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Photodiode, CMOS and CCD Arrays

• Cooling 

• CCD vs. CMOS vs. PD

• QE, sensitivity

• Read noise

• EM-CCD



TE-Cooled Silicon Photodiodes
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NEP @ -10 ºC = 1.3E-14 W-Hz-1/2



TE Cooled InGaAs Detectors
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NEP vs. Temperature



Imaging Families
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• Photodiode array
• Si, InGaAs, HgCdTE
• Fast, high noise floor

• CMOS array
• Si only
• Fast, moderate noise floor
• Cheap

• CCD
• Si only
• Slow, very low noise
• ~$10K
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Photodiode vs. CCD Array



2D InGaAs PDA
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→ 3E3 e-/sec/pixel



CMOS vs CCD
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CMOS
• Amplifier at each pixel
• Low fill factor
• High noise from digital circuitry

CCD
• Single amplifier at end
• High fill factor
• Lower noise from circuitry



CMOS Operation
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• Charge amplified at each pixel

• Clocked out like a memory chip

• Digital reset at each pixel



CCD Operation
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• Gate bias forms electrostatic well

• Multiple clock levels shift charge laterally

• Charge finally collected at sense amplifier



CCD Architectures
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Frame transfer:
• High fill factor
• Moderate image smearing during transfer

Interline transfer
• Low fill factor
• Little image smearing 



Spectral Response
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Noise Sources
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• Cooling makes dark current negligible
• Fixed pattern noise can be compensated



CCD Noise
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--- signal shot noise
--- readout noise
___ total

• Signal shot noise dominant above 70 photons/pixel

• Amplification before I-V conversion would lower shot noise limit



EMCCD Gain
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• Small avalanche gain in each cell

• Many multiplication cells

• 104 charge gain achievable

readout

gain



EM-CCD Noise
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• EM doesn’t buy much above 500 photons/pixel

• EM accompanied by spurious noise- grainy image 



CCD SNR
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Dynamic Range
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Larger pixel = larger well capacity but poorer resolution



EM-CCD Specs
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Photometrics
512 x 512 pixels 
16 um x 16 um
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Credits

•www.andor.com/learning /
•sales.hamamatsu.com/en/support/technical-notes.php
•www.photomet.com/
•www.oriel.com
•www.aeriusphotonics.com/datasheets.html
•www.judsontechnologies.com
•www.dalsa.com/corp/markets/ccd_vs_cmos.aspx

http://www.andor.com/learning /
http://sales.hamamatsu.com/en/support/technical-notes.php
http://www.photomet.com/
http://www.oriel.com/
http://www.aeriusphotonics.com/datasheets.html
http://www.judsontechnologies.com/
http://www.dalsa.com/corp/markets/ccd_vs_cmos.aspx

	Photodiode, CMOS and CCD Arrays
	TE-Cooled Silicon Photodiodes
	TE Cooled InGaAs Detectors
	Imaging Families
	Photodiode vs. CCD Array
	2D InGaAs PDA
	CMOS vs CCD
	CMOS Operation
	CCD Operation
	CCD Architectures
	Spectral Response
	Noise Sources
	CCD Noise
	EMCCD Gain
	EM-CCD Noise
	CCD SNR
	Dynamic Range
	EM-CCD Specs
	Credits

