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EXECUTIVE SUMMARY

Purpose of Study

The Office of the National Archives and Records Administration (NARA) is responsible for the preservation of permanently accessioned electronic records (ER). The agency’s 10-year recopy plan requires the migration of their ER holdings to denser magnetic media incorporating enhanced storage capacity and improved data transfer rates. The purpose of this study is to determine the stability and life expectancies of denser magnetic media in conjunction with certain high density, digital recording tape systems, specifically the IBM 3590 and both Quantum’s Digital Linear Tape (DLT) and Super DLT products. The goal of the study is to compare the life expectancy profiles of these corresponding tape media and tape storage products and to determine the most suitable denser magnetic medium for the archival preservation of electronic records at NARA. 

Background

In June, 1988 NARA produced a technology assessment report on the IBM 3480 magnetic tape cartridge drive(1) . The report addressed various technological issues involving magnetic tape stability, tape drive efficiency, and improvements in storage capacity. The recommendation was based on a technical assessment and not an experimental study. 

In July, 1994 the National Media Laboratory (NML) produced a report entitled, Media Stability Studies” that was based upon an experimental study that utilized the storage of samples and tape cassettes in accelerated temperature/humidity and corrosion environments (2). Kinetic models were applied to tape property changes with time and media life expectancies (LE’s) were estimated. 

Since these reports, significant technology changes in magnetic media and magnetic tape drive systems have enhanced the storage capacity of magnetic tapes and improved the data transfer rates for tape drives. In an effort to determine the most suitable denser magnetic media for the archival preservation of electronic records at NARA this study was funded. Important issues to be determined involve life expectancies of denser magnetic media, tape drive and media compatibility over multiple generations of tape drive systems, and the overall impact on long term preservation requirements at NARA. The agency specifically seeking to develop a technically sound, cost-effective strategy for preserving and migrating ER to denser magnetic media. 

______________________

1 Weir, T.E.  National Archives Technical Information Paper #4 (June, 1988)

2 Van Bogart, T.W.C  National Media Labs Techl. Rept RE0017 (June, 1994)

Approach

Using a methodology similar to the NML study, this newer generation of magnetic tapes was conditioned in accelerated temperature/humidity environments. Both new and traditional measurement techniques were employed to determine significant parameter changes affecting the media’s functionality and their ability to deliver reliable data. Aged cassettes and samples were periodically tested for changes in recording/playback performance, bulk magnetic properties, physical and chemical properties that relate to their functionality and life-expectancy. 

Results

There have been very significant advances in recording technology and storage media in the past decade. The three products evaluated demonstrated an impressive ability to deliver reliable data and are representative of the progress of the technology. Generally speaking, NARA’s 10 year recopy plan would be satisfied by the use of any of these three products. The selection of any one product by NARA will likely encompass other than technical issues alone. 

The purpose of this study was to determine the stability and life expectancies of the denser magnetic media.  The goal of the study is to compare the life expectancy profiles of these corresponding tape media and tape storage products and to determine the most suitable Storage System for archival preservation at NARA. The life expectancy of these products was projected with actual data collected for this study and the use of mathematical models. The LE’s predicted at the 40C/50% RH condition are as follows: The IBM 3590 has an estimated life expectancy of ~9 years, the Quantum DLT 200+ years and the SDLT greater than 1000 years. The Quantum DLT and SDLT products demonstrated the most noteworthy performance in almost all technical evaluation areas. Although LE’s are reported for the media and the Storage Systems in average terms they do not address the occurrences of individual cassette failures. Tape failures and lost data were observed with all three storage products throughout the study.  As good as the technology is today, failures can and do occur.  Contingency planning for failures must also be addressed in light of NARA’s role in the continuing preservation of Electronic Records.  

Recommendations for future Storage Device Studies

There is little doubt that the complexity of these new tape storage products has changed dramatically since the last NARA evaluation1 of this type (1988). It is a recommendation of this study that the time between similar Storage Device evaluations be reduced because of the fast technological pace of digital recording and the obvious obsolescence issues that result. If one assumes that a digital generation change takes place every 2-3 years and a ten year window for determining future NARA storage directions could in the long term, be expensive and non-productive. 

requirement MODIFICATIONS

Requirement and Task Modifications were mandated for the Denser Magnetic Media and their Storage Systems

Changes in the task definitions were necessary for the attainment of certain project goals for the following reasons:  The original stated tasks were at times, not uniformly applicable to all three tape storage systems specified, in certain instances additional testing and/or conditions were required to accomplish the designated task and in certain cases the newer technology made no provisions for allowing the task to be completed. 

The following tasks required changes in procedures or description to accomplish the spirit of the test in light of the technology enhancements of these higher density storage systems and/or prevailing circumstances.  The discussion following each task identifies the issue and the necessary changes. 

2.1 - Conduct accelerated aging studies on the magnetic tapes (usage of media from three different vendors for DLT and two vendors for IBM 3590 media needed).

2.1.1 – Expose the magnetic tapes to two different temperatures and relative humidity settings. Compare the magnetic remanence loss for the sampled media over a period of fourteen to twenty weeks. Model the decay in magnetic remanence, and project the life expectancies (LE) of the magnetic tapes. 

Discussion:

Availability of certain tape stock media was an issue at the beginning of the study and at other times throughout the study. Alternative brands of media became an unlikely route in short supply periods because of the introduction of other variables. The VSM and microstructure analysis of several brands indicated identical media fingerprints; suggesting OEM private labeling arrangements among manufacturers.  This information was used to reduce the sampling size for several of the tests.

The sources of OEM Tape Stock the study were:

Quantum DLT IV: Fuji, Maxell

Quantum Super DLT: Maxell
IBM 3590: BASF (Emtec), Imation 
See additional sourcing comments and issues in Appendix​​​​ 2.1.a

2.1.2 – Profile single-track error (STE) data for the aged tapes (IBM 3590, DLT IV and Super DLT) as a function of time (fourteen to twenty one weeks). The study should use two different temperature conditions with specified humidity conditions for examining the STE profiles. Samples can be pulled at longer intervals (every three weeks) for time duration of 21 weeks.

Discussion: 

Single track error (STE) information was not available from all vendors and proved difficult to define and use in this technology and study. 

All the storage devices specified for the study employ multi-track record/read heads. Data is both written and read on these multiple tracks simultaneously. A logical track is defined as the information written by the number of physical tracks contained in the specific device head. Further complicating the “single-track error (STE) definition” is that serpentine recording employs the lateral displacement of a physical head when tape ends are sensed. Subsequently STE information is not commonly reported SCSI data and for most manufacturers is considered proprietary. When track information is reported it is typically reported as logical tracks. Logical track error information was not available for the IBM 3590 and comparisons with Quantum products could not be made. Further the complications resulting from the major differences in head design from device to device and recording issues pertaining to serpentine recording made this parameter difficult to use in this technology and study. 

2.3– Examine the magnetic tapes for binder hydrolysis phenomena.

2.3.1– Determine the changes in solvent extractable organic compounds (in weight percent) as a function of time (in weeks). Examine the changes in percent extractable organic compounds over time. Use at least two different temperature settings, and determine the effect of variability in relative humidity conditions (range from 30 to 70%) on the percent of extractable organic compounds. 

Discussion:

The changes in the solvent extractable organic compounds were measured as a function of time by GC-MS analysis.  There was little change in the solvent extractable organic compounds as a function of time.  The results do not imply a lack of binder hydrolysis, but rather a lack of exhaustive hydrolysis which would break the binder into small, solvent extractable pieces.  Three different temperature settings were utilized (50oC, 75oC and 100oC) at percent relative humidities (%RH) ranging from 30 to 100% .The most severe conditions (100oC and 100% RH) were added in an attempt to facilitate exhaustive binder hydrolysis.

2.3.2– Determine the molecular weight (MW) of the extractable organic compounds from the magnetic tapes. Compare the MW distribution between unaged and aged tape. Binder extraction molecular weight analysis can be performed on one sample of each media and vendor for each environment, sampled every three week. The sample can be taken at the middle of the tape.

Discussion:

The molecular weight of numerous solvent extractable organic compounds from the various sections of the magnetic tape was determined by GC-MS.  These molecules included lubricants and residual solvent chemicals left over from the tape manufacture.  Because the binder did not undergo exhaustive hydrolysis to small, extractable pieces, there was very little difference between the MW distribution for the unaged versus the aged tape. Sampling every three weeks served no purpose

2.5– Measure uncorrected bit error rate (UBER) as function of RF output for the specified magnetic tapes.

2.5.1 – The above task requires use of a prerecorded bit-pattern for the BOT, MOT, and EOT, aged at two different temperature and humidity conditions. Obtain the UBER variability data for the magnetic media and measure the corresponding RF output changes.

Discussion:

The results of the technical discussions with IBM and Quantum as well as extensive product literature research on the subject tape drives suggested necessary changes in the testing methodology. These changes were necessitated due to the complexity and sophistication of these three tape drive products and the elimination of certain test functions by the manufacturers. Although variations in the methodology were necessary the underlying philosophy of the test remained the same, i.e. to determine the error profile changes resulting from environmental exposure. This was accomplished by observing errors and error rate(s) of the media that affect their ability to record, store and retrieve data. 

Errors

Significant to this study was the determination of a common denominator to compare media and observe error changes. Prior art error definitions such a burst error rates (BUER), symbol error rates (SER), et. al. was not applicable in these devices. More basic to the study are correctable (corrected) errors and uncorrectable (uncorrected) errors. Although specific details of correctable and uncorrectable error definitions were requested from each manufacturer, information of this type was considered confidential. Certain meaningful error information however, is available from the SCSI bus system which was common to all three storage devices. This SCSI error information is the basis for determining media quality and media changes. The bit error rate (BER) proved to be a meaningful parameter and one that is commonly supported by all manufacturers. Each manufacturer does set storage device specifications that embody BER (read BER and write BER) as a common denominator. Appropriate SCSI reported errors (read and write) were recorded and monitored during the environmental exposure such that life expectancy (LE) could be predicted. In addition to L/E other parameters such as read retries, tape test time and tape length usage also proved helpful in evaluating media quality and the effects of environmental storage. 

RF output: Correlation of the uncorrected bit error rate (UBER) as function of RF output for the specified magnetic tapes could not be accomplished in the test drives for reasons discussed below in Requirement 2.6. 

BOT/MOT/EOT. The entire length of each tape media was written and then read with successive environmental exposure intervals. Although the BOT and EOT have traditionally been of greater study interest the elements of serpentine recording have made the definition and subsequent data access more difficult. See discussion of BOT/MOT/EOT below in Requirement 2.6.

2.6 – Measure and compare the degradation profiles of the tapes that were sampled at the beginning, middle and end of tape (BOT, MOT and EOT). 

2.6.1– Determine the changes in RF output (measured in decibels, dB) for the BOT, MOT, EOT from accelerated aging studies. Two different temperatures and relative humidity settings may be used, for example, the temperature may be 40 and 50 Celsius with corresponding RH at 50% and 75%, respectively

Discussion:

The digital complexity of these newer tape drive products do not readily provide for RF recording. Only the DLT 8000 drive has the capability of delivering frequency recording (RF) playback in its commercial configuration. A fair comparison of media required a broad-based test that evaluated all media types in the same manner. To this end an alternative testing means was developed embodying the use of linear control tracks in analog video recorders. Access to these control tracks allowed for customized single frequency recording and subsequent RF measurements. All the subject test tapes were individually loaded into professional videocassettes and evaluated as such. In this test custom tape re-cyclers were also used to provide continuous environmental tape exposure in the chambers. In this manner, the entire tape length tested was exposed to the test environment. The frequency response of each tape sample was compared to its original after each Temperature/RH exposure interval. In addition to the standard test conditions (40C/50% RH and 50C/75% RH) an additional condition (50C/85% RH) was used to accelerate change.

BOT/MOT/EOT 

All three storage products use multi-track heads and serpentine recording with either variable or fixed block sizes. These recording features in conjunction with error correction technology provide for increased storage density and improved reliability but make the definition of BOT/MOT/EOT more difficult in a traditional sense. For the purpose of this study, random data was stored every 1000 blocks in each of the different storage media types. Although an analysis of defects by block count could also be made no assurances could be had that they would correlate with the physical locations defined by the BOT/MOT/EOT. Although the data is available, a considerably larger computing effort would be required to determine the significance of BOT/MOT/EOT in these media than provided under this contract.

2.6.2 – Determine the changes in symbol error rate (SER) for the aged tapes. Measurements have to be carried out on at least two different temperature and humidity conditions.

Discussion:

Changes in error rates were recorded at the different temperatures and humidity conditions of the study but are reported instead as error definitions consistent with the study and the storage devices under investigation. See discussion of SER Errors in Requirement 2.6 above.

2.6.3 – Determine stability of (the) magnetic pigment.
Discussion:

The stability of the magnetic pigment(s) is reported in two specifications of this study: Specification 2.1… accelerated aging studies on the magnetic tapes comparing the magnetic remanence loss for the sampled media and 2.3… Examining the magnetic tapes for binder hydrolysis phenomena. Appropriate discussion in each of these sections addresses the magnetic pigment stability and its comparison to other pigments in the tape study and/or the reference tapes.

1.  STUDY OVERVIEW 

The following overview addresses several important aspects of the study in terms of format, a technology fundamentals and test criteria common to all aspects of the testing. Also included are study references and guidelines used throughout. 
1.1 Technical Areas of Study

The specified tasks of the study embodied six (6) Technology areas. The technical areas represent the most significant attributes of any storage system undergoing change. They are 

· Magnetic characteristics and microstructure analysis of the recording media

· Magnetic characteristics and change of the recording media, 

· Physical characteristics and change of the recording media, 

· Binder chemistry and change of the recording media, 

· Recording characteristics and change of the recording media.

· Error/drive performance and change of the recording media and storage system

At the outset of the study program all of the test methods were subject to interpretation, unknown variables and the key issue of data validation. The complexity of these newer storage systems substantively changed the difficulty of the measurements. To this end, experimental methods had to be defined, refined and validated. For this reason a Pre-test procedure was established. The Pre-Test enabled the proposed test methodology and preliminary results to be evaluated for functionality and effectiveness. Changes were made when necessary. 

In addition, several strategic issues, recommendations and revisions in the testing procedures were addressed with the hardware manufacturers. A technically cooperative effort was established with both IBM and Quantum. 

All appropriate tests were finalized and resulting data indicative of the changing state of the recording media. The program thereafter assumed a periodic testing mode. The evaluation included specific objectives as outlined and defined in greater detail under each technical area and the test descriptors in the appendix. 


1.2
DURATION OF STUDY 

Each technology/attribute was observed for changes at 3-4 week intervals during the course of the study. The study duration varied by attribute depending upon its significance and/or changes noted in the course of the study. The designated attribute test duration is listed below: 

Test
Contract Test Period 

Magnetics- VSM parameter changes
14-20 weeks

Physical Properties 


Resistivity changes
10 weeks

        Friction changes 
20 weeks

Binder Hydrolysis
14-21 weeks

Recording Property changes
14-21 weeks

Error /Drive changes
14-21 weeks

1.3
Tape Drive recording FEATURES

Table 1.1 below presents an overview of the more relevant features of the storage products being investigated and used in this study. Also noted are corresponding ECMA/ANSI specifications. When appropriate and applicable, standard ECMA/ANSI test methods and procedures were used in this study. 
Table 1.1  OVERVIEW OF RECORDING PROPERTIES

Tape Drive
DLT4000
DLT7000
DLT8000
SDLT220
IBM 3590
Units

Tape Format
DLT4
DLT5
DLT6
SDLT1
3590


ECMA spec #
231
259
286
320
278
-

Recording Media
DLT III
DLT IV
DLT IV
SDLT
3590
-

Tape Speed
2.49
4.06
4.26
2.946
2
m/s

Write Gap Length
89
89
64
10
90
um

Write Gap Width
22
22
22
2
n/a
mm

Read Gap Length
89
18
18
3.7
n/a
um

Read Gap Width um
43
43
39.4
14
n/a
um

Physical Recording Densities 4f
n/a
n/a
n/a
n/a
10200
ftpmm

Physical Recording Densities 2f
2142
2254
2578
5400
n/a
ftpmm

Physical Recording Densities 1f
1071
1127
1289
675
2550
ftpmm

Bandwidth of Read Amplifier
4.5
10
10
25
n/a
MHz

Highest Physical Recording Density
2142
2254
2578
5400
10200
ftpmm

Frequency
2,666,790
4,575,620
5,748,940
7,954,200
10,200,000
Hz

1.4 test environments

The selection of test environments was critical to the study and dictated in part by the requirements of the NARA. Environments were selected on the basis of typical storage extremes anticipated by NARA as well as some environments designed to accelerate changes in the tape storage medium. The following Table 1.2 summarizes the OEM product specifications along with the test environments used in this study and the storage environment used by NARA. 



tABLE 1.2 ENVIRONMENTAL data

OEM Specs

Store
Operate
Test

IBM 3590
ECMA 278

32 oC /80%RH
32 oC /80%RH
25 oC /60%RH

DLT IV
ECMA 286

32 oC /80%RH
32 oC /80%RH
25 oC /60%RH

Super DLT
ECMA 320

32 oC /80%RH
40 oC /80%RH
25 oC /60%RH








worst case OEM spec

32 oC /80
40 oC /80%RH
25 oC /60%RH

worst case Arkival  test


50 oC /85%RH









NARA ER Storage

20oC/45%RH



1.5 data collection & analysis

The complexity of these new tape storage products has changed dramatically since the last NARA evaluation 1 of this type (1988). Discussion with both IBM and Quantum resulted in the determination of appropriate data to be collected and compared for the purpose of the study. A safety factor was also introduced in the collection of data to insure that information significant to change would not be lost or overlooked. What became bluntly obvious was the extensive volume of test data being generated from all the different investigatory areas of the program, particularly the error study. Data management and analysis became a critical focus in the program as methods were developed to ready the data for summary and reporting. Much of the pertinent data has been permanently stored. Important data summaries are included in the appendix of this report and are available in the CD version. 

2 TECHNICAL STUDIES (REQUIREMENTS)

The technical investigation report uses the following format: Each technical section begins with one or more of the stated contract requirements; following the requirements are the object of the technical study and its basis. Thereafter is a discussion of the technical topic, testing procedures and methods, results and conclusions. 

2.1a
MAGNETIC AND MICROSTRUTURE ANALYSES OF THE RECORDING MEDIA

CONTRACT REQUIREMENTS

The following sections of the contract requirements are considered in this portion of the study:

2.1– Conduct accelerated aging studies on the magnetic tapes (usage of media from three different vendors for DLT and two vendors for the IBM 3590 media needed). 

OBJECT: To determine the technical fingerprint(s) of recording media available for the three (3) storage devices 

BASIS: To technically identify the major media sources/OEM licensees and determine the manufacturing sources for tape stocks used in the study. 

DISCUSSION

Storage device users typically have several brand name choices of recording media. A common practice in the industry however, is for tape manufacturers to have OEM arrangements with one another regarding specific tapes for certain storage devices. Although suggestive to users that they have different brands of choice, many brands are private-labeled as such and only produced by one or two manufacturers. The basis for this aspect of the study was to: 

· Profile the intrinsic magnetic parameters of the recording media

· Identify, compare and understand the microstructure facets of the recording media

· Determine the technical fingerprint(s) of recording media available for the three (3) storage devices being investigated

· Technically identify the major media sources/licensees and determine the basis for tape stocks used for the remainder of the study and…

· Provide NARA with alternative media sources for each storage device evaluated

Specific tape purchases were made from Distributors at 3 nationwide locations so that different lots of media were to be introduced in the study. Tape Stock was purchased with the following brand names:

DLT IV:
Quantum, Fuji, Maxell, Imation, Sony.

