
Basic CCD imaging
CCD Cameras



There are basically four different kinds of digital cameras. 

ÅDedicated, Cooled Astronomical CCD Cameras (CCD)

ÅDigital SLR Cameras (DSLR)

ÅDigital Snapshot Cameras (DSC) 
ÅWebcams 



HISTORY (CCDs): 

ÅConceived in 1970 at Bell Labs
ÅElectronic Analogue to Bubble Memory > a bit = packet of charges (e -) or holes (h+) 
ÅCharge detection amplifier gives an external voltage 
ÅCharge packets read one at a time > Serial Device 
Å1973 : JPL initiates Scientific Grade large array CCD program 
Å1974 : Fairchild 100x100 on an 8-inch telescope produces first astronomical CCD  
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Why Astronomers Love CCDs:

ÅHigh QE compared to photographic media 
ÅHigh Linearity 
ÅLarge Dynamic Range 

Characteristics of an Ideal 
Detector :

Å100% QE 
ÅPerfectly Uniform Response 
ÅNoiseless 
ÅUnlimited Dynamic Range 
ÅCompletely Understandable Characteristics

Early Limitations: 

ÅLow area coverage 
Åpoor blue response 
ÅRead Out Noise Dominated for Spectroscopy 
ÅLow light level deferred Charge Transfer Problems 



CCD Cameras have been available to amateur astronomers since the late 80's
with the introduction of the SBIG ST -4 . CCD is the acronym of "Charge 
Coupled Device". The way a CCD array transforms an image into a computer file 
is quite simple in principle. Light falling on a grid of detectors produces a pattern 
of electric charges, which are measured, converted to numbers, and stored in a 
computer. 

1- CCD camera, 2- CCD detector, 3- Reading, 4- Amplifier, 5- A/D converter, 6- Digitization , 7- Download



Charge-coupled devices (CCDs) are 
silicon-based integrated circuits
consisting of a dense matrix of 
photodiodes that operate by 
converting light energy in the form of 
photons into an electronic charge. 
Electrons generated by the interaction 
of photons with silicon atoms are 
stored in a potential well and can 
subsequently be transferred across the 
chip through registers and output to 
an amplifier.
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What is a òCCDò ?
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CCD Cameras - (ñdarkò)

DARK FRAME = BIAS FRAME + THERMAL FRAME
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CCD Cameras - (ñbiasò)

DARK FRAME = BIAS FRAME + THERMAL FRAME
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ñvingnettingò

ñflat-fieldò

CCD Cameras - (ñflatò)
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CCD detectors have high QUANTUM 
EFFICIENCY (they can record up to 
90% of the photons that strike them) 
and exhibit a very good LINEARITY
(their output is almost directly 
proportional to the number of incident 
photons- there is no reciprocity failure 
as found in long exposure emulsion 
based astrophotography). Images of 
deep-sky objects can be obtained in a 
few minutes and the output can be 
processed using standard image 
processing techniques. 

The QUANTUM EFFICIENCY of a 
sensor describes its response to 
different wavelengths of light. 
STANDARD front-illuminated sensors 
are more sensitive to green, red, and 
infrared wavelengths (in the 500 to 800 
nm range) than they are to blue 
wavelengths (400 - 500 nm). BACK-
ILLUMINATED CCDs have exceptional 
quantum efficiency compared to front -
illuminated CCDs.


