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Magnetically Induced Super Resolution Light Intensity Modulation Direct Overwrite

Technology

Bk « KR SEBEGD, LBENRATER

Y. Fujii and T. Tokunaga, Mitsubishi Electric Corp., Advanced Technology R & D Center

Light intensity modulation direct overwrite (LIM-
DOW) and magnetically induced super resolution
(MSR) readout are effective means of increasing the
write transfer rate and the storage capacity of mag-
neto-optical disks, respectively. LIMDOW layers and
MSR readout layers were combined by exchange cou-
pling and both of these advantages were realized in a
single magneto-optical disk. This paper describes how
threshold temperatures of LIMDOW-MSR disks were
designed to maximize the read power margin and the
erase power margin and to narrow the track pitches. It
also describes the write and read characteristics of
LIMDOW-MSR disks using front aperture detection
type and rear aperture detection type MSR and land/
groove recording schemes. LIMDOW-MSR disks have
a potential areal density of more than 3.5 Gbit/inch?,
and are expected to be used as multi-media data stor-
age media.

Key words: magneto-optical disk, magnetically in-
duced super resolution (MSR), front aperture detection
(FAD), rear aperture detection (RAD), light intensity
modulation direct overwriting (LIMDOW), land and
groove recording
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Fig.1 Concept of combining MSR and
LIMDOW.
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Fig. 2 Threshold temperatures during the writ-
ing, erasing, and MSR reading of a LIMDOW-
MSR disk.
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Fig. 3 Hall hysteresis loops of a LIMDOW-FAD
disk at the MSR readout temperature. R, M, W, S
denote readout, memory, writing, and switching
layers, respectively. The initializing layer was
not reversed within the swept field range.

Written '[

mark ‘

Temperature
Temperature
Erase margin

x
o
3
1Y
xX

k- P_min

k*Prmax d

S

H "3 H H
Ry Ry Ry Ry
Radial position Radial position
Fig. 4 Mark shapes and temperature profiles.

The mark size in (b) is a half of that in (a).

176

W&, 2) BE/HENT -V Y DBHRETER &,
) ElgREFICHEE r S v VAHELTLES T L (F B R4
L= kS v oy FILTEBZE, D3AET
5. UTF, InNoEHRESE B -DOHEEERTIES
AR B,

2.1 LIMDOW-MSR EDEN{ERE

Fig. 2 ic LIMDOW-MSR JED # —/x— 5 4 b, WSKHE
fREEAEOEHEEE OSSR ERY. ik HE BHAEO
B, ThEhid@El 2VEE, HELXVERE, B4
LEVEREAELI 2 k- TiTbR3., LIMDOW @
FIERE L L TR Q5P IEE ORI B A8 L
J& o E i FIELIRE O EES 5. L L MSR
LDMAEDLRITBLTRBEARICZEE T Tyl
LI NRBICH 20 THIRLEELHALEVWEE LD
FHIEZEL LBV, —7%, LIMDOW /% & MSR
BEOFHEEC L IEERBEAHELEVEER T
THZEiIck-THRETH B, Fig. 3IcT DT & 2K
MEPORIELALIDE L THEAREMT BT S
LIMDOW-FAD JED F — Lk 25 Y ¥ RV — FhiRd 4,
BEOe DEHAMA Hewa 12 & » TFADFEARE (Xth
“R™) OBLD A DKL L, % ORERFEEAH MSR FA I H
JBENTRRIENRE, ZDEE, AEY) —E (M “M”)
DOFREERER S EARA AN AREV D 2 Y BT
BRESNBRENET 5L MSR BAMHRETH
%,

2.2 BMEBRELNRT—T—Dv

Fig 4(a) WHlRFHOBEAR LK S N3 iEH~<—7 D
ERERT. < — 7 OHEEZTI IR~ — 7 P&
R, DB ORFREE 2HEL S VWEE T LTHRE
TR L0 S P (B, k35K ¥7 — SRR O,
PlEi L3 3%) DEoHENT - L —¥—%, F/H
ETEEHAFEC SV DICIIITRERESTEL L
BE Ty 2BA B VWHEENT = PLaax UTOL—H—%1
HInEkw, 2F0HEENST = PLid Poon 5 Ponx
FTOR—VVvaETE. THELENT —D LR Praoax id
BARSREEEN T LI 2HE XY —Tdh 5.
LIMDOW-MSR i BW T IIBAEESHRNEETH
B2 Prmax 21BN ELSHREL, polHENT—<—
VVEHRTAIENBETH S, DI ERETETE
KBOWTHR -7 NS RBERERBIERTES &
318 5. Fig. 4(b) 5tk ~ — 7 2% Fig. 4(a) © 1/2 1T
BolBa%ERLTBY, HELZVEETL2ELT
b Fig. 4(a) LFECHE T —iC X -> CHEENTRETH S
BTBRENATVWE, THbEFEE N7 —<—Y v EED
EHBIEBFEAREENY 2R LESHEENTES

