
The Magnetics Society of Japan

NII-Electronic Library Service

TheMagneticsSociety  of  Japan

J. Magn.  SDc. Japan, 25, 441-444  (2001)

               Bggrst Cwtggasg Aif'ea (BCA) Teckn#gptgy,
A  kecordimLg twetethked foif Pgse YvaEque gge efi keM  tygee asVDewasc

         Mitsuaki Oshima,  Shiniehi 
'l'aiiaka

 and  Shoji Kust]moto"

Optieal I)isk Systems 1)eve}opm.ent (]t:ntcr aiid 
'Pruduel

 }i'rmggi]e¢ riiig  I.ahoratory
    Matsushita ElectrleIndustrial Co., Llcl, 1006  Kadoma,  Osaka,  S71-8.k-.Ol Japan

           (Receivecl October 20, 2C)OO; Accepteti Deccrnbt'r 21 , 2000)

  Abstract- A  new  method  fof recording  tangper-resistallt
and  disc uniq-c  inR)rmation to each  ROM  di$c is

proposed. A  vulsed beam  of the (JW-O switck  type  YAC;
aaser is irradiated ie a  ROM  diis(:. A  lascr spot  is &)ymaed
aike a recta"gular  shape  on  a  refiectivc  figrri ot' thf,i (Es'e

and  rcrnoves  it to t'orm n  $tripe  ol'  10F{tvi width

ovcrlappiiig  en  pre-pits. By  k''offming a series  of  the swipe

on  the disc circiimfercncc  accordigng  to the phase e'ptcecied

signal,  lg8-bytcs information cng  be recoy'ded.  Thc
recording  rnethod  has becva adoptcd  a.s 

'//ICA

 (I3"rst
Ctutting Area) in the DVD  st:mdards  1) .

Key  werds:  Opticnl Disc, Bt:A, YAG,  DVI), ROM,  1')'Isc
ID, Taznper, Tarnpef-rcsisiagce

1. Introdesct2on

  Read-o"ly type optical discs such  as  Ccmipact discs are

spread  widely because they  are  mass-produced  at  iow
cost  by using  a  stampcr.  On  the other  inand, sisccc  ROM

discs are  easily  produced  frem a stamper,  illegai copies  or

imauthorizedi  use  of  centents  is the matter.  In the
backgTound  of growlng number  of  illegal copies  or

ullauthorized  use  of  contents,  the pTotection techvology of

cepyright  afid  security  become  more  importallt, To  pywtecE
the cepyrigint  of  contcnts  and  maa"tain  the securiEy, it is
rcquired  to recerd  .idientificatien inforrnat{oi] such  tts the

{D of  the eredit cnrds  t'or identifying the indivi{tun] disc.

}Iowever, aluminum  film is gellcTaEgy used  for

ii}fi)rmation iayer of  Rettd ongy  type optical  disc, " hths
been difficult and  not  practicag to record  the unique  ID

infermation in tke information layer. We  have (Seveloped

a new  recording  techllology  og' the  unique  ID  infotmation

on  a  completed  dis¢  by usiNg  YA6  }aser ei' short pulse
width,  And  we  sucecssfully  established  the mass

productiontechnology.
  Requirements for Disc unique  iD are sttmTnarized  as

fo11ows.(1)
 Tarnper-resistance of  ID (ovcr l 28bytcs fer cipher)

(2) Sarree durability as  disc

(3) No  additional  process aftc;r reeording

(4) Preduction cycle  of4  s ¢ cends  or  less

(5) No  extra  parts ne drive side (re adable with  a pickeep)
(6) No"-record  abl ¢  with  n user  drive,

  Conventional Disc uniqese ID  recording  method  t'or

re-writable  disc, write  once  (Sgsc, or singge-$ubstrnte  type

ROM  disc, al1 ef  them, do fiei necessarily  satisfy  wlaoke

above  required  items2). In this paper we  prepose a

tafnpcr-resistant new  rccot(]ing  method  caA]ed  a3earst

Cukting Area (BCA) techno]ogy tor bomded t}pe ROM

(liscs sucifi ns  Dtti'D. Tabie 1 shows  the
BCA,  x'kc dintn t;av)acity,  the Eocatk)n itgid

