendly, and short
TAT (turnaround time) 3D-IC fabrication. This multi-die-level processing offers greater flexibility and cost-effectiveness
compared to traditional wafer-level approaches. The utilization of standard magnetron sputtering, not ionized PVD, for
seed/barrier layer deposition further enhances cost-efficiency and accessibility. This die-level approach demonstrates

the potential for low-cost and rapid prototyping of 3D-ICs, enabling researchers to explore novel architectures and
functionalities with greater ease and efficiency.
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