DTH 5. BEBHTY ZDMHES EIREL < — 7 ¥K%
1/e ¥R CIEMILT 3 L B{AFEE T - 13,
PRmax:PLmin'eXp(Rlz)/k (1)

ARIGHBS¥S5E Vol 21, No. 4-1, 1997

NI | -El ectronic Library Service



The Magnetics Society of Japan

6 y T T T T T v TEENB, Fig b KHENT -2 -V VP —FI b &
1 HCHELEVWEEL2RE LS, TRv—7 0% (s
5 — EHIBEAFE NN - BEDL D BT 2hEFEL

- ‘ ] . BRO—FIERT. SR — WM& EBEEBITEKR
4 - BN —BHERL, &ERKEE T - EHEENT-TF
‘ - — Bt & DO MiD Iy —SEIRAEIRT X B T LIRS
nTwna,
23 EMEREELBEIS Y IESFIE
Fig. 4 IWREN TV B &S icitigd~— 27 OFBIC3EE
L DEEER L EWVIRE Ty LIHELEVERE T eI Nl
1 . RV v THEEPHERENS. bS50y FERDTE
1 FEAZNZBICE, COBEHRERIcL->THENS v
: 1 . L . | , OEFRMHESNT VLI T LBTAER S0, Fig. 4
0 02 04 0.6 0.8 D (a) & (b) R HET 5 &, FREw— 7 WIS CHEL &
Mark diameter 2Ry [uml VIR T A @ s, Tud T ORISR KB &
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Fig. 6 Calculated mark diameter dependence of FAD % 4 7® MSR Fi/:J8 & LIMDOW 50438 % &5 &

the diameter of the erased ring area. L # LIMDOW-FAD ¥ 1 2 7 £ H T, < — 2 E 0.35

em, b5 97y F 07um (HECERFRE 3.5 Gbit/inch?)
ICB 5 CNR, B« HEDO T —<w—YY, BIUH
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FPMH L 7. Fig. 7 i« LIMDOW-FAD 7 ¢ 2 7 3Bl O RERK
ERT. EFEBOMKT, MSR B4 72D OFIH LR

Glass 2P substrate
Land 0.6 um/Groove 0.6 um
~Land 0.8 um/Groove 0.8 um
1.2 mmt, depth 40 nm

SiNx dielectric layer

MSR (FAD) readout layers
[GdFeCo
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Fig. 7 Configuration of a LIMDOW-FAD disk e AR O R M 1, ¥ 690 nm, BAO%k 0.656 @
sample. Fny FEETARMEAT « X 7 R MEBEEH V.
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Table 1 Measurement conditions

Wavelength 690 nm
N.A. 0.55
Linear velocity (LV) 8.4-9.7 m/sec
Mark length (ML) 035 um
Track pitch (Tp) 0.6-0.8 um
Write pulse duty 30%
Hb +250 Oe
Hread +500 Oe (LIMDOW-RAD)
-100 Oe (LIMDOW-FAD)
T 1
Pgrrange P range
50| = i
40
g 30
o
5 0 ) S S
o )
10 : ]‘{
L |

0 1 2 3 4 5 6
Read power Pg , Write power Py [mW]
Fig. 8 (a) Read power dependence of CNR at ML
=0.35um, T,=0.7um, Py/PL,=12.1/1 mW, LV=
8.4m/s. (b) Write power dependence of the CNR
at 1 MHz, showing a threshold write power of 5.5
mW.

Hp

Fig. 9 Configuration for mesurement of the
cross-erase characteristics.

Table 1 IZFHBEHE2/RT.
4. LIMDOW-MSR 5 4 X D

4.1 BE - -HENND—T—DV

Fig. 8(a) < LIMDOW-FAD & 1+ X 7 ® CNR OFA: ¥
U — kAR, WSHERGEEIIEE YT — 1.8 mW
DIk gy, FBE Y7 -3 7mW Rl Eicsuv
TERERBHEENTLHLTWS, CNRIZ035um O<—2
Eicxt LU 45 dB I EOER LV XVOMEBE LN, FDOFAE
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Fig. 10 Cross-erase characteristics of a LIMDOW-
FAD disk. ACNR is the degradation of the CNR
caused by cross-erase (ML =0.35 ym, LV =8.4 m/s).
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Fig. 11 Track pitch dependence of the crosstalk
in a LIMDOW-RAD disk and a LIMDOW-FAD
disk (ML=0.35um, LV=9.7 m/s).
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Fig. 12 Mark length dependence of the CNR in
a LIMDOW-RAD disk and a LIMDOW-FAD disk
(To=0.7 pm, LV=9.7 m/s).

