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A. BAZE=E4 / Research Laboratory
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Applied Quantum Optics

B. #8A & / Faculty and Research Staff (as of May 1, 2019)
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#1415 | Professor

K4 NI T
Name Hiroshi Yasaka (April 2008 -)
EA FSRE 7 + N =27 AWFTE5EF

Research Field | Highly Functional Photonics
HH#Z | Associate Professor

K# HH EA
Name Masato Yoshida (April 2018 -)
24 ke LRI IE 5y B

Research Field | High Accuracy Optical Measurement
Bhi# / Assistant Professor

K4 /Name fiH 1% / Nobuhide Yokota (April 2014 -)

# / Others

C. X B# / Research Purpose
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Our research group is investigating novel, highly functional semiconductor photonic devices and
laser light sources, which is indispensable to realize new generation optical information
communication network systems. Furthermore, our research interests cover ultrafast photonic
devices including laser sources, opto-electronic semiconductor devices and their applications to
optical computing and signal processing areas.

D. £4 8% T—< / Research Topics
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. Ultra-high speed control of semiconductor photonic devices by signal light injection
. Highly functional semiconductor light sources

. Highly functional semiconductor optical modulators

. Novel functional semiconductor photonic integrated circuits
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E. MR XZEDHHE / The Number of Research Papers

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | Total
e Y A VASEIN
Q) Eujuﬁ‘%ﬂ?uﬁﬁ 1 4 3 3 3 4 18
Refereed journal papers
(2) RS & [
Full papers in refereed conference
proceedings equivalent to journal papers
S A [E L35
Papers in refereed conference proceedings
(4) EHiR LEERR - VR YT L%
. . 1 2 2 0 3 0 8
Papers in conference proceedings
(5) ot - 1 lolo |l o | o o] 1
Review articles
Er-y R PaANE=5
(6) En)ﬂflj‘]:s%_ _ _ 0 0 0 0 0 0 0
Refereed proceedings in domestic conferences
B = PASPANIE - N AN
(7) i Llj\ﬂ'ﬂ:fb:s TR 5 11 8 10 9 4 47
Proceedings in domestic conferences
(8) H&
Books 0 0 0 1 0 0 1
(9) K
Patents 1 1 1 0 1 2 6
(10) HHAFaRTH
Invited Talks ! 1 3 4 3 0 12




F. HETREMERE / Significant Research Achievements (FY.2013-2018)

See Ref. 1. “#” mark indicates research carried out at a former organization.
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[2013-2015]

1.

K. Aoyama, R. Yoshioka, N. Yokota, W. Kobayashi, and H. Yasaka, "Experimental Demonstration of
Linewidth Reduction of Laser Diode by Compact Coherent Optical Negative Feedback System," Applied
Physics Express, vol. 7, p. 122701, 2014. [IF: 2.772], [Times Cited: 9]

Abstract: We demonstrate the linewidth reduction of a laser diode from 6.4MHz to 6.5 kHz using a compact
coherent optical negative feedback system, which consists of only a lens and an optical filter. The FM noise
power spectral density (PSD) and the relative intensity noise (RIN) of the laser output are measured to
discuss the performance of the system. The FM noise PSD is reduced by -30 dB at <100 MHz. The RIN of
-130 dB/Hz is not found to be increased by the feedback at <7 GHz, where the system is driven under
negative feedback conditions.

International impact on both academic and social aspects: ZAUE CTOPEHRIE H-E AL — W ClI iR E
D Z 11T HZ & THRIBODRIZ X > TS, HIRPKELRDEVORIEN BT, HRIROQEZ I
FHZELIZEST | INRZPIE B R L — PORIRZ BT 28 e L Ot RImEEZRREL, D FEM
MA R UT- R TH D, Nature Photonics Thighlighted=i17- 5@ 3¢ Céh 5, 1 So far reduction of spectral
linewidth of semiconductor laser have been realized by heightening the Q-value of the laser cavity. But it
became the cause of enlarging device size. To overcome this problem and realize compact narrow linewidth
semiconductor laser, we proposed optical negative feedback technology, where frequency noise of the laser is
reduced by optical filter which acts as optical frequency discriminator. In this technique, optical filter does
not compose the laser cavity and small size narrow linewidth semiconductor laser source can be realized by
minimizing the size of the optical filter. This paper proposed the optical negative feedback technology for

realizing compact narrow linewidth semiconductor laser source and showed its practicality for the first time.

