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Technical Field

The present invention pertains to the technical

field of a disk substrate to which audio, video and other

various kinds of information, a tracking servo signal and

ﬁhe like are transferred at the time of injection molding,

a mold apparatus for injection molding the disk substrate,

and a disk substrate taking-out apparatus for taking out

the disk substrate from the mold apparatus.

Background Art

Hitherto, an optical recording medium and a
magnetic recording medium have been widely known as a
circular disk form recording medium such as CD, CD-ROM,
DVD, DVR, MD and the like on which audio, video and other
various kinds of information, a servo signal and the like
are recorded. These recording media include a phase
change type optical disk such that a laser beam is
radiated onto a synthetic resin disk substrate on which
such signals as information signals and a tracking servo

signal are written in the form of pits and a groove



structure of a recording |ayer, an opto-nmagnetic disk for reading signals
by utilizing a magneto-optical effect, a magnetic disk for witing and
readi ng signals magnetically, and so on. As a nethod for formng
information signals, a tracking servo signal and the like in the form of
fine. roughness such as pits, a groove and the like in the recording

| ayer of the disk substrate, a nethod of injection nolding the disk
substrate by use of a nold apparatus is generally used today. Figs. 22 to
24 show a nol d apparatus 51 of a projected formgate cutting system using
a fixed side stanper according to the prior art, in which a cavity 54 as
a circul ar d98kdeogrPepateand g@ﬁtFé&PP}SféFﬁe&ea@eFWb@ﬁlﬂéﬁlﬁ@ $urf aces of
a fixed die 52 and a novable die 53. A stanper 55 is vertically disposed
on the fixeghange bp spféestanre €uei t9 B4change vd iCAYStRdst

circunference of the stanper 55 is fixed to a fixed mrror surface by a
mechani cal etawptupnecofi adrecardipeuéayss. i nhepPiteomagmiefig sickedom t he
fixed die 51 at a central portion of the cavity 54, and a cylindrical
projected foeadgagestanabe bl 36idariad BpBAGHEfo- grsigll efiferst el ej ect or
pin 58 and a cylindrical ejector 59 are 2 horizontally disposed at a
posi ti on oppaghebi¢odipk EpruwrisgngTRadereaddndpisdgngdliss di sposed at the

center of the
magnetically, and so on.

As a method for forming information signals, a
tracking servo signal and the like in the form of fine.
roughness such as pits, a groove and the like in the
recording layer of the disk substrate, a method of
injection molding the disk substrate by use of a mold
apparatus is generally used today.

Figs. 22 to 24 show a mold apparatus 51 of a
projected form gate cutting system using a fixed side
stamper according to the prior art, in which a cavity 54
as a circular disk form space is vertically formed
between faying surfaces of a fixed die 52 and a movable
die 53. A stamper 55 is vertically disposed on the fixed
die 52 side of the cavity 54, and the innermost
circumference of the stamper 55 is fixed to a fixed
mirror surface by a mechanical clamp. A cylindrical sprue
56 is horizontally disposed in the fixed die 51 at a
central portion of the cavity 54, and a c¢ylindrical
projected form gate cutter (also called “punch”), a small

diameter ejector pin 58 and a cylindrical ejector 59 are



projected formgate cutter 57, and the ejector 59 is disposed at the outer
circunference of the projected form gate cutter 57. A sprue hole 60 at the
center of the sprue 56 to which an injection cylinder (not shown) is '
connected is opened at the center of a projected formgate form ng
recessed portion 61 forned at the tip of the sprue 56, and the tip of the
projected formgate cutter 57 is forned at a projected formgate form ng
projected portion 62. A projected formgate 64 forned in a projected shape
relative to a signal transfer side surface 63 which is a surface on the
stanper 55 side of the cayity 54 is forned, .between the recessed portion 61
and the pr FLAEPPIHY 0Bt SB2Se9ndfef oPRSLEARTPBPRELEE F8rﬁ$§a§@r@ﬁtter 57
is a projected formgate cutter for formn %?e projected form gate 64.
In the mol P&ppdtst &FFEWF Rife 3 6% Je%P‘?““g‘? Hhi Eh s?%?%?ﬁa%f:oFang to
the prior art,, a nolten resin Pl consisting _of_a plasticized polycarbonate
or other <RARIRTIFRd ERTR g_tenfrEEen ?ﬁ'tﬁgddFP@cﬁpﬁﬁtBF afré® a~ fromthe
injection cylinder_into the sprue hole 60 and is_ charged under. pressure
into the caAI8PRd (3 obly® PheSY pFbf ELTEBTEBFR §at EN64PTPACEREACEREM i on
where the fixed 3 die 52 and the novable die 53 are heated. In this case,
the nol t en $¥'§ CHAt¥Onpf essed to a high pressure by the

A sprue hole 60 at the center of the sprue 56 to
which an injection cylinder (not shown) is connected is
opened at the center of a projected form gate forming
recessed portion 61 formed at the tip of the sprue 56,
and the tip of the projected form gate cutter 57 is
formed at a projected form gate forming projected portion
62. A projected form gate 64 formed in a projected shape
relative to a signal transfer side surface 63 which is a
surface on the stamper 55 side of the cavity 54 is formed
between the recessed portion 61 and the projected portion
62. Therefore, the projected form gate cutter 57 is a
projected form gate cutter for forming the projected form
gate 64.

In the mold apparatus 51 of the projected form gate
system according to the prior art, a molten resin Pl
consisting of a plasticized polycarbonate or other
synthetic resin is injected in the direction of arrow a
from the injection cylinder into the sprue hole 60 and is
charged under pressure into the cavity 54 through the

projected form gate 64, in the condition where the fixed



injection cylinder is pressurized onto the fine roughness surface of the
st anper 55, whereby a disk substrate 73 in which signals 71 such as
information signals, a tracking servo signal and the like are transferred
onto a signal transfer surface 72 in the formof pits, a groove and the
like is injection nolded, as shown in Figs. 25 and 26.. Thereafter, a
center hole 74 of the disk substrate 73 is forned by punching. In this
case, the conditions of accuracy of transfer of the signals 71 onto the

di sk substrate 73 are determned primarily by the plasticized nolten resin
tenperature, the nold tenperature, .and_the injection ressure of the

i nj ection c§+?nﬁ%r?nﬁhEP@a@°Yﬁglﬁanﬁgég A%& tRate%e OF Fﬁédegﬁesubstrate
73 thus injection. nolded,are determ ned by the_ nold tenperature, .injection
pressure anth@oBPlhgnt FREINTRE FBPREEFSAIort Re NiEht BF &FSUE €7 PYoit e di sk
substrate 73 injection nolded i s generally carried out .during the process
of cooling ImEeFrken gyéindezndst REesABYABRE QREosFhfnifidec FAUINRSTF t he
conpression of _the nolten resin Pl charged . in the cavity 54. H therto, the
center hol eS¥afage aofi ERAI §F2MBPE Ras WBEERPFoPANEd Skn Subé te@fteer’ 3ofink he

di sk substrate 73 by 4 punching (called "gate cutting"), by a nethod in
which the Prbflect&dnabfnt §afBCRURBeINEPTIE 3PP 808G LSy @héTracking

servo signal and the like are transferred onto a signal
transfer surface 72 in the form of pits, a groove and the
like is injection molded, as shown in Figs. 25 and 26.
Thereafter, a center hole 74 of the disk substrate 73 is
formed by punching.

In this case, the conditions of accuracy of
transfer of the signals 71 onto the disk substrate 73 are
determined primarily by the plasticized molten resin
temperature, the mold temperature, and the injection
pressure of the injection cylinder, whereas the warpage
and the like of the disk substrate 73 thus injection
molded are determined by the mold temperature, injection
pressure and cooling time.

The formation of the center hole 74 of the disk
substrate 73 injection molded is generally carried out
during the process of cooling the fixed die 52 and the
movable die 53 while continuing the compression of the
molten resin Pl charged in the cavity 54.

Hitherto, the center hole 74 as a circular hole has

been formed in the center of the disk substrate 73 by



direction of arrowb froma retracted position shown in Fig..23 to an
advanced position shown in Fig. 24 so as to cut the inconpletely
solidified resin between an outer circunferential surface 62a of the
projected portion 62 of the projected formgate cutter 57 and an inner
circunferential surface 6la of the recessed portion 61 of the sprue 56. At
this time, a roughly T-shaped sprue and gate remaining resin 73a renaining
in the sprue hole 60 and the projected formgate 64 is ejected in the
direction of arrow b fromthe signal transfer surface 72 of the disk
substrate 73 toward the fixed die 52 side. As shown in Fig. 25, the center
hol e 74 of PWRChdRgi aplipdk“8RLEEULERBIGH + 1DV M tdoSndemhisich as €D,
CD-ROM DVD, DVR, etc., has a diameter 15.0 nm whereas the center hole 74
of an MD ortR@ePFPkeckad Aormi SAEEeFubter 7 dSnRroAecERéwin rhe g. 25, the
center hole 74 thus formed is fornmed as a straight hole of which the hole
di aneter i4ipaehiPel of parhevaki AFORi RreEELEACEREr PORA tdeni s&ownhii®kness of
the di sk substrate 73. Though the tim ng of the punching of the center

hol e 74 varf#%. attokdi ag adveneed RasdtipReshpnnhéni £igredidn sor ashéol i ke,
the punching is preferably conducted 5 by the projected formgate cutter 57
before the @wtteme iecpmpbetelyconpiéiéigdssepdnf Pedwesndans oddied to be

circumferential surface 62a of the projected portion 62
of the projected form gate cutter 57 and an inner
circumferential surface 6la of the recessed portion 61 of
the sprue 56. At this time, a roughly T-shaped sprue and
gate remaining resin 73a remaining in the sprue hole 60
and the projected form gate 64 is ejected in the
direction of arrow b from the signal transfer surface 72
of the disk substrate 73 toward the fixed die 52 side.

As shown in Fig. 25, the center hole 74 of the
optical disk or the like of 12 cm in diameter, such as CD,
CD-ROM, DVD, DVR, etc., haé a diameter ¢ = 15.0 mm,
whereas the center hole 74 of an MD or the like has a
diameter ¢ = 11.0 mm.

As shown in Fig. 25, the center hole 74 thus formed
is formed as a straight hole of which the hole diameter -
is parallel to the axial direction over the entire
thickness of the disk substrate 73.

Though the timing of the punching of the center
hole 74 varies according to the kind of the synthetic

resin or the like, the punching is preferably conducted



preferably conducted within a period of about 2 sec after conpletion of
the injection of the nolten resin Pl. When the timng of the punching of
the center hole 74 is delayed fromthe above-nentioned, strain due to
punching and punch tailings are liable to be generated at the inner
circunference of the center hole 74, and a disk substrate 73 wi th abnornal
bi refri ngence may be nol ded or gate cutting stroke may be vari ed,
resulting in a defective product. However, when the center hole 74 is
punched between the projected portion 62 of the projected formgate 57
and the recessed portion 61 of the sprue 56 at the timn bef ore

sol i di ficatP¥nthe PReIABFEenfPER| AAPE GMIt&IET $7 hiedione zt%see@walftte@r t he
injection nolding of the nolten resin Pl, the resin Pl before
solidificatFepinoBldif| gompheselteseladidied bendeds SR dorcee
circunferential surface 62a of the projected portion 62 and the inner

ci rcunf erenprafesgbivceodncobrdt HethéBeds@GTrPErt iodn abputs@ tSiest af Yerash 75
in the shape of projecting to the outside fromthe edge on the signal
transfer sugp@ebeyponspfethe indeebhpBr ofioltBe7moilsenegessar Plly gWherat ed,
as shown in Fig. 25. The height H of the flash 75 varies according to

t he nol di ngtkendimieasoft Abet pupehbndr efothe cratesshelp2 7idn ishe gate, and

the like) of the clearance between the recessed portion 61 and the
proj ected pdetayad from the above-mentioned, strain due to punching

and punch tailings are liable to be generated at the
inner circumference of the center hole 74, and a disk
substrate 73 with abnormal birefringence may be molded or
gate cutting stroke may be varied, resulting in a
defective product.

However, when the center hole 74 is punched between
the projected portion 62 of the projected form gate 57
and the recessed portion 61 of the sprue 56 at the timing
before solidification of the molten resin Pl which is
within 2 sec after the injection molding of the molten
resin Pl, the resin Pl before solidification would fly
into the clearance between the outer circumferential
surface 62a of the projected portion 62 and the inner
circumferential surface 6la of the recessed portion 61,
so that a flash 75 in the shape of projecting to the
outside from the edge on the signal transfer surface 72
side of the center hole 74 is necessarily generated, as
shown in Fig. 25. The height Hl1l of the flash 75 varies

according to the molding conditions (the temperature of



62 shown in Figs. 22 and 23; hitherto, the height HL has been several tens
of 4mto as large as 100 Atm The disk substrate 73 shown in Fig. 26 is one
that is obtained by injection nolding by a nold apparatus using a '
novabl e- si de stanper according to the prior art and punching the center
hole 74 fromthe signal transfer surface 72 side to the opposite side. In
this case, there 1is generated a flash 75 in the shape of projecting
outwards fromthe surface opposite to the signal transfer surface 72 of
the center hole 74, and the height HL of the flash 75 is equivalent to
that shown in Fig. 25. Fig. 27 shows a conventional disk substrate taking-
out robot 8iheyrepiehPRhéndtBr gabstrand rde dild®i @f the FEearnaIfe nol d
apparatus 51 is taken out of the nold apparatus 51 and transferred onto an
al i gni ng nekeétween (hoe shoapyedNaAELonwRdr 8ndhéh@ P oSEIFSedaPe T3 ars
injection nolded by the nold apparatus 51 of the projected form gate
cutting systenshevmgin Ebasentondfl PBxedishgatost &fysehed@ddr ifdedasef erri ng
to Fig. 22, the punching of the center hole 74 (gate cutting) is conducted
by the propeeteslevoral gherscaft &m 50 vas clharse pa®j ee@edm.n the direction
of arrow b fromthe novable die 53 side toward 7 the fixed die 52, as
descri bed referrimhea dlifik.subisttate the gheenoint Bkgng26ulst Arej hpatti on

nol ded di sk
is obtained by injection molding by a mold apparatus

using a movable-side stamper according to the prior art
and punching the center hole 74 from the signal transfer
surface 72 side to the opposite side. In this case, there
is generated a flash 75 in the shape of projecting
outwards from the surface opposite to the signal transfer
surface 72 of the center hole 74, and the height H1 of
the flash 75 is equivalent to that shown in Fig. 25.

Fig. 27 shows a conventional disk substrate taking-
out robot 81 by which the disk substrate 73 injection
molded by the mold apparatus 51 is taken out of the mold
apparatus 51 and transferred onto an aligning machine
(not shown) .

