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Abstract 

In this work, a 1-transistor dynamic random access 

memory (1T DRAM) in a novel structure with vertical 

double gates and asymmetric oxide barrier is proposed 

and designed by technology computer-aided design 

(TCAD) simulation. The double gates are independently 

operated and consist of sensing gate (SG) for read opera-

tion and control gate (CG) for write/erase operations. The 

proposed 1T DRAM cell demonstrates a notably high 

sensing margin ~ 109 between 1 and 0 states and signifi-

cantly enhanced retention time of 600 ms, which mainly 

attribute to the high gate controllability over the channel 

by double-gate operation and the effective hole confine-

ment by asymmetric oxide barrier, respectively.  

 

1. Introduction 

Conventional DRAM unit cell has 1 transistor and 1 ca-

pacitor for switching and charge storage. Large capacitance 

is required for storing larger amount of charges in order for 

better data discrimination. However, the capacitor has been 

regarded as the hindrance in pursuing the extreme device 

scaling in the DRAM technology. A practically high capaci-

tance near 30 fF/cell is achieved in recent days by capacitors 

in either stack or deep-trench structure in the embedded 

DRAM [1], the process architecture is highly complicated 

and the yield issues might remain unquenched. Efforts have 

been dedicated for truncating the capacitor towards more sys-

tem-on-chip (SoC) oriented DRAM technology with higher 

integration density [2–5]. For write operation of 1T DRAM, 

impact ionization has been adopted to accumulate the mobile 

holes in the floating body [6]. It is found in more recent liter-

ature that band-to-band tunneling can be also employed for 

writing mechanism in the scaled devices [7]. The generated 

carriers defining a new data state vanish mostly through re-

combination and drift/diffusion. In order to enhance retention 

time, a physical blockage embracing the floating body by di-

electric can be schemed [8]. However, significant amount of 

holes with less proximity to the gate remain at the bottom of 

floating body even after an erase operation, which makes the 

sensing margin between 1 and 0 states undesirably small.  

In this work, a vertical double-gate (VDG) 1T DRAM is 

proposed, designed, and characterized. The write operation is 

performed by band-to-band tunneling for lower power con-

sumption and higher applicability to scaled devices. Double-

gate device operation featuring an asymmetric oxide barrier 

greatly enhances the data discrimination and retention.  

2. Device Structure and Simulation Strategy  

Fig. 1(a) and (b) show the schematics of single-gate/sym-

metric oxide barrier and double-gate/asymmetric oxide bar-

rier 1T DRAM cells, respectively. The proposed VDG 1T 

DRAM in Fig. 1(b) has two independent gates, sensing gate 

(SG) for read operation and control gate (CG) for write/erase 

operations. In the simulation, vertical Si channel length (LSi) 

and thickness (TSi) are 200 nm and 15 nm, respectively. The 

length (Lox) and thickness (Tox) of barrier oxide are 14 nm and 

1 nm, respectively. The equivalent oxide thickness of the gate 

dielectric is 3 nm. The doping concentrations for source, 

channel, and drain junctions are n-type 1020/cm3, p-type 

1018/cm3, and n-type 1020/cm3, in sequence.  

              (a)                       (b) 

Fig. 1 Schematics of (a) single-gate/symmetric oxide barrier and (b) 

vertical double-gate/asymmetric oxide barrier 1T DRAM cells.  

 

For higher reliability in simulation results, multiple mod-

els including concentration-dependent mobility model, con-

centration-dependent generation-recombination model, 

bandgap narrowing model, and Fermi-Dirac statistics model 

were simultaneously activated. Further, non-local inter-band 

tunneling calculation was applied for even higher accuracy.  

 

3. Results and Discussion 

Write and erase operations are realized by band-to-band 

tunneling and drift/diffusion, respectively, mainly by the p+ 

poly-Si CG. Fig. 2(a) and (b) show the energy-band diagrams 

for write (along the cutline A-A’) and hold (along the cutline 

B-B’) operations, respectively. Under a write operation con-

dition, VCG = -0.5 V and VDS = 1.5 V, the energy-band shows 

a steep bending as shown in Fig. 2(a) and the valence elec-

trons in the p-type channel tunnel into the n+ drain junction. 

