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ABSTRACT
Introduction:
Pacemaker is an electronic biomedical device which stimulates and regulates or amplify the
human heartbeat by delivering weak electrical pulses to the cardiac muscle at regular intervals
when its natural regulating mechanisms break down. Developments in design and
implementation of power source in adjacent to advances in electronic circuitry is an important
aspect in optimization of pacemakers. For instance, many implant patients continue to outlive
their batteries and require costly and risky replacement surgery. So such device needs to have
high energy density power source and maintain a stable current and voltage for a long period of
time to avoid frequent replacements. In addition, the size is also an important consideration for
implantable batteries. Betavoltaic batteries are being researched as a suitable source for these
applications. Also, these batteries have vast application in which the replacement of batteries is
highly inconvenient, such as in oil and mining industries, which often place sensors in dangerous
or hard-to-reach locations. The purpose of the present investigation is determination of the
optimal parameters of low energy GaN betavoltaic battery in artificial cardiac pacemakers using
MCNP code which have higher efficiency than those available with previous devices, especially
thermoelectric converters (-15%).

Material and Methods:
In this design, two p-n diode structures from GaN semiconductor were used to collect the charge
from a layer of 63Ni as a source which is centered between the two p-n junctions. MCNP
simulation results have been used to determine the amount of electron current from interaction of
beta particles in p-n junctions.

Results and Discussion:
Calculation results indicate that the short circuit current, open circuit voltage and efficiency of a
single device are 1.1 uA/cm2, 2.7 volt and 25%, respectively. Also, it's concluded that with
suitable arrangement of these single devices, one could construct a battery with required current,
voltage and power for this application. So betavoltaic batteries can be useful in low-power
equipments, especially due to more safety because of very short ranges of beta particles emitted
form using radioisotope which require minimal shielding and are unable to penetrate human skin.
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