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1. 

SEMICONDUCTOR TYPE POTENTIOMETER 
DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to improvements in 
potentiometer devices. 

Hitherto, conventional potentiometers have con 
structions such as shown in FIGS. 1(A) or 1(B), which 
comprises a resistor 1, input terminals 2, 3 and an inter 
mediate slider 4 sliding along said resistor, one of said 
input terminals and said intermediate slider 4 being 
used as output terminals. According to the potentiome 
ters as described above, the intermediate slider slides 
along the resistor, so that the resistor is liable to be 
damaged, or contact between the resistor and slider 
becomes inferior, thus causing occurrence of unfavora 
ble noise. 
As an improved potentiometer not having the disad 

vantage of the above-mentioned potentiometers, a new 
semiconductor type potentiometer device as shown in 
FIG. 2 has been recently proposed, said device com 
prising a semiconductor element 5 having magneto-re 
sistance effect, electrodes 6 and 7 provided at both 
ends of said element, a central electrode 8 inserted in 
said element, and a magnetic ?eld applying device for 
applying a magnetic ?eld M to said element while being 
moved along said element. In the device of FIG. 2, 
when a magnetic ?eld M is applied perpendicularly to 
the right half of the element 5, resistance between the 
electrodes 7 and 8 is increased, but resistance between 
the electrodes 6 and 8 is not increased. Accordingly, 
when a voltage is applied to the input terminals (a), 
(b), the voltage between the electrodes 6 and 8 is much 
lower than that between the electrodes 7 and 8. How 
ever, with the movement of the magnetic ?eld toward 
the left half of the element, resistance between the 
electrodes 6 and 8 is gradually increased and that 
between the electrodes 7 and 8 is gradually decreased, 
so that the voltage between the electrodes 6 and 8 can 
be continuously increased by leftward movement of the 
magnetic ?eld M. However, in the conventional 
semiconductor element having so~ca1led magneto-re 
sistance effect, the resistance increase is only tenfold in 
the case of using a magnetic ?eld of 10 gauss. Since the 
magnetic ?eld of a of conventionally practical per 
manent magnet is about 3 K gauss, resistance increase 
is about threefold. Accordingly, variable range of the 
output] voltage of the potentiometer device as illus 
trated in FIG. 2 is only about 1:3. 

SUMMARY OF THE INVENTION 

It is therefore the primary object of the present in 
vention to provide improved and effective potentiome~ 
ter devices having no disadvantages of the conventional 
potentiometer devices as described above. 

It is another object of the present invention to pro 
vide improved and effective two-dimension type poten 
tiometer devices not. 
The foregoing objects and other objects as well as the 

characteristic features of the invention will become 
more apparent and more readily understandable by the 
following description and the appended claims when 
read in conjunction with the accompanying drawings; 
in which the same or equivalent members are 
designated by the same numerals and characters and 
descriptions of the same or equivalent members are 
omitted in the later embodiments in some cases. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(A) and 1(B) are schematic connection 
views of di?'erent primitive potentiometer; 

FIG. 2 is a schematic connection view of a known 
semiconductor type potentiometer device; 

FIG. 3 is a schematic connection view of a known 
device corresponding to improvement of the device 
shown in FIG. 2; 
FIG.4(A) and 4(3) are schematic connection views 

of two similar modi?cations of the device of FIG. 3; 
H685, 6 and 7 are schematic connection views of 

different embodiments according to the invention 
FIG. 8 is a schematic connection view of a modi?ca 

tion of the embodiment of FIG. 7, to which construc 
tion of the embodiment of FIG. 5 is applied; 

FIG. 9 is a schematic connection view of a modi?ca 
tion of the embodiment of FIG. 6 to which construction 
of the embodiment of FIG. 5 is applied; 

FIG. 10 is a schematic connection view of a modi?‘ 
cation of the embodiment of FIG. 7, to which construc 
tion of FIG. 5 is applied; 

FIG. 11 is a schematic connection view of a modifi 
cation of the embodiment of FIG. 8; 

FIG. 12 is a schematic connection view of a modi? 
cation of the embodiment of FIG. 10; 

FIG. 13 is a schematic connection view of an im 
proved modi?cation of the semiconductor element of 
the potentiometer device of FIG. 2; 

FIG. 14 is characteristic curves showing the relation 
between the ratio v.,,/v,,, of variable output voltage 
VCD and input voltage VM and magnetic ?ux density; 

FIG. 15 is a schematic view showing the electric ?eld 
distribution (full line) and the electric potential dis 
tribution (broken line) in the case when a magnetic 
?eld is applied perpendicularly to the semiconductor 
element as illustrated in FIG. 13; 

FIG. 16 is a perspective view showing a modification 
of the embodiment of FIG. 13; 

FIG. 17 is a front view showing a further modifica 
tion of the embodiment of FIG. 13; 

FIG. 18 is a perspective view showing a practical 
potentiometer device according to this invention; 

FIG. 19 is a schematic view showing an improved 
modi?cation of the embodiment of FIG. 3; 

FIG. 20 is a schematic view showing a modi?cation 
of the embodiment of FIG. 19; 

FIG. 21 is a further modi?cation of the embodiment 
of FIG. 19; 

FIG. 22 is a schematic view showing a principal 
modi?cation of the semiconductor element as illus 
trated in FIG. 2; 

FIG. 23 is a characteristic curve showing the relation 
between magnetic ?eld intensity (B) and ohmic re 
sistance (RM) in the device of FIG. 22; 

FIG. 24 is a schematic view showing a modi?cation 
of the embodiment of FIG. 22; 

FIG. 25 is a schematic view showing a magnetic ?eld 
applying device adapted to the embodiment of FIG. 22; 

FIGS. 26 and 27 are, respectively, schematic views 
showing two kinds of actual potentiometer devices in 
which the semiconductor element of FIG. 22 is utilized; 

FIG. 28 is a schematic view showing a two-dimension 
type potentiometer device according to the invention; 

FIG. 29 is a schematic view showing an improved 
structure of a part of the device of FIG. 28; 

