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i, INTRODUCTION

Diamonds have been used as radiation detectors for many yeays {1+2)
but comsercially producest detectors ware not avallable until a few years
ago. Most of the early work with diasonds was restricted to pulse detec~
tion with little uwse in the d.¢. mode ox as practiesl radistion monitors.
The diamond crystal detecter is a bulk conductivity device, that is, one
in whi<h the ionising radiation causes excltation of electxons to the nor-
mally unpopulated conduction band and the application of a polarising
voltage sllows collection of these electrons resulting in a current flow

in an external cixoult.

The work reported here was instigated becauss a device was reguirved
to scan the synchrotron radiation beam within the vacuum vessel of the
NTHA Synchrotron Radistion Facility {SRF)}. It was thought that a dliamond
would be a suitable detector and the purpose of the work was, therefors,
to Find the sensitivity and response of a diamond detector. With RINa
cperating at warious energles the diamond was exposed to filtered synchro-
tron radiation. The amount of filtration was varied by using aluminium
plates of various thicknesses to give a range of energy and intensity of

the radiation striking the dlamond.

The work established the working limits of the detector and gave an
approximate vailuve Ffor the semsitivity., It was shown that the diamond is
a suitable dstactor for the scanning devioe and subsequently such an 1n—

strument was designed.

2. ESVERIMENTAL DETAILS

The diamcnd was purchased from Electron biamonds Ltd. of Hatton

Garden, London, The detectors are manufactured in a varlety of foruws hut

the one used in these experiments was sncapsulated in epoxy resin and

woulded onto the end of a minlature ecable. The diavonds used are selected

from normal gem stones un the basis of their electrical properties.

Electrodes are attached to opposite faces of the diamond and a polarising

voltage 1s applied across them.

The diamond used in thils work had sides approximately C.7 mm in
length and was moulded within a cylinder of azsp;:sxy vesin approximately
2.5 m=m in diameter. ZElectrical connections te the diamond were via a
miniature t'ri—axial cable, the connections being biass potential, signal
gollector and sarthed soreen. & nagative polarising voltage was applied,

the signal wire providing the @urrent retwm via & pico-—amxeter.

The diamond was expesed in the SRF on the x-ray table et the MRC
windew {fig. 1J. "The distance from the dizpond to the tangent point in
the synchrotron was 46.7 m and conseguently the angle subtended by the
diapend wag very small (v ,015 mrad}. The synchrotron light from the
¢lectron heam passed down the vacuum plipe into the SRF and out through a
0.4 mn thick berylliom window into the x-ray experimental ares. The
di amond was attached o & moveable collimator jaw 80 that it could be

positioned vertically in the centre of the synchrotron radiation beam,

The bias suvpply and pico-ammeter wabe located as close to the diamond
as possible, just outside the shield wall., This zequired a csble length
of approximately 5 m f£rom the iostruments to the diamond. The fast rise
time of the diamond {v 1 ns) was degraded by this length of cable but

since it was being uted in the d.¢. mode this was of no consequence.

The measuregents were msde during two B hour shifts separated by

several weeks. Throughout both shifts absocrber thicknesses and the beam



current in NINA were varied (using the NINA control system to monitor the
electron current). During the first shift the detector current was meas-
ured at various bias potentials for each absorl.::er thickness., In the second
shift all the measurements were made at one bilas level. -This second shift

was to f£ind any varlation in sensitivity when the intensity was wvaried.

The aluminium absorbers were cut from foil and thin plate, enabling
absorbers from 0.1 mm to 25 mm thick to be used. So that a wide range in
absorber thickness could be covered convenlently, the increment of thick-
ness was as close to the doubling thickness as possible. The absorbers
were placed in the beam immediately in front of the diamond and secured for

each measurement,

3. THEORY

The computation of the photon flux from NINA has been described in
detall elsewhere(3:%:5) and this data was used as a starting point for the
estimation of the f£lux falling on the diamond. The basic calculation of
the power in the synchrotron radiation beam assumes i‘;hat the beam acts as
a point source. To estimate the practical situation the electron beam was
assumed to have a Gaussian distribution with a vertical beam height of

1.5 mm {3 ¢ width).

This assumption about beam size is supported by measurements made on
the synchrotron and by observation of the synchrotron radiation beam
height. The observations, which have been made with radiation sensitive
paper and by scanning with t';hin scintillators, indicate that the x-rays

are confined to a region approximately 10 mm high at the beryllium window.

