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[57] ABSTRACT 
The present invention relates to a miniaturized nu-
clear battery, consisting of several in series connected 
cells, wherein each cell contains a support which acts 
as positive pole and which supports on one side a 
/3-emitter, above said emitter is a radiation resisting 
insulation layer which is covered by an absorption 
layer, above which is a collector layer, and wherein 
the in series connected cells are disposed in an airtight 
case. 

27 Claims, 1 Drawing Figure 
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The advantages reside in particular in that although 
MINIATURIZED NUCLEAR BATTERY several cells with a weak radiation intensity are used, a 
D A r i f r D n n w n n r t u c m v r K m r a . relatively great radiation intensity per unit surface can BACKGROUND OF THE INVENTION b e r e a | i z ^ s o t h a t t h e t o t a , p o ; e

F
r o u t p u t o f t h e nu_ 

This invention relates to a miniaturized nuclear bat- 5 clear battery becomes high. It is further possible to 
tery, composed of several cells mounted in series. make the emitter film on the support-element so thin, 

Such sources of electricity are needed, so that electri- that even the electrons of the lowest layer can pene-
cally driven apparatus, as for example electric or elec- trate to the surface and are not already absorbed by the 
tronic watches, can operate without interruption emitter fdm. The absorption layer above the insulation 
caused by the periodic replacing of the batteries. 1 0 layer prevents the creation of a counter-field by elec-

BatterieS as mentioned above are already known, but trons reflected from the collector, 
satisfying results could not be obtained for a miniatur- An example of an embodiment of the invention is 
ized nuclear battery, fulfilling all conditions relative to shown in the drawing and will be described more in 
security, a life of 10 to 20 years, and an appropriate detail, 
output power. 15 

In particular such batteries are known which contain B R I E F DESCRIPTION OF THE DRAWING 
higher energetic /3-sources as Sr 90, Pm 147, etc. For The sole FIGURE shows schematically and in section 
safety reasons such batteries are not suited for uncon- the construction of one embodiment according to the 
trolled use. present invention. 

Because of the limited intensity of the radiation for 2 0 N C C ^ D N Y R I A M TUT? D D C C E D D C T A 
safety and in particular because of its half-life of 12.5 DESCRIP1ION OF THE PREFERRED 
years, tritium (T or 3H) appeared to be singularly suited EMBODIMENT 
as a source of radiation, in spite of the fact that only In the FIGURE the case 1 consists of a cup-shaped 
vacuum could be used as dielectric medium. This is a base 2 and a flat lid 3. The lid 3 is welded to the base 
disadvantage vis-a-vis the mentioned higher energetic 2 5 2. It has an opening 4 in which a contact pole 5 is 
^-sources, as they could have allowed a solid, and thus cast-in with a casting compound 6. At its interior end 
a more dense dielectric with a half-value-thickness for this contact pole 5 has a contact spring 7, which con-
these emitters far above the 40 mg/cm2 for tritium. Due nects pole 5 with a protrusion 8 of a contact disc 9. 
to the medium intensity of radiation of about 6 keV of Above disc 9 is an insulating disc 10 with an opening 
the tritium, batteries with this source are only feasible 3 0 11, through which the raised part 8 of disc 9 protrudes, 
with vacuum as dielectric. Although by more recent A pressure spring 13 is located between the lower side 
embodiments of such batteries the freed helium no 12 of the lid and the insulating disc 10. The inner lat-
Ionger lowers the vacuum in a short time, there exist no eral surfaces 14 of case 1 are covered by an electric 
results wherein a vacuum of 10~3 Torr is maintained as insulating and radiation resisting insulation layer 15. 
long as the life of the battery lasts, without losses. 3 5 Particulary well suited as, insulating materials are syn-

Another drawback of the vacuum battery turns up thetic material films, for example "Parylene" (regis-
when a satisfying amount of current has to be fur- tered trademark), consisting of a group of polymers, or 
nished, which has to be done by increasing the flow of of polyester, "Mylar"(registered trademark), or the 
electrons to the collector and that means, as the surface like. 
activity has to be limited, an increase of the total sur- 40 The said case 1 can of course be constructed other-
face. This is reached by a special arrangement of the wise, if the following points are considered: 
emitter surface, which increases the volume of the The case must be airtight. It must have a contact pole 
battery. For the application of such batteries in minia- 5 which is electrically insulated from base 2 and lid 3 
turized devices as for example watches, hearing aids, and which is electrically connected to the collector of 
pace-makers, etc., the dimensions play an eminent role, 4 5 the top cell, the latter being described later. It is impor-
often tenths of millimeters are most important. tant that the cells be held strongly avoiding electric 

An impedance matching of such batteries to the de- contacting of parts to be isolated with the case or an-
vices to be supplied is very difficult as their no-load other conducting part. 
voltage corresponds practically to the mean radiation Between the bottom of base 2 and contact disc 9 are 
energy of tritium. With a matched load, U f / / is still 2-3 5 0 piled up several identical cells 17. In this example there 
kV. are 10. Each of those 10 cells 17 consists of a support-

