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INTRODUCTION

The year of 1986 represented exciting times for optical storage technology. Commercial optical storage vendors
appeared to be overcoming earlier media problems and began shipping in volume. Digital audio disks literally took
the world by storm, placing optical disk systems in more people’s living rooms at lower cost than ever imagined a few
short years ago. Discussion of a wide variety of government and commercial applications became widespread, with
focus shifting from the feasibility of the baseline technology to the issues involved in systems integration and
manipulation of data bases not achieved before in real applications.

The SPIE 1986 Optical Mass Data Storage Conference was an exciting meeting that reflected these changes in the
external environment. It consisted of five days of meetings covering erasable and nonerasable media, systems and
subsystems, systems integration, and commercial and government applications. The 61 papers presented repre-
sented only a part of the excitement of this conference, as the personal interactions and hall discussions among the
over 300 attendees were equally important. The technical focus of the conference showed more and more
emphasis on manufacturing issues encountered in production of media and systems and on systems integration
issues. This trend will probably continue in the future with more and more papers on the actual application of optical
storage systems to real problems. In the baseline technology area, magneto-optical disks appeared to accelerate in
interest and achievability. s

We in the optical storage business should be proud of the technical and organizational accomplishments
represented by the trends we see. The area of optical mass data storage has truly moved from agleaminthe eyeto a
technelogy satisfying a real customer need for a better way to handle today’s growing information needs. The
technology developments are far from finished, but a technology base has been established that: provides the
foundation for data storage for years to come.

Robert A. Sprague
Xerox/Palo Alto Research Center

SPIE Vol. 695 Optical Mass Data Storage Il (1986) / vii



CONTETONCE COTMIMERE v 5100 1610 0,5 10, 5 0 ¢ 516050081 550 5 1566 130 5055755 4 051 6 J0, 8 191 % V% 3w, 8 {01 6 181 o (874 18 8 1618 101 & 01 & s § iy 908 91761 & 18 & 5006 6950 & 91 5,000 8 31 5 3 & o » wv s coe con s Vi
VRO CETON v o cor o foy 5 8 20 180 5 200 5 103 6 501 5 50 5 60 & 90 (0001 3 (90 6 (60 095 000 3 T G . o oo o e o o o oy s o 6 6 5 6 67 B 90 8 058 B0 § 1 90 & ol o 0 o ikl i G908 6 0 B o0 i Bl 0 vii
SESSION 1. NONERASABLE MEDIA. ...ttt ittttenenaeeenaeonasaseaeeneneessasnsaennssnnsenaens 1
695-02 New write-once media based on Te-TeO, for optical disks, T. Ohta, K. Kotera, K. Kimura, N. Akahira,

M. Takenaga, Matsushita Electric Industrial Co., Ltd. (Japan).. . . .« e o e e ittt iiii it e i iein e aneannns 2
695-03 Error detection and correction systems for optical disks: issues of media defect distribution, defect growth,

error management, and disk longevity, W. R. Nugent, Library of Congress. ........c.ciiiiiiiiiinenennnn. 10
695-04 Optical recording in multilayer Bi/Se thin films, S. Y. Suh, AT&TBellLabs. . ... ccciviiiiiiiiiiiiiinenenn. 16
695-05 Dynamic laser marking experiments on an organic optical storage medium, H. A. Goldberg,

R. S. Jones, P. S. Kalyanaraman, R. S. Kohn, J. E. Kuder, D. E. Nikles, Celanese Corp. . . ......c.covivenieninnn. 20
695-06 Measuring method of optical disk mechanical characteristics, S. Hara, T. Yoshizawa, NTT Electrical

Communications Labs. {Japan). . cc.ceeecssossvssssserossnssssnsersssnasvontassossessanssensd T
695-07 Characteristics of the mass-produced optical disks, S. Nakamura, S. Yasui, H. Inoue, T. Nakarai, M. Koga,

Takatsuki Research Lab./Sumitomo Chemical Co., Ltd. (Japan); T. Hirukawa, K. Kondo, Ehime Works/

Sumitomo Chemical Co., Ltd. (Japan); S. Imai, Ehime Research Lab./Sumitomo Chemical Co., Ltd. (Japan). .,.. 33
695-08 Molding compounds for optical disk substrates, Y. Kato, S. Imai, M. Isobe, K. Manabe, Ehime Research Lab./

Sumitomo Chemical Co., Ltd. (Japan); T. Nakarai, Takatsuki Research Lab./Sumitomo Chemical Co., Ltd. .

