
June 12, 1973 LE CONTE CATHEY 3,738,873 
SELF GENERATING THERMOELECTRIC CONVERTER 

Filed Dec. 23, 1964 

POS. NEG. 

Fig. I 

Fig. 2 

INVENTOR. 

L CATHEY 
BY 

Attorney: 



United States Patent Office p „,3 738 873 
Patented June 12, 1973 

3 738 873 
SELF G E N E R A T I N G T H E R M O E L E C T R I C 

C O N V E R T E R 
Le Conte Cathey, Aiken, S.C., assignor to the United 

States of America as represented by the United States 
Atomic Energy Commission 

Filed Dec. 23 ,1964, Ser. N o . 420,840 
Int. CI. G21h 1 / 1 0 

U.S. CI. 136—202 5 Claims 

ABSTRACT O F T H E DISCLOSURE 

A single body semiconductor made of a radioactive 
element having a radioactive isotope heat source of the 
same element as an integral part thereof. The semicon-
ductor is a compound including radioactive actinide ele-
ment, such as plutonium, uranium or thorium, and the 
heat source is a heat-producing radioactive isotope of the 
same element. Suitable doping impurities, diffused into 
part of the semiconductor bar, shift the electrical po-
tential distribution across the center portion to produce 
the thermoelectric element. 

This invention relates generally to radioactive or 
thermoelectric generators of the type utilizing semicon-
ducting materials. More particularly the invention relates 
to a self energized thermoelectric converter wherein a 
semiconductor material and an isotopic heat source ma-
terial are combined in an integral body of semiconduct-
ing material. 

There is an increasing need f o r electric power genera-
tors for use in areas or functions that cannot be fulfilled 
by central stations and for continuous and reliable re-
mote applications, especially in the field of space ex-
ploration in satellites, f o r example. The three major re-
quirements fo r a satellite power supply are extreme re-
liability, high efficiency, and light weight. It is known to 
use thermoelectric generators employing a radioactive, o r 
isotopic, heat source in combination with thermocouples, 
or thermopiles. Present isotopic power supplies are gen-
erally constructed with the heat generating isotope con-
tained in a separate capsule f rom which the heat is trans-
ferred to the thermoelectric elements by "hot shoes." 
"Cold shoes" at the other end of the thermoelectric ele-
ments are connected to a heat sink o r radiator to fo rm 
a cold junction. Mismatches in chemical behavior, thermal 
expansion, and mechanical properties of the material at 
the hot junctions result in devices that are prone t o fail-
u re due t o shock, load cycling, or materials aging. The 
most common cause of failure in thermoelectric devices 
are cracking at junctions between the heat source and 
the thermoelements. Such failure has, in fact, been a 
main source of unreliability in isotopic power generators. 
Moreover, the junction mismatches pose temperature 
limits on the devices such that the hot junction must usual-
ly operate below 500-600° C., i.e., at low efficiencies. 

It is an object of this invention to provide an isotopic 
electric power generator wherein a heat source and 
thermoelectric converter are one integral piece. 

It is a still further object of the invention to provide 
a thermoelectric generator comprised of an integral semi-
conductor and heat source having extreme reliability, 
high efficiency, and light weight. 

The above objects are achieved in accordance with this 
invention by providing a single body semiconductor hav-
ing a heat generating isotope as an integral part thereof. 
The basic unit consists of a single bar semiconductor made 
of a radioactive element, preferably an actinide. The 
outer regions of the bar are fabricated f rom a long-lived 
isotope of a radioactive element while the center portion 
is enriched with a shorter-lived heat producing isotope 

of the same element. Appropriate contaminants, or im-
purities diffused into part of the bar shift the electrical 
potential distribution across the center portion to there-
by produce the thermoelectric element. The ends of the 

5 bar are connected to heat sinks. 
Additional objects and advantages of the invention 

will become apparent f rom the following description 
when taken in conjunction with the accompanying draw-
ing in which: 'FIG. 1 in an elevation view of an exemplary 

10 embodiment of the thermoelectric generator of the present 
invention. F IG . 2 is a graphic illustration of the manner 
in which the electrical potential distribution is shifted 
across the center por ton of the thermoelectric generator 
of F IG . 1. 

15 In F IG . 1, the thermoelectric generator of the inven-
tion is in the shape of an elongated bar, generally in-
dicated at 1, made of a semiconductor material such as 
the compound plutonium telluride. The bar may be pro-
duced by some generally known compounding process or 

20 powder metallurgy, for example. In this embodiment 
239Pu is used as a long-lived isotope which is principally 
disposed in the outer regions 2 and 3 of the bar. In the 
center region 4 a heat producing isotope 2 3 sPu is sub-
stituted for the 239Pu. One-half of the bar 5 is doped by 

25 diffusing contaminants or impurities thereinto in a man-
ner well known in the semiconductor and transistor art. 
This is a carefully controlled process and is done in this 
case to produce the thermoelectric element having the 
desired polarities at the opposite ends of the bar. In the 

30 example illustrated in the figure, the right half of the 
bar is doped with an impurity which will produce N-type 
material, thus making the right end of the bar negative. 

