
Physica B 690 (2024) 416286

Available online 8 July 2024
0921-4526/© 2024 Elsevier B.V. All rights are reserved, including those for text and data mining, AI training, and similar technologies.

Investigation of AlN-based Schottky type photodetector in visible 
light detection 

A. Kocyigit a, D.E. Yıldız b,*, M.O. Erdal c, A. Tataroglu d, M. Yıldırım e 

a Department of Electronics and Automation, Vocational High School, Bilecik Şeyh Edebali University, 11000, Bilecik, Turkey 
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A B S T R A C T   

In this study, we fabricated an AlN-based Schottky photodetector by thermal evaporation technique using 
commercial AlN/n-Si heterojunction which was fabricated by hydride vapor phase epitaxy. Thus, Au/Ti/AlN/n- 
Si heterostructure was obtained and tested for photodetector applications for various light power densities from 
20 mW/cm2 to 100 mW/cm2 by I–V characteristics. Various parameters of heterostructure were extracted by 
thermionic emission theory, Norde and Cheung methods to clear the electrical properties of the Au/Ti/AlN/n-Si. 
Photodetection parameters such as responsivity, photosensitivity, and specific detectivity values were also 
studied depending on the changing light power density. The Au/Ti/AlN/n-Si photodetector revealed 1.36 A/W 
responsivity and 7.99 £ 109 Jones specific detectivity values. The photoresponse time was investigated by light 
on-off transient measurements. The Au/Ti/AlN/n-Si photodetector exhibited fast and linear photoresponse to the 
illumination. The photocapacitance and photoconductance properties of the Au/Ti/AlN/n-Si photodetector were 
also studied. The results highlighted that Au/Ti/AlN/n-Si photodetector can be a good candidate for fast- 
response photodetection applications.   

1. Introduction 

Photodetectors are important parts of the modern world, and 
research has increased to obtain high-performance photodetectors. They 
are used for sensing optic electromagnetic radiation by conversion of 
light into electrical signal, and thus they can be employed in electronic 
circuits to trigger a system or analyze radiation [1–3]. Photodetectors 
have a key role in industrial applications ranging from simple light 
sensing to advanced scientific research [4,5]. They are essential com
ponents in various fields including telecommunications, aerospace, 
medical diagnostics, environmental monitoring, and industrial auto
mation [6]. When incident light hits a photodetector, electron-hole pairs 
are formed in the interface, and a driven force of the electric field pushes 
electrons and holes reverse direction towards the outside circuit to 
obtain electrical current [7]. Photodetectors can be classified as pho
totransistors, photoresistors, photomultiplers, etc … depending on 
application areas [8]. They can be sorted into p-n photodetector, 
avalanche photodetector, pin photodetector, and Schottky 

photodetector according to their structures [9]. Among them, Schottky 
photodetector exhibited fast photoresponse and basic structure [10]. 

Ongoing research and development continue to improve their 
sensitivity, response time, and reliability, enabling advancements in 
numerous technological domains [11]. Photodetectors are fabricated by 
using several active material layers, and researchers have tried to find 
good-fitting materials for better performance [12–14]. In the case of 
Schottky photodetectors, various interfacial active layers to catch pho
tons are under investigation [15–17]. Attia et al. used p-quaterphenyl 
film layer as an interfacial layer between Au and p-Si substrate, and they 
obtained responsivity and specific detectivity values of 0.013 A/W and 
2.12 × 108 Jones at the visible region [18]. Dogan et al. used Curcumin 
pigment to fabricate a Schottky photodetector for UV and visible range 
detection of light between n-Si and Au metal and they reached 13.19 
A/W responsivity and 1.22 × 1011 Jones specific detectivity values [19]. 
Srivastava et al., deposited pentacene on ITO substrate by spin coating 
technique to obtain Al/pentacene/ITO Schottky photodetector for UV 
photodetection, and they attained 1.25 × 1012 Jones specific detectivity 
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and 4.5 A/W responsivity values with very high external quantum ef
ficiencies for UV region [20]. According to these studies, the perfor
mance of the Schottky photodetector can be improved by several active 
materials. 

