


Band gap energy

It is the energy required to free an outer shell electron.

It will become a mobile charge carrier, able to move 
freely within the solid material.

The band gap is a major factor determining the electrical 
conductivity of a solid. 

Large band gaps  => insulators
Small band gaps => semiconductors
~No band gap => conductor

http://en.wikipedia.org/wiki/Band_gap

http://en.wikipedia.org/wiki/Band_gap
http://en.wikipedia.org/wiki/Band_gap


lambda_min ~ 0.4 micron
lambda_max ~ 0.7 micron

resolution elements: 
• 6e6 cones (bright vision) 
• 1e8 rods (faint)

dynamical range: 1e9-10

Questions:
- What is the stimulation threshold (in terms of number of photons for the eye?)
- What is the wavelength of a standard remote control?

The human eye

1 micron  ~  1 eV
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Photometric systems

http://spiff.rit.edu/classes/phys440/lectures/filters/

http://spiff.rit.edu/classes/phys440/lectures/filters/trans_windows.gif
http://spiff.rit.edu/classes/phys440/lectures/filters/trans_windows.gif


Let’s talk about paper and printing...

Johannes Gutenberg
(1395 - 1468)



the modern equivalent...

Silicon oxidation



Useful property for electronics

Useful property for optical astronomy
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1 eV   ~    1 micron



The Sloan Digital Sky Survey



The ideal detector for astronomy

- Modern surveys (SDSS, CFHT-LS, DES, Pan-STARRS, 
LSST, ...) operate for 5-10 years.

- The same detector (or camera) is used for the whole 
survey. It has to be as good as possible.



The ideal detector for astronomy

- noiseless (or close)

- have 100 percent (quantum) efficiency

- linear response

- be available with any desired pixel size

- measure x, y, λ , and t for each photon incident on 
it, through the visible and into the mid-IR.  We are 
not there yet.

- can be read quickly (not too important)



Appearance of CCDs

The fine surface electrode structure of a thick CCD is clearly visible as a multi-coloured
interference pattern. Thinned Backside Illuminated CCDs have a much planer surface 
appearance. The other notable distinction is the two-fold (at least) price difference.

Kodak Kaf1401 Thick CCD  MIT/LL CC1D20 Thinned CCD





The SDSS camera

Drift scan





http://www.astr.ua.edu/keel/
techniques/a2125mos2wf.jpg



How do CCDs work?

Reading a CCD takes a lot of time.

from Janesick & Blouke (1987)



Slide from Philippe Feautrier



http://upload.wikimedia.org/wikipedia/commons/thumb/
6/66/CCD_charge_transfer_animation.gif/250px-

CCD_charge_transfer_animation.gif



Slide from Philippe Feautrier



One amplifier: it takes quite some time to read the array



Properties of silicon detectors

Charge Coupled Device (CCD)

- One amplifier => same response and noise properties for all pixels.

Small differences can originate from differences in pixel sizes, defects, 
charge transfer efficiency

Complementary Metal Oxide Semi-conductor (CMOS)

- One amplifier per pixel => fast but variable response

What about standard cameras (webcam, cellphone, etc.)?



http://philippe.feautrier.free.fr/Supaero_Imageurs3A_PFeautrier.pdf



bias =>

Linearity
(photo-electric effect)

Saturation



http://www.astr.ua.edu/keel/
techniques/a2125mos2wf.jpg



Thermal noise



Dark current



CCDs have 
to be cooled



A CCD is a photon counter

- The amplifier only counts electrons. The energy of the 
incident photon has been lost.



Photometric systems

http://www.sdss.org/dr3/instruments/imager/

SDSS
2.4m  0.12Gpixel



Girardi et al. (2002)

The Johnson V 
filter is close to 

the eye response.







Gilmozzi (2005)



http://www.astr.ua.edu/keel/
techniques/a2125mos2wf.jpg


