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OPTICAL TAPE DUPLICATOR

BACKGROUND OF THE INVENTION
This invention relates to tape recording, and more particularly to optical tape recording.

Currently there are two main types of optical tape recorders. These two main types of optical
recorders differ in how-an optical recording head moves across the optical tape. The first type of
optical recording head is a rotary head that scans across the tape in a helical scan pattern. The
rotary head usually includes at least two recording elements, so that each revolution of the rotary
head records multiple tracks on the tape. Exampleé of rotary optical recording heads are disclosed
in US Pat. Nos. 5,239,528, 4,815,067, 4,807,213, and 4,661,941.

The second type of optical tape recorder employs an optical recording head that moves

across the tape in a linear motion. The linear motion of the recording head is transverse to the -

motion of the tape itself. Linear recording heads use either a single recording element, or an array
of recording elements. Typical linear optical recording heads are disclosed in U.S. Pat. Nos.
S, 177 724 and 4,567,585.

The two existing types of optical tape recorders have generally performed adequately.
However, both of these types are relatively slow at recording optical tape. Their slow speed of
recording is one barrier to opt_icél tape replacing magnetic tape as the medium of choice for
recording and playing movies and othef images. (Another barrier is the lack of a suitable optical

tape cartridge, the subject of a copending patent application entitled, "OPTICAL TAPE
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CARTRIDGE," by David Paul Gregg.) There is therefore a need for an optical tape duplicator
that can record optical tapes at the speed and at the cost required by the consumer market.
These and other features of the present invention will become readily appreciated from the

following detailed description when considered in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. lisa diagram of an optical tape duplicator. _

Fig. 2 is a diagram of a path taken by a beam of radiant energy during the operation of the
optical tape duplicator of Fig. 1.

Fig. 3 is an exploded view of the transparent belt, master tape, optical tape and supbort belt
configuration of Fig. 2.

Fig. 4isa diagram of the optical tape shown in Figs. 1, 2 and 3 after the optical tape has
been recorded by the optical tape duplicator of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Details of illustrative embodiments of the invention are disclosed in this section. However,
it should be.understood that these embodiments merely exemplify the present invention which may -
take forms different from the specific illustrative embodiments disclosed. Therefore, specific
structural and functional details are not necessarily to be interpreted as limiting, but as a basis for
the claims. It should also be understobd that components illustrated in this section are well-known
to those skilled in the art. Therefore, some of the details and refinements associated with these
compbnents are not illustrated, but should be understood to be present. For example, such details
and refinements would include, but afe not limited to, frames, motors, capstans, rollers, tension
controls, electronics, etc. '

Referring now to Fig. 1, there is shown a diagram of a preferred embodiment of an optical
tape duplicator 1. Referring now to Figs. 1, 2, 3 and 4, duplicator 1 duplicates information 36,
contained on an information-bearing master tape 2, as indicia 35 in an optical tape 3. In brief,
duplicator 1 includes an information-bearing endless master tape 2 which contains prerecorded
information 36. Optical tape 3 includes recording surface 33 that is sensitive to beam of radiant

energy 4. Master tape 2 makes intimate contact with optical tape 3. While in intimate contact,
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master tape 2 and optical tape 3 are simultaneously passed through a recording zone 5 and exposed
to beam of radiant energy 4. Exposure of master tape 2 and optical tape 3 to beam of radiant
energy 4 causes information 36 stored by master tape 2 to be recorded in recording surface 33 of
optical tape 3 as indicia 35. This recording process is repeated until the supply of optical tai)e 3
is exhausted.

Optical tape 3 is dispensed from supply platter 6 before recording and received by take-up
platter 7 after recording. Optical tape 3 is wound around spindle 9 attached to the center of supply
platter.6. Similarly, recorded optical tape 3 is wound around spindle 10 attached to the center of
take-up blatter 7 after recording. The configuration of optical tape 3 with platter 6 or 7 is known
in the recording industry as a "pancake" because of its shape. Both supply platter 6 and take-up
platter 7 are rotatably mounted toa franie (not shoﬁn).

Preferably both platters 6 and 7 are mounted in the frame so that tape 3 is dispensed
horizontally. Alternatively, platters 6 and 7 can be replaced by reels (not shown) with side
supports that allow the reels to be mounted vertically in the frame. However, horizontal platters

6 and 7 are preferred to Ve;tical reels because horizontal platters 6 and 7 distribute the weight of

-a fully wound optical tape 3 more uniformly than-would vertical reels, and are thém_selves easier '

for the frame to support. _

With continued reference to Fig. 1, duplicator 1 includes clamping device 11 for 'holding
master tape 2 and optical tape 3 in intimate contact with each other while being passed through
recording zone 5. Clamping device 11 comprises upper clamping mechanism 12 and lower
clamping_ mechanism 13. Upper clamping mechanism 12 comprises transparent belt 14 disposed
about rollefs 15, 16, 17 and 18, and generally forms the shape of a four sided polygon. Rollers
15, 16, .17 and 18 are rotatably mounted in the same vertical plane with each other. Rollers 15,
16, 17 and 18 each have an axis of rotation perpendicular to the vertical plane in which they are
mounted. Rollers 15 and 16 are laterally displaced from each other in the horizontal direction and
rollers 17 and 18 are generally positioned above rollers 15 and 16, and are also laterally displaced
from each other in the horizontal direction. .

