











The first APS device designed for the AT&T 0.9um CMOS process was a QCIF (144 x
176) image sensor with a 20 um x 20 pm pixel size. Several different pixel layouts, includ-
ing a single-poly pixel and a double-poly pixel, were deployed in an array configuration.
The resultant pixel fill-factor is approximately 25%. Two 8-input NAND decoders, with a
20 pm pitch, were used for row and column selection with external circuits used to step
through all possible addresses and "raster-scan” the output of the image sensor. The analog
signal processor, which was laid out at the bottom of the pixel array, has a 20 um pitch as
well. No fixed pattern noise suppression circuitry was added to the analog signal processor
for this particular set of image sensors. The output of the chip is a pair of analog signals.
The first analog signal represents the photo-signal level while the second one represents the
dark signal level. The analog video signal is the difference between these two signals. This
difference operation was done off-chip. The total size of the 44-I/O pad chip is approxi-
mately 4.5 mm x 5.0 mm.

The CMOS active pixel image sensor was successfully demonstrated. It was operated at
two different power supply voltage levels; 5.0 V and 2.5 V. At 5.0 V, the single-poly image
sensor exhibited a video signal saturation level of approximately 1500 mV. The conversion
gain (read-out sensitivity) was measured to be approximately 7 uV per electron. This cor-
responds to a read-out node capacitance of approximately 23 fF, which is in a very good
agreement with the value extracted from physical design. The measured voltage signal sat-
uration level and conversion gain yields a charge signal saturation level of approximately
215 thousand electrons per pixel. However, the pixel charge capacity is approximately 6
million electrons. This means that the signal saturation level is limited by the output
source-follower(s) rather than by the pixel charge capacity. The measured rms read-out
noise is approximately 290 pV (equivalent to approximately 42 electrons), which is in a
very good agreement with the extracted value of the read-out node capacitance. The dy-
namic range, which is defined as the ratio of signal saturation level to rms read-out noise
level, is approximately 74 dB. This is equivalent to better than 12 bits. The peak-to-peak
fixed pattern noise was measured to be approximately 25 mV, or approximately 1.7% of
saturation level. The dark signal (thermally generated signal) was measured to be approxi-
mately 160 mV per second at room temperature. At a pixel rate of approximately 320
thousand pixels per second (13 frames per second), the measured power dissipated in the
chip is approximately 68.5 mW.

At 2.5 V operation, the single-poly image sensor exhibited a video signal saturation level
of approximately 225 mV. The conversion gain was measured to be approximately 5 uV
per electron. This corresponds to a read-out node capacitance of approximately 32 fF. The
measured rms read-out noise is approximately 84 LV (equivalent to approximately 17
electrons). The dynamic range is approximately 68 dB, which is equivalent to better than
11 bits. The peak-to-peak fixed pattern noise was measured to be approximately 10 mV, or
approximately 4.4% of saturation level. The dark signal was measured to be approximately
22 mV per second at room temperature. At a pixel rate of approximately 320 thousand
pixels per second, the measured power dissipated in the chip is approximately 7.5 mW.

3.2: A 256x256 image sensor

A 256x256 CMOS active pixel image sensor has been designed, fabricated, and tested.
The need for a double-poly process was eliminated by using a single-poly pixel and a
MOSFET holding capacitor (in lieu of a double-poly one). Pixel and peripheral circuitry
designs similar to those used in the QCIF array were employed, yielding performance pa-
rameters very similar to those described above. However, the 256x256 image sensor has the



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.

References

[1] D. Renshaw, P. Denyer, G. Wang, and M. Lu, "ASIC Vision", 1990 IEEE CICC Proc.,
pp 7.3.1-7.3.4 (1990).

2] E.R. Fossum, "Active Pixel Image Sensors -- Are CCDs Dinosaurs?”, Proc. SPIE vol.
1900, pp 2-14 (1993).

[3] S. Mendis, S. Kemeny, and E.R. Fossum, "A 128 X 128 CMOS Active Pixel Image Sen-

sor for Highly Integrated Imaging Systems", 1993 IEEE IEDM Tech. Dig., pp 583-586
(1993).



