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In this work the effects of technological and electrical parameters of Al m Ga 1-m N/GaN High Electron Mobility Transistors (HEMT) on the output conductance "g d " was studied in the first part. In the second part, the effect on g d of thermal and self heating in the device was analyzed. This study was made by taking into account the effects of spontaneous and piezoelectric polarizations in the heterojunction AlGaN/GaN and the relaxation of the crystal lattice induced by the aluminum mole fraction. An analytical model for the electrons concentration "n s " in the 2DEG and the current I ds in the channel for strong inversion regime was presented. By solving the Poisson equation and Schrödinger self-consistent calculations, including the spontaneous and piezoelectric polarizations, lattice relaxation, self heating and thermal effects the current I ds was calculated. The output conductance g d according to the voltage V ds are deduced thanks to the analytical description of the calculated current I ds .

INTRODUCTION

High-electron-mobility transistors (HEMTs) based on Al m Ga (1-m) N/GaN heterostructures are very promising for applications in high power and high temperature electronics operating at high frequencies owing to their outstanding electrical properties such as high breakdown voltage, high peak electron velocity and high sheet electron concentration in two-dimensional electron gas (2DEG) structures [START_REF] Wu | Very high breakdown voltage and large transconductance realized on GaN heterojunction field effect transistors[END_REF][START_REF] Miyoshi | High-electronmobility AlGaN/AlN/GaN heterostructures grown on 100mm-diam epitaxial AlN/sapphire templates by metalorganic vapor phase epitaxy[END_REF]. Performance of HEMTs can be estimated from some important electrical quantities that characterize them and which are good indicators for the performance of high frequency component. They must therefore have a high transconductance, low output conductance and a high cutoff frequency.

The output conductance characterizes a transistor in the saturated operation. It measures changes in the drain current relative to changes in drain voltage V ds , with constant gate voltage V gs . Calculating the power gain of the component requires knowledge of the output conductance, which allows, among other to account for the saturation drain current. From a physical standpoint, the drain conductance g d characterizes the confinement of electrons in the channel.

In this paper, we presented an analytical model for the electrons concentration "n s " in the 2DEG and the current I ds in the channel of HEMT for strong inversion regime by solving the Poisson equation and Schrödinger self-consistent calculations. Thanks to the analytical description of the current I ds we are able to demonstrate changes in the output conductance g d according to the voltage V ds , including the spontaneous and piezoelectric polarization, lattice relaxation, self-heating and thermal effects on the Al m Ga (1-m) N/GaN HEMT drain conductance g d .

II.

THEORETICAL ANALYSIS Fig. 1 shows the cross-sectional schematic of the AlGaN/GaN HEMT structure. The device structure consists of a thick undoped Gallium Nitride (GaN) layer grown on a substrate (SiC, Sapphire or Al 2 O 3 ) where an undoped layer Al m Ga 1-m N of thickness (d i ) called spacer was grown in order to reduce impurity scattering. Then, a doped layer Al m Ga 1-m N of thickness (d d ) and concentration (N d ) was grown. On the last layer, the gate was realized. When a gate voltage V gs is applied through a Schottky contact of this structure, the sheet carrier concentration "n s " of the 2DEG formed at the AlGaN/GaN heterojunction at a given temperature is given by [START_REF] Gangwania | Modeling and analysis of fully strained and partially relaxed lattice mismatched AlGaN/GaN HEMT for high temperature applications[END_REF].
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thickness, d i is the spacer layer thickness, d Δ is the effective thickness of 2-DEG, V gs is the applied gate-source voltage and V c (x) is the channel potential at a position x. The threshold voltage V th (T,m) dependant of the temperature T and the mole fraction of the AlGaN/GaN HEMT is given by the following expression:
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With N d is the doping density of AlGaN layer and φ m) the Schottky barrier height given by [START_REF] Ambacher | Two dimensional electron gases induced by spontaneous and piezoelectric polarization undoped and doped AlGaN/GaN heterostuctures[END_REF].