FIGS. 30, 31, and 32 are different modi?cations of 
the device of FIG. 28; 
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FIGS. 33(A), (B), and (C) are schematic views 
showing a further modi?ed potentiometer device ac 
cording to the invention; 

FIG. 34 is a schematic view showing an improved 
two-dimension type potentiometer device according to 
the invention, to which the device of FIG. 33 is applied; 

FIGS. 35 and 36 are schematic views showing, 
respectively, different arrangements of the magnetic 
?eld to be applied to the device of FIG. 34; 

FIG. 37 is a schematic view showing a magnetic ?eld 
applying device coupled with a pickup, said device 
being applicable for the embodiment of FIG. 34; 

FIG. 38 is a schematic view showing a modi?ed 
device of the embodiment of FIG. 33, said device being 
of circular type; 

FIGS. 39(A), (B), and (C) are schematic views 
showing different states of a modi?ed device of the em 
bodiment of FIG. 33; 

FIG. 40 is a schematic view showing a semiconductor 
element having two end electrodes and metal layers in 
serted therein, said element showing principle of an im 
provement according to the invention; 

FIGS. 41(A) and (B), FIG. 42, and FIG. 43 are sche 
matic views showing semiconductor elements having 
two end electrodes, said elements comprising an im 
provement according to the invention; 

FIG. 44 is a schematic view showing a potentiometer 
device to which the semiconductor element of FIG. 41 
is applied; and 

FIG. 45 is a characteristic curve showing the relation 
between the output voltage and displacement of the 
magnetic ?eld applied to the element in the device of 
FIG. 44. 

DETAILED DESCRIPTION 

Referring to the device of FIG. 3, the potentiometer 
device comprises semiconductor elements 5, 5', 5" - - - 
5"“, each having two end electrodes 9 and one of the 
electrodes 10, l0’, l0" - - - or 10""1 and one of the in 
termediate electrodes 11, ll’, 11" - - - or 11"“, respec~ 

tively. The semiconductor elements are parallelly ar 
ranged and connected in common at their electrodes 9, 
the intermediate electrode 1 l of the ?rst element being 
connected to the end electrode 10' of the second ele~ 
ment, the intermediate electrode 11' of the second ele 
ment being connected to the end electrode 10" of the 
third element, and so on. In the device of FIG. 3, if it is 
assumed that a magnetic ?eld M produced by a mag 
netic ?eld applying device (not shown) is applied to 
only the upper half portions of the elements, the volt 
age between the common electrode 9 and the inter 
mediate electrode 11 of the ?rst element is equal to l/a 
of an input voltage applied to the terminals (a) and (b) 
connected respectively to the electrode 10 of the ?rst 
element and common electrode 9, and with all ele 
ments having the same construction, the output voltage 
appearing between a terminal (c) connected to the in 
termediate electrode 1 1"‘1 of the last stage element 5"‘1 
and the terminal (b) becomes equal to (l/a)" of said 
input voltage. Nextly, when the position of the mag 
netic ?eld M is moved to the lower portions of the ele 
ments, resistances of the elements at said lower por 
tions are increased, whereby the output voltage 
between the terminals (b) and (c) is increased. In the 
case of the lower position of the magnetic ?eld M, if it 
is assumed that the voltage between the common elec 
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4 
trode 9 and the intermediate electrode 11 of the ?rst 
element is equal to (l/b) of the input voltage applied to 
the input terminals (a) and (b), the output voltage 
between the terminals (0) and (b) becomes equal to 
(l/b)’l of the input voltage. Accordingly, the output 
voltage varies within the range from (l/a)’l to (l/b)", 
the ratio of which being (a/b)". In general, a>b, so that 
in the case of the device comprising a plurality of ele 
ments arranged as described above, the rate of varia 
tion of the output voltage is remarkably larger than the 
case of a device comprising only one semiconductor 
element. For example, let it be assumed that a magnetic 
?eld of 3 K gauss is used in practice. In this case, if only 
one element is used, the rate of voltage variation is 
about 3, but if three elements having the same con 
struction are used, said rate is 3a= 27. 

In FIGS. 4(A) and 4(B), two different modi?cations 
of the semiconductor element assembly of FIG. 3 are 
shown. Referring to FIGS. 4(A) and 4(B), plural 
semiconductor elements 5, 5', and 5" are of arcuate 
shape and arranged concentrically to one another, but 
connections of end electrodes 10, 10' and 10", inter 
mediate electrodes 11, 11' and 11" and a common 
electrode 9 are entirely the same as those in the em 
bodiment of FIG. 3. 
The semiconductor element assembly illustrated in 

FIG. 4(A) or 4(B) can be easily constructed by a 
method comprising the steps of applying a photo 
etching technique to a sheet of semiconductor material 
thereby to form concentrically separated elements and 
providing electrodes by evaporation-deposition of a 
metal while masking other portions except the portions 
to which the electrodes are ?xed. 

In the potentiometer devices as illustrated in FIGS. 3, 
4(A) and 4(A), since a magnetic ?eld is always applied 
to a portion of each of the semiconductor elements, the 
resistance between both ends of each element is always 
constant irrespective of position of the magnetic ?eld. 
Accordingly, even when the potentiometer device is 
connected to any electric circuit, said device does not 
disturb said electric circuit at all. However, strictly 
speaking, since the semiconductor element of a suc 
ceeding stage is connected to intermediate electrode of 
the semiconductor element of the preceding stage, 
input resistance will be varied in accordance with varia 
tion of the position of the magnetic ?eld. Furthermore, 
output voltage does not always vary in a linear relation 
with respect to displacement of the magnetic ?eld. Ac 
cording to the invention, the above-mentioned disad 
vantage has been effectively avoided by the following 
three methods. 
The ?rst method is, as illustrated in FIG. 5, to reduce 

successively the width or thickness of the semiconduc 
tor element of succeeding stage than that of the 
semiconductor element of preceding stage, thereby to 
increase successively resistances of the successive ele 
ments towards the element of last stage. That is, if re 
sistances of the successive semiconductor elements are 
taken respectively as R1, R2 - ~ - Rm the elements are 
constructed to obtain the following relation. 

