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ABSTRACT

Measurement of absorption coefficient and
diffusion length in Schottky photodiode by
the improved differential photocurrent method

This thesis describes that the absorption coefficient o and the
hole diffusion length Lp for n-GaAél_XPX Schottky-barrier photodiodes
(SBPDs) were precisely measured by the differential photocurrent
(DPC) method.

To perform the accurate measurement, the method was improved as
follows. First, the photocurrent in an actual SBPD was analyzed by
taking into account the effects of the interfacial layer, the surface
recombination and the thermionic emission. This analysis reveals that
the logarithm of the DPC ln(AIp/AW vs the depletion-layer width W
and the photocurrent Ip vs the DPC AIp/AW plots fall on straight
lines similar to an ideal SBPD. The slope of 1ln(Alp/AW) vs W gives o
at the incident photon energy. The photocurrent-to-DPC ratio
(Ip)wao/(AIp/AW)W_O is dependent on o and the other device parameters
and gives the apparent hole diffusion lenqtn L;. The true L., can be
obtained by fitting the theory to the l/Lp Vs Q plot for the actual
SBPD. Second, the basic measurement circult was reconstructed by
introducing the circuit which divides the AI?/AW signal from the Ip
signal. And the feedback circuit which generates a signal proportional
to W and keeps the amplitude of AW constant was added to the DPC
system.

The measured absorption coefficients of GaAsj-xPx with x=0.0,

0 .23 and 0.38 show the expected steep decrease below the gap energy
and shift to the higher-energy side as the composition increases.
Measured values are close to those on the low carrier consentration
side. This suggests o measured by the DPC method is in the depletion
region. And also the measured spectra are successfully explained with
the optical-absorption theory due to the exciton formation. The true
Lﬁ not affected by the effects at the interface can be obtained for
the first time. The values obtained are more reliable compared with
the other measurements.

These results indicate that the improved DPC method can propose
the accurate measurement of the optical-absorption coefficient and
the minority-carrier diffusion length for the actual SBPD.
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