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Abstract 

In space, semiconductor devices are vulnerable to the various effect of a high 

energy level of radiation, causing Single Event Upsets (SEU), damaging or 

altering the lattice structure of the semiconductor device. The effect of energy 

level exposure and angle of trajectory on semiconductor device had received very 

little attention. In this research, the simulated sample is cuprous oxide/zinc oxide 

(Cu2O/ZnO) based Heterojunction Device. The device was initially characterized 

using the General-Purpose Photovoltaic Device Model (GPVDM) simulation to 

obtain the current-voltage (IV) and current density-voltage (JV). The radiation 

damage was then modelled using cascade simulation on the effect of elastic and 

inelastic scattering by Cobalt-60 (60Co) ions using Stopping and Range of Ions in 

Matter (SRIM-TRIM) simulation. GPVDM simulation shows, the recombination 

rate of hole and electrons at Voc is obtained to be 3.985e-35 m-3s-1. SRIM-TRIM 

simulation shows that at 1.5 MeV particle radiation energy, it was found that the 

stopping range is about 1.07 µm and at a maximum energy of 10 MeV, the 

stopping range is about 4.08 µm. At 𝐸𝐶𝑜 =  1500 𝑘𝑒𝑉, 𝐸𝐶𝑜  =  5000 𝑘𝑒𝑉 and 

𝐸𝐶𝑜  =  10000 𝑘𝑒𝑉, the total ionization is 1173.8 keV/ Ion 4267 keV/Ion and 

9550.8 keV/Ion at an ion angle trajectory of 60o. This paper highlights the roles 

of energy of the Primary Knock-on Atom (PKA) and the response of device to 

ion collision cascade at different irradiation angle.  

Keywords: Cobalt-60, Cuprous oxide, GPVDM, Ionizing radiation, SRIM-

TRIM, Zinc oxide. 
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1.  Introduction 

In the current age the application of Zinc Oxide (ZnO) semiconductor has become 

a prominent semiconductor material in fabrication where it has wide bandgap of II-

VI semiconductor group (~3.3-3.4 eV), a high electron mobility, easily fabricated 

under low temperature [1], an efficient photon emission, can be easily n-doped, 

higher mobility than Silicon-based thin film transistor (SiTFTs) for the same degree 

of crystallinity, low resistance, high transparency, high translucency (>80%) and 

high conductivity, low cost and non-toxicity [2]. These advantages of ZnO could 

greatly overcome the flaws and replace the use of conventional SiTFTs [3]. A 

number of diverse methods had been used to fabricate ZnO channel layer including 

Radio Frequency (RF) sputtering [1], Metal Organic Chemical Vapour Deposition 

(MOCVD) [4] and Pulse Laser Deposition (PLD) [5]. 

In terms of metal oxides research, ZnO and Cu2O are considered to be one of 

the most notable materials due to its affordability and compatibility in a variety of 

electrical devices. In addition, it has riveting optical and I-V (current-voltage) 

properties. Research on p-type Cu2O and n-type ZnO based thin film heterojunction 

has received attention due to its deposition flexibility using various known methods 

such as magnetron sputtering [6], Chemical Vapour Deposition (CVD) [7], 

Molecular Beam Epitaxy (MBE) [8] and electrochemical deposition [9]. 

At present, space application of oxide-based semiconductor material is starting 

to gain attention where its superiority over amorphous silicon-based material is 

greatly noticeable [2]. When ZnO based films were irradiated with Co-60 it shows 

degradation in the turn-on voltage and appearance of low-frequency noise [8, 10]. 

The electron mobility is found to benefit from the exposure and shows a significant 

increment. The changes in the electrical properties in the films are induced by the 

irradiation are attributed to the combined effects of interface states creation and 

electron-hole pair generation in the insulating layer [10]. The necessity of research 

on the durability of zinc oxide towards radiation exposure is vital as previous 

research reveals that the resistance of ZnO towards radiation effects were better 

than most conventional semiconductor materials and emerging transistor 

technologies [11]. 

