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This invention relates generally to the use of radio 
active isotopes for supplying power to solid semiconduc 
tive devices. Particularly the invention relates to novel 
apparatus wherein a semiconductive device such as a 
transistor and a power source therefor are combined to 
form a single or “self-powered” unit. 

ln my copending application Serial No. 365,207, iiled 
June 30, 1953, methods and means are disclosed and 
claimed whereby a solid semiconductive device is irradi 
`ated with nuclear emissions so that the device becomes 
a primary source of electrical energy and provides useful 
electrical power. The high energy nuclear emissions 
penetrate the semiconductive device and interact with 
the valence bonds of the crystal to liberate charge carriers 
(electrons and holes). These charge carriers ñow within 
the device and in elfect are collected to provide an electric 
potential at its output terminals. The energy of this 
output potential is utilized to supply current and power 
to some desired load such a circuit having low power 
requirements. 
An object of the instant invention is to provide a “self 

powered" semiconductive device. 
Another object of the invention is to provide a semi 

conductive device having incorporated therein a radio 
active power supply. 

Another object of the invention is to provide a self 
powered semiconductive device including a power source 
of the above type. 

Another object of the invention is to provide a radio 
active power supply cable of generating both positive and 
negative voltages. 
A further object of the invention is to provide a self 

powered transistor in which the power source is of the 
type hereinbefore described and in which a single semi 
conducting `body is common to both the power source 
and transistor structure. A further object of the inven 
tion is to provide a self-powered semiconductive device 
powered by radioactive means, the self-powered device 
being characterized by long life, ruggedness, and small 
size. 

The foregoing objects and advantages are achieved in 
accordance with the invention by providing a single body 
of semiconducting material which is common both to a 
semiconductive device (which may be a transistor con 
nected in a circuit as an amplifier, oscillator, detector, or 
the like) and to a power supply therefor. The semicon 
ductive device may be either of the point contact, alloy 
junction, or grown junction types and includes one por 
tion of the semiconducting body. The power supply for 
the semiconductive device includes another portion of the 
semiconducting body and has zones or regions of dif 
ferent types of conductivity separated by one or more 
rectifying junctions. A radioactive emitter is provided 
for irradiating the power supply portion of the body and 
the zones or regions included therein to generate suitable 
voltages for powering the amplifier or oscillator device 
comprising the other portion of the body. 
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The invention will be described in detail with reference 
to the accompanying drawing in which: 

Figure 1 is a schematic sectional diagram of a self 
powered semiconductive device, according to the inven 
tion, wherein the device is of the grown junction type; 

Figure 2 is a schematic sectional diagram of a second 
embodiment of the invention in which alloy type junction 
structure is employed; and 

Figure 3 is another embodiment of the invention em 
ploying a point-contact type of semiconductive device. 

Similar reference characters are applied to similar ele 
ments throughout the drawing. 

Referring to Figure 1, a body of semiconducting mate 
rial having a number of grown junctions has adjacent 
zones of opposite types of electrical conductivity. For 
example, one zone 11 may be of p-type conductivity, a 
zone 13 adjacent thereto of n-type conductivity, and zones 
l5 and 17 p-type and n-type conductivities, respectively. 
One method of fabricating a semiconducting body in 

which p and n zones occur alternately with rectifying 
junctions therebetween is described in U. S. Patent No. 
2,631,356 granted to M. Sparks and G. K. Teal on March 
I7, 1953. Brieñy this method involves dipping a seed of 
germanium into a molten mass of germanium. The seed 
is withdrawn from the molten mass at a rate which is 
suíiicicnt to draw some of the molten mass therewith. As 
the seed is withdrawn the impurity balance in the melt is 
altered to effect inversion in the conductivity of the melt 
and of the withdrawn material. For example, if the melt 
initially is n-type, it may be converted to p-type by add 
ing an acceptor material such as gallium. Reconversion 
to n-type is attainable by adding a donor material such 
as antimony. 