AlN is an interesting material due to having high thermal conduc
tivity, good hardness, high insulation, high dielectric constant of around 
8, and well absorption at UV region [21–24]. These behaviors of AlN 
make it a good candidate for electronic device applications of photo
detectors, memory devices, piezoelectric devices, etc.… [25–28]. Some 
studies used AlN for photodetector applications in 
metal-semiconductor-metal configuration, but not so many studies 
employed AlN as an interfacial layer between a metal and 

semiconductor for Schottky photodetector [29,30]. For that aim, we 
used commercial AlN/n-Si to fabricate Ti/Au/AlN/n-Si heterostructure 
for the Schottky photodetector application in this study. 

2. Experimental details 

Epitaxial growth AlN/n-Si template was commercially bought from 
MTI Corporation and used directly to fabricate the Schottky photode
tector after the cleaning procedure. While the n-Si wafer had (111) 
orientation, 2-inch diameter, 0.5 mm thicknesses, and 1–10 Ω cm re
sistivity, the AlN layer was 200 nm thicknesses on n-Si and deposited by 
hydride vapor phase epitaxy according to the manufacturer. The 

Fig. 1. a) The measurement procedure with schematic structure and b) band diagram of the AlN-based photodetector.  
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template was divided into 1 × 2 cm2 slices and then cleaned in an ul
trasonic cleaner with 2-propanolinan, acetone, and de-ionized water. 
The pieces were dried under an N2 atmosphere and exposed to plasma 
for 5 min to clean. A 100 nm Au layer was evaporated on the backside of 
the n-Si pieces by a thermal evaporator at ~10− 6 Torr, and the pieces 
were annealed in an N2 atmosphere at 500 ◦C only 5 min to accomplish 
ohmic contact. Au/Ti contact was preferred to obtain low barrier for
mation since the work function of Au/Ti is smaller than Au or Ti 
[31–35]. Then, Ti(5 nm)/Au(100) nm metals were evaporated on the 
AlN surface as 1-diameter circles by a hole array mask. Thus, 
Ti/Au/AlN/n-Si heterostructure was obtained and tested by I–V mea
surements for dark and different light power densities. Fig. 1a shows the 
photodetector geometry and measurement system schematically under 
solar light illumination. The threshold voltage (Vth) is a voltage point at 
forward biases that the diode starts to transmit electrical current 
immediately. Generally, lower Vth is desired, and its value is about 
0.2–0.3 V for Schottky diodes. Fig. 1b shows a schematic illustration of 
the Vth and determination graphs of the AlN-based photodetector. The 
energy-band diagram for Au/Ti/AIN/n-Si photodiode is given in Fig. 1c. 
As seen in this figure, the work function (M) of Ti and Au is 4.33 and 5.1 
eV, respectively. The energy band gap of AlN and n-Si is 6.2 and ~1.12 
eV, respectively. Also, the electron affinity (χs) of n-Si is ~4.05 eV. 

SEM image of the AlN/n-Si was taken by QUANTA 400F Field 
Emission SEM. Current-transient and current-voltage results were 
collected by the FYTRONIX FY-7000 Solar Simulator under dark and 
several light power densities. Transient capacitance and conductance 
measurements depending on various light power densities were 

obtained by ST2826/A High Frequency LCR Meter under a solar 
simulator. 

3. Results and discussion 

Surface morphology images of the AlN template were studied by field 
emission SEM for various magnifications to check the suitability of a 
photodetector. Fig. 2a–d shows SEM images of the AlN/n-Si template for 
increasing magnifications from 1kx to 30 kx. Structures of the AlN 
exhibited porous surfaces with some holes with homogenously distrib
uted on the surface. We think that the porous structure of AIN as an 
insulator can improve the performance of the photodetector [36]. 

