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ABSTRACT In this work, we report the development of a new physics-based analytical model for current
and charge characteristics of Double Channel (DC) Gallium Nitride High Electron Mobility Transistors
(GaN-HEMTs). The model has at its core the self-consistent calculation of the charge densities, for both
upper and lower channels, obtained from a solution of the Schrödinger and Poisson equations. Fermi-
Dirac (FD) distribution together with 2D density of states is used for mobile carrier statistics in both
the channels. Furthermore, drift-diffusion transport is used to compute the channel current using charge
densities at channel extremities. Finally, the model is validated against TCAD simulation and experimental
data for a DC-GaN-HEMT. The model, by virtue of its fully physics-based nature, precisely captures the
charge screening effect in the lower channel without invoking any empirical clamping functions, unlike
prior models, and also possesses the feature of being geometrically scalable.

INDEX TERMS GaN HEMTs, Schrödinger–Poisson, charges, compact model, double-channel, drift-
diffusion, capacitance.

I. INTRODUCTION
Gallium Nitride High Electron Mobility Transistors (GaN
HEMTs) have emerged as strong contenders for power elec-
tronics and radio frequency (RF) applications [1], however,
as a manifestation of a strong spontaneous and piezoelectric
polarization, GaN HEMTs are essentially depletion-mode
type in nature. To this end, GaN experimentalists have
proposed several approaches such as a recessed-gate [2],
p-cap gate [3], AlTiO gate [4], fluorine plasma ion implan-
tation [5], etc. so as to obtain normally-off operation in GaN
devices.
Within these approaches, the metal oxide semiconductor

HEMTs (MOS-HEMTs) with partially or fully recessed gates
are favored due to compatibility of contemporary gate driver
integrated circuits (ICs) with the conventional MOS-gates
in comparison to the junction-based structures such as the
p-GaN gate or Schottky-gate variants [6], [7]. The partially
recessed gate maintains the high-mobility of electrons at the
heterojunction underneath the gate, thereby maintaining a

low RON. However, the threshold voltage (Vth) being sensi-
tive to the recess depth, becomes susceptible to variability
and therefore poses serious challenges in precisely con-
trolling the RON. Conversely, fully recessed gate structures
provide precise Vth control, nevertheless the carrier mobil-
ity is degraded as a result of the etching-induced damages
and an inferior oxide/GaN interface, together leading to a
significant increase in RON [8].

To circumvent the above cited challenges, double-channel
(DC) MOS-HEMTs have been demonstrated as a possi-
ble work-around. Although DC-GaN-HEMTs were originally
conceived for broadband voltage tunable terahertz detector
and modulator applications due to plasmonic resonant absorp-
tion [9]; their enhancement-mode operation due to a fully
recessed-gate at the upper channel complementedwith a higher
mobility due to channel-to-channel coupling [10], [11] has
sought the attention of power device enthusiasts. Moreover,
the lower channel maintains a high mobility due to its physical
separation from the etched surface.
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In order to fully comprehend the experimental character-
istics of these devices and to harness their full potential
in power-electronic circuit design, thorough understand-
ing of their operation along with a guiding principle for
optimal device design is of paramount importance, which
necessitates the need to have a fully physics-based ana-
lytical compact model for DC-GaN-HEMTs. While several
models have been reported for single-channel GaN-HEMTs
which includes the state-of-the-art industry standard ASM-
GaN-HEMT [12]–[17] and MVSG-GaN [18]–[20] models,
only a handful of attempts have been made to model DC-
GaN-HEMTs [21]–[23]. Wei et al. proposed an analytical
model for DC-GaN-HEMTs that only takes care of the
electrostatics and as such is only validated against charge
densities for both channels at multiple bias conditions [21].
Rahman et al. [22], [23], presented a rigorous investiga-
tion using the self-consistent Schrödinger–Poisson equations
that also considers transport and therefore models current
for multiple device dimensions. Nevertheless, the model is
based on a polynomial approximation between the quasi-
Fermi level (Ef ) and the electron sheet charge density (ns)
and therefore is full of quadratic equations and a long list of
fitting parameters which makes the parameter extraction rel-
atively tedious and often ambiguous due to the non-physical
nature of the parameters. Additionally, to simplify the deriva-
tion the model only employs drift for transport instead of the
conventional drift-diffusion formalism. Moreover, the model
in [23] uses an empirical Gaussian distribution function for
the lower channel charge density to replicate the charge
screening effect at the onset of the upper channel.
In this article, we aim to present a fully physics-based

