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This invention relates to electric de?ection devices ca 
pable of signal gating, current switching, or counting. 

I-Ieretofore, electric de?ection devices which were ca 
pable of gating a signal to a given current path or switch 
ing a current to a different circuit as encountered, in a 
counting device included an electron tube, either vacuum 
or gas, in which a cathode ray was de?ected. In other 

f“ applications a plurality of “solid state” semiconductor de 
vices were substituted for the vacuum or gas tube so that 
a current can be switched from one semiconductor device 
to another. 
A principal object of this invention is to provide a “solid 

state” semiconductor unit which de?ects a current from 
one conduction zone to another within the unit. 
One feature of the present invention is the provision of 

a novel semiconductor unit in place of an electron tube 
in a de?ection device. 
Another feature of the present invention is the provision 

of one novel semiconductor in place of a plurality of semi 
conductors in a de?ection device. 
Another feature of the present invention is to provide 

an improved de?ection device which is small, economical, 
and fast operating. 
Another feature of the present invention is to provide 

'an improved semiconductor unit. 
Still another feature of the present invention is to pro 

vide a decade counter of semiconductive material. 
These and other features of advantage of the present in 

vention will become more apparent upon a perusal of the 
following speci?cation taken in connection with the draw 
ings, wherein: 
FIG. 1 is a schematic representation explaining a 

phenomenon which occurs in a double based diode semi 
conductor device. 

FIG. 2 is a schematic representation of a double emit 
ter, double base device in which the ?rst emitter is used 
to start current through the device and the second emitter 
is used to hold the current on in the device. 

FIG. 3 is a schematic representation of a novel semi 
conductor unit as used in a decade counter. 

FIG. 4 is a schematic representation of another embodi 
ment of a semiconductor unit for a decade counter. 

FIG. 5 is a graphical representation of the resistance of 
the device with respect to both current through and voltage 
‘difference across the device. 
When voltage is applied between two points across a 

high resistance material, the well-known voltage gradient 
is formed between the two points. If the high resistance 
material is in the form of a bar of uniform cross-section 
and uniform resistivity, the voltage gradient will be uni 
form. 

Referring to FIG. 1, a voltage source 11 applies a po 
tential difference (V) between the ends of a member 12 
which has a uniform cross-section between its ends. The 
member 12 is made of a semiconductive material which is 
either of the N-type, which contains an excess of electrons 
(therefore negative), or of the P~type, which contains an 
excess of holes (therefore positive). Both N- and P-types 
'of semiconductive materials are well known in the art and 
hereinafter when the term “semiconductor” is used, it 
shall refer to either the N~type or the P-type material. 
Since member 12 is a semiconductor, bases 13 and 14 dis 
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posed one at each end are ohmic in order to make non 
iéectilfging connection between the source 11 and the mem 
er . - 

The potential difference (V) across the ends of the 
member 12 forms a voltage gradient along the member 
because the member in this case acts as a simple resistor. 
At a predetermined point between the bases, 13 and 14, an 
emitter or junction 16 is placed on the bar by any one of 
the standard methods such as alloying, diffusion, or dep~ 
osition. The emitter 16 is made of the opposite type 
of semiconductor material than the member 12 to form 
a P-N or N-P junction between the two. (For clarity, 
\the embodiments of the invention to be described will 
have the member 12 made of an N-type material and 
therefore the emitters or junctions will be made of a 
P-type material, and base 13 is grounded and biased nega 
tive with respect to base 14.) 

Since the voltage gradient in member 12 is uniform, the 
voltage in the member 12 between the emitter 16 and one 
of the bases is proportional to the total voltage V as the 
distance from the emitter 16 to the said one of the bases 
is proportional to the distance between bases 13 and 14. 
This ratio shall hereinafter be referred to as v. The volt 
age at the emitter 16 relative to said one base is then 11V. 
If a voltage supply 17 supplies a voltage which is negative 
with respect to vV to the emitter 16, the emitter will be 
“back biased” and only leakage curent will ?ow. If sup 
ply 17 applies a voltage which is positive with respect to 
11V to the emitter 16, the emitter 16 being P-type will in 
ject holes into the N-type member 12. The conductivity 
of the region between base 13 and emitter 16 is thus in 
creased and the device exhibits a negative resistance, un 
til the voltage drops to a minimum value (Vv, FIG. 5) 
and then the device exhibits positive resistance. Herein 
after the voltage at which this action (negative resistance) 
starts shall be known as the peak voltage (Vp which is 
equal to 11V) and the point at which the action ceases shall 
be de?ned by valley voltage and valley current (VvIv). 
These are illustrated in FIG. 5 wherein voltage is the ordi 
nate and current is the abscissa. If a resistor 18 be 
tween supply 17 and emitter 16 is of a high enough value 
the supply current will be below valley current and the 
member will conduct intermittently. 

