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Outline
Overview of research on convergence of radio and optical technologies
Photonics in ALMA

- Photonic LO
- High-performance optical fiber transmission

Advanced Lightwave modulation for telecommunication
Precise optical modulation
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- EM-wave scattering theory using stochastic integrals
- Near field optical microscopy

Panasonic
- Lens design

NICT
- Optical modulation and devices
- Optical signal processing, precise Lightwave control for measurement
- Wired and wireless seamless networks

UCSD
- Integrated devices for MWP

Optical soldering machine by Panasonic
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THz technology

- THz radio comm, THz scattering

Optical modulation
- Precise modulation
- Signal analysis by photonics
- Photonic noise source

Optical fiber communication
- Multi-mode fiber transmission
- Radio-over-fiber

T. Kawanishi, Electro-optic 
Modulation for Photonic 
Networks, Springer Nature,  2022

T. Kawanishi, Wired and Wireless 
Seamless Access Systems for 
Public Infrastructure , Artech 
House, 2020
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Lightwave

Concept of Multi-Physics System Design

Meteorology Mechanics Thermodynamics

Electromagnetism

Environmental 
Engineering

Radio wave

ICT Networks

Electron
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Overview of Ground-to-Air Communication Demonstration
Transmitter: Ground station located at Sekiyado Glider Field, Chiba, Japan
Equipped with a 24 dBm power amplifier and a high-gain antenna (57 dBi)
Receiver: Installed on a King Air 200T aircraft
The slant range between the ground station and the aircraft is approximately 3.5 km at the 
closest point

System configuration for ground-to-air demonstration

(*2) License of Experimental Radio Station up to 1W of PA is received as 関実
第55701号

Transmitter

Altitude: 9500ft
Minimum Slant Range: 3.5 km

Sekiyado Glider Field,
Chiba, Japan
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Overview of ground-to-air demonstration
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Photonics in ALMA

Photonic LO

Distribution of stable LO signal (31-120 GHz) over fibers

Reference signal

High-speed data transmission

• Photonic LO
• High-performance optical fiber transmission

In WSU, optical transmission links will be based on 400G-ZR (16-QAM).



Radio-over-Fiber

Simple configuration, low-latency, 
low-loss and broadband signal transmission



Optical modulation

Direct modulation External modulation

Laser

Electric current source

Modulated signal

Modulating signal

(Optical output)
Laser

Electric current source

Modulated signal

Modulating signal (Electric input)

Modulator
(Optical output)

• Simple configuration
• Modulation speed limited
• Large chirp effect

• Needs of external modulators
• High-speed modulation
• Low chirp and precise modulation

T. Kawanishi, Electro-optic Modulation for Photonic Networks, Springer Nature,  2022



Limitation of direct modulation

Parasitic frequency/phase excursion (chirp)
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Laser frequency response

T. Kawanishi, Electro-optic Modulation for Photonic 
Networks, Springer Nature,  2022



Chirp
Intensity modulation without chirp

Time
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Intensity
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Intensity modulation with chirp

T. Kawanishi, Electro-optic Modulation for Photonic 
Networks, Springer Nature,  2022



External modulation

Laser

Electric current source

Modulated signal

Modulating signal (Electric input)

Modulator
(Optical output)

• Electro absorption (EA) effect
• Electro optic effect (EO) effect

T. Kawanishi, Electro-optic Modulation for Photonic 
Networks, Springer Nature,  2022

Optical frequency

Absorptance

Band edge

Shift of bandgap by EA effect

Short wavelengthLong wavelength



c-axis

Applied electric field
Lightwave electric field

EO effect

i, j = x, y or z

EO coefficient

Lithium Niobate: LN (LiNbO3) 

T. Kawanishi, Electro-optic Modulation for Photonic 
Networks, Springer Nature,  2022



Optical Mach-Zehnder Modulator



Evolution of optical modulation technologies

High bitrate

High-speed modulation

Highly-precise modulation for 
complex formats

No. of 
symbols

Baud rate
25Gbaud 100Gbaud

OOK

BPSK/
MSK

QPSK

16QAM

40Gbps

100Gbps

400Gbps
High-speed 16QAM using QPMZM

83Gbaud modulation
166Gbps PDM-NRZ-DPSK

ECOC 2007 PDP 2.8

Now, we have high-speed and precise lightwave control !





Over 10000 QAM

16384-QAM TRANSMISSION AT 10 GBD OVER 25-KM SMF USING 
POLARIZATION-MULTIPLEXED PROBABILISTIC CONSTELLATION SHAPING
ECOC2019 PD.3.3



Reused (HIQALI deck): TFLN Modulator Integrated with Equalizer



“Balanced” Optical Mach-Zehnder Modulator

Balance in photonic circuit: high extinction ratio.

Balance in electric circuit: zero chirp (α=0)
(modulation index)

Typ. ER: 20-30dB, α: 0.1-0.2

50:50 50:50



Reused: Sub-MZ structures for trimming (ER > 75 dB, ECOC 2005)



Two-tone signal generation by optical modulation

Laser

High-ER optical modulator

RF signal generatorFrequency: f

Optical Freq.

Frequency shift

Amplitude ripple due to the modulator frequency response can be
compensated by optical amplifiers or variable attenuators.
Frequencies and relative phase are unaffected.

