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Abstract: Micro/nano scale thin-film shape memory alloys (SMAs) have been used in many different miniaturized systems. 
Using them as thin-film metal components in fabrication of Schottky photodiodes has started a few years ago. In this work, a 
new SMA-photodiode device with CuAlNi/n-Si/Al structure was produced by coating nano-thick CuAlNi SMA film onto n-Si 
wafer substrate via thermal evaporation. The photoelectrical I-V, C-V and I-t photodiode signalization tests were performed 
under dark and varied artifical light power intensities in room conditions. It was observed that the new device exhibited 
photoconductive, photovoltaic and capacitive behaviors. By using conventional I-V method, the diode parameters such as 
electrical ideality factor (n), Schottky barrier height (ϕb) and rectification ratio (RR) of the produced photodevice for the 
condition of dark environment were computed as 12.5, 0.599 eV and 1266, respectively. As good figure of merits, the 
photodiode’s performance parameters of responsivity (Rph), photosensivity (%PS) and spesific detectivity (D*) maxima values 
determined for at -5 V reverse voltage bias and under 100 mW/cm2 of light power intensity condition are as 0.030 A/W (or 30 
mA/W), 18693 and 1.33×1010 Jones, respectively.  The current conduction mechanism analysis revealed that the space charge 
limited conduction (SCLC) mechanism is the dominant current conduction mechanism. By the drawn reverse squared C-2-V 
plots, the values of diffusion potential (Vd), donor concentration (ND), Fermi level (EF) and also barrier height (ϕb) were 
determined for the SMA-photodiode. The results indicated that the new SMA-photodiode device can be useful in optoelectronic 
communication systems and photosensing applications. 
 
Keywords: Schottky photodiode, thin-film shape memory alloy, space charge limited current, photosensitivity, 
detectivity. 
 
İnce Film Akıllı Malzeme Kaplamasıyla Üretilen Yeni CuAlNi/n-Si/Al Schottky Fotodiyotunun 

Foto-elektriksel Karakterizasyonu  
 
Öz: Mikro/nano ölçekli ince-film şekil hafızalı alaşımlar (ŞHA'lar) birçok farklı minyatürize sistemde kullanılmıştır. Bunların 
Schottky fotodiyotların üretimlerinde ince-film metal bileşenleri olarak kullanılmaları da henüz birkaç yıl önce başlamıştır. Bu 
çalışmada, termal buharlaştırma ile n-Si yonga üzerine nano-kalınlıklı CuAlNi ŞHA film kaplanarak CuAlNi/n-Si/Al yapısı 
şeklinde yeni bir ŞHA-fotodiyot aygıtı üretilmiştir. Fotoelektriksel I-V, I-t ve C-V fotodiyot karakterizasyon testleri oda 
sıcaklığında, karanlıkta ve farklı yapay ışık gücü yoğunluklarında gerçekleştirilmiştir. Yeni aygıtın fotoiletken, fotovoltaik ve 
kapasitif davranışlar sergilediği gözlemlenmiştir. Geleneksel I-V yöntemi kullanılarak, üretilen fotocihazın karanlık ortam 
koşulu için elektriksel idealite faktörü (n), Schottky engel yüksekliği (ϕb) ve doğrultma oranı (RR) gibi diyot parametreleri 
sırasıyla 12.5, 0.599 eV ve 1266 olarak hesaplanmıştır. İyi başarım değerleri olarak, fotodiyotun performans parametrelerinden 
responsivite (Rph), fotosensitivite (%PS) ve spesifik dedektivite (D*) parametrelerinin maksimum değerleri -5 V ters beslem 
voltajında ve 100 mW/cm2 ışık gücü yoğunluğu koşulunda belirlenmiş olup sırasıyla 0.030 A/W (veya 30 mA/W), 18693 ve 
1.33×1010 Jones şeklindedir. Akım iletim mekanizması analizi, uzay yükü sınırlı iletim (SCLC) mekanizmasının baskın akım 
iletim mekanizması olduğunu ortaya koymuştur. Çizilen ters kare C-2-V grafikleri ile, ŞHA-fotodiyot için donör 
konsantrasyonu (ND), difüzyon potansiyeli (Vd), Fermi seviyesi (EF) ve ayrıca bariyer yüksekliği (ϕb) değerleri belirlendi. 
Sonuçlar, yeni üretilen ŞHA-fotodiyot aygıtının optoelektronik iletişim sistemlerinde ve fotosensör uygulamalarında faydalı 
olabileceğine işaret etmiştir. 
 
