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Accurate parameter extraction is essential for understanding and optimizing the performance of Mo/AlGaN/GaN Schottky barrier diodes
(SBDs). Traditional methods often introduce approximation errors, particularly in the presence of high series resistance. In this study, we
propose a hybrid approach that combines Nonlinear Least Squares Fitting (NLSF) with the Lambert W function and Grey Wolf Optimization
(GWO) to achieve high-precision extraction of key diode parameters, including the ideality-fabtnrier height ¢,), and series resistance

(Rs). By leveraging the strengths of both analytical and metaheuristic techniques, this method enhances accuracy and robustness in paramei
estimation. Experimental validation across a wide temperature range (100 K - 450 K) demonstrates the effectiveness of the proposec
approach, highlighting its advantages over conventional extraction techniques.

Keywords: Schottky barrier diode; AlGaN/GaN; parameter extraction; grey wolf optimization; Lambert W function; temperature depen-
dence.
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1. Introduction On the other hand, SiC substrates, although more ex-
pensive, provide superior crystal quality and excellent ther-

Gallium Nitride (GaN) and its related materials have attractednal conductivity, making them the preferred choice for high-
considerable attention due to their exceptional propertiesserformance power devices. The AlGaN/GaN heterostruc-
making them highly suitable for high-power, high-frequency,ture exhibits a two-dimensional electron gas (2DEG) at the
and high-temperature applications. One of the most signifiheterointerface due to the combined effects of spontaneous
cant advancements in this field is the heteroepitaxial growttyind piezoelectric polarization [25]. This 2DEG, character-
of GaN on silicon (Si) substrates, which serves as a critijzed by an electron mobility of approximately 2000 s,
cal foundation for the development of a wide range of high-plays a crucial role in enabling high-speed and high-power
performance electronic devices [1]. operation [26].

Compared to conventional silicon Si and gallium ar-

senide (GaAs) devices, GaN-based semiconductors offer sig- A cri'_[ical parameter aﬁe_cting_the performance of these
nificant advantages, including a wide bandgap, high breakggewces is the Schottky barrier height (SBH) of the gate elec-

down voltage, and superior electron mobility [2-6]. Among _trode. A higher SBH leads to reduced leakage currents and

these materials, AlGaN/GaN heterostructures are particularlgn_prove‘j fbreakdown c\j/oltage, tf?.ereby er;hancing szth the
promising for the development of advanced semiconducto 0|se| per qrmadnce an pofwer N f'en;{lq HE'K'ITS [d,z]l A:\l
devices, such as high-electron-mobility transistors (HEMTsf“eta -semiconductor interfaces, the SBH in GaN and AlGa

used in next-generation RF and microwave power ampliﬁer%nate_rIaIS shows a stronger dependt_ence on the _me_tal yvork
for wireless communication systems [7—13]. unction compared to other I1l-V semiconductors, indicating

The performance of AlGaN/GaN HEMTSs is strongly in- weaker Fermi level pinning and greater tunability of the bar-

fluenced by the choice of substrate material. Commonly used®’ height [28].

substrates include sapphire, silicon (Si), and silicon carbide However, Schottky diodes formed on GaN and AlGaN

(SIiC) [14-18]. materials exhibit excess reverse leakage currents that sig-
While sapphire is cost-effective, its poor thermal conduc-nificantly exceed the predictions of the standard thermionic

tivity limits heat dissipation, negatively impacting device ef- emission (TE) model [29]. Despite this, many studies con-

ficiency [19-24]. tinue to analyze their current-voltage |-V characteristics
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using the TE model, highlighting the need for improved pa-
rameter extraction techniques [30].

