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In this study, we examined the Al/SiO2/p-type Si metal/oxide/semiconductor (MOS) structure across a temperature range of 303–423 K. To create intentional traps in the oxide, a 20 nm TiN layer was deposited. We analyzed the charge carrier current as a function of temperature using the Poole-Frenkel (PF) current mechanism and simultaneously extracted the five parameters (ϕ, Nh/e, μ, εr, and Vcorr) characterizing the PF current conduction process through the vertical optimization method (VOM), without the need for capacitance-voltage measurements or additional graphical methods. The barrier ϕ decreased with increasing temperature in both accumulation and inversion modes, with slopes of dϕ/dT = −1.16 meV/K and −0.833 meV/K and intercepts of 3.07 eV and 3.45 eV, respectively. Carrier densities (Nh, Ne) also decreased as temperature rose, ranging from 7 × 1018–5 × 1010 cm−3 in accumulation mode and 6.5 × 1018–7.98 × 1016 cm−3 in inversion mode, indicating a more pronounced PF current mechanism in accumulation mode. Hole mobility (μh) remained significant up to 363 K but decreased sharply at higher temperatures, whereas electron mobility (μe) remained higher. The relative permittivity εr decreased with increasing temperature, indicating greater SiO2 polarization at lower temperatures. The voltage correction Vcorr varied with temperature, decreasing in accumulation mode by Δ Vcorr−acc = −1.33 V and increasing in inversion mode by Δ Vcorr−inv=1.03 V. The oxide voltage correction at T = 0 K was found to be 2.606 V for holes (in accumulation) and −2.302 V for electrons (in inversion). The study concludes that trapping and detrapping mechanisms are more significant for holes in accumulation mode than for electrons in inversion mode. Consequently, the p-type MOS with PF leakage current is unsuitable for technological applications, while the n-type MOS shows promise, even at elevated temperatures, due to the less pronounced PF current mechanism.
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1. Introduction

Over the years, significant research efforts have been devoted to metal/oxide/semiconductor (MOS) structures to improve their reliability and understand their electronic and electric properties (1–9). One crucial aspect of this research is the use of high-k dielectric materials (high dielectric permittivity ε) in MOS structures, which plays a vital role in various applications. These materials must exhibit thermodynamic stability in direct contact with the semiconductor, possess a reasonable dielectric constant, and exhibit low tunneling current characteristics to be considered effective in MOS structures (10). Among the various conduction mechanisms observed in MOS structures, including tunneling currents (e.g., Fowler-Nordheim current), Schottky currents, space charge-limited currents, and Poole-Frenkel (PF) currents (11), understanding which current dominates and in what voltage interval is essential for optimizing device performance. The nature of the dominant current depends on the application domain of the device and it needs a detailed investigation of the causes that make it dominant compared to other current processes. In some applications, like high-fabricated electronic devices, the minimization of leakage currents such as the Poole-Frenkel one, and the causes that make it dominant is of great importance. This study considers defects and other factors that may affect the PF current, causing a significant improvement in the device’s performance and reliability. Our analysis emphasises on the effects of leakage currents, such as the PF current in MOS structures, by extracting the parameters that characterize this conduction mechanism.

