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{57) Abstract: A disk substrate having no burron the edge of a center hole. A disk
substrate (23} is provided at its center hole (24) with a straight portion (24a) and a ta-
pered postion {24b) and on its edge of a signal transfer face (22) of the tapered portion
-(24b) with an R- or C-shaped face (24¢). A molding apparatus most suitable to mold
such a disk substrate (23) and a disk pick-up apparatus are disclosed.
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various kinds of information, a servo signal and the |like are recorded.
These recordi ng nmedi a i nclude a phase change type opticd# JdnsR085ch that a
| aser beamis radiated onto a synthetic resin disk substrate on which

such signals as information signals and a tracking servo signal are
witten in the formof pits and a groove 1 14 June 2005 (guide groove) and
the signals are read by utilizing a change in reflectance due to a change
.of crystal structure of a recording |ayer, an opto-nmagnetic disk for
reading signals by utilizing a nagneto-optical effect, a nagnetic disk for

witing and reading signals magnetigpbdyeyand so on. As a method for
formng information signals, a tracking servo signal and the like in the

formof fine. roughness such as pits, a groove and the like in the
recording |layer of the disk substrate, a nethod of injection nolding the

di sk SUbsbﬁékesB¥s¥§ﬁT9f fo 'ﬂPFiRB%Eﬁt%%R'§§9?B@&6kl oﬂﬁ?ﬁtt%ﬂﬁy Figs. 22

to 24 show a nol d apparat us a projected rormgate cutting system

using a fixed sidgys Ska}?}%}ermaﬁg%r | £k AP t%ﬁd Qfmar}{ (L,ln which a cavity

54 as a circular rmspace i s verti formed " bet ween fayi ng
surfaces of a fixed die 52 and a novable die 53. A stanper 55 is
vertically disposed on the fixed

Technical Field

The present invention pertains to the technical
field ofra disk substrate to which audio, video and other
various kiﬁds of information, a tracking servo signal and
ﬁhe like are transfefred at the time of injection moldiﬁg,
armold 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 recordihg medium and a
magnetic recording medium have been wi&ely known as a
circular disk form recordipg medium such as CD, Cb-ROM,
DVD, DVR, MD and the like on which audio, video and other
ﬁarious kinds of information, a servo signal and the 1ike
are recorded. These recording media include a phase
change‘typé optical disk such thét a laser beam is
radiated onto a synthetic resin disk substrate on which
such signals as information signals and a tracking ser#o

sidnal are written in the form of pits and a groove




die 52 side of the cavity 54, and the innernost circunference of the
stanper 55 is fixed to a fixed mrror surface by a nmechadisae 200anp. A
cylindrical sprue 56 is horizontally disposed in the fixed die 51 at a
central portion of the cavity 54, and a cylindrical projected formgate
cutter (also called "punch"), a small diameter ejector pin 58 and a
~cylindrical ejector 59 are 2 14 June 2005 horizontally disposed at a
position opposite to the sprue 56. The ejector pin 58 is disposed at the
center of the projected formgate cutter 57, and the ejector 59 is

di sposed at the outer circunference of the;wégected form, gate cutter 57 A

sprue hol E9EHaITRY Vet Phe tHItptue 58 1P VY it b 3 Hf®& i on cyl i nder
(not shown) is connected is opened at the center of a projected formgate
formng $RRESER pRtigTFHIC? AHRd At tHPRID fF ReSSpue 56, and the
tip of the projected formgate cutter 57 is formed at a projected form
gate formrgFprecled FRIIOHIBL2Yer Gl @RP THHRYate BL8 dded in a
projected shape relative to a signal transfer side surface 63 which is a
surface offataStHEel SP%|Hel biZ1He TRATYP By BEFGHImRf f95dtwéen t he
recessed portion 61 and the projected portion 62. Therefore, the projected
f or m gat é"aqRateic 51 sk for 310§ et EFb iR AE¥ S or forming the
proj ected form,
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
'ipjection molding the disk substrate by use of a mold
apparatus is generally used today.
Figs. 22 to 24 show a mcld 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 stémper 5% 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 cylindrical

projected form gate cutter {alsco called “punch®), a . small

diameter ejector pin 58 and a cylindrical ejector 59 are
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gate 64. In the nold apparatus 51 of the projected formgate system

“according to the prior art, a molten resin PL consistind4etna2pd@astici zed

pol ycarbonate or other synthetic resinis injected in the direction of
arrowa fromthe injection cylinder into the sprue hole 60 and is charged
under pressure into the cavity 54 through the.  projected formgate 64, in
“the condition where the fixed 3 14 June 2005 die 52 and the novable die 53
are heated. In this case, the nolten resin Pl conpressed to a high .
pressure by the injection cylinder is pressurized onto the fine roughness
surface of the $t ery;55, wher %b% aOql_siisckmsﬁul:‘)Dstroast:.tet 7 Olg V\:hsi ch esi gnals 71
such as PFFSARRERSAYsIREICS S % afr Scbiofd T8 vOPSSTE Bnd thé A% are
transferred opnto a.signal .trapsfer_surface 72 ip the formof pits, a
b aove ard t nEnS) S48LPRE] ribeoPons At aRhReE A8 blis PRnERECo R RE S L0
Thereafter, .a center hole 74 of the_disk substrate 73 i f.ormed by
punchingPrPHeFﬁFg ?85@,9?ﬁ§ SSﬁ&FFigﬂs 8¢ ag r &Sy OGP ?Paﬁgfer of the
signals 71 onto .the disk substrate 73 are. determ ned prinarily by the
ol asti oi FAPABPAGA tr E5fn O W Eip T AEUPE STERE SBId P EBEPALGTED AR he
i njection_ pressure 8% the injection cylinder, whereas the warpage and the
li ke of PR&ESAFBEKTEHbSrate 73 thus injection

- A sprue hole 60 at the center of the sprue 56 to.
which an injection cylinder (not showp) is connected is
opened at the center of a projected form gate forming
recessed portion 6@ 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 poftion
62. A projected form gate 64 formed in a pfojected shape
relative to a signal transfer_side surface &3 which is é
éurface 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 £orm gate cutter for forming the projec;ed form
gate 64. |

- In the mold apparatus 51 of the projected form gate
system according to-the prior art, a molten resin P1
consisting'of a plasticized polycarbohate or other
synthetic resin is injected in the.direction of arrow a
from the.injection cylinder into the sprue‘hole 60 éhd is
charged under pressure into the cavity 54 through the

projected form gate 64, in the condition where the fixed
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nmol ded are determined by the nold tenperature, injection pressure and
-cooling tinme: The fornmation of the center hole 74 of the idikike 200bstrate 73

injection nolded is generally carried out during the process of cooling
the fixed die 52 and the novable die 53 while continuing the conpression
of the nolten resin Pi 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 4 14 June 2005 punching (called "gate cutting”), by a method in
which the projected formgate cutter 57 is projected in the direction of
arrow b froma retracted position shown in_ Fig.23 to an advanced position
“shown i ndfieg 52240 the mevahie (He int ot Ty dol 18 thdd 8§ bet ween an
outer circunferential surface 62a of the projected portion 62 of the
pr oj ect edhfommlare raiteP IsToapg B athier 2 drduFEEhtTalbsutiace 61a of
the recessed portion 61. of the sprue 56. At-this tinme, a roughly T-shaped:
sprue andnigatéd opemiininggy d§i PrESEWEREhiaF 9 Fhehd Gisr sy 60  and t he
projected formgate 64 is ejected in the direction of arrowb fromthe
si gnal tsamihee Sdr ftdce StRANDET Bffe s edibst sk ERhFwALE the ¥ xed die
52 side. As shown in Fig. 25, the center hole 74 of the optical disk or
the |ikewbfich2sdgmiad sdi7dneueh, asudmfgymepion signals, a tracking

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 punchingf

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

pressﬁre 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
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CD-RONl DVvD, DVR, etc., has a dianmeter Q= 15.0 mm whereas the center
hole 74 of an MD or the like has a diameter 0 = 11.0 nm14Akine2008 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

t hi ckness of the disk substrate 73. Though the timng 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 5 14 June 2005 by the
projected formgate cutter 57 before the nmolten resin Pl is conpletely

solidified, and is, sai.d o, be preferan onduct e thin a period of ,
about 2 SRS g‘f (< t I Dt HE 1) e‘ct orf d‘?e%nﬂtt“é}tﬂ 1eS| n P1. Wen

the tim of the C of the center ole 74 j deIa ed fromthe
above- ne oﬁ&d’JeﬁpH% HEI cf%b %3 Sty > andf ﬁtﬁfb)nect ]n‘és thée liable to
be generat.ed at, the _inner circunference of the center haole 74, and a di sk
subst r at &F§KLOR AfnSFQY & & r‘?‘geJ"r‘F’cteI:%‘Eﬁ)e @I P GHEOWRLE cut ti ng

st roke na be v resulting in g .defective product. However, when the

d,
center hér&- 73%|r Ig’]otft‘r‘?cI‘t‘é]ﬁ' EOS YHE S I Jorti Ht 62 &S tiRe

roj for 7 n he recessed portion 61 of the sprue 56 at the
Fiﬁgﬁ;tegutoth g%%%oaple%e%ytsgllgafied J%51n between an oué%r

circumferential surface 62a of the projected portion 62
'of the projected form gate cutter 57 and an inner
'circumferential surface 61la of the recessed portion 61. of
_the sprue 56. At this time, a roughly T-shaped sprue and
gate remaining resin ?33 remaining in the‘sprue hole 60 |
and the projec¢ted form gate 64 is ejected in the
.direction of arrow b from the signal transferrsurface 72
of the disk substrate 73 toward the fixed die-52 side.

