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Application No. 14366/73   (22) Filed 26 March 1973(19) (31) Convention
Application No. 238 316  (32) Filed 27 March 1972 in (33) United States of
America (US) (44) Complete Specification published 24 March 1976 (51) INT.
[err] G03B 21/56 (52) Index at acceptance G2X  42 B6J  440 470 520 570 706
(72) Inventor ROBERT NORTON WOLFE (54) MANUFACTURE OF MASTERS FOR RADIATION
REDISTRIBUTING DEVICES, AND FABRICATION OF SUCH DEVICES THEREFROM (71)  We,
EASTMAN KODAK COMPANY, a  sired contours in the master is facilitated
Company organized under the laws of the  by selecting a readily workable
material, State of New  Jersey, United States of suc has plastics material,
for use as the America of 343 State Street, Rochester, master surface
wherein the contours are in- 5 New  York  14650,  United  States  of
itially cut. Normally, during the master cut- 50 America do hereby declare
the invention  ting operation, the cutting edge or profile for which we
pray that a patent may be  of the cutting tool gradually deteriorates,
granted to us, and the method by which it  accumulating minute nicks and
burrs as it is to be performed, to be particularly de- cuts. The results of
such deterioration are 10 scribed  in  and   by  the  following  striations
and other imperfections in the 55 statement: -
master surface which are reproduced in all The present invention relates to
the  screens replicated from such master. These manufacture of masters for
radiation re-  imperfections, of course, have an adverse distributive
devices - such  as  projection  effect on screen efficiency, scattering
image screens of the type which comprise  a  flux  outside  the  field  of
observation 60 plurality of optical microelements, each of  through which
the optcial microclements which  is specially  contoured  for  re- were
designed to redistribute image flux. distributing image flux into a
predefined  Moreover, in cutting the screen master by field of observation,
and to the fabrication  conventional techniques, the master surface 20 of
such devices therefrom.               commonly exhibits a streaky
appearance 65 Heretofore, a wide variety of projection  and undesirable
colour banding due to the screen  surfaces has been  proposed  to  orderly
arrangement of microclements in achieve such features as a definitely con-
rectilinear parallel rows which resemble the trollable  field  of
observation, constant  appearance of, as well as produce the ef- 25 image
luminance throughout such field ob-  fect of, a diffraction grating.
70 servation, high efficiency due to a definite    Now, by means of the
present invention, separation of the field of observation from  there is
provided a method for treating the environmental field and due to mini-
projection screen masters, prior to use in a mum  absorption of image light
at the  projection screen replication process, so as 30 screen surface, and
a favourable rejection  to remove or otherwise minimize the effect 75 of
light impinging on the screen from ex-  of imperfections in the master, and
to sub- traneous sources.                        stantially enhance the
aesthetic value of To provide a definitely controllable field  projection
screen surfaces replicated from of observation, screen surfaces have been
such master. It has been found that by 35 proposed which comprise a
plurality of  subjecting the screen master to a solvent in 80 contiguous
optical  microelements, each  which the master surface is soluble, for a
being precisely contoured to redistribute  time and at a temperature
sufficient to image flux incident thereon only througout  liquify its
surface only, scatter-producing a pre-defined solid audience angle.
imperfections will be blended into the 40   To fabricate projection screen
surfaces of  master surface and thereby be substantially 85 the above type
economically, it is common  eliminated,  and  cusp  lines  will  be to
first produce a screen master from  smoothed out or rounded off, thereby
en- which other screens can be subsequently  hancing the appearance of the
screen sur- replicated, such as by stamping, pressing,  face. Also, it has
been found that this 45 injection moulding, etc.. Cutting of the de-
treatment can be used in a controlled man- 90    2
1429 006                                        2 ner to alter the surface
contour of the  No. 1,421,139). Briefly, such  a method microelements,
rendering the microelements  comprises the steps of moving a work- more
directional and, hence, efficient.  piece, such as a cellulose
acetate-coated In accordance with one aspect of the  aluminium plate at a
constant linear veloc- 5 present invention there is provided; in the  ity,
past the cutting stylus  of a  con- 70 



manufacture of a master for a radiation re-  ventional sound  recording
head  in  a distributive  device  having  a  series  of  series of
equally-spaced parallel traverses equally spaced rectilinear grooves
defining  so as to cut a series of contiguous recti- a plurality, of
optical micro-elements of a  linear grooves in the acetate coating of the
10 size that is beyond the resolution of the  workpiece. The cutting
profile of the stylus 75 closest intended viewer of the device, the  is
contoured to produce a desired trans- micro-elements  being  contoured  to
re-  verse cross-section of cut, such cross-sec- distribute incident
radiation throughout a  tion being such as to control the re- predetermined
solid angle, and the device-  distribution  of  projected  image  light 15
forming surface of the master being of  throughout a predefined viewing
angle in 80 plastics material and having been formed  the transverse plane.