Anahtar kelimeler: Schottky fotodiyot, ince-film şekil hafızalı alaşım, uzay yükü sınırlı akım, fotosensitivite, dedektivite. 
 
1. Introduction 
 

Shape memory alloys (SMAs) are a unique smart materials group which have been extensively studied and 
are ever-increasingly used in many technological and industrial applications [1–11] today due to the shape memory 
effect (SME) and superelasticity (SE) properties [2] of these highly functional smart alloys. SME is a shape 
remembering or strain recovery mechanism that occurs as a macroscopic geometric shape change of a SMA when 
its temperature is changed after mechanically deformed. Such a macro-shape change is a sum of all micro-
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crystallographic changes occurring in SMA by an atomically diffusionless and isothermal solid-solid phase 
transformation called as martensitic transformation (MT). It occurs between two different solid phases existing at 
different temperatures called as martensite (product or cold) phase and austenite (parent or hot) phase. NiTi, Cu-
based and Fe-based SMAs are three main group of SMAs. Among these the equiatomic NiTi SMAs are the most 
commercially used ones due to the superior SME and SE properties, albeit they are expensive. Therefore, the 
cheaper Cu-based SMAs plus with higher thermal and electrical conductivity values than NiTi ones have attracted 
researchers and been studied to improve them for developing alternative to NiTi SMAs [12–19]. 

Micro or nano sized thin film shape memory alloys (SMAs) have been already used in many different micro 
and nano electromechanical systems (M/NEMS) such as microactuators, microvalves, micropumps and mass, 
temperature or force sensors [1,6,7,10,11,20–30]. SMA thin films can be patterned with standard lithography 
techniques thus they can be integrated into MEMS devices [30]. Apart from usual thermomechanical MEMs 
actuator and sensors, coating of thin film SMAs as metal contact layers on semiconductor (silicon) wafers in 
Schottky diodes have been started in 1990’s [25,31,32]. Since a few years ago, photodiodes were also produced 
by coating Cu-based SMA thin films on silicon wafers [23,28,33–36] for the first time and good photodiode 
performances, photocapacitance and current rectifying and other diode properties were achieved. For example, in 
one [23] of these works made on fabrication of a Au/CuAlMnV/n-Si/Al diode by using a nano-layer of thin film 
CuAlMnV shape memory alloy they reported that a 6.3 of ideality factor, a 0.54 eV of barrier height in dark 
condition, a photocurrent sensitive to illumination intensity and linearly increases with increasing illumination 
intensity and also a capacitance and a conductivity varying strongly with frequency changes. In another work [33] 
made on a CuAlMnNi/p-Si/Al quadrant photodiode a 2.72 of ideality factor, a 0.65 eV of barrier height for dark 
condition, and similar light-induced photocurrent generation and frequency dependent capacitance characteristics 
were reported. In else one [34] made on CuAlMn±Cr/p-Si/Al photodiodes, a minimum 2.03 value of ideality factor, 
the maxima 12480.33 of rectification ratio and 0.59 eV of barrier height values, and similar photosensitive and 
capacitive features were reported. The thin film SMAs used in these kind of works were Cu-based SMAs because 
their thermal and electrical conductivities are higher than NiTi SMAs withal Cu-based SMAs are proper for silicon 
in terms of metal work function, too, which is important in building a semiconductor/metal contact. 

 However, the number of these new research works made on SMA-photodiodes are very few and plainly 
insufficient. Also the spectrum of the types and alloy compositions of SMAs used as thin films in these works are 
still very diminutive. So, there are more and more explorative works that can be done upon such kind photodiodes 
with thin film SMA layer components. Mostly because the work function of SMAs, interface and photodiode/diode 
characteristics are sensitively depended on the type and composition of SMAs used as thin films in these kind of 
photodiodes. Works with different Cu-based SMAs, different alloy compositions or other many combinations of 
components and conditions have not been made yet. Being inspired by these motivations, in the study presented 
here, it is aimed to fabricate and characterize a nano thin film shape memory alloy layered CuAlNi/n-Si/Al 
photodiode with using a different type of shape memory alloy (a CuAlNi HTSMA) than the ones reported in the 
literature. Also, due to their inexpensive production cost and high resistance to the degradation of functional 
properties that occurred during the aging processes [12], the CuAlNi SMAs are one SMA group among the two 
most commercially used Cu-rich SMAs (the other is CuZnAl group), which is important in terms of practicality 
and accessibility in the related potential photodiode applications. 

