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ABSTRACT In this paper, the impact of AlGaN barrier thickness (tAlGaN) and substrate leakage on the
noise conductance and noise figure in GaN High Electron Mobility Transistor (HEMT) is investigated.
The investigation and analysis in this paper are targeting the Low Noise Amplifier (LNA) applications.
The noise analysis is carried out using Technology Computer-Aided Design (TCAD) physical simulator.
Initially, the DC, RF, and noise simulations are validated against measurements of a GaN device. AlGaN
barrier thickness (tAlGaN) is varied and its impact on the minimum noise figure (NFmin) is analyzed. It
is observed that the NFmin decreases with tAlGaN reduction at the typical bias conditions of LNA. This
observation on the impact of tAlGaN on the NFmin follows Fukui’s model, which states that the NFmin
decreases with the increase in transconductance. In addition, the impact of the substrate material on
noise performance is analyzed. The substrates used for the investigation are Silicon (Si) and Silicon
Carbide (SiC). At 40 GHz, it is found that the noise conductance and the NFmin of GaN HEMT on SiC
substrate is reduced by 13% and 12%, respectively, in comparison with GaN HEMT on Si substrate. This
could be attributed to the lower gate-to-substrate capacitance of the GaN HEMT on SiC substrate.

INDEX TERMS LNA, AlGaN barrier, substrate leakage, noise figure.

I. INTRODUCTION
For RF, microwave and millimeter-wave (mm-Wave)
receivers, the low noise amplifier (LNA) has become an
essential component. Recently, there has been a huge demand
for mm-Wave LNAs to cope with the fast-growing mm-Wave
wireless communications market that arose from the rising
demand for high data rates. The LNA is usually used to
amplify weak received power without degrading the signal-
to-noise ratio (SNR). The important figure of merit for any
LNA is the noise figure (NF), which represents the ratio of
the SNR at the input to the SNR at the output of the ampli-
fier. The NF of the receiver depends mainly on the NF of its
front-end LNA. The impedance matching and the biasing of
the LNA have to be carefully chosen to ensure the best noise

performance. The properties of the GaN HEMT technology
like its high breakdown voltage and high frequency of opera-
tion, are favorable for the design of both power and low noise
amplifiers. The GaN HEMT based LNAs can be operated
at higher operating voltages compared to all other alter-
native technologies. To realize a GaN based LNA with
good noise performance, it is inevitable to use a reliable
GaN HEMT noise model. Most of the research on noise
modelling of the GaN HEMT is based on equivalent cir-
cuit models [1], [2], [3], [4], [5], [6]. Physical modeling of
GaN HEMT associated with studying the impact of chang-
ing physical parameters on the noise performance of the
LNA has not been given enough consideration. Therefore,
this work aims at investigating the impact of transistor
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physics (material and structure) on the noise characteristics
of the GaN-HEMT based LNA.
Recently, different techniques have been proposed in the

literature for attaining low NF for the GaN HEMT. Graded
channel AlGaN/GaN HEMT is reported in [7] to improve
its NF as compared to the conventional AlGaN/GaN HEMT.
A 50-nm T-gate graded channel HEMT is used to achieve
a NF of 0.5 dB at 30 GHz. The lower NF of the graded
channel HEMT is attributed to the improved gain and the
lower gate capacitance of the device. In [8], the effect of
barrier thickness and Al mole fraction on AlGaN barrier
was studied for enhancement-mode GaN HEMT. The NF
tends to increase with the barrier thickness and the Al mole
fraction. It is due to that the parasitic resistance increases
as AlGaN thickness increases [8]. However, relating NFmin
with AlGaN thickness using parasitic resistance still needs
more investigation. The effect of InGaN channel on the noise
performance of GaN HEMT was reported in [9]. As com-
pared to the GaN channel device, the InGaN channel device
exhibited better noise performance as it owns a higher elec-
tron drift velocity. The effect of passivation on the device
noise performance was investigated in [10]. It was observed
that the passivation improves the noise performance of the
GaN HEMT. The device with TiO2 passivation exhibited
reduced leakage and thus lower NF than the device with
no passivation. In [11], it was shown that lowering access
resistance, gate-source capacitance and gate contact resis-
tance of the GaN HEMT, helped in achieving better noise
performance. It was also observed in [12], that by reduc-
ing the gate-source spacing, the noise performance can be
improved. Increasing the number of gate fingers and reducing
the gate width of each finger was shown useful in reducing
the gate resistance [13] and hence it was shown to improve
the noise performance [12]. For T- and pi-gate GaN HEMT
structures, variation of the NF with the gate bias in the C and
X bands was studied in [14]. The recessed T-gate structure
exhibited better noise performance when compared with the
pi-gate structure. This could be attributed to the lower gate
resistance of the T-gate device.
For LNA applications, the device behavior could be

