














additional functionality of random-accessibility, thus allowing a simple implementation of
electronic pan and zoom which was successfully demonstrated. This was achieved by the
monolithic integration of two counters interfacing the two decoders. Each of the two
counters has load and clear control signals. In this mode of operation, instead of reading-
out the whole image frame, a random window (sub-frame) is read-out. The starting hori-
zontal and vertical addresses of the window are loaded into the counters in conjunction
with the two load control signals. The horizontal and vertical dimensions of the window are
determined via the timing of the two clear control signals.

Figure 5 shows the quantum efficiency (QE) of the APS compared to that of two
commercial CCD devices. The APS device fabricated in the standard single-poly digital
CMOS process has comparable performance over most of the visible spectrum, however
there is reduced response towards the blue end. Conversion gain within the pixel was
measured at 6.75 uV per electron and the saturation level is 1.5V output-referred. The total
size of the 49-1/O pad chip is approximately 6.2 mm x 6.4 mm.
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Figure 5: Quantum efficiency of the CMOS APS and two commercial CCD de-
vices.



4: Conclusions

Our experience with the construction of CMOS APS devices suggests that they offer im-
age quality similar to that of CCD cameras, without having to resort to a specialized silicon
process for fabrication. This, together the with low power and high functionality of the
APS technology make ‘it ideal for multimedia camera construction. We have demonstrated
these capabilities through the design and fabrication of QCIF and 256x256 format APS
devices. Ongoing work includes the development of a color filter array process and on-
chip A/D conversion - devices incorporating both these technologies are presently under
test. Recently we began fabrication of a 1024x1024 APS sensor in 0.5pum digital CMOS.
This sensor is expected to cost an order of magnitude less than an equivalent CCD device,
and will be used in high resolution color video and document imaging multimedia appli-
cations.
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