The newly generated holes remain in the p-type channel, 

floating body, and the memory state is changed from 0 to 1.  
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             (a)                         (b) 

Fig. 2 Energy-band diagrams (a) under write operation condition 

(along the cutline A-A’) and (b) for state 0 and 1 (cutline B-B’).  

 

After a program operation, the unpaired holes are accumu-

lated in the floating body leading to state 1, which elevates 

the body potential and lowers the bands as shown in Fig. 2(b). 

 

(a)                         (b) 

Fig. 3 Erase operation. (a) Energy-band diagram under the erase op-

eration condition (along the cutline A-A’). (b) Changes of hole con-

centrations at state 1 and 0 as a function of transient time.  

 

Fig. 3(a) shows the energy-band diagram under an erase op-

eration condition, VCG = 0.5 V and VDS = -0.7 V. The negative 

VDS gets rid of the channel-to-drain hole potential barrier and 

the holes accumulated in the floating body are swept out to 

drain junction by drift and diffusion, leading back to state 0. 

Fig. 3(b) depicts the hole concentrations at state 1 and 0 as a 

function of time, with no bias, after write 1 and 0 operations. 

It is confirmed that the decay of stored holes is relatively 

faster but the decade change requires a rather long time > 1 s.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 4-cycle memory operation of the VDG 1T DRAM. 

 

Fig. 4 shows the sensing margin over the 4-cycle memory 

operation where one cycle consists of 8 steps: write 

1/hold/read 1/hold/write 0 (erase)/hold/read 0/hold. The ratio 

between read-1 and read-0 currents in maintained to be about 

109 being invariant with number of cycles and time. Although 

there are hold operations among write, erase, and read opera-

tions, there is no energy consumption for hold, since it is as-

sumed that there is no bias applied to the device terminals.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Retention: read-1/read-0 currents as a function of time. 

 

Fig. 5 confirms that the retention time reaches 600 ms for a 

presumable reference of read-1/read-0 current ratio of 10, 

which mainly attributes to the asymmetric oxide barrier ef-

fectively preventing the drift and diffusion of body holes. Ta-

ble I summarizes the possible operation voltage scheme and 

the energies required for individual operations. It is revealed 

that write 0 operation has the largest portion since the write 0 

current is the highest one as was shown in Fig. 4, owing to 

both source-to-drain electron and body-to-drain hole currents.  

 

Table I Possible operation voltage scheme (10-ns operation assumed) 

 

4. Conclusion  

In this work, a VDG 1T DRAM with an asymmetric oxide 

barrier has been proposed, designed, and characterized. High 

integration density and low-power operation capability are 

expected by the merits by VDG structure and operation mech-

anisms. The asymmetric oxide barrier increases retention 

time by physically blocking the leakage by drift-diffusion of 

stored holes. The VDG 1T DRAM is regarded to be a highly 

promising component in the advanced DRAM technologies.  

 

Acknowledgements 
This work was supported by MOTIE and KSRC (10080513) 

and by MSIP through NRF (NRF-2017R1A2B2011570).  

 

References 
[1] A. Nitayama, et al., Proc. IEDM Tech. Dig., 1998, p. 355–358. 

[2] M. R. Tack, et al., IEEE Trans. Electron Devices 37 (1990) 5. 

[3] H.-J. Wann, et al., Proc. IEDM Tech. Dig., 1993, p. 635–638. 

[4] M. H. R. Ansari, et al., IEEE Trans. Electron Devices 65 (2018) 3. 

[5] J.-T. Lin, et al., IEEE J. Electron Devices Soc. 5 (2017) 1. 

[6] J.-T. Lin, et al., IEEE Trans. Electron Devices 64 (2017) 12. 

[7] W. Li, et al., Nanoscale Res. Lett. 12 (2017) 1. 

[8] C.-H. Chen, et al., IEEE ISNE, 2010, p. 133–135. 

 VSG [V] VCG [V] VDS [V] Time [ns] Energy [J] 

Write 1 0 -0.5 1.5 10 5.25×10-7 

Write 0 0.5 0.5 -0.7 10 5.20×10-6 

Read 1 0.2 0.2 0.2 10 1.40×10-8 

Read 0 0.2 0.2 0.2 10 1.05×10-17 

Hold 0 0 0 20 0 
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