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Synopsis 
T h e  inf luence of red l ight  in the  r educ t ion  of the  space charge  bui l t  up in 

a c rys ta lcoun te r ,  is described,  especial ly  for the  case of a d i amond  crysta l .  
T h e  d i s t r ibu t ion  of the  pulses and the  decreas ing of the  pu l se -magn i tude  as 
a func t ion  of t he  i r r ad ia t ion  wi th  c~-particles, as well as t he  increasing of 
th is  m a g n i t u d e  wi th  red l ight ,  is exp la ined  qua l i t a t ive ly .  I t  is possible to 
m a i n t a i n  the  coun t ing  p r o p e r t y  of the  c rys ta l  for an un l imi ted  t ime,  if only  
t he  in t ens i ty  of the  l ight  is sufficient .  

1. Introduction. An important drawback in using a crystalcounter 
for counting as as well for measuring energies of a,/5 or 7 radiation is 
the decrease of the number of particles or quanta, counted pro 
minute, as a function of the time of radiation. However not only the 
number of particles is decreasing but the average magnitude of the 
observed charge pulses is diminishing too. The lowering of the magni- 
tude and in consequence the decrease in number can be understood if 
one assumes that  an electric field is created, opposite in sign to the 
original field applied-, as a consequence of the irradiation of the 

crystal, cd > + 
To understand this, let us consider a 

crystal (fig. 1) with two parallel sides, thick- 
ness d, showing induced conductivity by 
a - o r  /~-particles, 7-rays or light. If one ir- ot par t ic les  
radiates this crystal e.g. with a-particles, at " 
the negatively charged side, each a-particle 
will send a number (n) of electrons in the 
conduction band of the crystal and in con- 

Fig. 1. 
sequence of the applied field these electrons 
travel a distance I in the crystal. In that  case, if one does not count a 
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possible displacement of the pos. holes which are left, one finds 1) ~.), a 
charge Q = e Z~'--x ldd. Here we have added up the individual contri- 
butions of the electrons.This charge-pulse Q can then be measured as 
a voltage change V=Q/c over the crystal, if c is the capacity of the 
crystal. Thus we see - -  and this also occurs with other radiations - -  
that  a space charge has built up in the crystal. This would not be the 
case if the electrons going to the anode left the crystal (in a strong 
field e.g.) and if the positive charge left behind would be compensa- 
ted by entering electrons. I t  was shown however by experiments by 
G u d d e n and P o h 1 z) with ultraviolet light that  this does not 
happen in general.We observed that  the decrease of the number of a- 
particles with time might be countered by an intense radiation of red 
and infrared light. The experiments described in this paper have 
been performed with diamonds. 

Already in earlier papers methods h a v e  been considered for 
removing the space charge effects. Originally the methods based on 
irradiation with red light were used by G u d d e n and P o h 1 s) 
during their investigation of the foto-electrical properties of various 
crystals in ultraviolet light. In the more recent investigations con- 
cerning the use of foto-electrical materials as counters, and also in 
the investigation of the conductivity changes occurring with the 
bombardment by electrons of low energy, other - -  to our opinion less 
simple-methods are being used. V a n H e e r d e n 1) irradiated his 
AgC1 crystal after use with red light. W o u t e r s and C h r i s- 
t i a n 4) indicate that  it is possible to reverse the voltage on the 
AgC1 crystal after a certain number of counts, when detecting high- 
energy particles, and M c K a y 5), in his investigation of the con- 
ductivity change of diamonds during the irradiation with electrons 
of low energy, changes the circumstances in a rather complicated way 
and assumes in his case that  for the maximum value of Q the opti- 
mum decrease of the space charge is reached. M c K a y measures 
the effect of pulses, consisting of a number of mono-energetical 
electrons. The space charge is diminished by using an alternative 
voltage on the crystal; the electronpulses are given at the moment of 
each (pos. or neg.) maximum of the voltage. But furthermore these 
electronpulses are superimposed on a constant current of irradiation 
electrons. Of course the effect of this current will not be measured by 
the amplifier, but only the current strength is chosen such as to 
make the deflection (the Q) of each pulse aia optimum. 
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2. Experimental arrangement. To measure the charge pulses given 
by  separate particles we used a d iamond on which a luminium 
electrodes had  been deposited by  evaporation.  The d iamond was 
mounted  in a special holder. One of the electrodes was connected to 
a high voltage apparatus .  This voltage was measured with an electro- 
scope, the other  electrode was connected with the grid of a first valve 
of an ionisat ion-chamber amplifier. Wi th  the aid of a grid-battery,  it 
was possible to main ta in  the potent ia l  of this grid on a average con- 
s tan t  value. The crystal  holder was constructed in such a wa3~ tha t  
charge pulses on the grid, caused by  the ionisation of the air at  the 
sides of the d iamond were prevented (fig. 2). The lineair ionisation- 

