Title: DI SK SUBSTRATE, MOLDI NG APPARATUS FOR | NJECTI ON- MOLDI NG | T, AND DI SK
SUBSTRATE PI CK-UP ROBOT Abstract: A disk substrate havildgune20@6r on 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 portion (24b) and
on its edge of a signal transfer face (22) of the tapered portion (24b)
wth an R~ or C-shaped face (24c). A nolding apparatus nost suitable to
-mold such a disk substrate (23) and a di sk pi ck-up apparatus are

di scl osed. 14 June 2005 DESCRI PTI ON DI SK SUBSTRATE, MOLD APPARATUS FOR
I'NJECTI ON MOLDI NG THE SAME, ANQ, Bk Skt RATE TAKI NG QUT ROBOT Techni cal
Field The present invention pertains to the technical . field of a disk
substrate to which audi o, video and other various kinds of information, a
tracking servo signal and the like are transferred at the tine of

i njection di ' I p I =iRj eqll | di e, disk
substratePﬁggngBgng§EE2ugg??aégg?géFﬁg-SEE g%ﬂ????ﬁ@ gg?ggggiﬁgbout t he
di sk substrate fromd he Pl APRajad sy 7@%@&%{%,@5{0 4 herto, an optical
recordi ng medi umand a  magnetlic recoréfng medi um have been w dely known as
a circular disk formrecording nediumsuch as CO, CO-ROM DVD, DVR, M
and the |ike on which audio, video and ot her

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
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vari ous kinds of information, a servo signal and the Ilike are recorded.
These recording nedia i nclude a phase change type optical4 Hinglk08%ich t hat 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 |layer, an opto-nmagnetic disk for
readi ng signals by utilizing a nagneto-optical effect, a magnetic disk for
witing and reading signals magnetically, and so on. As a nethod for

form ng i FFFIRULIAPE g S, the TRt hif <erifPSiphattahtE e @i ke in the
formof fine. roughness such as pits, a groove and the like in the

recordi nF1RER 9t 1 2 S SHELT a2, 2 LI FHOPLbICTYFiEkti on ol di ng t he
di sk substrate by use of a nold apparatus is generally used today Figs. 22
to 24 shoWHHHEE Qfpdr AKRCTHING LAY o] WL IRFF raARglt e itk fPsystem
using ‘a fixed side stanper according to the prior art, in which a cavity
54 as a ©q¥tin%ars i@ § dn Wpklde? 109 Ve Mama i IorvRRt 9ft’fden ¥ ayi ng
surfaces of a fixed die 52 and a novable die 53. A stanper 55 is

verti cal IBpeRePss i dn idfe wikeqg and reading signals
| magnetically, and so on.
| As a method for forming information signals, a
tracking sérvo 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 fixedISide
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
dié 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.l 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 {also callgd “punch~), a small

diameter ejector pin 58 and a cylindrical ejector 59 are
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die 52 side of the cavity 54, and the innernost- circunference of the

~ stamper 55 is fixed to a fixed nirror surface by a nechddiue¢ 260&np. 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 .t he %#her ci rcunfer ﬂ%e of .t heélpr Q] ect.etd ft%r,rgheg%te cutter 57 A

sprue hoPETEGCRE2 A SRESS S ané SSPIE B8 CFPMih Ban T &85°Sn cyl i nder

(not shown) is, connected is ened . at_the . cent of a _projected formgate
forming. SPecelbEceper FrbnP8R £Br hedATPPRE i BPer RETERFURTEERE and tho
tip of the projected formagate cutter, 57 i f orred at .oj ected form

gat e forﬁfﬁgeﬁFSﬁe?PEE SSF%iSHt%gf.%K'pﬁﬁdZ§P€deP§FﬁP asgpéflforned in a
projecteg,shape rela%ive to_a si%nal transfer i’de sunfa%e 6% which is a
surface OnSPRESEt Bfpéfes8Vitde Cof “HAE SETAEy %54 ;*‘éf PEPAEG L oBet RE8N the
recessed gortion 61 ?gd the projected portion 62. Therefore, the projected
form gat 82&6t FBF87 P<-a projected formgate cutter for formng the

- proj ected fornﬁA 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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gate 64. In the nold apparatus 51 of the projected formgate system
-according to the prior art, a nolten resin P1 consistind4diuna2pbasticized
polycarbonate or other synthetic resinis injected in the direction of =~
arrow a - 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 P1 conpressed to a high
pressure by the injection cylinder is pressurized onto the fine roughness
surface of the stanper 55, whereby a disk substrate 73 in which signals 71
“such as ddobratineh Bigmvable digcid hPredisred gndl &hd st K88Ske are
transferred onto a signal transfer surface 72 in the formof pits, a
groove afdet Reltenkagsdn fjle OBy affiafed-© & %Wli%ﬁi}lﬁﬁ.b&@%d 26. .-
Thereafter, a center hole 74 of the disk substrate 73 is forned by
punchi nginfigcthion caddndeye igomdiasisonst 207 Qothn ddie diine raigeresi the
signals 71 onto the disk substrate 73 are determned primarily by the
pl asti ci sedfmskt of tds v tam@ereSdt urMdenaRy woldd skeydrsdiiate Tahdn he
injection pressure of the injection cylinder, whereas the warpage and the
l'i ke of whécHi skasaBst 7dt surd misud nifgjracttiism 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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nol ded are determ ned by the nold tenperature, injection pressure and
cooling tine: The formation of the center hole 74 of the 1dikke 280bstrate 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 fornmed in the center of the disk substrate
73 by 4.14 June 2005 punching (called "gate cutting"), by a nmethod 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 n HER§HLiZg s{?aglsl_etddop ke (HE SRS etflélg Bt e et n bet ween an

outer circunferenti urface 62a of t projected portjion 62 of the

proj ect e&hteolprﬁoéftcé:e%t g ?fta?n&“atﬁ:ei%rq% 1%i9"c‘lﬂrﬁ¢e‘$eé{1t’irél th§irface 6la of
the recessed paqrtion 61. of _%he sprue 56. At_this time, a roughly T-shaped
sprue an§rI§ate Fefdi FHGY &iffomd r&Hhan i itP i YhrikPHblE 60 and the
projected.formgate 64 is ?Jected i.nthe direction of arrowb fromthe
signal trafsfér & PRcEY2USSH PRS0 SIPH dtfe FA9 t cvartP 13 %9 xed die

52 01 el TR AR el SRS LSS, RSA o sk o

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 dié-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 directioﬁ ovér the entire
thickness of the disk substrate 73.

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

resin or the like, the punchihg is preferably conducted
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CD-ROM DVD, DVR, etc., has a dianeter Q= 15.0 mm whereas the center
hole 74 of ‘an MD or the like has a diameter 0 = 11.0 mMm14AkEneB00m in Fig.
25, the center hole 74. thus formed is formed as a straight hole of which
the hole dianmeter 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 nolten resin Pl is conpletely
solidified, and is said to be preferably conducted within a period of
about 2 J8¢ @it FTOIRMARtIOM cFatherIhFeEt T bneofo¥petmdIFehteRsin P1. Wen
the timng of the punching of the center hole 74 is delayed fromthe
above- nerfioifed ! sits AWRARFSY gl Hgt ednPiinth $3idiHysPare liable to
be generated at the inner circunference of the center hole 74, and a disk
subst r at @7&F sfaH asrdrd Lol rerh iy ehdee A et el Drsegatfeb @t ti ng
stroke maybe varied, resulting in a defective product. However, when the
center hdl@PAe fiom pfcHdte Herdfsdrion i pilty dealdebporas bh B offhele

projected formgate 57 and the recessed portion 61 of the sprue 56 at the
timng the timing of the punching of the center hole 74 is

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
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before solidification of the nolten resin P1L which is wthin 2 sec after
the injection nolding of the nolten resin P1, the resin ilubel0b®
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 thendasia |Rke)n ofhe a td efithcehe bt f hehe @& $ortion 61
and the projected portion 62 shown in Figs. 22 and 23; hitherto, the

hei ght Hbefasemhddis swrasied aivrofon U (N Gstharger IrC b PUM1he di sk
substrate 73 shown in Fig. 26 is one that is obtained by injection nolding
by a nol &2appeva i Ridsg 22 movhid - St deh et tpethadtordithd!h dashe prior
art and punching the center hole 74 fromthe signal transfer surface 72
side to tleenopposired diadw din 4hi ocaselarheres L8§0gé&merated a flash 75 in
the shape of projecting outwards fromthe surface opposite to the signal
transfer surfaBbe7digk shbstzater 7Ros80owa, igndidhe 2ei§hPRALEBRt the fl ash

75 is equivalent to that shown in Fig. 25.
' 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



