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Small Pixel Race - Market Drivers

Impact of small pixels on image quality
Physical Parameters
Optical Parameters
Electro-optical Parameters
Pixel architectures
4T Pixel
4T Feedback Controlled Pixel ( FCP)
Still image stabilization

Summary



Space is limited in the cameraphone
Slim phones are fashionable
Slim phones require small image sensors
...and phones are getting slimmer and slimmer...



The Megapixel Race
Requires packing more pixels into the same sensor size

Cost

Reducing the pixels reduces the silicon die size, making
the camera module and its optics smaller and cheaper

Mainstream starts for each image resolution when the
optical format Is ¥4’
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Small size ® small number of photons collected ® Impacts low
light sensitivity

Optics: Very difficult (if not impossible) to have lenses matching
smaller pixels due to diffraction limit

Optics on chip: Efficient delivery of photons to the photodiode,
which is buried in silicon below several metal layers

uLens and color filters result in several issues
Create “Light Pipes” to enable better light transfer

Electro-optical parameters affecting image quality - color cross
talk, noise, Full Well Capacity (see next slides)

The result: Achieving good image quality when the pixel size
becomes smaller is a real challenge
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Increases when pixel becomes smaller

Optical: color photons reach the wrong pixel
Electrical: charge is diffused into neighboring pixels
Solution:

Improve optics on chip, process and metal layers

Image Signal Processing — will work to certain extent only if
the noise is low
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The noise floor has to be reduced, as less photons are
collected by each pixel

The main “controllable” contributors to the noise floor are:
Readout Noise
Dark Current (DC)
Readout Noise is reduced by:
Using 4T with CDS instead of 3T (4T enables pixel sharing)
Improving the CDS (Correlated Double Sampling) circuitry
Alternatively using schemes with feedback to control the pixel
Dark Current is reduced by:
Using the 4T buried photodiode
CMOS Image Sensor (CIS) process manipulation
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In Image sensors, photons are converted to electrons,
which are stored in the pixel capacitance

Full Well Capacity is the maximum number of electrons
accumulated before the signal is saturated

FWC determines the ability to see details in a bright area

Namely the upper limit of the image’s Dynamic Range
FWC is reduced when the pixel size becomes smaller
Possible Solutions:

Process and layout modifications

Circuit design

Feedback control pixel
Dynamic Range (dB) = FWC (dB) — Noise Floor (dB)



Requires excellent CIS process control
All Electrons must be transferred from the

photodiode
Otherwise: Noise and image lag
Tradeoffs between
FWC (Full Well Capacity )
Image Lag

Dark Current
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4TFeedback Controlled Pixel
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Still Image Stabilization is required in low light conditions,
since:

Smaller pixels and less photons require a longer exposure
time to collect sufficient number of photons

Hand motion during the long exposure time results in
Image blur

Still Image Stabilization compensates for the hand
motion, creating a Virtual Tripod

Image blur can also be handled by a different solution,
typically called anti-shake or anti-blur:
Short exposure duration
Gain is increased (the pixel output signal is amplified)
Amplified noise is filtered out, so the image is not sharp
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Optical and/or mechanical image stabilization
Currently implemented in Digital Still Cameras

Barriers for cameraphone implementation include size,
cost, power consumption and reliability

Digital image stabilization (software-based solutions)

Also implemented in some Digital Still Cameras

Barriers for cameraphone implementation include memory
and processing power
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Integrated into the imager

Pixel array Is used as memory during the stabilization
process

Memory frame buffers are not required

A series of short exposed images are captured, aligned
and summed up in the same pixel array

Image is stabilized and noise is averaged out
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The industry is moving towards smaller and smaller pixels

Keeping good image quality is challenging

The industry is looking for new innovations to reduce the
Impact of smaller pixels on image quality



111) )






& & / !

Reduces offsets and noise

A reference signal is created by sampling the pixel after
RESET

Wait for light integration during the exposure time, then
sample the

The CDS output is the difference of the two signals
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Reduces offsets and noise

A reference signal is precisely measured in the pixel

A feedback control is applied to set the required voltage
levels in the pixel



The residual signal (charge) , which remains in the pixel
after the signal is read out

The residual signal may appear in the next exposed
Image as noise



