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Conclusion
• Memory is the bottleneck of modern, high-

performance computing.
• Advances in processing power have caused memory 

bandwidth to fall behind, creating a memory wall. 
New solutions are needed at the device and 
material levels.

• Amorphous Oxide Semiconductors (AOS)
§ Emerging class of materials with low leakage 

current & low deposition temperatures
§ Compatible with Monolithic 3D Integration—

memory stacked atop logic layers on the back 
end of line (BEOL)—greatly improving 
interconnect density & bandwidth

• AOS-based Dynamic Random Access Memory 
(DRAM) faces reliability issues impacting 
performance:
• Bias Temperature Instability
• Large transition region (VTR): a difference 

between the voltage of the subthreshold (off)  
and above threshold (on) states

Simulation Framework

Objective #2: VTR Characterization 
& Literature Survey
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Fig. 4. Literature review results of 19 works on AOS devices showing VTR 
characterizations of different MOSFET and gate structures.

Fig. 2. Visualization of VTR characterization process.

• Jana et al. proposed that later deviation 
(greater Δx) of subthreshold swing (SS) 
over log10(ID) curve à smaller VTR [2]

Objective #1: Bias Temperature 
Instability Performance Modeling

• BTI: Key reliability concern in MOSFETs
• Symptom: Shift in threshold voltage (VTH) over time
• Effects: Reduced current & higher access time

Fig. 1. BTI effect on DRAM write 1 operation. 

How Does Wordline Voltage Affect Long-
term Latency Increase Due to BTI Effects?

Which MOSFET Structures Feature Lower VTR 
that Enable Reductions in VTH and VWORDLINE?

Results

Fig. 3. Increase in access time following 1000 seconds of simulated stress 
at varying wordline voltages for each operation and topology. Average 
access time increases per volt are labeled.
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BTI Performance Modeling 
• Substantial increases in access time 

were observed across all operations and 
topologies following BTI stress

• 2T-GC is more resistant to BTI-induced 
access time increases for write operations

• Decreases in wordline voltage strongly 
correlate to reductions in long-term 
access time increases

VTR Characterization
• Vertical & Channel-All-Around (CAA) FET 

structures exhibit lowest VTR and provide 
greatest opportunity for Vov reduction.

Fig. 5. Deviation of subthreshold swing for varying 
gate lengths and channel types.
Significance
• We demonstrate a simulation-based 

framework for modeling BTI-induced 
increases in access time in AOS-based 
DRAM under realistic workloads

• Wordline voltage reductions are shown to 
be an effective method of mitigating 
BTI effects when combined with 
reductions of VTR and VTH through 
careful selection of MOSFET and gate 
structures.1) Pre-BTI Stress

2) Post-BTI Stress