.  ii_, I 
I s v  

Fig .  2. T h e  d i a m o n d  c r y s t a l  c o u n t e r  a n d  t h e  c a l i b r a t i o n c i r c u i t ,  pr = p r e p a -  

r a t i o n  o f  e - p a r t i c l e s ;  cr = c r y s t a l ;  R F  = r e d  f i l t e r ;  c = c a l i b r a t i o n  c i r c u i t .  

chamber  amplifier was constructed for min imum noise. Full  parti-  
culars of it have a l ready been published by  v a n H e e r d e n 1) 
and K e 11 e r e). The ou tpu t  of the amplifier was connected to the  
vertical  deflection plates of an oscillograph and at the same t ime via 
a gastriode to a mult ivibrator ,  whose ou tput  acted as a t ime base for 
each pulse, and the to ta l  deflection-time of this time-base was of the 
same dura t ion  as the t ime of the signal so as to give us the possibility 
of photographic registration of the deflection. 

The max imum deflection (see v a n H e e r d e n) is proport ional  
to the charge pulse Q. The dual  function of the gastriode is to give 
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signals of constant magnitude to the multivibrator, and to suppress 
the noise of the amplifier by an negative voltage on its grid. To 
measure the absolute value of Q we used a calibration circuit con- 
sisting of a ! cm-condensor, a variable resistance, an accu and a 
mercury-switch, in the same way as v a n H e e r d e n did. 

Contrary to the method of the much us*d discriminator and scales, 
we registered our results photographically. The reasons were, pri- 
mary:  we could verify our results afterwards; secondly: in our case 
it was cheaper and when compared with many channel discrimina- 
tions with counting circuits, simpler and more reliable ; and last : we 
could eliminate such parts which, influenced by external disturban- 
ces, would give a mutilated picture of the measurements. 

Between the multivibrator and the horizontal deflection plates we 
used one or two scales, depending on the intensity of the a-radiation, 
for the purpose of recording only 1 out of 8, 16, 32, or 64 deflections 
of the entering a particles. This was necessary in order to maintain a 
reasonable speed of the recording drum, even at an intense radia- 
tion ; this intense radiation was important to obtain a decrease in the 
number of the counts within a reasonable time. 

Both the zeropoint of the oscilloscope and the noise were sup- 
pressed. In order to prevent burning of the oscilloscope and blacke- 
ning of the recording paper the zeropoint was suppressed by applying 
a negative voltage to the W e h n e 1 t cylinder of the oscilloscope 
valve; this negative voltage was elevated during the time of the 
signal by a positive square voltage pulse, given by the multivibrator. 
The noise was suppressed, as we told already, by a negative voltage 
on the grid of the gastriode. 

The red light was produced by a projection lamp (60 Watt). The 
light was concentrated on one side of the diamond by means of a 
strong lens and via a red filter. At the onset of our experiments we 
used a filter, which cut off sharply the light below 6000 A, later on we 
used another filter, cutting down at 6900 A. 

