27 July 2006 METHOD OF PRODUCI NG.MASTER. | NFORVATI-ON CARRI ER FOR MAGNETI C
TRANSFER: BACKGROUND OF THE INVENTION 5 Field of the | nvent jdp2008 S
invention relates to a nethod of producing a master information carrier
for magnetic transfer provided with an irregularity pattern (a pattern of
protruding portions and recessed portions) representing information to be
transferred 10 to a magnetic recording nmedium and nore particularly to a
met-hod -of producing an original for duplicating such master infornation
carriers-wher eMEIBODr CEgERADUCYNPaMASTER | BNEORMREBEON SEARRIFRt t ern at an
angle to the recording tracks and the phase servo pattern is drawn with an
el ectron beam 15 Descri pt KR MfAQNET IRelTRRBGFAR! | n magnetic recording
nmedi a such as a hard disc, areas for recording servo information
including, for instance, a servo signal for locating a recording track,  an
address signal representing the address of the recording track and a 20
reproduction cl ock si gn@acxERINOYicded' gt Ipvedetrenn ned angul ar interval s.
As a method of recording a servo signal on the nagnetic recordi ng nmedi um
magnéti ¢ transfer has beenFigidecfiseide Imvddeidmgnetic transfer, the
surface of a master information carrier having thereon an irregularity
pattern (a 25 Taitd enneatiphote Lk € tROs it dand genhssady potidsons) of
nagnetlc material representing information to be transferred 1

: information carrier for magnetic transfer provided with an

irregularity pattern (a pattern of protruding portions and

recessed portions) representing information to be transferred

10 'to a magnetic recording medium, and more particularly to a

method of producing an original for duplicating such master

information carriers where the irreqularity pattern is a phase

servo pattern at an angle to the recording tracks and the phase
servo pattern is drawn with an electron beam.

15 : Description of the Related Art

In magnetic recording media such as a hard disc, areas
for recording servo information including, for instance, a

servo signal for locating a recording track, an address signal

representing the address of the recordin'g track and a

1220 - reproduction clock signal are provided at predetermined
cangular intervals. As a method of recording a servo signal

on the magnetic recording -.médium, magnetic transfer has been

wide used. In the magnetic transfer, the surface of a master
information garrier having thereon an irregularity pattern (a

.25 '_pattern of protruding portions and recessed portions) of

 magnetic material representing information to be transferred




27 July 2006 is brought into close contact with a surface of a magnetic
recordi ng nedi um (a sl ave nedi un) having a magnetic |ayer 2nshly aotg ansfer
magnetic field is applied to the slave nmediumand the master |nfornat|on
carrier in this state, thereby 5 recording on the slave nedium a
magneti.zation pattern representing the information (e.g., a servo signal)
on the nmaster information carrier. As a nethod of producing such a naster
- information carrier, there has been wi de known a nethod in which the
“master 10 bmboghtt Lohocalpker costpeodutced anstib€abasbs af magnetigi nal
carrying thereon an irregularity pattern of resist (servo pattern)
repr esentengrihagimédiumt (aonlbove heedoaor ted iow hheagred ke 1aReruahd The
‘irregularity pattern is forned by uniformly coating resist on a disc-like
substrat 8 bfansber imsjresicie; fgledsisislaphdiednsd antee,slbyespedianaihdg,
projecting onto the resist a |aser beamor an el ectron beam nodul at ed
accor di ngheo ndweter nfiorfedriadi ono berreeer ded athiide sshéwe nedéepsbyand
devel oping the resist. Though use of a |aser beam prevails over use of an
el ectr onrbeardatgprasernthe aslabe thmadkumi di hmergetheapabher paeh dth are
narrowed to neet demand for a higher recording density, a |laser beamwl|
becone tbeprasgetimg bl thaoetetriodhis. g py obl esrvEdys bgnOVEr€OMERHY dr awi ng
the irregularity pattern on the resist by an el ectron beam having a
-smal | er weapedi amEbenatidancartiaser beam by turning on and of f the el ectron
beam while 25 rotating the substrate and exposi ng each el enent of the
pattern at orfe tanmmethodord tpmeducing such a master information

carrier, there has been wide known a method in which the master

10 information carrier is produced on the basis of an original
carrying the};"eon an irregularity pattern of resist (servo
pattern) representing the information to be recorded on the
slave medium. The irregularity pattern is formed by uniformly
coating resist on a disc-like substrate of, for instance, g,lasé,

15 for instance, by spin coating, projecting onto the resist a
laser beam or an electron beam modulated according to the
information to be recorded on the slave medium, and developing

the resist. Though use of a laser beam prevails over use of

an electron beam at present, as the track width and the pattern
- 20 widthare narrowed to meet demand for a higher recording density,
a laser beam will become too large in beam diameter. This
problem may be overcome by drawing the irregularity pattern

on the resist by an electron beam having a smaller beam diameter

than a laser beam by turning on and off the electron beam while

25  rotating the substrate and exposing each element of the pattern

at one time or more times.




227 July 2006 However, though being relatively easy to realize when .the
servo pattern is like a square perpendicular to the recorgi Ry bo@cks
(parallel to the circunferential direction), this approach is

di sadvant ageous in that when the servo pattern is at an angle to the
recording tracks as a phase servo pattern, an oblique side of an el enent
i s zigzagged when an elenment is exposed in a plurality of tinmes to the
el ectron beamturned on and off while rotating the substrate and the

obl i que side"CBFVite ERQnEhtPeRhorebati¥eih SE5A RPgReaLLE? abPSnFur t her,
this apgﬂga%grgg qﬁgggggptggeQQ o n tha ait IS difficuht tq a%gurately
e fine e i n Thé “Mexdt - pdsition” S

-l ocate t |'ectron beam spot position and t & accurately

contr ol r&Eer HROTAGKE TBafO1d1h6 o RAld QM cWndbhefi A SMBLEHAN, OF der,

whi ch causes non-uniformty in exposure in one elenment and nmakes it

i npossi thies tapplrorah ai < |dEandpat t £fgvusSUNMARE GhehHER: NNENEI ltEabadi ment s of
the present invention seek to provide a nethod of accurately drawi ng a
phase s&?\&F gat eegte 410 ghearrficading tihmkseeor dipigser acks wiatirean, el ect r on
beam ‘I n accordance with an aspect of the present invention, there is

provi de¥f* et ISd S3FCpPEdERi AL Hasterr ioFrgeRat ViR Aardlie®@entr éfn an

7LD Db D £ BIRTA ST AL LA St SRR LR 000 1

Servo pehterd b8r At el RIRAhgPYNE! CIBRLr e and the oblique side

| of the element cannot be drawn at a high accuracy. Further,
this approach is disadvantageous in that it is difficult to
'accurately locate the fine electron beam spot in the next
position and to accurately control the exposing time for the
pattern width of a sub-micron order, whiéh causes
non-uniformity in eXposure in one element and makes it
impossible to form a clear pattern.
SUMMARY OF THE INVENTION

Embodiments of the present invention seek to pfovide a
method of accurately drawing a phase servo pattern at an angle
to the recording tracks with an electron beamn.