(RIADAN):. 5555 5 5 4 57 375 55 510 5155 500 = 590 §riwinms mvs 6361 85 51 ek s ol T 05 90 00 0T ) 8 58 RS ) S e 8 6 % O T e 91 61 B ST 38
SESSION 2, ERASABLE MEDITA: . i oo s oo s e i 506 5500 § 508 08 570050005 570 698 @1 55,0 @ 6 lo 6 1008 @18 st 6180 w0y 0 68 6 o 815, 5906 w8 908 8/8 908 8 47
695-09 M/O: its emergence as the dominant erasable technology, R. N. Gardner, S. C. Webster, M. A. Khan,

T. A. Rinehart, A. W. Funkenbusch, 3M Co. (Invited Paper). . ......iiitiiienennnierenennnsennnnnns vy 48
695-10 Characterization of sputtered magneto-optic thin films, P. R. Frausto, W. B. Johnson, Ohio State Univ.; A

C. E. Wickersham, Varian Specialty Metals. .. v vvtvitinetinueeeeeeenaessossnonseneeeneensnesanennns 56
695-11 High quality magneto-optical disk, A. Takahashi, H. Katayama, T. Inui, K. Ohta, H. Yamaoka, Sharp Corp.

(JAPAMY: w6 e wiw oiw 505 000 600 68 555 905 105 5 8 598 W08 S0 B360% 55 1608 S50 8 @1 6 061 8 (6106 @1 8 I 08 656 8 6 0§ B8 5 @6 G 80 8 909 %S W06 e 8 e 65
695-12 Measurement and modeling of optical disk noise, A. G. Dewey, IBM/Almaden ResearchCtr.................. 72
695-13 Te-Ge-Sn-Au phase change recording film for optical disks, N. Yamada, M. Takao, M. Takenaga, Matsushita

Electric Industrial €o., Ltd. (JAPAN). .« ¢ <5 « 50s ms em srw e m0s 508 575 600050600 6076w 608 808 6.6 5 0 8 8] 8 @108 015 89 8 30 7w § 8w ww e v e 79
695-14 Photopolymerization and the reversibility of phase-changing erasable optical disks, A. Iwasawa,

H. Yamazaki, S. Fujimori, N. Funakoshi, NTT Electrical Communication Labs. (Japan). ............ocva.. 86
695-63 Analyses of optical anisotropy of PC substrates for M-O disks and its effect on CNR, A. Yoshizawa,

N. Matsubayashi, Olympus Optical Co., Ltd. (Japan). .. v v v i iii ittt ettt et ennransnaennsnns 91
695-16 New erasable optical media using Sb-Se-Bi alloy film, M. Ishigaki, N. Tokushuku, T. Ohishi, Y. Kodera,

Y. Ohta, Y. Fukui; Hitachi' Ltd: (JAPENJ: o i aa i oomon w5 o] 505 i o0 0080 5] 855,078 8 9 906,500 016, 9o 8'e 6 bslil 60 B8 G RB1.00 3 99
695-17 In-Se based phase change reversible optical recording film, M. Terao, T. Nishida, Y. Miyauchi, S. Horigome,

T. Kaku, N. Ohta, Hitachi Ltd. (Japan). ... ov it ittiteentnennneseneoenrenennsoesninenseensnsennnns 105
SESSION 3. OPTICAL STORAGE SYSTEMS AND SUBSYSTEMS: OVERVIEW. .. ...ttt ittt 11
695-18 LD50O0 optical disk design overview, M. J. Monen, Optical Storage International. ........... . coiiiinn., 112
695-19 Optotech 5984 drive overview, T.-C. Lee, D. Chen, Optotech, INC. + .. v viiiitiiin ittt it 116
SESSION 4. SEEKING AND TRACKING TECHNIQUES. ... . iiiiiitiiitiiiiiiiiiaranetaeatnrennenennannss 129
695-20 Trackin§ servo for small size optical disk system, H. Inada, T. Nomura, T. lwanaga, K. Koumura, NEC Corp.

(JADBNY: 5 s 5i6 95 558 505 055 0 508 161 5 101 5 916 B & w0t 5 55 5 916 k) Bk ot § 160 61 109§ s sl 0000 G000 51 6 50 6 F 6 0 V00T G 8 TR0 @ i e 8 0 8 A B 918 0 8 W B 130
695-21 Seek techniques for the Optotech 5984 optical disk drive, E. Bates, G. Hofer, D. Silvy, Optotech, Inc.......... 138
695-22 Interlinked tracking servo technology, S. Arai, T. Iwamoto, K. Hamada, K. Ogawa, Fujitsu Labs. Ltd. (Japan).. ... 141
695-23 New servo method with eccentricity correction circuit, Y. Fukui, Y. Miura, M. Suzuki, Hitachi Ltd. (Japan)...... 147
695-24 Development of high performance head positioner for an optical disk storage system, T. Yamamoto,

T. Yumura, H. Shimegi, Mitsubishi Electric Corp. (Japan). . .. oo viiin i et rinnernoeenronensssnnnss 153
695-25 Sample access: a substitute for continuous track counting, M. Thomas, Alcatel Thomson Gigadisc, Inc. .. ..... 160

