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plicas exhibiting a significantly higher signal-to noise ratio during
playback. This invention relates to methods for producing     Other aspects
and advantages of the invention optical disc masters and stampers used in
form-     will become apparent from the following detailed ing optical disc
replicas.                     5    description, taken in conjunction with
the accom- Optically-readable optical disc replicas are use-  panying
drawings, which illustrate, by way of ful in storing vast quantities of
information,      example, the principles of the invention. usually in the
form of a frequency-modulated (fm)    FIGURE 1 is a simplified schematic
diagram of optical signal, with a high recording density. The  apparatus
for recording an fm information signal fm signal is typically stored in a
surface of the   to   on an optical disc recording master having-a replica
as a sequence of spaced pits or bumps       photoresist recording layer;
arranged in a succession of substantially circular    FIGURE 2 in an
enlarged plan view of a segment and concentric recording tracks. Each pit
and       of the recording master of Fig. 1, after develop- adjacent space
between pits represent one cycle     ment, showing a succession of spaced
pits of the fm signal.                             15   arranged in a
plurality of substantially circular A recording master typically includes a
glass     and concentric recording tracks; substrate having a disc-shaped,
planar surface,       FIGURE 3 is a graph showing the modulated with a thin
photoresist recording layer overlaying  intensity of the writing beam in
the recording it. Information is recorded in the recording layer  apparatus
of Fig. 1; by focusing an intensity-modulated writing beam    20  FIGURE 4
is a sectional, elevational view of a of light onto the layer using a
radially-movable    portion of the recording master, taken along a
objective lens, as the master is rotated at a       recording track and
showing the photoresist prescribed rate. The intensity of the beam  is
recording layer to be exposed whenever the modulated in accordance with the
fm signal such     intensity of the writing beam of Fig. 3 exceeds a that
it is alternately greater than or less than a    25   predetermined
recording threshold; predetermined recording threshold of the photo-
FIGURE 5 is a sectional, elevational view of the resist.
recording master of Fig. 4, after development to Disc-shaped stampers, for
use in injection        remove the spaced, exposed regions; and moulding
optical disc replicas, are derived from      FIGURE 6 is a perspective view
of a turntable the developed recording masters. In one known    30
apparatus used in developing the photoresist prior technique (FR-A-2 180
746 or JA-A-81/          recording layer exposed by the apparatus of Fig.
41 710) for making such stampers, a first metallic   1. film having a
uniform thickness of about 50 to 60     Referring now to the drawings, and
particularly nm was vapor deposited onto the developed           to Fig. 1,
there is shown an apparatus for recording layer, in a chamber pressure of
about   35   recording an fm information signal on an optical 1,33. 10-3
Pa. A second metallic film was there-     disc recording master 11. The
master includes a after electroplated onto the first film, and the two
glass substrate 13, with a smooth, planar upper films together formed an
integral metallic layer     surface on which is deposited a photoresist
that could be separated from  the underlying         recording layer 15
having a uniform thickness of master recording. Residual photoresist
material   40   about 115 to 135 nm. The recording layer is was removed
from its undersurface using a suit-      exposed whenever impinged by a
beam of light able solvent to form the stamper. Both films were    having
an intensity that exceeds a predetermined preferably formed of nickel.
recording threshold. Although the method described above has
The recording apparatus includes a writing proven generally satisfactory as
a part of an    45   laser 17 for producing a writing beam of light 19
overall method of making optical disc replicas,      having a prescribed
intensity, and an intensity these  replicas sometimes provide  playback
modulator 21 for modulating the intensity of the signal-to-noise ratios
that are lower than believed  writing beam in accordance with an fm infor-
possible. The microscopic structures of these        mation signal supplied
on line 23. The recording replicas are believed to differ somewhat from an
50   apparatus further includes a spindle motor 25 for ideal sequence of
sharply defined pits. There is     rotating the recording master 11 at a
prescribed thus a need for improved methods for making          angular
velocity, and an objective lens 27 for optical discs having microscopic
structures that     focusing the intensity-modulated beam onto the conform
better to an ideal sequence of sharply       recording layer 15 of the
rotating master 11. The defined pits and thereby provide improved play-
55   objective lens is mounted on a carriage (not back signal-to-noise
ratios.                         shown) that is radially movable with
respect to The vapor deposition of the first metallic film in  the master,
so that the focused beam traces a a pressure of about 1,33 x 10-4 Pa or
less,          spiral pattern on the recording layer. however, below the
pressure needed in the prior        As shown in Figs. 3 and 4, the
intensity of the art method described (1,33 x 10-3 Pa), signifi-   60
intensity-modulated  beam   19  is alternately cantly reduces oxidation of
the metallic material,   greater than or less than the predetermined which
unexpectedly causes the stampers to have       recording threshold of the
photoresist recording microscopic structures that deviated from  the
layer 15. This produces a succession of spaced precise photoresist
geometry. This reduction in      exposed regions 29 arranged in a plurality
of pressure therefore enables the molding of re-   65   substantially
circular and concentric recording 



3                   0 081  649                      4 tracks 31 in the
layer. Each exposed region and     layer 15 over known prior developing
processes, adjacent space correspond to one cycle of the fm    including
the  development process  recom- signal. Figs. 2 and 5 depict the recording
master    mended by the manufacture of Shipley photo- 11 after development
to remove the exposed          resist. A slower development has been found
to regions, the master then being in suitable condi-    5    provide  pits
having  unexpectedly  steeper tion for use in producing a stamper.