In this study, we focus on the precise extraction of key
electrical parameters, including the barrier heighy, ideal-
ity factor n, series resistancRs, and parallel resistancg,
by analyzing forward bias |-V characteristics in the temper-
ature range of 100-450 K. To achieve accurate parameter es-
timation, we compare three different techniques: the tradi-
tional method based on standard I-V curve fitting, Nonlinear
Least Squares Fitting (NLSF), and Grey Wolf Optimization
(GWO). The traditional technique relies on analytical aligns
and linear approximations, while NLSF refines parameter es-
timation by minimizing the sum of squared residuals between
the model and experimental data. In contrast, GWO is a
nature-inspired optimization algorithm that enhances accu-
racy by efficiently exploring the solution space [31-33]. By
comparing these methods, we aim to assess their strengths
and limitations, ultimately identifying the most reliable ap-
proach for extracting Schottky diode parameters.

2DEG

2. Experimental details

The studied structure was grown using Low-Pressure Metal
Organic Chemical Vapor Deposition (LP-MOCVD) on a SiC
substrate. Nucleation occurs through an intermediate layer,
followed by the deposition of an unintentionally doped GaN
buffer layer with a thickness of 1,m. The ohmic contacts
consist of a titanium (12 nm), aluminum (200 nm), nickel

(40 nm), and gold (100 nm) stack, deposited by electron- b)
beam evaporation and subsequently annealed £tC6ar

30 seconds under a nitrogen atmosphere. Component iso-

lation is achieved through helium ion implantation, followed FIGURE 1. a) Architecture of the studied HEMT structure, b) elec-

by annealing under a nitrogen atmosphere. The Schottky gaig,n microscope image of a HEMT transistor.
contacts are composed of a bilayer of molybdenum (40 nm)
and gold (300 nm), deposited by electron-beam evaporation. The experimental measurements o AGa, -sN/GaN
Component passivation is achieved by sequentially deposit- e T2

. . : structures were conducted at the Institute of Nanotechnology
ing a 100 nm SiQ@ dielectric layer, followed by a 50 nm

SigNy layer.The buffer layer, sufficiently thick, acts as a sub-clnc (I‘_yo)n ’bleﬁiaol;yggaufsul Qgﬁinsgtfa?e?uzi(:afjgp(stgealr:]ialy;(;
strate for the upper layers. On top of this, an AGay 72N g\ 98 P 9 2).

The system includes a liquid nitrogen cryostat (TRG model,
eTBT, Groupe Air Liquide) for cooling the sample within a
temperature range of 77 K to 500 K, ensuring a stable low-
temperature environment. A temperature controller (LTC-11)

ecisely regulates the sample temperature by controlling the

GaN

remaining unintentionally doped.
The aluminum mole fraction: in the Al,Ga _,N bar-
rier layer was estimated using Vegard’s law, which assumes

linear relationship between the lattice constant and the allo . ; ; ;
. . . ryostat's heating and cooling systems. Electrical measure-
composition. Based on the X-ray diffraction (XRD) mea- Y 9 g sy

. . ents are performed using an HP 4156 A semiconductor pa-

éugﬁrgigtxggze (3()'2/;?33\2';”%0?5 di'(l)agécg ;ggiﬁgts O:I];meter analyzer, which applies gate-source and gate-drain
o - : o oltage biases while measuring the resulting gate current (I

5.122A, respectively. Using the known lattice constant ofv ge o Wi urng uting 9 " (l9)

P . . ) under cryogenic conditions. The sample is placed inside the
?c:rl\rlnfj‘}ag[g%]A) the mole fractionz is calculated using the cryostat, which includes a 25 ohm heating resistor for temper-

ature regulation. This setup enables precise electrical charac-
CGaN—CAlGaN  5.180 —5.122 terization of Ab 2sGa&y 72N/GaN structures over a wide tem-
T ean—can 51802970 0.28. (1)  perature range, providing valuable insights into their electri-
cal properties and thermal behavior. The semi-logarithmic
Figure 1 illustrates the architecture of the studied HEMTforward-bias |-V-T characteristics of (Mo/Au)-AlGaN/GaN
structure and an electron microscope image. HEMTSs at various temperatures are illustrated in Fig. 3.
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FIGURE 2. Experimental setup for electrical characterization of Voltage (V)
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afiba S Under cryogenic conditions FIGURE 4. Experimental C-V characteristics of (Mo/Au)-