Tnethod,

2. euatglite ef  El(]A

spechicaaion  of

the mediulatiopt

  BCA  is the area  in wkich  ullique  information is
Tecordcd  by  partially rexuoving  the AI-alaey refieetive

enni on  DVD  dk.'c. BCA  is. recorded  usiiig Yt'kG lascr, thc
lnser spot  is forined like･ ft rectangtigar  shape,  alld  the

niarks are fo'mieti as stripe. Figeire l sit' ()ws  t?ae location ot'

13CA, ferrne{1 nlong  thtt innermost circumi/crcNcc  of  a

DVb  disc :ts bnrcode gike forng. Figure 2 shows  the

renriout  sigreal  waveform  ot'  b(,th B()A and  t}!e pre-pits by

iiskyg  n  coAvenaional  opticat  head. 1]he intensity of

reRccted  light drops nearly  to zcgo  level i" the strip#

res.gion, and  As ditkteat tL,ovai the sigtial repreducing  an

ordiuary  pTe-pk. A.ccordingEy, the waveforin  from  the

BCA  ayen  shows  gargcT arnpiitude  and  gengcr period and
the pre-pits shows  the co"veNtienal  sigeial  wavc{'orm.  The
BCA  siglla2  eag]  bc easily  distinguished t'rom the pit signal
of  DVII).
             

             ua

ptig.g AppearanceofBCA(188bytes)

Fgg.Z WaveCbnnofBCAsignal

T'nb}e a Spccifica{ion{}fiBCA

Capacity
'

...... ..tt..t.t...-..
Min.12bytos,Max,188byles

tttttt

Ii)cationet'BC.A
..t.-......

Iletween22'1(+O,'O.4)mm
...23.5C-t,O,e5)gmtttttt

Modulatior!methodiRzrEttordiitgafterphELseEncodl'hg

LtrrorCorrcctian(/'odet..........- -g.e.p-ci..So!oniontype
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3. geeseeEas ofB(]A  recff}rdifiveg exgeeTaewueuaa

  BCA  recording  was  experimepttedi  by wsing  a  test

apparatus,  Resugts and  consideratiom  ott' the experignemet

is describetl below,

3.g Sntru!gege geregeanrattiom

  Sarmple disc kas a  four-layer sgrticture  comprisimg  a 0.6

riRm  transparcmt substTnte  of  polycarboptatc, a  5engfi
refiective  film ef  Ag-agloy, a  50gem adihesioen  gayer of

aerylic  UV  curabge  resiB,  and  fi O.6 mm  transpaifcnt

substrateefpolycarbonate.

ge.2 Exgeertcrgfiegegdea eoemdifitfiorm for ]"ecevrdifisMg

  Figtarc 3 skows  the test apparatus  ct' BCA  eemprises  n

gnodulator  and  a  recerdier.  Ffirst, in thc ryied'anlator, ns

shown  in Fig, 4, data bits ar･e meduiated  by  pknse
encoding  (PE) rtzge, and  this ri]ociiigated  sigveaa  is fuither

modulatecl  by  retierm  to zcro  (RZ) ngUc,  mudi  g. PE-RZ

signal  is gellerated, X'haa is, tl-ae data bit "0"  is converaed

     
        
       

       

       

      

       

       
                                  Data
     Rotary il'ncoder 

'

        Fig.3 C'oustrisction of  BCA  rL'corder

i"eo channel  bit "lg"
 fiud  tinc dat"t. 

"oit
 
"1"

 ittto cinaitnel' if)El'
"Ol",

 nesd  a  stripe is reeorded  corrces/o,.omeding 
'e,o

 tAi･is
cbafingg  bit "1".

 Iruthc reeorde:,'  showma  fin l"ig. 3, a  sEggrgzE

corffespeiiding  to thc retntion  ttmgge  ot' the qtisc. is obtnimcdi

from tlie rotary  epcoder  atlaclaed to ake spisudllc  maotor  o'g

the disc. Tlae modulated  signal  in synchronisgfi  with  this
rotation  anglc  activaies  the Q switch  uzzit of  the YA("y

laser. Table 2 shows  the recording  concgitions  of  
i.'ht'.