Master tape 2 is partially disposed about the lower portion of upper clamping devlice 11.
Specifically, master tape 2 comes into intimate contact with transparent belt 14 at a point

intermediate rollers 17 and 15. While maintaining intimate contact with transparent belt 14, master
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Lower clamping mechanism 13 is comprised of support belt 19 disposed about rollers 20
and 21. Rollers 20 and 21 are laterally displaced from each other in the horizontal direction and
are also rotatably mounted in the same vertical plane that rollers 15, 16, 17 and 18 are mounted.
Rollers 20 and 21 also have an axis.of rotation perpendicular to the vertical plane in which they
are mounted. Optical tape 3 comes into intimate contact'with. support belt 19 at é point generally
positioned above roller 20. Optical tape 3 ma}intains intimate contact with the upper surface of
lower clamping mechanism 13 formed by support belt 19 until optical tape 3 breaks intimate
contact with support belt 19 at a position generally above roller 21. Rollers 20 and 21 are
positioned in close proximity below rollers 15 and 16; respectively, suc_:h that support belt 19 and

* transparent belt 14 apply sufficient clamping pressm"e to hold master tape 2 and optical tape 3in
intimate contact with each other while passing through recording zone 5 during the recording
process.

Preferably, lower clamping mechanism 13 can move in the vertical direction when
duplicator 1 is not recording to allow easy installation and removal of master tape 2 and optical
tape 3.

As previously stated, master tape 2 is an endless tape partially disposed about the lower
portion of upper clamping mechanism 12. The bulk of endless master tapé 2 is stored in loop
chamber 22. In generél, loop chamber 22 is an enclosed rectangular box with two tape openings
23 and 24. Master tape 2 exits loop chamber 22 at tape opening 23, wraps around the lower
portion of upper clamping mechanism 12, and reenters loop chamber 22 at tape opening 24. The
width of the inside of loop chamber 22 is slightly wider than the width of master tape 2. Loop
chamber 22 must be large enough to allow the bulk of master tape 2 to freely flutter about the
inside of loop chamber 22 during operation. This helps prevent master tape 2 from becommg
kinked, bent or otherwise damaged during operation. Allowing for flutter in loop chamber 22 also
allows master tape 2 to quickly and freely exit and enter loop chamber 22 during operation. A

continuous vacuum can be created inside loop chamber 22 to help draw master _tape 2 into loop
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chamber 22 at tape opening 24 as master tape 2 leaves clamping device 11. _

It should be recognized that any loop chamber generally known to those skilled in the art
can be used, i.nc_luding the loop chamber disclosed in U.S. Pat. No. 3,854,817, which is hereby
incorporated by reference. _

Capstén 25 is rotatably mounted to the frame at a point intermediate supply platter 6 and
clamping device 11. The axis of rotation of capstan 25 is in the vertical direction. Capstan 25 is
mounted in substantially the samé vertical plane as clamping device 11. Capstan 25 holds optical
tape 3 in proper alignment for feeding into clamping device 11 after optical tape 3 unwinds off of -
supply platter 6. Optical tape 3 experiences a 90 degree twist between capstan 25 and clamping
device 11 because clamping device 11 forces. recording surface 33 of optical tape 3 to face upward
in a horizontal plane when making intimate contact with master tape 2 for recording.

Similarly, capstan 26 is rotatably mounted to the frame at a point intermediate clamping
device 11 and take-up platter 7. The axis df rotation of capstan 26 is in the vertical direction.
Capstan 26 is mounted in substantially the same vertical plane as clamping device 11. Capstan 26
holds optical tape 3 in proper alignment when leaving clamping device 11 and before optical tape
3 is wound onto take-up blatter 7. Optical tape 3 experiences a 90 degree twist between clamping
device 11 and capstan 26 because optical tape 3 exits clamping device 11 lying in a horizontal
plane and capstan 26 forces the width of optical tape 3 to be positioned in a vertical plane for
winding onto take-up platter 7.

Referring now to Figs. 1, 2, 3 and 4, radiation source 27 €mits beam of ra_diant energy 4
through magnification lens 28 forming an enlarged image of beam of radiant energy 4 that is .
collimated by collimation lens 29 and reflected by square mirror 30. . Square mirror 30 is’
positioned at a 45 degree angle such that beam of fadiant energy 4 is reflected downward through
transparent belt 14 and master tape 2, and impinges optical tape 3 such that information 36 stored
by master tape 2 is recorded as indicia 35 in optical tape 3. Collimation lens 29 and square mirror
30 are of a size sufficient to ensure that reﬂécted beam of radiant energy 4 covers the recording
width of optical tape 3 during the recording pfocess. Radiation source 27 can be any source of
radiation suitable for recording optical discs or optical tapes, including, but not limited to, laser
diodes, laser beams, and light sources.

With continued reference to Figs. 1, 2, 3 and 4, transparent belt 14 is made of a suitably
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transparent material so that beam of radiant energy'4 passes through both transparent belt 14 and
'master tape 2 to form indicia 35 in optical tape 3. Transparent belt 14 should be made of 4 material
not easily damaged or scratched, and should be relatively free of blemishes that might interfere
with the recording process. Support belt 19 need not be transparent, but may be made of any
material suitable for the purpose. ‘ '

Optical tape 3 can be any optical tape that is suitable for making recordings by being
exposed to beam of radiant energy 4. The method of recording optical tape 3 is preferably thermal
or ablative. Suitable optical tape 3 is sold by ‘Imperial Chemical Industry (ICI) of the United
Kingdom. A description of ICI optical tape is found in U.S. Pat. No. 5,215,808, and in U.S. Pat.
No. 5,077,724 by Gregg, both of which are hereby incorporated by reference.