According to establishment of the above relation of the 
resistances of the semiconductor elements, the in 
?uence a?‘orded to the terminals of the element of the 
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preceding stage from the resistance of the succeeding 
element will become low and furthermore variation of 
the output voltage due to variation of the magnetic 
?eld becomes almost linear. 
The second method is, as illustrated in FIG. 6, to 

taper or decrease width or thickness of each semicon 
ductor element toward the common electrode 9, 
thereby to increase resistance of the element per unit 
length. In this case, with movement of position of the 
applied magnetic field toward lower portion, resistance 
of each element is increased and even when the suc 
ceeding semiconductor elements are connected in 
parallel, the resultant resistance between the electrodes 
is increased, whereby the output voltage between the 
terminals (b) and (c) is increased. Furthermore, linear 
variation of the output voltage with respect to position 
of the magnetic ?eld will be established and variation 
of the resistance between input terminals becomes low, 
thus establishing an ideal potentiometer. 
The third method is the same as the ?rst and second 

methods in their effects, but improvement of the third 
method resides in that magneto-resistance charac 
teristics of the semiconductor elements are made to 
become larger according as they approach to the com 
mon electrode. For this purpose, the semiconductor 
elements 5, 5’, - - - 5’H are made of a semiconductor 

material, such as indium or antimonide having large 
transférability, and, as illustrated in FIG. 7, many metal 
wires 12 are transversely deposited on the surface of 
each element by means of evaporation or plating 
method so that distance between adjacent wires is suc 
cessively decreased toward the common electrode 9. 
According to the semiconductor element assembly 
constructed as above, with the movement of the mag 
netic ?eld M toward the common electrode 9, re 
sistance of the individual element increases, thereby 
eliminating in?uence due to the decrease of the 
resultant resistance between the electrodes, said 
decrease being caused by parallel connection of the 
elements. . 

The embodiment of FIG. 8 consists of the combina 
tion of the structures of the embodiments of FIGS. 5 
and 7. The embodiment of FIG. 9 consists of the com 
bination of the structures of the embodiments of FIGS. 
5 and 6. The embodiment of FIG. 10 consists of the 
combination of the structures of the embodiments of 
FIGS. 8 and 9 In the case where semiconductor materi 
al such as indium or antimonide is used for the 
semiconductor elements, it is sometimes difficult to ob 
tain an extremely high resistance because of low re 
sistivity of the element. 

' According to the present invention, the above-men 
tioned disadvantage can be effectively eliminated or 
reduced by constructing the semiconductor element as 
sembly as illustrated in the embodiments of FIGS. 11 
and 12, in which each of the semiconductor element is 
multiplexly bent in the slant direction, whereby the ef 
fective length of the element is remarkably increased, 
thus causing an extremely high resistance of the ele 
ment. In the embodiment of FIG. 11, the width of the 
semiconductor element and the space between ad 
jacent metal wires 12 are successively decreased 
toward succeeding stages, whereby variation of the re 
sistance between the input terminals, caused by varia 
tion of the position of the magnetic ?eld, is restricted. 
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6 
The embodiment of FIG. 12 relates to a further im 
provement of the embodiment of FIG. 11 and is'equal 
to the latter except that the width of each semiconduc 
tor element is decreased successively toward the lower 
portion of the element. 
The embodiments illustrated in FIGS. 5 to 12 may be 

modi?ed so that their semiconductor elements are 
formed so as to have concentric arcuate shapes as in 
the case of the embodiment of FIG. 4. 

Furthermore, the embodiments illustrated in FIGS. 5 
to 12 can be applied to all kinds of semiconductor ele 
ments resistances of which can be varied in response to 
the position of a magnetic ?eld applied thereto. Par 
ticularly, when any one of the above-mentioned em 
bodiments is applied to a magneto-resistance element 
consisting of a semiconductor body such as indium, an 
timonide and arcynide having a large transferability, 
the potentiometer device manufactured by the present 
invention can be effectively used for any voltage having 
a frequency range from dc. to millimeter wavelength 
region, and furthermore said potentiometer device is 
very low in its noise and very high in its S/N in com 
parison with the conventional variable resistors such as 
volume-control devices or potentiometers. Of course, 
the technique according to the invention can be ap 
plied to the case of an element in which the velocity of 
recombination of electrons with positive holes is made 
to be different, depending upon any magnetic field. Ac 
cording to the invention, it will be easily possible to‘ob 
tain a potentiometer device having no-contact, no 
noise, reliability, a very high ability‘ and long life-dura 
tion, so that said device is more effectively applicable 
for television, radio and the like than the conventional 
devices or metering apparatuses. 

In the principal semiconductor element as illustrated 
in FIG. 2, the intermediate electrode is provided at the 
central point of said element. In this element, the rela 
tionship between the magnetic ?eld and ratio of 
Vcb/Vab is represented by the broken line characteristic 
curve in FIG. 14, so that voltage ratio Vcb/Vab is within 
the range of x,’ — x,’ in the practically usable range, 
from +Bo to —-B,,, of the magnetic ?eld and accordingly 
the variable range of the adjustable voltage is relatively 
narrow. This disadvantage, however, can be simply 
reduced by providing the intermediate electrode at a 
position deviated from the central point of the element, 
as illustrated in FIG. 13. According to the structure of 
the semiconductor element of FIG. 13, the above-men 
tioned ratio Vcb/Va, is represented by the full line 
characteristic curve in FIG. 14. In this case, it is easily 
possible to increase x2lxl. 