φ (m) = 0.84+1.3m [eV]
(3) and ΔE c (T,m) is the conduction band discontinuity at the Al m Ga 1-m N/ GaN interface given by [START_REF] Manju | Temperature and polarization dependent polynomial based non-linear analytical model for gate capacitance of Al mGa1_mN/GaN MODFET[END_REF]:
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The major factor which controls 2-DEG is the aluminium composition of AlGaN. The variation of Al mole fraction affects directly the polarization induced sheet charge density. The polarization induced charge density σ pz (m) is given by [START_REF] Ambacher | Two-dimensional electron gases induced by spontaneous and piezoelectric polarization charges in N-and Ga-face AlGaN/GaN heterostuctures[END_REF].
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Where a(0) and a(m) are the lattice constants, C 13 (m) and C 33 (m) are elastic constants and e 31 (m) and e 33 (m) are piezoelectric constants of Al m Ga l-m N layer. In the above expression, it has been assumed that GaN layer is fully relaxed. This is a reasonable assumption since the thickness of GaN is much larger than that of strained AlGaN layer and thus P pz (GaN)~0. The drain current I ds in the 2-DEG channel can be obtained from the current density equation by [START_REF] Sze | Physics of Semiconductor Devices[END_REF]:
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Where w is the channel width, K B is the Boltzmann constant, V c (x) is a channel potential and ( ) , T x μ is the temperature dependent mobility given by [START_REF] Gangwania | Modeling and analysis of fully strained and partially relaxed lattice mismatched AlGaN/GaN HEMT for high temperature applications[END_REF]:
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Where μ 0 (T) is the low field mobility, E c is the critical electric field and sat v is the saturation velocity. Using equations ( 1) and ( 8) in equation ( 7), and integrating along the channel we can obtain:
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Where R s and R d are the source and drain resistances respectively and V ds is drain to source voltage. 
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is Planck constant. The drain conductance is an important microwave parameter that determines the maximum voltage gain attainable from the device. The drain conductance of the Al m Ga 1-m N/GaN HEMT is evaluated as [START_REF] Gangwania | Modeling and analysis of fully strained and partially relaxed lattice mismatched AlGaN/GaN HEMT for high temperature applications[END_REF]:
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The electrons mobility depends strongly on temperature and electric field present which it decreases with increasing temperature.

III. RESULTS AND DISCUSSION

Fig. 2 shows the dependence of drain-source current (I ds ) versus drain-source voltage (V ds ) for Al mole fraction of AlGaN varying from 0.20 to 0.75 at room temperature (300 K). We note that the current I ds increase when the value of the mole fraction "m" increase. The current I ds depend strongly on the Al content of the top layer. This is essentially due to the increasing of the channel electron density induced by the enhanced polarization charge when an Al contents vary from 0.20 to 0.75 [START_REF] Sacconi | Spontarneous and piezoelectric polarization effects on the output characteristics of AlGaN/GaN heterostructure modulation doped FETs[END_REF]. The increase in aluminum mole fraction induces a strong discontinuity in the conduction band and a strong piezoelectric polarization, this is due to an increase in the concentration of 2DEG in the channel, and therefore it induces a large current value. . We observe that the drain conductance increases with an increase in the Al mole fraction and decreases with an increase in drain voltage. Increasing the aluminum mole fraction in the heterojunction AlGaN/GaN induces a strong discontinuity in the conduction band and a strong piezoelectric polarization. The discontinuity of the conduction band ΔE C resulting from this phenomenon is more important leading to electron confinement. The electric field breakdown becomes higher in the GaN based devices. Therefore, the carrier densities and mobility are higher, so the output conductance increases. On the other hand, we notice that the output conductance decreases when V ds increases and eventually becomes zero in the saturation region when the drain-source current saturates. We notice that for m ≥ 0.38, the relaxation effect of the crystal lattice decreases the output conductance. The difference between the curves with and without relaxation is very large when the crystal lattice is fully relaxed (m = 0.75) and less important when the AlGaN layer is partially relaxed (m = 0.45). Indeed, for m ≥ 0.38, the material is relaxed and the 2DEG density continues to increase, which affects the drain conductance g d . The influence of relaxation is greater for higher values of molar fraction (m ≥ 0.38). This is a consequence of the lack of influence piezoelectric polarization due to the disappearance of the mechanical stress on the AlGaN layer. We note that the curves of the drain conductance g d for m=0.25 (Fig 5-a) are superimposed in both cases with and without relaxation of the crystal lattice for each value of the concentration of the doping layer Al m Ga 1-m N. While for m = 0.45 (Fig 5-b), a significant difference is observed, this gap decreases the value of g d . We note that if the concentration of doping N d increase the drain conductance g d increases. This is due to the increased density of 2DEG in the quantum well, so there is an increase of spontaneous polarizations and piezoelectric which exists at the interface of the AlGaN/GaN heterojunction and improved containment of electrons into the well potential.