analytical model for DC-GaN-HEMTs that overcomes these
limitations of the prior models. The remainder of the paper
is arranged as follows. In Section II, we introduce the model
development for electrostatics and follow it up by the deriva-
tion of the drift-diffusion drain current in Section III. In
Section IV, we validate the model against TCAD and exper-
imental data with additional discussion on results. Finally,
we conclude the article in Section V.

II. ELECTROSTATICS
A. DEVICE STRUCTURE CONSIDERED FOR MODEL
DEVELOPMENT
A representative schematic of a typical DC-GaN-HEMT used
in this work for model development is shown in Fig. 1. The
structure uses a sapphire (Al2O3) substrate upon which two
sequential undoped GaN layers are grown that are separated
by a thin AlN insertion layer in between them. The structure
also employs a recessed gate technique while using Al2O3
as the gate oxide. Al2O3, stacked upon a SiN layer, is also
used for passivation in the access regions between the source
and drain contacts that are placed over thin AlGaN barrier
layers on either side of the channel. The values assigned
to the parameters listed in Table 1 that are used in the
model development are obtained from the experimental and
simulation works mentioned in the literature [10], [11], [21],

FIGURE 1. Cross-sectional schematic representation of the DC-GaN-HEMT
used for model derivation in this article. The structure uses a recessed gate
technique with Al2O3 as a gate oxide. Undoped GaN layers are placed on
top of the sapphire substrate and separated by a thin AlN insertion layer.

TABLE 1. Description of symbols used in Fig. 1 and Fig. 2.

and [26]. Spontaneous and piezoelectric polarization charges
in different layers are calculated according to [24]. Due to
material defects, fixed charges due to the dangling bonds at
the GaN/oxide interface, mobile charges under stress con-
ditions, oxide-trapped charges created by X-ray radiation or
hot-electron injection and other charges at the GaN/oxide
interface or inside the oxide layer are represented by the net
interface charge density, nit [25].

B. BAND-DIAGRAM AND POTENTIAL BALANCE
The corresponding band-diagram and charge distribution,
sketched along the negative y direction at any point x in
the channel, is shown in Fig. 2 while the symbols used in
the illustration are defined in Table 1. The sketch indicates
the formation of 2DEG in both upper and lower triangular
quantum wells induced due to polarization charges at the
GaN/AlN/GaN interfaces. We start the model derivation by
invoking charge neutrality in the entire structure, as we move
along the gate to substrate direction, giving us

Qg = −(qnit − qnu − σGaN − qnl − qnbuf) (1)
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FIGURE 2. (a) Band-diagram sketched along negative y direction at any x
underneath the gate electrode. The symbols used in the diagram are
defined in Table 1. (b) Illustration of corresponding charge distribution
when both the channels are turned on. The 2DEG in each channel (nu and
nl ) is modeled as a sheet charge, and the electric field is assumed to be
zero deep inside the substrate.

where Qg denotes the charge density at the gate electrode.
We next solve the one-dimensional Poisson’s equation for
Fig. 2b to obtain the potential drops/gains across each layer,
that are expressed as

Vox = Qg
Cox

(2)

VuGaN = Qg + qnit − σGaN − qnu
CGaN

(3)

