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[57] ABSTRACT

Apparatus and method for qualitatively and quantita-
tively analyzing a complex radiation field are provided.
A microdosimetry device is provided having an array
of microstructure parallel p-n junctions. Each junction
defines a predetermined sensitive volume within which
a voltage pulse is produced responsive to incident radia-
tion. Circuitry in communication with the detector
array generates digital pulse signals representative of
the voltage pulses induced within the sensitive volumes
responsive to incident radiation, and further provides a
summation of the digital pulses occurring at particular
energies. The summations of digital pulses are com-
pared to known energies generated by known ionizing
particles in comparable sensitive volumes to generate an
dose equivalent estimate. Apparatus and method for
calculating the total dose from an incident radiation
field may also be included.

40 Claims, 4 Drawing Sheets
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MICRODOSIMETRY RADIATION ANALYSIS
METHOD AND DEVICE

BACKGROUND OF THE INVENTION

The present invention generally concerns radiation
detection devices and monitoring methods, and more
particularly concerns dosimetry devices and methods
for personal and area uses.

Monitoring and measuring the effects of radiation
upon biological organisms and microelectronic circuits
are. critical concerns in the nuclear energy applications
(e.g., nuclear power stations, nuclear medicine, nuclear
weapons industry, nuclear propulsion systems, etc.) and
space exploration technologies, especially in the low
dose natural radiation environment of space. Modern
microelectronic components in particular are known to
be subject to a wide variety of detrimental radiation
induced phenomena from sporadic operation to total
failure.

Various dosimetry and radiation detection devices
are known and utilized in the art for measuring and
predicting the effects of a radiation field upon biological
tissue in particular and microelectronics in general.
These devices include thermoluminesent dosimeters
(TLD), ionization chambers, and Geiger tubes. These
devices, however, are generally limited in that they
effectively only provide a total dose measurement from
a radiation field. To accurately predict the risk involved
in exposing an organism or microelectronic circuit to
some complex radiation environment, it is imperative to
analyze the qualitative effects of the various ionizing
particles in the complex radiation field. The conven-
tional dosimetry devices generally have not effectively
accomplished this goal.

In the relatively recent past, the art has turned its
attention to metal oxide semiconductor devices as radia-
tion detectors. When a metal oxide semiconductor de-
vice is irradiated, charge builds up in the oxide layer.
These charges can be measured and this has proven a
useful dosimetry principle. See, for example, U.S. Pat.
No. 4,517,464 to Heath et al.; U.S. Pat. No. 4,859,853 to
Kronenbero: U.S. Pat. No. 4,757,202 to East; U.S. Pat.
No. 4,608,655 to Wolf et al.: and the scholarly publica-
tion in IEEE Transactions on Nuclear Science, Volume
NS-33, No. 6, December 1986, entitled “PMOS Dosim-
eters: Long-term Annealing and Neutron Response.”

The principles and operation of the solid-state detec-
tors are known and understood by those skilled in the
art. However, these solid-state particle detectors are
again generally only useful for a total quantitative anal-
ysis of a radiation field. For example, with a typical
conventional silicon surface barrier detector consisting
of a relatively large (e.g., 25 mm?2X 100 micron) biased
p-n junction, circuitry is generally provided to measure
and record the total amount of charge collected as a
result of the junction being traversed by charged ioniz-
ing particles. The voltage pulse generated is normally
sent to a preamplifier used in pulse height analysis. The
preamplifier integrates the voltage pulse over time and
generates a signal which is proportional to the total
charge collected across the junction. This signal is then
sent to a pulse height analyzer for quantitative analysis.
For a full discussion of the operation of solid-state de-
tectors such as the silicon surface barrier detector and
pulse height analyzers, see the work by G. F. Knoll,
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2
“Radiation Detection and Measurements,” John Wiley
& Sons, New York, N.Y., 1989.

The junctions of conventional solid-state particle
detectors are relatively large, as discussed above. These
junctions do not simulate a microstructure as tiny as a
biological cell or the p-n junction of a microelectronic
semiconductor. Thus the conventional solid-state detec-
tor generally cannot qualitatively analyze an incident
radiation field on a micron level to determine precisely
what type of ionizing particle is producing the induced
voltage within the junction. Such detectors generate a
total voltage from the total incident radiation field and
circuitry is known in the art for measuring this total
voltage. However, this analysis provides very little
information on the effects of radiation on the critical
microstructure level.

Conventional solid-state particle detectors generally
do not provide adequate means for measuring the en-
ergy of specific particles that make up the complex
radiation environment, nor for predicting the detrimen-
tal effects the constituent elements of a complex radia-
tion field will have upon a microvolume of tissue or a
microelectronic junction. For instance, a conventional
solid-state dosimeter will yield a fairly accurate estimate
0 a total dose from an incident complex radiation field,
but cannot separate the contributions from the individ-
ual types of radiation that make up the complex radia-
tion field. Such information is essential to estimating the
risk to a biological organism or microelectronic circuit.
The probability of whether an incident ionizing particle
will result, for example, in a genetic chromosome muta-
tion in a biological cell or an upset event in a microelec-
tronic junction depends upon the amount of energy the
incident particle deposits within the microstructure
biological cell or electronic junction. Conventional
dosimetry devices generally do not provide this qualita-
tive information.

Fairly recently, significant work has been done in
predicting single event phenomena in modern micro-
electronic circuits. Modern microelectronic cxrcuxts are
subject to a variety of single event phenomena, or “up-
sets,” caused by incident radiation. Such circuits may,
for example, consist of a particularly arranged array of
p-n junctions. Typically, operation of the circuit in-
volves the selected storage and switching of various
electrical charges (or logic states) at the given junction
When ionizing particles traverse these junctions, they
cause sudden undesirable swings in the bias (i.e., the
electrical charge) across the junction. The generation of
a relatively large charge at these critical locations on
the die of 2 microelectronic chip can alter the electrical
condition, and hence the logic state, of an element,
which is referred to as an “upset.”

Traversal of certain junctions on a circuit by an ioniz-
ing particle would be sufficient to induce changes in the
electrical state in any circuit element, unless they are
specifically hardened against such changes. Hardening
adds to cost while sometimes adversely affecting per-
formance or conflicting with design constraints, €.g.,
weight limitations. Upset phenomena is a significant
concern in the microelectronic field, especially in the
space technology area where these types of microelec-
tric circuits are constantly exposed to complex low
level radiation fields. Analysis and prediction of this
upset phenomena is essential to ensuring the reliability

-and sustained operational ability of microelectric cir-

cuits in space. The extreme financial losses associated
with the failure of space based systems are well known.
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Reverse biased junctions are essential components of
microelectronic circuits. It is known that various types
of radiation induce single event upsets at these junc-
tions. These include heavy ions, protons, neutrons, al-
phas, and gammas. The amount of charge which must
be collected across the junction to upset the circuit
clement is called the critical charge. In order to predict
the single event upset (SEU) rates in microelectronic
circuits, it was necessary to first determine the dimen-
sions of the sensitive volumes of the particular junc-
tions. The sensitive volume is generally defined to be
that region about the junction within which the charges
generated by the traversing radiation particles are effi-
ciently collected at the junction. For the conventional
surface barrier type detector discussed above, the sensi-
tive volume is virtually the entire slab of silicon within
the detector.

An important advance in predicting SEU rates of
.microelectronic circuits involved the ability to effec-
tively measure and/or confirm the sensitive volumes of
the micron sized junctions in solid-state electronic com-
ponents (e.g., semiconductors). For a complete discus-
sion of this aspect of the art, see the scholarly article
presented by P.J. McNulty at the IEEE Nuclear and
Space Radiation Effects Conference in Reno, Nev., Jul.
16, 1990, entitled “Predicting Single Event Phenomena
in Natural Space Environments.”

