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This research aims to study the impact of some physical and structural parameters on the I-V characteristics of a high electron mobility
transistors (HEMTSs) based on Aba; —, N/GaN. We investigate the effect of the GaN buffer layer thickness and the impact of other properties

of the materials such as aluminum mole fraction and doping concentration, ¢h&AJ.sN/GaN heterostructures with 400 nm of buffer

layer and a layer doped with = 4 x 10'® cm™2, for this structure we find the maximum saturation current of 420 mA/mm. The proposed
model included GaN buffer layer and Al content were derived from our developed I-V characteristics. The proposed model is in excellent
agreement with the simulated |-V characteristics and experimental results.
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1. Introduction in Refs. [16,17] based on the device physics. However, the ef-
fect of 6 -doping the AlGaN barrier layer and the GaN buffer
AlGaN/GaN-based high electron mobility transistors havelayer thickness were not taken into consideration.
been explored for high frequency, high power switching ap-  In this paper, the current - voltage study has been simu-
plications as IlI-V materials that have high electron saturatiorlated using 2D Silvaco Atlas device simulation software. The
velocity (> 2.5 x 107 cm/s, 2.5 times of that of silicon) , high derivation of the core current model is presented in Sec. 2.
chemical stability and high breakdown fietd § MV/cm, 10  Our improved devices of the AlIGaN/GaN HEMTs were ex-
times of that of silicon) [1,2]. amined to see how certain parameters influenced the |-V

Due to their Superior properties Compared to other mateCharaCteriStiCS in. Sec. 3. To assess and put into practice the
rials, materials based on Ill-V semiconductors and its alloygProposed model in [16,17], the transfer and output character-
have become the prospect of an efficient microwave powelstics results and experimental data [18] are compared.
device [3-7]. Frequently, the breakdown of a GaN-based
HEMTs is determined by the sub threshold drain currentex2,  Model development for drain current
ceeding the standard value of 1 mA/mm [8].

The basic principle of HEMTs is the formation of a het- 2.1.  Core drain current
erojunction by two semiconductors at different bandgaps.Th . . . .
concentration of two dimensional electron gas (2DEG) carf;r E:rd;aég:‘?rz?;rgggigeg:tz do%e}!:fn}?g]ly derived from the
be controlled by doping the AGa, N layer and Al con- 9 P : :

tent [9,10]. The performance enhancement of AlGaN/GaN quW [qd , , 2 2 5/3  5/3
heterostructures can be accomplished with high carrier sheet PS5 = ~ [25 (nb —ns) + 570 (”D I )]
concentration¥0'? cm~2) beyond those possible in other 11

V material systems by a significant margin [11-15]. + Vin (ns —np) . @)

The analysis of |-V characteristics of the device perfor-The sheet carrier density of 2DEG is given by:
mance is a crucial step for the development of a physics based
compact model for devices [16]. The |-V characteristics of ns = DVy, In <exp [EJ‘_E‘)] + 1) , (2)
AlGaN/GaN HEMTSs were presented in the model proposed Vin
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TABLE I. List of symbols. AR e
Symbol Description
q Elementary charge -
M Carrier mobility 30 nm §-doped ALGa:.N
w Channel width
50 nm GalN |
L Channel length DG
de GaN channel layer thickness
dp AlGaN barrier layer thickness GalN with various thicknesses
€ Permittivity of AlGaN barrier layer
N 2DEG density
np Charge carrier concentration at drain Sapphire substrate
Yo Constant estimated experiment [21]
Vin Threshold voltage
By Position Fermi level FIGURE 1. Cross sectional AlGa, —,N/GaN HEMT structure in
) our study.
Ey Energy of the first subband
Vo Applied gate voltage 3 x 101_7 cm—3, and GaN buffer layer deposited on an@k
insulating sapphire substrate. All structures were simulated
Vorr Cut-off /threshold voltage . . .
i . with a gate length of Zzm and a source-to-drain spacing of
fl’efé;x) . Schottky barrier height 5 um. The thickness of the GaN buffer layer is taken as a
Eg® The energy band gap of AGa,—.N layer variable parameter in our calculations. In addition, we em-
ESN The energy band gap of GaN layer ployed the 2D Atlas TCAD simulator software for numerical
D The conduction band density of state simulation.