Alg.28Gay.72N/GaN HEMTSs atl" = 300 K.
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This result confirms the formation of a two-dimensional
electron gas at the AlGaN/GaN interface. The 2DEG sheet
density at the AIGa _,N heterointerface arises due to the
spontaneous and piezoelectric polarization discontinuities.
For the estimated Al mole fraction = 0.28, the polariza-
tion differenceA P can be expressed as [30]:

ng ~1.02 x 10** em™2, (3)

Current (A)

- T
0,0 02 0.4 06 0.8 1,0 1.2 1.4 1.6

Voltage (v)

AP = Pajcan — Pcan =~ Psp — Ppz
~ _ 2
FIGURE 3. Forward and reverse bias semilogarithmic I-V char- A~ —0.052 +0.026 = —0.026 C/m?", )

acteristics of a (Mo/Au)-AlGaN/GaN HEMTSs at various tempera- Assuming full charge transfer and no compensation, the

tures. estimated 2DEG sheet density is:
_|AP| 0026 5
2.1. Polarization-Induced 2DEG and temperature de- s = T T %1019 16X 107 em ™= (5)
pendence

The behavior of the two-dimensional electron gas

The analysis of the capacitance-voltage (C-V) characteris((jZDEGcz atthe A‘L;[QSGGO”{\U GaN :jnt(airfage exh|b|ts£ a ftrc;\r:g:
tics allows for the experimental determination of the elec- ependence on temperature and aluminum content. ow

tron density nS in the two-dimensional electron gas (ZDEG)temperatures (100-200 K), carrier freeze-out in the barrier

To validate the presence of the 2DEG, capacitance measur yyer or at irap states can lead tq a reduction in carrier mo-
é||ty and overall current conduction. However, due to the

ments were performed between the gate and the source of t RS .
P g polarization-induced nature of the 2DEG, it generally re-

device at a frequency of 1 MHz (Fig. 4). ) : S
The carrier density ns of the 2DEG is calculated using theains populated even atcryogenic temperat_ures, maintaining
following align [30]: a baseline conduct|V|ty.'As the temperature increases bgyond
300 K, phonon scattering becomes the dominant mobility-
CgazandV limiting mechanism, resulting in performance degradation.
D5 = /T (V:0—=Vu), () Additionally, the Al mole fraction plays a critical role in
shaping the 2DEG characteristics. A higher Al content en-
whereCspgq is the 2DEG capacitancé;,, is the threshold  hances the spontaneous and piezoelectric polarization fields,
voltage,q is the elementary charge.¢ x 1071° C), Sisthe  which increases the 2DEG sheet density)(by deepening
gate areay.75 x 10~° cm?), the quantum well at the heterointerface. This interplay be-
From the C-V curve, the measured capacitance is approxween temperature effects and polarization strength is essen-
imately 9.98 pF, and the threshold voltagd/js = —6.11 V. tial to understanding the nonlinearity observed in the current-
Substituting these values into the align yields a 2DEG carrievoltage characteristics at elevated temperatures and higher
density of: current densities.

Rev. Mex. Fis72011601
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3. The description of the SBD model

For the ideal SBD, it is assumed that the forward bias current A = Mqim*kZ, (8)
of the device is due to the thermionic emission current and h?
can be expressed as [34-36]: whereh is Planck’s constant ang* is the effective mass of
the electron in the semiconductor.
Irg = I, [exp (qV_RS[TE)] , (6) The ideality factom, ¢y, Schottky barrier heighin, and
nkT series resistancBg are the characteristic parameters of the

SBDs and should be determined as accurately as possible

wherel is the saturation current, and given by [13, 36]: from experimental (V') characteristics