In theory, the “perfect” solid-state detector would
approximate the size of a single biological cell or p-n
junction of a microelectronic circuit. In this case, the
charge induced in the detector would necessarily be
from the same type and amount of radiation which
would cause damage to a biological cell or cause an
upset in a p-n junction of that size in a microelectronic
circuit. Hence, the relatively large junctions of prior art
devices have generally failed to achieve such heretofore
theoretically advantageous results.

SUMMARY OF THE INVENTION

It is a principal object of the present invention to
provide improved dosimeter and corresponding meth-
ods, and is a more particular object to provide a mi-
crodosimetry device for qualitatively analyzing radia-
tion in a compiex radiation field.

A further object of this invention is to provide a
radiation monitoring device for qualitatively and quan-
titatively analyzing a complex radiation field to provide
a total dose and dose equivalent estimate.

Yet another object of the present invention is to pro-
vide a radiation detector utilizing a solid-state semicon-
ductor device of parallel microstructure p-n junctions
which approximate in size biological tissue cells.

It is also an object of the present invention to provide
a method and apparatus for shielding a microstructure
detector to simulate specific biological cells.

Still a further object of the present invention is to
provide a radiation detector array of microstructure
parallel p-n junctions capable of generating electrical
impulses at varying voltage levels which are indicative
of the radiation field make-up.

Still another object of this invention is to provide
method and apparatus for analyzing an energy deposi-
tion summary from an array of parallel p-n junctions
subjected to a complex radiation field for qualitatively
determining the make-up of the incident radiation field.

And yet still another object of the present invention is
to provide method and apparatus for summing the elec-
tric charges generated within an array of parallel p-n
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junctions in order to analyze the summation to deter-
mine the make-up of a radiation field.

A further object of the present invention is to provide
a personal sized microdosimetry device capable of mea-
suring the total dose and dose equivalent from an inci-
dent radiation field.

Still a further object of this invention is to provide an
area dosimetry device capable of qualitatively monitor-
ing for different types of radiation.

And yet another object of the present invention is to
provide a microdosimetry device for qualitatively mea-
suring the effects of radiation upon microelectronic
circuits in a space or similar environment.

A further object of the present invention is to provide
a portable microdosimetry device capable of being
worn by an operator to directly provide an dose equiva-
lent and total dose estimate in real time.

It is also an object of the present invention to provide
an apparatus and method for storing an energy deposi-
tion spectrum of electrical charges generated in a detec-
tor array of p-n junctions for subsequent analysis by
external analyzing computers.

Yet another object of the present invention is to pro-
vide apparatus and method to accurately predict the
risk involved in exposing an organism or microelec-
tronic circuit to some complex radiation environment.

Another object of this invention is to provide a rela-
tively inexpensive solid-state dosimetry device utilizing
conventional solid-state devices and capable of qualita-
tively and quantitatively analyzing an incident radiation
field in terms of total dose, dose equivalent, and risk.

Still another object of the present invention is to
provide a self-contained battery powered dosimetry
device capable of accurately measuring and recording
the pulse-height spectrum from a complex radiation
field.

The present invention equally is concerned with im-
proved methodology corresponding with the above-
referenced devices.

Additional objects and advantages of the invention
will be set forth in part in the description which follows,
and in part will be apparent to one of ordinary skill in
the art from the description, or may be learned by the
practice of the invention. The objects and advantages of
the invention may be realized and obtained by means of
the instrumentalities and combinations particularly
pointed out in the appended claims.

The present invention utilizes a detector array of
highly concentrated microstructure parallel p-n junc-
tions with each individual junction acting as a separate
detector. The present invention approaches the *“‘per-
fect” theoretical detector by utilizing a very high con-
centration of tiny microstructure detector units or indi-
vidual p-n junctions. The method and apparatus of this
invention provide for measuring the individual electri-
cal impulses generated within the sensitive volume of
each individual p-n junction. Different ionizing parti-
cles generate charges of varying degrees within the
sensitive volumes. The present invention provides
means and apparatus for measuring the charges occur-
ring at various levels and providing a summation
thereof. The total summations of the charges is thus
indicative of the make-up of the radiation field and
subsequent analysis thereof provides a qualitative dose
equivalent estimate as well as a total quantitative dose.
The detector unit of the present invention overcomes
the drawbacks of the relatively large conventional de-
tectors and provides an apparatus and method for accu-
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rately analyzing the constitute elements of a complex
radiation field.

To achieve the objects and in accordance with the
purposes of the invention, as embodied and broadly
described herein, an exemplary apparatus of the present
invention comprises a detector array of microstructure
parallel p-n junctions, each p-n junction defining a pre-
determined sensitive volume within which a voltage
pulse or electrical impulse is produced responsive to
incident radiation; and circuitry means in communica-
tion with the detector array for generating digital pulse
signals representative of the voltage pulses induced
within the sensitive volumes responsive to the incident
radiation, the energy deposition summation of the digi-
tal pulses over a period of time being in the form of, for
example, a pulse height spectrum which is indicative of
the make-up of the radiation field upon subsequent anal-
ysis.

In one preferred embodiment of the present inven-
tion, the detector array comprises a semiconductor
device, and particularly a silicon crystal diode array of
at least 32,000 paraliel p-n junctions.

In still a further preferred embodiment of this inven-
tion, the detector array, and thus each sensitive volume,
is shielded with varying shielding materials so that the
particular p-n junctions are exposed to radiation similar
to that which would be encountered within specific
biological tissue.

The circuitry means of the present invention prefera-
bly comprises a preamplifier configured to receive a
voltage pulse induced within the sensitive volume of
each junction and generate a voltage pulse signal re-
sponse thereto; a shaping amplifier in operative commu-
nication with the preamplifier for increasing the voltage
pulse signal to a voltage level suitable for processing by
an analog-to-digital converter; an analog-to-digital con-
verter in operative communication with the shaping
amplifier for converting the voltage pulse signal into a
digital pulse signal; a microprocessor in operative com-
munication with the analog-to-digital converter for
reading and processing the digital pulse signals; and a
memory array configured to receive and tally the digi-
tal pulse signals from the microprocessor according to
their respective energies, a representation of the tally of
the digital pulse signals according to their respective
energies constituting a signature pulse height spectrum.
This signature pulse height spectrum is subsequently
analyzed to determine the make-up of the radiation
field.

In another preferred embodiment of the present in-
vention the microdosimetry device further comprises
pulse height spectrum interpreting means in operative
communication with the circuitry means for generating
the pulse height spectrum from the tally of digital pulse
signals and translating the pulse height spectrum into a
radiation dose equivalent estimate. In another preferred
embodiment of the invention, the pulse height spectrum
interpreting means comprises a peripheral computer
configured to be operatively mated with the micro-
processor at selected intervals, the microprocessor
sending to the peripheral computer the tally of digital
pulse signals from the memory array. In an alternative
embodiment of this invention, the dose equivalent com-
puter comprises an integral computer in physical opera-
tive communication with the microprocessor, and dis-
play means for directly displaying the dose equivalent
estimate from the microdosimetry device.
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The pulse height spectrum interpreting means ac-
cording to this invention preferably comprises means
for applying sensitive volume dependsnt weighting
factors to the energy deposition within discrete energy
channels of the pulse height spectrum. These weighting
factors correlate to known energies generated by
known ionizing particles in sensitive volumes of compa-
rable size to the sensitive volumes of the p-n junctions
used in the detector array. Hence, an dose equivalent
estimate is generated by applying, for example, with
simple multiplication algorithms, these weighting fac-
tors to the energy deposition within the discrete chan-
nels of the pulse height spectrum.

In still another preferred embodiment of the present
invention, the microdosimetry device further comprises
total dose calculating means for estimating the total
radiation dose from a complex radiation field. In a pre-
ferred embodiment, the total dose calculating means
comprises a calibrated PMOS transistor having a vary-
ing turn-on voltage which varies in correspondence
with the total radiation dosage to which the PMOS
transistor has been exposed to; and total dose circuitry
means in operative communication with the PMOS
transistor for converting the varying turn-on voltage to
a total dose estimate. In another preferred embodiment,
the total dose circuitry means comprises a peripheral
computer configured to be operatively mated with the
PMOS transistor at selected intervals. In an alternative
embodiment of this invention, the total dose calculating
means may comprise an integral computing device for
directly displaying the total dose estimate from the
microdosimeter itself.