predicted based on current/voltage, S-parameters, and
N-parameters measurements. Consequently, physics-related
parameters could be extracted from these measurements. In
contrast to the measurement-based technique, TCAD sim-
ulation can be used to extract and study more physical
parameters such as carrier concentration, potential, electric
field and leakage inside the LNA device [15]. Furthermore,
the TCAD simulation assists the device manufacturer to
design and develop transistors with better noise performance.
TCAD is also useful in highlighting the intrinsic effect on
the noise characteristics. Therefore, it could be effectively
used for analyzing noise performance of GaN HEMT. On
the other hand, the ADS SPICE based circuit simulation is
shown very useful in studying the impact of the intrinsic and
the extrinsic parameters on the noise performance of GaN
HEMT. Most of the reported works on the noise performance

FIGURE 1. Device parameters that affect noise in a semiconductor device.

of AlGaN/GaN HEMT are experimental except the work
reported in [8]. Despite the said work used the TCAD simu-
lation, a detailed study of the physical parameters was neither
included nor supported by device measurements. In addi-
tion to that, the AlGaN/GaN HEMT used in [8], is E-Mode
MOSHEMT with N-polar technique and not E-Mode HEMT,
nor a typical D-Mode GaN HEMT. The AlN back barrier is
placed over the channel, which is not consistent with other
several experimental works of placing the back barrier below
the channel [16], [17], [18].
In this paper, the noise performance of GaN HEMT is

investigated using TCAD simulation. The TCAD simulation
is validated and supported by DC, RF and noise measure-
ments of actual devices. TCAD simulation results for noise
and RF performance are validated using measured data for
the first time. Also, the simulation results show a very
agreement with a physics-based analytical model.

II. IMPACT OF DEVICE PARAMETERS ON NOISE
Fig. 1 presents a list of device parameters that affect the
noise level. The impact of device phenomena on noise is
classified as (i) device physics, (ii) small-signal parame-
ters and (iii) device geometry and material. As per the
state of the art [19], [20], [21], [22], [23], [24], [25], [26],
[27], [28], [29], the device physics that affect the noise
in a semiconductor device are carrier diffusion, generation,
recombination, fluctuation in mobility, leakage, presence
of traps and scattering. The device parameters that affect
the noise are transconductance (gm), source-resistance (Rs),
gate-resistance (Rg), gate-capacitance (Cg), drain-to-source
conductance (gds) and cut-off frequency (ft) [3]. The device
geometry and material-related parameters that affect the
noise are gate-width (Wg), gate-length (Lg), passivation
material, mole fraction in AlGaN barrier and Carbon(C)-
doped GaN buffer [19], [22], [30], [31]. Although these
parameters affect the noise, most of them have not been
optimized for noise reduction. In the state of the art of
GaN HEMT, great effort has been exerted to improve break-
down voltage, cut-off frequency and reducing loss rather than
reducing the noise at the device level [16], [32]. The only
device-level optimizations are passivation and C-doped GaN
buffer [22], [30], [31]. The remaining device material and
geometry parameters are left open for further investigation
to reduce noise at the device level. Furthermore, the rela-
tion between the noise and the physics behind the changes
that occur in some of the device parameters is not yet well
established in the open literature. For instance, in [3], it was
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found that the noise figure increases as the gate width or
the number of gate fingers are increased without providing
clear physical justification for this observation. In order to
debate this observation [3], Fukui’s theory is briefed. The
Fukui model for minimum noise figure is expressed as