Namely, where the disk substrate 73 is injection
molded by the mold apparatus 51 of the projected form
gate cutting system using a conventional fixed-side
stamper described referring to Fig. 22, the punching of
the center hole 74 (gate cutting) is conducted by the
projected form gate cutter 57 which is projected in the

direction of arrow b from the movable die 53 side toward



substrate 73 fromthe nold apparatus 51, the novable die 53 is opened
(spaced away) fromhe fixed die 52 in the direction of arrowa in Fig. 22,
and the sprue and gate remaining resin 73a and the disk substrate 73 are
stripped off fromthe novable die 53 in the direction of arrowb in Fig.
22 by the ejector pin 58, the ejector 59 and the |like, when the disk
substrate 73 and the sprue and gate remaining resin 73a are spaced away
fromeach other so that the disk substrate 73 is left on the side of the
direction of arrow a which is the side of the novable die 53 whereas the
sprue and gate remaining resin 73a is_left on the side of the direction of
arrow b whi Ehe Féx?ﬂedéﬁdézofaﬁhéeﬁF%éHeélée§2rr&§gsmﬁMfH91Fﬁ%} 37 The
robot 81, first, in Fig. 22, chucks_an outer  circunferential portion of
the center HpfeC¥aeopfhakdngkousubder 4nd ersionhmend ded &iskoped from t he
novable die 53 in the direction of arrow b by the ejector 59, by sucking
by a vacuunfpagtB2terdi themsrhe EPlﬁhéPQPéﬁéPStPénsﬁ@P mQyePdce ¢A2  and
receives the disk substrate 73_in th manner of separating the disk
substrate 7§3ah&y°PF6ﬂ¢thépaﬁﬁéaBWéYﬂlérQQ nf £hEedi Adet i53n 18 ther ow b.

Si mul t aneous|y, the sprue and gate remaining resin 73a ejected in the
direction ofiBFFEWPR By 2HECY) Bcidr FpPn 58.82p8 §Peps@ausy anke 9adisot 81,

and the disk substrate 73 and the sgrue and gate remaining resin 73a are
t aken out f¥®op3ining resin 73a and the disk substrate 73 are

stripped off from the movable die 53 in the direction of
arrow b in Fig. 22 by the ejector pin 58, the ejector 59
and the like, when the disk substrate 73 and the sprue
and gate remaining resin 73a are spaced away from each
other so that the disk substrate 73 is left on the side
of the direction of arrow a which is the side of the
movable die 53 whereas the sprue and gate remaining resin
73a is left on the side of the direction of arrow b which
is the side of the fixed die 52, as shown in Fig. 27.

The robot 81, first, in Fig. 22, chucks an outer
circumferential portion of the center hole 74 of the disk
substrate 73, which is stripped from the movable die 53
in the direction of arrow b by the ejector 59, by sucking
by a vacuum pad éz from the side of the signal transfer
surface 72, and receives the disk substrate 73 in the
manner of separating the disk substrate 73 away from the
movable die 53 in the direction of arrow b.
Simultaneously, the sprue and gate remaining resin 73a

ejected in the direction of arrow b by the ejector pin 58



between the fixed die 52 and the novabl e die 53. Next,

73 is transferred to the aligning machine by the robot 81, -and is aligned

by " fitting the center hole 74 of the disk substrate 73 onto a

di sk-receiving arm (not shown) of the aligning nmachine
reference surface 76 (described | ater)

t he signal

di scharged fromthe robot 81 by spontaneous

the di sk substrate

fromthe side of a
which is the surface opposite to

transfer surface 72. After the disk substrate 73 is transferred
to the aligning nmachine, the sprue and gate renmaining resin 73a is

falling or by blowing air.

The

di sk substrate 73 injection nolded as nentioned _ above and shown in Figs.

25 and 26 ikSt®EHPRES| R¥t BASt BoPPAnBAat RBA (86atifd) SostyRte 15 @rdf

| ayers in the order of a recording |layer, a reflective |layer and a
protective Fagefponet pedsgahal remansisg Fajep 732 £Fe WMakER Suindlr®m1 have

been transferred, whereby an optical disk 77 such as a CD and a DVD is

conpl eted. Patwpenptheafiyedkdiei 08 aadi theomowpbdle e 53optical disk 77
or the like is used, a |laser beamis incident fromthe reference surface
76 opposite to thdledtigrdie tdgisierbatrdtee’ ¥21swherBpAervedt FAgthAd

readi ng

ref erence satigebngenaphineiBYathasspbobel i ABddast addismede byecones a

of

information are conducted. According to a 9 specification,

reference surface of :

fitting the center hole 74 of the disk substrate 73 onto
a disk-receiving arm (not shown) of the aligning machine

from the side of a reference surface 76 (described later)

which is the surface opposite to the signal transfer

surface 72. After the disk substrate 73 1is transferred to
the aligning machine, the sprue and gate remaining resin
73a is discharged from the robot 81 by spontaneous

falling or by blowing air.

The disk substrate 73 injection molded as mentioned
above and shown in Figs. 25 and 26 is then subjected to
lamination (coating) of a plurality of layers in the
order of a recording layer, a reflective layer and a
protective layer on the signal transfer layer 72, to
which signals 71 have been transferred, whereby an
optical disk 77 such as a CD and a DVD is completed.

In an optical disk drive device on which the

optical disk 77 or the like is used, a laser beam is

incident from the reference surface 76 opposite to the
signal transfer surface 72, wherein writing and reading

of information are conducted. According to a

t he



hei ght, a positioning center pin of a spindle notor used for driving the
disk is inserted into the center hole 74 fromthe side of t-he reference
surface 76, and centering 1is conducted by an edge 74b on the side of the
reference surface 76 opposite to the signal transfer surface 72 of the
center hole 74. Therefore, though the disk substrate 73 with the flash 75
generated on the side of the signal transfer surface 72, as shown in Fig.
25, can be centered w thout bad effects of the flash 75, the disk
substrate 73 with the flash 75 generated on the side of the reference
surface 76 as shown in Fig. 26 cannot be gntergg th_hi,gh accuracy. In

t he opt|caJSEﬁ%kf%ﬁ?Q%P%ev?%% ref Y6 nBLRAAFE W&%HCHI cclr&ly is
used in order to wite and read jnformation hy focusin and reflecting a

| aser beamRARM t Hec 5§l SuTA2¢BnREFPTIERd20 FeFPHEnFSUSH%é§§e Pﬁmever t he
servo performance of the servo mechanismhas a Ilimtation,

particul ar1Beight & irpiottieRing C?%E?Fa?h“e@éeﬁtFP&P?}eoF°£O§pPFSPIy
shaped groove and the center hole 74. In recent Xears t he al | owabl e val ue
of the ecchka rigitinorthaedishbobe snBerhedcéRter *h6l €°74RabClBedh reduced
attendant on an increase in the recording density, to 100 Amin the case
of CD and t&r®0 W inidheofothaseebPTEREE BRTEAECO! fer 2REAnGENERELPACr case

in the recording
is conducted by an edge 74b on the side of the reference

surface 76 opposite to the signal transfer surface 72 of
the center hole 74. Therefore, though the disk substrate
73 with the flash 75 generated on the side of the signal
transfer surface 72, as shown ianig. 25, can be centered
without bad effects of the flash 75, the disk substrate
73 with the flash 75 generated on the side of the
reference surface 76 as shown in Fig. 26 cannot be
centered with high accuracy.

In the optical disk drive device, a servo mechanism
with high accuracy is used in order to write and read
information by focusing and reflecting a laser beam on
the signals 71 constituted of fine roughness. However,
the servo performance of the servo mechanism has a
limitation, and, particularly, it is important to
restrain eccentricity of a spirally shaped groove and the
center hole 74. In recent years, the allowable value of
the eccentricity of the groove and the center hole 74 has

been reduced attendant on an increase in the recording

density, to 100 4m in the case of CD and to 60 4m in the

10



density is realized mainly by a decrease in the wavelength of the |aser
beam and an enhancenent of NA (enhancenent of |ens nmagnification) of a
focusing lens (objective lens). In the case of the CD which is nost

popul ar, a laser with a wavel ength of 780 nmand a focusing lens with an
NA of 0.45 are used, and in the case of the DVD, a |laser with a wavel ength
of 630 nmand a focusing lens with an NA of 0.6 are used. Attendant on

t he enhancenent of NA of the focusing lens, the disk substrate 73 which is
a |laser beamtransm ssion layer is gradually reduced in thickness in order
to reduce the effect of aberration. A disk substrate 73 with a thickness
of 1.2 mmisa@sedfi RVPhe case of CD, and a disk substrate with a thickness
of 0.6 mMmis used in the case of DVD, thereby contributing to coping with
canber of the optQratheliskhey nhardenthgehnsreppeoidetheoresntrding a
further increase in recording density, it has been proposed to use a

| aser with demavevengt healized meiadd 2Yf acdsicrgasieeris wilteh an NA of 0. 85
Where the focusing | ens enhanced in NAis used, it is necessary to reduce

t he thicknessvelenghk difskheubssezt bea® wadalouten®ahcemenitn ofeddy al

i njection nolding, however, it is difficult to nold an 11 ultrathin disk
substrate 78emhanhemantsdfetenhemagpédiiftiacdoninefofa Cawyeringndens

bi refringence.
(objective lens). In the case of the CD which is most

popular, a laser with a wavelength of 780 nm and a
focusing lens with an NA of 0.45 are used, and in the
case of the DVD, a laser with a wavelength of 630 nm and
a focusing lens with an NA of 0.6 are used. Attendant on
the enhancement of NA of the focusing lens, the disk
substrate 73 which is a laser beam transmission layer is
gradually reduced in thickness in order to reduce the
effect of aberration. A disk substrate 73 with a
thickness of 1.2 mm is used in the case of CD, and a disk
substrate with a thickness of 0.6 mm is used in the case
of DVD, thereby contributing to coping with camber of the
optical disk.

In recent years, in order to contrive a further
increase in recording density, it has been proposed to
use a laser with a wavelength of 400 nm and a focusing
lens with an NA of 0.85. Where the focusing lens enhanced
in NA is used, it is necessary to reduce the thickness of
the disk substrate 73 to about 0.1 mm; in general

injection molding, however, it is difficult to mold an

11



In view of the above, these problens have been solved by Iamnating a
reflective layer, a dielectric layer, a recording |ayer and a dielectric
| ayer, in this order opposite to the conventional order, on the signal '
transfer surface 72 of the disk substrate 73 to which the signals 71
constituted of fine roughness have been transferred in the conventi onal
manner, and, finally, formng a light transm ssion layer of 0.1 mmin
thickness. In this case, however, the reference surface is on the opposite
side as conpared with the conventional disk substrate 73, and, as shown in
Figs. 25 and 26, a tapered B05|t|on|ng center pin 79 of a dISk table 78 in
t he splndleuhﬁréﬁhygeélﬁbrsé Brraget A8 #ihdieh satisdidesd the the center hole
74 fromthe signal transfer surface 72 side and chucked, and centering is
conduct ed bspraniéiigatigna of rhmbsrgaald trizeffrdmoemceace 72 side of the
center hole 74. In this case, the disk substrate 73 shown in Fig. 26 has
no flash 75 gener akredviaw the @Mgeal:?waeonthhee Brohikemer ha¥kebesorf ace 72
side of the center hole 74, so that it can be centered with high accuracy.
On the ot hesolheddbyt hemilhakisagbset ratfé erI ivavilayex . f laashi €A cdaniar ated at
the edge 74a on the signal transfer surface 72 side of 12 the center hole
74 as shownlapefFi ga 26ccadhot beveenended diiellleclirgle deveracyin this

order opposite to the conventional order, on the signal

transfer surface 72 of the disk substrate 73 to which the

signals 71 constituted of fine roughness have been

transferred in the conventional manner, and, finally,

forming a light transmission layer of 0.1 mm in thickness.

In this case, however, the reference surface is on

the opposite side as compared with the conventional disk

substrate 73, and, as shown in Figs. 25 and 26, a tapered

positioning center pin 79 of a disk table 78 in the

spindle motor used for driving the disk is inserted in

the center hole 74 from the signal transfer surface 72

side and chucked, and centering is conducted by an edge

74a on the signal transfer surface 72 side of the center

hole 74.

In this case, the disk substrate 73 shown in Fig.

26 has no flash 75 generated at the edge 74a on the

signal transfer surface 72 side of the center hole 74, so

that it can be centered with high accuracy. On the other

hand, the disk substrate 73 having a flash 75 generated

at the edge 74a on the signal transfer surface 72 side of

12



In addition, since this systemhas a very snmall allowable value of the
eccentricity of the disk substrate 73, the flash 75 generat-ed on the
signal transfer surface 72 side of the center hole 74 as shown in Fig. 25
is fatal. Although the flash 75 can be renpbved by a nethod of cutting by
a reaner or the like, the generation of waste upon renoval of the flash 75
and the increase in the nunber of working steps |ead necessarily to
deterioration of yield and an increase in cost. In order to restrain the
generation of the flash 75 on the signal transfer surface 72, the stanper
- 55 to be fitted to the nold may be disposed not on the side of the fixed
die 52 but ohet¢entericholet hé aBvahpPendie B39(t RiSs camaofodei &epdared
"nmovabl e-si de stanper”) Although the generation of the flash 75 on the
signal trarsielr kigharecuyacgan surely be obviated by this nethod, the
novabl e- side stanper has such a structure that the shapes of the pits and
the groove to be tImamsidirticah arsindabtieis ospetemshyasearvery Towateason is as
follows. In this method, at the time of nolding, after conpletion of
cool i ng, thellomatabe evall we53f| shepenednthicatireefi figet Hasdi skbstyatteate 73
sucked onto the nmovable die 53 side, and the disk 13 substrate 73 is taken
out in the hManntke oflashi ppi agnehatedt anpthes58igndlt hradisflersgbsifagee 73 by
the ejector 59

72 side of the center hole 74 as shown in Fig. 25 is

fatal.

Although the flash 75 can be removed by a method of

cutting by a reamer or the like, the generation of waste

upon removal of the flash 75 and the increase in the

number of working steps lead necessarily to deterioration

of yield and an increase in cost.

In order to restrain the generation of the flash 75

on the signal transfer surface 72, the stamper 55 to be

fitted to the mold may be disposed not on the side of the

fixed die 52 but on the side of the movable die 53 (this

method is called “movable-side stamper”). Although the

generation of the flash 75 on the signal transfer surface

72 can surely be obviated by this method, the movable-

side stamper has such a structure that the shapes of the

pits and the groove to be transferred are liable to be

asymmetric. The reason is as follows. In this method, at

the time of molding, after completion of cooling, the

movable die 53 is opened while keeping the diék substrate

73 sucked onto the movable die 53 side, and the disk

13



and air. However, after the novable die 53 is opened, the disk substrate
73 is rapidly cooled and shrinks. Since the stanper 55 shri-nks | ess as
conpared with the disk substrate 73, however, the pits and the groove are
def ormed. The accuracy required of the shape of the fine roughness

i ncreases as the recording density of the disk increases, and, therefore,
it is difficult to nold the disk substrate 73 even by the novabl e-si de
stanper. Even if a disk substrate to which fine roughness free of

def ormati on has been transferred can be nol ded by using the novabl e-side
stanper under_a material ;and nolding conditions substantially free of
shrinkage, EWeStyRReradi 48 SRkEReoMtadR FheMaelsidfe T inRing rthRe 76
opposite to the signal transfer surface 72 cannot be_ avoided. Though the
flash 75 do®&2RBEr haYe2BddtBef BdEY SHPSEHATH 1@ &bt iviasF® The time of
chucki ng, waste  mght be generated through stripping of the flash 75 at
the tine ofabgoﬁhéticﬁRW%NﬁFtrﬁi??ﬁshhﬁi@ﬁYahaﬁeﬁéetg3thé cgegRdsulsder at e
73 to thereby cause an increase in error, |eading to a reduction in yield.
The presentdidlepePdhrphs Blehsnigeiddyseslopd ahandasdvrdent | §4862pr obl ens.
Accordingly, it is an object of the present invention to provide a disk
substrate ftke 9tanper| d8hshrinke éq§é oFf sWPHEd WA® tdhemsii®kappar at us

optimum for injection nolding the disk substrate, and a
substrate 73, however, the pits and the groove are

deformed. The accuracy required of the shape of the fine
roughness increases as the recording density of the disk
increases, and, therefore, it is difficult to mold the
disk substrate 73 even by the movable-side stamper.