To further achieve the objects and in accordance
with the invention, as embodied and broadly described
herein, a portable radiation monitoring system for quali-
tatively predicting the dose equivalent from an incident
complex radiation field is provided. The system com-
prises a semiconductor detector having microstructure
parallel p-n junctions; circuitry means in operative com-
munication with the detector for tallying electrical im-
pulses generated within the premeasured sensitive vol-
umes of the p-n junctions. The electrical impulses are
tallied according to varying energy bands such that a .
summation of impulses occurring within each energy
band over a period of time is generated; and dose equiv-
alent analyzing means operatively mateable with the
circuitry means for applying sensitive volume depen-
dent weighting factors to the summations of electrical
impulses, thereby generating an equivalent in dose esti-
mate.

In a preferred embodiment of this invention, the radi-
ation monitoring system is configured as a personal
sized radiation dosimetry device.

In yet an alternative preferred embodiment, the radia-
tion monitoring system is configured as an area monitor.
In a preferred embodiment, the area monitor is config-
ured for a space platform.

In still another preferred embodiment of the radiation
monitoring system, total dose calculating means are
further provided for estimating the total dose from an
incident radiation field.

To further achieve the objects and in accordance
with the purpose of the invention, as embodied and
broadly described herein, there is provided a method
for qualitatively analyzing the dose equivalent from a
complex incident radiation field. The method comprises
the steps of subjecting an array of microstructure paral-
lel p-n detectors having associated predefined sensitive
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volumes to the radiation field; measuring and tallying
according to energy levels digital pulse signals corre-
sponding to voltage pulses or electrical impulses gener-
ated within the sensitive volume of each detector re-
sponsive to incident radiation, the tallying step provid-
ing a summation of digital pulse signals occurring
within a particular energy band; and translating summa-
tions of digital pulses into an dose equivalent estimate.

In a preferred embodiment of the method of this
invention, thé subjecting step comprises subjecting a
silicon crystal transistor to the radiation field. In a most
preferred embodiment, silicon transistor is shielded
with appropriate shielding so that the array of micro-
structure detectors simulates specific biological tissue.

The translating step preferably comprises applying
predetermined sensitive volume dependent weighting
factors to the summations of digital pulse signals falling
within discrete energy channels. The weighting factors
qualitatively correlate the energy deposition within an
energy channel to known energies generated by known
ionizing particles in sensitive volumes of size compara-
ble to those of the junctions in the detector array of the
present invention. In another preferred embodiment,
the translating step further comprises sending the sum-
mations of pulse signals to a peripheral computer which
subsequently applies the predetermined weighting fac-
tors to the summation of digital pulse signals thereby
yielding an dose equivalent estimate.

The method according to the present invention may
preferably comprise the additional step of calculating a
total dose estimate from the complex radiation field.
The total dose calculating step may comprise subjecting
a calibrated PMOS transistor to the radiation field, the
transistor having a varying turn-on voltage which var-
ies according to the total radiation dose the PMOS
transistor has been exposed to; measuring the turn-on
voltage of the PMOS transistor which is representative
of the total radiation dose; and translating the turn-on
voltage into a total dose estimate.

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, dem-
onstrate embodiments of the invention and taken to-
gether with the description, serve to help explain the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present inven-
tion, including the best mode thereof, to one of ordinary
skill in the art is set forth more particularly in the re-
mainder of the specification, including reference to the
accompanying figures, in which:

FIG. 1 illustrates a perspective view of an exemplary
embodiment of the present invention used particularly
as a personal radiation dosimetry device;

FIG. 2 is an enlarged view of the embodiment of the
present invention shown in FIG. 1;

FIG. 3 is a perspective and diagrammatic view of a
preferred embodiment of the present invention depict-
ing the detector portion thereof perspectively and the
circuitry and analyzing means thereof schematically;

FIG. 4 is an enlarged perspective view of the detec-
tor array illustrated in FIG. 3 with partial cutaway;

FIG. § is a perspective cut-a-way view of an individ-
ual p-n junction detector in accordance with this inven-
tion illustrating shielding thereof for electrical isolation
or to simulate specific biological tissue; and

FIG. 6 is a representation of a pulse height spectrum
partitioned into discrete energy channels having as-
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8

signed weighting factors in accordance with the present
invention.

Repeat use of reference characters in the following
specification and appended drawings is intended to
represent the same or analogous features or elements of
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the present
preferred embodiments of the invention, examples of
which are illustrated in the accompanying drawings.
The following' disclosure is for purposes of example
only, and is not intended to limit broader aspects of the
invention embodied thereby.

The apparatus and method of the present invention
pertain generally to radiation monitoring systems, de-
vices, and the like. Although the following description
and appended figures refer to the invention generally in
terms of a personal radiation dosimetry device, this is
not meant as a limitation upon the present invention.
For example, the method and apparatus of this inven-
tion are just as relevant to radiation monitoring systems
and devices utilized as area monitors, such as area moni-
tors in a radiation work area. The present invention also
pertains to monitors for space platforms such as the
space shuttle. Measuring and predicting the effects of
low level radiation in any environment are within the
spirit and scope of the present invention. It should be
understood that the invention is generally referred to as
a dosimetry device for ease of illustration only and is
not a limitation upon the invention. The apparatus and
method of this invention pertain to any use in which a
qualitative analysis of a radiation field is desired.

A microdosimetry device for qualitatively analyzing
radiation in a complex radiation field incident thereon is
provided. As depicted in FIGS. 1 and 2, microdosime-
try device 10 of the present invention may comprise a
personal dosimetry device 60 compact and portable
enough for an opérator to wear, for instance attached to
his belt, as graphically illustrated in FIG. 2. Using mod-
ern lithographic techniques and suitable packaging, the
size of the device may be reduced even further to, for
example, the size of a film badge.

Microdosimetry device 10 and radiation monitoring
system 66 (FIG. 3) for qualitatively analyzing incident
radiation comprises an array of microstructure parallel
p-n junctions. As embodied herein and shown for exam-
ple in FIGS. 3 and 4, detector array 14 comprises a
relatively large concentration of parallel p-n junctions
16. Each p-n junction 16 further defines a predeter-
mined sensitive volume 20 within which an electrical
impulse or voltage pulse is produced responsive to inci-
dent radiation. This principle will be explained in
greater detail below.

Microdosimetry device 10 and system 66 of the pres-
ent invention further comprise circuitry means in com-
munication with detector array 14 for generating digital
pulse signals representative of the voltage or electrical
pulses induced within sensitive volumes 20 of p-n junc-
tions 16. As displayed in FIG. 6, a representation of
energy deposition summations 64 of the digital pulses
generated over a period of time provides a radiation
signature pulse height spectrum 22 which is indicative
of the makeup of the radiation field upon subsequent
analysis thereof.

The principle of charge generation in a microelec-
tronic junction responsive to incident radiation is an
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understood principle and will be understood by one of
ordinary skill in the art, and accordingly, need be dis-
cussed only briefly here.

The basis for the operation for solid-state p-n junc-
tions, such as silicon or germanium transistors, is the
interface between regions of the crystal device which
have different doping characteristics. Referring to FIG.
4, a depletion region 18 consisting of layers of positive
and negative charges appears on opposite sides of junc-
tion 16 between the material of differing doping charac-
teristics. Strong electric fields connect the charges on
cither side with the direction of the field lines oriented
perpendicular to the junction. In the absence of any
external disturbance, this electric field does not extend
beyond depletion region 18. Charges generated as elec-
tron/hole pairs within depletion region 18 or individual
charges wandering into depletion region 18 are acceler-
ated under the force of this electric field with electrons
and holes attracted to opposite sides. This flow of cur-
rent across junction 16 results in a measurable decrease
in the voltage difference across the junction. This volt-
age swing is the basis of the operation of solid-state
silicon and germanium particle detectors.