NFmin = 1 + 2πKfCgs

√
(Rg + Rs)/gm × 10−3 (1)

where, K, f , and Cgs are fitting parameter, frequency, gate-
source capacitance, respectively. In [33], a more accurate
model for the NFmin is defined as

NFmin = 1 + βCgs
√
Si2d

/g2
m (2)

where, β is the fitting parameter. Si2d
is the power spectral

density of the channel noise and is expressed as

Si2d
= 4kT

IDL

∫ Vd

Vs
g(V) dV (3)

where, ID and L are the drain current and channel length,
respectively.k and T are Boltzmann constant and tempera-
ture, respectively. Vs, Vd and g(V) are potential on source
side, potential on drain side and channel conductivity, respec-
tively. From (1) to (3), it could be noted that the NFmin is
a function of intrinsic and extrinsic parameters. Impact of
these parameters on the device noise is discussed as fol-
lows. In general, the increase in gate width results in an
increased Cgs, Rg and gm. Also, increasing the gate-width
causes a reduction in Rs. Eq. 1 shows that the NFmin is
directly proportional to Cgs, Rg, Rs; while it is inversely
proportional to gm. In [3], the NFmin was shown to increase
as the gate width increases. It is further identified using Eq.
(1) and NFmin in [3] that the increase in the gate width sig-
nificantly increases (or influences) the NFmin through Cgs
and Rg rather than gm and Rs. The reason behind this iden-
tification has not been proved yet and need to be proved in
future. This is a research gap in the design of LNA system.
Furthermore, the noise is inversely proportional to gm and
Lg. On the other hand, gm is inversely proportional to Lg.
Therefore, the gm contradicts with Lg on the proportionality
with NFmin. Due to these contradictions, more details and
intensive investigation are required to efficiently identify the
noise sources in GaN HEMT.

III. DEVICE SCHEMATIC AND SIMULATION APPROACH
The schematic diagram of the investigated AlGaN/GaN
HEMT is shown in Fig. 2. This device is constructed using
TCAD physical simulator. The device consists of 22-nm
AlGaN barrier layer and 3 µm GaN epi-layer. In order to pro-
tect the ambient contaminant, Silicon Nitride (SiN) is used as
a passivation layer and Silicon Carbide is used as a substrate.
The device has a unit-gate-width of 50 µm and 8 fingers
(8×50 µm). The gate-length (LG), gate-source spacing (LGS)
and gate-drain spacing (LGD) are 0.25 µm, 1 µm and 2.7 µm,
respectively [34]. In order to improve the reliability of simu-
lation, various physics-based models were used to accurately
characterize the device physics. Shockley-Read-Hall (SRH)

FIGURE 2. Schematic diagram of the GaN HEMT on SiC substrate with
source field plate.

recombination model is used to facilitate the carrier gener-
ation and recombination in the device. A field dependent
mobility model is used to limit the carrier transport beyond
knee voltage. The drift-diffusion, continuity and poison’s
equation are default models in TCAD simulator. These mod-
els are used to govern the carrier transport and dynamics in
performed simulations. The GaN region is partitioned into
two regions such as GaN channel and GaN buffer. In GaN
channel and AlGaN barrier, intrinsic doping (1×1015 cm−3)
is used. In GaN buffer, acceptors are used with a concen-
tration of 5×1016 cm−3 to mimic the buffer traps [29]. The
energy level of the buffer traps is 0.5eV below the channel.
Newton’s method [35] is used to solve the physics based
models over numerous rectangular cells of GaN-HEMT.
In the case of the DC simulation, the terminal voltages

are swept and the terminal currents are observed. In the case
of the RF and noise simulation, the device is considered
as a two-port network. The RF signal is given as input
with varying frequencies. The input and the output ports
are terminated with a 50 � resistor. Initially, DC solutions
(setting the gate and the drain bias) are solved, then the bias-
based physics are saved in the physical model; while the RF
solutions are solved. During the AC analysis, majority and
minority carriers (electrons and holes) are enabled in the
numerical method. During the RF analysis, the frequency is
swept at a fixed gate and drain bias. The simulator outputs the
capacitance and admittance matrices. Using these matrices,
the S-parameters are extracted as input reflection coefficient
(S11), output reflection coefficient (S22), reverse gain (S12)
and forward gain (S21).

