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Fig. 1 (a) 3D schematic illustrating the vertically stacked 1T1C cells, VBL connections; ;(b) Circuit schematic showing the 2-layer stacked 1T1C FeRAM structure with 
common gates and vertical bit-lines for compact integration; (c) Cross-sectional STEM of 2-stacked FE CAPs with 5 nm HZO; (d) STEM of 2-stacked DG IGO MOSFET 
showing ~800 nm gate length; (e) EDS mapping confirms element locations and successful stacking of 2 DG MOSFETs; (f) Minor loop P-V characteristics of ferroelectric 
capacitors (FeCAPs) in Tier 1 and Tier 2; (g) Pulse-width-dependent switching behavior of FeCAPs in both tiers. (h) Endurance characteristics of 2-stacked FeCAPs under 
100%, 50%, and 75% switching conditions; Vertically stacked DG MOSFETs using gallium-doped indium oxide (IGO) channels with 18% Ga doping, fabricated via ALD 
super-cycle process (1 Ga cycle per 4 In2O3 cycles); (i) Transfer characteristics of Tier 1 and Tier 2 MOSFETs, where independent control of the CG enables VT 
modulation. Devices with DG operation exhibit enhanced performance with tunable VT; (j) Output characteristics of the DG MOSFETs showing clear current saturation and 
high ION, demonstrating suitability for 3D FeRAM applications.
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Fig. 2: (a) Write scheme: Writing ‘1’ applies voltages (0.8V, 1.4V, 2.0V) to 
BL with grounded PL; writing ‘0’ reverses this. Monotonic BL current 
increase confirms proper write. (b) Destructive read: PL ramps from 0.4 V 
to 2.0 V (shown: 0.8V, 1.4V, 2.0V) in 0.2 V steps after -2 V pre-erase; BL

current validates correct read across tiers. (c) Polarization vs. read voltage shows >40 μC/cm² above 1.2 V, 
indicating strong readout. (d) Retention of Tier 1 and 2 cells measured up to 10⁴ s at 25°C, projected to 10 
years. TCAD mixed-mode simulation analyzes 3D-stacked 1T1C FeRAM with DG IGO transistors and 
MFM capacitors. (e) Schematic shows stacked DG IGO MOSFET and capacitor. (f) Model calibration 
matches experimental data. (g) Scaled performance projects ION = 186 μA and low IOFF. (h) Simulated 
sensing waveform using adapted sense amplifier. (i-j) Readout simulations confirm successful sensing of 
‘Data 1’ and ‘Data 0’.


