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2013.4.25　at Franklin Museum, from President Wint	




Ini+al	
  Idea	
  1977.03.22	
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＋LED Symposium 1978.10	
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By K. Iga 1977 



Three	
  Ver+cals	
  in	
  1977	
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1977 Vertical Cavity Surface Emitting Laser  
 By Kenichi Iga 

	

1977 Vertical Magnetic Memory 

 By Shunichi Iwasaki 
 
1977 VAD: Vapor-phase Axial Deposition (Fiber) 

 By Tatsuo Izawa	
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Monolithic Fabrication	
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VCSEL	
  Mo+va+on	
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Requirement 
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VCSEL	
  Research	
  and	
  Development	
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1977 “Surface Emitting Laser” - Conception 
1978 First report  
1979 First demonstration 
1982 6-micron cavity: Clear VCSEL-mode achieved 
1986 Buried heterostructure, Ith=6mA 
1988 First room temperature CW λ=820nm 
1989 mA-Ith  demonstrated 
1993 First room temperature CW  λ=1,300nm 
1995 Low threshold laser demonstrated  Ith<0.1mA 
1998 Room temperature CW  λ=1,500nm 
1999 VCSELs opened Gigabit LAN market 
2001  High-end fiber-optics system & 10 Gigabit LAN 
         Laser printer, Optical mouse, … 
2011 Toward wide areas in VCSEL photonics 
2022 ?	




最初の発振：1979	
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[1979IGA] H. Soda, K. Iga, C. Kitahara and Y. Suematsu, 
 “GaInAsP/InP surface emitting injection lasers”, Jpn. J. Appl. Phys.,  
vol. 18, pp. 2329-2330 (1979)	

	




6-micron cavity VCSEL 1982	
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Very Thin Laser: A Big Breakthrough	


6 µm	




VCSEL	
  Advantages	
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a) Ultra-low power consumption: Small volume	

b) Pure spectrum operation: Short cavity 	

c) Continuous spectrum tuning: Single resonance	

d) High speed modulation: Wide response range	

e) Easy coupling to optical fibers: Circular mode 
f) Monolithic fabrication like LSI 
g) Wafer level probe testing 
h) 2-Dimensional array   2D Scaling Law 
i) Vertical stack integration with micro-machine 
j) Physically small vs	


f	


λ	


λ	
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AOer	
  Room-­‐Temperature	
  CW	
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１９８９　Break	
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２００１	
  Na+onal	
  Nanotechnology	
  
Ini+a+ve	
  (NNI),	
  USA	


16	




17	




Threshold	
  Current	
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Surface	
  EmiXng	
  Laser	
  :	
  Its	
  Model	
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VCSEL	
  Video	
  Demo	
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After Genichi Hatakoshi, Toshiba	




Compe++on	
  of	
  	
  
Threshold	
  Reduc+on	
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1990-2000 
Tokyo IT, Bell Labs, Bell Core, UCSB, USC,  
U.TX, U. Ill, UCB, TNM, U. Ulm, TU Berlin, 	

TU Munchen, U. Wuertzburg,  Industries,,,,,,	


Quantum wells and dots, AlAs oxidation, 
 High quality conductive mirrors, ,,,,	




Laterally	
  Intermixed	
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Quantum	
   structure	
  
intermix ing	
   f rom	
  
mesa	
   side-­‐wall	
   offers	
  
carrier	
   confinement	
  
for	
  lower	
  thresholds	


Sugawara	
  and	
  Miyamoto,	
  Electron.	
  LeM.,	
  2009	
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First	
  Wavelength	
  Tuning：1992	
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N. Yokouchi, T. Miyamoto, T. Uchida, Y. Inaba, F. Koyama, and K. Iga: 
IEEE Photon. Technol. Lett., vol. 4, no. 7, pp. 701-703, Jul. 1992. 	
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After Fumio Koyama, 2016	

	




High-speed Transverse Coupled Cavity VCSEL 

Dalir and Koyama, IEEE Photonics Conference, PD 2013  

Bandwidth Enhancement thanks to Photon-Photon Resonance 
3dB Bandwidth > 20GHz (doubled)	


36Gbps PRBS, Ib=10mA 
Extinction Ratio 4dB 



Lateral Integration of VCSEL and Slow Light Modulator 

Extinction Ratio: 5dB@1.2V, Effective Length < 20µm 
Shimada, Fuchida and Koyama, ECOC 2011 28	




Experiment 
10	
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Mochizuki, Gu, Matsutani and Koyama, CLEO 2013	


Creation of Vortex Beam based on VCSEL Photonics 
Near Field Pattern 

Far Field Pattern 
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VCSEL	
  Applica+ons	
  

VCSEL Photonics 

Datacom 

Display 

Sensing 

Printing 

after Novalux 

after FujiXerox 

after Microsoft 
(Ulm Photonics) 

Interconnects 

after IBM/Agilent 
30	


OCT 



VCSEL Applications	
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1. Optical Communications  LANs, Optical link, Mobile link, etc.	