sidewalls, which permits the eventual molding of The recording master 11 is
initially prepared for  disc replicas having higher signal-to-noise ratios
use with the recording apparatus of Fig. 1 using a   during playback.
special process in which the upper surface of the      The next step in the
optical disc manufacturing glass subtrate 13 is first ground, polished and
to   process is to use the developed recording master cleaned. The
photoresist recording layer 15 is       11 to produce a stamper suitable
for use in then formed by dispensing a photoresist solution     molding
optical disc replicas. The stamper is. onto the surface, as it is rotated
at a velocity of  produced by first vapor depositing a uniform about 75 to
100 rpm. The photoresist solution is     metallic film of about 50 to 60 nm
thickness onto preferably prepared by diluting Shipley AZ 1350    15   the
developed recording layer 15, and then elec- photoresist with Shipley AZ
thinner, in a ratio of   troplating a second uniform metallic film of about
about 3 to 1. This provides a solution viscosity of  0.38 mm thickness onto
the first film. The under- about 1.3 centipoise. The specific viscosity and
surface of the first film conforms to the pattern of angular velocity are
carefully selected to provide   spaced pits formed in the photoresist
layer, and the layer with its prescribed, uniform thickness   20   the two
films together form an integral metallic across its entire surface. After
drying and baking,  layer. This integral metallic layer can be separated
the recording master is in suitable condition for    from the underlying
recording master and resi- recording.
dual photoresist material removed using a suit- After the fm information
signal is recorded in     able photoresist thinner, thereby forming the the
photoresist recording  layer 15 by the    25   stamper. In the preferred
embodiment, both recording apparatus of Fig. 1, as described above,
metallic films are formed of nickel. the exposed layer is developed using a
special         In accordance with the present invention, the developing
process. This converts each recording     first metallic film is vapor
deposited in a pressure track into a succession of spaced pits of uniform
of about 1,33 x [err]Pa or less. This pressure is an depth and width and of
continuously-variable   30   order of magnitude lower than that which was
length.                                              previously thought to
be necessary for forming In the  developing  process, the  exposed
stampers. It significantly reduces oxidation of the recording master 11 is
rotated by a turntable        deposited metallic material, which was found
to apparatus as shown in Fig. 6, and fluids are         be an unexpected
source of microscopic devia- dispensed onto the rotating master in a pre-
35   tions between the stamper geometry and the scribed fashion. The
turntable apparatus includes    photoresist geometry. This reduction in
pressure a variable speed motor 33 for rotating the master    therefore
enables the molding of replicas exhibit- at a selected velocity, and a
pivot arm 35 carrying  ing a significantly higher signal-to-noise ratio two
dispensing tubes 37 and 39 for dispensing de-     during playback. ionized
water and developer solution, respective-   40  It should be appreciated
from the foregoing ly, in a prescribed sequence. The de-ionized water
description that the present invention provides an preferably has a
resistance exceeding about 18       improved method for forming optical
discs, which mega-ohms per square centimeter. The develop-         result
in disc replicas having substantially higher er solution  is an inorganic
alkali such as           playback signal-to-noise ratio. After a
photoresist potassium   hydroxide, sodium  hydroxide or   45   development
process that yields developed trisodium phosphate, preferably an AZ
developer       recording masters having spaced information- solution,
which is believed to be principally         bearing pits with unexpectedly
steeper sidewalls trisodium phosphate.                                  the
method of the invention forms metallic stam- As the motor 33 rotates the
recording master 11     pers using an initial vapor deposition step carried
at about 75 to 100 rpm, water is first dispensed    50   out in an
extremely low pressure, to reduce through the tube 37 to pre-wet the
recording layer    oxidation and thereby unexpectedly improve con- 15,
after which both water and developer solution    formity between the
stamper geometry and the are dispensed through the tubes 37 to 39 for
photoresist geometry. about 5 to 10 seconds to partially develop the
Although the invention has been described in layer. Developer solution
alone is then dispensed    55   detail with reference to the present
preferred through the tube 39 to fully develop the layer,
embodiments, it should be understood by one or and, finally, water is again
dispensed through the    ordinary skill in the art that various
modifications tube 37 to rinse away residual developer solution.    can be
made without departing from the scope of The motor speed is then increased
to about 750 to    the invention. Accordingly, it is not intended that 1000
rpm, to dry the developed recording layer.    60   the invention be
limited, except as by the The AZ developer solution has a normality of
appended claims. only about 0.14 to 0.16 and is dispensed onto the 



layer for a relatively long duration of about 60      Claim seconds. This
substantially slows down the de- velopment of the exposed photoresist
recording    65    A method for forming a stamper for use in 3    3
0 081  649                     4 tracks 31 in' the layer. Each exposed
region and    layer 15 over known prior developing processes, adjacent
space correspond to one cycle of the fm   including  the development
process recom- signal Figs. 2 and 5 depict the recording master    mended
by the manufacture of Shipley photo- 11 after development to remove the
exposed         resist. A slower development has been found to regions, the
master then being in suitable condi-    5    provide  pits  having
unexpectedly  steeper tion for use in producing a stamper.