During the cutting by cutting appropriate grooves therein; the  operation,
an electrical signal is applied to step of subjecting the said cut surface
of  the recording head whereby the cutting the master to an ambient
temperature and  position of the stylus is modulated in a 20 pressure
atmosphere containing a vapour  direction perpendicular to the acetate
coat- 85 of a solvent for the said surface for a pre-  ing. In this manner,
periodic undulations in determined time just to liquify the said  the
groove depth are produced, such un- surface so as to reduce surface
blemishes  dulations having a profile proportional to and other minute
light-scattering imperfec-  the wave-form of the modulating signal. As 25
tions on the surface of the grooves in a  the groove depth undulates along
the groove 90 device reproduced from the master without  length, a row of
optical microelements is undesirably impairing  the  radiation  re-
defined, the microelements alternating from distributing properties of
these grooves.  convex to concave in shape. Redistribution The method of
the invention can also in-  of image light in the longitudinal plane (i.e.,
30 clude the step of cutting with a stylus the  a plane perpendicular to
the transverse 95 said grooves in the master before sub-  plane) is
controlled by the longitudinal jecting this surface to the said atmos-
cross-section of the grooves or individual phere.
microelements, such  cross  section  de- The said appropriate  grooves in
the  pending,  of  course,  upon  the  wave- 35 master may be cut so that
the micro-  form of the modulating signal.                100 elements of
the device produced therfrom    To replicate positive projection screens
are contoured to redistribute incident light  from the screen master, it is
first necessary into a first predetermined audience angle,  to  produce  a
negative  matrix  of the the subjecting of the cut surface to the  master.
This may be done by simply affix- 40 said atmosphere modifying the said ap-
ing side walls about the periphery of the 105 propriate grooves so that a
device re-  acetate coating of the master and pouring produced from  the
modified master re-  a mixture of silicone rubber (such as that distributes
similar incident light into  a  identified by Type RTV  60 and sold by
second predetermined audience angle which  General Electric Company,
U.S.A.) and a 45 is smaller than the said first predetermined  catalyst
over the acetate coating. After the 110 audience angle.
mixture  has  cured, a  silicone  rubber The   invention   also   comprises
a  negative matrix of the master is formed radiation  redistributive device
fabricated  which, upon  being  separated  from  the using such a master,
and a master manu-  acetate coating of the master, can be used 50 factured
by the method described.         to cast positive projection screens in a
re- 115 A description of a preferred embodiment  sinous material or the
like. To produce will now  be given by way of example,  front projection
screens, the resinous cast- reference being made to the accompanying  ing
is simply aluminium-plated. drawing which presents goniophotometric   In a
typical projection screen of this 55 graphs characteristic of two
projection screen  kind, the width of the microelements (i.e., 120
surfaces, one screen being replicated from  the groove width) is
approximately 0.002 a plastic master prior to treatment in accord-  inch.
The length of each microelement (i.e., ance with the present invention, the
other  one-half of the spacial frequency of groove screen being replicated
from  the master  depth undulation) is comparable to the 60 subsequent to
such treatment.             microelement  width.  By  design,  each 125 A
method for fabricating a master from   microelement on the projection
screen sur- which projection screens and other radi-  face is sufficiently
small as to be beyond ation  redistributive  devices can  be  re-  the
resolution limit of the closest intended plicated is disclosed and claimed
in the  viewer. 65 Patent Application No. 22242/75 (Serial    Screens
manufactured in accordance with 130    3
1 429 006                                      3 the above process may
exhibit a streaky  presented by the goniophotometric curve B appearance due
to the visible groove struc-  in the drawing. As is apparent from this
ture. Also, it is common for such screens  curve, high angle light
scattering is mark- to exhibit so-called "beauty defects" which, edly
reduced, and the peak luminance of 



5 in the case of the photographed sample, the screen is substantially
enhanced. It is 70 are manifested in the form of a series of  also
apparent that the audience  angle unequally-spaced light streaks which ex-
throughout which the screen luminance is tend parallel to the grooves. Such
streaks  relatively high is reduced by the vapour are commonly the result
of uncontrollable  treatment of the invention. Thus, if an ul- 10
variations in the groove-cutting rate, the  timate audience angle of say
20 degrees 75 spacing between adjacent grooves, the sig-  were desired,
then it would be necessary to nal used to modulate the cutting stylus,
design the cutting profile of the cutting etc.