IV. RESULT AND DISCUSSION
The measured and simulated transfer characteristic of GaN
HEMT on SiC substrate is shown in Fig. 3. The specifica-
tion of the measured device [34] that were implemented in
the TCAD simulation is given in Table 1. As shown from
the results in Fig. 3, the device pinch-off at gate voltage of
−3 V. As shown, the simulation result fits very well with the
measured data. Furthermore, the simulated transconductance
fits well with measured data as shown in Fig. 4. The simu-
lated output characteristics shown in Fig. 5, also show a very
good fitting of simulated results with the measured data. This
ensures the validity of the DC simulation in TCAD.
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FIGURE 3. Simulated and measured transfer characteristics of 8×50-µm
GaN-on-SiC HEMT at VDS =10V.

TABLE 1. Specification of the measured device.

FIGURE 4. Simulated and measured transconductance at VDS = 10V.

FIGURE 5. Simulated and measured output characteristics of 8×50-µm
GaN-on-SiC HEMT.

Apart from validating the DC simulation results, the sim-
ulated S-parameters and noise parameters have been also
validated. Fig. 6 shows the input reflection coefficient (S11)
and output reflection coefficient (S22) of the GaN HEMT.

FIGURE 6. Measured and simulated S11 and S22 of 8×50-µm GaN-on-SiC
HEMT.

FIGURE 7. Simulated and measured NFmin of 8×50-µm GaN-on-SiC HEMT
at VDS = 10V and VGS = −2.7V.

The simulated S11 and S22 show very good agreement
with the measurements. This establishes the accuracy of the
physical model used in this study. Also, the validation of
S-parameter simulation in rectangular plot is preferred as it
captures the resonance behaviour of the device. This reso-
nance behaviour of S-parameter in smith chart is not visible.
Fig. 7 shows simulated and measured NFmin at VDS = 10V
and VGS = −2.7V. Both simulated and measured noise fig-
ures have a very good agreement and linearly increase with
frequency.
Fukui [36] demonstrated that the minimum noise figure

is inversely proportional to transconductance. In order to
verify this, the transconductance of the device is analyzed.
The transconductance for various AlGaN barrier thicknesses
(tAlGaN) at a drain voltage of 10 V is shown in Fig. 8.
It is observed that the peak value of the tranconductance
increases when tAlGaN is decreased. This is attributed to the
proximity of the gate to the channel for lower AlGaN barrier
thickness.
The threshold voltage also decreases when tAlGaN is

decreased. This is attributed to the reduction of conduction
band offset (�EC) or quantum well depth [37] as tAlGaN
decreases. The transconductance, as shown in Fig. 8, is
divided into region I and region II. This region split is
done to show the dependency of the transconductance on
the gate voltage. In region I, at particular gate bias, the
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FIGURE 8. Transconductance for various AlGaN thickness at VDS = 10V.

FIGURE 9. Noise conductance at VDS = 10 v and VGS = −2.7V.

transconductance is higher for higher AlGaN thickness. In
region II, the transconductance is higher for lower AlGaN
thickness. Therefore, the gate bias point of lower AlGaN
thickness (18 nm) in GaN based LNA has to be in region
II. The observed transconductance phenomena are related to
the minimum noise figure, as will be explained later.
In general, the noise in a semiconductor device is the

fluctuation of conductance, and it is one of the important
parameter in noise analysis [38]. Thus, the noise conduc-
tance is analysed with great detail in this study. The noise
conductance is shown to be directly proportional to the
microscopic current source or noise current [38]. This noise
conductance behaviour is depicted in Fig. 9. At a gate bias of
−2.7 V, the noise conductance increases decently as tAlGaN
decreases. A significant increase in noise conductance is
observed for tAlGaN = 18 nm compared to 20 nm and
22 nm. According to Pucel model [38], NFmin is directly
proportional to noise conductance. Therefore, the variation
of the NFmin with AlGaN thickness presented in Fig. 10 is
consistent with the noise conductance shown in Fig. 9 and
agrees well with the Pucel model. The minimum noise fig-
ure (NFmin) versus frequency for various tAlGaN, shown in
Fig. 10, is obtained at a drain bias of 10V and gate bias of
−2.7. It is observed that the minimum noise figure increases
as tAlGaN decreases. This is consistent with the transconduc-
tance behaviour versus tAlGaN shown in Fig. 8. It is noticeable
that the observed increase in minimum noise becomes quite

FIGURE 10. NFmin for different AlGaN thickness at VDS = 10V and
VGS = −2.7V.

