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CHAPTER 5. Technologies of optical long-term data storage development

of the metal layer can be reduced to 30-100 microns to reduce mass of the storage me-

dia. One of the variants of the protective layer can be a polymer film with a thickness 

of 0.2-0.3mm, which is coated on the information surface of the carrier [120]. 

This method is used to protect the information surface of metal stamps used 

for copying CDs from surface contamination. To ensure a uniform film of a certain 

thickness, the protective layer is applied by centrifugation. Most often, thermoplastic 

materials (varnishes) are used for the protective layer, which require annealing at a 

temperature of 60-90 °C for 10-20 minutes. 

The advantages of metal matrices are obvious: manufacturing technology of such 

matrices is serial, tested for a long time; metal matrixes are made of high-strength 

nickel-vanadium alloy (withstand stamping up to 80,000 polycarbonate discs at tem-

peratures above 200 °C in a corrosive atmosphere); cost of the basis for manufacturing 

the metal matrix does not exceed 50 euros; the manufactured metal matrix can be 

reproduced on a device like all known CD-ROMs directly connected to a perso nal 

Table 5.7. Causes of damage to metal carriers and possible methods to eliminate their effects

The main causes 

of damage
The consequences of damage Troubleshooting methods

Dust pollution Increase in the number of correc-

ted errors, the appearance of un-

corrected errors

Washing with deionized water, dry-

ing on a centrifuge

Influence of water Increase in the number of errors 

due to the appearance of spots on 

the surface of the carrier

Electrochemical cleaning of the 

carrier, washing with deionized 

wa ter, drying on a centrifuge

Abrupt temperature chan-

ges, the impact of fire

Deformation of the carrier, which 

leads to an increase in the beating 

of the carrier

Using special adapters to reduce 

the beating of the storage medium

The impact of air pollu-

tion, including sulfur oxi-

des, nitrogen, carbon

Minor increase in the number of 

errors due to the appearance of 

layers on the surface of the carrier

Electrochemical cleaning of the 

carrier, washing with deionized wa-

ter, drying on a centrifuge

Fig. 5.34. Information recording area with different recording density: CD format (track pitch of 

1.6μm) (a); DVD format (track pitch of 0.74μm) (b)
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5.6. Conclusions

computer. The experience of metal stamps 

storing proved the possibility of long-term 

storage of recordings. The biggest impact on 

the reproduction of the infor mation form 

metal media is the contamination of the 

media surface with dust and traces of evapo-

rated water.

A characteristic feature of these varnish-

es is the possibility of easy separation from 

the metallic surface. The conducted ex-

perimental researches have shown the pos-

si bility of information reproduction through 

a transparent protective layer 0.1÷0.2 mm 

thick without modernization of the opti-

cal reading system. Protective layer can be 

removed and replaced after a period of operation of the metal recording medium. 

If necessary, chemical cleaning of the surface of the metallic carrier from contami-

nation and residual material can be done during this operation. Reproduc-

tion of information from a metal carrier protected by a polymer layer can be car-

ried out on standard CD play ers in which the optical head is modified by adding 

to the objective lens a compensating plane-parallel plate of 1.2 mm thick. A gen-

eral view of the information recording area in digital form on the modern metal 

media with different recording density is shown in Fig. 5.34. On metal media re-

corded in CD format, the minimum length of the projections is 0.8 μm, the height 

is 150 nm, and in DVD format — 0.4 μm and 120 nm, respectively. And un-

like other storage mediums (such as tape and plastic-based CDs and DVDs), thin 

metal disks can withstand exposure to electromagnetic radiation, extreme tempe-

ratures and saltwater, keeping the data stored (technically, etched) on them safe and 

legible for, according to some estimates, thousands of years.

Metal carriers have already been used for secure storage of information. The Vo-

yager message is carried by a phonograph record — a 12-inch gold-plated copper disk 

containing sounds and images selected to portray the diversity of life and culture on 

Earth (Fig. 5.35). 

Scheme of radiation of the hydrogen atom for obtaining metric and temporal 

units, and a map of pulsars on which the position of the Sun in the Galaxy are also 

reproduced on the plate [92].

5.6. Conclusions

1. The use of recording media with greater thermodynamic stability 

makes it possible to increase the storage time on recordable optical media. The use of 

such media became possible due to a significant increase in the power of lasers used 

to information recording. 