OPTICAL MASS DATA STORAGE Il

SPIE Vol. 695 Optical Mass Data Storage Il (1986) / iii



SESSION 5. ADVANCED SCANNING AND TRACKING TECHNIQUES. . . ... ... ittt ens 165
695-26 Number of sectors and track offset suppression performance in the composite wobbled tracking optical

disk, S. Yonezawa, T. Tsuyoshi, M. Ohtake, Hitachi Ltd. (Japan). ..........ccciiiiiiiiiiiiiiieiieenreens 166
695-27 Scanning techniques for optical data storage, D. K. Towner, Hewlett-Packard Co. ...................c.o00. 172
SESSION 6. OPTICS AND HEAD DESIGN TECHNIQUES. . ... .. ittt ittt 181
695-28 Two-beam optical head, K. Hamada, S. Arai, T. Iwamoto, K. Ogawa, Fujitsu Labs. Ltd. (Japan). ............... 182
695-29 Compact-size optical head for magneto-optical disk drive, T. Fujita, N. Takeshita, M. Karaki,

M. Kondo, K. Kime, Mitsubishi Electric Corp. (Japan). .. ... vv it in ittt ittt 187
695-30 Axial gradient index singlet collimator lens for the compact disk system, P. O. McLaughlin, M. Toyama,

I. Kitano, Nippon Sheet Glass Co., Ltd. (Japan). .. ... vvitt ittt ittt e 194
695-31 Optical pickup for CD using no glass lens, S. Shikama, E. Toide, M. Kondo, K. Kime, Mitsubishi Electric Corp.

. ToF: ) T T T D D I O e I S L 199
695-32 Optical component inspection for data storage applications, A. Oudenhuysen, W.-H. Lee, Optical Storage

T oY 2= g = | () o T- | T T TR TR 206
SESSION 7. FORMATS RECORDING AND R/W CHANNEL TECHNIQUES. . ........... it 215
695-33 High density frequency-domain optical recording, W. Lenth, R. M. Macfarlane, W. E. Moerner,

F. M. Schellenberg, R. M. Shelby, G. C. Bjorklund, IBM/Almaden Research Ctr............. ... oiiin.n. 216
695-34 On-land composite pregroove method for high track density recording, Y. Tsunoda; T. Kaku, S. Nakamura,

T. Maeda, Hitachi Ltd. (JApan). . ... .v i i tiiit ittt tenneeanaesenneeanateenuseenanensnns 224
695-62 High density format for Sperry/Information Storage Inc. second-generation optical drives, G. S. Moore,

INfOrmMation StOrage INC. . .o v ittt ittt it i ittt ettt e enasenaatsaesonenacnncaneinesns 230
695-35 Formats for 5%-inch optical disk systems, C. Steenbergen, Optical Storage International. . .................. 239
695-36 Unique features in the read/write channel of Optotech’s 5984 optical disk drive, R. Bracht, J. McDonald,

(0 o} o] C=Tod o T 1 T U R 243
SESSION 8. MEDIA QUALITY VERSUS DRIVE PERFORMANCE. . ............... o e R E R N SRS R e 247
695-37 Effects of disk substrate quality on optical drive performance, C. H. Chung, W. Harvey, Laserdrive Ltd. ....... 248
695-38 Signal-to-noise ratio (SNR) for reiiable data recording, D. G. Howe, Eastman Kodak Co..................... 255
695-39 Effect of birefringence on optical memory systems, D. Treves, Weizmann Institute of Science '

(Israel); D. S. Bloomberg, XeroX COrp. . .. v vttt ineunssnntenanesoneseenaetenanneaeseenasenanns 262
695-40 Retardation effects in magneto-optic readout, A. B. Marchant, Verbatim Corp. ...........coovuiiiinn, 270
SESSION 9. SYSTEM INTEGRATION. . ...ttt ittt iiet ettt enatsssanesesnstosnnssansscnns 277
695-41 Error detection and correction for 5%-inch optical disks, J. Shifman, Cyclotomics, Inc. ..................... 278
695-66 Optical disk technology meets the environments of military applications, C. D. Wright, R. J. Glissmann,

Lockheed EleCtronics CO. v vttt vttt e it itasaseeseeeeeeensnanaeanoneeeesenesanonanensssssenonasos 294
695-43 CD-ROM image retrieval system, T. Takeuchi, T. Saitoh, S. Komatsu, T. Nakamura, Hitachi Ltd. (Japan). ....... 298
695-44 Optical disk testing system, B. H. Manns, Libraryof Congress. . ......... .ottt 306
SESSION 10. COMMERCIAL APPLICATIONS. . ...ttt ittt ittt iiaannaaanseeaarsassatsasaanans 311
695-45 Optical recording media primer, T.Kenny, M Co. ... ... . ittt ittt iianenaans 312
695-46 Comparison of signal-to-noise and carrier-to-noise methods of characterizing optical memories,

