
the size of the data set that can be processed at one
time. This gives parallel access to all plates and to
chips on a plate, but only one cell is illuminated on
each chip. Accordingly, each chop has only two com-
mon electrodes for all cells to handle the write and
erase signals and register photodurrent signals in
reading. In a storage device of this kind, a 104-bit
block of information is processed in 30-50 /J.sec, and
the total capacity of the storage may be as high as 10l°
bits. The largest admissible number of switchings of
a single memory cell in such a storage device is an
important question. Up to this time, the number of
cycles has been limited to 104-105, after which the
trapped-charge storage time decreases to a few days.
Investigation of the physical causes of these changes
showed that they result from accumulation of thermo-
dynamically nonequilibrium compensated charges in
the Si3N4. Recombination processes in the amorphous
broad-band dielectric are hindered, and this results
in an increase (with increasing number of switching

cycles) in the population of donor and acceptor traps
in the Si3N4. The decrease in storage time results
from the increase in the conductivity of the structure
with increasing trap fill factor. It has been possible
to increase the allowed number of switching cycles
to 108 by optimizing the parameters of the structure,
and specifically by adjusting the stoichiometric com-
position of the silicon nitride.
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N.G. Basov, A.B. Kravchenko, A.F. Plotnikov,
andV.E. Shubin, Self-stabilized avalanche process
in a metal-dielectric-semiconductor (MDS) structure.
Avalanche MDS photodetectors. The avalanche buildup
of free-carrier concentrations in solids as a result
of impact ionization has attracted the interest of inves-
tigators for some time. There are two aspects to the
interest in this phenomenon: a physical aspect, deter-
mined, among other things, by the importance of this
process in the broadly investigated phenomenon of
electrical breakdown, and a technical aspect concer-
ned with its successful use in avalance photodetectors
and microwave generators. However, it has not yet
been possible to produce a spatially uniform, low-
noise avalanche with high multiplication coefficients
(in the tens and hundreds of thousands). Here the
basic obstacles are the extremely high power-source
stability requirements and the presence of cord and
microplasm spatial inhomogeneities. We have
shown that these difficulties can be largely overcome
by providing negative feedback between the multiplica-
tion factor M and the strength of the electric field E
that causes impact ionization in the metal-dielectric-
semiconductor structure.

Figure 1 shows a cross section through such a
structure. A pulsed voltage source, which creates
an electric field of strength E sufficient to trigger an

M D
\

avalance in the subsurface region of the semiconductor,
is connected to the structure's metal electrode.
Figure 2 shows the volt-ampere characteristic of
this structure when a linearly increasing voltage
pulse is applied to it and causes nonstationary depletion
in the subsurface region of the semiconductor. The
current IR through the load resistance RL is deter-
mined, when the voltage is u < w u , a , by the capacitance
of the MDS structure, which decreases with increasing
applied voltage due to the increase in the width of the
semiconductors volume space charge (VSC) layer.
Beginning at uivi, the free-carrier concentration in
the subsurface region of the semiconductor increases
in avalanche fashion, and the current/^ rises sharply
to the saturation value i\,.t. Figure 2b shows that
saturation of the current is accompanied by saturation
of the semiconductors surface potential *s at the level
*J. Figure 2c shows the multiplication factor M of the
avalanche process plotted against voltage. When the
multiplication factor reaches saturation, a self-
stabilizing avalanche process is established in the

J0 rel. units
"I

u»™ v

FIG. 1.
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structure. Fluctuation of M in the direction of larger
(smaller) values results in an increase (decrease) of
the current and, consequently, of the charge accumula-
ted at the boundary with the dielectric; this lowers
(raises) the surface potential and returns M to the
initial steady value.

The avalanche process in the MDS structure is des-
cribed by the following equations:

^LU_2^^*rr d)
—the solution of the Poisson equation for the semi-
conductor-dielectric system, where *5 is the surface
potential of the semiconductor, Qa is the minority-
carrier (electron) charge at the semiconductor-dielec-
tric interface, d is the thickness of the dielctric, n
is the impurity (acceptor) concentration in the semi-
conductor, and ts , za, and EOare the dielectric constants
of the semiconductor, the dielectric, and vacuum,
respectively;

Co (0=4- f 'avad! (2)

is the condition for pure avalanche generation in the
semiconductors VSC; here i.na is the avalanche current
and S is the area of the structure;

.'•«-= l (3)

is the avalanche-breakdown equation, which corresponds
to Miller's formula for a sharp p-n junction,3 where
ia is the current that initiates the avalanche and *Jr

and n' are electrical constants.

In the case that a linearly increasing voltage pulse
with a slope a, u(t) = at is applied to the structure,
analysis of Eqs. (1), (2), and (3) gives the following
expression for the saturation current fmi determined
from the equilibrium condition d&3/du = Q:

=

'
(4)

which characterizes the self-stabilized avalanche
process. At self-stabilization, the multiplication fac-

J8 « *j.V

FIG. 3.

tor M, defined as the ratio i.m./iot takes the form M°
= aCd/z'0. Figure 3 shows an experimental curve of the
avalanche current i..ti plotted against the surface poten-
tial *,; it ends at the point with the coordinates *° and
i°jvi, which characterizes the self-stabilized avalanche.

The avalanche in the MDS structure can be used to
obtain multiplication factors up to 10R on a one-square-
centimeter area in the absence of microplasmas—an
indication that it has a high degree of spatial homo-
geneity. At the same time, it exhibits high temperature
stability in the range from -100° to +40°C. All these
properties of the avalanche process in the MDS structure
will make it useful in development of a new generation
of avalanche devices, e.g., photodectors with unique
combinations of parameters and characteristics.
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