VAlN = −Qg + qnit − qnu − σAlN

CAlN
(4)

where Vox (Cox), VuGaN (CGaN) and VAlN (CAlN) are the volt-
ages (areal capacitances) across the Al2O3, upper GaN and
AlN layers respectively. We also use the one-dimensional
Poisson’s equation to calculate the electric fields at upper
(Al2O3/GaN) and lower (AlN/GaN) interfaces, needed sub-
sequently for sub-band calculations. The electric field values
EuGaN and E lGaN , obtained respectively for upper and lower
channels, are

EuGaN = Qg + qnit − σGaN − qnu
εGaN

= qnl + qnbuf
εGaN

(5)

E lGaN = Qg + qnit − qnu − σGaN

εGaN
= qnl + qnbuf

εGaN
(6)

Henceforth, the symbol definitions of physical quantities
used in the model derivation in the remainder of the article
are described in Table 2. From an examination of the band-
diagram in Fig. 2, doing the potential-balance from the gate
electrode to the upper channel allows us to write

φm,ox − Vg−ch + Vox − χGaN,ox + Euf
q

= 0 (7)

Substituting Vox from (2), we can rewrite (7) as

Euf = qVugov + q(qnit − qnu − σGaN − qnl − qnbuf)

Cox
(8)

where Vugov is defined as

Vugov = Vg−ch − φm,ox + χGaN,ox (9)

We can redo the potential-balance from the gate electrode
to the lower channel while using the voltage expressions
from (2)-(4), to yield

Elf = qVlgov + q(qnit − qnu − σGaN − qnl − qnbuf)

Cox

+ q(qnit − σGaN − qnl − qnbuf)

(
1

CGaN
+ 1

CAlN

)

(10)

where Vlgov is defined as

Vlgov = Vg−ch − φm,ox + χGaN,ox + σAlN

CAlN

+ σGaN

CGaN
− qnit

(
1

CGaN
+ 1

CAlN

)
. (11)

C. SCHRÖDINGER EQUATION AND FERMI-DIRAC
STATISTICS
Fig. 2a indicates a triangular quantum well in each of the
GaN layers at Al2O3/GaN and AlN/GaN interfaces. While
the former is primarily due to the geometrical confinement
of the electron sheet charge within a thin upper GaN layer,
the latter results due to the electrical confinement caused
by a strong polarization vector in AlN. Assuming quasi-
constant electric fields E within these wells, the jth sub-band
energy Ej with respect to the conduction band edge can be
obtained as the solution of the Schrödinger equation, and is
approximated as [27]

Ej = q

(
�

2

2m∗

) 1
3
(

3

2
πqE

) 2
3
(
j+ 3

4

) 2
3

(12)

where m∗ is the electron effective mass in GaN and � denotes
the reduced Planck’s constant. Considering only the first sub-
band, the corresponding sub-bands for both the quantum
wells are calculated as

Eu(l)c1 = α
(
Eu(l)GaN

) 2
3

(13)

where α is an experimentally determined parameter, which is
equal to 2.1920×10−25 Kg

1
3m

4
3 A

2
3 for GaN with an electron
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TABLE 2. Symbol description used in the model.

effective mass of 0.22m0 [28]. Charge density expressions
in each layer can now be obtained using the Fermi-Dirac
statistics and 2-D density of states (DOS) under a parabolic
dispersion relationship, as

nu(l) = DnkT ln

[
1 + exp

(
Eu(l)f − Eu(l)c1

kT

)]
(14)

where Dn = m∗/π�2 is the 2-D DOS. Plugging
in (5), (6), (8), (10) and (13) in the above equation,
we arrive at (15) and (16), shown at the bottom of the
page. Together they constitute a system of two non-linear
equations with two unknowns nu and nl that are calculated
self-consistently.

