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and source from 2 to 150 cm. Therefore the achievable dose 
rates are between a few Gy(Air)/s and a few tens of 
pGy(Air)/s. They were measured with a calibrated ionisation 
chamber, type IC1 0, manufactured by Wellhtifer Dosimetry. 
The S ic  diodes were also irradiated with 32 MeV protons at 
the cyclotron "JULIC" of the Research Centre Jiilich [7] and 
with 14 MeV (D-T)-fusion neutrons at the SAMES TB 4 neu- 
tron generator of the Fraunhofer-INT. The proton flux was 
measured with a small ionisation chamber, type IC04, manu- 
factured by Wellhsfer Dosimetry, and it was calibrated with 
CO-60 gammas. The neutron flux during the irradiation was 
monitored with two calibrated uranium-238 fission chambers, 
type FC4A from Centronic Inc. 

111. RESULTS 

A.  The Effects of Bias Voltage 
Initial characterisation of the S ic  diodes was performed 

before radiation testing of the detectors. Figure 1 shows the 
dark current - voltage characteristic. The dark current is only 
in the range of IO to 50 fA for bias voltages below 20 V. As a 
consequence the signal to noise ratio during irradiation will he 
high, even with low signal amplitudes. 

widening of the diode's active layer, because for the same dose 
rate more ionisation is produced in a bigger volume. 

As an outcome of the initial characterisation the bias volt- 
age was fixed at 20 V for all further radiation testing, because 
at this point the signal to noise ratio (S!") is nearly optimal. 
At lower voltages the S/N should be higher because of the 
smaller dark current, but these values (below 20 fA) are stable 
only after 5 to IO minutes of settling time after any change of 
any experimental parameter (voltage change, beam d o f f ,  
etc.). 
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Figure 2: lnc~ase  of the gamma-induced current in a Sic UV- 
sensitive photodiode with increasing bias voltage at room rempera- 
ture. f i e  gamma dose rate was 30 mGy/s. 

B. Response to Radiation 
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The active layer thickness of a diode is proportional to the 
square root of the applied (reverse) bias voltage [SI. As an ex- 
ternal voltage is aoolied to the diode, the active region grows 
t - .. 

until the maximum active layer thickness is reached. At this 
mint the diode is said to be fullv deoleted and the amlied bias 1W 1% m 250 0 
r~ ~. .. 
voltage is referred to as the depletion voltage. Further increase 
in the applied voltage can not result in any more growth of the 
active layer thickness. 

T i m  [SI 
Figure 3: Response of a Sic diode to 6 successive gamma irradia- 
tions.of 1 5 s  duration at room temperature. The dose rate was 
30 mGy(Air)/s. The applied bias voltage was 20 V. 

Figure 3 shows the gamma-induced current versus time at 
temperature of the s i c  diode. The device under test 

(DIJT) is exposed with a dose rate of 30 mGy(Air)/s for 6 suc- 

Figure 2 shows the effect of the applied (reverse) bias volt- 
age on the signal current at a gamma dose rate of about 
30 mGy(Air)/s. The gamma-induced current increases with in- 
creasing reverse bias voltage. This can be attributed to the 
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cessive radiation periods. A short time is required before the 
current reaches a stable value. This is partly due to the fact 
that it takes about 0.3 s to move the gamma source into or out 
of the shielding container. It was found that the settling time 
(time to reach 95 % of the steady state value) is less than 4 s. 
.This is suitable for applications with slowly changing dose 
rates. 
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C. Temperature Effects 
Additional experiments were performed to study the de- 

tector response with changing temperature. Firstly the change 
of the dark current with temperature was studied before irra- 
diation and after a total dose of 20 kGy(Air). Therefore the di- 
ode was heated up to 250- C and the dark current was moni- 
tored while it was cooling down to room temperature. This 
measurement was made with a bias voltage of 20 V. The result 
for the temperature range between 30 and 150" C is shown in 
figure 6. There is only a small change for temperatures below 
100' C but at higher temperatures the dark current increases 
exponentially. So if one wants to measure dose rates at tem- 
peratures above 100" C the use of this detector is  limited to 
application where either small temperature variations or high 
dose rates. e.g. > 0.01 Gy/s, occure. Over the measured tern- 
perature range the dark current rose about 50 fA afler a dose of 
20 kGy(Air) 
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Figure 4 Gamma-induced current of B Sic photodiode as a function 
of gamma dose rate at room temperature, with an applied bias of 
20 V. The gamma-induced CUKCnl is linear in the log-log plot over 
nearly 6 orden ofmagnihlde. Corresponding values for proton- (del 
duced from fig. I I )  and neutron-induced cwent (from fig. 12) are 
plotted in this figure. 
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limit of the signal to noise ratio is 25 at 28 Mtiy(Air)/s. This IS 
chnxxlm in (irnnro < rubor. +he tomnnrrl rocnnncs nf the A i r d o  for 
I ..-....... ..b".-- .... I. ~ ..._I I ..,= 1 ._..I "Y".."-". ...- ".""".I. 
the above mentioned dose rates at room temperature is shown, Figure 6: Effect of temperamre on the dark current of a Sic diode 

before irradiation and after a total dose of 20 kGy(Air). The applied . .  . ^^ . . 
D I ~ S  voltage was AJ v 
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Figure 9:  Increase of dark current during two gamma irradiations up 
to 10 and 810 kGy(Air) respectively. The applied bias was 20 V. 
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Figure 8: Decrease of the gamma-induced cumnt of a Sic diode 
during gamma irradiation with an applied bias voltage of 20 V. 

