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A thin organic film of nickel phthalocynanine (NiPc) was deposited by vacuum evaporation method onto aluminum 
deposited glass substrate. On the NiPc film the aluminum film was deposited as well to fabricate the structure with two 
Schottky barriers (Al/NiPc/Al). The Schottky junction as NiPc film with aluminum metal shows photo response under the 
influence of visible light irradiation. It was found that the resistance of the photodetector is varied with irradiance, NiPc 
thickness as well as frequency of applied voltage. It was further observed that the electrical response of the NiPC thin 
film decreases with increase of the frequency and with decrease of the thickness of the NiPc film.  Energy band diagram 
of the photodetector with Al-NiPc junction was developed to explain the observed photo-response. 
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1. Introduction 
 

Organic semiconductor based electronic devices have 

already attracted a great deal of attention for various type 

of electronic devices duo to low cost, light weight, 

flexibility, feasible for large area applications and many 

other advantages [1-8]. Among these organic electronic 

devices; photo-detectors, photo-sensors, photovoltaic and 

other optoelectronic devices are being heavily investigated 

by many research groups all over the world [9-14]. Kim 

group investigated different organic photo devices based 

on a biphenyl end-capped fused bithiophene oligomer [15, 

16] and showed that under 380 nm UV light the film show 

a photocurrent response similar to the absorption spectrum 

of the organic semiconductor. It is expected that the 

organic thin film may be used commercially for highly 

sensitive UV photo-sensors. Similar to the previous case in 

reference [17], the effect of ultraviolet light irradiation on 

the characteristics of organic phototransistor containing 

sexithiophene (6-T) and pentacene were examined and 

device showed two distinguishable responses: fast and 

slow, while the slow response was observed in several 

weeks.  

The most widely used organic photo-conducting 

materials are generally the derivatives of pentacene, 

thiophene oligomers, regioregular polythiophene and some 

other related organic semiconducting materials. These 

materials showed good performance as photo sensor 

materials, but further improvements in photo response for 

such materials require high level of efforts due to observed 

saturation in their photo-responses [18].   

For optoelectronic applications such as 

photodetectors, photosensors, photovoltaic and memory 

devices low-voltage organic Schottky diode and 

phototransistors seem promising [19-20], for that purpose 

NiPc is one of the promising phthalocyanines materials 

[21]. In recent years, nickel phthalocyanine (NiPc) has 

received increasing attention due to its potential 

applications in the area of photovoltaic and gas sensing 

responses [22-34]. One of the major advantages of NiPc 

over CuPc is its higher mobility of charge carriers (0.1 

cm
2
/V s and 10

-4
 cm

2
/ V s respectively) [34]. The energy 

band gap of the NiPc is equal to 2.24 eV and 3.2 eV for 

indirect and direct allowed transitions [26].  

In [35] we have investigated the electrical properties 

of CuPc based structure solar cell and in [36, 37] electrical 

response of CuPc-NiPc and CuPc-GaAs junction has been 

investigated.  At the same time the photo-detecting 

response of NiPc based Schottky junction will be 

interesting for fabrication and investigation. In this paper 

the properties of organic photodetector based on NiPc film 

and Schottky junction (Al-NiPc-Al) is investigated and 

discussed. 

 

 
2. Experimental  
 

The NiPc was obtained from Sigma-Aldrich. Fig. 1 

shows the molecular structure of the NiPc molecule used 

as a p-type organic semiconductor. The semitransparent Al 

film (15 nm thickness film, transparency was equal to 10-

15, %) was thermally sublimed onto glass substrate at 500 
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o
C and ~10

-5
 Pa in Edwards AUTO 306 vacuum 

evaporator with diffusion pumping system and thickness 

monitor. The substrate’s temperature in this process was 

held at ~40 
o
C.  On the semitransparent Al electrode, the 

thin films of NiPc of thickness of 50 nm, 100 nm and 150 

nm were deposited. Fig. 2 show SEM micrographs at 4K 

magnification of NiPC (300 nm) thin film deposited on 

glass. These SEM micrographs have been obtained from 

Hitachi SU 1500 Scanning electron microscope.Scanning 

electron micrographs showed that no particular crystal 

orientations are observed in the NiPc films. Fig. 3 show 

UV-VIS absorption spectra of NiPC thin film (300 nm 

thickness). This graph has been obtained from Lambda 

950, Perkin Elmer UV-VIS Spectrophotometer. It is seen 

that the spectra covers the NIR- UV, i.e. the wavelengths 

250-1000 nm. Fig. 4 show the 2D and 3D AFM 

micrographs obtained by Agilent’s Pico Plus under 

ambient condition, with a scan size area of 5 μm 

respectively. 2D micrograph is helpful to find the grain 

size whereas the 3D AFM image can help in 

understanding the orientation of the grains.  