Fig. 27 shows a conventional disk substrate taking- out robot 81 by which
the di sk substrate 73 injection nolded by the nold apparidtyuse200%s. taken
out -of the nold apparatus 51 and transferred onto an aligning machine
(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 bedhefieb ¢t 5 g.29Le95r1hed 2T 0T A% gt DutZ4 he Inj ecti on
nol ded di sk substrate 73 fromthe. npld apparatus_51, the novable die 53
i s opened s TR Hndid* MDriAtHe thsetn et s inekdrd HWection of arrow a
in Fig. 22, and the sprue and gate remmining resin 73a and the disk

subst r at SWB AL st FFaP dite MO 13RPHHAEDT & 10i 153 BIValie® dir®ction of
arrow b in Fig. 22 by the ejector pin 58, the ejector 59 and the |ike,
when t he 3B sl aiteht Eregesh@waw sk raadd %pg el nithdesin 73a are
spaced away fromeach other so that the disk substrate 73 is left on the
side of dhediiattaorgovary o & ithi A? 4 Snhdhg f@ife @l gate

- 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 the diréction of arrow b.
Simultaneously, thé sprue and gate-remaining resin‘73a

ejected in the direction of arrow b by the ejector pin 58
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-movabl 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 d#June200ked die
52, ‘as shown in Fig. 27. The robot 81, first, in Fig. 22, chucks an outeér
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 h. Sinultaneously, the sprue and gate repmining resin

73a  ej ect2ATIPRAHE WY &R TPV L r WD B tRESE) ERPRFTRIR 5B 344 June
2005 is gripped by the robot 81, and the disk substrate 73 and the sprue
and gate ¥ 4y arfléislﬁﬁl%aFed‘?ae”in%nr%%nf?%ﬂna’b%t\?\%‘é?Pt%‘étffwﬁl die 52
and the novable die 53. Next, the disk substrate 73 is transferred to the
al i gni ng PR Bie tHeabwbe P2 and the Movpiete bytef?iting the center
hole 74 of the disk substrate 73 onto a disk-receiving arm (not shown) of
the aligni ng ma&kikke theofhifke s¥bgdraftea 7Befidr dfc@sdiaigde tP6 thdescri bed
~later) which is the surface opposite to the signal transfer surface 72.
After theldigidingpschdne Py itde eahdterfled and theablgngf Ry nachi ne, the

Spr ue and gate remai ning resin
fitting the center hole 74 of the disk substrate 73 onto

a,disk—receiving arm (not shown) of the aligning machine
from the side of a reference surface 76 {(described later)
which is the 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




73a is discharged fromthe robot 81 by spontaneous falling or by blow ng
air. The disk substrate 73 injection nolded as mentioned 14alpe@08md shown
in Figs. 25 and 26 is then subjected to lamnation (coating) of a )
plurality of layers in the order of a.. recording layer, 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 |laser beamis incident fromthe
reference surface 76 opgosite to the signal tranﬁier surface 72, wherein
witing &RECi&adprhionef LRhRf SEHEEISET Sarkd! Ctle Pt Ordithd 58 a 9 14 June

2005 specification, the reference surface 76 which is a |aser beam

i nci dent beamf ABE1BBBENBYTEALEF BEEHEESs §r FATE TEN e W2 % Yosi ti oni ng
center ‘pin of a spindle notor used for, driving the disk is inserted into
the centbBepifibFe F4PofibaPPRBISICEBLET PHE (Oodf & SR et 7815 &gh g
centering is conducted by an edge 74b on the side of the reference

surface Ferogpd¥ire thetfaski dfar et nider ftdGe CEREE NHHE dénter hol e
74. Therefore, though the disk substrate 73 with the flash 75 generated on
the si defopmt hbesﬁg‘galOftFaﬁsFélfeﬁ?F‘F&céu‘Ff,aC&s T&howtd FEB§X 188 can be

centered _
is conducted by an edge 74b on the side of the reference

-surface 76‘oppdsite té 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 72f'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 accﬁracy is used in order to write and read
information by féqusing and reflecting a laser beam on
_thérsignals 71 constituted of fine roughness. However,
fhe servo performahce of the servo mechanism has a
limitation, and, particularly, it is important to
restrain eccentricity of a spirally sﬁaped groove and the
éenter hole 74.. In.recent yvears, the allowable value of
the eccentricity oflthe groove and the cenﬁer 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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wi thout bad effects of the flash 75, the disk substrate 73 with the flash
75 generated on the side of the reference surface 76 as 14Ronm2006 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
t he cent él@sfolod P¥Ihas - been reduced attendant on an increase in the
recording density, to 100 (.tmin the case of CD and to 60 f-tmin the 10
14 June 2005 c8Betbe pyberOhaphe &fiferNIFF@SS R itHEr 8§93 Mhe recording
density is realized mainly by a decrease in the wavel ength of the |aser
~ beam and S sdiivarice el igie Nma ieih dht enetrcpFadenish ndifi fi cation) of a
-focusing lens (objective lens). In the case of the CD which is nost
popul ar, vaviedsag thi of dhfavi@saigtiead 78D aimatrrreastusiing® ens with an
NA of 0.45 are used, and in the case of the DVD, a |laser with a wavel ength
of 630 nreapgncement of lens magnification} of a focusing lens
{objective lens). In the case of the CD which is most
popular, a laser with a wavelength of 780 nm and a
focusing lens with an NA of 0.45 are used, and in the
case of the DVD, a laser with a wavelength of 630 nm and
a focusing lens with an NA of 0.6 are used. Attendant on
the énhancemeﬁt of NA of the focusing lens, the disk
substrate 73 which is a laser beam transmission layer is
gradually reduced in thickness in order to reduce the
effect of aberration. A disk substrate 73 with a
thickness of 1.2 mm is used in the case of CD, and a disk
substrate with a thickness of 0.6 mm is used in the case
of DVD, thereby contributing to coping with camber of the
optical disk.
In recent years, in order to contrive a further
_ihcrease in recording density, it has been proposed to
use a laser with a wavelength of 400 nm and a focusing
1ehs with an NA of 0.85. Where the focusing lens enhanced
in NA is used, it is necessary to reduce the thickness of

the disk substrate 73 to about 0.1 mm; in general

injection molding, however, it is difficult to mold an
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a focusi ng lens with an NA of 0.6 are used. Attendant on the enhancenent
of NA of the focusing lens, the disk substrate 73 whi ch ¥slunel2888r 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 wth 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 tkmsaBnhantiesk subNAase usddvhichi sahesbssariyyheo reduce the
t hi ckness of the disk substrate 73 to about 0.1 nmm in general injection
mol di ng, s$wewlircatiitons aff fdimedt amdnbidefniddende June 2005 wultrathin
di sk substrate 73 which satisfies the specifications of canber and
birefringence. IIm wview of tthe abowe, ttiese puobilers have beem sol ved by
| am nati.ng a reflective layer, a dielectric layer, a recording |ayer and a
di el ect risplay®ryy iiadtihistimg derreppeostieet bayére. conliemtéomalc order, on the
signal transfer surface 72 of the disk substrate 73 to which the signals
71 constiltagtead of fdarerdioughrassr hmvwe dedhelectric 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 cehtering is conducted by an edge
74a on the signal transfer surface 72 side of the center
hole 74.

In this case, the disk sﬁbstrate 73 shown in Fig.
26 has no flash 75 generated at the edge 74a on the
signal ;ransfer surface 72 sidg cf the center hole 74, so
that it cah bé 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 -
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‘transferred in the conventional manner, and, finally, formng a |light
transmssion layer of 0.1 mmin thickness. In this case, 1H0WE98905the
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 spindle 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 edhgt CERdeadFOLEAT S0 St RO dialF itd-afSt SRIWY e CERtST@E of t he
center hole 74, so that it can be centered with high accuracy. On the
other haddh hAghdRskuasstrate 73 having a flash 75 generated at the edge
74a on the signal transfer surface 72 side of 12 14 June 2005 the center
hol e 74 as showhni#dfi giops eanfet théscenser@dhani ehvaryhsaelracy. In
addition, since this systemhas a very small allowabl e value of the
eccentri @ultlvwetm?h@aém@k0§u1’5§ter geeenr3icity Pifaghe79igknenkeédasn the

signal transfer surface 72 side of the center hole 74 as shown in Fig. 25
is fataff3. the flash 75 generated on the signal transfer surface

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

fatal.

