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* Orbital Angular Momentum (OAM)

An OAM-based wave possesses a wavefront with a helical phase

distribution around the central axis of the beam

_p?2

|E| — Aojl(ktp)e<W—123(}>e(_jm¢)e(_ij) Ref. [1]

m=0,+1,12,... represents OAM modes
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« Enhanced spectral efficiency
— Orthogonal modes support spatial multiplexing/demultiplexing

28GHz Experiments in the shield réom
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400Gbps using 4-OAM modes at single wavelength 100Gbps using 5-OAM modes at 28GHz

[2] Science 2013 [3] Microwave Journal 2018
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* Physical-layer security for wireless channels
— Require multiple phase-comparing antennas or colluding eavesdroppers

. OAM Mode: m=+1
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* Physical-layer security for wireless channels
— Require multiple phase-comparing antennas or colluding eavesdroppers
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1. Spiral Phase Plate (SPP) 2. Holographic Gratings

Fork Grating

~

[4] Adv. Optics and Photonics 2011 [5] Science Report 2017

i 2
SLM2 Lens Annular Gratmg (e)

3. Circular Antenna Array

[6] NTT Technical Review 2018
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* 0.31THz OAM CMOS Generation/Detection
— System architecture

— 0.31TH
— 0.31TH

— Contro

z Reconfigurable Pixel
z Amplifier-Multiplier Chain
ler and Key-to-OAM mapping
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System Architecture (Tx Mode)
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System Architecture (Rx Mode) ®
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310GHz Reconfigurable Pixel
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310GHz Amplifier-Multiplier Chain
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310GHz Amplifier-Multiplier Chain
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Controller and Key-to-OAM Mapping
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EM Simulation of OAM Modes
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Measurement Setups
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Intensity Profiles and Tx Mode-checking
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Time-domain Tx OAM Mode-checking
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based on Discrete Components

Comparison with RF and mm-Wave OAM Prototypes

Nature Comm. ‘14 [8]

Discrete Transceivers
+ SPP + Quasi-Optical

Wireless Comm. ‘17 [9]

Active-Driven Antenna
Arrays + Parabolic

ICCW ‘20 [10]

Active-Driven Antenna

This work

Active-Driven Antenna
Array on a 65nm CMOS

Diameter (cm)

Implementation
Beam Reflectors Arrays Chip + Teflon Lens
Combiner
Frequency (GHz) 28 10 40
OAM Modes +1, £3 +2, £3 0, 1, £2, £3 0, +1, -1, 1
Data Modulati 16QAM/Mode Dual 32QAM on each mode, 256QAM/Mode Dual Bit-to-Mode OAM
ata Modulation Polarization Full Duplex Polarization Hopping
Radiated Power (dBm) 8 0 11.5 -4.8 (EIRP)
Antenna Aperture 30 60 120 135

Application

Enhanced Spectral
Efficiency

Enhanced Spectral
Efficiency

Enhanced Spectral
Efficiency

Physical-Layer Security

DC Power (mW)

N/A

N/A

N/A

154 (Tx), 166 (Rx)
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