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SILICON RADIATION DETECTORS - MATERIALS AND APPLICATIONS
JACK T. WALTON1 AND EUGENE E. HALLER1,2
1Lawrence Berkeley Laboratory and 2Department of Materials Science
University of CaJifornia, Berkeley, CA 94720 U.S.A.
ABSTRACT
Silicon nuclear radiation detectors are available today
in a large variety of sizes and types. This profusion has
been made possible by the ever increasing quality and diameter silicon single crystals, new processing technologies
and techniques, and innovative detector design. The salient
characteristics of the four basic detector groups, diffused
junction, ion implanted, surface barrier, and lithium drift
are reviewed along with the silicon crystal requirements.
Results of crystal imperfections detected by 1ithium ion
compensation are presented. Processing technologies and
techniques are described. Two recent novel position-sensitive detector designs are discussed--one in high~energy
particle track reconstruction and the other in x-ray angiography. The unique experimental results obtained with these
devices are presented.
INTRODUCTION

.

,.

The principal semiconductor materials used in nuclear radiation detector
fabrication are silicon and germanium. Germanium has benefited from an extensive program in its apolication to nuclear radiation detection. Silicon,
however, has seen little work in this area. The reasons for this are readily
cited:
• Nuclear structure studies which involve the detection of gamma rays
have prompted the search for high atomic number detector materials and
the improvement of germanium purification and crystallography has been
a result of this "nuclear" interest. In addition, the lower processing
temperature of germani urn compared with s i1 icon has permitted the purification and crystal growth of germanium for detector applications with
a relatively mode.st investment.
• Silicon crystals with adequate material characteristics have been
ava i1 ab 1e from crysta 1 supp 1iers to the semi conductor industry at
large. However, the silicon processing is usually proprietary and
consequently little dialogue has been possible between the detector
maker and the crystal manufacturer.
However tenuous the supply of silicon for nuclear detector applications
may appear, silicon is used extensively in the fabrication of nuclear radiation
detectors. Unlike germanium detectors, silicon detectors can be operated at
room temperature in many applications. Further, the variety of processing
techniques which have been developed in part for integrated circuits fabrication, and the ever increasing size and quality of the silicon single crystals
have led to a profusion of silicon detector types.
For the following discussion, let us divide silicon detectors into two
classes. We base this division somewhat arbitrarily on the two kinds of
silicon detectors which are typically used in charged particle identifiers
(Figure 1) [1]. Thin detectors (5 - 500~m) in this application, are employed
-1-
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to measure the differential energy loss, dE, and are commonly called dE detectors. The thicker detectors {500 - 5000~m) are used to measure the total
energy, E, and are called E detectors. Algorithms have been developed which
relate the differential energy loss, dE, and the total energy, E, to the
particle mass, M, and atomic number, Z. One algorithm for the generation of a
particle identification (P.I.) signal is:
P.I. = (E + dE)n- En

a

T Mn-1z2

(1)

where T is the &E detector thickness and n is a coefficient dependent somewhat
on the particle (n = 1.73 for 1 ight ions).
The differences in the physical and electronic requirements on these two
detector types, dE and E, are reflected directly in the fabrication processes.
The dE detectors are normally characterized by:
• Thickness: 5 to 500~m
• Total volume active (totally depleted)
• Thin contacts on both sides
• Uniform thickness {.:L- 1llm)
whereas the E detectors are characterized by:
• Thickness 500 - 5000llm
• Uniformity not critical
• Thin contact one side
• Partial volume active (partially depleted)
Depending on the specific application, there may be overlaps of the characteristic parameters between these two broad detector classes. Thick detectors have been used occasionally to measurithe differential energy loss and,
conversely, thin detectors have been used to determine the total particle
energy. But for this discussion the concept of 4E and E detectors will aid in
illustrating why detector contacts, active volume, etc. are of interest.
In addition to their use at room temperature in charged particle detection,
silicon detectors are a·lso used extensively at cryogenic temperatures to detect
1 ow energy x-rays (1 - 30keV). The detectors employed here are normally thick,
i.e., E detectors, since the efficient detection of the photons is of interest.
Finally, in addition to knowing the differential particle energy loss or
the particle or photon energy, position information is frequently required.
There exist many designs for both 4E and E position-sensitive detectors. After
considering the salient features of 4E and E detector fabrication techniques
in the following sections, two examples of position-sensitive detectors will be
presented.
FABRICATION TECHNIQUES AND DETECTOR CHARACTERISTICS
Basic ~emiconductor detector diode structure
For the discussion to follow it will be useful to recall a few basic features of semiconductor diodes (2]. Figure 2 shows a schematic cross section
of a planar n+ i p+ diode where the incident radiation, either photons {y,
x-rays) or charged particles (a, a, ions), produces tracks of electron-hale
pairs. ln the presence of the electric field as shown in the figure, the
electron-hole pairs separate and rapidly drift to the contacts. The charge,
Qs, collected at the contacts is prooortional to the energy, E, of the incident radiation:

