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Abstract - In this paper, we describe the effect of
varying the length between Gate and Source/Drain of
doped and undoped High Electron Mobility Transistors
using Sentaurus TCAD (Technology CAD) tool. First, we
perform the DC characterization of the undoped HEMT
with symmetrical gate structure. In symmetrical
structure the distance from gate-to-drain (Lgq) and
gate-to-source (Lgs) is equal. Then asymmetrical
structures were created for performance analysis using
device editor tool SDE (Sentaurus Structure Editor) of
TCAD. The AC analysis was carried out for both
symmetrical and asymmetrical structures keeping
source-to-drain distance (Lsg) constant at 0.8 um. Then
the barrier and cap layers of the HEMT devices were
doped with different concentration to form doped
HEMTs. And then DC and AC characterization was
carried out using the sdevice tool of TCAD. It presents
that the electron density and drain current (lqg)
increases as the gate-to-source length is reduced in
case of doped HEMTs compared to undoped HEMTS. Also
the threshold voltage increases in negative direction in
case of doped HEMTs. Thus control over the device
threshold voltage was obtained.
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1. INTRODUCTION

HEMTs based on AlGaN/GaN heterostructure are studied
for their applications in high power, high frequency and
high breakdown voltage. As the GaN technology is still in
development stage it is very difficult to obtain the yield
and device with high frequency and high power equal to
the theoretical values. One of the ways to improve device
performance is by varying the structure parameter. In this
study, undoped and doped AlGaN/GaN HEMT structures
with various Lgs and Lgg of asymmetrical and symmetrical
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structures with constant source-to-drain distance are
simulated using Sdevice tool of TCAD. Then the DC and AC
small signal analysis are carried out. The structure of the
device and its physics is presented in next section, the
results and discussion in section 3 and finally the
conclusion in section 4.

2. STRUCTURE AND MODEL OF HEMTS

2.1 HEMT Structure

Figure 1.1 shows the structure of AlGaN/GaN HEMT device
simulated with GaN as both substrate and channel of
thickness 2 um (channel thickness as 5 nm), AlGaN as
spacer layer of thickness 2 nm, AlGaN as barrier layer with
thickness of 20 nm (since it is reported that 20 nm of
AlGaN barrier layer thickness is critical for 2DEG formation
[1]) and GaN as cap layer with thickness of 3 nm. Total
length of the device is set to 1 pm with silicon nitride as
passivation layer of thickness 50 nm. Silicon nitride is
chosen as passivation layer as in [2].

The HEMT device barrier layer is doped with the
concentration of 1e*17 and the cap layer is doped with the
concentration of 3e*18, The spacing of source-gate-drain
terminals are varied to obtain the performance parameters
for all different structures with and without doping the
barrier and cap layers.
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Figure-1.1: Structure of AlGaN/GaN HEMT

The different HEMT devices simulated with different
spacing between gate-source (Lgs), gate-drain (Lgg) and
gate length (Lg) are tabulated with labels as shown in Table
1. All eight structures have constant spacing between
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source-drain set to 0.8 pm.

HEMT/SPACING | Lgs(hm) | Lga(nm) | Lg(nm)
hifl 100 300 400
h1f2 150 150 500
h1f3 100 200 500
hif4 100 100 600
h1f5 100 400 300
h1f6 200 300 300
h1f7 250 250 300
h1fg8 200 200 400

Table-1: HEMTs with various Lgs, Lgg and Lg

The heterostructure is formed when two different band gap
materials are grown one above the other. At the junction a
thin sheet of electrons called two dimensional electron gas
(2DEG) is formed if the thickness of the barrier layer is
within critical level. As per Ambacher, in AlGaN/GaN based
HEMTSs the charge is induced at the interface due to both
spontaneous and piezoelectric type of polarization [3].
When the charge induced is positive then electrons are
generated at the low band gap material to compensate it.
This is called 2DEG which forms the channel to conduct the
current in the device.

The source and drain contacts of the device are made as
linear type and the gate contact is made as rectifying type.
As the device size is large and includes the heterojunction,
the simulation of the device frequently undergoes
convergence problems at the initial or intermediate stage.
Thus meshing which represents the smallest discrete
element of the device structure has to be carefully chosen
so as to avoid the convergence problems and thus increase
the speed of computation. The meshing used for the
structures is as shown in figure 1.2. The size of meshing
used is such that its variation does not cause any change in
its characteristics. The meshing for all the structures is
done following the similar procedure.
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Figure-1.2: Meshing of HEMT structure

2.2 Analytical Model

For HEMTs the equation used to calculate the sheet charge
concentration ns in the channel at any point ‘X’ is in [4] as
given by equation 1.