Even if a disk substrate to which fine roughness
free of deformation has been transferred can be molded by
using the movable-side stamper under a material and
molding conditions substantially free of shrinkage, the
generation of the flash 75 on the side of the surface 76
opposiﬁe to the signal transfer surface 72 cannot be
avoided. Though the flash 75 does not have bad effects on
the disk eccentricity at the time of chucking, waste
might be generated through stripping of the flash 75 at
the time of production, and the flash might adhere to the
disk substrate 73 to thereby cause an increase in error,
leading to a reduction in yield.

The present invention has been made to solve the
above-mentioned problems. Accordingly, it is an object of

the present invention to provide a disk substrate free of
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di sk ejection apparatus optinmum for taking out the disk substrate fromthe
nol d apparatus. Disclosure of Invention A disk substrate according to the
present invention for attaining the above object is a disk substrate with
signals transferred thereto by injection nolding, which includes a center
hol e, and an edge with flash reduced to zero or suppressed to equal to or

| ess than 10 Am provided at | east on the signal transfer surface side of
the center hole. The disk substrate includes a first R surface or a first
C surface at least at the edge of the center hole. The disk substrate
further includes a straight portion with a hole dianeter equal in direction
with the akiashdrEeEhpoRddprefli dcaeBfierh80difde30pPdsi RPPRGAtAE si gnal
transfer surface side of the center hole, and a tapered portion with a

hol e di anmeteptipemubPryiehrarged medddpd the dighasubsagster amdf ace,

provi ded between the straight portion of the center hole and the signal
transfer suifskecl AchbPd apparatus PBEimppeépiroffakdng Ay ta téesk@iskubstrate
according to the present invention for 15 attaining the above object is a
nmol d appar atuRstprte| firedt tbd mOLAi ABPATrdityR -substrate including a cavity
into which a nolten resin is injected through a sprue and

Disclosure of Invention

A disk substrate according to the present invention
for attaining the above object is a disk substrate with
signals transferred thereto by injection molding, which
includes a center hole, and an edge with flash reduced to
zero or suppressed to equal to or less than 10 Um,
provided at least on the signal transfer surface side of
the center hole.

The disk substrate includes a first R surface or a
first C surface at least at the edge of the center hole.

The disk substrate further includes a straight
portion with a hole diameter equal in direction with the
axial direction, provided on the side opposite to the
signal transfer surface side of the center hole, and a
tapered portion with a hole diameter gradually enlarged
toward the signal transfer surface, provided between the
straight portion of the center hole and the signal
transfer surface.

A mold apparatus for injection molding a disk

substrate according to the present invention for

15



a recessed formgate, and a signal transfer stanper disposed on a fixed
die side of the cavity, wherein the nold apparatus includes a recessed
formgate formng projected portion provided at the tip of the sprue, a
recessed formgate formng recessed portion provided oppositely to the
projected portion at the tip of a recessed formgate cutter disposed on
the side of a novable die, and a center hole nolding portion provided at
the outer circunference of the sprue. The center hol e nolding portion
includes a first R surface nolding portion or a first C surface nol ding
portion for nmolding the first Rsurface or the first C surface at the edge
on the signattaimihsgetheuabare gbiectof st Remeddt ePrRgREUST foFe di sk
substrate injection nolded in the cavity. The center hole nolding portion
further incluilestionsmoddighg avfdshgspbstiretef dnchuyiddingg aa cavig&ivght portion
with a hole diameter equal in direction with the axial direction, on the
si de opposiimte owhhehsagnaltenangéén isuihdeeteiddshabughe aceprare holde of
the di sk substrate injection nolded in the cavity, and a taper nol ding
portion, pravideessedcbonecgaba, wantl aheignpadi ghensbledi sganegorti on, for
nol ding a tapered portion with a hole dianeter gradually enlarged toward
the signal dispeéed osuaffitredi dée béteee the stvaityht wpereiontde t he
center .

mold apparatus includes a recessed form gate forming

projected portion provided at the tip of the sprue, a

recessed form gate forming recessed portion provided

oppositely to the projected portion at the tip of a

recessed form gate cutter disposed on the side of a

movable die, and a center hole molding portion provided

at the outer circumference of the sprue.

The center hole molding portion includes a first R

surface molding portion or a first C surface molding

portion for molding the first R surface or the first C

surface at the edge on the signal transfer surface side

of the center hole of the disk substrate injection molded

in the cavity.

The center hole molding portion further includes a

straight molding portion for molding a straight portion

with a hole diameter equal in direction with the axial

direction, on the side opposite to the signal transfer

surface side of the center hole of the disk substrate

injection molded in the cavity, and a taper molding

portion, provided in connection with the straight molding

16



hol e and the signal transfer surface of the disk substrate injection
nol ded in the cavity. The advance anount of the recessed formgate cutter
is not |ess than the thickness of the recessed formgate and is not nore
than the recessed formgate thickness plus 0.5 nmm The position of cutting
the recessed formgate by the recessed formgate cutter is set at a
position equal to the hole dianeter of the straight portion of the center
hol e. The recessed formgate cutter includes, at the tip of an outer
circunferential portion of the recessed portion, a second R surface
nol ding portion or a second C surface nolding portion for nolding a second
R surface oportigecofidrOnelidfingeaatapigredd@erdiormheidinde diwdesite to the
signal transfer surface side of the center hole. The position of cutting
the recessediémeheyageadyalieendsassdd thyandgdthe cuornel itvasstfest a first
position equal to the hole dianeter of the straight portion of the center
hol e and atsarfecendigesi bebwekocahed sgrratiigati poirdd oof ofh&hfei cemteasi ti on
and smaller in dianeter than the first position. 17 A disk substrate
t aki ng- out hpparandsthecsidnay tvanshierpsegdace merthieodifsgr attaini ng the
above object includes: a nold apparatus including a cavity forned
substrate injection molded in the cavity.
The advance amount of the recessed form gate cutter
is not less than the thickness of the recessed form gate
and is not more than the recessed form gate thickness
plus 0.5 mm.
The position of cutting the recessed form gate by
the recessed form gate cutter is set at a position equal
to the hole diameter of the straight portion of the
center hole.
The recessed form gate cutter includes, at the tip
of an outer circumferential portion of the recessed
portion, a second R surface molding portion or a second C
surface molding portion for molding a second R surface or
a second C surface at the edge on the side opposite to
the signal transfer surface side of the center hole.
The position of cutting the recessed form gate by
the recessed form gate cutter is set at a first position
equal to the hole diameter of the straight portion of the
center hole and at a second position located on the

inside of the first position and smaller in diameter than

the first position.
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between a fixed die and a novable die, a signal transfer stanper disposed
on the fixed die side of the cavity, and a recessed formgate cutter

di sposed on the novable die side, wherein a nolten resin is injected into
the cavity through a sprue and a recessed formgate to injection nold a
di sk substrate, and gate cutting is conducted from the novable die side by
the recessed formgate cutter; and a robot for detaching fromthe novabl e
die the disk substrate stripped fromthe fixed die together with the
novabl e die by the opening of the novable die after injection nolding, the
robot including a neans.for ,  dischar rue and ate rena ning_resin
to the novable di & $FE SILRTTAFS tg‘it]?fg“%l%‘g E SARRRTY a?c‘f‘?fé TRy ne® of
hol di ng the di sk substrate. The di schar nean i's prOV| with an air
jet nozzle.t ﬁ%épﬂ?%%ngub%Y?%FéOECEBFdPﬁgaP ipfe EF abRye P 9€ﬁflon
constituted, as  descri bed above, has an, edge letely free of flash at

| east on th%P%ﬁ%ﬂ%ﬁ t? ARQE Rr aPRAFRERE éPﬂgUSFnF centéy fgr®edor even if
the flash is generated, the flash can be suppressed to equal to or |ess
than 10 /t REHERR g‘ﬁtflé%dt‘lilh? tRE 2eMPERPAG SFet hé ESQE}P%kt§E}B§tﬁF§te by a
positioning center pin of a spindle_ ,notor can he perforned with hl%h
accuracy. |HCRREY | SP%?%@eO?hEhFlﬁéFeﬁ dipr §é820 PftﬁgefFPgﬂtY' an

a recessed form gate cutter disposed on the movable die
side, wherein a molten resin is injected into the cavity
through a sprue and a recessed form gate to injection
mold a disk substrate, and gate cutting is conducted from
the movable die side by the recessed form gate cutter;
and a robot for detaching from the movable die the disk
substrate stripped from the fixed die together with the
movable die by the opening of the movable die after
injection molding, the robot including a means for
discharging a sprue and gate remaining resin to the
movable die side relative to the disk substrate at the
time of holding the disk substrate.

The discharging means is provided with an air jet
nozzle.

The disk substrate according to the present
invention, constituted as described above, has an edge
completely free of flash at least on the signal transfer
surface side of the center hole, or even if the flash is
generated, the flash can be suppressed to equal to or

less than 10 #m in height, so that the centering of the
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C surface is forned at |east at the edge of the center hole, the edge is
conpletely free of flash. Besides, the center hole includes-the straight
portion with a hole dianeter equal in direction with the axial direction,’
provi ded on the side opposite to the signal transfer surface side of the
center hole, and the tapered portion with a hole dianeter gradually
enlarged toward the signal transfer surface side, provided between the
straight portion of the center hole and the signal transfer surface.
Therefore, at the tinme of opening the nold after conpletion of cooling of
the resin in the cavity and stripping the disk substrate fromthe stanper
di sposed ondife ??&%Hrﬂgﬁ Ry de, PPRé tABPdREafeBEeEaiiPy ofr & sxdddleThe

i njection nolding apparatus according to the present invention,
constitutedmﬁéoﬁe%%?i%%dP9569§$eﬁswﬂ%€ highdagFpar&us for nol ding a di sk
substrate, including the cavity into which a nolten resin is injected
through the sprudtafddifel glecestRee f Bhen Hhtet BAngurhecsi ghakhet Fansfer
stanper disposed on the fixed die side of the cavity, and having a
recessed fofnpyafaceuisi figreeduatuteasinatudhbfgetee pécédsegensem gat e
formng projected 19 portion provided at the tip of the sprue, the recessed
form gate fehe ngthecedsediporempheprdyi §88eophositechy to the projected

portion at the tip of the recessed form
Besides, the center hole includes the straight

portion with a hole diameter equal in direction with the
axial direction, provided on the side opposite to the
signal transfer surface side of the center hole, and the
tapered portion with a hole diameter gradually enlarged
toward the signal transfer surface side, provided between
the straight portion of the center hole and the signal
transfer surface. Therefore, at the time of opening the
mold after completion of cooling of the resin in the
cavity and stripping the disk substrate from the stamper
disposed on the fixed die side, the mold can be easily
released.

The injection molding apparatus according to the
present invention, constituted as described above, is the
mold apparatus for molding a disk substrate, including
the cavity into which a molten resin is injected through
the sprue and the recessed form gate, and the signal
transfer stamper disposed on the fixed die side of the
cavity, and having a recessed form gate cutting structure

including the recessed form gate forming projected
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gate cutter disposed on the novable die side, and the center hole
portion provided at the outer circunference of the sprue. Therefor

the time

of injection nolding of the disk substrate, the center ho

si mul taneously injection nolded by the center hole nolding portion

even when gate cutting is

cutter wwth a recessed formtip fromthe novable die side, it is
to produce a center hole with both edges free of flash. In additio

center hole nolding portion is

portion or the first C surface nolding portion for nolding the fir
surface or R¥etion serevided azk Bhet htPeBfetBR EREUSIgHAE TYEFEASEEr surface
side of the center hole. Therefore, at the tine of injection noldi
di sk subst rieen qake teieinn reecgsgRaPor EAABT BFo¥dArdcOPPPad LR Yt € cent er

hol e can
surface.
st rai ght
di amet er
opposite

be sinultaneously injection nolded to be an R surface or

Beshelesroi¢rtedpert hoh catortlengiporfi 6hei secgsseddéQrwmi t h
nol di ng portion for nolding the straight portion with a h
eqate i eu20exi deepdopd wr htheemaxphl edfiecsiidr, oandhé&hsi de
to the signal transfer surface of the center hole, and t

center hol ecemtealf ppormobding peovicdedrvipvhdefeat the outer

circumference of the sprue. Therefore, at the time of
injection molding of the disk substrate, the center hole
is simultaneously injection molded by the center hole
molding portion. Thus, even when gate cutting is
conducted by advancing the recessed form gate cutter wit
a recessed form tip from the movable die side, it is
possible to produce a center hole with both edges free o
flash.

In addition, the center hole molding portion is
provided with the first R surface molding portion or the
first € surface molding portion for molding the first R
surface or the first C surface at the edge on the signal
transfer surface side of the center hole. Therefore, at
the time of injection molding the disk substrate, the
edge on the signal transfer surface side of the center
hole can be simultaneously injection molded to be an R
surface or a C surface.

Besides, the center hole molding portion is
provided with the straight molding portion for molding

the straight portion with a hole diameter equal in

20

nmol di ng
e, at

le is’
. Thus,

conducted by advancing the recessed formgate

possi bl e
n, the

provided with the first R surface nol ding

st R
ng the
a C

t he
ol e

he

h
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taper nolding portion for nolding the tapered portion wth a hole dianeter
gradually enlarged fromthe straight portion of the center -hole toward the
signal transfer surface side. Therefore, at the tinme of injection nolding
the di sk substrate, the center hole can be sinultaneously injection nolded
with the straight portion and the tapered portion. In addition, the
advance anount of the recessed formgate cutter can be set to be equal to
or nore than the thickness of the recessed formgate and equal to or |ess
than the recessed formgate thickness plus 0.5 mm Therefore, the gate
cutting can_be securely performed. Besides, the positign of cutting the
recessed fothreghienpylthethecasiad ForRFGALE Ot t8F $ddeePPRPSE tenositi on
equal to the hole dianeter of the straight _portion of the_center, hole of
the di sk subRtFReesionmbr brdrefest sehéaceniofhucePi§Tt ROl Lec@Ssed form
gate, flash or the like is not generated in the straight _portion of the
center hol et®$ ¢emtersholapsetdiay PATLAAPt i§nPTPNédL8c¥dsEd th6r m gat e
cutter is provided with the second R surface nolding portion or the

second C sutdree Tolding portien for molding the $8PSHEARP2YtiQRface or the
second C surface at the edge on the_ o ?osite side of the signal transfer
surface of ¥heh zcmele @dbpmetar ﬂﬁédﬂﬁg Bf ephargatef remr EhRf ELEALOAL

portion of the center hole toward the signal transfer
surface side. Therefore, at the time of injection molding
the disk substrate, the center hole can be simultaneously
injection molded with the straight portion and the
tapered portion.

In addition, the advance amount of the recessed
‘form gate cutter can be set to be equal to or more than
the thickness of the recessed form gate and equal to or
less than the recessed form gate thickness plus 0.5 mm.
Therefore, the gate cutting can be securely performed.

