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Abstract. A new Schottky barrier diode of Al/Coronene/n-GaAs/In was successfully prepared using spin-

coating method. The interface state and electrical properties of Al/Coronene/n-GaAs Schottky barrier 

diode have been studied by current– voltage (I–V) data in dark and light. The key diode parameters such 

as ideality factor, Schottky barrier height, rectification ratio, series and shunt resistances were evaluated 

from I–V data. The effective forward conduction mechanisms were determined as the thermionic 

emission at low voltage. Results obtained at room temperature (300 K) showed highly rectifying devices 

under dark and light. The barrier height ( B ) of the diode was obtained as 0.901 eV and 0.842 eV under 

dark and light, respectively. The ideality factor (n) of the diode was calculated to be 1.49 and 1.82 under 

dark and light, respectively. The values of series resistance )( sR obtained from Cheung-Cheung 

technique were determined to be 18  and 16   under dark and light, respectively. The interface states 

density (Nss) of the Shottky device exhibits an exponential decrease with bias from 5.31x10
10

 eV
-1

 cm
-2

 

and 7.24x10
10

 eV
-1

 cm
-2

 at (Ec-0.338) eV to 1.84x10
10

 eV
-1

 cm
-2

 and 2.17x10
10

 eV
-1

 cm
-2

at (Ec-0.640) eV 

under dark and light, respectively. 
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1. Introduction   

 

 Recently, many researchers have introduced on the improvement or development 

in the metal–semiconductor contact by using organic interfacial layer (i.e., rubrene, 

Rhodamine-101, perylene monoimide, polymer P2ClAn, PTCDA, MgPc, CuPc) 

deposited on GaAs wafer with different technique (Kampen et al., 2002; Karimova et 

al., 2005; Missouma et al., 2015; Özdemir et al., 2017; Şimşir et al., 2012; Tuğluoğlu et 

al., 2015; Vural et al., 2010). The presence of an organic interfacial thin film can have a 

powerful effect on the diode parameters as well as the barrier height (𝛷𝑏), interface state 

density ( ssN ) and ideality factor (n) (Brutting, 2005; Tuğluoğlu et al., 2015; Sun et al., 

2005). For this reason, it is important to obtain the interface properties and series 

resistance of such a organic based Schottky contact (Mekki et al., 2016;Tuğluoğlu et al., 

2015). In additionally, the utility of organic interfacial layer can not only acts a 

mailto:tugluo@gmail.com


NEW MATERIALS, COMPOUNDS AND APPLICATIONS, V.3, N.1, 2019 

 

 
16 

 

passivation effect but also have the inter-diffusion between semiconductor and metal 

(Missouma et al., 2015; Vural et al., 2010). 

 In this work, Coronene was used as an organic interfacial layer for modification of 

Al/n-GaAs diode. Coronene has six-fold symmetrical aromatic molecule. It is a  

molecular semiconductor and blue fluorescent material , which have been used to set up 

solar cells, organic transistors,  etc. Coronene is known to be electron rich. The 

reverseand forward bias current–voltage (I–V) characteristics of Al/Coronene/n-GaAs 

diodes have been performed in dark and under light. These results of photoelectric and 

electric properties of organic-on-inorganic Al/Coronene/n-GaAs/Indiodesin dark and 

under light are reported. 

 

2.      Experimental details 

 

 In this work, we used that the n-type GaAs (100) wafer has a 500 μm thickness 

and 20 Ω cm resistivity. The substrate cleaned in acetone and methanol with ultrasonic 

agitation for 5 min and rinsed in de-ionized water. The GaAs wafer is cleaned using the 

RCA cleaning method (Tuğluoğlu et al., 2015; Şimşir et al., 2012). Ohmic and 

rectifying contacts are deposited with indium (99.99%, In) metal and aluminum 

(99.99%, Al) metal by using thermal evaporation method in 10
-6

 Torr, respectively. The 

thicknesses of the metals are 150 nm.  The GaAs wafer in vacuum has exposed by 

annealing at 500
o
C for 2 min to form ohmic contact. A coronene film (100 nm) is 

deposited on the GaAs wafer with a Spin Coater (Laurell) by the spin coating method. 