Silicon dioxide (SiO2) is a key material in electronic and optical devices (12, 13) because of its excellent dielectric properties, transparency in the visible spectrum, and chemical stability. The elaboration methods for SiO2 are well-known and extensively used in the industry (14). Even though there are many dielectric materials that could offer advantages better than SiO2 for particular applications, like higher dielectric constants or lower leakage currents, the high compatibility between Si and SiO2 makes silicon dioxide a perfect choice in many applications (1). It is noteworthy that despite these remarkable advantages, using SiO2 as a gate oxide on a Si substrate (14) still poses challenges in elaboration, including, for example, the uniform thickness and quality of the oxide layer leading to control the interface states and minimize defects that can enhance the device’s performance (15–21). Accordingly, these challenges necessitate a deep understanding of the SiO2/Si interface and other factors that influence oxide growth and quality. By means of a deeper analysis of the PF current, we may improve the reliability and performance of MOS structures in several applications. In this investigation, we elaborated on a conventional MOS structure using aluminum (Al) as the gate contact. This gate was deposited on the silicon dioxide (SiO2) gate layer, which was also deposited on the silicon (Si) substrate. To create physical damage and generate traps near the gate electrode, a layer of titanium nitride (TiN) was introduced. This procedure conducts to the formation of defects within the SiO2 oxide, which in turn induces various current mechanisms. Therefore a considerable increase in the leakage currents (like the PF) is obtained. Our aim was to characterize this MOS structure using the current-voltage (I-V) measurement as a function of temperature, giving us the possibility to investigate the different parameters that influence the Poole-Frenkel conduction mechanism within this MOS structure. From this investigation, one could understand how the defects influence the leakage currents and the other parameters that characterize the electrical behavior of the MOS structure. The presence of the TiN layer and the resulting traps give the opportunity to study the PF currents systematically in a controlled manner. These findings are of great interest for improving the design and performance of MOS structures, mainly in applications where leakage currents play a critical role. The study underscores the importance of controlled defect introduction and its implications on the electrical properties of MOS devices.

The main innovation in our study lies in simultaneously extracting the five characterized parameters and modeling the PF current mechanism. Unlike other methods, such as capacitance-voltage (CV) measurements or graphical techniques, our approach does not rely on these for parameter extraction. The only measurement we require is the I-V-T curves of the MOS device.



2. Theoretical back ground

In a dielectric material (i.e., amorphous solids: oxides), different current mechanisms exist at the same time with different domination percentages. One of them, very frequently used to explain a part of the current mechanism, is the Poole-Frenkel current. The PF (22, 23) current is due to the emission of the trapped charge carriers from the trap center, permitting an electron to escape to the conduction band or a hole to outflow from the valence band of the oxide (24). The charge carriers are thermally exited and enhanced by the application of an external electric field, which will allow them to overcome the high barrier formed by these traps. This mechanism is also known as field-assisted emission. The current density J as a function of the applied electric field E in the Poole-Frenkel mechanism is given by Eq. (1) (24).
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q is the elemental electric charge, Nh/e is the density of states of the charge carriers in the valence/conduction band: Nh/e = Nc (or Ne) if the charge carriers are electrons and Nh/e = Nv (or Nh) if the charge carriers are holes, μ is the charge carrier’s mobility, Vg is the applied voltage at the gate, ϕ is the barrier height that defines the position of the trap energy level, ε0 is the vacuum permittivity, εr is the relative permittivity of the material, k is the Boltzmann constant, and dox is the thickness of the oxide.

The electric field in the oxide is given by (25):
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Vox is the voltage across the oxide.

After the correction of the voltage across the oxide (Vox), taking into account its dependence on the gate bias (Vg), the flat band voltage (VFB), and the surface potential (ψS), one will get (25):
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Vcorr represents the correction of the oxide voltage; it depends on the flat band voltage and the surface potential, which both depend on temperature (26).

The sign of the voltage correction Vcorr is related to the type of semiconductor (p-type or n-type) and to the bias mode (accumulation or inversion). If the semiconductor is a p-type and it is biased in accumulation (Vg < 0), so the PF current is caused by the majority of charge carriers, which are the holes, and consequently, the relevant oxide voltage is given by Eq. (4). But if it is biased in inversion (Vg > 0), the PF current is caused by the minority charge carriers, which are the electrons, and the oxide voltage in this case is given by Eq. (5).
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Substituting Eq. (3) in Eq. (1), we get:
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In several studies (27–29), to determine some physical parameters like the relative permittivity εr using the current-voltage measurements, the graphical method is the most used one, where the PF plot (in which ln(I/V) is plotted as a function of[image: image]) is showing a straight line variation. From the slope, one can determine the value of the relative permittivity εr, and from the intersection, the barrier high ϕ (formed by the traps in the oxide) could be obtained. However, to calculate the other parameters, we need other data, like, for example, CV measurements, to determine the flat band voltage VFB. From all those methods, we have to calculate the slopes and the intercepts from the graphical method to, after that, determine the other characterized parameters.

