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Advanced CCD image sensors become increasingly relevant
as end application requirements become more demanding
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By: Michael DeLuca, Product Marketing Manager, Industrial Solutions Division,

Image Sensor Group, ON Semiconductor
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While image sensors based on CMOS technology are widely used in many applications, some
demanding industrial imaging applications still require the performance exclusively available
from CCD image sensors.
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As one example, critical end-of-line inspection of flat panel displays continues to be performed
largely by cameras using CCDs because of the high resolution and excellent image uniformity
they provide — a combination not currently available with CMOS image sensor technology.
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This type of inspection is routinely carried out today using cameras based on devices such as
the 29 megapixel (Mp), 35 mm optical format KAI-29050 image sensor from ON Semiconductor.
However, the increasing resolution of flat panel displays calls for a corresponding increase in
the resolution of the cameras used to inspect them. To meet this need while retaining a
standard 35 mm optical format, new pixel designs are required that reduce pixel size while
retaining the critical performance and image uniformity specifications needed in these
applications.
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The need for high performance, high resolution imaging
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Today, imaging drives productivity benefits in industrial applications ranging from traffic
monitoring and license plate recognition to barcode scanning, robot guidance, machine vision,
and more. While each application has unique needs — some requiring high frame rate, others
broad dynamic range, low light sensitivity, or a different critical parameter — some applications
primarily require the highest level of image detail, calling for development of image sensors with

very high resolution.
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A good example is the end-of-line inspection of flat panel displays, a process which confirms the
proper operation of the red, green, and blue sub-elements present in each display pixel. As the
use of displays in mobile devices, tablets, televisions, vehicles, monitors, and more continues to
expand, the resolution of these displays is increasing as well — moving from 1080p to 4k / Ultra
HD and beyond. This presents unique demands on the cameras used to inspect these displays
during manufacture, which need to provide the detail needed to resolve the additional pixels and
substructures present in the displays without sacrificing the image quality and uniformity

required for this application.
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Figure 1: Inspecting a flat panel display with a camera
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Other examples of high resolution imaging are high-end surveillance (capturing a wide field of
view at resolutions sufficient to zoom in on any one location) and aerial photography (where
higher resolution provides additional imaging detail, or allows airplanes to fly higher and reduce

flight times). But in all of these cases, the applications require not only very high resolution, but
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also very high image quality, as measured by specifications such as image uniformity, noise,

dynamic range, and more.
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Because of this combined need, this set of applications has historically relied on image sensors
based on Interline Transfer CCD (ITCCD) technology, which allows critical imaging performance
parameters to be retained even when scaling to large optical formats. This technology enables
image capture with very high image uniformity, and a true Global Shutter design enables the
capture of moving scenes without the introduction of imaging artifacts. In addition, the broad
exposure range and low dark current available in the technology enable image exposures that

range from only a few microseconds to a second or more.
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Interline Transfer CCD technology has been used for the development of high resolution, large
format image sensors for over 15 years, with resolutions increasing over this time as required by
the market. In 2003, for example, the KAI 11000 image sensor provided 11 megapixels of
resolution in a 35 mm optical format; but by 2011 this same optical format supported almost

three times the resolution.
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Figure 2: Increasing ITCCD resolution at 35 mm optical format
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This progression of increased resolution while retaining optical format is critical to enabling
simplified field upgrades of cameras used in these applications, as both camera placement and

lenses used can be retained as higher resolution cameras are deployed.
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Stringent requirements lead to significant design challenges
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In order to increase resolution from the 29 megapixels available in a device like the KAI-29050
while still retaining a 35 mm optical format, a smaller pixel format is required — one that allows

more pixels to be placed in a given area. But to simultaneously maintain key imaging
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parameters such as image uniformity, dynamic range, and noise floor in this smaller pixel,

advances are needed in the pixel design beyond simply reducing its size.
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Figure 3: Design challenges
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With additional pixels in the device, the overall frame rate will be reduced unless the output
bandwidth of the device can be increased — which may be required for some applications. And
maintaining backward compatibility with existing sensors and cameras can be vital to help
simplify the upgrade path needed by both camera manufacturers and end customers to support
and adopt a new device.
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35 mm optical format high performance ITCCD sensor
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The KAI-43140 image sensor from ON Semiconductor provides an example of how these
design challenges can be met to provide increased resolution in a 35 mm format for these
demanding applications. The new device leverages a new 4.5 um ITCCD pixel to provide 43
megapixels in the 35 mm optical format, a 50% increase compared to the popular 29 megapixel
KAI-29050. Yet even with this smaller pixel size, key imaging performance levels are retained
(including high smear rejection and linear dynamic range over 60 dB), and image uniformity has
actually been improved through the use of an advanced process design that eliminates an entire
class of uniformity artifacts.

THREF G KAI-43140 BGRAIZFIRA T a0 RS LLaRaTHREL | LL 35 mm X AEKRE
THEAREESHETENES. FFHRAEHM 4.5 um ITCCD Bt , kL 35 mm AEEHIR
# 4300 BB , 1T REZEMAR 2900 EE T KAI-29050 , fEHTEIBINT 50%. #Aim , BME
RAGER/IMEITRYT  BEARMBGEREKEEAFTURE ( 2ESHEEINHEE 60dB #Y
mUBEEE )  THEERAKXEISHRE  HREESNITHHIHAE  BERHIHER

BRrIRT

Updated output amplifiers increase bandwidth available from the 4-tap device by 50%, providing
the same final frame rate as the 29 Mp device despite the increased resolution. And as the KAI-
43140 remains based on ITCCD technology, it retains features such as electronic shutter and
broad exposure support that are hallmarks of this technology.
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Critically, the KAI-43140 uses the same package as the KAI-29050, allowing existing camera
designs to support the new device with only minor electrical changes. This significantly reduces
design risk for camera manufacturers as well as enabling them to deliver cameras that feature

the increased resolution and performance to market more quickly, and with lower cost.
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Summary

T

Developing imaging sensors to meet the demanding needs of advanced industrial applications
requires far more than simply ‘shoehorning’ more pixels into a smaller package. Through the
use of advanced pixel designs, it is possible to provide increased resolution at a given optical
node without sacrificing needed performance.
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Figure 4: Large format ITCCD image sensors from ON Semiconductor
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But even with these improvements, it is important to recognize that the “latest” imaging device is
not necessarily the “best” for all applications — even when focusing on applications requiring
very high resolution. Having different options available not only for resolution but also for
parameters such as light sensitivity, dynamic range, frame rate — and even price — can be
critical in identifying the image sensor (and the imaging technology) that is best matched to a
given application. This highlights the importance in having access to a broad portfolio of
devices (even when focusing on a specific set of applications such as those requiring very high
resolution), and reinforces the need for continued development of new products using
technologies such as Interline Transfer CCD.
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