where £~i = 3.6eV, £Ge = 2.98eV and q = 1.6 x 1o-19 coulombs.
statist1cal fluctuation in Qs, 4Qs is:

Further, the rms

.
'J
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(3)
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where F is the Fano factor which describes the deviation from normal statistics.
The best value currently accepted for F =0.1 in both silicon and germanium.
Values much greater than this are indicative of signal charge collection problems (i.e., trapping centers) in the detector material.
If a device as shown in Fig. 2 is to be an ideal radiation detector, the
following set of requirements have to be met: a) the sensitive region must be
free of charge trapping centers which would affect the amount of charge collected; b) the contacts need to be thin enough to allow the passage of radiation without appreciable energy or intensity loss; c) the contacts need to
remain non-injecting for reverse bias field strengths of E = 102 to 104Vcm-1;
d) the surfaces have to be passivated against detrimental effects from the
ambients; and e) the noise which is caused by the reverse leakage current has
to be kept small compared to the signal fluctuations. In the case of x-ray
detectors, this leads to the requirement of cooling the detectors.
The signal charge, Qs, produced by nuclear radiation and the rms fluctuation in this charge, ~Qs (Eqs. 2 and 3), as a function of energy are shown
in Fig. 3. Also indicated in the figure are representative values of noise
levels for a silicon detector and amplifying electronics achieved at room
temperature and at cryogenic temperatures. The room temperature noise level
is caused by shot noise resulting from a detector leakage current of about 5~A.
As shown in Fig. 2, there are two contacts on the detector, one of which
is "rectifying" and the other which is often called a "blocking" contact*. In
the,case where the electric field lines from the "rectifying" contact reach
through to the "blocking" contact (as in the case of the ~E detectors) this
"blocking" contact must inhibit the injection of minority carriers into the
active volume of the detector. The formation of this "blocking" or "non-injecting" contact is as important for ~E detectors' successful operation as the
fabrication of the rectifying contact. With E detectors, the detector volume
is frequently not totally active and consequently, the field lines from the
rectifying junction may not reach the opposite contact. The requirement of
full depletion of ~E detectors and only partial depletion of E detectors and
the resulting differences in contact properties and formation are the most
distinguishing features between the two groups of detectors.
There are four basic technologies used to fabricate silicon ~E and E
detectors--three are related to contact formation, surface barrier (or metal
Schottky barrier) diffused junction, and ion implantation, while the fourth
lithium ion compensation, is concerned with the modification of the silicon
material properties to allow wide depletion regions. Semiconductor detectors
are frequently labeled by the dominant technology used in their fabrication
even though more than one technology may be used. For example, the fabrication
of lithium ion compensated diodes employs both diffusion and surface barrier
technology. In the following sections the four basic detector types are
separately reviewed. Special techniques employing epitaxial regrowth and
multiple layered doped regions have also been explored, but they will not be
discussed here.