Zones 11, 13, and 15 of the semiconducting body de 
scribed above comprise the collector electrode, the base 
electrode, and the emitter electrode, respectively of a 
transistor. Zones 15 and 17 and a radioactive emitter 
material 19 disposed thereabout comprise a radioactive 
power supply for the transistor. The emitter material 19 
may comprise one or a combination of radioactive iso 
topes which emit charged particles and/or neutral radia 
tions. Such emitters may include, by way of example, 
polonium and uranium (both emitters of positively 
charged alpha particles), strontiumg” or tritium (emitters 
of negatively charged beta particles), cobalt6u (an emitter 
of neutral gamma rays), and numerous other radioactive 
isotopes. 
The thickness of the semiconducting body for maxi 

mum eñiciency, is selected so that substantially all the 
radioactive emissions incident on the body are absorbed. 
With a strontium” source arranged as illustrated a ger 
manium body having a thickness of the order of a hun 
dred mills is adequate. The thickness of a similarly ir 
radiated silicon device is of the order of two hundred 
mils. When radioactive isotopes are used which produce 
less energetic emissions, thinner bodies of semiconducting 
material may be employed to advantage. 

ln the power supply portion of the above unit, the 
radiations emitted by the radioactive material 19 inter 
act with the valance bonds of the semiconducting body 
regions 1S and 17 causing charge carriers (electrons and 
holes) to be liberated therein. The liberation of these 
charge carriers corresponds to raising electrons from 
the ñlled band to the conduction band, thereby leaving 
behind holes in the filled band. With the incoming radia 
tion having a minimum quantum energy which is equal to 
or greater than the energy gap of the empty or forbidden 
region. both electrons and holes are produced. The 
energy gaps for germanium and silicon, for example, are 
of the order of 0.72 electron volt and 1.12 electron volts, 
respectively. i 

An electrostatic potential barrier exits at the junctio 
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zlbetween zones 15 and 17. Under the inñuenee of this 
potential barrier the liberated charge carriers flow across 
the junction in one direction only. Substantially all the 
charge carriers which get into the junction region in effect 
are collected and contribute to the voltage developed 
across a voltage divider load 23 ohmically connected 
between zones 15 and 17. Some of these carriers are 
produced in the junction region. Other charge carriers 
are produced outside the junction region and initially 
are subjected to no electrostatic potential. However, if 
these carriers have sufficiently great lifetimes and diffusion 
lengths, they also enter the junction region (solely by a 
diffusion process) and enhance the current output. 
With fifty millicuries of strontium90 as emitter mate 

rial, the open-circuit voltage «derived in the manner de 
scribed above may vary between thirty and several 
hundred millivolts, the voltage value depending on the 
kind and characteristics of semiconducting material em 
ployed. The power expended in a load connected to the 
power supply, for maximum power transfer, is of the 
order of several microwatts. 
The terminal voltage of the power supply portion of 

the instant structure is used to bias or power the transistor 
portion in the following manner. The emitter electrode 
(zone I5) is common to the transistor and power supply 
portions. Since irradiation of the junction region be 
tween zones 15 and 17 results in zone 15 attaining a 
potential which is positive with respect to the potential 
of zone 17, and since zone 15 is of p-type conductivity, 
zone 15 is biased in the forward direction, as required, 
with respect to the base portion (zone 13). Since the 
collector electrode (zone l1) must be biased in the 
reverse direction, i.e., negatively with respect to zone 
13, the terminal of the voltage divider 23 connected to 
zone 17 is ohrnically connected to zone 11 by means 
of an isolating resistor 45. The movable tap 24 of the 
voltage divider 23 is ohmically connected to the base 
portion (zone 13) of the transistor. By varying the 
position of the voltage divider tap 24, any desired ratio 
of voltages is available for powering the junction tran 
sistor. 
The self-powered semiconductive unit hereinbefore de 

scribed has a number of advantages. The unit is powered 
solely by the energy of radioactive emissions. No ex 
ternal power sources or batteries are required. The unit 
is rugged from a physical standpoint and is not affected 
by vibration or mechanical shock. The size of the unit 
is very small, of the order of a cubic centimeter, and 
it has an extremely long life. The half-life of stron 
tium 9“, for example, is twenty-tive years. Other isotopes P 
have even longer half-lives. Furthermore, a considerable 
saving in materials is afforded by providing a. single semi 
conductive unit having incorporated therein a signal trans 
lating or oscillator device and a power supply for the 
device. 

