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We, RCA CORPORATION, a cor-  resist is then developed and the exposed
poration organized under the laws of the  portions of resist are removed to
form a State  of Delaware, United  States  of topography in the groove
corresponding to America, of 30 Rockefeller Plaza, City and the video
signal information. A nickel im- S State of New York, 10020, United States
of  pression is made of the resultant disc and 50 America, do hereby
declare the invention,  this replication is utilized to stamp or for which
we pray that a patent may be  emboss vinyl records by techniques known
granted to us, and the method by which it  in the audio recording art. The
vinyl re- is to be performed, to be particularly de-  plica is then
metalized to make the surface 10 scribed  in  and   by  the  following
conducting and the metalization is there- 55 statement: -
after coated with a dielectric. In playing This invention relates to a
method of for- back the recorded information, a stylus is ming contours
representative of high den- caused to ride in the dielectric coated sity
e.g. video information on a disc sub-  groove. This  stylus, along  with
the 15 strate. More particularly, this invention  metalization  and
dielectric, acts as a 60 relates to a method of recording video in-
capacitor. Capacitance variations in the formation on a disc in a manner
suitable  groove, which correspond to the recorded for subsequently forming
replicated discs  video information, may then be detected for play-back on
a video player.         electronically. to  recover the video  in- 20   A
system for recording and playback of  formation.
65 video information has been described in   In the system  of the
above-described our British  Specification  1392 203, by  Specification 1
392 203, if the resist-coated which a lacquered surface is deposited on
impression is formed with a thin layer of a thick aluminum disc and a
continuous  e.g. photoresist, that is, the layer is of such 25 spiral
groove is cut into the lacquered sur-  thickness as to allow the electron
beam to 70 face. A  first nickel impression is then  completely pierce the
photoresist layer and made of the grooved lacquer surface by  impinge upon
the substrate, subsequent ex- depositing nickel over such  surface and
posure of this photoresist coating by the thereafter separating the nickel
coating  electron beam can provide a non-uniform 30 from  the lacquer. This
first nickel im-  topography. A non-uniform topography is 75 pression is a
negative reproduction of the  formed when  exposure of the electron
original grooved lacquer. A second nickel  beam sensitive material (e.g.
photoresist) is impression is made of the first to form a  inadvertently
varied by, for example, un- metal disc that is a positive reproduction
controlled reflection of the impinging elec- 35 of the original grooved
lacquer. A rela-  tron beam  off the substrate material. In 80 tively
uniform  coating of electron beam  the exposure of a thin layer of electron
sensitive material, which may be a photo- beam sensitive material the
substrate upon resist, is thereafter formed on the second  which this thin
material layer is formed is nickel impression.                      used as
a reference plane; that is, the elec- 40   The resist-coated impression is
then ex-  tron beam exposure is adjusted to provide 85 posed by a
video-signal-modulated beam of  penetration through the electron beam sen-
a  scanning  electron  microscope which  sitive material to the substrate.
When the provides electron beam exposure of the re-  substrate material is
utilized as a reference sist in the groove of the disc in correspon-
plane, the depth of the formed topography 45 dence to the video signal
information. The varies as a function of thickness of the 90    2
1 417 708                                      2 electron beam sensitive
material. Since it is  spiral-groove has a typical pitch of 2000 to
difficult to apply a uniformly thin material  8000 convolutions per inch
with an in- coating over a grooved substrate, it is dif-  cluded angle of
about [err]. This metal disc ficult to provide a topography having ex-  may
be formed in any of a number of - 



5 posed regions formed to a uniform depth.  ways. For example, one method
of provid- 70 During exposure of the thin photoresist-- ing a grooved disc
includes- the steps material, the photoresist-piercing electron  of first
forming  an  aluminium  blank beam reflects off of the metal substrate. In
about 14 inches in diameter and 1/2 inch addition to the exposure by the
incident thick -and machining this disc flat to a 10 beam, the reflected
electrons also expose  tolerance of .0002 inches. A  coating of 75 portions
of the photoresist material, in-  copper is thereafter formed on the
surface creasing the width of the electron-beam in-  of this disc to a
thickness of about .003 scribed area in accordance with the quant-  inches.
