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Challenges of Cryogenic Interface Electronics (CIE) in Large-Scale QM
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Challenges of Cryogenic Interface Electronics (CIE) in Large-Scale QM

Noise- Qubits are Fragile!
* Major source of qubit decoherence

 Internal and external sources of noise

« External environments (Defects/Traps)
« Thermal fluctuations

« EM interference
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Noise in CIE

 |Incorrect control read/write

- Affects qubit fidelity

Disturbs qubit sta}eﬁ

Quantum CIE
Processor U

Control

Incorrect read%’f\ﬂ‘s«‘

Noise Floor -—-]—-1—

Kaustav Banerjee



Two-Dimensional van der Waals Materials
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Why 2D Materials for CIE?

Layered/pristine nature Lower Leakage w.r.t Si Shorter Band-tails? w.r.t Si

« Excellent Electrostatics’ - Larger bandgap of 2DMs + SS reduction with temperature
 Low Device Parasitics  Lower intrinsic conc. n; « Better immunity against noise
Bulk Material this work
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[1] J. Kang/K. Banerjee, Physical Review X, 2014. [2] H. Zhang/K. Banerjee, IEDM, 2016.
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Device Characteristics at CT
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Higher V; and lower SS at CT as compared to RT!

*RT = Room Temperature
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Electron energy (eV)

Impact of Source Drain Tunneling at CT
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SS Saturation at CT
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[1] H. Zhang/K. Banerjee, IEDM 2016.

Lower W; of 2D-Materials enable lower SS saturation!!
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Energy and Power Benefits at CT
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Significant power/energy benefits enabled by the lower W; of 2DMs!
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Contacts at CT
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Significantly higher contact resistance at CT!
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Compact Model Incorporating Band-Tails
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Compact model which incorporates the effect of band-tails!
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Digital Circuit Performance at CT
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Analog Circuit Performance at CT
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* LNA- building block of analog controllers
Better analog performance as compared to Si

(Gain: ~5 for MoS, vs ~3.5 for Si)
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Noise at CT (1)

Shot Noise
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2DMs posses lower shot noise as -0.05 0 0.65 0.I1 0.1I5 0.2
compared to bulk Si! Gate Voltage (V)
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Noise at CT (2)
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Mobility fluctuation (w.r.t Si) enable lower 1/f noise!

[1] R. Asanovski, et. al., IEDM, 2022. [2] X. Xie/K. Banerjee, ACS Nano, 2014.

fluctuation
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Summary

First comprehensive study of 2D
materials-based CIE

- Significant energy and performance
benefits w.r.t bulk materials (Si)

* Better immunity against 1/f and shot
noise at CTs w.r.t bulk materials (Si)

* Unique 2D-cryo-CMOS compact model
incorporating band-tails

- 2D-materials make ideal digital/analog
CIE components

2D-materials enable large-scale

quantum computing!!
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