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• IPD for Optical Network
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Waveguide Nonlinear-Optic Devices
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Ultrafast Optical-Signal Processing Devices
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T.Suhara et al. IEEE PTL 11, 1027, 1999
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T.Suhara et al. IEEE PTL 13, 1203, 2001



Formation of Domain-Inverted Grating for QPM
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N.Horikawa, T. Tsubouchi, M.Fujimura
and T.Suhara, Jpn. J. Appl. Phys., 46, 5178, 2007.



QPM Grating Formation in  MgO:LiNbO3 Crystal
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Fabrication of WG of strong confinement

2µm5µm

Ridge WG fabrication by
PE accelerated chemical etching

M.Fujimura et al. EL 44, 856  2008

Buried APE WG fabrication 
by direct bonding

T.Takaoka et al. EL 45, 940  2009
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Quantum Photonic Devices

Channel Waveguide

LiNbO3 Crystal

Domain-Inverted Grating 
for Type-II QPM

Pump Wave ω3

 ω2

 ω1

Cross-Polarized
Twin Photon Beam

Twin PhotonNonlinear-Optic CrystalOptical Waveguide

Laser Light
(Incident Photons)

PF （Photon Cracking）

ω3=ω1+ω2

・Entangled Photon Generation
・Single Photon Generation 

Efficient Integrated Photonic Devices for Quantum Optic Function

Squeezed Light Semiconductor Laser 

Correlated Twin-Photon Generation 

Applications
Quantum Information
Quantum Cryptography
Quantum Computing
Quantum Photonic Sensing



QPM WG SFG upconversion device for  single photon detection

QIT     Photon transmission through fiber network
Telecom（1.3, 1.5µm)band Single photon detector

InGaAs-APD involve drawbaks

SFG upconversion to visible and 
detection by SiSi--APDAPD

η~30% @Pp=60mW

M.Fujimura, et al. JJAP 46, 9A, 5868, 2007



WG QPM Entangled Twin Photon Generation Devoces

Quantum Entangled 
Twin Photons

QPM Waveguide NLO Devices for Quantum Information Processing
Q-Cryptography, Q-Teleportation, Q-Interface, …

T.Suhara et al. IEEE PTL 19, p.1093,2007.     J.Kawashima et al., IEEE PTL., 21, p.566, 2009.

high efficiency, wavelength flexibility 
Integration compatibility

Key Devise for QIT
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Type-II QPM Cross-Polarized TPG Device

T.Nosaka et al. IEEE PTL, 18, 1, p.124, 2006
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Voltage applied to phase shifter [kV]

V=0.90

Quantum Interference|ψ〉= {|H;V〉−exp(i∆Φ)|V;H〉}
2

1

QPM device output 
|ψ〉=|H, V〉

BS ２ port output 

Polarization Entangled TPG



Type I QPM Polarization-Entangled TPG Device
 

Ti-indiffused channel waveguide

Domain-inverted gratings
for Type-I QPM

    Pump wave ω3

Output entangled
twin photons

 ω2

 ω1

LiNbO3 crystal

Thin-film λ/2 plate 
for polarization conversion

J.Kawashima et al. IEEE PTL 21, 566, 2009

QPM device output

|ψ〉=       {|H,H〉+exp(iΦ0)|V,V〉}2/1

BS output 1,2 state

Quantum entangled state
|ψ〉=       {|H;H〉−exp(iΦ) |V; V〉}2/1
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High Efficiency higher than TypeII
QPM by  3 orders of magnitude

0 20 40 60 80 100
0

5000

10000

15000

20000

25000

30000

Λ=17µm,    L=30mm
  115 °C
λ

p
=790nm

 

 
Ph

ot
on

 C
ou

nt
 F

re
qu

en
cy

 [H
z]

Pump Power [µW]

 Port 1
 Port 2

Photon correlation Quantum Interference 
demonstrating entangled TPG



QPM WG Devices for Generation of 
Postselection-Free Polarization-Entangled Twin Photons

T.Suhara et al. IEEE PTL 21, 1096 2009.
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Integrated Semiconductor Lasers

Integrated Semiconductor Lasers for Bio-Sensing

Integrated Semiconductor Lasers for 
Photonic Network and
Quantum-Information

EB Fabrication
of  Nano Gratings

Selective Disordering
of Quantum Well

Λ = 153 nm
70 nm

DFB/DBR Laser Simulation

Quantum-Well
Active Region

Curved DBR
Grating

Disordered
Quantum-Well

Beam Shaping
Grating Coupler

Mutispot 
Beam

Period  197 nm Period  295 nm



Monolithic Integrated-Optic Sensor Devices

Focusing Grating Coupler
Twin Grating Focusing Beam Splitter

Photodiode Array

GRIN-SCH SQW DFB LD

SQW

GRIN-SCH Waveguide

Substrate

Readout Signal
Tracking Error Signal

Focusing Error Signal

Optical Disc

Monolithic Integrated-Optic
Disc Pickup Head Monolithic Integrated-Optic Interferometer

Posision/Displacement Sensor

Implementation of IO Sensor Devices by
Integration of
DFB/DBR Laser, Wavefront Conversion Elements and 
Photodetectors



Design Fabrication and Improvement of Novel Semiconductor Lasers
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Integrated High-Power High Coherence Semiconductor Lasers 

Curved-DBR
        Master Oscillator Tapered Power Amplifier Grating Coupler

1 mm

Master Oscillator Power Amplifier with integrated Outcoupler

Master Oscillator

Tapered Power Amplifier

Output Light



Integrated High-Power High Coherence Semiconductor Lasers

Extended Cavity Tunable Laser BroadBroad--Area DBR LaserArea DBR Laser



InGaAsInGaAs QW QW DBRDBR Laser for Laser for Squeezed Light GenerationSqueezed Light Generation

Generation of Squeezed Light

Ith=7mA  ηd～0.63  Max I/Ith=21

External Quantum Efficiency      74％
Side Mode Suppression   52 ｄB
Maximum Output Power          250 ｍW

AccomplishedAccomplished M.Uemukai, et al. IEEE JSTQE, 11, 1143, 2005



Surface-Emitting Red DBR Laser and 
Application to Biomolecular Sensing

M.Uemukai et al. JJAP 45, 6738, 2009



DBR laser with multispot focusing grating coupler
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Integrated twin DBR laser for THz wave generation
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