The copper-coated disc is then ity of reflected electrons. This quantity of
placed--in a jig bore lathe and the copper 15 reflected  electrons varies
in  accordance  surface polished to form  a smooth, flat 80 with the number
of electrons striking the  disc. A diamond-cutting stylus is thereafter
substrate and is related to the material utilized to inscribe a spiral
groove having coating thickness at the point of exposure.  a desired pitch
of, for example, 4000 con- Electron beam reflection off the substrate
volutions per inch in the copper surface of 20 material at positions where
the photoresist  the disc.                         85 coating is too thin,
may overexpose the    In  one -- arrangement embodying  the area causing
undercut (pear-shaped) ex-  above, a layer of electron beam  sensitive
posures in the photoresist material. Under-  material or resist material is
deposited on cut or pear-shaped exposures in the photo-  the grooved copper
surface. A typical elec- 25 resist material make the replication process
tron beam sensitive material that has been 90 difficult in that the
replicating metal coat-  successfully utilized in this application is ing
that is formed over the exposed photo-  Shipley No. AZ1350 photoresist
manufac- resist  becomes extremely  difficult  to  tured by the Shipley
Co., Newton, Mass. separate from  the photoresist-coated disc  The electron
beam sensitive material may 30 without fracturing or otherwise deforming
be applied to the disc surface by any one 95 the thin metal coating An
object of the  of a number of techniques. One technique invention is to
counteract this tendency.    that -has been utilized is to spin the disc at
According to the present invention there  a rate in the range of about 200
to 2000 is provided a method of forming an in-  rpm  (typically at about
450 rpm). An 35 formation storing disc record comprising  excess amount of
electron beam sensitive 100 the steps of forming a first disc having a
material of a viscosity--of about 4.5 cen- spiral-grooved surface, said
grooved surface  tipoise is then sprayed on the rotating disc. comprised
of valley and wall regions  The disc rotation throws off the excess covered
with a continuous coating of elec-  amount--of electron beam sensitive
material 40 tron beam sensitive material; exposing the  leaving  a
continuous coating  over the 105 material in said spiral groove to an elec-
grooved region of-the disc. tron beam - modulated  according - - to  in-
Coordination of disc rotational velocity formation to be stored; forming a
topogra- and viscosity of the electron-beam sensitive phy in said spiral
groove representative of --material (hereafter  referred  to as the 45 said
information by developing said ex-  material coating) is necessary in order
to 110 posed groove material to remove portions  provide a -material
coating that conforms - of said material in accordance with the  to  a
desired groove contour and  pre- pattern of exposure, the thickness of said
determined thickness in the valley region. material in the wall and valley
regions of  If the material coating of the disc is too 50 said groove prior
to said developing, the  thick, particularly with a resist material, 115
depth of electron beam  penetration into  subsequent exposure -of the
material coat- said material during said exposing and the  ing by the
electron beam will inhibit the degree of said developing being so related
electron charge caused by the impinging that the wall and valley regions
after de-  electron beam on the material coated sur- 55 veloping include a
continuous residuum of  face from leaking off at the rate of arrival 120
said material therein; and forming from  to the associated turntable which
is elec- said exposed disc a second disc having a  trically grounded.
Residual electron charge groove topography - of opposite contour  on the
material coated disc surface acts--to from that of said first disc, wherein
said  defocus the electron beam, preventing high 60 second disc is suitable
to produce positive  resolution information from being recorded 125
replicas of said signal modulated grooved  in the disc's coated groove. At
the other disc.                                     extreme, a material
coating of the disc that According to one embodiment of the in-- is too
thin will not provide a sufficient vention, a metal disc having a V-shaped
coating for subsequent recording of in- 65 spiral groove on its surface is
formed. The  formation along the wall regions of the 130   



3                                       1417708
3 groove, undesirably reducing the area in  formation recording process,
the electron which signal information may be recorded.  beam is precisely
focused upon the disc Preferred  options according  to  the in-  providing
a small electron beam spot size vention counteract this tendency as well.
