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Abstract — Throughout the ages humanity
has stored data in order to preserve important
information for generations to come. As the years
have progressed the amount of data that can be
stored efficiently has increased tremendously, the
lifespan of this type of data storage however is
severely limited. Within this paper we investigate
the possibility to store data by encapsulating W in a
SiN matrix. We show that using accelerated thermal
aging the possible lifespan of this medium can be
investigated and expected to reach well into the
millions of years, preserving data for thousands of
future generations. The first steps into fabrication
of such a medium are discussed.
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I – Introduction

Literature, newspapers or science use the internet,
paper and written language for documenting their con-
tents and trading it down to the readers. The time scale
for this is typically a human generation or much less.
Technically speaking, printed paper as such will not
necessarily survive very much longer. The computer-
ized modern world has gotten a boost towards storing
and accessing much more information. However, this
has not improved the survival time scale. Heart beat fre-
quency, body size of the organism and time scales of re-
action may correlate. We have developed a civilization
which overcame these biological hurdles through, e.g.,
medicine and technology for self-protection. However,
human thinking is mostly limited to short timescales,
in its best case to 1-2 generations ahead. Long-term
documentation has only occurred related to religion
and the idea of “eternal life”, or purely by accident.
Ancient cultures documented themselves on cave paint-
ings, petroglyphs and rock carvings. Clay plates and
large architectural objects have demonstrated lifetimes
of thousands of years. At least, that is how it appears to
be today. We simply have no evidence of other forms
of communication, since most of that has disappeared
with time. We can find that Homo erectus or Homo
neandertalensis was able to prepare fire, because this
is documented in inorganic traces. However, perhaps
there was a scientific understanding or expression of
art, which may have vanished over the years. How can
we know? What will remain of today’s efforts of the
arts and sciences, not to speak about the many aspects
of everyday life, in say 1,000,000 years? It may be
comparable to the remains we currently have of Homo

erectus and his lifestyle. Computers will have corroded
(except a few silicon chips), paper is all gone, houses
disappeared and with it most other items we use in
everyday life. Of course, we can hope for a community
which trades down information as the medieval monas-
teries did in copying Aristoteles’ books. However, we
have no guarantee that there will be a smooth transition
or continuous development in Homo sapiens, as we can
observe in the last 1 million years. Historians speak
of hundreds of years, archaeologists of 100,000s of
years and astronomers or geologists handle the real
time scales, which we currently believe play no role for
Homo sapiens. That might be wrong. In a similar way
as there was centuries of debate about geocentric versus
heliocentric viewpoint for astronomy, there could be a
debate about relevant timescales... We may not have
a (very geological) prehistory of much more than 1
million years, but we may have a future of intelligent
life on this planet of much more!

To attempt to create a system which will store
information about the human race for future
intelligences has many scientifically interesting
aspects. These question range from philosophical
“What actually does define humanity?” and “How
do we transfer information to an intelligence which
might have a completely different, and unknown,
framework?” to historical “What are the main events
in human history” to linguistic “How do we teach an
unknown intelligence to read English?” to technical
“How do we store information for over one million
years, how can we prove it will still be there?”.
This contribution deals with the latter question,
and is part of the larger Human Document Project
(www.humandocument.org).

II – Theory

All data is volatile. Even the largest engraving in
marble will erode with time. By experience we know
however that the more energy we use to write data, the
longer it will hold (marble is better than sand-stone).
In modern data storage, this fact is becoming painfully
apparent in magnetic data storage. With decreasing
bit size, the energy stored in one singe bit is getting
smaller[1]. As a result, the lifetime of data is magnetic
media has dropped below ten years, despite intense
efforts of the magnetic recording industry to maintain
stability. It could well be that with continuing progress
in density, we will reach the point that no magnetic
material will be strong enough to hold the data, and the
magnetic hard disk will disappear.

