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Optical interconnects for high speed computing and data centres are being pursued actively. We discuss progress and challenges 
in several optical interconnect technologies for Si chips: 1. the VCSEL approach which utilizes discrete III-V lasers and 

detectors 2. integrated Si photonics which utilizes off-chip III-V lasers with co-integrated Ge detectors and 3. monolithically co-
integrated Si/III-V which has epitaxially grown III-V laser and detector on Si.

1. VCSEL based optical links: Recent advances in VCSEL based optical interconnects have shown that bit rates in excess of 300 
Gb/s in a ~5.2x5.8 mm2 foot print can be achieved. Such optical interconnects will have huge impact on high performance 
computing and high speed data centres. However, the ultimate optical interconnect density is limited by the size of discrete 
optical components attached to the chip. The interconnect also requires packaging processes such as bonding and alignment 
which adds to the overall manufacturing cost. 

2. Silicon photonics: Such optical interconnects are fully compatible with the silicon CMOS process and show remarkable 
performance. For example, a CMOS receiver with a Ge detector has been shown to operate error-free at 40 Gbps using 90 
nm CMOS process. Integration of this interconnects technology for future high performance computing is being actively 
pursued. Since an off chip laser is typically required here, it impacts the design flexibility. Although lasers can be integrated 
on chip by wafer bonding, the overall manufacturing cost is increased. 

3. Monolithic integration: The most appealing but challenging approach is to integrate optical components epitaxially on a 
silicon chip monolithically. This approach allows III-V lasers, photo detectors, and modulators to be integrated in silicon 
CMOS adjacent to each other with an extremely small footprint defined lithographically. Successful implementation of Si/
III-V co-integration will increase the degree of freedom in interconnect design architecture, reduce packaging and processing 
cost while still maintaining a high density of interconnects, and potentially improve the performance of the optical link.
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