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FillFactory's High Fill Factor N-Well Pixel® (US Patent 6,225,670)
..: Introduction
  

In the quest for higher sensitivities, shorter exposure times, and ever-smaller pixel sizes, an image sensor should make the best out of the tiny amount of photons it receives. Therefore the basic quality criterion for a pixel sensitivity is the product of its Fill Factor and Quantum Efficiency (FF x QE). 
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Quantum Efficiency denotes the number of photo-electrons effectively generated in the pixel per impinging photon. Photons are lost for conversion due to:

· Reflection on dielectrics 

· No absorption in the acquisition layer 

· Loss of charges and recombination 

The Fill Factor is the ratio of effectively light-sensitive pixel area to the total pixel area: contrary to a CCD, not all parts of a CMOS pixel can 'see'. 

 

Obtaining a high Fill Factor is thus a major problem for Active Pixel Sensors 
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In a CMOS APS pixel, the Fill Factor is limited by: 

· obscuration by metalization or by silicides 

· collection of photons by the insensitive junctions of the active pixel 

· the relatively small size of the useful photo-sensitive junction 

· recombination of photo-generated carriers with majority carriers, limiting the diffusion length 

..: Methods for increasing the Fill Factor

Technique 

Advantages 

Disadvantages 

Active pixels with large photodiodes 

good Fill Factor

no small pixels low charge conversion sensitivity due to a high photodiode capacitance 

Passive pixels or frame transfer CCD architecture 

good Fill Factor 

CCD: cost of technology passive pixel: lower signal-to-noise ratio 

Microlenses
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collimates light on a small, sensitive photodiode, yielding up to 90% FF for orthogonal incident light 

non-standard post processing step lack of an antireflective coating not efficient for light incident under an angle and hence not efficient with wide-aperture optics 

FillFactory's high-FF technology for CMOS APS (US patent 6,225,670) [image: image17.png]p- potential minimum




turns most of the chip's silicon into a light-sensitive area standard CMOS process small pixels works at all angles of incidence low dark current 

 

..: FillFactory's enhanced Fill Factor technology: how does it work? 
classic active pixel 
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FillFactory's well pixel 
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Allowing the photodiode to detect the photo-electrons generated in the epitaxial layer beneath the surface of the whole pixel - electrons that would normally be lost - the effective Fill Factor can be significantly increased. 

These electrons are channeled by electrostatic barriers shielding them from the active pixel circuitry and from the substrate (section A), and a potential dip, or sink, to the photodiode junction (see section B). Virtually all electrons will diffuse down this drain, and as the diffusion time is short (typically 10 to 50 ns) negative effects like image lag must not be feared. 
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FillFactory's well pixel architecture has three main effects:

· 100% Fill Factor, except for light trapped inside the unrelated junctions themselves, light reflected by interconnect metalization, and recombination of free electrons. 
· lower dark current when compared to a large-diode pixel. 
· higher conversion sensitivity (Volts/Coulomb) at the junction, and higher signal to noise ratio. 
 

........................................................ 

........................................................ 
 

..: A frequently asked question 

Q: You claim that what matters is the product QE x FF. However, assuming a photodiode receptor, is not the capacitance of the diffusion a/the parameter to consider? Take a pixel with fixed pitch, QE and Fill Factor. A design with a high capacitance then yields a lower charge-to-voltage sensitivity compared to a design with a lower capacitance. For instance, using equally sized n+ diodes or NWELL diodes will result in different sensitivity due to a.o. the difference in capacitance per unit area and per perimeter. Thus the CMOS process selected is important from a sensitivity point of view. Modern processes tend to have higher capacitance per unit area/perimeter due to increased doping levels. So, should it not be: "QE x FF / Cdiode is the thing that matters!"? 

A: Yes indeed. QE x FF / C is the factor that describes the conversion from light power to output voltage. But from an external (off-chip) point of view this factor can be manipulated at wish by post-pixel, or even in-pixel, voltage amplification. Independent of the apparent charge-to-voltage conversion factor, the in-pixel generated noise electrons constitute a measure for the discriminating abilities of the sensor in the photocharge domain. For a given QE and FF, low noise is the remaining quality criterion. Of course, QE and FF do matter, thus the "real" end-user quality criterion scales with QE and FF: through the QE and the FF the number of noise electrons at the pixel can be related to an equivalent number of noise photons. In cases where the performance is shot noise limited, the dark noise does not count, and the sole quality criterion again is QE x FF. 

  

........................................................ 

........................................................ 
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