wheren, andnp can be calculated iteratively from Eq. (3)

(reported by [16]): 4. Results and discussions
d A i
V-V = q :s ron?® 4 Vi In <D7§; ) @ 4.1. Influence of GaN buffer layer thickness
th
Figure 2 illustrates théps — Vpg characteristics calculated
where of HEMT AlGaN/GaN, we report that the drain current thick-
Vyo =V, — Vorr, (4) ness of the GaN layer are_inversgly proportional. However,
’ the Ipg current atVzs = 0 is considerably huge as a result
whereVoer is the cutoff voltage of the high conductivity of 400 nm thick GaN layers.
Vorr = ¢err (x) — 0.7 [E?IXGM_XN - E;}aN} 3
. 1 qNDdg — Ototal db ) .
2 0.3z + 104 ' N “ e
The total induced polarization at the interface is given by E 7 :
[20]: -
Ototal = sz - Psp~ (6) ‘E? i
E
Table | illustrates the standard definitions of the symbols "’E . 1 pm Np=2x10'® em™?
used. - 3 i .6 pm s
2.5 ] s (1,4 M1 v i v
. 4 Proposed model | S35
3. Device structure )

i+ Jri E [ &
Our simulations of the AIGaN/GaN-based HEMTS transistor Vie (V)
were carried out using the structure shown in Fig. 1. This DS
structure is formed by a AGa N barrier layer of 30 nm  Figure 2. Comparison of modeled results (symbols) with Silvaco

intentionallys -doped with anV dopant, and 50 nm of GaN  ATLAS data (solid line) output characteristics ofAIGa, sN/GaN
channel layer doped with an approximated doping level of HEMTSs for different GaN buffer layer thickness values.
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FIGURE 3. Comparison of modeled results (symbols) with FIGURE 5. ~Comparison of modeled results (symbols) with
Silvaco ATLAS data (solid line) transfer characteristics of Silvaco ATLAS data (solid line) transfer characteristics of
Alg.2Ga sN/GaN HEMTS for different GaN buffer layer thickness Alo.2G&.sN/GaN HEMTSs for the differentVp (6) values.
values.
notice in Fig. 4 the strong influence of the dopans (§). It
Figure 3 illustrates the transfer characteristics of ouris observed here that the source current increases with the in-
structure wher/pg = 0 , the curves indicate that we can crease i -doplqg Con%entratlonle(mf = 420 mA/mm for
reach a high electron density, by firstly reducing impurity Vo(d) = 4 x 10°% cm™*. The calculationps — Vizs char-
scattering and improving the transconductance of our deviceaCteristics reveals that the intentional doping of AlGaN layer
and also by increasing the electron mobility in the channel. IS important for obtaining high transconductance.The compo-
nent exhibits the largest drain saturation current because the
4.2, Influence ofé-doping the AlGaN barrier layer barrier layer has the highest doping concentration, as seen in
o Fig. 5.
In this section we investigated the impact of varying the con- ,
centration of donorsVp(3) within the Al »GaysN barrier 43 Influence of the molar fraction
layer anq taak(.e 4,[?]0 ”F‘.“ fo; GahN bu:fr:a r Iay:ar. tThr? I’eSE[.I|t§ ?r igure 6 shows illustrates the output characteristics of
summarize |n' € .|g. ’ w.ere epu pu ,C aracteris 'C%IIGai,mN/GaN HEMT For different mole fraction values
shows that the intentional doping barrier layer is necessary

o - in the Al,Ga _.N barrier layer. Our study reports that with
to obtain high transconductance. In addition, we can clearlya mole fraction oft — 20%, our device achieves the largest
source saturation currenf.pgs,: = 420 mA/mm as com-

ax 1013 em-? A00 nm GaN buffer layer 7
g —2;|1'1|:|‘13 .:11':I x=u.2|:|l|l|l' ;;50'2 400 nm G.:: huf::erlayer
W = g| |=——- _ b
| 1% 10" em- CS e 0.3 Np=4x10 " cm
T;I | Lk _Proposed mode - . % Proposed model Vgg=0V
b (=1
fsd =
— & : o
g ;
—— 3 £
= n
E =L
e £
o w0
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FIGURE 4. Comparison of modeled results (symbols) with Silvaco FIGURE 6. Comparison of modeled results (symbols) with
ATLAS data (solid line) output characteristics ofyAGa sN/GaN Silvaco ATLAS data (solid line) of output characteristics of
HEMTSs for the different values aWVp (4). Al,Ga, —.N/GaN HEMTSs for different Al content.
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FIGURE 7. Comparison of modeled results (symbols) with