A device’s I–V characteristics give information about the passing 
current through the device by applied external voltage. In the case of 
Schottky photodetector as well as diodes, the current passes after a 
threshold value at forward biases, but it is stopped at reverse biases. 
Fig. 3a shows I–V characteristics of the Au/Ti/AlN/n-Si heterostructure 
for several light power densities. The threshold voltage (Vth) values were 
determined by a close look at forward bias I–V characteristics (inset) 
depending on the light power density and given in Fig. 3b. The Au/Ti/ 
AlN/n-Si heterostructure reveals an increase in the current at the reverse 
and forward biases, and it can be used as photodetector applications. 
The reason for the current increase at reverse biases by increasing 
voltage can depend on the defect levels at the interface with the AlN 
interlayer [37]. Vth values decreased from 0.58 V to 0.44 V by increasing 
light power density because of increasing current depending on light 
power. This result confirms that the Au/Ti/AlN/n-Si heterostructure is 

Fig. 2. SEM images of the AlN interlayers for various magnification.  
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sensitive to light illumination. 
Several heterostructure parameters of ideality factor (n), series 

resistance (Rs), shunt resistance (Rsh), and barrier height (Φb) can be 
determined to understand the electrical behaviors of the Au/Ti/AlN/n- 
Si heterostructure. Thermionic emission theory is employed to figure out 
some of these parameters, and a detailed explanation of the method can 
be discovered everywhere [38–46]. The n and Φb values have been 
determined for various light power densities and given in Fig. 4a. While 
the Φb values increased with decreasing light power density, n values 
have a reverse profile. These results highlight that the Au/Ti/AlN/n-Si 
heterostructure has a response to changing light power density, and 
light causes easily electron-hole pairs in the interface of the hetero
structure and change parameters. While the Φb values are in good 
agreement with many Schottky photodetectors, the n values are much 
higher than unity or their ideal values [47]. These high ideality factor 
values can be dependent on the interfacial AlN layer, interface states, or 
series resistance effect [48]. Junction resistance (Rj) of the 
Au/Ti/AlN/n-Si heterostructure can be obtained by dV/dI formula from 
I–V characteristics to determine Rsh and Rs values from reverse and 
forward bias regions [49]. Rj-V plots of the Au/Ti/AlN/n-Si hetero
structure have been displayed in Fig. 4b depending on the changing light 
power density. Both the Rsh and Rs values have a decreasing profile with 
increasing light power density because of the increasing current level. 
The Rsh and Rs values were determined as around 104 Ω and 103 Ω levels. 
The changing of the Rj values with light power density implies that the 
Au/Ti/AlN/n-Si heterostructure has a response to illumination. 

To confirm the above parameters, the Norde and Cheung methods 
can be employed since the Norde method helps to calculate Rs and Φb 
values from the Norde function, and the Cheung method provides to 

determine n, Φb, and Rs values from the dV/d(lnI) and H(I) functions. 
The details about the calculation of these parameters can be found in the 
literature [50,51]. The Norde function and Cheung’s functions of dV/d 
(lnI) and H(I) have been calculated and plotted in Fig. 5a and b for 
dependent voltage and current, respectively in the case of dark condi
tions. While the Norde function exhibits the Norde plot, Cehung’s 
functions display an almost linear profile. While the Rs values were 
determined as 786 kΩ and 65.9 kΩ, the Φb values were obtained as 0.73 
eV and 0.72 eV from the Norde and Cheung methods, respectively. The n 
value was calculated as 7.41 which was close to n of thermionic emission 
theory. These all values are in good agreement with each other by small 
differences in approximations [52]. 

The current transient (I-t) measurements provide information about 
the photodetector response to illumination. Fig. 6a shows I-t plots Au/ 
Ti/AlN/n-Si photodetector for increasing light power density. When 
the light is on, the current immediately increases to change all light 
power intensities. The Au/Ti/AlN/n-Si photodetector has an almost 
linear current increase for increasing light power intensity. Fig. 6b in
dicates a close look at the I-t plots Au/Ti/AlN/n-Si for showing rise and 
fall times. Both rise and fall times were determined as 400 ms from 10 % 
to 90 % current values. 

The detector parameters of photosensitivity (K), photocurrent (Ip), 
specific detectivity (D*), and responsivity (R) values can be calculated 
by following formulas [53,54]: 

Ip = Ilight − Idark (1)  

K=
Ip

Idark
(2) 

Fig. 3. a) I–V characteristics and b) threshold voltage changes of the Au/Ti/AlN/n-Si photodetector for changing light power density.  

