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Abstract of JPS5990978 (A)

PURPOSE:To obtain the negative resistance element with superlattice structure,
through which the large degree of amplification is acquired, by flowing resonant tunnel
currents through sections among a plural pair of levels and obtaining larger differential
negative resistance. CONSTITUTION:The position 31 of the lower end of a conductive
band changes in a sine wave shape in the direction 39 vertical to the upper surface 38
of a substrate 37. GaAs is used as a substrate mixed crystal, and a mixed crystal layer
consists of Gal-xAlxAs. The change of the sine wave shape is obtained by altering a
composition ratio (x) of Al in a sine wave shape. When the shape of a potential well
formed by the spatial change of the position of the lower end of the conductive band
takes a sine wave, scattered energy levels 33, 34, 35, 36 are arranged at
approximately regular intervals.; When voltage is applied to the superlattice, regions 44
in which a field drop focuses are generated. When applied voltage is increased to a
proper value, the energy levels of the left potential wells and those of the right potential
wells coincide in a plurality of pairs while holding the thin-film regions 44, the resonant
tunnel currents 41, 42, 43 flow through three pairs of the levels, and large differential
negative resistance is obtained.
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DESCRIPTION JPS5990978

[0001]

The present invention relates to a negative resistance element. As an amplifying element for a frequency amplifier or an
oscillator (development of jaAs - 11 'EET is popular, when using a superlattice having a negative differential resistance,
GaAS - FET 1 is difficult to operate in a sieve frequency castle Since there is a possibility of being possible, the super
lattice negative resistance element is thought to be promising. Conventionally suggested superlattice negative resistance
elements are guided in the 1 st time! It has the shape of the lower end of the band. Here, the ordinate axis L energy is
shown, and the abscissa axis is the energy level indication in the empty space 111 representing the position in the
direction perpendicular to the superlattice plane. A qualified super-rated + -L resistance element is formed of GaAs, which
is a binary mixed crystal, formed with a forbidden (1) narrow layer 11 and a binary mixed crystal G a A | A s And a layer 12
having a wide forbidden cloth width are alternately formed with 81 i layers. At this time, when the Iy of the GaAS layer
becomes thin to about 200 A, the energy level Fi where the electrons in the layer can exist, the discretized, the level of the
base energy level 13.24 i '14 th level 15. The fourth level 16, etc. are generated. When the thickness of the wider layer 12,
which is sandwiched between the layers having the discretized energy level as VC 1, becomes thinner at several 111 k
strooms a 5 'degrees, a voltage is applied in a direction perpendicular to the thin film layer In this state, tunneling current
flows. The fact that the differential negative resistance appeared when tunnel current flowed and the applied voltage
reached an appropriate value when relief was applied to the superlattice shown in FIG. 1 was confirmed by L. Ezaki et al.
(Finical Review Letter, 33 x , Page 3495, 1974). The state in which the differential negative resistance at this time is
obtained is explained with reference to FIG. Figure 2 shows the shape of the lower end of the conduction band in real
space when a voltage is applied in a direction perpendicular to the superlattice plane to the superlattice composed of O
aAB and G a A | s s shown in Figure 1 . When the voltage applied in the direction perpendicular to the superlattice surface
rises to an appropriate value, the high electric field region 22 shown in FIG. 2 is generated. In the condition where the high
electric field region 22 occurs, when the applied voltage is further increased, 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 energy level 14 at the 2 # th in the layer with a narrow forbidden band width on the
right side are almost equal energy r, And the tunneling current increases resonantly.

When the tunneling current increases resonantly, the differential resistance of the superlattice becomes negative, and
since the superlattice is a negative resistance element and the shape of the well is a boxy store, discretization [and the
energy levels 13 to 16 are nonzero Equal spacing (proportional to (n + 1) 2, n is number of levels). Then, even if a voltage
is applied vertically to the superlattice, two or more pairs of energy levels of the next pair do not coincide with each other,
and at least one pair of energy levels coincide with each other. Because of Sono, the tunneling current 21 resonatingly
flowing through the matching energy level / L / 13 and 14 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 in which a large increase IIN & '+' - + is provided. The negative resistance element
of the present invention is a negative resistive element having a superlattice structure having a super lattice structure in
which forbidden ((two kinds of mixed crystal semiconductor thin film layers having mutually different widths are alternately