Fortunately, the efforts of scientist working in mag-



Figure 1: Data is stored in the state of a system, which can be
in two or more energy minima

netic storage has led to a broad knowledge on data
stability. A simple, but effective, theory can be defined,
which might be extrapolated to over a million years.
We assume that a bit of information is stored in a
single entity. The information is stored in one of the
energy minima in the system, which are separated by
an energy barrier ∆E (Figure 1). (The entity might be a
magnetic needle, which can be magnetized in two stable
directions). At 0 K, the system will stay in one of the
energy minima indefinitely, but at elevated temperatures
the probability that the system will jump to another
minimum after a time t is given by the Arrhenius
law [2]:

Psw(t) = 1− exp(−t/τ(T )) , (1)
τ(T ) = f−1

0 exp(∆E/kT ) (2)

where k is Boltzmann’s constant, T the absolute temper-
ature and f0 is the attempt frequency which is related
to atomic vibrations, and in the order of 109 Hz for
magnetic particles [3]).

We assume that the probability of switching is low,
so that secondary processes like switching back to the
correct minimum can be neglected. In that case the
number of incorrect bits in a large set of data N simply
is PswN. In modern data storage systems, errors up to
fractions α of 10−5 can be comfortably corrected by
suitable error codes. Rewriting equation 1

τ >−t/ ln(1−α)≈ t/α for α � 1 (3)
and ∆E/kT > ln(t f0/α) (4)

For data storage over 1 million years, with α=10−5

and f0=109 Hz, ∆E should be 63 kT , for 1 billion years
the energy barrier should be raised to 70kT (1.8 eV at
room temperature). These values are well within range
of today’s technology.

To prove that the data will remain without errors for
over a million of years is quite another challenge. Even
though PhD projects tend to run over time, we should
not have to wait for a million years and devise some
kind of accelerated test. Starting from equation 3 there
are three variables we can act upon: the testing time tt ,
the observed number of errors during the test αt and the
temperature at which the test is performed Tt .

∆E/kTt > ln(tt f0/αt) (5)

Storage period 1 Week Test 1 Year Test
106 years 402 K 370 K
109 years 447 K 411 K

Table 1: Testing at elevated temperature to prove data reten-
tion at T=300 K, assuming an attempt frequency of 100 MHz

By observing many bits, we can determine error rates
lower than 10−5 and extrapolate from there when this
value will be reached. By testing at higher temperature,
we can increase the number of errors per time unit.
Combining equations 3 and 5, the temperature at which
the test is performed

Tt > T
ln
(

t f0
α

)
ln
(

tt f0
αt

) (6)

Taking for instance an observed error rate ten times
better than the desired rate (so αt=10−6), the required
testing temperature to prove that the data is stable for a
million years within a year is 370 K. Table 1 lists values
for different testing and storing times, which are well
within experimental range.

From this simple theory, we can conclude that it
should be possible to prove that data will be retained
for at least one million year by an elevated temperature
test. The main question is however whether this
theory above can be extrapolated to such time-scales.
Moreover, we assume that the system only possesses
global minima, where local minima might exist which
can serve as intermediate steps towards overcoming
the energy barrier between global minima states. Data
in phase change media (such as DVD) is stored in the
position of atoms, which can reside in a huge number of
local minima. The assumption that attempt frequencies
are independent of temperature might also be invalid.
In order to answer these question, we need to perform
the actual accelerated test on a real medium which
should be able to withstand temperatures up to 1000 K.
In this contribution, such a medium is realized.

III – Medium design

We expect that the data that will be preserved for
the coming thousands of generations will be carefully
selected and will not be subject to constant change.
If updates are made, we expect that new media can
be written. Because it might be necessary to view the
information multiple times it should be possible to read
back the data many times without altering or destroying
its content. For this reason we chose a write once, read
multiple (WORM) type medium.

To create a sample which can withstand the ravages
of the ages, suitable materials have to be carefully
chosen. The data should be stored on a stable medium
which can withstand and endure large changes in tem-
perature, mechanical influences and various other forms
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Figure 2: W-SiN WORM medium, which is transparent to
electron or photon beams

Figure 3: Schematic view of the laser interference lithography
(LIL) setup

of abuse over long periods of time. Because the data
itself should be stable for a very long time we require
a medium where a large amount of energy is needed to
change the information that is written. This will limit
the degradation of the information through the ages.
Two materials which possess these traits are silicon
nitride for the medium and tungsten to store the data.