Fig. 4. a) n - Φb profiles and b) Rj-V characteristics of the Au/Ti/AlN/n-Si photodetector for changing light power density.  
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R=
Ip

PA
(3)  

D∗ =R

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
A

2qIdark

√

(4) 

While the A represents the effective detector area, the P and q show 
light power density and charge of electrons. The photoconduction 
mechanism of a photodetector can be determined by the next 
expression: 

Ip =αPm (5)  

where α is a constant, and m represents the linearity ratio between light 
power density and photocurrent. The m value can be obtained from the 
slope of Log Ip versus Log p. If the m values are in between 0.5 and 1.0, 
the localized trap levels have continued distribution. On the other hand, 
the transmission of current can be controlled by localized trap states 
[55]. Fig. 7a shows Log Ip versus Log p plots of the Au/Ti/AlN/n-Si 
photodetector, and confirms localized trap leveled control of the cur
rent transmission. Fig. 7b, c, and 7d show light power density-dependent 
K, R, and D* changes. While the photosensitivity values almost linearly 
increased, responsivity and specific detectivity values exhibited the 
same profile of decreasing. The photocurrent, photosensitivity, respon
sivity, and specific detectivity values are listed in Table 1 for several 
light power densities. The maximum responsivity and specific detec
tivity values were determined as 1.36 A/W and 7.99 £ 109 Jones for 20 
mW/cm2 power density. The decrease in the responsivity and specific 
detectivity values can be attributed to the gradual photosensing 

saturation of the Au/Ti/AlN/n-Si photodetector [56]. The obtained 
responsivity and specific detectivity values are in good agreement with 
Schottky photodetectors [57–59]. 

Transient capacitance and conductance values give information 
about the photoconduction mechanism of a photodetector [60]. Fig. 8a 
and b exhibit capacitance and conductance changes of the 
Au/Ti/AlN/n-Si photodetector depending on increasing light power 
intensity for 10 kHz frequency. Both the capacitance and conductance 
values immediately increased by increasing light power density. These 
results confirmed that Au/Ti/AlN/n-Si photodetector exhibited photo
conduction mechanism by photogenerated charge carriers [61]. 

4. Conclusion 

Au/Ti/AlN/n-Si Schottky photodetector was fabricated by thermal 
evaporation technique with AlN/n-Si commercial template. The SEM 
image of the AlN layer revealed a porous structure. The obtained 
photodetector was characterized by I–V characteristics for various light 
power densities. The heterojunction parameters of series resistance, 
ideality factor, and barrier height values were extracted and discussed 
depending on increasing light power density. The photodetection pa
rameters such as photocurrent, photosensitivity, responsivity, and spe
cific detectivity values were obtained and discussed depending on 
changing light power density. The Au/Ti/AlN/n-Si photodetector 
revealed 1.36 A/W responsivity and 7.99 £ 109 Jones specific detec
tivity values. Photoresponse time was investigated by light on-off tran
sient measurements and obtained 400 ms rise and fall times. The 
photocapacitance and photoconductance properties of the Au/Ti/AlN/ 

Fig. 5. F(V)–V plots a) and b) Cheung plots of Au/Ti/AlN/n-Si photodetector for dark condition.  

Fig. 6. a) I-t plots Au/Ti/AlN/n-Si photodetector and b) close looks of I-t plots for determining the rise and fall times.  
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n-Si revealed that the photodetector exhibited photocoduction mecha
nism due to photogenerated charges. 
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Fig. 7. a) Photocurrent, b) photosensitivity changes, c) responsivity and detectivity of the Au/Ti/AlN/n-Si photodetector for changing light power.  

Table 1 
The photodetection parameters of the Au/Ti/AlN/n-Si photodetector.  

Power 
density 
(mW/ 
cm2) 

Photocurrent 
(A) 

Photosensitivity 
– 

Responsivity 
(A/W) 

Specific 
detectivity 
(Jones) 

20 2.14 £ 10− 4 0.296 1.36 7.99 £ 109 

40 3.48 £ 10− 4 0.481 1.11 6.50 £ 109 

60 5.08 £ 10− 4 0.702 1.08 6.33 £ 109 

80 6.98 £ 10− 4 0.965 1.11 6.52 £ 109 

100 9.08 £ 10− 4 1.255 1.16 6.79 £ 109  

Fig. 8. a) Photocapacitance and b) photoconductance changes of Au/Ti/AlN/n-Si photodetector for changing light power.  
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