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Small pixels and image quality

How image quality can be improved
Still image stabilization

Summary
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Pixel count ( Mpixel) continues to be the main feature of
cameraphones

Image Resolution

Push for smaller products 1 & ‘
_ _ 12M ~|9>®
Requires smaller pixels L0
> ‘
/::/‘
1,4um 1.1um  0.9um Pixel Size

CIS Products based on small pixel of 1.4u and smaller are
around the corner

Pixel size of 1.75u is becoming main stream: 3Mpixel %4’
Good Image quality in all lighting conditions Is an issue
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Has to be good in all lighting conditions
Users experience — Subjective measures
Some objective measures have been developed
Low light sensitivity
Small pixels - Smaller amount of photons are collected

Nokia’s SNR10 measures the CIS performance in low light

Optical Efficiency improvement is required:
QE Engineering, Low stack height, light pipes, BSI
Different CFA Patterns ( WRGB — Toshiba, Kodak)

Various noise sources are minimized

e



-
Z&N\dvasense

Image sensors
I"#
Color reproduction

Color cross talk increases in small pixels ( electrical
and optical)

Red color sensitivity decreases
Dynamic Range (DR)

How well Details of objects in mix illumination
conditions ( same scene) are captured ?

Small pixels — DR is decreasing with size

Wider DR is also desired for use of WRGB patterns

e



-
Z&N\dvasense

Image sensors

$ % 1 $% #

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 how well details are seen in bright image
areas ( before getting saturated) — mix illumination condition

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 ( relatively small effect)

Circuit design (relatively small effect)

Feedback Controlled Pixel (FCP) — improves X3-X4
Dynamic Range (dB) = FWC (dB) — Noise Floor (dB)
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Charge storage capacity is a fundamental problem of

small pixels

Advasense Pixel enables much Deeper PD with Huge
FWC (20Ke versus the industry 5Ke for 1.4u pixel)

Red light generates deep electrons that partly
recombine and partly add to crosstalk

Red light electrons are collected by the Deep PD
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Color crosstalk is an issue
The trade-offs for conventional 4T pixel are:
For shallow photodiode the crosstalk is too large

For deep photodiode the charge transfer is incomplete,
resulting in image lag and noise
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Advasense “Feedback Controlled

Pixel”
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Uses simple CIS process control
PD is Not Fully Pinned

Transfer gate is a simple switch
No Need for Full Charge Transfer
Charge sharing is used

FWC is significantly higher

No Image lag — hard reset

Feedback ensures constant initial state
Ing reset phase
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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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Shifted image due to hand motion

Pixel Array

Image Shift
Estimator

Read

Write-back

A 4

Shift
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Final Image after Motion Compensation and Integration

Shift Control
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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 in all lighting conditions is
challenging

Low light imaging

Color reproduction

Dynamic range
Still image stabilization for low light imaging

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