FIG. 15 shows the electric ?eld distribution (full 
line) and the electric potential distribution (broken 
line) in the case where a magnetic ?eld is applied per 
pendicularly to a semiconductor element having a 
rectangular form and uniform thickness and provided 
with two end electrodes. In the illustration of FIG. 15, 
when in the state of reverse direction of the magnetic 
?eld, the potential distribution (reverse to the above 
mentioned case with respect to right and left) and volt 
age ratio xzlxl of maximum and minimum divided volt 
age obtained with respect to ratio I'll of the distances 1 
and 1’ between the electrodes are calculated, the results 
of the following table are obtained. 
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TABLE 

Divisional Divisional Voltage 
Position ratio x, ratio x, divisional 
of divided with respect with respect range 
voltage) '/ I to + B, to —- B, Jag/x1 

0.5 0.70 0.28 2.5 
0.4 0.62 0.20 3.1 
0.3 0.52 0.13 4.2 
0.2 0.40 0.08 5 
0.1 0.28 0.04 7 

As will be clear from the above table, if the position of 
the intermediate electrode is deviated from the central 
point of the semiconductor element, the adjustable 
range of the divided output voltage is increased. Of 
course, even when the intermediate electrode is pro 
vided at a central position of the semiconductor ele 
ment, if the thickness or width of the element is varied 
along the element as shown, respectively, in FIG. 16 or 
FIG. 17, the same effect as that of the structure of FIG. 
13 can be obtained. At any rate, it is only necessary 
that position of the intermediate electrode is electri 
cally asymmetric with respect to the whole part of the 
semiconductor element. 
An actual potentiometer device utilizing the ele 

ments as illustrated in FIGS. l3, l6 and 17 to divide a 
voltage is illustrated in FIG. 18, in which a semiconduc 
tor element 13 is adhered onto a magnetic disc 14 at its 
eccentric position and a permanent magnetic disc 15 
having N and S poles along its diametrical position is 
superimposed on said disc 14 at a small gap 
therebetween. In the device of FIG. 18, if the disc 15 is 
rotated by rotating a knob-shaft 16 attached to said 
disc, the magnetic ?eld applied to the semiconductor 
element 13 being continuously varied from +8., to —-B,,, 
so that any divided output voltage within the range 
from x2 to x1 can be obtained. At any rate, the voltage 
divisional ratio obtained by moving a magnetic ?eld ap 
plied to a semiconductor element having two end elec 
trodes and an intermediate electrode can be made large 
by providing the intermediate electrode at a position 
where it is electrically asymmetric with respect to the 
whole part of said element. 
The embodiment of FIG. 19 relates to a semiconduc 

tor element assembly to which the semiconductor ele 
ment of FIG. 13 is applied; FIG. 20 illustrates an im 
provement of the embodiment of FIG. 19, in which the 
more the element becomes later stage, the more the 
element is made to be smaller, whereby electrical con 
nection of the element is made smart; and FIG. 21 illus 
trates an embodiment obtained by arranging the ele 
ments in radial direction. Furthermore, according to 
the present invention, the potentiometer device utiliz 
ing a semiconductor element having three electrodes 
can be improved by adopting, as shown in FIG. 22, a 
circuit element consisting of a semiconductor element 
5 such as illustrated in FIG. 2 and a magneto-resistance 
element 5a connected in series to said element 5. Ac 
cording to the circuit element of FIG. 22, multiplicity 
x2/x1 (refer to FIG. 14) of the voltage divisional ratio 
can be much increased, whereby a practically effective 
potentiometer device can be obtained. 

Referring to FIG. 22, if it be assumed that the re 
sistance of the magneto-resistance element 50 is R”, 
this resistance is increased with an increase of the mag 
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8 
netic ?eld applied to said element irrespective of the 
direction of the magnetic ?eld, as shown in FIG. 23. 
Now, if it is assumed that the magnetic ?eld applied to 
the elements 5 and 5a is varied as indicated in the fol 
lowing table; that is, 

Magnetic-resistance element 5a 0 
Semiconductor element 5 having 

three electrodes 

it is assumed that when (+B ) is applied to the element 
5, the magnetic ?eld is not applied to the element 5a at 
all, but when (-B ) is applied to the element 5, the 
magnetic ?eld is applied also to the element 5a, and re 
sistances of the element 5 and 5a are respectively R" 
and RM. Then, the voltage divisional ratio x' (=V2/V1) 
will become as follows. . 

where x is a voltage divisional ratio obtained by only 
the element 5. Furthermore, the voltage divisional ratio 
x2’ in the case of application of +B, can be represented 
by the following equation 

where x2 is voltage divisional ratio obtained by only the 
element 5 and Rm is resistance of the element 5a. On 
the other hand, when a magnetic ?eld of —B,, is applied 
to the element, the resistance of the element 5a in 
creases to RM B9 and the voltage divisional ratio x,’ 
becomes as follows. 

In this case, the multiplicity xz'lxl' of the dividend volt 
age is represented by the following equation, because 
RM 80 > RM . 

Accordingly, x2’/x1' becomes larger than the case utiliz 
ing only one semiconductor element having three elec 
trodes. 

In the illustration of FIG. 22, the circuit element con 
sists of two separated semiconductor elements which 
are connected in series, but said circuit element may be 
uni?ed as one body as illustrated in FIG. 24, in which 
metal strips 17 are attached to the surface of the ele 
ment so as to be perpendicular to the current direction, 
thereby to increase the resistance increment due to any 
magnetic ?eld applied to the element. 

In the circuit elements as illustrated in FIGS. 22 and 
24, for the purpose of effectuating the function of the 
element, it is necessary that the magnetic ?eld b ap 
plied to the magnetic-resistance element 5a only when 
the magnetic field is directed in a certain direction. 
This requirement can be satis?ed by constructing the 
magnetic ?eld applying permanent magnet 18 as illus 
trated in FIG. 25, whereby it is possible to apply the 
magnetic ?eld to only the semiconductor element 5 
provided with three electrodes in the case where the 
magnetic ?eld is moved toward an arrow direction. 
Furthermore, in the case of a rotary type potentiometer 
device, the same object can be attained by providing 
eccentrically the permanent magnet 18 as illustrated in 
FIGS. 26 and 27. At any rate, as illustrated in FIGS. 22 
and 24, a ?xed potentiometer device having very im 
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proved multiplicity of the voltage divisional ratio can 
be easily obtained by adopting the circuit element con 
sisting of a semiconductor element provided with three 
electrodes and a magneto-resistance element which is 
suitably combined with the former element. 