FIGURE 11. NFmin for different AlGaN thicknesses at VDS = 10V and
VGS = −1V.

significant for tAlGaN = 18 nm as compared to 20 nm and
22 nm.
As a result, it is suggested that high gate negative bias

(closer to pinch-off voltage) is not recommended for low
AlGaN thicknesses. Consequently, the minimum noise fig-
ure is then simulated at a gate voltage of -1V at various
tAlGaN and different frequencies. The simulation results are
illustrated in Fig. 11. At first glance, one can observe that the
minimum noise figure is less sensitive to the change in tAlGaN
(the effect of tAlGaN change on NFmin values are minor as
compared to the results shown in Fig. 10). This stems from
the fact that the tranconductance is higher for lower tAlGaN
at VGS = −1V as revealed by the results shown in Fig. 8. It
is also noteworthy to note that, unlike the behaviour shown
in Fig. 10, a smaller tAlGaN yields less NFmin for results
obtained with VGS = −1V depicted in Fig. 11. In [8], it
is stated that the increase of AlGaN barrier increases the
NFmin. This is not true for all bias conditions (See Figs. 10
and 11). Therefore, we state that the impact of AlGaN barrier
thickness on the NFmin depends on the gate bias voltage. The
LNA is typically operated in class A, which can be imple-
mented at a range of gate bias voltages. This also depends
on the peak-to-peak voltage of LNA RF input signal. The
use of lower gate bias for LNA improves its performance.
Therefore, the bias condition has to be optimized according
to the implemented AlGaN barrier thickness.
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FIGURE 12. Minimum noise figure over the frequency for various
Aluminium mole fraction (or Al Mole fraction) in AlGaN epitaxial barrier.

FIGURE 13. NFmin for Si and SiC substrate.

Apart from the AlGaN barrier thickness, the
Aluminum (Al) mole fraction in AlGaN barrier is
varied and NFmin is observed. In [8], [19], the Al mole
fraction was varied and its impact on the NFmin is observed.
In [19] the experimental work showed that the NFmin is
almost constant for the variation of Al mole fraction. In
Fig. 12, we also observed that the NFmin is almost constant
at different values of the Al mole fraction and consistent
with the experimental data in [19]. This is an additional
validation to TCAD simulation in this work. In [8], Al
mole fraction is varied in AlGaN layer below the channel
(not the AlGaN barrier) and it is TCAD simulation not
validated with experimental data. This is also shown that
NFmin increases with the increase of Al mole fraction of
AlGaN layer below the channel. Therefore, the impact of Al
mole fraction on NFmin in [8] needs further investigation
to prove it.
Next the impact of the substrate material on NFmin

is investigated. The investigated substrate materials are
Silicon (Si) and Silicon Carbide (SiC). These substrates
are chosen as they are competitive in terms of cost and
performance and are commonly used. Fig. 13 shows the
simulated NFmin for GaN-on-Si and GaN-on-SiC at gate
bias of −2.7V. Initially, the TCAD simulation of GaN-on-
SiC is validated with measurement and NFmin is observed.
Then, the SiC is replaced by Si and its NFmin is bench-
marked with SiC substrate. It is observed that GaN-on-Si

FIGURE 14. Noise conductance for Si and SiC substrate.

