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Abstract

A proposed new architecture for solid-state radiation detectors using a three-dimensional array of electrodes that
penetrate into the detector bulk is described. Proposed fabrication steps are listed. Collection distances and calculated
collection times are about one order of magnitude less than those of planar technology strip and pixel detectors with
electrodes confined to the detector surface, and depletion voltages are about two orders of magnitude lower. Maximum
substrate thickness, often an important consideration for X-ray and gamma-ray detection, is constrained by the electrode
length rather than by material purity or depletion-depth limitations due to voltage breakdown. Maximum drift distance
should no longer be a significant limitation for GaAs detectors fabricated with this technology, and collection times could
be much less than one nanosecond. The ability of silicon detectors to operate in the presence of the severe bulk radiation
damage expected at high-intensity colliders should also be greatly increased.

1. Introduction

Since the development of silicon detectors with surface
barrier electrodes in the 1960s and ion-implanted ones in
the 1980s [1], planar structures on the material surfaces
have been used. Voltages that are typically many tens of
volts are needed to deplete the detector bulk which is
normally hundreds of microns thick. Typical drift paths
for ionization charges are at least comparable to that
thickness. The structure proposed here uses electrodes
with typical pitches of a few tens of microns and which
penetrate from one surface through most or all of the
bulk (see Fig. 1). The resulting short charge collection
distances provide fast collection and low-depletion volt-
ages. Short collection times will be useful for a proposed
quantum mammography system [2] which records indi-
vidual X-ray hit locations, and the combination will be
particularly useful at high-luminosity colliders where de-
tectors face severe problems both from high event rates
and from increased depletion voltages due to bulk radi-
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ation damage. Use of this technology should eliminate
bulk type-reversals, any need for high-depletion voltages,
and the need to refrigerate the detector continuously,
even during maintenance.

The key facts that make this technology possible are:

(1) Deep, reactive-ion etching now permits holes to be
made with depth-to-width ratios of over 15:1 and
with silicon-to-oxide-mask etch rate selectivity of
greater than 300:1 or silicon-to-photoresist selec-
tivity of greater than 50:1 [3]. Absolute etch rates
(about 5 uym/min) are also high.

(2) The holes can then be filled with silicon made by
the surface reaction of silane, which will bounce off
the silicon surfaces thousands of times before reac-
ting, thus depositing silicon as readily near the
bottom as well as the top [4].

(3) Similar behavior by dopant gases such as diborane
and phosphine, when added to the silane, allows
the fabrication of n +- and p +- electrodes. All of
the three gases will form conformal coatings with-
out clogging the top of the hole before the bottom
can be covered [4, 5].

(4) The silicon layers deposited simultaneously on the
wafer surfaces will have a thickness somewhat
greater than the hole radius, and can be readily
removed by etching.

The fabrication steps following electrode formation

can be varied to produce monolithic pixel detectors [6],
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