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TIME-TO-COUNT TECHNIQUE 

 
 NRC GM tube detectors are operated using a unique technique, which removes many of 
the limitations associated with the use of G-M tubes operated in the conventional mode. 
 Conventionally, a G-M tube is operated with a fixed DC voltage continuously applied.  
Readings of rate are a function of the number of pulses (counts) produced by the tube per unit 
time.  This type of operation is characterized by increasing non-linearity as the field intensity 
increases.  This effect, due to the inherent "dead time" of the tube, limits its range of usefulness. 
The problems associated with the conventional DC mode of operation are best understood by 
examining the "Stever Pattern", produced by the tube in response to a radiation field. 
 Assume the G-M tube is energized and the first pulse is produced by the tube in response 
to an ionizing event.  This initial pulse will be full-size and will typically be properly counted. 
Following the initiation of this pulse is a recovery period during which the discharge mechanism 
is operating within the tube. During the recovery time, if another ionizing event occurs in the 
tube, it cannot be detected.  This time is defined as the dead time.  If an ionizing event occurs 
immediately following the dead time, a small pulse, barely detectable, could be observed. 
 Dead time varies with the dimensions of the tube, the operating impedance, the mobility 
of the tube gases, and, to a lesser extent, the operating voltage.   

The dead time of the low range tube used in NRC GM tube detectors is about 150 
microseconds; the high range tube dead time is about 15 microseconds. If an ionizing event takes 
place a trifle later than the dead time, the pulse produced would be larger.   

 
Finally, a time will occur when the pulse formed is of full height; i.e., equal to the 

amplitude and shape of the initial pulse observed.  This time is called the recovery time, and 
corresponds to the time when the positive ion sheath (formed during the discharge mechanism) is 
neutralized at the outer wall of the G-M tube.  The dead time, which characterizes all G-M tubes, 
produces the non-linearity at higher fields and severely limits the range over which the tube is 
usable. 
 A second undesirable characteristic of G-M tube operation in the conventional mode is 
saturation.  It can be seen that as the field intensity is increased, more and more ionizing events 
will arrive in close proximity to the dead time.  The pulses produced by the tube will become 
smaller and smaller and eventually will no longer trigger the input circuit of the instrument in 
which it is being used, causing the reading to drop to very low values or zero.  Most G-M 
tube instruments currently produced will display this hazardous condition.  In the TIME-TO-
COUNT technique employed in NRC GM tube detectors, the dead time and saturation effects are 
eliminated. 
 A low DC bias voltage is abruptly raised to 500 volts DC carrying the tube into its 
operating region.  The rise time of this voltage is less than 0.2 microseconds.  At the same time, 
this rapid increase in voltage is applied, a crystal controlled, 1 megacycle oscillator (clock) is 
gated on and time, in the form of 1 microsecond cycles, starts being counted.  Time counting 
continues until a G-M tube pulse is obtained.  At that point, time counting is stopped and the 
accumulated time is recorded.  At the same time, the anode voltage is reduced into the low bias 
level. The voltage on the anode is maintained at the low bias level for 1.5 to two milliseconds, a 
time period which is long compared to the dead time and recovery time of the tube. 
 After two milliseconds, when the G-M tube is fully recovered, the voltage is again 
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applied to the anode.  Only one G-M tube pulse can occur in any one 'on' time.  Since the tube is 
fully recovered between on-times, the pulses produced by the tube are full size. The process is 
repeated many times to obtain a statistically reliable average time-to-count.  In this fashion, dead 
time losses are eliminated and saturation cannot occur. 
 Thus, the radiation field intensity is proportional to the reciprocal of the time required to 
obtain a G-M count.  Looking at a single event of a random nature would be statistically 
unreliable.  However, if this measurement is repetitively made over a defined period of time (for 
example:  2 seconds), and the average time to obtain a G-M pulse is determined, we now have a 
statistically reliable measure of field strength.  This precise microprocessor controlled 
relationship forms the design basis for NRC GM tube detectors and enables many decades of 
linear performance for the two G-M tubes involved. 



OPERATING PRINCIPLES – OPERATIONAL KIT
Typical GM Tube Instrument
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OPERATING PRINCIPLES – OPERATIONAL KIT
Conventional GM Tube Instrument Operation
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OPERATING PRINCIPLES – OPERATIONAL KIT
GEIGER-MÜLLER (GM) TUBES

ADVANTAGES DISADVANTAGES

• WORKHORSE

• HIGH GAIN

• SIMPLE ELECTRONICS

• DEAD TIME NON-LINEARITY

• SATURATION / FOLDOVER

• LIMITED LIFE (108 TO 1010 COUNTS)
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OPERATING PRINCIPLES – OPERATIONAL KIT
“Time to Count” Operation

Canberra Dover has eliminated the inherent 
disadvantages of GM Tubes with the development 

of “Time to Count”.

• GATED HIGH VOLTAGE TO GM TUBE

• GUARANTEED FULL RECOVERY

• NO DEAD-TIME NON-LINEARITIES    SINGLE POINT CALIBRATION

• NO DEAD-TIME INDUCED SATURATION OR PARALYSIS

• LONG LIFE (MAXIMUM COUNTRATE 500/SECOND)
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OPERATING PRINCIPLES – OPERATIONAL KIT
“Time to Count” Operation
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OPERATING PRINCIPLES – OPERATIONAL KIT

“Time to Count” Operation
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