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Malachite Green (MG) organic dye thin film was prepared by simple drop casting method. 

Microstructural property of MG layer was investigated by Scanning Electron Microscopy 

(SEM). SEM image indicated that MG organic thin layer was formed from nanoclusters. 

Later, it was fabricated Ag/Malachite Green(MG)/p-InP diodes by drop cast method. The 

barrier height (BH) and ideality factor by using I-V characteristics for the device were 

found as 0.75 eV and 1.68. By using the Norde method, the BH and the resistance of 

neutral region of the device were extracted as 0.80 eV and 1.17x104 Ω. The interfacial 

states concentration of the device has been seen to decrease from 2.79×1013 eV-1cm-2 to 

5.80×1012 eV-1cm-2. By using capacitance-voltage technique, the values of the built-in 

voltage, BH and semiconductor doping density were found as 1.22 V, 0.83 eV and 

1.87x1017 cm-3 for the Ag/MG/p-InP diode, respectively. 
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1. Introduction 
 

The organic solids have been employed widely because of durability and barrier 

modification effects in the metal/interfacial film/semiconductor (MIS) junctions [1-14]. For 

example, the basic diode parameters of metal/semiconductor (MS) junctions could be adjusted by 

organic interlayer. Padma et al. [3] used a polyethylene oxide (PEO) molecule as an interface sheet 

to modify electronic property of the Titanium/p-type Indium Phosphide structure. The junctions 

were characterized by current–voltage (I–V) and capacity–voltage-frequency (C–V-f) 

measurements. Padma et al. [3] reported that the ideality factor (n) and barrier height (BH) were 

obtained as 0.74 eV and 0.84 eV for the diodes without and with PEO layer. Sreenu et al. [5] 

performed the electrical characteristics of Ti/Orange G (OG)/p-InP structures. They [5] found the 

values of the BH as 0.83 eV and 0.94 eV for the conventional contact without OG layer and 

Ti/OG/p-InP contact with OG layer. Reddy et al. [7] produced the Ti/polyvinylpyrrolidone 

(PVP)/p-InP structure. Reddy et al. [7] calculated the values of BH as 0.76 eV and 0.87 eV for the 

contacts without and with PVP layer. Sekhar Reddy et al. [9] fabricated the Ti/p-InP contacts with 

and without polyaniline (PANI) interfacial layer. They [9] extracted as 0.81 eV and 0.64 eV the 

BHs for the contacts with and without PANI interfacial thin layer. Aydogan et al. [10] fabricated 

the Al/aniline green (AG)/Ga2Te3 diode with AG thin layer. The parameters of the n and BH from 

I–V measurement of Al/aniline green (AG)/Ga2Te3 junction were found as 1.79 and 0.67 eV. 

Güllü et al. [13] identically produced the Al/AG/p-Si diodes (total 27 contacts) by using drop cast 

method onto a p-type Silicon substrate. It was reported that mean BH and n from the current–

voltage plots were extracted as 0.582 eV and 2.999, respectively. They [13] found that the mean 

BH and mean acceptor carrier density of semiconductor from C–V characteristics were extracted 

as 0.61 eV and 5.54×1014 cm−3. Aydogan et al. [15] performed the electrical measurements of 

AG/n-Silicon diode. They calculated as 3.48 and 0.76 eV the parameters of the n and BH extracted 
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from current–voltage characteristics, respectively. The different electrical features of the MS 

junctions might be changed with selecting of appropriate material [15]. In this work, we have 

considered the malachite green or aniline green (MG) organic molecule because of the property of 

chemical stability in different electronics and photo-electronic technology [16]. This material gives 

an opportunity of cheap and huge-surface semiconductor junctions. MG with chemical formula 

C23H25ClN2 employed in this work is a conventional aromatic azo dye molecule as shown the 

molecular structure in Figure 1.  

 

 
 

Fig. 1. The molecular structure of MG molecule. 

 

 

This work aims to analyze the electronic and interfacial characteristics of Ag/MG/p-

InP/Au-Zn device with the joint of MG thin film between the indium phosphide inorganic 

substrate and Ag top metal layer. The electronic properties of the Ag/MG/p-InP device were 

extracted by using I-V and C-V techniques. 

 

 

2. Experimental procedure 
 

Ag/MG/p-InP MIS diode structures were formed on the p- type InP crystal. The chemical 

cleaning procedure of the semiconductor p-InP substrate was performed with 

 OH+OH+SO5H 22242 solution. A HF+10H2O suspension was utilized to etch the ultrathin 

oxide layer on p-InP wafer and then the p-InP substrate was cleaned in the deionized (DI) water. 