sidewalls, which permits the eventual molding of The recording master 11 is
initially prepared for  disc replicas having higher signal-to-noise ratios
use with the recording apparatus of Fig. 1 using a  during playback.
special process in which the upper surface of the    The next step in the
optical disc manufacturing glass subtrate 13 is first ground, polished and
10   process is to use the developed recording master cleaned. The
photoresist recording layer 15 is      11 to produce a stamper suitable for
use in then formed by dispensing a photoresist solution    molding optical
disc replicas. The stamper is onto the surface, as it is rotated at a
velocity of  produced by first vapor depositing a uniform about 75 to 100
rpm. The photoresist solution is    metallic film of about 50 to 60 nm
thickness onto preferably prepared by diluting Shipley AZ 1350    15   the
developed recording layer 15, and then elec- photoresist with Shipley AZ
thinner, in a ratio of  troplating a second uniform metallic film of about
about 3 to 1. This provides a solution viscosity of  0.38 mm thickness onto
the first film. The under- about 1.3 centipoise. The specific viscosity and
surface of the first film conforms to the pattern of angular velocity are
carefully selected to provide  spaced pits formed in the photoresist layer,
and the layer with its prescribed, uniform thickness   20   the two films
together form an integral metallic across its entire surface. After drying
and baking,  layer. This integral metallic layer can be separated the
recording master is in suitable condition for   from the underlying
recording master and resi- recording.
dual photoresist material removed using a suit- After the fm information
signal is recorded in    able photoresist thinner, thereby forming the the
photoresist recording  layer 15 by the    25   stamper. In the preferred
embodiment, both recording apparatus of Fig. 1, as described above,
metallic films are formed of nickel. the exposed layer is developed using a
special        In accordance with the present invention, the developing
process. This converts each recording    first metallic film is vapor
deposited in a pressure track into a succession of spaced pits of uniform
of about 1,33 x 10-4 Pa or less. This pressure is an depth and width and of
continuously-variable   30   order of magnitude lower than that which was
length.                                             previously thought to
be necessary for forming In the developing  process, the exposed
stampers. It significantly reduces oxidation of the recording master 11 is
rotated by a turntable       deposited metallic material, which was found
to apparatus as shown in Fig. 6, and fluids are        be an unexpected
source of microscopic devia- dispensed onto the rotating master in a pre-
35   tions between the stamper geometry and the scribed fashion. The
turntable apparatus includes   photoresist geometry. This reduction in
pressure a variable speed motor 33 for rotating the master   therefore
enables the molding of replicas exhibit- at a selected velocity, and a
pivot arm 35 carrying  ing a significantly higher signal-to-noise ratio two
dispensing tubes 37 and 39 for dispensing de-    during playback. ionized
water and developer solution, respective-   40  It should be appreciated
from the foregoing ly, in a prescribed sequence. The de-ionized water
description that the present invention provides an preferably has a
resistance exceeding about 18      improved method for forming optical
discs, which mega-ohms per square centimeter. The develop-       result in
disc replicas having substantially higher er solution is an inorganic
alkali such as           playback signal-to-noise ratio. After a
photoresist potassium  hydroxide, sodium  hydroxide or   45   development
process that yields developed trisodium phosphate, preferably an AZ
developer      recording masters having spaced information- solution, which
is believed to be principally        bearing pits with unexpectedly steeper
sidewalls, trisodium phosphate.                                 the method
of the invention forms metallic stam- As the motor 33 rotates the recording
master 11    pers using an initial vapor deposition step carried at about
75 to 100 rpm, water is first dispensed    so   out in an extremely low
pressure, to reduce through the tube 37 to pre-wet the recording layer
oxidation and thereby unexpectedly improve con- 15, after which both water
and developer solution   formity between the stamper geometry and the are
dispensed through the tubes 37 to 39 for         photoresist geometry.
about 5 to 10 seconds to partially develop the        Although the
invention has been described in layer. Developer solution alone is then
dispensed   55   detail with reference to the present preferred through the
tube 39 to fully develop the layer,      embodiments, it should be
understood by one or and, finally, water is again dispensed through the
ordinary skill in the art that various modifications tube 37 to rinse away
residual developer solution.   can be made without departing from the scope
of 



The motor speed is then increased to about 750 to   the invention.
