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Computers: past, present and 
future

Cray X1 2000s

Cray1 1980s Pocket PC 2000s

PC 2020s



Computer I/O architecture history 
and I/O roadmap

E. Mohammed et.al, Intel Technology Journal, V.8 N.2, 2004, pp. 115-127

Beyond 10 GHz, copper 
interconnects, become 
bandwidth limited due to 
frequency-dependent losses 
such as 
the skin effect in the conductors
and  
the dielectric loss from the 
substrate material.

We need the optoelectronic devices with 
• good performance (high-modulation bandwidth, low power consumption, high efficiency) 
• manufacturing advantages (amenable to high-volume production, wafer-level testing, and ease 
of integration).



Demonstrator for chip-to-chip optical 
interconnects on the optical PCB
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M. H. Cho, et. al, IEEE PHONIC. TECH. L., 17, 690 (2005).
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Intracavity contacted VCSEL array

+ Bypass the current flow through mirrors
⇒ lowers the series resistance

+ Use of undoped DBR mirror
⇒ reduce free carrier absorption
⇒ better reflectivity

+ Co-planar contact 
⇒ suitable for flip-chip bonding

Bottom DBR

Top DBR

P-contact

N-contact
Oxide aperture



Experimental part 

Oxide aperture dia. : 5 µm

Threshold current : 0.7±0.05 mA

Threshold voltage : 1.7 V

Slope efficiency : 0.36±0.01 W/A @ I=2mA

Differential quantum efficiency:
28.4±0.7 %@ I=2mA

Differential resistance : 150 Ω @ I=6mA

L-I-V characteristicsL-I-V characteristics

♦ small signal modulation♦ small signal modulation

3dB bandwidth 10 GHz at 10 mA



Axial enhancement factor
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Interactions between physical 
processes in LD

Vertical-cavity surface-emitting laser devices/ ed. by H.E.Li, 
K.Iga. (Springer series in photonics; v.6), Ch. 5



Optical field solution
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For homogeneous lossless medium Maxwell’s equations can be 
transformed to vector wave equations
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Common solution of electric field distribution in active layer



The standing optical wave of the 
fundamental mode 

The 980 nm VCSEL active layer contains a pair of three 70/80Å
In0.2Ga0.8As/GaAs QWs/barriers, separated by the inter-barrier 
designed to place a QWs in a maxima of generated field 



Electrical phenomena
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Poisson equations Continuity equations for 
electrons and holes
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Energy band distribution
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Thermal phenomena
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Power versus current



The modulation conversion efficiency 
factor

The solid lines present the fitting with modulation conversion efficiency factor of 
159 and 240 GHz/(A)0.5 for device with one and two triplets of QWs, respectively 



Conclusion
we have analyzed the thermal, electrical, optical, and 
modulation properties of the 980 nm InGaAs ICOC VCSELs 
with different structures of active layer
Results show inserting quantum wells in maxima of the 
generated field increases the slope efficiency of L-I 
characteristic due to increasing the modal gain of device 
The analysis of modulation characteristics clarify that devices 
with two triplets of QWs have wider modulation bandwidth and 
the modulation conversion efficiency factor is approximately 
240 GHz/(A)0.5 due to more efficient position of QWs in the 
resonator.

This work is supported by MOE through the 
BK21 Program and by MOST through TND Project of Korea