Although the flash 75 can be 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



Al 't hough the flash 75 can be renoved by a nethod of cutting by a reamer or
the |ike, the generation of waste upon renoval of the fHadun&gB0Gnd t he
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 "npvabl 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 '
stanper FAPsdgEtea Tt rfctiaken IRt thie SHaped T ttHe SYHRP A e groove to
be transferred are liable to be asymetric. The reason is as follows. In
this met Bd@mpgr Sohang rideofdifdy cﬁwt@f%rﬂcdwtéﬁ oH &t Toold ng, the
movabl e die 53 is opened whil e keeping the disk substrate 73 sucked onto

t he novalding @iig -53HergEerangdftrs ghekmezabdejdhe 28055 epBdefat 023 s
taken out in the manner of stripping the stanper 55 and the disk substrate
73 by thdigkestbsBateardd dis ramwdwercodiaderithEhfdvdid e 87853 is opened,
the 'disk substrate 73 is rapidly cooled and shrinks. Since the stanper 55
shrinks Itéss sismperp&edhriittis Hesd s comperes ¥ird thewdidk the pits and

t he groove are )
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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def ormed. The accuracy required of the shape of the fine roughness

i ncreases as the recording density of the disk increased4Jane20bdherefore,
it is difficult to nold the disk substrate 73 even by the novabl e-si de
stanper. Even if a disk substrate to which fine roughness free of

def ormati on has been transferred can be nol ded by using the novable-side
st anper under a material and nolding conditions substantially free of

shr | nkageﬂagﬁ LEnehat | Qo o?heau:@ﬁ@ez5 5 d he .si e 9F sharagntace 76

~opposite to e signal transfer surface 72 cannot be avoi ded. Though the

flash 75 t v %ﬁg& f t di COgMddLid Y the tine of
chucki ng,g}x%g%:tme&R rj??gh"ta’L e g%r%{ragﬁéeldﬁt}ﬁ oggﬁ g’filrgikgpl ng %]il‘acdtéﬁe %F%s% 75 at

the time glopraquethion ARde.d | Aot hnsoRdheianko die el sliisubstrale

73 to there use an i ease In-error, ading to a reduction in yield.

The prese ' [ ga%ﬁ: | ve the above-nentioned
pr obl ens. Qi%%:g%%?%g?%In??h??%a‘ln 0 je%:L?ato “the present invention to provide
a disk substrate free of 14 14 June 2005 flash at the edge of a center

hol e, a nold apparatus optimum for injection nolding the disk substrate,

and a di%ﬁi&qﬂ@%@m&a}{ﬁﬁ]%rppti mum for taking out the disk substrate

fromthe appar at us. sclosure of Invention

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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According to a first aspect of the invention, there is provided a nold
apparatus for injection nolding a disk substrate conpri ddRigna20@¥ity 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 portioRppr Qdnded @RARSIAlM P dscr@ci%piﬁfél%esooaitf%@tmhe tip
of a recessed formgate cutter disposed on the side of a novable die, and

a center Qg -J0hdh AGnBOrLd AN S oOwWded af;fhe qut %Er@bﬁ%u%c?l@fﬁ@ of the
sprue. 15 14 June 2005 "The center hole nolding portion includes first R

SurfaPe'ﬁ@ﬂ%ﬂ&ﬁF&Eﬁ'ﬂBl@En? fnests G SUr hacs rmldi ngr EHé“f%Igﬁ”C”D|dln9
the first Rsurface or the first C surface at the edge on the signal

transfer siHrheee $i dene Obahhe fentgs QQbﬁant&%%s@@%k§ﬂ¥¥§&@1§la@leCt'0“
nolded in the cavity. The center hole nolding portion further includes a

strai ght JpoltHNGRATdr Uy HOToMDIKH NG S SERBSBPAt HOL A OFL i ¥h Lo Bab@! €
di aneter equal in direction with the axial direction, on the side opposite

to the sijgnghet capster surface side of the center hole of the disk
substrate

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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injection nolded i.n the cavity, and-a taper nolding portion, provided in
connection with the straight nolding 16 14 June 2005 poktdupr2009r nol di ng
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 amount of the recessed formgate cutter 1is not’
| ess than the thickness of the recessed formgate and is not nore than the
recessed formgate thickness plus 0.5 nm The position of cutting the
recessed formgate by the recessed formgate cutter is set at a position
equal t eate diol €adi anetdrnofa therstediphttportwoph od idhke center hol e.
The recessed formgate cutter includes, at the tip of an outer
ci r cunf erddrtniediepadorn 10fy tdrel aeged seawapdrthonsimnskcomh asur f ace
nol di ng portion or a second C surface nolding portion for nolding a second
- R surfaceunface sdcend M@ tsurdacehat s tivwel gigepont idre of dehopposide to the
signal transfer surface side of the center hole. The position of cutting
t he recedwdd faordntigat e ilgpalt herarechsseshf ren goft ecloutdisgk is set at a first
position equal to the hole dianmeter of the straight portion of the
substrate injection molded in the cavity.
" The advance amount of the recessed form gate cutter
is not less than the thickness of the recessed form gate
and is not more than the recessed form 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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center hole and at a second position |located on the inside of the first
position and smaller in dianeter than. the first positi ddJub@ 2085 June 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 di s éc%jrcﬁ t‘%/ f&hrngva!pé@m%e %lé%% + WRerejp. a #Wérﬁdldes' nis

injected into e cavi ough a sprue a recessed Tormgaté to

injectioglggld a Q;skH§H§§£&gied $nd gate cu%&&ggrg§e cogg#%ﬁﬁ?{£&9n1the

novabl e die S|de recesse orm gate cutter; and for

det achi “% a‘%@th@%o HQHE d'aP dﬁu@f% ﬁa‘}'étgﬁtsr altr?c@&}hrﬁj)eg fcrabl etyhe fixed

die toge er wth t e an e opening o nova die after

| nj ecti oy %u&é&rab%;&é&'gﬁén o Qﬁﬁe%ah% i hag gigy: SAgraIspr ue and

gate renmaining resin to the nova ie side relative to the

substral ¢ hsifie Aol BOLALRE! N, OLAK subald akige Tl seNane) ng means

_ provi de th an air jet ozzle. 18 14 June 2005
cavity, and a recessed form gate cutter disposed on the
movable die side, wherein a molten resin is injected into
the cavity through a sprue and a recessed form gate to
injection mold a disk substrate, and gate cutting is
conducted from the movable die side by the recessed form
gate cutter; and a robot for detaching from the movable
die the disk substrate stripped from.-the fixed die
together with the movable die by the opening of the
movable die after injection molding, the robot including a
means for discharging a sprue and gate remaining resin to
the movable die side relative to the disk substrate at the
time of holding the disk substrate.

The discharging means is provided with an air Jjet

nozzle.
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The injection nol ding apparatus according to enbodi nents of the present

i nvention, constituted as described above, is the nold dgpanag(esfor

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

formng projectrd 19nLkdlure 2085140041 appRrathded atcbhgiddp @b the

sprue, the recessed formgate form ng receSsed portion provided oppositely:

to the ppLcheHLtROr birontak tReekbRtof jhRenieeesseddnermugabe utter
di sposed on the novable die side, and the center hole nolding portion

provi dedgakctBeQUEBLveCi RGUFHRr @ROR Mpddie il Uor Tﬂaswiﬁ?ea atisthe tine
of injection nolding of the disk substrate, the center hole is

si nul t ang@Pst ¥at8) eghicandipbdedebydne cemies el en aohdiRanpeekiian. Thus,
even when gate cutting is conducted by advancing the recessed form gate

cutter withinjgeteeass@ddhmutd i tied nenabkecdkgedl #8rm galte, possible
to produce a center hole with both edges free of flash. In addition, the

center hghg WREdisAGMRAr tiAhdfer Miad Mddoddie ohrsheResuelaegenol di ng
portion or the
side of the cavity, and having a recessed form gate
cutting structure including the recessed form gate forming

projected
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first C surface nolding portion for nol di ng the first R surface or the
first Csurface at the edge on the signal transfer surfddeluse@802f 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 portionis provided wth the
straight nolding portion for nolding the straight portion with a hole
di aneter equal in 20 14 June 2005 direction with the axial direction on
‘the side opposite to the signal transfer surface of the center hole, and
t he cent groxdtdlos molodiimigdpaitt itdre itsi e dete vigtud hethd apereswddi ng portion
for nolding the tapered portion wth a hole dianeter gradually enlarged
from t he fetrmaigghte floamtiingn refc ddyed anrirari dolerdwowsrd dde ssiitgiiat ta ansf er
surface side. Therefore, at the tine of injection nolding the disk
subst r at ehet heofentted holre ican dre aendittareOudley rddysecid domol ded with t he
straight portion and the tapered portion. In addition, the advance anount
of the reeezsedt tar Migaos cdlicnertamdy@aited die ba dgualnd aher nore t han
the thickness of the recessed formgate and equal to or |ess than the
r ecessed clearmrgaiog et Mot AGSS ppirtd obh. priMided at the outer
circumference of the sprue. Therefore, at the time of
injection molding of the disk substrate, the center hole
"is simultaneously injection molded by the center hole
- molding portion. Thus, even when gate cutting is
conducted by advancing the recessed form gate cutter 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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Therefore, the gate cutting can be securely perforned. Besides, the
position of cutting the recessed form gate by the recessdduhe2fdgate
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 nmolding portion or the second C surface nolding portion for