Fig. 5.35. Voyager's NASA's golden disc [92]
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2. It is possible to substantially increase the guaranteed storage time of data on 

carriers with optical reading of the recorded information by using carrier substrates 

made of highly stable materials. New media with metallic (nickel and tungsten), sili-

con, high-strength silicate glass and synthetic sapphire substrates have been developed 

and are being created. Media with such substrates use the ROM mode. The historical 

experience of document storage showed that such carriers have kept recorded infor-

mation for centuries. The media produced at the present time from such materials 

have a much higher density and recording speed.

3. The greatest guaranteed periods of data storage can be provided on sapphire 

carriers. Such carriers withstand heating to 1000 °С, the effect of water vapor and 

organic solvents; have a high mechanical strength, which excludes the appearance of 

scratches. Visual coding methods are used for recording information on most long-

term data storage carriers with substrates from highly stable materials. To write in-

formation to sapphire substrates, it is intended to use codes used to represent data on 

compact discs.

4. Development of special recording layers is the main direction of data storage 

reliability improving on write-once optical mediums. Voids in polymers and glass 

materials which are permanent laser-induced physical changes can provide an ap-

proach to long-lifetime storage without data degradation.

5. The variety of technical solutions is proposed for technology of long term 

da ta storage which is based on using highly stable materials for both substrate and 

recording medium. Materials for the manufacture of optical discs having long term 

data storage time must be chemically, thermally and mechanically stable.

6. The sapphire disc represents a dramatic advance in long-term data storage 

technologies; with several specific advantages in comparison with numerical or phy-

sical solutions that are used today.

7. Not only the physical storage medium needs to last, but also the entire sur-

rounding infrastructure, like data centers where data is stored, needs to be designed 

taking a long term view on its survivability. There is no gain in storing costly sapphire 

disks in a building that may be crippled by earthquakes or floods.
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Accelerated lifetime testing assumes a stable aging process. Changes 

in temperature and other environmental conditions do not introduce 

new chemical reactions to the aging process. The Arrhenius and Ey-

ring methods are based on this assumption. These methods require: 

Multiple test conditions ((combinations of heat & humidity). The 

product aging behavior is log-linear under the test condition. An ac-

celeration of the aging reaction rate through elevated temperature 

and/or humidity [172].

Lifetime estimation method for optical disks is based on the 

Eyring acceleration model and statistical analysis. The statistical dis-

tribution of life data for the optical disk assumed a lognormal distri-

bution. Analysis of statistical techniques based on the ISO standard is 

proposed as a life expectancy prediction method for recordable disks. 

The standardized life expectancy of an optical disk is defined as the 

minimum lifetime of 95% survival probability at 25/50% RH with a 

95% confidence level. An acceleration test was conducted using a high-

density optical disk under stress conditions of temperature and relative 

humidity. The statistical distribution function of optical disk lifetime 

data must be clarified experimentally to apply this technique to life-

time estimation of optical disks in the future [94]. A physical lifetime 

factor of the optical disk degrades in the recording layer. Therefore, 

recording-layer degradation can be accelerated using a high tempera-

ture and high humidity envi ronment. The acceleration test model is 

applied to the Eyring acceleration model, which incorporates tem-

perature and rela tive humidity (RH). The Eyring model equation is an 

expression based on the laws of thermodynamics as [94]:

⎧ ⎫⎛ ⎞ ⎛ ⎞= ⎨ ⎬⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠ ⎩ ⎭
d sE C

t AT exp exp R B
kT T

,

                     

  (6.1)

where t — lifetime time, R — relative humidity, E
s
 — activation ener gy, 

k — Boltzmann’s constant, T — absolute temperature (Kelvin), and 
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A, B, C, d — constants. When the tem-

perature range is small, as in this case, the 

Eyring equation is modified. The simpli-

fied Eyring’s model equation is shown as 

the following [157]:

⎛ ⎞= ⋅ ⋅⎜ ⎟⎝ ⎠
sE

t A exp exp B R
kT

( ).     (6.2)

In that equation, taking the natural 

logarithm of both sides produces

( ) −⎛ ⎞= + + ⋅⎜ ⎟⎝ ⎠
sE

t A T B R
kT

1
ln ln( )   (6.3)

Fig. 6.1 shows the lifetime estimate 

model using Eyring accel eration tests. 