I, = SA*T? exp <_q¢b") 7 @)

kT 4. Methods for optimal estimation of schottky

. _ _ _ _ diode parameters
wheregq is the electron chargén is the barrier heightRg is

the series resistance the ideality factork is the Boltzmann  In this study, we compared three different methods for param-
constant,S is the effective diode area ardis the tempera- eter estimation of the Schottky diode: the traditional tech-
ture in Kelvin, A* is the effective Richardson constant. nique, Nonlinear Least Squares Fitting (NLSF), and Grey

The effective Richardson constant is a material-Wolf Optimization (GWO). Each method offers distinct ad-
dependent parameter that characterizes electron emissioantages and limitations in extracting key diode parameters
over a potential barrier. It is defined by the following align: such as:, ¢, andRgs.

TaBLE |. Comparison of extracted parameters using different methods.

T (K) Method dbn (V) n Rs ()
Analytical method 0.536 2.57 30.30
100 NLSF-Lambert W 0.541 2.55 29.80
GWO 0.540 2.56 29.90
Analytical method 0.623 2.36 48.78
150 NLSF-Lambert W 0.627 2.34 48.10
GWO 0.625 2.35 48.40
Analytical method 0.801 2.14 55.55
200 NLSF-Lambert W 0.805 2.12 54.90
GWO 0.803 2.13 55.00
Analytical method 0.990 1.39 76.92
250 NLSF-Lambert W 0.995 1.37 76.20
GWO 0.993 1.38 76.50
Analytical method 1.060 1.28 87.00
300 NLSF-Lambert W 1.065 1.26 86.20
GWO 1.063 1.27 86.50
Analytical method 1.150 1.18 105.20
350 NLSF-Lambert W 1.153 1.16 104.80
GWO 1.152 1.17 105.00
Analytical method 1.210 1.144 133.30
400 NLSF-Lambert W 1.215 1.140 132.50
GWO 1.213 1.142 132.80
Analytical method 1.250 1.07 153.80
450 NLSF-Lambert W 1.253 1.06 153.10
GWO 1.252 1.065 153.40

Rev. Mex. Fis72011601
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4.1. Analytical method (The semi-logarithmic(n/ — V)  4.2.2. Optimization Using NLSF

plot method) . .
To determine the optimal values ¢f, n, andRg, the model

The semi-logarithmi¢ln I — V') plot method is a traditional parameters are fitted to experimental |-V data using Nonlin-
technique used to extract key Schottky diode parametergar Least Squares Fitting (NLSF). The objective function is
such as, bn andRg, from I-V characteristics. This method to minimize the Root Mean Square Error (RMSE) between
is based on the thermionic emission model Eq. (1), whichthe experimental and theoretical currents:

describes the diode current behavior mathematically. While

effective, it can introduce approximation errors, especially in 1 & 5
the presence of high series resistance. The ideality factor can CTAT Z [Lexp (V3) = Imoder (V5 0)]7, (16)
be gained by the slope of I versus voltage plot, if this slope 7=1
is inserted in align: where I, (V;) represents the measured current at voltage,
q dv Imogel (V;,0) represents the fitted model current, ahd=
=1 (dln[) . (9)  [éwn,n, Rs] is the set of parameters to be estimated.
The Levenberg-Marquardt algorithm is typically em-
To extract the barrier height, align 2 transforms into: ployed for minimizing, ensuring fast convergence while han-
. 2 dling nonlinearities in the model. The obtained valuegf
- kT In (SAI T ) ) (10) nandRg as a function of temperature are shown in Table I.
q s

The obtained values afy, , 7 and Rs as a function of ~4-3-  Grey wolf optimization (GWO)

temperature are shown in Table I. Grey Wolf Optimization (GWO) is a nature-inspired meta-

heuristic algorithm that mimics the social hierarchy and hunt-
ing behavior of grey wolves. First introduced by Mirjakdt

al., GWO has been widely applied in solving complex opti-
The Lambert W function is a powerful mathematical tool Mization problems, including parameter estimation for elec-
used for solving aligns where the unknown variable ap-ronic devices like Schottky Barrier Diodes (SBDs).