When an ionizing radiation particle, such as an alpha
particle or neutron, traverses these p-n junctions, an
electrical charge is generated therein. The passing ioniz-
ing particle generates numerous electrons and holes
along its trajectory through the junction. The electrons
and holes are accelerated under the force of the electric
field existing at the junction and attracted to opposite
sides thereof. Thus the voltage difference across the
junction is subject to be changed as a result of an inci-
dent ionizing radiation particle.

The charge collected at these junctions is generally
equivalent to the energy deposited by the ionizing parti-
cle through the junction. The equivalency between
charge collected and energy deposited is based on the
fact that, for most particles, the number of electron/-
hole pairs generated along the path of an ionizing parti-
cle is proportional to the energy deposited along the
trajectory. Different ionizing radiation particles possess
different particular energies and thus deposit “signa-
ture” energies in the junctions upon traversal thereof.
The charge collected at the junctions as a result of this
energy deposition generally equals the energy of the
incident particle. Thus, by measuring the charge col-
lected across the junction, the energy deposite by the
incident particle is determined. In this manner, the con-
stituent components of an incident complex radiation
field can be determined by measuring and summing the
various electrical charges generated across these junc-
tions.

For instance, the energy deposition of 4.8 MeV al-
phas incident upon a particular detector can be mea-
sured and recorded. Similarly, the same information can
be obtained by exposing a detector to ionizing particles
of known type and energy. Subsequently, when the
detector is subjected to a complex radiation field of
unknown particles, the energy deposited within the
junctions can be measured and compared to the known
energies from known ionizing particles, thus providing
an estimated dose equivalent from the unknown com-
plex radiation field.

The sensitive volume of a p-n junction is defined to be
that region of the silicon within which the charge gen-
erated by the traversing radiation particles, or by reac-
tions at or near the junction which generate secondary
particles (some of which traverse the junction), are
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efficiently collected at the junction. The surface area
(portion of the sensitive volume exposed to the incident
radiation particles) of the sensitive volume is essentially
that of the junction itself. The thickness (or depth) of
the sensitive volume for some technologies, such as
certain forms of silicon-on-insulator (SOT), is essentially
that of an identifiable microstructure. For other tech-
nologies, such as bulk silicon, the sensitive volume must
be determined. This can be done, for example, by mea-
suring the amount of charge collected across the junc-
tion according to the method explained by the McNulty
scholarly paper cited above. For a fully depleted silicon
detector, the sensitive volume is essentially the entire
junction

For a junction type to be useful in a microdosimetry
application, the energy deposited therein from ionizing
particles should be relatively insensitive to the angle of
incidence of the particles. The preferred approach is to
fashion the sensitive volume as nearly in the shape of a
cube as possible but with rounded corners, or as cylin-
drical discs. Accordingly, an array of diodes in an isola-
tion technology having well defined sensitive volumes
and being relatively insensitive to incident angles may
be preferred. For certain junctions, the charge collected
is proportional to the product of the particle’s linear
energy transfer (LET), which represents the energy
deposited or electron pairs generated per unit of path
length, and the secant of its angle of incidence up to 70
degrees with respect to normal.

To qualitatively analyze the energy deposition from
an incident radiation field upon an array of microstruc-
ture p-n junctions, the dimensions of the sensitive vol-
ume of the junction must first be determined. For a
single p-n junction to operate as a radiation detector, the
associated sensitive volume of the junction should pref-
erably have dimensions such that the total charge gen-
erated within the volume equals the charge collected
across the junction. Hence, in a preferred embodiment,
a fully depleted or biased junction would be used, but
this is not a necessity. Any type of junction (e.g., par-
tially depleted, as one alternative) could be used as a
detector as long as the sensitive volume of that junction
can be determined to within a sufficient accuracy.

The detector array of the present invention prefera-
bly comprises a semiconductor device. As embodied
herein and shown for example in FIGS. 3 and 4, detec-
tor array 14 preferably comprises semiconductor device
24, such as a commercially available silicon integrated
circuit or similar device. Any combination of commer-
cially available microelectronic devices may be em-
ployed as detector array 14.

Semiconductor 24 comprises a relatively high con-
centration of parallel p-n junctions 16, such as prefera-
bly in excess of 32,000 junctions. Detector array 14
utilizes a far greater number of junctions 16 than was
generally considered possible in the art and reduces
ambiguity as to what type of radiation generated the
charge, as exists with use of the large conventional
solid-state detectors. An example of a preferred embodi-
ment of array 14 according to this invention would be a
commercially available static random access memory
chip (SRAM) of at least 32,000 parallel p-n junctions.

Each junction 16 has an associated well defined sensi-
tive volume 20. Sensitive volume 20 can generally be
considered one of two types, equivalent or designed.
An equivalent sensitive volume is one that, in essence,
must be measured, for example, in proportion to the
charge collected therein, as just discussed. Alterna-
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tively, sensitive volume 20 may preferably be a design
sensitive volume. Design sensitive volumes are those
designed and manufactured into the chip with the di-
mensions thereof already being known. An example of
this type of chip is the silicon oxide trench bonded
wafer chip available from Texas Instruments. With this
type of chip, the manufacturer provides known sensi-
tive volume dimensions.

In one preferred embodiment of the present invention
as illustrated in FIG. 8, junction 16 is shielded with
varying types and degrees of shielding material 26, such
as tissue equivalent plastic, so that the charge collected
at junction 16 simulates that collected within specific
biological tissue. As depicted in FIG. 5, individual junc-
tion 16 may be itself surrounded by shielding material
26. In an alternative embodiment, entire detector array
14 may be shielded by shielding material 26 instead of
each individual junction 16 being shielded.

In another preferred embodiment, junction 16 may be
shielded with suitable material for electrically isolating
the junction. .

Shielding material 26 may also be utilized to simulate
the environment within which it is desired to qualita-
tively analyze a radiation field. Shielding material 26
can also be utilized to customize array 24 to represent
any number of operating environments or to simulate
any type of biological tissue. For example, alpha parti-
cles from naturally occurring radioactive nuclei have
relatively high energies but due to their relatively short
range have very little penetrating distance. Thus alpha
particles cannot penetrate a worker’s skin but could
cause significant damage if inhaled into the lung or
swallowed into the stomach. Thus, to simulate an inter-
nal organ being subjected to an incident alpha, junction
16 would be heavily shielded with tissue equivalent
shielding material 26. Likewise, to simulate a cornea of
an eye being subjected to an incident alpha, junction 16
would be relatively unshielded.

It should be noted that the biological hazard from
radon is due to alpha emission from radioactive radon
daughters that attach themselves to small dust particles
which might be inhaled. Microdosimetry device 10 is
ideally suited to distinguish traversals by alphas emitted

* from nearby radon daughters or other types of ionizing
radiation. Any variety of techniques may be employed
to trap dust particles in the air in such a manner so as to
allow alphas from radon daughters to reach detector
array 14.

In a preferred embodiment of apparatus 10 and sys-
tem 66 according to the present invention as depicted in
FIG. 3, the circuitry means comprises a preamplifier 28
configured to receive a voltage or electrical pulse in-
duced within sensitive volume 20 responsive to an inci-
dent radiation particle. Preamplifier 28 receives the
electrical impulse or voltage pulse and generates a volt-
age pulse signal. Shaping amplifier 30 in operative com-
munication with preamplifier 28 is provided for increas-
ing the signal from preamplifier 28 to a voltage range
suitable for processing by an analog-to-digital con-
verter. Analog-to-digital converter 32 is provided in
operative communication with shaping amplifier 30 for
converting the voltage pulse signal into digital form.
Microprocessor 34 is provided in operative communica-
tion with analog-to-digital converter 32 for reading and
processing the digital pulse signals.