In the above-mentioned potentiometer devices, only 
a voltage corresponding to a one dimensional physical 
variation (distance variation in the linear type and 
angle variation in the rotary type) can be obtained and 
any voltage corresponding to a two-dimensional physi 
cal variation cannot be obtained. 
However, according to further improvement of the 

invention, a potentiometer device effectively respon 
sive to two-dimensional physical variation can be ob 
tained by modifying the above-mentioned semiconduc 
tor elements as in the embodiment of FIG. 28. The ele 
ment § in FIG. 28 consists of a rectangularly bent, 
hook-shaped semiconductor body having magneto-re 
sistance effect. This semiconductor body can be easily 
manufactured by punching out a semiconductor piece 
according to photo-etching technique or spraying 
technique. The element S is provided with metal elec 
trodes 19 at both ends, corner and intermediate por 
tions between said corner and each of the ends, which 
are attached to said element according to vacuum 
evaporation, plating or soldering, said electrodes being 
provided, respectively, with terminals an a,,, e, b, and 
b,,. There is provided a magnetic ?eld applying device 
(not shown) for applying a magnetic ?eld Ma having 
the same shape as that of the element _.§' and being set at 
a position rotated by 180° leftward from the position of 
the angle-shaped element ._S‘ to said element §. In this 
case, any kind of the device may be used for the mag 
netic ?eld applying device, and since the direction of 
the magnetic ?eld does not cause any affect to the mag 
neto~resistance effect, a magnetic ?eld is applied per 
pendicularly to the element. In the device of FIG. 28, 
constant voltages Va_,,e and Va,,e are respectively ap 
plied between the terminals a, and e, and a, and e. 

In the device of FIG. 28, when the magnetic ?eld Ma 
takes the uppermost and rightmost position, the mag 
netic ?eld is applied to the transversal element at its 
right half portion and to the vertical element at its 
upper half portion. In this state, the voltage VbIe ap 
pearing between the terminals b, and e and the voltage 
Vb,,e appearing between the terminals by and e become 
minimum, respectively. With the leftward movement of 
the magnetic ?eld Ma along the axis x, the voltage Vb,e 
is increased and with the downward movement of the 
magnetic ?eld M“, the voltage Vb,,e is increased, but 
their increments are independent to each other. When 
the magnetic ?eld Ma is moved toward only the axis x, 
the voltage Vb,,e is not varied, because the magnetic 
?eld Ma applied to the vertical element is not varied; 
and similarly when the magnetic ?eld Me is moved 
toward only the axis y, the voltage Vale is not varied, 
because the magnetic ?eld M, applied to the transver 
sal element is not varied. Accordingly, movement of 
the magnetic ?eld Ma along (x — y) plane causes inde 
pendent voltage variations in the directions at and y. 
The function of the vertical element or transversal ele 
ment of the element assembly § of FIG. 28 can be ef 
fectively improved by inserting metal layers in the ele 
ment in parallel to the surface of the electrodes thereof 
as shown in FIG. 29. Furthermore, if the concept of the 
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10 
embodiment of FIG. 3 is applied to the embodiment of 
FIG. 28 as illustrated in FIG. 30, variation of the di 
vided voltage in each of the x and y directions can be 
additionally increased and its sensitivity is improved. 
The embodiment of FIG. 28 may be further modi?ed as 
shown in FIG. 31. The semiconductor element as 
sembly as illustrated in FIGS. 28, 30, or 31 can be easi 
ly manufactured from a sheet of a semiconductor plate 
by means of etching techniques or by forming separate 
ly respective semiconductor pieces and by electrically 
connecting said pieces at their comer electrodes. 
Furthermore, since the region of the magnetic ?eld en 
closed by dotted line in FIG. 28 is not always necessary, 
the magnetic ?eld applying device maybe constructed 
so as to produce the magnetic ?eld consisting of two 
rectangular ?elds which are mechanically connected so 
as to be perpendicular to each other. With above~men 
tioned devices, even when temperature of the device is 
varied, resistance of the semiconductor element is 
uniformly varied over all parts of the element, and the 
functional quality of the device is not affected by the 
temperature change. The device of FIG. 28 can be util 
ized to adjust the position of a needle on a x-y recorder 
or the position of a bright point on a Braun tube or can 
be utilized as a pick-up of a stereo recording device 21, 
as shown in FIG. 32, by attaching a recording needle 20 
to a magnetic ?eld applying device such as shown in 
FIG. 28 in a manner that their angle becomes 45". In 
the case of the application of the device to a pick-up, 
since only the part of the displacement is required to be 
converted to an electric signal, absolute position is 
voluntary and it is only necessary that the magnetic 
?eld is over the intermediate electrodes of the semicon 
ductor elements. 
The two-dimensional potentiometer device as illus 

trated in FIG. 28 can be further improved according to 
the invention so that an absolute value of an electric 
signal (positive voltage in the case of displacement of 
positive direction and negative voltage in the case of 
displacement of reverse direction) corresponding to an 
absolute value of any displacement of a magnetic ?eld 
can be obtained. According to this improvement, there 
is scarcely an affect due to temperature in spite of using 
a semiconductor element and a displacement along a 
two-dimensional plane can be converted to two kinds 
of independent electrical signals. This improved em 
bodiment of the invention is illustrated in FIG. 33, in 
which the device comprises a semiconductor element 5 
having a magneto-resistance characteristic and is pro 
vided with two end electrodes 22, 23, a central elec 
trode 24 and additionally intermediate electrodes 25, 
26 which are respectively provided between the elec 
trodes 22 and 24 and between the electrode 24 and 23; 
two magnets MD, M which are coupled mechanically 
so that they are simultaneously moved rightward and 
leftward; and a dc. voltage source BS one terminal of 
which is connected to the central electrode 24 and the 
other terminal of which is connected to two end elec 
trodes 22 and 23. In the case where the magnets M, are 
positioned respectively at middle portions of the addi— 
tional electrodes 25 and 26 as shown in FIG. 33(A), 
areas of the element portions being not applied with the 
magnetic ?eld are the same in the regions between the 
electrodes 22 and 25, 25 and 24, 24 and 26, and 26 and 
23, and similarly areas of the element portions being 
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applied with the magnetic ?eld are same. Accordingly, 
potentials of the electrodes 25 and 26 are the same and 
equal to V/2, where V the represents voltage of the 
voltage source BS, so that any output voltage does not 
appear between the terminals (a) and (b) connected 
respectively to the electrodes 25 and 26. On the other 
hand, when the magnets M, are moved rightward as 
shown in FIG. 33(B), areas of the element portions 
being applied respectively with the magnetic ?eld 
between the electrodes 22 and 25 and that between the 
electrodes 24 and 26 are decreased and the resistance 
of said portions are decreased; and furthermore areas 
of the element portions being applied respectively with 
the magnetic ?eld between the electrodes 25 and 24 