In accordance with an aspect of the present invention,
there is provided a method of producing a master information
carrier from an original on which a phase servo pattern is
drawn by scanning the original with an electron beam, wherein

the improvement comprises that

the phase servo pattern is drawn element by element by .




3 27 July 2006 causing the el ectron beam having a beam di aneter not | arger
‘than the mnimumw dth of the elenment to scan a disc-like >puhsbo@ e of the
original, which has been provided with a resist |ayer for electron beam
“drawing, in a dianetrical direction 5 of the disc-like substrate while
rotating the substrate in one direction at a constant speed. -The
expression "a dianetrical direction of the disc-like substrate" should be
broadly interpreted here to include, as well as a dianetrical direction of
t he di scebukéngubkératectrod bdae Isdviimet Sers@ diahbecwondt Uhrgsti ons
where the angle a ( ) between the direction and a radial direction is O:
a<90.  Whkananhel erf®Amuins wiikiter @ift e |81 e td Scph us alii sy-Dfkéi nes.
while rotating the substrate as in the prior art described above, an

~oblique subetpatamfetiosrertgiifazl 9aaggEHas becasirdhinall €l £889NOE be
excel l ent in shape. \Wereas, in one enbodi mrent of the present invention, an

el enent béythefpaté¢bsdtrdrs ot idieusly, dnawndhymadretett 40Rbepsn whose
- beam di aneter is equal to the width of the elenent. In this case, an

obli que ofitde di stheikbermidt cae haisubsdantigg kel oo rang ihhenpattern 20
can be excellent in shape. In another enbodi nent of the present invention,

an el ectdbnebehon waose deedmdhiangiesd) s snmaller than the width of the
el enent is caused to scan at fine pitches to conpletely cover an el enent.

In this case, Hachxpebeskoh iasdughéority]cavwescadon 6 theedpsectilan beam and
25 non-uniformty in exposure in one elenment is not caused,
- substrate” should be broadly interpreted here to include, as
well as a diamétrical direction of the disc-like substrate in
10 the strict sense of the word, directions where the angle o (°}
between the direction and a radial direction is 0=wa<90.
When an element is intermittently drawn in a plurality
of times while rotating the substrate as in the prior art
described above, an oblique side of an element is zigzagged
15 and the pattern cannot be excellent in shape. Whereas, in one
embodimeht of the present invention, an element of the pattern
- is continuously drawn by an electron beam whose beam diameter
is equal to the width of the element. In this case, an oblique
side of the element can be substantially linear and the pattern
20 can be excellent in shape. =~ In another embodiment of the
.present invention, an electron beam whose beam diameter is
smaller than the width of the element is caused to scan at fine
~pitches to completely cover an element. In this case, each
~element is uniformly covered with the electron beam and
-.-__25 . non-uniformity in exposure .in one element is not caused,

' whereby an excellent pattern can be obtained.




wher eby an excellent pattern can be obtained. 4 27 July 2006 Further,
since the electron gun has only to be one-dinensionally copt n@) b@s the

el ectron gun can be accurately controlled and an excellent pattern high in
reproduci bility can be formed. 5 On the basis of the original produced in
the manner described above, a master-information carrier which nmakes it
_feasible to realize a high quality magnetic transfer can be obtained.
" BRI'EF DESCRI PTI ON OF THE DRAW NGS 10 Figures 1A to 1C are schematic views
for illustratimgrtienet hothad phedueilsgtadnordg@h Nalad olordiodyei Nge a mast er
information carrier in accordance with an enbodi ment of the present
i nventi onpefdimers Pohal dy's chemid d X1 4l ,an tHeeWeIRQWrHG: agphaseasery® 15
pattern, Figure 3 is a schematic view for illustrating a first nmethod of
drawi ng acphaseeser wwrpaidlaigd Wahah LanckeeeMpheyeshttdrm meyhodi of
producing a master information carrier in accordance with the present
i nvent i onep26dirt tivit 1 ¥y i san SehesmidL, view for illustrating a second

- method of drawi ng a phase servo pattern which can be enployed in a nethod
. of prioduci ng someshierbabi sr 68t ithe aikiiakli HroaRcAdancerwd thadfe- present
invention, Figure 5 is a schematic view for illustrating a third
described above, a master information carrier which makes it

| feasible to realize a high quality magnetic transfer can be
obtained.
BRIEF DESCRIPTION OF THE DRAWINGS
10 Figures 1A to 1C are schematic views for illustrating
a method of producing an original for producing a master
information carrier in accordance with an embodiment of the
present invention,
Figure 2 is a schematic plan view showing a phase servo
15 pattern,

Figure 3 is a schematic view for illustrating a first
method of drawing a phase servo pattern which can be employed
in a method of producing a master information carrier in
accordénce with the present invention,

20 : Figure 4 is a schematic view for illustrating a second
method of drawing a phase servo pattern which can be employed
in a method of producing a master information carrier in

accordance with the present invention,

Figure 5 is a schematic view for illustrating a third
' 25 mgthod of drawing a phase servo pattern which can be employed:

in a method of producing a master information.cariier in.




