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Abstract—Experiments were carried out to study the Cs-137 

gamma and X-ray induced defects in bar and shielded 

1N4007 silicon diode. Cs-137 gamma-ray source and X-ray 

5548 RÖNTGENGERAT APPARATUS were utilized in this 

work. The current-voltage (I-V) characteristics for pre and 

post irradiated bar and shielded 1N4007 silicon diode were 

recorded. In addition, the impact of Portland cement as a 

shielding layer was investigated. For both type of sources 

used, results confirmed the dependency of I-V 

characteristics on the type and energy of the irradiating 

source. On the other hand, for both sources, the presence of 

cement coating shield has significantly reduced the 

radiation-induced damage in 1N4007 silicon diode since it 

has shifted the I-V characteristics to near standard 

operating conditions (I-V characteristics for pre irradiated 

1N4007 silicon diode) and approved the possibility of 

hardening electronics against gamma and X-ray photons. 
 
Index Terms—Cs-137 gamma source, radiation-induced 

defects, silicon diode 1N4007, X-rays 

 

I. INTRODUCTION 

Microelectronic devices and integrated circuits (ICs) 

can be exposed to a wide range of radiation environments. 

The types of particles, their energies, fluxes, and 

fluencies (or total dose) can vary considerably among the 

different radiation environments that electronics devices 

can be exposed to. These differences can lead to large 

variations in radiation-induced degradation. Moreover, 

devices that may be susceptible to radiation-induced 

degradation in one radiation environment may be robust 

in other radiation environments. The first step toward 

developing hardness assurance tests for a given radiation 

environment is to determine the nature of particles that 

electronic devices can be exposed to [1]. 

Silicon diodes have been used in various fields, such as 

high energy physics, astrophysics, medical imaging and 

many industrial systems. There are various types of 

silicon sensors and most are based on the PIN or PN-

                                                           
Manuscript received July 30, 2014; revised December 26, 2014. 

junction diode [2]. Silicon sensors are used in tracking 

devices for high energy physics experiments and space 

sciences because of their high position resolution and 

material rigidity. Therefore, it is important to test the 

effects of radiation damage to the silicon diodes due to 

the susceptibility of the silicon sensor to radiation [3].  

This work measures the radiation induced changes in 

the electrical properties of 1A/1000V silicon diode 

1N4007 [4]. The measurements were carried out for bar 

and shielded diode and the results were presented in 

terms of changes in its forward I-V characteristics 

resulting from the microscopic defects created by Cs-137 

gamma and X- ray irradiation. Portland cement powder 

was applied as a shielding layer to examine its 

performance in providing radiation hardness for 1N4007 

silicon diode. 

II. RADIATION DAMAGE IN SILICON 

It has been assumed that the radiation damage in 

silicon is proportional to the energy deposited into the 

displacement interactions (NIEL hypothesis) [5]. The 

displacement damage cross section D(Ep) expresses the 

relative displacement efficacy of an impinging particle p 

with energy Ep, taking into account the various type of 

interactions between the particle and the silicon atom. 

The displacement damage cross section is defined by [6]: 
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The function fi describes the distribution of the recoil 

atom with energy ER and P(ER) is the Lindhard partition 

function of the energy loss in non-ionizing processes by a 

recoiling nucleus of energy ER. The lower bound of the 

integral corresponds to the minimum energy required to 

displace a silicon atom from the lattice and the upper 

limit is determined by the maximum energy transferred.  

The gamma displacement cross-sections for energies 

up to 14MeV have been calculated in various materials at 

two values of displacement threshold energy (24 and 

40eV) [7]. Three types of gamma ray interactions with 
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materials were considered, the photoelectric effect, 

Compton scattering and pair production. Therefore, the 

total gamma displacement cross-section consists of three 

components representing the sum of cross-sections for 

three interactions; 
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where Eγ is the gamma incident energy and the 

superscripts PE, CS, and PP represent photoelectric effect, 

Compton scattering, and pair production, respectively. 

Using the data obtained in [7], the total displacement 

damage cross section of silicon for photons is presented 

in Fig. 2.1. 

 

Figure 2.1.  Displacement damage cross section as a function of gamma 
energy for silicon 

Radiation-Induced effects preventing is in increasing 

demand due to the increasing abundance and sensitivity 

of electronics. Gamma and X-ray radiation shielding is 

based on the principle of attenuation, which is the ability 

to block or reduce the intensity of radiation through 

photoemission and scattering by a barrier material. 

Portland cement concrete has been known for decades as 

a polyphase composite material for the purpose of 

radiation shielding [8]. In this work, Portland cement 

powder was used to form a thin layer cylindrically 

coating the 1N4007 silicon diode. This is to evaluate the 

performance of cement powder in shielding such 

electronic components against gamma and x-ray photons. 

The major mineral constituents of the utilized Portland 

cement powder with their normalized mass fractions are 

presented in Table I. 

TABLE I.  THE MAJOR MINERAL CONSTITUENTS OF PORTLAND 

CEMENT POWDER USED 

Compound 
Chemical 

Formula 
Mass Fraction 

Tricalcium Silicate Ca3SiO5 0.6651 

Dicalcium Silicate Ca2SiO4 0.1961 

Tricalcium 

Aluminate Ca3Al2O6 0.0258 

Tetracalcium 

Aluminoferrite Ca2AlFeO5 0.1130 

III. EXPERIMENTAL DETAILS 

Irradiations with gamma-ray and X-ray photons were 

performed on 1N4007 silicon diode. In this work, Cs-137 

source of activity 3.7MBq was employed as the source of 

gamma-ray photons. While the fully assembled X-ray 

5548 RÖNTGENGERAT APPARATUS shown in Fig. 

3.1, was employed as the source of X-ray photons.  