()= 0(x)/e — (£,£()/(de2))[e 4, () + E () ~E(] - (1)

where o(x) = polarization sheet charge at point X’

d = AlGaN barrier layer thickness,

e = charge of an electron,

€0 = free space permittivity,

e(x)  =dielectric constant of barrier layer at ¥,

e qﬁb(x) = Schottky barrier of gate contact,

Er(x)  =Fermi level with respect to GaN E¢ and
AEc(x) =Conduction band offset at
heterointerface.
Using the above equation, the sheet charge concentration
in the channel is calculated for AlGaN barrier layer
thickness of 20 nm and aluminium mole fraction of 20 %.

The 2DEG formed at the interface of h1fl AlGaN/GaN
heterostructure with Lg=100 nm, Lig=300 nm and Ly=400
nm as given in t@able 1 structure is shown in figure 1.3.
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Figure-1.3: 2DEG formed at interface of AIGaN/GaN HEMT

The electron density in 2DEG formed at the interface of
h1fl undoped HEMT structure at a depth of 0.43 nm for x-
cut is measured to be equal to 3.193e%/cm3 and is shown
infigure 1.4.

Figure-1.4: Ekectron density of undoped AlGaN/GaN HEMT

3. RESULTS AND DISCUSSION

3.1 DC and AC analysis of undoped HEMTs

As shown in table 1, all the eight structures are simulated
using the Fermi and Shockley-Read-Hall models in the
physics section of the device simulation tool sdevice of
TCAD. As source-drain minimum spacing is reported in [5]
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and [6], it is set to 0.8 um. The comparative I4-Vy (transfer)
and 1g-Vg (drain) characteristics obtained for different
undoped device is shown in figure 3.1(a) and figure 3.1(b)
respectively.
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Figure-3.1(b): Comparison of drain characteristics

The AC analysis obtained for undoped HEMTSs is shown in
figure 3.2.
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Figure-3.2: Comparison of C4-Vg characteristics

© 2015, IRJET.NET- All Rights Reserved

3.2DC and AC analysis of doped HEMTs

Similar to the simulation carried out for undoped HEMTS,
same is carried out on doped HEMTs with the transfer and
drain characteristics obtained as shown in figure 3.3(a)
and figure 3.3(b).

Vo

Figure-3.3(a): Comparison of transfer characteristics
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Fi
gure-3.3(b): Comparison of drain characteristics

The AC analysis obtained for doped HEMTSs is shown below
in figure 3.4.

Figure-3.2: Comparison of C4-Vy characteristics
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4. CONCLUSIONS

From the characteristics obtained it is clear that the drain
current in case of doped HEMTs is higher than that of
undoped HEMTs. The table 2(a) and table 2(b) below
shows the different parameter values obtained for doped

and undoped HEMTS.
Device/
parameter h1spfl hispf2 h1spf3 hispf4 h1spf5(7th) h1spfé(8th)
Vi(V) -6.191 -6.049 -5.98 -5.83 -6.543 -6.284
gm(S/um) 5.97E-04 5.59E-04 5.81E-04 5.66E-04 5.62E-04 5.56E-04
14(A/um) 0.003516 0.003232 0.00335 0.00321 0.00337 0.00311
loft 1.37E-12 1.10€E-17 2.41E-17 1.65E-22 1.40E-11 1.21E-12
Cg(e'MF) 1.1703 1.464 1.44 1.733 0.878 1.147
ft(GHz) 8.078 6.077 6.4215 5.198 10.187 7.715
edensity(e™)
(cm'3) 3.19307 3.18034 3.1847 3.18682 3.1936 2.90315

Table-2(a): Performance parameters of undoped HEMTs

Device/

hisdfl hisdf2 h1sdf3 hisdf4 hisdf5 hisdf6

parameter (7th) (8th)
Vi(V) -6.382 -6.272 -6.219 -6.037 -6.761 -6.516
gm(S/pm) 5.93E-4 5.51E-4 5.76E-4 5.59E-4 5.56E-4 5.50E-4
14(A/pm) 0.00364 0.0034 0.00347 0.00332 0.00359 0.00346
Lot 167E-12 1.07E-16 2.74E-16 2.03E-22 167E-11 2.03E-12
Cy(e-14F) 1.1675 1.4582 1.4373 1.7282 0.8769 1.1465

ft(GHz) 8.084 6.014 6.378 5.148 10.091 7.635

edensity(e?)

(cm-3) 3.36486 3.383 3.38403 3.38957 3.38955 3.3806

Table-2(b): Performance parameters of doped HEMTs

When the gate length is reduced the effect of electric field
distribution is as in [7]. This effect avoids the saturation of
electron mobility which thus leads to increase in the
electron velocity and hence the drain current. As observed
from the table, electron density (edensity) of doped
HEMTs is higher than that of undoped HEMTs. Also the
threshold voltage increases in negative direction as the
HEMTSs are doped.

Further the different doping can be done on all structures
to observe the effect of various doping concentration on
HEMTs and also the temperature effects need to be
studied.
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