E. V. LaBudde, LaBudde ENgin€ering Corp. . ... ivtiteneinitnnenueaeeeeoaasnetnosnntonenntnoenssnos 316
695-47 Simultaneous write and read operations on an optical disk drive at rates’iip to 3 Mbytes/sec, J. H. Hoover,

2 {00 N 0 1 o TS R R 323
695-48 Integration options for the OSI LD1200, L. G. Edwards, Optical Storage International. ..................... 329
SESSION 11. GOVERNMENT APPLICATIONS. .. .ttt ittt iietinnrearanneatsntsasesaeentsacssosass 333
695-49 Supercomputing and storage, K. Wallgren, Supercomputing Research Ctr. ...........oooiiiiiiiiiiiaann, 334
695-64 NSSDC activities with 12-inch optical disk drives, B. E. Lowrey, B. Lopez-Swafford, NASA/Goddard Space

FIGRE CAE. ¢ v v v i v v v ms oo as s o sio s s s am s s siosiosssnsssssssaonsssassssssssssseotosssnsssversnsssssss 342
695-52 Spaceborne optical disk controller development, T. A. Shull, B. A. Conway, NASA/Langley Research Ctr. ..... 347
695-53 Optical memory card: its role in distributing digital lnformatlon from large data bases, R. B. Barnes,

F. J. Sukernick, Drexler Technology Corp. ... .vviuiiiiinenivenenneeneseesasssacenscnssnasacassnnss 353
695-54 System integration issues for 10 Gbyte, unformatted optical disk, O. Bessette, RCACorp. ................. 362
SESSION 12. HARDWARE/SOFTWARE IMPLICATIONS. ... .. ittt iiiinneiesstsaesneseseneonns 365

695-55 Optical mass storage for a 10 terabyte archive: system integration problems and user interface, G Russo,
R. Albrecht, Space Telescope European Coordinating Facility (West Germany); F. Ochsenbein, European
Southern Obs. (West GEIMENY). v vttt eue et ot oneennrensonesasaassnasassassensencontoansnnssns 366

iv / SPIE Vol. 635 Optical Mass Data Storage Il (1986)



695-57 Application of a generalized mathematical model of noise sources to optical media evaluation, A. J. Mendez,

LaBudde ENgineering Corp.. . v vt tiittienne e ienneeeneeeenaneeeassesaneessaaesnansosoanassnesnns 373
695-58 Interfacing strategies for optical digital data devices in mass storage systems, B. T. O’Lear, D. L. Kitts, National

Ctr. for Atmospheric Research........... A et i ee e 386
695-59 Application interface of write-once optical drives, J. R. Dulude, Optotech, Inc. .......... .. i eiiininn, 402
695-60 Software architecture of an integrated optical disk archive for digital radiographic images, N. J. Mankovich,

R. K. Taira, P. S. Cho, A. Wong, Univ. of California/Los Angeles. ........ciotiiiiiiiiiiienirinneenennns 407
695-61 Optical autolibrary technology and its applications, C.-H. Shin, Optical Storage International. ............... 412
o o =T o 13 420
BULROT INAGX 515 o5 15 515 05 w05 919105 9) 5 5105 508 @ 5 6 505 5056 5 (060 6 08 6080 808 5 9 80 B o [ 30 6708, % (680 88 546 19 5 00 405 85 ® 8 880 6 803 (600 6100 6 0 8 38 6 (6 MR 8 58 % 421

SPIE Vol. 695 Optical Mass Data Storage 11(1986) / v



OPTICAL MASS DATA STORAGE Il

Volume 695

Session 14

Nonerasable Media

Chair
Robert P. Freese
3M Company

SPIE Vol. 695 Optical Mass Data Storage il (1986, /



New write-once media based on Te-Te0O2 for optical disks
Takeo Ohta, Koichi Kotera, Kunio Kimura, Nobuo Akahira and Mutsuo Takenaga
Matsushita Electric Industrial Co., Ltd.

3-15 Yagumo-Nakamachi, Moriguchi, 570, Japan.

Abstract

Thin film media composed of Te-TeO2 (TeOx) containing Pd additive was found to have a
feasibility of being applied to high reliability data file optical disks. The carrier to
noise ratio (C.N.R.) exceeds 56 dB at 1,200 r.p.m. disk rotation.

The response time of saturation amplitude after a pulsed laser power irradiation was less
than 300 nsec and is able to apply to high speed read verify systems.

From acceleration environmental stress test results, no defect variation was observed.
By the Arrhenius plot method, the disk life has been estimated to be more than 10 years at
the storage environment 32 degree C, 80 %$RH. The recording and degradation mechanism will
be also discussed.