Super DLT: 
Quantum, Maxell

IBM 3590:   
IBM, BASF(Emtec), Imation

IBM 3590E
IBM, BASF(Emtec), Imation

TEM & VSM AnalysEs

 
2.1a.1
TEM ANALYSIS

Samples of various vendors’ tapes were prepared for transmission electron microscopy (TEM) analysis to reveal the microstructure of the tapes in cross-section.  This information was sought to determine structure, uniqueness and identity by tape manufacturer. The results of this ‘brand name’ tape study are included in Appendix 2.1.a.  Representative results are included in the following discussion.  The tapes studied, type and their identifier designations are shown in Table 2.1.1.

Table 2.1.1 Tape Brands, Types and Codes

Study #
Brand
Type
Serial Number
Identifier #2

A
Quantum
DLT IV
432966
SH 105M2554 79

B
IBM
3590
N4044023546135


C
Quantum
S DLT I
534232 222
SH 138M2060 114

D
Maxell
S DLT I
519451 204
SH 136M1778 114

E
Fuji
DLT IV
366065
MA139F632 47

F
Maxell
DLT IV
353562
SH 130M8787 51

G
Sony
DLT IV
135958
MA139F481 42

H
Imation
DLT IV
106671
MA134F451 21

I
Arkival BaFe
DLT III



J
Quantum
DLT III
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The test tapes were studied via their TEM cross sections at several different magnifications. Two different media manufacturing technologies were determined from the TEM analysis; single and double layer magnetic coatings. In general, the IBM 3590 media was single coated and the Quantum DLT and SDLT media were double coated. The other reference tapes in the evaluation (BaFe and MP-DLTIII) were single coated. 

Figure 1 is the lowest magnification (5kx) of the Fuji DLT IVtape showing its entire cross section, the front coat (magnetic later) on top, the substrate and the backcoat (conductive layer).  

Figure 2, of the same tape at 25 kx magnification illustrates the double layer magnetic coating; the magnetic layer consists of a thin layer of oriented acicular metal particles and its non-magnetic underlayer of spherical TiO2-type particles.  

Figure 6 is a high magnification (25kx) micrograph of the IBM 3590 tape showing its single layer technology (also confirmed with the magnetic measurements).  

The actual micrographs were also used to measure media component thicknesses for the magnetic calculations. A comparison of measured thicknesses obtained from both low and high magnification TEM’s is illustrated in Table 2.1.2. 
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When the Quantum DLT and SDLT tape data from the Table is grouped by suspected manufacturers, Fuji (MA) & Maxell (SH), the average double-coated magnetic layer thickness’ are 0.233 um and 0.312 respectively.  The higher magnification also indicated the Maxell SDLT and DLT IV tapes are almost identical in their thicknesses. The IBM 3590 and BaFe tapes are much thicker – representative of the thicker single coating technology. 

Table 2.1.2 Media Layer Thickness-obtained from TEM micrographs*

Study #
Brand
Type
Top layer (um)
Substrate (um)
Back layer (um)
Total (um)
Magnetic layer (um)

A
Quantum
DLT IV
2.08
7.87
0.45
10.40
0.264

B
IBM 3590
3590
2.51
18.24
0.50
21.25
-

C
Quantum
S DLT I
2.06
8.86
0.47
11.41
0.197

D
Maxell
S DLT I
2.18
7.45
0.49
10.12
0.327

E
Fuji
DLT IV
2.08
8.62
0.47
11.17
0.321

F
Maxell
DLT IV
2.49
9.54
0.43
12.46
0.245

G
Sony
DLT IV
2.03
8.11
0.51
10.65
0.265

H
Imation
DLT IV
2.32
8.75
0.51
11.58
0.333

I
Arkival BaFe
DLT III
2.40
14.67
0.63
17.70
-

J
Quantum
DLT III
-
-
-
-
-

* See complete data file in Appendix 2.1.a

2.1a.2
VSM ANALYSIS


The hysteresis loops for several representative tapes are shown below in Figures 2.1.3 thru 2.1.6 (where B= 3590; C=SDLT; E=DLT IV; I=BaFe). 
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 A summary of the corresponding VSM results is shown in Table 2.1.7 below.  There are two types of double coated tapes in the selection; one with an Is ~ 1.9 memu’s and a coercivity (Hc) of 1920 oersteds (Maxell-type); the other with ~2.4 memu’s and an 1810 coercivity (Fuji-type). The IBM 3590 and the BaFe tapes represent the thicker single coating technology and different magnetics. 

Table 2.1.7
Summary of VSM Data*

Study #
Brand
Type
Is (memu)
Ir (memu)
SQ (Ir/Is)
Hc (Oe)
SFD
SQt
OR (Sql/Sqt)

A
Quantum
DLT IV
1.96
1.56
0.79
1915
0.35
0.40
1.98

B
IBM
3590
18.64
15.21
0.82
1622
0.34
0.37
2.19

C
Quantum
S DLT I
1.74
1.44
0.83
1934
0.35
0.35
2.36

D
Maxell
S DLT I
1.96
1.64
0.84
1930
0.35
0.37
2.26

E
Fuji
DLT IV
2.29
1.91
0.83
1811
0.34
0.37
2.25

F
Maxell
DLT IV
1.77
1.41
0.80
1920
0.35
0.36
2.20

G
Sony
DLT IV
2.40
1.99
0.83
1819
0.33
0.37
2.24

H
Imation
DLT IV
2.50
2.03
0.80
1801
0.33
0.40
2.00

I
Arkival BaFe
DLT III
9.57
7.05
0.74
1405
0.33
0.38
1.92

J
Quantum
DLT III
19.34
15.24
0.79
1479
0.35
0.38
2.07

* See complete data file in Appendix 2.1.a.
CONCLUSION
The TEM and VSM results were the basis for determining the manufacturing sources of tape stock being sold under both OEM and private label brands. It is of interest to note that neither IBM nor Quantum manufactures their own media for these tape drives products. The IBM and Quantum products are produced for them by the OEM’s and sold as private labeled media.  Both Quantum and IBM have also confirmed that the sources identified are the present media licensees, respectively. Also obvious from the data is that the Imation and Sony DLTIV product is most likely made by Fuji under private label. The Quantum SDLT media is very similar to that being used for the Quantum DLT IV product and is likely selected DLT IV media made by Maxell.  Depending upon product source availability, this information will provide NARA with the capability of having alternative media sources for each storage device (i.e. with the exception of Super DLT media).

The five sources of OEM Tape Stock used for the remainder of the study were:

Quantum DLT IV: Fuji, Maxell

Quantum Super DLT: Maxell
IBM 3590: BASF (Emtec), Imation 
2.1b
AGING STUDY

CONTRACT REQUIREMENTS

The following sections of the contract requirements are embodied in this portion of the study:

2.1– Conduct accelerated aging studies on the magnetic tapes (usage of media from three different vendors for DLT and two vendors for the IBM 3590 media needed). 

2.1.1 – Expose the magnetic tapes to two different temperatures and relative humidity settings. Compare the magnetic remanence loss for the sampled media over a period of fourteen to twenty weeks. Model the decay in magnetic remanence, and project the life expectancies (LE) of the magnetic tapes. 

AGING STUDY

OBJECT: To determine the changes in the recording media resulting from environmental exposure.

BASIS: Observe the intrinsic magnetic parameters of the recording media that could/will affect the media’s ability to record, store and retrieve data. 

DISCUSSION 

The VSM environmental study is an important indicator of the life expectancy of the media. The VSM parameters (Is, Ir and Hc) for each tape sample are compared to its original after each interval of Temperature/RH exposure. In addition to the standard test conditions (40C/50% RH and 50C/75% RH) additional test conditions were utilized to accelerate change and suggest trends. (0%; 30%; 50%; 75%; 85% and 100%).
EXPERIMENTAL PROCEDURES

The following table details the temperatures and humidities used for VSM sample exposures. Three (3) VSM samples of each media (see above) were used for environmental exposure along with suitable controls and following the test method(s) outlined in the ISO/ECMA specifications. 

SATURATED SALT SOLUTION EXPOSURES

Temp. (C)









25

Humidity
100%
85%
75%
50%
30%
0%











40

Humidity
100
85
75
50
30%
0%











50

Humidity
100
85
75
50
30%
0%











80

Humidity
100
85
75
50
30%
0%

The following Table 2.1b.1represents the saturated salt make-up for the temperatures and humidities for the VSM sample exposures.

Table 2.1b.1    SATURATED SALT SOLUTION EXPOSURES




( based on the data from J. F. Young, J. App. Chem., v17, p241 (1967))












Humidity
100
85
75
50
30
0


(% R.H.)







Temp. (C)

















25

D/I H2O
KCl
NaCl
Co(NO3)2
MgCl2
Drierite










40

D/I H2O
KCl (83)
NaCl
Na2Cr2O7
MgCl2 (32)
Drierite










50

D/I H2O
K2CrO6 (86)
NaCl
NaBr (49)
MgCl2 (31)
Drierite










80

D/I H2O
BaCl2 (85+)
NaCl (73)
NaBr (52)
MgCl2 (29)
Drierite












( ) indicates slight variations from the nominal humidity values.


The basis for the selected temperatures and humidities follow from the published ISO/ECMA specifications for the three tape products. See Table 2.1b.3below. They are:

Product
ISO/ECMA Spec. No.
Condition
Temp
RH
Conditioning time

IBM 3590
278







Tape Test Environment
23o+/- 2o C
40-60%
24 h min



Cartridge Operating
16oC-32oC
20-80%

(26o wet bulb)
24 h min



Cartridge Storage
5oC-32oC
5%-80%

(26o wet bulb)


Quantum DLT
286







Tape Test Environment
23o+/- 2o C
40-60%
24 h min



Cartridge Operating
10oC-40oC
20-80%

(26o wet bulb)
24 h min



Cartridge Storage
16oC-32oC
20%-80%

(26o wet bulb)


Quantum SDLT
320







Tape Test Environment
23o+/- 2o C
40-60%
24 h min



Cartridge Operating
10oC-40oC
20-80%

(26o wet bulb)
24 h min



Cartridge Storage
16oC-32oC
20%-80%

(26o wet bulb)


The seven-(7) different media types/brands used in the Aging Study included the 5 standard samples types used throughout the project

Quantum DLT IV: Fuji, Maxell

Quantum Super DLT: Maxell
IBM 3590: BASF (Emtec), IMATION
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Fuji

DLT IV

40

6.00E-05

-6.44E+00

50

7.00E-05

-5.72E+00

80

7.00E-05
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Ark BaFe

40

4.00E-05
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50

5.00E-06
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DLT III

40

1.00E-04

-4.41E+00

50

8.00E-05

-3.50E+00

80

9.00E-05

-1.82E+00

with the addition of 1 BaFe and 1 MP-DLT III sample as references- making a total of seven (7) samples. Three (3) VSM samples of each of the seven- (7) different media were used for the environmental exposure along with suitable controls. This quantity of samples allowed for sample averaging and possible accidental sample loss. The individual VSM samples were circular elements uniformly punched from a designated tape. The elements are assigned a number and position on a high temperature storage jar cap and were mounted with double-sided tape (magnetic surface exposed to the temperature/humidity environment). See photo at left. The closed jars were set in designated temperature ovens for prescribed periods, removed, room temperature acclimatized and measured on the VSM. 

The following table summarizes the temperatures and humidities used for VSM sample exposures. 

            SATURATED SALT SOLUTION EXPOSURES

Temp (oC)








25

Humidity
100%
85%
75%
30%
0%

40

Humidity
100%
85%
75%
30%
0%

50

Humidity
100%
85%
75%
30%
0%

80

Humidity
100%
85%
75%
30%
0%

RESULTS

Effects of Temperature and Humidity Exposure on the Magnetic Properties.

Samples of all tapes studied were conditioned in sealed jars with controlled humidity and held at temperatures of 40C, 50 and 80 C for periods of time from 100 hours to 3500+hours. Typical results are shown in Table 2.1b.2 below.  The other Tables of data for other conditions are included in Appendix 2.1. 

TABLE 2.1b.2 VSM Data    80C/ 85% RH




Case: 
80 C/85 % RH
























Initial


AFTER 29 DAYS

%
%
 %
AVG %
AVC %



Is
Ir
Hc
Is
Ir
Hc
delta Is
delta Ir
delta Hc
delta Is
delta Ir

Quantum
DLT IV - 1
1.717
1.439
1946
1.357
1.128
1890
-21.0
-21.6
-2.9
-21.0
-21.6


2
1.697
1.444

samples damaged








3
1.647
1.4

sample damaged







IBM
3590 -1
17.23
14.06
1628
12.42
9.861
1566
-27.9
-29.9
-3.8
-28.3
-30.0


2
16.89
13.7

12.02
9.436

-28.8
-31.1





3
16.12
13.07

11.6
9.271

-28.0
-29.1




Quantum
S DLT I - 1
1.512
1.341
1983
1.197
1.026
1917
-20.8
-23.5
-3.3
-20.3
-21.5


2
1.599
1.361

1.228
1.057

-23.2
-22.3





3
1.486
1.269

1.237
1.031

-16.8
-18.8




Fuji
DLT IV - 1
1.75
1.528
1861
1.463
1.289
1825
-16.4
-15.6
-1.9
-14.8
-15.7


2
1.927
1.672

1.66
1.42

-13.9
-15.1





3
1.883
1.67

1.614
1.395

-14.3
-16.5




Ark BaFe
1
9.051
6.75
1395
8.746
6.431
1352
-3.4
-4.7
-3.1
-2.9
-4.0


2
9.054
6.778

8.835
6.514

-2.4
-3.9





3
8.802
6.6

8.553
6.382

-2.8
-3.3





DLT III  - 1
17.25
13.7
1488
9.82
7.384
1273
-43.1
-46.1
-14.4
-42.8
-45.8


2
18.26
14.52

10.44
7.835

-42.8
-46.0





3
17.39
13.7

10.02
7.496

-42.4
-45.3




With reference to Table I: each tape sample had three replicates.  Is, Ir, and Hc were measured before and after exposure to 80 C and 85% relative humidity (RH) for 29 days.  The last five columns show the percent change of these quantities over this exposure period.  In the case of Quantum DLT IV tape, there is a 21 % loss in Is, a 21.6 % loss in Ir and only a slight change in Hc (~3 %). Very little change is to be expected in Hc until oxidation has preceded much farther than was observed.  In the case of MP-DLTIII, a significant drop in Hc is observed along with a loss of .04 in squareness. The change in Is is proportional to the amount of oxidation of the metal particles (MP) when they are converted from ferromagnetic iron to non-ferromagnetic iron oxide.  (Somewhat of an oversimplification since other metals such as nickel and cobalt were present in smaller quantities). The total degree of oxidation seen in this table, as measured by Is, varies from 3 to 43 %.  
Figure 2.1b.1   Corrosion Reaction 
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and/or

O2

The physical nature of the corrosion reaction can be understood by reference to Figure 1.  In order for the metal to corrode the H2O and/or O2 must come in contact with the unoxidized metal.   This happens by diffusion through the two layers separating the two reactants.  First water must diffuse through the polymer binder and then through the ever present oxide layer before reaching the elemental metal.  The reaction would have three steps:

1. Diffusion through polymer.

2. Diffusion through oxide.

3. Reaction with the metal.  

The slowest of these steps would be rate determining.  Step 3 would be almost instantaneous relative to diffusion processes.  Diffusion through the polymer would be fast compared to the oxide as the polymer is of much lower density and somewhat porous.  Therefore, step 2 would be rate determining.  This being the case, the rate of oxidation would slow as the oxidation proceeded and the oxide layer thickened.  This can be expressed as follows:

Let x = the thickness of the oxide.

      
                   t= time

then the rate of oxidation = r = dx/dt = k/x



or
xdx = kdt  



or          x^2 = kt + C,  but when t = 0, x = 0, so C = 0

Therefore, we may expect that  (Is)2 = kt.   This relationship may be used to find the rate constant, t, for each condition for each tape.   Figure 2.1b.2 below is an example of how the data may be treated.   Series 2 is a plot of delta Is versus time and clearly exhibits the parabolic shape which we anticipated.  Series 1 is a plot of  Is2
Table 2.1b.2    Corrosion Rates

Corrosion Rates


















sample

RH 
T
rate const.
1000/T
log k

Z



(%)
(Deg C)
(k in (memu)^2/hr)
(deg K)
















85







Quantum
DLT IV

40
1.00E-06
3.19
-6.00






50
2.00E-05
3.10
-4.70
5.83
12.9




80
2.00E-04
2.83
-3.70













IBM
3590

40
2.00E-04
3.19
-3.70






50
7.00E-04
3.10
-3.15
6.13
15.9




80
3.20E-02
2.83
-1.49













Quantum
S DLT I

40
2.00E-06
3.19
-5.70






50
6.00E-06
3.10
-5.22
4.68
9.27




80
1.00E-04
2.83
-4.00













Fuji
DLT IV

40
2.00E-07
3.19
-6.70






50
5.00E-06
3.10
-5.30
7.83
18.6




80
2.00E-04
2.83
-3.70













Ark BaFe


40
1.00E-06
3.19
-6.00






50
7.00E-06
3.10
-5.15
5.15
10.6




80
9.00E-05
2.83
-4.05














DLT III

40
2.00E-04
3.19
-3.70






50
1.30E-03
3.10
-2.89
7.14
19.2




80
8.21E-02
2.83
-1.09



vs. time and is clearly a linear relationship.   Much of the data is not as clear as this, but the reasonableness of this treatment justifies treating all the data similarly and obtaining rate constants from the slope of plots of Is2 vs. time.  These rate constants for 85 % RH are shown in Table 2.1b.2.  From the values of these rate constants an Arhenius plot can be made to determine the temperature dependence of the rate of corrosion.  

[image: image12.png]



A typical plot is shown in Figure 2.1b.2 (above).  The slope of this line is the energy of activation for transport of the oxidizing species through the oxide layer.   The interpretation of the intercept is vaguer, but none the less, allows the calculation of the oxidation rate at any other temperature at this humidity.  The tables and graphs for the other samples and other RH conditions are compiled in Appendix 2.1b. 

A summary of these determined values are shown in Table 2.1b.3.  Here E is the activation energy and Z is the pre-exponential term as follows:




K = Z *10 -E/kT

Table 2.1b.3
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There appears to be no obvious trend in these values with humidity.  

The next question to address is the relationship of k to humidity.   The value of log k was found to be best represented as a function of (RH)2.  This relationship is plotted for the IBM sample in Figure 3.  It can be seen that the dependence of log k on humidity can be approximated by a quadratic dependence:



Log k =A [ RH ]2  +  B

Where A and B represent the slope and intercept for the lines shown in Figure 2.1b.3.  Similar graphs have been constructed for the other tapes and are available in Appendix 2.1.b.  These relationships should be thought of as merely empirical as no theoretical interpretation comes to mind.  The determined values for A and B are listed in Table 2.1b.4.

