


that peak between 30%-35% in the red and near infrared.
Microlenses can be added to improve quantum efficiency.
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Fig. 3. Typical quantum efficiency of a CMOS APS pixel.
On-Chip Timing and Control

Integration of on-chip timing and control circuits has been
demonstrated in both 128x128 and 256x256 arrays [4]. A
block diagram of the chip architecture is shown in Fig. 4.
The analog outputs are VS_OUT (signal) and VR_OUT
(reset), and the digital outputs are FRAME and READ.
The inputs to the chip are asynchronous digital signals.
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Fig. 4. Block diagram of on-chip timing and control electronics.

The chip can be commanded to read out any area of
interest within the array. The decoder counters can be
preset to start and stop at any value that has been loaded
into the chip via the 8-bit data bus. An alternate loading
command is provided using the DEFAULT input line.
Activation of this line forces all counters to a readout
window of 128x128.

A programmable integration time is set by adjusting the
delay between the end of one frame and the beginning of
the next. This parameter is set by loading a 32-bit latch via
the input data bus. A 32-bit counter operates from one-
fourth the clock input frequency and is preset each frame
from the latch and so can provide very large integration
delays. The input clock can be any frequency up to about
10 MHz. The pixel readout rate is tied to one-fourth the
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clock rate. Thus, frame rate is determined by the clock
frequency, the window settings, and the delay integration
time. A 30 Hz frame rate can be achieved without
difficulty.

The column signal conditioning circuitry contains a
double-delta sampling [4] FPN suppression stage that
reduces FPN to below 0.2% sat with a random distribution.
Power dissipation in the timing and control digital circuitry
is minimal, and scales with clock rate. A photograph of a
chip is shown in Fig. 5 and sample output in Fig. 6.

PIXEL ARRAY

Fig. 5. Chip photograph of 128x128 element CMOS APS with
on-chip timing and control circuitry.

Fig. 6. Image of a dollar bill taken with 256x256 sensor.
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On-Chip Analog-to-Digital Converter (ADC)

On-chip ADC is desirable for several reasons. First, the
chip becomes “digital” from a system designer’s
perspective, easing system design and packaging. Second,
digital I/O improves immunity from system noise pickup.
Third, component count is reduced. Fourth, while not
immediately apparent, lower system power can be
achieved, and possibly lower chip power dissipation as
well [5].

JPL has developed a column-parallel approach to on-chip
ADC, in which each (or nearly each) column in the array
has its own tall, thin ADC. Single slope, algorithmic, and
oversampled converters have been demonstrated in a
column-parallel format. Shown below is a AT&T/JPL
sensor with a column-parallel single slope ADC. On-chip
ADC permits faster readout rates with lower power levels.
The lowest power ADC demonstrated by JPL to date uses
0.1 uW/kHz (8b resolution), corresponding to 1 mW at 10
MHz. Single-slope ADCs can achieve greater resolution at
greater power. A 1024x1024 CMOS APS with 1024 on-
chip ADCs was demonstrated by JPL to dissipate 24 mW
at 1 MHz output data rate.

Fig. 7. AT&T/JPL 176x144 APS with 176 8-b ADCs in a column
parallel architecture. A 1024x1024 version of the chip with
1024 ADCs has been demonstrated by JPL as well.

Camera-On-A-Chip

To date, on-chip timing, control, APS array, and ADC
have not yet been integrated to form the first true camera-
on-a-chip, but such integration is expected to occur within
the next year. A 256x256 sensor with algorithmic ADC
will be fabricated later this year that will essentially require
5 V power, master clock, and will output serial digital
image data. This chip will be used to demonstrate a very
small camera called the Digital Imaging Camera
Experiment (DICE). The DICE camera is shown below in
Fig. 8. Power dissipation in DICE is expected to be well
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under 50 mW for 30 Hz operation. A wireless version of
the DICE camera is under development for ARPA.

Fig. 7. Mock up of JPL Digital Imaging Camera Experiment
(DICE), expected to be achieved in 1997 using camera-on-a-chip
technology.

Application to High Performance Machine Vision

There are two major advantages to the CMOS APS
technology for machine vision applications. First, image
quality for gray scale images is vastly improved over
previous CMOS passive pixel sensors and photodiode
arrays. The image quality from the CMOS APS is nearly
indistinguishable from that of a CCD, and is free from
artifacts such as vertical striations and temporal noise.

The second major advantage is speed. The active pixel can
drive column busses at much greater rates than passive
pixel sensors. On-chip ADC can alleviate off-chip driving
of analog signals with high bandwidth, since digital output
is immune from pickup and crosstalk, and makes computer
and digital controller interfacing simple. For example, for
a high speed Navy application, JPL has developed a fast
binary thresholding 128x128 element image sensor for
operation at over 8,000 frames per second, with possible
extension to a 1024x1024 array size at 1000 frames per
second.

Integration of additional “smart”, application-specific
functions (both digital and analog) can also be integrated
on chip for machine vision implementation.

About Photobit

Photobit LL.C was formed in 1995 to commercialize the
CMOS active pixel sensor (APS) technology developed at
NASA’s Jet Propulsion Laboratory in Pasadena,
California. Photobit obtained the exclusive worldwide
license to this technology in November 1995 from the
California Institute of Technology.

Photobit performs design of custom CMOS image sensors

for specific applications, and is developing a standard line
of CMOS APS products.
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