nmol ding the second R 21 14 June 2005 surface or the second C surface at
t he edge dracHd onopyiddl tidesiatel aff diveeaiipmlon ridsferds eirRei td t he
center hole, at the tip of the outer circunferential portion of the
recessed thbrtrheg@ti@nfadJr rnd Sfegessucf aporal difte TR oriwle heaskcond R
surface or the second C surface can be nolded at the edge on the opposite
si de of tihise csindreal horlgn gfodid iy froet iofn tie eaKidedhotitlvfthehe  di sk
substrate. Besides, the position of cutting the recessed form gate by the
r ecessed thpem g@tleliewt o Giomsdommalde g rtdre Yeaminddbrpafuigin to the hol e
diameter of the straight portion of the center hole of the disk substrate
and at wHé&hseced epddiamietier auadad 1dry tevd anesiddd roim ttthe fitmstight

portion of the center hole toward the .signal transfer

surface side. Therefore, at the time of injection molding

the disk substrate, the center hole can be simultaneouﬁly
injection molded with the straight portion and the
tapered portion.
In addition, the advance amount of the recessed.
‘f@rm gaté 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 fecessed form
gate by the recessed form gate cutter is set at a
‘ poéition equal to the hole diameter of the straight
portion of the cen#er holerof_the disk subsﬁrate.
Therefore, at the time of cutting the recessed form gate,
flash or the like is not generated inrthe straight
' portion of the éenter hole of the disk substrate.
In addition, the recesséd form gate cutter is
provided with fhe second R surface molding portion or the

second C surface molding portion for molding the second R
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position and smaller in dianeter than the first position. Therefore, the
out ernost di aneter of the sprue and gate renaining resir4clne B90% he
recessed formgate cutter can be nmade 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 descri bed above,
is so constructed that gate cutting is conducted by the recessed form
gate cuttgr fromthe mpuable~dig st de,,qad. the rggﬁt f t aki ng,out from
the novab erd%e the disk substrate sFrippgd rom-t ef?ﬁ%%d ﬁie_tpgether
with the opbyable diidydsecggeniihof the bl g dirgcal ter i ection

nol ding is provided wth the 22 June 2005 neans for discharging the

sprue and-gat&r " efAid)i ngcr egid i@ the rmyabbgrdie sifenfedAldveato the

di sk substrate. Therefore, it is possible to provide a disk substrate
taki ng- oub,APPEK atys Opld MUPREQEARP! FSah 1 Ofat® (RErmDhY ApPassadys of the
recessed Tormgate cutting structure. Besides, when the nmeans for .

di schar gi Bgr£ 16 SPr g rWr Jat €hd SPBETHIR S8t hdS HF ovhddesbyhdd ¢ he air
jet nozZzle, the discharge of the sprue and gate remaining resin to the
novabl e digrside &can he RETA "Pd SRCWRlY odNehd NSEF ANC Ry .o Br i ef

Descri ption of Draw ngs
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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Fig. 1 is a sectional viewillustrating a center hole portion of a disk
substrate in an enbodi nent of the present invention. Fid4Rine208%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 whichis 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 recessed formgate of Fig. 3. Fig. 5is a sectional view of the entire
part of the recessed formgate portion of the nold apparatus 23 1.4 June
2005 - according to First Enbodi ment of the present invention. Fig. 6 is a
sect i onalmegngw fidy ysitscltd g nchetlentiprue pard ofte heempinfimppagatus of a
fixed-side stamper and recessed formgate cutting systemaccording to
First Erfgoditvee moveb itchal i esight dahadrityeonto Rige disls subbeiotatonal view in
the condition where a nolten resinis injected into the nold apparatus of
Fig. 6. THegef®ries dtsdct irordibliceewd Idnestirds isngdidle soidtimgte of the
recessed formgate of the nold apparatus of Fig. 7. Fig. 9 is a sectional
vi ew at . tthé&ingreuwhepodr@tus 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 is 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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nol d apparatus of Fig. 8 is opened. Fig. 10 is a sectional view-at the tine
when a di sk substrate is stripped froma novable die of téhene@0ds o '
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"

ej ection apparatus Fig. 12 is a sectional viewillustrating an operation
of discharging a sprue and gate renmaining resin by the robot of Fig. 11.
Fig. 13 shows the results of conparison of eccentricity amounts 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 rerpvedtding redhierst Mrhodliquent o Eethe amadsanevinvdnisigmt i ng a naj or
part of a nold apparatus according to Second Enbodi nent of the present
invention. Fig.Fi§.i § assectiegndbnailewiieW udtingttivag inke theuenitigeof a

recessed formgate of Fig. 14. Fig. 16 is a sectional viewillustrating a
maj or parer tofofa tind decpp aratars: tace arfdiangf 1xoedHd rdk Eizaodiarerdtnd of ~t he
present invention. Fig. 17 is a sectional viewillustrating the

recessed form gate cutting system according to First
Embodiment of the p;eseht invention.

Fig. 7 is a:sectionalrview in the condition where a
molten resin is injected into thermold‘apparatus of Fig.
6.

Fig. 8 is a sectional view 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. ;0 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
_wheré the disk substrate of Fig. 10 is chucked by a robot
of a disk ejéctioﬁ 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 shdws 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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cutting of a recessed formgate of Fig. 16. Fig. 18 is a sectional view
illustrating a major part of a nold apparatus accordi ng 1Jdufelddh
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 a
sectional viewillustrating 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 rédpvedlhby]unage2@@s . form gate of the nold apparatus of Fig. 22.
Fig. 24 is a sectional view showing the manner of cutting of the recessed
gate of Fig. 23FiFi.g1425%si 8 aesédbnedalviewewldfisareenngr ahokgorporti on of a
di sk substrate injection nolded by a nold apparatus of a fixed-side
st anper togpe adcar diolg tagppehe tusy iagrcardifg g.o ZBdandy Beotdigreadt vi ew of a
-~ center hole portion of a disk substrate injection nolded by a nold
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 iﬁvention.

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

Fig. 22 is a sectional view illustrating a mold
apparatus of a fi#ed—side staﬁper type according to the
ﬁrior art. | | |

Fig. 23 is an enlarged sectional view of a recessed
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apparatus of a novabl e-si de stanper type according to the prior art. Fig-
27 is a sectional view illustrating a disk substrate takidnigne@005 obot
according to the prior art- Best Mde 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 following 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
taki ng- ouformapparatef (e gsoldlapparddys (45 Pescr2pti on of neasurenment
results of eccentricity anmount of the disk substrate (Fig. 13) (5)
Description of S$dgonc4Enzoci mexnttigmalher it Ghoappear dthes rfammemijodct i on

mol di ng the di sk substrate (Figs. 14 and 15) (6) Description of Third
Enbodi mentutofinideo frotlte mppass¢disgdoe ofj BLdi o3 nol di ng the di sk substrate
(Fi gs. :

Fig. 25 is a sectional view of a center hole
portion of a'disk substrate injection molded by a mold
apparatus of a fixed—side stamper type according to the
prior art.

Fig. 26 is a sectiomnal 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
priqfrart.

Fig. 27 is a sectional view illustrating a disk

substrate taking-out robot according to the prior art.

