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Abstract: The effect of He-Ne (632.8 nm) and diode (650 nm) lasers on the electrical characteristics of silicon diode have 

been studied. The electrical characteristics of the diode were recorded before laser irradiations, then the diode is subjected to 

He-Ne laser for 5 and 10 minutes and then the diode electrical characteristics were recorded for each time of exposure and the 

same was done in the case of irradiation with diode laser. The electrical characteristics of the diode before and after laser 

irradiations were compared and thermal effect was noticed when compared the effect of lasers irradiation and the well known 

temperature effect on the electrical characteristics of the diode. It was found that the effect of the He-Ne (632.8 nm) and diode 

laser (650 nm) on the electrical characteristics of silicon diode at exposure time of 5 minutes were comparable but for 10 

minutes of exposure the effect of He-Ne laser irradiation on the characteristics was different from that of diode laser and this is 

due to the fact that the two lasers has different properties. 
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1. Introduction 

The word laser is an acronym of the words: Light 

Amplification by Stimulated Emission of Radiation [1]. It is 

used to describe the device that produce that light with that 

unusual properties or to describe the light itself, and in some 

manner to describe the process of producing that light 

(lasing). The applications of lasers depend on the unusual 

properties of laser light, ones that are different from the 

properties of light from conventional sources [2]. A p-n 

junction diode can be fabricated by doping the semiconductor 

material with opposite doping impurities (i.e., acceptor or 

donor impurities) to form the p and n regions of the diode. 

The basic device theory used in predicting the current–

voltage (I–V) characteristics in a p-n junction diode was first 

developed by Shockley [3]. 

Shockley diode equation is given by: 

0 ( 1)= −
qV

KTJ J e                                      (1) 

Where J is the diode current density and J0 is the saturation 

current density, q is the electron charge, V is the diode 

voltage, K is the Boltzmann’s constant and T represents the 

temperature. It is well known that when the temperature 

raises the forward bias region of the I-V curve of the diode is 

shifted to the right. The p-n junction is the basis of many 

other electronic devices [4]. Diode has many types that 

include normal diode, light emitting diode etc., the principle 

of emitting light from light emitting diode is same as that 

used to produce laser light from the diode laser but the 

emission of light from the diode laser is due to stimulated 

emission in contrast to spontaneous emission in the case of 

light emitting diode. Diode lasers operate in many 

wavelengths and the emitted wavelength depends on the band 

gab energy of the p-n junction. Diode lasers like all other 

laser machines have many applications. 

Diode lasers find applications in optical communication 

systems as a light source with good properties instead of light 

emitting diodes. 

The industrial laser machine tool is different from 

traditional one in that it is a flexible machine tool. It produces 
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a beam of light with unique properties. Its light can be 

controlled accurately: it can be focused to a small spot, 

providing an intense source of energy that is ideal for 

penetrating materials; or spread into a diffuse heating pattern 

to treat surfaces. As well as processing materials by thermal 

modes, the interaction between the photons of the laser beam 

and atoms in materials enables processes to be performed 

athermally (without heat): bonds can be made and broken. 

The beam can be manipulated with optical components to 

perform a variety of operations simultaneously, or switched 

between locations for sequential processing [5, 6]. 

Examples of laser applications that are achieved from 

thermal and/or athermal modes of laser interaction with 

materials are: In the applications in which one generally tries 

to avoid vaporization and material removal such as 

applications of laser welding and applications of laser for 

surface treatments those applications are based on laser-

induced heating and melting and therefore thermal mode is 

dominating for such applications [2]. 

Also for laser initiated chemical reaction traditional 

thermal energy were used and laser when used in this 

applications the rate of chemical reaction was shown to be 

high in addition to other advantages such as selective 

absorption the vibrational states in reactant molecules, etc. 

Clearly laser spectroscopic techniques such as laser induced 

breakdown spectroscopy and laser absorption spectroscopy are 

examples of an applications of the lasers that are classified as 

athermal mode. Some applications that require material 

removal such as hole drilling, cutting, and marking may 

depends on both thermal and athermal modes of interaction. 