An acceleration test of the stress condition was ex ecuted with different temperatures 

and relative humidity. Life time data were measured under respective conditions.

Constants A, B and E
s
 were calculated using multiple linear regression analysis 

of measurement results; results were used to determine the Eyring equation of the 

evaluated sample disk [157].

The measurement item of the life time criteria used the byte error rate (BER) 

of the read-out digital signal (Fig. 6.2). In the experiments the time of end-of-life (life 

time) was assumed as the time at which BER reached 9 × 10–4: BER =9 × 10–4 cor-

responds to the maximum PI error number 280 of eight error correction code (ECC) 

blocks in the digital versatile disk (DVD) system.

The standardized life expectancy of an optical disk is defined as the minimum 

lifetime of 95% survival probability at 25/50%RH with a 95% confidence level. The 

following two items were assumed to apply a statistical analysis. 

Statistical distribution of the lifetime of the high-density PC optical disk applies 

lognormal distribution: 

( )⎧ ⎧ ⎫⎛ ⎞− μ⎪ ⎪⎪ = − >⎪ ⎨ ⎬⎜ ⎟σ⎝ ⎠πσ⎨ ⎪ ⎪⎩ ⎭⎪
= ≤⎪⎩

t
f t exp t

t

f t t

2
ln1 1

( ) , 0 ,
22

( ) 0, 0

                          (6.4)

where μ — log mean, σ — log standard deviation.

The lognormal cumulative distribution function F(t) and reliability function 

R(t) are shown as the following equations

⎧ ⎧ ⎫− μ⎪ ⎪⎛ ⎞⎪ = −⎨ ⎬⎜ ⎟⎝ ⎠σ σπ⎨ ⎪ ⎪⎩ ⎭⎪
= −⎩

∫
t

t
F t exp dx

x

R t F t

2

0

1 1 1 ln( )
( ) ,

22

( ) 2 ( ).

                           (6.5)

Fig. 6.1. Outline of the acceleration Eyring 

model [157]
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The failure mode does not change according to acceleration test stress condi-

tions. The relation between the limit value of function F(t) for the median rank of 

lifetime data obtained for measurement and the natural logarithm of the lifetime data 

are shown in Fig. 6.3.

The log mean and the log standard deviation at each stress condition were cal-

culated with data from this figure using least-squares regression. The time of the log 

Fig. 6.2. Typical experimental result of BER measurement [144]

Fig. 6.3. Relation between the limit value of F(t) for the median rank of lifetime 

data and the natural logarithm of the lifetime data [94]
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mean shows the natural logarithm of lifetime data for an optical disk with 50% sur-

vival probability. The values of A, B and (Es/k) in the Eyring eq. (3) determined from 

experimental results. Multiple linear regression analyses made using lifetime data (log 

mean) and each stress condition of the temperature and relative humidity. 

This equation easily calculates the failure time (log mean) at any combination of 

temperature and relative humidity. For cases within the ranges of temperature 20 °C-

80 °C and relative humidity 30%-100%, the natural logarithms of failure time (log 

mean) are shown in Fig. 6.4.

Fig. 6.4. Natural logarithm of failure time (log mean) at temperature range 20 °C-

80 °C and RH range 30%-100% [84]

Fig. 6.5. Combined life time data normalized to 25 °C / 50% RH [84]
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The acceleration factor was used for normalization of lifetime data at each stress 

test. The relation between the limit value of the function F(t) for the median rank of 

the lifetime data and natural logarithm of the normalized lifetime data is shown in 

Fig. 6.5.

All lifetime data in this figure show linearity. The statistical distribution of 

lifetime data is inferred to be a lognormal distribution. A standardized life expec-

tancy, t
50

% = 612 × 103 (h) is calculated from the lognormal distribution of all life-

time data in Fig. 6.6.

Fig. 6.6 (a) shows the reliability function (R(t) = 1-F(t)) under the 90% con fi dence 

interval. The reliability level of 95% defines the life expectancy. Therefore, Fig. 6.6 (b) 

can be obtained finally by graphing the range of the reliability function as 95% or more. 

The life expectancy by the 95% confidence interval can be presumed as 228 × 103 (h), 

when reliability (probability of survival) is assumed as 95% at 25°C / 50%RH.

The statistical distribution function of optical disk lifetime data must be clarified 

experimentally for future application of this technique to lifetime estimation of opti-

cal disks [84].