1. Introduction

The optical recording disk is expected to be applied to computer memory because of its
high density and archival storage characteristics (1),(2).

Since 1972, we have investigated optical recording media, and sub-oxide thin films have
been found to have feasibility in applying to optical recording disks, such as TeOx, GeOx,
SbOx and InOx etc.(3). Among them, Te-TeO2 (TeOx) film shows excellent characteristics (4)
of recording sensitivity and stability compared to pure Te film media and has been applied
to video and document file disks.

On Te-TeO2 (TeOx) film media, some transient phenomena has been observed, which shows the
amplitude and C.N.R. increasing after a pulsed laser irradiation.

In an attempt to produce short transient time film media, we found thatPalladium additive
to Te-TeO2 (TeOx) was effective in eliminating this phenomena.

2. Disk preparation

A thin film active layer was deposited on a disk substrate by an electron beam vacuum
evaporation method. The materials were evaporated from two different sources. One was Te-
TeO2 material source, and the other was Pd source. By the two source evaporation method, on
the disk substrate, thin films composed of Te, TeO2 and Pd elements was deposited.

A typical deposition rate was 2 nm/sec and the thickness of the optical active layer. was
around 150 nm. The disk substrate used was an injection molded polycarbonate plastic with
thickness of 1.18 mm, and of diameter of 130 mm.

On the surface side, laser guide tracks were pregrooved. The track geometry was a 1.65
um track pitch, a 0.8 um track width and A/8n = 65 nm track depth. '

After the active layer was deposited on the disk substrate, Epoxy photo polymerizing
adhesive resin was spread over the film and then a protective plastic plate similar to the
disk substrate was on to the film, resulting in so called solid structure, compared to the
air-sandwich structure.

The simple disk structure was composed of a pregrooved polycarbonate substrate, active
layer, above it an adhesive resin layer and finaly, a bonded protective polycarbonate sub-
strate plate.

Polycarbonate plastic resin was chosen for its thermal stability. Its high distortion
temperature is nearly equal to 145 degree C and higher than that of PMMA. '

3. Dynamic performance of disks
3-1. Disk sensitivity

Disk sensitivity was measured by recording and reading signals at various laser recording
power levels.

Fig.l shows a typical C.N.R. and an amplitude vs, recording power characteristics.

The measurement condition was that the carrier frequency is 2 MHz, 50 % duty cycle using
laser diode with wave length of 830 nm and an objective lens with N.A. of 0.5 and a disk ro-
tation speed of 1,200 r.p.m..

The amplitude of the recorded signal increased as the recording power increased, and
C.N.R. were measured by a spectrum analyzer with a resolution band width of 30 KHz.

2 / SPIE Vol. 695 Optical Mass Data Storage Il (1986)



Fig.2 shows a typical frequency characteristics of the disk. More than 50 4B C.N.R. was
obtained at 4 MHz at outer tracks of diameter 110 mm and at 2 MHz at inner tracks of diame-
ter 65 mm, respectively. 1In these cases the recorded dot length was calculated to be 0.85
um. '

at ¢#110, 1200 r pm

60 —1120 6
[ o - ° at $110
50 [ 100 Z 50
= —_ at ¢65
40 - -1 80 @ 40
2t / Amp | § o
30 - 60 & > 30
ey
< = S
O 20 -1 40 % O 2
10 -1 20 10
0 % | | | | 1 1 1 1 ]
45 6 7 8 0 0 1 2 3 4 5 6
RECORDING POWER mW) FREQUENCY f (MHz)
Figure 1. The measured characteristics Figure 2. Typical frequency
of the carrier to noise ratio and ampli- characteristics of the disk

tude vs. recording power.
3-2. Rapid response characteristics

Te-TeO2 (TeOx) active layer, previously reported optical recording media, shows high sen-
sitivity characteristics such as, high C.N.R. of more than 55 dB at 1,800 r.p.m. and more
than 5 MHz at ' the track position of diameter 190 mm (5).

And it was observed some transient phenomena of amplitude increasing after a pulsed laser
irradiation.

Fig.3(a) shows the amplitude increasing
phenomena on Te-TeO2 (TeOx) active layer after
the laser irradiation. From 300 nsec to 66
msec, the amplitude increases to 1.3 times.

The transient time measurement procedure is
that, wusing 2 beam optical head, one is for
recording, and the other is for reading. The
distance between the two beam spots is 2.3 um
and at disk revolution at 900 r.p.m. at an di-
ameter of 165 mm track position of sample disk
having diameter 200 mm. The reading spot can
read the recorded signal immediately, 300 nsec
after the recording pulsed laser irradiation.
The second measurement was done time is after
one disk revolution at 900 r.p.m.. Successive
measurement was carried out by the interval of
66 msec.

