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Abstract

The successful development of radiation detectors made
from amorphous silicon could offer the possibility for rela-
tively easy-construction of large area position-sensitive detec-
tors. We have conducted a series of measurements with pro-
totype detectors, on signals derived from alpha particles.
The measurement results are compared with simple model
calculations, and projections are made of potential applica-
tions in high-energy and nuclear physics.

Introduction

Single-crystal solid-state detectors, especially those
fabricated from silicon and germenium, have enjoyed » long
and productive history as radiation detectors. The single-
crystal restriction, unfortucately, results in high cost and
limited semsitive area. If non-crystalline samiconductors
could be made sufficiently sensitive o kow levels of radiation,
they would, for certain applications, circumvent the need for
single crystals, and allow the easy manufacture of large area
position-sensitive sensors, Morcover, because they are
already in a state of greater disorder, they could be expected
to be considerably less sensitive to radistion damage than
their siogle-crystal counterparts. Receat advances in the
[abrication of amorphows silicon devices, particularly in
deposition techuiques that produce layers with low trap den-
sities, have eacouraged us 1o investigate amorphous silicon as
2 radiatioa detector.

Dstector Material

The detector sumples studied were all hydrogeasted
amorphown silicon (a-SidH) devices that ranged ia hickness
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1 stacks, and plan to extend these messurement to thicker,
multilayer stacks.
Experimental Procedu.

The experimental setup is shown in figure 1. Because
we anticipated the need to cool the detector as well as to
provide a vacuum for sipha-particle detection, the detector
and source were mounted in an old Ge{Li) —etector housing.
An 2'Am alpha source was mounted in the cap of the hous-
ing, upstream of an eccentric disk that contained thin
aluminized-mylar absorber windows of 1, 2, and 3 layer
thickness, one open window, and a windowless region that
would block the alphas completely. The active window
could be changed by rotating the disk usimg a magnet
mounted on the outside of the cap. A single iayer of the
aluminized mylar material consisted nominally 0i.0.05 um Al
and 8 um mylar. A four layer thickness was -officlent to
stop the alphas. The energies of the alphas emerging from
each of the windows were measured with a Si-crystal detec-
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P.C. board was held onto the block with spring clamps.
Ground contact was msde through these clamps. The'top
contact to the detector was made with a tiny spring-loaded
gold-plated finger, that was connected to the amplifier input
through a coupling capacitor, and to the bias supply through
a resistor. The Amptek amplifier, while self contained, with
an output shaping circuit, did not produce a large enough
output sigasl for our available pulse-height analyzer, so addi-
tiomal wxternal amplification was required.

Test calibration: pulses were used to determine the input
charge equivalent of the detector pulses. The test pulses ori-
ginated as long voltage steps from a Datapulse 101 pulse
generator, whose amplitude was measured on a Tektronix
2465 oscilloscope. This calibration voltage was then
attenuated as required, terminated in 50 ohms at the
amplifier, and coupled into the amplifier input through a
coupling capacitor measured to be 2.5 + 0.2 pf. An example
PHA display, with both pulser and a-particle signals, is
shown in Figure 2. The equivalent energy of the pulser sig-
nal, E, was taken to be,

E, = ViC,Wg;/e
Where V, is the attenuated test-pulse voltage, C, is the test
capacitance, W is 3.62 eV/electron-hole pair, snd e is the
electron charge. An abaolute calibration check against a full

-energy alpha peak with a normal crystalline Si detector, in a
different setup, agreed, to within 5%, with test-pulse values.
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Later detectors tested had the bottom metal contacts
deposited 2s 1 mm-wide metal strips, that were separated by
2 mm. The top contacts were deposited in the same pattern,
but with the lines perpendicular to the bottom lines (Figure
3). The intention of this patterning was to simuiate the
geometry of a position-sensitive-detector configuration, where
the signsl origin could be localized to the intersection of two
perpendicular electrodes. The samples that were 10-pm
thick were also of the Schottky type, but the 2- and 5-pm
samples were of the p-i-n type described earlier.

SNGLE LAYFR DETECTOR

Fig. 3.  Single-layer p-i-n detector with striped conducter
contacts at top and bottom.