Alternatively, the recording method can be magneto-optical, with the addition of suitable
magnets or electromagnets (not shown) to dﬁplic'ator 1. An example of mz.s\gnet'o-optical tape is
disclosed in U.S. Pat. No. 5,215,808, which is hereby incorporated by reference.

In operation, transparent belt 14 and support belt 19 hold master tape 2 firmly in intimate
contact with optical tape 3 in recording zone 5. A motor (not shown) rotates take-up platter 7 in
a counter—ciockwise direction such that optical tape 3 is unwound off of supply platter 6 and is

-wound onto take-up platter 7. Optical tape 3 unwinds off supply platter 6, with the width of optical
tape 3 in a vertical plane, and makes contact with capstan 25 which freely rotates due to the
movement of optical tape 3. Clamping device 11 causes optical tape 3 to experience a 90 degree
twist as it rolls off of capstan 26 and into clamping device 11 by holding master tape 2 and optical
tape 3 in intimate contact with each other in a horizontal plane.

Master tape 2, transparent belt 14 and support belt 19 all freely rotate as optical tape 3 is
pulled through clamping device 11. Support belt 19 freely rotates about rollers 20 and 21;
transparent belt 14 freely rotates about rollers 15, 16, 17 and 18; and master tape 2 freely rotates
aﬁout the lower portion of upper clamping mechanism 12 and into and out of loop chamber 22.

Radiation source 27 emits beam of radiant energy 4 through magnification lens 28 forming
an enlarged image of beam of radiant energy 4 that is collimated by collimation lens 29 and is
reflected by square mirror 30. Square mirror 30 is portioned at a 45 degree angle and reflects
beam of radiant energy 4 towérd master tape 2 and optical tape 3. Beam of radiant energy 4 passes

through transpareht belt 14, transmissive portion 32 of master tape 2, and impingesjoptical tape
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t ape duplicator. Fig. 2 is a diagramof a path taken by a beam of
radi ant energy during the operation of #he optical tape duplicator of Fig.
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optical tape and support belt
3 such that information stored by master tape 2 is recorded by optical tape 3 as indicia 35.

Specifically, beam of radiant energy 4 passes through transmissive portions 32 of master tape 2
creating indicia 35 in optical tape 3 where optical tape 3 is exposed to beam of radiant energy 4.
The maximuin speed at which optical tape 3 can pass through recording zone 5 and record
information 36 is directly proportional to the intensity at which beam of radiant energy 4 is emitted
from radiation source 27. ' |

Optical tape 3 experiences a 90 degree twist as it leaves clamping device 11 after being
recorded and makes contact with capstan 26. Optical tape 3 causes capstan 26 to freely roll as
optical tape 3 moves along capstan 26 and winds around take-up platter 7. The recording process
is repeated until the supply of optical tape 3 is exhausted. _

Master tape 2 can be made of any thin flexible material that is also resilient to longitudinal
stretching. Master tape 2 is essentially a témplate having transmissive portions 32 and non-
transmissive portions 31 that represent information 36. Transmissive portions 32 are transmissive
to beam of radiant energy 4 while non-transmissive portions 31 are not transmissive to beam of
radiant energy 4. One advantage of using master tape 2 to record optical tape 3 is that master tape
2 can be easily adapted for making optical tape recordings that require a specific recording format. -
For example, by installing the appropriate master tape 2, an opﬁcal tape 3 can be recorded ina
format that is capable of being read by an optical tape player that uses a rotary playing head. By
merely changing master tapes 2, an optical tape 3 can be recorded in a format that is capable of
being read by an optical tape player that uses a linear playing head.

~ Lateral registration of master tape 2 and optical tape 3 must be maintained while passing
through recording zone 5 during the récording process. By way of example, lateral registration
can be achieved by providing recess 34 in the surface of support belt 19 for receiving both optical
tape 3 and master tape-2. Optical tape 3 sits in the bottom of recess 34, thus making intimate
contact with support belt 19. Master tape 2 sits in recess 34 and on top of optical tape 3. Recess
34 should be have a depth such that the inside surface of master tape 2 sits flush with the outside
surface of support belt 19. Recess 34 should have a width capable of maintaining master tape 2
and optical tape 3 in substantially perfect lateral registry while at the same time being capable of
allowing master tape 2 and optical tape 3 to freely roll off of support belt 19 when leaving

clamping device 11. Transparent belt 14 has substantially the same width as support belt 19 and
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.holds master tape 2 and optical tape 3 snugly in recess 34. .It should be recognized that any other

method of maintaining lateral registry known to those skilled in the art can be used.
Beam of radiant energy 4 has been described as passing through transparent belt 14.
Alternatively, transparent belt 14 and rollers 17 and 18, can be removed, and replace rollers 15
‘and 16 with rollers suitable for holding master tape 2 in intimate contact with optical tape 3 during
the recording process. This allows beam of radiant energy 4 to directly impinge master tape 2
when causing information 36 to be recorded by optical tape 3.

Yet another alternative is to replace transparent belt 14 and rollers 15, 16,‘ 17 and 18 with
two belt and roller configurations similar to support belt 19 and rollers 20 and 21. The belt
configurations are placed on both sides of recording zone 5 while holding master tape 2 in intimate
contact with optical tape 3. Again, this allows beam of radiant energy 4 to directly impinge master
tape 2 when recording optical tape 3.

While loop chamber 22 is depicted in Fig. 1 as appearing above clamping device 11, it
should be understood that loop chamber 22 can be placed in any position that allows master tape
2 to freely exit and enter loop chamber 22, while at the same time still allowing master tape 2 to
be brought into intimate contact with optical tape 3 in clamping device 11 during the recording
process. This includes, but is not limited to, placing loop chamber 22 under clamping device 11
and using a series of rollers, capstans and guides to feed master tape 2 into and out of loop
chamber 22.