25 method of drawi ng a phase servo pattern which can be enployed in a

met hod of producing a master information carrier in 5 27 gyufy, 2686
accordance with the present invention, Figures 6A to 6D are views for
illustrating a nethod of producing a master information carrier fromthe
‘origirnal -~ produced in accordance with the present invention, and 5 Figures
7A to 7C are schematic views for illustrating basic steps of nagnetic
transfer. DESCRI PTI ON OF THE PREFERRED EMBODI MENT Figures 1A to 1C are

vi ews foactbrastcatwigh stiePpspedset adudiidi @ original fromwhich a master
information carrier 10 is duplicated. As disclosed in Figure 1 A for

exanpl e, a resFisjurssd WA €8 682ire vERWBI £61 NUL BuPOSH i P al MPERSL &St ron beam
‘drawi ng resist 12 dissolved in an organic solvent, is applied to a

di sc- | i kerogudsidg abe nbbtefr Ol oSSt iGHAr EZr BYe S PifR oGO MHN G A IPMA nozzl e 15
13 while rotating the disc-like substrate 11 in one direction 4Z and then

the subspredecdd i dekeedardhenealt ahe §rown idvdHitdWe Bg an el ectron
beam EB npdul ated according to a servo signal is caused to finely scan

the disc-like mithsidatm kb 7cankki BEhEREE €8NV ERsT £64 511 hiat 2 iy @
direction of arrow Y (a dianetrical direction of the disc-like substrate

11) whi lieagid adtidigs tde rthtddiad e dandde ., direction of arrow X, to expose an
area corresponding to the servo signal elenent by elenent. The el ectron
beam EB i s DESCRIPTION OF THE PREFERRED EMBODIMENT
Figures 1A to 1C are views for illustrating steps of
producing an original from which a master information carrier
10 is duplicated.
| As disclosed in Figure 1 A, for example, a resist solution
12", comprising a positive-type electron beam drawing resist
12 dissolved in an organic solvent, is applied to a disc-like
s;ubstrate 11 of glass or quartz by spin coating from a nozzle
"15 13 while rotating the disc-like substrate 11 in one direction
and then the substrate 11 is baked.
Thereafter, as shown in Figure 1B, .an electron beam EB -
modulated according to a servo signal is caused to finely scan
the disc-like substrate 11, carrying thereon the resist 12,
20 in a direction of arrow Y (a diametrical direction of the
disc-1like sub'strate 11) while rotating the substrate in the
direction of arrow X, to expose an area corresponding to the
servo signal element by element. The electron beam EB is
' co’nverged'to.a beam diameter not larger thén the minimum width
25 of the element by a known electron gun 14. | .

'-Then_, as shown in Figure 1C, the positive electron beam.




converged to a beam di aneter not larger than the mninumw dth 25 of the
el ement by a known el ectron gun 14. Then, as shown in FigureniSodehe
positive electron beam 6 27 July 2006 drawi ng resist 12 is devel oped and
a substrate 11 on which the phase servo pattern 15 to be transferred is
‘recorded is obtained. This substrate 11 is an original fromwhich a master
information <carrier is duplicated. 5 The phase servo pattern 15 thus
recorded conprises a plurality of elenents 12a at an angle of a to a

di amet ri dabwidgreedian 10f 1 § wihgiddbadld suldae rditkec! inwaficartipyy Y) That
is,the resist 12 is renoved fromthe areas exposed to the electron beam

(hat chedphastiseisd pa g € 5o b et gerelroRaeE réBoolieling si8c4bhed2 W th
protrusions of the resist 12 left at- predetermned intervals. Though a

posi‘ti veThypeudsechrent beam s aiy08al €Sioatwi Sch 8MsAadi hfothdsigparticul ar
enbodi ment, a negative-type electron beam draw ng resist can al so be

enpl oyedcatbidheidi @gpliketsabstrate 11 may be formed, for instance, of,
silicon, glass or quartz. A nethod of drawi ng a phase servo pattern which

can e enpl oymEik | phas SRS EOEL Qba EOLKICI NG R SBEE S5 rded CEsmbE DEesagrier in
accordance wth the present invention will be described with 20 reference

to Fi gurpldraheigi sbed dmenihe 1SeI W@ Ral bagNeSBEVW tbNa RiDMAEE Bi €ONPri ses a
plurality of elenents 12a which are tl long and are at an angle of al to a
di anet ri ¢dtedti®@Ebifofhe substrate 11 (the direction of arrow Y). That
is, the resist 12 is removed from the areas exposed to the
electron beam (hatched portions in Figure 2} upon development
10 of the resist 12 with protrusions of the resist 12 left at
predetermined intervals.

Though a positive-type electron beam drawing resist is
employed in this particular embodiment, a negative-type
electron beam drawing resist can also be employed.

15 The disc—iike substrate 11 may be formed, for instance,
of, silicon, glass or quartz.

A method of drawing a phase servo pattern which can be
employed in a method of producing a master information carrier
in accordance with the present invention will be described with

20 reference to Figure 3,'hereinbelow.‘ The servo pattern shown
in Figure 3 comprises a plurality of elements 12a which are
¢l long and are at an angle of ol to a diametrieal direction
of the substrate 11 (the direction of arrow Y). The elements

~12a are drawn( for_instence, by swinging an electron gun 14
25 emitting an electron beam EB having a beam diameter d equal

‘to the width of ‘the element 12a so that the electron beam EB




“will be described with reference to Figure 4, hereinbelow. The servo

of the substrate 11 (the direction of arrow Y) The elenents 12a are drawn,
for instance, by swinging an electron gun 14 25 emtting a@7ﬁh§§@ﬁpn beam
EB having a beam di aneter d equal to the width of the elenent” 12a so t hat
the el ectron beam EB 7 27 July 2006  scans positive el ectron beam draw ng
resist 12 on a disc-like substrate 11 in a dianetrical direction of the
substrate 11 fromYl to Y2 while rotating the substrate 11 in the
direction of arrow X. That is, the electron beam EB first obliquely scans

5 the restahskZoditiveilbtt¥oh bOaRUHwiYZl rk8igdt ave tdieal @f §s05ike el ement
12a. \Wen the el ectron beam EB reaches the point Y21, the electron gun 14,

-I's turnedupbtrand 1Bt REQilahelri HINCA relheoaubst tRbEsBst BatOt L €d, the
el ectron gun 14 is obliquely - brought to point Y12. Then the el ectron gun