D. CHANNEL THRESHOLD VOLTAGES
The determination of the channel turn-on voltages in DC-
MOS-HEMTs was previously carried out by Wei et al. [21].
Here, we follow the same approach and derive the expres-
sions for threshold voltages for upper (Vu

T) and lower channel
(V l

T) as

Vu
T = φm,ox − χGaN,ox − qnit − σGaN − qnl0 − qnbuf

Cox
(18)

V l
T = φm,ox − χGaN,ox − σGaN

CGaN
− σAlN

CAlN
+

(
qnit
CGaN

+ qnit
CAlN

)

− (qnit − σGaN − qnbuf)

(
1

Cox
+ 1

CGaN
+ 1

CAlN

)

(19)

where nl0 stands for the lower channel charge density when
Vgs is set to Vu

T, and is given by (17), shown at the bottom
of the page. Since the lower channel is turned on before the
upper channel [23], therefore, V l

T determines the effective
threshold voltage of the overall device.

III. DRAIN-CURRENT MODEL
We now proceed to the computation of the drain current by
invoking the drift-diffusion formalism for carrier transport
under a gradual channel approximation [29]. The overall
current density (J = I/W) at any point x along the channel,
which is obtained as a sum of the individual current densities
for each channel, after using the chain-rule can be written as

J = Ju + Jl = −μnunu
dEf
dnu

dnu
dx

− μnlnl
dEf
dnl

dnl
dx

(20)

where μn(u/l) denotes the carrier mobility for upper/lower
channel, assumed to be different the channels. While main-
taining current continuity along the channel, integrating the
above equation with limits x : 0 → L, nu : nu,s → nu,d and
nl : nl,s → nl,d, we arrive at

I
L

W
= −μnu

∫ nu,d

nu,s

(
nu
dEf
dnu

)
dnu − μnl

∫ nl,d

nl,s

(
nl
dEf
dnl

)
dnl.

(21)

A. CALCULATION OF DERIVATIVES
As can be observed from (21), calculation of the overall
drain current requires the derivatives of Ef with respect to

nu = DnkT ln

[
1 + exp

(
qVugov
kT

+ q(qnit − qnu − σGaN − qnl − qnbuf)

CoxkT
− α

kT

(
qnl + qnbuf

εGaN

) 2
3
)]

(15)

nl = DnkT ln

[
1 + exp

(
qVlgov
kT

+ q(qnit − qnu − σGaN − qnl − qnbuf)

CoxkT

+ q(qnit − σGaN − qnl − qnbuf)

kT

(
1

CGaN
+ 1

CAlN

)
− α

kT

(
qnl + qnbuf

εGaN

) 2
3
)]

(16)

nl0 = DnkT ln

[
1 + exp

(
Vtu − φm,ox + χGaN,ox + σAlN/CAlN + σGaN/CGaN − qnit(1/CGaN + 1/CAlN)

kT/q

+ q(qnit − σGaN − qnl0 − qnbuf)

kT

(
1

Cox
+ 1

CGaN
+ 1

CAlN

)
− α

kT

(
qnl0 + qnbuf

εGaN

) 2
3
)]

(17)
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nu and nl, which is accomplished by equating the expres-
sions for Euf from (8) and (14) followed by substituting Euc1
from (5) and (13), to get

qVugov = kT ln

(
exp

(
nu
nq

)
− 1

)
+ α

(
qnl + qnbuf

εGaN

) 2
3

− q(qnit − qnu − σGaN − qnl − qnbuf)

Cox
(22)

where nq = DnkT . Using qVugov = qVugo + Ef in the above
equation, where Vugo = Vg − φm,ox + χGaN,ox, we can now
differentiate it with respect to nu, giving us

dEf
dnu

= q2

Cox

(
1 + dnl

dnu

)
+ kT

nq

enu/nq

enu/nq − 1

+ 2qα

3εGaN

(
qnl + qnbuf

εGaN

)− 1
3 dnl
dnu

(23)

Following a similar procedure, derivative of Ef with
respect to nl can be obtained as

dEf
dnl

= q2

Cox

(
1 + dnu

dnl

)
+ kT

nq

enl/nq

enl/nq − 1

+ 2qα

3εGaN

(
qnl + qnbuf

εGaN

)− 1
3 + q2

(
1

CGaN
+ 1

CAlN

)
.

