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Optimization of GD a-Si:H Film Property for Photovoltaic Devices

by Means of the Cross Field Plasma Deposition Technique
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Amorphous Si:H films prepared by plasma deposition have been extensively

studied for the purpose of practical applications to low cost solar cel-t" 1).

Especially, a conversion efficiency more than 5% has recently come to be most

commonly attained in a-Si:H solar cel1s2). However, for a further improvement of

the efficiency, following film properties are essentially desired; (i) narrow

optical gap and high photoconductivity for undoped films and (ii) wide optical

gap and large dark conductivity as the window side junction electrode. We have

found much improvement of the film properties by the cross field plasma deposition

method which is applied dc blas voltage superimposed perpendicularly to the rf

electric field during plasma deposition3,4).

Flgure I shows the normalized photoconductivity 1pt under 1.9 eV illumj-nation

(sx1014 photons/sec1cmz) and activation energy AEo as a functlon of the bias

voltage and substrate temperature. As can be seen in this figure, for each

substrate temperature, there exists a distinct optlmum bias voltage for the photo-

conductive property of undoped fi1ms, and at this blas voltage the activatlon

energy exhibits the maximum value. Moreover, the optimum bias voltage shifts from

+50 to -100 V as the substrate temperature rises from 250 to 350 "C. Correspond.ing

to this shift, the peak photoconductivity I O-4

j-ncreases without any change of the acti-

vatlon energy. Figure 2 shows the absor-

ption spectra near the fundamental ed.ge

of undoped a-Si: H as a parameter of the

substrate temperature. At the wave length

of 5000 A (tne peak of the solar radia-

tion spectra), the absorption coef f j-cierrt

increases from 1.28x105 to r.62x105 cm-l

as increasing the substrate temperature.

The bonded hydrogen content in the films

decreases from 17 to 9.57o and, in a re-

su1t, the optlcal gap also decreases

from 1.82 to 1.75 eV.
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Figure 3 shows dark conductiv■ ty σd and

n口T of borOn doped films versus the gas frac―

ti° n B2H6/SiH4 as a parameter of the polarity

of the bias voltage; 0,() and c) indicate

the floating potential condition, negative

and pos■ tive bias condition, respectively.

The solid line ■n the figure shows the result

reported by Spear et a■ .5)。  A clear enhance―

ment of dark conductiv■ ty has been observed

at the positive bias condition withOut the

reduction of optical band gap, and the value

far exceeds Spear's result obtained at the

same gas fractiOn.  While, those at the float― F`多 .2  4わ sο響
``α `ι
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are less than Spear's. The boron doping

generally causes defects into films and re-
duces photoconductivity, nevertheless, in our

case the photoconductivity was kept not so

largely reduced by boron doping under the

positive bias condition as can be seen in
this figure.

It might be possible to produce an effi-
cient solar ce11 by employing the films pos-

sessing suitable film properties as solar

ce11 elements, that is, wide-gap low-resistive
p-type for the window side material- and

narrow-gap high-photoconductive undoped fitms

for an active 1ayer. In the talk, we will
present a series of experimental data on the

electrical, optical and optoelectronic pro-

perties of a-Si:H films deposited under the

externally biased condition and show further
possibility of improvement of cell performance

with the cross field plasma deposition

techn ique .
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