14 is turped YN t30vAgain eaR8thRengl ©ed RBsheareEBl 15 ¢aus@dréor5san from i
to Y2 (Y12 to Y22), whereby the second |l eftnost elenent 12a is drawn. In

the sinm barany@ane!, Thiae D eheed Baentsn Béﬁm@@%rsﬂ%lﬂ?ueﬂﬁ%t%@f draw ng
a phase servo pattern which can be enployed in a method of producing a
nmast & i gherredini2lbr&iddigit vh1aes Yolances M ¢ drhier phesedt thewent i on
pattern shemént NG, gUREBed GRTRNESRToR IDLM &R toaBhesli@EBbInt 122 Which are

12 long and are at an angle of a2 to a dianetrical direction of the
substrat ehd leXddrerdh et Lanief carhew o1t HiRl 2@ teleents ¥2a asgmeW awn, for

i nstance, by swinging an electron gun 14 emtting an el ectron beam EB
havi ng atheamulitam®ieel1dis rotated, the electron gun 14 is obliquely
brought to point Y12. Then the electron gun 14 is turned on
10 again and the electron beam EB is caused to scan from Y1 to
Y2 (Y12 to Y22), whereby the second leftmost element 12a is
drawn. In the similar manner, the other elements are drawn.
Another method of drawing a phase servo pattern which
can be employed in a me,tho.d of producing a master information
15  carrier in accordance with the present invention will be
described with reference to Figure 4, hereinbelow. The servo
pattern shown in Figure 4 comprises a plurality of elements
12a which are {2 long and are at an angle of a2 to a diametrical

direction of the substrate 11 (the direction of arrow Y). The

20 elements 12a are drawn, for instance, by swinging an electron

gun 14 emitting an electron beam EB having a beam diameter d -
equal to the width of the élement 12a so that the electron beam
EB scans positive electron beamdrawing resist 12 on a disc-like
substrate 11 in a diametrical direction of the substrate 11
25 from Yl to Y2 while rotating the substrate 11 in the direction-

of arrow X. That is, the electronbeanEB first obliqueiy scans




. equal to the wdth of the elenment 12a so that the el ectron beam EB scans
positive el ectron beamdrawi ng resist 12 on a disc-like Syaﬁﬁiﬁk% 11 in a
di anetrical direction of the substrate 11 25 fromY1l to Y2 IlTe rotating
the substrate 11 in the direction of arrow X. That is, the electron beam
EB f -irst obliquely scans 8 27 July 2006 the resist 12 frompoint Y| to
-point Y21 to draw the |eftnost elenent 12a. When the el ectron beam EB
reaches the point Y21, the electron gun 14 is turned off and returned to

Yl. In thhe reaidi @l aromxadin® Yittheogdeaiy @210806 didai€ @mROLebeEmset urned to
5 the.starting point Y12 of the second |eftnost element 12a due to the

SW ngi ngedpredt af2d hewbkactkor 1¢iot rbh Beih HEgREGheEOthd RO iR@IBE1 NG speed
of the substrate 11. In such a case, elenents which cannot be drawn from

their stahei¢e@niant yuar 84 IOic@nddnotn dhe rbichishetotatyion ah thes substrate
11, and are 10 drawn in the second or follow ng other rotation of the

substr at particuTaerelngiRNt $hehé Lo €88 R aWahh @i ekt ushaatidg points
are only drawn in the first rotation of the substrate 11. That is, the

substy at ehd st SrtkiaR} poahat etz Ut idheakbcbhg 18 @Rt S lidhete 10ECAILI Ng track
are drawn. 15 The met hods of drawi ng a phase servo pattern described above

ar e. advand ages Usviiny itrhatspelkel piagsRe SE€T&O: R (R 1@aRike rdspubreasily in a
short tinme since the pattern is drawn by an "el ectron beam whose beam

di amet erthe equating kbeew difh e t BebselSNE@ENL 1 DUt TAr @ @insadvagdageous in
that the edges are rounded 20 since it is inpossible to expose the resist
up to-j usleme@iesS which cannot be drawn from their starting points are
not drawn in the first rotation of the substrate 11, and are
10 drawn in the second or following other rotation of the substrate -
11. Then elements which can be drawn from their starting
points are onlly drawn in the first rotation of the substrate
11. That is, the substrate 11 is kept rotated until all the
elements in one recording track are dfawn.
15 The methods of drawing a phase servo pattern described
above are advantageous in that the phase servo pattern can be
drawn easily in a short time since the pattern is drawn by an
electron beam whose beam diameter is equal to the width of the
element but are disadvantageous in that the edges are rounded
. 20 since it is impossible to expose the resist up to just edges
of the pattern.
Still another method of drawing a phase servo pattern
which can be employed in a method of producing a master -
information carrier in accordance w.ith the present invention

25 will be described with reference to Figure _5, hereinbelow. The:

~.servo pattern shown in Figure 5 comprises a p_lura'lity-._o_f-




of the pattern. Still another nethod of drawi ng a phase servo pattern

whi ch can be enployed in a nethod of producing a master i ﬁ{

carrier in accordance with the present invention 25 wll be escrlbed W th
reference to Figure 5, hereinbelow The servo pattern shown in Figure 5
conprises a plurality of 9 27 July 2006 elenents 12a which are f3 | ong
and are at an angle of a3 to a dianetrical direction of the substrate 11
(the direction of arrow Y) The elenents 12a are drawn, for instance, by

' repeat edbyeswhngi DPa awh BEle ¥ PUdbrikf £98 telrien@taanehagl & obf Subegsn EB
havi ng a beam di aneter sufficiently smaller than the wdth of the el enent