As shown in Fig. 25, the centef_hole 74 of the-
optical disk or the like of 12 ¢cm in diameter, such as CD,
CD-ROM, DVD, DVR, etc., has 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'formedras a straight hole of which the hole diameter -
is parallel torthe axial directioe over the entire
thickness of the disk substrate 73.

| Though the timing of the punehing of the center
hole 74 varies accofding to the kind of the synthetic

resin or the like, the punchihg is preferably conducted




before solidification of the nolten resin P1 which is wthin 2 sec after
the injection nolding of the nolten resin P1, the resin 1RUube200%
solidification would fly into the clearance between the outer
circunferential surface 62a of the projected portion 62 and the inner ,
circunferential surface 6la of the recessed portion 61, so that a flash 75
in the shape of projecting to the outside fromthe edge on the signal
transfer surface 72 side of the center hole 74 is necessarily generated,
as shown in Fig. 25. The height H of the flash 75 varies according to
the nol ding conditions (the tenperature of 6 44 June 2005 the resin P2 in
t he gat e, P¥ard d RFII9HEDIIIHR 43 eardhceer bl eeho¥pethecBLe® portion 61
and the projected portion 62 shown in Figs. 22 and 23; hitherto, the

hei ght HESHS Heerf %Ja?t%@hss%lflc}%ﬁﬁ?% B9 atHesHEd 190 Pem  The di sk
substrate 73 shown in Fig. 26 is one that is obtained by injection nolding
by a mol PrRfFERRus cardwgad novidbite-SikRer sthrpleraketordi $RF tf ke pri or

art and punching the center hole 74 fromthe signal transfer surface 72
side to tIRRIGFRIISR ehitde I atfiioc e thadrel tex gt Red ¥HbEmash 75 in
the shape of projecting outwards fromthe surface opposite to the signal
transf er theyrfigda gy » Hoft eh uheitids Il S caiHeet hedreithtisHl of the flash

75 is equivalent to that shown in Fig. 25. K )
: delayed from the above-mentioned, strain due to punching

and punch tailings are liable to be generated at the
inner circumference of‘the centér 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 pbrtion 61 of the sprue 56 at the timing
before solidification of the molten resin P1 which ié
within 2 sec after the injection mplding of the molten

" resin P1l, the resin P1 before solidification would fly
'iﬁto the clearance between the outer circumferential
surface 62a of the projected portion 62 and the inﬁer
circumferential surface 6la of the recessed portion 61,

_ sb that a‘flash 75 in the shape of prbjecting to the
ocoutside from the edge on the signal transfer surface 72
side of the center hole 74 isrneéessarily generated, as
shown in Fig. 25. The height‘ﬁl of the flash 75 varies

according to the molding conditions (the temperature of

6




Fig. 27 shows a conventional disk substrate taking- out robot 81 by which
t he di sk substrate 73 injection nolded by the nold appartdtduge2005s. taken
out of the nold apparatus 51 and transferred onto an aligning nachine -
(not shown). Nanely, where the disk substrate 73 is injection nolded by
the nol d apparatus 51 of the projected form gate cutting systemusing a
conventional fixed-side stanper described referring to Fig: 22, the
‘punching of the center hole 74 (gate cutting) is conducted by the
projected formgate cutter 57 which is projected in the direction of arrow
b fromthe novable die 53 side toward 7 14 June 2005 the fixed die 52, as
descri bedhefrasimdP2 drritgie mptq.n andetaskipe) toki Hie dihea 5% ecti on
mol ded di sk substrate 73 fromthe. nold apparatus 51, the novable die 53
i s openedgtsisred tenaigcdIAf eF b o 25D the tee] F FRERVIL A arrow a
in Fig. 22, and the sprue and gate renmining resin 73a and the disk

subst r at & 273hava ity iFissd X bRy hd Howpte dike 33idht HE- diaection of
arrow b in Fig. 22 by the ejector pin 58, the ejector 59 and the |ike,
when t he biiesk ssofestarlatteeriz3 cefndimheosppudargrdagafl@0r émi ning resin 73a are
spaced away from each other so that the disk substrate 73 is left on the
side of the di Fhet ddmkopubhstoata KA ehowg file Fdgde 26f ighene that

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 préjecting
outwards from the surface oppbsite to tﬁe signal transfer
éurface 72 of the center hole 74, and the height H1 of
the flash 75 is equivalent to that shoﬁn in Fig. 25.
| Fig. 27 shows.a conventibnal disk substrate taking-
out robot 81 by which the disk substrate 73 injection
molded by the mold apparatus 51 is.takenrout of the mold
apparatus»Sl and transferred onto an aligning machine
(nbt 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 réferring to Fig. 22, the punching of
the center hole 74 (gate cutting) is conducted by the
projected form gate cuttexr 57 which is projected ;n the

direction of arrow b from the movable ‘die 53 side toward



novabl e 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 d4Juhe200xed die
52, -as' shown in Fig. 27. The robot 81, first, in Fig. 22, chucks an outer
circunferential portion of the center hole 74 of the disk substrate 73,
which is stripped fromthe novable die 53 in the direction of arrow b by
the ejector 59, by sucking by a vacuumpad 82 fromthe side of the signal
transfer surface 72, and receives the disk substrate 73 in the manner of
separating the disk substrate 73 away fromthe novable die 53 in the
direction of arrow b. Sinultaneous|ly, the sprue and gate remai_ning resin
73a  ej et FiehediR rt ivh WS IR br Biet e Betot9 pi 4t 58 18 14 June
2005 is gripped by the robot 81, and the disk substrate 73 and the sprue
and gate t%eemarﬁ%goﬁ e B P Hr & hakeh Yt I SR dRA e the fixed die 52
and the novabl e die 53. Next, the disk substrate 73 is transferred to the
al i gni ng FHRHiITRE DY’ I HEFbHdte FRlGRPRETHMYHMIG dyhe MItag the® center
hole 74 of the disk substrate 73 onto a disk-receiving arm (not shown) of
the aligrihd srefnrd spafiahe e fofom heffdreit Sisur¥ade 18 9 descri bed

| ater) which is the surface opposite to the signal transfer surface 72.
After thdigieqdiqubfl fraops g & fEisf et edtd theh Sy Aty Fdchi ne, the

sprue and gate remnaining resin .
- remaining resin 73a and the disk substrate 73 are

-stfipped 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 é which is the side of the
movable die 53 wheréas the sprue and géte remaining resin
73a is left on the side of fhe 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, chﬁcks an outer
circumferential portion of the center hole 74 qf the disk
suhstrate 73, whiéh ié stripped-from thermovable die 53
in the direction of arrow b by the_ejecfor 59, by sucking
by a vacuum pad 52 from the side of the signal transfer
éurface 72, and receives the disk subétrate 73 in the
manner of separating the disk substrate 73 away from the

movable die 53 in tﬁe diréction of arrow b.
Simultaneously, thé sprue and gate-remaining resin‘73a

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

"8




-73a is. discharged fromthe robot 81 by spontaneous falling or by bl ow ng
air. The disk substrate 73 injection nolded as nentioned 14abwe@08nd shown
in Figs. 25 and 26 is then subjected to lamnation (coating) of a )
plurality of layers in the order of a.. recording |ayer, a reflective

| ayer and a protective |ayer 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 conpleted. In an optical disk drive device on which the
.optical disk 77 or the like is used, a |aser beamis incident fromthe
reference surface 76 opposite to the signal transfer surface 72, wherein
writing ahtl $ERRH PYofthn bt i Hh 42 cortiudt 2. sreebFafag’$ @249 14 June
2005 specification, the reference surface 76 which is a | aser beam

i nci dent 'Sif fERIBHAChER &F e EhtRo STRTHR e’ 31 2RRi GREen 22PpbstE9Bni ng
center pin of a spindle notor used for driving the disk is inserted into
the cent dretran #pe iigad e sitde Jtd tHhe e dsariace 76, and
centering is conducted by an edge 74b on the side of the reference

surface 76 oppo¥eké-t sheh8iskgRaPstratsf dB ¢ rac@stzraied ttRe énter hol e

- 74. Therefore, though the disk substrate 73 with the flash 75 generated on
the si de dfigHESMHraine bahdthe hTtadel 72ndst spWEReE RY- 25, can be

centered = ) ‘ -
' fitting the center hole 74 of the disk substrate 73 onto

a,disk—receiving afm (not shown}) of the aligning machine
from the side of a reference surface 76 {(described later)
which is the surfade opposite to the signal transfer
surface 72. After the disk substrate 73 is transferrgd 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 substraté 73 injection molded as mentioned
ébove 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
pfotective 1ayer on the signal transfer layer 72, to
which signals 71 have been transfe?red, whereby‘an
optical disk 77 such as a CD and a DVD is completed.

In an optical disk drive devicé on which the
optical disk 77 or the like is used, a laser beam is
incident from the reference sﬁrface—?G opposite to the
Signai transfer surface 72, Qherein writing.and_reading

of information are conducted. According to a




w t hout bad effects of the flash 75, the disk substrate 73 with the flash
75 generated on the side of the reference surface 76 as ¥htR 2085 Fi g. 26
cannot- be centered with high accuracy. In the optical disk drive device, a
servo nmechanism with high accuracy is used in order to wite and read
information by focusing and reflecting a | aser beamon the signals 71
constituted of fine roughness. However, the servo performance of the servo
mechanismhas a Ilimtation, and, particularly, it is inportant 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 cent EPeRdFEC?BiARs tBEeR SfEFFESE SN AEM oV HFl it ad@ ST the
recording ~density, to 100 (.tmin the case of CD and to 60ff-tn1in the 10
14 June Depd ipgidenf PWPL20R PEEGETer FETET R iS85S 9 the recording
density is realized mainly by a decrease in the wavelength of the |aser
beam andhahgbhhancRREAE iBRIRA CEBMEAN PR & PRI LAt ATCASiGh) of a
focusing lens (objective lens). In the case of the CD which is nost
popul ar, far| gsévipgt hha davkl dfgtR ser tego imhcartdea cord&Esiitd @ dfs with an
NA of 0.45 are used, and in the case of the DVD, a |laser with a wavel ength
of 630 nfremdthe side of the reference surface 76, and centering
is conducted by an edge 74b on the side of the reference
-surface 76‘oppdsite 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
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 performahce 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 Um in the
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a focusing lens with an NA of 0.6 are used. Attendant on the enhancenent
of NA of the focusing |l ens, the disk substrate 73 which t4sluae R68®r beam
transm 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 nm
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 canber 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
wavel ength of 400 nmand a focusing lens with an NA of 0.85. Were the

f ocusi ng 92 odn®Patced in NA is used, it is necessary to reduce the

t hi ckness of the disk substrate 73 to about 0.1 mm_ in general injection
nol di ng, howevePn thej etierf bggdy tHendPErHISEL 1M thende2erSing t r at hi n

di sk substrate 73 which satisfies the specifications of canber and

~ bi ref ri ngemed.tyl d svirgs 19z achdnaiiove bY este prebiens? e been  sol ved by
~lam nating a reflective layer, a dielectric |layer, a recording |ayer and a
di el ect r W@viedpagth @t Hibe Ieser RaRgbAnd ab RN idndl2 order, on the
signal transfer surface 72 of the disk substrate 73 to which the signals
71 const ilteghegcemenitne fr g asgHfic eaqn) of a focusing lens

{objective lens). In the case of the CD which is most
popuiar, a laser with a wavelength of 780 nm and a
focusing lens with an NA of 0.45 are used, and in the
éase of the DVD, a laser with a wavelength of 630 nm and
a focusigg lens with an NA of 0.6 are used. Attendant on
the énhanqemeﬁt 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 thickiness of 0.6 mm is used in the case
of.DVD, thereby contributing to coping with camber of the
opticél disk.
In recent years, in order to contrive a further
_ihcrease in recording density, it has been proposed to
use a.laéer with a wavelength of 400 ﬁm and a focusing
1ehs with an NA of 0.85. Where the focusing lens enhanced
in NA is used, iﬁ-is necessary to reduce the thickness of
.the disk substraﬁe 73-to about 0.1 mm; in general

injection molding, however, it is difficult to mold an

11




transferred in the conventional manner, and, finally, formng a |light
transm ssion layer of 0.1 nmin thickness. In this case, Holweel05t he
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 positioning center pin 79 of a disk table 78 in the spindl e notor
~used for driving the disk is inserted in the center hole 74 fromthe
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
gener at edubtr4 tiei mdifes K 4sulort tdiee 33 gwhichrantiefissrthee 72 side of the
center hole 74, so that it can be centered with high accuracy. On the
ot her haspkcihecalsknsubSteoanize7 amdvbhyebritaghcds generated at the edge
74a on the signal transfer surface 72 side of 12 14 June 2005 the center
hol e 74 as showiIni wilwgof2%heambotvebe tdersee merhb lwintsh Haivgh beeegur acy. | n
addition, since this systemhas a very snmall allowable value of the
eccentri cidywveaf the chislasivlsta atef1d3tivheldyesh ¥5gehertated on the -
signal transfer surface 72 side of the center hole 74 as shown in Fig. 25
is fatallayer, a recording layer and a dielectric layer, 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 conventional manner, and, finally,

forming a light transmission layer of 0.1 mm in thickness.

