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1st Visit to Japan – July 1969 

Tokyo Tower 
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Pivotal Career Event – July 1989 

1st announced in Japan 
 
Postdeadline July 1989 
IOOC - Kobe? 
20 years after Apollo 11 
 
Climbed Mt Fuji w/ John 
Bowers afterward 
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VCSEL Anniversaries 

VCSEL originated in Japan 
 
Wonderful celebration/conferences with 
colleague/friends, hosted by its inventor 
Kenichi Iga 
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Run around Mt Fuji – May 2012 
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Last Friday – Japanese Alps 
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1st Attempt at a Diode Laser 
What significance? 
 

How can this be? 
 

What impact? 
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All-Epitaxial Structure, Mostly Mirrors 

Thin 
Active 

Region 

1st ever 
VCSEL  

P-mirror? 

Epitaxial 
bottom 
mirror 

Thin 
Active 
Region 

Graded 
Interfaces 
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    VCSEL Active Region (R)Evolution 
Experimental diodes only; post-1989 → like edge-emitters’ 
 

Botez 
Iga group 

Lee/Jewell 
100 Å 

Jewell 

Melngailis 

Wang group 

Post 1989 - NO LOOKING BACK! 

Iga 
Origin of 
VCSEL 

Ogura (DFB) 

Mid-1989 

Koyama (RT-CW) 

Really 220um 
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EpiDesign – 504 Layers! (red added) 

Graded Interfaces 
Key to P-Mirror 

Active Region per 
Edge-Emitters 

504!!! 
Layers 

Phase-Match Layer 

Au Reflector/Contact 
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Grown by  
Jim Harbison and 

Leigh Florez 



 What was New and Crucial 
1) High-R mirrors → thin active region 

active region like edge-emitters’ 
low current → higher reliability 

2) All-epitaxial (basically) semiconductor cavity 
monolithic epi growth → manufacturability 
thermal conductivity → higher temp, higher reliability 

3) Graded-interface mirrors / conductive P-mirror 
reduced electrical resistance, heating 

All these features are still in “all” commercial VCSELs 
 

Features were “essential” 
 

Stimulated industrial/university R&D and funding 
 
Ludicrously small size, millions/cm2 ? 

NOT used, not likely to be used 
caught peoples’ attention + imagination 
never underestimate the value of an image 
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How Could This Be? 

Optics, Collaboration, Risk 
  

Jack Jewell, Axel Scherer, Sam McCall, Yong Lee, Jim Harbison, 
Leigh Florez, and Hyatt Gibbs  
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• Various accounts of ideas, lasing, optically 
pumped lasing, etc in vertical cavity structures 
in the 70’s and even 60’s 

• Isolated curiosities – no recognition or 
announcement of potential impact, hence no 
impact 

• a couple notable exceptions 

Early VCSEL background 
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Origin of VCSEL 
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Another notable exception 
• Late 70’s – people glued few-µm-thick films of GaAs 

between mirrors, zapped them with laser beams for 
lasing, or optical bistability – Bell Labs 

• A move to U. Arizona Optical Sciences (Hyatt Gibbs) 
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2nd VCSEL root 
• Optical Logic Devices è replace silicon IC technology 

•  fundable, fun, interesting, classical/quantum optics 
• many PhD theses 

• Glue MBE GaAs film between mirrors, or coat directly  
• Optical Bistability (1st demonstration – Gibbs, McCall, Venkatesan) 
• Optical Logic Gates – Jewell – using picosecond pulses, pump 

a GaAs etalon at one wavelength to shift the cavity resonance toward 
or away from the probe wavelength 

• ALL-OPTICAL Devices 

Politically incorrect collaboration with 
my former university advisor and 
across different Bell Labs locations 
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• Glued dielectric mirrors → epitaxial GaAs/AlAs 
• manufacturability, uniformity, heat, electrical current 

• Planar structure → microresonator 
• optical/electrical confinement 
• high density 

Epitaxial Semiconductor Optics 

Politically incorrect collaboration 
with Bellcore 

Idea credit 

Epitaxial MBE-grown mirrors 1st shown by Illegems, Van der Ziel (1975) 
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• 90% mirrors → ~99% reflectivity 
•  thinner active material → lower energy to activate 
• No indication that this was an upper limit! 

