
Digital Camera Sensors 
 Problem with simple photodiode is low current 
 Rapidly reach the noise limits for low light 
 But film integrates the photon signal 
 With film can do integrations of hours of signal 
 (Film though is ~1% efficient in light conversion) 
 Want a sensor which integrates the photodiode 
 Charge Couple Devices (CCD) were the first to do that 
 CCD is related to photogate detector (one cell of it) 
 Create a gate over a silicon region 
 Apply voltage to gate to create a depleted region 
 Ie voltage creates the Space Charge Layer as in photodiode 
 Now this traps photoelectrons 

  

(a) Standard Photogate. (b) Buried Photogate. 

 

 

 Standard Photogate. 
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Pixel performance metrics 
 Performance measured: Quantum Efficiency (QE) and responsivity 
 Light comes to photodiode/photogate 
 Some is reflected 
 Different wavelengths have different penetration depths 
 Electron hole pairs may be lost through recombination/traps 
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 Photocollection is a function of wavelength 
 Hence express as function of λ 
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Iph is the photogenerated current 
Po is the incident light power.   
h is planck’s constant 
 
 Express responsivity in output current 
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 A good photodetector QE ~90-95% over visible spectrum 
 

 
 

  





















CCD in a full Device 
 CCDs were first successful digital cameras 
 In the sensor array had several formats depending on output 
 Imagers is an x by y array of CCDs 
 
 Frame Transfer: move whole sensor array into another array 
 Reason: fast transfer (output array is shielded from light) 
 Then read out the array at needed speed 
 Suffers from a smear problem 
 
 Interline Transfer: photodiode collects e-n pairs 
 Transfers to masked vertical CCD pixels 
 transfer into the horizontal shift register one row at a time 
 read by the output circuit 
 Full-Frame CCD: most popular 
 Entire array is photosensitive 
 Shift data to output where it flows out 
 Needs an external mechanical shutter 
 
 

   

(a) Frame Transfer (FTCCD) (b) Interline Transfer (ITCCD) (c) Full Frame (FFCCD) 

Common CCD structures (a) Frame Transfer, (b) Interline Transfer, (c) Full Frame. 

 
 

  



Why Did CCDs go away 
 CCDs have high QE 
 Still used for most sensitive scientific work 
 Especially when cooled to reduce noise 
 However big problem is must be powered during exposure 
 Also during readout 
 Hence high power consumption 
 Also requires specialized fabrication process 
 Most early cameras were CCDs (Kodak, Nikon) 
 CMOS APS began to replace them about 2008 
 

 
 
 
 

 
 

  


	e850l22a-2.pdf
	e453l31.pdf
	e453l31-01.tif
	e453l31-02.tif
	e453l31-03.tif
	e453l31-04.tif
	e453l31-05.tif
	e453l31-06.tif
	e453l31-07.tif

	e453l32.pdf
	e453l32-01.tif
	e453l32-02.tif
	e453l32-03.tif
	e453l32-04.tif
	e453l32-05.tif
	e453l32-06.tif
	e453l32-07.tif
	e453l32-08.tif
	e453l32-09.tif
	e453l32-10.tif
	e453l32-11.tif
	e453l32-12.tif
	e453l32-13.tif
	e453l32-14.tif
	e453l32-15.tif
	e453l32-16.tif
	e453l32-17.tif