In this work, a new SMA-photodiode structured as Schottky type CuAlNi/n-Si/Al junction contact was 
produced by coating of CuAlNi SMA on an n-type silicon (n-Si) via thermal evaporation and by performing the 
photoelectrical I-V, I-t and C-V characterization measurements the photoidode properties of the device were 
revealed. 
 
2. Experimental 

 
In this experimental research study, the CuAlNi shape-memory-alloy with an atomical Cu-25.04Al-3.88Ni 

(at%) chemical composition from using the powders of the highly pure (~%99.9) Cu, Al, and Ni alloying elements 
was previously fabricated as ribbons (with ~5 mm wideness and 15 μm thickness) by melt spinning method without 
applying a post-homogenization process. More details about the production process and thermo-structural DSC, 
DTA and XRD characterization results of this CuAlNi high temperature SMA (HTSMA) were given in the 
previous work [37]. In the fabrication process of the new Schottky type CuAlNi/n-Si/Al metal/semiconductor 
(MS) junction contact photodiode for coating CuAlNi SMA and Al metal driblets in sequence onto the back 
(ohmic) and polished front (Schottky) sides of an n-Si wafer a Nanovak labeled thermal evaporation system was 
operated. Before making coatings for building these MS contacts, the n-Si wafer and metal driblets were cleaned 
via the standard cleaning treatment. This standard cleaning method consists of washing by ultrasonic bathing 
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sequentally in media of water (distilled), acetone and then ethyl alcohol (for 5 min in each medium), etching the 
wafer in (1:10 ml) HF:H2O solution for ~30 s, washing by distilled-water and desiccating it by spraying nitrogen 
gas. Under a chamber pressure of 2×10-6 Pa in evaporator, the backside of the wafer was coated by 150 nm 
thickness of Al metal film layer and thus the ohmic n-Si/Al contact structure was built and then this was annealed 
under constant nitrogen gas flow at 570 °C for 5 min long for making diffusion of n-Si and Al surfaces one another. 
Then by shadowing the front face of the n-Si wafer with a proper splashy mask with small circular holes, the 
Schottky top diode contact on the bright front face of n-Si was built by evaporating a CuAlNi SMA metal piece to 
form 150 nm thickness of a thin film CuAlNi SMA layer. Each one of the diode’s top-contact CuAlNi spots marked 
off by mask holes has an area (A) of 0.785×10-2 cm2. By using FYM-7000 and FYM-9000 model FYTRONIX 
lable Solar Simulator electronic characterization systems, the photo-electrical characterization of the produced 
device was carried out by performing current-voltage (I-V), capacitance-voltage (C-V) and current-time (I-t) 
measurements under dark and varied artificial day light power intensities in room conditions. The fabricated SMA-
photodiode structure was schematically presented in Figure 1. 

 

 
Figure 1. A schematic presentation of the fabricated CuAlNi/n-Si/Al SMA-photodiode structure. 

 
3. Results and Discussions 
 

The characterization measurements findings obtained for CuAlNi shape memory alloy and CuAlNi/n-Si/Al 
photodiode were given below as following in succession. 

The DSC curve of the ribbon CuAlNi alloy obtained at a single heating-cooling rate (25 °C/min) is presented 
as both DSC heat-flow (mW) vs. temperature (°C) and heat flow vs. time (min.) graphics in Figure 2-a and -b, 
respectively. On these graphics of same DSC curve at between ~192 °C and ~293 °C, the downward endothermic 
peak seen on heating the alloy and the correspondent upward exothermic peak seen on cooling the alloy indicate 
the reverse martensite-to-austenite (M→A) and direct austenite-to-martensite (A→M) martensitic phase 
transformations, respectively. This reversible solid-solid phase reaction demonstrates that the CuAlNi alloy has a 
shape memory effect property. The alloy is a high temperature SMA due to its transformation temperatures are 
above 100 ºC. 

