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Conclusion
In conclusion, we proposed a novel approach of exploring standard FET 
technology for cryogenic-based synaptic memory applications to meet the 
growing demands of the next generation high-performance computing for 
various applications, including signal processing, biomedical, and memory. 
This type of novel synaptic characteristic proposes a significant step toward 
the transformation of next-generation artificial intelligence, offering superior 
computational speeds and better energy efficiency .
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Figure 2 (a)Variation of the set and reset voltage with respect to step size (b) response post-synaptic 
current by the appliance of the pre-synaptic excitations at the gate terminal of the device (c) Synaptic 
plasticity efficiency of the PMOS device under different pulses and (d) post synaptic current response 
showing the learning phenomenon of the device under the appliance various number of pulses. 
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Figure 1: Pinched Hysteresis ID - VGS characteristics for PMOS devices with the width to length 
ratios as 0.22 mm/0.18 mm under various step sizes varying from 1mV, 0.5mV, 0.1 mV, 10mV, 
respectively, at cryogenic temperatures (3K). 

Key Highlights:
Demonstration of 180 nm bulk CMOS operating at 4 K for energy-efficient, high-speed computation.
 Fabricated 180 nm PMOS device evaluated at cryogenic temperatures for synaptic memory behavior.
Cryogenic operation provides higher mobility, lower power dissipation, and full CMOS compatibility.
Device shows pinched hysteresis at 4 K, confirming memory retention with ultra-low set/reset voltages.
 Synaptic behavior demonstrated using pulse-train stimulation, mimicking learning and memory functions.
 Presents a pathway toward scalable cryogenic neuromorphic hardware integrated with standard CMOS.
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