I and that between the electrodes 26 and 23 are in 
creased and resistances of said portions are increased, 
and accordingly, the potential of the electrode 25 is in 
creased by A V and becomes (V /2) + AV and the 
potential of the electrode 26 is decreased by AV and 
becomes (V/2) —- AV, thus producing an output voltage 
of 2 AV between the terminals (a) and (b). 0n the con 
trary, as shown in FIG. 33(C), when the two magnetic 
?elds are moved by A2: leftward with respect to the 
semiconductor element, the resistances at various por 
tions of the element become reverse to the case of FIG. 
33(B) and an output voltage of (-2 AV) will be 
produced between the terminals (a) and (b). That is, 
an output voltage corresponding to the absolute value 
of the displacement Ax of the magnetic ?eld can be ob 
tained. Accordingly, the device as illustrated in FIG. 33 
can be applied to not only an absolute-displacement 
meter, but also to detection of any rela?ve displace 
ment or vibration or conversion of any electric signal 
and furthermore to any seismometer or vibration 
picking-up. 
According to a further improvement of the inven— 

tion, it is possible to obtain a device adapted to a detect 
two-dimensional displacement by assembling suitably 
the devices as illustrated in FIG. 33. The embodiment 
of FIG. 34 relates to a two-dimensional device obtained 
by perpendicularly combining two identical devices 
which are completely equal to that of FIG. 33, but 
small character x is put to various members in the x 
direction and small character y is put to the members in 
the y-direction. However, tee magnetic ?eld to, be ap 
plied to the semiconductor elements is made to be dif 
ferentyfrom that of the embodiment of FIG. 33. That is, 
in FIG’. 34, the magnetic ?eld Me is of square shape 
having a central square space and takes a symmetrical 
position over the combined central electrode 24 in the 
case of zero displacement thereof, widths of the four 
sides of the magnetic ?eld M,, being, respectively, sym 
metric with respect to the additional central electrodes 
25,, 25,, 26,, and 26,, so that in each arm of the 
semiconductor element assembly the, area being ap 
plied with the magnetic ?eld and the area being not ap 
plied with the magnetic ?eld are equal to each other. If 
the magnetic ?eld Me is moved in transversal (x) 
direction with respect to the semiconductor element 
assembly from the symmetric position shown in FIG. 
34, an output voltage in proportion to the component 
of the displacement of the magnetic ?eld is produced 
between the terminals aI and b, as in the case of the 
device in FIG. 33. This voltage produced between the 
terminals a, and b, is not affected by the vertical (y 
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axis) displacement of the magnetic ?eld Mc, because in 
the transversal direction, positions of the portions of 
two transversal arms of the semiconductor element as 
sembly, said portions being applied with the magnetic 
?eld, are not changed by the displacement of the mag 
netic ?eld in the vertical (y-axis) direction. Similarly, 
between the terminals a” and b,,, only the output volt 
age corresponding to y component of the displacement 
of the magnetic ?eld Mc is produced. As is clear from 
the above-mentioned description, any two-dimensional 
displacement of the magnetic ?eld Mc can be con 
verted to two independent output voltages. In the em 
bodiment of FIG. 34, a square frame-shaped magnetic 
?eld is adopted, but four corner portions of said ?eld 
are not necessary in practice, so that four magnets each 
producing a rectangular magnetic ?eld may be 
mechanically coupled so as to be commonly moved. 
From a viewpoint of magneto-resistance effect, since 
only the magnetic ?eld component applied perpendicu~ 
larly to the semiconductor element is effective in prac 
tice, any magnetic ?eld having any direction may be 
adopted. In practice, a permanent magnet may be _ 
formed to apply the necessary magnetic ?eld or a mag 
net provided with a magnetic body having a shape 
adapted to distribute the necessary magnetic ?eld may 
be adopted. 

In FIGS. 35 and 36, illustrations of magnetization of 
the magnetic body are shown, said FIGS. correspond 
ing, respectively, to one-dimensional case and two 
dimensional case. In both cases illustrated in FIGS. 33 
and 34, resistances of all arms of the element viewed 
from the center point of the element are not always 
required to be equal to one another, and it is not neces 
sary to position the central electrode at strictly the 
center point of the element. In this later case, said 
slightly deviated point is taken as the zero displacement 
of the magnetic ?eld, because at said point the output 
voltage between the terminals (a) and (b) becomes 
zero. Furthermore, in the case where it is only required 
to convert the change of a relative displacement with 
respect to time to an electric signal as in the case of a 
vibration pick-up, zero-position of a displacement is 
not indespensably necessary provided that the mag 
netic ?eld Me is over the central electrode. 
The converter for converting two-dimensional dis 

placement to electric signals can be applied to a stereo 
pick-up. This example is shown in FIG. 37, in which a 
needle 20 af?xed to a magnetic body 22 converts a 
two-dimensional vibration recorded in a slot of a 
recording plate 21, thus causing the possibility of 
regeneration of stereo. 

In the various potentiometer devices according to 
the invention, an ac. power source having a frequency 
may be used in the place of a dc. voltage source. In this 
case, a signal having said frequency is modulated in ac 
cordance with the absolute value of the displacement 
of the magnetic ?eld, so that application of the device 
to a communication technique or an information 
processing technique can be made possible. 
The embodiment of FIG. 33 can be modi?ed so as to 

have an arcuate or circular form, thereby to convert 
any angular displacement of the magnetic ?eld to an 
electric quantity. FIG. 38 relates to an illustration, in 
which an arcuate semiconductor element 5 provided 
with two end electrodes 22 and 23 and a central elec~ 
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trode 24 and two additional intermediate electrodes 25 
and 26 having, respectively, terminals (a) and (b) is 
used. The electrodes 22 and 23 are connected in com 
mon and a voltage source BS is connected between said 
common electrode (22, 23) and the central electrode 
24. 

