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From refreshing the Worldometer page to check if the curve 

is bending to attending meetings over Zoom, the COVID19 

lockdown has forced us to appreciate and be thankful for our 

amazingly connected world. We often take for granted our 

access to the internet, where data flows seamlessly across 

continents, digital blips of light criss-crossing the globe on 

fiber-optic cables. It is time to rewind to 1970, when two key 

breakthroughs – low loss optical fibers, and room temperature 

operation of semiconductor lasers – were achieved. These 

were crucial in enabling lightwave communications to be a 

practical reality, and in laying the foundations for the 

explosive growth in optical networks that have over the past 

50 years led to a profoundly different interconnected world. 

This is a fascinating story of remarkable ingenuity and 

creative problem solving combining advances in under-

standing basic physics with developments in materials 

synthesis technologies and ability to fabricate novel devices. 

In 1966 Charles Kao predicted1 that glass fibers could be 

useful for data transmission if the losses could be reduced to 

below 20 dB/km. In 1970, the group at Corning, reported the 

first results2 below the 20 dB threshold that made people think 

that this could be a reality. This spurred a flurry of develop-

ments, mainly relating to the understanding of absorption due 

to hydroxyl radicals and removal of traces of water from the 

silica material. Equally important were improvements in the 

ability to extrude glass fibers with controlled refractive index 

gradients. (Eventually NTT corporation in Japan succeeded in 

demonstrating glass fibers with loss as low as 0.2dB/km, a 

huge step for trans-oceanic data cables.) As an aside, we must 

mention the contributions of an early unsung hero – Narendra 

Singh Kapany – who coined the term “Fiber Optics”, with a 

cover page story in Scientific American in Nov. 1960. He was 

also the first Indian entrepreneur in Silicon Valley, even before 

the place got its name, and wrote a now-classic book3 on the 

principles and application of fiber optics in 1967. 

The glass fiber of course needed a source of light that could 

provide the pulses for optical data transfer. The first diode 

lasers were demonstrated in 1962, but operated only at 

cryogenic temperatures. An idea by Herbert Kroemer of better 

confining electrons and holes by creating sandwiches of semi-

onductors of different bandgaps4 – the double heterostructure 
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–  was crucial. This spurred material scientists to invent new 

synthesis techniques for such layered structures. The key 

breakthrough, again in 1970,  was the achievement of room-

temperature continuous-wave operation of diode lasers 

reported first by Alferov, Garbuzov and co-workers5 at the 

Ioffe Institute in St. Petersburg, and then soon after by Hayashi 

and Panish at Bell Labs6. Soon, developments in materials 

growth like molecular beam epitaxy and metalorganic vapour 

phase epitaxy allowed ultrathin layers with nm-precision to be 

deposited, allowing even better performance from quantum 

well lasers. The combination of high-performance semi-

conductor diode lasers and low-loss optical fibers was a game 

changer. Each fiber of TAT-8, the first transatlantic fiber cable 

laid in 1988 had a capacity of 296 Mbit/s, which was more 

than the combined capacity of all earlier copper links (TAT 1 

through 7). Perhaps equally important, this increased capacity 

allowed for a small experiment in connecting CERN to 

Cornell University in Feb. 1990, which led to the first 

demonstrations of the World Wide Web 10 months later.  

These critical steps were key to the beginnings of networks 

that allow us to transfer the mindboggling quantities of data 

that our world thrives on today. Naturally over the years 

techniques like optical amplification using erbium doped 

fibers, and the simultaneous use of multiple wavelengths on 

the same fiber have had enormous impact. Commercial fiber 

optic systems operating at 65 Tbit/s over 6600km have been 

shown, and lab scale experiments at ~10 Pbit/s have been 

demonstrated over shorter lengths using specialized multi-

core, multi-wavelength fibers.  

Kroemer and Alferov were awarded half of the 2000 Nobel 

Prize in Physics, and Kao duly shared the 2009 Prize.  We now 

live in a world where now the value of data dwarfs the value 

of the infrastructure that carries it; where a majority of the 

Top-10 companies effectively sell data; and where data 

transferred for machine-to-machine communication exceeds 

that used for human-to-human or human-to-machine 

communication. As you read this page, most likely online, it 

is a good time to think about and appreciate the advances in 

understanding of basic physics and materials technologies that 

made this possible 50 years ago! 
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