pears both inside and outside an exponent, making it particu- Unlike traditional numerical methods, GWO does not re-
larly useful for modeling the I-V characteristics of Schottky 9uire denvatlvg mformatlon and efficiently handle_s nonlinear
diodes. In this study, we apply Nonlinear Least Squares FitSyStéms, making it a robust approach for extracting key elec-
ting (NLSF) with the Lambert W function to optimize the ex- trical parametersgpn, n, andRs).

traction of electrical parameters, including the barrier height . _
(¢un), ideality factor @), and series resistancg¢). 4.3.1.  Mathematical formulation

4.2. Nonlinear least squares fitting (NLSF) with Lam-
bert W function

The estimation of Schottky diode parameters follows a struc-
tured approach, beginning with the collection of experimental

First, the thermionic current terms are combined together: |-V data. The Grey Wolf Optimizer (GWO) is then applied
to optimize the parametergy,, n, andRgs), ensuring precise

Is exp <qV> — Irpexp (qRSITE> . @ alignment with empirical measurements.
nkT nkT Since Eg. (1) follows a highly nonlinear relationship, it is
transformed into a more computationally efficient form to fa-
cilitate parameter estimation. The modified align is expressed

4.2.1. Mathematical formulation

By defining a new variable:

. qRsITE (12) as:
nkT y(I,V,0) =1 —1Iylexp(q(V — IRg) /nkT) — 1] an
. . . 17
We rewrite the align as: — [, V.0,
qRs qV
wexp(w) = T Igexp T ) (13)  wheref = [¢pn, n, and Rs] represents the unknown param-
n " eters. To obtain optimal values, the Root Mean Square Error
Applying the Lambert W function: (RMSE) is minimized:
qRs qv L
= I — . 14 1
w=Wo [(nkT) S EXP (nkTﬂ (14) e= |73 Iy, V0 (18)
L =

Thus, the current is expressed as:
By employing GWO, the algorithm iteratively adjusgts
Irp = ﬂWO K qRS) I exp (qvﬂ ) (15) to reducge, Igading to an accurate and computationally effi-
qRs nkT nkT cient estimation of Schottky diode parameters.

Rev. Mex. Fis72011601
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TABLE Il. GWO algorithm parameters.

Parameter Value
Population Size 20
Number of Iterations 1000

Search Agents 20

Convergence Factor Decreasing linearly

from2to 0
Lower Bound fr, R, vun] [1, 10, 0.4]
Upper Bound §, Rs, ©bn] [3, 200, 1.2]

Alpha (c) Best solution
Beta (3) Second best solution
Delta ) Third best solution
Omega ¢) Remaining search agents

4.3.2. GWO Algorithm Implementation
The GWO algorithm is structured in three main phases:

A. Encircling the Prey (Exploration Phase).

Wolves adjust their positions dynamically based on th

best solution (Xp):

p-|¢.%, - X

Xnew = Xp - 14" ﬁ, (19)

where X = Position of the wolf (solution),X,= Best solu-
tion found so far (prey)A4,C'= Coefficient vectors controlling
movement, defined as: witfj,7, as random values in [0, 1],

andd a linearly decreases from 2 to 0.

B. Hunting (Exploitation Phase).

€

As iterations progress, wolves reduce exploration and
converge on the optimal solution. This is controlled by
2t
a=2—-= 22
a T (22)
wheret = Current iteration]” = Maximum iterations.
When|A4| < 1, wolves focus on exploitation, ensuring
convergence (solution is found). The GWO Algorithm Pa-
rameters are shown in Table Il and the obtained values of
dyn, n and Rg as a function of temperature are shown in
Table I.