suitable for  high  resolution  recording 5 Experimentation has shown that
the de-  within the previously formed spiral groove. 70 sired material
coating thickness is one that    Frequency modulation of the electron just
coats the upper edges or peaks of the  beam is typically utilized for
recording sig- groove and is at least 50 percent thicker in  nal
information on the rotating disc. In re- the recorded region than the
electron beam   sponse to the frequency modulation, when 10 penetration but
not greater than 6 microns  the electron beam  is caused to radially 75
thick at the deepest region or valley of the  traverse the groove region of
the disc, groove.  By   specifying   a   minimum  there is exposed a
pattern of elemental material  thickness  in  the  recorded  slots. The
photoresist-coated disc is then region  of the  groove,  electron  beam
developed to remove photoresist material 15 penetration  through the
material to  the  in the exposed regions on the disc, while 80 substrate
is  avoided  and  the  detri-  leaving a residuum of photoresist material
mental effects of beam  reflection off the  over the surface of the disc.
Development substrate  are  eliminated. Consequently, time is approximately
120 seconds in Shi- after information has been recorded in the  pley No.
AZ1350 developer. The resulting 20 electron beam  sensitive material, a re-
profile of a typical slot is about 0.35 85 siduum of this material will
remain below  microns wide, 0.3 microns deep, and 6 the electron-beam
exposed regions. A de-  microns long Slot profile will vary between tailed
description of a method of applying  the conditions of underexposing and
over- electron beam  sensitive material such as  exposing the electron beam
sensitive resist. 25 photoresist to a disc substrate is described  When the
photoresist material is und&- 90 in our Application 17796/73 (Serial No.
exposed, a  shallow  depression  results, 1 413 246).
whereas if the photoresist material is over- If electron beam sensitive
material such  exposed, a pear-shaped profile may result. as the
aforementioned Shipley No. AZ1350  Pear-shaped slot profiles are
undesirable in 30 photoresist is  utilized, particular  care  that they
create a problem in replication as 95 should be taken to insure its
homogeneity  was discussed above. The undercut pear- on the surface of the
disc prior to ex-  shaped slots inhibit release of the metal posure by the
scanning electron micro-  coating applied to the disc in the sub- scope.
After application and spin drying of  sequent impressing process and
therefore 35 the photoresist material for a period of  should be avoided.
100 about ten minutes for a disc having 4000    Underexposed slots in the
disc provide convolutions per inch, the disc is removed  insufficient depth
for good signal-to-noise from the turntable and allowed to dry in  ratio in
the resultant embossed playback the open air under standard temperature
disc. A desirable slot profile may be ob- 40 and humidity conditions for
about 7 days. tained by adjusting the exposure to provide 105 A seven-day
drying period has been found  greatest electron beam penetration without
desirable to allow  excess solvent in the  undercutting. photoresist
material to escape and surface    After the disc has been developed and
chemistry to form  a hardened  surface  signal-representative topography
formed in 45 layer. This hardened surface layer mini-  the spiral groove,
the disc is impressed in 110 mizes photoresist erosion of high resolution
material such as nickel. This nickel im- information  patterns  during  the
de-  pression is a negative of the photoresist- velopment process. An
alternative method  coated disc and may be utilized to stamp to drying the
photoresist and forming a  or emboss vinyl records for use in a signal 50
hardened surface layer may be effected by  information playback system.
115 baking  the material-coated disc. It has    An alternative approach to
providing an been found, however, that the photoresist  embossed vinyl disc
employs a double ex- material generally  loses sensitivity  after  posure
of a grooveless, material-coated disc baking.
to the beam  of the scanning electron 55   After the hardened surface layer
forms  microscope. The first exposure forms the 120 on the surface of the
photoresist-coated  spiral groove and the second exposure disc, the disc is
positioned on the turntable  forms  the  information  representative under
the scanning electron microscope for  topograhy. exposure to the video
signal modulated   In this approach, an aluminum disc is 60 electron beam.