Silvaco ATLAS data (solid line) transfer characteristics of FIGURE 9. Comparison of modeled results (symbols) with Sil-

Al Ga; _.N/GaN HEMTSs for different Al content. vaco ATLAS data and experimental [18] of output characteristics
of Alg.2Gay.sN/GaN HEMTs.

2V 400 nm GaN buffer layer
1,2, B =D e B
p— Vge=-4V o s S imulation {20 Atles silvaco)
1ol [ % Proposed model | *< 0.2 (¢ Experimental [18]
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o o
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T B A
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E =
" £ x= 0.2
L = 2 | Vos=2V
[
s
1
Vi
ps(V) fr"75c 1.0 1,65 20 25 3.0 35
FIGURE 8. Comparison of modeled results (symbols) with Silvaco Vee (V)
ATLAS data (solid line) output characteristics 0f/AlGay sN/GaN G5

HEMTSs for different gate voltage values.

FIGURE 10. Comparison of modeled results (symbols) with Sil-
pared to result available with mole fractions of= 30% vaco ATLAS data and experimental [18] of Transfer characteristics
andz = 25%. Thelps — Vg characteristics are shown in  0f Alo.2Ga& sN/GaN HEMTS.

Fig. 7, where the HEMT device exhibits a low threshold volt-
age forz = 20%, the results show that an improvement in it the normally-off HEMT devices, according to the

the transconductance and the performance of the normally,es we find {ps max = 900 MA/MM atVpg = 2 V).
HEMT components can be accomplished by changing the '

aluminum mole fraction in the AGa, N barrier layer. Our reported data can obviously find a strong agreement
with experimental data reported by khahal [18] as illus-
4.4. Simulation at different voltages trated in both Fig. 9 and 10. In Fig. 9, the effects of self

heating are not considered in the simulated and the charge
The characteristics of current and voltage are shown in Fig. &ransport model of s — Vpg characteristics, when the lat-

When the gate-to-source voltage changed from - 4 to + 2 \ice temperature increases due to the self-heating effect, the
a distinguishable field-effect was observed calculated usingurrent is remarkably downshifted, and a significant decline
this device. However the effect of gate leakage can be inin device performance occurs. We can also report the pos-
cluded in the simulations, The resultsig§s — Vps charac- itive correlation between the maximum lattice temperature
teristics are plotted, we can observe a high drain current wheand power according to simulation results, this effect of self-
the gate voltage is lower. It demonstrates strong agreemetieating is reported previously in Ref. [22].
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5. Conclusion ences the channel’s current increase. Additionally, we find
that for Vgs = 2V, a device with a 400 nm buffer layer,

In our simulation results, we investigated the I-V character-Np(8) = 4 x 10'® cm™3, and a20%. Al concentration in the
istics of AIGaN/GaN-based HEMTs by Atlas TCAD simu- barrier layer are the perfect possible parameters choices for
lator. The influence of the GaN buffer layer thickness onour study that exhibits drain source saturation current values.
the electrical characteristics of the AlIGaN/GaN heterostruc- Among the simulated HEMT structures, the transfer char-
ture is considered, other influence parameters are also takawteristics in this structure exhibit the lowest threshold volt-
into consideration. The enhancement of drain-source currerstge value and the highest maximum transconductance. The
is due to Al molar fraction and donor concentration within results of proposed models for our device |-V characteristics
AlGaN barrier layer, in this layer the donor concentration isfor different several parameters illustrate a superb agreement

a more decisive factor than the other parameters that influaith 2D Atlas TCAD data.
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