(24)

B. CURRENT CALCULATION
The above derived derivatives can be put in (21) to yield the
complete form of the drain current density as shown in (25)
at the bottom of the page. As can be observed, (25) is a
summation of eight integral terms of which terms JI, JII and
JIII are fairly straightforward and calculated as

JI = −μnu

2L

q2

Cox

(
n2
u

)nu,d
nu,s

, (26)

JII = −μnl

2L
q2

(
1

Cox
+ 1

CGaN
+ 1

CAlN

)(
n2
l

)nl,d
nl,s

, (27)

JIII = −μnlα

5L

(
q

εGaN

) 2
3 [

(nl + nbuf)
2
3 (2nl − 3nbuf)

]nl,d
nl,s

.

(28)

The analytical transformation of terms JIV and JV is not
as straightforward as in case of the prior terms, nonetheless,
it can be performed using the procedure demonstrated by
Marin et al. [30] as

JIV(V) = −μnu(nl)

L
kT

×
[(

n2
u(l),s − n2

u(l),d

2nq

)
+ nq

(
e−nu(l),s/nq − e−nu(l),d/nq

)]

(29)

The remainder of the integrals in (25), that are cross-
integral in nature, can be simplified, however, it requires the
expression of nu as an explicit function of nl and vice-versa,
as carried out in the Appendix, and expressed under as

nu = nq ln

[
1 + exp

(
q2

(
nl − nl,s

)
kT

(
1

CGaN
+ 1

CAlN

)
+

ln
[
enl/nq − 1

] − ln
[
enl,s/nq − 1

] + ln
(
enu,s/nq − 1

))]
(30)

Plugging in nu from (30) in JVII and JVIII leads us to their
analytical forms. The integral in JVI is solved by employing
chain-rule in order to change the integration variable from
nu to nl as

JVI = −μnl

L

q2

Cox

∫ nl,d

nl,s
nl

(
dnu
dnl

)
dnl, (31)

where dnu/dnl is calculated from (30).

IV. MODEL VALIDATION AND DISCUSSION
A. CHARGES AND THRESHOLD VOLTAGES
In Fig. 3, a comparison of the 2DEG density in the upper
and the lower channels, as predicted by the model, is drawn
against TCAD characteristics [21] as a function of Vgs
for multiple tGaN values. The model developed affirms the
absence of 2DEG for zero bias, thereby enabling normally-
off operation. Upon increasing Vgs, 2DEG formation is first
witnessed in the lower channel followed by the turning on
of the upper channel, as portrayed by different threshold
voltages for nu and nl. Interestingly, the 2DEG density in
the lower channel saturates at the onset of the upper chan-
nel which, upon turning on, screens the lower channel from

J = − μnu

L

q2

Cox

∫ nu,d

nu,s
nudnu

︸ ︷︷ ︸
JI

− μnl

L
q2

(
1

Cox
+ 1

CGaN
+ 1

CAlN

) ∫ nl,d

nl,s
nldnl

︸ ︷︷ ︸
JII

− 2μnlqα

3εGaNL

∫ nl,d

nl,s

(
qnl + qnbuf

εGaN

)− 1
3

nldnl
︸ ︷︷ ︸

JIII

− μnu

L

kT

nq

∫ nu,d

nu,s

(
enu/nq

enu/nq − 1

)
nudnu

︸ ︷︷ ︸
JIV

− μnl

L

kT

nq

∫ nu,d

nu,s

(
enl/nq

enl/nq − 1

)
nldnl

︸ ︷︷ ︸
JV

− μnl

L

q2

Cox

∫ nu,d

nu,s
nldnu

︸ ︷︷ ︸
JVI

− μnu

L

q2

Cox

∫ nl,d

nl,s
nudnl

︸ ︷︷ ︸
JVII

− 2μnuqα

3εGaNL

∫ nl,d

nl,s

(
qnl + qnbuf

εGaN

)− 1
3

nudnl
︸ ︷︷ ︸

JVIII

(25)
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FIGURE 3. Comparison of modeled 2DEG density profiles of (a) the upper
channel and (b) the lower channel with respect to TCAD
characteristics [21], as a function of the gate-source voltage for different
values of tGaN. Charge screening of the lower channel at the onset of the
upper channel, as predicted by TCAD results, is reproduced qualitatively as
well as quantitatively by the model.