With the above relationships the value for the rate constant can be extrapolated or interpolated for any reasonable temperature and humidity.  As an end of life indicator, we 

can identify the time for the tape to loose ten percent of its magnetism.  (This is somewhat arbitrary, but these losses are not necessarily uniform and defect counts will be large for a tape that looses 0.1 Is.)  We define T0.1 as this tape life, then:



T0.1  =  0.01 (Is)2  /  k
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These values of effective tape lifetimes a shown in Figure 5 for a storage condition of 20 C and 45 % RH.  The wide range of lifetimes exhibited necessitated plotting the logarithm of T0.1 in order to be able to distinguish them on the same chart.   The values range from 5.5 years for SDLT to over 1000 years for the BaFe tape.   In general, the 




Figure 2.1b.3   

lifetimes are quite long – probably a lot longer than the drives that one would need to interpret them.
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Table 2.1b.4
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The data and corresponding graphs are referenced in Appendix 2.1.b. The summary findings are based upon data collected through March. The anticipated trends were observed over the ranges of temperature and humidities.  The following conclusions therefore are based upon such trends rather than the data at the standard designated conditions (40C/50%RH & 50C/75%RH). Changes in magnetic characteristics will be detrimental to performance and the most favorable product/ media is that where little or no change takes place. The following table is a summary of the findings. 
Ir & Is


40C
50C
80C

Least change
DLT-Fuji & IBM-BASF
DLT-Fuji
DLT-Fuji



IBM-BASF
IBM-BASF


SDLT-Maxell
SDLT-Maxell
SDLT-Maxell

The DLT Fuji media exhibited the least magnetic property change. The second best stability was that of the IBM 3590 BASF (Emtec). In almost every test the SDLT media indicated the greatest change observed. The resulting Hc data suggests no observable changes within the present data base. 

2.2
LIFE EXPECTANCIES

CONTRACT REQUIREMENTS

The following sections of the contract requirements are embodied in this portion of the study:

2.2 – Estimate long term stability and life expectancies of the magnetic tapes. 

 2.2.1– Develop time dependent models to deduce the behavior of the magnetic media when stored at specific temperature and humidity conditions.

2.2.2- Determine the life expectancies of the specified magnetic media

2.5.2- Compare error correction efficiency for the specified tape and tape drives systems.

OBJECT: To determine the life expectancies of the magnetic tapes when used in conjunction with their respective Storage Systems (IBM 3590, Quantum DLT and SDLT)

BASIS: Observe the tape error changes resulting from environmental exposure and use. Determine a measure of life expectancy or end-of-life criteria that is common to all three products being evaluated and representative of a condition such that the reliability of stored data is in question. The life expectancy of these tape products was projected with the use of the actual data collected for this study and suitable mathematical models (trend analysis). Specifically, the object was to determine the time of storage in a given environment for tapes to reach their end-of-life criteria. 

DISCUSSION: 

Life Expectancies

This media study and others before it make use of different environmental storage conditions to accelerate change and/or accelerate those media properties typically associated with change. Information of this sort is used for expectation of media life, or the prediction of life expectancy. The lifetime of storage media is usually predicated upon its ability to reliably deliver previously recorded data. The effects of remanence loss, coercivity change, RF degradation, binder hydrolysis, resistance and friction changes all manifest themselves as errors and the eventual loss of data when situations prevail such that error correction is not effective. In prior studies attempts were made to determine a storage system’s life expectancy on the basis of the most vulnerable tape property. This generation of tape storage systems utilizes many physical and electronic means to overcome such changes as they occur- most quite successfully. It is for this reason the preferred measure of LE is best measured using the benefits of the technology. 

The common denominator for all the technical issues and their interplay is how the media and storage systems perform together in their ability to read and recover data. The issue for any life expectancy prediction is the extent of change and more important, the ability of the storage systems to compensate for this change and deliver accurate data. 
In the previously referenced NML study, an effort was dedicated to determine an appropriate set of “end-of-life” (EOL) criteria which was used to determine Life Expectancy (LE) values. The author makes mention that EOL criteria are system specific. Perhaps more important is that Storage System manufacturers do not make known EOL criteria. At best, they offer guidelines for use. This study used the drive/cartridge specifications for system performance as a basis for establishing EOL criteria. When published, Error Rates for correctable (recoverable) error are stated in terms of bits read, e.g. Quantum states their “Recoverable READ Error Rate = 1 in 10^6 bits read” and IBM states that “no single cartridge can have a dropout error in 1x10^7 bits. For this study, EOL criteria were defined as 0.7 correctable errors per megabyte. Table 2.2.1 lists EOL criteria in terms of cartridge type, native storage capacity and BER. 

Table 2.2.1
END OF LIFE Table










PRODUCT
 Capacity*
 Capacity (MB)
EOL Error Rate
Soft errors-max.
Arkival BER



x10^E6
Number/MB






1



IBM 3590
10 GB
1000
1
1000
1000

Quantum DLT
40 GB
40000
1
40000
40000

Quantum SDLT
110 GB
110000
1
110000
110000

Study Value…

0.7



IBM 3590
10 GB
1000
0.7
700
700

Quantum DLT
40 GB
40000
0.7
28000
28000

Quantum SDLT
110 GB
110000
0.7
77000
77000

*Native Mode Storage Capacity: Data capacity- non-compressed. 


Notes:






Published Error rates:





Quantum: 
Recoverable Read Error rate: 1 in 10^6 bits read


IBM:
dropout spec: max 1 dropout in 10^7 bits read. 


Imation:
Dropout spec: max 1 dropout in 5x10^7 bits read. 









Definitions






BER (Arkival)
Bit error rate - Number of "raw Read Errors/ Read Knt"  (in bits)

ECC (IBM)
Error Correction Count











Assumptions: 
1 or more bad bits in a Block = total Block Bad! 


Arkival Test:
1000 bytes per Block; or 8000 bits per Block. 


[image: image18.jpg]


Data from the Error study, Section 2.5 was used to determine Life Expectancy at various environmental conditions. LE was predicted on the basis of experimental data, best curve fit for the Trend analysis (usually linear) and the time to reach the EOL criteria stated above. Typical of the data used are Figures 2.2.1 and 2.2.2. Both figures show the original data and the computer generated trend lines. The extension of the trend lines to the EOL criteria resulted in the time to EOL. 
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Table 2.2 is a compilation of the different EOL numbers for the environmental conditions of the study. The results are most noteworthy and a testimonial to the technological advancements. The 10 year migration process at NARA fits comfortably with the LE of the media in their respective drive systems. Most notable is the ECC efficiency of the DLT and SDLT products. 

The LE prediction itself should serve only as a general guideline with the understanding that it predicts average trends only. An LE prediction of 100+ years for a specific media will serve little purpose when a localized cluster of errors violates the ECC capabilities of the system in less than a year. Section 2.5.1 describes both the tape and drive fatalities experienced in the course of this study. 

Table 2.2.2

   Life Expectancy Table












40C/50% RH
50C/75% RH
50C/85% RH


mo
yrs
mo
yrs
mo
yrs

3590
112
9.3
24
2.0
55
4.6

DLT
2850
237.5
1080
90.0
412
34.3

SDLT
13000
1083.3
2600
216.7
3900
325.0

2.3 BINDER HYDROLYSIS

CONTRACT REQUIREMENTS

The following sections of the contract requirements are embodied in this portion of the study:

2.3– Examine the magnetic tapes for binder hydrolysis phenomena.

2.3.1– Determine the changes in solvent extractable organic compounds (in weight percent) as a function of time (in weeks). Examine the changes in percent extractable organic compounds over time. Use at least two different temperature settings, and determine the effect of variability in relative humidity conditions (range from 30 to 70%) on the percent of extractable organic compounds. 

2.3.2– Determine the molecular weight (MW) of the extractable organic compounds from the magnetic tapes. Compare the MW distribution between unaged and aged tape. Binder extraction molecular weight analysis can be performed on one sample of each media and vendor for each environment, sampled every three week. The sample can be taken at the middle of the tape.

2.3.3– For the aged tapes, determine the lubricant loss over time (in weeks) at three different humidity conditions that range from thirty to seventy five percent. Sampling can be done at the middle of the tape. 

BINDER HYDROLYSIS AND LUBRICANT STUDY

OBJECT: To determine Binder Hydrolysis and Lubrication content changes in the recording media resulting from environmental exposure.

BASIS: Observe the intrinsic binder chemistry and lubrication means of the recording media that could/will affect the media’s ability to record, store and retrieve data. 


DISCUSSION
Commercial magnetic recording tapes utilize a magnetic recording layer that is composed of magnetic particles, polymer binder, lubricants and other additives.  The polymer binder is responsible for holding the magnetic particles on the tape and the lubricant additive for reducing the wear of the magnetic tape by minimizing friction caused by the mechanical interaction between the head and the high speed magnetic medium.  The long-term stability of the magnetic tape is dependent upon many factors including the integrity of the polymer binder in the magnetic recording layer.  Most polymer binders are composed of polyester polyurethanes and are reportedly prone to (hydrolytic) degradation over long times and/or over shorter times under severe conditions.  Exhaustive binder hydrolysis and/or lubricant loss adversely impacts the tape's ability to record, store and retrieve data. 


Early studies indicated that controlling humidity is essential for the long-term stability of polymer binder, much more so than controlling exposure to air (see E. F. Cuddihy, IEEE Transactions on Magnetics, volume MAG-16, 1980, p. 558-568).  Thus, hydrolysis of the polyester polyurethane binder was implicated as a major cause of binder degradation.  Because polyester hydrolyzes faster than polyurethane (see J. L. Cohen and J. J. Van Aartsen, J. Polymer. Science Symposium, volume 42, 1973, p. 1325-1338), most binder hydrolysis studies have first and foremost considered polyester hydrolysis.  Because metal particles can catalyze ester hydrolysis, modern tape manufacture may include polymer or ceramic encapsulation of the magnetic particles in the magnetic recording layer.  Polyvinylchloride (PVC) derivatives seem especially well suited for this task due to their highly competitive adsorption of metal based recording particles (see K. Nakamae, K. Yamaguchi, S Asaoka, Y. Karube and Sudaryanto, Int. J. Adhesion and Adhesives, volume 16, 1996, p. 277-283).  

Several literature reports specifically address binder hydrolysis in magnetic tape.  The results of these studies are discussed below.  In none of the literature reports, however, has partial hydrolysis been distinguished from exhaustive hydrolysis.  Partial hydrolysis is defined here as the hydrolysis of large polyester chains into smaller, but still relatively large polymer pieces.  Exhaustive hydrolysis is the complete hydrolysis of polyester chains into low MW carboxylic acid and alcohol monomers.  One expects a breakdown in the physical structure (e.g., flaking, formation of sticky residue, etc.) and a loss of storage/retrieval performance in magnetic tape that has undergone partial hydrolysis.  One does not expect, however, to form significant solvent extractable hydrolysis products until the binder is near the exhaustive hydrolysis stage. 

Review of prior art: 

1994 NML Binder Hydrolysis Study.  The most thorough investigation reported to date concerning binder hydrolysis in magnetic tape was that performed in the National Media Lab (NML) Study.  The question of hydrolytic stability of magnetic tape binder was specifically addressed by subjecting several different magnetic tape samples to elevated temperatures (40 and 75 oC) and varying relative humidities (0 to 90% RH) for periods of up to 3 years.  At intermittent times, samples of each tape were extracted with acetone. Under the most severe conditions tested (75oC, 90% RH), the weight percent of acetone extracts from a high grade VHS tape gradually rose from ~1.4% (time zero) to ~3.1% (~16 weeks) before slowly dropping off and eventually reaching 0.5-1% (140 weeks).  The NML data was fit to a kinetic model that was developed to describe the level of extractable binder hydrolysis product as a function of time.  The model is based on a simple first order kinetic equation and makes a key assumption:  magnetic tape lubricants are volatile compounds that vaporize to leave no appreciable lubricant concentration on the tapes. This assumption may not be valid under the conditions of their study. The NML report offers no compelling data to support the notion that lubricants present in the magnetic tape completely evaporate at or below 75 oC. The model also predicts that the concentration of binder hydrolysis extraction products should reach an equilibrium “plateau” at long times.  There is no physical or chemical evidence presented to support the further reaction of binder hydrolysis products into “non-extractable” products and the existence of these latter species must be questioned.  The 3 types of components in the acetone extracts (low MW binder hydrolysis components, tape lubricant and other low MW extractables were mentioned) but none were identified by modern methods (e.g., GC-MS).   A less complicated explanation for the NML experimental data is presented here and is based partly on the experimental data collected in the present study.  
2002 Fuji Photo Film Report.  Very recently, Kazuko Hanai and Yutaka Kakuishi of the Fuji Photo Film Company reported a study concerning storage stability of metal particle media (K. Hanai and Y. Kakuishi, Proceedings of the 10th NASA Goddard Conference on Mass Storage Systems and Technologies in cooperation with the 19th IEEE Symposium on Mass Storage Systems, University of Maryland, College Park, April 16, 2002, p. 311-315).  In the study, polymer binder consisting of polyester polyurethane and PVC cross-linker were extracted with tetrahydrofuran (THF) and analyzed by gel permeation chromatography (GPC) using an ultraviolet detector.  It is unclear which species were actually detected by UV and there was no mention made of the detected molecule(s) molar absorptivity, an important constant for back-calculating concentrations. The proceedings paper does not indicate magnetic tape sample sizes utilized in the study and hydrolysis product(s) are reported in terms of molecule numbers rather than weight percents or concentrations.  Consequently, it is difficult to compare and contrast the Fuji study to the NML or other studies.  The Fuji results, plotted as the number of extracted molecules versus time, show a steady increase in the number of extracted molecules as a function of time spent under ambient conditions.  The number of extracted molecules varies from approximately 3.6 x 1018 to 6.8 x 1018 for samples stored between 0.1 and 14 years, respectively By assuming an average molecular weight of 182 (the average MW of 2 suspected hydrolysis products: phthalic acid and methylenedianiline) for the hydrolysis products somewhere between 1.1 and 2.0 milligrams of exhaustive hydrolysis products were apparently isolated by GPC.  Without further experimental detail reported, it is difficult to compare the Fuji data to the NML study, but it appears possible that the minimal weight percent of exhaustive hydrolysis product collected by the Fuji group could easily fall within the experimental noise of the total weight percent extractables collected in the NML study (i.e., between 0.5 and 3.1 weight percent).  In other words, the mass of exhaustive binder hydrolysis products collected in the Fuji study may be minimal compared to the total mass of acetone extracts collected from magnetic tape.  

EXPERIMENTAL PROCEDURES

Different magnetic tape samples were to be exposed to accelerated aging conditions that include elevated temperature (50, 75 and 100oC) and varying humidities (30%, 50%, 75% and 100% RH). The purpose being:

-to determine the mass of solvent extractable organic compounds from the seven magnetic tapes as a function of time spent under accelerated aging conditions;

-to determine the molecular weight and, where possible, the molecular identity of solvent extractables; 

-to determine the lubricant loss (% weight) from each tape sample as a function of time; 

-to determine, where possible, the molecular identity of the lubricants used in each tape sample. 

[image: image20.wmf]Seven different magnetic tapes were studied: IBM 3590-Emtec, IBM 3590-Imation, Quantum SDLT (Maxell), Fuji DLT IV, Maxell DLT IV, BaFe, MP-DLT III.  Each type of magnetic tape was cut into strips of approximately 1 gram size.  After cutting, each strip was accurately massed and carefully wound into a spool.  The spools were then placed into open ended glass vials and the glass vials were neatly packed in an upright position inside aluminum cages.  The cages were placed in autoclavable polypropylene bins (see photo at left) that were filled with approximately 1 inch of distilled, deionized water.   The water level was sufficiently low that none of the glass vials were immersed in the aqueous drink.  The aqueous solutions in some bins were saturated with the appropriate inorganic salts in order to maintain a constant relative humidity (% RH) within the bins.  The polypropylene bins were sealed and placed in one of three ovens each at a constant temperature (( 3 oC), for specified times.

Table 2.3.1.  Description of Accelerated Aging Bins
/Bin #
T (oC)
Salt (sat’d)
% RH

1
50
MgCl2
31

2
50
Na2Cr2O7
54.5

3
75
MgCl2
30

4
75
NaBr
50

5
75
NaCl
76

6
100
none
100

Salt solutions for maintaining constant humidity:  Lange’s Handbook of Chemistry, 13th Ed., McGraw-Hill: NY, 1985. 
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At known intervals, each bin was removed from its respective oven, opened, and samples of each type of magnetic media were removed.  Each sample was allowed to cool and then transferred to a glass flask for methylene chloride (CH2Cl2) extraction.  After adding a clean stir-bar and methylene chloride, the tapes were magnetically agitated in the solvent for 24 hours (see photo at right).  The methylene chloride layer was then decanted into a clean, pre-weighed round-bottomed flask.  The solvent was then evaporated from each round-bottomed flask using a commercial rotary evaporator.  Massing the round-bottomed flasks after evaporation of all solvent revealed the mass extracted from each tape and the % extractable.  

Approximately 1-3 milligram (mg) of each extract was dissolved in 1 mL of fresh CH2Cl2 and submitted for GC-MS analysis on an HP 5890A gas chromatograph coupled to a 70 eV electron impact (EI) mass spectrometer.  For molecules with a molecular weight of 100 atomic mass units (amu), this would correspond to a solution with a concentration between 1x10-2 and 3x10-2 M (molar or moles/L).  For much larger molecules with a molecular weight of 1000 amu, this would correspond to a solution with a concentration between 1x10-3 and 3x10-3 M.  This entire concentration range is appropriate for the GC-MS technique utilized.  Following each GC-MS run, an electronic MS library was searched to help identify each compound present in the solvent extracts.

RESULTS:  

Table 2.3.2 summarizes the pertinent extraction data for each magnetic tape sample at time zero (i.e., before being subjected to accelerated aging conditions). 

Table 2.3.2.  Time Zero Extractions

Tape
Mass Tape Sample (g)
Mass CH2Cl2
Extractables (mg)
% Extractables
GC-MS extractables at Time 0

IBM 3590-Emtec
1.015
6.0
0.6
butyl ester, trichlorobenzene

Quantum SDLT
1.003
6.0
0.6
butyl ester, cyclohexanone, trichlorobenzene

Fuji DLT IV
1.004
10.0
1.0
butyl ester, trace cyclohexanone, trichlorobenzene

Maxell DLT IV
1.001
3.0
0.3
butyl ester, cyclohexanone, trichlorobenzene

BaFe
1.005
7.0
0.7
butyl ester, trace cyclohexanone, trichlorobenzene, other esters

MP-DLT III
1.002
5.0
0.5
butyl ester, trace cyclohexanone, trichlorobenzene, other esters

IBM 3590-Imation
1.004
9.0
0.9
butyl ester, trichlorobenzene
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GC-MS studies of the extracts reveal 2-3 major components in most of the tapes at time zero.  These include a butyl ester of a long chain (fatty) acid, cyclohexanone, and trichlorobenzene.  The butyl ester is characterized by its MS fragmentation pattern that includes a characteristic McLafferty rearrangement fragment (m/z 56, C4H8+) for an ester of a four carbon alcohol.  Cyclohexanone is readily identified based on its MS fragmentation pattern.  It is used in the synthesis of the polymer binder (see e.g., K. Nakamae, K. Yamaguchi, S Asaoka, Y. Karube and Sudaryanto, Int. J. Adhesion and Adhesives, volume 16, 1996, p. 277-283) and its presence in the tape samples may be unintentional.  Trichlorobenzene is also identified on the basis of its MS fragmentation pattern.  The MS spectrum observed is a strong match for either 1,2,3- or 1,2,4- or 1,3,5-trichlorobenzene and includes the expected complex molecular ion signal at m/z 180, 182 and 184 due to the presence of 3 chlorine atoms, each with a 35Cl : 37C natural abundance ratio of 100 : 32.5.  The extraction of trichlorobenzene was unexpected and control experiments were carried out to verify that the trichlorobenzene was indeed originating with the magnetic tape samples.  Neat methylene chloride from the same batch as used for the magnetic tape extractions was subjected to GC-MS analysis.  These runs did not reveal any traces of trichlorobenzene.  Standard samples that did not contain trichlorobenzene were also run under identical GC-MS conditions and they did not show any traces of trichlorobenzene.  We conclude that the trichlorobenzene originates with the magnetic tape samples.  A search of the chemistry literature reveals multiple industrial uses for trichlorobenzene including use as a solvent (b.p. 214 oC for 1,2,4-trichlorobenzene, 218-219 oC for 1,2,3-trichlorobenzene and 208 oC for 1,3,5-trichlorobenzene), a lubricant (m.p. 16 oC for 1,2,4-trichlorobenzene, 53-55 oC for 1,2,3-trichlorobenzene and 63-65 oC for 1,3,5-trichlorobenzene), a lubricant additive, a termite exterminator, an agricultural intermediate, a dielectric fluid and a hydraulic fluid.  No literature, however, was found in which trichlorobenzene was specifically mentioned as a lubricant or other additive for magnetic tape.