Figure 2 shows an embodiment of the invention in 
which rectitying junctions are formed in a body of semi 
conducting material by an alloying process. The semi 
conducting body portion 25 may be either of p-type or 
n-type conductivity. For purposes of the present descrip 
tion it is assumed that the material is a body of n-type 
germanium having a resistivity of the order of four ohm 
centimeters. Pellets 27 and 29 ot a material such as 
indium, aluminum, gallium, or the like are alloyed into 
substantially opposite surfaces of one portion of the body 
25 so that the pellets impart p-type conductivity to re 
gions of the body 25. Terminal leads 3l and 33 are 
connected to the pellets 27 and 29, respectively, by well 
known techniques to provide means for making electrical 
contact thereto. The p-type conductivity regions result 
ing from alloying pellets 27 and 29 into the n-type germa 
nium body 25 comprise the emitter an-d collector elec 
trodes of a junction type transistor. 
The power supply for the above transistor comprises 

the semiconductive body 25 (also incorporated as a part 
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of the transistor structure) and impurity pellets 35' and 
37. Pellets 35 and 37 are spaced from pellets 27 and 
29 and are alloyed into opposite surfaces of the genna 
nium body at points substantially opposite cach other. 
Since the cmitter and collector electrodes of the transistor' 
portion ot the unit are to be biased in the forward and 
reverse directions, respectively, it is essential that the 
power supply portion 0i the unit generate terminal volt- 
ages having different polarities. One of the voltages is 
for biasing the transistor emitter circuit in the forward 
direction and must be positive with respect to the body 
25. The other voltage is for biasing the collector cir 
cuit in the reverse direction and must be negative with 
respect to the body 2S. To achieve the desired positive 
and negative voltages, the pellet 35 (indium, for exam 
ple) is selected to impart p-type conductivity to a region 
of the semiconducting body 25. The pellet 37 is selected 
to impart n-type conductivity to the body 25 which is 
diiïerent in degree or higher than the normal n-type 
conductivity of the body. Materials having a higher im 
purity concentration and capable of imparting higher 
n-type conductivity to an n-type semiconducting body 
are, for example, lead antimony and lead arsenic. Leads 
39 and 41 are provided for making electrical contact to 
the pellets 35 and 37 and to the p and n regions formed 
thereby. 

The radioactive emitter material 19 is coated or is 
otherwise applied to the power supply portion of the 
semiconducting body 25 and pellets 35 and 37. The 
theory of voltage generation for the instant device is 
much the same as heretofore explained with reference 
to the description of the operation of the device of 
Figure l. The high energy radioactive emissions emitted 
by the material 19 liberate charge carriers within the 
device which take part in a conduction process. In one 
instance carriers produced in and carriers which diffuse 
into the junction region between the body 25 and the 
indium pellet 35 are collected so that the potential of 
the pelle-t 3S is positive with respect to the potential of 
the body 25. In the other instance charge carriers pro 
duced in and carriers which diffuse into the junction 
region between the body 25 and the pellet 37 result in 
the pellet 37 attaining a potential which is negative with 
respect to the potential of the semiconducting body. The 
value of the positive and negative potential with respect 
to the base is determined by the impurity concentration 
in the recrystallized r1 and p regions formed b-y the 
alloying of the pellets into the body 25 and may be 
controlled by varying the impurity concentrations. The 
highest voltage is obtained when using high impurity 
concentrations. The positive and negative potentials dc 
veloped in the above described manner are applied to the 
emitter and collector circuits, respectively, of the tran 
sistor portion of the unit via isolating resistors 43 and 
45. A blocking capacitor 47 is provided for applying 
desired signals between the emitter circuit and the semi 
conducting body 25 and for isolating the input circuit 
from the radioactive power supply. 
The amount of power generated by the power supply 

portion of the instant unit is determined by the amount 
of radioactive emitter material employed and by the area 
of the junctions between the pellets and the semiconduct 
ing body. If greater power is required of the device for 
the emitter and/ or collector circuits of the transistor, the 

' junction areas should be made large enough so that the 
i device generates the required levels of power. 