Based on research conducted by Nastasi et al. [12], it was stated that 

bombardment of a crystal with energetic (kilo-electron volts to mega-electron-

volts) heavy ion produces regions of lattice disorder. This dislocation highly 

depends on ion species, temperature, energy, total dose and channelling effects. In 

addition, the parameters that give effect to the formation of radiation damage are 

the ion mass, ion species, the target temperature during irradiation, total dose, ion’s 

energy and the ion’s flux (number of ions per unit area) [13, 14]. The bombardment 

of the solid with ions in the electron-volt (eV) to mega-electron-volt (MeV) energy 

range might affect the physical, mechanical, electrical, optical, magnetic and 

superconducting properties [13].  

In a related study conducted by Chee et al. [13], simulation on GaAs with an 

iron incident energy level ranging from 100 keV to 3 MeV was carried out using 

SRIM The findings of this research reports that exposure of high energy photon 

irradiation causes degradation to the electrical parameters due to displacement 

damage. In another similar study conducted by Movla et al. [15], simulation on 

GaAs with a thickness of 10 µm based solar cells were carried out using SRIM 

2013 package. Based on the previous report, the effects of the 1 MeV of α particle 
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radiation on GaAs simulated using SRIM-TRIM shows a stopping range of 3.5 µm 

and a large part of the damage occurs in the silver (Ag) metal contact. Simulation 

of damage induced considers only on a single trajectory. Both studies simulate only 

for a single trajectory without considering the simulation damage caused by 

alteration on the irradiation angle. 

The aim of this paper is to highlight the roles of the energy of the Primary 

Knock-on Atom (PKA) and the response of the device to ion collision cascade at 

different irradiation angle.  

2.  Research Approach  

In this research, a simulation on a heterojunction device of ITO (Indium Tin Oxide, 

which is a transparent electrode): ZnO/Cu2O (active material) /Al (electrode) was 

established by using a General-Purpose Photovoltaic Device Model (GPVDM) 

simulator at selected thickness of Zinc Oxide and Cuprous Oxide to obtain the I-V 

characteristic of the ZnO/Cu2O based heterojunction device. Once the early 

characterization on the I-V characterization was obtained, a simulation of damage 

induced in ZnO/Cu2O based heterojunction was carried out using Stopping and 

Range of Ions in Matter (SRIM) simulation package.  

2.1.  GPVDM 

GPVDM software is developed for the simulation of Organic Solar Heterojunction 

Device (OPV), α-Si Solar Heterojunction device, OFET, Organic LED, Perovskite 

Solar Heterojunction device and Polycrystalline Silicon model. This model is 

applied in this study for the simulation of electrical and optical properties. I-V and 

J-V graph are plotted and obtain from the simulation results to reveal the pattern of 

the electron density when a voltage is applied to the stimulated device. Eq. (1) and 

Eq. (2) are applied to generate the I-V and J-V curve. The electrical simulation only 

covers for the active layer of the device as the main reaction occurs on the active 

layer of a device. 

𝐼 = 𝐼° (𝑒
𝑞𝑉

𝑘𝑇 − 1)                (1) 

𝑗𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 =  𝑖𝑖𝑑𝑒𝑎𝑙 +  
𝑉𝑎𝑝𝑝𝑙𝑖𝑒𝑑

𝑅𝑠ℎ𝑢𝑛𝑡
              (2) 

2.2.  SRIM-TRIM 

SRIM is a software package concerning the Stopping and Range of Ions in Matter 

[16]. It has been continuously upgraded since its introduction in 1985 [17]. SRIM 

uses the Core and Bond (CAB) approach to simulate the high energy atomic 

collision [18].  

The core stops would simply follow Bragg’s rule for the atoms of the 

compound, where SRIM linearly add the stopping from each of the atoms in the 

compounds [18]. TRIM (Transport of Ions in the Matter) accepts up to eight 

complex targets from various materials [16]. This simulation gives the calculation 

results for the 3D spread of ions, damage of the target, sputtering, ionization and 

phonon production. The total displacement atoms in the lattice are a sum of a 

number of vacancies and replacement collisions [16]. When a recoil atom stops and 

is not a replacement atom, then it becomes an interstitial.  
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In this research, the incident atom 60Co has an atomic number Co27 and assumed 

with energy of E=ECo-60. It has a collision within the target with Zn of atomic 

number Zn30. After the collision, the incident ion with energy of 1MeV and the 

struck ZnO atom has energy E2= 629 keV/Ion. Previously specified for the target 

(ZnO) are energies Ed, the displacement energy at 52 eV [19], Eb, the binding 

energy at 60 meV [20] of a lattice ZnO with to its site, and Ef, the final energy of 

the moving atom of ZnO at 10 MeV below, which it is considered to be stopped. 