wavcaength  of  a067  nm  the  }aser pzalses of  s'itort d-ration

of  100 fi$ and  the maximum  freguency of  5 kllz. T/'his
gaaser gight, first forsned i"te a circular  beam  by a benm
expander,  ftnd them  it is furthcr shapcd  inte rectangtiaar  by

a  cyAindricaa  lens. 'a'his beam is enEeredi  inag aii e'Iv'ective
gcns amd  the laser spot  is formed  Eike a rectanguEar  shape

ome  ahe rcffcctivc  film cg  tke disc, 1'be refiecafive  filme'i fis

rerriovedi in n  stripe  shape,  aizd  olle  stripe  is reeordL'di  wiah

o"e  pu]se. Figure 5 shows  tke eptficak  micvascepe

observation  of  the forrmcdi BCA  stTipe.  
rE'h

¢  sizes  nrc

abeut  1300 um  i!i the radiai  directioem aud  about  10germ i/fl
the tallgentiafi directiom. gn thc cnse  of  ig8-byte B(.]A dal/a,

about  20oo suipes  nre  recordedi  on  disc fiike a  barcode a'l

i'ntervals of  IT, 2T, 3T, ttnd a,'1･' (G'E' =2iboasa  15Itvyi),
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Wnzbats 2Reccrdiingcondiaionv
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    Fig.8 Radial accuraey  ot  BCA  snipe

33  BCA  r ¢ eording  chttraeteristics

  Figure 6 shows  the relation  betwecn  the laser output

and  the linc width  of  thc rccorded  stripe oii DVD  disc.
Ihe  iine width  incrcascs as  the oiitput  is raised.  Wheg  the

YAG  Easer recording  output  power increases teo much,
the adhesiom  iayer is broken, bua al lhc maximum

proccssing li"e width  ot  ahgut  15 pm  of  the DVB

standard,  ne  damage of  the adkesion  aayer was  observed,
Fgke

 power  control  of  the CW-Q  switch  typc YA(}  1nscr nt
low lcveg is unstable,  and  lhc minimum  linc width  fer
DVD  standard  is designed at abowt  5 Itm where  the power
coNtrol  gs saable, In thc case  of  Duaa-layex disc, the line
width  is nttrrowcr  if the lascr outpiit  is the sumc.  This is
because the absorption  rate  of  tine scxnitransparent  layer

for the [)ual-layer disc is 20 ao 30%. 
rf/he

 refiectivity  ot'

the  BCA  recordc(1  area  is important ibr foetysing aAti  is

estimated  as fogiows. The refiectivity oi  tkc pertion
wincrc  the aluminum  film is Temovcri  in the BC'fX
rceorciedi  regiell  is low, As  lkc (luty  raEio  of  thc  BCA
siripe  recording  is 25%,  the  drop of  thc  reffeetivity  ef  ihe

BCA  rccerdcd  region  bccomes ftround  2S%  frorn tl]e
refiectivity  of  the inirror  poition, Zkerefore the refiected
liglit intensity is svfficicnt for focus controa  &)r existing
DVD  optical head. Figtire 7 shows  tke reswlt ot' jittcr
measurcinent  of  BCA,  jitter values  arc  between 1%  to 3%
for the  interval IT  to 4T, ancl  the jitter vntiwc  width  has n
sufficient  aglowanee.

3A  Positional aec"racy  of  pmCA

  [[Ihe end  portlon of  the stffipe in the ra{liai direetio!} is
shaped  like an  arrowhead  oa' about  20  ym  in iengh, and

this length is diEficult to coutTel.  To  satist'y  the DVD
standard,  the absolute  posit;oll et' the eiid  pertien
including this arrowhcad  musa  be recorded  at  a  preeision
of  ±50 Ftgn. En the BCA  rccording  expcrim ¢ sct, the

positional precision of  the end  portion in the radial

dircction was  rneastsred,  Figrire 8 shows  the rcsuk  of  thc

measurement  of  the snipe  position and  it sa'misfied  the

specificd  value  of  23.5 t  O,0S mm  with  a  sufalcieiit

aliowanec.  Xn mass  production, censidering  the  ci'fect  of

arrewhead  i" thc end  portiosi, it is cxpected  possible tg
scttle  within  the  standard.