formed in eight layers) In the element, as in the thin film surface |/ cilj in the thin film layer, the bottom end shape of the
conductive layer 41F is sinusoidally shaped at least 2 cycles in the direction perpendicular to the thin film surface, the
forbidden band width of the two kinds of thin film layers The composition of the mixed crystal of the thin film is changed
spatially. An embodiment of the present invention will now be described with reference to the drawings. FIG. 3 shows
the spatial variation of the lower end of conductivity (1) in a mixed crystal layer of a superlattice of one resistive
element according to the present invention. The position 31 at the lower end of the conductive 1) shown in FIG. 3
changes into a positive wave wave in a direction 39 perpendicular to the upper surface 38 of the substrate 37. In this
embodiment, GaA is used as a substrate mixed crystal, and the U product layer is made of oal-X "XAB. The change in
the JE hippocampus at the lower end of the conduction band can be obtained by changing the composition $ z of Al to
IF wave form. It is indicated by Bo Sewn Dynamics formed by the spatial change of the child end position of
Conductive (1). FIG. 4 shows a situation in which 'low pressure is applied to the superlattice having the energy levels
of +1 equally spaced. Similarly to the conventional superlattice shown in FIG. 2, a region 44 in which the electric field
drop concentrates occurs. When the applied voltage is increased to an appropriate value, the energy level of the
potential well of the left side and the potential well of the right side are sandwiched between the thin film regions 44. 2)
Leggy level r, til J Thread It (1 in this case 3 yarns 11 ), And jumping between the three sets of levels will result in the
tunneling currents 41, 42.43 flowing through I: . In the conventional superlattice, as shown in Fig. 2, the differential
negative resistance was small because the tunnel current 21L between a pair of matching levels did not flow.

In the actual hm example according to the present invention, resonant tunneling current flows between a plurality of
sets of levels, so that a larger differential negative resistance can be obtained. Therefore, book 5! I According to the
example, a large amplification degree can be obtained (41 '(h + A resistance element that can grid structure itself can
be obtained). The superlattice described in the above examples was manufactured by a molecular beam epitaxy
method. In molecular beam emitter A-14 having cells generating Ga, AS and Al. The temperature of the cell generating
Al is Al &! In order to increase or decrease to 1F sinusoidal shape for time 11 purpose, let the spatial change shape of
the lower end of the conduction band shown in Fig. 7=, Increasing or decreasing the size of Al shoes in the form of
positive O waves can be changed to Hiroshi wave shape of the whole cell temperature which generates Al, and it can
be manufactured very easily without requiring a sudden temperature change. Although the mixed crystal of GaA IAs /
GaAs is used in the above-mentioned embodiment, the present invention is not limited to the product old product, and
other materials suchas A1 G a As8b/(JaSb etc. may be used It is clear.

[0002]

Brief Description of the Drawings

[0003]

FIG. 1 is a view showing the state of the lower end of the conduction band for explaining the conventional superlattice
negative resistance element, FIG. 2 is a view for explaining the operation principle of the conductive band, and FIG. 3
explains one embodiment of the present invention FIG. 4 is a view for explaining the operation principle of the present
invention, and FIG.

11 is a conventional super lattice forbidden - 114 wide narrow) -112 is a layer with a wide forbidden band width, 3 to 16
are separated single energy levels, 21 resonant tunnel current, 22 electric field concentrates A region 31, a lower end
of the conductive band of one embodiment of the present invention, 32.33 to 36 a discretized two-level reed panel 37
is a substrate, 38 is a top surface of the substrate, 39 is a junction straight , 41 to 43 are resonant tunneling currents,
and 44 is a region where the electric field is concentrated. §3 1 Figure 2 Figure 2 Figure 3 Figure 4 Figure 4
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CLAIMS JPS5990978

A 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 on a plate in a direction perpendicular to the thin film
surface in a thin w L band Characterized in that the mixed crystal composition of the thin film having a small forbidden
band width is spatially changed such that the lower end shape of the thin film layer is repeated sinusoidally for at least two
periods Negative resistive element.
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