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ABSTRACT

Sheet resistance and transmittance changes of thin films of Al

evaporated in high vacuum were measured during sorption of oxygen at room

atmosphere. An increase of both sheet resistance and transmittance vtth a

tendency to saturation has been observed. Evaluation of various thicknesses of

the films for possible use as transparent electrode material for photovoltaic

applications shous that for very thin films (< 130 A ) , the "unoxidized" films

are better while for thicker films (* 200 A) the "oxidized" films are superior.
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1. INTHODUCriON

It is Known that the Its (metal-insulator-semiconductor) solar cells have

the potential for combining ease of fabrication with low coat and hence vill be

suitable for large scale terrestrial conversion of solar energy. The HIS

structure contains a thin ( i-10-30 A) insulating layer which is used to separate

a semitransparent metal barrier layer from the semiconductor. Metals used to

date on silicon substrates include aluminium [l]-[6], chromium [7], titanium [8],

gold {9] and berilium [10]. These cells have efficiencies between 8 and 9%, a*

compared to estimated efficiencies of 13 to 16J maximum for such devices [11].

The effects of the interface oxide layers have been found critical in improving

the performance of an otherwise Schottky barrier device. Specifically, it

improves the open circuit voltage and hence the efficiency of the device.

Generally also, the substrate semiconductor material is well understood. However,

a lot of vork is still required for the characterization of the thin transparent

metal layer. Apart from the usual application Of antireflection coating which

cuts down the high reflectivity of these thin metal layers, a survey of the

literature shows that more vork needs to be done on the material properties of the

semitransparent barrier layer before efficient, stable MIS devices can be

fabricated.

In this paper, we report the spectral and thickness dependence of the

transmittance as well as the sheet resistance of vacuus-deposited aemitransparent

films of aluminium with a viev to correlating the variation* in their spectra •'-

and resistances with modifications of the deposit due to oxidation process in

the laboratory atmosphere.

II. EXPERIMENTAL

Varying thicknesses of thin films were formed by vacuum evaporation of

99.99 pure aluminium metal wire from a tungsten filament onto ultrasonically

cleaned glass slides maintained at room temperature. The vacuum pressure was

about 5 x 10~ Torr for each run. The thickness of the films was determined

by the optical interferroraeter technique by the use of the NACET 300 interferro-

meter. The thickness readings obtained by this method were checked against

the readings obtained by the differential increase in weight after evaporation.

Optical transmittance measurements were made at normal Incidence in the spectral

range O.liO - O.pO mm at intervals of time durine the process of oxidation.

Measurements were carried out in the laboratory atmosphere using a Varian 63^

double beam spectrophotometer with a Varian 9176 recorder, A substrate with a

film deposit was placed in one of the light beams and a clean substrate was

placed in the other in order to take care of the influence of the aufcttrat*.
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Sheet resistance measurements of the layers were also carried out at intervals

of time during the process of oxidation using a four-point probe Kokusai V2D

resistivity-resistance measuring system.

III. RESULTS AND DISCUSSION

Fig. 1 shows the transmittance spectra for three aluminium films of us

deposited thicknesses of 60, 120 and 200 A. These spectra show that the as grown

films (Od) gave optical transmissions of 65-705&, \i&-Gk% and llt-32% for the 60 A,

120 % and 200 A thick films respectively. These results agree fairly well with

those of Hovel [l2l and Charlson and Lien (2], These spectra also show that

higher transmittance evolves with tiaie; that is, the transmittance of the as

deposited samples (Ods) increases vith age (lOd, 50d) after deposition. This

evolution can be attributed to the lowering of the metal concentration in favour

of that of the oxide, mainly Al 0 , due to the adsorption of oxygen [l3]-[l6].

Variation of the sheet resistance, H , of the films with time after

deposition are shown in Fig. 2. The 3heet resistances of the as grown films (Od)

are not so high {vary between 3.5 ohm/so, and UO ohm/sci). As the curves show,

B Increases vith time, gradually at first and then asymptotically, indicating

the growth of an insulating oxide, A model describing the time and thickness

dependence of the sheet resistance has not been easy to obtain based on our data.

For use as transparent electrode material, a thin film can be evaluated

from its optical transmission and electrical conductivity, both of which should

be as large as possible. However, the interrelationship between these two

parameters excludes the simultaneous achievement of maximum transmission and

conduction. Haacke [IT] has defined a term, *r, , called figure of merit which

can be used to evaluate a transparent conductor, as

* T10/R (1)

where T is the optical transmission and Ft is the electrical sheet resistance.

According to Haacke, larger values of 4 indicate a better transparent electrode

material.

Tiiulc I shows a comparison of the figure of merit values computed from the

data of figures 1 and 2 for the deposited films at different stages of oxidation.

The tuble clenrly shows that the 60 A thick "unoxidized" metallic film in preferable

hero uc u transparent electrode material when compared to the other two films.

The tuble tiliio shows that for a transparent electrode material, oxidation proved

to be a disadvantage for thinner (< 130 t) films, whereas, it iE an advantage for
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thicker (< 200 A) films. This is due to the fact that variation in the value of

n due to oxidation is more pronounced in thinner

IV, CONCLUSION

The correlation observed between the time variation of sheet resistance

of aluminium films with the transraittance can serve as a process control tool for

transparent metal layer formation for devices. While film oxidation is an

advantage for thick (> 200 A) films, it is an inhibitor for thinner (< 130 A)

films when considered for use as transparent electrode materials for devices.
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Fig. 1 Time variation of the transmittance of Al films, (Od = 0 days;

lOd = 10 days; 50d = 50 days after deposition).

Fig. 2 Variation of sheet resistance vith time.
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