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ABSTRACT

An instrument was developed to monitor two locations
for radioactivity. Each monitoring channel contains four
plug-in circuit boards connected to form a count rate meter
with a four-decade logarithmic readout.



INTRODUCTION

At the Savannah River Laboratory, the presence of radioactive
isotopes is detected at various locations by scintillation probes.
Electrical pulses from the scintillation probes are electronically
processed to yield a count rate proportional to the amount of the
isotope present.

In certain cases, the count rate may vary from zerc to many
thousands of counts per minute. For those cases, a logarithmic
readout is advantageous because it affords meaningful readings at
high as well as at low count rates. Therefore an instrument was
designed and built to accept pulses from two scintillation probes
and convert them to logarithmic readouts, each in four decades
from 10 to 10° counts per minute.

GENERAL DESIGN

Design of the instrument is similar to that of other monitors
in use at the Savannah River Laboratory (SRL) in that standard
plug-in circuit cards and integral power supplies are used.! This
provides circuitry and hardware familiar to maintenance personnel,
and at the same time minimizes spare parts requirements.

The instrument fits standard mounting holes in conventional
19-inch racks or cabinets (Figure 1). Signal and power connections
for two probes are on the chassis rear apron along with two pairs
of recorder output terminals (Figure 2).

Front panel controls are clearly marked, and the two readout
meters are large enough to display four logarithmic decades with
adequate readability. The meters also serve as alarm devices
because they are contact-making types with adjustable high-level
set points.

" Calibration controls are behind a small, removable cover on
the front panel. Each channel may be calibrated from the front
of the instrument without removing it from its mount or disturbing
its normal connections (Figure 3). Chassis layout and internal
wiring are shown in Figures 4 and 5.
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FIG. 3 FRONT PANEL WITH COVER REMOVED SHOWING CALIBRATION
ADJUSTMENTS

FIG. 4 CHASSIS LAYOUT
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SIGNAL CIRCUITS

Negative pulses ranging from 0 to 130 millivolts are accepted
from the scintillation probes via coaxial cables and BNC connectors
at the rear of the chassis (Figure 6). Each channel has a selector
switch that applies the rear connector signal to an amplifier input
when the switch is in the OPERATE position. In the CALIBRATE
position, a front panel connector is substituted for the rear
amplifier input; in the 60 Hz position, the amplifier input is
grounded and line frequency pulses are sent directly to the
discriminator. The amplifier has a voltage gain of 100 and
bandwidth sufficient to handle fast-rising pulses.

Amplifier output is fed to an integral discriminator, where
pulse amplitudes greater than the base-line potentiometer setting
cause a modified Schmitt trigger to operate. The trigger circuit
output is then differentiated and rectified, producing unipolar
output pulses having high amplitude, low width, and short rise time.

These pulses from the discriminator are then used to trigger
a count rate meter (CRM) circuit consisting of a univibrator
coupled to a constant current source. The univibrator, or ONE-SHOT,
produces square pulses of constant amplitude and width, and the
constant current source transistor is used to feed an integrating
network in the log converter circuit.

The integrating network consists of two silicon diodes in
series, shunted by a large capacitor. Current pulses from the CRM
card are averaged by the integrator, and the average voltage
developed across the diodes is proportional to the logarithm of the
average current through them. The voltage equation is

Vo = A log I+ BI +C

where A is a linear function of the absolute temperature (approximately
0.3%/°C at room temperature), B is the diode series resistance
(negligible over the operating range in this case), and C is the
barrier voltage (also temperature dependent}. Alloyed diodes exhibit
a linear voltage slope approximately 60 millivolts per decade over

6 to 8 decades, while diffused diodes exhibit a linear slope of
approximately 120 millivolts per decade over 4 to ¢ decades of
current at temperatures around 25°C. Because of this characteristic
of the diodes, the integration time constant varies inversely as

the count rate, becoming very long at low diode currents and quite
short at high diode currents.

T VIR RV AT |




zx
.

