Material Sciences Revista Mexicana dsifa72 021001 1-5 MARCH-APRIL 2026

Interface states effect on conduction mechanisms and barrier height
homogeneities of Au/n-GaAs Schottky structures in a wide temperature range
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In this paper, a study of interface statds, effect on the conduction mechanisms and the barrier height homogeneities of Au/n-GaAs
Schottky structures, in a large range of temperatures. As demonstrated, the structure \ith klvows that the ideality factor decreases

and the barrier heighp, increases as the temperature increases. On the other hand, the structure with hggftows that the ideality

factorn decreases then increases with increasing temperature. The increasing of the ideality factor in high temperatures is due to the tunne
current, caused by the interface states. The structure aMawshows that the dominant current is the TFE conduction mechanism and gives

a homogeneous barrier height over all temperature range. While the structure d¥ higihows that the dominant current is TFE at low
temperatures (75-300 K) and deviates to FE at high temperatures (300-400 K), and gives an inhomogeneous barrier height.
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1. Introduction . Models used include SRH, Auger, CONMOB, Incomplete,

and FLDMOB [9].
GaAs semiconductor has attracted intense interest in the past

few years. This is due to its properties such as wide bandgap, ~ Vss = gra(E) + 9rp(E) + 9ca(E) + 9ap(E), (1)
high break down field, higher mobility, and thermal stability (E _ Ec) )

[1-3]. Also, GaAs is widely used in various applications such gra(E) = Npaexp
as microwave field-effect transistors, light-emitting diodes,

high—temperature electronics, high—den;ity optical data_ stor- rp(E) = Nrp exp <Ev - E) . 3)
age devices, solar cells and atmospheric remote sensing de- Wrp

vices [4-6]. However, the efficiency and the accuracy of  The two structures simulated are:

these structures are drastically related to the interface qual-
ity [5,7,8]. The interface states behave like recombination-
generation centers that affect the conduction mechanism and o High interface densityN,; = 5 x 102 cm~2eV ™!
electrical behavior of the device [3]. In this paper, we use
Silvaco-Atlas software to perform a detailed simulation study,
of the interface states effect on the electrical parameters
Au/n-GaAs Schottky structure [9].

TA

e Low interface densityN,, =1 x 10! cm—2eVv~!

. Simulation results

Figures 1 and 2 show the semi-logarithmic current-voltage
(I-V) curves for the two densities.

From Fig. 1, the structure with low,, shows typical
Schottky behavior, with decreasing current as temperature

Silvaco-Atlas software is used to study the effect of the in-d€creases, in agreement with experimental results [10-13].

terface states density,, on the electrical behavior of Au/n- In Fig. 2, deviatiqn from linearity is visible at low bias, more
GaAs Schottky contact. In simulating the transport of carPronounced at high temperature.

2. Simulation part

riers across a three-dimensional grid, Silvaco-Atlas predicts =7 q(V —IRy) ] 4
the electrical characteristics of the structure [9]. Many pa- = 4s |OXP nkT B )
rameters should be identified such as mesh, regions, electrode
it i | : i A4 4
positions, doping density, and interface states density. I, = AA*T?exp [ — 222 ). (5)
Once specified, all electrical and optical properties are kT
considered by Atlas: band gdp,, states densitied/., N,, Table | lists the series resistance valiigsfor both struc-

electron affinityy, mobilities ,,, 11, and dielectric constant tures at different temperatures.
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350 3.58 3.55 3.54 3.50 with low interface states densitiis = 1 x 10'° cm=2eV~1).
375 3.80 3.76 3.76 3.73
400 4.00 3.98 4.00 4.00 mechanisms [10,20]. Similarlyy, increases from 0.64 eV

at 75 K to 0.89 eV at 275 K, then decreases to 0.67 eV at
400 K. These results indicate that the interface states have an

As it can be seen, the interface states uNth = 5x 1012
have no effect on the series resistance compared to the strugfluence on the ideality factor and the barrier height, with an
ture with IV, = 1 x 10'° over all temperature range. important effect at high temperatures.

