


improve image quality.
The CRAF/Cassini Imager

The visible spectrum science imager under development for the CRAF/CASSINI
mission represents a good example of the present state of the art in scientific CCDs. Although
it is not a back-side-illuminated device, it is a large format imager with high performance.

The architecture for the imager, fabricated at Ford Aerospace, is split-frame /
externally-shuttered. It is implemented with a triple-polysilicon process using a buried
n-channel technology and inversion-mode implants. Its format is 1024x1024 pixels with a

12pm square pixel size. Each pixel can hold up to 100,000 electrons. The charge transfer
efficiency of fabricated devices has been measured to be better than 0.999999 at -70°C. The

read out noise at a 50,000 kpixel/sec readout rate has been measured to be approximately 5
electrons rms. The dark current for the device is specified to be under 2 nA/cm? at 22°C.
When operated in the inverted mode, the dark current has been measured to be 0.025 nA/cm?
at 22°C. The illumination response non-linearity for the CRAF/Cassini CCD is less than one
percent, and the pixel-to-pixel response non-uniformity for white light is also better than one
percent. Quantum efficiency under front side illumination is better than 45% at 600 nm. The
performance goals and achieved levels are shown in Table 1.

Future Directions for Scientific CCD Research and Development

There are several areas ripe for continued research and advanced development
activities in scientific CCDs. For example, quantum efficiency - particularly in the blue and
ultraviolet, is still low for three-phase devices. New structures which avoid the absorption
of these wavelengths by the overlying electrodes can enhance imaging in these wavelengths.
Back side illuminated devices continue to have stability difficulties. New techniques to
stabilize the back surface are needed to achieve high quantum efficiency in the ultraviolet.
Damage caused by energetic particles such as protons and neutrons remain a significant
problem for CCDs. Structures and operating techniques to minimize the effect of this damage
warrant further investigation.

The use of improved silicon and other materials such as GaAs and Ge offer the
potential for extending the useful spectral response on the CCD. For example, x-ray imaging
using high resistivity silicon has already been demonstrated. The incorporation of photo
sensitive III-V layers may yield a LWIR image sensor.

The integration of additional circuitry for on-chip signal processing of the image data
is another area of research. For example, investigation of parallel circuitry to perform the
read out averaging so that read out rate does not suffer from the averaging process is of
interest. Circuitry for performing other functions such as for sparse illumination read out
might also present an avenue of investigation. Finally, the continued improvement of device
processing will continue to lead to improvements in image format and array size.

The advancement of fabrication capability also presents an interesting challenge to the
scientific CCD. Photodiode arrays which have traditionally had higher noise, lower
fill-factors, and less uniformity than CCDs, will be able to take advantage of wafer processing
improvements. These devices have higher quantum efficiency, especially at shorter
wavelengths, than CCDs, and are more tolerant to radiation and processing defects. It is
possible that a cross-over point will be reached for very large arrays in which photodiode
arrays re-emerge as a successful competitor to CCD technology.



Table 1
CRAF/Cassini CCD Imager

Parameter Goal Actual
Architecture split-frame, three phase
Technology triple-poly, n-buried channel
inverted operation
Array size 1024 x 1024
Pixel shape square
Pixel pitch 12pm

Well capacity
electrons

Charge transfer efficiency

Dark current
non-inverted
inverted

Response non-linearity
Uniformity

Read out rate
Read out amplifier sensitivity
Read out noise

>50,000 electrons
> 0.99999
<2 nA/cm?

< 0.03 nA/cm?

< 1%
<3%

50,000 pixels/sec
>1.0V/e”
< 10 electrons rms

100,000 electrons
0.999999

0.025 nA/cm?
1%

1%

1.0V/e”
5 electrons rms




