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Overview of Terahertz Wave
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A One-Century Pursuit of Terahertz Electronics
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Terahertz Gap
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A Two-Dimensional Gap: Fiction or Fact?

The
Truth
About

‘Terahertz

-

ANYONE HOPING TO EXPLOIT

THIS PROMISING REGION

OF THE ELECTROMAGNETIC
SPECTRUM MUST CONFRONT
ITS VERY DAUNTING PHYSICS

[C. Armstrong, IEEE Spectrum, 2012]
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Silicon-Based THz Circuits
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Fireflies in Sync: A 1-THz Radiator Array

« How do we efficiently radiate the 4t"-order harmonic power from a 250GHz silicon oscillator?

[Z. Hu, et al., RFIC 2017 (Best Student Paper Award), JSSC 2018 (Invited)]
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Fireflies in Sync: A 1-THz Radiator Array

« How do we efficiently radiate the 4t"-order harmonic power from a 250GHz silicon oscillator?
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Fireflies in Sync: A 1-THz Radiator Array

« How do we efficiently radiate the 4t"-order harmonic power from a 250GHz silicon oscillator?

[Z. Hu, et al., RFIC 2017 (Best Student Paper Award), JSSC 2018 (Invited)] A8 @ fy (N2 @ 4f))
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Fireflies in Sync: A 1-THz Radiator Array

240pW from 690 antennas
[Z. Hu, MIT PhD Thesis 2020
80uW from 91 antennas (MTL Director Thesis Award)]
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Filling the THz Gap with Sand
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Terahertz Imaging and Its Practicality

Current THz Imaging Relies on Mechanical Scanning

[R. Han, et al, JSSC 2011, ISSCC 2012]




Towards High Angular Resolution Imaging

The missing puzzle:

» Pencil beam (<1°) formation
* Electrical beam steeringin 2D _ 10-
o
Aperture g
Area Frequency =
) B
AAf 2
Beam —> D = py) S
Directivity <— Speed of =
Light 3 4.
Opportunity in THz arrays:
S=2 « Smaller form factor i TR T
5 « Tiled chips/package modules Aperture Length (m)

Challenges:

» Dense array: half-wavelength dilemma
» Large 2D RF-THz signal distribution

» High power consumption...
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A CMOS 98x98 Reflectarray at 260GHz

rr ,.'ri’ + A 98x98 on-chip antenna array via 14x14

rr ; tiled CMOS chips
. ‘-; — — Intel 22nm FinFET technology and advanced
' ﬂ' - "}~ packaging
gl.gP — 5.6x5.6cm? total aperture size
FMCW rr [N. Monroe, et al, ISSCC 2022]
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Electronic 2D Beam Forming and Steering

Measured Steerable Beam Patterns in E-Plane Measured Steerable Beam Patterns in H-Plane
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Angular-Resolution Tests
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Terahertz 3D Imaging Demonstration
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A Sneak Peek of What We Do Now with Intel
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« Advanced THz antenna-in-package technology and large-scale chiplet integration
— >10x reduction of silicon area and >1000x higher system SNR

» Expected imaging angular resolution: 0.5/2=0.25° - Already similar to LiDARs!



Ultra-Broadband Radar Transceiver for High Ranging Resolution

220-to-320GHz Comb
Transceiver in 65nm CMOS
[X.Yi, etal, ISSCC 2020]
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Ranging Resolution Test
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Rotational Spectroscopy

Polar Molecules @ Molecule Frequency (GHz)  Toxic? Flammable?
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220-to0-320 GHz Molecular Spectrometer
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220-t0-320 GHz Molecular Spectrometer
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Poor Men’s “Atomic Clock”
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[Nguyen, Kitching, ISSCC 2005]

Chip-Scale Atomic Clock (CSAC)
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Three Generations of Development
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Experimental Results of the 3"9-Gen Molecular Clock
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Experimental Results of the 3"9-Gen Molecular Clock
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Gas Cell Miniaturization in the Future

Past: CNC Metal
Gas Cell

Current: Gas Cell via 3D Metal Printing
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Big Data Over A Piece

of Plastic

Funded By Intel.
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Funded By Intel. Collaborator: George Dogiamis 33

Big Data Over A Piece of Plastic
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Secured Communication Using THz OAM Wave

OAM Mode (m=+1 shown here)
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What’s the Missing Opportunity in THz Wireless?
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THz-ID: Ultra-Miniaturized Tag with Built-In Security
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Typical RFID

Chip Tags
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1.2mm

THz-ID: 1.5mm? Tag with 260-GHz Backscatter
Communication and Built-In Security
[M. Ibrahim, et al., ISSCC 2020]
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Tag of Everything

» Recent progress: 260-GHz
energy harvesting in Intel-16

Beam-Steering in Uplink
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THz Wake-Up Receiver for Ultra-Miniaturized Sensing Platform
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Demonstrations
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Unclonable THz Tag for Anti-Tampering Function

Conventional RFIDs Under Tampering
Tag Reader
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Unclonable THz Tag for Anti-Tampering Function

Sample #1 image Sample #2 image

THz slot arrays, switches and matching network

[E. Seok, et al., to be

presented on ISSCC 2024]
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THz Cryogenic Backscatter Transceiver
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Computing / Quantur

We'd have more .

quantum computers if it

weren't so hard to find Pl

the damn cables e Jﬁ;
y vm:fam Smm.~$ww

Quantum machines will deliver the next great leap forward in
computing, but researchers buikling them can't easily get some
of the exctic components they need.
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| e
0904G

by Martin Giles Sarvasry 07,2000
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This Work
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[J. Wang, et al., ISSCC 2023]

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

— Intel 22nm FinFET CMOS

— Uplink: 176fJ/bit @ 4Gbps

— Downlink: 34fJ/bit @ 4.4Gbps



Conclusion
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High-Angular-Resolution Imaging

Electronic Nose

Precision Timing

High-Speed Wireline Link

Tag of Everything
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