2. Interconnect s   In Super–computer,  	

3. Data transfer   High speed/Parallel Links, etc	

4. Optical Memory   Disk, Near field, Multi-beam, Initializer, etc.	

5. OE Equipment   Printer, Laser pointer, Mobile tools,  

     Home appliance, etc.	

5. Information Processing  Parallel optical processing, etc.	

7. Optical Sensing   Optical fiber sensing, Bar code reader,  

    Laser mouse, Encoder, etc.	

8. Displays    Array light source,  

    High efficiency light-source,  Projectors	

9. Illumination     Multi-beam search-light,  

    Micro-illuminator, Adjustable illumination 
10. Power Optics   Engine igniter, Laser radar, Manufacturing 
11. Quantum Optics   Atomic clock, Optical clock signal,	




Laser	
  Mouse	


•  High	
  sensiPvity	
  
•  Available	
  on	
  transparent	
  
or	
  luster	
  table	
  

•  High	
  efficiency	
  

•  Low	
  power	
  consumpPon	
  

•  Long	
  baMery-­‐operaPon	
  
•  VCSEL	
  is	
  the	
  key	
  light	
  source	
  for	
  
op6cal	
  sensing	
  systems.	


Image	
  
sensor	
  

VCSEL 

Table 

After Microsoft; 
VCSEL by Ulm Photonics	


１B（1000,000,000) Pieces Shipped in the World.	
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VCSEL	
  Laser	
  Printer	


・2-­‐Dimensional	
  VCSEL	
  Array.	
  
・High	
  speed	
  and	
  Ultra-­‐fine	
  Resolu+on.	
  

	
  	
  　(14	
  pages/	
  min.	
  	
  2400	
  dots/inch)	
  

	

Light exposure system	


4x8 VCSEL array	


After Fuji Xerox: World First Demonstrator	
33	




Supercomputer：TSUBAME 2.02.5 
	
 Nov. 2011 5th in Top500:　, June 2-11 Greenest in Green500	


Top500/Green500/Graph500: Top in the World, 2012	

GSIC　Prof. Satoshi Matsuoka 
Cooperators 
　NEC（Total System Buolding） 
　HP 
　NVIDIA 
　Microsoft 
  Voltaire (Infiniband) 
 　Other several	


Peak：2.4 Peta Flops　Leader of CPU+GPU  
                                                      (From TSUBAME1.2) 
Top500 ：1.19 Peta Flops 　 
Storages：11 Peta Bites 
  (SSD:200Tera+ HDD:7.2 Peta +Tape:4 Peta) 
Optical Interconnects：Fibers 3500, Length=100km 

    (cf. IBM Sequoia: 330,000 VCSEL) 
      34	




Op+cal	
  Ac+ve	
  Cable	


•  Currently,	
  USB,	
  video-­‐interface,	
  
and	
  various	
  data-­‐cables	
  are	
  
available	
  as	
  the	
  op+cal	
  ac+ve	
  
cable.	
  

USB	
  

USB	
  

VCSEL	

Photo	
  

Detector	


VCSEL	


Photo	
  
Detector	
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VCSEL	
  Interconnects：Level	
  4	
  &	
  5	
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K. Iga, O plus E, Vol. 38, No. 1 
 p.32, 2016	




A	
  Large	
  Scale	
  Array	
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Talbot-Cavity-Coupled Coherent Array	

1mW x 100 x 100 x 1000= 10kW   	




VCSEL	
  Market	


By 2020,　>2500M$ 
　 
　　Data Com 
　　High Power 
     Sensors 
 
	




Summary	
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VCSEL Technology; 
Started from Minor Reputation.  
Generating a Big Innovation.　 

 
Featuring; 

a) Low Power Consumption, Good for Green ICE 
b) High Speed Electronics and Photonics 

c) 2-D or 3-D Configuration 
d) Good for High Power Application 

OK 
 

Future; 
Will Generate Smarter Ideas Never Thought. 
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