*With an n+ ~ p+ structure, the n+ is the rectifying contact and p+ the blocking one. With an n+ v p+ the n+ is blocking and the p+ is rectifying. The
symbols ~ and v refer to high resistivity p and n material respectively. In the
1 imit of ultra-pure or perfectly compensated material this distinction regarding
the contacts vanishes.
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Surface barrier detectors
A schematic of a silicon surface barrier detector and its holder is shown
in Fig. 4. The following preparation steps are used to fabricate such a detector [3]. The silicon wafer after a series of chemical etching and surface preparation steps is potted in freshly mixed epoxy which has been painted onto a
mounting ring*. The epoxies employed are either n-type (aliphatic amines) or
p-type (catalytic) in their effects on the silicon surfaces. The details on
how these epoxies affect the silicon surfaces and what influence the prior
chemical treatment of the silicon wafer has oil the resultant device performance
are still not well understood. However, procedures have evolved which do allow
the successful production of these detectors with the cured epoxy providing
both the r_equired junction protection and the mechanical adhesion to a mounting ring.
After curing the epoxy at 50 - 60°C, metal contacts (100 - 200A thick) are
evaporated over the epoxy and silicon surfaces. On the device shown in the
figure, the aluminum forms the 11 rectifying 11 contact on the p-type silicon,
while gold forms the noninjecting or 11 blocking 11 contact. With n-type surface
barriers, the roles of these metals are reversed.
The contacts which are formed by evaporation of metals onto silicon surfaces which have been exposed to various oxidizing environments, do not adhere
very strongly to the silicon. Consequently, the metal Schottky barrier contacts are easily damaged. Such damage can strongly affect both the rectifying
and b1ock i ng properties of the contacts .•
The silicon used in the fabrication of these detectors is extremely pure
in comparison with that employed in the semiconductor electronics industry.
For s~licon the depletion region width, x0 , is given by [4]:
{4)

where N is the net impurity concentration (cm-3) and V is the applied voltage
(V). Figure 5 shows the depletion region width with 100 volts bias as a function of the net impurity concentration. From this figure, it is seen that the
net impurity range of interest for t.E detector fabrication is [N] < 1o15cm-3
and for E detectors is [N] < 3 x 1o11cm-3.
The leakage current associated with a reverse biased semiconductor junction has three components: diffusion (or thermionic emission in the case of
surface barriers), therma 1 generation and surface 1eakage. For s i 1icon detectors operated at room temperature (300K) and lower, the diffusion component is
so small that it can be ignored. The surface leakage current is strongly
dependent on the fabrication technique, while the thermal generation current,
ig,at room temperature is given by [4]:
ig =

0.128 xo

•

~Acm

-2

(5)

where the depletion depth, x0 , is measured in ~m and • is the minority carrier
lifetime in ~sec. From this it becomes clear that the numerical value of the
minority carrier lifetime should be comparable to the numerical value of the
detector thickness if the generation current is to be maintained at the ~A
level. High quality silicon crystals typically exhibit lifetimes of
T > SOO~sec.
Since the surface barrier detector fabrication does not involve
*While the figure shows a p-type silicon wafer, the more common commercially
available surface barriers are made on n-type silicon.

-5-

any high temperature processing steps which could degrade the lifetime, the
lifetime in the final detector should be that of the starting crystal and consequently the generation current should be less than 1 pAcm-2.
The surface barrier detector material requirements and device characteristics are tabulated in Table I. Surface barrier detectors are fairly readily
fabricated and have exceptionally thin contacts. They are, however, relatively
fragile and are normally limited to readily machinable geometries.
Diffused junction detectors
Silicon planar diffused junction technology employing either n-or p-type
silicon has been utilized for many years in the fabrication of silicon radiation detectors [5]. Figure 6, which shows a detector made on P-type silicon,
indicates the features of these devices. The silicon dioxide grown at 950 1000°C and 3000 - 7000A thick provides the junction diffusion mask and edge
protection. Unlike the epoxy-silicon interface of the surface barrier detector, the properites of this silicon-silicon dioxide interface are fairly well
understood [6]. The n+ and p+ contacts are diffused 0.2 - 0.5pm deep (typically at 900 - 950°C, 10- 30 minutes) into the wafer and consequently are much
more rugged than the metal contacts on the surface barrier detectors. The
diffused contacts are, however, thicker than the metal barriers, and for many
applications this is a serious limitation. In addition, the high temperature
processing required for the growth of the silicon dioxide often causes a significant decrease in the minority carrier lifetime. This results in the generation current (Eq. 5), which is inversely proportional to the lifetime, being
larger than that obtained with the surface barrier technology. However, the
recently reported use of chlorine during the silicon dioxide growth has indi-:
cated that the minority carrier 1ifetime can be maintained and consequently
the leakage currents reduced to values approaching that achieved with surface
barrier detectors [7].
The processing of diffused junction detectors is complicated both in the
procedures. and equipment required in comparison with the surface barrier
technology. However, diffused junction detectors are very rugged and the
planar technology allows the ready use of photolithographic techniques which
permit a wide variety of detector geometries to be produced. The diffused
junction material requirements, commonly employed diffusants and detector
characteristics are given in Table I.