Fig. 6 shows the transfer characteristics of an AlGaN/GaN HEMT on the gate-source voltage when considering the thermal effect and the effect of self-heating. A degradation of drain-source current with increasing temperature of 300 K to 475 K was observed, this degradation becomes important when one considers the effect of self-heating. Fig. 7 shows the current-voltage characteristics of a HEMT based heterostructure AlGaN/GaN when considering the thermal effect and the self-heating (dashed lines). These characteristics show a negative resistance at higher drain voltage level. It is observed that, with increasing temperature from 300K to 425K, explicitly from an external source or by injecting more current in the transistor, a drain current decay. This is due to a decrease in the low field mobility of electrons where the electron transport in 2DEG channel is dominated by scattering with phonons. The self-heating is a local increase of crystal temperature due to dissipated Joule electric power. It is seen that the saturation drain current drops significantly when the temperature rises above room temperature from 300K to 425K. Also the saturation drain current does not vary much with the higher drain voltages.

Our results can be compared with those obtained by Gangwani et al. [START_REF] Gangwania | Modeling and analysis of fully strained and partially relaxed lattice mismatched AlGaN/GaN HEMT for high temperature applications[END_REF]. The striking constant behaviour of drain current suggests the usefulness of these devices for high power applications [START_REF] Parvesh | High Temperature Performance of AlGaN/GaN HEMT[END_REF][START_REF] Mosbahi | Electrical chacterization of AlGaN/GaN HEMTs on Si substrate[END_REF]. Drain conductance g d is deduced from the current I ds . When self-heating is not considered (solid lines) and when selfheating is considered (dashed lines).

Fig. 8 shows the drain conductance versus the drain-source voltage when considering the thermal effect and the self-heating (dashed lines). Then a strong increase in temperature significantly alters the performance of transistors. View the decrease in mobility by increasing the temperature from 300K to 425K, the saturation current decreases then increases the drain conductance.

IV. CONCLUSION

In this work, we have presented the simulation results obtained by studying the influence of different technological and electrical parameters, thermal and self-heating on the electrical characteristics determining the performance of the HEMT-based heterostructure AlGaN/GaN as the output conductance with and without the effect of relaxation of the crystal lattice in the HEMT AlGaN/GaN.

We note that, the increasing of the aluminum mole fraction "m" and concentration "N d " increase the carrier density "n s " in the 2DEG. Although, the increase of the doped layer thickness increases the output conductance. The influence of the crystal lattice relaxation on the electrical performance acts directly on the threshold voltage if the value of the mole fraction exceeds 0.38. We noted that when the temperature increases, the electron mobility decreases, this is due to a deterioration of transport properties which is dominated by the scattering with phonons. This decrease in mobility leads to a drop in drain current therefore a degradation of electrical characteristics that determine performance of the transistor.
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 3 Fig. 3 shows, at room temperature, the variation of the Al m Ga 1-m N/GaN HEMTs output conductance versus drain voltage at gate voltage fixed at -1.5 V for different Al mole fractions, for partially relaxed (PR) 0.38 m ≥ and fully strained (FS) structures 0.38 m ≤. We observe that the drain conductance increases with an increase in the Al mole fraction and decreases with an increase in drain voltage. Increasing the aluminum mole fraction in the heterojunction AlGaN/GaN induces a strong discontinuity in the conduction band and a strong piezoelectric polarization. The discontinuity of the conduction band ΔE C resulting from this phenomenon is more important leading to electron confinement. The electric field breakdown becomes higher in the GaN based devices. Therefore, the carrier densities and mobility are higher, so the output conductance increases. On the other hand, we notice that the output conductance decreases when V ds increases and eventually becomes zero in the saturation region when the drain-source current saturates. We notice that for m ≥ 0.38, the relaxation effect of the crystal lattice decreases the output conductance. The difference between the curves with and without relaxation is very large when the crystal lattice is fully relaxed (m = 0.75) and less important when the AlGaN layer is partially relaxed (m = 0.45). Indeed, for m ≥ 0.38, the material is relaxed and the 2DEG density continues to increase, which affects the drain conductance g d . The influence of relaxation is greater for higher values of molar fraction (m ≥ 0.38). This is a consequence of the lack of influence piezoelectric polarization due to the disappearance of the mechanical stress on the AlGaN layer.
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 8 Figure 8. Dependence of drain conductance gd on drain voltage Vds for various values of temperature for Vgs= -2.5V and m= 0.25.When self-heating is not considered (solid lines) and when selfheating is considered (dashed lines).