Accordingly, it is not intended that 1000 rpm, to dry the developed
recording layer.    6o   the invention be limited, except as by the The AZ
developer solution has a normality of       appended claims. only about
0.14 to 0.16 and is dispensed onto the layer for a relatively long duration
of about 60     Claim seconds. This substantially slows down the de-
velopment of the exposed photoresist recording    65   A method for forming
a stamper for use in 3 11111 11 1111 * C   L   M   S *    5
0081  649                        6 molding optical disc replicas,
comprising the         ersten Film, wobei der erste und der zweite Film
steps of:                                             zusammen eine
integrale metallische Schicht bil- forming a disc-shaped master recording
(11)         den; Trennen der metallischen Schicht von der that includes a
glass substrate (13) and a thin       darunterliegenden Masteraufzeichnung;
und Ent- recording layer (15), an information signal being    5    fernen
verbleibenden Materials der Aufzeich recorded in the recordinglayer (15) in
a sequence     nungsschicht von der unteren Oberflache der ge- of spaced
pits (29) arranged in a plurality of        trennten Metallschicht, um
einen Stempel zu bil- substantially circular and concentric recording
den, der zum Einsatz beim Formen von Verviel- tracks (31); vapor depositing
a first thin, uniform,  faltigungsstucken von Bildplatten geeignet ist
metallic film on the recording layer of the master    10   und dadurch
gekennzeichnet, [err] der anfangliche recording; electroplating a second
thin, uniform,     Aufdampfschritt bei einem Druck von ungefahr metallic
film onto the first film, the first and      1,33 x [err] Pascal oder
weniger erfolgt. second films together forming an integral, metallic layer;
separating the metallic layer from    Revendication the underlying master
recording; and removing    15 residual recording layer material from the
under-       Methode pour former un poincon A utiliser dans surface of the
separated metallic layer, to form a    le moulage de repliques de disques
optiques, stamper suitable for use in molding optical disc      comprenant
les etapes de: replicas, and characterized by the initial vapor
former un enregistrement principal (11) en depositing step occurring in a
pressure of about   20   forme de disque qui comprend un substrat en 1.33 x
10-4 pascals or less.                          verre (13) et une couche
mince d'enregistrement (15), un signal d'information etant enregistre dans
Patentanspruch                                        Ia couche
d'enregistrement (15) en une sequence de creux espaces (29) agences en un
certain Ein Verfahren zur Herstellung eines Stempels   25    nombre de
pistes sensiblement circulaires et zur Verwendung  beim  Formen von
Verviel-             concentriques d'enregistrement (31); deposer A la
filtigungsstucken von Bildplatten, in dem  die        vapeur un premier
film metallique uniforme et Schritte enthalten sind:
mince sur la couche d'enregistrement de l'enre- Ausbilden einer
scheibenformigen Masterauf-          gistrement principal; plaquer
electrolytiquement zeichnung (11), die ein Glassubstrat (13) und eine    30
un second film metallique mince sur le premier dunne Aufzeichnungsschicht
(15) enthalt, wobei        film, les premier et second films formant ensem-
ein Informationssignal in der Aufzeichnungs-           ble une couche
metallique en une piece; separer schicht (15) in einer Folge von in
Abstanden ange-    la couche metallique de l'enregistrement princi-
ordneten Vertiefurigen (29) aufgezeichnet wird,       pal sous-jacent; et
retirer le materiau residuel de die in einer Vielzahl von im wesentlichen
kreis-   35   la couche d'enregistrement de la surface infe- formigen  und
konzentrischen Aufzeichnungs-           rieure de la couche metallique
separee, pour former spuren (31) angeordnet sind; Aufdampfen eines
un poincon approprie a une utilisation pour le ersten dunnen gleichformigen
metallischen Films        moulage de repliques de disques optiques, et auf
der Aufzeichnungsschicht der Masteraufzeich-      caracterisee par une
etape initiale de d6p6t A la nung; galvanisches Auftragen eines zweiten
dun-   40    vapeur se produisant A une pression d'environ nen
gleichformigen metallischen Films auf den          1,33 x 10-4 pascal ou
moins. 45 50 55 60 65    


