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Introduction:
This project sought to characterize the response to infrared 
radiation of a silver-silicon composite for possible use 
in photodetectors. The material studied was a thin layer 
of n-doped silicon embedded with silver particles about 
16 nanometers in diameter [1]. When hit with infrared 
radiation, the silver particles absorbed photons and emitted 
their excited electrons into the silicon. In order to enter the 
silicon, those electrons had to overcome a Schottky barrier, 
a distortion of energy levels at the metal-semiconductor 
interface. This barrier fell off over distance, allowing 
quan tum tunneling for electrons with lower energy [2]. 
By applying an electric field to the material, the electrons 
that escaped into the silicon were collected to measure the 
response of the material. The use of particles on the nano-
scale allowed enhanced efficiency in capturing photons.

In order to make this material more effective, we adjusted 
our method of fabrication to increase the magnitude of the 
response and to get responses at longer wavelengths. The 
longer wavelengths corresponded to lower energy photons 
which would require quantum tunneling for any response 
to be measured. This study specifically looked at the effects 
of oxygen, annealing, and composite layer thickness on the 
response.

Procedure:
A magnetron sputtering system was used to deposit a silver 
contact layer onto an insulating n-silicon substrate, which 
acted as the base, followed by the buffer and composite 
layers. The final structure is shown in Figure 1. We carefully 
controlled the pressure, distance, and temperature in our 
system so that we knew the thickness of our layers based 
on the length of time during which deposition occurred. The 
buffer layer came between the silver and composite layer 
in order to promote the crystallization of the silicon in the 
composite. The composite layer could either be deposited 
by co-sputtering a silver and silicon target or by using a 
composite target. The layered structure created allowed us to 
apply a voltage across the thickness of the composite which 
created a strong electric field to collect electrons.
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Figure 1: An illustration of the sample’s structure with example 
values for thicknesses, resistivity, and concentration of silver. These 
values were adjusted for different trials. Diagram is not to scale.

After deposition, smaller samples, generally about 1 cm2, 
were cut from the larger wafers in order to be tested. Some 
of the samples were annealed with argon at 600°C for 
several hours. Other samples were oxygenated for 5, 18, and 
13 minutes.

In order to characterize the reaction of the material to 
radiation, we placed samples in a vacuum, temperature 
controlled chamber and exposed them to black body 
radiation. This radiation was chopped in order to eliminate 
sources of noise. We adjusted the direct current running 
through the sample to get multiple measurements of the 
signal voltage. We also had a number of filters which 
we applied to the radiation in order to determine which 
wavelengths of radiation stimulated a response. This 
characterization procedure was performed both with 
the sample at room temperature and at liquid nitrogen 
temperature.

Results and Conclusions:
Three samples were tested this summer. The first sample, 
#100, was deposited at 600°C and had a 10% silver 
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composite 5 µm thick. The responsivity was measured 
before and after annealing pieces of the sample at 600°C 
for six hours. The signal voltage was significantly improved 
after annealing, as shown in Figure 2.

The second sample, #101, was deposited at 550°C and had 
a 13% silver composite 10 µm thick. A piece of the sample 
was exposed to oxygen at 500°C for a short period of time 
(minutes rather than hours). Figure 3 shows a summary of 
the responsivity data collected for different exposure times. 
A significant improvement in the signal voltage was found.

In order to make sure this improvement was a result of the 
oxygen and not the heat, another piece of the sample was 
exposed to argon for five minutes at 500°C. The signal 
voltage was similar to before exposure, showing that the 
oxygen was having a positive impact.

Sample #101 was made to see if more of the signal could 
be absorbed and measured using a thicker composite, and 
so it was made exactly the same as sample #77A except that 
#77A only had a composite thickness of 5 µm. Pieces of 
both samples were annealed for six and nine hours at 600°C, 
and their signal voltages were compared. Summary data for 
their responsivity are shown in Figure 4.

Every sample tested was also tested using filters. Responses 
to wavelengths as long as 1.2 µm were observed.

Future Work:
Drs. Zhang and Bates are continuing to work on improving 
the response at longer wavelengths. They are currently 
focusing on the effects of oxygen during and after deposition.
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Figure 4: Summary of responsivity data for samples #77A and 
#101 after being annealed for the given lengths of time at 600°C. 
The two samples were fabricated identically except that #77A had 
a 5 µm thick composite layer whereas #101 had a 10 µm thick 
composite layer.

Figure 2: Sample #100 responsivity results before and after being 
annealed at 600°C for six hours. Each measurement was done at 
295K and 78K.

Figure 3: Summary of responsivity data for sample #101. Samples 
were exposed to the given gas at 500°C for different lengths of time.