Table 1 shows the parameters, which is utilized in this simulation.  

Table 1. Parameters for simulation [19, 20]. 

No. Parameters 
Parameter’s 

value 
Symbols 

1. Incident Ion energy of Cobalt-60  1 MeV E1 

2. Energy of struck ZnO 629 keV/Ion E2 

3. Displacement energy of Zinc Oxide 52 eV Ed 

4. Average surface binding energy of ZnO 60 meV Eb 

5. Atomic mass of Co-60 27 Z1 

6 Atomic mass of ZnO 38 Z2 

 A displacement occurs if the energy that strikes the atom ZnO, E2 > the average 

surface binding energy of ZnO, Ed. [16]. 

 A vacancy occurs if both the incident Ion energy of Cobalt-60, E1 > the average 

surface binding energy of ZnO, Ed and if the energy that strikes the atom ZnO, 

E2 > the average surface binding energy of ZnO, Ed (both atoms have enough 

energy to leave the site). Both atoms then become moving atoms of the 

cascade. The energy that strikes the atom ZnO, E2 is reduced by the average 

surface binding energy of ZnO, Eb before it has another collision [16]. 

 If the energy that strikes the atom ZnO, E2 < the average surface binding energy 

of ZnO, Eb, the struck atoms ZnO does not have enough energy and it will 

vibrate back to its original site releasing the energy intended to strike the 

surface of ZnO, E2 as phonons [16]. 

 If the incident of ion energy of Cobalt-60, E1 < the average surface binding 

energy of ZnO, Ed and the energy that strikes the atom ZnO, E2 > the average 

surface binding energy of ZnO, Ed and the atomic number of Z1 = Z2, then the 

incoming atom will remain at the site and the collision is called a replacement 

collision with E1 released as phonons [16]. 

Therefore, when the incident Ion energy of Cobalt-60, E1 < the average surface 

binding energy of ZnO, Ed and the energy that strikes the atom ZnO, E2 > the 

average surface binding energy of ZnO, Ed and Z1 = Z2, then the incoming atom 

will remain at the site and the collision is called a replacement collision with E1 

released as phonons [16]. 

Finally, if the incident Ion energy of Cobalt-60, E1 < the average surface binding 

energy of ZnO, Ed and the energy that strikes the atom ZnO, E2 < the average 

surface binding energy of ZnO, Ed, then Z1 becomes an interstitial and E1 + E2 is 

released as photons. If the target has several different elements in it, the same as 

the proposed heterojunction device and each has different displacement energy, Ed 

will change for each atom of the cascade hitting different target atoms. 
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3.  Results and Discussion  

3.1.  GPVDM simulation 

In this simulation, the thickness is the main parameter as the thickness of the active 

layer is important in determining the efficiency of the device. The thickness of ZnO 

active layer is 300 nm same with the p-type material of Cu2O while the thickness 

of ITO and Al is 180 nm and 200 nm [21, 22]. The numerical modelling reveals 

that the thickness of Cu2O and ZnO affect the electrical properties.  

To operate this simulation, different types of materials can be chosen in the 

materials directory [23]. In this case, ZnO and Cu2O is chose to be the active layer 

of the device. Before running the simulation, the configuration of the device is 

confirmed to be set up along with the required thickness, the general simulation 

parameter is set and shown in Table 2. 

Table 2. Default parameter value used in GPVDM simulation [24]. 

No. Parameters Parameter’s value Units 
1. Electron trap density 1×1015 m-3 eV-1 

2. Hole trap density 1×1015 m-3 eV-1 

3. Electron mobility 1×10-5 M2 V-1 s-1 

4. Hole mobility 1×10-5 M2 V-1 s-1 

5. Number of traps 20 - 

6. Free electron to trapped hole 1×10-25 m-2 

7. Trapped electron to free hole 1×10-25 m-2 

8. Trap hole to free electron 1×10-25 m-2 

9. Free hole to trapped hole 1×10-25 m-2 

Figure 1 shows the J-V characteristic of the simulated device. The value of current 

density increases as the applied voltage increase in the simulation as the movement 

between hole and electron are rapidly carrying the charge passing through the interface. 