In the embodiment of FIG. 38, if both magnetic ?elds 
M, which are concentrically and symmetrically 
disposed with respect to the semiconductor element 5 
are made to rotate by an angle A0, an output voltage 
corresponding to the angle A0 will be produced 
between the terminals (3.) and (b), as is similar to the 
case of the embodiment of FIG. 33. Of course, the em 
bodiment of FIG. 38 can be modi?ed so that the ele 
ment 5 has a closed circular form and the electrodes 22 
and 23 are uni?ed. In this case also, the same operation 
and effect as those in the case of FIG. 38 can be ob 
tained. 

In the embodiments from FIG. 33 to FIG. 38, two 
magnetic ?elds are parallelly moved, but said magnetic 
?elds may be replaced by a magnetic ?eld M which is 
applied symmetrically with respect to the central elec 
trode 24, as shown in FIG. 39. In the case where the 
magnetic ?eld M is applied symmetrically to the 
semiconductor element 5, as shown in FIG. 39(A), the 
potentials of the electrodes 25 and 26 are equal to kV 
(V and k represent voltage of the source BS and con 
stant, respectively), and accordingly an output voltage 
would not be produced between the terminals (a) and 
(b). However, if the magnetic ?eld M is moved 
rightward as shown in FIG. 39(B), the resistance 
between the electrodes 26 and 24 is increased, whereby 
the potential of the electrode 26 increases to (kV + A 
V). On the other hand, since the resistance between the 
electrodes 25 and 24 is decreased, the potential of the 
electrode 25 decreases to (kV — A V). As a result, a 
voltage of 2 AV will be produced between the terminals 
(a) and (b). Similarly, if the magnetic ?eld M is moved 
leftward, a voltage of (— 2 AV) will be produced 
between the terminals (a) and (b). 

The. principle of the embodiment of FIG. 39 can be 
applied to the embodiments of FIG. 34 and 38, with the 
same effect as that in the embodiment of FIG. 39. 
The current passing through the semiconductor ele 

ments illustrated in the above-mentioned embodiments 
flows in parallel to the electric ?eld in the case of ap 
plying no magnetic ?eld to the element, but if a mag 
netic ?eld is applied to such a semiconductor element 5 
having two end electrodes 6, 7 as shown in FIG. 40, 
current i (broken line) ?ows toward a direction having 
an angle 0 with respect to the electric ?eld (full line'). 
This is known as a so-called Hall E?ect. The angle 0 de 
pends upon direction of the magnetic ?eld applied and 
the type of the semiconductor element (N-type or P 
type). Furthermore, the angle 0 is denoted as a Hall 
angle and the more transferability of the carrier of the 
semiconductor body is larger or the intensity of the 
magnetic ?eld is larger, the more said angle becomes 
larger. 
On the other hand in the case of FIG. 40, resistivity 

of the semiconductor body is increased by application 
of a magnetic ?eld thereto, but said increase is very 
low. Accordingly, for the purpose of obtaining a practi 
cal magneto-resistance element, it is preferable, as 
shown in FIG. 40, to insert a plurality of metal layers l2 
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14 
in the semiconductive element so as to be perpendicu 
lar to the longitudinal direction of the element. The 
metal layers 12 may be provided by any method such as 
soldering, vacuum evaporation and plating. Due to ex 
istence of the metal layers, the electric ?eld E must be 
perpendicular to the metal layers, so that direction of 
the current is inclined by application of a magnetic 
?eld to the element, whereby current passage is 
lengthened, thus increasing resistance of the element. 
However, even when the metal layers 12 are provided, 
resistance increment caused by a magnetic ?eld is not 
large unless the distance between adjacent metal layers 
12 is extremely shortened. Furthermore, the above 
mentioned effect due to the metal layers 12 is particu 
larly great at the region near the metal layer, so that re 
sistance variation becomes stepwise. These disad 
vantages can be effectively reduced, according to the 
invention, by providing the metal layers 12 so as to be 
inclined with respect to the direction of the semicon 
ductor element 5, as shown in FIG. 41. FIG. 41(A) 
shows the case in which a magnetic ?eld H directed 
frontward from a rear side of the view surface is applied 
to a semiconductor element of N type, in which the 
electric ?eld E is perpendicular to the metal layer 12 at 
point p, so that the current i ?ows transversely so as to 
have the Hall angle 0. However, at point q, the current 
strikes against the side surface of the element and can 
not ?ow further. 
According to the embodiment of FIG. 41(A), length 

of the current passage is increased more than the case 
when a magnetic ?eld is not applied to the element, 
whereby resistance between two end electrodes 6 and 7 
of the element 5 is increased. Of course, since the cur 
rent ?owing from the point q disappears in practice, 
distortion of the electric ?eld will occur in the element 
and perpendicularity of the electric ?eld to the metal 
layers is somewhat distorted, but as a whole, the e?ect 
is substantially same. However, when the application 
direction of the magnetic ?eld is reversed as shown in 
FIG. 41(B), the current ?ows rather uniformly at all 
parts of the element. The embodiment of FIG. 41 can 
be further improved by providing two end electrodes 6 
and 7 so as to be parallel to the metal layers 12 as 
shown in FIG. 42. Furthermore, in the embodiments of 
FIGS. 41 and 42, the electrodes 6 and 7 and the metal 
layers 12 may be formed so as to have an angled-shape 
as shown in FIG. 43 or an arcuate shape. 
A potentiometer device obtained by utilizing a three 

terminal semiconductor element to which the principle 
of metal layer inclination is applied and a magnetic 
?eld applying device for applying a magnetic ?eld M to 
said element while being moved along said element is 
shown in FIG. 44. According to the embodiment of 
FIG. 44, the output voltage produced between a central 
electrode and an end electrode 7 in the case of applying 
a voltage between the electrodes 6 and 7 can be ad 
justed as shown in FIG. 45 by movement of the mag 
netic ?eld M along the element 5. 