„ „ element 18, for example of copper or a Cr-Ni- alloy. 
SUMMARY OF THE INVENTION Other metallic materials are possible, too. Said support 

The aim of the present invention is to provide for a 18 has advantageously a surface which matches that of 
miniaturized nuclear battery which eliminates the dis- 5 5 the bottom 16. Its thickness is some microns, by real-
advantages of the vacuum battery with tritium and the ized prototypes about 1-3X10 - 2 mm, whereas the sur-
difficulties of the impedance matching, and which has a face was about 2 cm2. 
solid dielectric medium. The battery should have a On this support is a /3-emitter 19 with a somewhat 
terminal voltage of about 500 V. smaller surface, as an evaporated or otherwise deposed 

This problem is solved according to the invention in 6 0 film. Preferentially said /3-emitter consists of a tritium-
that each cell contains a support-element which acts as titanium-compound, subsequently called Ti-T- com-
positive pole and which supports on one side a /3-emit- pound, in the ratio of one part titanium and two parts 
ter, above said emitter is a radiation resisting insulation tritium. This film has a thickness which is enough to 
layer which is covered by an absorption layer above generate an activity of about 40 mC/cm2 and amounts 
which is a collector layer, and that the in series con- 6 5 to 0.5 - 1 G2zm. 
nected cells are put in an airtight case. Said film of radioactive material is covered by a radi-

In an advantageous modification of the invention the ation resisting insulation layer 20, which reaches ad-
cells lay superimposed in the case. vantageously over the sides 21 of support 18, so that 
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only the lower side 22 of it remains uncovered. In order 
to warrant a maximum efficiency of cell 17 the insula-
tion layer 20 must be so thin that the electrons which 
are emitted from the j8-emitter 19 with a mean energy 
of 0.5 - 6.0 keV can pass without obstruction. It has 5 

been found that a film of "Parylene" or "Mylar" with a 
thickness of 1X10-4 mm is convenient. 

Above the insulation layer 20 is an absorption layer 
23, which prevents reflected electrons from the over-
laying collector 24 from penetrating again the insula- 1 0 

tion layer 20. Said layer 23, which consists advanta-
geously of carbon with a thickness of about 1X 10~2 mm 
has further the task to bind the helium which is freed by 
the decay. The surface of the layer 23 matches approxi-
mately that of the ^-emitter 19 and is thus a little 15 

smaller than that of the support 18. As top layer of each 
cell 17, the collector layer 24 is above the absorption 
layer and has a surface area which matches that of the 
absorption film. Preferentially the collector layer is 2 0 
made of Al, Fe or an alloy of these substances, and has 
a thickness of 1 - 2x10~2 mm. 

As mentioned above, there are several such cells 
piled up, with support 18 of each succeeding cell dis-
posed atop the collector of the subjacent cell. ^̂  

Each of the cells 17, which in this example is circular 
in plan, has a total thickness of about 3XlO~2 mm, and 
an activity of nearly 40 mC, and generates a power of 
approximately 0.012G2zW under a potential of"50 V. 
That means that the battery in the example with 10 in ô 
series connected cells has an effective activity of about 
400 mC, a power of nearly 0.12G2zW, and a voltage of 
nearly 500 V. 

According to the construction of the cells, with re-
spect to the flow of the electrons, base 2 forms the 35 
positive pole and contact pole 5 forms the negative 
pole of the battery. 

Thus this battery fulfills all demanded requirements. 
Nevertheless for particular applications its power may 
be too low. It is then quite easy to increase the total 40 
power output by connecting in parallel several batter-
ies, of course put in one case. Due to the smallness of 
the individual cells, the overall volume of such a bat-
tery is practically not modified. It has, in connection 
with this, to be borne in mind that the proportions of 45 
the drawing are distorted, to allow a better understand-
ing of the invention. 

In the following the physical properties of the nuclear 
battery according to the invention and those of conven-
tional vacuum batteries are compared. 50 

In order to obtain a useful quantity of electrons an 
effective activity of 240 mC is needed. The total activ-
ity, which is needed in a vacuum battery for such an 
effective activity is about 5 C, which can easily be 
calculated from known physical constants. A vacuum 55 
battery with an optimum efficiency has under these 
conditions a no-load voltage of about 3000 V, whereas 
the no-load power is about 6 G2zW. Because such a 
high voltage is not useful, an impedance matching has 
to be effectuated. To be able to compare, let the vac- 60 
uum battery have an effective voltage Ueff of 500 V. 
With an optimum impedance matching an effective 
output power of the battery of about 0.75 G2zW can be 
obtained. 

As mentioned above, a battery with 10 in series con- 65 
nected cells of 40 mC and 50 V has a terminal voltage 
of about 500 V and a total effective activity of about 
400 mC. It has to be mentioned that the effective activ-

,913 

ity of 40 mC per cell is obtained with only 100 mC total 
activity due to the extremely thin emitter film. 