The graph does not pass zero point due to the charging effect of the simulated device 

[24]. Recombination rate of hole and electrons at Voc is 3.985e -35 m-3s-1.  

The number of minority carrier accumulated at the junction edge is controlling 

the rate of recombination through the movement of the carrier and the speed of the 

recombination process. Consequently, a higher recombination rate will have 

increased the forward bias diffusion current into the system thus, reducing the open 

circuit voltage. Based on the analysis, it shows that the threshold voltage for ZnO p-

n junction is ≤ 1 V. The value of threshold voltage obtain is lower compared to other 

material such as ZnSe and GaN, which they have threshold voltage in the range of 

1.2 V - 1.4 V and 2.6 V - 3 V, which is in agreement to past researched [25]. 

The value of threshold voltage is important because it determines the device 

performance for a lifetime. Lower threshold voltage ensures ZnO based device 

operating for a longer period of time without a serious ohmic heating problem at the 

contact of the device [26]. Referring to Figs. 2 and 3, the distribution of photon is at 

the highest at the thickness of 500 nm to 600 nm from the sputtered heterojunction, 

which corresponds to the maximum energy dissipated in the device is (3eV). The 

crystalline structure of sputtered material controlled the distribution of the photon 

as higher crystallize properties will increase the transfer of charge in the active layer 

thus, increasing the efficiencies of the fabricated device [27, 28]. 
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Fig. 1. J-V characteristic of simulated device. 

 

Fig. 2. Distribution of photon density in device. 

 

Fig. 3. Distribution of photon density based on visible light wavelength. 

3.2.  SRIM-TIM simulation 

Once the preliminary characterization was done using the GPVDM simulation, the 

study was proceeded using SRIM to simulate the high energy atomic collision of 

Cobalt-60 ion 60Co. In this simulation, Cobalt-60 was used as the incident ion, a 

radioactive element that simulates the emission of -rays. Cobalt-60 is produced by 

neutron bombardment of stable cobalt in a nuclear reactor. -rays are considered to 

be photons, which are electromagnetic radiation that can interact with the crystal 

structure. The interaction that occurs in the crystal structure is similar to a 

photoelectric effect that undergoes inside the semiconductor device, which causes 
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the bond of valence electron to be emitted into the conduction band across the band 

gap energy, Eg leaving behind a hole. The after effect leads to the creation of a free 

electron-hole pair. At a greater energy level, Compton scattering occurs causing the 

incident photon to be deflected from its original path due to the interaction with an 

electron that is free or relatively bound to an atom [28]. In this interaction, the 

photon loses energy as part of the photon energy is transferred to the electron, 

which in turn yields the emission of a secondary lower energy photon.   

To operate the simulation of this software, the simulation on the Stopping and 

Range of the Ion Matter (SRIM) must be performed first to determine the maximum 

projection range of the energy on the semiconductor device used. The first step in 

operating the SRIM software is by selecting the incident ion-atom 60Co followed 

by the range of ion emission energy ranging from 0.1 to 10 MeV. 

From the simulation, data tabulated is as shown in Fig. 4. The Cobalt-60 

stopping energy has an exponential rate and it is found that in 1.5 MeV radiation 

energy, the stopping range of 60Co ion in the device is about 1.07 µm. The thickness 

of the semiconductor device simulated in this research has an overall thickness of 

1.08 µm, the projection range that is admissible is at 1.07 µm with an energy of 1.5 

MeV. In addition, the maximum projection range of the ion energy at 10 MeV has 

a stopping range of 4.08 µm.  

 

Fig. 4. Stopping range of Cobalt-60 

in ZnO/Cu2O based heterojunction device.  