S. Mieda, S. Shiratori, N. Yokota, W. Kobayashi, and H. Yasaka, "Ultra-high-speed Operation of Laser Diode
by Cross-gain Modulation using external cavity," Applied Physics Express, vol. 8, No. 2, 022701, 2015. [IF:
2.772], [Times Cited: 3]
Abstract: An optically controlled laser diode with an intensity- and phase-controllable external cavity was
studied in order to achieve an increased bandwidth. The external cavity functions as the feedback section for
the laser diode, using time-delayed laser light. A 3-dB bandwidth of over 70 GHz was numerically predicted,
using rate equations that include cross-gain modulation and multiple optical feedback from the external
cavity. A 3-dB bandwidth of more than 40 GHz was experimentally achieved with a fabricated device.
International impact on both academic and social aspects: 7 —4 &L Z TOMBE R B KIZHSTD
T2\ EERENEDY AT KL — P O EBN R R R Th D, R —F Ol @ndE 2z rree s
TN PR AN ZEA LT CHIER B KL — P DR EE, £ O HEER A BN LTz
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#m L CTdh%, [ Realizing Ultra-high speed semiconductor lasers is indispensable to enlarge transmission
capacity in data centers. In this paper we propose high-speed optically controlled semiconductor laser
introducing photon-photon resonance effect and demonstrate experimentally its high-speed operation

characteristics.

S. Mieda, S. Shiratori, N. Yokota, W. Kobayashi, and H. Yasaka, "Intra-cavity Loss Modulation for
Ultra-High-Speed Direct Modulation Lasers Based on Photon-Photon Resonance," Applied Physics Express,
vol. 8, No. 8, 082701, 2015. [IF: 2.772], [Times Cited: 6]

Abstract: The characteristics of the intra-cavity loss modulation laser diode (ICLM-LD) proposed in this
paper were numerically and experimentally evaluated. A lower modulation sensitivity degradation rate
(MSDR) of -0.30 dB/GHz and a wider 3 dB bandwidth of 49GHz compared to those of direct modulation
lasers (-0.49 dB/Hz, 16GHz) were numerically confirmed. In addition, an MSDR of -0.29 dB/GHz and a 3
dB bandwidth wider than 30GHz were experimentally confirmed using the fabricated ICLM-LD. The
ICLM-LD will thus become a key part of ultrahigh-speed direct modulation lasers with external cavities
whose modulation sensitivity is enhanced by the photon—photon resonance effect.

International impact on both academic and social aspects: 50GHzFE (2l PRSI 72 ELHE AN -8 (kL
— W OISEEE RN KT 272012, Se T e P AR 2RISR T 572D O ar 22 5y
LU THERL — P OSBRI A HilE AT REZR ARZR N BRI R A PNE AR R LTS3 L Th D, AL E
PRIy 7 AT 5L CH BRI B BUS B R E A B E T REL LTCIR G A8 AL — V2 FE 8L
BT K L2 5- 2 125 3L T b, 1 In this paper we propose an intra-cavity loss modulation
method which realizes to control the modulation response characteristic of a semiconductor laser. The
method enables to use photon-photon resonance effect in directly modulated semiconductor laser effectively

and realizes further enhancement of operation speed of the laser up to 100 GHz.

[2016-2018]

1.

N. Yokota, K. Abe, S. Mieda, and H. Yasaka, "Harmonic superposition for tailored optical frequency comb
generation by Mach-Zehnder modulator,” Optics Letters, vol. 41, No. 5, pp. 1026-1029, 2016. [IF: 3.589],
[Times Cited: 15]

Abstract: This Letter demonstrates tailored optical frequency comb (OFC) generation using a LINbO3
Mach-Zehnder modulator driven by a combination of first- and second-order harmonics of the RF signal. A
quasi-rectangular-shaped OFC with less than 1 dB flatness among 11 lines was experimentally obtained

when a slight second-order harmonic of the RF signal (0.1 times the half-wavelength voltage) was introduced.
Good agreement was obtained between the measured and calculation results for OFCs. We discuss

conditions to obtain flat OFCs using this method along with details concerning OFC conversion efficiency
and bandwidth.

