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 The  characteristics  of  high density recording  on  an  overwri;able  magneto-optical  disk using  light intensity modulalion

were  investigated by  means  of  (2, 7)-RLL  mark  position detection. We  examined  the  overwritable  region  of  optimum

high level, (P.) and  low level, (PL) by varying  the recording  pulse width  and  film struclure  i] the  overwritable  magneto-

optical  disk, in order  to minimize  thermal interference between closely  recorded  marks.  A  wide  marginoi'  ± 30%  was  ob-

tained  using  low  power  at a  bit length of  O,S "m.

KEYWORDS:  magneto-optic,  light intensity modulation,  direct overwrite,  high-density recording.  (2, 7) code

          moduletion,  mark  position detection

gl. Introduction

  In order  to perform  direct overwriting  on  a magneto-

optical  disk, we  used  light intensity modulation  and  an  ex-

change-eoupled  magnetic  triple-layer  film,i) Light inten-

sity  modulation  has the  advantage  of  compatibility  with

the  conventional  magneto-optical  disk, because ･we can
construct  an  overwritable  drive system  by modifying  only

the  initializing field and  laser diode circuit.2) In so doing,
we  have  obtained  a suMcient  power  margin3)  and  high reli-

ability even  after overwriting  one  million  times,4}

  However,  the next-generation  overwritable  disk must
be capable  of  higher density recording.  In order  to per-
form  higher density recording,  the  signal-to-noise  ratio

must  be improved and  the infiuence of  thermal  in-
terference must  be reduced.  Another problem with  light
intensity modulation  is that the  region  of  laser power  on

which  overwriting  is possible is relatively  small.

  In this paper, we  report  an  approach  to high-density

overwriting  on  an  exchange-coupled  magnetie  triple-

layer disk, using  mark  position reeording  with  (2, 7) code
modulation,  We  researched  the distribution of  the  bit er-

ror  rate  in high-density recording  when  a  recording  pulse
width  is varied  and  propose a  disk suitable  for over-

writable  high density recording.

g2. Bit Error Rate  in Higher  Density Recording

  Random  data were  written  using  (2, 7) code  modula-

tion on  overwritable  disks with  ",,==:32kA!m,
Hi.i=200 kA!m  and  P,=2.0mW.  As  shown  in Fig, 1,
the overwritable  disks consisted  of  exchange-coupled

magnetic  triple layers with  a  total  thickness  of  130 nm,

dielectric layers which  sandwiched  the  magnetic  layers
and  a  protective layer. We  changed  the linear velocity
from  5.4m!s  to 10mfs  for higher density recording,  us-

ing a  constant  data clock  of  68 ns.  Optimum  high level

(PH) and  low  levei (Pi) recording  laser power was  used,

The  dependence of  the  bit error  rate  on  the bit length is
shown  in Fig. 2 at recording  pulse widths  of  40, 50 and

70  ns.  At  a  bit length of  O,8 ptm,  the narrowest  laser pulse231

proved  to be the  most  effective  pulse width  for improving
the  bit error  rate.

  As is well  known, bit error  rate  is governed  by the car-

Fig. 1.
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Fig.2. Dependence  of  bit error  rate  for (2,7) randem

 recorded  bit length with  pulse -'idths  of  70, 50  and  40  ns.
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Fig. 3. Pulse -,idth  depenciellce oi' the  slandard  deviutions of  interval

 timcs  betwecn  read-out  marks.  Th･c 3T  pattcrn in (2, 7)-RL.L ccdc

 modulation  was  recorded  u.t a  bit length of  O.S ILm  and  /' .O ltni.

rier-to-noise  ratio, defects in the disk, and  thermal in-
tcrferenee, In order  to detcrrmine the  exact  cause  of  the er-
rors,  the ti'me jitter m'as  investi.gated. Figure 3 shows  the

standard  deviation of  interval timcs  bctween  marks  when

the 3T pattern in (2, 7) code  maoduiation  was  recorded  by

a  Iaser 'pulse with  wgdths  of  40, 50, 60 and  70 ns.  Pulse

width  does not  affect  jitter evcn  at  a  bit !ength ofO.8  ptm,
which  suggests  that a  shert  pulse dees not  contribute  ta

an  improvement of  C!N,  since  jitter shouEd  be Teduced  if

C!N  is improved. Since a  ghorter  pulse improves  the  bit

error  rate, it seems  that the cause  of  the errors  is not  a

poor  C!N,  but thermaE  interference.

ff3. Ther]nag Effer.a oC P"lse Width Dm  Overvvrlefivag

  in order  to confirm  this hypothesis, wc  investigated the
overwritable  regions  of  PH and  PT, at a bit length of  C.8
gern. Figure 4 shows  the  overwritable  regions  for recor-

ding pulse widths  of  70, 60, 50 and  40 ns  at a linear veloc-
itY Of  5･6MfS,  With  ffFec==40kAIM,  Hini=200 kA!M
and  P, =2.0  mVvr.  The  dottcd area  shows  the  overwrgtable

zone  and  the dot densgty corresponds  to the  bit erroT  rate

at a particular lascr power.  Roughly speaking,  a  short

pulse width  expands  the  overwritable  region  toward  the
higher side  oi  PH. A  low  power  of  PH  for pulse width  of

