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Although we are not quite ready to publish this information in

the open literature, this does give us the opportunity to put down

what we have learned in a fairly organized way. The results we have

obtained seem extremely encouraging, and are apparently opening up

some areas of investigation which should prove both useful and inter-

es ti ng.

As will be recalled, the main interest in the investigation

concerned an attempt to measure electrical transients caused by the

passage of fission fragments through dielectric materials.  A second

objective was the use of this technique in the study of damage of

materials by fission fragments during the instant that the damage

is taking place.

During the past year, positive measurements of fission fragment

pulses have been made with the use of ordinary soda glass cover slides.

The arrangement for carrying out these experiments is shown in Figure

1.  The apparatus was placed inside a vacuum chamber and the typical

pressures used were about 10-5 Torr.  A shutter which controls the

passage of fission fragments from the Cf source can be closed
252

without breaking the vacuum.  In this way, positive measurements

demonstrating that the fission fragments do indeed cause the pulses

were made.
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Due to the effect of the detector capacity on the input of the

preamplifier, it is only possible to state a lower limit to the rise

time of the pulses that were measured.  When we interpreted this using

the voltage placed on the plates, and calculated the charge carrier

mobility,  it was found  to be greater  than one cm2/volt-sec.    The  sig-

nificance of this result can be seen by comparing this number with typi-

cal values of mobility measured in ordinary glass which are of the

order of 10-6 cm2/volt-sec or lessl.  In the latter case the usual

interpretation is that the ions in the glass are the current carriersl.

We believe, therefore, that in the case of the fission fragment induced

pulses, the current is carried by the much faster electrons which have

been set free by the fission fragments.

A second argument which substantiates that mentioned above has

to do with the effect of electric field polarity on the pulses.  We

have found that pulses are observed only when the upper plate (see

Figure 1) is positive relative to the lower plate.  This means that

the field direction in the dielectric, although reduced from the ex-

ternal field, is in the direction to pass electron current through the

glass.  That is, the fission fragments at the lower surface of the glass

liberate electrons and ions; the more mobile electrons are the main

charge carriers and therefore the pulses are observed with the field

polarity as stated.

One of the difficulties in the observation of breakdown at high

vacuum is the effect of a breakdown across and along material sur-

faces.  It was exceedingly difficult to be sure that the breakdown

we were observing was actually passing through the material and not

along the surface.  An experiment which indicates very strongly that
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the breakdown was taking place through the material was carried

out by observing the difference in counting threshold for a thick

(0.030 in.) and thin (0.005 in.) sample.  In these two cases, the

surface path is very nearly the same, and yet the path through the

material di ffers by a factor of six.  As can be seen from Table 1,

the threshold for counting is influenced greatly by the thickness.

Due to the rapid polarization that seems to take place with the thick

glass, it is not clear that it  could be used as a counter at all.

In the last column, note that LEXAN, another material which has been

used asanetchable fission fragment detector2, seems to be a possible

candidate for this type of detector, although in the thickness measured

the margin between counting and breakdown seems slight.

We have observed the effects of time dependent polarization in

the glass.  Experiments were carried out with the glass in mechanical

contact with the upper and lower electrodes as well as isolated from

the electrodes.  As can be seen in Table 2, there is apparently less

polarization when the contact is improved; that is, the least polariz-

ation occurred in the case of the painted upper electrode and mechanical

contact below.

It was partly this effect which indicated to us that it would

be interesting to try an experiment with much better electrical contact

with the glass.  Therefore, some samples were made with evaporated

layers of gold on both sides of the glass plate.  The lower layer of

gold was very much thinner than the range of fission fragments (-0.20

mg/cm2).  It is most interesting that we were unable to detect pulses

from any of these gold electrode plates.  In one case we scraped

away part of the gold plating, and were able to detect pulses roughly
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proportional in number to the fractional area that had been scraped.

That there is nothing peculiar regarding the effect of the gold

layer on the surface damage was demonstrated by counting the same

number of fission tracks per unit area by the etching method2 on a

glass plate with and without the layer of gold.  This effect is perhaps

interpretable in terms of the barrier that exists between the gold-

glass interface and will be examined further.

A second interesting effect was observed when the experiment

was carried out without any dielectric material between the plates.

The data from this experiment is presented in Table 3 and the material

heading denotes the material of which the upper electrode (on which

the fission fragments impinge) was made.  As can be seen, very definite

measurements of breakdown in the relatively high vacuum (10-5 Torr)

were observed to be initiated by the fission fragments impinging on

the upper electrode.  If nothing else, this is certainly a direct

measure of the result of a damage event occurring at the surface of

the material.

One of the important features of the electrical pulse counter

for fission fragments  is the sensitivity of the detector to other

types of radiation.  We have been unable to initiate the type of

pulses observed with fission fragments with alpha and gamma sources.

This will be examined more quantitatively later.

In conclusion, we have observed fission fragment induced electri-

cal pulses in ordinary soda glass and LEXAN.  Whether a practical

and useful fission fragment counter will be forthcoming is not yet

clear, although there are strong indications  that it may be.  Informa-

tion which will add to the understanding of surface damage will

result from this investigation if it can be continued.
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The principal investigator spent approximately twenty percent

of his time during the academic year and one summer month on this

problem.  Ten percent of his time will be spent on the work during

the fall term, although none of this time will be charged to the

project.
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FIGURE 1

SCHEMATIC DIAGRAM OF THE COUNTER
(1)  To "+" side of supply

voltage (NOT TO SCALE)

(2)  Frame made of plexiglass
(3)  Upper electrode
(4) Glass slide (3" X 1")
(5)  Lower electrode
(6)  To ground potential
(7) Fission fragment source .
(8)  Aluminum foil with holes 0
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TABLE 1  Thickness Variation

5 mils glass (cpm) 30 mils glass (cpm) 10 mils Lexan (cpm)
Source +

'

On       Off                On        Off               On        Off
Voltage

+

100 .25         0                                             0         0

200               40        0                2        0 1              1         0

300                 43         0                                           '   1         0../

400                 49          0                  8         4                  0          0
1

1                             1
600 46

,

0               16        14               10        10

800                 61         6                 46        42                38         5

1000                79       ; 25                90        26                40         8

1200

1400
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TABLE 2  Polarization Test

Paint spot above Gold film above Mech. contact No contact
at 400 V at 400 V at 400 V at 500 V

Time (hr) Counts (cpm) Time (hr) cpm Time (hr) cpm Time (hr) cpm

0           76              0           62              0           85               0           52

1/2         78              1/2         48              1-3/4       47              1/2         23

1           63              1 47 2-1/2 50              1           17

1-1/2       76 1-1/3 3-1/2       43              1-1/2       14

2           72

2-2/3       74

/



TABLE 3  Comparison of Different Materials with the Empty Counter

Copper (cpm) Cadmium (cpm) Aluminum (cpm)Source +
Off       On                 Off       On                Off        On

Voltage
+

0                    1            2                    0          0                     0           0

100                0        67                0       21                 0        35

200                 0         73                 0        34                  0        46

300                  0         69                  0        28                  0        69

400                  0         61                  0        36                   5        47

600                 2         64                 5        45                 11        72

800 11
-

102                5        53                80        73

1000                 6         63                22        55                136        91

1200                79        160                31        65                 62        76

-