Referring to FIG. 2 two emitters 16 and 16’ are formed 
on the member 12. The principle is useful to make for 
example a switch which can be rapidly switched on with a 
low pulse. For clarity of explanation, absolute values will 
be given to the various distance and voltage sources, emit 
ter 16 is so spaced as to have its v equal to .5 and emitter 
16’ is so spaced as to have its 11 equal to .75. Assuming 
that voltage V of source 11 is 50 volts and base 14 is posi 
tive with respect to base 13 which is grounded, emitter 16 
will have a peak voltage (VD) of plus 25 volts (11V), but 
is held to ground potential through a resistor 19. 
A voltage source 20 biases the emitter 16' to plus 36 

volts through the resistor 18. Emitter 16' is “back biased” 
since its peak voltage is plus 37.5 v. (11V for emitter 16'). 
Since both emitters are back biased the device is in its low 
conduction state; that is, high resistance. 
When emitter 16 is biased with a pulse voltage hav 

ing a peak value of more than plus 25 v. (vV for emitter 
16) with respect to ground, by the pulse source 21 through 
a capacitor 23, the member 12 will then conduct between 
'base 13 and emitter 16. As in FIG. 1 the voltage drop 
between these two points passes through a negative re 
sistance region to its valley point. Thus the voltage at 
emitter 16 becomes, assuming a value, 2 v. above ground. 
Thus, the voltage difference between emitter 16 and the 
second base 14 now has a value of 48 volts. By regard 
ing emitted 16 as a base, emitter 16' has now an v of 
.5 thereby making the peak voltage at emitter 16’, 26 
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volts above ground (2 v.+.5><48 v.). Since source 20 
maintains 36 v. above ground, the member 12 becomes 
conducting between base 13 and emitter 16'. The mem 
ber continues to conduct even after the pulse subsides at 
emitter 16, if the resistor 18 is of low enough value ‘to 
supply current above valley current (Iv). Of course if 
member 12 is made of lJ-type material and emitter 16 
and 16' are made of Nrtype material, base 14v would be 
negative with respect to’ ‘base, 15 and ground and the 
voltage at which the emitters will function as described 
will be negative with respect to base 13, for example the 
peak voltage for emitter 16 will be 25 volts below the 
potential of base 13. 
i The principle is also useful as a de?ection device or 
a counting device. Referring to FIG. 3, a decade counter 
is shown, but more or fewer than ‘ten units can be in~ 
tegrated into the counter without departing from the 
invention. The counting device comprises a disk-shaped 
member 29, made of semiconductive material similar to 
member 12. Ten ‘ohmic bases 31 to 40‘ are disposed 
evenly around the disk and equally spaced from an ohmic 
base 41 disposed at the center of the disk 29. Base 41 
is technically similar to base 13 and bases 31 to 40 are 
technically similar to base 14, as shall be explained. 
The disk shaped member'29is also preferably made 

of the N-type semiconductive material, although it can be 
made of the P-typet But one understands that the polarity 
of the device must be reverse as mentioned with FIG. 2. 
A common voltage source 42 biases the bases 31 to 49 
positive with respect to base 41 since member 29 is of the 
N-type, which base 41 is grounded through a resistor 43. 

Directly on a radial path between base 41 and each 
of the bases 31 to 40 and spaced an equal distance from 
base 41 are a set of ten emitters 51 to 60 of P-type mate 
rial making a P-N junction between each emitter and the 
disk 29. These emitters 51 to 6,0 are biased positive with 
respect to ground by a common voltage source 61. A 
resistor 62 is connected between each emitter 51 to 60 
and source 61, and a capacitor 63‘ is connected between 
each of the emitters 51 to 60 and ground. On disk 29 
is also a second set of ten emitters 71 to 80 of P-type 
material making a P-N junction between each of these 
emitters and the disk, these junctions being evenly spaced 
around the disk 29 at an equal distance from base 41 
which distance is less than the distance between emitters 
51 to 60 and base 41. Each of the second set emitters 
71 to 80 is disposed closer to one of the emitters 51 to 
60 than the others but they are not in ‘the direct radial 
path between bases 31 to 40 and base 41. In other words, 
the angle formed, by emitter SI-base 41-,emitter '71 is 
smaller than the angle formed by emitter 71-base. 41 
emitter 52. Each of the emitters 71 to 8t) are connected 
together and biased positive with respect to ground by a 
common voltage source 81 through a resistor 82. A 
pulse source 83 in series with a capacitor 84 are both 
parallel-connected with resistor 82 between source 81 and 
these emitters 71 to 80. 