3.3.  Effects of incident energy of Cobalt-60 (60Co) ion 

Upon the completion of the SRIM simulation, the simulation was continued using the 

Transport of Ions in Matter (TRIM) simulation to calculate the interactions of 

energetic ions with the device being studied. In this research, simulation using 

detailed calculation with full damage cascades. The operation is furthered by 

selecting the ion data used, in this case, Cobalt-60 (60Co). Once incident ion energy 

has been selected, the selection of the target layers is added, and the simulation is 

initiated. The first simulation that was carried out was on the effects of the energy 

level of incident 60Co ion. A total of 9 different energy level was utilized at 500 keV, 

600 keV, 700 keV, 800 keV, 900 keV, 1000 keV, 1500 keV, 5000 keV and 10000 

keV. From the simulation, Fig. 5 shows that the higher the incident energy, the higher 

the degree of damage created in the device simulated. However, fluctuations can be 
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observed at an energy level of 5000 keV and 10000 keV. From Fig. 5, the significance 

of data changes can be observed at 1500 keV, 5000 keV and 10000 keV. 

Figure 5 also compares the energy absorbed and the displacement of the target 

layer at a different energy level. It is shown that at a higher energy level of 60Co ion, 

the higher the damage density on the target. However, it is observed at 𝐸𝐶𝑜  =5000 

keV and 𝐸𝐶𝑜   = 10000 𝑘𝑒𝑉  the damage density is lower. This is because if the 

thickness of the target material (1.07 µm) is relatively smaller compared to the 

projected range of the given energy, the energy loss in the target damage will be 

diminished. This is due to the fact that the incidence of 60Co ions have less interaction 

with the incidence target. From the Fig. 5, it is observed that the displacement of 60Co 

ions into the target increases with energy, where the energetic incident atom of 60Co 

knocks on the lattice atom of the ZnO/Cu2O target causing vacancies in the target.  

As shown in the plotting, Fig. 5, highest ion distribution of 60Co ion occurs at 

an incidence at 1500 keV. Ion distribution is the distribution of the 60Co ion 

distributed into the ZnO/Cu2O heterojunction device. Atoms are displaced by the 

incident ion knocking the atom off its lattice site causing lattice displacement either 

displaced by the incident ion of 60Co or by the recoils of the other atoms within the 

ZnO/Cu2O atom heterojunction device causing vacancies. The dispersed white dots 

in Fig. 6 indicates the distribution of 60Co ion travelling through the target atoms 

resulting in lattice displacement. The other colours dispersion of dots and clusters, 

however, indicates the displacement of the targeted atom, which leads to the 

formation of vacancies of due to the recoils of the other atoms.  

As illustrated in Fig. 6, the distribution plots at 1.5 MeV are dominated mostly due 

to recoiling atoms with a total vacancy of 12180 keV/Ion and a replacement collision 

of 393 keV/Ion. In comparison to 𝐸𝐶𝑜  =  5000 𝑘𝑒𝑉 and 𝐸𝐶𝑜  =  10000 𝑘𝑒𝑉 , 
ionization induced by 60Co ions are greater than the recoiling target atoms. At 𝐸𝐶𝑜  =
 5000 𝑘𝑒𝑉, the total vacancy form is 4075 keV/Ion and a replacement collision of 129. 

The reduction of vacancy formation of the ZnO/Cu2O atom heterojunction device at 

𝐸𝐶𝑜  =  5000 𝑘𝑒𝑉 is due to the fact that, at a higher energy level, ionization induced by 
60Co ion are greater in comparison to the displacement of target atoms resulting to a 

lower vacancy but higher lattice displacement. At 𝐸𝐶𝑜  =  10000 𝑘𝑒𝑉 , the total 

vacancy form is 2201 keV/Ion with a replacement collision of 71. From the data 

obtained in Fig. 5, it can be concluded that, lower energy level leads to displacement of 

target atoms forming a vacancy while at higher energy levels, while at energy higher 

than 1.5 MeV, the damage induced is reduced due to less energy is deposited by the 

high impulse of 60Co ion during the projection. 

