MRAM supports sensor data, machine learning
for longer, more complex space missions
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ission to Mars, colonization of the moon, missions to the stars, and other
long-term space exploration projects are in various stages of becoming
reality. As one might suspect, each of these endeavors includes a large
information gathering and problem-solving exercise to reduce chances of failure.
As these missions are significantly more complex than the missions we are all
familiar with, such as the International Space Station, the Shuttle program, the Apollo
missions to the moon, and even automobile telematics, predicting all the possible
problems and outcomes increases exponentially based on both length of mission
and complexity. This calls for an approach to development that includes intelligence
to allow the determination of problems, and more importantly, to affect a solution
and deploy it. Intelligent solutions, working alongside human astronauts and engineers can drastically reduce chances of failure.
As magnetoresistive random access memory (MRAM) technology becomes
increasingly robust and available, it presents itself as a viable candidate to be developed into systems that learn and store sensor data, allowing learning systems to
be developed.
This short discussion will explore some of the opportunities that MRAM can fulfill.

ments. As MRAM does not require a high-speed ongoing refresh cycle, the overall
sustained system power requirements are ultimately reduced.
Error tolerance/recovery
Single Event Upsets, noted above, will need to be tolerated, and in fact corrected
by the memory systems used in these future exploration projects. This is in addition to the basic memory configurations that will require error recovery mechanisms
to be built into the memory arrays. As MRAM is a probabilistic memory device, a
minute chance of a read error, when reading, and of a write error, when writing the
device, exists.
Spin Transfer Technologies (STT) has developed methods to eliminate these errors
through the use of several unique circuits that exist in the devices and arrays. These
“Engines” provide the user with exceptional endurance and static random access
memory (SRAM)-like, error-free operation. These same circuits can be applied to
external events such as Single Event Upsets.
As complexity grows
In any autonomous system, a complete record of the inputs received and the actions
executed must be kept in a journal or “log”. This implies a large number of sensors
to record every activity of every function on board the craft, and the processing of
this data to perform preventive as well as reactive feedback to prevent accidents.
By introducing low-power, non-volatile, memories to record this data, embedded into the controlling Integrated Circuits, the complexity of interconnect (fabric)
used to capture and analyze these sensor outputs can be significantly reduced.
In another paper written by STT, the complexities of the fabric usage in an automobile (the CAN bus) can be overtaxed to maintain the data flow as sensors are
added. In more complex systems such as those described above, solving these
problems could take a very long time, whereas the use of a small, local, non-volatile memory in the myriad sensors can significantly reduce this development by
removing real-time constraints.

Characteristics making MRAM a memory of choice
MRAM has many features that make it an excellent choice for high-reliability (hi-rely)
and exo-earth applications (Bennett, 2017). All the features of MRAM will be of paramount importance to achieve acceptance in the applications hypothesized above.
These characteristics include immunity to Single Event Upsets from differing forms
of external radiation, virtually unlimited endurance, symmetric writes and reads, and
very low power operations. Oftentimes, the speed is higher and the power is lower
than dynamic random-access memory (DRAM) of equivalent density. All these attributes will be required to achieve the needs of long space travel.
As power will be limited and may even reduce as a spacecraft gets farther from
our Sun (solar), or allowing a reduction in the power generation system used for
these projects (nuclear), the speed (lower power due to cycle time) combined with
the extremely low power for reading and writing inherent in the MRAM memory
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Interconnect will be simpler and the development of new interconnect will be
determined by a different set of criteria no longer relied upon to manage all of the
traffic in real time. Instead it would retrieve the recorded (logged) data in a background mode, or perhaps only when a post mortem is required. This becomes
important to where development time is spent — more on algorithms and less on
error recovery trees, reducing code complexity.
How MRAM enables a bright future for space travel
In proposing the use of MRAM in these near and far future systems to record events,
record decisions made by other compute engines and assure accurate snapshots of
the control functions and sensor-enabled components, it is possible to spend a significant amount of the development time on the algorithms that can mine this data
to determine future failures, rather than to attempt to fix every human-conceived
problem. This will lead to more machine learning and actions to help the engineering staff on these longer space missions to solve problems quickly and completely.
Conclusion
The future of flight and space travel is bright, and several companies have thrown
out predictions on when some of these opportunities can be attempted. All the companies that are involved in this type of activity see the longer-term hurdles that must
be overcome to make these complex efforts successful.
Defining an architecture that includes MRAM as a basic component of the subsystems, and taking advantage of the superior characteristics that MRAM provides to
solve memory problems with high endurance, low power and with the added benefit
of non-volatility, the requirements for systems developed to control these complex aircraft or spacecraft can be created in the simplest, most robust reduction to practice.
All designs are based on the idea that continuing process improvement is a desire,
and with the latest technology advancements (which include MRAM), the availability
for collection of large amounts of pertinent data enables a huge reduction in time
to develop solutions for pathological error cases. These systems can be tested on
the ground as well as in the final designs, thus allowing acceleration in the development time of the subsystems. This will be important for companies interested in
participating in the new private sector-enabled space race to achieve the timelines
they have set as goals.
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