3. The measurements. The decrease of the number of counts 
during the proceedings of the irradiation without the red light is 
illustrated in fig. 3. Usually in the following experiments we used a 
radiation of nearly 3000 particles per minute on a surface of 6 mm 2, 
while the efficiency of the diamond used in the experiments men- 
tioned below, was about 250/0 . Quantitatively however, the decrease 
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and subsequent increase to the original level after irradiation with 
red light was observed with more diamonds. The decrease magnitude 
was nearly unobservable during the time that  the number was a 
constant. Under these circumstances, while the voltage on the 
crystal was varied between 350 and 1000 V, the time of irradiation 
(T ½) necessary to reduce the number pro minute to one half, ranged 
between half an hour and two hours and was roughly linear with the 
voltage. But if one irradiated afterwards with red light, the number 
N/min. within a short time (a few minutes) increased to the original 
level. At first we used a rather weak lightsource (20 Watt) and poor 
optics; then the number also increased, but later decreased again in 
the way sketched in fig. 4. Here the values of the horizontal part are 
the same as those before the irradiation. 

T 
i o  

Xl/2 ume 

Fig. 3. T h e  dec rease  of t h e  n u m b e r  of c o u n t s  (in a b s e n c e  of red  l ight ) .  

Then we passed on to a more intense irradiation with red light, 
namely to a 60 Wat t  projection lamp and better optics. The same 
filter (absorbing all light below 6000 A) was used. Then we observed 
no decrease for several voltages up to a time of seven hours and after 
switching off the red light it lasted a considerably longer time than 
in the preceding experiments before the decrease became apparent 
again. Furthermore we observed that  in general the distribution of 
the height of the signals in a long-time irradiation changed in such a 
sense that  for a constant voltage we obtained a relatively smaller 
number of smaller signals than at the beginning of the experiments. 

The limit of about seven hours to which the experiments were 
bound, was caused by a rather sudden decrease of the potential of 
the floating grid of the first valve of the amplifier. Evidently we stilI 
got a detectable foto-electrical current for wavelengths above the 
6000 A wave-length of the red light; for this reason we afterwards 
used a higher wave-length (6900 A) and then this effect ceaSed. The 
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result of our observations is obviously that  with the aid of red light 
a diamond (or other crystal) can be used for un unlimited time in the 
counting of a-particles (or particles of high energy). An at tempt to 
get a same effect with B-particles was not continued, owing to the 
weak intensity of the only B-source at our disposal at that  time. This 
intensity was insufficient to obtain a detectable decrease within a 
reasonable time. 

Fig.  4. 

I : ime 

T h e  n u m b e r  of c o u n t s  pe r  m i n u t e ,  whi le  t h e  i r r a d i a t i o n  w i t h  red  
l i g h t  is in su f f i c i en t .  

4. Discussion. We should like to remark, that  for an explication 

of the sudden decrease in the quanti ty Q = e y,i lJd all-eady men- 
1 

tioned,we think especially of a diminuation of l;, the distance covered 
in the crystal. This could be explained by the formation of a strong 
field, opposite to the initial one. In accepting this, there is a diffi- 
culty - -  which we hope to solve in a next paper - -  because in the 
first place we ought to expect a slow decrease in the magnitude of 
the signal. As the experiments of G u d d e n and P o h 1 ~) and of 
M c K a y 5) show, the saturation field strength for diamonds (that 
is the field strength causing all or nearly all the electrons to travel 
through the whole of the crystal) is higher than the values, used in 
.our experiments. However the decrease in itself, even if it is a bit 
faster than according to these older publications, would not explain 
the decrease of the number in such a short time. This would be 
more understandable if one assumes that  in general the diamond, 
instead of being a perfect monocrystal, is a polycrystal built up of 
little crystals, which when irradiated fall out one after another and 
then indeed by the forming of an opposite field and on the average'at 
the same time. 