While master tape 2 is described as being an endless tape, an alternate form of the invention
is touse a ﬁoncontinuous master tape that is dispensed from a master tape supply reel and received
by a master tape take-up reel.

In an alternate form of the mvenuon square mirror 30 is replaced with a prism for
reflecting beam of radiant energy 4. In yet another form of the invention, square mirror 30 is
removed and radiation source 27, magnification lens 28 and collimation lens 29 are positioned such
that beam of radiant energy 4 is emitted directly into recording zone 5 without being reflected.

Lastly, in addition to the desci'iption already provided, radiation source 27 can also be
either a monolithic laser diode array, disclosed by way of example in U.S. Pat. No. 4,520,472,
hereby incorporated by reference; or an array of discre.te laser diodes, disclosed by way of example

in U.S. Pat. No. 4,743,091, also hereby incorporated by reference. Depending on the dimensions
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What is claimed is:

1. An optical tape duplicator, comprising:

means for emitting a beam of radiant energy into an exposure zone;

~ a master tape having portions transmissive to said beam of radiant energy and having

portions non-transmissive to said beam of radiant energy;

‘an optical tape having a recording surface sensitive to said beam of radiant energy; and

means for holding said master tape in intimate contact with said optical tape in said
exposure zone such that said beam of radiant energy passes through said transmis_sivé portions of .
said master tape causing said optical tape to be recorded by creatmg indicia where said recording

surface was exposed to said beam of radiant energy.

2. The optical tape duplicator of claim 1, further comprising:
means for moving said master tape held in intimate contact with said optical tape through

~ said recording zone as said optical tape is recorded.

3. The optical tape duplicator of claim 1, further comprising:
means for moving said master tape held in intimate contact with said optical tape through
said recording zone at a recording speed that is directly proportional to the intensity of said beam

of radiant energy.

-4, The optical tape of claim 1, 2 or 3, wherein:

said master tape is an endless master tape.
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master t. tape 3 to beam of radiant energy 4 4
|nfornat| y master tape 2 to be recorded in recordain§ sbrface
33 of optlca indicia 35. This recording process is repeated

until the supply of optlcal tape 3 i s exhausted. Optical tape 3 is
di spensed from supply platter 6 beforg, recording and received by take-up

5. A method for duplicating optical tape, comprising the steps of:

Emitting a beam of radiant energy into a recording zone; .

holding an endless master tape having portions transmissive to said beam of radiant energy
and portions non-transmissive to said.beam of radiant energy in intimate contact with an optical
tape having a recording surface sensitive to said beam of radiant energy;
' moving said master tape and optical tape held in intimate contact with each other through
said recording zone; and

exposing said master tape and said. optical tape to said beam of radiant while moving
through said recording zone such that said beam of radiant epergy passes through said transmissive
portions of said master tape causing said optical tape to be recorded by creating indicia where said

recording surface was exposed to said beam of radiant energy.

6. The method for duplicating optical tape in claim 5, wherein the step of |

moving said master tape and optical tape held in intimate contact with each other through
said recording zones includes:

moving said master tape and said optical tape through said recording zone at a recording

speed that is directly proportional to the intensity of said beam of radiant energy.
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Both supply platter 6 and take-up platter 7 are rotatably nounted to a
frame (not shown). Preferably hoth platters 6 and 7 are nounted in
the frame so that tape 3 is dispensed horizontally. Alternatively, platters
6 and 7 can be replaced by reels (not shown) with side supports that allow

the reels to be RRupiied Rduplidrcompriting frame. However, horizontal
platters 6 and 7 are preferred to vertical reels because horizontal

platters 6 anch radition sousce for tenwmgza(ybam of radlahud:ﬂeygwmtspmlreqprmrcaﬁonc,ape 3 nore
uni formy than an op"f:I ca tgpeerltlav?nagl a rreggrdi%g sm[}aceascr:r?slttlveetg%%d E4in of tadtant energy;
a master tape having portions transmissive to said beam of radiant energy and portions non-
transmissive to said beam of radiant energy;

a supply platter for dispensing said optical tape;

a take-up platter for receiving said optical tape;

a transparent belt disposed about a first set of rollers;

a support 'b_elt disposed about a second set of rollers;

said transparent belt making intimate contact with said master tape in said exposure zone;

said master tape making intimate contact with said optical tape in said exposure zone;

said optical tape making intimate contact with said support belt in said ekposure zone;

means for rotating said take-up platter such that said master tape held in intimate contact -
with said optical tape by said transparent belt and said support belt all move through said recording
zone allowing said radiapt beam of energy to pass through said tra{nsparent belt and said
transmissive portions of said master tape causing said optical tape to be recorded by creating indicia

where said recording surface of said optical tape was exposed to said beam of radiant energy.

8. The optical tape duplicator of claim 7, wherein:

said master tape is an endless master tape.
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| ateral ly displaced fromeach other in the horizontal direction and rollers

17 and 18 are generally positioned above rollers 15 and 16, and are al so
| at erall y di spl aced ABSTRACT .