To extract simultaneously the different physical parameters (ϕ, Nh/e, μ, εr, and Vcorr) that model the Poole-Frenkel current from Eq. (2) without any previous calculations, approximations, or additional measurements, we use the so-called vertical optimization method (VOM). This method is based on the optimization of the parameter’s vector (ϕ, Nh/e, μ, εr, and Vcorr) modeling the current-voltage measurements (30). The optimization criterion is used on the vertical axis, which is the current. We have to fit the experimental current-voltage curves as a function of the temperature (I-V-T) with the I-V-T curves calculated with the extracted parameters and then minimize the associated vertical quadratic error S defined by Eq. (7).
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N is the number of measured points, Iimeasured and Iitheoretical are the ith measured current and fitting value of the current, respectively.

To fulfill the optimization condition, we have to solve a system of equations with n degree, depending on the number of parameters to extract. In our study, we have to extract (ϕ, Nh/e, μ, εr, and Vcorr), thus n = 5, and the system to be resolved is presented in Eq. (2).
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3. Experimental details

A conventional MOS structure with silicon dioxide (SiO2) as a dielectric material and silicon (Si) as a substrate semiconductor (1–6 Ωcm) was prepared. The oxide with a thickness of 9 nm has been deposited on p-type Si by the dry oxidation technique. After that, a gate of 104μm2 was deposited on the oxide, containing 20 nm of titanium nitride (TiN) layer and 300 nm of aluminum (Al) stacks. They were elaborated with plasma sputtering and patterned via photolithography and dry etching, respectively. The MOS structure was annealed with a forming gas annealing at 430°C for 30 min. The TiN layer was deposited intentionally to create defects in the oxide and allow other current mechanisms to exist. The current-voltage measurements (I-V) in inversion and accumulation mode are done with a semiconductor parameter analyzer (HP 4156 A). To investigate deeply the conduction mechanism in the fabricated MOS structure, we have measured the I-V in both modes in the temperature range of 303–423 K.



4. Experimental current-voltage curves

The current density J of the investigated MOS structure described earlier as a function of the applied voltage in the range of temperature 303–423 K is shown in Figure 1a, b for the accumulation and the inversion mode, respectively. The related energy band diagram of the investigated MOS structure is illustrated in Figure 1c. To extract simultaneously the set vector of the parameters that characterize the PF conduction mechanism described by Eq. (2), we have used the vertical optimization method detailed by Eq. (8). To validate the reliability of the extracted parameters, we compare the measured (I-V-T) data for the studied MOS structure with the (I-V-T) curves calculated with the PF parameters (ϕ, Nh/e, μ, εr, and Vcorr) extracted simultaneously with the VOM. Figure 2a, b illustrates the measured (I-V-T) curves in comparison with those calculated by the extracted parameters for accumulation and inversion mode, respectively. We remark that for the same temperature, a remarkable alignment between the experimental and calculated curves is achieved.
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FIGURE 1. Experimental current-voltage characteristics of TiN/Al/SiO2/p-Si MOS structure in the temperature range of 303–423 K: (a) biased in accumulation mode, (b) biased in inversion mode, (c) Energy band diagram of the investigated MOS structure.
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FIGURE 2. Experimental (as characters) and calculated (as dashed lines) current-voltage characteristics of the TiN/Al/SiO2/p-Si MOS structure at different temperatures. Calculations are done by means of Eq. (2) using the extracted parameters by the vertical optimization method (VOM): (a) accumulation mode, (b) inversion mode.