Disc rotation is set at about  machined to a tolerance of about .0002 125
10 rpm and the electron beam adjusted for  inches and a coating of electron
beam sen- 



10,000 volts accelerating voltage. The beam   sitive material is applied
thereto. Applica- current is adjusted to provide a focused  tion  of  this
electron  beam  sensitive beam spot size of about 0.3 microns at the
material to the aluminum disc surface may 65 half intensity points. During
the signal in-  be implemented by a spin technique such 130    4
1 417 708                                     4 as the one described in our
aforementioned  15 X [err]amperes. A spiral exposure may patent application
17796/73 (Serial No.  then be effected by impinging the rotating 1413246).
A coating of about 5 micron  disc with the defocused beam while caus-
thickness is desirable in order to provide  ing the electron beam to
linearly traverse a 5 sufficient thickness for allowing a residuum
portion of the disc along a radial. By 70 of material to remain after
forming both  properly adjusting the intensity and focus the spiral groove
and  information  re-  of the electron beam  and developing the
presentative topography. For purposes of  material in a highly erosive
developer, a forming the spiral groove, it is desirable to  resultant
spiral groove may be created hav- 10 expose a photoresist having uniform
sol-  ing a cross-sectional groove shape of sub- 75 vent content throughout
the material and  stantially constant radius of curvature. without a
hardened, low  solvent surface    After the photoresist-coated disc is ex-
layer as utilized for forming the high re-  posed a first time with the
electron beam, solution topography. Under such conditions  the exposed
surface is eroded away by a 15 a uniform  groove may be formed to a  very
active hybrid developing solution. 80 greater depth than could be formed if
the  This developing solution is made by mix- surface layer, for example,
were of lower ing 95% of Shipley No. AZ1350 developer solvent content and
hardened from effects with 5% of Shipley No. AZ303 developer. of surface
chemistry.                   Development time in this-very active hy- 20
If the electron beam  sensitive material brid developer is about two
minutes. The 85 coating applied to the disc is Shipley No.  active
developer serves the multiple pur- AZ 1350 photoresist, the following
drying  pose of dissolving the exposed regions and technique is utilized.
After application and  eroding the surface of the unexposed re- spin drying
of the photoresist material, the  gions of the coated disc. Surface erosion
in 25 disc is placed on a rack and allowed to  the unexposed regions is
generally to a 90 dry in the open air under standard tem-  depth of about
0.5 microns and serves the perature and humidity conditions for about
primary purpose of removing the upper 20 hours. The coated disc is then
removed  portion of the overexposed, pear-shaped from the rack and placed
in a sealed con-  spiral groove and forming thereby a groove 30 tainer of
approximately twice its volume.  having substantially circular
cross-section.  95 Within a period of time of approximately    As described
in the method above, the one to four days the vapor pressure within
grooved disc is now stored for several days the container caused by the
outgassing sol-  on an open rack in an atmosphere of stan- vent reaches an
equilibrium, inhibiting  dard temperature and humidity conditions 35
further outgassing of solvent. At this point  for purposes of forming a low
solvent har- 100 in time - the solvent maintains a sub-  dened surface
layer. After the hardened stantially    homogeneous    distribution
surface layer of nominally 0.5 microns throughout the material. The coated
disc is  thickness has formed, the disc is ready for then placed on a
turntable for subsequent  exposure to the signal modulated electron 40
exposure to the electron beam of a scan-  beam of the scanning electron
microscope. 105 ning electron microscope.                 The photoresist
coated disc is then re- If Shipley No. AZ1350 photoresist is  positioned on
the turntable under the scan- employed as the electron beam  sensitive
ning electron microscope and a signal re- material, it has been found that
a spiral presentative  topography  formed  in  the 45 groove suitable for
recording video in-  grooved regions of the disc in the manner 110
formation therein may be formed in the  described in the preceding example.
