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A PORTABLE BETA SPECTROMETER/DOSIMETER

B. H. Erkkila, D. A. Waechter, and R, J. Brake
Las Alamos National Laboratory
Los Alamos, New Mexico 87545

SUMMARY

As part of an ongoing programi»2 to upgrade
health and safety radiation survey instruments, the
Los Alamos National Liboratory has developed a porta-
ble, battery-operated, computerized beta spectrometer/
dosimeter. The instrument will support many different
detectors, but the one chosen here is a combination
plastic scintillator and Nal crystal. The instrument
includes pulse conditioning circuits, 128-channel
pulse height analyzer with integral liguid crystal
display, and a microcomputer system which calculates
dose and dose rate from betas incident on the detector.
Instrument operating life is about 8 hours between
charges. The instrument will, at the user's option,
display a beta spectrum or the accumulated dose in
millirad, as well as give the user beta dose rates in
millirad per hour. (At this point, the dosimetry
algorithms are still under development.) Data accumu-
lated in the instrument can be read out through an
RS-232 serial port on the instrument. The entire unit
weigns 8 pounds, including internal batteries, and is
packaged in a small case 25-cm long, 15-cm wide, and
15-cm high.

GENERAL DESCRIPTION

The beta spectrometer/dosimeter was developed to
provide the nealth protection technician with a porta-
ble instrurent sophisticated enough to account for the
beta energy-depandent nature of both the detector
response and tre dose distribution in tissue. The
instrument shown in Fig. 1 - packaged in a single
case 25-cm long, 15-cm wide, and 15-cm high, weighing
3.8 kg. Controls consist of a power switch and a
16-key keyhoard which calls all of the spectrometer
and dosimeter functions of the instrument. The instru-
ment is powered by a set of 6 AA NiCd batteries which
have an average lifetime between charges of 8 hours.
The instrument may a1so be powered indefinitely off
its acressory battery charger.

The bate spe.trometer/dosimeter uses a smal)
beta-ray detector built ny Bicron, Inc. wnich is capa-
ble of measuring the energy of beta rays from 100 keV
to about 4 MeV, The instrument performs spectrum
unfolding and conversion of fluence to absorbed dose
versus depth in tissue. Other thin dE/dx detectors
will be evaluated with this system too.

ELECTRONIC DESCRIPTION

# block disgram of the beta spectrometer/dosim-
eter is shown ia Fig. 2. The electronic circuit con-
sists of three basic sections: input signal processing
untt, microcomputer, anu dirplay.

The fnput section is a standard pulse height an-
alyzer front end. Pulses from the detactor are shaped
anc amplified by a preamp and then are fed, with the
proper timing, to «n B-bit analog-tr-digital converter,
The converter outputs a digital word whose amplitude
{s proportional to the height of the input pulse.

The microcomputer {s destgned around an NSCB0O
Yow power CMOS microprocessor manufactured by Nationa)
Semiconductor. The microprocessor 1$ supported by 16K
bytes of data man.ry, 211 of wnich are low power CMOS
ih order to keep battery drain to & minimum, The

memory has been made sufficiently large to allow for
future expansion of functions in the instrument.

The user communicates with the computer through a 16-
key keyboard located on the front panel of the instru-
ment. With the keyboard, all of the functions and
display modes can be readily called up.

The display is a dot matrix LCD array 80 dots wide
and 28 dots high. The microcomputer communicates with
it through twn logic cards, one of which is provided by
the display manufacturer as part of the display package
The display logic contains all the circuits necessary
to convert the data from the microcomputer to readable
spectral or dose information, as required. Also part
of the display logic is an on-board memory array which
stores current display information. This array, with
its associated logic, refreshes the display periodi-
cally so that the control processor does not have to be
tied up for 1cng periods, rewriting the same data to
the display over and over.

FUNCTIONAL DESCRIPTION

A11 of the functions of the instrument are acces-
sible via the keyboard located on the front panel,
Thi- keyboard includes keys to generate and move pulse
height spectra, generate dose information, and initiate
data acguisition.

Data acquisition is controlled by two keys, ACQ
and HLT. The acquire key, ACQ, causes the input cir-
cuits to he enabled and initiates input signal process-
ing by the microprocessor, Signal processing continues
unti) the halt key, HLT, is pressed. The HLT key
inhibits the passage of further input pulses through
the system.

There are five keys which allow the operator to
generate various types of displays. Of these five, all
but the DOSE key cause different types of spactra to be
generated. Pressing the DOSE key will cause the micro-
processor to calculate accumulated dose and dose rate
from the raw data. This information {s then displayed
on the LCD in units of millirad, millirem, millirad/hr,
and millirem/hr, A pulse heinht spectrum of incoming
data will be generated on the display when the DATA key
is pressed. Pressing the LOG key yields a spectrum of
the same data displayed in semilog format. When the
RAD key 18 pressed, the instrument will display a plot
of the dose in millirads as & function of energy in
keV. The REM key performs a similar function but dis-
plays the dose in millirem as a function of energy.

Four modify keys are provided on the inst.rument to
modify displaved spactra, aiding In the analysis of
spictral informaticn, The up arrow and down arrow keys
are vartical scale control keys. Whan pressed, they
scale the spectrum up or down, The left arrow key
rolls the 80-channe] display left horizontally, ten
channels at & time, 3o that all 128 channels of any
spectrum may be viewed. In the same fashion, the right
arrow key rolls the display Lo the right ten channels
at a time.

Finally, there are two control keys on the key-
board. The first is the CLR key. The CLR key simply
clears whatever is being displayed, be it dose or
spectral information. YThis key serves as an aid in
calibrating the gain of input circuits and finds use
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whenever the operator needs t¢ clear the data memories.
The second key is the reset or RST key. The RST key
reinitializes the instrument. It has the same effect
as turning the power off and back on. The RST key is
used to start the dosimeter while keeping all the
internal power supplies stable.

USE_AND APPLICATIONS

The beta spectrometer/dosimeter was designed to
aid those concerned with beta dosimetry in unknown and
potentially hazardous bet2 fields. Problems of beta
dosimetry stem from the typically broad energy spectra
encountered and the energy-dependent nature of both
detector response and dose distribution in tissue.
the past, very large, bulky instrumentation was re-
quired to measure the energy spectra and calculate dose
from those measurements. Today, with powerful micro-
processors, the instrument can be reduced to a handheld
portable unit.
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Figure Captions

Fig. 1. Portabie Beta Spectrometer/Dosimeter

Fig. 2. Electronics block diagram
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