Fig. 6.6. Probability-of-survival function at 25 °C / 50%RH (a), expanded scale (b)

Fig. 6.7. Probability-of-survival function at 30 °C / 60%RH (a), expanded scale (b)
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Fig. 6.7 shows the life expectancy for another combination condition of tem-

perature and RH, 30°C / 60%RH.

The Arrhenius method applies to high temperature stress conditions only. The 

Eyring method applies to multiple simultaneous stress conditions (heat & humid-

ity). Both methods require the definition of a failure point. The application of 

these test methods to optical discs is standardized under ISO 10995 and ISO 16963 

Both ISO standards specify: Multiple Test Conditions Verification of linearity of 

be havior under test DVD Failure Point is PISum8 = 280. The Arrhenius and Eyring 

methods are the standard. Other failure modes need to be considered but are not 

evaluated by these methods. Test results obtained at only one temperature condi-

tion do not provide sufficient information to evaluate lifetime under normal sto-

rage conditions [123]. 

Standard accelerated life testing only addresses Data Layer Failure chemical 

reactions such as oxidation of materials [123]. The only way to know the condition 

of a digital collection is constant and comprehensive testing. This cannot be stated 

too strongly; no collection using CD-R DVD-R/+R as an archival carrier should be 

without a reliable tester. The error correction capability of most replay equipment 

will mask the effects of degradation until the errors are well into the uncorrectable 

region. When this point is reached, all subsequent copies are irreversibly flawed. On 

the other hand, a comprehensive testing regime allows for best possible planning of 

preservation strategies by acting on the known, objective and measurable parameters 

that digital archiving make possible. In the well-documented digital archive, meta-

data will record the history of all objects, including a record of error measurements 

and any significant corrections [124].

6.2. Methods and systems 
for the rapid evaluation 
of optical media reliability

The lifetime of optical storage media is conventionally estimated using 

an accelerated ageing test method based on the Arrhenius or Eyring methods, which 

consider the effect of temperature and humidity. In the process of testing is controlled 

by the number of errors when data is reproduced from optical media. Fig. 6.8 shows 

the change in the maximum PI sum 8 valuemeasured at 250-hour intervals during the 

accelerated agingtest. As max PI sum 8 value is generally considered as aprimary fac-

tor in determining the playback stability, theaverage values calculated from 20 disks 

were used in thisstudy. The results show that the average PI sum 8 value increases 

rapidly after 750 h and reaches the failure pointof over 280 after 1500 h of the acceler-

ated aging test [137].

The following standards and studies are available on this subject:

• ISO Standard 18921:2008 “Imaging materials — Compact discs (CD-ROM) — 

Method for estimating the life expectancy based on the effects of temperature and 

relative humidity”;
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• ISO-Standard 18927:2008 “Im-

aging materials — Recordable compact 

disc systems — Method for estimating 

the life expectancy based on the effects 

of tempe rature and relative humidity”;
• standard ECMA-379 (equivalent 

to ISO/IEC 10995:2008) “Test Method 

for the Estimation of the Archival Life-

time of Optical Media”;
• tests conducted by the National 

Institute of Standards and Technology 

in the USA as part of the “Optical Me-

dia Longevity Study”;
• tests conducted by CDs21 Solu-

tions and the Archive Disc Test Center 

in Japan [138]

A widely-accepted key signature of the health of the data on a disc is the 

PI8(max) value.The ISO/IEC-10995 standard6, and later the ECMA-379 stand-

ard7, give one measure that is widely accepted as the key parameter for measuring 

the quality of the written data: PI Sum 8 (PI8). The PI8 statistic is a measure of the 

number of times there has been a Parity Inner (PI) error in 8 consecutive ECC blocks. 

The specified maximum allowable value is 280, meaning there must be ≤280 PI errors 

in any 8 consecutive ECC blocks.

This PI8 parameter and its specified maximum value [PI8(max)], are particu-

larly meaningful in light of the structure of the data on DVDs and the way the error 

correction coding operates. Accordingly, the data on a recordable DVD is at risk 

when this parameter exceeds the specified value of 280.

Some DVDs start out with a measured PI8(max) value as low as 20. This would give a 

degradation headroom value of 260, where degradation headroom = PI8(max — spec 

value) — PI8(measured value), or 280 — 20. Thus a DVD with a degradation head-

room value of 260 is superior to a DVD with a degradation headroom value of 100.

