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ABSTRACT

An instrument has been designed to replace the Dynamic Condensor

Electrometer to measure the background radiation levels at the boundaries

of Brookhaven National Laboratory. The detector is a 2" x 2" tin loaded

plastic scintillator, whose energy response is air equivalent, coupled to

a bialkali cathode 2" photomultiplier tube operated in the direct current

mode. The output of the photomultiplier is digitized by a current to

frequency converter, and the resultant pulses fed to a sealer. The system

is programmed to calibrate itself once an hour to compensate for changes

in photomultiplier tube gain to changes in temperature. During the cali-

bration cycle a number, which is a function of the system's gain, is

generated and held in a register, and is then used to weight the data

accumulated between calibration cycles. The output data is stored on a

six digit non-resetting printing register. The register, which can be

programmed to print at any time interval desired, also prints the day of

the year, time of day and station number. The instrument, which is cali-

brated to give 10 counts per jj,R, has a minimum sensitivity of 1 JiR/hr and

was designed so that it will not saturate at 10 mR/hr, making it useful in
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the event of an accidental high level activity release. The digital

logic is accomplished by the use of integrated circuits mounted on

printed circuit boards housed in NIM modules. The detector is housed

in an aluminum weather tight container. Two of the units have been in

operation for over a year with no significant maintenance problems.



INTRODUCTION

For the past twenty-four years the radiation levels at the boundaries

of Brookhaven National Laboratory have been monitored by a Dynamic Con-

densor Electrometer (Fig. 1) measuring the current from a 6.25 liter,

bakelite wall, ionization chamber. It was designed to measure dose rates

in the order of 10 |XR/hr, with the output being recorded on a strip chart

recorder. Because of its age and the resulting high degree of maintenance,

as well as the difficulty in analysing the data, it was decided to design

and build a new instrument (Fig. 2).

The requirements for high sensitivity, air equivalence and low main-

tenance have been met by using a scintillator mounted on a photomultiplier

tube operated in the direct current mode. Operating the photomultiplier

tube in the D.C. mode eliminates the necessity of pulse weighting to achieve

energy independence. However, operating the tube in the D.C. mode presents

the problems associated with changing dark current and gain with changing
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temperature . On Long Island the outside temperature may range from -10°F

in the winter, to 110°F in the summer, and may vary as much as 30°F in one

day.

The gain of a photomultiplier tube decreases as the tube is warmed and

the Csl coating on the dynodes evaporates; alternately the gain increases

as the tube is cooled and the Csl condenses, creating a situation where one

cannot predict what the gain will be at any given temperature. Since

the dynodes are sealed in a vacuum, there is considerable time lag before

the gain stabilizes. Typical values for the tubes selected for this instru-

ment ranged from .5% to .7% change in gain per degree F. Changes in gain

of this magnitude and uncertainty cannot be corrected by simply adjusting

the high voltage.

The instrument described here (Fig. 3) has been designed so that a.

calibration cycle is initiated once an hour, and the resulting data are
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used to weight subsequent data and thereby correct for changes in gain.

By using a long half-life beta source as the calibration standard, changes

in, gain of the entire system are corrected.

The D.C. output of the photomultiplier tube is converted to pulses in

a current to frequency (I-F) converter, the output of which is fed to the

gain compensating circuit. The resultant data pulses are stored in a print-

ing register which can be programmed to print at any desired interval,

normally every four hours. All logic and data handling is accomplished by

the use of transistor-transistor-logic integrated circuits mounted on printed

circuit boards. The individual printed circuit boards are housed in AEC

standard NIM bin modules. The standard NIH power supply is not used for

this instrument. The + 15 V for the I-F converter is supplied by an encap-

sulated supply mounted on the I-F converter card; the 5 V required for the

logic is mounted in one of the modules, together with the high voltage supply,

line fuses and switches, and the 24 V required for the printer is developed

independently in the printer module.

DETECTOR

The scintillator chosen for this instrument is a tin loaded plastic

scintillator (Nuclear Enterprises Ltd. NE106), which is designed to be air

equivalent and is coupled to a 2", 10 stage, SbK Cs (bialkali) cathode

photomultipHer tube (EMI-9750B) with a gain of 106 at 1,000 V (Fig. 4).

Typical dark currents range from 1 x 10 A at ambient temperature to

5 x 10 at 120°F, at 1,000 V. The current produced by this assembly is

5.2 x 10~ A at 1 mR/hr, at ambient temperature, at 1,000 V. High voltage

is supplied by a commercially available fixed supply. The detector and

90 90

standardizing source, which is 10 |xCi of Sr- Y, is housed in a weather-

tight aluminum can (Fig. 5) mounted with the scintillator facing down.
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I-F CONVERTER

The I-F converter uses a hybrid FET input operational amplifier with

510 Pf in the feedback to form the integrator (Fig. 6). When the output

of the integrator is high enough to forward bias the diode network, the

J input of a J-K flip flop (SN7470N) snaps to the one state. The clock

input is strobed by a 100 KHz pulse from the timer. The resultant output

pulse at Q is a well-shaped 10 |X sec data pulse which is also used to bias

the FD-300 diode so that for each pulse a fixed amount of charge is removed

from the input. The I-F converter is designed so that the current produced

-9
by 10 |j,R/hr (5.2 x 10 A) will give 52 counts/min and is linear over five

decades.