The GC-MS analysis for each tape enables direct comparisons between the tapes.  The data reveal striking compositional similarities between the Quantum SDLT and the Maxell DLT IV tapes.  They appear to be identical.  The Fuji DLT IV is also similar to the Quantum SDLT and the Maxell DLT IV tapes, but contains less cyclohexanone.  Likewise, the IBM 3590 Emtec and Imation tapes appear to be very similar to one another, but different from the others.

Tables 2.3.3 through 2.3.8 summarize the pertinent extraction data for each magnetic tape sample at temperatures ranging from 50 oC to 100 oC and %RH’s ranging from 30% to 100%.

Table 2.3.3.  Percent Extractables at 50 oC and 31% RH for Indicated Times
Tape
7.1 days
14.2 days
18.7 days
36.0 days

IBM 3590-Emtec
1.0
1.2
1.1
1.4

Quantum SDLT
2.3
2.2
2.5
2.4

Fuji DLT IV
1.9
1.8
2.2
2.5

Maxell DLT IV
0.9
1.1
0.9
1.3

BaFe
1.9
2.4
2.0
2.1

MP-DLT III
1.6
1.0
1.4
1.5

IBM 3590-Imation
1.7
1.8
1.6
1.9

Table 2.3.4.  Percent Extractables at 50 oC and 54.5% RH for Indicated Times

Tape
7.1 days
14.2 days
18.7 days
36.0 days

IBM 3590-Emtec
1.1
1.1
1.5
1.8

Quantum SDLT
2.2
2.0
2.6
2.5

Fuji DLT IV
2.1
2.2
2.4
2.8

Maxell DLT IV
0.9
1.0
0.6
1.1

BaFe
2.0
2.2
2.5
2.3

MP-DLT III
1.4
1.2
1.0
1.5

IBM 3590-Imation
1.8
1.6
2.1
2.2

Table 2.3.5.  Percent Extractables at 75 oC and 30% RH for Indicated Times

Tape
7.1 days
14.2 days
18.7 days
36.0 days

IBM 3590-Emtec
2.1
2.9
2.4
2.7

Quantum SDLT
1.3
1.5
1.4
1.6

Fuji DLT IV
2.2
2.9
2.6
2.6

Maxell DLT IV
1.1
1.9
1.2
1.3

BaFe
2.0
2.2
2.3
2.5

MP-DLT III
1.2
0.2
1.4
1.5

IBM 3590-Imation
1.4
0.8
1.5
2.0

Table 2.3.6.  Percent Extractables at 75 oC and 50% RH for Indicated Number of Days (d)

Tape
7.1 d
14.2 d
18.7 d
36.0 d
74 d
110 d
142 d

IBM 3590-Emtec
2.3
2.5
2.6
2.5
2.9
2.6
1.7

Quantum SDLT
2.3
2.6
2.8
2.2
3.0
2.5
1.6

Fuji DLT IV
2.9
2.2
3.0
2.8
3.1
1.7
1.2

Maxell DLT IV
1.7
1.6
2.5
2.5
1.9
2.0
1.5

BaFe
2.1
1.5
1.7
1.9
1.5
1.4
0.9

MP-DLT III
1.8
2.1
2.5
1.9
2.4
1.6
1.2

IBM 3590-Imation
1.6
1.8
2.2
1.9
2.3
1.7
1.0

Table 2.3.7.  Percent Extractables at 75 oC and 75% RH for Indicated Number of Days (d)

Tape
7.1 d
14.2 d
18.7 d
36.0 d
74 d
110 d
142 d

IBM 3590-Emtec
2.5
2.9
2.8
3.2
2.6
1.9
1.2

Quantum SDLT
2.1
2.6
2.9
3.0
2.2
1.4
1.1

Fuji DLT IV
2.7
2.2
2.8
3.3
1.9
1.9
0.9

Maxell DLT IV
1.5
1.7
1.9
2.1
1.5
1.6
1.2

BaFe
1.6
1.6
2.2
2.4
1.7
1.7
0.9

MP-DLT III
2.0
2.5
2.3
2.7
1.2
1.6
1.3

IBM 3590-Imation
1.5
2.2
2.1
2.4
1.9
1.5
1.0

Table 2.3.8.  Percent Extractables at 100 oC and 100% RH for Indicated Number of Days (d)

Tape
2.2 d
4.4 d
7.1 d
9.5 d
11.3 d
14.4 d
16.2 d

IBM 3590-Emtec
1.0
1.2
1.0
0.8
1.2
2.5
1.9

Quantum SDLT
2.2
2.1
1.2
1.8
2.0
3.5
3.3

Fuji DLT IV
1.5
1.8
2.8
2.0
2.4
2.4
2.8

Maxell DLT IV
1.5
1.1
0.3
1.0
1.6
3.2
2.4

BaFe
2.2
2.2
1.3
2.2
2.2
2.5
2.8

MP-DLT III
1.4
0.9
1.4
1.9
1.9
1.1
0.8

IBM 3590-Imation
1.0
1.4
1.4
0.5
0.8
1.5
2.2
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Most of the extraction data suggest very modest increases in percent extractables over time.  For the samples held at 75 oC, this increase in % extractables is followed by modest decreases at extended times.  The trend is especially noticeable in the 75 oC samples held at 50% (Table 2.3.6) and 75% (Table 2.3.7) relative humidities- see Figure below.   The data for the samples held at 50 oC do not show the same trend toward a maximum at intermittent times followed by a slow decrease.  Much longer accelerated aging times (probably on the order of months) would likely be needed to achieve a maximum % extractables for the 50 oC samples.  Overall, the extraction data are quantitatively (wt % extracted) and qualitatively similar to that reported for VHS tape in the 1994 NML study.  Unlike the NML study, however, our extracts were subjected to GC-MS analyses.  The GC-MS data reveal relatively minor changes in the compositions of the extracts over time.  Even for the samples subjected to 100 oC and 100% RH, the GC-MS data largely reveal the same set of molecules as seen at time zero.  Some substantive changes monitored by GC-MS over time include the loss of volatile cyclohexanone (b.p. 155 oC) at all temperatures tested for those samples that contained it (Quantum SDLT, Fuji DLT IV, Maxell DLT IV, BaFe, MP-DLT III).  Other changes include the slow depletion of the butyl ester signal, most likely due to hydrolysis, at 75 oC and 100 oC.  The butyl ester should hydrolyze to the corresponding fatty acid and butanol, neither of which is detected.  Butanol (b.p. 118 oC) likely evaporates as it is formed and the fatty acid may not be soluble in methylene chloride and/or it further degrades.  Trichlorobenzene, present in all of the tape samples at time zero, continues to be detected even after long durations at 75 oC and 100 oC.  

The tapes subjected to the most severe aging conditions showed significant signs of physical breakdown.  All 7 samples show visible signs of severe degradation after approximately 5 days at 100 oC and 100% RH.  Specifically, the tapes became stiff and brittle with small particle flakes falling off of the substrate backing.  The MP-DLT III tape seemed to degrade the fastest under these severe conditions and in a somewhat unique manner.  In addition to becoming brittle and flaky, MP-DLT III tape released rust colored particles during the decomposition.  The Quantum SDLT and Maxell DLT IV tapes were amongst the slowest to show visual signs of degradation, although these too degraded eventually.  

In conclusion, seven magnetic tape samples were subjected to varying hydrolysis conditions with temperatures between 50 and 100 oC and %RH’s between 30 and 100%.  Weight percents of methylene chloride extracts were recorded as a function of time spent under accelerated aging conditions and the chemical compositions of the extracts were analyzed by GC-MS.  All seven tape samples showed remarkable resilience to exhaustive hydrolysis, even under the most severe conditions tested.  The magnetic tape samples did not visibly change at 50 or 75 oC, even after prolonged heating at high humidity.  Under the most severe conditions tested (100 oC, 100% RH), the tapes showed signs of physical breakdown, but even then the degradation was not accompanied by exhaustive binder hydrolysis.  

The binder hydrolysis results elaborated here highlight the importance of distinguishing between partial and exhaustive binder hydrolysis.  Partial binder hydrolysis is not accompanied by the formation of low MW organic compounds that can be readily extracted by organic solvents.  Conversely, exhaustive binder hydrolysis is indeed accompanied by the formation of low MW species that can be extracted with common organic solvents.  In previous studies involving solvent extraction of magnetic tape, it was assumed without verification that a significant portion of the solvent extracts was binder hydrolysis product.  The present study, complete with GC-MS analysis of solvent extracts, indicates that this is not the case for the seven magnetic tape samples tested here.  The major extractables are lubricant and other additives.  Assuming the present data is relevant to the 1994 NML binder hydrolysis study involving VHS tape, the NML binder hydrolysis data requires a reinterpretation (see above).

Recognizing that initial losses in performance of improperly stored tape are more likely to be linked to partial rather than exhaustive binder hydrolysis, the present study suggests that solvent extraction of magnetic tape is not the best methodology to study performance depleting, initial binder hydrolysis.  An alternative and potentially useful method that has yet to be explored for studying initial binder hydrolysis is differential scanning calorimetry (DSC).  DSC may be capable of detecting binder hydrolysis events within the tape structure long before those events lead to low MW, solvent extractable species

2.4 PHYSICAL PROPERTIES

NOTE: THE FINAL REPORT WILL INLUDE 2 MORE DATA  POINTS REPRESENTING AN ADDITIONAL 30-60 DAYS OF EXPOSURE
CONTRACT REQUIREMENTS

The following sections of the contract requirements are embodied in this portion of the study:

2.4-Measure the physical properties of the magnetic tapes. 

2.4.1-Determine magnetic resistivity changes by sampling the tape over an interval of ten weeks (resistivity can be measured at the middle of the tape on only one sample for each media type and vendor, for specified environments, every three weeks). Profile the resistivity changes (ohm/square) for the top coating of the magnetic tapes over the specified time interval.

2.4.2- For the aged tapes, determine the changes in dynamic friction over a time interval (until 20 weeks) at three humidity conditions, ranging from thirty to seventy five percent. Static and dynamic friction can be measured at the middle of the tape for each media type and vendor, for specific environments, samples every three weeks. 

PHYSICAL PROPERTY STUDY

OBJECT: To determine the physical and electrical changes in the recording media resulting from environmental exposure.

BASIS: Observe both the electrical resistivity and dynamic friction of the recording media that could/will affect the media’s ability to record, store and retrieve data. 

2.4.1 Resistivity

DISCUSSION

The resistivity specification has importance due to the static charge buildup that occurs from the high speed tape motion and the stationary read/write head. Static discharge is detrimental to the recording media and read circuitry and will affect the reliability of magnetic recording and playback. Suitable binder additives and a carbon-based back-layer are employed to contain the resistivity to acceptable limits set by the manufacturer.

EXPERIMENTAL PROCEDURES

The test procedures followed the test method(s) outlined in the ISO/ECMA specifications. Test fixtures were designed, constructed and plated to specification. 

The Resistivity Pre-Tests evolved experimental observations that required necessary modifications to the ISO/ECMA specifications. It was determined that the ISO/ECMA voltage specified for the IBM 3590 product (500V) generates sufficient conductive heating to distort the test tapes and invalidate subsequent resistivity readings. Lower voltages were required for the test as well as low current measuring equipment. 

A length of ~1m of each tape being evaluated was loosely wound on a small cassette spool along with an equal length sample for the resistance measurement. The spools were affixed to an environmental container cover that was designed to suspend the samples over a saturated salt solution. There were a total of 4 jars per oven temperature (both 40C and 50C); the conditions were: 40C and 50C and 30%, 50%, 75% and 85% relative
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Tapes in this study were exposed to a range of temperatures and humidities. The conditions were: 40C and 50C and 30%, 50%, 75% and 85% relative humidities representing 8 test conditions (2 temperatures and 4 humidites in each).   

The ISO/ECMA resistivity fixture was constructed to specification. Tape samples are weighted for the measurement to insure a sound contact. Surface are kept clean and the measurement performed in a dust free environment. 

Results
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The effects of environmental exposure on the tape resistivities are included in Appendix 2.4. The data collected represents resistivity changes for both the magnetic and conductive sides of the media. Several representative curves at 50C are contained in Figures 2.4.1 thru 2.4.4. 

The tape resistances in general showed considerable changes in resistivities, but there appears to be no uniform discernable trend with temperature or humidity.  The initial resistance (R) values for these tapes are shown in Table 2.4.1.  The R values range in value from ~2 (Fuji) to >1000 (DLTIII) MegOhms/square for the magnetic side and are quite consistent for the conductive back side around 11 to 12 MegOhms (except for Fuji at 0.5).  These values are consistent with the requirements of the ECMA 278 specification which calls for a magnetic side R > 1 and a back side <100.  



Table 2.4.1    RESISTANCE SUMMARY





AVE. RESISTANCE (MEGOHMS/SQ)





(for all 16 replications)






INITIAL
INITIAL

SAMPLE
ID

MAG SIDE
BACK SIDE

M
IBM 3590
R(MOHM/SQ)
3.8
11

 
 
STDEV
1.7
0.08

L
IBM 3590
R(MOHM/SQ)
312
11

 
 
STDEV
613
0.16

C
Quantum SDLT
R(MOHM/SQ)
26
11

 
 
STDEV
1.29
0.063

E
Fuji DLT IV
R(MOHM/SQ)
1.7
0.5

 
 
STDEV
0.11
0

I
ARK BaFe
R(MOHM/SQ)
106
12

 
 
STDEV
41
0.14

J
Quantum DLT III
R(MOHM/SQ)
1000
12

 
 
STDEV
0
0.071
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The changing values of R with exposure, as listed in Appendix 2.4.1, are still within the specification limits so none of the tapes could be eliminated from consideration solely from these results.  However, the mechanism by which these R changes occur must reflect some chemical or physical instability in these tapes; perhaps some absorption or desorption of H2O, oxidation of the metal particle, binder chemical changes or, in the case of the backcoat, some oxidation of the carbon particles.  In any case, it would apriori appear preferable for no change to occur.  Therefore the tapes cab ranked with respect to the degree of resistive change on exposure to these environments.

The Quantum SDLT, BaFe and MP-DLT III tapes were the most stable on both sides while the Fuji DLT IV tape was the most unstable on both sides.  While this information should not take a primary role in choosing a tape, it should be considered along with other properties.




2.4.2 FRICTION

DISCUSSION

The friction specification has importance relating to the high speed tape motion and the stationary read/write head. High friction coefficients can affect the tape motion over the head and the quality of the data both in a record and playback mode. Also of concern are localized high-friction areas on the tape surface where the high speed tape/head interface can cause discrete and instantaneous heating.  Local temperatures at these disparities can exceed the curie point of these magnetic materials and cause data losses.  High friction is detrimental to the recording media and heads and will affect the reliability of magnetic recording and playback. Binder additives are employed to deliver lubrication through the useful life of the tape. Tape Friction coefficients should be contained to acceptable limits set by the manufacturer 

EXPERIMENTAL PROCEDURES

The ISO/ECMA specification does not specify the experimental hardware for the friction test. The test describes the procedure for pulling sections of tape over a defined material rod. One side of tape section is weighted, makes a 90o wrap around the rod, and is pulled with a uniform force. Starting and sliding force (friction) is recorded. In many labs, such friction measurements are done manually with weights and spring gages. A manual Pre-Test for the Friction measurement proved totally inadequate and non-repeatable. A more accurate sample holding, appropriate fixturing and motor control (1mm/sec) was required for this test. It was further noted that the ISO/ECMA ceramic material specified for the friction test was outdated and irrelevant for the drive products being evaluated. An AlSiMag 2 material for the head equivalent friction test was ordered but was not be available in time for the study. The test fixture was redesigned to accommodate interchangeable ceramic rods and tape heads for the friction test no notification was received from either Quantum or IBM that this was an acceptable alternative. Friction measurements are reported therefore for tape surface (magnetic layer side) to tape surface (conductive coating side) only. See experimental setup in photo. 
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A length of ~1m of each tape being evaluated was loosely wound on a cassette spool along with an equal length sample for the resistance measurement. The spools were affixed to an environmental storage container cover that was designed to suspend the samples over a saturated salt solution. There were a total of 4 jars per oven temperature (both 40C and 50C); representing 8 test conditions (2 temperatures and 4 humidities in each).  The conditions were: 40C and 50C and 30%, 50%, 75% and 85% relative humidities.

Samples were placed back into their respective chambers for additional environmental exposure after data was obtained. The full data set is included in Appendix 2.4. 

RESULTS

INITIAL COEFFICIENT OF FRICTION 


(per spec 3590 -ECMA-278)










AVE*
STDEV









ARK BaFe
0.41
0.04



IBM 3590 (M)
0.34
0.02



IBM 3590 (L)
0.54
0.05



DLT III
0.53
0.04



QUANTUM SDLT I
0.43
0.04



FUJI DLT IV
0.46
0.04








(* averaged over all 16 measurements for each tape)

Table 2.4.2 Initial Coefficient of Friction

The values of the initial coefficient of friction are shown in Table 2.4.2.  The average values are shown for the samples used in the test as well as the standard deviation for these averages.  These deviations suggest that the tests were quite repeatable and consistent.  The values of friction coefficient range from a low of 0.34 for IBM 3590 (IMATION) to a high of 0.54 for IBM 3590 (BASF).  
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The specification requires that tapes must have a coefficient of friction >0.28.  All of the test tapes were originally within the specification. The changes in friction as a function of relative humidity and temperature exposure are shown in Appendix 2.4.2. Apparent is the fact that all of the tapes were within the specification even after exposure for 43 days.  Most changes observed are small and within the measurement accuracy. Several tapes showed a slight increase of about 0.1 in friction coefficient.  If the lubrication reacted during these environmental exposures, blooming back to the surface would occur obscure expected changes.  The lubricants are usually organic ester/acids which can react with water or air. Depletion of all available lubricant would take considerably longer than these exposure times. Figures 2.4.5 through 2.4.8 are representative friction trend data at 50C. Most of the data suggests little change in the [image: image30.emf]DLT  50C/ 85%RH
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SUMMARY
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Long term changes in resistivity and friction could be detrimental to performance for the reasons discussed above. The most favorable product/ media is one where little or no change takes place. On this basis, the following Table 2.4.3 is a summary of the findings. 

Table 2.4.3 RANKING OF CHANGE

Resistance
Magnetic side
Conductive side

Least change
SDLT/DLT IV-Maxell
SDLT/DLT IV-Maxell


IBM 3590-IMATION
IBM-IMATION & EMTEC


IBM 3590-EMTEC



DLT IV-Fuji
DLT IV-Fuji





Friction



Least change
SDLT/DLT IV-Maxell & Fuji



IBM 


2.5 ERROR STUDY

CONTRACT REQUIREMENTS

The following sections of the contract requirements are contained in this portion of the study:

2.5– Measure uncorrected bit error rate (UBER) as function of RF output for the specified magnetic tapes.