Besides, the position of cutting the recessed form
gate by the recessed form gate cutter is set at a
position equal to the hole diameter of the straight
portion of the center hole of the disk substrate.
Therefore, at the time of cutting the recessed form gate,
flash or the like is not generated in the straight
portion of the center hole of the disk substrate.

In addition, the recessed form gate cutter is
provided with the second R surface molding portion or the

second C surface molding portion for molding the second R
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portion of the recessed formgate formng recessed portion. Therefore, the
second R surface or the second C surface can be nol ded at t-he edge on the
opposite side of the signal transfer surface of the center hole of the

di sk substrate. Besides, the position of cutting the recessed form gate by
the recessed formgate cutter is set at the first position equal to the
hol e di anmeter of the straight portion of the center hole of the disk
substrate and at the second position |ocated on the inside of the first
position and smaller in dianeter than the first position. Therefore, the
out ernost dianeter of the sprue and gate remaining _resin cut by the
recessed fof¥FEate euttlke eampondeCnidEfangl RéEr thRaRdeBeORn§h8e di aneter of
the sprue. In addition, the disk substrate taking-out apparatus according
to the presep@oshtentidn, cEokbei ehgnal hzaneseri bugfassvef itdeso
constructed that gate cutting is conducted by the recessed formgate
cutter fronfemeer npohdl eatli Ehej Hép afdtBReorSB&t CLEFURARFAGLSBE from t he
movabl e die the disk substrate stripped fromthe fixed die together with

t he novabl eeeeiey ehetbpenepagseaedt Rermngaspl fogméngf reecephpdcti on nol di ng
is provided with the 22 nmeans for discharging the sprue and gate renaining
resin to tierwbvabl Shtire ik r@%tﬁwng R heu gk ake seipsthat 2ecoqefef or e,

it is possible to provide a disk substrate
surface can be molded at the edge on the opposite side of

the signal transfer surface of the center hole of the
disk substrate.

Besides, the position of cutting the recessed fofm
gate by the recessed form gate cutter is set at the first
position equal to the hole diameter of the straight
portion of the center hole of the disk substrate and at
the second position located on the inside of the first
position and smaller in diameter than the first position.
Therefore, the outermost diameter of the sprue and gate
remaining resin cut by the recessed form gate cutter can
be made smaller than the inside diameter of the sprue.

In addition, the disk substrate taking-out
apparatus according to the present invention, constituted
as described above, is so constructed that gate cutting
is conducted by the recessed form gate cutter from the
movable die side, and the robot for taking out from the
movable die the disk substrate stripped from the fixed
die together with the movable die by the opening of the

movable die after injection molding is provided with the
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t aki ng-out apparatus optimum for application to the nold apparatus of the
recessed formgate cutting structure. Besides, when the neans for

di scharging the sprue and gate renmaining resin is provided with the air
jet nozzle, the discharge of the sprue and gate remaining resin to the
novabl e die side can be performed securely and instantaneously. Brief
Description of Drawings Fig. 1 is a sectional viewillustrating a center
hol e portion of a disk substrate in an enbodi mrent of the present
invention. Fig. 2 is an enlarged sectional view of the center hole of Fig.
1. Fig. 3 is an enlarged sectional_ view of portion A of Fig. 5 whichis a
part of a rBR¥’TetP¥ oFhFERAREIPBYt FBR SBFUS ﬁBPdgéﬁﬁaFéﬁéénéééoFGFﬁ& to

Fi rst Enbodi ment of the present invention. Fig. 4 is a sectional view

i |1ustratinfP tHee ARYRRPYE 6%eas%€€e§§éﬂt+8?nF@aF€eoP1FFgSUQStFﬁée 5is a
sectional view of the entire part of the recessed formgate portion of the
mol d appar atRRFeEOERcot b hf PoSEiPLE ERLBAPHRAE 8f dLRE §RESERRCENventi on.
Fig. 6 is a sectional viewillustrating the entire part of the nold

appar at us cﬁa%éﬁQXQ%Fs@EE@%%EHﬁe@PEHBumrEeésééﬂlﬁéﬁﬁﬂ@atéOCGPF|H@1§ysten1

according to First _
apparatus of the recessed form gate cutting structure.

Besides, when the means for discharging the sprue
and gate remaining resin is provided with the air jet
nozzle, the discharge of the sprue and gate remaining
resin to the movable die side can be performed securely

and instantaneously.

Brief Description of Drawings

Fig. 1 is a sectional view illustrating a center
hole portion of a disk substrate in an embodiment of the
present invention.

Fig. 2 is an enlarged sectional view of the center
hole of Fig. 1.

Fig. 3 is an enlarged sectional view of portion A
of Fig. 5 which is a part of a recessed form gate portion
of a mold apparatus according to First Embodiment of the
present invention.

Fig. 4 is a sectional view illustrating the cutting
of a recessed form gate of Fig. 3.

Fig. 5 is a sectional view of the entire part of

the recessed form gate portion of the mold apparatus
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Enbodi nent of the present invention. Fig. 7 is a sectional viewin the
condition where a nolten resinis injected into the nold apparatus of Fig.
6 . Fig. 8 is a sectional viewillustrating the cutting of the recessed -
formgate of the nold apparatus of Fig. 7. Fig. 9 is a sectional view at
the tinme when the nold apparatus of Fig. 8 is opened. Fig. 10 is a
sectional view at the tinme when a disk substrate is stripped froma
novabl e die of the nold apparatus of Fig. 9. Fig. 11 is a sectional view
showi ng the condition where the disk substrate of Fig. 10 is chucked by a
robot of a disk ejection apparatus, Fig. 12 is a sectional view
illustrati meesrdoperbei bhraf BrbefamgnRgod $peubrgrgngatB8VEBFACRI-ng resin
by the robot of Fig. 11. Fig. 13 shows the results of conparison of
eccentricity anmufti® .of6 d slisksetibsanak v ¥ okl Wyt ¥dtime the cehire
invention, a novabl e-side stanper substrate, a fixed-side stanper
substrat e, rawt 8 ske snptdraprparatuenefed Byxadreader stEnger1ands a
sectional viewillustrating a major part of a nold apparatus according to
Second Enbotkqasgred oformegptesenttingeavpdam according to First
Embodiment of the present invention.
Fig. 7 is a sectional view in the condition where a
molten resin is injected into the mold apparatus of Fig.
6.
Fig. 8 is a sectional view illustrating the cutting
of the recessed form gate of the mold apparatus of Fig. 7.
Fig. 9 is a sectional view at the time when the
mold apparatus of Fig. 8 is opened.
Fig. 10 is a sectional view at the time when a disk
substrate is stripped from a movable die of the mold
apparatus of Fig. 9.
Fig. 11 is a sectional view showing the condition
where the disk substrate of Fig. 10 is chucked by a robot
of a disk ejection apparatus.
Fig. 12 is a sectional view illustrating an
operation of discharging a sprue and gate remaining resin
by the robot of Fig. 11.
Fig. 13 shows the results of comparison of
eccentricity amounts of a disk substrate according to the

present invention, a movable-side stamper substrate, a

fixed-side stamper substrate, and a disk substrate
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Fig. 15 is a sectional viewillustrating the cutting of a recessed form

gate of Fig. 14. Fig. 16 is a sectional viewillustrating a-major part of
a nol d apparatus according to Third Enbodi mrent of the present invention.
Fig. 17 is a sectional viewillustrating the cutting of a recessed form
gate of Fig. 16. Fig. 18 is a sectional viewillustrating a maor part of
a nold apparatus according to Fourth Enbodi nent of the present invention.
Fig. 19 is a sectional viewillustrating the cutting of a recessed form
gate of Fig. 18. Fig. 20 is a sectional viewillustrating a major part of

a nold apparatus according to Fifth Enbodi ment of the present invention.
Fig. 21 is BeRe¢edohul avFeadmeFtustrating the cutting of a recessed form
gate of Fig. 20. Fig. 22 is a sectional_ viewillustrating a nold apparatus
of a fixed-side stfafberl4 yie AAAMRY 0V1%E 1ptPBFETAFINIFRgNaPBT| s an

enl arged sectional view of a recessed 25 formgate of the nold apparatus of
Fig. 22. Fﬁ@ﬁr249fsaamgbétﬁEﬂﬁFaQPémﬁ§ﬁ6ﬁFh§9tg@ f86R8A EMboddfenkg of the

recessed gate of Fig. 23. Fig. 25 is a sectional view of a center hole
of the present invention.

Fig. 15 is a sectional view illustrating the
cutting of a recessed form gate of Fig. 14.

Fig. 16 is a sectional view illustrating a major
part of a mold apparatus according to Third Embodiment of
the present invention.

Fig. 17 is a sectional view illustrating the
cutting of a recessed form gate of Fig. 16.

Fig. 18 is a sectional view illustrating a major
part of a mold apparatus according to Fourth Embodiment
of the present invention.

Fig. 19 is a sectional view illustrating the
cutting of a recessed form gate of Fig. 18.

Fig. 20 is a sectional view illustrating a major
part of a mold apparatus according to Fifth Embodiment of
the present invention.

Fig. 21 is a sectional view illustrating the
cutting of a recessed form gate of Fig. 20.

Fig. 22 is a sectional view illustrating a mold
apparatus of a fixed-side stamper type according to the
prior art.

Fig. 23 is an enlarged sectional view of a recessed
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portion of a disk substrate injection nolded by a nold apparatus of a
fi xed-si de stanper type according to the prior art. Fig. 26 is a sectional
view of a center hole portion of a disk substrate injection nolded by a
nol d apparatus of a novabl e-si de stanper type according to the prior art.
Fig. 27 is a sectional viewillustrating a disk substrate taking-out robot
according to the prior art. Best Mdde for Carrying Qut the Invention Now, a
di sk substrate, a nold apparatus for injection nolding the sanme, and a
di sk substrate taking- out robot according to the present invention will be
descri bed below referring to Figs. 1 to 21, in the followng order. (1)
Descri pti onfefmt gatei 6k EhpshpafeapPrprgatus &&dF2P (22 -Description of First
Enbodi ment of the nold apparatus for injection no[ding the di sk substrate
(Figs. 3 to 10) Z6iq3)2%9estrd pteohienal hel gy skhatibsgr hhe PaRrnay- 8ft
apparatus (Figs. 11 and 11) (4) Description of neasurenent results of
eccentrici tgubhbogt obf thperdrskssdbgetst €£( Fig.- 23) (5) Description of
Second Enbodi ment of the nold
Fig. 25 is a sectional view of a center hole
portion of a disk substrate injection molded by a mold
apparatus of a fixed-side stamper type according to the
prior art.
Fig. 26 is a sectional view of a center hole
portion of a disk substrate injection molded by a mold
apparatus of a movable-side stamper type according to the
prior art.
Fig. 27 is a sectional view illustrating a disk

substrate taking-out robot according to the prior art.

Best Mode for Carrying Out the Invention

Now, a disk substrate, a mold apparatus for
injection molding the same, and a disk substrate taking-
out robot according to the present invention will be
described below referring to Figs. 1 to 21, in the
following order.

(1) Description of the disk substrate (Figs. 1 and
2)

(2) Description of First Embodiment of the mold
apparatus for injection molding the disk substrate (Figs.

3 to 10)
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apparatus for injection nolding the disk substrate (Figs. 14 and 15) (6)
Description of Third Enbodi nent of the nold apparatus for i-njection
nol di ng the disk substrate (Figs. 16 and 17) (7) Description of Fourth
Enbodi ment of the nold apparatus for injection nolding the disk substrate
(Figs. 18 and 19) (8) Description of Fifth Enbodi nent of the nold
apparatus for injection nolding the disk substrate (Figs. 20 and 21) (1)
Description of the Disk Substrate First, referring to Figs. 1 and 2, a disk
substrate 23 into which a positioning pin of a notor is inserted fromthe
side of a signal transfer surface and which is applied to an optical disk
such as DVR wi |l bE)defesicgd@tiomegithe Stk rsiis 2R A% R fPhthe si gnal
transfer surface 22 to which signals 21 such as pits and a groove
represent i ngPRYERBUSviBESSor 16t ABR ¥APi ous kinds of infornation signals
and a servo signal and the |ike have 27 been transferred in the form of
fine roughness sucttlasDegicrd P&i@ra ofr FRAEULERIE et ehref as in the
prior art as described later is provided with a center hole 24 which is
i nj ecti on ndfeERRCE} AhiFY apBOUBFyof thet Aéskj gpbetranrendFddngid? the di sk
substrate 23, as descri bed
(5) Description of Second Embodiment of the mold
apparatus for injection molding the disk substrate (Figs.
14 and 15)
(6) Description of Third Embodiment of the mold
apparatus for injection molding the disk substrate (Figs.
16 and 17)
(7) Description of Fourth Embodiment of the mold
apparatus for injection molding the disk substrate (Figs.
18 and 19)
(8) Description of Fifth Embodiment of the mold
apparatus for injection molding the disk substrate (Figs.
20 and 21)
(1) Description of the Disk Substrate
First, referring to Figs. 1 and 2, a disk substrate
23 into which a positioning pin of a motor is inserted
from the side of a signal transfer surface and which is
applied to an optical disk such as DVR will be described.
The disk substrate 23 comprising the signal transfer
surface 22 to which signals 21 such as pits and a groove

representing audio, video or other wvarious kinds of

information signals and a servo signal and the like have
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| ater. A straight portion 24a with a hole dianeter 01 parallel to the
axial direction is fornmed on the side of a surface 25 opposite to the

signal transfer
tapered portion

surface 22 of the center hole 24 injection nolded, a

24b with a hole dianmeter 02 gradually enlarged toward the

signal transfer surface 22 is formed between the straight portion 24a of
the center hole 24 and the signal transfer surface 22, and an edge on the

signal transfer

surface 22 side of the tapered portion 24b is fornmed to be

a first R surface (or first C surface) 24c. A second R surface (or second
C surface) 24d may be forned at an edge on the side opposite to the signal
transfer sup¢aeetpansfgered iphtheeficem RSl Eing raughagsisr s8ch @st he case
of a disk substrate 23 such as DVR having a dianmeter of 12 cm for

exanpl e, theiwdl @nddeagseeyeoinothenhsaner apgherpast ion thgapird ogerartto be
15.05 mm In addition, the maxi num hole dianmeter 02 of the tapered portion
24b is set a® desapibednhptandishprodvifiedr wath berwesnrt helei @aknum hol e

di aneter and the 28 maxi mum hol e di aneter of the tapered portion 24b is set
to be aboutwlpid2 hen iThectdepnohmpldedt hémuyitanghuspyr wiioh tB4a is set to be
0.3 mm Since the center hole 24 is injection nolded and the first R
surface (oridjesti@sueidiey QfActhe fihpkcsibatrate 23, as described

later.

A straight portion 24a with a hole diameter ¢1

parallel to the axial direction is formed on the side of

a surface 25 opposite to the signal transfer surface 22

of the center hole 24 injection molded, a tapered portion

24b with a hole diameter ¢2 gradually enlarged toward the
signal transfer surface 22 is formed between the straight
portion 24a of the center hole 24 and the signal transfer
surface 22, and an edge on the signal transfer surface 22

side of the tapered portion 24b is formed to be a first R

surface (or first C surface) 24c. A second R surface (or

second C surface) 244 may be formed at an edge on the

side opposite to the signal transfer surface 22 side of

the center hole 24, as required.