Reference signal

f
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T. Kawanishi et al., CLEO/QELS 2008, CFA1

Extinction ratio (balance in photonic circuit): 66dB
Alpha parameter (balance in electric circuit): 0.0099



Principle: Two-Tone Generation by Precise Optical Modulation
• Single laser + MZM at null bias → carrier-suppressed ±1st-order sidebands: two tones separated by exactly 2·f

• Photomixing beat: laser phase noise cancels as common mode — correlation guaranteed by structure, not by a lock loop

• Frequency difference = modulation frequency, exactly — set by the microwave reference, no control loop, no unlock

• Spectral purity of the beat is decoupled from the modulator's own frequency response — response ripple changes 
tone amplitude, not tone frequency or relative phase

• Intensity noise: single source → removed as common mode by total optical power stabilization

• Trade-off: sideband power < full laser power → weaker beat signal

Laser Modulator Photodetector

RF signal 
generator



Photodetector measurement by optical reference (two-tone)

RF power meter

DUT

Optical power meter

Standard optical source 
(optical two-tone signal)

IEC 62803 Ed. 1.0 Measurement 
Method of Frequency Response of 
O/E Conversion Devices for High-
Frequency Radio on Fibre (RoF) 
Systems

Think Lands press release

VNA (R&S)

Think Lands 
(Optical module)

APT Report on Characteristics and 
Requirements of Optical and Electric 
Components for Millimeter-wave Radio 
on Fiber systems ASTAP/REPT 3

K. Inagaki, et al., IEICE Electronics 
Express, Vol. 9, 220 (2012)



Current ALMA Photonic LO: Strengths First, Then Blind Spots

Two-laser offset lock (master/slave + PLL) + Line Length Corrector (round-trip fiber compensation)

Its real strength: best beat SNR — beat amplitude, each tone at full laser power
Residual PLL phase error, unlock events, system complexity; tighter margins at high-multiplication bands

Intensity-noise:

• RIN of two independent lasers adds uncorrelated → beat amplitude noise (PLL fixes phase, not this)

• Relative polarization drift between the two lasers → photomixing-efficiency fluctuation

Laser

Laser

Photodetector

PLL



The Core Comparison: SNR × Stability

Method Beat SNR Frequency-difference stability Intensity noise Complexity

Two lasers + PLL Best — each tone at full laser 
power

Control-loop dependent (residual error, 
unlock risk)

RIN adds uncorrelated; relative 
polarization drift High (OPLL)

Modulator two-tone Moderate — sideband power; 
recoverable (EDFA, UTC-PD)

Exact: difference = 2·f_m, set by RF 
reference

Common mode → solved by total-
power stabilization Simple, no locking

EO comb Weak — power divided over N 
lines Exact (same principle) Common mode Moderate

The asymmetry that decides it:  
an SNR deficit can be recovered by engineering — a frequency-difference instability cannot.



狭帯域
フィルタ

帯域制限
フィルタ光変調器

入力光 出力光

Input Filter Optical Modulator Output Filter

Integrated reciprocating optical modulator

Uniform FBG Uniform FBG

Halfwave voltage of the phase modulator
4.1 V at dc and 7.8 V at 40 GHz

T. Kawanishi, T. Sakamoto and M. Izutsu, "470GHz Optical Clock Signal 
Generation Using Reciprocating Optical Modulation," 2006 European 
Conference on Optical Communications



Principle (3rd harmonic)

Input Filter Optical Modulator

Input f0

f0 f0 f1f-1

f0 f1f-1f0 f2

f2 f3f-1 f1Optical
Modulation

Output

Output Filter

Reflection

Reflection

f0

Reflection

Reflection band
Reflection band

Enhanced 3rd harmonic



Input/output filters

T. Kawanishi, T. Sakamoto and M. Izutsu, "470GHz Optical Clock Signal 
Generation Using Reciprocating Optical Modulation," 2006 European 
Conference on Optical Communications



470GHz optical clock
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T. Kawanishi, T. Sakamoto and M. Izutsu, "470GHz Optical Clock Signal 
Generation Using Reciprocating Optical Modulation," 2006 European 
Conference on Optical Communications



Toward 2040: 
Fiber Plant — Survey Needs, and Life with WSU Coherent Transport
Generation is maturing — the bottleneck moves to the fiber plant

•Thermal delay ~40 ps/km/K, acoustic & vibration, polarization drift

•Two-tone specific: dispersion-induced inter-tone delay; polarization fading at the photomixer

WSU puts coherent Ethernet on the same plant

• 400G-ZR corrects dispersion/phase/polarization in DSP, after detection — the LO reference must not 
fluctuate before the fact: simple technology reuse is not enough

Opportunity: coherent DSP internal state (carrier phase, SOP tracking) = a distributed fiber-fluctuation 
sensor 

• Survey items:  (1) site-fiber environmental statistics   (2) DSP-telemetry-assisted stabilization



Summary
• Method choice is SNR × stability — and the asymmetry decides: SNR deficits are recoverable by engineering; frequency-

difference instability is not.

• Extinction ratio governs precision — high-ER modulation (>75 dB), field-trimmable and bias-controlled, verified via IEC-
standardized measurement: an infrastructure-grade technology.

• Toward 2040, the bottleneck moves to the fiber plant — site-measured fluctuation statistics and WSU-coherent 
coexistence are the next work, with DSP telemetry as an unexpected ally.

Prospects for East Asian Collaboration
• Device qualification via IEC-standardized measurement

• Co-definition of ALMA2040 reference-signal requirements — written jointly in astronomy and photonics languages

• People: student & postdoc exchange around field demonstrations

• Happy to continue these conversations during the workshop and beyond
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