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1. Introduction

This paper presents calculations and tests made for a detector based on a bare PIN diode and a
PIN diode coupled to a plastic scintillator. These configurations have a variety of applications
in radiation field monitoring. For example, the Positron Emission Tomography (PET)
technology which becomes an established diagnostic imaging modality. FIour-18 is one of the
major isotopes being used by PET imaging. The PET method utilizes short half life p +

radioisotopes which, by annihilation, produce a pair of high energy photons (511 keV).
Fluoro-deoxyglucose (FDG) producers are required to meet federal regulations and licensing
requirements. Some of the regulations are related to the production in chemistry modules
regarding measuring the Start Of Synthesis (SOS) activity and verifying the process
repeatability. Locating a radiation detector based on PIN diode inside the chemistry modules
is suitable for this purpose. The dimensions of a PIN diode based detector can be small, with
expected linearity over several scale decades.

2. Approximated Calculation of Current Yield Vs. Radiation Field

In order to evaluate the expected current yield as a function of the radiation field, we avoided
time consuming Monte Carlo and instead, short cuts were applied, based on several
parameterizations and approximations. Following the steps bellow, calculation is made for a
lR/h field of 137Cs source with Ê  = 662 keV. The detector is composed of a PIN diode with a
thickness of 300 u,m and an area of lcm2, coupled to a cubic plastic scintillator with a volume
of lcm3, housed in an Aluminum case.

2.1 The gamma flux
The relation between the activity of a point-like source and the field at a distance of 1 meter is
approximated by:

A = F/(2 10'°E) (1)

Where A is the activity in dps, F is the field in R/h and E is the gamma energy in MeV. To
evaluate the flux N in units of [cm"2sec"1] this activity is further divided by 4TC1002 cm2. Using
the above relations we obtain N=8.2 105 [cm'2sec"'j.

2.2 The average energy of the recoiled electron
Based on Compton interaction, the average energy of the scattered electron, Tavg, is
approximated by half of its maximum energy, Tmm, given by:

Tavg « 1/2 Tmax = (hv) / (mo c2 + 2hv) = 238 keV (2)
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Where hv is the gamma energy in keV and moC2 is the electron mass in keV. We further
verify that this amount of energy will be fully deposited inside the silicon. To this end, we use
the following empirical expression'l].

d= 0.412 Tavs
[121 •00954Lnfrav6)1 p(Si) = 240um (3)

Where p(Si) is the silicon density. Indeed we found d to be less than the silicon depth,
therefore, Tavg is restricted to the silicon volume.

2.3 The interaction probability in Silicon
The direct interaction probability of gamma in the silicon, Psi, is calculated by:

P S i = l - e - ^ E ) d (4)

Where n(E) is the attenuation coefficient of gamma at 662 keV in silicon, and d is the silicon
depth. Using n(E)=0.18cm"' and d=300um we obtain PSi = 5.4 10'3.

2.4 Evaluation of the current from direct interaction
We will estimate the direct interaction of gamma in the silicon. This can be evaluated by the
following expression:

Idirec. = NAPsiTavge/s (5)

Here, N is the gamma flux calculated in eq. (1), A is the diode area, e is the electron charge
taken as 1.6 10'19 Coulon and s is the energy needed to generate electron-hole pair in silicon,
which is 3.6 eV. Ps, and Tavg were evaluated in eq. (4) and eq. (2) respectively. Substituting
these values in the eq. (5) we obtain Idirect = 47 pA /R/h .

2.5 Evaluation of the current based on Hamamatsu specifications
The efficiency quoted by Hamamatsu catalog'2' for the diode is £dio<fe= 9 10'7 Amp/lx. Given
the transformation coefficient from lx'1 to watts which is 5 10"6 [Watt cm"2 lx"1], the expected
current from the direct interaction is:

Idirect = Ediode N A PSi Tavg e /(5 10"6) = 31 pA/Ml (6)

This result is comparable to the current estimation in sec. 2.4 .