12a whi | @ diahegridel giret4ibhost Yind @ub¥Zrand 10t @hangirbetsohséfate 11 in
the direction of arrow X so that the el ectron beam EB scans positive

el ectronabeain ygrawiTig: reséménide 0Raa ghescalbhke, subst rialseabkd,n 1y
dianetrical 10 direction of the substrate 11 by an increasing distance as

the el eetpoatgany ldsimyasy awa\e fidcdifod @ a4penieteny aedeThstahece
therefrom by a constant distance as the electron gun 14 noves fromthe

predet er peagdeslishantee af beam Yii dfefe Pradetiaridmad; sdbstarcehénofha’2 and by
a decreasing distance as the electron 15 gun 14 noves fromthe

predet ernifed &f stiencel dniedid Y24t @h¥de mMhamgt Recehbasgt 1onFbeany FB:.¢ eaches
the point Y21, the electron gun 14 is turned off and returned to Yl. Since

the substzadmd dokdtSinotakedubtheatkert ron tHen di4eict iohl bguglyobrought to
point Y12. Then the electron gun 14 is turned on again and the
so that the electron beam EB scans positive electron beam .
drawing resist 12 on a disc-like substrate 11 in a diametrical
- 10 direction of the substrate 11 by an increasing distance as the
electron gun 14 moves away from Y1 to a predetermined distance.
therefrom, by a constant distance as the electron gun 14 moves
from the predetermined distance from Y1l to a predetermined
distance from Y2 and by a decreasing distance as the electron
15 gun 14 moves from the predetermined distance frém Y2 to Y2.
When the electron beam EB reaches the point Y21, the electron:
gun 14 is turned off and returned to Y1. Since the substrate
1lis rotatéd, the electron gun 14 is obliquely brought to point
Y12. Then the electron gun 14 is turned on again and the.
20 - electron beam EB is caused té scan from Y1 to ¥2 (Y12 to Y22),.
whereby the second leftmost element 12a is drawn. In the-
similar manner, the other elements are drawn.
By the use of an electron beam whose beam diameter is
sufficiently smaller. than the width of the element,
.2.5. ﬁon—uniformity in exposure'_.in one element can be prevented and .

- the pattern can be accurately reproduced.

10




20 el ectron beam EB is caused to scan fromYl to Y2 (Y12 to Y22) , whereby
the second Il eftnost elenent 12a is drawn. In the simlar y¥y Eﬁﬂméthe ot her
el enents are drawn. By the use of an el ectron beam whose beam'di aneter is
~sufficiently smaller than the width of the element, 25 non-uniformty in
.exposure in one.element can be prevented and the pattern can be accurately
reproduced. 10 27 July 2006 Also in the nmethod where the el ectron gun
whose beam di aneter is sufficiently smaller than the width of the el ement

i s repeatedly mwndr ki HamR Wil rdiviRctd el @uIDVIHGe idednf om Y1 to
Y2 -and rotating the substrate 11, elenents which 5 cannot be drawn from

their St&iéxﬁé\%:@@'s”é@fﬁi@lé}%lydFsﬁﬁéﬂll'e@ tﬁm thiel $1d#1003t £R8 Hentdifs substrate
11, and are drawn in the second or follow ng other rotation of the

substratgs Iep éattécﬁldyprs%ﬁ_l%rgr ed bhatahberebset or-beaim oip wnddhe beam

di aneter be adjusted taking into account the shape of the 10 phase servo

pattern andAReysansivhi ¥hd ¥ofa ttlmeg ehecs sk beaim 10r avémen £ §sitsitch The phase
servo pattern need not be limtedto those acconmpdat ed within one track

wi dt B butagyen ghesawexiceBdi Beilr 0BLRRENL BEKnt 9 Std&ioONE-LHin MRy € tracks
may be drawn in a 15 simlar manner. Production of a master information

carrier {we theM4seotatian 9fi @hdalupyoduced 1,nahhea FENILswalescrited above
will be described with reference to Figures ‘6A to 6D, herei nbel ow.
- second or following other rotation of the substrate 11.

It is preferred that the electron beam output and the

beam diameter be adjusted taking into account the shape of the
10 phase servo pattern and the sensitivity of the electron beam
drawing resist.

The phase servo pattern need not be limited to those
accommodated-within one track width but even those extending
from one track to other one or more tracks may be drawn in a

15 similar manner,

Production of a master information carrier by the use
of an original produced in the manner described above will be
described with reference to Figures 6A to 6D, hereinbelow.

As shown in Figure 6A, ‘a phase servo pattern is drawn

'26 on a positive-type electron beam drawing resist 12 by
| projecting an electron beam EB in the manner described above
and the resist 12 in the area 12a exposed to the electron beam

EB is removed by developing the resist, whereby an original
carrying thereon a servo pattern of the resist 12 is obtained.
‘25_-_ ....Then a thin conductive layer is formed on the surface

of the original and electroforming is applied to-the.thin_

11




As shown in Figure 6A a phase servo pattern is drawn 20 on a
C positive-type electron beam drawi ng resist 12 hy proj eCt'ﬁQuﬁﬁz(ﬁkeCt ron
beam EB in the manner descri bed above and the resist 12 in the area 12a
exposed to the electron beam EB is renoved by devel opi ng the resist,
whereby an original carrying thereon a servo pattern of the resist 12 is
obt ai ned. 25 Then a thin conductive layer is fornmed on the surface of the
original and electrofornming is applied to the thin 27 July 2006 conductive
| ayer, whenébytiverctalendi sthe3kbhyaw mgtalpdssti ¥ havirgud gragitivet t ern
following the original is obtained as shown in Figure 6B. Thereafter, the
et al  di seré&dular gt prsdetesrmm fveldl ovbindi thenessi gisvgleel e dblofdindgte agr i gi nal as
shown in Figure 6C.. After the back side of the nmetal disc 31 is polished,
t he net athaWwsciBIFimyrdheBised as a master information carrier, or the
metal disc 31 provided with a soft nmagnetic |ayer 32 on the surface of
irregularity patedmaftas,shoha imetudéséD 310 imayabenmsdetcasnianathst er
information carrier. otherwise, the original my be plated to forma second
or i gbnal tlanckndms siec gpre:lexd gififalthenprhbgipbated sivoworim Figid 6@i sc havi ng
a negative irregularity pattern. Further, a third original nmy be forned
by pl ating t héfSegondeobrgknalider ocf5theesstal disesih sympliagawcist t he
surface of the second original and curing the resin syrup, and a netal

-di sc” havilmgmedapodi$¢ \vd maydurlu@ed gspateete mbyfbendé bioeddyrigati ng t he
third original.

or.9 the metal disc 31 provided with a soft magnetic layer 32

on the surface of irregularity pattern as shown in Figure 6D
10 may be used as a master information carrier.

