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First demonstration of 2TOC-FeDRAM: a-ITZO FET and double gate
a-ITZ0/a-IGZO FeFET with record-long multibit retention time of >
4-bit and > 2000 s
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Fig. S1. Process flow of one channel all around (CAA) structure 3D 2TOC-FeDRAM cell (The 3D 2TOC-DRAM process was proposed by Duan et al.? Here, the main differentiation is the
introduction of the ferroelectrics of HZO after channel formation as a gate insulator.) (a) MIM structure deposited by S/D spacer and top electrode in sequence after bottom electrode
formation, (b) channel region etching, (c) gate stack deposition by ALD in sequence (R, gate stack: a-ITZO/a-IGZO/HZO/gate electrode, W,, gate stack: a-ITZO/gate insulator/gate
electrode ), (d) active region isolation (e) Inter-Layer dielectric (ILD) deposition, (f) ILD etching, (g) After the lower R, is completed, the upper W,, repeats the same process.
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Fig. S2. (a) Transfer characteristics of a-ITZO (4, 10, 16, and 40 nm-thickness) FETs. (b) Thickness dependence of threshold voltage for a-ITZO TFTs.
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Fig.S3. Ip - Vs characteristics of the write a-ITZO FET. Utilizing high mobility near 25.5 cm?/V s and low leakage current attributes of a-ITZO, a low S.S. value of 88.4 mV/dec. and an
off current below 10 A/um were achieved, making it suitable as a write transistor (W,,) for 2TOC-FeDRAM.
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Fig. S4. (a) Data fitting of Vsy-/zg, detected during the 2TOC-FeDRAM read operation, Vsy can be extracted. (b) Vsy changes vs. time, indicating that the excellent retention time. /zg,
was maintained almost without the voltage dropping for a period of 2000 s.% 3
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