Beét ﬁode 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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16 and 17) (7) Description of Fourth Enbodi nent of the nold apparatus for
injection nolding the disk substrate (Figs. 18 and 19) (14)Jube200% pti on of
Fifth Enbodi nent 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: ki nds of(3). i héscmaptoonsofnahs dadkassbsvoasegnakiapdothe |i ke have
27 14 June 2005 been transferred in the formof fine roughness such as
pits and aprgieomes i (Fidwe. sameambriier as in the prior art as described
| ater is provided with a center hole 24 which is injection nol ded
si mul t aneously with phecripitctiof mehdiungmehtt hesdisk sfibstrate 23, as
described later. A straight portion 24a with a hole dianeter 01 paraIIeI
to the axalentimriedttyoranauftorafedion disk sswesofate (Fig. 13)
(5) Déscription of Second Embodiment of the mold
apparatus for injection molding the disk substrate (Figs.
.14 and 15)
(6) Description of Third Embodiment of the mold
apparatus for injection molding the disk substrate (Figs.
16 and 17)
(7) 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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a surface 25 opposite to the signal transfer surface 22 of the. center

hol e 24 injection nolded, a tapered portion 24b with a HalJeneled®ter 952
gradual ly enlarged 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 :
hol e 24, as required. In the case of a disk substrate 23 such as DVR

havi ng ablHemreimnsaferbzdmn fiare ekapl f fihee hobeghk seredierh Gds of t he
straight portion 24a is set to be 15.05 mm . In addition, the naxi mum hole
di anet er gz sofand he draperedpaid u@dmamneetad ol becHb .} dmamnd t he

di fference between the m ni num hol e dianeter and the 28 14 June 2005

maxi num kel dadicamieaty 16ft drhd & aperedigpbrdi tn 24eitsesadioid @4e about 0. 02
nm The depth D of the straight portion 24a is set to be 0.3 nm Since the
cent er hedhd c24 iisS iinfijeeatiioan maldked sindhl dheedidigt R urdmace (or first C
surface) 24c is injection nolded at the edge on the signal transfer
surface 22jsicdd onoincildd neentrersheoldd 24, suradtraadd 2,3 .t he edge ambdde signal

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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transfer surface 22 side of the center hole 24 is free of any flash. As
wi Il be described |l ater, when the second R surface (or ddcone2@3urface)
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 wedge 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 @iaskmbdonal @idhdisd e elde chuiskad JHharefproap thesaenter hole
24 is centered with high accuracy owwng to the first R surface (or first C
surface) tAed @Ruef o .fobaghh. andet BRp@GCBNLE €hty s@FREBhtObotReodi SK

substrate 23 can be suppressed to be extrenely small. 29 14 June 2005 As
i ndi cat ed 4Ry idotz=Gaslh bieN@s 3l mafi g. 1, the portion of the signals 21 of the
di sk substrate 23 will later be coated with a [ight transm ssion |ayer 2la

of about 0.1 nByiihPetbhékheaser(BhiPeseript aﬁgeeﬁighrﬁalﬁgaoahaent of the
Mol d - Apparatus for Injection Mlding the D sk Substrate

the first R surface {or first C surface) 24c¢ is injection

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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Next, referring to Figs. 3 to 10, First Enbodinent of the nold apparatus 1
optimum for injection nolding the above-described disk sUpline208523 wil |
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 . portiodsofindicadad thy fotamdsh Qlnedrircadig.edessaed form gate
cutter (called also "punch") 7, a small-dianmeter ejector pin 8 and a
cylindri cerejeactal tharsighwrs zZontaf | gheli dpols eshiiad t poisé td pngi opposite to
the sprue 6. The ejector pin 8 is disposed at the center of the recessed
f orm gat e a1t dre ol twieckejeectiorht timan<hsposed Biydhe outer
circunference of the recessed form 30 14 June 2005 gate cutter 7. ‘A sprue
hol e 10 iabduwyr fed atm tie tdeintleressf. the sprue 6 to which an injection
cylinder (not shown) is connected, and a recessed formgate formng

~projected porti{dh Désrziboinedodt Filkett Epbofiiteatspfuenhe. MA1d

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
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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 Haume@0det ween t he
recessed formgate formng projected portion 11 and the recessed formgate
form ng recessed portion 12, and the recessed formgate 14 is fornmed in a
recessed formrelative to the signal transfer surface 13 which is a
surface on the side of the stanper 5. Therefore, the recessed formgate
cutter 7 is a gate cutter having a recessed type shape for formng the
‘recessed formgate 14 The thickness Wof the recessed formgate 14 is 0.3
mm and the projection anmount P1 of the recessed formgate cutter 7 is 0.4
mm  The fidte-dyr@dwunt (overlap anount) P2 of the tip 7a of an outer '
circunferential portion of the recessed form gate 7 relative t-o the sprue

6 at the tinme ofy gutlieN8otBe 10r §GeTeRGLOII0 Gale ceBress iFedater, is set
to be about 0.1 nm A center hole nolding portion 15 for |nject|on

Mol di NG thE-ReN &l hal i 240l die i Sk Spbsidat e(23 Showh) is Figs. 1 and 2

is provided at the outer circunference 31 14 June 2005 of the recessed
form gat Q:Jrﬁfé’etr&m PraRie Gl 8¢ RULdPE deln Yatd heo MRty faliss 1. Nanely, as

shown in Figs. to 5, a straight nolding portion 16 for nolding the
penter_h@d%é%gﬁ 14 is formed at the tip of the sprue 6. A
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 ocuter 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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t aper hDIdihg portion 17 for nol ding the tapered portion 24b, and a first
R surface (or first C surface) nolding portion 18 for noldddumg 2008 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 Mmis
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 fi xed
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 tof 7thénretdesedndothogavhefornhagf pxefledted 2pandibhelnoyable die 3
are heated, a plasticized nolten resin Pl constituted of polycarbonate or
ot her synthetmcld esppaistesjected from the injection cylinder into the
sprue hole 10 in the direction of arrow a, and is charged under pressure
into -the cavit Wahetihr,ough steevn éaessiess f @ nga,e aldtdaidid s case, during
or after the charging of the nolten resin Pl, the novable die 3 is pressed
at a hi ghngpressurs ol dihel 82f d¥ woh@iZ§0bhe St et &F Hdmee fixed die 2 by a
pressure cylinder disposed on the back side of the novable die 3. The
nol ten rasiper Rolchimy qeaadiad B E@h P6BESEG ethd ddimecavigyrdids
+24b, and a first R surface {(or first C surface) molding
portion 18 for molding the first R surface (or first C
surface) 24c are provided at the outer circumference of
the recessed form gate forming projected portion 11.
As shown‘in Fig. 8, an auxiliary ejector pin 19
with a projection amount of about 0.2 mm is auxiliarily
assembled at the outer circumference of the tip of the
sprue 6 of the fixed die 2. The auxiliary ejector pin- 19
is advanced by fixed air.
Next, injection molding of the disk substrate 3 by
the mold apparatus 1 of the recessed form gate system
will be described: First, as shown in Figs. 3 to 7, in
the condition where the fixed die 2 and the movable die 3
- are heated, a plasticized molten resin P1 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 cavity 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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pressed agai nst a fine roughness surface of the stanper 5, to thereby
injection nold the disk substrate 23 wherein the signal sl42lupa@i0as
information signals and a tracking servo signal have been transferred to
the signal transfer surface 22 in the formof pits, a groove and the |ike,
‘as shown in Figs. 1 and 2. Besides, at the tinme of injection nolding 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

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

nmol ding ~portion 17 and the first R surface (or first C surface) nolding
portion I8 den dfhehzertieredhalie: molkdt reg mpordswre Xy 1iatddheliciicared
circunference of the recessed formgate formng projected portion 11.
Next,, as ahame badk gided chdiy mdveablecesised .f orhe galleeautrkein? i S
advanced (projected) in the direction of b by the projection amunt P1 of
0.4 mm siFaweombrieisged3at wharieby pgatss st tiimnghley @v3 oymd s sper f or ned
between the inner circunferential surface 7b of the tip of the outer

ci rcunf epantsisald peftingt 7 Hind heolghwssedstofaecgabe thAe ekalbberr ecessed
formgate cutter 7 and the straight 33 14 June 2005 nolding portion 16
whi ch i s tioheheutkdl dnfeutfienemold theudiake sabstha tkeecass@drfanm gat e
form ng projected '

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 pits, a groove and the like, as

shown in Figs. 1 and 2.