While we do not believe that the PI8(max) parameter gives a full picture of the 

quality of the data on a recordable DVD, it is the accepted standard, and we do be-

lieve that this parameter has merit. Accordingly, one major way of determining the 

initial quality of the data written on a recordable DVD is to look at the initial value of 

PI8(max). If this value approaches the spec value of 280, the degradation headroom 

of the DVD is very poor, and the disc cannot degrade much before the PI8(max) value 

is exceeded and the data would be at risk [168].

At best, the quality of blank recordable CD and DVD media can be described as

variable. The recordable CD and DVD-manufacturing industry has become a 

market place driven by narrow profit margins and large quantities. Recordable CD 

and DVD manufacturing equipment has become smaller, cheaper and more self-

contained. As a consequence, the production of reliable data carriers for the quality 

Fig. 6.8. Average max PI sum 8 value with aging 

time. The PI sum 8 values were averaged from 20 

DVD + R test disks [137]
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market has largely been replaced by manufacturers of recordable CD and DVD, pro-

ducing recordable CD and DVD for the low cost market [164].

To test the durability of this data-storage mechanism used accelerated aging 

measurements. These tests reveal that the decay time of the nanogratings is 3 × 1020 ±

 ± 1 years at room temperature (303K), showing the unprecedentedly high sta-

bility of nanostructures imprinted in fused quartz. Even at elevated temperatures of 

462K, the extrapolated decay time is comparable to the age of the Universe (13.8 bil-

lion years). Based on the tests, we believe that these copies could survive the human 

race [148]. Best results for optical media will be found in properly cased, dark stored 

media, at between 4-20C, and 20 to 50 percent relative humidity. Also be careful of 

the label side, which people think is the tough side, as damage here can also destroy 

recovery [121]. 

6.3. Long term data storage application area

Heritage institutions — libraries, archives, and museums — tradi-

tionally bear the responsibility of preserving the intellectual and cultural resources 

produced by all of society. This important mission is now in jeopardy around the 

world due to the sheer volume of information which is created and shared every day 

in digital form. Digital technology, in dramatically easing the creation and distribu-

tion of content, has generated exponential growth in the production of digital infor-

mation. The digital universe is doubling in size every two years and will grow tenfold 

between 2013 and 2020. Preserving this vast output is difficult, not just for its extent, 

but because much of it is ephemeral. Digital information does not have the same 

longevity as physical objects, documents, and books, which often will survive for cen-

turies. Digital file formats, storage media, and systems are ever evolving, jeopar dizing 

the future readability and integrity of digital heritage over much shorter timeframes 

than does the deterioration of paper and physical objects, and its availability for cap-

ture is fleeting. The survival of digital heritage is much less assured than its traditional 

counterparts in our collections. Identification of significant digital heritage and early 

intervention are essential to ensuring its long-term preservation [164].

The challenge of long-term preservation in the digital age requires a rethinking of 

how heritage institutions identify significance and assess value. The proliferation and 

abundance of digital heritage and information, and the ephemeral nature of much of 

it, means that heritage institutions must be proactive to identify digital heritage and 

information for long-term preservation before it is lost. Traditional forms of cultural 

heritage — books, periodicals, government records, private correspondence, personal 

diaries, maps, photographs, film, sound recordings, artefacts, and works of art, to 

name a few — now have digital equivalents, which often fit well within our existing 

practices and mandates. But the digital environment has created new forms of expres-

sion, ranging from web pages and interactive social media sites to private research 

databases and online gaming environments that blur boundaries and lines of respon-

sibility and challenge past approaches to collecting [164]. 
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The long-term preservation of digital heritage is perhaps the most daunting 

challenge facing heritage institutions today. Developing and implementing selection 

criteria and collecting policies is the first step to ensuring that vital heritage material 

is preserved for the benefit of current and future generations. 

The amount of digital assets, whether born digital or digitized objects from ana-

log and paper artifacts, is growing rapidly. Unlike companies which are required to 

retain their records for a relatively short period of time to comply with the Sarbanes-

Oxley Act, national archives and digital libraries have to face daunting challenges 

of long-term preservation. Indeed, in order to fulfill the mission to provide discovery 

and access to digital assets over a long period of time, institutions must develop stra-

tegies and mechanisms to effectively preserving these assets. Besides the volume is-

sue, another complicating aspect of digital preservation is data heterogeneity due to 

the fact that data might originate from various software products specific to diverse 

application domains. Moreover, organizations have increased their portfolios to dis-

seminate a wide range of file formats from textual documents, geospatial images, au-

dio visual records, web pages, and database files [131].