70 ns  is sufllcient  to record  an  excess  bEt with  the 1ieEp 6f
Pi., as  has been  shown  in previous work.3)

  FiguTe S shows  the  eaaculated  maximum  temperatureg
obtat]ed  by  irradia±ing doubge  !aser pulses of  9.8 rnW
with  various  pulse widths:  6e ns  in Fig. S(a) and  4g ns  gn

Fig. 5(b). The laser pulseg assumed  for the  calculation

have a  low level vaEue  of  zero,  
S1'

 widths  of  60, 50 and  40

ns, and  a total  peraod width  from 
`O'

 to 
`1'

 ef  20g ns,  as

show)  in Fig. 6, whgch  corresponds  to the  31I/ pattern of
the  (2, 7) code.  The  valley  between the double peaks faEls
as  the  pulse width  is narrewcd,  Fignre 7 shows  the bct-･
tom  temperatures  at  the  valaey  for 60, 50 and  40  ns  by
Pu  

=9.0
 mW  compared  with  the  higher limit of  PT] winerH

f'L=:5.S mW  in Fgg. 4, which  gs measured  with  pulse wid-

ths of  60, 50 and  40 ns,  respectively,  The  three values  for

PH correspond  to the sarne  temperature  limit at which  an

excess  bit gs not  written.  T' hese calculated  rcsuats  agree

well  with  the  experinmental  results  and  indicate the  validi-

ty of  our  assumption  that  a  shorter  pulse width  is effec-

tive in reducing  excess  heat and  improving the  bit erTor

rate at a high density.
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F/,g. 4. The  overwritu･ble  rcgions  of  P.  and  P, for rundom  pattern in (2, 7)-RLL  code  rllodulation  at a bit Iength ot' O.8 ktm.

   The  overwrita'-le  disk 'was irradiated with  rccording  pulse ",idths  of  (a) 70 ns,  (b) 60 ns,  (c) 50  ns  and  <d) 40 ns.
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a)

b)

Fig. 5. The  calculated  maximum  tempcrature  ol' Lhe  magnetic  layer in

 the  ovcrwritable  disk when  the  3T pattern  in {2, 7) code  modulalion

 was  recorded  with  pulse widths  of  (a) 60 ns  and  (b) 40 ns at the  data

 clock  of 68 ns,

"1"

g4. Thermal  Effect of a  Heat-sink Layer of  Aluminum

  We  have  outlined  the severest  condition  for high-den-

sity  overwriting  and  now  would  like to consider  how  to

lessen the infiuence of  excess  heat from  PH  in the area  of
"O''.

 We  inyestigated a  disk structure  with  a  heat-sink

layer,5} as shown  in Fig. 8, in order  to find a  way  to

, ggl.///,/t/t/",V,1.le",R,//,/-,p,tSi3N4:80nm

℃
, iil--

PulseWidth-200ns[fixed}

mlm

Fag. 6. SchemaLic drawing  of  the  recording  laser pulse.

Fig. 8. Film structure  of  the  light intenstty modulation  overwritable

 disk with  a  heat-sink Iayer of  aluminum.
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reduce  thermai interference. We  adopted  aluminum  as

the  material  for tke heat-･simk layer. Since the  thermal  con-

ductivity of  aluminum  ih' different from that of  magneto-

optical  materials  or Sl'N, we  speculate  that the thiekness
of  dielectrie layer ii otn Si'N or  the  heat-sgnk aayer of

aluminum  is very  important,
  We  caicutated  the speed  with  which  the temperature
was  cooled  after  gt reached  the  maximum,  when  a  tight

puise with  a  height of  9,O mW  and  width  of  40 ns  was  ir-

radiated.  The  results,  which  arg  normaiizcd  by the  max-

lmurn tetnperature,  are  shown  in Fig. 9(a) for vargous

thicknesses of  SiN dieieetri: aayer Li and  Fig. 9(b) for
various  thicknessgs  of  thc AZ heat-sink layer. In general,
the  temperatur ¢  distrEbution obeys  the  followgng equa-
tion of  thermal  comduction,:

              6 Tf 6t -- x 02 T! Ox 
2,
 (1)

after the Iight pulse is terrnillated. The general soYutien  at

a  fixed positgon can  be roughly  expressed  by  eq.  (2) as  a

function of  time]

                 TC)oce-i"i (2)
gn eqs.  (1) aRd  (2), x is the thermal  conducttv{ty,  and  T  is
thc deeay time, We  obtained  the value  of  T  by fitting eq.