 

 

 
Fig. 1. Molecular structure of the NiPc molecule used 

 as a p-type organic semiconductor. 

 

 

 

 

Fig. 2. SEM micrographs at  4K magnification of  

NiPC (300 nm) thin film deposited on glass. 
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Fig. 3. UV-Vis.  absorption spectra  of NiPc thin film 

 (300 nm thickness). 

 

 

(a) 

 
(b) 

(c) 
 

Fig. 4. Show the 2D and 3D AFM micrographs, obtained 

by Agilent’s Pico Plus under ambient condition, with a 

scan size area of (a) 5, (b) 3 and (c) 2 μm respectively. 

2D micrograph is helpful to find the grain size whereas 

the   3D  AFM  image  can  help  in  understanding  the  

                      orientation of the grains. 
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On the NiPc films the Al films were deposited, the 

deposition rate of Al and NiPc films were managed to 2 

nm/min and 5 nm/min respectively to fabricate the 

structure with two Schottky barriers (Al/NiPc/Al). Fig. 5 

shows schematic cross-sectional view of the fabricated 

device. The effective area of the device was equal to 20 

mm x 15 mm. The filament lamp was used as a source of 

light. The light intensity was measured by LM-80 that was 

calibrated in mW cm
-2

.  The measurements of resistance at 

AC (120 Hz, 1 kHz and 10 kHz) were carried out by 

Agilent U1732A LCR meter at room temperature. 

  

Light

Glass

Aluminum NiPC

ITO

 
 

Fig.5. Schematic cross-sectional view of the fabricated 

photodetector. 

 

 

3. Results and discussion 
 

Fig. 6 shows the resistance-irradiance relationships for 

photodetector based on NiPc films thickness of (a) 50 nm, 

(b) 100 nm and (c) 150 nm at 120 Hz frequency. It is 

observed that the ac resistance of the samples such as 50, 

100 and 150 nm decreases 1.7, 4.7 and 4.9 times 

respectively as irradiance increases upto 38 mW/cm
2
. Fig. 

7 shows the relative resistance (R off/Ron) -irradiance 

relationships of data presented in Fig. 6 as based on NiPc 

films of thickness of (a) 50 nm, (b) 100 nm and (c) 150 nm 

respectively. It is seen that the performance of 

photodetector depends on NiPc thickness, at the same time 

the rectification ratio is maximum at 150 nm NiPc 

thicknesses. The high rectification ratio at 150 nm NiPc 

thickness is may be due to many factors such as relatively 

higher absorption of the light as well as the optimal ratio 

of depletion region width and thickness of the film. As 

shown in Fig. 3, the photodetector is sensitive mostly in 

visible spectrum, covering partly near IR and UV. Fig. 8 

shows resistance-thickness relationships at different 

irradiances. From the Fig. 8 it is clear that resistance of 

photodetector is sharply decreases as a function of 

irradiance, which is more prominent at 120 Hz. Fig.9 

shows resistance-frequency relationship for the sample 

with thickness 150 nm. It is seen that at higher frequency 

the resistance of photodetector decreases. 

 

 
(a)  50nm 

 

(b) 100 nm 

 

(c) 150 nm 

 
Fig. 6. AC resistance-irradiance relationships for 

photodetector  based  on  NiPc  with  NiPc  thickness of 

                   50 nm, 150 nm and 100 nm. 
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(a) 50 nm 

 

 

 
(b) 100 nm 

 
(c) 150 nm 

 

Fig. 7. Relative AC resistance-irradiance relationships 

for the  NiPc photodetector  where NiPc  thickness was  

                      50 nm , 150 nm and 100 nm . 

 

 

Fig. 8. AC resistance-thickness response for the NiPc 

150 nm  based  photodetector  at  different irradiances  

                     (0; 5 mW/cm2 and 35 mW/cm2). 

 

 
 

Fig. 9. AC Resistance-frequency relationship for the  

sample with thickness of 150 nm. 

 

DC I-V characteristics of the Al/NiPc/Al metal-

semiconductor junctions was investigated  and it was 

found that, unlike to rectifying Al/NiPc junction 

characteristics [38], the I-V characteristics are quasi-

symmetrical, i.e. non-rectifying in nature. It can be seen in 

schematic cross-sectional view (Fig 5) of the fabricated 

Al/NiPc/Al photodetector, the output current is the 

resultant response of the device, where two Al/NiPc 

junctions are connected in series but in opposite direction. 

Therefore I-V characteristics of the Al/NiPc/Al in both 

polarities of the applied DC voltage shows reverse bias of 

one of the junctions. 

Taking into account the data presented in Fig. 3, an 

energy-band diagram of the Al/p-NiPc/Al metal-

semiconductor junctions (Fig. 10) was developed [26,36]. 

