Fabrication of a light detector using semiconductor material
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Abstract  

A light detector is fabricated by evaporating a thin metal layer onto the substrate. Current will be passed through the light detector and the I-V curve will be measured. From the result of the experiment, comparison can be made between different combinations of contacts, light intensities and substrates. GaAs and silicon will be used as the semi-insulating substrate. Besides, gold and aluminum will be used as the contact.

Introduction 


Photo-detector can be made in various semiconductors. For example, Ge, Si and III-V compounds and their alloys. We select a particular semiconductor because of their difference in quantum efficiency at a particular optical wavelength, response speed and noise level.

    a)
Germanium avalanche photodiode have high efficiency at wavelength 1 to 1.6(m.

    b)
Silicon avalanche photodiode have high efficiency at wavelength 0.6-1.0(m.

    c)
Metal-semiconductor (Schottky-barrier) avalanche photodiode work well in Visible light and ultraviolet range. The characteristics of Schottky-barrier avalanche photodiode is just like p-n junction photodiode. 

Hetero-junction avalanche photodiode (e.g. AlGaAs/GaAs and AlGaSb/GaSb) have many potential advantages over Ge and Si device. 

(1) By adjusting the composition, the response wavelength can be change. 

(2) Because of the high absorption coefficient of the direct–band gap III-V alloys, the quantum efficiency can be high even if a narrow depletion width is used to provide high-speed response. 

(3) Furthermore, the hetero-structure window layer (larger band gap) is grown to provide high-speed performance and minimize the surface recombination loss of photo-generated carries.

In this experiment, we deal with visible light. Our study focuses on the Schottky-barrier avalanche photodiode.

A lot of factors can affect the light detectors. In this study, we have considered the effects of the factors including the intensity of light, the metal contact and the substrate (GaAs and Si respectively). Comparisons between different elements were made in this study.

Our Experiment

The procedures of the experiment:
1. Chemical etching

First the GaAs samples were rinsed in acetone and methanol for degreasing and then rinsed in deionized water. Then the samples were etched in the solution NH4OH: H2O2: H2O, with ratio (3:1:90) for one minute followed by a deionized water rinsing. After that the samples were then etched in the solution H2SO4: H2O2: H2O, with ratio (8:1:1) for another one minute. Finally the samples were rinsed in deionized water for two minutes and put into the vapourization chamber after drying. 

2. Vaporization

Metal wire had previously been cut into small pieces and put on the tungsten filament evaporation source. The chamber was then immediately pumped down 10-6Torr to reduce surface oxidation of the sample. The system took almost an hour to pump down to 10-6Torr. After that, the evaporation process was carried out. We do so by passing a large current through the filament so as to vaporize the metal filament. The vaporized metal will then be deposited on to the surface of the sample as the contacts.

3. Measurements

Silver paint was used to link the contacts of the sample with a stand by means of very thin wires. The stand is connected to the semiconductor parameter and I-V was measured.  
Result and Analysis (the comparison between different elements affecting the light detector)

1)
Results of I-V measurement by curves
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2)
Comparison between different elements by tables

[image: image2.wmf]-6

-4

-2

0

2

4

6

-5

0

5

10

15

20

25

30

35

40

Al-Si with weak light

I/

m

A

V/Volt

[image: image3.wmf]-6

-4

-2

0

2

4

6

0

5

10

15

20

25

30

Al-Si without Light

I/

m

A

V/Volt


                   

 Graph 1      
I-V curve of GaAs substrate with aluminum and gold contacts
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Table 1       Comparison between different elements when using GaAs substrate with aluminium and gold contacts 
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Graph 2
I-V curve of Si substrate with two gold contacts
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Table 2
Comparison between different elements when using Si substrate with two gold contacts
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Graph 3
I-V curve of silicon substrate with aluminum and gold contacts
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Table 3
Comparison between different elements when using Si substrate with aluminum and gold contacts 
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Graph 4
I-V curve of GaAs substrate with two aluminium contacts
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Table 4
Comparison between different elements when using GaAs substrate with two aluminum contacts
Conclusion 

The lines of the graph for both the GaAs substrate with aluminum contacts and the silicon substrate with gold contact obey Ohm’s law. This means the electrons can easily flow in both directions. So we know that thin aluminum layer is the ohmic contact of GaAs and gold layer is that of silicon.
When silicon and GaAs substrates are used with aluminum and gold contacts, Schottky barrier contacts are formed. The graphs of using GaAs and silicon as substrates with aluminum and gold contacts show that after the breakdown voltage, the current increases suddenly in the reverse bias. 

GaAs has a large band gap that essentially prevents intrinsic contributions in impurity semiconductor even at elevated temperatures. Besides, GaAs is a ‘direct-band gap’ material. This aids in high-speed application. On the other hand, Silicon is an ‘indirect-band gap’ material. So in the reverse bias the breakdown voltage of GaAs substrate with aluminum and gold contacts is higher than that of silicon substrate with aluminum and gold contacts. In the forward bias, the voltage of using GaAs substrate which current starts to increase is lower than that of using silicon substrate. 

Under the same conditions but different light intensity, the current of the semiconductor illuminated by stronger light is higher than that illuminated by weaker light. This is because the current is increased by the energy of photon. Light can affect the current of the semiconductor substrate with metal layer. So if the increase of the current in the semiconductor is detected, light also can be detected. 

The best combination of light detector depends on different situations. If the current of the semiconductor is large, silicon substrate with gold and aluminum contacts is recommended. If the current of the semiconductor is small, GaAs substrate with gold and aluminum contacts is recommended.

The experiment can be modified to get more accurate result. We can use monochromatic light instead of the light from the lab and the lamp. Light is a combination of different frequency of light. If we use monochromatic light, we can determine the sample is sensitive to which frequency of light. Besides, we can use instrument to measure the light intensity instead of dividing it into three levels. So a better comparison between different elements can be made. 
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