In thié 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 cah 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




_Al'though the flash 75 can be renoved by a nethod of cutting by a reamer or
the like, the generation of waste upon renoval of the f|14sing808hd 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 di sposed not on the side of the fixed die 52 but
on the side of the novable die 53 (this nethod is called "novabl e-side
stanper").' Although the generation of the flash 75 on the signal transfer
surface 72 can surely be obviated by this nethod, the novable- side.

st anper KA se@trex $OLGcdr &t FRoWhed SsHges 26f qanao thibes caRd a9 gr oove to
be transferred are liable to be asymretric. The reason is as follows.. In

t hi s et WddP &i9ht Recur@eYof nol ding, after conpletion of cooling, the
novabl e die 53 is opened whil e keeping the disk substrate 73 sucked onto

t he nmovabl e .di eIB32ddHeionndsineedriks18yshenyhas2808ergupBethte 73 is
taken out in the manner of stripping the stanper 55 and the disk substrate
73 by t haldpwabde 59lugn@faithe lkewendricdftvertt fhendishl eultisérsdej s opened,
the disk substrate 73 is rapidly cooled and shrinks. Since the stanper 55
shrinks F8ssthe Edmphrd8 dienrkgrafeddiosk theylsignate t¥3nsfgRedtrfacke pits and

t he groove are
_ - 72 side of the center hole 74 as shown in Fig. 25 is

fatal.

Although the flash 75 can be removed by a metﬁda of
cutting by a reamer of the l1ike, the generation of waste
upon removal of the flash 75 and the increase in the
number of working steps lead necessarily to deterioration
0of vield and an increase in cost.

In order to restraln the generation of the filiash 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 ”movabiefside stamper”) . Although the

-'geﬁeration of the ﬁlash 75 on the signalrtransfer surface
72 can surely be‘obviated by this method, the movable-
side stamper has such a structure.that the shapes of the
pité and the groove to be transferred are liable to be

asymmetric. The reason is as fellows. 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




def ormed. The accuracy required of the shape of the fine roughness

i ncreases as the recording density of the disk increased4Janl20@heref ore,
it isdifficult to nold.the disk substrate 73 even by the novabl e-side
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 novable-side
st anper under a material and nolding conditions substantially free of
shrinkage, the generation of the flash 75 on the side of the surface 76
.opposite to the signal transfer surface 72 cannot be avoided. Though the
flash 75 does not have bad effects on the disk eccentrjcity at the time of
chucki ng,s ra tenilghtl hd-afeiercitted 1t iR JHRIRSY (i (FF PRI fik&h 75 at
the time of production, and the flash mght adhere to the disk substrate
73 to t hertemperadde e il sl ispatigrte T dda eiesteductd on in viel d.
The present invention has been nade to. solve the _above-nentioned

probl ems ange @drdi nBPyever . i afsarobpecmogprblendipr édehf PREBRL o €0 provi de
a disk substrate free of 14 14 June 2005 flash at the edge of a center

hol e, a Wdlsk ayparaats Sptismuprichy Matkddorivblsdifigikshe dP-8Kesubstrate,
and a disk ejection apparatus optinmumfor taking out the disk substrate
from t he thsl &tapperatds shiigksodwss @S |9f@Eiegn with the disk

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 thg
disk substrate 73 even by the movable-side stamper.
Even if a disk substrate to which fine'roughﬁess
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
_generatiqn of the flash 75 on the side of fhe surface 56
opposiﬁe to the signal transfef surface 72 cannot be
avoided. Though the fiash 75 does not have bad effects on
‘the disk eccentricity at the time of chucking, waste
might be generated tﬁrough 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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According to a first aspect of the invention, there is provided a nold
apparatus for injection nolding a disk substrate conpri ddRgn@2@@fvity into
‘which a nolten resin is injected through a sprue and a recessed form gate,
and a signal transfer stanper disposed on a fixed die side of the cavity,
wherein the nold apparatus includes a recessed formgate form ng projected
portion provided at the tip of the sprue, a recessed formgate formng

recessed POLLLOMYT OULUGHIQPPOE! 12! LehPetNeh o) eal 6ol @OLbbaRaRhst he i P
of a recessed formgate cutter IS

pose the side of a ihovable die, and

2 center Bt frufoledling AL Rrovd ey @Bet RE SQULSTL G FaunT exencg of the

sprue. mol ding portion Includes a first R

surface naggkngpeert&bﬁnagfg didStof SﬁH?ﬁaESrm%' diing RArtign fexmol ding

the firs surface or t |rst ot ce at the edge on the signa

transfer §HE @fgtélgfmn$% éhﬁoﬁfﬂ% &%Cﬁ the di sk substrate injection

nol ded in e cavity e center ‘ding portion further includes a
st rai ght nDIdlng portion for nDIdlng a straight portion wth a hole
di aneter equal in direction with the axial direction, on the side opposite

to the S|§g§gl$§§¥gﬁé¥ Iﬁggﬁggg%_5|de of the center hoIe of the disk

substrate

According to a first aspect of the invention, there
is provided 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 a fixed die side of
the cafity, wherein the 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.
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injection nolded in the cavity, and a taper nolding portion, provided in
connection with the straight nmolding 16 14 June 2005 pddatduoa200Dr nol ding
a tapered portion with a hole diameter gradually enlarged toward the signal
transfer surface side, between the straight portion of the center hole
and the signal transfer surface of the disk substrate injection nolded in
the cavity. The advance anount of the recessed formgate cutter 1is not

lless than the thieknessf Hdle m%%g;d rgn&mcg@tﬁmlmg S Npi-HPre than the
recessed formgate thickness plus The position of cutting the

recessed f@iFRQat fobYinkhepdacassed f opm gak e cui t el rira c8etn@idfingosi tion
equal to the hole dianeter of the straight portion of the center hole.

The rece%%%Q1&Hr&&@tﬁoﬁaiﬁ§rﬂH@ﬂfE¥§t At dhedded opf tAB qutwi c
circunferential portion of the recessed portion, a second R surface

ol di ng RRIARR AUt arBeCRAdeCorsWHACSi FREUI RG PRI s @l 8idg a second
R surface or a second C surface at the edge on the side opposite to the

si gnal tiansy sHdacaSide;oftHdestant snpdel e ThePosidh oo Phegut ting
the recessed formgate by the recessed formgate cutter is set at a first

positionipequal choithe hole dianeter of the straight portion of the

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 é - taper molding

portion, provided in connection with the straight molding
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center hole and at a second position |located on the inside of the first-
position and smaller in dianeter than. the first positi o Jub@2085June 2005
According to a second aspect of the invention, there is provided a disk-
substrate taking-out apparatusconprising: a nold apparatus including a
cavity forned between a fixed die and a novable die, a signal transfer
stanper disposed on the fixed die side of the cavity, and a recessed form
gate cutter disposed 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 disk substrate, and gate cutting is conducted fromthe
novabl e diertsicdde Bed e rdcessedtdpened gadet cep terth amdchal € obot f or
detaching fromthe novable die the disk substrate stripped fromthe fixed
di e togetizaretgint tyrage:atohsa by rel aii e dytoherdpelm ngi ofal heramofebl e die after
i njection nolding, the robot including a neans for discharging a sprue and
~gate renmiuwrifieg e eside.t de tWremviab| et i Egist deorelat ivke tloe tdmn sk
substrate at the time of holding the disk substrate. The di schargi ng neans
i s provi ded ematd a:healsrlqretl toprd e r 181 4%k Junef 2005 disk
substrate injection molded in the cav1ty
" 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 gaterthickness
pius 0.5 mm.
The position of cutting the recessed form gate by
the recessed form gate cuttef is set at a pbsition eqgual
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 secend 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
centér 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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The injection nol ding apparatus according to enbodi nents of the present
invention, constituted as described above, is the nold dgpnat2085f or

nol ding a disk substrate, including the cavity into which a nolten resin
is injected through the sprue and the recessed formgate, and the signal
transfer stanper disposed on the fixed die side of the cavity, and having
~a recessed formgate cutting structure including the recessed formgate

form ng prolectﬁ%éégﬁ: %thQp 2005 - RO4 t i QR Juoviged, @t tfﬁ%ééf%? of the

sprue, the recesse gate formng recessed portion provi oppositely

to the pajected portion, fh.gfhe fip gﬁﬁkhe %&&%&%%Q for %Fgﬁﬁz&%gter

di sposed on the novable die side, and t center hole no ortion

provi ded gl heQUERGr 1 REUTTLTRIPE Abokhe (ol UcTllienR] O cofiche i me

i nj EC ron ITD ate, the center

Si t angoyslay 'ﬁu%é@nantﬁ idath bf; Lhencerl eholbabge MRIL) NG RAIGIaQN. Thus,

even when gate cutting is cted by advancing the recessed formgate

cutter wihfingdeeCesafdef ORILLHRCL" Ol BRoMMable dig Side bF ke POSSible

.to produce a center e with both edges free of flash. In addition, the

Sgpt ?gnhgﬁ%tlrfgrl,d'ﬂgi POr tieQR gis3q PESME dgdr i 1 tiche: faistofrSubhagg gl ding
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 Jjet

nozzle.
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first C surface nolding portion for nolding the first R surface or the
first C surface at the edge on the signal transfer surfddeuse@80nf the
center hole. Therefore, at the tine of injection nolding the disk
substrate, the edge on the signal transfer surface side of the center
hol e can be sinmultaneously injection nolded to be an R surface or a C
surface. Besides, the center hole nolding portion is provided wth the
strai ght nol di ngppor tirGR HQlon ! #b1gi nd Ne a3adl@ls PosééORdMd h @&chol e
di aneter equal in 20 14 June 2005 direction with the axial direction on

the side-.QAPRASKERtst Ookhe takgnlrelbanst enhvauifiase ofdnRei¢emtar hele, and
the center hole nolding portion isprovided wwth the taper nolding portion

for nol dyjpgctiBefapsbed, Pkt itde Wi APt ardt enogaadyakl yien ar ged
fromthe straight portion of the center hole toward the signal transfer

surface sig8trdherefigreudahgt Reet id® i@y i eCtiRNcHDhdinBd tehh@e@isk
substrate, the center hole Can be sinultaneously injection nolded with the

strai ght j porhijaetand thhi®udhaReledspald i &d tReagddicbkeBd Fbemadwarce anount
of the recessed formgate cutter can be set to be equal to or nore than

the thi ckpasshef stih_;@ayleea%sﬁ,@efrorsmeg%teec anb el b9 Bhe lessdt kae the
recessed-formgate thickness plus 0.5 mm
side of the cavity, and having a recessed form gate