In this diagram Ec, Ev and Eg are bottom of conduction 

band, top of valence band and gap respectively. Barrier’s 
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height (ϕo) in the interface of NiPc/Al junction was 

investigated and it was found that ϕo equal to 1.07 eV [38] 

and 0.93 eV [39]. 

 

 

 

 

 

 

 

 

 

Fig. 10. An energy-band diagram of NiPc based transistor  

with two Al/p-NiPc metal-semiconductor junctions. 

 

 

The two mechanisms, photoconductive behavior and 

photovoltaic behavior seem are responsible for the 

photoresponse of the detector [16, 36]. Photoconductive 

behavior (the increase of conductance in the presence of 

light) occurs due to generation of excitons by absorbed 

photons, and then splitting of the excitons into electrons 

and holes pairs by the electric field of the two depletion 

regions by the application of voltage (between of two 

depletion regions) and by the inherent defects of structure 

in the bulk of NiPc. Photovoltaic behavior (generation of 

voltage due to effect of light) takes place due to the 

presence of the two rectifying metal-semiconductor 

junctions. In the effect of light metal-semiconductor 

potential barriers and electric fields as well decrease that 

results to increase of conductivity of the depletion region 

of NiPc.  

In [16,17] the expressions for the photocurrent caused 

by the photovoltaic effect and photocurrent induced by a 

photoconductive effect are presented. At the same time the 

properties of the photodetector may be simulated by use of 

equivalent circuit as well, that would be the matter of the 

future work. 

In the experiments done in this work at measurement 

of the samples resistance AC voltage (120 Hz) was applied 

(0.6 V) from the meter. Therefore at different polarity of 

the applied voltage one of the junctions was in forward 

and another one was in the reverse bias. Unlike to DC 

measurements of I-V characteristics of the phototransistor 

at different irradiances the measurements of the resistance 

at AC allows to get information about of frequency 

response as well that is important for practical 

applications. If it is considered that transistor’s total delay 

time (τ) is equal to transit time (τt) in NiPc (analogous of 

the base of bipolar junction transistor (BJT)), the delay 

time can be found by the following way: 



L

   (1) 

Where L is thickness of the NiPc films v is drift 

velocity of the charges (holes) in NiPc. At the same time  

 

E     (2) 

Where μ is mobility of holes and E is electric field due to 

applied voltage at measurement of the resistance. By 

substitution of the Eq.2 into Eq.1 it can be found that: 
 

E

L


     (3) 

 

Taking into account that L = 200 nm (it is thickness of one 

of the samples), μ=0.1 cm
2
/V s [34] and  E =U/L=0.6 V/ 

200 nm= 30 kV/cm, one can obtain  τ = 0.6 10
-8

 s. The 

cutoff frequency (fT) is determined by [35]:      
 

 
2

1
Tf                (4) 

 

It was found that fT = 24 MHz. This value seems 

larger than actual value of the cutoff frequency because   

that really τt >> τ.  In [40] in the frequency range of 10-

100 Hz it was investigated the frequency response of the 

CuPc based photoelectric sensor and it was found that fT is 

equal to 20 Hz. By substituting of Eq.3 into Eq.4 it can be 

shown that fT is proportional to mobility of charge curriers 

[37]: 

 
L

E
fT





2
      (5) 

 

As mobility of the NiPc (0.1 cm
2
/V s) is larger than 

mobility of the CuPc in 1000 times [32], it can be expected 

that fT of the NiPc is about of 24 kHz. As the resistance 

measuring frequency (120 Hz) at investigation of the NiPc 

based phototransistor was below of the cutoff frequency it 

can be considered that it was no effect of frequency 

limitation in these experiments that was confirmed by high 

photoresponse shown by the transistor. 

 

 

4. Conclusion 
 

 NiPc based photodetector with two Schottky 

junctions (Al-NiPc-Al) were investigated with AC 

resistance-irradiance response under light irradiation. It is 

established that for NiPc photodetector the resistance 

decreases up to 1.7, 4.7 and 4.9 times with 50, 100 and 

150 nm NiPc thickness respectively. It clearly 

demonstrates that the photo-performance of NiPc 

EF 
EF 

Eg =2.2eV 

__   __   __   __ Ec  __   __   __   __   __   

  Ec 

__   __   __   __   __   __   __   __   __       

Localized states 

__  __ Ev __ ___ __ __  

__ ___ ___ ___ ___ 

__ __ __  ___ ___ ____ 

__  ___  ___ ___   __  ___   ___   ___   ____  ___   ___  _ 

Localized states 

p-NiPC 

 Al Al 



Nickel phthalocynanine – metal Schottky diode as photodetector                                                 1435 

 

   

photodetector, increases with NiPC thickness. By the use 

of the NiPc absorption spectra and above investigated 

results, the energy band diagram of the detector with was 

developed and discussed.  
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