How High Can the Reflectivity Be? 
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UCSB - Periodic gain 
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• 99% → 99.9% reflectivity 
•  thinner active material → lower current density 

• 60 QWs → 20 QWs → 9 QWs (RPG) → 3 QWs → 1 QW 
•  took ~1 week for this optically-pumped progression 

• Announced March 1989 at Photonic Switching 

SQW VCSEL, optically pumped 
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Getting Current through P-Mirror 
• Optically-pumped → electrically-pumped 

• ohmic contact, dope the mirrors but avoid absorption! 
• superlattice-graded interfaces → lower resistance 
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EpiDesign – 504 Layers (red added) 

Graded Interfaces 
Key to P-Mirror 

Active Region per 
Edge-Emitters 

504!!! 
Layers 

Phase-Match Layer 

Grown by  
Jim Harbison and 

Leigh Florez 

Au Reflector/Contact 
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Nexus – put it all together 

Axel Scherer: 
1-etch process 
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Announced July 1989 at IOOC in Japan 

Worked on 
1st try!! 



Room-temp CW SQW VCSEL 
Etched only halfway down → improved heatsinking → CW 
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drove early 90’s commercialization 
Optical Sciences grads at Bell Labs 

Though we hadn’t built lasers,  
               VCSELs were like new / old friends 

• Yong Lee – 850nm top-emitting VCSEL                     
(proto-commercial VCSEL architecture) 

• Kuochou Tai – co-founded TrueLight Photonics 

• Bob Morgan – key practical developments @ Bell Labs, 
went to Honeywell to develop 1st VCSEL products 
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What Followed Quickly Afterward 
United States –  

• DARPA quickly provided large VCSEL funding to  
• AT&T Bell Labs  
• Honeywell → Finisar  
• HP → Agilent → Avago 
• Many universities, especially UC Santa Barbara 
•  Startups like Photonics Research (Vixel), Optical Concepts 

• Bellcore, Motorola started large internally-funded efforts 
Japan –  
• NEC and other companies quickly started developments 
Europe –  
•  Infineon – parallel interconnect 
• Universities (Ulm) and Research Institutes 

Largest VCSEL suppliers (datacom) 

ULM Photonics → Philips - Large VCSEL supplier (non-datacom) 
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DARPA view 
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Important Innovations 

Top-emitting 850nm 
(commercial architecture) 

1990 
Bell Labs (HL) 

Gain Offset for Temp Stability; 
Gain/Power Optimization 

1990 
University of California 

Santa Barbara 

Large-scale reliability 
study/development and 

manufacturing 
early 1990’s 
Honeywell 

These advances enabled Gigabit Ethernet VCSELs 
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Ion-Implanted Planar VCSEL 
(heat diss.,  manufacturable) 

1989 
Bell Labs (MH) Bellcore 



Gigabit Ethernet 
THE crucial 1st large VCSEL application 
Final approval June 25, 1998, but started much earlier 

Slide # 21: "Summary of Optical Link Specification Recommendations" 
+ Reduce the spectral width of the 770-860 nm LD source at 2 nm rms to 
accommodate future lower threshold VCSELs 

Sept 9, 
1996 
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- Howard Frazier, Chair of the Gigabit Ethernet Task Force 



Window of Opportunity 
• Gigabit Ethernet – Huge Window of Opportunity for VCSEL 
• Barely-commercially-viable 1.25Gb/s VCSELs in mid-90’s 

from Honeywell, HP, Vixel 
•  IBM/Rohm had developed reliable CD lasers 
• VCSELs won the GigE and F-C business, which fueled 

VCSELs for high-volume commercialization 
•  It took an intensive effort throughout the early 1990’s to 

develop those VCSELs 
• DARPA initiated enabling funding for VCSEL development, 

starting 1989, following this VCSEL advance 
• Missed windows of opportunity are devastating to a 

business 

September 12, 2016 
International Semiconductor Laser 

Conference, Kobe, Japan 2016 30 



Conclusions 
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• Key innovations in this 1989 VCSEL advance are still used 
in essentially all commercial VCSELs 

•  >99% reflecting mirrors and thin active regions 
•  Essentially-all-epitaxial structures 
•  P-mirror with graded interfaces 

•  It resulted from optics emphasis, great collaboration, and 
taking risks 

• These advances stimulated stimulated worldwide funding 
and R&D, especially through DARPA 

• The DARPA-funded companies developed commercially-
viable VCSELs “just in time” to meet the Gigabit Ethernet 
window of opportunity, and enact high-volume VCSEL 
business 



Any Questions? 

Output Coupler 

Vertical-Cavity 
Slosh-Effective Liquid 

Active Material 
(Caution! Organic dopants may 
induce nonlinear behavior!) 

Bottom Mirror  
(100% reflecting, 
hidden within substrate) 

Substrate 
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