Besides, at the time of injgction 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)
molaing portion 18 in the center hole molding portion 15
ﬁt the outer circumference. of the_recessed foim gate
formiqg projected portion "11l.

| Next, as shown in Figs. 4 and 8, the recessed form
-gate'cutter 7 is advanded {projected)rin the direction of
b by the projectién amount Pl of 0.4 mm shown in Fig. 3,
whereby gate cutting by 0.3 mm is performéd 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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portion 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 |njddthma2695|nder is
| 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 arrowa, and the auxiliary ejector pin 19 is auxiliarily projected in
the direction of arrow a, whereby the novable die 3 is sufficiently opened
in the direction of arrow a. By this, the 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 anaogdtiagr @waitiiomg e sihi c234d swhiheh outesr beierrundregienigili n t he sprue
hole 10 and the recessed formgate 14 is also pulled away fromthe sprue 6
in the durédericopfothar rewessethdogaf tverte ahigwn novikiafedl0, the ejector
9 of the novable die 3 is advanced in the direction of arrow b, whereby
t he- i nj epbromenolidedfditsle spubstate 2.3 is stripped froma novable mrror
surface of .the novable die 3 in the direction of arrow b.
Slnultaneously Thémw, spf ter ahlde ghtrededidenkngndeshn @8wabde éﬁsoBStrlpped in
the direction of arrow b by the ejector pin 8 34 14 June 2005 Finally,
as shownara Ebgledlfotrhebdusklubstr attbe2Ppressure 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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and the sprue and gate fenaining resin 23a are chucked by a robot 32 of a
di sk substrate taking-out apparatus 31, and are taken out4 .bihet2885novabl e
die 3, and the disk substrate 23 is transferred onto an-aligning machi ne
(not shown). (3) Description of the Di sk Substrate Taking-Qut Apparatus
Next, the disk 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
renmai ni ng resi nF28alily. propdewad ify dha-he loerither digike s s attiee 23i sk
substrate 23 to the side of the surface 25 opposite to the signal
transf er agdr ftdice sPXueTlradefasnte =amd infieatees by bt -aksichudlesd iby Fig. 11,
a suction pad 33 of therobot 32 is suction attracted onto the signal
t ransf er asmobade 322 ofi de difskasvhttarat & tduierent iaipportiodiof the center
hol e 24 of the disk substrate 23, thereby chucking the disk substrate 23,
t hen t he agids ereubstkeat ©uz3 qfog@tmerromhltﬁ tdiee spr wndartthe35iilsk June 2005
substrate 23 is transferred onto an aligning machine (not
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 and 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
~ described 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
23 to the side of the surface 25 opposite to the signal
transfer surface 22.
Therefore, as indicated by dot-dash lines in Fig..
"11, a suction pad 33 of the robot 32 is suction attracted
onto the signal transfer surface 22 side of an outer
circumferential portion of the center hole 24 of the disk

substrate 23, thereby chucking the disk substrate 23,

_then the disk substrate 23 tcogether with the sprue and
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gate remaining resin 23a is pulled away fromthe novable die 3, and
thereafter, in the same manner as in the prior art, the dihke2085trate 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 Ilike. To cope with this problem in the disk substrate

t aki 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%ete negeindmauaesidt gadde remihiedy awsy nffEe, thmdnaiablis jetted
fromthe air jet nozzle 34 in the direction of arrow a, whereby the sprue
~and gat e diemdi.niamg rtésineafIecan hetheasing mimtargedt nthhemiaecti on of
arrow a to the side of the opposite surface 25 through the center hole 24
of the dirdk dipesdrizte s2®s tRvdreefor ais dovordianyrad fivwm dilsk substrate

t aki ng- out apparatus 31, the sprue and gate renmaining resin 23a 1is

proj ect echovabillee ddied@ oh tthe cidipositionsrf age @b of wheie Wislersulsstrate 23
when the novable die 3 is opened. Thus, notw thstanding the position of

t he spruendndagat gempdmiingi mgsiasia? 2 3wula dinibesr feye i tdi dlesubstrate 23

1838 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 difection of arrow a to the
sprue and gaﬁe remaining resin 23a, and air is jetted
from the air jet nozzle 34 in the direction of arrow a,
whereby the sﬁrue and gate remaining resin 23a can be
éasily discharged in the direction of arrow a to the side
ofrthe opposite surface 25 through the center hole 24 of
" the disk substrate:23.

Thereforé, according to the disk substrate taking-
out apparatus 31, the sprue and gate femaining resin 23a
is projected to ﬁhe-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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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 14diuwmel280ged in t he
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 inmmediately 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
snmoot hly transferred onto the aligning machine (not shown) by the robot
32, to besyared:c ithanelsakbengnser o fadhien A prEy srawn () Decri ption
of Measurenment Results of Eccentricity Anmount of the Di sk Substrate Next,
referring®.o thfe amble bR e FEaindng thes ineddyreaeneasebulbe of
eccentricity anount of the disk  substrate 23 will be described. Exanple 1
shows t hedigdmgiassi ofm ttdre nbiaser ehemt of oireewentvieheoyt anereatoing  di sk
substrate 23 injection nolded by the nold apparatus 1 according to the
present iangeritioydleCanshrizmfore Bdgpteart cshovwsanhker exlil tle olislen
measurenents of eccentricity anmount of a novabl e-side stanper substrate
whi ch i s sabsdambent3omaltadi ghe substnrne w8l njection svdweld iy the
conventional nold apparatus in which a stanper is

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

Jjet nozzle 34 of the robot 32 immediately after the disk

substrate 23 is chucked by the suction pad 33 of the

robot 32. Therefore, after the sprue and gate remaining

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

smoothly transferred onto the aligning machine (not

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

as in the prior art.

{4) Description of Measurement Results of
Eécentricity Amount of the Disk Substrate
Next, referxring to the table shown in Fig. 13, the

measurement results of eccentricity amount of the disk_

substrate 23 will be described.’ Example 1 shows the

results of ten measurements of eccentricity amount of a

disk substrate 23 injection molded by the mold apparatus

1 ac¢ording to the present invention. Comparative Example

-1 shows the results of ten measurements of eccentricity'

amount of a movable-side stamper substrate which is a

conventicnal disk substrate 73 injection molded by a

conventional mold apparatus in which a stamper is
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37 14 June 2005 - di sposed on the novabl e die side. Conparative Exanple 2
"shows the results of ten neasurenents of eccentricity arduhne@00a
~fixed-side stanper substrate which is a conventional disk substrate 73-
shown in Fig. 25, injection nolded by the conventional nold apparatus 51
in which the stanper 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 nmeasurenents of eccentricity amount of the fixed-side
stanper substrate of Conparative Exanple 2 fromwhich the flash 75 has
been removed by a reamer. The neasurenent of eccentricity anount was
conduct eddbspeserbtdrodthie nevaihl ¢ hel ¢i skdeubstamnardtsi ves Fuckuad chy2 a
positioning center pin of a spindle notor, the disk substrate is driven to
rot at e ‘atshevd xdue speal tsvwe f et epphya sigreméntasdhgeseevorioithe spindl e
motor, and the eccentricity amount is calculated fromthe nunber of
grooves iaramtectiert riiccepbraidn ofanper spibatrgroovieiciAsis sacl ear fromthe
conparative data shown in the table in Fig. 13, the eccentricity anount of
t he di sk -caubstiiama R3iadcorubisigratoe the phessentn i hientdon was 20 to 30
Jim which is the smallest. The eccentricity anmpount of the novabl e-side
st anper sigtistatdten stvowred b yCoriparaiti wen t o | reo 1d wap 26 tus 30, um
equi valent to that .according
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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to the present invention. As described above, however, in 38 14 June 2005
the case of the novabl e-side stanper substrate, the disk 14lupsi2PBfe is
rapidly cooled after the nold is opened, and the pits and the groove are
deforned, 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 anpunt
was | argely dispersed in the range of 15 to 70 Am due to the presence of
the flash 75 as described above, which makes it inpossible to establish a
systemw th such a disk substrate. In the case of the fixed-side stanper
subst r at &8¢ r&¥f et fc Hhshandyadste 751 d@ss tamprie s WS B g eanekhasdsflown 1 n
Conpar ative Exanple 3, the eccentricity amount was as snall as 20 to 30
Om  As dedErs ek ey &2 tichiey oo k¢rbrat tew ethehanprdbl emrotederrardt i on of
tailings and an increase in the nunber of working steps, leading to a
| oner yi g anid-sa andgtidre costovy Froedeiimeadn ssf Secorchendiods nent of the
Mol d- Apparatus for Injection Mlding the Disk Substrate Next, referring
to Figs. Ssdidtes obSadaed iEntyedi manittadflea ke woldd sdpfanmathisgtl- wi | | be
described. In this case, a second R surface nolding portion (or a
density recording.
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, there
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

s




second C surface mol di ng portion) 20 is provided at a corner portion on
the inner circunference side of the tip 39 14 June 2005 uluha@g0df an

~outer circunferential portion 7a of the recessed formgate formng

recessed portion 12 of the recessed formgate cutter 7. As shown in Fig.
14, a nmolten resin Pi is injected into the cavity 4 through the recessed
formgate 14, thereby nolding the disk substrate 23. At a tinme point when
the nolten resin P1 is solidified to a certain extent (a time point when
the 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 sHOWTAGE Mg 2 PULRT (HeF FYTHee TR § el g%?%tl%tﬁlr@f ghgecond R
surface (or a second C surface) 24d can be nolded at an edge portion on
the side &% fog™ G SifgHAInG frFessedirgecelaB k3 def ofhe he center
hole 24 of the disk substrate 23 %y t he second R surface nolding. portion