The mathematical description of the motion of electrons within the

synchrotron is well known(®). From the beam height at the tangent polnt it

is possible to compute the angular deflection corresponding to an electron
at any height. Since it was assumed that the beam had a Gaussian height

distribution, the angular distribution within the beam is easily calc_u.la—
ted. This information enables the effect of ‘t:he‘ ‘fini.te beam height on the

synchrotron radiation beam to be evaluated.

The absorption spectrum of aluminium is well known (7-1¢} and this was
used to compute the intens-ity of the radiation passed by the filters.

Thus:

pA,t) =P(A) = A(),t)

where p = power in the beam falling on the diamond

>
]

wavelength

>
]

abgsorption factor

t = absorber thickness

d
n

inecident beam power

This expression was integrated over wavelengths in the region of
interest, for each of the absorber thicknesses, using a zero order trape-
zoldal integration., These results were compared with the cbserved detec-

tor currents for corresponding absorber thicknesses.

4. RESULTS

Figure 2 shows scome typilcal bilas curves obtained during the experi-
ment. The curves indicate that the diamond exhibits saturation effects at
the higher photon fluxes. The downward ﬁrend is probably the result of
increased trapping of charge carriers within the crystal lattice, resulting
in an electric field which opposes the polai:'is‘ing field, thus reducing
collection efficiency. Since it was not possible to cbtain more data in

the time available no inference is drawn' from the apparent variation in



gradient of the curves. The large srrorx bPars are the result of uncertalin~

ties in reading meter scales in copbinaticr with beam ¢urrent fluctuations.

Figure J shows the computed varlaticn of the synchrotron radiation
spectrum with absorber thickness. It can be seen ‘that the principal
effect of increasing the absorber thickness Ls to redute the intensity of
the radiastion. To simplify the caleulations it was assumed that the det-
ector cukplt current per unit poweyr of raddation striking it was oonstant

over this small wavelength range (0.15 to 1.5 &),

The computed variation of the power £alling on the diamond with ab-
gorber thickness is shown on fig. 4. Also plotted on fig., 4 are the nor—
malised experimental d&ata. The graph shows good agreement between the ex-
pected and cbserved detector c¢urrents indicating linearity in the detector

response,

The computation of the abseolute power falling on the digmond is sub-
ject to fairly large exxors because ¢f the uncertainty in some of theg
syachrotron parameters such as the beam size and pusition. The computa~
tion does indicate, however, that approximately 14000 erg s~ ! per md beam
will fall on the sensitive area of the diamond detector when no absorber
is present. 'This pay be converted to a dose rate?'}) and expressed in
this way, the experiment indicates that a dose rate of 5.0 x 10% yad nr!

gave rise to a detector current of the order of 1077 A with a 200 ¥ bias.

5. CONCLUSIONS

The investigation showed that the diamond hehawed in a linear fashion
over a wide intensity range with biases betwesn 100 v and 250 ¥, The sen-
sitivity to soft x-rays {0.15 to 1.5 A} was approximately 2 x w0717 per

rad per hour with & 200 V bias,

It was shown that with high currents in NINA (> 14 mp) the diamond
saturates when exposed to wnfiltered radiation (this curresponds o a dose
rate & 1019 rad hr-!), The inclusjon of a thin filter (0.2 mn aluminivm
+ (.4 mm berylilivm window) was. sufficient to remove this effect. During
the course of these and other ewperiments it is estimated that the diamond
received a dose pf the order of 10!l rad and was still functioning, with
little deterioration in sensitivity. It is claimeé by the manufacturasrs
that the diamond detectors continue to function after receiwing 10'Y red.
It is likely that the slight deterioration in sensitivity cbsexved in these
experimnts was due to radiavion damage in the txiaxial cable which was not
made frowm radiation resistant materials. By using materials which are both
radiation wesistant and vacuum compatible, the dismond, with a suitable
filter to prevent saturatiop, becomes well suited for use &8 & heam monitor
within the vacuums system. The small physical size enshles it to be used as
z beam size and position indicator with good resclutiom and a synchrotron
radiation beam scanning system utilising diamonds has been Gesigned at '

Dareshory Laboratory.

The investigation has shown the diamwnd to be 3 useful diagnostic
device in synchrotron radiation and because of their robustness, ease of
use and low price it is likely that they will become increasingly lmportant

in this field,
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FIGURE CAPTICNS

Layout, of the SRF,

Diamond detector current ‘versus electron bean current for wvarious

binas levels.

variation of the synchrotron radiation spectriss with absorber thick-

ness., ta) Z2.5mm (b} 1.2%3 wmm {c) ©.25 mm.

Computed variation of the power falling on the diamond with absorber

thickness. Normalised experimental values i '
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