An optical tape duplicator is disclosed for making multiple copies of recorded optical tape

by continuous contact recording. An information-bearing endless master tape is brought into
intimate contact with an optical tape and passed through a recording zone exposed to a beam of
radiant energy for recording information stored by the master tape into the optical tape. The
master tape contains transmissive and non-transmissive portions that represent the information
stored by the master tape. The optical tape contains a recording surface that is sensitive to the
radiant beam of energy. The beam of radiant energy passes through the transmissive portions of
the master tape while making cohtact with the optical tape in the recording zone, causing
information stored by the master tape to be recorded in the recording surface of the optical tape as

indicia where the recording surface was exposed to the beam of radiant energy.
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Lower cl anmpi ng mechanism 13 is conprised of support belt 19 di sposed about
rolfers 20 and 21. Rollers 20 and 2L are laterally displaced from each
other in the horizontal direction Sheet hog3al so rotatably nounted in the

.sane vertica

and 21 al so have an axis of rotation perpendicular to the verti cal

whi ch they are nounted. Opti cal
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OPTICAL TAPE DUPLICATOR - -

BACKGROUND OF THE INVENTION

This invention relates to tape recording, and more particularly to optical tape recording.

Currently there are two main types of optical tape recorders. These two main types of optical
- recorders differ in how an optical recording head moves across the optical tape. The first type of

optical recording head is a rotary head that scans across the tape in a helical scan pattern. The

rotary head usually includes at least two recording elements, so that each revolution of the rotary

head records multiple tracks on the tape. Examples of rotary optical recording heads are discloéed
- in U.S. Pat. Nos. 5,239,528, 4,815,067, 4,807,213, and 4,661,941.

The second type of optical tape recorder employs an optical recording head that moves
across the tape in a linear motion. The linear motion of the recording head is transverse to the
motion of the tape itself. Linear recording heads use either a single recording element, or an array
of recording elements. Typical linear optical recording heads are disclosed in U.S. Pat. Nos.
5,177,724 and 4,567,585. -

The two existing types of optical tape recorders have generally performed adequately.
However, both of these types are relatively slow at recording optical tape. Their slow speed of
recording is one barrier to optical tape replacing magnetic tape as the medijum of choice for
recording and playing movies and other images. (Another barrier is the lack of a suitable optical

tape cartridge, the subject of a copending patent application entitled, "OPTICAL TAPE
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that can record optical tapes at the speed and at the cost required by the consumer market.
These and other features of the present invention will become readily appreciated from the

following detailed description when considered in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram of an optical tape duplicator.

Fig. 2 is a diagram of a path-taken by a beam of radiant energy during the operation of the
optical tape duplicator of Fig. 1.

Fig. 3 is an exploded view of the transparent belt, master tape, optical tape and support belt
configuration of Fig. 2.

Fig. 4 is a diagram of the optical tape shown in Figs. 1, 2 and 3 after the optical tape has
been recorded by the optical tape duplicator of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Details of illustrative embodiments of the invention are disclosed in this section. However,
it should be understood that these embodimenis merely exemplify the present invention which may
take forms different from the specific illustrative embodiments disclosed. Therefore, specific
structural and functional details are not necessarily to be interpreted as limiting, but as a basis for
the claims. It should also be understood that components illustrated in this section are well-known
to those skilled in the art. Therefore, some of the details and refinements associated with these
~ components are not illustrated, but should be understood to be present. For example, such details
and refinements would include, but are not limited to, frames, motors, capstans, rqllers, tension
controls, electronics, etc.
Referring now to Fig. 1, there is shown a diagram of a preferred embodiment of an optical
tape duplicator 1. Referring now to Figs. 1, 2, 3 and 4, duplicator 1 duplicates information 36,
contained on an informatiori—bearing master tape 2, as indicia 35 in an optical tape 3. In brief,
duplicator 1 includes an information-bearing endless master tape 2 which contains prerecorded
information 36. Optical tape 3 includes recording surface 33 that is sensitive to beam of radiant

energy 4. Master tape 2 makes intimate contact with optical tape 3. While in intimate contact,
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master tape 2 and optical tape 3 are simultaneously passed through a recording zone 5 and exposed
to beam of radiant energy 4. Exposure of master tape 2 and optical tape 3 to beam of radiant
energy 4 causes information 36 stored by master tape 2 to be recorded in recording surface 33 of
optical tape 3 as indicia 35. This recording process is repeated unfil the supply of optical tape 3
is exhausted.

Optical tape 3 is dispensed from supply plétter 6 before recording and rt;.ceived by take-up
platter 7 after recording. Optical tape 3 is wound around spindle 9 attached to the center of supply-
platter 6. Similarly, recorded optical tape 3 is wound around spindle 10 attached to the center of
take-up platter 7 after recording. The configuration of optical tape 3 with platter 6 or 7 is known
in the recording industry as a "pancake" because of its shape. Both supply platter 6 and take-up
platter 7 are rotatably mounted to a frame (not shown).

Preferably both platters 6 and 7 are mounted in the frame so that tape 3 is dispensed
horizontally. Alternatively, platters 6 and 7 can be replaced by reels (not shown) with side
supports that allow the reels to be mounted vertically in the frame. However, horizontal platters
6 and 7 aré preferred to vertical reels because horizontal platters 6 and 7 distribute the weight of
a fully wound optical tape 3 more uniformly than would vertical reels, and are themselves easier
for the frame to support.