A C Aoy
WiR SUPRLF

5.3 VaL MfF(IT
S7-AN-FR A 25

ez

PELEE S LR T

4:_0 2 poce sROIITION

PNDTOANL LI 1L LR (EAS L 3T I DY QUL INT ST - EXS O REA-REL4)

TOOK ABOs BEon 220 Bron BEOK 2a0x 320K 2£0K 2B FIOX

'
I
I
"
I
.
|
2 N -
| LYENED CiRcwrT M4 0-3 o per B
FTEET
= ! GidCR rAvI N A YOA’ o
g * CPLuG-IY EIR
'
OTE I roIeares
5 : e = P frty
i = AMPLIFIER - S A A
. ‘ (£l 200/ ——
- DT CONAEETAT
;S-!oe)tr CINEN SONET Piid
Qe
T - Bsrfy
| (Hrw VOETAAE IN)
FTIENAL OO
LHOTOMULTIFLI ~F Vet Va'd Conrran TO FOT
COAINION T BOTH CHANMELS AS SHOWN
oaca
e
-7 Gt
e s
" -
o “we T T
¢ ! .
| 1 mzsar .
o codnesas s
" ASETER CONTAET
! ! wT, FesmETTON
| | B PRGN Bha
£
! ! Meamon
[ - Arson waicaron 13
>
PR S e
° t
0 TALAXI) 5
|
== CNALSI S MONTE D
L. A, ‘!&’5 L TWIS IO
| s BRATST A
| wpa?”
.t %
n Fransans
TP LA A P —
' Al Frx 1 !
| _1 ] i . -
AT A AE S ey = | ) Ao .
P P A = TR MRS
- 4 LRGN

Ly
g2 o

AL AT CrRErsr T SN EAFTATI

&
&
o

2y 13

T
BOTTONM PILW

O AR S, IO SN RLT

LGN

COAPNION TO MOTH CHANNELST 4T SHOWAN

M, PN FETTON
oN FAONT FANEL

AL amar

o prcaran
Yonis

oL i
G g L

Jadd =¥ S AT
COATAT N I

P 444'(:]
sﬁ‘%ff# 9:5’

P s CARD

¥ =
o+ 88V
FoLAL

BV REGUWLATER

o VA

FIG. 6 SCHE



EERE L

s
(Reoly (i
.

LS ATAT
WATLY AF SHONW N

Seaiaz,

LOG CRM

VoLTaga Dowml
AT R A e

Prons mowst
. =

JEAC TO At FROBSY
AnFroZ A sy

Ty
oM T,

SCHWER SUPFLY SCHEAIATIC
o AN ELS B EXTERNAL CONNECTTION VLY

£ESAE To PR SOCRCE
FOT w Ay BC Cam
R BEAVE S § aces

e

sdda sodn

IV AU TOLACH CHANREL
Fi0s megaLn TOR CARD

waers

s9u s
4.4 ver FEeER
[y

WA Oy

FE A TITE CAF ILE
T

LDV VOLTAGE FPOWEMR SLFPPLY
TOATASON Tl BOTH CHANNELS A5 SKHOwWw

'IC DIAGRAM

. et - e
X

‘rcogose auTmrT
e, Ay Avtens
25

PROLE pr RASITION Sui TN CALY 14oS )

- -‘ ’Q () I OR MORNTED 1
4 AL EDHIIOY =B ATLTENED FLT
3 LAEAT R R e A S e
g
3
1 1 5
1 =
' 3
1 | h]
' 1
I‘J nl
[
| | I
P N T
=
e
COUNT AATE M ETER b
; QENEVE ]
. s o
3 whilessi

XD CHANNLL
ad s RELAT

NTLTESR ALLAF O P00 u A OC
Spis & v o xR Wi
IIBLATED LBk inG col K My )

Twv 00

-
releeg.,

f LGN '3':"5 ?4 g

\ Sz

A

A

ey e

Tarrs por
- Moo TED aw
b Gasid gusa.

B MG 14V TR

O 100w ADE ¥ TN
ERt s
Frarksdpn 459

NOTE,

£ A Tesrelors ¥ owart waless nofeat

2- Ay E/tLl'l'a/‘!tJr Capacd FOrL SACHN 00/ariten, Vmiue in AXFD,
T ALl Perrer & Caoaniid Copacitors vellage ratad, volue in pMrd.

4 - Al adher Conacilars Aica whale numder vaturs in ATATH

- ALY Plugin wmiPs sho e with sached pim aumbers

G- Clockwise rofatiarn o all Cantrols shomwn by ares e,

T AC Pansl markings Trsociated wilh compnnint thawen by "

&- tusea connectinns Thewmn Sy Simale Fermimadion of frnp




Diode voltage is detected at the variable input side of a
differential FET (field effect transistor) voltmeter, and the
difference between that and the fixed input side voltage is
displayed on a front panel meter. The differential circuit was
used for two reagsons: (1) it allows a controlled suppression
voltage to be applied at the fixed input side so that the meter
scale can begin at some power of ten rather than at zero; and (2)
by using a matched pair of FET's and the same type diodes at the
fixed input as at the variable input, temperature effects will be
the same on one side as on the other, cancelling themselves in the
meter reading. To enhance the temperature compensation thus
achieved, the transistors are mounted in intimate thermal contact
with each other, and the diodes are all thermally connected to a
common heat sink (Figure 7).