L1fEETcr7urxf4 Lv—X@3ECTVREL, —F, Py
JEyFO06um TR, REBENNT7-KBVWTHI7 24
V—XBELCLTWE, Lizh-T, TOBEDNT v 7
By FOTHREIROTum AR THEEEALD. Fll
3= —27E035um OBEAOERETH HH, 2B TR
L9, v—IEMIhXDELLENE, /XML —X
PIERSNE DI 9 7 By FLOHERICIE S EE 2
S5, FRFHSIKINE I NV-TBELKEEEE I o
24 V=R RERES N B2, RFETHERAL I v— TE
X3 40 nm & IR, BT Lickh, 3614
37024 L—XERK KbSy sy FABEHFEESN
5,

BEAGHES S Vol 21, No. 4-1, 1997

43 77X RAD BEEODIFZH

B TOERES S5 LIMDOW-FAD ¥4 R 7 id~v— 72
E035um, 3 v 7 EyF 0.7um, HiFEE 3.5 Gbit/
inch? DRF vy »y VEET A EMSh-1. DIFTIR
XoBAEHEENEHELTY IV X7 RADEARBE
LIMDOW @A #4 L7z LIMDOW-RAD 7 1 X 7 i
DV THRIEDRFRER /BN T 5.

Fig. 11 i LIMDOW-FAD 7 « X 7 & LIMDOW-RAD
FA4RIDIOR =2 DNy 7 Ey FIREMEE]EL
iR ART. MRl v 2 b =2, CNR 2RA L
KWAEBHESRECTRELLETH S, WFhoF 1 X
JRBOVTH ISy sy FRDEEBIRZR AT 1]
WA 25, LIMDOW-RAD ¥4 227D uxb—2F
LIMDOW-FAD 7 4 X 7 IZ bR THFIBEVEERL,
702 b—7EBREEALRONEDL ST, ZOTER
5 RADBHEO 7o v b~ R 7 Ik 58NS v 2
ik~ — 7 OERPBIFEELTWE EEX 5,

Fig. 12 ic LIMDOW-FAD ¥ 4 2 # & LIMDOW-RAD
F 427 DCNR D7 — 7 BEEEZHEL LERER
3. LIMDOW-FAD 7 1 22 Tid=— 27 £4$0.35 um L)
TTOCNRMBRABMICED T 5 Dicxt L TLIMDOW-
RAD ¥4 Z7 KBVTIHCNR 3w — 7K 024m TR
EohiBD Lk, 2O &< 27 BEE Y - 4DH R
IKTE TR T S —F » =5k E 0, ERISHEEELSR
ET 25 T2 27 {LOMREPFECEHNTVE D EE
ZAohb,

Pl ofEE ) 5, LIMDOW-MSR 74 X7t ¥ 7=
227 RAD BAEBABRATA I EICL>ThH 7 v 7 BE,
BERELCX SR ARSI NS,

6. #& (63

D IEMILER AR & R L 7254, REERIcE &e
NEFB LS S RERROMRSES o~
==/ BRFFEEEbN S, HERFA— -4 + DHKE
REHEE LT OREEERLIEARTHBEELLD. &
o, 56K OMEEREMES L LIMDOW-MSR
F 4 R7IDOVT, % OBERERGTORANLZTELH%
WAz, e -7 94 XOM/ME, PS5 v o E Y FOR
IMEIZH LTI, HELEZVEEORHIPEELLE &
Rl TREEERSEEELTE, S F/ T—
TiE AR A bR B T & T 3.5 Gbit/inch? P o
MR EEORF vy vy VEFT B EER LK. 514,
SORAZEEEEERT IR, Vv-¥F-EE, XFHR
DT RICLBEFEL —F— 2Ky b OPMER, B EHE
B EMOSEELEN & OB ARIEL Tn T &M
ML A,

179

NI | -El ectronic Library Service



The Magnetics

—

)

10)

11)

14)

15)

16)

180

Soci ety of Japan

2% x|

K. Aratani, A. Fukumoto, M. Ohta, M. Kaneko, and K.
Watanabe: Proc. SPIE 1499, Optical Data Storage Topi-
cal Meeting, p. 209 (Colorado Springs, 1991).