TIMER

The various timing pulses required for the logic are generated by a

100 KHz crystal controlled oscillator and are scaled down to a 1/hr pulse.

At l/50th of a second the 20 millisecond pulse is picked off to establish

the width of the pulse to the printing register, and at l/10th of a second

a pulse is picked off to time the calibration gate. At the 1 second point

a flip flop is used to generate two pulses which are .25 seconds wide and

1 second apart. Both are used in establishing the program during the cali-

bration cycle. A 1/min pulse is used to advance the time wheels in the

printing register, and the final 1/hr pulse is used to initiate the cali-

bration cycle.

LOGIC

To accomplish the necessary weighting of the data, two 10 bit binary

sealers providing a count capacity of 1024 are used (Fig. 7). One is used

as a sealer for counting data pulses, and the other as a register. During

the calibration cycle a nurr.ber is generated in the register, which for the
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sake of this discussion will be called a "calibration number". The

calibration number is held in the register and used to weight the data

in the following manner.

During the calibration cycle, which takes 75 seconds and is initiated

once an hour, a series of four 16-second time gates ara produced. When the

first 16-second gate is initiated, all data is cleared from the sealer and

register, and background data is accumulated in the sealer. At the beginning

of the second 16-second gate, the compliment of the background data accumu-

lated in the sealer is transferred to the register. Also at this time the

4 rpm synchronous motor which moves the calibration source into position is

started and is permitted to make one-half revolution. The calibrating source

holder is attached to the motor shaft, such that when the motor rotates it

rotates the source from a shielded position to an exposed position. During

the calibration cycle all data pulses are divided by 2S6 to improve the

statistics of the system. During the third 16-second gate, the counts

produced are accumulated in the register, and since the compliment of the

background has already been stored there, the resultant number is a net

count, thereby insuring that the calibration will not be affected by changes

in ambient radiation levels.

In order tc compensate for a .7% per degree change in gain over a

temperature range from -10°F to 110°F, it is necessary that the system be

able to compensate for changes in gain of a factor of + 3. Therefore, with

a register capacity of 1024 counts it is necessary to establish a calibration

number of 300 at a temperature of 68°F. In order to obtain the correct cali-

bration number, a calibration gate is generated within the first and third

16-second gates. Provisions have been made on the printed circuit boards to

adjust the length of the calibration gate to give the proper calibration number.

i %• •
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By activating the calibration gate during the first 16-second gate, the

length of time that background is being sampled is the same as the actual

calibration time.

During the fourth and last 16-second gate, the motor which operates

the source is activated and the source returned to the shielded position.

At the end of the fourth 16-second gate, which is the end of the calibra-

tion cycle, the sealer is cleared and the compliment of the calibration

number transferred from the register to the sealer. The transfer, which is

a parallel transfer, is non-destructive and the calibration number remains

in the register until the next calibration cycle. Assuming a calibration

number of 300, the flip flops corresponding to 724 crunts are set in the one

state. Therefore, it will take 300 additional counts to fill the sealer.

During the normal data acquisition time, pulses are fed serially from the

I-F converter to the sealer. When 300 counts have been accumulated, the

sealer overflows. The overflow pulse is the data pulse which is stored in

the printing register. The overflow also causes the calibration number

which is stored in the register1 to be transferred to the sealer again, and

the transfer continues to take place each time a data pulse is generated.

If, during the next hour, the gain of the system has gone up, a larger

calibration number will be generated during the next calibration cycle (for

discussion's sake assume 400). With 400 stored in the register, then its

compliment (624) will be transferred Co the sealer and it will take 400

counts to generate an overflow, there sy compensating for the increased gain

of the system.

REGISTER

The data pulses are stored in a non-resetting printing register which

may be programmed to print at 1, 2, 4, 8 or 16 hours. The time of day, day
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of year, and station number are presented along with six digits of data.

Power to drive the register is supplied by a 24 V power supply built into

the register module.

SENSITIVITY

The response of the detector has been measured at 35, 145 and

660 KeV and found to be independent of energy.

90 90
The present Sr- Y calibrating source contributes about 2 uR/hr

to the background. Since this is the major limiting factor in determining

the minimum sensitivity of the instrument, it has been decided to use a

lower energy source which will be easier to shield.

CONCLUSION

After two years of relatively trouble-free operation, the instrument

has proven to be an acceptable replacement for the Dynamic Condensor Elec-

trometer. The calibration of 10 C/nR provides a sufficiently high degree

of resolution to meet the needs for detailed data, and since the register

is not reset long term data are readily available.

The instruments cost about $5,000 each, which in terms of today's

market is not excessive.
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FIG. 5
Station with Two Detectors
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