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Dynamic random access memory (DRAM) and embedded DRAM (eDRAM) manufacturers
face a tremendous challenge to shrink the basic memory cell area as the technology feature size F
continues to scale down. Therefore, capacitorless one-transistor (1T) DRAM has received a great
deal of attention as a next-generation type of DRAM due to the lack of demand for intrinsically
tall capacitor and simplified fabrication process. The previously reported operation principle of
1T-DRAM relies on a distinctive binary state by sensing excess holes in a floating body, which
generally requires impact ionization with harsh bias conditions, such as a high gate and drain
voltages [1]. This adversely leads to poor device reliability and corresponding short time
retention.
In this work, we propose a new concept of 1T-DRAM based on independent double-gate (IDG)
FinFET itself. It features a silicon fin implemented on a SOI wafer, a control gate (G1) for current
driving, and a floating gate (G2) for charging sensing. We found that the significant threshold
voltage (VT) shift occurs in the IDG FinFET when the G2 is charged only by small bias (1.0 V)
because there is no electrical path of the accumulated electrons of holes in G2. Our concept does
not require high bias conditions and therefore results in long-term endurance after cyclic
operations due to low bias conditions. Moreover, long retention time was obtained up to 10 min.
Thus, the concept presented here will provide a new means of overcoming the limitations in
conventional 1T-DRAM.
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Resistive random access memory (ReRAM) have been greatly interested in flexible electronics due
to its low electrical switching and high electrical performance. Among them, binary metal oxide (TiO2
or NiO) based ReRAM devices have attracted due to fast switching property, scalability, reliability and
so on. [1,2] For applying to industrial applications, it needs to study the nano device fabrication process
which has high scalability, high throughput and low-cost. In this study, we fabricated nanoscale NiO
based ReRAM device on flexible substrate by direct nanoimprinting process. The NiO nanoparticle
solution was dropped on the Pt coated flexible substrate, then, pressed by nanoimprinting template. After
direct nanoimprinting process, sub-micron sized NiO nano-pillar array was successfully fabricated on
the flexible substrate. The electrical characterization of nanoscale NiO ReRAM is evaluated by a
conductive atomic force microscopy (c-AFM) based measurement system which consists of a
sourcemeter, a pulse generator and c-AFM. The nanoscale NiO ReRAM on flexible substrate was
showed the electrical switching property of high on/off ratio resistance and fast switching operation.
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Fig 1. (a) SEM image of the flexible NiO ReRAM devices on flexible PET substrate. (a) topview image (b) cross-sectional view image.
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Fig. 1. (a) A schematic illustration of the independent double-gate FinFET for our 1T-DRAM
concept (b) Transfer curves of independent double gate mode (VG2 = -1 V ~ 1V sweep) and
floating mode (VG2 = floating) (c) Bias conditions for the evaluation of 1T-DRAM and
characteristics of hold retention time
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