FIGURE 15. Gate to substrate capacitance for Si and SiC substrate.

yielded higher NFmin than that of GaN-on-SiC. This could
be related to the higher leakage through the Si substrate as
compared to SiC substrate [39].
The noise conductance (gn) in GaN HEMT for Si and

SiC substrates are shown in Fig. 14. Noise conductance is
an indicator for the noise/leakage current in a semiconductor
device. The noise conductance is expressed as [40]:

gn = < i2d >

4kT
(4)

where, i2d is the drain noise current. In Fig. 14, the
noise conductance for both devices is almost the same for
frequencies below 10 GHz. However, for frequencies above
10 GHz, the noise conductance of Si substrate is higher
than that of SiC. This is attributed to the lower resistivity
(ρ = 6.4 × 102�m) of Si substrate, which then induces
higher leakage [41]. The phenomena of noise conductance
(gn) shown in Fig. 14 is consistent with Eq. (4) that gn is
proportional with drain noise current (or inversely propor-
tional with resistivity). The higher noise conductance for Si
substrate enhances the noise in GaN-on-Si device as revealed
by Fig. 13.
One more important parameter, which is analyzed in this

work, is the gate to substrate (Cg−sub) capacitance. The con-
trol of this parameter may improve the higher leakage in GaN
HEMT for Si substrate. The gate-substrate capacitance for Si
and SiC substrates are characterized by the stored charges
around the buffer-substrate interface as shown in Fig. 15.
It is evident that the Cg−sub for Si substrate is higher than
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FIGURE 16. Electron concentration of GaN-on-SiC and GaN-on-Si calculated using TCAD. The gate length, unit-gate-width and number of gate fingers
used in the TCAD simulation are 0.25 µm, 50 µm and 8, respectively.

FIGURE 17. (a) NFmin, (b) drain noise current, (c) gate-source capacitance
and (d) transconductance versus drain current at VDS = 9V and a frequency
of 9 GHz. The model and experimental data are reported in [33].

that one for the SiC and this is caused by the higher stored
charges for the Si substrate.
From Fig. 16, it is clear that the charge carrier in the

substrate region for the Si-based device is higher compared
to the GaN-on-SiC. This carrier is the basis for higher leak-
age in GaN on Si substrate. Even though the gate-substrate
capacitance is used to demonstrate the presence of charges
in Si substrate, the simulated carrier concentration is also
calculated for better understanding of substrate related leak-
age phenomena. Fig. 16 shows the electron concentration
for GaN-on-Si versus GaN-on-SiC. To provide better clar-
ity, the region around GaN/substrate interface is shown in
Fig. 16. It is interesting to note that the electron concen-
tration at GaN/Si interface is higher than that of GaN/SiC
interface. Overall, the electron concentration in the substrate
region for GaN-on-Si is higher than that of GaN-on-SiC. The
higher electrons concentration induces more leakage in the
GaN-on-Si device.
For further validation of our TCAD simulation, we have

simulated the experimental device reported in [33] and com-
pared the simulated results to measurements. The gate width
and gate length of the experimental device are 200 µm and
0.25 µm, respectively. In Fig. 17, NFmin, drain current noise
(Sid2), gate-source capacitance (Cgs) and transconductance
over drain current are all depicted. VDS and frequency are

FIGURE 18. Small-signal equivalent circuit noise model for GaN HEMT.

kept at 9 V and 9 GHz, respectively. The model data is
obtained using Eq. (2) [33]. This model shows that the
minimum noise figure (NFmin) is directly proportional to
the gate-to-source capacitance (Cgs) and drain current noise,
while it is inversely proportional to transconductance. As
can be seen from Fig. 17, Cgs and Sid2 are proportional to
NFmin in the higher drain current region, hence, Cgs and
Sid2 will have an impact only on the NFmin at higher drain
current. On the other hand, the NFmin is inversely propor-
tional to gm in the entire drain current region. Furthermore,
the impact of gm on the NFmin is also higher in the lower
drain current region compared to the higher drain current
region. The influence of transconductance on the NFmin
is also verified using the small signal noise model shown
in Fig. 18 and then compared to TCAD simulation. Small
signal models are commonly used in analysing microwave
amplifier designs.
The small signal model shown in Fig. 18 is used for the

proposed design analysis as it represents the equivalent cir-
cuit of our experimental device. The flow of the process used
in TCAD and the circuit simulation using ADS (Advanced
Design System) CAD software is shown in Fig. 19.
The measured S-parameters and N-parameters are used

to extract the design parameters of the model as listed in
Table 2. The small-signal modelling and extraction proce-
dures are reported elsewhere [3]. Ta and Tgd are assigned
297K value (ambient temperate). Tg and Td are optimized for
best fitting with the measured N-parameters [3] as illustrated
in Fig. 20. The developed model is implemented in ADS sim-
ulator. Using ADS, the transconductance Gm is swept and
its influence on NFmin is observed. The simulated NFmin
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TABLE 2. Parameters of small-signal model at VGS = −2.72 V and
VDS = 10 V.