The ends of the bars 6 and 7 are thermally connected 
to a heat sink, or cold shoe, thereby providing cold junc-

35 tions for producing the thermoelectric, or Seebeck, effect. 
The manner in which the doping shifts the electrical 

potential distribution across the center portion is graphical-
ly illustrated in F IG . 2. The line f represents the Fermi 
level for the material under consideration. The line c 

40 indicates the conduction band and the line v indicates 
the valence band fo r this material. These terms are de-
fined in most text books on semiconductors and transistors; 
e.g., "Transistor Physics and Circuits" by R. L. Riddle and 
M. P. Ristenbatt, Prentice Hall, Inc., Englewood Cliffs, 
N.J., 1958, Chapter 3. It will be noted that the left portion 
of the bar has current carriers in the conduction band and 
valence band. In the right half of the bar dominant cur-
rent carrier is in the conduction band and the current 
carrier in the valence band is of a lower energy level than 
that in the left half of the bar. The left side has a large 

5 0 electron concentration in the conduction band to minimize 
the conductivity losses through this region. The right hand 
side of the bar is appropriately doped to increase the 
carrier concentration even higher. The concentration at 
any point in the bar will be dependent on the local tem-
perature created by the heat source. Thus there will be 
a gradient along each half of the bar between the center 
and cold ends. The potential difference existing between 
the ends of the bar will be dependent upon the equilibrium 
carrier concentration and the left half of the bar will be 

6 0 at a higher potential than the right half at a diffusion 
equilibrium condition. This potential is the source of the 
terminal voltage of the device. The terminal voltage is 
dependent upon internal resistance drops so the material 
conductivity must be maintained as high as possible with-

65 out loss of terminal potential. 
In use, the ends 6 and 7 of the bar are electrically 

connected to an external load, not shown. The power of 
the device depends upon the types and quantities of heat 
source material, semiconductor material, and the im-

70 purity material which is used to dope the bar. In the 
preferred embodiment the semiconductor is PuTe and 
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3 
the doping impurity may be lithium, aluminum, zinc, 
phosphorus, arsenic, or gallium, for example. Other semi-
conductor materials might be compounds of uranium, or 
thorium, with one of the following; tellurium, selenium, 
antimony, sulphur, phosphorus, carbon. In the case of 5 
uranium, the heat source isotope might be 2 3 2U and the 
carrier isotope 233U. For thorium, the heat source isotope 
might be ^ T h and the carrier isotope 232Th. The doping 
material might be any of those listed above. The com-
position of the bar, doping, and the dimensions are se- jq 
lected to give a high Seebeck coefficient, a relatively 
high electrical conductivity and a low thermal conductivi-
ty. The sides of the bar may be termally insulated in 
order to maintain a maximum temperature gradient f r om 
the heat source to the sink for optimum output. jg 

The unique geometry of this thermoelectric generator 
offers substantial gains in meeting the three basic require-
ments for satellite power supplies by eliminating all hot 
junctions and resultant cracking at such junctions between 
the heat source and the thermoelements, greatly increas- 2o 
ing the efficiency by higher permissible temperatures, and 
decreasing the weight considerably due to the simple 
construction. 

It is not intended that the invention be limited to the 
specific embodiment illustrated herein, but only by the 25 
scope of the appended claims. 

What is claimed is: 
1. A thermoelectric generator comprising a radioactive 

element in semiconductor form having a particular radio-
active isotope of said element as a heat source in the 30 
center of the semiconductor, said particular radioactive 
isotope being different f rom the isotopes of said element 
in the other portions of the semiconductor, heat sinks at 
portions remote f rom the heat source, and an impurity 
doped into said semiconductor between the heat source 35 
and one heat sink to produce opposite polarities at the 
heat sinks. 

2. The thermoelectric generator of claim 1 wherein 
the semiconductor is a compound of tellurium with an 
element selected f rom the group consisting of plutonium, 40 
uranium, and thorium, the particular radioactive isotope 
heat source material is selected f rom the group of isotopes 
consisting of 238Pu, 232U, and 228Th, respectively, and the 
other portions of the semiconductor between the heat 
source and heat sink is selected f rom the group of isotopes 
consisting of 239Pu, 233U, and 232Th, respectively. 
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3. The thermoelectric generator of claim 2 wherein 
said impurity is an element selected f rom the group con-
sisting of lithium, aluminum, zinc, gallium, phosphorus, 
and arsenic. 

4. A thermoelectric generator comprising an elongated 
semiconductor bar of plutonium telluride, the center 
region of the bar containing the ratioactive isotope heat 
source 238Pu and the outer regions containing the isotope 
239Pu, an impurity material selected f rom the group con-
sisting of Li, Al, Zn, Ga and As diffused into half of the 
bar to produce opposite polarities at the ends of the bar, 
and a heat sink in thermal contact with each end of the 
bar . 

5. An isotopic electric power generator comprising a 
semiconductor made of a compound of an actinide ele-
ment, a heat source portion of the semiconductor con-
taining a particular radioactive isotope of the actinide 
element having a relatively high specific power and being 
different f rom the isotopes of said element in the re-
mainder of said semiconductor, the actinide isotopes in 
the remainder of the semiconductor having a relatively 
low specific power, two heat sinks thermally connected to 
the semiconductor remote f rom said heat source, and an 
impurity doped into the semiconductor to produce op-
positely charged terminals near the heat sinks. 
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