Otherwise, the original may be plated to form a second
original and the second original may be plated to form a metal
disc having a negative irregularity pattern. Further, a third
original may be formed by plating the second original or

15  pressing a resin syrup against the surface of the second
original and curing the resin syrup, and a metal disc having
a positive irregularity pattern may be formed by plating the
third original.

Whereas, after the resist 12 in the exposed area is

20 - .removedby developfnent, the disc-like substrate 11 selectively
covered with the resist 12 left thereon may be etched and an
_ ériginal may be obtained by removing the resist 12 after etching.
Thereafter, a metal disc 31 can be obtained from the original
in the same manner as described above. |

25 . The metal disc 31 may be formed of Ni or Ni alloys. The.

‘metal disc 31 may be formed by plating such as various metal

12 -




Whereas, after the resist 12 in the exposed area is 20 renoved by

devel oprrent ,- the disc-1ike substrate 11 sel ectively coverzqquﬁnm ¢t he
resist 12 left thereon may be etched and an original may be oObtal ned by
renmoving the resist 12 af ter etching. Thereafter, a nmetal disc 31 can be

~obt ai ned fromthe original in the same manner as descri bed above. 25 The
nmetal disc 31 may be forned of NI or NI alloys. The netal disc 31 may be
‘formed by plating such as various netal 12 -------- - - - ----- 27 July

2006  fi lfinifaor fibngitechirechreisyiaorc| ddidlgidEinect realeemomba*sl r;glatﬁh@pt r of
~orm-ng, sputtering, and ion plating. The depth of the irregularity pattern
(the hei ghtcotofhempngl ragsitars)i nof, dhe iomepbatih§c IThe deptiebdrenty 80nmto
800nm and nore preferably 5 150nmto 600nm The soft magnetic layer 32 is
forned byrtegniagityl pavterm (EHgNeidigghmiod itdle Pyotkasibnst avtethdy vacuum
filmformng techniques such as sputtering or ion plating or plating. As
the magnettel nhter i34l is @ae fEaradlllyo§Sn &g 8006AN andalNirdrprofeddbo GpNoTazZr)
Fe, Fe alloys (e.g., FeCo, FeCoNi, FeNi Mo, FeAl Si, FeAl, or FeTaN) , N or
Ni ald oy$5¢emgto BDEam.can be enployed. FeCo and FeCoNi are especially
preferred. The thickness of the soft nmagnetic layer 32 is preferably 50nm
to 500nm and Thwrs>filr ebegnabliy 1HPaM 320 14060Med SHoA Arastiey Ehlaredt i on
- carrier may be formed by formng a resin substrate by the use of the
-ori gi nal a praghucterd: imatidrd al by, for instance, by vacuum film forming
techniques such as sputtering or ion plating or plating. As
the magnetic material, Co, Co alloys (e.g., CoNi, CoNiZr, or
10 CoNbTaZr), Fe, Fe alloys (e.g., FeCo, FeCoNi, FeNiMo, FeAlSi,
FeAl, or FeTaN), Ni or Ni alloys (e.g., NiFe) can be employed.
. FeCo and FeCoNi are especially preferred. The thickness of
the soft magnetic layer 32 is preferably 50nm to 500nm, and
more preferably 100nm to 400nm.
15 A master information carrier may be formed by forming
a resin substrate by the use of the original produced in the
manner described above and providing a magnetic layer on the
surface of the resin substrate. As the material of the resin
substrate, acrylic resins such as polycarbonate or polymethyl
.20 - methacrylate, vinyl chloride resins such as polyvinyl chloride,
or wvinyl .chloride copolymer, epoxy resins, amorphous
polyolefins, polyesters or the like may be used. Among those.
polycarbonate is preferred in view of the humidity resistance,
dimensional stability, cost-and/or the like. Flash on the

- 25 product should be  removed by varnishing or polishing.

Otherwise, ultraviolet curing resin or electron beam curing

13




manner descri bed above and providing a magnetic |ayer on the surface of
‘the resin substrate. As the material of the resin substrate, a0l i C
resins such as pol ycarbonate or polynethyl 20 nethacrylate, vi'nyl chloride
resins such as polyvinyl chloride, or vinyl chloride copolyner, epoxy

. resins; anorphous polyolef ins, polyesters or the |like nmay be used. Anong
“those polycarbonate is preferred in view of the humdity resistance,

di mensi onal stability, cost and/or the |ike. Flash on the 25 product should

be renmovedsby Maynbehtpgrea 8R! L8di vgigither phseiniday] Qb etshing resin
‘or electron beamcuring 13 27 July 20%6 resin may be-coated on the

ori gi nal cod®Lng NSt AL R 191N Tﬁ@qaéf@h@rofoacrhecg%itegsﬂheoﬂe&mt of the
protrusion on the resin substrate is preferably 50 to 1000nm and nore

pref er abkysi A Qs RAAMS A filayTRIBEH & 1haveh 450 ROV Pedrovgs1§he fine 5
pattern on the surface of the resin substrate, thereby ‘obtaining a master

i nf or mat100 GABD0aK. BRYFtShEQRePic MBYNSL iiG %Eé@%@c’i R/ rafhkne phane
magneti c recording nedium (slave nmedium w il be described with reference

t0 Fisgurgst #évh 0 ofC, t AT @iuialew. o A0 +AR | RhLidl Jssragreli celd &gy Hin i's

first applied to the slave nmedium2 in one direction parallel to the
recor di ngbtd acksy 4 eiedy {M&i e monelzidlg, the magnetic layer of the

slave nmedium2 in an initial DC magnetization (DC erasure) as shown in

~ Figure 7A. Thesgafd Qtephnsr REGhEHSE NS 30 Ok ot A1 18URShhaU AR Bl Of the
master information carrier 3 covered with the soft
recording medium (slave medium) will be described with
reference to Figures 7A to 7C, hereinbelow.

10 An initial DC magnetic field Hin is first applied to the
slave medium 2 in one direction parallel to the recording tracks
thereof, thereby magnetizing the magnetic lajier of the slave
medium 2 in an initial DC magnetization (DC erasure) as shown
in Figure 7A. Thereafter, the protrusions 32a of the substrate.