The readout meter is calibrated from 10 to 10° counts per
minute. A series resistor in the meter circuit provides a 0-10
millivolt output for a null-balance recorder.

Matched FET Pair Diode Heat Sink

FIG. 7 LOG CONVERTER CARD



ALARM CIRCUITS

The meters have adjustable high-level contacts with series
locking coils isolated from the measuring circuits. Whenever the
pointer of either meter moves up to the alarm set point, the
contacts make and a relay is energized. Relay coil current is
conducted through the meter locking coil in the direction to cause
the contacts to make tightly until the current is interrupted. A
separate alarm relay for each meter is paralleled by a small neon
indicator on the front panel. A normally closed pushbutton is in
series with each of the meter-relay circuits to restore it to
normal operation after an alarm condition has been cleared. Both
relays have single form  contact configuration, and both sets of
contacts are terminated by connectors on the rear of the chassis
so that external alarm circuits may be connected.

POWER SUPPLIES

Power for the standardized circuit cards used in the instrument
is derived from a Zener-regulated half-wave doubler identical to
that in other instruments developed at SRL. Because the circuit
is familiar to maintenance personnel, spare parts are available
locally.

An additional regulator is used for power to the log converter
circuit, because the FET's cannot withstand the higher potential of
the main supply, and the improved regulation is necessary for
proper biasing of the suppression circuit.

Relay power is obtained from a plug-in module supplied by the
relay manufacturer. A Zener diode regulator was added to lower the
locking coil current to the proper value and extend meter contact
life.

High voltage for the scintillation probes is produced by a
half-wave doubler and a gas tube regulator chain. The regulator
chain is tapped at tube interconnection points, and a rotary switch
is provided to select voltages from 315 to 1260 in steps of 105 volts
each., The selected voltage is read out on a front panel meter, and
at the same time is applied to two 1l-megohm potentiometers, each in
series with a high voltage output jack at the rear of the chassis.
The scintillation probes normally used at SRL have a dynode voltage
divider totaling almost 3 megohms; therefore voltage may be adjusted
by the series potentiometer® from that shown on the meter to about
25% below that value to compensate for variations between photo-
multiplier tubes. The high voltage power supply is identical to
that used in other multichannel instruments at SRL for the same
reasons given for the power supply duplication.
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AC power for the probes is available from a pair of connectors
at the rear of the chassis.

All power supplies are transformer-isolated from the line
input, and all are referenced to chassis ground. A single fuse
in the high side of the line and a three-wire AC power input with
direct grounding of the third wire protect operating personnel.

CALIBRATION

Adjustment potentiometers and test points used in calibrating
both channels of the instrument are concealed by a small removable
cover on the front panel (Figure 3). The simple calibration
procedure for either channel is accomplished with instrument in

place:

1. Connect instrument to 115 volts AC and allow 30 minutes for
warmup.

2, Connect a source of negative pulses 1 to 10 microseconds wide
and approximately 100 millivolts in amplitude to the CAL input
on the front panel,

Set the selector switch to the CAL position.

Adjust the gulse source repetition rate to 10° per minute
(1.667 x 10° per second).

5. Connect an accurate high-impedance voltmeter between the
DIODE VOLTS ~ TEST point and chassis ground.

6. Adjust the DIODE VOLTS - ADJ potentiometer to read exactly
+1.20 volts on the voltmeter,

7. Disconnect the voltmeter.
8. Readjust the pulse rate to 10 per minute (0.1667 per second).

9. After allowing the COUNTS PER MINUTE meter to stabilize, adjust
the SUPPRESS potentiometer for equal excursions of the meter on
either side of 10, (This is accomplished more easily with the
METER CAL potentiometer fully counterclockwise.)

10. Reset the selector switch to 60 Hz.

11. Adjust the METER CAL potentiometer to align the meter pointer
with the 60 Hz mark on the scale.

Calibration of one channel is complete, The same simple
procedure is followed to calibrate the other channel, Either
channel may be calibrated without removing the other from service,
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third is under construction.

1.

OPERATION

Two instruments have been placed in service at SRL, and a
Service has been satisfactory.
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