FIGURE 4. (a) Comparison of modeled 2DEG density profiles of the upper
channel, the lower channel and the total (nt = nl + nu) versus TCAD
characteristics [21], as a function of tGaN for a fixed gate-source voltage of
10 V. On reducing tGaN, proximity of the negative polarization charge at
the upper AlN surface to the upper channel increases the barrier height at
upper channel and therefore decreases nu , which in turn leads to a poor
screening of the lower channel, as indicated by an increased nl .
(b) Threshold voltage of the upper channel (Vtu) and the lower channel
(Vtl) as a function of tGaN, compared with TCAD data [21].

any further gate electrostatic influence. As such, marginal
increase in nl is observed for Vgs values beyond VuT.

Fig. 3 also shows the variation in nu and nl for different
tGaN values. For the upper channel, progressively decreas-
ing tGaN has an increasing effect on VuT, in accordance
with (18) whereas the impact of reducing the upper GaN
layer thickness is two-fold in case of nl. Small tGaN strength-
ens the gate electrostatic control on the lower channel due
to capacitive action, therefore necessitating higher screen-
ing voltages before hitting the plateau. Additionally, the
increased gate control in smaller tGaN leads to an increased
value of saturation nl values [23], as indicated in Fig. 3b.
The opposite variations in nu and nl to changes in tGaN

are also presented in Fig. 4a through overlays of TCAD
and proposed model simulations. The total carrier density
(nt) remains almost constant, showing an agreement with

FIGURE 5. Comparison of transfer characteristics from the proposed
model and experimental results from data set I, II and III at fixed drain
voltage: (a) Vds = 1V (b) Vds = 10V.

results found in the literature [21]. Fig. 4b demonstrates the
normally-off nature of the DC-GaN-HEMT for variable tGaN,
as validated by overlays of modeled VuT and VlT with TCAD
characteristics. VuT is seen to increase with decreasing tGaN,
which is primarily due to an increased proximity of the net
negative polarization charge at the upper GaN/AlN interface
and the subsequent increase in the barrier height at upper
channel. VlT , on the other hand, increases with increasing
tGaN due to decrease in capacitive coupling between the
gate and the lower channel. However, the rate of change
of VlT with tGaN is fairly low, as it is dominated by the
polarization dynamics of the lower channel, which remains
unaltered. The different behavior of VuT and VlT as a function
of tGaN is also observed in Fig. 3.

B. CURRENT AND CAPACITANCES
Finally, the model validation against reported experimen-
tal data, which is divided into data sets - I [10], II [26]
and III [26], is carried out in this section. The physical
dimension parameters of the DC-GaN-HEMTs correspond-
ing to these experimental data sets as well as their extracted
model parameters are tabulated in Table 3. Data sets I and II
differ by gate to source length, while II and III differ by
upper GaN layer thickness. Fig. 5a and Fig. 5b shows
overlays of modeled and experimental transfer character-
istics at two different values of drain voltage, Vds = 1 V
and 10 V respectively. Fig. 6 illustrates a good agreement
between the model and experimental data set I transconduc-
tance characteristics, accurately predicting the Vds-dependent
double-peaked or single-peaked transconductance behavior,
typical of DC-GaN-HEMTs.
The output characteristics of experimental data sets are

validated against the model simulations in Fig. 7(a–c), for
an array of Vgs values. Fig. 7d illustrates an accurate match
of the RON between the model and the data sets for a fixed
gate voltage Vgs = 8 V.

The model presented above, being a charge-based model,
can also be used to plot the capacitance-voltage (C–V)
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FIGURE 6. Transfer characteristics at fixed values of drain voltage,
Vds = 10V and 1V, obtained from analytical model and compared with
experimental data set I shown in (a) Linear scale (b) Logarithmic scale.
Twin peaks as observed from transconductance (gm) versus Vgs plot,
highlight the double channel characteristics.