2.5.1 – The above task requires use of a prerecorded bit-pattern for the BOT, MOT, and EOT, aged at two different temperature and humidity conditions. Obtain the UBER variability data for the magnetic media and measure the corresponding RF output changes.

2.5.2- Compare error correction efficiency for the specified tape and tape drives systems.

2.6.2 – Determine the changes in symbol error rate (SER) for the aged tapes. Measurements have to be carried out on at least two different temperature and humidity conditions

ERROR STUDY

OBJECT: To determine the error profile changes in the recording media resulting from environmental exposure.

BASIS: Observe all pertinent and available error data of each storage system and its recording media that could/will affect the media’s ability to record, store and retrieve data. 

DISCUSSION 

Of the individual technical elements studied in this investigation ERROR performance is the most critical to the issue of data storage and its integrity. It is in the study of ERRORS that these elements all relate to one another. The effects of remanence loss, coercivity change, RF irregularities, binder hydrolysis, resistance and friction changes all manifest themselves as errors and the eventual loss of data when situations prevail such that error correction is not effective. The common denominator for all the technical issues and their interplay is how the media and storage systems perform in their ability to read and recover data. The fact that media changes take place and that errors develop is not a new or unexpected result, particularly in metal particle (MP) media. The issue was therefore the extent of these changes and the ability of the storage systems to compensate and to deliver reliable and accurate data. It is the intent of this aspect of the study to observe pertinent error information, report changes and to determine the life expectancy of the media and the storage system as they interact to deliver data.

Detailed technical discussions and statement of work (SOW) technical reviews were initiated with both IBM and Quantum. The sophistication of these three tape drive products required in-depth, proprietary technical discussions about error data access, software adaptability and statistical data reporting alternatives. The results of these technical discussions as well as extensive product literature research on all the subject tape drives have necessitated variations in the testing methodology specified in the contract requirements. These changes were primarily a result of the complexity and sophistication of these three denser tape drive products and the error information made available by each of the manufacturers. Although variations in the methodology were necessary the underlying philosophy of the study remained the same, i.e. to determine the error profile changes resulting from environmental exposure. 

Significant to this study was the determination of a common denominator to compare different media and observe error changes. Basic to the study were correctable (corrected) errors and uncorrectable (uncorrected) errors. Although specific details of correctable and uncorrectable error definitions were requested from each storage system manufacturer, information of this type was generally considered confidential. Meaningful error information however, is available from the SCSI bus system which was common to all three storage devices. This SCSI error information was the basis for determining media quality, media changes and life expectancy. The bit error rate (BER) proved to be a meaningful parameter and one that is commonly supported by all manufacturers. Each manufacturer does publish storage device specifications that embody error rates (read error rates and write error rates) as a common denominator. Appropriate SCSI reported errors (read and write) were recorded between periods of environmental exposure such that life expectancy (LE) could be predicted. In addition to error profiling other parameters such as read retries, tape test time and tape length usage also proved helpful in evaluating media quality and the effects of environmental storage. 

The extensive amount of media testing required for the study necessitated the use of customized software for error data acquisition. The Arkival test software was modified to accommodate the requirements for common error data acquisition from all three storage systems under investigation. Specific SCSI error types were considered and their significance evaluated in light of the program’s objectives. Several useful error reports were employed which could serve as a quality control report. Life expectancy was also determined from changes in the BER as a function of environmental exposure time. These will be exemplified in the following discussion of results.

EXPERIMENTAL PROCEDURES

Tape Media

The tape media requirement for the ERROR study represented five (5) test tapes for each drive type (3590, DLT and SDLT) at each of three environmental conditions- along with two (2) RT control tapes for each drive type. When applicable, the media quantity was doubled to include one additional media manufacturer for each drive type.

The study included tapes from the following OEM/Type's:

Quantum DLT IV: Fuji (15 tapes); Maxell (15 tapes)
Quantum SDLT: Maxell (15 tapes)

IBM 3590: BASF (15 tapes), IMATION (15 tapes)

The five tapes for each storage condition provided for both performance variations and the averaging of data as well as protection against any anticipated tape losses in the three (3) controlled environments:






40oC/ 50% RH

50oC/ 75% RH





50oC/ 85% RH

Two tapes from each OEM were kept at room temperature (20o +/- 10o C and 50% RH +/- 10o RH) and used as control tapes throughout the study. The periodic testing of these control tapes enabled the determination of error changes and trends resulting from multiple use which was inherent also in the environmental test data. 

Each environmental chamber included one or more tapes made with traditional recording media. The control tapes were monitored in an older generation Quantum DLT 4000 drive and employed either Arkival’s Barium Ferrite tape media or a DLT III Metal Particle tape media.

Tapes were stored in the test environments in their manufactured cassettes and not in plastic shipping or storage containers *. 

The study utilized two drives of each drive type (3590, DLT and SDLT) to provide for drive-to-drive variability data and a drive backup in the event of any drive-type failure. 

* Note: IBM 3590 type cassettes are not supplied in protective outer shipping/handling cases. 

Environmental Storage

Two Tenney Environmental chambers were used to store tapes at the 50oC/ 75% RH

and 40oC/ 50% RH conditions. Each chamber was equipped with time programmable Temperature/RH data loggers to monitor the storage environment over the life of the study. See photo at left. 

The 50oC/ 85% RH environment was accomplished via a custom designed high temperature storage box that accommodated the 27 test tapes suspended over a saturated salt (K2CrO6) solution. At one point in the study, it was determined that many of the test cartridges in the box were covered with caked salt from the saturated salt solution and had to be discarded. The vapor pressure buildup within the test box caused a vapor loss due to a leaky seal. The test had to be restarted with new replacement tapes and a much improved method of sealing and containing the vapor pressure within. 

Test Procedure

At 3-4 week intervals the test tapes were removed from the test environments, acclimatized to RT* and error-evaluated in their respective tape drives with the test software- see Software details in Appendix 2.5. Due to the extensive tape testing time per storage condition the 27 test tapes in each lot were time-staggered such that only one lot was out of the environmental chambers at a time. The ambient stored control tapes were typically run before and after each environmental test group to assure that the drives were functioning properly. All tapes were tested on both the primary and secondary drive of each type. The average test time for each tape was 20 minutes for the IBM 3590 type, 2 hours for the DLT IV types and 3 hours for the SDLT type. 

The two IBM 3590 drives were obtained via an IBM selling partner, the two Quantum DLT drives thru a national Distributor and the SDLT drives from Compaq and Quantum. Early in the drive testing program a high failure rate was experienced with the SDLT test system configuration. Ensuing discussions with Quantum resulted in their providing replacement drives for test and analysis. Error testing was re-started with new SDLT drives that incorporated the latest engineering changes and software modifications. The Quantum firmware also included the necessary VSC's (vendor specific codes) for collecting error data. 

* Note: particular care and handling was used to assure that condensation did not occur when tapes were removed from environmental chambers.

RESULTS

For testing and processing ease the following color coding scheme was used for the tape cassettes:

Quantum DLT IV: 
Fuji (15 tapes) - YELLOW

Maxell (15 tapes) - BLUE

Quantum SDLT: 
Maxell (15 tapes) - GREEN

IBM 3590: 

BASF (15 tapes) - RED

IMATION (15 tapes) - BROWN




DLT 4000

Arkival BaFe-GOLD







Quantum MP-PURPLE

Arkival’s test software was used to report tape and drive performance during the write/create process and all subsequent reads. For the purpose of this study the data written and read was random and designed to induce tape streaming for all products tested. 

The Tape Quality analysis that follows is based upon first usage tape error. Items of interest during write/create are write correctable(s) errors, retries, non-correctable(s) errors and the write bit-error-rate (BER). Similarly during reads, the items of interest are read correctable(s) errors, retries, non-correctable(s) errors and the read bit error rate (BER). There are differences in the error type definitions by the Storage Device manufacturers and although commonly logged as a SCSI-type error, the method of generation differs. This information is generally considered proprietary. 

The following tables summarize the findings for the IBM 3590, Quantum DLT and SDLT products. The number of cartridges for each media type is approximately the same and usually comprised of different lots from each manufacturer. Differences have been seen observed in lot-to-lot performance. Averages for all the lots are presented in the Tables. Actual data can be found in Appendix 2.5 as Excel workbooks by Storage media type. 

WRITE performance

Drive/Media
Lots
Block Count
Retries
Correctable Errors
Raw Write Errors
Non-Correctable Errors
WRITE BERx10^9

IBM 3590-BASF
2
141706
1148
1148
n/a
0
127



IBM 3590- IMATION
3
143224
1739
1739
n/a
1
191

Quantum DLT IV-Maxell
2
613918
0
0
4508
0
95

Quantum DLT IV- Fuji
4
613481
9
9
7080
0
149

Quantum SDLT-Maxell
5
1740702
750
750
83765
0
587

READ performance

Drive/Media
Lots
Block Count 
Retries
Correctable Errors
Raw Read Errors
Non-Correctable Errors
READ  BERx10^9

IBM 3590-BASF
2
141799
995


995


n/a
0
111



IBM 3590- IMATION
3
142372
1231
1231
n/a
0
138

Quantum DLT IV-Maxell
2
613528
0
0
162
0
3

Quantum DLT IV- Fuji
4
613410
0
0
15
0
0.3



Quantum SDLT-Maxell
5
1740636
0
0
1814
0
13

The number of correctable errors and retries is lower in the Quantum products and indicative of either more efficient error correction or a difference in the basis for reporting errors. Nevertheless the BER as defined and reported here is also lower in the Quantum products. This is particularly of interest in light of the higher storage capacity of the media. 

Manufacturers of these media products no longer publish specifications for error quantities, error limits or failure rates. Information of this type may occasionally be found in drive performance specifications or at times published as guidelines (” exceptional, good, normal and high”). This information does exist and is likely used for purchasing specifications that are not available to the public. 

Effects of Environmental exposure and Multiple Uses
Multiple Tape Use Observations and Effects (Ambient Storage)

This study employed the use of control tapes to monitor the normal Room Temperature/RH error performance of the media investigated. The ambient room environment was typically 72 F +/- 5 and 50% RH +/- 10%. Control Tapes were stored on open library shelves as accessible cassettes without their protective shipping/storage jackets. Control tapes were tested before and after the test tapes for each environmental series were collected. The error performance and functionality of the control tapes gave some added reliability information as to the performance of the test drives in question; particularly on the days and times the drives were used to test for and evaluate environmental media changes. The control tapes also provided an error performance history for tapes stored at typical room temperature/RH environments (ambient). As a result of these more frequent tests, a general [image: image33.emf]Typical 3590 All Environments
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observation of control tape performance was noted. In general, control tapes exhibit a parabolic-type error behavior. In most instances demonstrating a higher error rate during their early use, diminishing in error rate and stabilizing for some period of time and then exhibiting some error rate increases with continuing use. A higher BER of 200-300 was occasionally observed with the first time use of all three type tapes but was definitely a lot dependent phenomenon. The effect was observed on both primary and secondary drives and was not limited to a drive type or brand. During the stabile period BER’s were typically lower than observed in tapes undergoing environmental exposure. A slower but increasing BER was observed as the control tapes were exposed to extended usage. 


Figure 2.5.1 above shows the control tape performance of the SDLT product on both a primary and secondary drive. Typical of all control tapes in the study, general trends were repeated from drive to drive indicating changes did take place in the media and were not drive dependent. Figure 2.5.2 combines the data for a representative control tape of the three storage media types; Quantum DLT, IBM 3590 and Quantum DLT. 

Figure 2.5.2
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Again, an occasional incident of higher BER at first use, a lower and relatively stabile period, followed by a period in which slight increases in BER takes place. It is likely that much of the higher BER in the early period has to do with the tape burnishing process performed by the media manufacturer(s).

EFFECTS OF ENVIRONMENTAL EXPOSURE

The three test environments produced results that were somewhat predictable such that higher temperatures and humidities generate higher error rates. In every media type observed humidity was a greater factor than temperature. 

The effects of environmental storage

Data tables in Appendix 2.5 contain data points, standard deviations and the basis for the graphs discussed here. During the course of the study there were losses of data due to a variety of reasons and the utilization of five (5) test tapes for each condition proved advantageous to obtain the following results and conclusions. In all cases reported a single drive (usually primary) was the basis for data comparisons. In the case of the 50oC/ 85% RH storage environment, the saturated salt contamination was so extensive, that the tests had to be restarted with new replacement cassettes; hence the fewer data points for that environment.  
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Another issue of note is the occasional high BER spikes noted in almost all the media tested in accelerated environments. These higher error rates on these tapes were repeatable from drive to drive. Observation of the control tape performance at that point in time suggested a normal drive behavior and emphasized a definite environmentally forced tape error. Continued use of tapes containing such anomalies did, in most cases demonstrate their return to the average group behavior. Environmentally-induced error effects do occur and subsequent use burnished or minimized the defect such that normal ECC was applied successfully. Error location information was available but the study of cause and effect was not possible under the scope of this contract. What is of importance is that in most cases, data was recoverable. See Tape Mortality and Tape Drive Failures-Section 2.5.1.

Figure 2.5.3
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The following series of Figures show the results of environmental storage on the BER over the exposure time. The designated time increments represent identical exposure periods for the environmental condition, usually 4 weeks. Actual times of environmental storage are listed in the corresponding data table for each increment reported. Figures 2.5.3, 2.5.4 and 2.5.5 show the effect of the 40oC / 50% RH environmental storage for the DLT, SDLT and 3590. The two data sets for the DLT and 3590 represent two supply sources. At this storage environment the results from both 
suppliers were similar.  The lower BER rates were evident in the SDLT and DLT products. The 3590 BER was about twice that of the DLT and SDLT. All the media tested showed modest but continuing increases in the BER with continued exposure time to 40oC / 50% RH - indicating a continuing degradation with use and environment. 
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Figure 1. Fujj complete cross section at 5 KX.




A comparison of all three media types is shown in Figure 2.5.6. For the purpose of a comparison representative tapes were selected on the basis of their general performance for the group.  This composite Figure illustrates the similarity in behavior of both the DLT and SDLT products and the higher BER rate of the 3590 product. In all cases the continuing change is evident but not significant. 

Figure 2.5.6
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Figures 2.5.7, 2.5.8 and 2.5.9 show the effect of the 50oC / 75% RH environmental storage for the DLT, SDLT and 3590. Two data sets again for the DLT and 3590 represent two supply sources. At this storage environment the results from suppliers were different in the 3590 case.  Both DLT suppliers however exhibited similar behavior in this environment.  

The higher temperature and humidity of this environment had a greater effect of change on the BER than that of the 40oC / 50% RH - indicating also a continuing degradation with use and environment. 

Figure 2.5.7
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 Figure 2.5.8
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A comparison of all three media types is shown in Figure 2.5.10. Again, for the purpose of a comparison representative tapes were selected on the basis of their general performance for the group.  This composite Figure illustrates the similarity in behavior of both the DLT and SDLT products and the higher BER rate of the 3590 product. In all cases the continuing change is evident but not great significance. 

          Figure 2.5.10
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Figures 2.5.11, 2.5.12 and 2.5.13 show the effect of the 50oC / 85% RH environmental storage for the DLT, SDLT and 3590. Two data sets again for the DLT and 3590 represent two supply sources. The problems with the salt contamination discussed earlier and delayed start of this data set has impacted the [image: image44.jpg]Arkival Technology Vibrating Sample Magnetometer
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trend. Additional data points in time would have given greater certainty to the changes taking place. At this storage environment the results from suppliers were different in both the 3590 and DLT cases.  The individual supply lot of the 3590 Brown series was typical of some SDLT and DLT lots discussed earlier under Control Tape performance. In general, tape lots, from 
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different media suppliers exhibited this same parabolic-type error behavior: a higher error rate during their early use, a lower and more stabilized rate for some period of time and then error rate increases with continuing use. 
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The higher humidity of this environment also resulted in the BER change- indicating also a continuing degradation with use and environment. 





             Figure 2.5.13

Another perspective on the data analysis was comparing each of the Storage Device medias at all temperature and humidity conditions. This analysis is shown in Figures 2.5.14, 2.5.15 and 2.5.16.  In this case a representative supplier was selected for each Storage Device- type: Red for the 3590, Yellow for the DLT and the single source Green for the SDLT.  All the data contained in the each figure is that of the same single supplier. 

The results clearly supported the previously recognized fact that higher temperature and humdities will accelerate changes in media of this type; that this media change is exhibited via an increasing error rate; that the error rate changes induced by the environment exceed that observed at room temperature (ambient) conditions.  In almost every media case presented, independent of the Storage    Device-type, the media changes (BER) were proportional to the increasing temperature/ humidity storage. The higher temperature/humdities demonstrated a greater number of (absolute)errors or higher error rates (BER).

The controlled storage environment used by NARA to maintain their Electronic Records (ER) is 17-20 oC with a RH of 35-45%. The worst-case condition to be imposed on the stored ER media at NARA, excluding environmental control failures, would be 20oC and 45% RH. Considering the relatively low BER changes of all 3 Storage Device media to the 40 C and 50% RH condition of this study, it is safe to say that all three media types should provide satisfactory data reliability on a 10 year basis. 

[image: image47.emf]COMPARING MEDIA TYPES 

50C/ 75% RH

0.0

500.0

1 3 5 7 9 1113151719212325

TIME-MONTHS

BER x10^9

DLT (Y)

SDLT (G)

3590 (R)

Linear (3590 (R))

Linear (DLT (Y))

Linear (SDLT (G))


In all testing to date the tape degradation observed has been within the limits and error correction capabilities of the drive products being tested. 
NON-correctable errors
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Non-correctable errors were attributed to tape mortality. Error recovery dynamics have changed the meaning of Non-correctable errors. This explanation is given for the reading and understanding of the error profiles in Appendix 2.5. Throughout the first write and read operations and during the interim environmental testing, certain tapes exhibited non-correctable errors. In the data tables included in Appendix 2.5 the occurrences of non-correctable errors have been highlighted for convenient viewing. On a write pass the occurrence of an uncorrectable error causes 

the data to be written further down the tape until the data is written without error. On a read pass, the error is considered “hard” only if it fails after the read retry procedure. Non-correctable errors are not always 

Additional Analyses

The individual tapes employed in the study reported error data on a per block-basis. The design of this reporting was to enable an in-depth study of individual blocks containing errors. These blocks typically represent physical tape regions that are prone to either error generation and/or multiple error clustering.  The generation of multiple errors in a particular data block will increase the probability of the violating error correction capabilities and causing hard read errors- making data recovery unlikely.  An error analysis by block count enabled such a determination to be made. Figure 2.5.17 is representative of an error study by block. In the 3590 example, the starting data for both the initial write and read pass is compared with ~480 hours of environmental storage at 50oC and 85% RH. 












Figure 2.5.17 

[image: image49.png]



[image: image50.emf]3590 vs. Time  50C

0

200

400

600

800

1000

0 21 43

Time- Days

Resistance

3590L 30% RH

3590L 50%

3590L 75%

3590L 85%

In addition to the reporting and analysis of the major error categories and rates there still remain other technical areas of interest that could be addressed for detailed error analysis and cause. Due to the fact that Storage Device manufacturers limit the available detail, analysis of this type was limited to those storage devices that make this information available. One such analysis is the study of the Raw Error rate by head. In the DLT (Yellow 36) example shown in Figure 2.5.18, an error analysis by head is presented. In this case the starting data is compared to the data obtained some 2 months after environmental storage at 50 C/ 75% RH. Errors changes by head number are highlighted between the dashed lines. Additional information of this type is helpful in determining drive anomalies and potential media failure causes. 

