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Abstract

With the rapid advancement of artificial intelligence (Al), large language
models (LLMs), and high-performance computing (HPC), the demand for
memory capacity and data bandwidth continues to increase. Frequent data
transfer between processors and memory has become a major bottleneck
in modern computing systems, commonly known as the “memory wall.”
While SRAM provides low-latency access, its large cell area and high static
power consumption limit scalability. DRAM offers higher density but suffers
from refresh overhead and integration challenges. Therefore, developing
a high-density, low-power, and highly integrated embedded memory
architecture has become a critical challenge for next-generation computing
systems.

This work proposes a BEOL-compatible three-dimensional heterogeneous
integrated 2T eDRAM cache architecture for Memory-in-Logic applications.
The proposed design adopts a capacitorless two-transistor (2T) gain cell
instead of the conventional 1T1C eDRAM structure. Data are stored through
transistor gate capacitance and parasitic capacitance, eliminating the need
for physical capacitors. The architecture vertically integrates a top-tier MoS2
nFET with a bottom-tier silicon p-type FinFET using monolithic 3D integration
technology. Together with an HfO2 high-k dielectric and a low-temperature
process below 400°C, the memory layer can be directly integrated above
logic circuits while maintaining BEOL compatibility.

The fabricated MoS2 transistors demonstrate excellent electrical characteris-
tics, including an ultra-low off-state leakage current below 10™'* A and an
on/off current ratio exceeding 108. These properties significantly enhance
charge retention capability and reduce standby power consumption.
The proposed 2T eDRAM achieves a write latency of approximately 10 ns
and a retention time ranging from 10% to 10® seconds, representing an
improvement of nearly six orders of magnitude compared with convention-
al silicon-based eDRAM. The extended retention time substantially lowers re-
fresh frequency requirements and reduces refresh-related energy overhead.
In addition, the memory cell supports multiple distinguishable storage states,
indicating strong potential for multi-level storage. Array-level measurements
further confirm good uniformity and reliability, demonstrating the feasibility
of large-scale integration for future memory-on-logic platforms.

From a system perspective, the proposed M3D architecture enables memory
cells to be stacked directly above logic circuits, significantly reducing
interconnect distance, latency, and data movement energy. Compared
with conventional planar implementations, the architecture achieves
approximately 40% area reduction while maintaining high performance. The
proposed technology shows strong potential for embedded cache memory
in Al accelerators, HPC processors, and advanced system-on-chip platforms.
Furthermore, its low-power and high-density characteristics make it suitable
for edge computing, loT devices, and computing-in-memory applications.
This work provides a promising pathway toward future Memory-on-Logic
systems and next-generation high-performance computing architectures.

Fig. 3 Chip and structure images of the M3D heterogeneous integrated devices fabricated
on an 8-inch wafer.
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Fig. 4 Cross-sectional TEM image of the vertically stacked MoS2 nFET, high-k HfO2 dielectric,
and Si FinFET structure.

2026 GOLDEN SILICON AWARDS 49




