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ABSTRACT

The electrical properties of zinc-doped indium phosphide single crystals
which have been pulled from the melt by the liquid encapsulation Czochralski
technique have been studied using aluminum and gold electrode combinations.
Samples with aluminum electrodes showed ohmic conduction in the lower
voltage range and two separate regions of space-charge-limited (SCL)
conductivity at higiler voltage levels controlled by a discrete trapping level and
by an exponential distribution of traps above the valence band edge,
respectively. Measurements of current density-temperature characteristics in the
SCLC regions yielded voltage variable slopes on plots of the -logarithm of
current density as a function of the inverse temperature in accordance with the
theory for exponential distribution of traps. On the other hand, constant slope
was obtained for a single dominant level which immediately yielded its depth
above the valence band edge. A number of parameters were evaluated on the
basis of the theory of space-charge-lixﬁited conduction and the following values
were obtained : excess acceptor concentration (N, -Ny) = 1.7x 1‘018 m>, discrete
trap level E, = 0.20‘ eV above the valence band edge with a state density

N, = 2.2x10% m?, hole mobility p = 7x10° m?V-'s!, room temperature hole




ii

concentration P=5.1x10" m?3, concentration of traps per unit energy range at

the valence band edge P,=1.7x10%® J'm?, temperature parameter T, of trapping
distribution 750 K and total trapping concentration N,,, = 2.2x10° m™. Samples
having one electrode of each metal showed differeht behaviour. At low voltages
V < 60 mV, under forward bias (aluminum electrode positive), Schottky diode
behaviour was observed. At applied voltage greater than 60 mV, the forward
characteristics showed a similar overall trend to that of Al/InP:Zn/Al samples
i.e ohmic conduction followed by two separate regions of space-charge-limited
conductivity controlled respectively by a single dominant level and by an
exponential trap distribution. Under reverse bias (aluminum electrode negative),
the conduction processes could be interpreted in terms of both the Pool-Frenkel
(field-assisted thermal detrapping of carriers) and Schottky effects (field
ldwering of the interfacial at the injected electrode interface). Barrier height and
width wére determined as a function of applied voltage. The results showed that
with the increase of voltage, the barrier width increased appreciably but the
barrier height retained almost the same value. The Schottky barrier capacitance
of Al/InP:Zn/Au samples was measured as a function of voltage at several
temperatures. The barrier héights measured by capacitance method and those

determined from conductivity measurements were in good agreement.