2.6 The contribution from the plastic scintillator
In the configuration where a plastic scintillator is attached to the diode, the scintillator
contribution to the total current is approximated by:

Iscin= N A PPI Tavg e En SR(X) (7)

Where N, A, Tavg and e were introduced in sec. 2.4 . The probability for interaction in the
plastic, Ppi, is given in sec. 2.3, using the product of the plastic attenuation coefficient with its
depth n(E)d = 0.1. The energy conversion efficiency of the plastic, Spi, is -0.04 and SR(V) is
the spectral diode response to the scintillator light which is -0.4 . Substituting these values in
eq. (7) we obtained Iscin= 50 pA /R/h.

2.7 Interactions in the aluminum case
Recoil electrons resulted from the Compton scattering in the aluminum case are detected with
high efficiency in the diode. To quantify it, we will calculate the effective depth in the
aluminum in which scattered electrons manage to escape towards the diode. This depth is
given in eq. (3) by replacing p(Si) with p(Al), we find d=200um. The probability for
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interaction in the aluminum, PAI, is given by eq. (4), while substituting the product of n(E) of
the aluminum with d which is calculated above, we get PAI=4 10"3. Finally, the probability PAI
replaces PSJ in eq. (5) to evaluate the contribution of the interactions in the aluminum case to
the current yield. We use also a factor of 0.5 as an estimate to the ratio forward/backward
scattering with respect to the diode. We obtain IcaSc= 35 pA/R/h.

2.8 Total current yield
The total current depends on the detector unit configuration. The detector unit was protected
in aluminum case against soft X-ray reflections. When using a diode coupled to a scintillator,
the aluminum case contribution is neglected due to the low energy conversion efficiency of
the scintillator. However, the aluminum case contribution must be taken into account while
evaluating the current yield of the bare diode. For the total current of the diode with the
plastic scintillator we obtain Itot=97 pA/R/h based on sec. 2.4 and 2.6, where according to sec.
2.5 and 2.6 we found Itot=81 pA /R/h.
For the bare diode we found Itot

=82 pA/R/h based on sec. 2.4 and 2.7, where according to sec.
2.4 and 2.7 we obtained I,ot=66 pA/R/h.

3. The Experimental Set-up

The experimental set-up includes the detector unit and its supported electronics. The detector
unit is composed of Hamamatsu PIN Diode S3590 and a plastic scintillator, with a
wavelength output of- 530nm. This unit is housed in an aluminum case. An electronic board,
based on an electrometer amplifier and v/f converter'3', is used to give an output voltage,
which is proportional to the diode current, see Figure 1
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Figure 1 - Block diagram of the electronic board

4. Results

The first configuration to be tested is the PIN diode with the plastic scintillator in an
aluminum case. The results are summarized in Figure 2 which shows the measured current
yield vs. the field. A good linearity is obtained over a range of four decades. The lower
detection limit is below 0.1 R/h where the thermal noise becomes dominant. The last measured
point is 800R/h which is constrained by the calibration source.
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Figure 2 - Photo-diode response to radiation field

We then repeat the above measurement for the bare diode in the Aluminum case. The current
yield was consistently by 10% lower than in the first measurement with the plastic scintillator.
Another test was made in order to examine the detector stability in temperature. The detector
unit measured two fixed field strengths while we varied the temperature from 26°C to 46°C,
see Table 1. The detector current yield is reduced by 6.5% over a 20°C range.

1
2
3
4

Temperature
[°C]

26
37
45
46

Radiation Field
|"mR/hl

608
590
580
570

7550
7500
7320
7150

Table 1- Detector stability in temperature range of 26°C to 46°C

5. Summary

By removing the amplification factors of the electrometer we extract the net current in the
diode to be 40 pA/R/h for the diode with the plastic scintillator and 36 pA/R/h for the bare
diode. These results are comparable to the approximations given in sec. 2.8. Both
measurements, with and without the scintillator, show better agreement with the calculation
using also Hamamatsu specifications (sec. 2.5) than the prediction based on theory sole (sec.
2.4). Although the theoretical approximations are higher than the measurement, they manage
to predict properly the ratio between the currents with and without the scintillator.
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