70 

75 

While the above apparatus has been described in con 
nection with an n-type semiconducting body, a p-type 
body may be employed alternatively. When a p-type 
semicondueting body is used the pellets 27 and 29 in 
cluded in the transistor portion of the device must im 
part n-type conductivity to regions of the body 25 wherein 
they are alloyed. Such materials may comprise arsenic` 
antimony, and bismuth. The pellets 37 and 39 alloyed 
into the power supply portion of the body must impart 
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p and n type conductivities to the portions of the body 
wherein they are alloyed, the impurity concentration of 
the p region being greater than that of the p-type semi 
conducting body. Pellet 37 may comprise lead antimony 
or lead arsenic and pellet 39 may comprise indium, 
gallium, aluminum, etc. 

Figure 3 shows an embodiment of the invention which 
is similar in part to the apparatus described with reference 
to Figure 2. The power supply portion of the self-pow 
ered unit is substantially identical to that shown in 
Figure 2. However, the transistor portion of the unit 
is a point-contact device rather than a junction device as 
heretofore shown. The point-contact structure comprises 
a base connection 49 which makes electrical contact to 
a portion of the semiconducting body. Spaced point elec 
trodes 51 and 53 make contact with the semiconducting 
body on a surface opposite that to which the base con 
nection is made. Point electrode 51 is connected to one 
terminal the power supply via isolating resistor 43 and 
electrode 53 is connected to the oppositely poled terminal 
of the power supply via resistor 45. 
What is claimed is: 
l. A self-powered electrical unit comprising, a body 

of semiconductor material, a semiconductive device, and 
a primary power supply for said semiconductive device, 
said device and said power supply being integral with 
said body of semiconducting material. 

2. A self-powered electrical unit comprising, a semi 
conductive device, and a power supply for semiconductive 
device, said device and said power supply having in corn 
mon `a body of semiconducting material, the power 
supply portion of said body being partially surrounded by 
a radioactive emitter. 

3. Electrical apparatus comprising, a body of semi 
conducting material having a ñrst portion including 
emitter and collector electrodes, a second portion of said y 
body comprising a power supply for said first portion, 
said second portion including two zones of opposite type 
conductivity, and a radioactive emitter positioned to ir 
radiate said second portion. 

4. Electrical apparatus comprising, a body of semi 
conducting material having a first zone of one type con 
ductivity, an adjacent second zone of conductivity type 
opposite to said one type conductivity, a third zone ad 
jacent said second zone and having said one type con 
ductivity, a fourth zone adjacent said third zone and 
having said opposite type conductivity, and a radioactive 
emitter for irradiating portions of said third and fourth 
zones. 

5. Apparatus as claimed in claim 4 including means 
coupled to said third and fourth zones for deriving dif 
ferent electric potentials, and means for applying said 
different potentials to said first and second zones. 

6. Electrical apparatus comprising, a body of semi 
conducting material of one conductivity type, a material 
alloyed into said body to impart to ñrst and second re 
gions of said body a conductivity type opposite to said 
one type, materials alloyed into regions of said body 
spaced from said first and second regions to impart a 
third region of said body a conductivity type opposite 
to said one type and to a fourth region of said body 
a conductivity of the same type as but diiferent in degree 
from said one type conductivity, and a radioactive emitter 
for irradiating said third and fourth regions. 

7. Apparatus as claimed in claim 6 wherein the areas 
of said third and fourth regions is substantially greater 
than the areas of said lirst and second regions. 

8. Apparatus as claimed in claim 6 wherein said iii-st 
region is substantially opposite said second region and 
said third region is substantially opposite said fourth 
region. 