5. Temperature effect on the five extracted parameters in the TiN/Al/SiO2/p-type Si structure


5.1. Temperature-dependent barrier ϕ (T)

Analyzing the impact of temperature on the extracted parameters allows a thorough investigation of the conduction mechanism and its susceptibility to temperature variation. To evaluate the temperature’s influence on the position of the traps in terms of energy in the oxide, we have extracted the values of the barrier high ϕ for the range temperature of 303–423 K with the PF mechanism as a conduction process. The temperature dependence of the barrier ϕ for the studied MOS structure biased in accumulation mode is illustrated in Figure 3. The barrier ϕ decreases with the increase in temperature. The same variation of the barrier ϕ is observed when the MOS is biased in inversion mode as shown in Figure 4. To model the obtained values of the barrier ϕ in the 303–423 K temperature range, we fit the ϕ(T) variation with a linear model. The linear fit gives slopes of dϕ/dT = −1.16 meV/K and dϕ/dT = −0.833 meV/K and intercepts equal to 3.07 eV and 3.45 eV for the accumulation and the inversion modes, respectively. It is noteworthy that the decrease of ϕ with the increase of T in the accumulation mode is more important than that in the inversion mode. In the accumulation mode, the barrier ϕ represents the position of the traps in terms of energy compared to the valence band EV, which means that the charge carrier (hole in this case) is escaping from the traps to the valence band to form the PF current. However, in the inversion mode, the barrier ϕ also represents the position of the traps in terms of energy, but compared to the conduction band EC, which means that the charge carrier (an electron in this case) is escaping from the traps to the conduction band to form the PF current. From the linear model, when the temperature increases, ϕ decreases significantly for the accumulation mode than for the inversion mode; consequently, the traps are more controlled and could be surmounted to generate the PF current when the MOS structure is biased in accumulation with holes as charge carriers than when it is biased in inversion with electrons as charge carriers. One could get from the intercepts of the linear regression modeling ϕ(T) the values of the trap’s energy at T = 0 K for the holes and the electrons in the studied MOS structure. ϕ(T = 0 K) is found to be equal to 3.074 eV for the holes in the accumulation mode and to 3.459 eV for electrons in the inversion mode. The obtained values of ϕ at T = 0 K confirm that the traps in the two regions are deep [ϕ > 3 eV (31)], but the traps for electrons are deeper than those for holes, as shown earlier. The rise of the temperature affects the variation by reducing the barrier’s values, with Δϕacc = ϕ423 K-ϕ303 K = 0.13 eV and Δϕinv = ϕ423 K-ϕ303 K = 0.1 eV in the accumulation and inversion modes, respectively. We can also remark that even when the temperature reaches the value of 423 K the traps are stable (ϕ ¿ 3eV) for the inversion mode. However, in the accumulation mode, the trap level starts to be reduced remarkably. This result means that when the MOS structure is biased in inversion, the PF mechanism does not contribute notably because the traps stay stable with a barrier more than 3 eV. K. Murakami et al. (32) have investigated the same MOS structure and have reported that for the inversion mode, the PF emission is not the dominant mechanism, which is in good agreement with the present results. In addition to all the above results, we are able to localize the position of traps for electrons and holes in the forbidden region of the used oxide (SiO2: Eg = 8.6 eV) (33) in comparison with the conduction band EC/valence band EV.
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FIGURE 3. Temperature dependencies of the barrier ϕ for the studied MOS structure biased in accumulation mode.
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FIGURE 4. Variation of the barrier ϕ as a function of temperature for the TiN/Al/SiO2/p-Si MOS structure biased in inversion mode.




5.2. Densities of charge carriers dependencies Nh/e(T)

The parameter Nh/e indicates the density of the charge carriers responsible for the PF current in the oxide. In the accumulation mode, the PF current originates from the holes as the charge carriers. However, in the inversion mode, the electrons are considered as the charge carriers. The effect of temperature on the density of holes Nh in the accumulation mode and on the density of electrons Ne in the inversion mode are represented in Figures 5 and 6, respectively. The figures show a decrease in the densities of carriers (Nh, Ne) in both modes as the temperature rises. The densities Nh(T) and Ne(T) vary in the range of 7 × 1018–5 × 1010 cm−3 and 6.5 × 1018–7.98 × 1016 cm−3 when the MOS structure is biased in accumulation and inversion, respectively. The temperature dependences of the densities Nh and Ne for both modes are confirmed by the ϕ(T) behavior discussed earlier and indicate that for the accumulation mode, the PF current mechanism is more pronounced than that for the inversion one.
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FIGURE 5. Temperature effect on the density of holes Nh as charge carriers in accumulation mode.
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FIGURE 6. The electron density Ne(T) variation for the TiN/Al/SiO2/p-Si MOS structure biased in inversion.




