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 1. Introduction 

The electrochemical, optical and electrical properties of transition metal complexes 

have made them invaluable for optoelectronicand electronic devices. The transition metals 

such asruthenium(Ru), rhodium(Rh), iridium(Ir) and osmium(Os) aremetals with high 

tensile strength and good conductor of heat andelectricity. Ru(II) complexes are a 

transition-metal complexes andare molecules with photoactivation as well as their usage 

incatalysis [1-4]. On the other hand, Ru(II) complexes containing ligands such as 

pyridine-based compounds have unique photochemical and photophysical properties. 

Photodiodes which are sensitive to high-energy particles and photons are the most 

versatile semiconductor optoelectronic devices. They transform light into current and 

are designed to operate in reverse bias. Also, a photodiode is a photodetector which has 

one of the structures among p-n, p-i-n, or Schottky junction where photo-generated 

carriers are swept by the built-in electric field [5-10]. 

                       

Scheme 1. Ligand La and Lb 

2. Experimental details 

2.1. Synthesis of Ligand and Ru (II) complex 

The compounds La-b were synthesized with the published procedure [11]. The complex was 

synthesized using a modified to the literature procedure [11]. An ethanolic solution (15 

mL) of 1.10 mmol of Lb was mixed with [RuCl2(p-cymene)]2 (0.306 g, 0.50 mmol). The 

reaction mixture was heated under reflux for 6 h. After then, La (1.1 mmol) was mixed 

with above solution. The reaction mixture was heated under reflux for 10 h. The volatiles 

were removed under reduced pressure, and then the residue was dissolved in DCM (15 mL), 

filtered and precipitated by addition of diethyl ether (30 mL). The brown-black solid 

was filtered off and washed with diethyl ether (3x10 mL) and pentane (3x10 mL). The 

desired products were dried under reduced pressure at 50 °C for 1 h. 

2.2 Preparation of the photodiode  

Ruthenium(II) complex solutionwas deposited on n-Si substrate by using drop technique. 

Before deposition of the Ru(II) complex, the native oxide layer of the silicon substrate 

was etched by HF and then rinsed in deionized water using an ultrasonic bath for 10-15 

min. Finally, the silicon wafer was chemically cleaned according to method based on 

successive baths of methanol and acetone. To prepare the photodiode, firstly, an ohmic 

contact was prepared on back side of n-Si substrates by evaporating of Al metal. The 

solution of Ru(II) complex was prepared in methyl alchol  and it was drop casted on the 

surface of the siliconwafer and dried at 70 oC for 20 min. Then, it was cooled to room 

temperature. Top contact of the photodiode was prepared by Al metal. For this, Al metal 

was evaporated by sputtering system in the form of circles giving a photodiode contact 

area of 7.80x10-3 cm2. The obtained diode structure is Al/Ru(II) complex/n-Si. The 

currentevoltage(IeV) measurements of the photodiode were performed with Photodiode 

measurements were performed using fytronix a solar simulator. 
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3. Results and discussion 

3.1. Structure description of Ru(II) complex 

 In this work, a Ru(II) complex containing a tridentate triamine and a tetramethyl-N-

(pyridin-2-ylmethyl)benzenesulfonamide  ligands was synthesized according to the 

literature method[11] The cationic complex is composed of a 2,6-bis(1,6-

dihydropyridazin-3-yl)pyridine ligand with a Ru(II) metal center, 2,3,5,6-tetramethyl-

N-(pyridin-2-ylmethyl)benzene sulfonamide ligand and a chloride ligand. 

 

3.2 Currentevoltage (IeV) characteristics of Al/Ru(II) complex/n- Si photodiode 

 The currentevoltage (IeV) characteristics of the photodiode have been observed in both 

forward and reverse bias. The IeV characteristics could be analyzed on the basis of pure 

thermionic emission  theory [12,13]. According to the thermionic emission  theory, the 

currentthrough a  rectifying diode as a function of applied bias voltage can be expressed 

by the following relation,  

 

            𝐼 = 𝐼0 𝑒𝑥𝑝 (
𝑞(𝑉−𝑅𝑆)

𝑛𝑘𝑇
)       (1)                                                                       

 

where I0 is the reverse saturation current derived from the straight line intercept of 

ln(I) at zero bias and n is the ideality factor derived from the slope of the linear 

region of the forward bias ln(I)eV curves. For values of V greater than 3 kT/q, the n 

and I0 are expressed respectively as, 

           𝑛 =
𝑞

𝑘𝑇
(

𝑑𝑉

𝑑(𝐼𝑛𝐼)
)                                                                                          

2 

 

             𝐼0 = 𝐴𝐴∗𝑇2  𝑒𝑥𝑝 (−
𝑞𝜙𝑏

𝑘𝑇
)                                                                         3 

where 𝜙𝑏 is the barrier height at zero bias, A* is the Richardson constant which is 

equal to 112 A/cm2.K2 for n-type silicon, k is the Boltzman's constant, and A is the 

diode contact area. The 𝜙𝑏 values have been calculated from the Eq. (3). Fig. 1 shows 

IeV characteristics of Al/Ru(II) complex/n-Si photodiode under dark and various 

illumination intensities. The measurements showed that the photodiode exhibited good 

rectifying behavior in dark condition. The rectification ratio (RR) was found to be 

~5.103 at ±8 V. As seen in the figures, the reverse current increases with increasing 

illumination intensity, while the forward current increases exponentially with applied 

voltage. In other words, at a particular voltage, the reverse current under illumination 

is higher than that of the current under dark. The increase in reverse current with 

illumination depends on the number of generated electronehole pairs. If a diode is 

illuminated, free charge carriers will be created upon absorption of the light. These 

carriers will create an additional current flow across the junction, and they must be 

added to the dark current [14,15]. This result confirms that the photodiode exhibits a 

photoconducting behavior. In addition, the value of ideality factor and barrier height 

of the photodiode was found to be 5.4 and 0.75 eV, respectively.  
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Fig. 1. IeV characteristics of the photodiode under dark and various illumination 

intensities. 

4. Conclusions 

A Ru(II) complex was prepared a new stheses.  Al/Ruthenium(II) complex/n-Si photodiode 

was fabricated by drop casting method. The photoresponse measurements of the diode 

confirm that the photodiode exhibits  

This indicates that Al/Ruthenium( II) complex/n-Si photodiode can be used as a 

photosensor in optoelectronic applications. 
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