In the case of a disk substrate 23 such as DVR

having a diameter of 12 cm, for example, the hole

diameter ¢1 of the straight portion 24a is set to be

15.05 mm. In addition, the maximum hole diameter ®2 of

the tapered portion 24b is set to be 15.09 mm, and the

difference between the minimum hole diameter and the
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nol ded at the edge on the signal transfer surface 22 side of the center
hol e 24, naturally, the edge on the signal transfer surface 22 side of the
center hole 24 is free of any flash. As will be described |later, when the
second R surface (or second C surface) 24d is injection nolded at the
edge on the side of the surface 25 opposite to the signal transfer surface
22 of the center hole 24, the edge on the side opposite, to the signal
transfer surface 22 of the center holé 24 is also free of flash. According
to this disk substrate 23, as shown in Fig. 1, a tapered positioning
center pin 27 of a disk table 26 of a spindle notor used for driving the
disk is indeximumi hebetGeaperesr ofotBe24apeypdt Rorsiiga S#bt e ssitgnal
transfer surface 22 which is a reference surface, and the disk substrate
23 is thereby kaugRewt The?en®re, The derdntRrofhotke2atraigkhtpertianth high
accuracy owing to the first Rsurface (or first C surface) 24c free of
flash, and ¥4 teceetrteiby Grdumm.of the disk substrate 23 can be
suppressed to be extrenely small. 29 As indicated by dot-dash lines in Fig.
1, the portion ofSinae dimaentEr dioltdheldi sk bubstrhom B3laded|andiat er be
coated with a light transm ssion |ayer 2la of about 0.1 mmin thickness.
(2) DescripthenfbfsFiRstuEhbodi fent fdfsthé sbkflace) 24c is injection

molded at the edge on the signal transfer surface 22 side

of the center hole 24, naturally, the edge on the signal

transfer surface 22 side of the center hole 24 is free of

any flash.

As will be described later, when the second R

surface (or second C surface) 24d is injection molded at

the edge on the side of the surface 25 opposite to the

signal transfer surface 22 of the center hole 24, the

edge on the side opposite to the signal transfer surface

22 of the center hole 24 is also free of flash.

According to this disk substrate 23, as shown in

Fig. 1, a tapered positioning center pin 27 of a disk

table 26 of a spindle motor used for driving the disk is

inserted into the center hole 24 from the side of the

signal transfer surface 22 which is a reference surface,

and the disk substrate 23 is thereby chucked. Therefore,

the center hole 24 is centered with high accuracy owing

to the first R surface (or first C surface) 24c free of

flash, and the eccentricity amount of the disk substrate

23 can be suppressed to be extremely small.
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Apparatus for Injection nolding the D sk Substrate Next, referring to Figs.
3 to 10, First Enbodi nent of the nold apparatus 1 optimum for injection
nol di ng the above-described disk substrate 23 will be described. The nold
apparatus 1 is a nold apparatus 1 of a recessed form gate cutting system
using a fixed-side stanper, in which a cavity 4 as a circular disk form
space is vertically fornmed between faying surfaces of a fixed die 2 and a
novable die 3. A stanper 5 is vertically disposed on the fixed die 2 side
of the cavity 4, and the innernost circunference of the stanper 5 is fixed
to a fixed mrror surface by a mechanical clamp. A cylindrical sprue 6 is
horizontal |y di sposedinidigdteed keddetedashtlineaninaFigpotti bheof the
cavity 4, and a cylindrical recessed form gate cutter (called also
"punch") 7,partian| ofi khet eignajlecdr ofi thg ddidka sepisitrditiec @3 ejiddtor 9 are
horizontal |y di sposed at positions opposite to the sprue 6. The ejector
pin 8 is ditpbsedbatcohbedenith af lipbt trepssddsfionmlgakee QuEtef 7, and
the ejector 9 is disposed at the outer circunference of the recessed form
30 gate cutakeuy. 0Alspruénhbhiéckiegs.forned at the center of the sprue 6
to which an injection cylinder (not shown) is connected, and a recessed
formgate form ng Fojleateiptpiorn ioh Ailrss Eobodimenttde the wbéléhe sprue
6. A

Apparatus for Injection Molding the Disk Substrate

Next, referring to Figs. 3 to 10, First Embodiment

of the mold apparatus 1 optimum for injection molding the

above-described disk substrate 23 will be described. The

mold apparatus 1 is a mold apparatus 1 of a recessed form

gate cutting system using a fixed-side stamper, in which

a cavity 4 as a circular disk form space is vertically

formed between faying surfaces of a fixed die 2 and a

movable die 3. A stamper 5 is vertically disposed on the

fixed die 2 side of the cavity 4, and the innermost

circumference of the stamper 5 is fixed to a fixed mirror

surface by a mechanical clamp. A cylindrical sprue 6 is

horizontally disposed in the fixed die 1 at a central

portion of the cavity 4, and a cylindrical recessed form

gate cutter (called also “punch”) 7, a small-diameter

ejector pin 8 and a cylindrical ejectof 9 are

horizontally disposed at positions opposite to the sprue

6. The ejector pin 8 is disposed at the center of the

recessed form gate cutter 7, and the ejector 9 is

disposed at the outer circumference of the recessed form

30



recessed formgate formng recessed portion 12 is forned at the tip of the
recessed formgate cutter 7, a recessed formagate 14 is forned between the
recessed formgate formng projected portion 11 and the recessed formgate
form ng recessed portion 12, and the recessed formgate 14 is fornmed in a
recessed formrelative to the signal transfer surface 13 which is a
surface on the side of the stanper 5. Therefore, the recessed formgate
cutter 7 is a gate cutter having a recessed type shape for formng the
recessed formgate 14. The thickness Wof the recessed formgate 14 is 0.3
mm and the projection anmount Pl of the recessed formgate cutter 7 is 0.4
mm The bi 88Lencufda/t 7¢(overl ap anount) P2 of the tip 7a of an outer
circunferential portion of the recessed form gate 7 relative to the sprue
6 at the time of cutIRF¥Kke thelerkeetgseformeth ght thedesafpbeaf] fher, is set
to be about 0.1 mm A center hole nolding portion 15 for injection
mol di ng t hespeneep Kol ehpghofnt haieicshk oaulsstliader23 nokowdrownd Hisgs. 1 and 2
is provided at the outer circunference 31 of the recessed formgate forning
proj ect ed poennented, oaindt Aergokdsgdpdrarugate Nommlipg asodleswed n Figs. 3
to 5, a straight nolding portion 16 for nolding the center hole 24a, a
t aper nol di pgrpoeni dbh 17 formadl dtnghehsivapdr diepspriuen 6. A

recessed form gate forming recessed portion 12 is formed

at the tip of the recessed form gate cutter 7, a recessed

form gate 14 is formed between the recessed form gate

forming projected portion 11 and the recessed form gate

forming recessed portion 12, and the recessed form gate

14 is formed in a recessed form relative to the signal

transfer surface 13 which is a surface on the side of the

stamper 5. Therefore, the recessed form gate cutter 7 is

a gate cutter having a recessed type shape for forming

the recessed form gate 14. The thickness W of the

recessed form gate 14 is 0.3 mm, and the projection

amount Pl of the recessed form gate cutter 7 is 0.4 mm.

The bite-in amount (overlap amount) P2 of the tip 7a of

an outer circumferential portion of the recessed form

gate 7 relative to the sprue 6 at the time of cutting the

recessed form gate, described later, is set to be about

0.1 mm.

A center hole molding portion 15 for inijection

molding the center hole 24 of the disk substrate 23 shown

in Figs. 1 and 2 is provided at the outer circumference

31



24b, and a first R surface (or first C surface) nolding portion 18 for
nol ding the first R surface (or first C surface) 24c are pr-ovided at the

outer circunference of

the recessed formgate form ng projected portion

11. As shown in Fig. 8, an auxiliary ejector pin 19 wth a projection
anount of about 0.2 mmis auxiliarily assenbled at the outer circunference
of the tip of the sprue 6 of the fixed die 2. The auxiliary ejector
is advanced by fixed air. Next, injection nolding of the disk substrate 3
by the nold apparatus 1 of the recessed formgate system wll be
described. First, as showmn in Figs. 3to 7, in the condition where the
fixed di e 208nghehcenpsablefdrae Satgr &owadngd praigicasd poxdd omllitlefr esin

P1 constituted of

gate 14.

pin 19

pol ycarbonate or other synthetic resin is injected from
the injectibhecpplddepranadushé.-sprue hole 10 in the
and is charged under pressure into

direction of arrow a,
the cavity 4 through the recessed form
In this Namsslydwas ngheownainefigse 3haegbngaostrakghblten resin

P1, the novable die 3 is pressed at a high pressure to the 32 side of the
fixed die 2mpydangrpeshiencybi Ader mdidpogedheonentterbhok esicde ,ofa t he
novable die 3. The nolten resin Pl conpressed at a high pressure in
cavity 4 istppessmdldgagnsorhibnné7r faghmeddisgr thee teperkd soamien 5, to
thereby injection nold the disk substrate 23 wherein

24b, and a first R surface (or first C surface) molding
portion 18 for molding the first R surface (or first C

surface) 24c are provided at the outer circumference of
the recessed form gate forming projected portion 11.

As shown in Fig. 8, an auxiliary ejector pin 19
with a projection amount of about 0.2 mm is auxiliarily
assembled at the outer circumference of the tip of the
sprue 6 of the fixed die 2. The auxiliary ejector pin 19
is advanced by fixed air.

Next, injection molding of the disk substrate 3 by
the mold apparatus 1 of the recessed form gate system
will be described. First, as shown in Figs. 3 to 7, in
the condition where the fixed die 2 and the movable die 3
are heated, a plasticized molten resin Pl constituted of
pol?carbonate or other synthetic resin is injected from
the injection cylinder into the sprue hole 10 in the
direction of arrow a, and is charged under pressure into

the cavity 4 through the recessed form gate 14. 1In this

t he

case, during or after the charging of the molten resin P1,

the movable die 3 is pressed at a high pressure to the
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the signals 2 such as information signals and a tracking
been transferred to the signal transfer surface 22 in the formof pits,

groove and

injection nolding the disk substrate 23, the straight portion 24a, the
tapered portion 24a and the first R surface (or first C surface)
hol e 24 are sinultaneously nolded by the straight nolding

t he center

portion 16,

C surface)

7 is advanced (p
P1 of 0.4 nARsHd

servo signa

have
a

the like, as shown in Figs. 1 and 2. Besides, at the tinme of

24c of

the taper nolding portion 17 and the first R surface (or first
nol di ng portion 18 in the center hole molding portion 15 at

t he outer C|rcunference of the recessed formgate foqQrmng projected
portion 11. sf\@%tof akhenbiwedndEpge. Py anarssseﬁe F@&éeéea ﬁéﬁﬁpsﬁéte cutter

between the__inner circunferential surface 7b of the tip of the outer
ci rcunf erenft afoppresepd 7at of PhehrBEessBgef dRntHat 62YAtYoft de recessed

formgate cutter

7 and the straight 33 nolding portion 16 which is the

ﬁﬂgected) in the directjon of y _the projection amunt
ek pydegot Rh%r@ﬁvaﬁéﬁedéﬁtﬁlngT%? moBtedn F8SHRr f or med

out er C|rcuﬂ¥%$%ﬁ@|égalgﬁFfacéléﬁ e e esss TR/ gl ethor AFAGPAFoPect ed
of the sprue 6. Then, after the fixed die 2 and the novable die
3 are cool &9 tegereppuiniecsier rakdpebesdigkopubférate 23 wherein

portion 11

the signals 2 such as information signals and a tracking
servo signal have been transferred to the signal transfer
surface 22 in the form of pits, a groove and the like{ as
shown in Figs. 1 and 2.

Besides, at the time of injection molding the disk
substrate 23, the straight portion 24a, the tapered
portion 24a and the first R surface (or first C surface)
24c of the center hole 24 are simultaneously molded by
the straight molding portion 16, the taper molding
portion 17 and the first R surface {(or first C surface)
molding portion 18 in the center hole molding portion 15
at the outer circumference of the recessed form gate
forming projected portion 11.

Next, as shown in Figs. 4 and 8, the recessed form
gate cutter 7 is advanced (projected) in the direction of
b by the projection amount Pl of 0.4 mm shown in Fig. 3,
whereby gate cutting by 0.3 mm is performed between the
inner circumferential surface 7b of the tip of the outer
circumferential portion 7a of the recessed form gate 14

of the recessed form gate cutter 7 and the straight
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injection cylinder is |lowered; then, as shown in Fig. 9, air is blowm from
an outer circunferential portion of the sprue 6 of the fixed die 2 in the
direction of arrowa, and the auxiliary ejector pin 19 is auxiliarily "
projected in the direction of arrow a, whereby the novable die 3 is
sufficiently opened in the direction of arrow a. By this, the

i njection-nol ded di sk substrate 23 in the condition of being sucked onto
the novable die 3 is pulled anay fromthe stanper 5 of the fixed die 2 in
the direction of arrow a, and a sprue and gate renaining resin 23a which
has been remaining in the sprue hole, 10 and the recesse forn19ate 14 is
al so pul | ed"R}EARG RAF P shf uBh R N8 nERegPREEE| SATERMARPFER 32 Ther eaf ter,
as shown in Fig. 10, the ejector_9 of the novable die 3,is advanced in the
direction ofuRidciv Hf WRredsettedi FPERt FBRenbPIBY"E BKOIEGhE rate 23 i s
stripped froma novable mrror surface of the novable die 3 in the
direction dforidw bt ok Hhe tSEdtsPy, the sprue.and gate remmining resin
23a is also stripped in the direction of, arrow b by the ejector in 8 34
Finally, as shownThengi @fter thee Hixed diRt? And J5e fRyrapke s‘b’r%eyand gat e
remai ning resin 23a are chucked bg a robot 32 of a disk substrate

t aki ng- out @Eppareried Ffor apeubrkltaken b BFeERBTAoPAbFRedie 3, and the

disk substrate 23 is transferred onto an aligning nachi ne (not
injection cylinder is lowered; then, as shown in Fig. 9,

air is blown from an outer circumferential portion of the
sprue 6 of the fixed die 2 in the direction of arrow a,
and the auxiliary ejector pin 19 is auxiliarily projected
in the direction of arrow a, whereby the movable die 3 is
sufficiently opened in the direction of arrow a. By this,
the injection-molded disk substrate 23 in the condition
of being sucked onto the movable die 3 is pulled away
from the stamper 5 of the fixed die 2 in the direction of
arrow a, and a sprue and gate remaining resin 23a which
has been remaining in the sprue hole 10 and the recessed
form gate 14 is also pulled away from the sprue 6 in the
direction of arrow a. Thereafter, as shown in Fig. 10,
the ejector 9 of the movable die 3 is advanced in the
direction of arrow b, whereby the injection-molded disk
substrate 23 is stripped from a movable mirror surface of
the movable die 3 in the direction of arrow b.
Simultaneously, the sprue and gate remaining resin 23a is

