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Abstract

Less than two years ago at this meeting, there was a debate about whether it was
worthwhile investigating active pixel sensors. Since that time, the JPL CMOS active pixel
image sensor (APS) has proven to yield surprisingly good performance and has received
significant attention from industry. To date, CMOS APS has achieved low read noise
(typically 15-25 electrons r.m.s), quantum efficiency per pixel exceeding that of interline
transfer CCDs, high dynamic range (e.g. 75 dB), no smear, and excellent antiblooming
control. Arrays as large as 256x256 have been readily fabricated by industry and several
1K x 1K arrays are in development.

The major advantages of a CMOS APS over a CCD are power, cost and integration level.
Power dissipation in a CMOS APS camera chip with on-chip timing, control, drive and
signal chain is typically under 10 mW, or more than two orders of magnitude less than a
CCD-based system. Low cost sensors are achievable because of the high production rate
of CMOS around the world. It is estimated that the cost of producing TV-standard (250
kpixel) CCDs is about $50/Mpixel. Megapixel CCDs have a cost in the neighborhood of
$1000/Mpixel. The cost of producing CMOS image sensors is estimated to be
approximately $50/Mpixel scaled into the megapixel class. Integration of on-chip timing,
control, signal chain and analog-to-digital converter electronics impacts sensor system
cost since these components must otherwise be supplied and assembled with the sensor
chip. Other advantages of CMOS APS include much lower system power requirements
(enabling wireless applications), random access readout, and low voltage operation.

The disadvantages of CMOS APS include the need for 0.5 micron (or less) CMOS
processes to achieve small pixel size, the use of standard industry processes that result in
non-optimal QE structures, and noise somewhat higher than scientific CCDs.

This paper will recap the state of the art in CMOS APS technology but the main focus of
the paper will be to project future successes and difficulties in the development of CMOS
APS technology. Scaling issues and technology issues will be quantitatively addressed. A
guess-timate for the eventual evolutionary departure of CMOS image sensors from
mainstream CMOS will be presented.

As at the last meeting, the major goal of the paper is to stimulate significant discussion and
thoughts about this rapidly emerging technology.

The JPL portion of this work was performed by the Center for Space Microelectronics Technology, Jet Propulsion Laboratory,
California Institute of Technology, and was sponsored by the National Aeronautics and Space Administration, Office of Space Access

and Technology.
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Scaling Trend for CMOS APS
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