9. Apparatus as claimed in claim 6 including means 
for coupling said third and fourth regions to said first 
and second regions. 
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6 
l0. Electrical apparatus comprising, a body of n-type 

semiconducting material, a material alloyed into said body 
to impart p-type conductivity to ñrst and second regions 
of said body, materials alloyed into regions of said body 
spaced from said ñrst and second regions to impart p 
type conductivity to a third region of said body and 
n-type conductivity to a fourth region of said body, the 
conductivity of said fourth region being different from the 
conductivity of said body, and a radioactive emitter sur 
rounding a portion of said body for irradiating said third 
and fourth regions. 

1l. Electrical apparatus comprising, a body of p-type 
semiconducting material, a material alloyed into said body 
to impart n-type conductivity to first and second regions 
of said body, materials alloyed into regions of said body 
spaced from said ñrst and second regions to impart n 
type conductivity to a third region of said body and 
p-type conductivity to a fourth region of said body, the 
conductivity of said fourth region being different from 
the conductivity of said body, and a radioactive emitter 
surrounding a portion of said body for irradiating said 
third and fourth regions. 

12. Electrical apparatus comprising. a body of semi 
conducting material of one conductivity type, a conduc 
tive base connection for a portion of said body, a point 
electrode in contact with said body and positioned sub 
stantially opposite said base connection, materials spaced 
from said point electrode and base connection alloyed 
into regions of said body to impart to one region of said 
body a conductivity type opposite to said one type and 
to another region of said body a conductivity of the 
same type as but different in degree from said one con 
ductivity, and a radioactive emitter surrounding a por 
tion of said body for irradiating said one and another 
regions. 

i3. Electrica] apparatus comprising, a body of semi 
conducting material of one conductivity type, a conduc 
tive base connection for a portion of said body, a plu 
rality of point electrodes in contact with said body and 
positioned substantially opposite said base connection, 
materials spaced from said point electrodes and base con 
nection alloyed into regions of said body to impart to 
one region of said body a conductivity type opposite to 
said one type and to another region ot' said body a con 
ductivity of the same type as but diiierent in degree from 
said one conductivity. and a radioactive emitter surround 
ing a portion of said body for irradiating said one and 
another regions. 

14. Electrical apparatus comprising, a body of semi 
conducting material of one conductivity type, a conduc 
tive base connection for a portion of said body, a pair 
of spaced emitter and collector point electrodes in con 
tact with said body and positioned substantially opposite 
said base connection, materials spaced from said point 
electrodes and base connection alloyed into regions of 
said body to impart to one region of said body a con 
ductivity opposite to said one type and to another region 
of said body a conductivity of the same type as but dif 
ferent in degree from said one conductivity, and a radio 
active emitter surrounding a portion of said body for 
irradiating said one and another regions. 

l5. Apparatus as claimed in claim 14 for coupling 
said one and another irradiated regions to said emitter 
and collector electrodes. 

16. Electrical apparatus comprising, a body of semi 
conducting material of one conductivity type, a ñrst pair 
of junction regions formed in opposing surfaces of said 
body each having a conductivity type opposite to said 
one type, a second pair of junction regions formed in 
said body spaced from said first pair of junction regions. 
one of the regions of said second pair having a conduc 
tívity type opposite to said one type and the other region 
of said second pair having said one type conductivity 
but different in degree and a radioactive emitter posi 
tioned to irradiate said second pair of junction regions. 
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17. Electrical apparatus comprising, a body of semi~ 
conducting material of one conductivity type, a pair of 
rectifyiug contacts in contact with one surface of said 
body, an electrode in contact with a portion of the op~ 
posing surface of said body, and a pair of junction re 
gions formed in said body spaced from said rectifying 
contacts, one of said junction regions having a conduc 
tivity type opposite to said one type and the other junc 
tion region having said one type conductivity but differ 
ent in degree. 

18. Electrical apparatus as claimed in claim 17 includ 
ing a radioactive emitter positioned to irradiate said junc 
tion regions. 

I9. A self-powered electrical unit comprising, a semi 
conductive device and a power sup-ply including a radio 
active emitter for said semiconductive device, said de 
vice and said power supply having in common a body of 
semiconducting material. 
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