The 90:Au–10:Zn alloy to form of the back metal contact of the p-InP wafer was evaporated in 

thermal evaporation system. Then, thermal annealing procedure was applied to the wafer at 450 °C 

for three minutes in nitrogen chamber. MG organic layer on the p-InP crystal was fabricated by 

dropping 10 μL of the MG solution. Then, it was left by itself for evaporation of ethanol for two 

hours. Ag metal top contact with diameter of 1.0 mm on the organic film was created by 

evaporating pure Ag material (diode surface area=78.5x10-4 cm2). All thermal coating stages in 

this study were performed in a vacuum chamber at 2x10-5 Torr. Electrical measurements of the 

Ag/MG/p-InP/Au-Zn device as shown in Figure 2 were taken by Keithley 4200 SCS analysis 

system at 300 K and under darkness. The structural properties of the MG organic dye layer coated 

on glass substrate were investigated by Quanta FEG 250 Scanning Electron Microscopy (SEM) 

system.  

 
 

Fig. 2. The experiment setup of the Ag/MG/p-InP/Au-Zn MIS contact structure. 
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3. Results and Discussion 
 

3.1. The morphological characteristics of the MG film 

The morphological properties of organic thin films, which play an active role on the 

performance of opto-electronic devices, are as seen in the figure. The morphological 

characteristics of the MG organic dye thin layer coated on glass substrate were investigated by 

SEM measurement. The SEM results of the MG layer are indicated in Figure 3 (a,b). As indicated 

in Figure 3a, the MG organic thin layer is formed from nanoclusters. The cluster size of the layer 

was found to be in the range of 300-450 nm as seen in Fig. 3b. 

 

 
 

Fig. 3. a) Low magnitude and b) high magnitude SEM photomicrographs of the MG layer. 

 

 

3.2. The I-V graphics of the Ag/MG/p-InP contact 

The I-V graphics of the Ag/MG/p-InP contact and Ag/p-InP conventional contact have 

been drawn in Figure 4. MG thin film layer decreases the diode current of the Ag/p-InP 

conventional contact as seen in Figure 4. The Ag/MG/p-InP MIS diode displays a rectifying 

character. The diode current in forward-bias region at higher current section of the logI-V plot was 

in control of series resistance. Then it gives rise to the curvature in logI-V graphic. The parameters 

of n and BH ( b ) from thermionic emission (TE) mechanism [17,18] were computed from  

straight section of the I-V graphic of the diode. The b and n for Ag/MG/p-InP/Au-Zn MIS device 

were obtained as 0.75 eV and 1.68. The value of n extracted by the Schottky effect only can be 

near to 1.01 or 1.02 [19-21]. The greater values of n are ascribed to consequent influences which 

count in the interfacial dipoles because of the MIS interfacial characteristics or interfacial doping 

as well as the defects due to fabrication process at the interfacial layer [19-22]. Tung et al [22] also 

ascribed the great values of n to the existence of a broad arrangement of small-potential patches 

due to the side-by-side inhomogeneities at MIS interface.  
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Fig. 4. Current-Voltage graphics of the Ag/MG/p-InP/Au-Zn contact and Ag/p-InP contact. 

 

 

The parameter of b  of 0.75 eV determined for the device with MG thin interlayer is 

greater than the value of 0.64 eV extracted for control diode. The experimental studies reported by 

many researchers have shown the modification of the BH with utilization of the various organic 

molecules. D. R. Lambada et al. [23] produced the Au/graphene oxide (GO)/p-InP MIS contact 

with GO thin layer. They calculated as 1.67 and 0.87 eV the n and BH of the device in the dark. 

Also, Lin et al. [24] were fabricated the MoS2/p-InP MIS contact. The BH, n and Rs by utilizing 

from I–V graphics were determined as 0.73 eV, 2.4, and 12.8 ohm. Chen et al. [25] produced the 

Al/MoO3/p-InP contact structure and performed its diode characteristics with temperatures from 

310 to 400 K. They showed that the parameters of the apparent b  for the device were changed 

from about 0.78eV to 0.91 eV. 

 

 
 

Fig. 5. Rj-V graphics of the Ag/MG/p-InP/Au-Zn contact and Ag/p-InP control contact. 