Because the medium needs to be written only once
a W-SiN medium is created where the information,
stored in W, is encapsulated in SiN. SiN has a high
strength over a large temperature range and a high
fracture toughness whereas the high melting point of
W together with its high activation energy makes it
suitable for storing information for long periods of
time. The created medium will be opaque and it will
be possible to read back the data by electron beams
or photons without modifying or degrading its content
(Figure 2).

IV – Fabrication process

For the initial test sample a medium with W lines
encapsulated within a SiN medium is created. This
medium does not contain data yet but can be used for the
elevated temperature tests. The line pattern is created by
laser interference lithography which makes it possible
to create lines over a large area by a short exposure step.
A schematic view of the LIL setup can be seen in figure
3[4]. The thin high aspect ratio lines make it possible to
quickly compare the thermally treated sample and the
reference sample.

The process steps for the test sample creation can
be seen in figure 4. First a layer of 230 nm SiN is
deposited on a cleaned silicon wafer by a LPCVD
process. A layer of 20 nm W is magnetron sputtered on
the SiN substrate. Next we spin a layer of DUV 30-8
bottom anti-reflective coating (BARC) which limits the
standing waves in the resist and improves the vertical
sidewalls with a layer of MA-N 2403 resist on top.

Figure 4: Fabrication process steps for the W-SiN test sample

By laser interference lithography (LIL) a pattern of
100 nm wide lines is created in the resist. A short O2
reactive ion etching (RIE) step is used to remove the
BARC layer and the pattern is transferred into the W
by an Ar ion beam etching (IBE) step. A short O2 RIE
step is used to remove the remaining BARC layer. The
whole sample is now covered with SiN by a PECVD
process to encapsulate the W lines. In the final step the
silicon is removed from the bottom of the sample and
an opaque medium with W lines encapsulated in a SiN
materix remains.

V – Fabrication results

In figure 5 a scanning electron micrograph of the test
sample can be seen before etching. In the image the
domain structure of the W layer can be clearly seen
together with the SiN layer below and the BARC layer
on top.

In the initial attempt to create a test sample the RIE
etch steps were omitted and the sample was directly



Figure 5: Scanning electron micrograph of the test sample
before etching

Figure 6: Scanning electron micrograph of the test sample
after etching

etched using IBE. Unfortunately this approach did not
give the desired result and the sample was destroyed
as can be seen in figure 6. During the IBE step both
Si and W were monitored using secondary mass ion
spectrometry (SIMS) in order to stop when etching
after the first layer of BARC and W were removed.
Unfortunately BARC proved tougher to remove than
expected and the negative resist could not withstand
the long etching time and began to spread out due to
the local increase in temperature. This decreased the
aspect ratio of the resist lines which caused the W which
were covered by the resist to start etching before the
first layer of W was completely removed. This resulted
in a continuous W signal in the SIMS instead of two
separated peaks and made it impossible to stop etching
at the right moment.

In the near future a sample will be fabricated using a
positive resist (PEK 500) which does not spread during
etching. Before the ion beam etch step a reactive ion
etching step is used to remove the bottom anti reflective
coating and maintain the high aspect ratio of the lines
in the W. The resulting sample will be covered by
PECVD deposited SiN and thermally aged during one
week at elevated temperatures.

VI – Conclusion

Initial calculations shows that it is possible to store
data for over 1 million years, or even 1 billion, with
reasonable energy barriers in the order of 70 kT. To
prove that the data will not disappear over this time
period, one can perform accelerated tests at moderately
elevated temperatures (550 K for 1 million year). As a
first attempt for such a medium, we designed a medium
in which data is stored in W dots embedded in a SiN
matrix. Initial attempts to etch submicron W lines failed
due to the high etch resistance of the BARC layer. Once
the etch problem is solved, the medium will be exposed
to high temperature acceleration test.
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