3.S Obscrvatig}mu oScross  settgonal  imaage of  stripe

  By  cutting  the BCA  stripe  ];ortien iA the circumferenaial
direction to the disc, cross  section  samples  werc  prcpared,
and  first observed  by op{ical  microscope,  Figure 9 skows

thc eress-sectional  optical  micgoseope  observatien  result

of  the BCA  recordcd  disc. rl]he

 refiective  t'iliu is removed

j. Magn  Soc, Japan, Vol, 25, No  3-2, 2.0el

in a  wi･dth ef  va ptm by BCA  stripe  recerding.  Rowever,
dainage en  the adhesion  iayer or  transparent  substrate  was

not obscrvcel. ItE comparisoll,  for rel'crence, sirnilar BCA
recoi'diRg  c>gg)eriment  was  fttlempted  on  the
singEe-substratc  type  disc sueke as CD-ROM  disc, in the
course  of  rccording,  the refiective  fi1rm was  removed  by
su!piimatioil.  But tke p.rotectivc laycy formed on  the
refiective  film was  also  broken by recorrfimg,  and  the part
ef  the rcfiectivc  ti]m beeorne bare, which  suggested

neeessity  of  the t'orrnatiom of  pmotective layer afier  BCA
rccording.  In the DVD,  thc reffective  layer and  the

pieacctive adhesion  laycr are formed in the middle  o{' thc
smidwich  strEgcture compesed  of  two  substrates  bonded
togcther, Tkat is, in a poiycarbonate 

"enclosed

 container",

tncgtiiig or sublimaaioll  of thc metag  rcflective fiim of

aluminurra,  and  mechanical  deforvaatien due to thermal
rccoyding  are  suppressed  by the two  stzbstrates.  Iherefore
it seems  thnt lhe damage  matter  ef  ehc protectivc adhesioll

iayer is resoived.
           BCA  Marks

Fgg. 9 (tross-sectional view  e[  Adhesian  laver near  BCA

3.6 Ohservataova by  trasnsmaassiova electron  microseope

  The cross  sectien  gf  thc BCA  recorded  portion was

sliced  iil a  thin {'itm, and  a  cress  seetional  sample  fdr a

transmissioii eleetron  microscope  (TEM) was  prepared,
and  observed  by TEM.  Figure 10 is a TIEM  image  ofthe

eross  sectiofi  of  the  sftvaple  magnified  by  about  20,OOO
tinies. I:igure ii shews  scherrtatic  views  of  a part of

cro$s  settiori  corresponding  to Fig. 10, 
rlhe

 refiective  film
of  nbout  SDfitn l," thickness was  agmost  completely

rcn}ovcd  ill n width  ef  10 ym. In the adjaecpt  area  of  the

stripe,  aiuvainllrn aggr'egated  in a  th{ckness  ot  150 to

200nm  an(l  in a  width  of  scveral  ptm. Zlke volume  of

each  part wns  calcvgnted  by  usi"g  the results of  TEM
ebservation,  and  it shows  thae the volume  of  the
nl-rnimum  remevcd  f?ofn the stTipc-forrning  portion was
nearly  eguai  to the volume  of  the aluminum  illcreasing in
this aggregatiofi  ftrca.

   J
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             (gg) (lv)
        Laser grrndigntgoam IWijcatgwagox"reenc･:ai･v･: .anyeit'

                  .g 
E{.,
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Adbesive f,C)yua 1
                            

'M'
 

-L
  layersubstrate

 .. ..u 
'{]'6MiTi

 i

            (¢ )
  Reggfiopvalle}frefiecgfivcla,.･yeli'

oc･ -
pm･
SurfaceTemslrm

                                          
-l

        L  :･ L,nvm --1

         asig.g2 Recordiingprocef',sofBC.A

       4. C(}zzsZdieeenethaopm. cll' tt e ¢ opi"citittg lip:･-diellr,,

  As n  fesmsk  ef  tine exE)cririfiepmt, tlze ifeliowving z''we･

models  are  corvsidered.  As estimated  iii n  first llkodiel', ahd.'.

removedi  portgoll af  the akkminum  reffectivc  film
iifradiatcd wkh  laser bcam is in Fig. 12(a), thc refittctive

E'ilffii ifnelted aa the portion is ifi (b), and  the fiaoltc"

al'Lamkium movcs  to hoti.h t'dige sides  h}, si･url"aee tt' rif.gieu,,

whieh  is shown  in (c), tke /ta?owL'cl retlective  {'i･gn'- 
i'urxt'i,s

like ridgcs  i" (d), eand  benc.e. a'ne smipe.  i,s' ,'/'t:ortl'cci.  
'12c･

s#comed  is thc sublima'L'l/on  nioajel,  the imiting pf･ocess //s thc,

saeme  as in (a) an{fi (b), sii-llkngeousgy  fl.igc s,as is gcnL)azee.,
aaid  thc inetai  diff'nses ill tlae pcripheral area  cau"', tt/u' ts'as

pressvare im (c), nnd  tke imetaX' ei'C the quencliedi refiect･k,:

figrn is s6iidifie(i  inainly  at 
'oogEu

 sidt.s  in the tai!gcgiti･Ed
directiem ot' the BCA  ffecoreedi  ve'raioru im (#').
  