 

 

They [23-25] have shown that the calculated BHs for these contacts were higher than the 

metal/p-InP control diodes. They [23-25] have reported that the BH might be changed or 

organized by using organic interlayer film. Also, this may be attributed to the organic thin layer 

that changes the b  by affecting the depletion section of the semiconductor wafer [23-25]. The 

diode parameters obtained in this work and earlier works have indicated that the coating technique 

of the thin layer and the layer width of the material to be employed in MIS diode production 

influence the diode properties.  
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The junction resistance (Rj, 
I

VR j 
 )-V graphics of the Ag/MG/p-InP structure and 

Ag/p-InP reference diode have been drawn in Figure 5. MG thin film layer increases to the diode 

resistance of the Ag/p-InP contact as seen in Figure 5. 

The series resistance (Rs) effect causes to a convexity at higher potential region of the I-V 

curves [32]. Rs parameter has been extracted by help the Cheung technique [33,34]. The I-V 

equation of a MS contact by the Rs effect according to Cheung technique [34] may be formulated 

as: 

 

                                              
 








 


nkT
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II sexp0 .                                                               (1)  

 

The Rs value of the device may be extracted from the next expressions by help the Eq.(1); 
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dV

ln
- I graphic has to be straight line as shown in Fig.6. This curve provides sR

value as the slope and 
q

nkT
 as the y-axis intercept from Eq.(2). The parameters of n and sR  of 

Ag/MG/p-InP MIS diode were extracted as n = 2.15 and RS = 45.9 Ω. It was seen that the 

parameter of n calculated from the logI–V curve was different from that determined from the 

dV/d(lnI)–I graphic. This situation may be ascribed to the influence of the Rs and interfacial charge 

states and to the potential falling through the interface region (native oxide + MG layer) [35]. 

Also,  IH - I graphic as given in Fig.6 has to be in a form of straight line according to the 

Cheung model [34] and then b  and sR  are computed as 0.74 eV and 109.2 ohm.  
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Fig. 6. The curves of Cheung functions of the Ag/MG/p-InP MIS device. 

 

 

Norde developed a Norde function (F(V)) to extract the value of the Rs [36]. The value of 

BH by using the Norde function may be calculated from Eq. (4),  
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where   is integer, F(V0) and V0 is the bottom of F(V) graph and the related potential, 

respectively. Figure 7 displays the F(V)–V graphic of the Ag/MG/p-InP device. By utilizing the 

F(V)–V curve as shown in Fig.7 it was obtained as the values of F(V0)=0.73 Volt and V0=0.20 

Volt. Then, the BH and Rs for the Ag/MG/p-InP/Au-Zn MIS contact were extracted as 0.80 eV 

and 1.17x104 Ω. It is noted which the barrier heights calculated from the logI-V method, Cheung 

technique and Norde technique are not similar to each other. These different values emerge from 

the calculation of various sections of the I-V graphics [37]. Thus, the Rs value extracted from 

Norde technique is larger than that extracted from Cheung technique. The diode parameters are 

calculated from the series resistance region in higher section of the logI-V graphics in the Cheung 

method, while they are extracted from the full forward bias section of the logI-V curves of the MIS 

structures in the Norde’s technique [37]. The higher values of the ideality factor might increase the 

Rs value of the junction. Thus, the Rs value is higher for this contact. This shows that the Rs 

parameter is a current-restricting component for this MIS diode. The large Rs values might be 

attributed to reduce of the logarithmically rising rate in diode current because of space-charge 

injection into the MG interlayer at larger forward bias voltage section [37].  
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Fig. 7. F-V graphic of Ag/MG/p-InP MIS contact. 

 

 

3.3. Interfacial analysis of the Ag/MG/p-InP contact     

Card and Rhoderick [38] developed for the calculation of interfacial states concentration 

NSS of a semiconductor junction and the energy of the interfacial states ESS. The parameters of NSS 

and ESS according to the Ref.[38] were computed from the I–V data of the diodes and then the NSS 

vs. ESS-EV graphics were drawn as given in Fig. 8. It is shown that NSS values reduces with raising 

ESS-EV values for both Ag/p-InP reference diode and Ag/MG/p-InP diode. The interfacial state 

density values of the Ag/p-InP diode and Ag/MG/p-InP contact vary from 1.87×1012 eV-1 cm-2 and 