The electrical characteristics of diodes together with 

thermal characteristics of the diodes and other figure of 

merits such as efficiency are the key feature of the diode to 

be used in particular applications [7]. 

In this work we studied the effect of laser irradiations on the 

electrical characteristics of silicon diode. He-Ne (632.8 nm) 

and Diode (650 nm) lasers were used to accomplish the study. 

2. Materials, Tools and Methods 

2.1. Materials 

The materials used are a number of silicon diode. The 

diode is an electronic device that allow current to pass in 

single direction only. Silicon diode used here was imported 

from china and it was available at the Sudanese electronic 

equipment’s and components companies at Khartoum state. 

2.2. Tools 

Many tools and devices used to accomplish this work, 

most of them are electronic devices the rest are lasers sources 

each has its specifications. Below are the devices with their 

specifications. 

2.2.1. DC Power Supply 
DC power supply used in this work for biasing the diode 

its output current range from 0 – 1.5 A, and the voltage 

ranges from 0- 15 V from supplied from LEYBOLD 

DEDACTIC GMBH, Germany [8]. 

2.2.2. Variable Resistance 

A 5 ohms variable resistance used in this work was made 

in England by Philips Harris [9]. 

2.2.3. Digital Multimeters 

A digital multimeter (DMM) is a test tool used to measure 

two or more electrical values—principally voltage (volts), 

current (amps) and resistance (ohms). Digital meter used in 

this work was made in China [10]. 

2.2.4. Lasers 
I-He-Ne Laser: 

He-Ne laser is a type of gas lasers, the He-Ne used in this 

work is a type I class of lasers with output power less than 

one milli-watt, it operate with the fundamental mode 632.8 

nm [11]. 

II-Diode Laser: 

Diode laser is a semiconductor laser is a type II its output 

wavelength depends on the band gab energy. Semiconductor 

diode lasers are available at (660 nm, 635 nm, 532 nm, 520 

nm, 445 nm, 405 nm) wavelengths. The diode laser is most 

promising laser since its cheap and small [12]. The technology 

of the diode lasers now reaches the UV wavelengths. Diode 

laser used in this work was made china with wavelength of 

660 nm and output power of less than 5 milli- watts [13]. 

 

Figure 1. Schematic diagram of the experimental setup. 

2.3. Method 

The procedures to complete this works are done as follows 

in sequence: 

a) The circuit was connected as shown in figure 1 

b) First the characteristic of the diode was recorded. 

c) Then the diode is subjected to the wavelength from the 

He- Ne laser for 5 minutes. And then the characteristic 

of the diode was recorded again. 

d) The above step was repeated, with the total time of 

exposure of 10 minutes. 

e) For the case of exposure of the diode to a laser radiation 

from 650 nm diode laser, a new diode is used and 

similar characteristics to that used with He- Ne laser 

before the exposure were recorded. 

f) The diode is subjected to the diode laser 650 nm for 5 

minutes and then the Characteristics were recorded. 
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g) The above step was repeated, with the total time of 

exposure of 10 minutes. 

h) The IV characteristics of the diode before and after 

radiation with He-Ne and diode lasers were plotted and 

compared. 

3. Results and Discussion 

The electrical characteristics of silicon diode before laser 

irradiation were recorded and tabulated in table 1 below: 

Table 1. Electrical characteristics of diode before laser radiation. 

V ±0. 01V I ±0.01mA 

0 0 

0.1 0 

0.2 0 

0.3 0.01 

0.4 0.02 

0.42 0.03 

0.44 0.06 

0.45 0.08 

0.46 0.14 

0.47 0.18 

0.49 0.22 

0.51 0.24 

0.53 0.33 

The electrical characteristics of the diode at room temperature without subjected to laser radiation was plotted in figure 2 

below: 

 

Figure 2. Electrical characteristics of the diode before lasers irradiations. 