..

Ion implanted detectors
Ion implantation is also used to fabricate the contacts on silicon radiation detectors. This technique offers the advantages of precise control of
the depth distribution of the doping impurities and lower temperature processing in forming the contacts. Figure 7 indicates the features of a detector
made on p-type silicon with ion implanted contacts. The silicon dioxide, as
shown, again forms a mask and passivates the surface around the rectifying
junction.
Processing normally involves the ~rowth of silicon dioxide, as previously,
follow~d by the implantation of the n and p+ contacts (10- 30keV, 2 5 x 1012 ions cm2). The radiation damage produced by the implantation is then
annealed (- 700- 800°C, 10- 30 minutes). Ion implanted contacts exhibit
thicknesses of the order of 300 to 1000A.
The ion implantation process does not require the same care which is
needed for the diffusion process since the activation of dopants occurs at
lower temperatures than those needed for diffusion. The doping impurities are
introduced at room temperature or lower with very precise control. The equipment requirements are, however, greater. The use of ion implantation has
resulted in devices which are rugged yet possess thin entrance contacts. The
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common dopants, material requirements and characteristics of these devices are
also presented in Table I.
Lithium ion compensated detectors
While silicon crystals are available with resistivities which would allow
the fabrication by the preceding techniques of detectors greater than 1mm in
depletion depth, these crystals are presently expensive and scarce. Consequently, lithium ion compensation is extensively used to produce the thicker
detectors. The following procedure is used for their fabrication. Lithium is
diffused into the p-type wafer (nominal 1000 ohm-em) forming the n+ contact.
A groove is then cut into the wafer using an ultrasonic cutter. This groove
and the p+ contact region are chemically etched with the resultant device as
shown in Fig. 8. The p+ contact is formed by evaporating gold onto the
etched region. After surface treatment to minimize the leakage currents, the
device is put onto "drift". The "drift" consists of applying a reverse bias
(500 - 1000 volts) and heat (110 - 150°C) to the device. This causes the
lithium ions to drift under the influence of the applied electric field from
then+ contact into the bulk p material. The lithium ions, which are interstitial, compensate the nascent boron impurities to produce a nearly intrinsic
material in the compensated region.
· Lithium ion compensation has been used for many years in both silicon and
germanium detector fabrication with varying degrees of success. A major
obstacle to successful lithium ion compensation has, historically, been the
presence of oxygen in the silicon and germanium crystals. Oxygen forms an
immobile donor complex with lithium which leads, for medium oxygen concentrations ([02] = lolScm-3), to a-reduction of the lithium ion mobility and
in the case of high oxygen concentration ([02] > lollcm-3), to a complete
immobilization of the lithium for all practical-purposes [8].
Another interference in the drift process has been studied more recently.
It is related to microdefects (A- and B-type swirls) which can be present in
large diameter, dislocation-free floating-zone crystals. The generation and
distribution of the A and B swirls has been associated with the crystal growth
conditions and crystal growing procedures have been advanced to reduce or
eliminate their generation. Further, it is believed that A swirls, which
consist of dislocation loops surrounding interstitial silicon atom platelets,
evolve from B swirls which are partial loops [9].
We have on occasion encountered dislocation-free silicon crystals in which
the lithium ion mobility was reduced in spite of the fact that the oxygen concentration was low (i.e., [02] < 1o15cm-3). Consequently, we initiated a
study to determine whether the A and B swirls which are affected directly by
the growth conditions of dislocation-free silicon were responsible for the
observed lithium ion mobility and/or the charge collection in the completed
detectors.
Our study [10] consisted of five 1000- 2000ncm p-type crystals which had
been grown under different floating zone conditions. Two crystals were grown
with a relatively large molten zone, while the remaining three were grown with
a smaller zone (the large zone was 50% greater than the small one). The
lithium compensated detectors made from these crystals were scanned with an
alpha source with various applied bias voltages. The results of these alpha
scans are shown in Fig. 9. It is readily apparent that there is a marked
difference in the low bias charge collection properties of these detectors.
The detectors made from the two crystals with the larger molten zone have
constant charge collection response, whereas those made from the crystals with
the smaller zone show pronounced dips in the central region. We believe that
this charge collection deficiency as shown in Fig. 9 is related to the formation of micro defects (pre B swirls) during the crystal growth. Further, we
believe that if these defects are present in sufficient density, the lithium