At lower incidence energy, energy deposition occurs mainly at the surface of 

the target, displacing a large amount of the lattice atoms from the surface thus, 

inducing a significant number of recoiling atoms. The recoiling of the other atoms 

within the target will then result in the formation of vacancy. In addition, recoiling 

atoms tend to be more active than 60Co ions at a lower energy level where it has 

sufficient energy to experience ionization. Based on Figs. 5 and 7, the simulated 

data show that ionization of 60Co Ion is proportional to the energy level. At𝐸𝐶𝑜  =
 1500 𝑘𝑒𝑉, 𝐸𝐶𝑜  =  5000 𝑘𝑒𝑉 and 𝐸𝐶𝑜  =  10000 𝑘𝑒𝑉, the total ionization is, 943.7 

keV/Ion, 4658.4 keV/Ion and 9767.6 keV/Ion respectively. It can be concluded that 

Ionization of 60Co ion is dependent on the incident energy level, where a higher 

energy yields a higher ionization induced in the targeted device. At higher energy 

level however, ionization induced by 60Co is greater as they move and travel faster 
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than the recoiling target atoms. This circumstance is due to the fact that at a higher 

energy level, the pair production process is most likely to occur when the incident 

energy of 60Co ions goes higher, which leads to the formation of an electron and 

positron resulting to the domination of the 60Co ionization in the target. 

 

Fig. 5. Target displacement and energy absorbed 

of ZnO:Cu2O heterojunction device at different incident energy level. 

   
a) 500 keV. b) 5000 keV. c) 10000 keV. 

Fig. 6. Plot of depth versus Y-axis at (a)𝑬𝑪𝒐  =  𝟓𝟎𝟎 𝑲𝒆𝑽, (b)𝑬𝑪𝒐  =
 𝟓𝟎𝟎𝟎 𝑲𝒆𝑽, (c) 𝑬𝑪𝒐  =  𝟏𝟎𝟎𝟎𝟎 𝑲𝒆𝑽 in ZnO: Cu2O heterojunction device. 

 

Fig. 7. Ionization of 60Co against energy level. 
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3.4.  Effects of ion angle trajectory of Cobalt-60 (60Co) ion 

From the previous section above, it was concluded that at a higher energy level 

of 60Co ion, the higher the damage density on the target. This deduction is shown 

to be valid as long as the condition that the thickness of the target material is 

greater than the projected range of the given energy. In addition, it is also 

discovered that ionization is proportional to the increment of the energy level of 

the incidence ion. In this part of the simulation, the effects of different trajectory 

ion angle of 60Co were carried out with 4 different angles of 0o, 30o, 60o and 90o 

at 500 keV, 600 keV, 700 keV, 800 keV, 900 keV, 1000 keV, 1500 keV, 5000 

keV and 10000 keV respectively. Based on Figs. 8 to 10, it is shown that by 

increasing the ion angle trajectory of the incidence energy, the degree of damage 

created in the device simulated is smaller. However, it is shown that this 

occurrence does not apply at 𝐸𝐶𝑜  =  5000 𝑘𝑒𝑉 and 𝐸𝐶𝑜  =  10000 𝑘𝑒𝑉 at an 

angle ion trajectory of 60o. Based on Fig. 10, at an angle of 90o the trend of the 

slope is not similar for Figs. 8 and 9. This is due to the fact that at a greater angle 

of incident energy, ionization induced by 60Co moves and travels only at a limited 

part of the target device thus, ignoring the factor of the maximum threshold of 

the overall thickness of the device (1.08 µm). 

 
Fig. 8. Target displacement in ZnO/Cu2O heterojunction device 

at multiple ion trajectory angles of 0°, 30°, 60°, 90° with different incident energy. 

 

Fig. 9. Energy absorbed in ZnO/Cu2O heterojunction 

 device at multiple ion trajectory angles of 0°, 30°,  

60°, 90° with different incident energy. 
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(a) (b) 

  
(c) (d) 

Fig. 10. Target displacement and energy absorbed of ZnO/Cu2O 

heterojunction device at different incident energy level at multiple ions. 

From the simulated result obtained in Fig. 11, the ion distribution plots of 60Co at 

𝐸𝐶𝑜  =  5000 𝑘𝑒𝑉 are mostly dominated due to recoiling atoms (green colour line) in 

comparison to 𝐸𝐶𝑜  =  10000 𝑘𝑒𝑉 where ionization induced (white colour line) by 
60Co ion are greater than the recoiling target atoms. At an angle trajectory of 0o,30o and 

90o all 9-different energy level follows the trend of lower damage density with the 

increase of ion angle trajectory, except at an angle ion trajectory of 60o. This indicates 

that at a trajectory ion angle of 60o, energy levels at 𝐸𝐶𝑜  =  5000 𝑘𝑒𝑉 and 𝐸𝐶𝑜  =
 10000 𝑘𝑒𝑉, has a lower projection range compared to the thickness of the target 

therefore, allowing 60Co ion to have greater interaction with the incidence target.  