cutting structure including the recessed form gate forming

projected
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Therefore, the gate cutting can be securély performed. Besides, the
position of cutting the recessed form gate by the recessiddune2@0gat e
cutter is set at a position equal to the hole dianeter of the straight-
portion of the center hole of the disk substrate. Therefore, at the tine
of cutting the recessed formgate, flash or the Iike is not generated in
the straight portion of the center hole of the disk substrate. In
addition, the recessed formgate cutter is provided with the second R
surface nolding portion or the second C surface nolding portion for
nol ding the second R 21 14 June 2005 surface or the second C surface at’
t he edge pairttike poppdsidde 31 dheoftithe Signal stmnensfedre stedecs=df t he
center hole, at the tip of the outer circunferential portion of the
r ecessed floatimggatee foatniingg reewessell pqrorido mrokhietef arpmodineelgeaond R
surface or the second C surface can be nolded at the edge on the opposite
si de of tihhke psiogralt eidr prsftdlors wif ate aofid ket aad afedwdlsedffddre  di sk
substrate. Besides, the position of cutting the recessed form gate by the
r ecessed glaafemcgatte xC dils@iosiesl @it tale tlverakirestdigpasidd,ommeiquale to t he hol e
di aneter of the straight portion of the center hole of the disk substrate
and at ickatsechndepasilidioy pocatiet @rovHeldsitdehef ouherfirst .
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 with
a recessed form tip from the movable die side, it is
possible to produce a center hole with both edges free of
flash.
In addition, the center hole molding portion is
provided with the first R surface molding portion or the
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 ceﬁter hole. Therefore, at
" ‘the time of injection molding the disk substrate, the
edge on the signal_tiansfer surface side o0f the center
‘hole can be simultaneocusly 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
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position and smaller in dianeter than the first position. Therefore, the
out ernost di aneter of the sprue and gate remaining resirdcune@90% he
recessed formgate cutter can be made smaller than the inside dianeter  of -
the sprue.  In addition, the disk substrate taking-out apparatus according
to enbodi nents of the present invention, constituted as described above,
is so constructed that gate cutting is conducted by the recessed form
gate cutter fromthe novable die side, and the robot for taking out from
" the nmovabl e die the disk substrate stripped fromthe fixed die together
with the novable die by the opening of the novable die after injection
mol di ng ids} yercoviicde v iiilt Hhehe @1y dire 005 omeldhs Fiste dIRRIREES ng t he
sprue and gate remaining resin to the novable die side relative to the
di sk subdior dthe sipmarleftoreas far jsuposss e the praoviake okl sleslibstrat e
t aki ng-out apparatus optimum for application to the nold apparatus of the
r ecessed ther megdtes duptitel m@lsimtumetlcseﬂaje?srowm twiethretdrs f or
di scharging the sprue and gate remaining resin is provided with the air
jet noztlagernt heldilsghmogd ioh tier Hwhddnghd hyatte e mangiamesin to the
movabl e di e side can be perforned securely and instantaneously. Brief
Descr|ptMG¢hoﬁ bod\wi @g@meter gradually enlarged from the straight
portién 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 caﬁ be set to be equal to of more than
the thickness of the recessed form gate and équal 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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Fig. 1 is a sectional viewillustrating a center hole portion of a disk
substrate in an enbodi nent of the present invention. Fi g4J2ne20@h enl arged
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 nold apparatus according to First Enbodi nent of the
present invention. Fig. 4 is a sectional viewillustrating the cutting of

a recesse Fi Fig. i secti | -ew t entire
?gi?é@é ga§e @heFl BecdnaFlcd _s%ﬂf%}g:% g€ ﬁ}é@ag\ggr%at gfsl %

part of e recessed formgate portion of the no 23 1.4 June

2005 accgpdbagrd 0 FHidst JETDRHEMENL 501 t he PIABIAN SLRYeRki 0B Rige 6 is a

sectional view illustrating the entire part of the nold apparatus of a

fixed-si decstappefoiand agecassed iior gr 9alR. CuhitbRd SysLemersording to
First Enbodi nent of the present invention. Fig. 7 1s a sectional viewin

Lhe condi pippsghergea Dl { BEERA | foir] agied IAmnidle MBlckagpar atus of
Fig. 6. Fig. 8 is a sectional viewillustrating the cutting of the

recessed %&H&&@I e Bletdi€oi®) depPX AN Of sl fhcd or Rige Sdénd Sectional
view at the tine when the

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 form
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 secdnd 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 embodiments of the present
invention, constituted as described above, is s0
constructed that Vgate 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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mol d apparatus of Fig. 8 is opened. Fig. 10 is a sectional view at the time
when a disk substrate is stripped froma novable die of thene@bds
apparatus of Fig. 9. Fig. 11 is a sectional view showi ng the.condition -
where the di sk substrate of Fig. 10 is chucked by a robot of a disk

- ejection apparatus Fig. 12 is a sectional viewillustrating an operation
~of discharging a sprue and gate remaining resin by the robot of Fig. 11.
Fig. 13 shows the results of conparison of eccentricity anmounts of a disk
substrate according to the present invention, a novable-side stanper
substrate, a fixed-side stanper substrate, and a disk substrate 24 14 June
2005 rempeed Wpra dicwthmrgiFiq.thel spree sued i oo Xereininastesin ng a naj or
part of a nold apparatus according to Second Enbodi nent of the present

i nventi oto Rihg mbSabs ea Siectd iohmlradiadvivd | st idigsk heubsttatieng of a

recessed formgate of Fig. 14. Fig. 16 is a sectional viewillustrating a
maj or = p&hereffoaenvlid dpparetaid iz dor dinyy ide FhidislEnbdd tmatte of  t he
present invention. Fig. 17 is a sectional viewillustrating the

~taking-cut apparatus optimum for application to the mold
apparatus of the recessed form gate cutting structure.
Besides, when the means for discharging the sprue
and gate remaining resin ié provided with the air jet
nozzle, the discharge of the sprue and gate reméining
resin to the movable die side can be performed securely

and instantaneously.

Brief Description of Drawings'

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

| Fig. 2 is an enlafged sectional‘view of the center
hdle of Fig. 1.

| Fig. B-is an enlargedrsectional view of portion A
of Fig. § which is a part of a recessed form gate portion
of a mold apparatus according to'Fi;st 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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cutting of a recessed formgate of Fig. 16. Fig. 18 is a sectional view
illustrating a major part of a nold apparatus accordi ng ¥auRe 2005 '
Enbodi mrent of the present invention. Fig. 19 is a sectional view :
illustrating the cutting of a recessed formgate of Fig. 18. Fig. 20 is
sectional view illustrating a mgjor part of a nold apparatus according to
Fifth Enbodi nent of the present invention. Fig. 21 is a sectional view
illustrating the cutting of a recessed formgate of Fig. 20. Fig. 22 is a
sectional viewillustrating a nold apparatus of a fixed-side stanper type
according to the prior art. Fig. 23 is an enlarged sectional view of a
recessed a@®rdipyy June 2005 Enflordnrgatte of tie podsempparetnsiof. Fig. 22.
Fig. 24 is a sectional view showing the manner of cutting of the recessed
gate of Fig. 23FiBi.g6 25 ikssacséonrdnaliew éWlgfstaatcénuertheoleatiperti on of a
di sk substrate injection nolded by a nold apparatus of a fixed-side
st anper tpgre adcadri mp id agdmrggrisorofard Hoxgpd 26.des stagesty el vi ew of a
center hole portion of a disk substrate injection nolded by a nold
' recessed form gate cutting system 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 wview illustrating the cutting
of the recessed form gate of the mold appaiatus 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 dischargiﬁg a sprue and gate remaining resin
by the robot of Fig. 11.
Fig. 13 shows the results of comparison of
eccentricityramounts 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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apparatus of a novabl e-side stanper type according to the prior art. Fig-
27 is a sectional viewillustrating a disk substrate takKidrRgned00F obot
according to the prior art- Best Mdde for Carrying Qut the Invention Now, a
di sk substrate, a nold apparatus for injection nolding the same, and a
di sk substrate taking- out robot according to the present invention wll be
descri bed below referring to Figs- 1 to 21, in the follow ng order. (1)
Description of the disk substrate (Figs. 1 and 2) (2) Description of ‘First
Enbodi ment of the nold apparatus for injection nolding the disk substrate
(Figs. 3 to 10) 26 14 June 2005 (3) Description of the disk substrate
t aki ng- owtemcaggakat us feRings:. 11 and 11) (4) Description of measurenent
results of eccentricity amount of the disk substrate (Fig. 13) (5)
Descri pti on of Bégond4Embodi sentiohatthgimwl dllappaedtiing fRomagprecti on
nol di ng the disk substrate (Figs. 14 and 15) (6) Description of Third
Enbodi nemtaraf ctfhe molld axpparedtuss darordimrticors el pdddkiningk substrat e
- (Fi gs.
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 sectibnal 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
l of the present invention.
Fig. 19 is a sectional wview illustrating the
cutting of a recessed form gate of Fig. 18.
Fig. 20 ig 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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16 and 17) (7) Description of Fourth Enbodi nent of the nold apparatus for
injection nolding the disk substrate (Figs. 18 and 19) (1&)Jubef00% pti.on of
‘Fi fth Enbodi ment of the nold apparatus for injection nolding the disk. -
substrate (Figs. 20 and 21) (1) Description of the Di sk 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 will be described. The
di sk substrate 23 conprising the signal transfer surface 22 to which
signals 21 such as pits and a groove representing audio, video or other
various kiows gpite .ohfdieatobdh spgasdsuandf aFservd2si gnal and the |ike have
27 14 June 2005 been transferred in the formof fine roughness such as
pits and a groowddi.n 2tdhd ssanes eraninera lassiiav tdhewimortler mangse descr i bed
later is provided with a center hole 24 which is injection nolded

si mul t anenust yngv dh e recgectéd orav®l di NBiof 2he di sk substrate 23, as
described later. A straight portion 24a with a hole dianeter 01 paral | el
to the -axi al di rdet.i @5 iis foorgwed iomattherisiwd@fofa 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.

Beét Mode for Carrying Out the Invention
Now, a disk substraté, a mold apparatus for -
injection molding the same, and a disk substrate taking-
'oﬁt robot according to the present inventibn'will be
described beloﬁ reﬁerring to Figs. 1 to 21, in the
- . following order. |
(1) Description of the disk substrate (Figs. 1 and
2)
{2} Deséription'of First Embodiment of the mold
apparatus for injection molding the disk substrate (Figs.

