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Pushing the Speed Boundary of Integrated Circuits
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Collaboration with A. Chandrakasan

Miniature and Secure Tagging and Sensing Platforms
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PhD Student: Eunseok Lee (Collaboration with A. Chandrakasan)

Ultra-Miniaturized Sub-THz Wake-Up Receiver
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PhD Student: Eunseok Lee (Collaboration with A. Chandrakasan)

Anti-Tampering THz-ID

Conventional RFIDs Under Tampering
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E. Lee, X. Chen, M. Ashok, J. Won, A.
Chandrakasan and R. Han, “A Packageless Anti-
Tampering Tag Utilizing Unclonable Sub-THz
Wave Scattering at the Chip-Iltem Interface,”
IEEE Intl. Solid-State Circuit Conf. (ISSCC), San
Francisco, CA, Feb. 2024.

@ Physical Unclonable Function Based on the THz Backscattering of the Glue Interface



PhD Students: Xibi Chen

High-Angular-Resolution Imaging

Assembly of the 14x14 Stitched Chips

Measured Steerable Beam Patterns in E-Plane
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PhD Student: Xibi Chen (Collaboration with Intel)

Full Imaging System Using AiP and Chiplet Integration
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« All-silicon implementation for a low-cost imaging system
» Antenna-in-Package and chiplet-based integration

— Silicon area reduction: >10x

— Antenna radiation efficiency: 20%—->80%

— Quasi-optical transmitter power combining

— Overall link budget improvement: >1000x



PhD Students: Jinchen Wang, Cole Brabec (Collaboration with D. Englund) 8

Scalable Photonic-Electronic Quantum Processor

Spatial Light Control/Readout

Diamond Quantum Microchiplets
l [L. Li, et al, CLEO 2023]
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PhD Student: Jinchen Wang (Collaboration with D. Englund)

THz Cryogenic Backscatter Transceiver

300K 50K 4K

Cryogenic Cables I‘E

I
< Quantum
I «  Processor

H  Read Out
A /] E [¢] L
I [F »
. W

THz Beam

MIT Subscribe &
Tech_nology ,JJ:
REVIeW Topics Magazine Newsletters Events =Q H
H N

Computing / Quantum computing Current i L/

' Software| T} Gontol
We'd have more avprozch [ R
quantum computers if it
weren’t so hard to find Thz Source
the damn cables g

Uplink

Quantum machines will deliver the next great leap forward in
computing, but researchers building them can't easily get some
of the exotic components they need.
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THz Source
by Martin Giles January 17,2019

« Current metal RF/data cables pose large thermal load to the
cryogenic platform of quantum system

« Proposal: non-contact wireless up/down links using THz waves

— Uplink: 176fJ/bit @ 4Gbps

— Downlink: 34fJ/bit @ 4.4Gbps

J. Wang, M. I. Ibrahim, |. B. Harris, N. M. Monroe, M. I. W. Khan, X. Yi, D. R.

Englund and R. Han, “THz Cryo-CMOS Backscatter Transceiver: A Contactless
4 Kelvin-300 Kelvin Data Interface,” ISSCC 2023.
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PhD Student: D. Englund (Collaboration with D. Englund)

Cryogenic CMOS Pulse Control of Color Centers
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« Pulse control is critical for quantum infor-
mation processing

« NV and SiV center chiplet on CMOS (from D.

Englund’s team)

* Intel-16 FinFET technology
« Demonstration at 5K
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Other Active Projects

« CMOS- control for optical quantum transfer
(J. Wang, Y. Hu (D. Englund))

* Under-epidermis THz-ID
(M. Jia (co-advised with A. Chandrakasan))

 LLM-assisted electronic design
(Y. Xu, M. Cox, L. Skelic, W. Lu (ADI), T. Yu (ADI))

 Ultra-low-noise radio-astronomical receiver with built-in
calibration
(D. Sheen, F. Lind (MIT Haystack Observatory))

- High-stability THz signal synthesizer for CMOS molecular clock
(J. Jung (co-advised with A. Chandrakasan))

- Intensity-detection-only, large-scale THz array with 3D sensing
capability
(C. Brabec (co-advised with D. Englund))
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