also stripped in the direction of arrow b by the ejector

pin 8.
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shown). (3) Description of the D sk Substrate Taking-Qut Apparatus Next,
the di sk substrate taking-out apparatus 31 w | be described referring to
Figs. 11 and 11. For the ejection apparatus 31, the robot 32 is used, as
inthe prior art. First, when injection nolding is conducted by the nold
apparatus 1 of the recessed formgate system described above and the
novable die 3 is opened as shown in Fig. 10, the sprue and gate remaining
resin 23a is projected fromthe center hole 24 of the disk substrate 23
to the side of the surface 25 opposite to the signal transfer surface 22.
Therefore, as indicated by dot-dash |ines in Fig. 11, a suction pad 33 of
the robot 32 is sddiadd vat tasactharn ot Fihe S gnEre tdbssf2EPSEFIBR 222 si de
of an outer circunferential portion of the center hole 24 of the disk
substrate 2314 tHee epyreqiriingatherenainingsreaia 232 argerhurkedi by
substrate 23 together with the sprue and 35 gate remaining resin 23a is
pul | ed awaye frehet &2 ol adl @iski suBstypdet hakéagteprt pAPaKatY&MBlaanner as
inthe prior art, the disk substrate 23 is transferred fromthe novable
die 3 in thndiseettarenfoarrofy thewnevabhe dpeud. and §heediehai ning resin
23a woul d interfere with the
substrate 23 is transferred onto an aligning machine (not
shown) .
(3) Description of the Disk Substrate Taking-Out
Apparatus
Next, the disk substrate taking-out apparatus 31
will be described referring to Figs. 11 and 11. For the
ejection apparatus 31, the robot 32 is used, as in the
prior art.
First, when injection molding is conducted by the
mold apparatus 1 of the recessed form gate system
described above and the movable die 3 is opened as shown
in Fig. 10, the sprue and gate remaining resin 23a is
projected from the center hole 24 of the disk substrate
23 to the side of the surface 25 opposite to the signal
transfer surface 22.
Therefore, as indicated by dot-dash lines in Fig.
11, a suction pad 33 of the robot 32 is suction attracted
onto the signal transfer surface 22 side of an outer
circumferential portion of the center hole 24 of the disk

substrate 23, thereby chucking the disk substrate 23,

then the disk substrate 23 together with the sprue and
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opposite surface 25 of the disk substrate 23 at the portion of the center
hol e 24, so that the disk substrate 23 cannot be transferred onto the
aligning machine or the I|ike. To cope with this problem in the disk
substrate taking-out apparatus 31, as shown in Fig. 11, an air jet nozzle
34 which is a discharging neans is fitted at a position opposite in the
direction of arrow a to the sprue and gate renmaining resin 23a, and air is
jetted fromthe air jet nozzle 34 in the direction of arrow a, whereby
the sprue and gate renmaining resin 23a can be easily discharged in the
direction of arrow a to the side_ _of the o&posite surface 25 thro%gh t he
center hol eg28eorempppingskesiBsepat ds2BULTREr 8F8Ye ETRBC &MG AGVES 1fhe di sk
substrate taking- out apparatus 31, the sprue and gate renmining resin 23a
i s projectedieodthandi GeespafheToppBsthe SAPLaFENPETORS ffe tdesPTdFBstrat e
23 when the novable die 3 is opened. Thus, notw thstandi ng the position of
the sprue apHtgathe @épki arRgtraspn2d3asr érarsieresdt feodi Hesubstrate 23
is 36 reverse to that in the case of the prior art shown in Fig. 27, the
sprue and gaeeabbeafifngd tBsthe2direstierspPly ap&ovdis ciiegedhien sPrae
direction of arrow a wi thout generating anﬁ troubl e and before the start
of transferanf gatedreraiBipgtrasén233anweutfeiategiiesg wachi f8e(not shown)
by the
Y opposite surface 25 of the disk substrate 23 at the

portion of the center hole 24, so that the disk substrate

23 cannot be transferred onto the aligning machine or the

like.

To cope with this problem, in the disk substrate

taking-out apparatus 31, as shown in Fig. 11, an air jet

nozzle 34 which is a discharging means is fitted at a

position opposite in the direction of arrow a to the

sprue and gate remaining resin 23a, and air is jetted

from the air jet nozzle 34 in the direction of arrow a,

whereby the sprue and gate remaining resin 23a can be

easily discharged in the direction of arrow a to the side

of the opposite surface 25 through the center hole 24 of

the disk substrate 23.

Therefore, according to the disk substrate taking-

out apparatus 31, the sprue and gate remaining resin 23a

is projected to the side of the opposite surface 25 of

the disk substrate 23 when the movable die 3 is opened.

Thus, notwithstanding the position of the sprue and gate

remaining resin 23a relative to the disk substrate 23 is
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robot 32, by a method in which air is jetted fromthe air jet nozzle 34 of
the robot 32 immediately after the disk substrate 23 is chucked by the
suction pad 33 of the robot 32. Therefore, after the sprue and gate
remaining resin 23a is discharged, the disk substrate 23 can be snoothly
transferred onto the aligning nmachine (not shown) by the robot 32, to be
aligned, in the sane manner as in the prior art. (4) Description of
Measurenent Results of Eccentricity Anmount of the Di sk Substrate Next,
referring to the table shown in Fig. 13, the neasurenent results of
eccentricity anmount of the disk substrate 23 wil] be described, Exanple 1
shows the Feverss b9 EBAtndasthens@se ¥t e MFIeY t§* hndlRY ot PaF 18 sk
substrate 23 injection nolded by the nold apparatus_ 1 according to the
present invehtiohe terparaidveatranphaininghsf8irhé3pesart §a6flyeke
measurenments of eccentricity amount of a novable-side stanper substrate
which is a dteriveraednin thekdsupstiapeo¥3arkspechi YA thengegepprating
conventional nold apparatus in which a stanper is 37 disposed on the
nmovabl e di eany derolphparadi hefexanphe g2tashord transésdl o shet 8isk
measurenments of eccentricity amount of a fixed-side stanper substrate
which is a swonvents ohdl ortektBabal ianéng3mafbhAci dAnptgshoyn) pyj &€ on
nmol ded by the conventional nold apparatus 51 in )

robot 32, by a method in which air is jetted from the air

jet nozzle 34 of the robot 32 immediately after the disk

substrate 23 is chucked by the suction pad 33 of the

robot 32. Therefore, after the sprue and gate remaining

resin 23a is discharged, the disk substrate 23 can be

smoothly transferred onto the aligning machine (not

shown) by the robot 32, to be aligned, in the same manner

as in the prior art.

(4) Description of Measurement Results of
Eccentricity Amount of the Disk Substrate
Next, referring to the table shown in Fig. 13, the

measurement results of eccentricity amount of the disk

substrate 23 will be described. Example 1 shows the

results of ten measurements of eccentricity amount of a

disk substrate 23 injection molded by the mold apparatus

1 according to the present invention. Comparative Example

1 shows the results of ten measurements of eccentricity

amount of a movable-side stamper substrate which is a

conventional disk substrate 73 injection molded by a

conventional mold apparatus in which a stamper is
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whi ch the stanmper 55 is disposed on the side of the fixed die 52 as
described referring to Fig. 22. Further, Conparative Exanple 3 shows the
results of ten neasurenents of eccentricity anount of the fixed-side '
stanper substrate of Conparative Exanple 2 fromwhich the flash 75 has
been renoved by a reaner. The neasurenent of eccentricity anmount was
conducted by a nethod in which the disk substrate is chucked by a
positioning center pin of a spindle notor, the disk substrate is driven to
rotate at a fixed speed while applying a focusing servo to the spindle
notor, and _the eccentricity anmpunt is calculated fromthe nunber of

grooves in GhSREERAt PRCERBI PPYALLE fhE Spffal GPBBIE2LA¥E| EXRMBAR 2romthe
conparative data shown in the table in Fig. 13, the eccentricity anount of
the di sk s¥BRYFatheoBesrtbpdPhigted PRASHFETSAL S| RFeRCICERLFESIZY to 30 4m
which is the smallest. The eccentricity anmount of the novabl e-side stanper
substrate sHBARREncEoRphiaedveidexahpmeer R¥dssoats ¥bigh ieqdi valent to
that according to the present invention. As described above, however, in
38 the Casec%mv?%élﬂ%@hbﬁbsgiﬁéb§F§ﬁﬁér7§u5§PV§téP FRE-dRSk substrate is
rapidly cooled after the nold is opened, and the Eits and the groove are
def ormed, sbrigatiememeldgd Byibshearenygppiineali BoAst appprabue 43 andi sk
for high- density recording.

which the stamper 55 is disposed on the side of the fixed

die 52 as described referring to Fig. 22. Further,

Comparative Example 3 shows the results of tén

measurements of eccentricity amount of the fixed-side

stamper substrate of Comparative Example 2 from which the

flash 75 has been removed by a reamer.

The measurement of eccentricity amount was

conducted by a method in which the disk substrate is

chucked by a positioning center pin of a spindle motor,

the disk substrate is driven to rotate at a fixed speed

while applying a focusing servo to the spindle motbr, and

the eccentricity amount is calculated from the number of

grooves in an eccentric portion of the spiral groove.

As is clear from the comparative data shown in the

table in Fig. 13, the eccentricity amount of the disk

substrate 23 according to the present invention was 20 to

30 4m, which is the smallest. The eccentricity amount of

the movable-side stamper substrate shown in Comparative

Example 1 was 20 to 30 Um, equivalent to that according

to the present invention. As described above, however, in
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In-the case of the conventional fixed-side stanper substrate shown in
Conparative Exanple 2, the weccentricity amount was | argely  di spersed in
the range of 15 to 70 Am due to the presence of the flash 75 as

descri bed above, which nmakes it inpossible to establish a systemw th such
a disk substrate. In the case of the fixed-side stanper substrate from

whi ch the flash 75 was renoved by a reaner as shown in Conparative Exanple
3, the eccentricity anobunt was as snall as 20 to 30 Am As descri bed
above, however, there are the problens of generation of tailings and an
increase in the nunber of working steps, |leading to a |ower yield and a

hi gher coschf5§aﬁﬁs€FibP?oﬁ°8ﬁbgécSﬁéeEﬁEBHPﬁEnﬁubﬁtFﬁéerF@e A35& at us
for Injection Ml ding the Disk Substrate Next, referring to Figs. 14 and
15, Second EWPBEFAEAt1i®f reR&AkY dopESr aEEET1 thel Mopd desepiemed. BHd this
case, a second R surface nol ding portion &or a_second C surface nolding
portion) 20the Pibsided BheadredVReRrBolerorMEA t KO ithadr téier &dwker ence
side of the tip 39 surface of an outer circunferential portion 7a of the
recessed fofwpghrateoptagnedcésseatpspiitahleast at Hdskr degsddghf-orm gate
cutter 7. As shown in Fig. 14, a nolten resin Pl is injected into the
cavity 4 tm%@ht?(hée?%‘gsg@d formgate 14,

In the case of the conventional fixed-side stamper
substrate shown in Comparative Example 2, the
eccentricity amount was largely dispersed in the range of
15 to 70 Um, due to the presence of the flash 75 as
described above, which makes it impossible to establish a
system with such a disk substrate.

In the case of the fixed-side stamper substrate
from which the flash 75 was removed by a reamer as shown
in Comparative Example 3, the eccentricity amount was as
small as 20 to 30 4m. As described above, however, there
are the problems of generation of téilings and an
increase in the number of working steps, leading to a
lower yield and a higher cost.

(5) Description of Second Embodiment of the Mold
Apparatus for Injection Molding the Disk Substrate

Next, referring to Figs. 14 and 15, Second
Embodiment of the mold apparatus 1 will be described. 1In
this case, a second R surface molding portion (or a
second C surface molding portion) 20 is provided at a

corner portion on the inner circumference side of the tip
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t hereby nol ding the disk substrate 23. At a tinme point when the nolten
resin Pl is solidified to a certain extent (a tinme point when the disk
substrate 23 can be conpressed), the recessed formgate cutter 7 is
advanced in the direction of arrowb to performgate cutting by 0.3 mm
as shown in Fig. 15. At the tine of the gate cutting, a second R surface
(or a second C surface) 24d can be nolded at an edge portion on the side
opposite to the signal transfer surface 13 side of the center hole 24 of
the di sk substrate 23 by the second R surface nol ding portion (or the
second C surface nDIdln portion) 20. (6) Description of Third Enbodi nent
of the Nbldsuﬁg%%?a?ﬁsa oPUFRF eEL FEHMABF BRkd 2L h@opitdlensigs Ofattdie Next ,

referring to Fi 16 and 17, Third Enbodi ment of the nold apparatus . | owill
be descri bet®cf Se?hf%r%a%%tetﬁ%rﬁaﬂﬂl RECBEEPE BATIL4 OBr d¢i @fd t&e two i nner
and outer positions, nanely, a first cutting position d for cutting by an

out er C|rcuﬁ?%?%ﬁ?@af°§%r$ﬁéé PBLBRTah- outer circunferential portion 7a of
the recessed form gate fornlqg recessed portion 12 of the recessed form 40
gate cutter 7 andAhehawhilghtFil ditvg HIreIoen 16eshi chl 18 ingeotedr
circunferential surface of the recessed form gate form ng projected
portion 11 Mtenehepfrisi by 4nehrougbcbhe racerRgdpésrmi eate2lfer cutting by

an inner circunferential surface 7b of the outer circunferential
thereby molding the disk substrate 23. At a time point

when the molten resin Pl is solidified to a certain
extent (a time point when the disk substrate 23 can be
compressed), the recessed form gate cutter 7 is advanced
in the direction of arrow b to perform gate cutting by
0.3 mm, as shown in Fig. 15. At the time of the gate
cutting, a second R surface (or a second C surface) 24d
can be molded at an edge portion on the side opposite to
the signal transfer surface 13 side_of the center hole 24
of the disk substrate 23 by the second R surface molding
portion (or the second C surface molding portion) 20.

(6) Description of Third Embodiment of the Mold
Apparatus for Injection Molding the Disk Substrate

Next, referring to Figs. 16 and 17, Third
Embodiment of the mold apparatus 1 will be described. 1In
this case, the cutting position is provided at two inner
and outer positions, namely, a first cutting position C1
for cutting by an outer circumferential surface 7c of an
outer circumferential portion 7a of the recessed form

gate forming recessed portion 12 of the recessed form

40



portion 7a of the recessed formgate formng recessed portion 12 and an
inner circunferential surface 11b of a cutout portion 1lla fornmed annularly
at an outer circunferential portion of the tip of the recessed form gate’
form ng projected portion 11. The inside dianeter 01 at the first cutting
position Cl is equal to the inside dianeter 951 of the straight portion
24a of the center hole 24 of the disk substrate 23, and the inside

di aneter 03 at the second cutting position C2 is smaller than the first

i nside diameter 01 (951 > 03) mﬁth concentric relationship t her ebet ween.
In this case, as shown in nolten resin is injected into the
cavity 4 th?%EGhCPﬁEeFeZegggdthPoFﬁFG&?Qtlﬁol@H@ﬁé@PﬁﬁﬁQ&nﬁ@thﬁﬂhﬁ ng the
di sk substrate 23. At a tine point when the nolten resin Pi is solidified
to a certalhseRP%n?ufﬁrtFﬁﬁcbﬁﬁﬁfeﬁﬁéﬁltﬁérf&F§k°§u5§Fr5@§¢E§Qﬁmeﬁ@

conpr essed), the recessed form gate cutter 7 is advanced in the direction
of arrow b 93t pEPFBIRg gRFe]eqte nBOrAfOPhéltPﬁet@P SREUGatte @m& iang, the
first cuttlgg $OSItI0n Cl of the disk substrate 23 is 41 cut between the
outer circubfePRAtFaFtingrBesl?EoBs CenEoT CYLHANGI &Y PR dMnEFe recessed
formgate cutter 7 and the straight nolding portion 16 of the center hole
mol di ng po?%??#@f%ﬁﬂpﬁhéls%EBﬁﬂCEU?Plﬁé 588 prssrCeisrumfergngialsubstrat e

23 is cut between the inner circunferenti al
portion 7a of the recessed form gate forming recessed

portion 12 and an inner circumferential surface 11b of a
cutout portion l1lla formed annularly at an outer
circumferential portion of the tip of the recessed form
gate forming projected portion 11. The inside diameter
$»1 at the first cutting position Cl1 is equal to the

inside diameter ¢1 of the straight portion 24a of the

center hole 24 of the disk substrate 23, and the inside
diameter ¢3 at the second cutting position C2 is smaller
than the first inside diameter ¢$1 (¢1 > ¢3), with
concentric relationship therebetween.