2.5.1
Tape Mortality and Tape Drive Failures

During the course of the study, media for both the IBM 3590 and the Quantum SDLT experienced absolute tape failures. Tape failures (SDLT) were experienced during first write operations suggesting a media defect condition that caused a hard failure. Media defects of this type are more tolerable and will likely be found at incoming inspection. The more common failure mode however tends to occur as the tape is being read and data recovered until such time that a hard error occurs. Failures of this type do allow multiple and consistent reads of the good portion of the tape until the failure point is reached at some place in its length. Then and there, the tape generates a hard failure and all remaining data is lost. Observed failures of this type resulted from tapes stored in environments designed to accelerate media failures. The total dependence on error correcting electronics can obviously result in data loss. Prudent storage facilities should utilize tape backups when and where possible. Further, because of the lot variations observed, the backup tapes should be stored on different tape lots other than those used for masters. 

Some 6-7 months into the study both an IBM 3590 and a Quantum SDLT tape drive failed to perform read operations. Both drives failed within a week of one another and required field engineering support. The Quantum drives, because of their smaller size and weight were easily returnable for factory repair. 


2.6
DEGRADATION

CONTRACT REQUIREMENTS

The following sections of the contract requirements are embodied in this portion of the study:

2.6 – Measure and compare the degradation profiles of the tapes that were sampled at the beginning, middle and end of tape (BOT, MOT and EOT). 

2.6.1– Determine the changes in RF output (measured in decibels, dB) for the BOT, MOT, EOT from accelerated aging studies. Two different temperatures and relative humidity settings may be used, for example, the temperature may be 40 and 50 Celsius with corresponding RH at 50% and 75%, respectively

Also 

2.5– Measure uncorrected bit error rate (UBER) as function of RF output for the specified magnetic tapes.

2.5.1 – The above task requires use of a prerecorded bit-pattern for the BOT, MOT, and EOT, aged at two different temperature and humidity conditions. Obtain the UBER variability data for the magnetic media and measure the corresponding RF output changes.

Degradation Study

OBJECT: To determine analog property changes in the recording media resulting from environmental exposure.

BASIS: Observe RF signal performance of the recording media that could/will affect the media’s ability to record, store and retrieve data. 

Discussion: 

Tape width changes occur with environmental exposure. The use of embedded linear control track technology (servo tracks) provides for accurate tape position tracking for the data contained in the adjacent data tracks. In addition, storage devices employing “Partial Response Most Likelihood” (PRML) technology make fewer demands on the signal strength and S/N ratios of the media. The digital complexity of these newer tape drive products does not provide for RF recording. The Quantum DLT 8000 was the only storage device that had the capability of utilizing single frequency data in its commercial configuration and a fair comparison of media for this study required a broader-based test. To this end an alternative testing means was used that embodied the linear control tracks in video recorders similar to the embedded servo track functionality common to these denser storage devices*. This 

* Servo tracking and Partial Response technology have been employed in video recording devices for almost two decades. 

approach employed a high bandwidth professional VCR adapted for the test. The two aspects of this study were the RF signal performance with time exposure to the test environments and the corresponding change in error performance. 
EXPERIMENTAL PROCEDURES

The use of linear control tracks in video recorders provides accurate tape position tracking for the video data contained in the video tracks. Access to these control tracks allowed for customized single frequency recording and subsequent RF measurements of the recording media under study. 

Special video amplifier circuits were integrated into the VCR to overcome the complexity of the measurement, the necessity to write specific data frequencies (2f, 4f, etc.) and the measurement of very low level amplitudes from the recording media being evaluated. RF signals were written using a precise frequency source via a commercial chipset designed for high-end video applications. 

The tapes under test contained the recorded RF analog region and simplified data recorded with three different data patterns. A comparison of the data files on the test tapes was made against the same patterns on disc and differences reported as errors. There was no compression and no error correction used in the test.

The subject test tapes were reloaded into professional videocassettes and evaluated as such. Considerable care given to loading detail, edge feathering and tape pre-tensioning. The process resulted in a series of high quality beta cassettes containing the three (3) data tape stocks of the study along with a BaFe tape and a MP-DLT III metal particle tape for reference. 

The following Table 2.6.1 describes the Storage Devices investigated, their pertinent recording densities (defined as 1f, 2f, and 4f) and related information regarding recording frequencies and bandwidth requirements. 

Table 2.6.1 Recording Properties

Tape Drive
DLT 4000
DLT 7000
DLT 8000
SDLT220
3590
Units

Highest Physical Recording Density
2142
2254
2578
5400
10200
ftpmm

Frequency 
2,666,790
4,575,620
5,748,940
7,954,200
10,200,000
Hz

Bandwidth of Read Amplifier
4.5
10
10
25
n/a
MHz

The tests tapes were written with four RF signals (2.5, 5.0, 7.5 and 10 Mhz). RF signals were written using a 

precision frequency source shown below. 

Additional detail is discussed in Appendix 2.6. 
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Each frequency was applied for a specified time and recorded onto the tape media being tested. The tapes were placed in environmental chambers and re-measured periodically for RF signal degradation.  
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A periodic tape re-winding schedule in the environmental chambers was employed such that the entire tape length was exposed to the test environment; thereby eliminating the BOT, MOT and EOT specification issue. Custom tape rewinders were used to provide continuous environmental tape exposure within the chambers. Daily rewinding at elevated temperatures proved harmful to several of the recording tapes. The fragility of the thin tape media was prone to edge damage and slight stretching while being continuously wound and rewound on the guides and rollers of the recyclers. Changing the test cycle(s) in the environmental chambers to a single rewinding schedule at the beginning of each exposure cycle proved satisfactory. 







Figure 2.6.1 Circuit Frequency Response

The recording of simplified data for error analysis did not prove applicable to the double coated DLT and SDLT media. Limitations in the circuitry complicated by the very low signal outputs made this error test unlikely to yield useable results. Error performance was only available via the ERROR part of this study. See section 2.5. 

The circuit frequency dependence, with the appropriate test media was measured to assure reliable data collection. The attached Figure 2.6.1 confirmed the expected frequency roll-off and signal weighting. 

The complete set of test tapes were written and initial data recorded. Cassettes were placed in their in their appropriate environmental chambers and environmentally rewound. At 3-4 week intervals the test tapes were removed from the test environments, acclimatized to RT* and read.  Control tapes stored at ambient conditions were typically run before and after each environmental test group to assure that the test drive was functioning properly

Environmental Storage

Two Tenney Environmental chambers were used to store tapes and the recyclers at the 50oC/ 75% RH and 40oC/ 50% RH conditions. Each chamber was equipped with time programmable Temperature/RH data loggers to assure the consistency and accuracy of the storage environment over the life of the study. 

The 50oC/ 85% RH environment was accomplished via a custom designed storage box that accommodated the test tapes and the recycler. Both were suspended over a saturated salt (K2CrO6) solution. 

RESULTS
The frequency response of each tape sample is compared to its original after each interval of Temperature/RH exposure. In addition to the standard test conditions (40C/50% RH and 50C/75% RH) an additional extreme condition (50C/80% RH) was used to accelerate change. 
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The data, corresponding graphs, averages and standard deviations are included in Appendix 2.6. Summarized for the text is the following Difference Table 2.6.2. For the purpose of discussion, the total amplitude change(s) being reported took place over a four month period of environmental exposure. The amplitude differences are reported as a function of frequency. Included in the Table are the standard deviations resulting from the individual media tested at the same measurement frequencies. Greater sensitivity exists with the high frequency measurements and is reflected in the corresponding standard deviations. Several observations can be made from the resulting data. There appears to be a general trend of higher frequency signal losses (> 7.5 Mhz) resulting from the higher temperature/humidity exposure. The DLT III media was the most sensitive 

          Figure 2.6.2. MP-DLTIII Changes in RF

to the environmental tests and its degradation consistency was observed throughout all three conditions studied. See Figure 2.6.2. Although not included in the designated evaluation the older DLT III product was most affected by the storage environment suggesting that newer tape media is again superior in life expectancy. 

Throughout all test environments, the SDLT Maxell (Green) media (same as Maxell DLT IV media) was the most stabile along with the BaFe tape control. 

Table 2.6.2 Difference Table

Difference Table. Amplitude Changes (dB) after 4 months Environmental Storage

 
40C/50%RH

2.5
5.0
7.5
10.0

 





 

SDLT

2.0
3.0
2.0
0.0

DLT IV Yellow
3.5
3.5
-1.0
0.0

DLT III
 
-20.5
-15.0
-7.5
0.0

3590 Red

2.5
4.0
8.0
0.0

3590 Brown
0.0
0.5
-12.5
0.0

BaFe

2.0
1.5
0.0
0.0

 





 

 
50C/75%RH

2.5
5.0
7.5
10.0

SDLT

2.0
2.5
1.0
0.0

DLT IV Yellow
1.5
7.0
12.0
0.0

DLT III
 
-17.0
-17.0
-12.0
0.0

3590 Red

0.0
2.0
25.0
0.0

3590 Brown
1.0
-0.5
-26.5
0.0

BaFe
 
-14.8
-12.5
-8.3
5.0

 





 

 
50C/85%RH

2.5
5.0
7.5
10.0

 





 

SDLT

0
1
1
0

DLT IV Yellow
1
7
-10
0

DLT III
 
-34
-35
0
0

3590 Red

-3
-6
0
0

3590 Brown
0
0
2
0

BaFe

0
2
1
0

 





 

 



STDEV

 

 


2.5
5.0
7.5
10.0

SDLT

1.0
0.5
1.4
0.0

DLT IV Yellow
1.9
1.8
12.6
0.0

DLT III

2.1
5.9
10.0
0.0

3590 Red

1.7
1.7
14.2
0.0

3590 Brown
0.4
0.5
1.0
0.0

BaFe

2.0
2.3
11.8
0.0

 
 
 
 
 
 
 

The RF data collected did not indicate an adequate trend direction such that it could be used as a variable for error changes. It is also unlikely that additional environmental data would provide the necessary trends to establish this relationship. 

Glossary

ANSI. American National Standards Institute

BaFe. Barium Ferrite

BER. Bit Error rate

Blocks. 

BOT. Beginning of Tape

BUER. Burst Error rate. Four or more SER’s

CD. Compact disc

dB. decibels

DLT. Digital Linear Tape. A Quantum Corporation Tape Storage product.

DSC. Differential scanning calorimetry

ECMA. European Computer Manufacturers Association

ECC. Error Correction Code

EOL. End of life

EOT. End of Tape

Extractables. Tape binders and lubricants that can be extracted with a solvent.

Exhaustive Binder Hydrolysis.  The complete hydrolysis of polyester chains into low MW carboxylic acid and alcohol monomers that are readily extracted by organic solvents.

ftp. Flux changes per ___. Usually mm or inches

GC-MS

GPC. Gel permeation Chromatography

Hc. Coercivity of a magnetic material. the magnetic field strength necessary to reduce the samples magnetization to zero after being saturated.
Hydrolysis.  A chemical reaction in which water reacts with a compound to give 2 or more products.  Many hydrolysis reactions are known.  Esters hydrolyze to give carboxylic acid and alcohol products.  Long chain esters, like those used as lubricants in magnetic tape, hydrolyze to give fatty acids (long chain carboxylic acids) and alcohols.  The process is very similar to saponification whereby triglycerides present in animal fats are reacted with caustic water to produce glycerol and a fatty acid salt called soap.
Hydrolytic Stability.  A measure of a tape binder’s ability to avoid hydrolysis.

Hz. Hertz (cycles/second) 

Ir.  The remanence magnetization of the sample – the magnetization remaining after the sample has been saturated and the external field is removed, i.e. reduced to zero.

Is. The saturation magnetization of the sample.  The highest value of magnetization attainable for the sample.  

Is. Magnetic saturation of a magnetic material

ISO. International Standards Organization 

McLafferty Rearrangement.  A common electron impact fragmentation pathway for molecules containing a C=O double bond (i.e., carbonyl compounds) and a hydrogen atom in the -position (i.e., 4 atoms removed from the C=O double bond).

LE. Life Expectancy. The time that a storage medium is capable of successfully delivering its pre-recorded data

Methylenedianiline.  A hydrolysis product of polymers prepared from the monomer methylenebis(phenyl isocyanate).  The 2002 Fuji study includes the hydrolysis of a polyester polyurethane binder prepared in part from methylenebis(phenyl isocyanate).

Mhz. Megahertz

MOT. Middle of Tape

MP. Metal Particle

MW. Molecular weight

OEM. Original Equipment Manufacturer

Partial Binder Hydrolysis.  The hydrolysis of large polyester chains into smaller, but still relatively large polymeric pieces that are not readily extracted by organic solvent.  

Phthalic Acid.  A common monomer used in the formation of various polymers including polyesters.

PRML. Partial Response Most Likelihood. 

RF. Radio Frequency 

RH. Relative Humidity

SCSI 

SDLT. Super Digital Linear Tape. A Quantum Corporation Tape Storage product.

SER
Symbol Error Rate

STE. Single Track Error

TEM. Transmission Electron Microscope

UBER. Uncorrected Bit Error rate

VSM. Vibrating Sample Magnetometer
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[image: image55.jpg]Figure 6. 1BM recording side at 25 KK showing no double layer.
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										DEa

		sample				RH

						0		30		50		75		85		100

		Quantum		DLT IV		6.58		4.95		4.39		2.3		5.83		5.02

		IBM		3590		7.47		7.91		2.47		6.53		6.13		6.69

		Quantum		S DLT I		9.11		3.17		0.78		4.24		4.68		4.98

		Fuji		DLT IV		7.39		3.32		6.45		4.55		7.83		5.09

		Ark BaFe				2.76		5.68		4.27		6.38		5.15		4.45

				DLT III		6.71		4.91		7.55		7.33		7.14		6.43

										Z

						0		30		50		75		85		100

		Quantum		DLT IV		14.6		10.1		7.98		2.08		12.9		10.8

		IBM		3590		19.1		20.6		4.91		16.9		15.9		17.7

		Quantum		S DLT I		29.8		4.88		-2.7		7.66		9.27		10.6

		Fuji		DLT IV		16.4		5.37		14.1		8.91		18.6		10.7

		Ark BaFe				3.13		11.7		7.5		14.4		10.6		8.58

				DLT III		17.2		12.2		19.8		19.4		19.2		17.3





sample "A"

		0		0		0

		900		900		900

		2500		2500		2500

		5625		5625		5625

		7225		7225		7225

		10000		10000		10000



40 deg C

50 deg C

80 deg C

(RH)^2

log k

SAMPLE "A"

-6.5228787453

-5.6989700043

-4.096910013

-6

-4.6989700043

-4

-6.6989700043

-4.6989700043

-4.6989700043

-5.15490196

-5.2218487496

-4.3979400087

-6

-4.6989700043

-3.6989700043

-5.2218487496

-4.6989700043

-3.3979400087



sample "B"

		0		0		0

		900		900		900

		2500		2500		2500

		5625		5625		5625

		7225		7225		7225

		10000		10000		10000



40 deg C

50 deg C

80 deg C

(RH)^2

log k

IBM

-4.6989700043

-4.15490196

-2.0457574906

-4.6989700043

-3.6989700043

-1.779891912

-4.2218487496

-3.5228787453

-1.8794260688

-4.0457574906

-3.3010299957

-1.6556077263

-3.6989700043

-3.15490196

-1.4948500217

-3.6989700043

-3

-1.2676062402



sample "C"

		0		0		0

		900		900		900

		2500		2500		2500

		5625		5625		5625

		7225		7225		7225

		10000		10000		10000



40 C

50 C

80 C

(RH(^2

log k

sample "C"

-7.2218487496

-5

-5.2218487496

-5

-4.096910013

-4.6989700043

-5.6989700043

-4.6989700043

-5.5228787453

-6

-4.2218487496

-5.6989700043

-5.2218487496

-4

-5.096910013

-5

-3.3979400087



sample "E"

		0		0		0

		900		900		900

		2500		2500		2500

		5625		5625		5625

		7225		7225		7225

		10000		10000		10000



40 C

50 C

80 C

(RH)^2

log k

sample "E"

-7.2218487496

-6.3979400087

-4.5228787453

-5.15490196

-5

-4

-6.6989700043

-5.5228787453

-4.2218487496

-5.6989700043

-5.0457574906

-4

-6.6989700043

-5.3010299957

-3.6989700043

-5.5228787453

-5.096910013

-3.6989700043



sample "I" 80 C

		900

		2500

		5625

		7225

		10000



(RH)^2

log k

sample "I" 80 C

-4.3979400087

-4.6989700043

-3.6989700043

-4.0457574906

-4.0457574906



sample "I" 40&50 C

		0		0

		900		900

		2500		2500

		5625		5625

		7225		7225

		10000		10000



40 C

50 C

(RH)^2

log k

sample "I"

-5.6989700043

-4.6989700043

-6.5228787453

-5.6989700043

-6.3979400087

-5.3979400087

-6

-5.3979400087

-6

-5.15490196

-5.6989700043

-5.096910013



sammple "J"

		0		0		0

		900		900		900

		2500		2500		2500

		5625		5625		5625

		7225		7225		7225

		10000		10000		10000



40 C

50 C

80 C

(RH)^2

log k

sample "J"

-4.3979400087

-3.3979400087

-1.8794260688

-4.096910013

-3.3010299957

-1.6497519817

-4.3010299957

-3.5228787453

-1.5590909179

-4

-3.2218487496

-1.3334820194

-3.6989700043

-2.8860566477

-1.0856568429

-3.2218487496

-2.6020599913

-0.8996294549



sample "I" 20 C

		0

		900

		2500

		5625

		7225

		10000



(RH)^2

log k (calc)

log k vs (rh)^2 @ 20C for "I"

-6.29

-7.69

-7.07

-7.4

-7

-5.95



sample "A" -20C extrapolation

		0

		900

		2500

		5625

		7225

		10000



(RH)^2

log k (calc.)

logk vs (RH)^2 20C "A"

-7.86

-6.79

-7

-5.77

-7

-6.3



sample "B" 20C

		0

		900

		2500

		5625

		7225

		10000



(RH)^2

log k

B 20C

-7.86

-6.4

-5.58

5.39

5.02

5.13



sample "C" 20C

		900

		2500

		5625

		7225

		10000



(RH)^2

log k

"C" 20 C

-5.94

-5.32

-6.81

-6.7

-6.4



sample "E" 20 C

		0

		900

		2500

		5625

		7225

		10000



(RH)^2

log k

"e" 20 C

-8.82

-5.96

-7.91

-6.62

-8.12

-8.67



sample "J" 20 C

		0

		900

		2500

		5625

		7225

		10000



(RH)^2

log k

"J" AT 20 C

-5.7

-4.56

-5.97

-5.6

-5.17

-4.65



LOGt VS ID

		DLT IV
Quantum

		3590
IBM

		S DLT I
Quantum

		DLT IV
Fuji

		Ark BaFe

		DLT III



TAPE ID

LOG (T0.1 (YEARS))

Figure _  LOG T0.1 VS TAPE ID
(AT 20 C & 45 % RH)

1.6950030957

0.978040904

0.3883937366

2.1595558852

3.063751601

1.9876386698



Sheet2

		RATE K VS RH

		SAMPLE		TEMP								RH										SLOPE		INT.