The molecular structure of Coronene is given in Fig. 1(a). The schematic representation 

of the Al/Coronene/n-GaAs/In diode is demonstrated in Fig. 1(b). The I-V 

characteristics with a Source Meter (Keithley 2410) were measured in dark and light 

(daylight) at room temperature. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. a) The organic structure of Coronene 

 b) the schematic representation of the Al/Coronene/n-type GaAs/Indevice 

 

 

3.       Results and discussion 

 

 3.1. Al/Coronene/n-GaAs/In device characteristics 

 Fig. 2 represents the dark and light current–voltage (I-V) behaviors of the 

Al/Coronene/n-GaAs/In device under reverse and forward -bias voltages. It is seen that 

the characteristics of  I–V is nonlinear, showing rectification ratio (RR). RR from Fig. 2 

is determined as 68200 and 1800 at ±2V under dark and light, respectively. We assumed 

n- GaAs 

Coronene 

In 

Al Al Al Al 

(b) (a) 
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that the thermionic emission is the effective treatment of Schottky devices and the 

current-voltage characteristics of such a device can be expressed as (Rhoderick et al., 

1988; Tuğluoğlu et al., 2015; Sze, 1981). 

 

𝐼 = 𝐼0  𝑒𝑥𝑝  
𝑞𝑉

𝑛𝑘𝑇
 − 1                                                  (1) 

 

𝐼0 = 𝐴𝐴∗𝑇2𝑒𝑥𝑝  −
𝑞𝛷𝑏

𝑘𝑇
                                                 (2) 

where I0 is the saturation current, n is the diode quality factor, q is the electronic charge, 

A
*
is equal to 8.16 A/cm

2
K

2 
effective Richardson constant for n-type GaAs (Vural et. 

al., 2010),  A is the Schottky contact area, b  is the device barrier height and T is the 

absolute temperature in Kelvin. b values are determined from extrapolated 0I . n values 

are determined the slope of the straight-line region of the forward-bias characteristics of 

Fig. 2 according to the following equations (Bobby et al., 2016; Tuğluoğlu et al., 2015; 

Yüksel et al., 2013). 

 

𝑏 =
𝑘𝑇

𝑞
𝑙𝑛  

𝐴𝐴∗𝑇2

𝐼0
   and   𝑛 =

𝑞

𝑘𝑇
 

𝑑𝑉

𝑑𝑙𝑛𝐼
                                         (3) 

 

 
 

Figure 2. TheI-Vdata of Al/Coronene/n-GaAs/In diodes according to dark and under light 

 

Using Eq. (2), Eq. (3) and Fig. 2, the ideality factor, the Schottky barrier height, and 

saturation current values of the device under dark and light were found to be n  1.49 

and 1.82, 𝛷𝑏 = 0.901 eV and 0.842 eV, 0I 1.76 x 10
-11

 A and 1.72x10
-10

 A, 

respectively. The high ideality factor value of Al/Coronene/n-GaAs Schottky device 

under dark is referred to the series resistance, the interface state density effects and the 

existence of the coronene layer on n-GaAs. Tuğluoğlu et al. have fabricated 

Al/rubrene/n-GaAs Schottky diode and obtained the device electrical parameters such as 

barrier height and ideality factor (Tuğluoğlu et al., 2015). The determined values of n 

and 𝛷𝑏  for the Al/rubrene/n-GaAs diode are 1.918 and 0.870 eV, respectively. Vural et 

al. have prepared Al/Rhodamine-101/n-GaAs Schottky diodes and obtained the 
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common device parameters (Vural et al., 2010). The values of  𝐼0, n and 𝛷𝑏  were 

obtained as 1.74x10
-8

 A, 2.63, and 0.68 eV for Al/Rhodamine-101/n-GaAs, 

respectively. Furthermore, Vandenbroucke et al. (1987) and Hirose et al. (1988) 

reported that the ideality factor and barrier height values are 1.12-1.02 and 0.74-0.78 eV 

for Al/n-GaAs diode without interfacial layer, respectively. Our results represent that 

Coronene organic layer increased barrier height in Al/n-GaAs diode. This shows that 

organic layer improved the quality of diode compared to conventional Al/n-GaAs 

diodes. 

 

 3.2. Series resistance characteristics 

 Also, it is interpreted that the dark and light I–V characteristics of the device are 

influenced from series resistance ( sR ) and shunt resistance ( shR ). shR
 

and sR are 

obtained by using I-V measurements according to diode resistance IVRd   relation 

and the plot of dR vs. V was indicated in Fig. 3. The values of sR from high forward bias 

and shR  from the reverse bias are determined as 14.07 Ω and 8.51 MΩ under dark and 

17.92 Ω and 1.41 MΩ under light, respectively. Such values of sR and shR
 
is a powerful 

finding of performance improvement of Al/Coronene/n-GaAs device.  