The circuitry means of this invention includes any
suitable method for obtaining a pulse height spectrum.
For example, methods are known for generating a pulse
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height spectrum without an analog-to-digital convertor.
These methods are within the scope of the circuitry
means of the present invention.

Microprocessor 34 acts, in essence, as a routing
mechanism routing the pulse signals to a memory array
or subsequently from the memory array to an external
computer. In one preferred embodiment of this inven-
tion not shown in the Figures, a conventional buffer is
provided between analog-to-digital converter 32 and
microprocessor 34.

Preamplifier 28, shaping amplifier 30, analog-to-digi-
tal converter 32, and microprocessor 34 generally con-
stitute conventional components and any combination
of like devices to carry out the functions described is
within the scope of this invention. One of ordinary skill
in the computer sciences would understand how to
customize or modify these components to perform the -
desired task.

In a preferred embodiment of the circuitry means of
the present invention as illustrated in FIG. 3, a memory
array 36 is provided to store the digital pulses from
microprocessor 34. Memory array 36 is configured to
receive and tally the digital pulse signals from micro-
processor 34 according to their respective energies. In
other words, a tally of pulses occurring at similar en-
ergy levels is generated.

Tally capacities may vary from zero to well over four
billion counts per channel in a typical system, with
memory array 36 being modified accordingly to adapt
to the desired resolutions and tally capacity. A conven-
tional 8-bit, 10-bit, or 12-bit memory system may be
utilized as memory array 36. In a typical 8-bit memory
system employed as memory array 36, the system maxi-
mum count capacity may be increased by enhancing the
memory to 3 bytes per channel. Thus in an 8-bit system,
768 bytes would be provided with bytes 0 to 255 repre-
senting the least significant byte, bytes 256 through 511
representing the middle byte, and bytes 512 through 767
representing the third or most significant byte. The
configuration is similar for a 10-bit and 12-bit system.

Using an 8-bit system as an example of memory array
36, channels 0 through 255 would represent discrete
energy bands into which the digital pulses would be
routed according to their respective energies. For ex-
ample, each may represent an incremental amount of
energy, for example, 0.2 MeV. A digital pulse having a
magnitude of 1.0 MeV would be routed by micro-
processor 34 into the channel representing 0.8 MeV to
1.0 MeV. Subsequently, every time an additional pulse
is routed to that channel, the register for that channel
will increase by one. When the least significant byte is
full, then counts will be routed to the middle byte for
the channel and so forth until the third byte for that
channel is full. With this arrangement utilizing three
bytes per channel, each channel may register up to over
16 million counts. For instance, the counts of pulses at
the energy level corresponding to channel 1 will equal
the counts in memory location channel 1 plus 256 times
the counts in memory location channel 257 plus 65,536
times the counts in memory location 513. Hence, with
this configuration the counts of pulses at any energy
band corresponding to memory map channel would be
counts:

(channel n)=ML (0+n)+256 * ML (256+n)+

65,536 * ML (512+n); wherein ML(O)=counts in

memory location O.

Memory array 36 does not store each individual

pulse, but in essence maintains a running tally of the
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pulses occurring within a particular energy band. Mem-
ory array 36 thus stores an energy deposition summa-
tion 64 of the digital pulses generated over a period of
time within a given energy level. Displayed on a graph
of counts verses energy deposited, energy deposition
summations 64 take the form of pulse height spectrum
22, as depicted in FIG. 6. Pulse height spectrum 64 is
thus a representation of the total energy deposition from
an incident radiation field, and by comparing this en-
ergy deposition spectrum to known energies generated
in comparable sensitive volumes by known ionizing
particles, a qualitative dose estimate is provided. Pulse
height spectrum 22 is thus, in essence, a signature of the
radiation field which produced it and subsequent analy-
sis thereof reveals the constituent ionizing particles
comprising the complex radiation field.

Preferably, apparatus 10 of the present invention also
includes pulse height spectrum interpreting means in
operative communication with microprocessor 34 for
generating pulse height spectrum 22 from the tally or
summations 64 of digital pulse signals. The pulse height
spectrum interpreting means then translates pulse
height spectrum 22 into a radiation dose equivalent
estimate or other suitable estimate of risk. In this re-
spect, pulse height spectrum interpreting means may
also be referred to as dose equivalent analyzing means.

In the preferred embodiment of the present invention
as depicted in FIG. 3, the pulse height spectrum inter-
preting means comprises dose equivalent computer 42.
In a most preferred embodiment, dose equivalent com-
puter 42 is peripheral computer 4 which is configured
to be operatively mated with microprocessor 34 at se-
lected intervals. Microprocessor 34 would then route
the tally or summation 64 of digital pulse signals from
memory array 36 to computer 44. In a preferred em-
bodiment of the present invention wherein apparatus 10
is employed as a area monitor, for example, in a space
station, a space platform, or a nuclear reactor, external
peripheral computer 44 may comprise a satellite or
other type of remote computer. In that instance, micro-
_processor 34 could be operatively mated with the satel-
lite computer through appropriate linking means. In a
preferred embodiment depicted in FIGS. 1 and 2,
wherein apparatus 10 is employed as a personal dosime-
try device 60, peripheral computer 44 could comprise
any external computer configured to mate with dosime-
try device 60 through microprocessor 34.

It is preferred that the dose equivalent computer 42
comprise an external peripheral computer 44 for ease in
changing or modifying the translating parameters used
to translate pulse height spectrum 22 or summations 64
of pulse height signals to an dose equivalent estimate. In
this embodiment, the modifications would be done
through the software of computer 44 without requiring
modification of any type to detector array 14 or the
circuitry means.

In another alternative preferred embodiment of the
dosimetry device 10 as depicted in FIG. 3 by the dashed
lines, dose equivalent computer 42 may comprise a
component of integral computer 46 in physical opera-
tive communication with microprocessor 34. In this
embodiment integral computer 46 further comprises
dose equivalent display means 48 for directly displaying
the dose equivalent estimate. With this embodiment,
any desired modifications to the translation algorithms
can be done by applicable software. This alternative
preferred embodiment is also illustrated in FIGS. 1 and
2.
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Dose equivalent computer 42, whether in the form of
peripheral computer 44 or integral computer 46, com-
prises means for applying sensitive volrme dependent
weighting factors to discrete energy channels of pulse
height spectrum 22 or other forms of energy deposition
summation display. This principle is depicted in FIG. 6.
Using peripheral computer 44 as an example of dose
équivalent analyzing means, pulse height spectrum 22 is
divided or partitioned into discrete energy channels 40,
with each channel 40 representing a distinct energy
band. Energy channels 40 may, but need not, corre-
spond to the energy bands of memory array 36 dis-
cussed previously. Weighting factors 38 are assigned to
each specific energy channel 40. Weighting factors 38
correlate to known energies generated by known ioniz-
ing particles in sensitive volumes comparable in size to
sensitive volumes 20 of junctions 16 of array 14.

Weighting factors 38 are applied to summations 64 of
the digital pulses falling within the channel 40 associ-
ated with that particular weighting factor 38 through a
simple multiplication algorithm. For example, referring
to FIG. 6, summations 64 of pulses falling between 0.9
MeV and 1.2 MeV are multiplied by weighting factor
Fs. In a preferred embodiment; energy channels 40
directly correspond to the energy bands of memory
array 36 and weighting factors 38 may be applied di-
rectly to the pulses stored in memory array 36 by inte-
gral computer 46. The concept of applying weighting
factors 38 to discrete energies of a summation of digital
pulses generated in a detector array are not new to this
invention. For instance, the principle of assigning
weighting factors is discussed in the article “Quality
Factor in Radiation Protection,” ICRU Report No. 40,
published in 1986, by the International Commission on
Radiation Units.