The thermodynamical parameters such as the start and finish temperatures (Ms, Mf, As and Af) of the 
martensite and austenite phases, hysteresis gap (As-Mf), maximum M→A transformation peak temperature (Amax), 
equilibrium temperature (T0), and the enthalpy change (∆H) and entropy change (∆S) values related to the M→A 
transformation of the CuAlNi alloy were listed in Table 1. Among these values, the T0 and ∆SM→A values were 
determined by using T0=0.5×(Af+Ms) and ∆SM→A =∆HM→A /T0 relations [15,28]. 
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(a) 

 

 
(b) 

 
 Figure 2. The DSC curve of the CuAlNi alloy as on x-axis of a) temperature and b) time. 

 
 

Table 1. The thermodynamical parameters and martensitic transformation temperatures of the CuAlNi alloy. 
 
 
 
 
 

 

Heating/cooling 
rate (ᵒC/min) 

As 

(ᵒC) 
Af 

(ᵒC) 
Amax 

(ᵒC) 
Ms 

(ᵒC) 
Mf 

(ᵒC) 
As-Mf 

(ᵒC) 
T0 

(ᵒC) 
ΔHM→A 

(J/g) 
ΔSM→A 

(J/gᵒC) 

25 213.52 293.78 251.71 215.09 192.75 20.77 254.44 4.75 0.01867 
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The thermal response cycling heating/cooling pattern of the alloy in high temperature region shown as DTA 
curve obtained between room temperature and 900 °C by 25 °C/min of heating-cooling rate can be seen in Figure 
3. On this DTA curve, the sequential phase transitions of β1’(+γ1’)→ β1(or B1) → β2(metastable) → γ2+α 
(precipitation)→ eutectoid reaction → B2(ordered) → A2 (disordered) were observed on heating the alloy, which 
transitions are a common similar behavior of copper-based shape memory alloys  [15,19,38]. 

 

  
Figure 3. The DTA curve of the CuAlNi shape memory alloy. 

 
The X-ray diffraction pattern of the CuAlNi alloy obtained at room temperature by using CuKα radiation is 

presented in Figure 4. As seen on this crystallograph, the martensite phase of γ1’(211) peak is the highest and this 
peak with the other γ1’ and β1’ martensite peaks [15,16,28,33,37] indicate the formation of a structure which is 
underlying mechanism of shape memory effect property of the CuAlNi alloy. The β1 and γ1, γ2, and α-Cu 
precipitates are the other appeared peaks on the pattern [37]. All of these many small XRD peaks demonstrate that 
the CuAlNi alloy has a highly polycrystalline structure caused from not making a post-heat-treatment 
(homogenization) after obtaining ribbon alloy by melt spinning process. 

 

 
Figure 4. The XRD diffraction pattern CuAlNi alloy. 
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The photo-electrical I-V graphics of the novel CuAlNi/n-Si/Al photodiode as in semi-log mode obtained under 
darkness and varied step-increasing artificial day light power intensity conditions are presented in Figure 5. As 
seen on these plots, the SMA-photodiode rectifies the current; it lets current to flow under forward bias and does 
not under reverse bias except a low leakage (saturation) current under all conditions. It also shows acute 
photoconductive photosensitiveness under the all light conditions by crescendo photocurrents in reverse bias 
current [23,28,33,35,39]. This photocurrent generation and raise in the negative voltage (reverse) bias by light 
exposure confirms that the fabricated photodevice has photodiode properties. This photocurrent generation occurs 
by excitation of the valance band electrons by the absorbed incoming photons with enough energies (hν≥Eg) 
beamed from the the solar simulator I-V measuring device. The photo-excited electrons leave holes behind when 
they pass to the conduction band and this photoelectrical phenomenon (electron-hole pair generation) is named as 
the photoelectric effect. The reverse bias current in dark is seen as some zig-zag noisy but the illuminated reverse 
bias currents are highly stable. Moreover, the forward bias current is seen also increased by the effect of light 
power. All of these findings indicate that the new device has good photoconductive and photovoltaic properties. 