The amount of content in our digital archive is increasing rapidly. What are the 

most important objects or collections to preserve? Should we periodically revisit what 

is in the archive and deaccession content that is less important? In a world of finite 

resources we decided that we need to determine our preservation priorities in order 

to better preserve the important content. The low system complexity, easy availabi lity 

of technology, and inexpensive hardware and media makes the recordable and rewri-

table CD and DVD a popular option with archives. The cost of a more reliable data 

storage system, however, could be less even for quite small holdings, if averaged across 

the entire collection. There are, however, occasions where a collection manager may 

still choose to use a discrete optical media such as recordable CD or DVD [164].

Hitachi Digital Preservation Platform is an optical storage solution that uses exi-

sting Blu-ray and eventually M-DISC technology to preserve the nation’s most valu-

able resource, its information. HDPP lets federal agencies access their data whenever 

they want, no matter how long it is stored, at lower total cost of ownership [134].

Medical information is an important resource used for the clinical care of pa-

tients, health service planning, monitoring, improvement and medical research. 

This information is vital to patient safety and wellbeing and must be managed with 

consideration for its confidentiality and sensitivity. Health creates and collects a vast 

amount of information, much of which is confidential personal health information.

All information needs to be managed, stored and disposed according to its classifi-

cation, business requirements and retention period. Suitable retention periods, stor-

age conditions and the use of recommended disposal methods will ensure that infor-

mation is managed, protected and accessible. Electronic information must remain 

available, accessible, retrievable and usable for as long as a business need exists or as 

long as legislative, policy and archival provisions and procedures require them to be 

kept. Electronic information including databases must only be disposed in accord-

ance with an approved Retention and Disposal Authority. Long Term Management 
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of Electronic Records Policy ensures that electronic information of continuing value 

maintains its functionality and is migrated forward in accordance with the relevant 

retention and disposal authorities when hardware and software changes [132]. Be-

cause patient health records (even old ones) could potentially need to be accessed at 

any time, simply copying old records off to tape and storing the tapes in a vault simply 

is not an option. Patient health data needs to be able retrievable within a reasonable 

amount of time. Not only must patient health data be retrievable, but in many cases 

it must also be updatable. If a patient who has not been seen in quite some time sud-

denly comes into the facility requiring treatment, the facility must be able to retrieve 

the patient’s health records in a timely manner and to be able to make updates to 

those records [155].

The patient information collected by clinicians across the nation constitutes a 

vast, distributed library of incalculable importance to patients, to relatives, and to 

public health: the human phenome. Personalized medicine will involve correlations 

over a lifetime between the patient’s genome and phenome. (Created by the inter-

action of genome with the environment, the phenome consists of all the expressed 

characteristics of an individual, from microcellular chemistry to behavior; in health 

care the phenome is more loosely defined as the information gathered about the pa-

tient.) Applied genomics is also an essential element of much translational medicine 

and clinical research, and will inherently require access to clinical information.How 

long to store depends on the intended use. Because some patients will encounter a 

clinical problem for whose management old clinical information can be crucial, a 

case can be made for storing clinical information at least for the lifetime of every 

patient. The working assumption would be that the cost of storing more information 

than will actually be useful is outweighed by the value to those who will benefit 

at time of need. As genomics begins to suffuse clinical medicine, the argument for 

lifetime storage strengthens because genome/phenome correlations and the effect 

of environmental factors will probably appear over time in complex ways. Lifetime 

may not be long enough: information about genomic expression could have implica-

tions for blood relatives, including descendants, so that storage of a patient’s clinical 

information beyond death may continue to have value for patient care. The enor-

mous potential of genome/phenome information for biomedical research also pleads 

for storage of clinical information for generations.Some period between a century 

and eternity is probably best. Storage for such long periods, much longer than cur-

rent retention policies, will doubtless require specific provisions for archiving systems 

in which information is stored separately from the records maintained for quotidian 

care. The information generated during patient care constitutes a valuable informa-

tion resource, the phenome, of value to patients, the public, and biomedical science. 

Preserving clinical information for generations rather than the ephemeral periods 

now required will entail complex revision or creation de novo of information reten-

tion policies for both print and digital data [149].