		A						0		30		50		75		85		100

						(rh)^2		0		900		2500		5625		7225		10000

								-6.5228787453		-6		-6.6989700043		-5.15490196		-6		-5.2218487496

								-5.6989700043		-4.6989700043		-4.6989700043		-5.2218487496		-4.6989700043		-4.6989700043

								-4.096910013		-4		-4.6989700043		-4.3979400087		-3.6989700043		-3.3979400087

		A		40				3.00E-07		1.00E-06		2.00E-07		7.00E-06		1.00E-06		6.00E-06				1.00E-04		-6.45E+00

				50				2.00E-06		2.00E-05		2.00E-05		6.00E-06		2.00E-05		2.00E-05				5.00E-05		-5.17E+00

				80				8.00E-05		1.00E-04		2.00E-05		4.00E-05		2.00E-04		4.00E-04				7.00E-05		-4.36E+00

		B						0		30		50		75		85		100

						(rh)^2		0		900		2500		5625		7225		10000

								-4.6989700043		-4.6989700043		-4.2218487496		-4.0457574906		-3.6989700043		-3.6989700043

								-4.15490196		-3.6989700043		-3.5228787453		-3.3010299957		-3.15490196		-3

								-2.0457574906		-1.779891912		-1.8794260688		-1.6556077263		-1.4948500217		-1.2676062402

		B		40				2.00E-05		2.00E-05		6.00E-05		9.00E-05		2.00E-04		2.00E-04				1.00E-04		-4.66E+00

				50				7.00E-05		2.00E-04		3.00E-04		5.00E-04		7.00E-04		1.00E-03				1.00E-04		-3.91E+00

				80				9.00E-03		1.66E-02		1.32E-02		2.21E-02		3.20E-02		5.40E-02				7.00E-05		-1.99E+00

		C						0		30		50		75		85		100

						(rh)^2		0		900		2500		5625		7225		10000

										-5.2218487496		-4.6989700043		-5.5228787453		-5.6989700043		-5.096910013

								-7.2218487496		-5		-5.6989700043		-6		-5.2218487496		-5

								-5		-4.096910013		-4.6989700043		-4.2218487496		-4		-3.3979400087

		C		40				-8.00E-08		6.00E-06		2.00E-05		3.00E-06		2.00E-06		8.00E-06				-4.00E-05		-5.06E+00

				50				6.00E-08		1.00E-05		2.00E-06		1.00E-06		6.00E-06		1.00E-05				1.00E-04		-6.22E+00

				80				1.00E-05		8.00E-05		2.00E-05		6.00E-05		1.00E-04		4.00E-04				1.00E-04		-4.76E+00

		E						0		30		50		75		85		100

						(rh)^2		0		900		2500		5625		7225		10000

								-7.2218487496		-5.15490196		-6.6989700043		-5.6989700043		-6.6989700043		-5.5228787453

								-6.3979400087		-5		-5.5228787453		-5.0457574906		-5.3010299957		-5.096910013

								-4.5228787453		-4		-4.2218487496		-4		-3.6989700043		-3.6989700043

		E		40				6.00E-08		7.00E-06		2.00E-07		2.00E-06		2.00E-07		3.00E-06				6.00E-05		-6.44E+00

				50				4.00E-07		1.00E-05		3.00E-06		9.00E-06		5.00E-06		8.00E-06				7.00E-05		-5.72E+00

				80				3.00E-05		1.00E-04		6.00E-05		1.00E-04		2.00E-04		2.00E-04				7.00E-05		-4.33E+00

		I						0		30		50		75		85		100

						(rh)^2		0		900		2500		5625		7225		10000

								-5.6989700043		-6.5228787453		-6.3979400087		-6		-6		-5.6989700043

								-4.6989700043		-5.6989700043		-5.3979400087		-5.3979400087		-5.15490196		-5.096910013

										900		2500		5625		7225		10000

								0		-4.3979400087		-4.6989700043		-3.6989700043		-4.0457574906		-4.0457574906

		I		40				2.00E-06		3.00E-07		4.00E-07		1.00E-06		1.00E-06		2.00E-06				4.00E-05		-6.22E+00

				50				2.00E-05		2.00E-06		4.00E-06		4.00E-06		7.00E-06		8.00E-06				5.00E-06		-5.26E+00

				80				-1.00E-06		4.00E-05		2.00E-05		2.00E-04		9.00E-05		9.00E-05				7.00E-05		-4.52E+00

		J						0		30		50		75		85		100

						(rh)^2		0		900		2500		5625		7225		10000

								-4.3979400087		-4.096910013		-4.3010299957		-4		-3.6989700043		-3.2218487496

								-3.3979400087		-3.3010299957		-3.5228787453		-3.2218487496		-2.8860566477		-2.6020599913

								-1.8794260688		-1.6497519817		-1.5590909179		-1.3334820194		-1.0856568429		-0.8996294549

		J		40				4.00E-05		8.00E-05		5.00E-05		1.00E-04		2.00E-04		6.00E-04				1.00E-04		-4.41E+00

				50				4.00E-04		5.00E-04		3.00E-04		6.00E-04		1.30E-03		2.50E-03				8.00E-05		-3.50E+00

				80				1.32E-02		2.24E-02		2.76E-02		4.64E-02		8.21E-02		1.26E-01				9.00E-05		-1.82E+00

																				[H2O]		log(h+1)		log log(k)

						h^2		log k				k								(mm Hg)

		40		0		0		-4.3979400087				4.00E-05								0		0		0

				30		900		-4.096910013				8.00E-05								16.6		1.2455126678		0

				50		2500		-4.3010299957				5.00E-05								27.65		1.4571246263		0

				75		5625		-4				1.00E-04								41.5		1.6283889301		0

				85		7225		-3.6989700043				2.00E-04								47		1.6812412374		0

				100		10000		-3.2218487496				6.00E-04								55.3		1.7505083949		0

		50		0		0		4.00E-04												0		0		0

				30		900		5.00E-04												27.8		1.4593924878		0

				50		2500		3.00E-04												46.3		1.6748611407		0

				75		5625		6.00E-04												69.4		1.8475726591		0

				85		7225		1.30E-03												78.6		1.9009130677		0

				100		10000		2.50E-03												92.5		1.9708116109		0

		80		0		0		-1.8794260688				1.32E-02								0		0		0

				30		900		-1.6497519817				2.24E-02								106.5		2.0314084643		0

				50		2500		-1.5590909179				2.76E-02								177.6		2.2518814546		0

				75		5625		-1.3334820194				4.64E-02								268.1		2.4299136978		0

				85		7225		-1.0856568429				8.21E-02								301.8		2.4811558708		0

				100		10000		-0.8996294549				1.26E-01								355.1		2.5515719737		0

								0		30		50		75		85		100

				I				0		900		2500		5625		7225		10000						at 20 C and 45 % RH

						log k 20C		-6.29		-7.69		-7.07		-7.4		-7		-5.95

						40		3.00E-07																log k		Io				To.i

				A		50		2.00E-06																						(yrs)

						80		8.00E-05														A		-7.08		1.9		A		49.5453722485		Quantum		DLT IV		1.6950030957

																						B		-4.41		18		B		9.5069433061		IBM		3590		0.978040904

								0		30		50		75		85		100				C		-5.87		1.7		C		2.4456468006		Quantum		S DLT I		0.3883937366

								0		900		2500		5625		7225		10000				E		-7.5		2		E		144.3962401903		Fuji		DLT IV		2.1595558852

				A		log k-20C		-7.86		-6.79		-7		-5.77		-7		-6.3				I		-7.06		9.4		I		1158.1147716377		Ark BaFe				3.063751601

								0		900		2500		5625		7225		10000				J		-5.41		18.2		J		97.1938240964				DLT III		1.9876386698

				B				-7.86		-6.4		-5.58		5.39		5.02		5.13

								0		900		2500		5625		7225		10000

				C						-5.94		-5.32		-6.81		-6.7		-6.4

								0		900		2500		5625		7225		10000

				E				-8.82		-5.96		-7.91		-6.62		-8.12		-8.67

				I				-6.29		-7.69		-7.07		-7.4		-7		-5.95

								0		900		2500		5625		7225		10000

				J				-5.7		-4.56		-5.97		-5.6		-5.17		-4.65
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Sheet1

										DEa

		sample				RH

						0		30		50		75		85		100

		Quantum		DLT IV		6.58		4.95		4.39		2.3		5.83		5.02

		IBM		3590		7.47		7.91		2.47		6.53		6.13		6.69

		Quantum		S DLT I		9.11		3.17		0.78		4.24		4.68		4.98

		Fuji		DLT IV		7.39		3.32		6.45		4.55		7.83		5.09

		Ark BaFe				2.76		5.68		4.27		6.38		5.15		4.45

				DLT III		6.71		4.91		7.55		7.33		7.14		6.43

										Z

						0		30		50		75		85		100

		Quantum		DLT IV		14.6		10.1		7.98		2.08		12.9		10.8

		IBM		3590		19.1		20.6		4.91		16.9		15.9		17.7

		Quantum		S DLT I		29.8		4.88		-2.7		7.66		9.27		10.6

		Fuji		DLT IV		16.4		5.37		14.1		8.91		18.6		10.7

		Ark BaFe				3.13		11.7		7.5		14.4		10.6		8.58

				DLT III		17.2		12.2		19.8		19.4		19.2		17.3
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Local Tape IBM 0_0000000A6997_2