 

 
Figure 3. Plots of structure resistance (𝑅𝐷) versus voltage (𝑉𝑖) of Al/Coronene/n-GaAs/In device 

 in dark and under light at room temperature 

 

In addition, we have also calculated that the value of sR  from Cheung functions 

(Cheung et al., 1986). The values of sR and other parameters of the diodes can be 

determined from the following equations (Rhoderick et al., 1988; Tuğluoğlu et al., 

2015; Sze, 1981): 

 

𝐼 = 𝐼0  𝑒𝑥𝑝  
𝑞 𝑉−𝐼𝑅𝑠 

𝑛𝑘𝑇
  ,                                                      (4) 

 

𝑉 = 𝐼𝑅𝑠 + 𝑛𝛷𝑏 +
𝑛𝑘𝑇

𝑞
𝑙𝑛  

𝐼

𝐴𝐴∗𝑇2 ,                                            (5) 
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𝑑𝑉

𝑑𝑙𝑛 (𝐼)
=

𝑛𝑘𝑇

𝑞
+ 𝐼𝑅𝑠 ,                                                         (6) 

 

𝐻 𝐼 = 𝑉 −  
𝑛𝑘𝑇

𝑞
 𝑙𝑛  

𝐼

𝐴𝐴∗𝑇2
 = 𝑛𝛷𝑏 + 𝐼𝑅𝑠.                                      (7) 

 

In Fig. 4 and 5, the values of dV/d(ln(I)) vs. I and H(I) vs. I are plotted for 

Al/Coronene/n-GaAs in dark and light, respectively. The values of the series resistance 

and ideality factor from the slope and intercept of the solid line shown in curve of 

dV/d(ln(I)) vs. I are determined as 18.72  and 2.72 in dark and 16.46  and 2.66 under 

light, respectively. Further, the values of the series resistance and barrier height from the 

slope and intercept of the solid line shown incurve of H(I) vs. I are calculated as 14.70

  and 0.957 eV in dark and 12.35  and 0.966 eV under light, respectively. It is seen 

that the values of sR  obtained by Eqs. (6) and (7) are in good agreement with each 

other. These values also are in good agreement with the values of sR  determined from 

Ohm law (𝑅𝑑 , diode resistance). 

      
 

Figure 4. dV/d(ln(I)) vs. I data of Coronene/n-GaAs contacts in dark and under light 

 

 
Figure 5. H(I) vs. I data of  Coronene/n-GaAs contacts in dark and under light 
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 3.3. Characteristics of interface states of Coronene/n-GaAs contact 

 Finally, the values of interface states density ( ssN ) is calculated according to 

(Akkılıç et al., 2008; Card et al., 1971) 

 

  ,1)(
1













D

si
ss

W
Vn

q
N







                                       

(8) 

 

where   is the thickness of the organic thin film, DW  is the width of the space charge 

region, 𝜀𝑖 = 3𝜀0 and 𝜀𝑠 = 12.9𝜀0 (Sze, 1981) are the permittivity of coronene and 

gallium arsenide semiconductor, respectively. 

 For n-type inorganic semiconductor, the interface state energy, ssE with respect to 

the bottom of the conduction band is presented by (Akkılıç et al., 2008; Card et al., 

1971): 

𝐸𝑐 − 𝐸𝑠𝑠 = 𝑞 𝛷𝑒 − 𝑉 ,                                               (9) 

 

where cE is the conduction band edge. Figure 6 indicates the resulting dependence of 

ssN  as a function of ssc EE   at room temperature in dark and under light. It is obvious 

from Fig. 6 that the increasing of ssN toward the bottom of the conduction band is open. 

This status represents the interface state continuum. In the range from 𝐸𝑐 − 0.338 eV 

to 𝐸𝑐 − 0.640eV, the ssN
 

values are in the range from 5.31 x 10
10

to1.84 x 10
10 

eV
−1

cm
−2 

in dark and from 7.24 x 10
10 

to 2.17 x 10
10

eV
−1

cm
−2 

under light, respectively.  

 

 
 

Figure 6. The 𝑁𝑠𝑠 −  𝐸𝑐 − 𝐸𝑠𝑠 measurements of Al/Coronene/n-GaAs/In  

Schottky diodes in dark and under light. 

 

4.      Conclusions 

 

 For the first time, anovel n-type diode have been successfully prepared, based 

entirely on Al/Coronene/n-GaAs/In using spin coating method. The forward and reverse 

bias I–V characteristics of Al/Coronene/n-GaAs/ In devices were measured at room 

temperature and in dark and under light. It was observed that our diode showed high 
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rectifying behavior and yielded several barrier height and ideality factor in comparison 

to Al/n-GaAs diode. This is referred to the organic interfacial layer. The current value of 

the diode for light is higher than the current value for dark at the same reverse bias (-

2V). This shows that the Al/Coronene/n-GaAs/In Schottky diode exhibits photovoltaic 

behavior. It is interpreted that the Al/Coronene/n-GaAs/In device can be used as a photo 

sensor for electronic applications. 
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