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ABSTRACT 

A compact size of single channel analyzer incorporated with a 
GM counter has been developed. It measures 8.7 cm (W) * 22.2 cm 
(L) x 4.4 cm (H) and weighs 0.58 kg excluding the detectors. An 
adjustable high voltage of 0 - 1000 V is included with an error of 
± 0.1% and powered by three mercury batteries of 9 V each. Both 
the upper and lower level discriminators are set at 0 - 5 V with 
an error of ±1%. The timer can be set at either 0 - 9 9 sec or 0 
- 99 min with a buzzer alarm. The resolution of pulse is 5 fis 
plus the pulse width. The LCD display is either 3 1/2 or 4 
digits. The rise time of shaping circuit is 1 /is with a band 
width of 350 kHz. The voltage indicator for battery is set at 7.5 
V. All integrated circuits are of CMOS with low cost OPAMP. Some 
examples for field applications are given. 
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INTRODUCTION 

The Geiger-Mueller (GM) counter has long been in widespread 
use and, although not as versatile as some of the modern counters, 
it possesses great advantages. It is relatively cheap and the 
large output pulse which it produces requires very little 
amplification.1 

The single channel analyzer (SCA) is an instrument 
incorporating a pulse height selector in which the channel width 
is preset and the threshold varied manually to scan the amplitude 
spectrum of the incoming pulse. The electronic circuit of the 
pulse height selector permits only the voltage pulses which have 
amplitudes between predetermined levels to be passed to the 
succeeding circuits. 

The SCA coupled with a Nal(Tl) detector, in contrast to the 
GM counter, has higher absorption and results in a much higher 
sensitivity. At the same time, the shorter resolving time also 
permits the measurement of higher radiation fields. 

The disadvantage of Nal(Tl) detector and SCA is the 
sophisticated electronic requirement, particularly for portable 
equipment,2'3 In this article, attempt has been made to 
incorporate the two counters mentioned above together as a single 
unit.415 

THE DESIGN 

The newly designed counter itself, excluding the GM tube with 
its pulse inverter and the Nal(Tl) detector with photomultiplier, 
preamplifier, and amplifier, weighs 0.58 kg only and its size is 
shown in Fig.l. It includes a timer, a counter, a high voltage 
power supply, and a switch selector which can select either GM or 
SCA. 

The block diagram of the counter is illustrated in Fig.2. In 
addition to the timer, high voltage power supply and display, the 
Nal(Tl) is connected to a shaping circuit while the GM is 
connected to a control gate. 

The circuitry is depicted in Fig.3. The common power supply 
for both GM and SCA is two 9 V batteries. The current requirement 



is 80 mA. For a stable dc power supply an other driving 
oscillator coupled to a pulse width modulator is served as a dc-dc 
converter. The feedback circuit is composed of a voltage divider 
and a comparator. The feature of this feedback circuit is the 
voltage control which is by means of the pulse width. The voltage 
is then raised by a transformer. The comparator makes comparison 
with a reference voltage, and then amplifies and takes control of 
the pulse width modulator from 0 to 90%. When the output voltage 
is too low, the pulse width is broadened. On the other hand, when 
the output voltage is too high, the pulse width is reduced. The 
voltage ranges from 0 to 1000 V by a 10-turn potentiometer, and is 
displayed on a 3 1/2 DVM liquid crystal. The voltage thus 
obtained can be kept very stable. The power supply is a 9 V 
battery with a current requirement of 100 mA. 

The shaping circuit is a low-pass filter and consists of a 
quad low-power operational amplifier with a 1 /is pulse rise time 
and 350 kHz band width. This arrangement is to eliminate the high 
frequency noise. Ths SCA consists of a window discriminator, a 
comparator, a one-shot multivibrator, and a control gate. ®'7 

The window discriminator is a quad low-power operational 
amplifier as mentioned previously. Discrimination is accomplished 
by using two 10-turn potentiometers with 0 - 5 V each for the 
upper and lower levels respectively. The input voltage for the 
window discriminator is limited to 7.5 V. When the input pulse is 
higher than the lower level, a 5 (is pulse is generated after the 
comparator makes the comparison with reference voltage and 
triggers the one-shot generator. The signal is transmitted to the 
control gate and then to the counter. When the input pulse is 
higher than the upper level, a 100 ps pulse is generated after the 
comparator makes similar comparison as mentioned above. For a 
SCA, when the input pulse is higher than both the lower and upper 
levels, no output signal is observed. In this design, the input 
signal falling edge is used to make comparison with both upper and 
lower levels. The upper level should have the output signal pulse 
after making comparison, and the pulse is sufficiently wide so 
that the output signal above the lower level should occur. At the 
same time, a reset signal is triggered at the lower-level one-shot 
generator to make the upper-level one-shot generator back to zero 
quickly. Through the control gate and logic process, an output 
pulse is produced only if the input pulse amplitude lies between 
the two levels. The action of the discriminator is therefore to 
select a band of amplitudes or window in which the input amplitude 
must fall in order to produce an output pulse.8'9 The timing 
diagram of the SCA is illustrated in Fig.4. 
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RESULTS AND DISCUSSION 

The newly designed counter combines both functions together : 
the GM and the SCA. It has all advantages of both counters 
mentioned above. The disadvantage, however, is the power 
consumption. 

Using a lead shield of 2.54 cm (1 in.) thick with a ^Co-
source to detector distance of 1 cm, the lower limit of detection 
(LLD) for 1-minute counting time is 1110 Bq (0.03 /t Ci) for an 
ORTEC 903 GM tube, and 740 Bq (0.02 /t Ci) for a Teledyne Isotopes 
3.81 cm (1.5 in.) x 5.08 cm (2 in.) Nal(Tl) detector. The 
conversion factor from mR/h to counts/min is 1 mR/h=319 counts/ 
min. The °°Co spectrum thus detected is shown in Fig. 5. 

A simple modification can convert this instrument into a GM 
survey meter. As a matter of fact, this instrument has three 
functions : (1) GM counter, (2) GM survey meter, and (3) SCA with 
Nal(Tl) detector. 
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Fig. 1 Dual Purpose Counter for GM and SCA. 
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Fig. 2 System Block Diagram 
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