"
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ion mobility will be reduced. This technique of examining lithium compensated
detector charge collection performance with low bias voltages appears to be very
sensitive to the presence of micro defects in the crystal. While this has proven useful in assessing the quality of silicon for detector fabrication, it may
also be useful in correlating crystal growth conditions with defect formation.
The silicon crystals employed in the lithium ion compensation technique are
of the floating zone kind, p type with 1000 - 2000ncm resistivity (corresponding
to [B] = lol3cm-3) and 500- 1000~sec minority carrier lifetime. The resistivity range is limited at high boron concentrations ([B] > 1o14cm-3) by the
reduced lithium ion mobility due to lithium boron pair formation. Low boron concentrations ([B] < 5 x 1o12cm-3) make it difficult to control the silicon surface states and, consequently, the leakage currents during the ion drift process.
The presence of dislocations also affects the lithium ion mobility [11].
Consequently, we normally use crystals having a dislocation density between 0
and 4000cm-2. However, we noted in our previously mentioned work on dislocation-free silicon crystals that the presence of 11 pre-B 11 type swirls in sufficient density can also reduce the lithium ion mobility. Therefore, the specification of zero dislocations may not necessarily guarantee an adequate lithium
ion mobility in the crystal.
The specification of a minority carrier lifetime of 500- 1000~sec is
intended to select crystals which have a small deep trap concentration. Deep
traps affect the extremely stringent charge collection properties of nuclear
radiation detectors. Mayer [121 has shown that for the trapping effects to be
negligible, the mean time that a carrier must be free before being trapoed,
-r+, is related to the detector t~ickness, L, by:
T

+

lOOL
=--

Vd

(6)

where Vd· is the carrier drift velocity, - 1 x 106cms-1, in the usual lithium
drift detector at room temperature.. For a 5mm thick detector, T+ = 50~sec. The
parameter -r+ is a detector parameter and is not the minority carrier lifetime
which is measured at near equilibrium conditions. The selection of 5001000~sec for the minority carrier lifetime specification avoids any charge
collection problems which could be due to this crystal parameter.
While the preceding discussion has centered on room temperature applications of these detectors, lithium drifted detectors are also used extensively
at cryogenic temperature.s to detect soft x-rays (E = 1 - 30keV). In these
applications, trapping centers which are inactive at room temperature become
much more critical. However at the present time, there is little understanding
of the nature and density of the traps and their influence on the charge
collection processes at these low temperatures. Fano factors for lithium
compensated silicon detectors of the order of 0.1, which is indicative of low
trap density (see discussion regarding Eq. 3), are commonly obtained so that
the anomalous crystals have not yet warranted investigation.
The junction edge protection on lithium drifted detectors is frequently
accomplished by coating the surfaces with paints, varnishes or other materials
which do not substantially alter the detector surface states. The exact
formulation of these coating materials employed by the various detector
manufacturers is proprietary as it has normally been developed over a long
series of trials and evaluations.
The lithium compensation can be done with little equipment and the process
itself is comparatively simple. Passivation of the device surfaces, however,
borders on being an art and consequently the long term stability of these
devices, especially at room temperature, is variable. Nevertheless these
detectors are used extensively in ~E, E telescopes and in x-ray detector
systems. The main features of these devices are also given in Table I.