For Pd added Te-TeO2 (TeOx) active layer
disk, the recorded signal amplitude variation
is shown in Fig.3(b). i

The amplitude 1level difference between
after 300 nsec and after one revolution of 66
msec is almost the zero.

By this measurement the amplitude transient

i
#
= l
=

after 300 nsec

phenomena was found to be eliminated by the after 300 a1sec after 66 msec
addition of Pd to the Te-Te02 (TeOx) active (b)
layer.

Figure 3. BAmplitude variation after

the pulsed las=r power irradiation.

(a) Te-TeO2 (TeOx) active layer

(b) Pd added Te-Te02 (TeOx) active layel
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Fig.4(a),(b) shows T.E.M. (transmission electron microscope) observation resualts of
recorded dots on these active layers. For the Te-Te02 (TeOx) active layer, the reccrded
dots contain large grains, such as observed in Fig.4(a). In contrast to this figure,
Fig.4(b) shows Pd added Te-Te02 (TeOx) recording dot, where only small crystalline grains
are observed.

In case of Te-TeO2 (TeOx) active layers, an electron diffraction analysis showned only a
hallo pattern from the unrecorded area, and from the recorded dot, Te crystalline diffrac-
tion spot.

In case of Pd added Te-Te02 (TeOx). the diffraction pattern from the unrecorded area was
an uniform ring, and from the recorded dot, PdTe2 crystalline spots appeared in the diffrac-
tion ring pattern.

(a) ’ (b)

Figure 4. Photograph of dots recorded by
pulsed laser irradiation, measured by
transmission electron microscopy (T.E.M.)
(a) Te-TeO2 (TeOx) active layer

(b) Pd added Te-TeO02 (TeOx) active layer

4. Disk life

One of potential applications of optical recording is archival mass storage. And the en-
sironmental stability of the recording media is of interest.

We evaluated the degradation of the disk using Pd added Te-TeO2 (TeOx) active layer. To
obtain some information concerning long-term storage behavior, we have used accelerated
stress testing. The characteristics of the recording media were measured as a function of
storage time under various temperatures, in both dry ( <8 %RH) and high humidity (80 $%RH)
conditions.

Fxtrapclation of the data to specified environmental conditions, provide us with a plau-
sible estimate of the behavior of the media under long term storage (6).

The temperature dependence of the thermal and the chemical reactions, which are known to
be rosponsible for degradation, is as an exponential relation with temperature such as the
Arrnenius plot method.

Acceleration test procedure

Acceleraticn stress conditions are for example 100 degree C dry (<8 %RH), 90 degree C,
dry ( €& 2ikH! and 90 degree C, 80 %RH and 80 degree C, 80 %RH, respectively.

Disks are stored in the test chamber without any disk protection covers such as car-
tridges. Yo avoid disk destruction, such as crushing or peeling off and condensation of va-
por on the disk surfaces, the pull out condition of the disk from the test chamber should be
restricted at a rate within 10 degree C/hour and 10 %RH/hour.

Measurement parameters and results

In this papcr, we will discuss various criteria those are commonly used for measuring the
life of optical recording media (7).

The first is carrier to noise ratio (C.N.R.) and the second is defect number or defect
length ratio named defect-originated error rate (D.E.R.) which is the more important parame-
ter. The third is bit error rate (B.E.R.) of the most important parameter.

The optical disk life characteristics are of two types. The first corresponds to storage
data life included in reading characteristics (Archival life) and the second corresponds
tc writable data life, included in recording characteristics (Shelf 1life). Both 1life
characteristics of the disk using Pd added Te-TeO2 (TeOx) active layer were measured.
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The most important results is that, disks using Pd added Te-TeO2 (TeOx) active layer, at
high temperature environment of 100 degree C and also high temperature and high humidity en-
vironment of 90 degree C, 80 %RH, have no apparent defect increase, compared to other Te or
Te alloy compounds thus reported (6),(7).

Archival C.N.R. exhibits almost no change as is shown in Fig.5, and defects are also al-
most unchanged as is shown in Fig.6, then it is reasonable to say that no apparent archival
B.E.R. change is observed in Fig.6.

Figs.7(a),(b) and (c) (d) show that writable raw B.E.R. (Shelf) variation data. Dry con-
ditions are (a) and (b) and high humidity 80 %RH conditions are (c) and (d), respectively.

In dry conditions, at 100 degree C, after a test time of around 4 000 hours, writable
B.E.R. (Shelf) seems to degrade slowly, and at 90 degree C, after more than 10,000 hours.
In high humidity (80%RH) conditions, Shelf B.E.R. degradation is obviously observed. At 90
degree C, 80 %RH, around 800 hours, writable (Shelf) B.E.R. seems to start to degrade and,
at 80 degree C 80 %RH around 2,000 hours, writable (Shelf) B.E.R. starts to degrade.