Based on Figs. 8 and 9, it shows that greater damage is induced, with an exception 

for energies at 𝐸𝐶𝑜  =  5000 𝑘𝑒𝑉 and 𝐸𝐶𝑜  =  5000 𝑘𝑒𝑉 at an ion trajectory angle of 

60o. This is due to the fact that by altering the angle of incidence, ionization induced by 
60Co moves and travels only at a limited part of the target device as shown in Fig. 11, 

where lattice displacement and vacancies only occurs at a limited region of the surface. 

At 𝐸𝐶𝑜  =  1500 𝑘𝑒𝑉 𝐸𝐶𝑜  =  5000 𝑘𝑒𝑉 and 𝐸𝐶𝑜  =  10000 𝑘𝑒𝑉, the total ionization 

is 1173.8 keV/Ion 4267 keV/Ion and 9550.8 keV/Ion at an ion angle trajectory of 60o. 

In comparison to the previous data obtained at the same energy with an angle of 00, 

ionization is lower for both, 𝐸𝐶𝑜  =  5000 𝑘𝑒𝑉 and 𝐸𝐶𝑜  =  10000 𝑘𝑒𝑉 with an ion 

angle trajectory of 60o. This is due to the fact that most of the ionization is a result from 

the recoiling atoms therefore, leading to a greater vacancy.  

Based on Figs. 12 and 13, in comparison to Fig. 7, it is shown that by increasing 

the trajectory of the ion angle, ionization of 60Co is higher. From the data obtained 

for both ion energy and trajectory angle, a perfect combination of p-n 

heterojunction device is yet to be discovered tested under harsh radiation 

environment. It is suggestible for future researchers on the simulation of SRIM-

TRIM to make a physical comparison beforehand as external factors are not 

included in this simulation, where the said device is simulated under a perfect fixed 

environment without a physical data comparison. 
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(a) 5000 keV. (b) 10,000keV. 

Fig. 11. Plot of depth versus Y-axis at (a) Eco= 5000 keV, (b) 10000 keV 

in ZnO: Cu2O heterojunction device with an ion trajectory angle of 60o. 

 

Fig. 12. Ionization of 60Co at different energy  

level with Ion angle trajectory of 0°, 30°, 60°, 90o. 

 

Fig. 13 Ionization of 60Co at 5000 keV and 10000 keV  

energy level with ion angle trajectory of 0°, 30°, 60°, 90o. 
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4.  Conclusion  

In this paper, the effects of a different energy level of 60Co ion radiation on the 

ZnO/Cu2O heterojunction device have been investigated. An ideal I-V and J-V 

curve were obtained from the GPVDM based on the selected configuration of the 

heterojunction device. The value of open circuit voltage, Voc is obtained by the 

simulation to be 3.985e-35 m-3 s-1, showing the correlation between the 

recombination rate of the electron and forward bias diffusion current into the 

system. Besides that, it is found that the highest distribution of photons falls on the 

range of 500 nm to 600 nm thickness of the device and dissipated the maximum 

amount of energy of 3eV in the device. 

To summarize it all, increasing the incidence ion energy will result to higher 

target damage with the condition that the projection range of the incidence ion 

energy is not greater than the overall thickness of the target, higher ionization of 
60Co ion while changing the incidence ion angle trajectory leads to a lower target 

damage with a condition that the energy level does not exceed greater than 1.5 MeV 

and ion trajectory must not be 60o. 
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Nomenclatures 
 

I Anode current in Amps 

Io Device saturation current 
iideal Ideal ccrrent 
jexternal External current densities 

k Bolzmann’s constant 

q Charge of electron 
Rshunt Shunt resistance 

T Temperature in Kelvin 

V Junction anode and cathode voltage 
Vapplied Applied voltage to system 
 

Abbreviations 

GPVDM General Purpose Photovoltaic Device Model 

ITO Indium Tin Oxide 

SRIM Stopping and Range of Ions in Matter 
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