'
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SILICON DETECTOR APPLICATIONS
In choosing the folowing examples to illustrate silicon detector capabilities, we attempted to select a few applications which not only indicate what
has been accomplished, but which could also point out areas of future development.
AE, E telescopes
Detector telescopes employing AE, E dual arrangement as shown earlier in
Fig. 1 or having multiple (three or more) detectors have been used for many
years in the identification of nuclear particles. In the AE, E dual telescope
a single identification is made using an algorithm such as that of Eq. 1. By
employing a second AE detector and performing two identifications on the same
particle passing through the telescope, the signals can be compared and anomalous events rejected. The performance of a dual telescope in measuring the
products from 129MeV alpha particles impinging on a 12c target are shown in
Fig. lOa, while the improvement obtained by employing a AE,AE,E triple tel~
scope during the same experiment is evident in Fig. lOb [13]. The particle
identifier techniques have been extended to multiple-element detector telescopes which have been used to study cosmic ray composition [14] and neutron
rich light nuclei stability· [15]. In these latter applications, lithium ion
compensated detectors with areas of 15 to 40cm2, 3 to Smm thick and 8 to 16
detectors in a telescope have been employed to measure the high energy, low
intensity particles. Detectors of this area and thickness place very heavy
demands on the silicon crystal quality and the future availability of such
large area detector telescopes is very dependent on the interest and ability
of crystal suppliers to provide these large diameter, high-purity silicon
crystals. We have indicated previously the difficulties in lithium ion compensation with these large diameter crystals and additional work is required
in relating the crystal growth conditions for these large crystals with the
resultant detector characteristics.
Position-sensitive detectors
It was noted earlier that in addition to the particle energy, its position
is also frequently of interest. Two basic types of semiconductor positionsensitive detectors are in use--continuous element and discrete element [16].
Continuous-element detectors use a resistive layer to generate the position
signal. Discrete-element detectors have a series of what may be considered
individual detectors on a common wafer. The following two examples are
discrete-element devices, the first being used in high-energy physics and the
second in nuclear medicine.
Particle track reconstruction: With the new high-energy physics accelerators proposed or under construction, there is a growing awareness that new
generation of particle detectors is required to adequately utilize the capabilities of these machines. Among the new detectors proposed are arrays of silicon wafers 100- 300~m thick, each having 50- 500 equally spaced stripes (10SO~m wide, 10- lOO~m apart).
In some applications, a small number of these
detectors would be placed near the interaction region and would be used to
project the particle tracks back into the interaction region or vertex where
short-lived, charmed-particle decay (which is of interest) occurs.
A prototype of one of these vertex detectors is shown in Fig. 11. The
detector is a 150~m thick diffused junction device having 48, lcm long stripes,
20~m wide and 60~m apart.
The preliminary results obtained in a test at the Fermi Laboratory indicated that a five-detector telescope of these detectors was successful in particle track reconstruction [17]. Similar results have been obtained earlier