3 to 10)
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a surface 25 opposite to the signal transfer surface 22 of the. center
hol e 24 injection nolded, a tapered portion 24b with a HdlJandi2e0®t er 952
gradually enl arged toward the signal transfer surface 22 is fornmed 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 forned to be a first R surface (or first C surface)
24c_ A second R surface (or second C surface) 24d nmay be fornmed 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
havi ng a di anet dB)of Dé2ceciption eXanbpkedishe shbkéradreatekéngodudf the
straight portion 24a is set to be 15.05 mm In addition, the maxi num hole
di anmet er dibaofatuhe(Rigper edl pord i) 24b is set to be 15.09 mm and the
di fference between the m ninum hol e dianeter and the 28 14 June 2005
maxi num hol e di dagt epeséripeidapefedepsntrenanl4besalsetoft o be about 0.02
nm The depth D of the straight portion 24a is set to be 0.3 nm Since the
cent er haoredd dix-iithy} egddwort nof ddde ahikk thebdtrste RByfacy (or first C
surface) 24c is injection nolded at the edge on the signal transfer
surface 22 side(50f bpheeccentbon hof es@dondakubaliiyent hef edge mld he si gnal
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) Deécription 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, xeferring to Figs. 1 and 2, a disk substrate
'23 into which a poSitioning pin of a motor is inserted
from the side of a sighal'transfer surface and which is
applied to an optical disk such as DVR will be described.
The disk substrate 23 comprising the signal transfer
Sufface 22 to which signals 21 such '‘as pits and a groove

representing audio, video or other various kinds of

-information signals and a servo signal and the 1like have
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transfer surface 22 side of the center hole 24 is free of any flash. As

wi Il be described |ater, when the second R surface (or dY4dang2@®5urface)
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 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
notor 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 diesdq substgfdreradB dirs dierfsdym chifickite dderteieyr<e,sudthea<enter hol e
24 is centered with high accuracy owwng to the first R surface (or first C
surface) p24s faree Dfgrddweshin antk tdeneatandiér cid yimniimntpoford hartdi sk

substrate 23 can be suppressed to be extrenely small. 29 14 June 2005 As
i ndi cat e sh\dedatridash ladwas iisn digrided twietp ot teait e Hdle Signal s 21 of the
di sk substrate 23 will later be coated with a light transm ssion |ayer 2la

of abouwhl.ch Am iimjteRitdlore sl ded) Daacrigidansiof WwHdtsted=nbodi nent of the
Mol d Apparatus for Injection Mdlding the D sk Substrate
injection molding of the disk,substrate 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 tfansfer surface 22
of £he‘center'hole 24 injectibn molded, a tapered portion

'_24b with a hoie diameter ¢ 2 gradually enlafged 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) 24d may be formed at_an edge on ﬁhe
éiae 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 1is set to be 15.09 mm, and the

difference between the minimum hole diameter and the
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Next, referring to Figs. 3 to 10, First Enbodinent of the nold apparatus 1
opti mum for injection nolding the above-described di sk ddkisihe 2085 23 wi | |
‘be described.. The nold apparatus 1 is a nold apparatus 1 of a recessed
form gate cutting systemusing a fixed-side stanper, in which a cavity 4
as a circular disk formspace 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 nechanical clanp.
A cylindrical sprue 6 is horizontally disposed in the fixed die 1 at a
central pRefimuan Hf1d 8 GaMidY % B ehrtdPdredlod exassad faym gate
cutter (called also "punch") 7, a small-dianeter ejector pin 8 and a
cylindried vej a®lodit 9 .ane mhor pEentiablty @i sposad akrp9ghlki pRFL9BROSIite to
the sprue 6. The ejector pin 8 is disposed at the center of the recessed
f orm gat e 4gUtilelsef, taNBet e €jxRctor 9 is di sposed at the outer
circunference of the recessed form 30 14 June 2005 gate cutter 7. A sprue

hole 10 is forngdnat the center Abithes $BrYgjBctQoWhinehaan hphection
cylinder (not shown) is connected, and a recessed formgate formng

' projeCte@hepQEEEQanéuE$aE%rW%Q‘@HI%Q@CiEBIQEC@heziQrH% GnijRction

molded at the edge on the signal transfer surface 22 side
of the center hole-24, n;turally, the edge on the signal
transfer surface 22 side of the center hole 24 is free-éf
any flash.

As will.be described later, when the second R

surface (or sécond C surface) 244 is injection molded at
the edge on the side of the surfaée 25 opposite to the
signal transfer surface 22 of the center hole 24, the
edge on the side opposite to the signai 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
téble 26 of a gpindlie motdr 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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recessed formgate formng recessed portion 12 is forned at the tip of the
recessed formgate cutter 7, a recessed formgate 14 is Tolmed0Bet ween the
recessed formgate formng projected portion 11 and the recessed formgate
form ng recessed portion 12, and the recessed formgate 14 is forned in a
recessed formrelative to the signal transfer surface 13 which is a
surfiace 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 P1 of the recessed formgate cutter 7 is 0.4
mm  The bite-i Asanoditcattede dyaodmmiast) IHhed itheitd p 17a tife "an out er
circunferential portion of the recessed form gate 7 relative to the sprue
6 at the namplaf clutthaegidmals etessediordi gat subslescté ezl wixer, is set
to be about 0.1 mm A center hole nolding portion 15 for injection o
mol di ng tireteseitercdrdiasl 24i W & hel ghitskorsubsti st o3 shosvpid rofi gs. 1 and 2
is provided at the outer circunference 31 14 June 2005 of the recessed

f or m gat @dfornihg pmojiectddi gdordsson 11 of the nold apparatus 1. Nanely, as
shown in Figs. 3 to 5, a straight nolding portion 16 for nolding the :

~center hol e 24a{24 Description of First Embodiment of the Mold

Apparatus for Injection Molding the Disk Substrate
Next, referring to Figs. 3 to 10, First Embodimenp'
of the mold apparatus 1 optimum for injedtion 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 éystem using a fixed-side stamﬁer, 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 wvertically disposed on the
fixed die 2 side of the cavity 4, and the innermost
circumference of Ehe stamper 5 is fixed to a fixed mirror
surface by a mechanical clamp. A cylindrical‘éﬁrue 6 is
.horizontaliy 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 cyiindrical ejectof 9 are
horizontally disposed at positions opposite to the sprue
6. The ejector pin 8 is disposed at the center of the
:ecessed form gate cutter 7, and the ejector 9 is

~disposed at the outer circumference of the recessed form

30




taper nolding portion 17 for nolding the tapered portion 24b, and a first
R surface (or first C surface) nolding portion 18 for ndlddiung200® first R
surface (or first C surface) 24c are provided 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 mmi's
auxiliarily assenbled at the outer circunference of the tip of the sprue
6 of the fixed die 2. The auxiliary ejector pin 19 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 shown in
Figs. 3 tgutle duttdhe; condition where the fixed die 2 and the novable die 3
are heated, a plasticized nolten resin Pl constituted of polycarbonate or

other syntheticaregiilel fioildj 80t 8¢ friaMed N itNLEIn@RCYE REQ into the
sprue hole 10 in the direction of arrow a, and is charged under pressure

into thehau ty b WHiQUORL e FaoessSPd fPIdadat gndd sidwd)hiss case, during
or after the charging of the nolten resin Pl1,  the novable die 3 is pressed

at a hi g RSSWE thd Re 32 b HING400m £ 81 M8rind Nerdjeadbdie 2 by a
pressure cylinder disposed on the back side of the novable die 3. The
mol ten redtsdnl 160N 693k Ala ? dHON 1Y GSE W Idhhie cavily 4 1S
recessed form gate forming recessed portion 12 is formed
at the tip of the recessed form gate cutter 7, a recessed
fofm gate 14 is formed between the recessed form gate
forming projected portion 11 and the.recessed form gate
forming recessed pbrtion 12, and the recessed form gaté
14 is formed in a recessed form relative td the signal
ﬂtrénsfer 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 ﬁm, and the projection
émount Pi of the recesséd form gate cutter 7 is 0.4 mm.
'The‘bite-in amount {overlap amount) P2 of the tip 7a of
~ an outér circumferential portion of the recessed form
"gate 7 relative to the sprﬁe 6 at the time of cutting the
recessed form gate, described later, is set to be about
0.1 mm.
A center hole melding portion 15 fof injection
molding the center hole 24 of the disk substrate 23 shown

in Figs. 1 and 2 is provided at the outer circumference
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pressed agai nst a fine roughness surface of the stanper 5, to thereby
injection nold the disk substrate 23 wherein the signal slfJuedilas
information signals and a tracking servo signal have been transferred to
the signal transfer surface 22 in the formof pits, a groove and the |iKke,
as shown in Figs. 1 and 2. Besides, at the tine of injection nolding the
di sk substrate 23, the straight portion 24a, the tapered portion 24a and
the first Rsurface (or first C surface) 24c of the center hole 24 are

si mul t aneously nol ded by the straight nolding portion 16, the taper

mol di ng portion 17 and the first R surface (or first Csurface) nolding
portion 18fi théheecented bHole gatdi fgrponyi ppoidbectadl pberduher1l of
circunference of the recessed formgate formng projected portion 11.
Next; as shewiold dpmgsraduand. 8, the recessed form gate cutter 7 is
advanced (projected) in the direction of b by the projection amunt P1 of
0.4 mm shown i nNaimg:1y3, aswhdreahy igatrei gt t3 ng by, & I gmiighger f or ned

between the inner circunferential surface 7b of the tip of the outer
ci rcunf ermsitdialg postt ioon 786 of ot heo I @CrSSerle f O @atienild 204, the recessed
formgate cutter 7 and the straight 33 14 June 2005 nolding portion 16
whi ch i s tdeenuicrdioig quderanti Bl fosundbeen®f tid e secasseshf ©idn gat e
form ng projected
+24b, and a first R surface {(or first C surface) molding
portion la‘fof molding the first R surface (or first C
surﬁace)724c 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 projecfion amount of about 0.2 mm ié auxiliarily
assembled at the outer circumference of the tip of the
sprué 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
pocharbonate or other synthetic resin is injected from
the injection cylinder into the sprue holé 10 in the
direction of arrow a, and is charged under pressure into
the caviﬁy 4 through the recessed form gate 14. In this

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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porti on 11 of the sprue 6. Then, after the fixed die 2 and the novable die
3 are cooled for about 10 sec, the pressure of the inj edtdupa 2005 i nder i s
| owered; then, as shown in Fig. 9, air is blown froman outer
circunferential portion of the sprue 6 of the fixed die 2 in the dlrectlon
~of arrow a, 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 arrowa. By this, the injection-nolded disk substrate
23 in the condition of being sucked onto the novable die 3 is pulled away
fromthe stanper 5 of the fixed die 2 in the direction of arrow a, and a
sprue andsiget @fr e Mingd esian 23y whipolesshase edn mdmidismpdad t he sprue
hole 10 and the recessed formgate 14 is also pulled away fromthe sprue 6
in the dir edie ®ackf saryeow fa.tHEnerafttler dias 3shoWhei moficgn #@sint he ej ector
9 of the novable die 3 is advanced in the direction of arrow b, whereby
t he inj e@l eomprlcdedddiazk a kst watesshir® iin st pRred tfhy @mias novabl e mirror
surface of .the novable die 3 in the direction of arrow b. _
Si nul tan@mmlsyed tahe ispriuen afith € at @udlemes i Hgr fF£Se No23ahkesS stahperssr,i pped in
the direction of arrow b by the ejector pin 8. 34 14 June 2005 Finally,
as shown tion thiegebdl intjlke tdicsk moaldstrhat @i2% substrate 23 wherein

‘the signals 2 such as information signals and a tracking

servo signal have been transferred to the signal transfer

surface 22 ih the form of pité, a groove and the 1like, 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

formiqg projected portion "11l.

