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face of a solar cell or even to the surface
of a scintillator, much of the radiation
escapes due to the geometry, and some
is absorbed within the layer itself, lead-
ing to inefficient harvesting of the en-
ergy.  In contrast, if the emitting atoms
are incorporated within the scintillator,
the geometry allows for the capture and
efficient conversion of the energy of par-
ticles emitted in any direction.  Any
gamma rays associated with secondary
decays or Bremsstrahlung photons may
also be absorbed within the scintillator,
and converted to lower energy photons,
which will in turn be captured by the
photocell or photodiode.  
Some energy will be lost in this two-

stage conversion process (high-energy
particle to low-energy photons to elec-
tric current). The geometric advantage
partially offsets this as well, since the ab-
sorption depth of high-energy beta radi-
ation is much larger than the depth of a
p-n junction. Thus, in a p-n junction de-
vice, much of the radiation is absorbed
far away from the junction, and the elec-
tron-hole pairs are not all effectively col-
lected.  In contrast, with a transparent
scintillator the radiation can be con-
verted to light in a larger volume, and all
of the light can be collected in the active
region of the photodiode. 
Finally, the new device is more practi-

cal because it can be used at much higher
power levels without unduly shortening
its lifetime. While the crystal structure of
scintillators is also subject to radiation

damage, their performance is far more
tolerant of defects than that of semicon-
ductor junctions.  This allows the scintil-
lator-based approach to use both higher
energy isotopes and larger quantities of
the isotopes. It is projected that this tech-
nology has the potential to produce a ra-
dioisotope battery with up to twice the ef-
ficiency of presently used systems.
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The Scintillator-Based Beta Battery: Isotope containing scintillator and surrounding scintillator cap-
tures virtually all of the energy emitted by the beta emitter.

Magnetic Shield for Adiabatic Demagnetization 
Refrigerators (ADR)
NASA’s Jet Propulsion Laboratory, Pasadena, California

A new method was developed for cre-
ating a less expensive shield for ADRs
using 1018 carbon steel. This shield has
been designed to have similar perform-
ance to the expensive vanadium permen -

dur shields, but the cost is 30 to 50%
less. Also, these shields can be stocked in
a variety of sizes, eliminating the need
for special forgings, which also greatly
reduces cost.
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