 

Figure 3.1.  X-ray 5548 Röntgengerat apparatus 

 

Figure 3.2.  Gamma-ray spectrometry system used to produce Cs-137 
net spectrum 

 

Figure 3.3.  Net spectrum for the employed Cs-137 source 

The emissions of Cs-137 spectrums (I) as well as the 

background radiation (Io) were collected and analyzed 
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using the gamma spectrometry system shown in Fig. 3.2, 

It consists of a NaI(Tl) detector, high voltage power 

supply, preamplifier, amplifier multi channel analyzer 

and a computer with processing software to generate and 

display the spectra. The net spectrum (I-Io) Cs-137 is 

presented in Fig. 3.3.  

The electric circuit used in this experiment consists of 

a high voltage power supply, Rheostat, Ammeter, and a 

1N4007 silicon diode all connected in series, and a 

Voltmeter connected in parallel with the silicon diode. 

The Ammeter and Voltmeter were scaled to measure 

current in (mA) and voltage in (V). And the Rheostat 

controls the current flowing in the circuit. Schematic 

diagram of the electrical circuit is shown in Fig 3.4. 

 

Figure 3.4.  Schematic diagram for the electric circuit used to measure 

the effect of Cs-137 on Silicon diode 

The measured forward I-V characteristics of the bar 

1N4007 silicon diode were recorded pre and post Cs-137 

and X-ray irradiation. The setup used is presented in Fig. 

3.5. 

 

Figure 3.5.  Setup for I-V measurements for pre irradiated 1N4007 
silicon diode 

To examine the possibility of shielding the 1N4007 

diode against Cs-137 gamma and X-ray photons, Portland 

powder cement was used to coat the diode cylindrically. 

The forward I-V characteristics for the shielded 1N4007 

diode for both radiation sources were recorded. For all 

measurements, the duration of exposure was adjusted to 5 

minutes at room temperature. 

IV. RESULTS AND DISCUSSIONS 

The forward current-voltage I-V measurements for pre 

and post irradiated bar 1N4007 silicon diode are 

presented in Fig. 4.1, for Cs-137 gamma and Fig. 4.2 for 

X-ray photons.  

 

Figure 4.1.  I-V characteristics for pre and post irradiated bar 1N4007 

silicon diode, Cs-137 

 

Figure 4.2.  I-V characteristics for pre and post irradiated bar 1N4007 
silicon diode, X-rays 

As shown, the radiation-induced effect appears in the 

significant increasing of forward current with respect to 

voltage. At 0.7V, the current increases by about 49% and 

17% in case of Cs-137 gamma and X-ray photons, 

respectively. These results are reasonable since the 

displacement damage cross section for silicon is 

proportional to the incident photon energy. The spectrum 

of the utilized Cs-137 peaks at 16.5 MeV while the X-ray 

apparatus was adjusted to generate photons of 20KeV. 

On the other hand, I-V measurements for post 

irradiated shielded 1N4007 silicon diode are presented in 

Fig. 4.3, for Cs-137 gamma and Fig. 4.4, for X-ray 

photons.  

As shown, in comparison with current values (I) for 

pre and post irradiated 1N4007 diode , the presence of 

cement coating shield has shifted the current values (I) to 

near normal regions (values of I for pre irradiated 
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1N4007 silicon diode) and thus limited the radiation-

induced effects for both employed sources. This was 

confirmed by the reduction of current values (I) by about 

38% and 22% for Cs-137 gamma and X-ray photons, 

respectively. 

 

Figure 4.3.  I-V characteristics for irradiated shielded 1N4007 silicon 
diode compared to that of pre and post irradiated bar 1N4007 silicon 

diode, Cs-137 

 

Figure 4.4.  I-V characteristics for irradiated shielded 1N4007 silicon 

diode compared to that of pre and post irradiated bar 1N4007 silicon 
diode, X-rays 

It is worth mentioning that the cement coating shield 

has shifted the forward current values (I) below that of 

pre irradiated 1N4007 diode. This may be attributed to 

the effect of background radiation, suggesting that the 

targeted diode has already exposed to background 

radiation before being irradiated by Cs-137 gamma or X-

ray photons. These findings confirm the efficiency of the 

applied cement coating shield. 

V. CONCLUSION 

The experimental results confirmed that the electrical 

properties of 1N4007 silicon diode in terms of I-V 

characteristics were strongly affected by γ and x-ray 

irradiation. The results also revealed the dependency of 

the I-V characteristics on the type and energy of the 

incident radiation. In addition, the results indicated that 

the degradation of the 1N4007 silicon diode properties 

might be attributed to the introduction of radiation-

induced lattice defects by displacement damage. The 

proposed cement powder shield has significantly reduced 

the radiation-induced damage and approved the 

possibility of hardening electronics against gamma and 

X-ray photons. Further investigations are required on the 

practicality of using cement-based coatings to shield 

electronics at different energy ranges of gamma and X-

ray photons. 
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