Messurements have aleo been made on & two-layer
“stacked” detector. Here the detector was made a8 an n-i-p
diode deposited on 10p of 2 p-i-n diode. The second deposi-
tion was masked in such 2 way that we could make signal
comtact with the middie set of metal strips (Figure 4).
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Experimental Results

We were able to detect alpha-particle signals from
nearly all of the detectors tested. Signals were first found
with the first group, the Schottky diodes with the circular
contact patterns. From this group, the thinnest diodes to
produce detectable signals were 5-pm thick, and these also
had some p doping. Signals were also detected with the 7.5
and 15sm samples. With the exception of the 15um sample,
which was biased as high as 150 V, the detectors wouid hold
po more than 40 V. Observations from these detectors
showed that all of the segments (defined by the circular con-
tact areas) on a single detector performed consistently with
regard to signal size, noise, and efficiency. In all cases the
signal continued to rise with increasing high voltage. How-
ever the signal size was not obviously bigger for the thicker
detectors, nor was there a significant change in signal size
with alpha energy attenuation using the absorber windows.
(One would expect the signal size from a thick detector to
decrease with decreasing incident-alpha energy, and from a
thin detector to increase with increasing alpi:a energy.)

The p-i~n detectors had much better high-voltage
characteristics. The 2-um operated to 100V of bias, so it
was possible to do a direct comparison of three detectors, of
thickness 2, 5, and 10 gm respectively, over the same range
of blas voltage (Figure 5). Within crom-calibration uncer-
tainties the signal size appears to be the same for all detec-
tors, independent of physical thickness. The noise (taken to
be the FWHM of the calibration pulse), also plotted on the
curve, does not appear to be significantly different for the
three detectors, nor does it increase with applied voltage.
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Figure 6 shows a direct comparison between a single
S-pm and a stack of two back-to-back 5-pm detectors (Fig-
are 4). The signal from the stacked detector is twice as large
as that from the single detector, and the noise is not
significantly different.
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Fig. 6. Comparison of signat and noise from a single 5-um
p-isn detector and a stacked S-umn (545) n-i-p-p-i-p detector.
Within measurement uncertainties the signal was double,
and the noise unchanged, for the stacked detector.

Analysis of Results

At the low voltages st which messurerments have been
made oa these 0-5i:H diodes the voltage and Beld are found
0 fall olf exponemtially 38 a function of depth.! indicating
that the charge demsity at some depth in the matetial is
directly proportioasl to the voliage (or field) at thet depth.
The charge demity of the material canwot iscrease
adelaitely s the applied voltage is increnned, aad will even-
tually reach some salarsied valwe. In order 1o model this
feld-depesdent chorge desalty, 30 well 30 Wa eveatual selwra-
Uion, we asveme that Uhe iosised trap deanity is directly pro-
portionsl 10 voltuge wp 4o some critionl voitage, V. ool iben
beoamar comtast. For veltages below V', the potestiol wd
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Fig. 7. Model calculations of potential vs detector depth
(see text).

the applied bias, { is the effective e-folding depth for the
potential,

f{in pm-!) = 1.228VN[E) ,
and N(E) is the energy density of shallow traps measured in
units of 10%cm V-,

Assuming a uniform energy-loss rate of 150 keV/um for
the a-particle passing through the thin detector, and that
only electrons are rollected (but that all of the elecirons are
collected). the expected si;nal size would be,

€= 150 _fv/\ dz keV.

The only adjusted parameters in the model are the
energy density of shallow traps, N(E). and the sritical”
poteatial, V,, st which saturation of deep trap ioaization is
veached. In the actual calculation we set a valwe for V, and
found the value of N(E) that gave the beat least-nquares §1
10 the obmerved sigaal sier. The w0 paramelers vary
inversely. and, within a factor of two, or more, L rallcalated
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our data are comparable to, but somewhat greater than
those obtained by direct measurement on similar material.
At the high voltages and peak fields of these measurements,
and with no account being taken of other eflects such as the
kinetics of trapping and release of carriers, the precise mean-
ing of the fitted values is not completely clear. They
nevertheless appear to describe the behavior of the material
and provide a basis for prediction and comperison.

© The fitted data was based on signals from alphas pass-
ing through a windowless hole in the absorber wheel. On the
basis of the simple model we would have expected to see a
larger signal from alphas that had first passed through three
thicknesses of mylar absorber. Instead we saw a slightly
smaller signal. This is still an unresolved issue, but could
imply signal saturation. A consequence of such saturation
would be that less heavily ionizing particles would give rela-
tively larger signals than would be inferred from linear extra-
polation.

Even without further significant improvement in the
quality of the amorphous material itself, it should be possi-
ble to make sufficiently large stacks from present material to
produce useful position-sensitive detectors for minimum-
ionizing particles. Detection of minimum-ionizing particles
would require stacks of ten. or more, of the diodes described.
The present measurements are being extended to thicker
stacks.
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