This explanation is in accordance with earlier experiments which 
show that  ultraviolet-transparent crystals posses a laminar struc- 
ture 7). The crystal we used was, in effect, selected by the ultraviolet- 
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transparence test. Another explanation, saving the monocrystal- 
structure for diamond, as far as we understand is not available. 

In addition we should like to discuss the reason why the red and 
infrared light is able to maintain a reasonable electric field in the 
crystal. Lightquanta are able to liberate electrons from traps to such 
an extent, that  they will travel in a local field, be catched again, and 
part ly compensate positive holes. The fraction liberated in this way 
and the part which reaches the anode, together are evidently big 
enough, if the crystal is exposed to sufficient irradiation with red 
light, to create a resulting field in the crystal in which the electrons 
travel over a distance comparable with that in the initial external 
field. 

In this picture, however, without a more detailed explication it is 
not clear why with insufficient irradiation by  red light, after the 
blocking of the crystal in absence of red light the number of counts 
should increase rapidly to the original number and after some time 
should decrease again. Why can the red light make an original 
change in the field to such an extent (and so fast), while some time 
later it cannot do this any more ? 

A possible explanation of this fact may be that  there are traps of 
different depths. One can expect that after the space charge has been 
built up in absence of irradiation, part of the filled traps are shallow 
enough to have their electrons liberated immediately after irradia- 
tion with red light. From this moment onwards these traps are not 
effective any more in producing space charge and a new space charge 
is built up by  electrons captured in deep traps which have only a 
small chance to be released by  red light. So a new situation results in 
which in insufficiently strong red light the space charge might reduce 
the number of pulses again after some time. In a sufficient amount of 
red iight however an equilibrium is reached in which the number of 
new electrons trapped equals the number released. This equilibrium 
depends on the number of a-particles pro minute and on the intensity 
and composition of the light. 

5. Conclusion and comparison with literature. The experiments, 
described in this paper, prove the possibility to obtain a fargoing 
reduction of the space charge effect in a crystal counter. The method 
is simpler than the one used by  M c K a y in his investigation of the 
conduction of diamond caused by  irradiation with low-energy elec- 
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irons. Moreover, by  the use of a-particles, it offers the opportuni ty 
to determine a number of characteristics of crystalcounters, which is 
an important possibility both for the theory of the foto-electrical 
phenomena and for the use of the crystalcounter. 

In future papers we hope to publish the results of experiments 
with other diamonds and in other circumstances, as well as the 
extension of the experiments described above. 

To explain our experiments we needed three assumptions; pri- 
mary:  that  diamond is not a monocrystal;  secondly: the results of 
G u d d e n  and P o h l  and M c K a y  on the fieldstrength-de- 
pendance of the fotocurrent are not quite correct; and lastly: the 
irradiation of the red light affects the space charge caused by  the 
electrons in shallow traps. The first idea is confirmed by  experiences 
in the X-ray examination of diamond. After the conclusion of these 
experiments, we received a copy of the Physical Review, in which 
C h y n o w e t h 8) in a letter to the Editor points out the impor- 
tance of the irradiation with infrared light to the use of a crystal- 
counter. His experiment was also carried out with a-particles and a 
diamond and his result appears to agree with our experiences as to 
the constant number of the counted particles during the irradiation 
and the decrease after the switching off of the infrared radiation. As 
fas as we understand the extension of his experiment will be more in 
the direction of an investigation of the depths of traps, to be carried 
out  by  varying the wave lenght of light. 

Our thanks are due to Professor M i 1 a t z for his highly estima- 
ted and stimulating interest during the course of this investigation, 
and to the "Stichting Fundamenteel  Onderzoek der Materie" that  
made these experiments possible under assistance from the ,,Neder- 
landse Organisatie voor Zuiver Wetenschappelijk Onderzoek". 
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