Voltage source 42, like source 11, forms a relatively 
symmetrical voltage gradient, between the center of the 
disk and its periphery, and source 61, like source 2!}, 
biases emitters 51—60‘ to a voltage less than the peak 
voltages of the emitters due to their position in the gradient 
electric ?eld in, order that the device may operate as a 
counting device, One of the ten units formed by the 
base 41 and each of the emitters 51 to 6,0 is made con 
ducting through a conducting zone 86 enclosed by dotted 
lines between emitter 51 and base-one 41. This is'corn 
monly done by pressing a reset switch (not shown) which 
supplies a potential to emitter 51 which potential is above 
peak voltage for the emitter 51 in any phase of opera 
tion of the device. When zone 86 is conducting, the‘ 
voltage gradient in the disk 29 is no longer uniform 
since the potential of emitter 51 is almost at ground 
potential and much less than the potential of the remain 
ing emitters 52—60 thereby decreasing the ratio 11 for each 
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of these emitters than when no zone is conducting, but 
1/ is not the same for all the ?rst set of emitters 52 to 60, 
1/ will be lowest in the emitters 52 and 60 which are 
closest to emitter 51. Therefore, the bias voltage of the 
emitters 52~60 must be’lower than 11V of either emitter 
52 or 60. Of course, the peak voltage of emitter 71 is 
much smaller than the peak voltage of either emitter 
52 or 60 since 1/ of emitter 71 is smaller. 
When the Second. set of emitters71, to St} is biased 

by the pulse source 83 with a pulse of maximum voltage 
which is more than 11V for emitter 71 but less than 11V 
for the remaining emitters in this set, the conducting 
channel 86 expands to include only emitter 71. This 
causesa further distortion of the voltage gradient in the 
disk, so that ‘the ratio 1/ of emitter 52 is less than before 
the pulse was applied, and the voltage at which emitter 
52 is biased in now greater than the new value 11V. Thus 
the unit between emitter. 52 and connector 41 is made 
conducting. Now two zones are attempting to conduct. 
But, to make a current de?ection device or a counter, 
the unit which was conducting ?rst must cease to con 
duct when the second unit conducts current. With two 
units attempting to conduct, the current in resistance 43 
tends to double, tending to double the voltage there 
across. This decreases the total voltage across'the emitter 
51 and base 41, since emitter 51 is also connected to 
ground through the capacitor 63, which does not allow 
an instantaneous voltage change between emitter 5,1 and 
base 41. Thus the voltage between emitter 51 and base 
41 decreases substantially to below valley voltage stopping 
the current from ?owing therebetween. The capacitor 63 
of emitter 52 further assist cut-off of zone 86 between 
base 41 and emitter 51 since the capacitor was fully 
charged and momentarily supplies a large current dis~ 
charge at a large voltage through the new conducting 
zone. ‘After capacitor 63 of emitter 52 discharges, the 
device has stabilized for the next pulse. When the next 
pulse is applied by the pulse source 83,‘the same phe 
nomenon again occurs in the device and the conducting 
zone will be de?ected this time between emitter 5,3 and 
base connector 41. Consequently, each time a pulse is 
triggered, the conducting zone will be de?ected to the 
next position around the disk. The, emitters 71 to ,80 are 
biased about ground potential by source 81 instead of 
being biased at ground potential, as, in FIG. 2, so that 
the peak voltage of pulse can be smaller than when the 
emitters are biased at ground potential. 
FIG. 4 shows another embodiment of the de?ection 

device or counting device. Elements which are numbered 
the same as in FIG. 3 serve the same function in FIG. 4 
as in FIGS. The disk 29 of FIG. _4 has only one base 
31' for its second-base in the form of a ring around its 
periphery instead of the ten bases, 31-740 of FIG. 3. 
The emitters 71' to 80' are so disposed on disk 29 to 
bisect the angle formed between ‘two adjacent emitter of 
the ?rst set of emitters 51 to 60 and the base 41. The 
numbered emitters 71’, 73’, 75', 77', and 79’, or every 
other one are grounded through a common resistor 88, 
and the even numbered emitters 72', 74’, 76', 78’, and 80' 
or the remaining ones are grounded through a common 
resistor 89,. 7 