Next, as shown in Figs. 4 and 8, the recessed form

-gate'cutter 7 is advanded {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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and the sprue and gate remaining resin 23a are chucked by a robot 32 of a
di sk substrate taking-out apparatus 31, and are taken oul JshetZ885novabl e
die 3, and the disk substrate 23 is transferred onto an aligning machi ne
(not 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 in the 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
remai ni-ngodéding 2B tiion [Fréojwiidtcdrd ifsr drnet el tpemtair i fer@htgfalt he di sk
substrate 23 to the side of the surface 25 opposite to the signal
t ransf er sginfhaee 022 thEherckesed dorimdiadat dobtnidptomgstrtddades in Fig. 11,
a suction pad 33 of therobot 32 is suction attracted onto the signal
t ransf er peurtfiace122ogi ddeofspameotit.er circunferential portion of the center
hol e 24 of the disk substrate 23, thereby chucking the disk substrate 23,
then the di sk stibstrat£t@8 thgeiiredwiih fhendptbe mndaBbeldiguBe 2005
are cooled for about 10 sec, the pressure of the
'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 épened in the direction of arrow a. By this,
the injection-molded disk substrate 23 in the condition
of being sucked onte 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 mirrdr surface of
.the movable die 3 in the direction of arrow b.

Simultaneously, the sprue and gate remalning resin 23a is

" also stripped in the direction of arrow b by the ejector
pin 8.
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gate remaining resin 23a i's pulled away fromthe novable die 3, and
thereafter, in the same nanner as in the prior art, the Hikine0BStrate 23
is transferred fromthe novable die 3 in the direction of arrow a, when-the
sprue and gate remaining resin 23a would interfere with the 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
~ taki ng-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 tHRénadprueagnéhgane imedaioni g .r dédien A& sad taiate 23j et ted
fromthe air jet nozzle 34 in the direction of arrow a, whereby the sprue
and gat e anghdibe sgp1ues iam D T tesary dien Lekreg | ¥ i s chdg gk i shudieedilnect i on of
arrow a to the side of the opposite surface 25 through the center hole 24
of the @ slebatbsSt?r atfe a23i skherdfdrm tactordingpuo anmdigle siibstrat e
t aki ng- out apparatus 31, the sprue and gate remaining resin 23a is
proj ect e@ndp afrige teikga ofutt lod dppogsiavaishe fdice 5 aofd tthwe disdk substrate 23
when the novable die 3 is opened. Thus, notw thstanding the position of
t he sprusudsdrgdtee 23r dmnitmiang freagiad 284 g elrata Manting e diigle sdwstrate 23
is 36 '

shown]) .

(3} Description of the Disk Substrate Taking-oOut
Apparafus

.Next, the disk substrate taking-out apparatus 31
will be described referring to Figs. 11 énd 11. For the
ejection appafatus 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
deséribed‘above and the movable die 3 is opened as shown
in Fig. 10, the sprue and gate remaining resin 23a is
'ﬁrojected from the center hole 24 of the disk substrate
237t0 thé 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 cénter hole 24.of the disk
éﬂbstrate_23, thereby chucking the disk substrate 23,

_then the disk substrate 23 tcogether with the sprue and
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14 June 2005 reverse to that in the case of the prior art shown in Fig.
27, the sprue and gate 'remaining resin 23a can easily be 14diupe2809ed in the
direction of arrow a wi thout generating any trouble and before the start
of transfer of the disk substrate 23 onto the aligning nmachine (not shown)
by the .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
smoothly transferred onto the aligning machine (not shown) by the robot
32, to baadld grredinimat e ssame Imnnerprulked mydie romprthyg tmoyabledescri ption
of Measurenent Results of Eccentricity Anount of the Disk Substrate Next,
- ref erri ngliteo 3t hendalihe reladire.n M ¢-hel Fanchananrmess e nghttree Ui of
eccentricity anount of the disk substrate 23 will be described. Exanple 1
shows t hert.ediiet sligk tsaw shgader ebentss tofarsfeamad dinagm grhsunt of a  di sk
substrate 23 injection nolded by the nold apparatus 1 according to the
present imevadtlieodieCinpar &ieva iBeartplan Jd4f sy tthe whesultthe @fprtuen
measurements of eccentricity amount of a novable-side stanper substrate
whi ch i saad geneemerenalingi giessmbsidaatweuadl jimiteutficore noltded sy a
- conventional nold apparatus in which a stanper is

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 apﬁaratus 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

éasily 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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~37 14 June 2005 disposed on the novable die side. Conparative Exanple 2
shows the results of ten neasurenents of eccentricity an@uhine@l0a

fi xed-si de stanper substrate which is a conventional disk substrate 73"
shown in Fig. 25, injection nolded by the conventional nold apparatus 51
in which 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 anmount of the fixed-side
stanper substrate of Conparative Exanple 2 fromwhich the flash 75 has
been renpbved by a reamer. The neasurenent of eccentricity amount was
conduct edeReEEetthodhan Wi Ehet Fasgi o dlisstardiar jart ciedithyF &g -
positioning center pin of a spindle notor, the disk substrate is driven to
rotate at2% fibedmpeedndugadee apphyinhna Foelri AR seavoeadiinelepindl e
notor, and the eccentricity ‘amount is cal culated fromthe nunber of
grooves idisphageeshtiti cclpprdinecoion hef spiyew gyrebvkeourAsgemerdtebrd from t he
conparative data shown in the table in Fig. 13, the eccentricity anount of
t he di sk amubstoudtle 2 hdefaingthe sharpresemraiafentébnthmsddkto 30
Jim which is the smallest. The eccentricity anmount of the novabl e-side

st anper subsitratte SPFowmtin Wohpelignisg Banplie neklssixgnlo B0 then

equi val ent to that according
.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
ﬁobot 32. Therefore, éfter the sprue and gate remaining
resin 23a is discharged, the disk substrate 23 can be
émoothly 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
Eécentricity Amount of the Disk Substrate

Next, referxring to the table shown in Fig. 13, the
measurement results of eccentricity amoﬁnt of tﬁe disk_
gﬁbstrate 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 ac¢ording to the present invention. Comparative Example
-1 shows the fesults of ten measurements of eccentricity'
amount of a movable-side stamper substrate which is a
conventicnal disk substrate 73 injection molded b& a

conventional mold apparatus in which a stamper is

37



to the present invention. As described above, however, in 38 14 June 2005
"the case of the nopvabl e-side stanper substrate, the disk 14sluet208be is
~rapirdly cooled after the nold is opened, and the pits and the groove are
defornmed, so that the disk substrate obtained is not suitable as a disk
for high- density recording. In the case of the conventional fixed-side
~stanper substrate shown in Conparative Exanple 2, the eccentricity anmount
was |argely dispersed 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
subst r at edispermdtir hthhandvalzhe 761 asi deppVeaninr ot v framgsi ssifown i n
Conparative Exanple 3, the eccentricity ambunt was as small as 20 to 30
9m - As . desitrwhethaboyaul howel/ eren tihersuramen theoprobtemsr bfigener ati on of
tailings and an increase in the nunber of working steps, leading to a
| ower yi elmbund &f IH ghieredostde (Samescriphs o oé Becondi €modi ment of the
Mol d Apparatus for Injection Molding the D sk Substrate Next, referring
to Figs. cohvant ikfialSetiorid swEndioth theent3 ofhee iwl Kigappdratus 1 will be
described. In this case, a second R surface nolding portion (or a
' injection molded by the conventional mold apparatus 51 in
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
éhucked 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 motor, 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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second C surface nolding portion) 20 is provided at a corner portion on
the inner circunference side of the tip 39 14 June 2005 ™uung@80%f an
outer circunferential portion 7a of the recessed formgate form ng
recessed portion 12 of the recessed formgate cutter 7. As shown in Fig.
14, a nolten resin Pi is injected into the cavity 4 through the recessed
formgate 14, thereby nolding the disk substrate 23. At a tine point when
the molten resin Pl is solidified to a certain extent (a time point when
t he di sk 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 sHWh FafFiqf tis: mmvainke t§ e oftameeyawbs BA ¢ ngtha &egiond R
surface (or a second C surface) 24d can be nolded at an edge portion on
the si de SSPFdFiate tic warl Sigraokednst ear surd arel A 3isieeendd rendent er
hole 24 of the disk substrate 23 by the second R surface nolding. portion
(or the ddcond® and dde raiadivyy ot tdeofmresl, (1) testertilpt idislof Third
-Enmbodi ment of the Mdold Apparatus for Injection Mlding the Di sk Substrate
Next, refedsitig o obitgenels igndiot Builtsbie Bebadidiesk fofr thheolnol d appar at us
1 will be described. In this case, the cutting position is provided at two
i nner ad@ngdtter neeirdiows, nanely, a first cutting position d
In the case of the conventional fixed-side stamper

. substrate shown in Comparative Example 2, the

 éccentricity amount was largely dispersed in the range of

15 to 70 U4m, due to the presence of the flash 75 as

described above, which makes it impossible to establish a

system with sﬁch 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, theére
are the probléms of generation of_téilings and an
increase in the number of working steps, leading to a
—10Qer vield and a higher cost.
{5) Description of Second Embodiment of the Mold
Apparatus for Injection Molding the Disk Substrate .

. Next, referriﬁg.to Figs. 14 and 15, Second
Embodiment of the mold apparatus 1 will be described. 1In
this case, a secqnd 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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for cutting by an outer circunferential surface 7c of an outer
circunferential portion 7a of the recessed form gate forfiJue2882ssed
~portion 12 of the recessed form40 14 June 2005 gate cutter 7 and the
strai ght nolding portion 16 which is the outer circunferential surface of
the recessed form gate formng projected portion 11 of the sprue 6, and a
second cutting position C2 for cutting by an inner circunferential surface
7b of the outer circunferential portion 7a of the recessed formgate
formng recessed portion 12 and an inner circunferential surface |l b of a
~cutout portion Ila fornmed annularly at an outer circunferential portion of
the tip oTUHRES e e PUtdtim C Rt H G reR p brRpeei @ poref okhdal. The inside
dianeter 01 at the first cutting position O is equal to the insjide

di anet er FFETEE O F& Ittt PN D rF ooes vid tBRr tidht et 0bl @4 of the disk
substrate 23, and the inside dianmeter 03 at the second cutting position C2
is smal | &ECaSFEN FIRET iFodte iGiGtRE di-aneter O (01 > 03), with concentric
rel ationship therebetween. In this case, as shown in Fig. 16, a nolten
resin Pl is infectBe"RniB FAE-cadit§ BotkeBugksinePledssdodectedm gate 14,
t hereby injection nolding the disk substrate 23. At a tinme point when the
mol ten r &8t phej §avdsyi gi fihg@uad & heeresiossed &arm @atiend 4oi nt when the