The EU stipulates that plans for the final disposal of radioactive waste must in-

clude the means to preserve knowledge about the facility “for the longer term”. The 
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IAEA states that “long term safety” cannot rely on active institutional control, but 

passive controls could reduce the risk of intrusion over a “longer time scale than the 

one envisaged for active controls. Clarification is needed as to whether the meaning of 

these terms is consistent with the project definition, being the time with no repository 

oversight. The EU, Switzerland, the UK and the USA all mention the preservation 

of knowledge. The EU demands that the required concepts or plans for post-closure 

should include “the means to beemployed to preserve knowledge of that facility in 

the longer term”. The guidance in Switzerlandspecifies that “documentation has to 

be prepared on long-term securing of knowledge of thegeological repository”, and 

the UK guidance consistently refers to the preservation of “knowledge andadequate 

records”. The UK guidance also provides information on what meta data to preserve. 

In the USA, the EPA regulations for WIPP require measures that will be used to “pre-

serve knowledge” about the repository [165].

Some the types of the information need high reliability long-term data sto-

rage were determined. For example, it is necessary to provide long-term storage of 

results of tests (acoustic emission data) of complex engineering buildings, the term 

of exploitation of which makes over one hundred years, medical information, codes 

of electronic digital signatures, information about activity of enterprises with a high 

le vel of regulation and activity on the part of public authorities.

Important digital heritage, including master files with associated metadata, should 

exist in multiple copies that are stored in at least two different physical lo cations. 

Heritage institutions can use a mix of on-site, off-site, and distributed cloud-based 

storage, but digital originals should be backed-up in at least one other location. Sto-

rage sites should be chosen to diminish the risk of loss due to natural or man-made 

disasters and economic or political crisis

UNESCO assumed a leadership role and decided to establish a global mecha-

nism to safeguard all forms of documentary heritage. It therefore created the Me-

mory of the World Programme with the stated objective of preserving and protec-

ting the world’s memory, in the form of its documentary heritage, for the benefit 

of all. This memory is a shared, common legacy that is important for both current 

and future generations. Under the Programme, UNESCO implements preservation 

projects, conducts training workshops and provides technical advice on preservation 

and access issues as it seeks to build awareness of the contribution of documentary 

heritage to efficient and accountable management and governance, and to education 

and sustainable development. To achieve its objectives, the Programme operates at 

the international, regional and local levels to ensure that no matter the means of re-

cording memory, universal and permanent access to it can be assured [165].

Heritage institutions are traditionally entitled to preserve the intellectual and 

cultural production of their own nation, whatever their form or their medium may 

be. This long-standing mission is now challenged by the sheer amount of content 

which is produced and published every day in digital form, especially on the internet. 

National web domains range from thousands to millions of websites; on which mil-

lions to billions of files are posted, updated or deleted every day. Government admin-
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istrations and private companies produce an unprecedented mass of digital records. 

What is not saved today by heritage or other institutions is at risk of being lost in 

the near future. Digital technologies have indeed dramatically eased the creation and 

production of original content and reduced their costs.Heritage institutions are thus 

facing a conundrum: selection is necessary, as it is legally, economically and tech-

nically impossible to gather all current digital production. The main goal of memo ry 

institutions in the field of digital preservation is to reduce the risk of loss and to re tain 

cultural heritage in digital form and ensure their legibility, interoperability, availabi -

lity, and authenticity over a long period of time. Preservation of electronic data is 

done not by one single technique, but by regarding all possible scenarios which may 

cause loss of the material. An efficient system for long-term storage and archiving 

should solve the problems which might cause losses or damages [146].

Digital audio archives are not peculiar to a single branch of knowledge. On the 

contrary, they appear to be a virtual space in which different kinds of expertise con-

vene and deal with unusual, original research questions concerning audio preserva-

tion, cataloguing, transcription, analysis, data re-using, and access rights manage-

ment. Oral historians, linguists, and anthropologists have often underlined the urgent 

need to protect analogue and born-digital audio archives collected by professional 

scholars and ordinary people interested in languages, dialects, tradition, popular mu-

sic, and ethnology. In every respect, audio archives are a precious resource: linguists, 

anthropologists, ethnographers, oral historians have spent years collecting materials 

that deserve safeguarding and circulation. However thousands of hours of speech 

recordings collected for different purposes, despite having been digitally preserved, 

are still inaccessible to the communities for which they have been produced, not to 

speak of the wider audience. In most cases, audio archives collected in the huma-

nities and social sciences are still in the hands of the original researchers. It can even 

be very difficult to get the basic datasets documentation and even more difficult to 

persuade researchers and private citizens to provide open information about their 

data. Crucially, the UNESCO Convention for the Safeguarding of the Intangible 

Cultural Heritage, Article 2 defines this material as belonging to Intangible Cultural 