5.3. Temperature effect on charges mobilities μh/e(T)

Another important parameter under investigation in this study, which characterizes the current conduction mechanism within the oxide, is the charge carriers’ mobility μ. We analyze how the charge carrier responsible for the current mechanism is affected by the variation in temperature. Since our MOS structures are biased in two modes, we distinguish two types of the charge carrier’s mobility: the hole mobility μh for the accumulation mode and the electron mobility μe for the inversion mode. The temperature dependencies of the (μh and μe) for the studied MOS structure in the temperature range of 303–423 K are illustrated in Figures 7a and 8a, respectively. Both (μh and μe) decrease when the temperature increases. The decrease in the mobility of the charge carrier with the increase in the temperature is expected for oxides at temperatures >150 K (34, 35). However, it should be noted that even when the temperature is elevated to 363 K, the mobility for holes stays considerable (1010 cm2/Vs) compared to that of electrons (2.7 × 109 cm2/Vs). These results affirm that the PF leakage current issued from holes is more prevalent in the studied MOS structure compared to the current issued from electrons at elevated temperatures.
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FIGURE 7. (a) Temperature dependence of hole mobility for the TiN/Al/SiO2/p-Si MOS structure. (b) An Arrhenius fit to the data gives μh = 0.48 × 10−9exp(+ 1.413eV/kT) cm2/Vs.
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FIGURE 8. (a) Temperature dependence of electron mobility for the TiN/Al/SiO2/p-Si MOS structure. (b) An Arrhenius fit to the data gives μe = 0.62 × 10−5exp(+ 1.0639eV/kT) cm2/Vs.


The notably high hole/electron mobility values, extracted from the measured I-V curves even at room temperature, can likely be attributed to the presence of the 20 nm TiN layer, which creates defects. As reported by T. Koida et al. (36), the existence of these defects can lead to a remarkable increase in mobility. Then, as shown in Figures 7a and 8a the mobility of the charge carriers decreases gradually with the increase in temperature because of the inverse proportional relationship between mobility and temperature. However, for extreme high temperatures, the mobility of holes becomes very low compared to that of electrons, as shown when an Arrhenius fit (Figures 7b and 8b) is used for the data from Figures 7a and 8a. It gives the mobilities of holes and electrons as charge carriers for very elevated temperatures (T→∞), which are equal to 0.48 × 10−9 cm2/Vs and 0.62 × 10−5 cm2/Vs for the accumulation and inversion modes, respectively. Accordingly, the studied MOS structure (SiO2 deposited on p-type Si) is suitable for applications at elevated temperatures when the charge carriers are electrons because the PF current mechanism is not significantly pronounced as reported by Vladimir P. Popov et al (37).



5.4. Relative permittivity dependencies εr(T)

The extraction of the relative permittivity εr for the studied MOS structure in the same range of temperature is shown in Figures 9 and 10 for the accumulation and inversion modes, respectively. The temperature dependency of εr shows a decrease when the temperature increases for both modes. Different power laws fits are used to fit the temperature dependency of the relative permittivity εr; however, the linear fit gives the minimum values of errors for both modes in the studied range of temperature. A linear fit to the εr(T) data gives slopes equal to dεr/dT = -18.61 × 10−3K−1 and dεr/dT = -10−3 K−1 for the accumulation and inversion modes, respectively. From the intersection of these linear fits, we can obtain the values of the εr at T = 0 K: for the accumulation mode, εr(T = 0 K) = 9.84 and for the inversion mode εr(T = 0 K) = 1.83.


[image: image]

FIGURE 9. Extracted values of the relative permittivity εr in temperature range of 303–423 K for the studied MOS biased in accumulation. A linear fit to the data gives εr(T = 0 K) = 9.84.
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FIGURE 10. Permittivity εr versus temperature in inversion mode. A linear fit to the data gives εr(T = 0 K) = 1.83.