Weighting factors 38 are sensitive volume dependent.
A specific set of weighting factors applies to a given
specific volume 20 and varying specific volumes 20
have varying sets of weighting factors 38. For example,
the weighting factor for the 1.0 to 1.3 MeV energy
channel for a 1 micron sensitive volume would not
necessarily equal the weighting factor for a 1.0 to 1.3
MeV energy channel for a 0.5 micron particle detector.
Thus to apply the known body of data comprising
weighting factors 38 to correlate measured energy de-
position to known energy depositions of known ionizing
particles, sensitive volumes 20 must be accurately mea-
sured or otherwise provided.

As the existing body of weighting factors 38 pertain
to generally much larger sensitive volumes, for exam-
ple, the 25 mm2X 100 um volume of the conventional
silicon barrier detector, this known body of weighting
factors 38 must be proportionally reduced to correlate
to the much smaller sensitive volumes 20 of junctions 16
of this invention. Simple reduction algorithms may be
utilized to down-scale weighting factors 38 to a corre-
sponding value for sensitive volumes 20 of detector
array 14. Preferably, down-scaled weighting factors 38
have been computed and stored in dose equivalent com-
puter 42 prior to utilization of microdosimetry device
apparatus 10 of the present invention.

As stated above, a preferred embodiment of dose
equivalent computer 42 is peripheral computer 44
which is operatively mated with microprocessor 34. In
this arrangement, weighting factors 38 can be changed

-or modified in any way to vary the resulting dose equiv-

alent estimate by simply changing factors 38 within
peripheral computer 44. In the alternative embodiment
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of this invention wherein equivalent those computer 42
comprises integral computer 46, each individual dosim-
eter device would need to be modified. This could be
done by software or by changing a ROM device. Pe-
ripheral computer 44 is preferably mateable with any
number of detector arrays 14 and associated circuitry
means. Thus any one of these arrays would be effec-

tively modified by changing the variables (.e.,"

weighting factors 38) within peripheral computer 44.

In a further preferred alternative embodiment of the
present invention, the microdosimetry device or radia-
tion monitoring system for qualitatively predicting the
dose equivalent from an incident complex radiation
field further comprises total dose calculating means for
estimating the total radiation dose from a complex radi-
ation field. As embodied herein and shown for example
in FIGS. 3 and 4, the total dose calculating means may
comprise a calibrated PMOS transistor 54. The use of a
PMOS transistor as a total dose radiation detector is
known and understood by those skilled in the art. See,
for example, the procedures outlined by A. Holmes-
Sidele and L. Adams, Radiation Phys. Chem., Volume
28, page 235 (1986). Briefly though, PMOS transistor 54
has a varying turn-on voltage which varies in corre-
spondence with the total radiation dosage to which
PMOS transistor 54 has been exposed to. Referring to
FIG. 4 in particular, the gate bias required to turn on or
turn off PMOS transistor 54 is monitored. Changes in
the turn-on voltage is the dominant failure mode for the
device exposed to jonizing radiation at low and moder-
ate dose rates. This is principly the result of the build up
of positive charge in the thin gate oxide layer 58 under
gate S6.

As illustrated in FIG. 3, the total dose calculating
means further comprises total dose circuitry 50 in oper-
ative communication with PMOS transistor 54 for con-
verting the varying turn-on voltage from PMOS tran-
sistor 54 to a total dose estimate. In a preferred embodi-
ment depicted in FIG. 3 by the dashed lines to integral
computer 46, total dose circuitry 50 may be contained
within integral computer 46 to compute the total dose
estimate directly. In this embodiment, total dose display
means 52 are also included to directly display the total
dose estimate. In this embodiment, integral computer 46
would contain both total dose calculating means 50 and
dose equivalent computer 42. )

In the preferred embodiment of the invention, total
dose circuitry means 50 comprises a peripheral com-
puter configured to be operatively mated with PMOS
transistor 54 at selected intervals. Preferably, the pe-
ripheral computer comprises peripheral computer 44
utilized as dose equivalent computer 42. With this ar-
rangement, peripheral computer 44 would convert
turn-on voltage from PMOS transistor 54 into a total
dose estimate at essentially the same time it translates
pulse height spectrum 22 into an dose equivalent esti-
mate

It is preferred to include total dose calculating means
within radiation monitoring system 66 instead of simply
summing the component parts of the dose equivalent
estimate generated by the dose equivalent analyzing
means. This embodiment is preferred since the circuitry
means for generating and recording the digital pulse
signals from junctions 16 and the pulse height interpret-
ing means are generally not as effective as PMS transis-
tor 54 and associated total dose circuitry means 50 at
detecting radiation events occurring at the very low
end of the energy spectrum. A summation of the com-
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ponent elements of the dose equivalent estimate might
not include the energy deposition at the very extreme
low end of the energy spectrum, althorgh this would
provide a fairly accurate total dose estimate. Hence, the
total dose calculating means are included to account for
these very low energy radiation events. The PMOS
transistor can also be surrounded by tissue equivalent
shielding material.

In further accordance with the objects of the present
invention, a method for qualitatively analyzing the dose
equivalent from a complex incident radiation field is
provided. The method comprises the first step of sub-
jecting an array of microstructure parallel p-n detectors
having associated predefined sensitive volumes to a
complex radiation field. Preferably, this step includes
subjecting a silicon .crystal transistor to the radiation
field.

In further accordance with the method of the present
invention, included is the step of measuring and tallying
according to energy levels digital pulse signals corre-
sponding to voltage pulses generated within the sensi-
tive volume of each detector. The voltage pulses are
responsive to incident radiation and the tallying step
provides a summation of the digital pulses occurring
within a particular energy band.

In a preferred embodiment of the method of this
invention, the measuring and tallying step further com-
prises sending to a preamplifier a voltage pulse induced
within the sensitive volume from incident ionizing parti-
cles; increasing the preamplifier output signal with a
shaping amplifier; converting the shaping amplifier
output signal into a digital pulse signal, for example,
with an analog-to-digital converter; processing and
routing the digital pulse signals from all of the p-n junc-
tions within the detector with a microprocessor to a
memory array configured to receive and sum the digital
pulse signals according to their energy levels so that a
summation of digital pulse signals occurring within a
particular energy band is generated; and then storing
the summations of digital pulse signals in a memory
array for subsequent analysis.

In further accordance with the present method, a
translating step is included to generate a dose equivalent
estimate from the summations of digital pulses. The
translating step may further comprise the process of
applying predetermined sensitive volume dependent
weighting factors to the summations of digital pulse
signals falling within discrete energy channels. These
weighting factors qualitatively correlate the energy
deposition within a given energy channel to known
energies generated by known ionizing particles in sensi-
tive volumes comparable to those of the junctions used
in the detector array. In one embodiment of the present
method, the weighting factors are applied to the digital
pulses prior to the pulses being stored in the memory
array..In this embodiment, the stored pulses need only
be subsequently covered into a readable dose equivalent
estimate.

In the preferred embodiment of the present method,
the translating step further comprises interfacing with a
peripheral computer at selected intervals for transfer-
ring the summation of pulse signals thereto so that the
peripheral computer can apply the predetermined sensi-
tive volume weighting factors to the summation of
digital pulse signals. The process of applying the
weighting factors to the energy deposition within a
given energy channel is accomplished through simple
multiplication algorithms.
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In another preferred embodiment of the present,
method, the translating step may also include sending
the summations of pulse signals to an integral computer
which directly applies to the predetermined sense of
evaluating factors to the summations of digital pulse
signals and directly displays the equivalent based esti-
mate.

The actual translating process performed by either
the peripheral computer or integral computer prefera-
bly comprises forming the summations of digital pulse
signals occurring within particular energy bands over a
period of time into a representative pulse height spec-
trum and partitioning the pulse height spectrum into
discrete energy channels to which the sensitive volume
dependent weighting factors are applied through appro-
priate multiplication algorithms.