With continued reference to Fig. 1, duplicator 1 includes clamping device 11 for 'holding
master tape 2 and optical tape 3 in intimate contact with each other while being passed through
recording zone 5. Clamping device 11 comprises upper clamping mechanism 12 and lower
clamping mechanism 13. . Upper clamping mechanism 12 comprises transparent belt 14 disposed
about rollers 15, 16, 17 and 18, and generally forms the shape of a four sided polygon. Rollers
15, 16, 17 and 18 are rotatably mounted in the same vertical plane with each other. Rollers 15,
16, 17 and 18 each have an axis of rotation perpendicular to the vertical plane in which they are
mounted. Rollers 15 and 16 are laterally displaced from each other in the horizontal direction and
rollers 17 and 18 are generally positioned above rollers 15 and 16, and are also laterally displaced
from each other in the horizontal direction. '

Master tape 2 is partially disposed about the lower portion of upper clamping device 11.
Specifically, master tape 2 comes into intimate contact with transparent belt 14 at a point

intermediate rollers 17 and 15. While maintaining intimate contact with transparent belt 14, master
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tape 2 follows transparent belt 14 downward around roller 15, along the bottom surface of upper

clamping mechanism 12 formed by transparent belt 14, and upward around roller 16 until master

tape 2 breaks intimate contact with transparent belt 14 at a point intermediate rollers 16 and 18.

Lower clamping mechanism 13 is comprised of support belt 19 disposed about rollers 20
and 21. Rollers 20 and 21 are laterally displaced from each other in the horizc;ntal direction and
are also rotatably mounted in the same vertical plane that rollers 15, 16, 17 and 18 are mounted.
Rollers 20 and 21 also have an axis of rotation perpendicular to the vertical plane in which they
aare mounted. Optical tape 3 comes into intimate contact with support belt 19 at a point generally
positioned above roller 20. Optiéal tape 3 maintains intimate contact with the upper surface of
lower clamping mechanism 13 formed by support belt 19 until optical tape 3 breaks intimate
contact with support belt 19 at a position generally above roller 21. Rollers 20 and 21 are
positioned in close proximity below rolle_rs 15 and 16, respectively, such that support belt 19 and
transparent belt 14 apply sufficient cla:ﬁping pressure to hold master tape 2 and optical tape 3 in
intimate c.ontact with each other while passing through recording zone 5 during the recording
process.

Preferably, lower clamping mechanism 13 can move in the vertical direction when
duplicator 1 is not recording to allow easy installation and removal of master tape 2 and optical
tape 3.

As previously stated, master tape 2 is an endless tape partially disposed about the lower
portion of upper clamping mechanism 12. The bulk of endless master tape 2 is stored in loop
chamber 22. . In general, loop chamber 22 is an enclosed rectangular box with two tape openings
23 and 24. Master tape 2 exits loop chamber 22 at tape opening 23, wraps around the lower
portion of upper clamping mechanism 12, and reenters loop chamber 22 at tape opening 24. The
width of the inside of loop chamber 22 is slightly wider than the width of master tape 2. Loop
chambér 22 must be large enough to allow the bulk of master tape 2 to freely flutter about the
inside of loop chamber 2 during operation. This helps pfevent master tape 2 from becoming
kinked, bent or otherwise damaged during operation. Allowing for flutter in loop chamber 22 also
allows master tape 2 to quickly and freely exit and enter loop chamber 22 during operation. A

continuous vacuum can be created inside loop chamber 22 to help draw master tape 2 into loop
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incorporated by reference.

- Capstan 25 is rotatably mounted to the frame at a point intermediate supply platter 6 and
clamping device 11. The axis of rotation of capstan 25 is in the vertical direction. Capstan 25 is
mounted in substantially the samé vertical plane as clamping device 11. Capstan 25 holds optical
tape 3 in proper alignment for feeding into clamping device 11 after optical tape 3 unwinds off of
supply platter 6. Optical tape 3 experiences a 90 degree twist between capstan 25 and clamping
device 11 because clamping device 11 forces recording surface 33 of optical tape 3 to face upward
in a horizontal plane when making intimate contact with master tape 2 for recording.

Similarly, capstan 26 is rotatably mounted to the frame at a point intermediate clamping
device 11 and take-up platter 7. The axis of rotation of capstan 26 is in the vertical direction.
Capstan 26 is mounted in substantially the same vertical plane as clamping device 11. Capstan 26
holds optiéal tape 3 in proper alignment when leaving clamping device 11 and before optical tape
3 is wound onto take-up platter 7. Optical tape 3 experiences a 90 degree twist between clamping
device 11 and capstan 26 because optical tape 3 exits clamping device 11 lying in a horizontal
plane and capstan 26 forces the width of optical tape 3 to be positioned in a vertical plane for
winding onto take-up platter 7. -

Referring now to Figs. 1, 2, 3 and 4, radiation source 27 emits beam of radiant energy 4
through magnification lens 28 forming an enlarged ixﬁage of beam of radiant energy 4 that is
collimated by collimation lens 29 and reflected by square mirror 30.  Square mirror 30 is
positioned at a 45 degree angle such that beam of radiant energy 4 is reflected downward through
transparent belt 14 and master tape 2, and impinges optical tape 3 such that information 36 stored
by master tape 2 is recorded as indicia 35 in optical tape 3. Collimation lens 29 and square Tirror
30 are of a size sufficient to ensure that reflected beam of radiant energy 4 covers the recording
width of optical tape 3 during the recording process. Radiation source 27 can be any source of
radiation suitable for recording optical discs or optical tapes, including, but not limited to, laser
diodes, laser beams, and light sources.

With continued reference to Figs. 1, 2, 3 and 4, transparent belt 14 is made of a suitably
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not easily damaged or scratched and should be relatively free of blemishes that might interfere
with the recording process. Support belt 19 need not be transparent, but may be made of any
material suitable for the purpose. .