-9at CERN [18] and we expect that detectors of this type will be in growing
demand especially with the newer accelerators. There exists, however, a readout problem. The detectors tested at the Fermi Laboratory have one amplifier
chain connected to each stripe. For experiments involving larger area devices
and/or devices with a higher density of stripes, the electronics costs of this
approach may become prohibitive. Consequently, development of these vertex
detectors integrated with the required electronics or a ready hybridization
arrangement appears to be of paramount importance.
·
X-ray angiofraphy: Angiography [19], as currently employed, involves the
visualization o blood vessels by use of the x-ray absorption characteristics
of iodine-containing compounds which are injected directly into the artery of
interest. Conventional x-ray sources provide a broad spectrum of energies and
consequently, a relatively high dosage of iodine is required to obtain adequate
images. For many individuals, the iodine concentration required and its injection by means of a catheter present serious risks. However, the availability
of high-intensity x-rays produced by synchrotron radiation at SLAC allows the
monochromatization of these x-rays with sufficient intensity that images can
be produced with much lower concentrations of iodine and non-catheterization.
The essence of the technique is shown in Fig. 12 where the monochromatization of
synchrotron radiation by Bragg diffraction is indicated. The x-ray energy is
switched above and below the K absorption edge of iodine to allow the subtraction of the background. While a 256-element detector is shown in the figure,
preliminary measurements have, in fact, been performed with a 30-element
detector shown schematically in Fig. 13. Results obtained on the blood flow
in a dog•s heart are shown in Fig. 14. Development of larger area detectors
with smaller element size is now under way with the prospect of achieving
high-quality images on heart patients as the immediate goal.
SUMMARY
Silicon radiation detectors have been examined principally in relation to
their use in charged-particles telescopes. The four basic fabrication techniques, surface barrier, diffused junction, ion implantation and lithium ion
compensation have been reviewed.
While silicon detectors are widely used in scientific research, the silicon
crystals used to fabricate these detectors are produced by companies whose
principal interest is supplying silicon to the semiconductor industry. Consequently, the silicon supply for detector fabrication is often tenuous. However, given the availability of high quality silicon the examples given demonstrate the flexibility of silicon detectors both in fabrication techniques and
in final applications. Furthermore, the continued interest by the semiconductor industry in silicon processing will undoubtedly yield additional processing
advances which will present even greater flexibility in silicon detector
designs and uses.
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-11TABLE I.
Detector Type
Parameter

Surface Barrier Diffused

Ion Implanted

________ Res.i st,iv.;.ty .. (-n em)-- 50;;..;50;000 -· · -5o=5o~ooo----5o-5cf,ooo
Lifetime ( llsec)
>100
>100
>100
n, p
Type -Floating Zone
n, P
n, P
2
EPD (cm- )
<4000
<4000
<4000
+
P, As
P, As
n Contact
Al
p+ Contact
Au, Pt
B
B
Pd, Cr, Ni
Contact Thickness
-100-150
-20-40
-60-80
( llgmcrrr2)
Thickness Range
(l!m)
Area (cm2 )

5-1000

' 5-1000

5-1000

<30

<20

<30

Lithium
Ion Compensated
1000-3000
>500
p

<4000
Li
Au, Pt
Pd, Cr, Ni
p+-20-40
n+'-2~0~ _
3x10
500-5000
<40
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Fig. 1. Block diagram of the AE, E detector telescope particle identifier
system typically employed to study nuclear reaction products.

-13r

+
~---

---------~-

.......------~- .... -

........ ----------~~---~~-~

--

......

n+

01

el®

0'®
0/®
.,. "®

(t)\<D
e\<D
(t)\<D
I

le

VOR1r'

p+

I

'Y,X
a,eXBL 8210-2743
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to high res i st.ivi ty n or p s.i 1icon respectively.
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Fig. 4.

Mechanical details of surface barrier detector fabrication.
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Fig. 3. Signal charge, Qs, (coulombs) produced by incident signal radiation
(MeV) and the statistical variation, ~Qs, in this signal charge for silicon
nuclear radiation detectors. The noise of a representative detector and electronics at room temperature (A) and at cryogenic temperatures (B) are also
shown.
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Fig. 6. Schematic of
a diffused junction
detector.
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Schematic of an ion-implanted junction detector.
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Schematic of a lithium-ion compensated detector.
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Fig. 9. The alpha particle scans of detectors made from five different
crystals with various applied voltages. The lines connecting points in (c)
and (d) indicate the presence of multiple peaks.
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Fig. 10. The particle identification spectrum produced by (a) a dual element
&E, E telescope and (b) a triple element &E,&E,E telescope on the same
12c + 129MeV alpha experiment.
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Fig. 11. Prototype vert ex detector
with 48 stripes, 1cm long, 20~m
wide and 60~m apart. Only 40 of the
stripes are connected by aluminum
wires which are potted in epoxy to
improve the device ruggedness.
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