5. Results and discussion

As shown in Fig. 1, the forward bias |-V characteristics are
linear in the intermediate bias regions, but when the applied
bias voltage is sufficiently large it started deviate consider-
ably from linearity this is due th&s effect. The variation of
Rg with temperature exhibits an unusual behavior, increas-
ing as the temperature rises, as illustrated in Fig. 4b). This
behavior generally contradicts the commonly observed nega-
tive temperature coefficient dts. The increase itRg at low
temperatures is attributed to the limited availability of free
charge carriers in the absence of carrier freezing out, which
becomes significant only at low temperatures [37-39]. Ac-
cording to Osvald and Horvath [38], the series resistance rises
sharply at low temperatures due to the scarcity of free charge
carriers. As the temperature increases, the thermal generation
of charge carriers (electrons or holes) in the semiconductor is
enhanced under both positive and negative bias conditions.
Similar temperature dependencel®¥ has been observed in
both experimental [37] and theoretical studies [38].

From Table 1, it can be observed that the NLSF-Lambert
W method estimates the loweRg values, demonstrating its
accuracy in correcting for voltage drop effects. The GWO
method produces slightly higher values but remains close to
the NLSF results, confirming its robustness in optimizing re-

The top three best solutions guide the optimization prosistance parameters. In contrast, analytical method yield the

cess:

- )?a+)?ﬁ+)_('6

an’w = s 20
S (20)

highestRs values, underscoring their limitations in account-
ing for non-idealities in experimental |-V data.

We can also observe from Table | that the barrier height
(®yn ) increases with temperature, which aligns with theoret-

where X,, ,X3,X; are the three best solutions at each iteradcal expectations due to temperature-dependent Schottky bar-

tion. The distances from these leaders are calculated as:

ﬁa:‘51~XQ—X°’
D = ‘C}-}?ﬁ—)?’ (1)

13(;:‘63-)25—)?

rier formation. Among the three methods, NLSF-Lambert W
consistently provides the highest barrier height values, indi-
cating a more precise parameter extraction technique. GWO
yields slightly lower values but remains very close to NLSF,
confirming its efficiency in approximating accurate parame-
ters. Analytical method, however, tend to underestinigte,
which is likely due to the approximations inherent in stepwise
calculations.

These aligns adjust each wolf's movement based on the As illustrated in Fig. 4b) and observed from Table Il, the

leading wolves.

C. Attacking the Prey (Convergence Phase).

ideality factorn values decrease with increasing temperature,
which suggests a reduction in charge carrier recombination
and tunneling effects as the thermal energy increases. NLSF-

Rev. Mex. Fis72011601
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TaBLE Ill. Comparative evaluation of parameter estimation methods.

Criterion Analytical Method NLSF with Lambert W GWO
Accuracy Moderate (higher errors High (best match Moderate-High (close to NLSF
at low temperatures) with experimental data) but slightly less precise)
Computational Low (fast but requires High (requires solving Moderate (requires multiple iterations
Complexity multiple assumptions) nonlinear aligns iteratively) but efficient in global search)
Robustness Low (sensitive to noise High (handles variations well, High (global search capability
and high series resistance) less sensitive to noise) reduces effect of noise and variations)

Lambert W results in the lowest valuesof indicating that
it captures the ideal diode behavior more effectively.

GWO also provides close estimates but tends to be .  1=3x10"a
slightly higher, while analytical method consistently over- ]
estimates n, especially at lower temperatures. This overes=
timation may be attributed to the influence of series resis- 5 ]
tance and the sensitivity of analytical techniques to measure- & 1073
ment noise. From these observations, it is evident that NLSF 3
with the Lambert W function is the most precise method
for extracting diode parameters, as it provides the most re- 10"
fined estimates fo,n, n, and Rg. GWO, while slightly
less accurate than NLSF, remains a highly effective alterna- : — ‘ M — :
tive, particularly useful when no initial parameter estimates 5 4 3 2 2
are available. On the other hand, analytical method tend to Voltage (V)
introduce greater errors, particularly at lower temperaturesg,gre 5. Shows the gate leakage current Ig as a function of the
where their approximations become less reliable. Howevelgate-source voltage Vigs under reverse bias conditions.
at higher temperature8@0 — 450 K), all three methods pro-
duce more convergent results, suggesting that non-ideal ef-