		1		0		0		0		0		63		0		0		0				63		0		0		0

		1000		0		0		0		0		62937		11		11		0				62937		15		15		0

		2000		0		0		0		0		63000		13		13		0				63000		12		12		0

		3000		0		0		0		0		63000		16		16		0				63000		21		21		0

		4000		0		0		0		0		63000		4		4		0				63000		4		4		0

		5000		0		0		0		0		63000		10		10		0				63000		13		12		1

		6000		0		0		0		0		63000		7		7		0				63000		13		13		0

		7000		0		0		0		0		63000		3		3		0				63000		3		3		0

		8000		0		0		0		0		63000		7		7		0				63000		9		8		1

		9000		0		0		0		0		63000		6		6		0				63000		6		6		0

		10000		0		0		0		0		63000		7		7		0				63000		7		7		0

		11000		0		0		0		0		63000		7		7		0				63000		7		7		0

		12000		0		0		0		0		63000		10		10		0				63000		10		10		0

		13000		0		0		0		0		63000		3		3		0				63000		7		7		0

		14000		0		0		0		0		63000		6		6		0				63000		9		9		0

		15000		0		0		0		0		63000		10		10		0				63000		9		9		0

		16000		0		0		0		0		63000		8		8		0				63000		9		9		0

		17000		0		0		0		0		63000		4		4		0				63000		6		6		0

		18000		0		0		0		0		63000		9		9		0				63000		35		35		0

		19000		0		0		0		0		63000		6		6		0				63000		15		15		0

		20000		0		0		0		0		63000		8		8		0				63000		9		9		0

		21000		0		0		0		0		63000		10		10		0				63000		10		10		0

		22000		0		0		0		0		63000		4		4		0				63000		4		4		0

		23000		0		0		0		0		63000		8		8		0				63000		6		6		0

		24000		0		0		0		0		63000		9		9		0				63000		10		10		0

		25000		0		0		0		0		63000		9		9		0				63000		9		9		0

		26000		0		0		0		0		63000		8		8		0				63000		13		13		0

		27000		0		0		0		0		63000		5		5		0				63000		8		8		0

		28000		0		0		0		0		63000		4		4		0				63000		5		5		0

		29000		0		0		0		0		63000		4		4		0				63000		7		7		0

		30000		0		0		0		0		63000		8		8		0				63000		9		9		0

		31000		0		0		0		0		63000		9		9		0				63000		8		8		0

		32000		0		0		0		0		63000		22		22		0				63000		23		23		0

		33000		0		0		0		0		63000		13		13		0				63000		14		14		0

		34000		0		0		0		0		63000		18		18		0				63000		24		24		0

		35000		0		0		0		0		63000		9		9		0				63000		16		16		0

		36000		0		0		0		0		63000		12		12		0				63000		16		16		0

		37000		0		0		0		0		63000		14		14		0				63000		15		15		0

		38000		0		0		0		0		63000		13		13		0				63000		16		16		0

		39000		0		0		0		0		63000		10		10		0				63000		10		10		0

		40000		0		0		0		0		63000		10		10		0				63000		8		8		0

		41000		0		0		0		0		63000		6		6		0				63000		10		10		0

		42000		0		0		0		0		63000		5		5		0				63000		6		6		0

		43000		0		0		0		0		63000		5		5		0				63000		4		4		0

		44000		0		0		0		0		63000		2		2		0				63000		2		2		0

		45000		0		0		0		0		63000		6		6		0				63000		8		8		0

		46000		0		0		0		0		63000		9		9		0				63000		10		10		0

		47000		0		0		0		0		63000		9		9		0				63000		9		9		0

		48000		0		0		0		0		63000		7		7		0				63000		5		5		0

		49000		0		0		0		0		63000		5		5		0				63000		10		10		0

		50000		0		0		0		0		63000		7		7		0				63000		6		6		0

		51000		0		0		0		0		63000		7		7		0				63000		5		5		0

		52000		0		0		0		0		63000		5		5		0				63000		5		5		0

		53000		0		0		0		0		63000		7		7		0				63000		26		26		0

		54000		0		0		0		0		63000		6		6		0				63000		15		15		0

		55000		0		0		0		0		63000		8		8		0				63000		13		13		0

		56000		0		0		0		0		63000		10		10		0				63000		10		10		0

		57000		0		0		0		0		63000		5		5		0				63000		4		4		0

		58000		0		0		0		0		63000		7		7		0				63000		5		5		0

		59000		0		0		0		0		63000		6		6		0				63000		7		7		0

		60000		0		0		0		0		63000		6		6		0				63000		9		9		0

		61000		0		0		0		0		63000		9		9		0				63000		11		11		0

		62000		0		0		0		0		63000		9		9		0				63000		11		11		0

		63000		0		0		0		0		63000		2		2		0				63000		4		4		0

		64000		0		0		0		0		63000		7		7		0				63000		10		10		0

		65000		0		0		0		0		63000		9		9		0				63000		8		8		0

		66000		0		0		0		0		63000		8		8		0				63000		10		10		0

		67000		0		0		0		0		63000		15		15		0				63000		15		15		0

		68000		0		0		0		0		63000		13		13		0				63000		15		15		0

		69000		0		0		0		0		63000		10		10		0				63000		14		14		0

		70000		0		0		0		0		63000		12		12		0				63000		13		13		0

		71000		0		0		0		0		63000		11		11		0				63000		21		21		0

		72000		0		0		0		0		63000		12		12		0				63000		20		20		0

		73000		0		0		0		0		63000		18		18		0				63000		22		22		0

		74000		0		0		0		0		63000		10		10		0				63000		11		11		0

		75000		0		0		0		0		63000		12		12		0				63000		19		19		0

		76000		0		0		0		0		63000		7		7		0				63000		9		9		0

		77000		0		0		0		0		63000		9		9		0				63000		9		9		0

		78000		0		0		0		0		63000		4		4		0				63000		3		3		0

		79000		0		0		0		0		63000		6		6		0				63000		5		5		0

		80000		0		0		0		0		63000		6		6		0				63000		6		6		0

		81000		0		0		0		0		63000		12		12		0				63000		15		15		0

		82000		0		0		0		0		63000		10		10		0				63000		8		8		0

		83000		0		0		0		0		63000		9		9		0				63000		10		10		0

		84000		0		0		0		0		63000		5		5		0				63000		4		4		0

		85000		0		0		0		0		63000		5		5		0				63000		4		4		0

		86000		0		0		0		0		63000		13		13		0				63000		10		10		0

		87000		0		0		0		0		63000		3		3		0				63000		5		5		0

		88000		0		0		0		0		63000		2		2		0				63000		8		8		0

		89000		0		0		0		0		63000		17		17		0				63000		38		38		0

		90000		0		0		0		0		63000		4		4		0				63000		5		5		0

		91000		0		0		0		0		63000		5		5		0				63000		3		3		0

		92000		0		0		0		0		63000		8		8		0				63000		10		10		0

		93000		0		0		0		0		63000		7		7		0				63000		4		4		0

		94000		0		0		0		0		63000		4		4		0				63000		12		12		0

		95000		0		0		0		0		63000		11		11		0				63000		8		8		0

		96000		0		0		0		0		63000		6		6		0				63000		7		7		0

		97000		0		0		0		0		63000		9		9		0				63000		13		13		0

		98000		0		0		0		0		63000		5		5		0				63000		13		13		0

		99000		0		0		0		0		63000		7		7		0				63000		9		9		0

		100000		0		0		0		0		63000		5		5		0				63000		10		10		0

		101000		0		0		0		0		63000		9		9		0				63000		10		10		0

		102000		0		0		0		0		63000		11		11		0				63000		11		11		0

		103000		0		0		0		0		63000		5		5		0				63000		7		7		0

		104000		0		0		0		0		63000		15		15		0				63000		15		15		0

		105000		0		0		0		0		63000		13		13		0				63000		15		15		0

		106000		0		0		0		0		63000		11		11		0				63000		16		16		0

		107000		0		0		0		0		63000		9		9		0				63000		14		14		0

		108000		0		0		0		0		63000		16		16		0				63000		12		12		0

		109000		0		0		0		0		63000		22		22		0				63000		23		23		0

		110000		0		0		0		0		63000		5		5		0				63000		3		3		0

		111000		0		0		0		0		63000		8		8		0				63000		7		7		0

		112000		0		0		0		0		63000		7		7		0				63000		12		12		0

		113000		0		0		0		0		63000		2		2		0				63000		4		4		0

		114000		0		0		0		0		63000		2		2		0				63000		5		5		0

		115000		0		0		0		0		63000		5		5		0				63000		7		7		0

		116000		0		0		0		0		63000		7		7		0				63000		6		6		0

		117000		0		0		0		0		63000		8		8		0				63000		9		9		0

		118000		0		0		0		0		63000		9		9		0				63000		10		10		0

		119000		0		0		0		0		63000		3		3		0				63000		5		5		0

		120000		0		0		0		0		63000		8		8		0				63000		9		9		0

		121000		0		0		0		0		63000		6		6		0				63000		5		5		0

		122000		0		0		0		0		63000		10		10		0				63000		9		9		0

		123000		0		0		0		0		63000		5		5		0				63000		5		5		0

		124000		0		0		0		0		63000		14		14		0				63000		28		28		0

		125000		0		0		0		0		63000		4		4		0				63000		21		21		0

		126000		0		0		0		0		63000		10		10		0				63000		10		10		0

		127000		0		0		0		0		63000		10		10		0				63000		11		11		0

		128000		0		0		0		0		63000		6		6		0				63000		6		6		0

		129000		0		0		0		0		63000		5		5		0				63000		6		6		0

		130000		0		0		0		0		63000		7		7		0				63000		8		8		0

		131000		0		0		0		0		63000		6		6		0				63000		5		5		0

		132000		0		0		0		0		63000		13		13		0				63000		19		19		0

		133000		0		0		0		0		63000		6		6		0				63000		6		6		0

		134000		0		0		0		0		63000		3		3		0				63000		5		5		0

		135000		0		0		0		0		63000		4		4		0				63000		3		3		0

		136000		0		0		0		0		63000		10		10		0				63000		11		11		0

		137000		0		0		0		0		63000		6		6		0				63000		9		9		0

		138000		0		0		0		0		63000		15		15		0				63000		14		14		0

		139000		0		0		0		0		63000		14		14		0				63000		12		12		0

		140000		0		0		0		0		63000		15		15		0				63000		20		20		0

		141000		0		0		0		0		63000		8		8		0				63000		10		10		0

														1170		1170		0						1474		1472		2

		141345		0		0		0		0		21735		30		30		0

		142000		0		0		0		0		41265		8		8		0

		143000		0		0		0		0		63000		12		12		0

		144000		0		0		0		0		63000		14		14		0

		145000		0		0		0		0		63000		7		7		0

		146000		0		0		0		0		63000		13		13		0

		147000		0		0		0		0		63000		4		4		0

		148000		0		0		0		0		63000		5		5		0

		149000		0		0		0		0		63000		8		8		0

		150000		0		0		0		0		63000		3		3		0

		151000		0		0		0		0		63000		6		6		0

		152000		0		0		0		0		63000		8		8		0

		153000		0		0		0		0		63000		9		9		0

		154000		0		0		0		0		63000		6		6		0

		155000		0		0		0		0		63000		4		4		0

		156000		0		0		0		0		63000		9		9		0

		157000		0		0		0		0		63000		10		10		0

		158000		0		0		0		0		63000		5		5		0

		159000		0		0		0		0		63000		5		5		0

		160000		0		0		0		0		63000		6		6		0

		161000		0		0		0		0		63000		10		10		0

		162000		0		0		0		0		63000		8		8		0

		163000		0		0		0		0		63000		6		6		0

		164000		0		0		0		0		63000		8		8		0

		165000		0		0		0		0		63000		6		6		0

		166000		0		0		0		0		63000		10		10		0

		167000		0		0		0		0		63000		8		8		0

		168000		0		0		0		0		63000		5		5		0

		169000		0		0		0		0		63000		3		3		0

		170000		0		0		0		0		63000		4		4		0

		171000		0		0		0		0		63000		8		8		0

		172000		0		0		0		0		63000		10		10		0

		173000		0		0		0		0		63000		18		18		0

		174000		0		0		0		0		63000		18		18		0

		175000		0		0		0		0		63000		11		11		0

		176000		0		0		0		0		63000		14		14		0

		177000		0		0		0		0		63000		12		12		0

		178000		0		0		0		0		63000		9		9		0

		179000		0		0		0		0		63000		21		21		0

		180000		0		0		0		0		63000		7		7		0

		181000		0		0		0		0		63000		9		9		0

		182000		0		0		0		0		63000		6		6		0

		183000		0		0		0		0		63000		7		7		0

		184000		0		0		0		0		63000		1		1		0

		185000		0		0		0		0		63000		5		5		0

		186000		0		0		0		0		63000		5		5		0

		187000		0		0		0		0		63000		10		10		0

		188000		0		0		0		0		63000		9		9		0

		189000		0		0		0		0		63000		7		7		0

		190000		0		0		0		0		63000		6		6		0

		191000		0		0		0		0		63000		6		6		0

		192000		0		0		0		0		63000		12		12		0

		193000		0		0		0		0		63000		4		4		0

		194000		0		0		0		0		63000		4		4		0

		195000		0		0		0		0		63000		11		11		0

		196000		0		0		0		0		63000		6		6		0

		197000		0		0		0		0		63000		10		10		0

		198000		0		0		0		0		63000		7		7		0

		199000		0		0		0		0		63000		7		7		0

		200000		0		0		0		0		63000		4		4		0

		201000		0		0		0		0		63000		8		8		0

		202000		0		0		0		0		63000		10		10		0

		203000		0		0		0		0		63000		7		7		0

		204000		0		0		0		0		63000		5		5		0

		205000		0		0		0		0		63000		6		6		0

		206000		0		0		0		0		63000		5		5		0

		207000		0		0		0		0		63000		11		11		0

		208000		0		0		0		0		63000		10		10		0

		209000		0		0		0		0		63000		12		12		0

		210000		0		0		0		0		63000		14		14		0

		211000		0		0		0		0		63000		14		14		0

		212000		0		0		0		0		63000		9		9		0

		213000		0		0		0		0		63000		12		12		0

		214000		0		0		0		0		63000		13		13		0

		215000		0		0		0		0		63000		22		22		0

		216000		0		0		0		0		63000		8		8		0

		217000		0		0		0		0		63000		9		9		0

		218000		0		0		0		0		63000		9		9		0

		219000		0		0		0		0		63000		4		4		0

		220000		0		0		0		0		63000		7		7		0

		221000		0		0		0		0		63000		7		7		0

		222000		0		0		0		0		63000		8		8		0

		223000		0		0		0		0		63000		12		12		0

		224000		0		0		0		0		63000		14		14		0

		225000		0		0		0		0		63000		3		3		0

		226000		0		0		0		0		63000		6		6		0

		227000		0		0		0		0		63000		5		5		0

		228000		0		0		0		0		63000		11		11		0

		229000		0		0		0		0		63000		1		1		0

		230000		0		0		0		0		63000		14		14		0

		231000		0		0		0		0		63000		7		7		0

		232000		0		0		0		0		63000		4		4		0

		233000		0		0		0		0		63000		8		8		0

		234000		0		0		0		0		63000		3		3		0

		235000		0		0		0		0		63000		5		5		0

		236000		0		0		0		0		63000		6		6		0

		237000		0		0		0		0		63000		9		9		0

		238000		0		0		0		0		63000		10		10		0

		239000		0		0		0		0		63000		6		6		0

		240000		0		0		0		0		63000		5		5		0

		241000		0		0		0		0		63000		5		5		0

		242000		0		0		0		0		63000		8		8		0

		243000		0		0		0		0		63000		5		5		0

		244000		0		0		0		0		63000		13		13		0

		245000		0		0		0		0		63000		10		10		0

		246000		0		0		0		0		63000		12		12		0

		247000		0		0		0		0		63000		10		10		0

		248000		0		0		0		0		63000		15		15		0

		249000		0		0		0		0		63000		12		12		0

		250000		0		0		0		0		63000		15		15		0

		251000		0		0		0		0		63000		9		9		0

		252000		0		0		0		0		63000		8		8		0

		253000		0		0		0		0		63000		4		4		0

		254000		0		0		0		0		63000		6		6		0

		255000		0		0		0		0		63000		1		1		0

		256000		0		0		0		0		63000		2		2		0

		257000		0		0		0		0		63000		5		5		0

		258000		0		0		0		0		63000		8		8		0

		259000		0		0		0		0		63000		7		7		0

		260000		0		0		0		0		63000		5		5		0

		261000		0		0		0		0		63000		4		4		0

		262000		0		0		0		0		63000		8		8		0

		263000		0		0		0		0		63000		9		9		0

		264000		0		0		0		0		63000		5		5		0

		265000		0		0		0		0		63000		6		6		0

		266000		0		0		0		0		63000		13		13		0

		267000		0		0		0		0		63000		6		6		0

		268000		0		0		0		0		63000		12		12		0

		269000		0		0		0		0		63000		8		8		0

		270000		0		0		0		0		63000		6		6		0

		271000		0		0		0		0		63000		6		6		0

		272000		0		0		0		0		63000		6		6		0

		273000		0		0		0		0		63000		6		6		0

		274000		0		0		0		0		63000		16		16		0

		275000		0		0		0		0		63000		2		2		0

		276000		0		0		0		0		63000		5		5		0

		277000		0		0		0		0		63000		8		8		0

		278000		0		0		0		0		63000		7		7		0

		279000		0		0		0		0		63000		14		14		0

		280000		0		0		0		0		63000		16		16		0

		281000		0		0		0		0		63000		13		13		0

		282000		0		0		0		0		63000		11		11		0

		282690		0		0		0		0		43470		27		27		0

		283000		0		0		0		0		19530		1		1		0

		284000		0		0		0		0		63000		10		10		0

		285000		0		0		0		0		63000		19		19		0

		286000		0		0		0		0		63000		7		7		0

		287000		0		0		0		0		63000		9		9		0

		288000		0		0		0		0		63000		5		5		0

		289000		0		0		0		0		63000		5		5		0

		290000		0		0		0		0		63000		4		4		0

		291000		0		0		0		0		63000		7		7		0

		292000		0		0		0		0		63000		4		4		0

		293000		0		0		0		0		63000		10		10		0

		294000		0		0		0		0		63000		9		9		0

		295000		0		0		0		0		63000		6		6		0

		296000		0		0		0		0		63000		4		4		0

		297000		0		0		0		0		63000		8		8		0

		298000		0		0		0		0		63000		12		12		0

		299000		0		0		0		0		63000		6		6		0

		300000		0		0		0		0		63000		3		3		0

		301000		0		0		0		0		63000		13		13		0

		302000		0		0		0		0		63000		6		6		0

		303000		0		0		0		0		63000		10		10		0

		304000		0		0		0		0		63000		7		7		0

		305000		0		0		0		0		63000		8		8		0

		306000		0		0		0		0		63000		5		5		0

		307000		0		0		0		0		63000		12		12		0

		308000		0		0		0		0		63000		7		7		0

		309000		0		0		0		0		63000		8		8		0

		310000		0		0		0		0		63000		5		5		0

		311000		0		0		0		0		63000		5		5		0

		312000		0		0		0		0		63000		3		3		0

		313000		0		0		0		0		63000		8		8		0

		314000		0		0		0		0		63000		16		16		0

		315000		0		0		0		0		63000		17		17		0

		316000		0		0		0		0		63000		15		15		0

		317000		0		0		0		0		63000		16		16		0

		318000		0		0		0		0		63000		11		11		0

		319000		0		0		0		0		63000		9		9		0

		320000		0		0		0		0		63000		15		15		0

		321000		0		0		0		0		63000		19		19		0

		322000		0		0		0		0		63000		7		7		0

		323000		0		0		0		0		63000		6		6		0

		324000		0		0		0		0		63000		11		11		0

		325000		0		0		0		0		63000		1		1		0

		326000		0		0		0		0		63000		5		5		0

		327000		0		0		0		0		63000		2		2		0

		328000		0		0		0		0		63000		5		5		0

		329000		0		0		0		0		63000		8		8		0

		330000		0		0		0		0		63000		12		12		0

		331000		0		0		0		0		63000		5		5		0

		332000		0		0		0		0		63000		6		6		0

		333000		0		0		0		0		63000		8		8		0

		334000		0		0		0		0		63000		9		9		0

		335000		0		0		0		0		63000		4		4		0

		336000		0		0		0		0		63000		12		12		0

		337000		0		0		0		0		63000		6		6		0

		338000		0		0		0		0		63000		11		11		0

		339000		0		0		0		0		63000		8		8		0

		340000		0		0		0		0		63000		5		5		0

		341000		0		0		0		0		63000		5		5		0

		342000		0		0		0		0		63000		7		7		0

		343000		0		0		0		0		63000		10		10		0

		344000		0		0		0		0		63000		8		8		0

		345000		0		0		0		0		63000		3		3		0

		346000		0		0		0		0		63000		4		4		0

		347000		0		0		0		0		63000		5		5		0

		348000		0		0		0		0		63000		10		10		0

		349000		0		0		0		0		63000		7		7		0

		350000		0		0		0		0		63000		16		16		0

		351000		0		0		0		0		63000		15		15		0

		352000		0		0		0		0		63000		14		14		0

		353000		0		0		0		0		63000		7		7		0

		354000		0		0		0		0		63000		17		17		0

		355000		0		0		0		0		63000		13		13		0

		356000		0		0		0		0		63000		13		13		0

		357000		0		0		0		0		63000		11		11		0

		358000		0		0		0		0		63000		10		10		0

		359000		0		0		0		0		63000		8		8		0

		360000		0		0		0		0		63000		5		5		0

		361000		0		0		0		0		63000		5		5		0

		362000		0		0		0		0		63000		2		2		0

		363000		0		0		0		0		63000		9		9		0

		364000		0		0		0		0		63000		10		10		0

		365000		0		0		0		0		63000		14		14		0

		366000		0		0		0		0		63000		5		5		0

		367000		0		0		0		0		63000		5		5		0

		368000		0		0		0		0		63000		9		9		0

		369000		0		0		0		0		63000		10		10		0

		370000		0		0		0		0		63000		2		2		0

		371000		0		0		0		0		63000		11		11		0

		372000		0		0		0		0		63000		6		6		0

		373000		0		0		0		0		63000		3		3		0

		374000		0		0		0		0		63000		7		7		0

		375000		0		0		0		0		63000		7		7		0

		376000		0		0		0		0		63000		8		8		0

		377000		0		0		0		0		63000		6		6		0

		378000		0		0		0		0		63000		9		9		0

		379000		0		0		0		0		63000		7		7		0

		380000		0		0		0		0		63000		11		11		0

		381000		0		0		0		0		63000		2		2		0

		382000		0		0		0		0		63000		7		7		0

		383000		0		0		0		0		63000		7		7		0

		384000		0		0		0		0		63000		5		5		0

		385000		0		0		0		0		63000		13		13		0

		386000		0		0		0		0		63000		8		8		0

		387000		0		0		0		0		63000		11		11		0

		388000		0		0		0		0		63000		11		11		0

		389000		0		0		0		0		63000		11		11		0

		390000		0		0		0		0		63000		11		11		0

		391000		0		0		0		0		63000		24		24		0

		392000		0		0		0		0		63000		7		7		0

		393000		0		0		0		0		63000		10		10		0

		394000		0		0		0		0		63000		4		4		0

		395000		0		0		0		0		63000		6		6		0

		396000		0		0		0		0		63000		1		1		0

		397000		0		0		0		0		63000		3		3		0

		398000		0		0		0		0		63000		7		7		0

		399000		0		0		0		0		63000		9		9		0

		400000		0		0		0		0		63000		7		7		0

		401000		0		0		0		0		63000		6		6		0

		402000		0		0		0		0		63000		3		3		0

		403000		0		0		0		0		63000		6		6		0

		404000		0		0		0		0		63000		13		13		0

		405000		0		0		0		0		63000		5		5		0

		406000		0		0		0		0		63000		6		6		0

		407000		0		0		0		0		63000		16		16		0

		408000		0		0		0		0		63000		3		3		0

		409000		0		0		0		0		63000		9		9		0

		410000		0		0		0		0		63000		9		9		0

		411000		0		0		0		0		63000		5		5		0

		412000		0		0		0		0		63000		4		4		0

		413000		0		0		0		0		63000		10		10		0

		414000		0		0		0		0		63000		7		7		0

		415000		0		0		0		0		63000		13		13		0

		416000		0		0		0		0		63000		5		5		0

		417000		0		0		0		0		63000		5		5		0

		418000		0		0		0		0		63000		2		2		0

		419000		0		0		0		0		63000		9		9		0

		420000		0		0		0		0		63000		13		13		0

		421000		0		0		0		0		63000		15		15		0

		422000		0		0		0		0		63000		10		10		0

		423000		0		0		0		0		63000		19		19		0

		424000		0		0		0		0		63000		11		11		0

		424035		0		0		0		0		2205		11		11		0

		425000		0		0		0		0		60795		9		9		0

		426000		0		0		0		0		63000		10		10		0

		427000		0		0		0		0		63000		19		19		0

		428000		0		0		0		0		63000		4		4		0

		429000		0		0		0		0		63000		11		11		0

		430000		0		0		0		0		63000		9		9		0

		431000		0		0		0		0		63000		2		2		0

		432000		0		0		0		0		63000		8		8		0

		433000		0		0		0		0		63000		4		4		0

		434000		0		0		0		0		63000		6		6		0

		435000		0		0		0		0		63000		7		7		0

		436000		0		0		0		0		63000		13		13		0

		437000		0		0		0		0		63000		3		3		0

		438000		0		0		0		0		63000		6		6		0

		439000		0		0		0		0		63000		10		10		0

		440000		0		0		0		0		63000		10		10		0

		441000		0		0		0		0		63000		4		4		0

		442000		0		0		0		0		63000		10		10		0

		443000		0		0		0		0		63000		4		4		0

		444000		0		0		0		0		63000		8		8		0

		445000		0		0		0		0		63000		8		8		0

		446000		0		0		0		0		63000		4		4		0

		447000		0		0		0		0		63000		6		6		0

		448000		0		0		0		0		63000		9		9		0

		449000		0		0		0		0		63000		8		8		0

		450000		0		0		0		0		63000		8		8		0

		451000		0		0		0		0		63000		6		6		0

		452000		0		0		0		0		63000		4		4		0

		453000		0		0		0		0		63000		3		3		0

		454000		0		0		0		0		63000		8		8		0

		455000		0		0		0		0		63000		8		8		0

		456000		0		0		0		0		63000		22		22		0

		457000		0		0		0		0		63000		14		14		0

		458000		0		0		0		0		63000		14		14		0

		459000		0		0		0		0		63000		11		11		0

		460000		0		0		0		0		63000		15		15		0

		461000		0		0		0		0		63000		12		12		0

		462000		0		0		0		0		63000		13		13		0

		463000		0		0		0		0		63000		11		11		0

		464000		0		0		0		0		63000		7		7		0

		465000		0		0		0		0		63000		5		5		0

		466000		0		0		0		0		63000		5		5		0

		467000		0		0		0		0		63000		1		1		0

		468000		0		0		0		0		63000		4		4		0

		469000		0		0		0		0		63000		6		6		0

		470000		0		0		0		0		63000		8		8		0

		471000		0		0		0		0		63000		9		9		0

		472000		0		0		0		0		63000		6		6		0

		473000		0		0		0		0		63000		5		5		0

		474000		0		0		0		0		63000		7		7		0

		475000		0		0		0		0		63000		9		9		0

		476000		0		0		0		0		63000		5		5		0

		477000		0		0		0		0		63000		7		7		0

		478000		0		0		0		0		63000		8		8		0

		479000		0		0		0		0		63000		9		9		0

		480000		0		0		0		0		63063		30		30		0

		481000		0		0		0		0		63000		8		8		0

		482000		0		0		0		0		63000		15		15		0

		483000		0		0		0		0		63063		19		19		0

		484000		0		0		0		0		63000		9		9		0

		485000		0		0		0		0		63000		14		14		0

		486000		0		0		0		0		63000		14		14		0

		487000		0		0		0		0		63000		4		4		0

		488000		0		0		0		0		63000		9		9		0

		489000		0		0		0		0		63000		10		10		0

		490000		0		0		0		0		63000		3		3		0

		491000		0		0		0		0		63000		7		7		0

		492000		0		0		0		0		63063		22		22		0

		493000		0		0		0		0		63000		17		17		0

		494000		0		0		0		0		63000		10		10		0

		495000		0		0		0		0		63000		18		18		0

		496000		0		0		0		0		63000		28		28		0

		497000		0		0		0		0		63000		12		12		0

		498000		0		0		0		0		63000		13		13		0

		499000		0		0		0		0		63000		7		7		0

		500000		0		0		0		0		63000		14		14		0

		501000		0		0		0		0		63000		15		15		0

		502000		0		0		0		0		63000		9		9		0

		503000		0		0		0		0		63000		16		16		0

		504000		0		0		0		0		63000		7		7		0

		505000		0		0		0		0		63000		9		9		0

		506000		0		0		0		0		63000		6		6		0

		507000		0		0		0		0		63000		7		7		0

		508000		0		0		0		0		63000		4		4		0

		509000		0		0		0		0		63000		7		7		0

		510000		0		0		0		0		63000		5		5		0

		511000		0		0		0		0		63000		10		10		0

		512000		0		0		0		0		63000		9		9		0

		513000		0		0		0		0		63000		6		6		0

		514000		0		0		0		0		63000		4		4		0

		515000		0		0		0		0		63000		7		7		0

		516000		0		0		0		0		63000		12		12		0

		517000		0		0		0		0		63000		5		5		0

		518000		0		0		0		0		63000		3		3		0

		519000		0		0		0		0		63000		12		12		0

		520000		0		0		0		0		63000		6		6		0

		521000		0		0		0		0		63000		9		9		0

		522000		0		0		0		0		63000		7		7		0






