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USE OF A CADIUM TELLURIDE DETECTOR
IN A NEU TINY PERSONAL RADIATION CHIRPER

UichaelAllen Uolf*,C. John lMarger*, and Gerald Entine**

ABSTRACT

Byuseof a CdTe crystalcoupledto newly de-
signed,low powerelectronics,we have developeda new
personalradiat.ionchirperthat is superiorto exist-
ing Instruments.The deviceemits audiblechirpsor
&eps ata rate proportionalto the photonradiation
exposureto the wearer. The device is small (6.2 cm
high by3.2cm wide by 1.7 cm thick)and of low mass
(50grams)and is made to be clipped to the shirt
collarof the wearer. The instrumenthas long
continuous-usebatterylife and is sensitiveover a
largephotonenergyand exposurerate span.

1. INTRODUCTION

Idhen working in facilitiesthat processor use
largeamountsof radioactivematerials,it is a good
safetypracticeto carry or have radiationsurvey
instrumentationwhile in the work area. Due to the
lare size of such instruments,smaller,and more con-

1venant, radiationwarningdevices,sometimescalled
achlrpers,”were designedmany years ago. These
‘chirpers”could fit easily into a man’s palm or clip
tOa shirt pocketor waist belt. The instrumentsgave
offan audiblechirp or beep, with a chirp rate pro-
portionalto the photonexposurerate to the wearer.
These instrumentsgenerallyhad as a radiationdetector
a gas filledGeiger-Muller(GM) tube. Appropriate
electronicsamplifiedthe radiationsignalfrom the
detectorand appliedit to an integrationcircuit.
After a givenradiationexposure,as monitoredby t!:e
intt?gratfonnetwork,a signalwas appliedto an audible
device thatwarned the wearer that a given radiation
exposurehad been encountered. The chirp rate was
usuellycalibratedin unitsof so many chirpsper
minuteper mflli Roentgenper hour (mR/hr). By the
additionof a continuousintegrationcircuit,the
devicecouldalso providethe wearer with a dlgital
‘electronicor mechanical)readoutof the totalexpo-
;ure to the individualsince the Instrumentwas
switchedon. Due to the nature of thr ‘ detector,a
high voltageclrcultwas requiredto power itwlth
concomitantadded circuitcomplexity,physicalsize,
andhattery requirements. Through the use of a CdTe
detector,coupledto new electronics,we have reduced
considerablythe physicalsize and mass of such an
instrument,while at the same time improvingthe
performance.

II. BENEFITSOF CAIMIIUMTELLURII)E

CdTe is a semiconductor,room temperature,photon
sensorthat can be used directlywith solid state
circuitry, It requiresmuch lower bias voltages(5.2
volts in this application) compared to traditional GM
tubesbiasedat severalhundredvoltsor more, This
featureallows!“orasimplifiedelectronicspackage
(no high voltagustep-upcircuitry)that is also
mnallerand less power-hungrythan circuitsfound In
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the usualGM tube device. Secondly,becauseof the
high densityof the CdTe crystal (5.2 g/cc),a very

small crystal(8-20nsn3)can providesensitivities
equal to muc$ largergas-filledGM tubes. This also
reducesspace requirements.One final added attrac-
tion of using CdTe in this applicationis that no
energy resolutionis requiredfor the much simpler
detectionof only the presenceof radiation. (Recall
thatGN tubesha~e no energyresolutioneither.)
Therefore,the poorer crystalsof the CdTe industry
can be used effectively,therebyutilizinglower cost
CdTe crystalsand, eventually,providinglower chirper
costs.

III. ELECTRONICDESIGNAND PERFORMANCE

The electroniccircuitis shown in Fig. 1 and is
poweredby four 1.35-voltmercurycells that provide
over 2100 hr (%3months)continuoususe at normal
backgroundchirp rates. The CdTe detector is shown in
the upper left-handquadrantof the figure. Current
drain is <0.2 mA when the chirper is not activatedand
<0.5 MA when it is. We are now substitutingsmaller
lithiumbatteriesfor the mercurycells. This reduces
the packagesize somewhatand improvesthe environ-
mental temperatureperformanceof the chirper,but at
a sacrificein batterylife to about 6 weeks contin-
uous use or 25 work weeks at eight hours use per work
day. The sensitivityof the instrument[(chirps/rein)/
(mR/hr)]can easilybe calibratedby specii’ying
resistorRs In the lower left-handquadrantof Fig. 1.

