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研究成果の概要（和文）：非機械式ビーム掃引デバイスは，将来の自動運転等で用いるLiDARのコアデバイスで
ある．本研究では，Bragg反射鏡導波路の巨大な波長構造分散を活用することで，解像点数500，光出力0.4Wの高
出力・高解像ビーム掃除引機能を実現するとともに，電気的に波長を掃引できる波長可変面発光レーザとの集積
化を行い，解像点数300，光出力0.4Wの高出力・高解像ビーム掃除引を実現するとともに，熱光学効果を用いた
ビーム掃引機能集積光源の実証，アレイ化とシリンドリカルレンズによる解像点数270×7の２次元ビーム掃引を
実現した．

研究成果の概要（英文）：A non-mechanical beam scanner is one of key components for future LiDAR 
systems. In this study, we realized the high-power and high-resolution beam steering function of 
VCSEL amplifier scanner thanks to its angular dispersion and high gain amplifier function, 
exhibiting the number of resolution points of over 300 and an output power of over 0.4W.  We also 
demonstrated a lateral integration platform of VCSEL amplifier and high-resolution beam scanner. In 
addition, the 2D beam scanning was demonstrated by using 1D VCSEL scanner array and a cylindrical 
lens, showing a number of resolution points of 270×7.

研究分野： 光エレクトロニクス

キーワード： ビーム掃引　LiDAR　光センシング　面発光レーザ　光増幅器　半導体レーザ

  １版



 

 

DARPA

SWEEPER

N
1,000

100

Bragg

1,000

IEEE Photonics J 2012, IEEE 
JSTQE 2013, IEEE JLT 2015 .

 N=100
 

 
 

Bragg

 
 

 



 

 

      
     

















    

 
 

 


   


  

 




          
         
      
       
     
   
     
　  

x

z

y Oxidation
confinement

Coupling
region

Vertical lasing

Active layer
DBR

DBR

Spatially coherent
output

Electrode 
for pumping Coupling 

region 

1mm 

Emitting 
window 

!

 

 
      

     

















    

 
 

 


   


  

 




          
         
      
       
     
   
     
　  

 

 

 

 
   

 

 

 
 

!

 

2  

 
 

VCSEL
Mode Filter

SOA
Proton Oxide Aperture

R=1 R=few%

100 µm

SOA electrodeVCSEL electrode

(a)

(b)

 
4 

 

0

0.5

1

8 10 12 14 16 18 20 22

N
om

al
iz

ed
In

te
ns

ity
 [a

.u
.]

Deflection Angle [deg.]

連続偏向�

 

8

12

16

20

24

2 6 10 14

D
ef

le
ct

io
n 

A
ng

le
 [d

eg
.]

IVCSEL[mA]

巨大な偏向幅

13.0 °30mA
60mA
90mA

120mA
150mA

180mA
Isoa=203mA

 
5  



 

 

 
1  

 

16  
1) Masanori Nakahama, Xiaodong Gu, Akihiro 
Matsutani, Takahiro Sakaguchi, Fumio Koyama, 
“VCSEL-Based High Resolution Wavelength 
Demultiplexer with Large Optical Gain,” 25th 
International Semiconductor Laser Conference, 
ISLC 2016, TuD5, Sep. 2016. 
2) Shunya Inoue, Masanori Nakahama, Akihiro 
Matsutani, Takahiro Sakaguchi, Fumio Koyama, 
“Fabrication of HCG MEMS VCSELs using 
nanoimprint lithography and consideration of 
athermal operation,” 21st. Optoelectronics and 
Communications Conference (OECC/PS2016), 
MD2-3, Jul. 2016. 
3) Xiaodong Gu, Masanori Nakahama, Akihiro 
Matsutani, Fumio Koyama, “VCSEL-Integrated 
Bragg Reflector Waveguide Amplifier with 
Single-mode Output Power over 10 mW,” 21st. 
Optoelectronics and Communications 
Conference (OECC/PS2016), MD2-4, Jul. 2016. 
4) Shunya Inoue, Masanori Nakahama, Akihiro 
Matsutani, Takahiro Sakaguchi, Fumio Koyama, 
“Consideration and Fabrication of athermal HCG 
MEMS VCSEL,” International Nano- 
Optolectronics Workshop, iNOW2016, Poster 
Session-7, Jul. 2016. 
5) Masanori Nakahama, Xiaodong Gu, Akihiro 
Matsutan, Takahiro Sakaguchi, Fumio Koyama, 
“Slow Light VCSEL Amplifier for 
High-resolution Beam Steering and High-power 
Operations,” Conference on Lasers and 
Electro-Optics 2016 (CLEO2016), SF1L.5, Jun. 
2016. 
6) Zeuku Ho, Keisuke Shimura, Xiaodong Gu, 
Masanori Nakahama, Akihiro Matsutani, Fumio 
Koyama, “VCSEL Optical Amplifier for High 
Power Operations,” The 24th General Congress 
of the International Commission for Optics, 
Tu1J-08, Aug. 2017. 
7)Fumio Koyama, “High Power VCSEL 
Amplifier For Laser Processing,” The 12th 
Conference on Lasers and Electro-Optics Pacific 
Rim, 1-3G-1, Aug. 2017. 
8)Zeuku Ho, Keisuke Shimura, Xiaodong Gu, 