15 31 of the master information carrier 3 covered with the soft
'magnetic layer 32 is brought into close contact with the
magnetic layer of the slavemedium 2. 1In this state, a transfer
magnetic field Hdu is applied in the direction opposite to the
initial DC magnetic field Hin as shown in Figure 7B, thereby

20 magnetically transferring the information on the master
information carrier 3 to the slave medium 2. That is, the.
transfer magnetic field Hdu is absorbed in the soft magnetic
layer 32 on the protruding portion 32 on the master information
carrier 3 in close contact with the slave medium 2, and the

25 initial magnetization of the part of the slave medium 2 iﬁ

contact with the protruding portion of the master in_fo‘rmation

14




magnetic | ayer 32 is brought into close contact with the nmagnetic layer of
the slave nedium2. In this state, a transfer nagnetic fifﬁﬁhfﬁhbi S
applied in the direction opposite to the initial DC magnetic field H n as
shown in Figure 7B, thereby 20 magnetically transferring the information on
the master information carrier 3 to the slave nedium 2. That is, the
transfer magnetic field Hdu is absorbed in the soft magnetic |ayer 32 on
the protruding portion 32 on the master information carrier 3 in close

contact whkRiéhRes skaver MRPiHBed baddtHd1€n281 b Nidd fHetBaneldZ 8k e of the
part of the slave nedium2 in contact with the protruding portion of the

master | ptReABpReR ol 2He JHh¥vE0QRAiGAI 13 €f s 3 rhwehabdl SR OW the
initial magnetization of the other part of the slave nmedium2’is reversed,

wher eby RaghBE0g4t Zah | PhtRahter BoePELESRANELNG 4 Ochhe {F§ AFidy pattern
on the master information carrier 3 1S recofded on (or 5 transferred to)

the trackseeérd e shavifa sl UMrdrmbhe oRBS £F1 d Nf0f BBLd UV £&T bhelos 15 like
ra disc, and a fine irregularity pattern of the soft nmmgnetic |ayer 32

repr asent  as fo SEEN OS] I ESadid B Gk WIBRI Gfeplunt B8, Mast er _
information carrier 3. The master information carrier 3 is 10 brought into

cl ose contact mid hadiershave-AReium 2awiibrthe s Aty ashdechebgaly a hol der
(not shown). The information represented by the irregularity patterns on a

pair of - pogd e&rrie@ﬁ%wk%xorp&a;rerﬂneréf 3ehRy perd ranghetied 1bQeepppsite sides
of the slave medium 2 either simultaneously or in Sequence. _
- representing a servo signal is formed on one side of the master
information carrier 3.. The master information carrier 3 is
‘10 brought into close contact with the slave medium 2 with the
other side held by a holder (not shown). The information
represented by the irregularity patterns on a pair of master
information carriers 3 may be transferred to opposite sides
of the slave medium 2 either simultaneously or in sequence.
15 The intensities of the initial magnetic field and the
transfer magnetic field should be determined taking into
account the coercive force of the slave medium 2, the specific
permeabilities of .the magnetic layers of the master
information carrier 3 and the slave medium 2.
20 . ' In the case of perpendicular recording, a master
- information carrier 3 substantially the same as that employed”

in in—plane recording is . employed. In the case of

- perpendicular recording, the magnetic layer of the slave
medium 2 is magnetized in advance in a perpendicular direc_t__iqn :
- 25  and a transfer magnetic field is applied to the slavé-medium_

2 and the master information.carrier 3 in close_contéct_with ;

15




15 The intensities of the initial magnetic field and the transfer nagnetic
field should be deternmined taking into account the coer Ci ¥ey 195665 of the
sl-ave medium 2, the specific perneabilities of the magnetic layers of the
master information carrier 3 and the slave nedium2. 20 In the case of
-perpendi cul ar recording, a master information carrier 3 substantially the
sane as that enployed in in-plane recording is enployed. In the case of
per pendi cul ar recording, the nagnetic |ayer of the slave nedium?2 is

magnet i zedchoadmneRidrdy PREPEAdE Coll g dEicid 10?2 fARHedph FANSK er _
magnetic field is applied to the slave medium 2 and the master information

carrier Bhénskdwseecaonhnagti Middhtal® #7tdWhe 2008 ruelsly gbbﬂonm eby the
initial magnetization of the part of the slave medium?2 in contact with

the protsadinegn@oFdt AR F32aatebnt ber PESE 851 4 REQEMBLLUL SRNE B1i 3 d1s reversed
and the initial rmagnetization of the other part of the slave nedium?2 is

not 5 rexegseeizaiht ke wrgnether! pyer &F e sSlaven@ediuim 214 siovmagnet i zed
in a pattern corresponding to the irregularity pattern on the master

i nf osMat kePe £96d ) @ind. tiHe MREGRELECT 869EHI B dhaC s3uGh g hard jdi sc or a
hi gh-density flexible disc provided wwth a magnetic | ayer on 10 one side

or each magleethrseofnis paneeahl Y:o%%%@%ﬁﬁiﬁ? the @averredipidy The
magnetic | ayer thereof is generally of a coafed magnetic Taterial or a

metal fipartdih tdie RS e Sl Bdighme-ahavi-Rg 3@ magnetic | ayer of netal
film the material of the |
o ' A magnetic recording disc such as a hard disc or a
high-density flexible disc provided with a magnetic layer on
10 one side or each-side thereof is generally employed as the slave
medium 2. - The magnetic layer thereof is generally of a coated
magnetic material or ametal film. Inthe case of aslavemedium
| having a magnetic layer of metal film, the material of the
magnetic layer may be Co, Coalloy (e.qg., CoPtCr, CoCr, CoPtCrTa,
15 CoPtCrNbTa, CoCrB, CoNi, Co/Pd), Fe or Fe alloy (e.g., FeCo,
FePt, FeCoNi). These materials are preferred in view of
obtaining clearer magnetic transfer since the magnetic layer
of these materials is higher in magnetic flux density. It is
further preferred that the magnetic layer of the slave medium
_20_ 2 be provided with a non-magnetic primer layer on the base sheet
side fhereof in order to give the magnetic layer a necessary
magnetic anisotropy. The primer layer should match to the .
magnetic layer in crystallog;aphic structure and lattice
._<.:onstant. For this purpose, Cr, CrTi, CoCr, CrTa, CrMo, NiAl,