—o— (MolAu)-Aly 5Gag 7N

Y

i
&
T
0

fects are more pronounced at lower temperatures. To fur- —— (Mo/Au)-Al, 50Gag 75N
oy -8

ther compare these methods based on additional performanc Slope = 1,6

metrics, Table Il presents an evaluation based on accuracy ]

computational complexity, and robustness. iy

This comparative analysis highlights that NLSF with
Lambert W function is the most precise method, offering
the best accuracy and robustness but requiring significant -1
computational effort. GWO presents a strong alternative, |
striking a balance between accuracy and computational ef-
ficiency, making it suitable when initial parameter values are
unknown. In contrast, analytical method, while computation- 5 4 3 2 E 0 1 2
ally fast, introduce higher errors and are more sensitive to In(V) (V)
data variations, making them less reliable for precise modrgyre 6. The transformatiofn(Z, ) vs In(V) for the currentl,
eling. Overall, NLSF with Lambert W is recommended for s a function of the gate-source voltdgg under reverse bias con-
high-precision parameter extraction, while GWO serves aslitions.
an effective alternative for cases requiring global optimiza- . . .
tion. Analytical method remain useful for quick estimatesp_onemIal decay of leakage current under increasing reverse
but show significant limitations in handling non-idealities. bias ) ) .

In reverse bias, various models can be employed to fit
the obtained |-V curve, indicating the presence of multiple
5.1. Leakage current analysis at 300 K current transport mechanisms. To identify these mechanisms
and extract the relevant model parameters, logarithmic trans-
Figure 5 illustrates the gate leakage curred}) (ver-  formations were applied to highlight linear regions within the
sus gate-source voltagd’() measured at 300 K for the fitted curve. The first mechanism observed in the reverse bias
(Mo/Au)/Alg.2sGay.7oN/GaN Schottky diode. The I-V curve region corresponds to ohmic conduction, as evidenced by the
is presented on a logarithmic scale, revealing an ex- plotln(Z,) of In(V') shown in Fig. 6. This plot reveals two

Int,) (4)

Rev. Mex. Fis72011601
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9.4

while fast and simple, tends to introduce errors at lower tem-
peratures due to its reliance on approximations.

The results indicate that the barrier height, increases
with temperature, while the ideality factar decreases, re-
flecting reduced recombination and tunneling effects. The
series resistancB, shows an unusual increase with temper-
ature, attributed to carrier freeze-out at lower temperatures.

Overall, NLSF with the Lambert W function is recom-
mended for applications requiring high accuracy, while GWO
e — serves as a viable alternative when initial estimates are un-
108 . : available. The analytical method remains useful for quick es-
V95 (W) timations despite its limitations. Future work could explore

hybrid approaches combining GWOQO's global search capabil-
FIGURE 7. The transformatiorin for the current/, as a function  jties with NLSF’s local refinement to further enhance param-
of the gate-source voltagé,s under reverse bias conditions. eter extraction efficiency and accuracy.
The ogate leakage current behavior of the
Mo/Au)/Al 2sGay 72N Schottky diode was thoroughly in-

= (MO/AU)-Aly 5By 1N
9.6 e

9.8 Bpr=2,5 x 10° eV m'2 v

0,29 eV
-10,0 4

In(1,/V)

-10,2 4

-10,4

-10,6 -

distinct linear regions, each characterized by a different

sIope._'Lher:myalbslﬁpe. IS aggrog;]mately 1HWT'Ch 'Shcons's'vestigated at 300 K. The analysis revealed the presence of
tent with ohmic behavior [30]. The s econd slope, OWevermultiple transport mechanisms under reverse bias. Initially,
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[30]. . _ ) dicating the role of trap-assisted conduction in the dielectric.
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