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 Fié. 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 obposite to
tﬁe signal transfer surface 13 siderof 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
Apﬁaratus for Injection Molding the Disk Substrate
Next, referring to Figs. 16 and 17, Third
Embodiment of the mold épparatus 1 will be described. In
~this case, the cutting position is provided at two inner
and outer positions, namely, a first cutting position C1
for cutting by aﬁ cuter circumferential surface 7c of an
outer circumferential portion 7a of the recessed form

gate forming recessed portion 12 of the recessed form

40



di sk substrate 23 can be conpressed), the recessed form gate cutter 7 is
advanced in the direction of arrow b to performgate cut¥iduge 2805t he tine
of the gate cutting, the first cutting position C of the disk substrate
23 is 41 14 June 2005 cut between the outer circunferential surface 7c of
the tip portion 7a of the recessed formgate cutter 7 and the straight
nol ding portion 16 of the center hole nolding portion, and the second
cutting position C2 of the disk substrate 23 is cut between the inner
circunferential surface 7b of the tip portion 7a of the recessed form
gate cutter 7 and the inner circunferential surface |Ib of the cutout
portion |94 U HeET et HoratFateht fBeklhBgpperLdAn 116 Thish the gate
cutting i s conducted sjnultaneously at the two inner and outer cutting
posi ti ons-® IH'& M Case THNHEM- 10 Fyrfage ehethaxreuassedt Eooe di aneter
03 of the sprue and gate remaining resin 23 gate-cut fromthe disk

subst r at 8% LOWHAT Aradesated MOmE Il | 96 tee démmee ef . Odndfat he center
hole 24 of the disk substrate 23. Therefore, the step of blowing off the
sprue anfF&FROE AHIAMFIEiP IR fhromanetimsikie @f inter center hol e 24
of the disk substrate 23 in the direction of arrowb by the air jet nozzle
34 af t er C1ERGEEIEFGHHE Indlugdd ol SIb sifbsthraatan 8 by 1t dhan fceTi o Jpad '

portion 7a of the recessed form gate forming recessed
- porticon 12 and an ipner circumferential surface 11b of a
cutout portion 1lla formed annularly at aﬁ outer
cirgumferential portion of the tip of the recessed form
gate forming projected portion 11. The inside diameter
.¢1 at the first cutting position C1 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 €2 is smaller
than the first inside diameter $1 ($1 > ¢3), with
concentric relatiOnship therehetween.
In this case, as shown in Fig. 16, a molten resin
Pllis 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
-golidified to a ceftain extent {(a time point when the
.disk substrate 23 can be compressed), the recessed form
gate cutter 7 is advanced in the directién 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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33 of the robot 31, as described above referring to Fig. 11, can be
performed nore snoothly. Besides; in this case, the sprue Jung 2085e
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,
from42 14 June 2005 the inside of the center hole 24 of the disk
substrate 23 in the manner of passing through the center hole 24. (7)
" Description of Fourth Enbodi nent of the Mold Apparatus for Injection
Mol diing the Di sk Substrate Next, referring to Figs. 18 and 19, Fourth
Enbodi ment of the nolding apparatus 1 will be described. 1In this case, the
di amet er eftthetveerrtiherewhterehrrunfezgntied Forbhceh@ctpp pbeti on 7a of
the recessed form gate cutter 7 in Third Enbodi mrent shown in Figs. 16 and
17 is settin bertivhitsepf| yheargeesshdnfohe derbsectettef 7t hedsthai ght
nol di ng portion 16 of the center hole nolding portion 15, whereby a
suffici egtyailghyenstdpnd postionnkd bét benceheeoubhetecnotdifigrenti al
surface 7c -and the straight nolding portion 16. Therefore, in this case,
as. shown BPortRien. 1#dttee pepidgeciating pbsattomne2tohgtperdiok 14a
between the outer circunferential portion of the recessed formgate 14
and the canistyrateah’ bies sttt thethecdmr gpe Sonéeéhatitdmemfemétenalesin Pl can
fl ow snoothly fromthe inside of the

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
tﬁe‘center hole 24 of the-disk substraté 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 rcobot 31, as described above referring to Fig.
11, can be pefformed~more smoothly. Besides, in.this case,
the sprue and gate remaining resin zja 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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recessed gate 14 into the cavity 4, and noldability of the disk substrate
23 can be enhanced. (8) Description of Fifth Enbodi nent of June 206%d

Apparatus for Injection Mol ding the Disk Substrate Next, referring to
Figs. 20 and 21, Fifth Enbodi nent of the nol ding apparatus 1 will be
described. 43 14June 2005 In this case, a second R surface nol ding
portion (or second C surface nolding portion) 20 is provided at a corner
portion.on the outer circunference side of a tip surface of the tip
portion 7a of the recessed formgate form ng recessed portion 12 of the
. recessed formgate cutter 7 in Fourth Enbodi nrent shown in Figs. 18 and 19.
As shown Fhe BEidm of Hifg teertesikea 24 ¢hj ekeediskntebshratavily 4
through the recessed formogate 14, thereby nolding the disk substrate 23.
At a timethdift MagHET (He B0t M0 rigdstoudll ke sodnef elle¢024. certain
extent (a tinme point when the disk substrate 23 can be conpressed), the
recessed form gdfé Pasceirtipg advaivsedh Emboidd méintecti dheoModrr ow b to
performgate cutting, as shown in Fig. 21. At the tine of the gate
cutting, APrad@darid RYs Jmfiged i@y Madebimy Chaurfisde)Sultst e be nol ded at an
edge portion on the side opposite to the signal transfer surface 13 side
of the center hBp¥tp4referpengdrskFégisst A8t end31By Fhertdecond R surface

nol di ng portion

- Embodiment of the molding apparatus 1 will be described.

" In this case,:the diameter of the outer circumferential

' surface 7¢ of the tip portion 7a of the recessed form
gate cutter 7.in Third Embodiment shown in Figs. 16 and
17 is set to be sufficiently larger than the diameter of
the-straight molding portion 16 of the centqf hole
molding portion 15, whereby a suffiéiently 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 poftion l4a 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 P1 can flow smoothly from ﬁhe inside of the
recessgd 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 thé Disk SUbstra£e
Nekt, referring to Figs. 20 and 21, Fifth |

-Embodiment of the molding apparatus 1 will be described.
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(or second C surface nolding portion) 20. Wile the enbodi ments of the
present invention have been described above, the presentl4Jupe@008n is not
limted to the above enbodi ments, and various nodifications are possible
based on the technical thought of the present invention. The disk
substrate, the nold apparatus for 44 14 June 2005 injection nolding the
same, and the di sk substrate taking-out robot according to the present
invention, constituted as described above, have the following effects.
The di sk substrate according to the present invention has a structure in
which at |east the edge on the signal transfer side of the center hole is
utterly Ify é8isf CRisgsh 2 drewsh R fsur fqos g ldigeharan bt here, the  hei ght
of the flash can be suppressed to equal to or less than 10 ,u m
Ther ef or §eceast &r isng faice me ldiing aurdiiale 2Qyis mltdﬁihla’tg center pin of
a spindl'e notor can be perforned with high accuracy, and eccentricity
amount oFOTRERE ®PSkisghsmy dihe Fmtete qinmnffenpriod i deorof @ dtiipon  can be
suppressed. Accordingly, stable .recording and reproduction can be achieved
in a di sRutépchi gii- dbesitip pogddodi 7§ dfn tiddindasssesi foen lvateent er hol e
|s free of flash, less waste are generated at the tine of production,
formlng 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 sclidified 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 mclded
‘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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and disks with little air can be shipped, leading to a higher yield.

Besi des, since the first Rsurface or first C surface isl4dneg@08t | east

at the edge on the signal transfer surface side of the center hole, the
edge is- conpletely free of flash. Since the straight portion with a hole
dianeter parallel to the axial direction is provided on the side 45 14
June 2005 opposite to the signal transfer surface side of the center hole
and the tapered portion with a hole dianmeter gradually enlarged toward the
signal transfer surface is provided between the straight portion of the
center hole and the signal transfer surface, flash would not easily be

gener at ed BT HL IR BT n'Si RE - t32hsFRe Lk avePsS&rdeeof the center
hole, and even if a flash is generated at the edge, the bad effect of the
flash on %Y %R iTRPOofa3FRF Hitk SQbERS R ES THRE b Ve REHeBed The
injection nolding apparatus according to the present invention includes a
st anper IR GR 25 idaFridd ARV ef Revavihy, fal yeeesged: form gate
form ng projected portion provided at the outer circunference of the tip
of a spr@g,ﬁfqﬁecessed formgate form ng recessed portion provided at the

tip of a recessed formgate cutter disposed on a novable die side, and a
center hol e The disk substrate according to the present

invention has a structure in which at least the edge on
‘the signal ﬁransfer side ﬁf'the center hole is utterly
free Qf flash, or even if a flash is generated there, the
height of the flash can be suppressed to egual to or less
thaq 10 #4m. Therefore, cegtering 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 éubst;ate at the time of driving for rotation
can be suppressed. Accordingly, stable recording and
reproduction can be achieved in a disk for high-density
;ecording. In addition, since the center hole is fiee of
flash, less waste are generated at the time of production,
énd disks with little air - can be sﬁipped, leading to a
higher yield.

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

Since the straight portion with a hole diameter

parallel toithe'axial direction is provided on the side
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nol di ng portion provided at the recessed formgate form ng projected
portion; and adopts a recessed form gate cutting structutdelunel280bve to a
signal transfer surface of a disk substrate injection nolded in the
cavity. Therefore, when the disk substrate is injection nolded, a center
hol e is simultaneously injection nolded by the center hole nol ding
-portion. Thus, when the recessed formgate cutter whose tip is recessed in
shape is-.-advanced fromthe novable die side to performgate 46 14 June
2005 cutting, a center hole free of flash at both end edges can be
produced. Accordingly, by adopting the fixed-side stanper in the sane
manner asppodiite pgrd atheardigrdie thaks fesubsirisde: feade off ftiash at the center
‘hol e can be injection nolded while preventing deformation of pits and a
groove. Siente:rt helecningd thel eapexdid@qoridonwith adilsposedhi anetdwe fi xed
stanper side, the eccentricity anount of the groove relative to the cent er
hol e can gradusiny esdedged hewaral |theard greadi i f ér tdackd ¢y Servo
signal and the like can be performed with high accuracy. The center hole
nol di ng paoviided $epweendethewisttlra itother foorstidr U fraoe dalicqgiarti on or
first Csurface nolding portion for nolding the first R surface or first
C surfacendt thlee sedpealonranbdesi gualfalcegnSfiarshs widuace meitdeasifit he center
hol e- Therefore, when the di sk substrate is
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 df a cavitf, 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 étructure relative to a signal transfer
surface of a disk substrate injectibn molded in the
cavity. Therefore, when the disk substrate is injecticon
molded, a center hole is simultaneously injection molded
by the center hole molding portion. rThus, when the

. Yecessed form gate cutter whose tip is recessed in shape

is advanced from the movable die side to perform gate
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.injection nolded, the first R surface or first C surface 1is '

si mul t aneousl'y injection nolded at the edge on the signal4dung®?9Per surface
side of the center hole, whereby generation of flash at the edge can be
obviated. A center hole nolding projected portion is provided wth a
straight nolding portion for nolding a straight portion on the side
opposite to the signal transfer surface of the center hole, and a center
hole nolding .portion is provided with a taper nolding portion. for '

nol ding a tapered portion with a hole dianmeter gradually 47 14 June 2005
enlarged fromthe straight portion of the center hole toward the signal
transfer SUrHRE & d%e.n%lrer}g‘?]o‘? et TGheRt thashi &k babt radeefgernj ection

mol ded, the center hole can sinmultaneously be injection nolded with the
strai ght SHPorkg H WFsde CLFETEE NN &Y, 3RP RS drkk Simad raide wil |
easily be rel eased fromthe stanper when the novable die is opened. In
addi ti on, 5P HdViAndd ARt RANI R YarER cthecPrips 38t t bhegdaskto or nore
than the gate thickness, and, desirably, set to be equal to or less than
the gat e TGS 17185 . F Iffh viber 8 ¢eeeescoiorargabe cutting can be
securely perforned. Besides, the position of cutting the recessed form

gat e by ti7e §ECESs 8 mYHtle AT tingedeterpahbre of pits and

' a groove. Since the center hole molding portion is

disposed on the fixed stamper side, the eccentricity

émount 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 ptovided with
rthe first R surface moidiog portion orrfirst C surface
molding portion for molding the first R surface or first
C surface at the edge on the signal transfer sﬁrface side
of the center hole. Therefore, when the disk substrate is
.injection molded,.the first R surface or first € surface
is.simultaneously'iojection molded at the e€dge on the
‘signol trather sofface side of the center hole, whereby
generation‘of flash at the.edge can be obviated.-
A center hole moiding projected portion is provided
- with a straight molding portion for molding a straight
:portion on the side opposite to the sigral transfer
surface of the center hole, and a center hole molding
.portion is provided with a taper moiding portion.for

molding a tapered portion with a hole diameter gradually
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di amet er position of the straight portion of the center hole, so that
flash or the like is not generated in the straight portitnJureZ808econd R
surface nol di ng portion or second C surface nolding portion for nolding
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 circunferential portion of the recessed formgate
form ng recessed portion of the recessed formgate cutter. Therefore, the
edge on the side opposite to the signal transfer surface side of the 48 14
June 2005 center hole of the disk. substrate _can be nolded with the
second R SUWF LA ofr YRR TLEut9akePoBESPBeSf the pestrerohode cutting the
recessed form_gate by the recessed formgate cutter is set at two inner
and out ert¥EETd iy, sl ytransfextseufaragspaési t iBremftorat wheml e

di anmeter position of the straight portion of the center hole, and at a
second cutits Y Posiuh v doratedinbrcthenineldedof thhecenter keteing
position and smaller in diameter than the first cutting position.