FIGURE 7. Output characteristics obtained from analytical model and
compared with the experimental results of (a) data set I, (b) data set II
(a) data set III. (d) Compares output characteristic at Vgs = 8V from the
proposed model with the experimental data set I, II and III. Extracted
values of RON from the model are 8.1 �−mm, 11.4 �−mm and 15.5 �−mm
corresponding to data sets I, II and III, respectively.

behavior of DC-GaN-HEMTs. The charge densities obtained
in (15) and (16) can be integrated along the channel from
source to drain to yield the total channel charges, which
can be subsequently used to calculate the capacitance. C–V
characteristics, predicted by the model, for different val-
ues of tGaN are shown in Fig. 8. The plots clearly exhibit
double-hump features each corresponding to a channel, as

TABLE 3. Experimental data sets used in Fig. 5, Fig. 6, and Fig. 7.

FIGURE 8. (a) C-V characteristic obtained from the model for different
values of tGaN. (b) Comparison of modeled C-V characteristics and the
experimental data corresponding to data sets II and III of the DC-GaN
Schottky-barrier diode.

would be expected of DC-GaN-HEMTs, arising at VlT and
VuT values. The decreased lower-humps on increasing tGaN,
seen in Fig. 8a, are due to decreased capacitive coupling
between the gate and the lower channel, which also result
in a slight increase in VlT as advocated in Fig. 4b earlier.
As the upper channel turns on, the capacitance reaches the
maximum value of Cox regardless of the tGaN value, while
the lower channel remains screened.
Fig. 8b shows the correlation between modeled and exper-

imental C–V characteristics of DC-GaN Schottky-barrier
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diodes [26] with different values of tGaN, where the inset
indicates the arrangement of the various layers in the
DC-GaN Schottky-barrier structure used here for validation.

V. CONCLUSION
A charge-based model was presented and validated for
DC-GaN-HEMTs. The model relies on the calculation of
charge densities for both the channels obtained by solving
the Schrödinger and Poisson equations. Fermi-Dirac statis-
tics is taken into consideration for carrier distribution while
drift-diffusion formalism is invoked for transport. Strong
agreement is observed between the model and the exper-
imental characteristics through which the model validates
the features that are typical of DC-GaN-HEMTs such as
normally off behavior, twin-peaked transconductance and
double-humped capacitances. More importantly, the model’s
geometrical scalability is also demonstrated against TCAD
wherein accurate reproduction of threshold voltages, sheet
charge densities and capacitances are observed for an array
of GaN and AlN thicknesses, making the model an impor-
tant step towards realizing an optimized DC-GaN-HEMT
structure.

APPENDIX
EXPRESSION OF nu IN TERMS OF nl
Differentiating (15) with respect to nl, we obtain

dEf
dnl

= q2

Cox

(
1 + dnu

dnl

)
+ kT

nq

enu/nq

enu/nq − 1

dnu
dnl

+ 2

3
α

q

εGaN

(
qnl + qnbuf

εGaN

)− 1
3

(32)

From (24) and (32), eliminating dEf/dnl and separating
the variables yields

kT

nq

enu/nq

enu/nq − 1
dnu = kT

nq

enl/nq

enl/nq − 1
dnl

+ q2
(

1

CGaN
+ 1

CAlN

)
dnl (33)

Considering nu(x) = nu and nl(x) = nl be the channel
charge densities at any arbitrary point x along the channel,
integration of (33) from source end (nu(0) = nu,s, nl(0) =
nl,s) to point x as

kT

nq

∫ nu

nu,s

enu/nq

enu/nq − 1
dnu = kT

nq

∫ nl

nl,s

enl/nq

enl/nq − 1
dnl

+ q2
(

1

CGaN
+ 1

CAlN

) ∫ nl

nl,s
dnl

(34)

gives (30).
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