 

 
Figure 5: The semi-log I-V plots of the fabricated CuAlNi/n-Si/Al SMA-photodiode obtained under the 

conditions of dark and different light power intensities. 
 
One of the electrical diode parameters is current rectifying exponent, RR. This ratio is the rate of the absolute 

current values at a definite absolute-equal negative and positive voltage (±V) couple. It was found by using RR±V 
= IV/I-V formula [28]. The value of RR for the SMA-photodiode at ±5.0 V was determined as 1266 for dark 
condition and 52 for 100 mW/cm2 of light power condition. Close RR values were reported in some other similar 
works [28, 34,36]. Generally, I-V plot at low voltages of forward bias is linear, however when the applying voltage 
is raised, deviations from this linearity occurs mainly by the impact of the interfacial layer, interface states (in 
CuAlNi/n-Si interface) and series resistance (Rs) [40]. 

For a Schottky (photo)diode the relationship between current and voltage elucidated by the conventional 
thermionic emission (TE) charge transport mechanism theory is defined by the equation [28,41] (for V>3kT/q 
condition) given as below; 

 
	𝐼 = 𝐼!𝑒𝑥𝑝 '

"($%&'!)
)*+

− 1* .                        (1) 
 

where; k refers to the Boltzmann constant, V-IRs stands for the voltage that drops across the metal-semiconductor 
junction diode, q is charge of electron, T is temperature (T= 300 K), n refers to the unitless idealty factor parameter 
of the diode, I0 is the reverse saturation current obtained from the intersecting of linear segment of ln(I)-V plot in 
forward bias region. The saturation current I0 is expressed as below; 
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where; ϕb refers to the Schottky barrier height (SBH) of the CuAlNi/n-Si/Al SMA-photodiode (at V=0), A* is 
Richardson invariant (for n-Si the theoretical value of A* is 112 A.cm-2 K-2) [41,42], and A stands for the CuAlNi 
top-contact diode area (=0.785×10-2 cm2) of the manufactured CuAlNi/n-Si/Al photodiode. The n ideality factor 
values were computed by substituting the slope quantities of the linear fragments of the ln(I)-V plots (in the positive 
biased voltage side) of the SMA-photodiode in the following formula; 
 
𝑛 = "

*+
' 0$
0(1)	&)

*                           (3) 
 

The ideality factor n of the CuAlNi/n-Si/Al photodiode was computed as 12.5 for darkness condition and 13.3 
for 100 mW/cm2 power of illuminated condition and these n values are higher than the ideal value (n=1). The 
deviations occurring in n values from the value of ideal one (1) are attributed to the influences of non-uniform 
distribution of charges in the interface, interface states, impurities, the inhomogeneity of SBH across the junction 
[28,43,44]. The value of the SBH (ϕb) for the signalized photodiode consisting thin-film CuAlNi SMA top-layer 
can be calculated by using the following formula [28]; 

 
𝜙3 =

*+
"
𝑙𝑛 '44

∗+$

&%
*                          (4) 

 
The ϕb value for the CuAlNi/n-Si/Al photodiode was computed as 0.599 eV for dark condition and 0.566 for 

100 mW/cm2 power of illuminated condition. As seen, the n, ϕb and RR values of the produced SMA-photodiode 
are found changed by the light effect. These changes occurred most propably because of the carrier generation-
recombination induced by the incident luminous effect and the effect of interface states in the interface of 
CuAlNi/n-Si Schottky contact [28,45]. 

One of the most important figure of merits of a photodiode is its responsivity (Rph) parameter that reveals the 
photo-detecting performance of a photodevice viz; how that device absorbs and reacts to the incident light. Rph is 
the rate of the generated output photocurrent to the power of incoming light and can be calculated by using 
Rph=Iph/P.Aeff  formula [46], where Iph stands for the net photocurrent (Iph = Ilight - Idark), P refers to the incoming 
light power intensity, and Aeff is the effectively enlighted area (6 mm2) of the produced photodiode. For at -5 V of 
reverse bias, the net photocurrent Rph responsivity values of the manufactured SMA-photodiode under 20 mW/cm2 
and 100 mW/cm2 of light power intensities were found as 0.019 A/W and 0.030 A/W (or 19 mA/W and 30 mA/W), 
respectively. These responsivity values are found similar to those reported in some recent works [46,47]. 
Moreover, in this work, even higher responsivity values could be achieved by applying larger light power 
intensities than 100 mW/cm2  as far as the limit of the SMA-photodiode device [28]. 