(or the F&EHTFSE LPFMadé ol A HEHIti on) 20. (6) Description of Third
Enbodi nent of the Mdld Apparatus for ection Ml ding the Di sk Substrate
Next, referring?toSkP¥R. 126Fafd 147, aLTWP §eEnb6gimeRl af tihdesvled appar at us

1 will be described. In this case, the cuttlngﬁposmlon is provided at two
inner an@tOutde F8¥Et¥ohs thgvely the mecessag t gesiet ildn G

thereby molding the disk substrate 23. At a time point
when the molten resin P1 is scolidified 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
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for cutting by an outer circunferential surface 7c of an outer
circunferential portion 7a of the recessed form gate for¥ihge2808ssed
portion 12 of the recessed form 40 14 June 2005 gate cutter 7 and the
strai ght nolding portion 16 which is the outer circunferential surface of
the recessed form gate form ng 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 formed annularly at an outer circunferential portion of
the tip FthEressedFdrihe gate i ok i Pgl pipgerpttiporifowhich The inside
diameter , 01 at the first cutting position O is equal to the inside

di anet er 1 IHSBIGH GREGRR oL 2spar brcehef teattectesed 280oh the di sk
substrate 23, and the inside dianmeter 03 at the second cutting position C2
i s smal | &2ta FAFRime muheqtnd Rediiamter o (oa sp0O8Y,6miathd Toncentric
relationship therebetween. In this case, -as shown in Fig. 16, a nolten
resin. PESENNV/GERY RS HtHOC £3 thor qhroireth hhean ebmssed form gate 14,

thereby injection nmolding the disk substrate 23. At a tine point when the
nol t en r &EFUPferentddy umiede d ba aferthd useemifeuniemempoiat when t he
' 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
gaté 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 timé 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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di sk substrate 23 can be conpressed), the recessed form gate cutter 7 is
advanced in the direction of arrow b to performgate cuttddupe 2805t he tine
of the gate cutting, - the first cutting position G 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
nmol di ng 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 |IIb of the cutout
portion |fatopetreencthesedteor migaunferontiing porthon 1¢&. ofhebe the gate
cutting is conducted sinultaneously at the two inner and outer cutting
posi tionsti® rpehisorade, ohsthowackaspigfoth, gehe mukkeun? eutisktle di aneter
03 of the sprue and gate remaining resin 23 gate-cut fromthe disk
substrat esRighgnpdl@ing heertide Hfnehubhensedeedi hokeenoDding the center
hol e 24 of -the disk substrate 23. Therefore, the step of blowing off the
sprue andeeption emaidi e resten@3eutronyt hesihspoueCdfof t heecénsker hol e 24
of the disk substrate 23 in the direction of arrow b by the air jet nozzle
34 after swickd ey 2hel rofwled eli wkes ubser ateeR3c bycwméesemtiah pad

surface 7b of the tip portion 7a of the recessed form
gate cutter 7 and the inner circumferential surface 11b
of the cutout pértion 1la 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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33 of the robot 31, as described above referring to Fig. 11, can be
performed nore snoothly. Besides, in this case, the spruktdund2§8%e
remai ning 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 ment of the Mbold Apparatus for Injection
Mol di ng the Disk Substrate Next, referring to Figs. 18 and 19, Fourth
. Enbodi nent. of_ the nol ding apparatus 1 will be described. 1In this case, the
di amet er Ot tHe R af cifeisienthele 34rehicehgcdbskt sebstpaperzd on 7a of
the recessed form gate cutter 7 in Third Enbodi nent shown in Figs. 16 and
17 i s setlh IFife maETeciEhtRas 3 Ergethrdiegh t Hee dtameeerhoie 2he strai ght
nol di ng portion 16 of the center hole nolding portion 15, whereby a
sufficiently | afge Beépgraptiont efnFeurdhwd@awodiaent exf dilrecimofler ent i al
surface 7c and the straight nolding portion 16. Therefore, in this case,
as shown ABpamiagusi gon Had esfamimdidlabing Wie Picdnrfedistupiporti on 14a
between the outer circunferential portion of the recessed formgate 14
and the cavity ¥e¥hn befssripg be Fasge, 18oandaf 9t h&oumsht en resin Pl can

flow smoothly fromthe inside of the
- 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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recessed gate 14 into the cavity 4, and noldability of the disk substrate
23 can be enhanced. (8) Description of Fifth Enbodi ment o4 dune 2086d
Apparatus for Injection Mdlding the Disk Substrate Next, referring to
Figs. 20 and 21, Fifth Enbodi nent of the nolding 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 nent shown in Figs. 18 and 19.
As shown Iifn thil§. c2@e.a arsiaend &ishHRIs By Edtedonrtion ttwr cavity 4
through the recessed formgate 14, thereby nolding the disk substrate 23.
At a timeegerdt C whiad aare Medidiaw mesitiom i) sig imdidvietkd qita acertai n .
extent (a tinme point when the disk substrate 23 can be conpressed), the

r ecessed CPEFRATQRPE tdgmt @n thes oadhean cdd cunmf et ol rsdotd @if &f tdmrow b to
performgate cutting, as shown.in Fig. 21. At the tine of the gate
cutting, sarfgeeond Rheutfige@ordri osieden® IC tdr frase)s s24d foam lgatepl ded at an
edge portion on the side opposite to the signal transfer surface 13 side
of the cépra@infiorecessed pioatiginsk 2seifstthgt ez siped formsaedrd R surface

nmol di ng portion ,
. cutter 7 in Fourth Embodiment shown in Figs. 18 and 19.

" As shown in Fig. 20, a molten resin Pl is injected
into the cévity 4 through the recessed qum gate 14,
thereby molding the disk substrate 23. At a time point
when the molten resin Pl is solidified to a certain
extent (a time point when the disk substrate 23 can be
comp;essed), 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} 24d can be molded
‘at an edge portion on the side opposite to the signal
Vﬁransfer surface 13 side of the center hole 24 of the
diék substraté'23 by the_seéond 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 téchnicai thought
of the present invention.

" The disk substrate, the mold apparatus for
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(or second C surface nolding portion) 20. Wile the enbodi nents of the
present invention have been described above, the presentl44wne008n i s not
limted to the above enbodi nments, 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
sane, and the disk substrate taking-out robot according to the present
invention, 'constituted as described above, have the followi ng effects.
The di sk substrate according to the present invention has a structure in
whi ch at |east the edge on the signal transfer side of the center hole is
utterly ¥H&EOH | ling HRerrdtea 3tdshlesdyghesWoebreahere, the height
of the flash can be suppressed to equal to or less than 10 ,u m :

Ther ef or &2t Y g V1t RF RILBUD'S? r e PHYShoFYEBRI PRy center pin of
a spindle notor. can be perfornmed wth high accuracy, and eccentricity
anount. of°ChHe tHtd @t bR taReTe mehdfe dib i FRl ¥¥indt ati on  can be
suppr essed. Accordingly, stable recording and reproduction can be achieved
in a di s€GChfi-gh-density recording. In addition, since the center hole

is free of flash, |l ess waste are generated at the tine of production,
: The disk substrate according to the present

invéntion 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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and disks with little air can be shi pped, Ieadirng to a higher yield.
Besi des, since the first Rsurface or first C surface isl4bmee@0at | 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 ecbpgtogilee gdgehen gilmagi gnadndfreansferf sty faiode f dehof the center
‘hole, and even if a flash is generated at the edge, the bad effect of the
fl ash on dereexeniodrd mgd athe hapoirdd substirat evicdn Deoid ¢i dd zesk dhe
i njection nolding apparatus according to the present invention includes a
st anper dirsydasad yorna afrigeeld todiaarditde ofi ghadawidans fer enestask form gate
form ng projected portion provided at the outer circunference of the tip
of a spr peovd degc betet ehontmegatte afight e raees a6 tiporddrteprimaaled at -t he
tip.of a recessed formgate cutter disposed on a novable die side, and a
center haln@ the signal transfer surface, flash would not easily
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 structure 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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nol di ng.portion provided at the recessed formgate formn pr%bgcted
portion; and adopts a recessed form gate cutting structute/uel?Pve to a
signal transfer surface of a disk substrate injection nolded in the
cavity. Therefore, when the disk substrate is injection nolded, a center
hole is sinmultaneously injection nolded by the center hole nolding
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 asc??F%qﬁy'ﬁfﬁé?“§¥.,h? @ Eggﬁ oSubseFat 8tf Pe&hornfl| géfcat the center
hole can be injectjon nolded while preventing deformation of pits and a
groove. SHtPe RFLBIASE hSCE N RTY pdit iR Eing Bhesbxcedh t4ke fi xed
stanper side, the eccentricity amount of the groove relative to the center
hol e can HEPRGpPreddd S DSIMET , 2ante r el RELieT artr atkendgisgkrvo

signal and _the like can be performed with high accuracy. The center hole
mol di ng pBYaERbss fﬁre(?vicbfecfolvﬂstfh af hehq i¢enter sietaceanobdi ng portion or
first Csurface nolding portion for nolding the first R surface or first