Heritage domains, which include:

• oral traditions and expressions, including language as a vehicle of intangible 

cultural heritage;

• performing arts;

• social practices, rituals and festive events;

• knowledge and practices concerning nature and the universe;

• traditional craftsmanship [155].

Moving image and sound content is at great risk. 74 per cent of professional col-

lections are small: 5,000 hours or less. Such collections have a huge challenge if their 

holdings are to be digitized. About 85 per cent of sound and moving image content is 

still analogue, and in 2005 almost 100 per cent was still on shelves rather than being 

in files on mass storage. Finally, there is a major problem of material that is scattered, 

unidentified, undocumented and not under any form of preservation plan [256]. 
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6.4. Conclusions

1. The lifetime of optical storage media is conventionally estimated 

using an accelerated ageing test method based on the Arrhenius or Eyring methods, 

which consider the effect of temperature and humidity. 

2. Lifetime estimation method for optical disks is based on the Eyring and the Ar-

rhenius acceleration model and statistical analysis. The statistical distribution of life 

data for the optical disk assumed a lognormal distribution. In the process of testing is 

controlled by the number of errors when data is reproduced from optical media.

3. Important digital heritage, including master files with associated metadata, 

should exist in multiple copies that are stored in at least two different physical loca-

tions. Heritage institutions can use a mix of on-site, off-site, and distributed cloud-

based storage, but digital originals should be backed-up in at least one other location. 

Storage sites should be chosen to diminish the risk of loss due to natural or man-made 

disasters and economic or political crisis.



134134

Keeping information for a long time has always been a challenge. 

Deciding how to create a long-term archive involves choosing the 

right storage system with the right technology under the proper en-

vironmental conditions. Determining how long something will last 

has long been an important area of study for science and technology, 

particularly in materials science.

Many advances have been made, and much is known today about 

how to reliably predict the life expectancy of a product, based on the 

materials used to make it and the conditions of its use. These advances 

are readily applied to the field of data storage. The most common fail-

ure mechanisms for materials include oxidation, corrosion, breaking 

of chemical bonds and mechanical wear. Each of these failure me-

chanisms is exacerbated by elevated temperature, humidity, and ex-

posure to light (including UV). That is the reason that any controlled 

environment that is intended for archival storage always includes con-

trolled temperature, humidity and light. There are three basic tech-

nologies available for storing digital data: magnetic (magnetic tape 

and hard-disk drives), solid-state (flash memory), and optical (CD, 

DVD and BD). Each of these technologies uses wellknown processes 

and materials to manufacture the storage media, and each of these 

technologies has known failure mechanisms, which have been studied. 

Creation of manufacturing technology of long-term optical media is 

of great interest. Data on stamped optical discs is recorded at the time 

the discs are manufactured, and cannot be altered by the optical disc 

drives. They are nearly impervious to change, except by extreme con-

ditions. Actual problem is a creation of methods of information sur-

vivability assessment on high-stable monocrystal substrates discs. Re-

alization of potential opportunities of such optical discs was difficult 

due to significant distortions of laser beam during its passing through 

sapphire substrate. It was shown that the problem of data reading 

through a substrate of negative single crystal sapphire can be solved by 

using for reading a special optical system with a plate of positive single 

crystal materials. The experimental results confirm the efficiency of 

the proposed technical solution.

SUMMARY
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Довготривале зберігання цифрової інформації є важливим науково-технічним завданням в 

умовах швидкого зростання обсягів інформації, представленої у цифровому вигляді. Зна-

чущим елементом вирішення цієї проблеми є створення спеціальних носіїв для довготер-

мінового зберігання стратегічно важливої інформації, науково-технічної інформації та ін-

формації, яка становить національне культурне надбання. Наведено дані про створення 

спеціальних оптичних носіїв, виготовлених із високостабільних матеріалів для довготер-

мінового зберігання інформації.
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