The energydiscriminationthreshold(whichalso deter-
mines sensitivity)can also be changedby varying
resistorRt in the upper right-handquadrantof Fiq.1.

IV. PHYSICALCHARACTERISTICS

Our latest chirper prototype is :hown in Fig, 2.
Also shown in Fig. 2 is the hybrid circuitused in
the Instrument. Acoinundan Inch/cmrule give the
relativesize of the prototypeand the hybridcircuit.
The prototypehas dimens~onsof6.2 cm high by 3.2 cm
wide by 1.7 cm thickat the auafo transducerlocation,
The hybridcircuithas the two calibrationresistors,
Rs end Rt, strappedto the circuitboard for ease of

calibrationchange. The chfrperhas a mass of less
than 50 grams.

V. RADIATIONDETECTIONPERFORMANCE

Ue have measuredthe performanceof the chirper
as a functionof exposurerate as well as photon
ener .

Y
The chtrp rate vs exposurerate can be made

es 1 nearas desiredby loweringthe sensitivityof
the instrument;i.e. loweringthe number of chirps
givenoff foreachnJVhr, Becausewe shut off the
amplffierduringeach chirp, to avoid the tendancyof
microphonfcfeedbackto the CdTe detector,we have a
measurablesaturationat rates dependenton the
sensltlvlty. For a pure audio warningdevtce,how-
evers we do not feel this Is a problem. The chirper
has been testedto 1700 R/hrrates without failure.
At this level,onlya continuoustone Is heard.
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Figure 3 shows the chlrper response as a function
of photon energy. For low photon energies below 100
keV, the 300-kVx-raymachine in the H-1 Oosimetry
Sectionat LASL was used with appropriatealuminum
filtersand elementalradiators. The radiatorsand
theirrespectiveK x-ray energieswere: Ba, 33 keV;
G# ~; ke~; Yb, 54 keV; Ir, 67keV; Pb, 77 keV; and

. The high point at lead (77keV)on Fig. 3
rekated each time, so we feel it is real. The abso-
lute exposurerate at each x-ray energywas measured
with a free air ionizationchamber. Above 80 keV the

sensitivityresponseis flat out to at leastG~Co
energies(average1.25 MeV). The responseat 0.662

keV (137CS) and 1.25 MeVwas measured at the LASL
Radiation Instrument Calibration Pange. The data of
Fig. 3were acquiredby feedingthe electronicchirper
pulsesintoa timer/scaler. Each data point is an
averageof three measurements.

For the data of Fig. 3, the CdTe crystalhad
dimensionsof lCrmrin diameterby 2nsn thick. Our

latestprototypehas a crystalthat is 2rrsrrcubed.
(SeeFig. 2) The data of Fig. 3 had the CdTe crystal
coveredby 0.5-rr3nthickCu foil for electrostatic
shielding. With this foil and our normalelectronic
discriminatorsetting,the sensitivityratiobetween
44 keVand 96 keV (andabove)was 0.075. Removingthe
foil improvedthis ratio slightlyto 0.092. By lower-
ing the discriminatorsomewhat,this catio improvedto
0.27. If low photonenergiesmust be :ensed,the
chirpercan be adjustedvia the thresholdcontrol.
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Fig, 1. Electronicdiagramfor the new personalchirper,
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Fig. 2. Photo raphof the tiny personalchirpernext to Its hybridcircuit,a coin, and an inchlcentlmeter

!rule or size comparison. The CdTe detector(2 nsncubed) Is locatedon the bottom right-hand
corner of the hybridcircuit.
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Fig, 3. Sensitivitydata for thechirper~s a functionuf photonenergy. Thn Cdle crystal had a 0.05mn
thick Cu foil for electrostaticshielding, Resultsof removingthis foil, as well as lowering
the energydiscriminationthreshold,are describedin the text. The essentitil!ymonoenergetlc

b photon sourcesused tn determiningthis tiataare also detailedin the text.
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