25 ‘R_u or the like may_be employed as the non-magnetic primer layer: -
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magnetic | ayer may be Co, Co alloy (e. g. , CoPtCr, CoCr, CoPtCrTa, 15
- CoPt CrNoTa, CoCrB, CoNi, Co/Pd) , Fe or Fe alloy (e.g. Fquhﬂ SRRt

FeCoNi) These materials are preferred in view of obtalnlng clearer
magneti c transfer since the magnetic layer of these materials is higher in
magnetic flux density. It is further preferred that the magnetic |ayer of
the slave nmedium 20 2 be provided wth a non-magnetic prinmer |ayer on the
base sheet side thereof in order to give the nagnetic layer a necessary

magneti ¢ ani sofKOYagddie &1 f8rq Lrﬁ?i'gét' rSHO dndBiChed:0 48 v imgnatd ¢ | ayer

i-n-crystall ographic structure an tice constant. For thls pur pose, Cr,

CTi, CoffiitQRTamadridbidN Ale1@5 Ry Otnkher i kerdmynhgnerployedkas the
non- nagnetlc prinmer layer. 16 27 July 2006 The nagnetic field generation

neans fogodppl 3t ot phe i o} tisdlg E?y@%i&cﬂ&hé’gﬁé‘@s ‘ehenl iagsbeeqmgnetic

field conprises a pair of ring pe el ectromagnets each di sposed on one
side of she siayeoredhdmsa98d kRSBt &Ind Y MR QY S LA HdAichi N a

cl ose contact with each other. Each of the electronmagnets conprises a core

havi Bg acgap; extending Efode é@ﬁt@ét di {6t £98y ObthbE, Slrang, mdiym 2 and a
wi ndi ng wound around the core. In the case of the in-plane recording, the

NG tyRs &l eekf ARanet ot 1008 kB8l deyink Lheas! axgedetigmd( 2 and the

master information carrier 3 in a close contact w each her applies

-magnet i erddfd ds4i Pedditos E did %Citaivfé“ dhiBRralde 4 Qutrhﬁﬁg 3fdithqg The
magnetic field generation nmeans applies a magnetic field to the slave
medi um 2 @ithd MhdRSHR.. In the case of the in-plane recording, the .

ring type electromagnets on opposite sides of the slave medium

- 10 2 and the master information carrier 3 in a close contact with
each other applies magnetic fields in the same direction in
parallel to the tracks. The magnetic field generation means
applies a magnetic field to the slave medium 2 and the master
information carrier 3 while rotating a holder which holds the

15 slave medium 2 and the master information carrier 3 in a close
contact with each other. Instead of rotating the holder, the
magnetic field generation means may be rotated. A ring type
electromagnet may be disposed on one side of the slave medium

2 and the master information carrier 3 or on each side of the

20 - same. A permanent magnet may be employed in place of the

' electromagnets.

In the case of the perpendicular recording, a pair of
electromagnets or a permanent magnets different in polarity
are disposed on opposite sides of the holder and a magnetic

25 .'field is_ generated in perpéndicular to the tracks. ._"When ‘the

'_magnetic_ field generation means is of-a type which -'aI_JIp_lies a
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information carrier 3 while rotating a hol der which holds the 15 sl ave
medium 2 and the master information carrier 3 in a close dgpnﬂ PhogM th each
other. Instead of rotating the holder, the magnetic field generation means
may be rotated. A ring type electromgnet may be di sposed on one side of
the slave nedium 2 and the master information carrier 3 or on each side of
the 20 sanme. A permanent magnet may be enployed in place of the

el ectromagnets. In the case of the perpendicul ar recording, a pair of

el ect r onRgHLE 61 O1F 12 10€H g%ba%%@%edéié@é &fld iiufh @%l:ﬁf th¥ m#di&di sposed
on opposite sides of the holder and a magnetic 25 field is generated in

per pendi eHE@Fmd 01 s &4 acks 3, WgR EQFHeFﬁQﬁ?Em% &h@h@tgenfiéﬂaqnxneans i's
of a type which applies a 17 27 July 2006 magnetic field only a part of

the sl avgopedipmr? r%"é%e@&etgaéééﬁ ot I OTIMEhOR Gafk gﬁéti’*c the solder and

t he magnetic field are noved with respect to each other so that a magnetic

field i Sa?}% P4 e tife éi]&vékrfé\él‘iuﬂieﬂbkl[{‘&ea:ﬂ?s%@? iTBSLG6 th BhQtBlian carrier

5 3 over e entire area thereof. 18 27 July 200 at is clained is; 1. A

nmet hed of PrOAUNNGR MBSt Bfad YA on carrier froman original on which
a phase servo pattern is drawn by scanning the original with an electron

beam wherein the 5 inprovenent conprises that
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t he phase servo pattern is drawn el enment by elenment by causing the

el ectron beam havi ng a beam di anmeter not larger than the Qymygﬁafﬁn dt h of
the elenment to scan a disc-like substrate of the original, fc as been
provided with a resist 10 |l ayer for electron beamdrawing, in a dianetrical
~direction of the disc-like substrate while rotating the substrate in one .
direction at a constant speed. 2. A nethod as defined in Caim1l in which
an element of the pattern is continuously drawn by an el ectron beam whose
15 beam ¢ihapetgr-isigayatsto the width of the element. 3. A nethod as
defined in aim1 in which an electron beam whose beam di aneter is

smal | er than the wi oy bhep SheoER) 4 5a6auscdnkBriaRoR! cLbpfell tohes to

conpletely cover an elenent of tern.
from an original on which a phase servo pattern is drawn by

scanning the original with an electron beam, wherein the
5 improvement comprises that
the phase 5ervo éattern is drawn element by element by
.causingrthe electron beam having a beam diameter not larger
than the minimum width'of the element to scan a disc-like
- substrate of the original, which has been providedwith a resist
10 layer for electron beam drawing, in a diametrical direction
~of the disc-like substrate while rotating the substrate in one
direction at a constant speed.
. 2. A method as defined in Claim 1 in which an element
of the pattern is continuously drawn by'an electron beam whose
15 beam diameter is equal to the width of the element.
3. A method as defined in Claim 1 in which an electron
beam whose beam diameter is smaller than the width oflthe
~element is caused to scan at fine pitches to completely cover

an element of the pattern.
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