Optical tape 3 can be any optical tape that is suitable for making re;:ordings by being
exposed to beam of radiant energy 4. The method of recording optical tape 3 is preferably thermal
or ablative. Suitable optical tape 3 is sold by Imperial Chemical Industry (ICI) of the United
Kingdom. A description of ICI optical tape is found in U.S. Pat. No. 5,215,808, and in U.S. Pat.
No. 5,077,724 by Gregg, both of which are hereby incorporated by reference.

Alternatively, the recdrding method can be magneto-optical, with the addition of suitable
magnets or electromagnets (not shown) to duplicator 1. An example of magneto-optical tape is
disclosed in U.S. Pat. No. 5,215,808, which is hereby incorporated by reference.

In operation, transparent belt 14 and support belt 19 hold master tape 2 firmly in intimate
contact with optical tape 3 in recording zone 5. A motor (not shown) rotates take-up platter 7 in
a counter-clockwise direction such that optical tape 3 is unwound off of supply platter 6 and is
wound onto take-up platter 7. Optical tape 3 unwinds off supply platter 6, with the width of optical
tape 3 in a vertical plane, and makes contact with capstan 25 which freely rotates due to the
movement of optical tape 3. Clamping device 11 causes optical tape 3 to experience a 90 degree
twist as it rolls off of capstan 26 and into clamping device 11 by holding master tape 2 and optical
tape 3 in intimate contact with each other in a horizontal plane.

Master tape 2, transparent belt 14 and support belt 19 all freely rotate as optical tape 3is
pulled through clamping device 11. Support belt 19 freely rotates about rollers 20 and 21;
transparent belt 14 freely rotates about rollers 15, 16, 17 and 18; and master tape 2 freely rotates
about the lower portion of upper clamping mechanism 12 and into and out of loop -chamber 22.

Radiation source 27 emits beam of radiant energy 4 through magnification lens 28 forming
an enlarged image of beam of radiant energy 4 that is collimated by collimation lens 29 and is
reflected by square mirror 30. Square mirror 30 is portioned at a 45 degree angle and reflects
beam of radiant energy 4 toward master tape 2 and optical tape 3. Beam of radiant energy 4 passes

through transparent belt 14, transmissive portion 32 of master tape 2, and impinges optical tape
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3 such that information stored by master tape 2 is recorded by optical tape 3 as indicia 35.
Specifically, beam of radiant energy 4 passes through transmissive portions 32 of master tape 2
creating indicia 35 in optical tape 3 where optical tape 3 is exposed to beam of radiant energy 4.
The maximuin speed at which optical tape 3 can pass through recording zone 5 and record
information 36 is directly proportional to the intensity at which beam of radiant energy 4 is emitted
from radiation source 27.

Optical tape 3 experiences a 90 degree twist as it leaves clamping device 11 after being
recorded and makes contact with capstan 26. Optical tape 3 causes capstan 26 to freely roll as
optical tape 3 moves along capstan 26 and winds around take-up platter 7. The recording process
is repeated until the supply of optical tape 3 is exhausted.

Mastef tape 2 can be made of any thin flexible material that is also resilient to longitudinal
stretching. Master tape 2 is essentially a template having transmissive portions 32 and non-
transmissive portions 31 that represent information 36. Transmissive portions 32 are transmissive
to beam of radiant energy 4 while non-transmissive portions 31 are not transmissive to beam of
radiant enérgy 4. One advantage of using master tape 2to .record optical tape 3 is that master tape
2 can be easily adapted for making optical tape recordings that require a specific recording format.
For example, by installing the appropriate master tape 2, an optical tape 3 can be recorded in a
format that is capable of being read by an optical tape player that uses a rotary playing head. By
merely changing master tapes 2, an optical tape 3 can be recorded.in a format that is capable of
being read by an optical tape player that uses a linear playing head.

Lateral registration of master tape 2 and optical tape 3 must be maintained while passing
through recording zone 5 during the recording process. By way of example, lateral registration
can be achieved by providing recess 34 in the surface of sﬁpport belt 19 for receiving both optical
tape 3 and master tape 2. Optical tape 3 sits in the bottom of recess 34, thus making intimate
contact with support belt 19. Master tape 2 sits in recess 34 and on top of optical tape 3. Recess
34 should be have a depth such that the inside surface of master tape 2 sits flush with the outside
surface of support belt 19. Recess 34 should have a width capable of maintaining master tape 2
and optical tape 3 in substantially perfect lateral registry while at the same time being capable of
allowing master tape 2 and optical tape 3 to freely roll off of support belt 19 when leaving

clamping device 11. Transparent belt 14 has substantially the same width as support belt 19 and
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holds master tape 2 and optical tape 3 snugly in recess 34. It should be recognized that any other
- method of maintaining lateral registry known to those skilled in the art can be used.

Beam of radiant energy 4 has been described as passing through transparent belt 14.
Alternatively, transparent belt 14 and rollers 17 and 18, can be removed, and replace rollers 15
and 16 with rollers suitable for holding master tape 2 in intimate contact with optical tape 3 during
the recording process. This allows beam of radiant energy 4 to directly impinée master tape 2
when causing information 36 to be recorded by optical tape 3.

Yet another alternative is to replace transparent belt 14 and rollers 15, 16, 17 and 18 with
two belt and roller conﬁgufations similar to support belt 19 and rollers 20 and 21. The belt
configurations are placed on both sides of recording zone 5 while holding master tape 2 in intimate
contact with optical tape 3. Again, this allows beam of rédiant energy 4 to directly impinge master
tape 2 when recording optical tape 3.