Once following manner. The photoresist coated  again, a metal copy is
impressed of the disc is positioned on a turntable under a  groove
topography and this metal pressing, scanning electron microscope and
rotated  having opposite contour from that of the 50 at a speed of about 10
rpm. Accelerating  photoresist coated  disc, is suitable to 115 voltage of
the electron beam of the scan-  stamp or emboss vinyl records for use in a
ning electron microscope is adjusted to  signal information playback
system. overexpose the photoresist by using, for    WHAT WE CLAIM IS: -
example, approximately 15,000 volts at a    1. A method of forming an
information 55 beam current of about 5 X [err] amperes.  storing disc
record comprising the steps of 120 



The electron beam is first focused on the  forming a first disc having a
spiral-grooved surface of the coated disc and then de-  surface, said
grooved surface comprised of focused to enlarge the beam to a size suf-
valley and wall regions covered with a con- ficient to form the desired
groove width.  tinuous coating of electron beam sensitive 60 For example, a
10 micron wide groove  material; exposing the material in said 125 width is
obtained by reducing the current  spiral groove  to  an  electron beam
through the focusing lens of the scanning  modulated according to
information to be electron  microscope  from  the  amount  stored; forming
a topography in said spiral necessary to precisely focus the electron
groove representative of said information 65 beam on the surface of the
disc by about  by developing said exposed groove material 130    4
1 417 708                                      4 as the one described in
our aforementioned  15 X [err] amperes. A spiral exposure may patent
application  17796/73 (Serial No.  then be effected by impinging the
rotating 1 413-246). A  coating of about 5 micron  disc with the defocused
beam while caus- thickness is desirable in order to provide  ing the
electron beam to linearly traverse a 5 sufficient thickness for allowing a
residuum   portion of the disc along a radial. By 70 of material to remain
after forming both  properly adjusting the intensity and focus the  spiral
groove and  information  re-  of the electron beam  and developing the
presentative topography. For purposes of  material in a highly erosive
developer, a forming the spiral groove, it is desirable to  resultant
spiral groove may be created hav- 10 expose a photoresist having uniform
sol-  ing a cross-sectional groove shape of sub- 75 vent content throughout
the material and  stantially constant radius of curvature. without a
hardened, low  solvent surface    After the photoresist-coated disc is ex-
layer as utilized for forming the high re-  posed a first time with the
electron beam, solution topography. Under such conditions  the exposed
surface is eroded away by a 15 a uniform  groove may be formed to a  very
active hybrid  developing  solution. 80 greater depth than could be formed
if the  This developing solution is made by mix- surface layer, for
example, were of lower ing 95% of Shipley No. AZ1350 developer solvent
content and hardened from effects  with 5% of Shipley No. AZ303 developer.
of surface chemistry.                     Development time in this very
active hy- 20   If the electron beam  sensitive material  brid developer is
about two minutes. The 85 coating applied to the disc is Shipley No.
active developer serves the multiple pur- AZ 1350 photoresist, the
following drying  pose of dissolving the exposed regions and technique is
utilized. After application and  eroding the surface of the unexposed re-
spin drying of the photoresist material, the  gions of the coated disc.
Surface erosion in 25 disc is placed on a rack and allowed to  the
unexposed regions is generally to a 90 dry in the open air under standard
tem   depth of about 0.5 microns and serves the perature and humidity
conditions for about  primary purpose of removing the upper 20 hours. The
coated disc is then removed  portion of the overexposed, pear-shaped from
the rack and placed in a sealed con-  spiral groove and forming thereby a
groove 30 tainer of approximately twice its volume. having substantially
circular cross-section.  95 Within a period of time of approximately    As
described in the method above, the one to four days the vapor pressure
within  grooved disc is now stored for several days the container caused by
the outgassing sol-  on an open rack in an atmosphere of stan- vent reaches
an  equilibrium, inhibiting  dard temperature and humidity conditions 35
further outgassing of solvent. At this point  for purposes of forming a low
solvent har- 100 in  time the solvent maintains a sub-  dened surface
layer. After the hardened stantially    homogeneous    distribution
surface layer of nominally 0.5 microns throughout the material. The coated
disc is  thickness has formed, the disc is ready for then placed on a
turntable for subsequent  exposure to the signal modulated electron 40
exposure to the electron beam of a scan-  beam of the scanning electron
microscope.  105 ning electron microscope.                  The photoresist
coated disc is then re- If Shipley No. AZ1350 photoresist is  positioned on
the turntable under the scan- employed as the electron beam  sensitive
ning electron microscope and a signal re- material, it has been found that
a spiral presentative  topography  formed  in  the 45 groove suitable for
recording video in-  grooved regions of the disc in the manner 110
formation therein may be formed in the  described in the preceding example.