Another photodiode parameter is the photosensitivity parameter, which is defined as a measure of the 
photodiode's ability to absorb incoming light. It is a unitless parameter and represented as PS or percent %PS. The 
better the photodiode can absorb light, the greater its photosensitivity. A formula [28,44] to determine the %PS 
photosensitivity parameter is given as %PS = [(Iph - Id)×100]/Id , where Id is dark current. For at -5 V and under 
100 mW/cm2  light power condition, the photosensitivity %PS value of the SMA-photodiode was found as 18693 
and this value is consistent with some recent literature values [28,44,48]. 

Specific detectivity (D*) is another figure of merit for a photodiode and it is defined as the weak light (signal) 
detection capability of a photodiode [28]. For shot-noise limit condition, the dedectivity D* value of the device 
normalized by the effective diode area (Aeff) can be calculated by D*=Rph/(2qId/Aeff)1/2 formula [28,49], where q is 
electron charge. The higher detectivity a photodiode has, the more sensitively it can detect weak signals. The 
photodiodes with high detectivities can be used in optoelectronic communication systems. For at -5 V and under 
100 mW/cm2  light power condition, the D* value of the SMA-photodiode was calculated as 1.33×1010 Jones and 
this value is in accordance with some recently reported literature values [28,44,48,49]. 

In MS Schottky contacts the current is not conducted by thermionic emission mechanism at forward bias due 
to the absence of a potential barrier and depletion layer. The current conduction mechanisms that must be dominant 
in the produced SMA-photodiode during at forward voltage bias and under dark condition were investigated by 
making SCLC (space charge limited current) analysis [50–52], which is made according to I∝Vm power law 
relationship. To make this analysis, under dark condition the forward bias Ln(I)-Ln(V) graphic of the produced 
SMA-photodiode was drawn and given in Figure 6. The slope (m) values found for the linear parts of this graphic 
are defined by the current conduction mechanisms regions as; the I.Region (m<1) is electron tunneling region due 
to low voltages, (the II.Region (m=1,  I ∝	V) is ohmic conduction but not found here so instead) the II.Region 
(m=2,  I ∝	V2) is trap free SCLC conduction (all traps are filled) and this region is also called as super ohmic or 
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super linear conduction, the III.Region (m>2, I ∝	Vm) is SCLC with trap effect and lastly the IV.Region (1<m<2, 
I ∝	V~1.5 or I ∝	exp(V)) is SCLC based on recombination-tunneling mechanisms. 

 

 
Figure 6. The regions of dominant current conduction mechanisms on the double logarithmic Ln(I)-Ln(V) 

current-voltage graphic of the CuAlNi/n-Si/Al SMA-photodiode at forward bias and under dark. 
 
To set apart of carrier charges generated by the photovoltaic effect of the SMA-photodiode the dynamic (time-

dependent) photocurrent response also called as transient photocurrent (TPC) measurement was performed on 
SMA-photodiode. The obtained TPC patterns of the novel photodiode under increasing light power intensities 
were given in Figure 7. On these patterns, upon the light is turned on each time, the photocurrent rapidly ascends 
a higher altitude due to the light induced generation of the excess charge carriers and remains barely constant till 
the light off. Each time the light is put out, the photocurrent comes down to its initial level like rapidly again. Such 
swift downfalls on these curves occur due to the excess carriers and trapped carriers recombination in the deep 
levels [28,33,53]. 

 

 
Figure 7. The characteristic photoreactive time-dependent I-t (TPC) curves of the produced CuAlNi/n-Si/Al 

photodiode as its response to the different P (mW/cm2) light power intensities. 
 
The capacitance-voltage (C-V) curves of the photodiode obtained at different step frequencies are presented 

in Figure 8 (due to the opposite probe poles used in the C-V measurement the left voltage side in this figure is 
actually reverse bias region). According to these C-V curves, the capacitance of the SMA-photodiode changes by 
change of frequency and applied voltage [28, 33-36, 54-56]. The higher frequency, the lower capacitance. Because 
the electrons cannot chase the ac current at high frequencies and therefore they don’t contribute to the total 
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capacitance at high frequencies [23, 54-56]. The capacitance of the photodiode becomes zero in the forward bias 
region at all frequencies. 