1.07×1013 eV−1 cm-2 to 4.41×1011 eV-1 cm-2 and 4.33×1012 eV-1 cm-2, respectively. The increase in 

the interfacial state density values of Ag/MG/p-InP MIS contact is attributed to effect of the MG 

organic thin interlayer. Recently, Acar et al. [39] formed the Au/ZnO/p-InP junction and they 

reported that Nss interface states changed from 8.18 × 1013 to 1.24 × 1011 eV−1 cm−2 as a function 

of signal frequency. Lambada et al [23] found that Nss values varied from 3.3629 × 1016 eV−1 cm−2 

to 4.0248 × 1015 eV−1 cm−2 in the dark for Au/GO/p-InP diode. Sreenu et al. [5] found that the NSS 

values varied from 3.731×1012 eV−1 cm−2 to 6.637×1011 eV−1 cm−2 for Ti/OG/p-InP diode. Ulusan 

et al [40] found that the NSS values varied from 5.6×1013 eV−1 cm−2 to 2.0×1012 eV−1 cm−2 for 

Au/Si3N4/p-GaAs junction. Yilmaz et al [41] reported that Nss values decreased from 4.268 × 
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1015 eV−1 cm−2 to 1.587 × 1015 eV−1 cm−2 in the dark condition for Au/Pinus brutia/n-Si MIS 

diode. The Nss values of interfacial state concentration of the Ag/MG/p-InP MIS contact is 

coherent with those of above indicated works. The MG film layer results in a significant alteration 

of interface state that the MIS interface is sharp and passive [41-43]. The MG interlayer raises the 

BH by the alteration of the crystal substrate surfaces and the chemical interactions at the MIS 

interfacial region. The MG interlayer will produce new interfacial charge states between the p-InP 

and oxide-organic interfacial layer [7]. 

 

 
 

Fig. 8. The density distributions of the interfacial charge states of the Ag/p-InP/Au-Zn control diode  

and the Ag/MG/p-InP/Au-Zn device. 

 

 

3.4. Capacity-Voltage Analysis of Ag/MG/p-InP/Au-Zn diodes 

The C-V characteristics can ensure valuable understanding about the immobile charge 

distribution and BH of the diodes. When any voltage is applied to the diode, a capacitance occurs 

due to the change of the charge distribution within the structure. The depletion capacitance in the 

junction prevails in the reverse-bias region, while the diffusion capacitance prevails in large 

forward-bias region [44].  

Figure 9 displays the C-V and 1/C2-V curves of the Ag/MG/p-InP diode. The 1/C2-V 

curve is straight which shows the configuration of Schottky contact [45]. By utilizing Mott-

Schottky equation in C-V analysis [17,18] the values of the built-in potential (Vd), BH and 

semiconductor doping concentration (NA) were found as 1.22 V, 0.83 eV and 1.87x1017 cm-3 for 

the Ag/MG/p-InP diode, respectively. 

 

 
 

Fig. 9. The C-V and 1/C2-V graphics at 1 MHz frequency for the Ag/MG/p-InP/Au-Zn device. 
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The different measurement mechanisms of the I-V and C-V characteristics for the 

Ag/MG/p-InP device cause to the difference in the extracted BH values. The capacity C is not 

precise to potential alteration on a distance magnitude of smaller than the depletion part and C-V 

technique measures the average BH over the whole depletion region. The junction current changes 

by the logarithmic function of BHs and thus depend precisely on the comprehensive distribution at 

the interfacial layer. Besides, the difference in the extracted b  values of the diodes might be 

described by the presence of the interlayer and trap/defect states in bulk crystal wafer 

[17,18,46,47].  
 

 

4. Conclusion 
 

In conclusion, the morphological characteristics of the MG organic dye thin layer coated 

on glass substrate were investigated by SEM measurement. It was seen the MG organic thin layer 

is formed from nanoclusters. The cluster size of the layer was found to be in the range of 300-450 

nm. Later, it was produced the Ag/MG/p-InP junction by simple drop casting technique. The 

Ag/MG/)/p-InP structure represents a rectifier property. The BH and n by using I-V measurements 

for the Ag/MG/p-InP junction were found as 0.75 eV and 1.68. By using the Norde method, the 

values of BH and series resistance (Rs) of the Ag/MG/p-InP structure were extracted as 0.80 eV 

and 1.17x104 Ω, respectively. The interfacial states concentration of the Ag/MG/p-InP contact has 

been seen to vary from 2.79×1013 eV-1cm-2 to 5.80×1012 eV-1cm-2. By using the 1/C2-V analysis, 

the values of the built-in voltage, BH and semiconductor doping concentration were found as 1.22 

V, 0.83 eV and 1.87x1017 cm-3 for the Ag/MG/p-InP diode, respectively. 
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