It is important that these Shelf B.E.R. degradations do not correspond to defect
tions as reported using Te compounds (7).

As it is shown in Fig.6, that disks using Pd added Te-TeO2 (TeOx) active layer, at high
temperature and high humidity environment, such as 100 degree C, dry and 90 degree C, 80
$RH, respectively, generated no apparent defect increase. But variations of writable C.N.R.
(shelf) are observed in Fig.5. These changes correspond to recording signal amplitude vari-
ations. They seem to be sensitivity shift to higher recording power region. And writable
B.E.R. (Shelf) variation corresponds to writable signal amplitude variation.

From these acceleration test, it is concluded that, optical disks using Pd added Te-TeO2

varia-

(TeOx) active layer shows (1) Archival B.E.R. life is much longer than shelf life in these
stress test conditions (2) Shelf B.E.R. 1life is estimated to be more than 10 years at 32
degree C, 80 %RH.
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Figure 7. Acceleration test results of writable raw bit error rate (Shelf B.E.R.)
as a function of storage time. )

O ; shelf B.E.R. (a) 100 degree C. dry (<8%RH) (b) 90 degree C, dry (<8%RH)
(c) 90 degree C, 80 %RH (d) 80 degree C, 80 %RH
5. Recording mechanism
A typical composition of the active layer was Te:50. 0:35, Pd:15 (atomic %) which was
analyzed by the X.P.S. measurement to be the mixture of Te, TeO2, Te, Pd, PdTe2 elements.
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Fig.8 shows transition temperature of Pd added Te-TeO2 (TeOx) active layer. The film was
deposited on quartz substrates and transmittance was measured by a He-Ne laser during the
sample heating up to 300 degree C, by a rate of 100 degree C/min.

Fig.8 shows that an as-deposited film had a transition temperature of around 160 to 200
degree C. By a laser beam irradiation, these thin films, absorbed the high energy and heat-
ed up above the transition temperature. Then, those optical constants n, k values changed
and data could be thermally recorded.

Optical constants were determined by a multi reflection interference analysis: Obtaired

refractive index, nl=3,10 and extinction coefficient kl=1.17, respectively.

After a heat treatment of 250 degree C, 5 minutes, the active 1layer changed to darken
state, and the optical constants changed to n2=3.87 and k2=1.62, respectively.

Fig.9 shows calculated reflectivity curve vs. the film thickness, The ccnfiguration for
calculation 1is that the substrate having refractive index of n=1.58 and above it Pd added
Te-TeO2 (TeOx) active layer and above the film, air n=1.0.

Reflection changes of the active layer were estimated to go up to AR = R2 - R1 = 15 & at
a film thickness of 150 nm by thermal transition to darkening state.

at 1=830nm
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- 20
0 | l 1 gs 0 [ N S U S BN N G
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Figure 8. Transmission temperature measure- Figure 9. Calculated reflectivity varia-
ment of Pd added Te-TeO2 (TeOx) active layer. tion s as a function of the film thickness
Measurement conditions 100 degree C/min. at A =830 nm.
A=633 nm — ag deposited
~=uw. after annealing at 250 degree C Smin.

The film structure of the active layer was
observed by transmission electron microscope
(T.E.M.).

Fig.10(a) shows the image and diffraction
pattern of the as-deposited active layer.

A uniform film structure was observed. The
film is formed by amorphous TeO2 network
within fine PdTe2 and Te crystalline particles
dispersed. As confirmed by the electron dif-
fraction the inner diffraction ring
corresponds to PdTe2 fine polycrystalline @)
(hexagonal) structure.

Fig.1l0(b) shows grain size growth of PdTe2
(after a heat treatment of 250 degree C 5
min.) and Laue diffraction spots are observed
in the diffraction ring. It shows that the
recording can be performed by the successive
crystalline grain growth of PdTe2 without
amorphous TeO2 network change.

As mentioned before, by T.E.M. observation,
the recorded dots show some crystalline grain
growth and crystalline diffraction spots ap-
pear 1in the diffraction ring. It is coin- > N €t 08 o
cident with the diffraction pattern of the " (b)
film which thermal transition have occurred.

Figure 10. Transmission electron micro-
graphs and diffraction patterns of Pd
added Te-Te02 (TeOx) active layer.

(a) as deposited film

(b) after annealing at 250 degree C 5min.
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6. Disk degradation mechanism

12! disk using Pd added Te-TeO2 (TeOx) active layer shows a 1long 1life by the ac-
:+isn  stress tests. Here about active layer, more severe stress test was carried out.
~tive layers were deposited on quartz and polycarbonate substrates, and put into the

i +test chanber without any protection.
no twest conditions are 110 degree C dry ( <8 %RH) 100 hours, (b) 80 degree C,dry (<8 %
) 303 nours and 80 degree C, 80 %RH, 300 hours, respectively.
4~ sransmittanc: and transition temperature of this films were measured for the samples
cte quartz substrates.
cis.11{a) shows 110 degree C, dry, 100 hours stressed sample data, (b) 80 degree C. dry

€8 %RH) 300 hours stressed sample data and (c) for 80 degree C 80 %RH, 300 hours stressed
sample data.