 

 
Figure 8. The characteristic capacitance-voltage (C-V) curves of the produced CuAlNi/n-Si/Al photodiode 

obtained at different frequencies. 
 
By plotting the inverse squared capacitance-voltage (C-2-V) curves of the SMA-photodiode as given in Figure 

9 some other electrical parameters can be determined at the reverse bias (negative voltage) region. The values of 
these parameters were calculated by using the linear fit value obtained from the graphic at 1 MHz. The capacitance 
of depletion layer is expressed by the formula [28] given as below;  

 
𝐶%. = .($&5$)

"ɛ%ɛ!4$7'
																																																																									                   (5) 

 
where; ND is concentration of non-compensated ionized donor atoms, Vd refers to diffusion potential, A is diode 
area, q is electron charge, εs (=11.8 for n-Si) is permittivity of the semiconductor and ε0 is permittivity of space. 
The values of ND and Vd are determined by the slope and linear extrapolation of the C-2-V plot to the x-axis 
(voltage). The donor concentration ND can be calculated by the following formula [28]; 
 

𝑁8 =
.
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30(9
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%:
																																																													              (6) 

 
The values of Nd and Vd  at 1 MHz were determined as 1.25×1015 [28] and 0.875 V, respectively. Plus, the 

Schottky barrier height ϕb can be also calculated from the C-2-V method by using the formula given as below; 
 

𝜙3 =
$&
)
+ *+

"
𝑙𝑛 '	 7)

7'
*																																																																							                    (7) 

 
where; NC refers to the effective density of states in the conduction band of n-Si substrate (NC = 2.8 × 1019 cm-3). 
By this method, the value of  ϕb was found as 0.330 eV and this value was found lower than the conventional 0.599 
eV value found by I-V method. This difference is due to the coating CuAlNi alloy metal layer onto n-Si without 
use of an insulator interlayer which makes the capacitance of the produced device lower than those of the diodes 
(MIS) with insulator interlayer [28]. Moreover, the effective Fermi energy (EF) was determined as 0.260 eV by 
using  EF= ϕb – (Vd/n) formula, and it was found as 0.529 eV from the conventional I-V method [28]. 
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Figure 9. Multiple C-2-V graphs of CuAlNi/n-Si/Al SMA-photodiode at different frequencies. 

 
4. Conclusions 
 

In this work, the new MS Schottky type CuAlNi/n-Si/Al SMA-photodiode was successfully fabricated by 
coating nano-thick CuAlNi shape memory alloy thin film as top diode metal contact onto n-Si substrate using 
thermal evaporation method. The CuAlNi alloy was classified as a high temperature shape memory alloy with a 
high polycrystalline structure including martensite phases. The photo-electrical I-V, I-t and C-V measurements 
were carried out for characterization of the SMA-photodiode device. The electrical ideality factor, Schottky barrier 
height and rectification ratio diode parameters of the produced device were determined from the I-V method as 
12.5, 0.599 eV and 1266, respectively. The high ideality factor deviated from unity was caused mainly from the 
presence of interface states, non-uniform distribution of the interface charges and barrier inhomogeneity across 
the CuAlNi/n-Si contact. The SCLC current conduction mechanisms were found as the dominant current 
conduction mechanisms at forward bias and in dark condition. The produced SMA-photodiode showed remarkable 
photoconductive and photovoltaic profile and very well photodiode figure of merits such as a huge photosensitivity 
(%PS) value of 18693, a spesific dedectivity of ~1010 Jones and a responsivity of 0.030 A/W by the effect of 
applied artifical solar light. These merits show that the produced SMA-photodiode can be used in photosensor and 
optical communication systems. It was observed that the electrons cannot follow the applied ac voltage at the high 
frequencies of C-V tests made on the SMA-photodiode. All of the results showed that this novel CuAlNi/n-Si/Al 
photodiode can be potentially used in photodiode, photosensor, optoelectronic communication systems, 
photovoltaic etc. applications and also in M/NEMs applications where light-induced actuating-sensing mechanism 
is based on. 
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