The structure with lowN,, (Fig. 3) shows that: de- The tunneling current is given by [15,19-22]:
creases and, increases as the temperature increases. It can q(V — IR,)
be seen that and¢; vary from 1.43 and 0.64 eV at 75 K to I' = In {exp (E) - 1} ; (6)
1.10 and 0.77 eV at 400 K, respectively. These results are in 0

accordance with the reported experimental studies [10-12)]. Lo _ Eoo ( Eoo > %
On the other hand, the structure with high, (Fig. 4) KT kT KT )’

shows that decreases from 1.69 at 75 K to 1.17 at 275 K, W/ N 1/2

then, contrary to the structure of lal,,, it increases to 1.73 Ep = — ( D ) , (8)

at 400 K. The increase of the ideality factor at high tempera- dm \mges

tures is attributed to the influence of tunnel currents such awhere Ey, the characteristic tunneling energythe Planck
thermionic field emission (TFE) and field emission (FE) constantE, is independent of temperature and equakig.
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FIGURE 5. Variation of nkT'/q vs kT'/q for structures with low
and high interface states density. also clearly observed that interface states with = 5 x
102 cm—2eV~! have no considerable effect on the conduc-
Figure 5 illustratest’y (nkT'/q) versuskT'/q plots of the  tion mechanisms at low temperatures.
structures for low and high interface state densities. To study the effect of the interface states on the inho-
Figure 5 shows that for the structure with oM., oo mogeneities of the barrier height, Figs. 6 and 7 show the
is approximately equal t&7'/q for all temperatures. This Richardson plotén(I,/7T) versusq/kT for structures with
means that the thermionic field emission (TFE) conductioriow and high interface states density, respectively. Where,
mechanism across all temperature ranges is the dominant cufe relation is given by:
rent [10]. While, the structure with highv,, shows that the

dominating current at low temperaturg® (— 300 K) is the In (%) = In(AA*) — qi)b. (9)

TFE mechanism, then the field emission (FE) mechanism be- T kT

comes dominant at high temperaturg8((— 400 K), where Figure 6 presents a linear curve of the Richardson charac-
Eqo > kT /q, which is due to the interface states effect. teristics, which is attributed to the homogeneity of the barrier

These results explain the increase of the ideality factoheight for low N, [14], where¢, and A* are estimated to
at high temperatures and the deviation from linearity of the.61 eV and).016 A cm~2K ~2), respectively.
current-voltage characteristics at low voltages for the struc- As depicted in Fig. 7, the structure with high,, shows
ture with high interface states density (Fig. 2). Itis also two linear behaviors of the Richardson characteristics, which
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(Nss =5 x 102 ecm™2eV™1).

107 A cm~2K =2, respectively, in region |, and to 0.52 eV and
1.24 x 10~® A cm™2K 2, respectively, in region II.

Werner and @ttler [23] suggested that the different val-
ues of¢, correspond to the fluctuation of the barrier height
as a Gaussian distribution. Th& obtained for both struc-
tures is very far from the theoretical value, which is equal to
8.16 A cm2K 2 for n-GaAs.

Figures 8 and 9 give the characteristicsppfversusn of
Au/n-GaAs Schottky structures with low and high interface
states density, respectively.

4. Discussion and conclusion

As shown in Fig. 8, Au/n-GaAs structure with laW,; gives
a linear curve that is attributed to the homogeneities of the
barrier height, where the value @f for n = 1 is estimated
to 0.82 eV. Figure 9 shows that the structure with high
presents two linear curves, which are attributed to the inho-
mogeneity of the barrier height [24,25], whereforn = 1is
equal to 0.94 eV in region | and equal to 0.96 eV in region .
These results confirm the above results obtained from the
Richardson’s properties and indicate clearly the effect that the
interface states cause due to the inhomogeneity of the barrier
height of the Schottky structures.

Conclusion

A study of interface states effect on Au/n-GaAs Schottky
structures is investigated. The structure with 1d%; shows

that n decreases ang increases as the temperature in-
creases, where the valuessofand ¢, range from 1.43 and
0.64 eV at 75 K to 1.1 and 0.77 eV at 400 K, respectively.
On the other hand, the structure with higl); shows that.
decreases from 1.69 at 75 K to 1.17 at 275 K, then increases
to 1.73 at 400 K with increasing temperature.

The increasing of the ideality factor at high temperatures
is due to the tunnel current caused by the interface states. The
dominant current in the structure of laW, is the TFE con-
duction mechanism over all temperature range. While, the
dominant current in the structure of high,, is TFE at low
temperatures (75-300 K) and deviates to FE at high tempera-
tures (300-400 K) due to the interface states effect. The struc-
ture of low N, exhibits a homogeneous barrier height, while

corresponds to the inhomogeneous barrier height of the struthe structure of highVs; shows an inhomogeneous barrier

ture; whereg, and A* are estimated to 1.19 eV ard4 x
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