C surf acéné‘tecttl’ré’ned’(j’éd@% W sigperentigHs rde fermasten spfiepie?t am@ center

hol e- Therefore, when the disk substrate is
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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.injection nolded, the first Rsurface or first C surface is

si mul t aneousl.y injection nolded at the edge on the signal4ung@908r surface
side of the center hole, whereby generation of flash at the edge can be
obvi ated. 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 molding .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 SUFERRA feRm ‘%h‘ér%‘?’é?égthEﬂrt%ﬁé gifskhsubsnEarehpiseinj ecti on

mol ded, the center hole can sinultaneously be injection nolded with the
strai ght t9¥%d dhand 9t t et eliehofRT bacearddehe Hhesie Bt retan wi | |
easily be released fromthe stanper when the novable die is opened. In
addi t i on, tishel sty s it i vfinhec ghee votded. theseentereebé to or nore
than the gate thickness, and, desirably, set to be equal to or less than

t he gat e 431 GBS PARITLS Iininire ebyn reebdeddvwi bk ntiyat etvadalihg  can be
securely performed. Besides, the position of cutting the recessed form
gate by O H&fesddd Fhor hmapared Raekion, send gthe disle substrate

will easily be released from the stamper when the movable

die is opened.

In addition, the advance amount of the gate cutter

is set to 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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di aneter position of the straight portion of the center hole, so_that
flash or the like is not generated in the straight portithure®08econd R
surface nol ding 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 t he signal transfer surface side of the 48 14

June 2005 ol e of |sk rate can be ded th the
second R surt?%%:gﬂ%ﬁe scefconde (f?surfsa%% é?d%gn ?ﬁemﬁegoii tgl:‘ tBGtting the
recessed rbé/aétehem[esceesos ormf_;ate cutter is set at two inner
and out er posf:tl n A frrst - cutttAgposition set at a hole

S,
di amet er positiqn_of t tra| ht portion of . the center hole, and at a
second cutting %géslltd 6‘5 Itglca e%l I?efolcﬂ’s‘itdé‘goftht%er?qerssqtedctﬁqq“hg
posi tion I £ er th n the flrst cuttln posi tion.
Ther ef oré;aar{: s M e()Sstea(-lr‘se bt BrovEt e shf 't h gg‘é‘f‘e 13R%Ai ni ng

resin after, ate cutti. t he Ided dis substrate can be nade

suf fici er?tnly Sma rIgr 1H%hr’tshe nai“%%e ad|‘!a]rfé'itermb'i‘ CiHe RAFH M $RFtion of

the Cent%t a hole diameter position of the stra1ght portlon 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 substrete
onto an aligning machine, the sprue and gate remaining
resin can easily be discharged to any of one side and the
other eide of the disk substrate by passing it through

" the center hole of the disk substrate.

The disk substrate taking-out apparatus according
eto the present invention is so eonstrected 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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hol €; accordingly, at the tine of chucking the disk substrate by a robot
and transferring the disk substrate onto an aligni ng mactiJvee 20 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 together with the novable die by the opening of 49 14 June 2005

t he novaltthe dioyadfliee diienjaddtsiro i i cti i ireo ptiowd died paichi desd ieitrts f or

di scharging a sprue and gate remaining resin to the novable die side

rel ativeat geehne diosk ddslodargtieg aTtsammfeorasyd axegre trwmegimitde rsprie and gat e
remaining resin is projected to the side of a surface opposite to the

si gnal t ransher moypbaeeddf thdedirsl aguibyst raat eehehiddlsk sulrsswertse to that in
the prior art, the sprue and gate renmaining resin can be easily discharged
from t he Thesiedereof evbe tbpugh lrdlee sphueoradidhglate aethiasilnisigbstasdte t aki ng-
out apparatus optinmum for application to the nold apparatus of the
recessedifkopmpgatéedutti nhestidet wife acamr faeeproppioddde to the

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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I n addi tion, where the nmeans for discharging the sprue and gate renaining
resin is provided with an air jet nozzle, the operation WfJueg8Rargi ng the
sprue and gate remaining resin to the novable die side after taking out
the sprue and gate remaining resin fromthe nold can be perforned securely
and instantaneously. 50 14 June 2005 CLAIMS 1. A nold apparatus for
injection nolding a disk substrate,cioomising 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
recessed form gate brovidewldt apprrattip 6r siaijdctspr weldéng ecedsed portion
for nolding said recessed form gate provided oppositely to said projected
portion atulgate| pcafprasieresseavitor mnjat ehéclh t ar mdisposedionithe novabl e
die side, and a center hole nolding portion provided at the outer
ci rcunf er éniastefl Yuiodgk pr uwru@, amhl polkelenspdr Bamps gkbe, iandeat iamanol di ng a
di sk substrate as set forth in claim1, wherein said center hole nolding
portion coygnsitsssstamper siisRoged faic sheofidiedgdipmideopt graid ¢dwisy, C surface
nmol ding portion for nolding a first R surface or a first C surface at an
edge on trid spghdl apranstes sompricdngi de ofradectaterpdwiieonof feai d di sk

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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substrate injection nolded in said cavity. 3. A nold apparatus for
injection nolding a disk substrate as set forth in clai M4un@Z8Pdi n sai d
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 center hole of said disk substrate injection
mol ded i moddimy cavistyaighnd pott@per witdl dandoper tdiemefer mohal ngna tapered
portion with a hole diameter gradually enlarged toward the signal transfer
surface directismwedithsdaihg skial gHirporidronerof tlsai gideempprsihel €oof said-

di sk substrate injection nolded in said cavity and said signal transfer
surf ace. the Narglld tappafer urfferei ajeetéDreain] denyen hdisslkofsybstirate as set
forth in claiml1l, wherein the advance anount of said recessed formgate
cutter idiglotsisdgathaan]edelarthinkdedsinf ssadl deaeidesseaddf ar regate and is
not nore than the recessed formgate thickness plus 0.5 nm 5. A nold
appar at uso¥ding rpaditioon fewl diodging di dlersubdt pareiers wethfarhhlen claim 3,
wherein the position of cutting said recessed formgate by said recessed
form gaféanaharer girgdeetlat ealpogedi ofrvapdal the t hégthml e tdicawdeer of said

straight portion of said center hole. 6. A nold apparatus for injection
mol di ng gurface 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

52




di sk substrate as set forth in claim5, wherein said recessed formgate
cutter conprises a second R surface 52 14 June 2005 ol Wi #eg8P8i 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 substingt @oatiset of opt lserand| gi susfagheneidingheqradbhi dar of cutting
said recessed formgate by said recessed form gate cutter is set at a
first posialiddngeguagcang Rheuhblee odi aneterndfC sairdasérai ghite pdoei on of said
center hole,and at a second position disposed on the inside of said first
posi ti on craridies Pk eppp s idicaret dhet hagnahithahisfst posiddeorsid. oA nol d
apparatus for injection nolding a disk substrate as set forth in claim?7,
wher ei n- sHiid gdessd@lior mtgdihe clan eef conpohses sisecwnfrkeRtsalface
nol ding portion or a second C surface nolding portion for nolding a second
R surf aceeitiganset giddCrecefmserarti¢re edge on the side opposite to the
signal transfer surface side of said center hole, at the tip of an outer
circunferential surfaceZofmghd dappeesyed Port ionec@ionA dobdimubstrate
t aki ng-out apparatus conpri sing:

- 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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a nold apparatus conprising a cavity provided between a fixed die and a
movabl e die, a signal transfer stanper disposed on said ¥iJusg 2808 si de 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 r ecesz®Eds¢dr ingatamteuctibrsr ahdprasedbot fod teianie odite fyigm sai d
novabl e die said disk substrate released fromsaid fixed die together with
said novdlsireini @ M3l tehe ropimiisg iofiestddd imbvabkid diayiaft Bhrdughest i on
nol di ng, said robot conprising a neans for discharging a sprue and gate
remai ni NgSESI #NHo asdiegeppydbieni gtei do rigljectien tmolddavdadidikksubstrat e.
10. A di sk substrate taking-out apparatus as set forth in claim9, wherein
sai d di scHis§rate neadsgate prétinedisnicohdagteal frof etaidompiablel dieA di sk
substrate nade using the nold apparatus of any one of clains 1 to 8. 54
side by said recessed form gate cutter; and

a robot for taking out from said movable die said
rdisk 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
c¢laim 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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