Furthermore, the principle of inclining the metal 
layers to be inserted in the semiconductor element can 
be effectively applied to the various embodiments of 
FIGS. 7, 8, 10, ll, 12, 24, and 29, thereby to improve 
ability of the device. Of course, inclined metal layers 
may be inserted in the element of FIG. 4. 

I claim: 
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1. A semiconductor potentiometer device compris 
ing an assembly of at least two three-terminal semicon 
ductor elements each with a different resistance, each 
element having ?rst and second end electrodes and an 
intermediate electrode, all ?rst end electrodes of said 
elements being connected to a common input terminal, 
the intermediate electrode of said element with the 
least resistance being connected to the second end 
electrode of said element with the second least re 
sistance, the intermediate electrode of said element 
with the second least resistance being connecting to the 
second end electrode of any existing element with the 
third least resistance, the intermediate electrode of any 
existing element with the third least resistance being 
connecting to the intermediate electrode of any exist 
ing element with the fourth least resistance, and so on 
in cascade fashion, and wherein the intermediate elec 
trode of said element with the largest resistance is con 
nected to an output terminal; magnetic ?eld applying 
means for applying a common magnetic ?eld to said 
semiconductor element assembly; and means for 
changing the relative position of said magnetic ?eld on 
said semiconductor assembly. v 

2. A semiconductor type potentiometer device as 
claimed in claim 1, in which the semiconductor ele 
ments of the assembly are of arcuate shape and ar 
ranged concentrically to one another. 

3. A semiconductor type potentiometer device as 
claimed in claim 1, in which each of the semiconductor 
elements of the assembly decreases in cross-section 
gradually toward the common electrode. 

4. A semiconductor type potentiometer device as 
claimed in claim 1, in which each of the semiconductor 
elements of the assembly has a magneto-resistance 
characteristic which is made larger according as it ap 
proaches to the common electrode. 

5. A semiconductor type potentiometer device as 
claimed in claim 4, in which each of the semiconductor 
elements is provided with many metal members pro 
vided transversely on the surface so that distance 
between adjacent metal members is successively 
decreased toward the common electrode. 

6. A semiconductor type potential device as claimed 
in claim 1, in which each of the semiconductor ele 
ments of the assembly has a shape obtained by bending 
it in a zigzag state along its length. 

7. A semiconductor element adapted to a semicon 
ductor type potentiometer device comprising a three 
terminal semiconductor element having ?rst and 
second end electrodes and an intermediate electrode 
and a magnetic ?eld applying means for applying a 
magnetic ?eld to said semiconductor element while 
causing relative movement of said element and mag 
netic ?eld; said element being provided with at least 
one slant metal piece inserted therein so as to be 
inclined at a constant angle with respect to the side 
edges of the element along the length thereof. 

8. A semiconductor element adapted to a semicon 
ductor type potentiometer device comprising a three 
terminal semiconductor element having ?rst and 
second end electrodes and an intermediate electrode 
and a magnetic ?eld applying means for applying a 
magnetic ?eld to said semiconductor element while 
causing relative movement of said element and mag 
netic ?eld; said element being provided with at least 
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16 
one metal piece inserted therein and having an angled 
shape. 

9. A semiconductor type potentiometer device as 
claimed in claim 1, in which, the intermediate elec 
trode of each of the semiconductor elements is made to 
be electrically asymmetric with respect to both ends of 
said element. 

10. In a semiconductor type potentiometer device 
comprising a three-terminal semiconductor element 
having ?rst and second end electrodes and an inter 
mediate electrode and a magnetic ?eld applying means 
for applying a magnetic ?eld to said semiconductor ele~ 
ment while causing relative movement of said element 
and magnetic ?eld; an improvement of said device, in 
which said element is provided with a magneto-re 
sistance element connected in series thereto, the free 
end electrodes of said elements being input terminals 
and the free end electrode and intermediate electrode 
of said semiconductor element being output terminals, 
and the magnetic ?eld applying means comprising 
means adapted to apply the magnetic ?eld to said mag 
neto-resistance element only when the magnetic ?eld is 
directed to a certain direction. 

11. A semiconductor type potentiometer device as 
claimed in claim 10, in which the three-electrode 
semiconductor element and the magneto-resistance 
element which are connected in series are uni?ed as 
one body. 

12. A semiconductor type potentiometer comprising 
an angle-shaped semiconductor element provided with 
electrodes at both ends, at the corner, and at inter 
mediate portions between said comer and each of said 
both ends, and means for applying to said element a 
magnetic ?eld having the same shape as that of said ele 
ment and being set at a position rotated by 180° from 
the position of said element while causing relative 
movement of said element and means, a pair of elec 
trodes at one end and the comer of the element form 
ing one side input terminal pair, another pair of elec~ 
trodes at another end and the comer of the element 
forming another side input terminal pair, and the two 
intermediate electrodes forming output terminals, 
thereby to make the device responsive to two-dimen 
sional physical variation. 

13. A semiconductor type potentiometer as claimed 
in claim 12, in which the semiconductor element is pro 
vided with metal members inserted therein disposed in 
parallel to the surface of the electrodes. 

14. A semiconductor type potentiometer as claimed 
in claim 12, in which each of the vertical and transver~ 
sal parts of the angle-shaped semiconductor element 
consists of at least two cascade-connected semiconduc 
tor elements. 

15. A semiconductor type potentiometer as claimed 
in claim 12, in which each of the vertical and transver~ 
sal parts of the angle-shaped semiconductor element 
consists of zigzag-shaped semiconductor element. 

16. A semiconductor type potentiometer, comprising 
a semiconductor element having a magneto-resistance 
characteristic and provided with two end electrodes, a 
central electrode and additional intermediate elec 
trodes which are respectively provided between said 
end electrodes and said central electrode, and compris 
ing two magnetic ?eld applying means which are 
mechanically coupled so as to be simultaneously 




