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PURPOSE:To obtain a large amplification degree by a method wherein thin film layers
of different forbidden band widths are formed alternately, and a thin film of a smaller
forbidden band width is so formed that the lower end shape of a conduction band
becomes parabolic. CONSTITUTION:In layers 31 sandwiched by layers 32 of larger
forbidden band widths, the position of the lower ends of the conduction layer thereof
varies in a direction vertical to a thin film surface and in parabolic form projected
downward. If the shape of a potential well of the conduction band is on the parabola,
discrete energy levels are shown to be at equal intervals by quantum mechanics. Thus,
a region 42 with the concentration of field drops generates. When an impressed voltage
is increased up to a suitable value, the energy level of the left side layer and that of the
right side with the thin film region 42 placed therebetween are coincident by a plurality
of pairs (four pairs in this case), and accordingly resonant tunnel current 41 flows
through the four pairs of levels. Therefore, a large differential negative resistance can
be obtained.
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DESCRIPTION JPS5967676

[0001]

The present invention relates to a negative resistance element. Although development of FE 1 ', Gunn oscillator, Impulse
oscillator 9, etc., etc. are actively developed as the ampli fi cation of the high frequency amplifier or oscillator, using the
lattice lattice having the negative differential resistance can result in high frequencies not available in other devices Since
there is a possibility that it can operate in the region, the super lattice negative resistance element is considered to be a
promising future. The super lattice negative resistance element conventionally proposed has a conduction band structure
shown in FIG. 1 in real space. In a usual superlattice negative resistance element, a layer 11 having a narrow forbidden
band formed of GaAs which is a binary mixed crystal and a layer 12 having a wide forbidden band width formed of
GaAJAs which is a ternary mixed crystal , Alternately stacked. At this time, when the thickness of the GaAs layer is
reduced to about 200 angstroms, the energy level at which electrons in the GaAs layer can exist is discretized, the level at
the base energy level of 13.2 flt. 14, the level at the 15 th. 16 and so on. In this way, when the thickness of the layer 12
having a wide forbidden band sandwiched between the layers having the energy level defeated by ~ 1 becomes as thin as
several angstroms, in a state where a voltage is applied in the direction perpendicular to the thin film layer, Tunnel current
flows. Tunnel current flows when the voltage is applied to the superlattice shown in Fig. 1, and the differential negative
resistance appears when the applied voltage reaches an appropriate value, referring to El - Eagle et al. (Physical review
letter. 33, 495, 1974). A state in which the differential negative resistance at this time is obtained will be described with
reference to FIG. Figure 2 shows the structure of the bottom of the conduction band in real space when a voltage is
applied to the superlattice composed of GaAs and GaAnAs shown in Figure 1 in a direction perpendicular to the
superlattice plane. When the voltage applied in the direction perpendicular to the superlattice surface is raised to an
appropriate value, the high electric field region 22 shown in FIG. 2 is generated. When the applied voltage is further
increased under the condition that the high electric field region 22 is generated, the tunnel current 21 increases. This
phenomenon occurs when the base energy level 13 of the layer with a narrow forbidden band width on the left side of the
high electric field region 22 and the second energy level 14 of the layer with a narrow forbidden band width on the right
side become substantially equal to each other, This phenomenon occurs because the tunneling current increases
resonantly. When the tunneling current increases resonantly, the differential resistance of the superlattice becomes
negative and the superlattice operates as a negative resistance element. However, as shown in FIG. 1, since the shape of
the potential well of the conventionally suggested superlattice 1114 is box-shaped, the discretized energy levels 11 to 16
are non-equidistant (the energy level is (n + 1), And n is the number of the level).

Then, even if voltage is applied vertically to the superlattice, two or more adjacent energy levels do not coincide with each
other, and at most one energy level coincides. Therefore, the resonant tunneling current flowing through the matching
energy level is weak, the differential negative resistance is small, and a large amplification degree can not be obtained.
Therefore, an object of the present invention is to provide a negative resistance element having a superlattice structure,
which has a large amplification degree of 4 ji. According to the present invention, in a negative resistance element having
a superlattice structure in which two kinds of mixed crystal semiconductor thin film layers having different forbidden band
widths are alternately formed on a semiconductor crystal substrate, in a thin film layer Is the forbidden band width of the