Figure 2 shows the expected electrical characteristics of 

the silicon diode but the obtained results showed a knee 

voltage smaller than should be for the silicon diode. From the 

relation figure 2 electrical resistance could be calculated by 

the inverse of slope of the tangent. Then the silicon diode 

was subjected to He-Ne (632.8 nm) laser radiation for five 

minutes and its electrical characteristics were recorded again, 

the obtained electrical characteristics of the silicon diode 

after Five minutes of He-Ne laser exposure were plotted in 

figure 3. 
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Figure 3. Electrical characteristics of the diode after 5 min. exposure to He-Ne laser. 

Comparison of the electrical characteristics of the silicon 

diode before and after He-Ne laser irradiation, figure 2 and 

figure 3 respectively appeared to be similar from first sight. 

To analyze the difference between the two characteristics and 

to have a reasonable results the diode is subjected again to a 

five minutes of the He-Ne radiation which means the diode is 

subjected to 10 minutes of the laser radiation then the 

electrical characteristics were recorded and together with the 

relations figures 2 and 3 plotted in figure 4 below. 

 

Figure 4. Electrical characteristics of diode with and without exposure to He-Ne laser radiation. 

The applications of laser on the surface of the diode for 

different exposure times figure 4 showed that the effect of 

He-Ne (632.8 nm) laser radiation is a thermal effect, this is 

clear from the similarity between the obtained electrical 

characteristics of the diode before and after exposure to the 

He- Ne laser when it compared with the electrical 
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characteristics of the diode at different temperatures where at 

high temperature the characteristics shifts to the right in 

forward biasing. It should be noted here all the measurements 

are made for the forward biased condition only. Also figure 4 

showed that when the time of exposure is increased the shifts 

in the diode electrical characteristics. 

In the following section we describes the case of studying 

the effect of diode (650 nm) laser on the electrical 

characteristics of the silicon diode for different exposure 

times and compare the results with the results obtained with 

He-Ne laser: 

The electrical characteristics of the diode after exposure to 

a five minutes of diode 650 nm laser radiation and to a ten 

minutes together with the electrical characteristics of the 

silicon diode before irradiations with diode laser 650 nm 

were plotted in figure 5 below. 

 

Figure 5. Electrical characteristics of diode without and with exposure to 650 nm diode laser radiation. 

Figure 5 shows that the effect of the application of diode 

laser 650 nm on the surface of a silicon diode is similar to the 

effect of recording the characteristics at different temperature 

and this support the previous discussion of figure 4. 

When comparing between the electrical characteristics of 

the diode after exposure to (632.8 nm) He-Ne laser and (650 

nm) diode laser it’s clear that the exposure of the diode to a 

time of five minutes of the two radiations (at the middle of 

the three characteristics in figures 4 and 5 are comparable but 

for ten minutes the effect of He-Ne laser irradiation on the 

characteristics is different than that of the diode laser, this 

difference in the electrical characteristics of the same 

exposure time to He-Ne and diode lasers is due to the facts 

that the two lasers has different properties such as power, 

wavelength, and beam diameter, etc. Future work will be on 

the investigations of these parameters on the electrical 

characteristics of silicon diode. 

4. Conclusions 

It concluded that: 

The effect of He-Ne (632.8) and diode (650 nm) lasers 

with different exposure times on the electrical characteristics 

of silicon diode have been studied, their effects on the IV 

characteristics of the diode were recorded and compared to 

the electrical characteristics of the silicon diode before 

irradiation with two laser sources. It was found that the effect 

of laser irradiation on the electrical characteristics of silicon 

diode was similar to the effect of temperature; and thus the 

thermal mode of interaction is dominated in this application. 

Also the effects from the two laser sources on the electrical 

characteristics were compared and it was shown that the 

effects of the He-Ne (632.8 nm) and diode (650 nm) were 

comparable for 5 minutes time of exposure but for exposure 

of ten minutes the effect of He-Ne laser irradiation on the 

electrical characteristics of the diode was different from that 

of the diode laser since the two laser sources has different 

properties. 
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