stylus (or the wave-form  of the stylus- The grooves of such screens
contain  modulating signal) such  as to  produce 15 striations and other
light scattering im-  microelements which would redistribute in- 80
perfections which adversely affect the ef-  cident light throughout a
greater audience ficiency and directionality of the screen.  angle, thereby
allowing for shrinkage by Such imperfections are present in the sur-  the
subsequent vapour treatment of the face  of the acetate master, being  re-
master. 20 produced in all screens replicated from    The invention is
further described by the 85 such master. It is believed that these im-
following  examples  which  relate  re- perfections result from  the
gradual de-  spectively to the unimproved master and to terioration of the
cutting stylus during the  the improved master. cutting of the master.
Example I 25   In  the  drawing, to  which  reference    A projection
screen master was produced 90 should now be made, curve A represents a
from  an acetate-coated workpiece in the photometric evaluation of the
screen dis-  manner set forth hereinabove. The work- cussed  above,
illustrating  the  screen  piece was circular in  shape, having  a
luminance as a function of audience or  12-inch diameter. A negative matrix
of the 30 viewing angle. As is apparent, considerable  master was prepared
by surrounding the 95 energy is redistributed by the screen sur-  periphery
of the workpiece with a plastics face at high angles. Assuming the intended
sidewall, thereby forming a mould. Two viewing audience normally occupies a
re-  pounds  of General Electric  Company, gion bounded by viewing angles
of less  U.S.A. RTV-60 silicone rubber was mixed 35 than [err] 20 degrees
(measured from a nor-  with a catalyst. Upon degassing this mix- 100 mal to
the screen surface), image light  ture, it was poured into the mould. A
which  is  redistributed  outside  these  heavy plate was placed on the
mould to audience angles represents optical losses.    squeeze out the
excess silicone rubber mix- Now, in accordance with the present in- ture.
After standing for 20 hours under the 40 vention it has been found that by
sub-  heat provided  by  a  100  watt lamp 105 jecting the plastics surface
of a projection  positioned six inches above the silicone screen master to
a saturated atmosphere of  rubber mixture, the cured silicone rubber
solvent vapour (i.e., the vapour of a  was removed from the mould and
trimmed material wherein the plastics surface is  to form a negative matrix
of the master. 45 soluble) for a time sufficient just to liquify  Upon
affixing a sidewall about the negative 110 the master surface, the
light-distributing  matrix, a clear mitxure of 100 grams of properties of
the master surface, as well as  Maraglas Epoxy Resin No. 655 (manufac- all
projection screens replicated therefrom,  tured by Marblette Corporation,
U.S.A.), can be controllably enhanced. Moreover, it and 7 grams of
hardener, was poured over 50 has been found that such vapour treatment  the
negative matrix. Upon curing, the re- 115 tends to eliminiate beauty
defects in the  sinous casting was removed and aluminium master surface and
convert its originally  plated to form  a front projection screen. streaky
appearance to a substantially un-  Goniophotometric tests of such screen
con- structured and lustrous surface which ex-  ducted in a plane
perpendicular to the 55 hibits substantially no colour-banding.  groove
length resulted in curve A of the 120 A portion of a front projection
screen  drawing. replicated from a master which underwent Example 2 a
vapour treatment in accordance with the    The projection screen master of
Example invention prior to being used in a projec-  1 was placed in an
airtight chamber ap- 60 tion screen replication process will now be
proximately 12.25 inches in diameter and 125 described. A substantial
reduction is appar-  3.25 inches in depth. Liquid acetone was ent in the
appearance of groove structure  placed in a beaker in the upper part of the
and  the  virtual  elimination  of  the  chamber. This beaker was arranged
so that aforementioned "beauty defects". A photo-  the vapour from  the
acetone could flow 65 metric evaluation of this screen is re-  freely and
saturate the unoccupied space in 130    4
1 429 006                                        4 the  chamber. After
approximately  two  throughout a predetermined  solid angle, hours, the
master was removed from  the  and  the  device-forming  surface  of the 65
chamber and allowed  to stand for ap-  master being of plastics material
and hav- 



proximately 19 hours in an area with for-  ing been formed by cutting
appropriate 5 ced ventilation. A negative matrix was then  grooves therein;
the step of subjecting the produced therefrom  by the procedure set  said
cut surface of the master to an am- forth in Example 1. A resinous
projection  bient temperature and pressure atmosphere 70 screen having an
aluminized front surface  containing a vapour of a solvent for the was then
replicated from the negative mat-  said surface for a predetermined time
just 10 rix by the same procedure as described in  to liquify the said
surface and thereby re- Example 1.                                 duce
surface blemishes and other minute A photometric evaluation of this surface
light-scattering imperfections on the surface 75 in a plane  perpendicular
to the groove  of the grooves in a device reproduced from length  resulted
in  the  goniophotometric  the master without undesirably impairing 15
curve B in the drawing.                    the radiation redistributing
properties of From the foregoing it is apparent that a  these grooves.