two types of thin film layers small so that the shape of the lower end of the conduction band becomes parabolic in the
vertical direction? 1. A super lattice negative resistance element can be obtained that contains a portion in which the
mixed crystal composition of the casing film is changed as a% sign. Next, the present invention will be described in
detail with reference to the drawings. FIG. 3 is a view of the lower end of the conduction band of the band structure for
explaining the first embodiment of the present invention. In the multilayer thin film structure shown in FIG. 3, in the
layer 31 narrowed by the GaAAAs layer 32 having a large forbidden band width, the position of the lower end of the
conduction band is convex downward in a direction perpendicular to the thin 11 plane It changes like a parabola. The
lower end shape of this parabolically changing conductive band is the same as the lower end shape of A! In the form of
a parabola. When the shape of the potential well of the conduction band is parabolic, quantum mechanics indicates
that the discretized energy levels are equally spaced. FIG. 4 shows a situation in which a voltage is applied to this
superlattice having equally spaced energy levels. Similarly to the conventional superlattice shown in FIG. 2, a region
42 in which the electric field drop concentrates occurs. When the applied voltage is increased to an appropriate value,
the thin film region 42 is sandwiched between the left side Ga a I! The energy level of one layer and the energy level
on the right side coincide with plural sets (in this case, 4 pairs), and resonance tunnel 114 between the four sets of
levels. A flow 41 flows. In the conventional a 4 '6 child, as shown in FIG. 2, the resonantly flowing tunnel current 21
passes only through a set of matching energy levels, so the differential negative resistance is small. In the real JJA
example, a resonant tunneling current C flow flows between multiple pairs of levels, so a large differential negative
resistance can be obtained. Yet, according to this embodiment, it is possible to obtain a superlattice (a negative
resistance element having 1 ° i-structure) which can obtain a large amplification degree.

The superlattice mentioned on the previous O side on the real flow side was produced by the molecular beam epitaxy
method. Ga&As&~!  Molecular Beam Epitaxy Device with Cells to Generate F? The temperature of the cell
generating f, A) was adjusted such that the A month moon temporally quadratically increased and decreased to form a
forbidden ib 'J 4i 4 narrower layer 31 shown in FIG. 3 . 214; 5 is a view for explaining a second embodiment of the
present invention. Forbidden ": iF The narrow layer 51 has a dedicated gu band end shape consisting of a right half of
a downwardly convex parabola. Also in this embodiment, as in the first embodiment, the energy levels of the quantum
generated in the layer 51 having a narrow forbidden band width are equally spaced, and the same effect as in the first
embodiment can be obtained . Although the mixed crystal of Ga A JA s/ G a A s is used in the above examples, it is
obvious that the present invention is not limited to the crystal material and other materials such as AJ GaAs Sb / Ga Sb
may be used.

[0002]

Brief Description of the Drawings

[0003]

FIG. 1 is a view showing the lower end of the band structure of a band structure for explaining a conventional
superlattice negative resistance element, FIG. 2 is a view for explaining the operation principle of the band structure,
and FIG. 3 FIG. 4 is a view for explaining the operating principle of the first embodiment of the present invention, and
FIG. 5 is a view for explaining the operation of the second embodiment of the present invention FIG. 5 is a view of the
lower end of the guiding band of the band structure for explaining the embodiment.

11 is a layer having a narrow forbidden band width of a conventional superlattice, 12 is a layer having a wide forbidden
band, 13 to 16 are discretized energy levels, 21 is a tunnel current, 22 is a region where the electric field is
concentrated, A layer with a narrow forbidden band width of the superlattice of the first embodiment, 32 a forbidden 'it)
wide layer of [IV + i, 41 a tunnel current, 42 an ilA region in which the 71 L field is middled, 51 a second non- Of the
embodiment of the present invention (a layer with a narrow forbidden band width of the lattice). Secret 1 Figure u4 7
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CLAIMS JPS5967676

In the negative resistance element having a superlattice structure in which two types of mixed crystal semiconductor thin
film layers having different forbidden band widths are alternately formed in a layer, in the negative resistance element in
the thin film layer in the direction perpendicular to the thin film surface, (1) wait that it contains a portion where the jJL
crystal composition of thin j has a small forbidden band width among the above two kinds of # film layers so that the shape
of the lower end of ii = becomes parabolic Super lattice negative resistance element.
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