ralhe
 fesuEt  of  thc pre,"iena cxpet,igriertt  ifyiny ljt' ex,". s(ft//Ercti,

by ahe first modcg,  bu, actanally  at･ seei'ns  i.vs be n  tJcmohit  :s

akc rcsuk  ef  twe medel,s.  gu 'L'ke rt'cowded  pJ:tioxc, aim'e

characteristics ei  
'the

 
"emeclosed

 eegtainer"  L'y i;-l'ayts

stgucturc  ef  DVI) discs works  t'or ts']e s'Lnble  e(]ft,
recoTdingckaractcrfistics.

           g. eeesuEas E)ff gecggmalvEige.v 
rs]cst

                              v

  Tio cslimate  tlac realab'tAiay,  acceaercatcdi  life･ test was

exccscted.  Aftev BCA  reetgrdt/ng with  
'test

 v.ogtiigiogza (a'nble
2), the disc was  presentcd for Line envirgscmelital  

'.esE
 i'oi,'

96 hours. At firsa, diisc distortio", dise birefiriragenc:, o:kter

characterisEics  ef  disc svzbstrate,  aemdi signafi jit,tt:.r wetc

measeired  on  botk the BCA  feec:,'ded ctgsc mnd  aniref.'.ord.ect

diisc. These discs werc  exposept.  ki the eriviroanrn#gS n'g 70
degree C nsud  95%  K.II for 96  haaprs, Elti(g tke i･inp,'di

characterfstics  were  iricaEsugred  agtain.  FuxtkeTwiere 't'ine

diiscs werc  brokeu,, a'fid tg invgs't:gn'le amey  oxi.cgizaz'gon  n'rL(i･

degradation, the BCA  sectt･io!i was  obscrved  by 
'l'E".-.,

scaiming  clectro;i micrgscc}p:.:  (SEktg) aiidi 
'Lhe.

 elec'Lfosu

diffracaioen anagysis  tg iemvestigate oxgdizaf-/ioi!. t±did

degradntioM,

        i(gt]),,

B'de it'rm" va 
'e'
 ie) ma ts ff' B (]/i'k / 

'axi,ge
 f･t

        
-""'--1

[y-rtw
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  it:st:･}ts of  tkc  96･-'xtom･j/ e-viroi:,Tmicnk!Z tesl/i. in';.t

sa'nfki,u.,Eztd  //Tft Tni)//e .3. 

'g]Zzer.e.
 wns  ttignos't' fie degradatEoit,.

ull// lhe sv,1')stu'at{' ef, ttse elise,, sugcl'a d'!s  diisto/a""Lt/{'.,Ea enF "i,sc i'v'.'

i,ncreas,e. f.st･' 
iL)ire･ir.ixxg,rcvitcie

 .tine  te B(/)flla rtcordiivag.  
'F,'V

 e

prc-pk  siignth1 j-Ettt/r aa a  positi.on np. ai'L E'iogm  t･inst･ tt'"C,S",

vccordit'(.',. ar¢ a  by 1'gegem "raks maegl,iggbly  sgnaafi. I-'rorrm t･li/-

ra..mih't ol' 
'VEM

 o.'o' se'tvintioen nucl  eEcc"tie,m  diffiraca':ggt,
atsm;'lrsis, vao c･x/,1(Satic,n･ (if neu.ifnill:mm lii thki-' stdige pnnt (}1/ 

'Limj

P)CA.  :itla,xk T,JuF,  fi:.,)se:ve(a. As a  Tcsla),'L -1' S],e ott' ser',t"a･'t.//en

bv S};,M, t'k' #f,e was  io  :kaiige  fiN the adihesiept.  1'nyer ot'  a'xt'

lk,t/1)tCi. s:ct}s'xsbeS tro･'a. BC.A. fe//.or･diing fnetRu/bdi ix･i th
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