Once following manner. The photoresist coated  again, a metal copy is
impressed of the disc is positioned on a turntable under a  groove
topography and this metal pressing, scanning electron microscope and
rotated  having opposite contour from that of the 



50 at a speed of about 10 rpm. Accelerating  photoresist coated  disc, is
suitable to 115 voltage of the electron beam of the scan-  stamp or emboss
vinyl records for use in a ning electron microscope is adjusted to  signal
information playback system. overexpose the photoresist by using, for
WHAT WE CLAIM IS: - example, approximately 15,000 volts at a    1.  A
method of forming an information 55 beam current of about 5 X [err]
amperes.  storing disc record comprising the steps of 120 The electron beam
is first focused on the   forming a first disc having a spiral-grooved
surface of the coated disc and then de-  surface, said grooved surface
comprised of focused to enlarge the beam to a size suf- valley and wall
regions covered with a con- ficient to form the desired groove width.
tinuous coating of electron beam  sensitive 60 For example, a 10 micron
wide groove  material; exposing the material in said 125 width is obtained
by reducing the current  spiral  groove  to  an  electron  beam through the
focusing lens of the scanning  modulated according to information to be
electron  microscope  from  the  amount  stored; forming a topography in
said spiral necessary to precisely focus the electron  groove
representative of said information 65 beam on the surface of the disc by
about  by developing said exposed groove material 130    5
1417708                                        5 to  remove  portions  of
said  material  thickness prior to recording just coats the in accordance
with the pattern of exposure,  peaks presented by the spiral groove of the
thickness of said material in the wall  said groove surface and is at least
50% and valley regions of said groove prior to  thicker in said  valley
region  than  the 40 5 said  developing, the depth  of electron
penetration depth of said electron beam. beam penetration into said
material during    5. A  method according to  any pre- said exposing, and
the degree of said de-  ceding claim wherein; said material coating
veloping being so related that the wall and  thickness prior to recording
is not greater valley regions after developing include a  than 6 microns at
the deepest valley region 45 10 continuous  residuum   of  said  material
of said groove surface. therein; and forming from  said exposed    6. A
method as claimed in any one of disc  a  second  disc  having  a  groove
claims 1-5 wherein said first disc comprises topography of opposite contour
from that  a grooveless substrate uniformly coated of said first disc,
wherein said second disc  with electron beam sensitive material, and 50 15
is suitable to produce positive replicas of  said spiral groove is formed
in said coated said signal modulated grooved disc.      substrate at least
in part by exposing a 2. A  method as claimed in claim  1, spiral pattern
in said electron beam  sen- wherein said spiral groove is formed with a
sitive material coating with an electron pitch of about 2000 to 8000
convolutions  beam.                                  55 20 per inch, and
said electron beam sensitive    7. A  method as claimed in claim  6
material is coated on said grooved sub-  wherein said exposed electron beam
sen- strate by applying an excess of electron  sitive coating is developed
to remove ex- beam sensitive material onto said grooved  posed regions of
electron beam  sensitive substrate and spinning said substrate at a
material, forming thereby a dimensioned 60 25 speed sufficient to throw off
excess elec-  spiral groove in said material. tron beam sensitive material
while allowing    8. A method of forming an information a relatively
uniform thickness of material  storing disc record medium substantially as
coating to remain in the valley region of  disclosed in any of the
alternatives de- said spiral groove.                      scribed herein.
65 30   3. A method as claimed in claim 1 or 2    9. A disc record formed
by the method wherein  the thickness of said  electron  claimed in any of
claims 1-8. beam sensitive material in the region to be       JOHN A.
DOUGLAS, exposed exceeds the depth of penetration          Chartered Patent
Agent, of said electron beam.                               50 Curzon
Street, 35   4. A  method according to any pre-               London, W1Y
8EU. ceding claim wherein; said material coating      Agent for the
Applicant. Printed for Her Majesty's Stationery Office by The Tweeddale
Press Ltd., Berwick-upon-Tweed, 1975. Published at the Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.
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