In further accordance with the present invention, the
method may also include the step of calculating a total
dose from an incident radiation field. Preferably, this
step comprises subjecting a calibrated PMOS transistor
to the radiation field, the PMOS transistor having a
varying turn-on voltage which varies according to the
total radiation dose the PMOS transistor has been ex-
posed to; measuring the turn-on voltage of the PMOS
transistor; and translating the turn-on voltage into a
total dose estimate.

It will be apparent to those skilled in the art that
various modifications and variations can be made in the
apparatus and method of the present invention without
_ departing from the scope or spirit of the invention. For
example, the summations of digital pulse height signals
occurring at particular energies need not be represented
in the form of a pulse height spectrum in particular, but
may be represented in any useful form to which the
sensitive volume dependent weighting factors could be
effectively applied. Thus it is intended that the present
invention cover modifications and variations of this
invention as would be apparent to those of ordinary
skill in the art, as would come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A microdosimetry device for qualitatively analyz-
ing radiation incident thereon in a complex radiation
field, comprising:

a detector array of microstructure parallel p-n junc-
tions, each said p-n junction defining a predeter-
mined sensitive volume within which a voltage
pulse is produced responsive to incident radiation;
and

circuitry means in communication with said detector
array for generating digital pulse signals represen-
tative of the voltage pulses induced within said
sensitive volumes responsive to incident radiation,
said circuitry means also providing summations of
the digital pulse signals occurring at particular
energies over a period of time; said circuitry means
translating said respective summations into a radia-
tion dose equivalent estimate.

2. A microdosimetry device as in claim 1, wherein

said detector array comprises a semiconductor device.

3. A microdosimetry device as in claim 2, wherein
said semiconductor device comprises a silicon crystal
transistor.

4. A microdosimetry device as in claim 2, wherein
said semiconductor device comprises a commercially
available static random access memory chip.
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5. A microdosimetry device as in claim 1, wherein
said predetermined sensitive volumes further include
shielding so as to simulate specific biolcgical tissue.

6. A microdosimetry device as in claim 1 wherein said
circuitry means comprises:

a preamplifier configured to receive a voltage pulse
induced within said sensitive volume from the inci-
dent radiation field and generate a voltage pulse
signal;

a shaping amplifier in operative communication with
said preamplifier for increasing the voltage pulse
signal to a voltage range suitable for processing by
an analog-to-digital converter;

an analog-to-digital converter in operative communi-
cation with said shaping amplifier for converting
the voltage pulse signals into corresponding digital
pulse signal images;

a microprocessor in operative communication with
said analog-to-digital converter for reading and
processing the digital pulse signals; and

a memory array configured to receive and tally the
digital pulse signals from said microprocessor ac-
cording to their respective energies, a representa-
tion of all tallies of the digital pulse signals accord-
ing to their respective energies composing a signa-
ture pulse height spectrum.

7. A microdosimetry device as in claim 6, further
comprising pulse height spectrum interpreting means in
operative communication with said memory array for
translating said pulse height spectrum into a radiation
dose equivalent estimate. _

8. A microdosimetry device as in claim 7, wherein
said pulse height spectrum interpreting means further
comprises means for applying sensitive volume depen-
dent weighting factors to the pulse height spectrum
according to discrete energy channels, said weighting
factors correlating to known energies generated by
known ionizing particles in sensitive volumes compara-
ble to said sensitive volumes of said p-n junctions so that
a dose equivalent estimate is generated.

9. A microdosimetry device as in claim 8, wherein
said pulse height spectrum interpreting means com-
prises a dose equivalent computer.

10. A microdosimetry device as in claim 9, wherein
said dose equivalent computer comprises a peripheral
computer configured to be operatively mated with said
microprocessor at selected intervals, said microproces-
sor sending to said peripheral computer the tally of
digital pulse signals from said memory array.

11. A microdosimetry device as in claim 9, wherein
said dose equivalent computer comprises an integral
computer in physical operative communication with
said microprocessor, and display means for displaying
the dose equivalent estimate.

12. A microdosimetry device as in claim 1, further
comprising total dose calculating means for estimating
the total radiation dose from a complex radiation field.

13. A microdosimetry device as in claim 12, wherein
said total dose calculating means comprises:

a calibrated PMOS transistor having a varying turn-
on voltage which varies in correspondence with
the total radiation dosage to which said PMOS
transistor has been exposed; and

total dose circuitry means in operative communica-
tion with said PMOS transistor for converting the
varying turnon voltage to a total dose estimate.

14. A microdosimetry device as in claim 13, wherein
said total dose circuitry means are carried integral with
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said device, and further comprising total dose display
means for displaying the total dose estimate directly
from said device.

15. A microdosimetry device as in claim 13, wherein
said total dose circuitry means comprises a peripheral
computer configured to be operatively mated with said
PMOS transistor at selected intervals.

16. A radiation monitoring system for qualitatively
predicting the dose equivalent from an incident com-
plex radiation field, comprising;

a semiconductor detector having microstructure par-
allel p-n junctions, each said p-n junction defining a
predetermined sensitive volume which is sensitive
to radiation incident thereon such that electrical
impulses of varying degrees are generated within
said sensitive volume upon traversal thereof by
radiation particles;

circuitry means in operative communication with
said semiconductor detector for tallying the elec-
trical impulses falling within varying energy bands
such that a summation of impulses occurring
within each energy band over a period of time is
generated; and

dose equivalent analyzing means operatively mate-
able with said circuitry means for applying sensi-
tive volume dependent weighting factors to the
summations of electrical impulses, said weighting
factors correlating to known energies generated by
known radiation particles in sensitive volumes
comparable to said sensitive volumes of said p-n
junctions so that an dose equivalent estimate is
generated by said dose equivalent analyzing means.

17. A radiation monitoring system as in claim 16,
wherein said system is configured as a personal sized
radiation dosimetry device

18. A radiation monitoring system as in claim 16,
wherein said system is configured as an area monitor.

19. A radiation monitoring system as in claim 18,
wherein said system is configured as an area monitor for
a space platform.

20. A radiation monitoring system as in. claim 16,
wherein said circuitry means comprises:

a preamplifier configured to receive the electrical
impulse induced within said sensitive volume re-
sponsive to incident radiation;

a shaping amplifier in operative communication with
said preamplifier for increasing the electrical im-
pulse to a range suitable for processing by an ana-
log-to-digital converter; and

an analog-to-digital converter in operative communi-
cation with said shaping amplifier for converting
the electrical impulse into corresponding digital
pulse signals;

a microprocessor in operative communication with
said analog-to-digital converter for reading and
processing the digital pulse signals according to
their respective energy levels; and

a memory array configured to receive and sum the
digital pulse signals from said microprocessor ac-
cording to their energy levels so that a summation
of digital pulse signals occurring within particular
energy bands is generated.

21. A radiation monitoring system as in claim 16,
wherein said dose equivalent analyzing means com-
prises a peripheral computer configured to be opera-
tively mated with said circuitry means at selected inter-
vals such that the tally of digital puise signals is stored
within said circuitry means which subsequently trans-
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fers the tally of digital pulse signals to said peripheral
computer for analysis.
22. A radiation monitoring system s in claim 16,
wherein said dose equivalent analyzing means com-

‘prises an integral computer in physical operative com-

munication with said circuitry means such that said
monitoring system is configured as a portable self con-
tained unit, said dose equivalent analyzing means fur-
ther comprising display means for externally displaying
the dose equivalent estimate.

23. A radiation monitoring system as in claim 16,
further comprising total dose calculating means for
estimating the total dose from an incident radiation
field.

24. A radiation monitoring system as in claim 23,
wherein said total dose calculating means comprises:

a calibrated PMOS transistor having a varying turn-
on voltage which varies in correspondence with
the total radiation dosage to which said PMOS
transistor has been exposed; and

total dose circuitry means in operative communica-
tion with said PMOS transistor for converting said
varying turn-on voltage to a total dose estimate.