Secondly the gamma-induced increase of leakage current 
was studied. In figure 9 there are shown two irradiations. One 
from 0 to a total dose of IO kGy(Air) and one from 0 to 
810 kGv(Air). Durinn the first irradiation the dark current in- 
creasedfrom' 0.013 t i  0.2 pA and during the second one from - R.a lov(Wvr1 
0.001 to 1.4 PA. Furthermore it can be seen that the radiation- 
induced increase of the leakage cumnt 10 kGy(Air) 
rapidly (within 2ooo s) anneals pre-irradia,ion 
Whereas after the second (longer) irradiation no annealing was 
observed 

In a third step the total dose effect on the linearity of the 
detector response was studied. The results are shown in figure 
IO. As can be seen, there is no major effect ofthe total dose on 
the linearity ofthe detector response after 1080 kGy(Air). This 
could be expected afler the results from the previous radiation 
hardness tests (slight decrease of the signal amplitude, see fig- 
ure 8, and slight increase of the leakage current, see figure 9). 

Figure 1 0  Linearity of the detector response before and after several 
total dose values. The applied bias was 20 V, and the remperatw 
was 23" C. 
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Figure 11: 32 MeV proton flux and proton-induced current in a SIC 
diode lECO I at room temperature. 

could be expected because of the high displacement energy in 
s i c .  

E. Radiation Dosimelry 
The good agreement between panicle flux (proton as well 

as neutron) and panicle-induced current brought up the fol- 
lowing question: "Is it possible to use S i c  diodes also as parti- 
cle radiation dosimeter based on a calibration with CO-60 
gammas?". 

A proton-induced current of 32 nA (ten times the current 
from fig. 1 I )  at a flux of 9 x IO9 mi2 s.' is also induced by a 
CO-60 gamma dose rate of 25.5 Gy(Air). From these two val- 
ues a proton energy loss in S i c  of 17.7 MeV cm' g.' can be 
derived. This is in good agreement with published data of 
15.8 MeV cm' g-' 191. 

Whereas a neutron-induced current of about 20pA at 
2.5 108 cm.' s-' (see figure 12) corresponds to a CO-60 
gamma dose rate of about 5 mGy(Air)/s. The division of both 
values in a fluence dose conversion factor of 2 x 10- 
'I Gy cm2 which is in good agreement With a derived kema  
factor of 1.88 10" Gy cm2 for s i c  (published kerna factors 
are 1.30 lo-" cy lo-" cy cm2 for c 
[lo]), 

The SIC diodes were also irradiated with 14 MeV neu- 
trons. The neutron-induced current in the S ic  diode was 
measured online. The behaviour of its signal amplitude should 
be an indication for the effect of neutron radiation on the ra- 
diation sensitivity of a S ic  diode. The results are shown in 
figure 12 up to a total neutron fluence of 4.1 x 10l2 cmd. The 
irradiation was intempted every 30 minutes for 5 minutes to 
study the effects of neutrons on the leakage current. 

for si and 2.46 

This strongly supports the opinion of using SIC diodes as 
detectors for any kind of radiation. And after calibration at a 
CO-60 gamma source it is possible to measure the ionising 
dose applied by protons and neutrons. W1-Y 

-'e ~- IV. CONCLUSIONS 
(. 
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The possibility to use a commercial S i c  W photodiode as 

that the small dark current in combination with a 
large radiation-induced current (sensitivity) gives a 
high signal to noise ratio. 

magnitude of gamma dose rate. 

a radiation detector bas been investigated. We found: 

0 that the detector response is linear over 5 orders of 

Tim Id 

Figure 12: 14 MeV neutron flux and neutron-induced current in a 
Sic diode at room temperature. The applied bias was 20 V. 

Up io a total neutron fluence of about 2.2 x IO" cm-' (afler 
I2500 s) the signal amplitude follows the temporal behaviour 
of the neutron flux identically. ARer that fluence the signal 
began to decrease by about 20 % until the end of the irradia- 
tion while the neutron flux was nearly constant. In figure 12 
there is no evidence that 14 MeV neutron radiation has an ef- 
fect on the dark current at least up to a total fluence of 
4. I x IO" cni'. 

So SIC diodes of this type can be used as radiation detec- 
tors up to a total gamma dose of 1000 kGy(Air), to a 32 MeV 
proton fluence of nearl IO'' cm.' or to a 14 MeV neutron flu- 
ence of about 4.1 x 10 ' cmZ without major degradation. This Y . .  

no evidence of temperature effects on the perform- 
ance of the S ic  detector for temperatures below 
200" c .  

that the detector performance is nearly unchanged up 
to a total gamma dose of 1000 kGy(Air), a 32 MeV 
proton fluence of 8.5 x IO" cni2, or a 14 MeV neu- 
tronfluenceof4.1 x 1O''cni2. 

that afler a calibration with CO-60 gammas it can be 
used as a proton or a neutron radiation dosimeter. 

These results demonstrate the potential of S i c  COTS pho- 
todiodes as radiation (ionising and particle) detectors for use 
in applications where intense radiation fields and high tem- 
peratures are expected. 
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And last but not least in [6] it was shown that their initial 
function as a W detector can also withstand harsh environ- 
ments. 
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