relatively simple and economical method    2. In the manufacture of a
master as 80 has  been  provided  for improving  the  claimed in Claim  1,
the step of cutting aesthetic appearance of plastic projection  with a
stylus the said appropriate grooves 20 screen masters (as well as the
screens re-  in the device-forming surface of the master plicated
therefrom) and for controllably al-  before subjecting this surface to the
said tering   the   light-redistribution   pattern  atmosphere.
85 thereof.                                      3. In the manufacture of a
master, as By simply increasing the vapour treat-  claimed in Claim  2,
wherein the said ap- 25 ment time, the audience angle throughout  propriate
grooves are  cut so  that the which incident light is redistributed can be
micro-elements  of the  device  produced reduced, the peak luminance of the
screen  therefrom are contoured to redistribute in- 90 increased, and  the
fall-off of luminance  cident light into  a  first predetermined with
increasing audience angle made shar-  audience angle, and wherein the
subjecting 30 per or steeper. Moreover, increasing the  of the cut surface
to the said atmosphere vapour  treatment time  results  in  less  modifies
the said appropriate grooves so noticeable groove structure in the master
that a device reproduced from  the modi- 95 (and  screen) surface, as well
as fewer  fied master redistributes similar incident "beauty defects".
light into a second predetermined audience 35   Also, it should be apparent
that the  angle which is smaller than the said first process disclosed
herein has considerable  predetermined audience angle. utility outside the
projection screen manu-    4. In the manufacture of a master as 100
facturing art. For instance, in the manufac-  claimed in any preceding
claim, the device- ture of masters for reflective signs both for  forming
surface being an acetate coating, 40 traffic control and for refractive
lighting  the use of acetone as the said solvent. fixtures (e.g., used in
street and home light-    5. A  radiation redistributive device, in ing),
light redistributing optical elements  the form of a projection screen,
fabricated 105 are sometimes formed  in a plastics or  using a master
manufactured in accordance other soluble material. The vapour treat-  with
any of Claims 1, 2, 3 and 4. 45 ment of the invention would have utility in
6. A radiation redistributive device fab- enhancing the directionality of
such devices  ricated using a master manufactured in or otherwise altering
the light-redistribution  accordance with any one of Claims 1, 2, 3 110
pattern thereof.                           and 4, a negative matrix having
been for- This invention has been described in de-  med from the master,
and the radiating re- 50 tail with particular reference to preferred
distributive  device being  a positive  re- embodiments thereof, but it
will be under-  production of the master formed from the stood that
variations and modifications can  negative matrix.
115 be effected within the scope of the ap-    7. The manufacture of a
master for a pendant claims.                            radiation
redistributive  device, using  a 55   WHAT WE CLAIM  IS: -
modifying  treatment for a  cut, device- 1. In the manufacture of a master
for a  forming, surface  of  the  master, sub- radiation  redistributive
device  having  a  stantially as hereinbefore described.   120 series of
equally spaced rectilinear grooves    8. A   master  for  a  radiation  re-
defining  a  plurality  of optical micro-  distributive device manufactured
in accord- 60 elements of a size that is beyond the re-  ance with Claim
1, substantially as here- solution of the closeset intended viewer of
inbefore described. the device, the micro-elements being con-       L. A.
TRANGMAR B.Sc. C.P.A., toured  to  redistribute incident radiation
Agent for the Applicants. Printed for Her Majesty's Stationery Office by
The Tweeddale Press Ltd., Berwick-upon-Tweed, 1976. Published at the Patent
Office, 25 Southampton Buildings, London, WC2A lAY, from which copies may
be obtained.    4                                           1 429 006
4 the  chamber.  After  approximately  two  throughout a predetermined
solid  angle, 



hours, the master was removed from  the  and  the  device-forming  surface
of the 65 chamber and allowed  to stand  for ap-  master being of plastics
material and hav- proximately 19 hours in an area with for-  ing been
formed by cutting appropriate 5 ced ventilation. A negative matrix was then
grooves therein; the step of subjecting the produced therefrom  by the
procedure set  said cut surface of the master to an am- forth in Example 1.