This means that 10 such cells have a total activity of 
about 1 C with an output power of 0.12 G2zW, and 
further that with the same total activity as with the 
vacuum battery, 5 C, five packages of 10 cells each, 
which can easily be parallel-connected, can produce an 
effective output power of 0.6 G2zW under 500 V. It 
should be mentioned that in practice the theoretical 
maximum impedance matching of the vacuum battery 
cannot be obtained. In general the output of a vacuum 
battery with a no-load voltage of 3000 V and a no-load 
power of 6 G2zW will not exceed 0.6 G2zW under 500 
V. On the contrary the battery according to the inven-
tion needs no impedance matching, the output voltage 
being 500 V, so that the output power of the above 
described battery is effectively 0.6 G2zW under 500 V. 
It means that the efficiency of both types of battery is 
practically identical, that is with a total activity of 5 C 
an effective output power of 0.6 G2zW is generated. 
Nevertheless it is important to note that the battery 
according to the invention does not have the draw-
backs of the vacuum battery and is substantially smaller 
than the latter. 

It is obvious that the battery depending on the appli-
cation can have another relationship between the in 
series connected cells and that the surface of each cell 
can be varied too. 

The case of the battery may be also directly a compo-
nent of the device operated by the battery. 

What we claim is: 
1. A nuclear battery comprising a plurality of in se-

ries connected, superposed cells, each cell including a 
generally flat support element acting as a positive pole, 
a /3-emitter supported on one side of said support ele-
ment, a radiation resisting insulation layer disposed on 
said support layer and completely overlying said f3-
emitter, an absorption layer atop said insulation layer, 
and a collector layer atop said absorption layer, 
wherein the support element of each superposed cell 
lies directly on the collector layer of its subjacent cell 
without space between them and the in series con-
nected cells are disposed in an airtight case where a 
compact battery is obtained. 

2. A nuclear battery according to claim 1, wherein 
said support element is made of a copper- or a Cr-Ni-
disc. 

3. A nuclear battery according to claim 1, wherein 
said ^-emitter is made of a Ti-T-compound. 

4. A nuclear battery according to claim 1, wherein 
said radiation resisting insulation layer consists of a 
synthetic material made of polyester or polymer 
groups. 

5. A nuclear battery according to claim 1, wherein 
said absorption layer is made of carbon. 

6. A nuclear battery according to claim 1, wherein 
said collector layer is made of Fe,Al or an alloy of these 
substances. 

7. A nuclear battery according to claim 1, wherein 
said cells are circular in plan. 

8. A nuclear battery according to claim 1, wherein 
each cell has a thickness of about 30 G2zm. 

9. A nuclear battery according to claim 1, wherein 
each cell generates voltage of about 50 V. 

10. A nuclear battery according to claim 1, wherein 
the output power of a cell is about 0.012 G2zW. 

11. A nuclear battery according to claim 1, wherein 
the cells are piled up in the case. 
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12. A nuclear battery according to claim 1, wherein 
said case consists of a cup-shaped base and a thereon 
welded flat lid. 

13. A nuclear battery according to claim 1, wherein 
said case acts as the positive pole of the battery. 

14. A nuclear battery according to claim 1, wherein 
case (1) contains 10 cells. 

15. A nuclear battery according to claim 2, wherein 
the copper disc has a thickness of 1 - 2 x l 0 - 2 mm. 

16. A nuclear battery according to claim 3, wherein 
the Ti-T-compound consists of one part titanium and 
two parts tritium. 

17. A nuclear battery according to claim 16, wherein 
said Ti-T-compound forms a film with an activity of 
about 40 mC. 

18. A nuclear battery according to claim 4, wherein 
the insulation layer has a thickness of about 1X10~4 

mm. 
19. A nuclear battery according to claim 5, wherein 

said carbon layer has a thickness of about lXlO - 2 mm. 

12,225 
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20. A nuclear battery according to claim 6, wherein 
said collector layer has a thickness of about 1 - 2X10 - 2 

mm. 
21. A nuclear battery according to claim 7, wherein 

5 each cell has an effective surface of about 2 cm2. 
22. A nuclear battery according to claim 11, wherein 

above the top cell is a contact disc with a raised part, 
said part protruding through an insulating disc. 

23. A nuclear battery according to claim 12, wherein 
1 0 the inner surfaces of the side wall pf the base have an 

insulation layer thereon. 
24. A nuclear battery according to claim 12, wherein 

said lid has a cast-in contact pole. 
25. A nuclear battery according to claim 22, wherein 

15 a spring is put between the lid and the insulation disc. 
26. A nuclear battery according to claim 24, wherein 

the contact pole and the raised part are electrically 
connected. 

27. A nuclear battery according to claim 26, wherein 
2 0 said contact pole acts as negative pole. 

* * * * * 
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