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Imaging Path

= Silver Halide Systems
A Exposure (film)
A Processing
= Digital Capture
A EXxposure (sensors)
A Processing (computing)

EWe wi | | not cover the
A Lenses, shutters, auto-focus, flash systems etc.



Silver Halide

= Capture, camera needs a light sensitive film
A AgX where X Is a halide or combination of halides
A A latent image is formed once light has been imaged by a
lens onto the film
= Processing
ALatent 1 mage I s turned I nto
A B&W: developing & fixing Is used to produce Ag image
A Colour: developing, bleaching & fixing is used to produce a
dye image
£ Output
A View directly, on a light box or projection i Transparencies
A Print optically onto AgX material
A Scan and treat like a digital image
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Digital Camera

= Capture, camera needs a light sensitive detector
A CCD or CMOS sensor

AA>D conversion to form NARAW
cA ARAWO i mage is the code value

= Processing
AThe ARAWO image is turned I
A Colour, Contrast, Noise reduction, etc.
AR, G, B bitmap i1 s the nreal
A Encoded different ways, TIF, JPEG

£ Output
A Print using a variety of technologies
A Soft display using a variety of technologies



Digital Camera Schematic
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http://en.wikipedia.org/wiki/Image:Bayer_pattern_on_sensor.svg

Digital Camera - Sensors

= Two main types of sensors are used
A CCD
A CMOS
A Each have their advocates!

£ Basic Function for both CCD & CMOS

A To turn light into an electrical quantity that can be digitised

A Need linearity between incident light and resulting
charge/voltage

£ Cost

A Smaller sensors tend to have higher manufacturing yields
and hence lower costs

A Larger sensors tend to have higher costs, look at prices of
medium format digital backs!



CCD 1 Charge Coupled Device

= Light landing at a photo site causes electrons to flow
resulting on the build up of charge within an electron
well

£ The larger the well, the more charge that can
accumulate
A Smaller sensor sizes, lower dynamic range, higher noise
A Larger sensor sizes, higher dynamic range, lower noise
A Typical photo site size 5-8 microns in DSLR cameras
A Compact digital cameras ~ 2 microns

= The charge Is transferred away from the photo sites
and converted into voltage before transfer to
external circuitry
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CMOS
Complimentary Metal Oxide Semiconductor

£ Photo sites similar to CCD

A But, due to the fabrication process considerably
more on-chip processing can be performed than
with CCDs

A Charge to voltage conversion is done at the photo
site
= On chip A>D conversion
A Potential for simpler lower cost camera design

£ Like CCD sensors, size matters



CMOS

Camera Complementary Metal Oxide Semiconductor
(Printed Circuit Board) Image Sensor
i_ _____ | [ T T T T T T T T T T T T T
| - U ML ML MK
| | : Clock & o | [T | 1 1
| Timing =
N . =2 I c Generation 0l R U MR
I 2 el 1 I o P o 11 [ 1 11 | 11
= | I = L] v —
He 18 1|82 o B O I ¢
| g 2 | o % S HS I 1 | m
Hoflah | o 5115 (LML ML KL R K
: s ) | ® |l | gl o | o | o |
| || Oscillator | [ | [ —h{_
| | | | I ] | [T |
|

S — | Column Amps

| Line : | | | [

| Driver A m| i SAINES | Column Mux

|

To Frame  Analog-to-Digital
Grabber Conversion

Photon-to-Electron

Electron-to-Voltage

Conversion

Conversion



CCD photon to electron
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CCD versus CMOS

*In DSLRs CMOS can match CCD quality, but higher chip development costs are required.




But what about Colour

£ Sensors have a broad spectral sensitivity, so
how do we get colour?

= Two main approaches
A Coloured Filtered Arrays (CFAS)

A Layered structure sensitive to different
wavelengths T Foveon

£ CFAs dominates >99% of cameras

= Foveon 1 Subsidiary of Sigma
A Sigma purchased Foveon November 2008
A Only In Sigma cameras



Coloured Filter Array
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The Bayer pattern (Kodak patent to Bryce E Bayer in 1976, US3,971,065)
Other patterns exit, eg. C, M, Y, G, but R, G, B is the most common



http://en.wikipedia.org/wiki/Image:Bayer_pattern_on_sensor.svg
http://en.wikipedia.org/wiki/Image:Bayer_pattern_on_sensor_profile.svg
http://patft.uspto.gov/netacgi/nph-Parser?patentnumber=3971065

Foveon Sensor