In this case, as shown in Fig. 16, a molten resin
Pl is injected into the cavity 4 through the recessed
form gate 14, thereby injection molding the disk
substrate 23. At a time point when the molten resin Pl is
solidified to a certain extent (a time point when the
disk substrate 23 can be compressed), the recessed form
gate cutter 7 is advanced in the direction of arrow b to
perform gate cutting. At the time of the gate cutting,

the first cutting position Cl1 of the disk substrate 23 is
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surface 7b of ,the tip portion 7a of the recessed form gate cutter 7 and
the inner circunferential surface Ilb of the cutout portion Ila of the
recessed formgate formng portion 11. Thus, the gate cutting is conducted
sinmultaneously at the two inner and outer cutting positions. In this case,
as shown in Fig. 17, the maxi mum outside dianeter 03 of the sprue and gate
remaining resin 23 gate-cut fromthe di sk substrate 23 is snaller than

the m ninuminside dianeter 01 of the center hole 24 of the disk substrate
23. Therefore, the step of blowing off the sprue and gate remaining resin
23a fromthe inside of the center hole 24 of the disk substrate 23 in the

direction ofUhrPBHWBeBy LRReCHERT] E8 IFYTSIEE e3F 14t SUT EATFcKiInP Tt Hd &0l ded
di sk substrate 23 by the suction pad 33 of the robot 31, as described
above refer FiRgPPELEPY. 7212f EBRR BECSESESr MOF™gRd &s FoStRTy 7 B&Y d&€ in
this case, the sprue and gate remaining resin 23a can also be blown off
in the direttFdhIdf BPEEHWPB PRACESPed by Lt Kb CoREST Mode MelGigRd 11, which
is the opposite'directionh from 42 the inside of the center hole 24 of the
di sk subst re@Et®an. j pndnehAaRREPNE! CBASIPAGPORAGEGR CRe oferber digke 24. (7)
Description of Fourth Enbodi nent of the Mbld Apparatus for Injection
Mol di ng t heSEPekr&EBsEPal& CNEXPELVERBr thRgifgeri gércrgigrgntdalrourt h

surface 7b of the tip portion 7a of the recessed form

gate cutter 7 and the inner circumferential surface 11b

of the cutout portion 1lla of the recessed form gate

forming portion 11. Thus, the gate cutting is conducted

simultaneously at the two inner and outer cutting

positions.

In this case, as shown in Fig. 17, the maximum

outside diameter ¢$3 of the sprue and gate remaining resin

23 gate-cut from the disk substrate 23 is smaller than

the minimum inside diameter ¢ 1 of the center hole 24 of

the disk substrate 23. Therefore, the step of blowing off

the sprue and gate remaining resin 23a from the inside of

the center hole 24 of the disk substrate 23 in the

direction of arrow b by the air jet nozzle 34 after

chucking the molded disk substrate 23 by the suction pad

33 of the robot 31, as described above referring to Fig.

11, can be performed more smoothly. Besides, in this case,

the sprue and gate remaining resin 23a can also be blown

off in the direction of arrow b indicated by the broken

line in Fig. 11, which is the opposite direction, from
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Enbodi ment of the nolding apparatus | will be described. 1In this case, the
di aneter of the outer circunferential surface 7c of the tip portion 7a of
the recessed form gate cutter 7 in Third Enbodi mrent shown in Figs. 16 and
17 is set to be sufficiently larger than the dianmeter of the straight
nol di ng portion 16 of the center hole nolding portion 15, whereby a
sufficiently large step H is forned between the outer circunferenti al
surface 7c and the straight nolding portion 16. Therefore, in this case,
as shown in Fig. 18, the opening factor of a connecting portion l4a
between the _outer circunferential portion of the recessed formgate 14
and the cavFR§ Angifepeisther 5eBEeFabgee <4 Phat-hendiskospds tradion 231 can
flow snoothly fromthe inside of the recessed gate 14 into the cavity 4,
and nol dabi +Pt {RBfMaRRer PEkPEBRLNFaFBY 98 IBakDEe CORTERCE@Le( ) -Descri pti on
of Fifth Enbodi nent of the Mdld Aanratus for Injection Ml ding the Di sk
Substrate Next, r&feMasfFiRtiMyLt Rewhth HmbeiinanEngbdrhentodd t he
mol di ng apparatus | will be described. 43 In this case, a second R surface
nol di ng por?PR@r3brs SREohBIeckipralelfbrdi f§epBiekosybsgragepr ovi ded at a
corner portion on the outer circunference side of a tip surface of the tip
portion 7a of the Netes&&f §6TiYt®e FI9 m kg 2t esBedfporthon 12 of the

recessed formgate .
Embodiment of the molding apparatus 1 will be described.

In this case, the diameter of the outer circumferential
surface 7c of the tip portion 7a of the recessed form
gate cutter 7 in Third Embodiment shown in Figs. 16 and
17 1s set to be sufficiently larger than the diameter of
the straight molding portion 16 of the center hole
molding portion 15, whereby a sufficiently large step H
is formed between the outer circumferential surface 7c
and the straight molding portion 16.

Therefore, in this case, as shown in Fig. 18, the
opening factor of a connecting portion 14a between the
outer circumferential portion of the recessed form gate
14 and the cavity 4 can be set to be large, so that the
molten resin Pl can flow smoothly from the inside of the
recessed gate 14 into the cavity 4, and moldability of
the disk substrate 23 can be enhanced.

(8) Description of Fifth Embodiment of the Mold
Apparatus for Injection Molding the Disk Substrate

Next, referring to Figs. 20 and 21, Fifth

Embodiment of the molding apparatus 1 will be described.
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cutter 7 in Fourth Enbodi nent shown in Figs. 18 and 19. As shown in Fig.

20, a nolten resin Pi is injected into the cavity 4 through the recessed
formogate 14, thereby nolding the disk substrate 23. At a tine point when
the molten resin Pl is solidified to a certain extent (a tinme point when
the di sk substrate 23 can be conpressed), the recessed formgate cutter 7
is advanced in the direction of arrow b to performgate cutting, as shown
in Fig. 21. At the time of the gate cutting, a second R surface (or second
C surface) 24d can be nolded at an edge portion on the side opposite to
the signal _transfer surface 13 $ige of .t he cegber hol e 24 of the disk
substrate 29 B/ 4hec3%eond FEEOPE aR e HBFAFRgMBORERENPOESAO8edBRd C surface
nol di ng portioqg 20. Wil e the ﬁnbodinents ?f Bhe present. i nvention have
been descriBEPHbveS T HRCHrERER Y nDRRFEBA’ i é0ndf PFPiAEd 86 ehe above
enbodi nents, and various nodifications are pgssi ble based on the technical
thought of°YHEHRIEMHOF PRntFonCUFRE GFERuEEB§FP8Fe§1Fﬁe°ﬁDPdtéBparatus
for 44 injection nolding the sane,, and the_di sk substrate taking-out robot
accordi ng tBEIRE Hraserie i R Dhion cbasPft thedraseased: £BEM 4B6%e, have

the followng effects. The disk, substrate according to the present
forming recessed portion 12 of the recessed form gate

cutter 7 in Fourth Embodiment shown in Figs. 18 and 19.

As shown in Fig. 20, a molten resin Pl is injected
into the cavity 4 through the recessed form gate 14,
thereby molding the disk substrate 23. At a time point
when the molten resin Pl is solidified to a certain
extent (a time point when the disk substrate 23 can be
compressed), the recessed form gate cutter 7 is advanced
in the direction of arrow b to perform gate cutting, as
shown in Fig. 21. At the time of the gate cutting, a
second R surface (or second C surface) 244 can be molded
at an edge portion on the side opposite to the signal
transfer surface 13 side of the center hole 24 of the
disk substrate 23 by the second R surface molding portion
(or second C surface molding portion) 20.

While the embodiments of the present invention have
been described above, the present invention is not
limited to the above embodiments, and various
modifications are possible based on the technical thought
of the present invention.

The disk substrate, the mold apparatus for
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invention has a structure in which at |east the edge on the signal
transfer side of the center hole is utterly free of flash, .or even if a
flash is generated there, the height of the flash can be suppressed to
equal to or less than 10 /tm Therefore, centering of the disk substrate
by a positioning center pin of a spindle notor can be performed with high
accuracy, and eccentricity anmount of the disk substrate at the tinme of
driving for rotation can be suppressed. Accordingly, stable recording and
reproduction can be achieved in a disk for high-density recording. In
addition, since the center hole is free of | ash, .| ess waste are generated
at the tinelﬁ?eﬁFbaﬁcWPgﬁ}ngaﬁged?§W§'wFPﬁ F&Ftﬁé%% P& RS hi pped,
| eading to a . higher yie|ld., Besides, since the first R surface or first C
surface is F%#hﬁa'ﬁPtlﬁﬁ PtafcFfREIEAGe tOn thfe PEEGRALt IPVERSF QR sur f ace side
of the center hole, the edge is, conpletely free of flash. Since the

a

strai ght pof?P®hitwERdaafofiesarihetepPoysr alrye thet o 1deWadnadi rection is

provi ded on %he si de 45 opposite to the signal transfer surface side of the
center hol ef5hECthe tapered portion with a hole dianeter gradually

enlarged toward the signal transfer surface is provided between the
strai ght portion dine HE HertEshHA e aeePIREnEi bpaFheraresertsurface, flash

woul d not easily |, ) ,
invention has a structure in which at least the edge on

the signal transfer side 6f the center hole is utterly
free of flash, or even if a flash is generated there, the
height of the flash can be suppressed to equal to or less
than 10 Um. Therefore, centering of the disk substrate
by a positioning center pin of a spindle motor can be
performed with high accuracy, and eccentricity amount of
the disk substrate at the time of driving for rotation
can be suppressed. Accordingly, stable recording and
reproduction can be achieved in a disk for high-density
recording. In addition, since the center hole is free of
flash, less waste are generated at the time of production,
and disks with little air can be shipped, leading to a
higher yield.

Besides, since the first R surface or first C
surface is formed at least at the edge on the signal
transfer surface side of the center hole, the edge is
completely free of flash.

Since the straight portion with a hole diameter

parallel to the axial direction is provided on the side
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be generated at the edge on the signal transfer surface side of the center
hole, and even if a flash is generated at the edge, the bad effect of the
flash on the centering of the disk substrate can be mnimzed. The

i njection nol ding apparatus according to the present invention includes a
stanper disposed on a fixed die side of a cavity, a recessed formgate
formng projected portion provided at the outer circunference of the tip
of a sprue, a recessed formgate form ng recessed portion provided at the
tip of a recessed formgate cutter disposed on a novable die side, and a
center hole nolding portion grovided at the recessed formgate formng
proj ect ed pPPPPBhteahd 5RBpELTnaf cLERBESSF oFMF E§5Re SEGE Oy T uct ure
relative to a signal _transfer surface of a, ,disk substrate injection nol ded
in the cavfeyteTnipieored WhenteRETafAsROSEBSRr Hidh & PRjlecGighet®sl ded, a
center hole is_sinultaneously injection nolded by the center hole nol di ng
portion. Th¥sad %h%%ytﬁﬁlaFﬁéésééﬂaFGrﬁP@aFégeéﬁtéFaﬂﬁé§é iy fiager ddessed in
shape is advanced fromthe novable die side to performgate 46 cutting, a
center hol P¥Pekddd ??ESﬁe%ttB%tﬁtéﬂﬁggagégrtéaﬁ Bé ﬁPGdG@@&erAéeéﬁdlngly,
by adopting the fixed-side  stanper in _the sane manner as in the prior art,
the disk siBdteheesigral obranaiarapurfaceenféprshoreuddnnps epsiddti on

nol ded whil e preventing deformation of EItS and
be generated at the edge on the signal transfer surface

side of the center hole, and even if a flash is generated
at the edge, the bad effect of the flash on the centering
of the disk substrate can be minimized.

The injection molding apparatus according to the
present invention includes a stamper disposed on a fixed
die side of a cavity, a recessed form gate forming
projected portion provided at the outer circumference of
the tip of a sprue, a recessed form gate forming recessed
portion provided at the tip of a recessed form gate
cutter disposed on a movable die side, and a center hole
molding portion provided at the recessed form gate
forming projected portion, and adopts a recessed form
gate cutting structure relative to a signal transfer
surface of a disk substrate injection molded in the
cavity. Therefore, when the disk substrate is injection
molded, a center hole is simultaneouély injection molded
by the center hole molding portion. Thus, when the
recessed form gate cutter whose tip is recessed in shape

is advanced from the movable die side to perform gate
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a groove. Since the center hole nolding portion is disposed on the fixed
stanper side, the eccentricity anount of the groove relative to the center
hol e can be suppressed to be small, and reading of a tracking servo ‘
signal and the like can be performed with high accuracy. The center hole
nmol ding portion is provided with the first R surface nolding portion or
first Csurface nolding portion for nolding the first R surface or first
C surface at the edge on the signal transfer surface side of the center
hol e. Therefore, when the disk substrate is injection nolded, the first R

surface or first C surface i i myl t anequ injection nolded at the edge
on the sigﬁ%ﬁt{?%ns?e?e§5?¥a§8f§rgée8fO?hza%éhtéF %BFQ,eﬂﬁeﬁgﬁfs
generation of flash at the edge cap, be obviated. A center hol e_nolding
projected[ﬁﬁ?i?ﬁl?gpéﬁ%% ded* SR % %9%%7é?ﬁh?gﬂBFHP%gtbﬁrfiﬁﬁdfB%dﬁnlding
a straight ortion, on the side oggosite to the signal transfer _ surface of

the center FOABRERN A R@NETRE HBRRARHI BFNG™ HBFt PR OFs 2ptovitded AhiSth a
taper nol din ortion_for Foéding a_ tapered gortion with a hol e dianeter
gradual |y AR R REFFOPt nel a8 af§htBoFEPERT0NOLRe C@BNPEr hole toward
the signal transfer surface side. Therefore, when the disk substrate is

i nj ection nMOtIRIEIAhaeEFeEvhbl @ PESHERFADPt 4RECHERY1BE Phj BEEFoARDI ded

with the straight portion and the tapered portion, and the disk substrate
a groove. Since the center hole molding portion is

disposed on the fixed stamper side, the eccentricity

amount of the groove relative to the center hole can be
suppressed to be small, and reading of a tracking servo
signal and the like can be performed with high accuracy.

The center hole molding portion is provided with
the first R surface molding portion or first C surface
molding portion for molding the first R surface or first
C surface at the edge on the signal transfer surface side
of the center hole. Therefore, when the disk substrate is
injection molded, the first R surface or first C surface
is simultaneously injection molded at the edge on the
signal transfer surface side of the center hole, whereby
generation of flash at the edge can be obviated.

