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1. Introduction 

Silicon detectors have been used for several years in a variety of nuclear and particle 

physics experiments that require mainly good energy and spacial resolution, high efficiency and 

fast response [1]. However, ordinary silicon devices present as a major drawback low radiation 

hardness, being very prone to radiation damage effects which are responsible for a gradual long-

term sensitivity decay [2]. This scenario has changed with the development of rad-hard diodes 

based on magnetic Czockralski (MCz), standard and oxygen-enriched float zone (FZ) silicon 

substrates [3] which will be used in the tracking system of future colliding beam experiments 

[4]. The dosimetric characteristics of some rad-hard devices have been investigated in our group 

in both radiation processing and clinical electron beam dosimetry [5,6]. Despite of the higher 

radiation tolerance of these devices, our results have still shown a sensitivity decay with the 

dose, attributed to the reduction of the minority carrier lifetime/diffusion length as a function of 

the dose.  Theoretically, at some accumulated dose, the diffusion length becomes comparable 

with the detector thickness and, for higher doses, the current starts to decrease.  This effect can 

be calculated, but in radiation processing applications the sensitivity loss of the device probably 

will be stronger than that simulated due to heavy gamma/electron irradiation. This assumption 

motivated us to investigate the dosimetric characteristics of diodes processed on thin n-type 

epitaxial layers with high radiation damage tolerance. In this work we present the preliminary 

results about the evaluation of dose-rate influence on the response of rad-hard epitaxial (EPI) 

silicon diodes processed at the University of Hamburg [7] as on-line dosimeter in gamma 

processing using Co-60 irradiators. Some preliminary studies on the radiation damage effects 

induced in theses diodes are also presented. 

2. Materials and methods 

The diodes used, manufactured by University of Hamburg, were processed on n-type 75 

micrometer thick epitaxial silicon layer (nominal resistivity of 69 Ohm.cm) grown on a highly 

doped n-type 300 micrometer thick Czochralski (Cz) silicon substrate (see FIG.1a). 

 

       

 

FIGURE 1. a) EPI diode fixed on alumina base; b) EPI diode housed in a PMMA probe; c) The 

dosimetric probe connected in a LEMO® cable. 

 

Two samples of EPI diodes were investigated: EPI(A) and EPI(B) – both non-irradiated 

previously. These devices, with 5mm x 5mm active area, were housed in a PMMA probe 

a) 

b) c) 
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(FIG.1b) and connected (FIG. 1c), in a photovoltaic mode, to a Keithley 617 electrometer. The 

EPI(A) irradiation was performed in the Radiation Technology Center at IPEN-CNEN/SP using 

a Co-60 irradiator (Gammacell 220 – Nordion) which delivers a dose rate of 2.16 kGy/h, while 

the EPI(B) device irradiation was performed in Nuclear Energy Department at UFPE/PE using 

the same model Co-60 irradiator, but with a dose-rate of 7.47 kGy/h. 

During the irradiation, the devices photocurrents were monitored as a function of the 

exposure time. The diodes were irradiated at room temperature. The dose-response curves of the 

EPI diodes were achieved through the integration of the current signals as a function of the 

exposure time. 

3. Results 

The normalized current signals of EPI diodes irradiated with gamma rays are presented in 

FIGURE 2 as a function of the accumulated dose. This study evidenced a decrease of about 

60% from the initial current for the first 100 kGy dose received for both diodes. This drop is 

expected once the sensitivity of the diodes falls with the radiation dose [8]. On the other hand, 

after 500 kGy of exposure, the current signals of the EPI diodes maintain stable. 
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FIGURE 2.  Normalized current as a function of dose for EPI(A) and EPI(B) devices. Experimental 

uncertainties are smaller than the symbols size. 

 

The dosimetric response of the EPI diodes is shown in FIGURE 3. For doses smaller than 

550 kGy, the curves are well fitted by a second order polynomial function with correlation 

coefficients of about 0.999 and 0.99991 to EPI(A) and EPI(B) diodes, respectively. 
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FIGURE 3.  Dose-response curves of the EPI diodes for accumulated doses up to 550 kGy.    

Experimental uncertainties are smaller than the symbols size. 

4. Conclusions 

The preliminary results obtained evinced that the EPI diodes response are not dose-rate 

dependent within the range of 2.16 kGy/h up to 7.47 kGy/h. On the other hand, the devices 

studied are tolerant to radiation damages for total absorbed doses of approximately 550 kGy and 

can be used as reliable alternative on-line dosimeters in high-dose radiation processing. 
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