 
6

3D  
 

 1 nm  
944 nm 

# 1 
# 2 
# 3 
# 4 
# 5 

# 6 
# 7 

 

: 0.14  

: 270×7

 
7  

 



 

 

Masanori Nakahama, Akihiro Matsutani, Fumio 
Koyama, “High-resolution Beam Steering Of 
Slow Light VCSEL Amplifier,” The 12th 
Conference on Lasers and Electro-Optics Pacific 
Rim, 2-1G-5, Aug. 2017. 
9) Keisuke Shimura, Zeuku Ho, Masanori 
Nakahama, Xiaodong Gu, Akihiro Matsutani, 
Fumio Koyama, “Non-mechanical Beam Scanner 
Integrated VCSEL For Solid State LiDAR,” The 
12th Conference on Lasers and Electro-Optics 
Pacific Rim, 2-2G-3, Aug. 2017. 
10) Masanori Nakahama, Shunya Inoue, Shun 
Nishimura, Akihiro Matsutani, Takahiro 
Sakaguchi, Fumio Koyama, “Sub-volt 
Wavelength Sweep Operation Of MEMS VCSEL 
Employing High-Q Mechanical Resonance,” The 
12th Conference on Lasers and Electro-Optics 
Pacific Rim, 2-1N-5, Aug. 2017. 
11) Fumio Koyama, “VCSEL Photonics For 
Non-mechanical LiDAR,” The 12th Conference 
on Lasers and Electro-Optics Pacific Rim, Aug. 
2017. 
12) Fumio Koyama, “VCSEL photonics for 3D 
imaging,” International Nano-Optoelectronics 
Workshop 2017, SaB1, Aug. 2017. 
13) Ahmed Mohamed Ahmed Hassan, Moustafa 
Ahmed Hafez, Masanori Nakahama, Fumio 
Koyama, “Numerical analysis of Watt-class 
VCSEL amplifier,” The 24th General Congress 
of the International Commission for Optics, 
P14-02, Aug. 2017. 
14) Keisuke Kondo, Xiaodong Gu, Zeuku Ho, 
Akihiro Matsutani, Fumio Koyama, 
“Two-Dimensional Beam Steering Using 
Slow-Light Waveguide Deflector Array with 
Optical Gain,” Conference on Lasers and 
Electro-Optics 2018, SM31.4, May. 2018. 
15) Mizuki Morinaga, Xiaodong Gu, Keisuke 
Shimura, Masanori Nakahama, Fumio Koyama, 
“VCSEL Amplifier with High Power and Narrow 
Divergence Applying a Folded Waveguide 
Layout,” Conference on Lasers and 
Electro-Optics 2018, JTu2A.11, May. 2018. 
16) Xiaodong Gu, Masanori Nakahama, Fumio 
Koyama, “Active Bragg Reflector Waveguide 
Demultiplexer Array with Over 100 Wavelength 
Channels and Optical Gain for Large Port-count 
WSS,” Optical Fiber Communication Conference 
2018, Tu2E.3, Mar. 2018. 
 

0  

http://vcsel-www.pi.titech.ac.jp/index-j.html 