A center hole molding projected portion is provided
with a straight molding portion for molding a straight
portion on the side opposite to the signal transfer
surface of the center hole, and a center hole molding
portion is provided with a taper molding portion for

molding a tapered portion with a hole diameter gradually
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will easily be released fromthe stanper when the novable die is opened.
In addition, the advance anobunt of the gate cutter is set to equal to or
nore than the gate thickness, and, desirably, set to be equal to or |ess
than the gate thickness plus 0.5 mm whereby recessed formgate cutting
can be securely perforned. Besides, the position of cutting the recessed
form gate by the recessed formgate cutter is set at a hole dianeter
position of the straight portion of the center hole, so that flash or the
like is not generated in the straight portion The second R surface
nmol di ng porti cond surfac di_n port| n for t he second
R surface 925%8ﬂ EP@UF%%CEgﬁFlPﬁé B83& g t&ué&S @ﬂﬁﬁégfﬁ t he

si gnal transfer urface,side of the center. hole . s provided at the tip of
an outer C|F%ﬁﬁf§ %?lﬁtgﬁaftF5ﬁnngrtﬁBrF8€§s§é§efo F§EEECF B niVRGD
recessed portion,of the recessed formagate cutter. Therefore, the edge on
the side oppDsfiektBuPREr&Fgnif tPéﬁ§FansHPﬂ§@€ sithe SentRe B9 leent er
hol e of the disk, substrate can be with_ the second R surface or
second C:su??%c%lmtkg?ﬂegustﬁebﬁoépﬂF6ﬁ18P Bettedg“iié roCessE@itdtm gate
by the recessed, form ate cutter is set at two _inner and outer positions,
namel y, a f??%tl%ﬁt?? BBSF?psﬁegeportlon, and the disk substrate

will easily be released from the stamper when the movable
die is opened.

In addition, the advance amount of the gate cutter
is set to equal to or more than the gate thickness, and,
desirably, set to be equal to or less than the gate
thickness plus 0.5 mm, whereby recessed form gate cutting
can be securely performed.

Besides, the position of cutting the recessed form
gate by the recessed form gate cutter is set at a hole
diameter position of the straight portion of the center
hole, so that flash or the like is not generated in the
straight portion.

The second R surface molding portion or second C
surface molding portion for molding the second R surface
or second C surface at the edge on the side opposite to
the signal transfer surface side of the center hole is
provided at the tip of an outer circumferential portion
of the recessed form gate forming recessed portion of the
recessed form gate cutter. Therefore, the edge on the

side opposite to the signal transfer surface side of the
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at a hole dianeter position of the straight portion of the center hole,
and at a second cutting position located on the inside of the first
cutting position and smaller in dianeter than the first cutting position.
Therefore, the maxi num outsi de dianmeter of a sprue and gate remaining
resin after gate cutting of the nolded disk substrate can be nade
sufficiently smaller than the inside dianeter of the straight portion of
the center hole; accordingly, at the time of chucking the disk substrate
by a robot and transferring the disk substrate onto an aligning machine,

the sprue andagarenbelmhel pe LITKD(G31:AT e ull SENUAPY, L, A of one

side and the "o r Srde o i sk substrate passing 1 t he

center hole e,di strate.. The di sk substrate taking-out apparatus
accordi ng gg?hg Brgégﬁgggnéén%ggﬁngsng%55%§¥?ucted that gate cutting is

conducted froma npvable dig side by.a recessed fo gate cutter, and a
robot for taking!ﬁ%§54?%h1 e %%%h%f%nd?g fﬁggapgk£g5b§FF8P83 ef8%%ed from

e R S
O SCh 0 10, BBl 9P kRIS, B0l rgh ARV GG e
remai ni ng rggig hgfepéggggESQ Egsgg§o%ig% %Eeas%%gg%%% %%@%%%%?o%o the

the center hole, and at a second cutting position located

on the inside of the first cutting position and smaller

in diameter than the first cutting position. Therefore,

the maximum outside diameter of a sprue and gate

remaining resin after gate cutting of the molded disk

substrate can be made sufficiently smaller than the

inside diameter of the straight portion of the center

hole; accordingly, at the time of chucking the disk

substrate by'a robot and transferring the disk substrate

onto an aligning machine, the sprue and gate remaining

resin can easily be discharged to any of one side and the

other side of the disk substrate by passing it through

the center hole of the disk substrate.

The disk substrate taking-out apparatus according

to the present invention is so constructed that gate

cutting is conducted from a movable die side by a

recessed form gate cutter, and a robot for taking out

from the movable die the disk substrate released from the

fixed die together with the movable die by the opening of
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signal transfer surface of the disk substrate which is reverse to that in
the prior art, the sprue and gate renmaining resin can be easily discharged
fromthe inside of the center hole. Accordingly, a disk substrate taking--
out apparatus optinmum for application to the nold apparatus of the
recessed formgate cutting structure can be provided. In addition, where
the nmeans for discharging the sprue and gate remaining resin is provided
with an air jet nozzle, the operation of discharging the sprue and gate
remaining resin to the novabl e die side after taking out the sprue and

ate renai nj res mthe nold can rfaormed securely and
?nstantan;ohggymogé éEA 3 T%tﬁrdﬁgﬂe§ﬁﬂgpr%RéQH93Mﬁ W%é%ﬁ%%Q;%hQP

transferred bé gmftloa, hdln said disk substrate caonprising a center
hol e, and ah B8 PR PESSHRFEdREed SPEYEePE b PatErpededdd i F&RiA to or
| ess t han 10 Amin height at | east on the signal transfer surface side of
sai d cent er tRofRe Bovablipsgie fifparelasive: toottye idisk SuhsEratherein at
| east said edge of said center hole is provided with a first R surface or
a first C sthfagEers; ﬁYBPsEhQHBQtFQFeSB§u§e?nﬁoﬁPﬁq & ePRdinhng, ra@dﬁbr|5|ng

a straight Portlon with a hole dianeter equa
s projected to the side of a surface opposite to the

signal transfer surface of the disk substrate which is
reverse to that in the prior art, the sprue and gate
remaining resin can be easily discharged from the inside
of the center hole. Accordingly, a disk substrate taking-
out apparatus optimum for application to the mold
apparatus of the recessed form gate cutting structure can
be provided.

In addition, where the means for discharging the
sprue and gate remaining resin is provided with an air
jet nozzle, the operation of discharging the sprue and
gate remaining resin to the movable die side after taking
out the sprue and gate remaining resin from the mold can

be performed securely and instantaneously.
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in direction with the axial direction, said straight portion provided on
the side opposite to said signal transfer surface side of said center
hol e, and a tapered portion with a hole dianeter gradually enlarged toward
said signal transfer surface, said tapered portion provided between said
straight portion of said center hole and said signal transfer surface. 4.
A nol d apparatus for injection nolding a disk substrate, conprising a
cavity into which a nolten resin is injected through a sprue and a
recessed formgate, and a signal transfer stanper disposed on the fixed
die side of said cavity, said nold aﬁg &tus conprising a 51 projected
portion for nolding said recessed for 8& provided at the tip of said
sprue, a recessed portion for nolding said recessed formgate provided
oppositely to said projected portion at the tip of a recessed formgate

cutter disposed on the bl e die S|de d. a center. hole nolding portion
provi ded at the outer c:érq('?’ STt eoftosdfr}ﬂl%b RIS RI/K)| d apparatus for
i njection nDIdln E substrate as set forth in.claim4, wherein said
center hol E*#dF ﬁﬁe% ¥|6HJESHbPFs@§ QlPﬁrsFaRdsSFF§céuPﬁFﬁaﬁ§ portion

or a first C surface nDIdlng Eortlon for nolding a first R surface or a
first C surfYRRTLF1R% 2dGenbarthe! eS|@ﬁ§IaPr&ﬁgﬁeV1§§rFéééh it§duseda center

hol e of said
to zero or suppressed to equal to or less than 10 Um in

height at least on the signal transfer surface side of
said center hole.

2. A disk substrate as set forth in claim 1,
wherein at least said edge of said center hole is
provided with a first R surface or a first C surface.

3. A disk substrate as set forth in claim 1,
comprising a straight portion with a hole diameter equal
in direction with the axial direction, said straight
portion provided on the side opposite to said signal
transfer surface side of said center hole, and a tapered
portion with a hole diameter gradually enlarged toward
said signal transfer surface, said tapered portion
provided between said straight portion of said center
hole and said signal tranéfer surface.

4. A mold apparatus for injection molding a disk
substrate, comprising a cavity into which a molten resin
is injected through a sprue and a recessed form gate, and
a signal transfer stamper disposed on the fixed die side

of said cavity, said mold apparatus comprising a
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di sk substrate injection nolded in said cavity. 6. A nold apparatus for
injection nolding a disk substrate as set forth in claim4, wherein said
center hole nolding portion conprises a straight nolding portion for

nol ding a straight portion with a hole dianeter equal in direction with
the axial direction on the side opposite to the signal transfer surface
side of said center hole of said disk substrate injection nolded in said
cavity, and a taper nolding portion for nolding a tapered portion with a
hol e di anet er gradually enlarged toward the signal transfer surface side

bet id st t f d center, hol e of sajd disk 52
cubstrat o i RFEIEFoRAnBPALd Fn 1o8 al%ﬁ—lsxhrfa?”saa% RGP HGhaIOT™ (S o1

surface. 7. ml.d .a tus .for ectlon nmol ding a dis substrate as set
Forth i oi BFRVASSANBROFRet FePaafaRad d SHHR, O bsas Sk St Tortigat o
cutter is not_less tha t he thickness of said recessed forn1 ate and is
not nore tH3ASEAE P@&gs§88eF3Fﬁ138F@ @ﬁQﬁﬂﬁ%ﬁyﬁQQQSq?Q? % nol d

appar at us fo nj ecti on di sk. substrate as set forth in claimb®é,
mﬁgreln t he ﬁbgl%FBHeCSFgDBPFFanngdtPﬁté?%b@ Gr hegEsS Y FoF™ 9ad@ssed

form gate cutter i.s set sition_equal, to the hole dianeter of said
strai ght poftFbf¥o fll§8P8egeﬁPer‘QgﬁoF‘ .Vabé% Aifpisd dgppangt & FeHtS9j ecti on

nol di ng a dISk
ole molding portion provided at the outer circumference

of said sprue.

5. A mold apparatus for injection molding a disk
substrate as set forth in claim 4, wherein said center
hole molding portion comprises a first R surface molding
portion or a first C surface molding portion for molding
a first R surface or a first C surface at an edge on the
signal transfer surface side of a center hole of said
disk substrate injection molded in said cavity.

6. A mold apparatus for injection molding a disk
substrate as set forth in claim 4, wherein said center
hole molding portion comprises a straight molding portion
for molding a straight portion with a hole diameter equal
in direction with the axial direction on the side
opposite to the signal transfer surface side of said
center hole of said disk substrate injection molded in
said cavity, and a taper molding portion for molding a
tapered portion with a hole diameter gradually enlarged
toward the signal transfer surface side between said

straight portion of said center hole of said disk
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substrate as set forth in claim8, wherein said recessed formgate cutter
conprises a second R surface nolding portion or a second C surface nol ding

portion for

set forth i

gate by said recessed form gate cutter is set at a first position equal

nol ding a second R surface or a second C surface at the edge
on the side opposite to the signal transfer surface side of said center
hole, at the tip of an outer circunferenti al
portion. 10. A nold apparatus for injection nolding a disk substrate as

portion of said recessed

n claim®6, wherein the position of cutting said recessed form

to

he hol di f .,said_strai ght Al X aid center hole, 53 and at
second poflPESREaR.pBIEE tar HE Larl da Gitl VALY Ao 1d G ai

smaller in
i njection

recessed f
a second C

surface sidg"

surface of
conpri si ng:

iameter than said first position. 11. A nold apparatus for
Eac§ubstrate as set forth in claim 10, wherein said

FArRGL &HS

orn1gat; cutter conprises a second, R surface nppol ding_portion or

sur f ace’ moAdiffY b ARRGR 7 dtmeChl R BN RIGuR f@EeKor a

second C surfgce at the edge on _the side opposite to the signal transfer
r

LREEE, 13 clRe™ ifp IR effiduttdre EPvanfer enti al

PErahPdagefif

saidngeggssed portion. 12. A disk substrate taking-out apparatus

sald recessed form gate cutter is not less than
the thickness of said recessed form gate and is not more
than the recessed form gate thickness plus 0.5 mm.

8. A mold apparatus for injection molding a disk
substrate as set forth in claim 6, wherein the position
of cutting said recessed form gate by said recessed form
gate cutter is set at a position equal to the hole
diameter of said straight portion of said center hole.

9. A mold apparatus for injection molding a disk
substrate as set forth in claim 8, wherein said recessed
form gate cutter comprises a second R surface molding.
portion or a second C surface molding portion for molding
a second R surface or a second C surface at the edge on
the side opposite to the signal transfer surface side of
said center hole, at the tip of an outer circumferential
portion of said recessed portion.

10. A mold apparatus for injection molding a disk
substrate as set forth in claim 6, wherein the position
of cutting said recessed form gate by said recessed form
gate cutter is set at a first position equal to the hole

diameter of said straight portion of said center hole,
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a nold apparatus conprising a cavity provided between a fixed die and a
novabl e die, a signal transfer stanper disposed on said fixed die side of
said cavity, and a recessed formgate cutter disposed on said novable die
side, wherein a nolten resin is injected into said cavity through a sprue
and a recessed formgate to injection nolding a disk substrate, and gate
cutting is conducted fromsaid novable die side by said recessed form
gate cutter; and a robot for taking out fromsaid novable die said disk
substrate rel eased fromsaid fixed die together with said novable die by
the opening of said novable die after 54 injection mplding, said, robot
conpri si ng @ %edhs? PCORE sRPSt biRg disprsedana égﬁelPéﬁQFnPﬁgsPééln to
said novable die side relative to said disk substrate. 13. A disk
substrate t%kﬁ%ﬁ]Rﬁﬁl%ﬁ%%réﬁﬁssﬁélééf 1Po@ﬂﬁmﬁﬁe€l5PﬁP1?a1ﬂhéﬂé§ﬁ sai d

di scharging means is provided with an air jet nozzle. 55
position.

11. A mold apparatus for injection molding a disk
substrate as set forth in claim 10, wherein said recessed
form gate cutter comprises a second R surface molding
portion or a second C surface molding portion for molding
a second R surface or a second C surface at the edge on
the side opposite to the signal transfer surface side of
said center hole, at the tip of an outer circumferential
surface of said recessed portion.

12. A disk substrate taking-out apparatus
comprising:

a mold apparatus comprising a cavity provided
between a fixed die and a movable die, a signal transfer
stamper disposed on said fixed die side of said cavity,
and a recessed form gate cutter disposed on said movable
die side, wherein a molten resin is injected into said
cavity through a sprue and a recessed form gate to
injection molding a disk substrate, and gate cutting is
conducted from said movable die side by said recessed
form gate cutter; and

a robot for taking out from said movable die said
disk substrate released from said fixed die together with

said movable die by the opening of said movable die after
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injection molding, said fobot comprising a means for
discharging a sprue and gate remaining resin to said
movable die side relative to said disk substrate.

13. A disk substrate taking-out apparatus as set
forth in claim 12, wherein said discharging means is

provided with an air jet nozzle.
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