25. A radiation monitoring system as in claim 24,
wherein said total dose circuitry means are in physical
operative communication with said PMOS transistor,
said total dose circuitry means further comprising total
dose display means for displaying the total dose esti-
mate.

26. A radiation monitoring system as in claim 24,
wherein said total dose circuitry means comprises a
peripheral computer configured to be operatively
mated with said PMOS transistor at selected intervals.

27. A portable radiation monitoring system for ana-
lyzing the makeup of an incident radiation field to pro-
vide an dose equivalent and total dose estimate, com-
prising:

a semiconductor detector having microstructure par-
allel p-n junctions, each said p-n junction defining a
predetermined sensitive volume which is sensitive
to radiation incident thereon such that electrical
impulses of varying degrees are generated within
said sensitive volume upon traversal thereof by
radiation particles;

a preamplifier configured to receive the electrical
impulse generated within said sensitive volume
responsive to incident radiation;

a shaping amplifier in operative communication with
said preamplifier for increasing the electrical im-
pulse to a range suitable for processing by an ana-
log-to-digital converter;

an analog-to-digital converter in operative communi-
cation with said shaping amplifier for converting
the electrical impulse into a digital pulse signal;

a microprocessor in operative communication with
said analog-to-digital converter for reading and
processing the digital pulse signals according to
their respective energy levels;

a memory array configured to receive and sum the
digital pulse signals from said microprocessor ac-
cording to their energy levels so that a summation
of digital pulse signals occurring within particular
energy bands is generated;

a peripheral computer configured to be operatively
mated with said microprocessor at selected inter-
vals for applying sensitive volume dependent
weighting factors to the summations of electrical
impulses, said weighting factors correlating to



5,256,879

21 .
known energies generated by known radiation
particles in sensitive volumes comparable to said
sensitive volumes of said p-n junctions so that an
dose equivalent estimate is generated by said pe-
ripheral computer;

a calibrated PMOS transistor having a varying turn-
on voltage which varies in correspondence with
the total radiation dosage to which said PMOS
transistor has been exposed; and

a peripheral computer configured to be operatively
mated with said PMOS transistor at selected inter-
vals for converting the varying turn-on voltage to
a total dose estimate.

28. A method for qualitatively analyzing the dose
equivalent from a complex incident radiation field, com-
prising the steps of:

subjecting to the radiation field an array of micro-
structure parallel p-n detectors having associated
predefined sensitive volumes;

measuring and tallying according to energy levels
digital pulse signals corresponding to voltage
pulses generated within the sensitive volume of
each detector responsive to incident radiation, said
tallying providing a summation of digital pulse
signals occurring within a particular energy band;
and

translating the summations of digital pulse signals into
a dose equivalent estimate by applying predeter-
mined sensitive volume dependent weighting fac-
tors to the summations of digital pulse signals fall-
ing within discrete energy channels, the weighting
factors qualitatively correlating the energy deposi-
tion within an energy channel to known energies
generated by known ionizing particles in compara-
ble sensitive volumes.

29. The method as in claim 28, wherein said subject-
ing step comprises subjecting a crystal transistor to said
radiation field.

30. The method as in claim 28, further comprising the
step of shielding the array of microstructure detectors
with preselected shielding material so that the array of
microstructure detectors simulates specific biological
tissue.

31. The method as in claim 28, wherein said measur-
ing and tallying digital pulse signals comprises:

sending to a preamplifier a voltage pulse induced
within the sensitive volume from incident ionizing
particles;

increasing the preamplifier output signal with a shap-
ing amplifier;

converting the shaping amplifier output signal into a
digital pulse signal;

processing and routing with a microprocessor the
digital pulse signals from all of the p-n junctions to
a memory array configured to receive and sum the
digita! pulse signals according to their energy lev-
els so that a summation of digital pulse signals oc-
curring within a particular energy band is gener-

. ated; and

storing the summations of digital pulse signals in the
memory array for subsequent analysis.

32. The method as in claim 28, wherein said translat-
ing step further comprises interfacing with a peripheral
computer at selected intervals for transferring the sum-
mation of pulse signals thereto so that the peripheral
computer applies the predetermined sensitive volume
weighting factors to the summation of digital pulse
signals.
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33. The method as in claim 28, wherein said translat-
ing step further comprises sending the summations of
pulse signals to an integral computer which directly
applies the predetermined sensitive volume weighting
factors to the summations of digital pulse signals.
34. The method as in claim 28, wherein said translat-
ing step further comprises forming the summations of
digital pulse signals over a period of time into a repre-
sentative pulse height spectrum, and partitioning the
pulse height spectrum into discrete energy channels to
which the weighting factors are applied.
35. The method as in claim 28, further comprising the
step of calculating a total dose estimate from the com-
plex radiation field.
36. The method as in claim 35, wherein said total dose
calculating step comprises:
subjecting a calibrated PMOS transistor to the radia-
tion field, the PMOS transistor having a varying
turnon voltage which varies according to the total
radiation dose the PMOS transistor has been ex-
posed to;
measuring the turn-on voltage of the PMOS transis-
tor, the turn-on voltage being representative of the
total radiation dose from the radiation field; and

converting the turn-on voltage into a total dose esti-
mate.

37. The method as in claim 36, further comprising the
step of interfacing the PMOS transistor with a periph-
eral computer for performing said translating.

38. The method as in claim 36, further comprising
interfacing the PMOS transistor with internal circuitry
for performing said converting, and displaying the total
dose estimate.

39. A method for qualitatively estimating the total
and dose equivalents from an incident complex radia-
tion field, comprising the steps of:

subjecting a silicon crystal transistor to a radiation

said transistor having a microstructure array of
parailel p-n detectors with associated predefined
sensitive volumes;

sending to a preamplifier a voltage pulse induced

within the sensitive volume in response to incident
radiation;

increasing the pre-amp output signal with a shaping

amplifier to a voltage level suitable for processing
by an analog-to-digital converter;

converting the shaping amplifier output signal into a

digital pulse signal with an analog-to-digital con-
verter;
processing and routing the digital pulse signals from
all the p-n junctions with a microprocessor to a
memory array configured to receive and sum the
digital pulse signals according to their energy lev-
els so that a summation of digital pulse signals oc-
curring within a particular energy band is gener-
ated;
storing the summations of digital pulse signals in the
memory array for subsequent analysis; '

interfacing with a peripheral computer at selected
intervals for transferring the summations of pulse
signals thereto;

applying predetermined sensitive volume dependent

weighting factors to the summations of digital
pulse signals falling within discrete energy chan-
nels, the weighting factors qualitatively correlating
the energy deposition within an energy channel to
known energies generated by known ionizing parti-
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cles in comparable sensitive volumes so that an
dose equivalent estimate is generated;
subjecting a calibrated PMOS transistor to the radia-
tion field, the PMOS transistor having a varying
turnon voltage which varies according to the total
radiation dose to which the PMOS transistor has
been exposed; and
interfacing with the peripheral computer at selected
intervals for translating the turn-on voltage of the
PMOS transistor into a total radiation dose esti-
mate.
40. A method for qualitatively estimating the dose
equivalent from a complex radiation field, comprising
the steps of:

15

20

25

30

35

40

45

50

55

65

24

subjecting to the radiation field an array of micro-
structure parallel p-n detectors having associated
predefined sensitive volumes;

measuring digital pulse signals corresponding to volt-
age pulses generated within the sensitive volume of
each detector responsive to incident radiation;

applying predetermined sensitive volume dependent
weighting factors to the individual digital puise
signals falling within particular energy channels,

- the weighting factors qualitatively correlating the

energy of the digital pulse signal to known energies
generated by known ionizing particles in compara-
ble sensitive volumes; :

storing the digital pulse signals in a memory array for
subsequent retrieval; and

converting the digital pulse signals into a useful dose

equivalent reading. -
® & % %x 2
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