A. S. Konashuk et al. (38) have reported that one has to decrease the dielectric permittivity value (εr) of the insulating material to reduce the parasitic capacity issued from the rapprochement of the metallic lines in a denser microchip where the larger part of its cross-section becomes occupied by those metallic lines (39, 40). Many techniques are used to decrease the dielectric permittivity, but the ones that are already being used in the industry are including porosity into the structure of SiO2 or substituting some oxygen atoms by terminating –CH3 methyl groups (38). From the results found for the εr(T), the values of the dielectric permittivity are significantly reduced when increasing temperature for holes as charge carriers compared to the ones for electrons as charge carriers, thus, we could say that the increasing of the temperature of the MOS structure could be used as a technique to decrease the values of the dielectric permittivity of the oxide to be used for different technologies (in semiconductor integrated circuits) based on low εr dielectrics.

It is well known that the parameter εr of the dielectric material is directly related to its polarization. When the relative permittivity of the oxide (SiO2 in our case) rises, the dielectric becomes more polarized. From the εr(T) behavior of the studied MOS structure, the SiO2 becomes more polarized when the temperature decreases. Which means that the decrease in temperature makes the oxide more polarized in response to the applied voltage. According to the discussion in the following section of the temperature dependency of the relative permittivity, the dielectric properties of the SiO2 oxide in terms of polarization properties are more pronounced when the MOS structure is biased in accumulation than in inversion.



5.5. Temperature dependencies of the oxide voltage Vcorr(T)

The effect of temperature on the oxide voltage correction Vcorr in the accumulation mode is represented in Figure 11. For the inversion mode, the variation of Vcorr as a function of temperature is shown in Figure 12. When the MOS structure is biased in accumulation, the extracted values of Vcorr decrease with the increase in temperature. The variation of the oxide voltage correction in the temperature range 303–423 K is equal to ΔVcorr−acc = Vcorr(423K)–Vcorr(303K) = −1.33 V. However, it increases with the increase in temperature when the MOS structure is biased in inversion. This variation is equal to ΔVcorr−inv = Vcorr(423K)–Vcorr(303K) = 1.03 V for the same range of temperature. To model the effect of temperature on Vcorr(T) for both modes, we propose a linear fitting for the extracted values of the voltage Vcorr. The slopes of these linear regressions are dVcorr/dT = −5.09 mV/K and dVcorr/dT = 8.58 mV/K for the accumulation and inversion modes, respectively. From the intercepts, we can have the values of the oxide voltage correction at T = 0 K for holes as charge carriers in the accumulation mode and for electrons as charge carriers in the inversion mode. They are equal to 2.606 V and −2.302 V in the accumulation and inversion modes, respectively.
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FIGURE 11. Temperature dependences of the oxide voltage correction Vcorr for the TiN/Al/SiO2/p-Si MOS structure biased in accumulation. A linear fit to the extracted values of Vcorr gives Vcorr(T = 0 K) = 2.606 V with a slope of dVcorr/dT = –5.09 mV/K.
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FIGURE 12. Variation of the extracted values of the voltage Vcorr as a function of temperature in inversion mode. A linear fit to the data gives Vcorr(T = 0 K) = –2.302 V and a slope of dVcorr/dT = 8.58 mV/K.


It is well known that for T = 0 K, the structure operates within the flat band regime, so, Vcorr(T = 0 K) = VFB = 2.606 V and Vcorr(T = 0 K) = VFB = −2.302 V for the accumulation and the inversion modes, respectively.

However, the flat band potential depends on temperature, as indicated in Eq. (9) (41).

[image: image]

T0 is the room temperature, and VFB0 is the flat band voltage at T0.

Taking into account the linear variation of Vcorr [the value of Vcorr(T = 0 K)] and the Eq. (9) for the flat band regime, the final values of the oxide voltage correction at T = 0 K are as shown in Eq. (10) and (11) for accumulation and inversion modes, respectively.

[image: image]

[image: image]

The obtained values are the flat band potential at T = 0 K for the Poole-Frenkel mechanism, representing the placement of the band levels between the oxide and the semiconductor when it is biased in accumulation and inversion.

By analyzing the measured current-voltage curves as a function of temperature (I-V-T), we could simultaneously determine the characterized parameters of the Poole-Frenkel conduction mechanism and investigate how the temperature affects these parameters.




