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Inside the Nobel Prize: How a CCD Works

This year’s Nobel Prize for Physics has been awarded, with the inventors of
the CCD getting recognition for the invention which enabled modern
digital photography. It has taken a while: Whilst the invention took just one
hour, the prize took 40 years to arrive. The true fathers of digital
photography, Willard S. Boyle and George [...]
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This year’s Nobel Prize for Physics has been awarded, with the inventors of the CCD
getting recognition for the invention which enabled modern digital photography. It
has taken a while: Whilst the invention took just one hour, the prize took 40 years to
arrive.

The true fathers of digital photography, Willard S. Boyle and George E. Smith,
invented the CCD, or Charge-Coupled Device, while working at Bell Laboratories,
New Jersey. What will surprise you is that this invention was made way back in
1969, when everybody else was looking Moon-ward. The CCD was the first practical
way to let a light-sensitive silicon chip store an image and then digitize it. In short, it
is the basis of today's digital camera.

The CCD was based on “charge bubbles”, an idea inspired by another project going
on in Bell Laboratories at the same time. The sensor is made up of pixels, each of
which is a MOS (metal-oxide semiconductor) capacitor. As the light falls on each
pixel, the photons become electrons due to the photoelectric effect (the same thing
that permits solar power). The photoelectric effect happens when photons of light
hit the silicon of the pixel and knock electrons out of place. On a CCD, these
electrons are stored in a “bucket”: the pixel’s capacitor.

At this stage, the “image” is still in analog form, with the charge, or amount of
electron in the bucket, on each pixel directly corresponding to the amount of light
that has hit it. The genius of Boyle and Smith’s CCD was the reading of the
information stored.

Essentially, the charge in each row is moved from one site to the next, a step ata
time. This has been likened to a “bucket row” or human chain, passing buckets of
water down a line. As these buckets of electrons reach the W&tgs(h]f&ﬂjf’% gaerei of 9
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dumped out and measured, and this analog measurement is then turned into a
digital value. Thus, a digital grid is made which describes the image.

The image from a CCD is black and white, but by placing a red, green or blue
colored filter over the top of each pixel, color information can be read directly from
each pixel -- but only for one primary color per pixel. Subsequently, software can
also extrapolate the color of adjacent pixels based on their brightness, so that each

pixel winds up with its own red, green and blue values. If you ever wondered just
what a RAW file was, it is the “raw” color data from the chip before any of the post-
processing extrapolation has been done. Cameras usually do all of this processing
for you and spit out the result as a JPEG. With the RAW file you actually have all the
original sensor data, which is much more information-rich.

As an interesting aside, early, primitive patterns for the color filters over the pixels
soon gave way to the Bayer pattern still found in almost all sensors today, and
developed by Kodak back in 1975.

Today, the CMOS (Complementary Metal Oxide Semiconductor) sensor is becoming
more popular, as it reads information directly from each photo-site instead of row
by row. It also uses less power, making it better suited to the multi-megapixel chips
popular in modern cameras. CMOS sensors have also been around since the 60s,
but their complex design, physically larger chips, higher noise and lower sensitivity
meant that Boyle and Smith’s CCD triumphed, at least until recently.

But the most amazing thing about the invention is that Boyle and Smith came up
with the design so quickly. With Bell Labs threatening to take the funds from their
department and transfer the money to bubble memory research, Boyle had to come
up with a competing semiconductor design. He got together with Smith and they
came up with the idea and sketched it all out on a blackboard in just one hour.
Instant photography indeed.
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The Best USB-C Cables for Your Phone, Tablet, or Laptop

Unravel the tangled world of cords and find the ones you need to charge your gadgets and transfer data.

SIMON HILL
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Teflon Nonstick Pans Are Bad. Consider These Alternatives

The EPA will declare components of many Teflon coatings hazardous. Can a ceramic coating—or even
none at all—cut it?

JOE RAY

The Best RSS Feed Readers (Because the Internet Is a Mess)

The internet is a mess. Ignore the algorithm, and distill the web down to the things you actually care about.

SCOTT GILBERTSON
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How to Prepare for the End of Card Payments

Cash is safe—for now. Contactless payment methods, like Apple Pay or Google Wallet, are more of a threat

to the existence of physical cards.

REECE ROGERS

The Best iPad to Buy (and a Few to Avoid)

Apple’s tablet lineup is more confusing than ever. We're here to help you find the right slate for your needs.

JULIAN CHOKKATTU
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25 Amazing Gift Ideas Under $25

Whether you're shopping for tea lovers, phone addicts, or cyclists, just because you're cheap doesn’'t mean
your holiday presents can’t be awesome.

MICHAEL CALORE

How to Find Your Twitter Friends on Mastodon

If you're pondering a move to the decentralized social network, here's how to find the people you know
and want to talk to.

JUSTIN POT
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20 Viral TikTok Gifts That Are Actually Worth It

We tried out the gadgets that kept showing up in our feeds. Here are the ones that deserve the hype—and
would make awesome presents.
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WIRED COUPONS

DYSON PROMO CODE

dyson o
Extra 20% off sitewide - Dyson promo code 2022
GOPRO PROMO CODE
SEEE
GoPro: Get 15% off sitewide without a promo code
SAMSUNG PROMO CODE
SNMSUNG L
Samsung promo code - Up to 40% off sitewide
DELL COUPON CODE
D¢LL

Flash Sale! Enjoy 10% off Dell SE2422H Monitor with Dell coupon code
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BEST BEST BUY COUPON
BUY. Best Buy Coupons: claim as much as 50% Off

’ VISTAPRINT PROMO CODE

. . Get 20% off $275+ orders with VistaPrint coupon code
vista prlnt@
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