(2) to our  siTnulated  Tesults tn ]Fig. 9. The calcutated

results  are  also  shcwll  in Fig. 9. A  thick aluminum  eayer

is very  effective  frsm  the  standpoint  of  fast decay whtle  a

thick  SiN  aayer is not,  although  alurninum  becomes

saturated  at  a  thickness  of  1' S nm.
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Fig. 11. Calculated ternperatures with  double laser pu]ses as  showu  in

 Fig, 6, in comparison  with  tcf=,peratur, es  at  the  valley  betvv'een double

 peaks.

  On  the  oLhcr  hand,  the  rnaximum  temperature

d.ecreases as  the  thiekness of  clielectric  layer lg of  SEN

decreases, as shown  in Fig. IO (a), If the  SiN  layer is very
thin, a higher value  ofPH  gs necessary  to enable  the  recoT-

ding of  data because heat is removed  by the  heat-sink

gayer.S) Of  course  the  thieker  aluminum  iayer requires

hggher PH, as  shown  an Fig, le<b). The  thicknesses of  the

Aa layer and  SiN Iayers should  be selected  such  that  the  in-

fiuence of  any  excess  heat from PEi is minimized  and  the

required  PH  is wathin  an  avagiable  range  of  values.  We
adopted  a thickness ef  gO nrn  for the dielectric SiN ]ayer
to obtain  reasonable  Pii power  ffequired  for overwriting.
  In Fig. 11, we  compame  the three ealculated  maximum

temperatures.  The  horizontal axis  shows  relative  pos.itEgn
on  a  disk. Doub]e  laser p･ugses, as  shown  in IFig. 6, were

wsed  and  the laser power  of  Pll was  controlled  so  that  the

first peak  tempcrature  wouEd  reaclt  a  constant  vague  of

5000C. The laser powcr  of  PL was  fixed at a const.ant

valuc  of  4.0 mW.  We  obtain  the lowest bottom tempera-
ture  of  2000C  when  thc disk with  a  heat-sink layer Ss jr-
radiated  with  douba ¢  laser pulses with  a pulse wgdth  ot'

40 ns.  Wc  cxpceL  that  thc  wider  powcr  margin  for Pi. wEla

be obtained  with  the  short  laser pulse and  the  hcat-sink
layer; because the bottom temperaturc  of  2000C  is
suficiently  lower tha" 3SOOC,  at which  a recording  is ex-
pected to occur.

SS. The  OverwrEtabEe  Regfions o £ a  steat-si"k Za},er

    Disk  at  O.8 ptgrmlbgt

  In order  to reveal  the efEect of  thickness of  the  heat-
sink  iayer, the overwrgtab  fle regions  for a disk with  a heat-

sink  layer with  thicknesses  of  10, 20 and  30 nm  were  in-

vestigated  under  the  same  conditions  as  in Fig. 4. The

results  are  shown  in Ttig. 12. I-t is elear  from these resugts

t'hat the hcat-sink layer expands  the  overwritabie  region

toward  the  higher l'L side,  compared  to a  disk witheut  a

heat-sink layer, as  casu  be seen  in Fig. 4(ci), in spite  of  rhe

absenee  of  change  in the iower  iimit. We  also  observed

that the higher iirnit of  .DH  moves  toward  higher power  as

the  thickness  ol-  the  heat-sink layer increases. We
specuiate  that  rhe  heat-si"k gayer cxerts  an  infiuence on

the overwritable  region  similar  to that of  irradiation with
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Fig. 12. The  ovcrwritable  regions  of  P.  and  P, on  an  overwritable

 disk witha  heat-sink layer for random  pattern in <2, 7)-RLJ, code  at a

 bit length oi' O,S urn, The  overwritablc  disk had  a heat-sink layer with

 thicknesses ef  (a) 10 nm,  (b) 20  nm  and  (c} 30 nm,

A.  N,xKAoKi et aL23S

a  short-width  pulse. The  widest  power  margin  of  ± 30%

on  PL is consequently  obtained  by adopting  a  30nm

thiekness  for the  heat-sink layer and  a  pulse width  of  40

ns.

g6. Conclus;ons

  The possibility of  high-density overwriting  with  light
intensity modulation  was  investigated on  a  disk with  ex-

change-eoupled  magnetic  triple-layer film, In mark-posi-

tion recording  with  (2, 7)-RLL  code  and  for a low  bit er-

ror  rate,  it is necessary  to control  thermal  interference in

the  area  of  
`O'

 with  methods  such  as  recording  
`1's

 with  a

short  Iaser pulse of  40 ns,  or  adopting  a  disk structure

with  a  heat-sink layer of  aluminum.  We  determined  the

most  appropriate  disk structure  for high-density over-

writing.  A  wide  PL  margin  of  ± 30%  was  obtained  at  a

bit length of  O.8 pam  with  a  pulse width  of  40 ns  for PH  on

a  disk which  has a  dielectric layer 80  nm  thick  and  heat-

sink  layer 30 nm  thick,
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