6. Conclusion

In this work, we have investigated the Al/SiO2/p-type Si MOS structure in the temperature range of 303–423 K. The traps in the oxide have been intentionally created by depositing a 20 nm TiN layer. The analysis of the charge carrier’s current in the studied MOS structure as a function of temperature was described by the PF current mechanism. The investigation reported on the simultaneous extraction of the five parameters (ϕ, Nh/e, μ, εr, and Vcorr) that characterize the PF current conduction process as a function of temperature utilizing the VOM. The temperature-dependent variation of the barrier ϕ in both modes shows the same behavior. It decreases with an increase in temperature. We have fitted the ϕ(T) variation with a linear model, which gives slopes of dϕ/dT = −1.16 meV/K and dϕ/dT = −0.833 meV/K and intercepts equal to 3.07 eV and 3.45 eV for the accumulation and the inversion modes, respectively. The temperature dependence of the barrier ϕ in both modes affirms that the traps for electrons are deeper than those for holes. A decrease in the densities of carriers (Nh and Ne) in both modes as the temperature rises have been observed. The densities Nh(T) and Ne(T) vary in the range of 7 × 1018–5 × 1010 cm−3 and 6.5 × 1018–7.98 × 1016 cm−3 when the MOS structure is biased in accumulation and inversion, respectively. The temperature dependences of the densities Nh and Ne for both modes are confirmed by the ϕ(T) behavior discussed earlier and indicate that for the accumulation mode, the PF current mechanism is more pronounced than that for the inversion one. The variation of the hole/electron mobilities (μh, μe) as a function of T for the studied MOS indicates that even at elevated temperatures up to 363 K, hole mobility remains considerable (1010 cm2/Vs) compared to electron mobility (2.7 × 109 cm2/Vs). But for very high temperatures, the hole mobility becomes very low (= 0.48 × 10−9 cm2/Vs), whereas the electron mobility remains higher (= 0.62 × 10−5 cm2/Vs) as shown by an Arrhenius fit to the extracted values of μh and μe. From the relative permittivity εr(T) behavior of the studied MOS structure, the εr shows a decrease when the temperature increases for both modes. A linear fit to the εr(T) data gives slopes equal to dεr/dT = −18.61 × 10−3 K−1 and dεr/dT = −10−3 K−1 for the accumulation and inversion modes, respectively. From the intersection of these linear fits, we can obtain the values of the εr at T = 0 K for the accumulation mode εr(T = 0 K) = 9.84 and for the inversion mode εr(T = 0 K) = 1.83. The εr(T) behavior of the studied MOS structure has shown that SiO2 becomes more polarized when the temperature decreases. Which means that the decrease in temperature makes the oxide more polarized in response to the applied voltage. Accordingly, the dielectric properties of the SiO2 oxide in terms of polarization properties are more pronounced when the MOS structure is biased in accumulation than in inversion. The voltage correction Vcorr included in the oxide voltage was analyzed as a function of temperature. In the accumulation mode, the extracted values of Vcorr decrease with the increase in temperature, with ΔVcorr–acc = Vcorr(423 K)–Vcorr(303 K) = −1.33 V. However, it increases with the increase in temperature when the MOS structure is biased in inversion, with ΔVcorr–inv = Vcorr(423 K)–Vcorr(303 K) = 1.03 V. A linear fit has been used to model this behavior, giving slopes of dVcorr/dT = −5.09 mV/K and dVcorr/dT = 8.58 mV/K for the accumulation and inversion modes, respectively. The use of the intercepts could give us the oxide voltage correction at T = 0 K for holes (in accumulation) and for electrons (in inversion). They are equal to 2.606 V and −2.302 V in the accumulation and inversion modes, respectively.

Based on the results found in this work, we can deduce that the trapping and detrapping mechanisms are more important for holes in the accumulation mode than for electrons in the inversion mode for the investigated MOS structure in the temperature range of 303–423 K. Consequently, the p-type MOS with the PF mechanism as a leakage current is not suitable for technological applications. But the n-type MOS holds greater promise for such applications, even at elevated temperatures, because the leakage PF current mechanism is less pronounced.
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