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The calculation results of the influence of interface state parameters
on capacitance-voltage and conductance-voltage characteristics of n-GaAs
metal insulator semiconductor structures are presented. The U-shaped distri-
bution in the energy dimension and Gaussian-like distribution in the space
dimension for insulator—semiconductor interface states are assumed.
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The authors of [1] have suggested that two types of the frequency dispersion
of capacitance of the n-GaAs metal insulator semiconductor (MIS) stuctures in
the range of voltage corresponding with accumulation stucture [2, 3] are typical
in n-GaAs MIS systems and are connected with insulator-semiconductor (I-S)
interface.

In this work the results of numerical analysis of influence of I-S interface state
parameters on the capacitance-voltage (C-V) and conductance-voltage (G—V)
characteristics of semiconducting compound MIS structures are presented.

For calculations it is assumed that acceptor and donor interface states exist
in the I-S interface. Their density distributions are expressed as follows:

for acceptor and donor states, respectively. E is the state energy (in kT units,
zero in the semiconductor midgap, k and T have their usual meaning), x is a
distance in insulator (x = Ο on the semiconductor surface, the state distributions
in insulator space are to be considered only). The parameters α and b describe
distribution of states in the energy dimension, σΑ and σB their space distribution,
whereas A and B represent the state density for Ε = Ο and x = Ο. An influence
of the I-S interface states on the capacitance Cm and conductance Gm of the
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MIS structure is determined by the capacitance and conductance evoked by these
states. For their calculations the formulae (3.164a) and (3.164b) from Ref. [4] are
used. The additional integration over the insulator thickness is included. In the
frame of the assumed model the expressions (2a)—(2d) from [5] for the capture
and emission coefficient of carriers by interface states are used. Additionally it
is assumed that the electron and hole capture cross-sections σn ,p at x = 0 are
energy-dependent: σn ,p (Ε) = σ0n,p exp(-αn,p|Ε|), where σ0n,p are the valnes in
the midgap, σn ,p describe the changes of the cross-sections with energy. Using the
typical relations [5, 6] the characteristics of Cm/C0x and Gm /ωC0x versus gate
voltage Ug (C0x is insulator capacitance, ω = 2π f) are calculated for different
frequencies f measuring signal. The n-GaAs MIS structure (n = 3 x 1022 m-3,
C0x = 2.98 x 10 -4 F m-2) is considered. The calculations were performed in the
range of Ug corresponding with the accumulation and weak depletion of stucture
where the peculiarities of the experimental data were observed [3]. At first an influ-
ence of parameters of I-S interface on the high-frequency (HF) C-V characteristic
has been analysed.

Generally the increasing values of parameters a, b and (or) A, B cause that
the change of band bending with Ug is more limited in comparison to the ideal
stucture. C0 x capacitance is not reached for the realistic 'voltages Ug .

In Figs. 1, 2 and 3 the results of calculations for A = B = 5 x 10 15 eV-1m-2 ,
a = 0.3, b = 0.1, σ0n = 5 x 10 -20 m2, σ0p = 5 x 10-22m2are presented. The curve
marked "true HF" is calculated with an assumption that interface states do not
follow the measuring signal. From Fig. 1 it results that interface states with the
above parameters make a remarkable contribution to the stucture capacitance at
the frequency 10 MHz. The contribution of interface state capacitance depends
on the carrier capture cross-sections (Fig. 1a) as well as the space distribution of
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interface states (Fig. 1b). The influence of space distribution of states is also being
revealed in the case of C—V and G-V curves calculated for different frequencies
(Figs. 2 and 3). In Figs. 2a and 2b two types of frequency dispersion of capaci-
tance are shown. Making a comparison between the characteristics calculated for
different σΑ,B and the characteristics calculated for the "flat model" (i.e. with an
assumption that the states are localized at the semiconductor surface), it results
that changes in the space distribution of interface states can cause the differ-
ent behaviour of electrical characteristics of MIS structure. The curves presented
in Figs. 2 and 3 correspond qualitatively with the experimental C-V and G-V
characteristics, obtained in Ref. [3] for the n-GaAs MIS stuctures produced un-
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der different technological conditions, therefore with different I-S interfaces. The
presented results suggest that the interface model (la) and (lb) can be used to
analysis of the I—S interface for semiconducting compounds.
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