International impact on both academic and social aspects: WDME: i 48425 2 i B IR D B0,
PNVATERE H RIS Z L2 e 3 280 e U TERERERIZHI LD TED MZE s ~D &

W [RIRFEAINC Z D28 AN 23R 22 U7 3m S0 fRNIC B0 i /A 52 TWd, [ In this paper we
propose and demonstrate experimentally the harmonic superposition technique with Mach-Zehnder

modulator which enables to realize multi-wavelength light sources and pulse shape controllable light sources.
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This novel technique will use to enlarge the functionality of light source for next generation optical

communication systems.

K. Aoyama, N. Yokota, and H. Yasaka, "Strategy of optical negative feedback for narrow linewidth
semiconductor lasers," Optics Express, vol. 26, No. 16, pp. 21159-21169, 2018. [IF: 3.356], [Times Cited: 1]
Abstract: The coherent optical negative feedback scheme is systematically investigated by calculating rate
equations that model a noise-added semiconductor laser coupled to a Fabry-Perot optical filter for the FM
noise reduction. The calculated results indicate that the FM noise is minimized when a lasing frequency of
the free-running laser matches a valley frequency of the filter (the point where power reflectivity becomes
zero) under a specific feedback phase, where the slope of the electric field reflectivity for the lasing light and
frequency discrimination efficiency to electric field amplitude of the feedback light becomes maximum. And
the linewidth is also minimized at a lasing frequency corresponding to the valley frequency of the
Fabry-Perot optical filter. It is also made clear that the laser frequency becomes less sensitive to the
fluctuation of the injection current of the laser under optical negative feedback.

International impact on both academic and social aspects: HARZFFEO M LIS T, N7k
FRIE B R — YA B ATRE /2 AU iR IR BR A MR B U725 SO C L A IR 8 RL — F D% E i
EREFT 5 ECEERH RAE G- 2 553U CThD, 1 In this paper we clarify the principle of optical negative
feedback scheme for realizing compact and ultra-narrow linewidth semiconductor lasers without heightening
the performance of laser cavities by increasing scale of light source. The results give important information

to constructing design theory of optical negative feedback semiconductor lasers.

N. Yokota, K. Nisaka, H. Yasaka, and K. lkeda, "Spin polarization modulation for high-speed vertical-cavity
surface-emitting lasers," Applied Physics Letters, vol. 113, Issue 17, 171102, 2018. [IF: 3.495], [Times Cited:
0]

Abstract: The spin polarization modulation in birefringent vertical-cavity surface-emitting lasers (VCSELS)
is investigated theoretically and experimentally for obtaining tailored polarization modulation characteristics
suitable for high-speed data communications. A spin-flip rate equation analysis reveals that the spin
polarization modulation response of VCSELSs is flattened by shortening the electron spin relaxation time and
its 3-dB bandwidth is broadened to a range determined by a frequency split between two orthogonal
polarization modes. Optical modulations of spin polarized electrons in commercially-available InAlGaAs
quantum well VCSELSs demonstrate a wide 3-dB bandwidth of 23 GHz determined by the frequency split,
which indicates that the spin relaxation time in the InAlGaAs quantum well VCSEL is around 20 ps at room
temperature and suitable for use in high-speed data communications at a telecom wavelength of 1.55 um.
International impact on both academic and social aspects: F&4R ORI 7 1712 @R (20 EE 2 2 847
IREATDIRRZAT ST LT D, 100GHz% #E % 28 ey o 50 28 5 O AR ZZ DL O T AT IS C
SOFFRIICEE AN THD, [ In this paper we propose a novel technique to switch polarization
rotation direction of lasing circular polarization mode in electron spin controlled VCSEL. We show that the
polarization switchable VCSEL can generate ultra-high speed intensity modulated light or phase modulated
light beyond 100 GHz. This laser technology will play an important roll in the research on next generation

high speed and high function semiconductor laser source.
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G. HEITREEFEF / Significant Activities (FY.2013-2018)

See Ref. 2-9.  “#” mark indicates research carried out at a former organization.
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[2013-2015]
1. TPC member for international conference: IPRM2013, CLEO2013
2. Committee member for international conference;: MWP/APMP2014

3. Reviewer for academic journals: 14

[2016-2018]

1. TPC member for international conference: IPRM2016

2. Domestic Executive Committee member for international conference: ISLC2016
3. Reviewer for academic journals: 10
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