A. Fukumoto, S. Yoshimura, T. Udagawa, K. Aratani, M.
Ohta, and M. Kaneko: Proc. SPIE 1499, Optical Data
Storage Topical Meeting, p. 216 (Colorado Springs,
1991).

Y. Murakami, N. Iketani, A. Takahashi, K. Ohta, and T.
Ishikawa: Proc. MORIS '92, J. Magn. Soc. Jpn., 17 (Suppl.
SI), 201 (1993).

MA=R, E5H & EEFRT 5819 B EAGRARSSE
P MHEEES, p. 316 (1995).
BHEZ, RAGE, hriER, BHEE
ISP, 20, 848 (1996).
BHEZ, $HER, EFLEE, @TEHE: BRFSMRS
&k, MAG-96-201, 9 (1996).

K. Torazawa, S. Sumi, S. Yonezawa, N. Suzuki, Y.
Tanaka, A. Takahashi, Y. Murakami, and N. Ohta: Inter-
national Symposium on Optical Memory and Optical
Data Storage, Technical Digest Series 12, OTuAl-2
(Maui, 1996).

¥ R, AHEF—ER AWLE— FHE O MM E S
5 B B ARG SR NS, p. 3 (1981).
HE L, HPEN SHER BERFESWRLEH,
MAG-86-95, 53 (1986).

ERRIEER, W ), MARILTT, RIRAK 62 HAILH
YIRS BETRRE, 28p-ZL-3, 721 (1987).

HoREgse, RAEN, MKIEE, HOXA, B MEH 13
BIHARISHRKESEMEEEES, b 192 (1989).

R FE: HARLHEBS TS, 15, 831 (1991).
BEHER, hARESE, kML 1B OFIE: ¥ 16 BIEAG
RS S NS, p. 438 (1992).

Y. Fujii, Y. Nakaki, T. Tokunaga, and K. Tsutsumi: Proc.
MORIS '92, J. Magn. Soc. Jpn., 17 (Suppl. Sl), 167 (1993).
Y. Fujii and T. Tokunaga: International Symposium on
Optical Memory and Optical Data Storage, Technical
Digest Series 12, 269/0WD3-2 (Maui, 1996).

A. Fukumoto, S. Masuhara, and K. Aratani: Technical
Digest Symp. Optical Memory '94, p. 41 (1994).

SFEE: HA

17)

18)

19)

20)

21)

22)

23)

24)

A. Fukumoto, S. Masuhara, and K. Aratani: Proc. SPIE,
2514, Optical Data Storage 95, p. 374 (1995).

H. Miyamoto, T. Toda, H. Ide, A. Saito, K. Andoo, T.
Niihara, and M. Ojima: Proc. MORIS '92, J. Magn. Soc.
Jpn., 17 (Suppl. S1), 179 (1993).

Y. Nakaki, Y. Fujii, T. Fukami, T. Tokunaga, K. Tsu-
tsumi, and H. Shibata: IEEE Trans. Magn., 26, 1900
(1990).

Y. Fujii, T. Tokunaga, K. Tsutsumi, S. Suzuki, and K.
Sato: Proc. MORIS '94, J. Magn. Soc. /pn., 19 (Suppl. Sl),
379 (1995).

J. Saito, S. Morita, S. Kurita, M. Doi, Y. Aoki, and H.
Akasaka: Jpn. J. Appl. Phys., 32, 5197 (1993).

T. Fukami, Y. Nakaki, T. Tokunaga, Y. Kawano, and K.
Tsutsumi: Jpn. J. Appl. Phys., 31, 411 (1992).

T. Maeda, F. Kirino, T. Toda, H. Ide, S. Mita, and K.
Shigematsu: Digest Intermag '93, DD-6 (1993).

S. Morita, M. Nishiyama, H. Konishi, H. Matsumoto, and
T. Niwa: International Symposium on Optical Memory
and Optical Data Storage, Technical Digest Series 12,
274/0WD5-1 (Maui, 1996).

(1996 £ 12 A 24 AFE\)

BHEL sSLv kLs

B 59 RIRARFRFEGRERITFHARHE
TREET, RE =ZFETHHEISLEA
#, BHECES.

P B - SRRESECE MR

kL s<np bl

B 6l LRERFERFRILFHFIRELHR
BET, B =2FRHEXSEAML B
HLE3, F2 HAGARSESRXE

TR WA - SCBESEDEAIR

BAIGHAESSESE Vol 21, No. 4-1, 1997

NI | -El ectronic Library Service