At 110 degree C, dry testing transmission degrades comparably large and the transition
temperature 1looks like to shift to a higher temperature, and at 80 degree C, dry, testing,
the degradations are small and at 80 degree C. 80 %RH smaller than that of 80 degree C,
dry.

The transmission slightly degrades and also the transition temperature looks 1like shift
up to 190 degree C.
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- Z
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© 2t o 2 - 2
2!
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E 1 1+ 2 1
X | | 1 = 0 | | ] e 0 | 1 |
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figure2 11. Transition temperature measurement of Pd added Te-Te0O2 (TeOx) active

layer after acceleration tests.
Measurement conditions; 100 degree C/min., A =633 nm
(a) L10 degrec C, dry (<8%RH) 100 hours
(b) 80 degree C dry (<8%RH) 300 hours
(c) 80 degree C, 80 %RH 300 hours

It is concluded that the writing sensitivi-
ty degradation mechanism of Pd added Te-TeO2
(TeOx) active layer corresponds to this tran-
sition temperature shift to a higher tempera-
ture. The other samples deposited on the po-
lycarktonate substrates were observed by a
m.FE.M.(transmission electron microscope).

f.g.12(a) shows the film structure of the
sample tested at 110 degree C, 100 hours. A
small amcunt of crystalline grains are ob-
served. Fi15.12(b) shows the film structure of
the sample tested 80 degree C, 80 %RH, 300
hours, and no noticeable structure change are
observed. Both samples show no defect genera-
tion originated from the oxidized corrosion in
the film.

It is also concluded that the thermal de-
gradation in the dry and the high humidity en-

vironments, is originated from the some
amounts of grain growths of PdTe2 crystal-
lines, and it corresponds to recording sensi- (b)

tivity changes, and no corrosion defect in-
crease corresponds to no defect distribution Figure 12. Transmission electron micro-

change Qf the disks. graphs and c¢iffraction patterns of Pd
.In high humidity environmental tests some added Te-Te(C2 (TeOx) active layers after

uniform increase of oxigen is expected, and acceleratior tests.

this phenomena may cause a sensitivity degra- (a) 110 degree C dry (<8%RH) 100 hours

dation also. (b) 8C degree C 80 %RH . 300 hours
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7. Discussions

The model of rapid response of Pd added Te-Teo2 (TeOx) active layer is considered to pne
that solidificaticn occures in short time because the film contains high melting ‘empeorature
elements.

Those high melting temperature components are PdTe (Tm=720 degree C) and pPdlc2 (Tm=740
degree C), respectively. After pulsed laser irradiation the film is heated and the center
region of the recorded dots melts and cooling starts successively to under the melting tem-
perature. They <change to solid state in short time and the grain growth finish arnd the
transient phenomena will be eliminated.

On the other hand. Te-Te0O2 (TeOx) active layer as the melting temperature of Te 1is 449
degree C, therefore in the cooling process, Te crystalline grain growth occures and succes-
sively re-orientation of Te grains occurs in the film and gradually amplitude increasing
phenomena appears.

The bit error rate level of the disks used in this experiment is within the range of 1 X
E~-6 to 1 X E-4. comparably high B.E.R. level, but it is not intrinsic characteristics. wall
arranged disk process raw B.E.R. level is within the range of 1 X E-6 is accomplished.

‘The Shelf B.E.R. degradation mechanism is understood by shelf amplitude degradations
caused from sensitivity change.

As reported before Te-Te0O2 (TeOx) active layer, the transition temperature goes up & . the
x value increasing (4) so in high temperature and 80 %RH, x value increase and both thermal

and x value changes are considered to affect the sensitivity shift.
8. Conclusions

Optical disks using sub-oxide Te-Te02 (TeOx) containing Pd additive active laver shows
high speed response ( 300 n sec) characteristics.

From the disk environmental stress test data we conclude that more than 10 years ar-
chival and shelf B.E.R. life can safely be extrapolated to at 32 degree C, 80 %RH storage
condition.

The recording mechanism is that PdTe2 crystalline grain growth in amorphous Teo2 net
work. The degradation mechanism 1is that, sensitivity change. The sensitivity shift is
caused by thermal change of PdTe2 and also by oxidization.

Stable B.E.R. characteristics is caused from stable archival C.N.R. characteristics and no
defect variation.

The Pd added TeOx active layer is expected to be a reliable optical disk which has low
B.E.R. and long life.
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