FIGURE 19. Flow of TCAD and small-signal circuit simulation.

FIGURE 20. Measured (dotted) and simulated (solid) noise parameters of
8×50-µm GaN HEMT at VGS = −2.7 V and VDS = 10 V.

using ADS and TCAD are depicted in Fig. 20. In terms
of trend, the NFmin obtained from the physical model in
the TCAD and the small signal model are consistent. Both
of them decrease with the increase in Gm values. In terms
of numerical values, the NFmin of the physical device in
TCAD simulation shows discrepancy as compared to the
NFmin obtained from the small-signal model in ADS simu-
lation. This discrepancy is attributed to the fact that the small
signal model does not include the gate leakage noise [42]
and the carrier generation/diffusion noise [29]; while TCAD
physical device simulation consider all these noise sources.
In this paper, investigation of the NFmin using TCAD phys-
ical device simulation as well as ADS circuit simulation is

FIGURE 21. Simulated minimum noise figure versus transconductance
using small-signal model in Advanced Design System (ADS) circuit
simulator, physical device in TCAD simulator. The model data extracted
using Eq. (1) for Cgs = 40 fF and Cgs = 170 fF [33].

TABLE 3. List of GaN based noise investigation.

used to establish the validity of the fact that the impact of
gm and substrate leakage on NFmin is significant.

To support our simulated results, Eq. (2) [33] is used with
Cgs = 40 fF and 160 fF to calculate the model data shown
in Fig. 21. It is interesting to note that the model with
lower Cgs (40 fF) shows a good agreement with the physical
device simulation in TCAD. On the other hand, the model
with higher Cgs (160 fF) shows good agreement with the
simulated results obtained using the small-signal model in
ADS. This is because of counting inter-electrode and pad
capacitances by the small signal model; while the TCAD
model underestimates this capacitance. Therefore, based on
the capacitance value, one can use the Eq. (2) to verify
the TCAD simulation as well as the small signal model.
Furthermore, the demonstration of noise performance assists
the device and circuit designers for better noise performance
of the LNA.
Compared to the GaAs technology and

MESFET [38], [43], [44], [45], the noise based research in
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GaN technology is lower. Our work is compared with state
of the art of noise based research in GaN technology [1],
[33], [47], [48], [49], [50], [51], [53], [54], which is given
in Table 3. Based on the comparison, it is found that
there is less work carried out in noise simulation of GaN
HEMT using TCAD tool. This provides a cost-effective
and fast approach to verify an idea in semiconductor
devices. Also, the reliability of the TCAD model could be
improved by calibration with experimental S-parameters
and N-parameters measurements. This approach provides an
efficient tool to predict the performance of the LNA in terms
of device physics. Thus, in addition to the circuit design,
the LNA performance could be improved at the device level
by optimizing its physical parameters (geometry, material,
and processing parameters).

V. CONCLUSION
In this paper, the impact of AlGaN barrier thickness and
substrate material on the noise performance in GaN HEMT
is investigated. The TCAD simulation is used to analyse
the noise performance. It is observed that decreasing tAlGaN
increases the minimum noise figure at a higher negative gate
bias. On the other hand, decreasing tAlGaN will decrease the
minimum noise figure at lower negative bias. Therefore, it
is recommended to reduce the gate bias if tAlGaN is reduced.
Furthermore, the impact of the substrate material on the
noise performance is analysed. It is found that the min-
imum noise figure for GaN-on-Si is higher than that of
the GaN-on-SiC. This is due to the higher gate-to-substrate
capacitance for GaN-on-Si. Further, simulation of physical
device in TCAD and small signal model in ADS is per-
formed and compared to show the impact of Cgs and gm on
noise. The presented procedure is very effective for optimiz-
ing the GaN HEMT physical parameters (structure, material
and fabrication process) for improved noise characteristics.
This in addition to the circuit topology could provide an
efficient tool for optimal design of the LNA.
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