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that V be as low as possible, consistent with full depletion of the wafer. For the 
pixel size under consideration (0.5-1 mm), there must be relatively many fingers 
within a single pixel. 

Detector Fabrication 

It is desirable to keep the fabrication process as simple as possible. High re
sistivity wafers were obtained through U. C. Berkeley where a highly n-doped 
polysilicon layer was deposited on one side of the wafer. This polysilicon layer 
insures high wafer resistivity by getting contaminants introduced during fabrica
tion (Holland, et aI., 1990). The other side of the wafer is implanted with p-type 
dopants to form the continuous electrode (see Figure 2). The n-type polysilicon 
layer is then etched to form mesa contacts to the high-resistivity silicon. Some 
n-type dopants diffuse into the silicon during processing. A thin passivating oxide 
is grown on the silicon between mesas. Metallization of row and column lines is 
performed in two steps since two layers of metal are required to allow crossing 
of row and column lines. A first layer of metal is deposited and patterned, and 
then an insulating layer is deposited. Contact holes are etched and a second layer 
of interconnect metal is deposited and patterned. 

Masks have been designed and fabricated in accordance with the modeling 
and simulation as well as the fabrication process. The mask includes several pixel 
designs with electrode pitches of 20, 40, and 80 j.lm, as well as test structures 
for evaluating the fabrication process and device quality. Seven different arrays 
will be fabricated simultaneously for evaluating the performance of the different 
designs. Each array is a 9 x 9 pixel format, with pixels 1 mm x 1 mm. Figure 4 
shows an example of the interdigitated finger pattern for a single pixel. At the 
time of this writing, the first complete detector arrays are just being fabricated. 

4. PLANNED ACTIVITIES 

Detector Testing 

In the near term, the prototype devices processed using the current mask set will 
be characterized for both electrical as well as detector performance. Capabilities 
to measure particle position and energy will be tested in the laboratory with ra
dioactive sources, including mono-energetic alpha-particles and 252Cf fission frag
ments collimated to < 1 mm. In addition, heavy ion accelerator calibrations are 
planned with beams such as 12C and 56Fe. Prototype detectors will also be sub
jected to thermal-vacuum tests to assess their suitability for operation in space. 
This testing should provide detector performance data that will allow redesign of 
the sensor for improved operation. 

Detector Readout 

Readout of the detector array will be performed using custom VLSI circuits now 
under development. Each row and column will be pulse-height analyzed with 
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FIGURE 4 Interdigitated row and column pattern within a single 1 mm x 1 mm pixel. The electrode 
pitch is 40 J1m. 

an independent linear chain consisting of a low-noise charge-sensitive preamp, 
gated integrator, sample and hold, and Wilkinson-type ADC. We expect sixteen 
complete pulse height analysis chains to fit on a single integrated circuit, with 
each chain consuming only ~ 5 mW. The energy signal from the other side of 
the detector will be pulse height analyzed with a standard circuit consuming ~ 

100 mW. Thus, a typical detector for space flight application having 100 rows and 
100 columns could be instrumented with a small number of integrated circuits 
consuming only ~ 1 watt. 

5. SUMMARY 

The interdigitated pixel detector described here promises to provide both two
dimensional position resolution and excellent energy resolution with significantly 
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reduced electronic complexity, leading to applications in future space-borne in
struments that study energetic heavy nuclei in a solar flare or magnetospheric en
vironment. This novel device may also have applications in other areas of astro
physics, and in nuclear and high energy physics. In addition to its technical ben
efits, this project has provided a valuable opportunity to combine the resources 
of Caltech's Space Radiation Laboratory and NASP:s Jet Propulsion Laboratory, 
and to involve graduate students and new Ph.D.s in device microfabrication and 
instrument design. 
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