A resinous projection  bient temperature and pressure atmosphere 70 screen
having an aluminized front surface  containing a vapour of a solvent for
the was then replicated from the negative mat-  said surface for a
predetermined time just 10 rix by the same procedure as described in  to
liquify the said surface and thereby re- Example 1.
duce surface blemishes and other minute A photometric evaluation of this
surface  light-scattering imperfections on the surface 75 in a plane
perpendicular to the groove  of the grooves in a device reproduced from
length  resulted  in  the  goniophotometric  the master without undesirably
impairing 15 curve B in the drawing.                     the radiation
redistributing properties of From the foregoing it is apparent that a
these grooves. relatively simple and economical method    2. In the
manufacture of a master as 80 has  been  provided  for  improving  the
claimed in Claim  1, the step of cutting aesthetic appearance of plastic
projection  with a stylus the said appropriate grooves 20 screen masters
(as well as the screens re-  in the device-forming surface of the master
plicated therefrom) and for controllably al-  before subjecting this
surface to the said tering   the   light-redistribution   pattern
atmosphere.                             85 thereof.
3. In the manufacture of a master, as By simply increasing the vapour
treat-  claimed in Claim  2, wherein the said ap- 25 ment time, the
audience angle throughout  propriate  grooves are  cut so  that the which
incident light is redistributed can be  micro-elemcnts  of the  device
produced reduced, the peak luminance of the screen  therefrom  are
contoured to redistribute in- 90 increased, and  the fall-off of luminance
cident light into  a  first predetermined with increasing audience angle
made shar-  audience angle, and wherein the subjecting 30 per or steeper.
Moreover, increasing the  of the cut surface to the said atmosphere vapour
treatment  time  results  in  less  modifies the said appropriate grooves
so noticeable groove structure in the master  that a device reproduced from
the modi- 95 (and  screen) surface, as well as fewer  fied master
redistributes similar incident "beauty defects".
light into a second predetermined audience 35   Also, it should be apparent
that the  angle which is smaller than the said first process disclosed
herein has considerable  predetermined audience angle. utility outside the
projection screen manu-    4. In the manufacture of a master as 100  -
facturing art. For instance, in the manufac-  claimed in any preceding
claim, the device- ture of masters for reflective signs both for  forming
surface being an acetate coating, 40 traffic control and for refractive
lighting  the use of acetone as the said solvent. fixtures (e.g., used in
street and home light-    5. A  radiation redistributive device, in ing),
light redistributing optical elements  the form of a projection screen,
fabricated 105 are sometimes formed  in a  plastics or  using a master
manufactured in accordance other soluble material. The vapour treat-  with
any of Claims 1, 2, 3 and 4. 45 ment of the invention would have utility in
6. A radiation redistributive device fab- enhancing the directionality of
such devices  ricated  using a master manufactured in or otherwise altering
the light-redistribution  accordance with any one of Claims 1, 2, 3 110
pattern thereof.                            and 4, a negative matrix having
been for- This invention has been described in de-  med from the master,
and the radiating re- 50 tail with particular reference to preferred
distributive  device  being  a  positive  re- embodiments thereof, but it
will be under-  production of the master formed from the stood that
variations and modifications can  negative matrix.
115 be effected within the scope of the ap-    7. The manufacture of a
master for a pendant claims.                             radiation
redistributive  device, using  a 55   WHAT WE CLAIM  IS:-
modifying  treatment for a  cut, device- 1. In the manufacture of a master
for a  forming, surface  of  the  master, sub- radiation  redistributive
device  having  a  stantially as hereinbefore described.    120 series of
equally spaced rectilinear grooves    8. A   master  for  a  radiation  re-
defining  a  plurality  of optical micro-  distributive device manufactured
in accord- 60 elements of a size that is beyond the re-  ance with Claim
1, substantially as here- solution of the closeset intended viewer of
inbefore described. the device, the micro-elements being con-       L. A.
TRANGMAR B.Sc. C.P.A., toured  to  redistribute incident radiation
Agent for the Applicants. Printed for Her Majesty's Stationery Office by
The Tweeddale Press Ltd., Berwick-upon-Tweed, 1976. Published at the Patent
Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies may
be obtained.    