Ther ef or €20 (HEYRBATRM Dt Nl ereier Beldedprieh able gateaigkemi ni ng
resin after gate cutting of the nolded disk substrate can be made

suf fi ci eMARF1S%alAnet thfartanrred maxfeieh angtrértid dihek ssubstteorti on of

-the center, .
' : 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 eqgual to or more thap the gate thickness, and,
desirably,—sét to be eqﬁal to or less than the gate
thickness plué 0.5 mm, whereby recessed fdfm gate cutting
' cén be securely performed.
Besides, the position of cutting the reéessed form
‘gate by the recessed form gate cutter is set at a hole
diameter position of the straight portion of the center
holé, s8¢ 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 moiding the second R surface
‘or second C surface at the edge on the side opposite to
thersignal transfer surface gside of the center hole is
provided at the tip of an outer circumferential portion
of the recessed form gate fbfming recessed portion of the
recessed form gate cufter. Therefore, the edge on the

side opposite to the signal transfer surface side of the
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hol e; accordingly, at the tinme of chucking the disk substrate by a robot
and transferring the disk substrate onto an aligning mactJ&e 2088 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 di sk substrate taking-out apparatus according
to the present invention is so constructed that gate cutting is conducted
froma novable die side by a recessed formgate cutter, and a robot for
taking out fromthe novable die the disk substrate rel eased fromthe
fixed die W he movable dje t he openi f 49 14 June 2005

t he mvab?%&%‘%qg#]t%réﬁn‘%}éectifgsn]gn%e%‘f#ﬁ]éalpé 5‘?%v$ e‘aoaﬁg?ﬁ Y4ithe5RE for

di schargi ue d gate remaining resin to the novabl e die side
relative étj%cc?rhdzp%iss"kragau %qt?%tse‘?co e'?e?%’ﬁ aC8ven though the sprue and gate
remai ning resin, i s.projected tq. .t.he side of .a surface opposite to the
signal transfer Bgl‘j’rlfi%gé %?‘et FE 510 ™s (s t5 it Wehi irse'cers};’\if‘éir d€% that in
the prior:art, t sprue and te remaining resin can be easjly discharged
fromthe %aﬁfsel & h:gjfe trheec_ecsesnpt%%a%(ﬂ‘ e‘?-a‘%\%c%‘f‘a'?%l’y‘? %P0tk StDstPAEL taki ng-
out apparatus tinum.far application to the nold L apparatus of the
recessed -afnéirjnqlungtrepé’t?tlﬁlﬁdlsgtﬁ?é‘f o &t p‘?‘b‘?ﬁ’d‘&g position set

at a hole diameter 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 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 gufficiently smaller than the |
ipside‘diameter of the straight portion of the center
hole} accordingiy, at the time of chucking the disk
substrate bj a robot and transferring the disk substréte
onto an aligning machine, the sprue and gate remaining
resin can easily be discharged to any of one side and the
other éide 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 éonstrﬁcted 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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I n addi tion, where the neans for discharging the sprue and gate renaining
resin is provided with an air jet nozzle, the operation ¥Juie286argi ng t he
sprue and gate remaining resin to the novable die side after taking out
the sprue and gate remai-ning resin fromthe nold can be perforned securely
and instantaneously. 50 14 June 2005 CLAIMS 1. A nold 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 apparatus conprising a projected portion for nolding said

r ecessed Hher moyabd epddei ddd eat ithies ati jprofmasladihg sy us;ovel destesistdd porti on
for nolding said recessed form gate provided oppositely to said projected
portion & nmekas fiop dfisghpegdsged fsammegatrsi @4 tteerr edfissipuisad masitthe novabl e
die side, and a center hole nolding portion provided at the outer

ci rcunf etencbeomovabdesdige side Aetsitd vappar dthes digrk isybettbaore .nol di ng a

di sk substrate as set forth in claim1, wherein said center hole nolding
porti on Gbepeifses,aekensthRugly frace spoludi rgpd pertte orererim fg s i@ surface
nol ding portion for nolding a first R surface or a first C surface at an
edge on tikeprrsignakdt tansher sddef ade asister fefcea oppmtsdrtehaloe tdfe sai d di sk

signal transfer surface of the disk sgbstrate which is
‘reveise to that in the prior art, the sprue and gdﬁe
remaining resin canibe easily discharged from the inside
- of the center hole. Accordingly, a disk substrate taking-
out apparatus optimum for application to the mold
apparatus of ﬁhe recessed form gate cutting-strthure can

be provided.

In addition,iwhere 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 rémaining résin 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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substrate injection nolded in said cavity. 3. A nold apparatus for
injection nolding a disk substrate as set forth in clai M4JungiZ8P8i n said
center hole nolding portion conprises a straight nolding portion for 51
14 June 2005 nolding 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 centerciralres of said disk substrate injection
nol ded in said cavity, and a taper nolding portion for nolding 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

di sk substrate injectiorh mMuldedpparagas diwavingygcttand mwaddngiggrdiskt r ansf er
surface. 4. A nold apparatus for injection nolding a disk substrate as set
forth in sikdAtmate, whewmaiininthea advarice iranrowhichf asaptiterecesdadifor m gat e
cutter is not less than the thickness of said recessed formgate and is
not nore injegtedhidinodgkssepriiorandgat cecdvisentwm phts, Gn8 ansidvalA nol d
apparatus for injection nolding a disk substrate as set forth in claim3,
wher ei n t Beansdstt $tamresfdicpesehprshe Fieedsdedl sfidenvfarddbyawidivd recessed
form gate cutter is set at a position equal to the hole diameter of said
strai ght pord | 8aldf appagdatent eppoisdngs. a A mmsiig¢cappar pewsiobor £pRj ecti on

nol di ng a

molding said recessed form gate provided at the tip of said
sprue, a recessed portion for molding said recessed form
gate provided oppositely to said projected portion at the
tip of a recessed form gate cutter disposed on the movable

die side, and a center hole molding portion provided at the

outer circumference of said sprue.

2. A mold apparatus for injection molding a
disk substrate as set forth in claim 1, 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.
3. A mold apparatus for injection molding a

disk substrate as set forth in claim 1, wherein said center

hole molding portion comprises a straight molding portion for
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di sk substrate as set forth in claim5, wherein said recessed formgate
cutter conprises a second R surface 52 14 June 2005 noli-kge@8P®i on or a
second C surface nolding portion for nolding 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 circunferential
portion of said recessed portion. 7. A nold apparatus for injection nolding
a di sk nobdirate asrseghtf opetrion chiitm 8, hafter eiiameher pegial oan of cutting
said recessed formgate by said recessed form gate cutter is set at a -
first poSireeinicequedltht dhehexhol edidéctmatrerorof thgni gidst ragipghtitpotti on of said
center hole,and at a second position disposed on the inside of said first
posi ti onthensianedl ltepnsferi urdece thde shizhifd cehtpodidicowt 8aid nol d
apparatus for injection nolding a disk substrate as set forth in claim?7,
wher ei n 9a8d syledaased indeetigat eoddetieincoapdi sesitey, s@wdnd Raparface

nol ding portion or a second C surface nolding portion for nolding a second
R surfaceobiing seasndnC four mpddiag ehdapedge onrthen sviteh oppbsiiee to the
signal transfer surface side of said center hole, at the tip of an outer

ci rcunf efeMmetr sgrpdealtl saldrgedessethysor tthen. Sggnalchﬁﬂan§ﬂbstrate

t aki ng-out apparatus conpri sing:
surface side between said straight portion of said center

hole of said disk substrate injection molded in said cavity

and said signal transfer surface.

4, A mold apparatus for injection molding a
disk substrate,as set forth in claim 1, wherein the advance
amount of éaid 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.

5. A mold apparatus for injection molding a
disk substrate as set forth in claim 3, wherein the position
of cutting said recessed ﬁorm gate by sald recessed form
gate cutter is set at a position equal to the hole diameter

of said straight portion of said center hole.
6. A mold apparatus for injection molding a

disk substrate as set forth in c¢laim 5, wherein said

recessed form gate cutter comprises a second R surface
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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 ¥Juwg 2802 side of

said cavity, and a 53 14 June 2005 recessed formgate cutter disposed on

said novable die side, wherein a nolten resinis 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

sai d recesslednfjopergate cut tesegcand € sobbicd anoldikigngoautiohr dorsai d

novabl e die said disk substrate released fromsaid fixed die together with

sai d novediddndi @ pycaride Ropenfage ofr sasdcomy dblserdhee adtt erhel edget i on

nol di ng, said robot conprising a neans for discharging a sprue and gate

r emai ni NPy édien stide seprprihealiioe tieessinel rielaasitve sorfaa dideskfsubstrat e.

10. A di sk substrate taking-out apparatus as set forth in claim9, wherein

sai d di scidgi srtssaelies ptovitgedtin t df apnaiontef ecinowmfexrential A di sk

substrate nmade using the nold apparatus of any one of clains 1 to 8. 54
portion of said recessed portion.

7. A mold apparatus for injection molding a

disk substrate as set forth in claim 3, 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,and at
a second position disposed on the inside of said first position
and smaller in diameter than said first position.

8. A mold apparatus for injection molding a
disk substrate as set forth in c¢laim 7, 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.

9. y2y disk substrate taking-out
apparatus comprising:

a meld 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
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14 June 2005

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 injection

molding, said robot comprising a means for discharging a sprue
and gate remaining resin to sald movable die side relative to
said disk substrate.

10. A disk substrate taking-out apparatus as set forth in

claim 9, wherein said discharging means is provided with an air

jet nozzle.
11. A disk substrate made using the mold apparatus of

any one of claims 1 to 8,
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