Like the embodiment of FIG. 3, when the zone 86 
on the disc 29- of FIG. 4 is conducting the voltage gradient 
in the disc 29 is distorted so that'when' a pulse voltage 
is applied by the pulse source 83, a ?ip-?op circuit 91 
channels the pulse through capacitor 92 to only the odd 
emitters 71', 73', 75', 77', and 79'. Only one of these 
emitters, emitter 71' is in the lowest 11 region. Then the 
conducting channel. 86 expands to include emitter 71’ 
because the pulse voltage is more than the 11V at emitter 
"71’ and less than the vV at the remaining odd numbered 
‘emitters 73', '75’, 77', and 79'. Thiscauses a further dis 
tortion of the voltage gradient in the disk so that the 
ratio 1/ for emitter 52 is less than before the pulse was 
applied. The bias voltageof'emitter'SZ is greater. than 
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the new IN and thus a conducting channel is formed 
between emitter 52 and base 41. Then, the conducting 
Zone 86 between emitter 51 and base connector 41 stops 
conducting current. When the next pulse voltage is trig 
gered by source 83, the ?ip-?op circuit 91 channels the 
pulse through capacitor 93 to only ‘the even numbered 
emitters 72', '74’, 76’, 78' and 80' but this time emitter 
'72.’ is at the lowest 1/ and the current is de?ected to the 
unit between emitter 53 and base 41 for the same rea 
sons described when the current changed from between 
emitter 51 and base connector 41 to between emitter 
52 and base connector 41. 
By switching the phase of the outputs of ?ip-?op cir 

cuit 91 pulse signals will cause the conducting path to 
advance counterclockwise thus allowing one to either add 
or subtract on the counter. 

Since many changes could be made in the above con 
struction and many apparently widely ditferent embodi 
ments of this invention could be made without depart 
ing from the scope thereof, it is intended that all matter 
contained in the above description or shown in the ac 
companying drawings shall be interpreted as illustrative 

' and not in a limiting sense. 

What is claimed is: 
1. A semiconductor apparatus comprising a member 

made of one conducting type of semiconductive material, 
said member having a ?rst base connector disposed on a 
portion of said member, said member having second base 
connector means disposed thereon and spaced from said 
?rst base connector, a ?rst plurality of spaced discrete 
emitter portions made of semiconductive material having 
a conductivity opposite to that of said member and dis 
posed on said member intermediate said ?rst base con 
nector and said second base connector means, a second 
plurality of spaced discrete emitter portions made of semi- - 
conductive material having a conductivity opposite to 
that of said member and disposed on said member in 
termediate said ?rst base connector and said ?rst plural 
ity of spaced discrete emitter portions, said ?rst base 
connector and said second base connector means being 
adapted and arranged to be biased at di?erent potential 
such that a potential gradient can be formed within said 
member between said ?rst base connector and said sec 
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ond base connector means, each of said ?rst plurality 
of spaced discrete emitter portions being so arranged 
such as to lie at a different potential level within said 
potential gradient Within said member than each of said 
second pluarlity of spaced discrete emitter portions when 
said member is in a nonconductive state, and each of 
said discrete emitter portions of said ?rst plurality of 
spaced discrete emitter portions and said second plurality 
of spaced discrete emitter portions being geometrically 
oriented on said member such that the shortest line pass 
ing through any one of said emitter portions and ter 
minating on said ?rst base connector and said second 
base connector means will not intersect any other similar 
shortest line passing through any other emitter portion 
and terminating at said ?rst base connector and said 
second base connector means. 

2. The apparatus de?ned in claim 1 wherein said sec 
ond base connector means includes a plurality of discrete 
spaced base connectors disposed on said member. 

3. The apparatus de?ned in claim 1 wherein said sec 
ond base connector means includes a single ring con 
nector. 

4. The apparatus as de?ned in claim 1 wherein each 
of said second plurality of spaced discrete emitter por 
tions are connected in common to a voltage pulse source. 

5. The apparatus as de?ned in claim 1 wherein each 
alternate emitter portion of said second plurality of spaced 
discrete emitter portions is connected in common and 
coupled to a voltage pulse source via a ?ip-?op circuit. 
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