While loop chamber 22 is depicted in Fig. 1 as appearing above clamping device 11, it
should be understood that loop chamber 22 can be placed in any position that allows master tape
2 to freely exit and enter loop chamber 22, while at the same time still allowing master tape 2 to
be brought into intimate contact with optical tape 3 in clamping device 11 during the recording
process. This includes, but is not limited to, placing loop chamber 22 under clamping device 11
and using a series of rollers, capstans and guides tb feed master tape 2 into and out of loop
chamber 22.

While master tape 2 is described as being an endless tape, an alternate form of the invention
is to use a noncontinuous master tape that is dispensed from a master tape supply reel and received
by a master tape take-up reel.

In an alternate form of the invention, square mirror 30 is replaced with a prism for
reflecting beam of radiant energy 4. In yet another form of the invention, square mirror 30 is
removed ar.ld radiation source 27, magnification lens 28 and collimation lens 29 are positioned such |
that beam of radiant energy 4 is emitted directly into recording zone 5 without being reflected.

| Lastly, in addition to the description already provided, radiation source 27 can also be
either a monolithic laser diode array, disclosed by way of example in U.S. Pat. No. 4,520,472,
hereby incorporated by reference; or an array of discrete laser diodes, disclosed by way of example

in U.S. Pat. No. 4,743,091, also hereby incorporated by reference. Depending on the dimensions
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principles of the claimed invention.
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means for emitting a beam of radlant energy into an exposure zone;

a master tape having portions transmissive to said beam of radiant energy and having
portions non-transmissive to said beam of radiant energy;

an optical tape having a recording surface sensitive to said beam of radtant energy; and

means for holding said master tape in intimate contact with said optical tape in said
exposure zone such that said beam of radiant energy passes through said transmissive portions of
said master tape causing said optical tape to be recorded by creating indicia where said recording

surface was exposed to said beam of radiant energy.

2. The optical tape duplicator of claim 1, further comprising:
means for moving said master tape held in intimate contact with said optical tape through

said recording zone as said optical tape is recorded.

3. The optical tape duplicator of claim 1, further comprising:
means for moving said master tape held in intimate contact with said optical tape through
said recording zone at a recording speed that is directly proportional to the intensity of said beam

of radiant energy.

4. The optical tape of claim 1, 2 or 3, wherein:

said master tape is an endless master tape.
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5. A method for duplicating optical tape, comprising the steps of:
Emitting a beam of radiant energy into a recording zone;
holding an endless master tape having portions transmissive to said beam of radiant energy

and portions non-transmissive to said beam of radiant energy in intimate contact with an optical

I
&

tape having a recording surface sensitive to said beam of radiant energy;

moving said master tape and optical tape held in intimate contact with eéch other through
said recording zone; and

exposing said master tape and said optical tape to said beam of radiant while moving
through said recording zone such that said beam of radiant energy passes through said transmissive
portions of said master tape causing said optical tape to be recorded by creating indicia where said

recording surface was exposed to said beam of radiant energy.

6. The method for duplicating optical tape in claim 5, wherein the step of

moving said master tape and optical tape held in intimate contact with each other through
said recording zones includes: |

moving said master tape and said optical tape through said recording zone at a recording

speed that is directly proportional to the intensity of said beam of radiant energy.
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7. An optical tape duplicator comprising:

a radiation source for emitting a beam of radiant energy into a recording zone;

an optical tape having a recording surface sensitive to said beam of radiant energy;

a master tape having portions transmissive to said beam of radiant energy and portions non-
transmissive to said beam of radiant energy;

a supply platter for dispensing said optical tape;

a take-up platter for receiving said optical tape;

a transparent belt disposed about a first set of rollers;

a support belt disposed about a second set of rollers;

said transparent belt making intimate contact with said master tape in said exposure zone;

said master tape making intimate contact with said optical tape in said exposure zone;

said optical tape makmg intimate contact with said support belt in said exposure zone;

means for rotating said take-up platter such that said master tape held in intimate contact
with said optical tape by said transparent belt and said support belt all move through said recording
zone alloWing said radiapt beam of energy to pass through said transparent belt and said
transmissive portions of said master tape causing said optical tape to be recorded Hy creating indicia

where said recording surface of said optical tape was exposed to said beam of radiant energy.

8. The optical tape duplicator of claim 7, wherein:

said master tape is an endless master tape.



Spem f cal ly, Qépwcecﬂl ant energy 4 passes through transm ssive portions
32 of ndbe i ating indicia 35 in optical tape 3 where optical

tape 3 |s am of radi ant energy 4. The sich
opti cal t hrough recording zone 5 and |r gepLACERMERT &adi-Qn:i 36
s di rectly proportlonal to the intensity at which begam of g%ﬁt ner y 4
is emtted fromradi ati on source 27. _ Opti cal tljapsete3.. s, :
degree twist as it |eaves clanping deyizce 11 after bej _kes

contact with capstan 26. Optical tape 3 causes capstan 26 to freely roII as
optical tape 3 noves al ong capstan 26 and wi nds around take-up platter 7.

The recording process is regpeg l%m, f optical tape 3 is
exhaust ed. Master tape 2 canr)’f) e %#t?‘g'ri{gnfhi n flexible materi al
that is also resilient to |ongitudinal

ABSTRACT

An optical tape duplicator is disclosed for making multiple copies of recorded optical tape
by continuous contact recording. An information-bearing endless master tape is brought into
intimate contact with an optical tape and passed through a recording zone exposed to a beam of
radiant energy for recording information stored by the master tape into the optical tape. The
master tape contains transmissive and non-transmissive portions that represent the information
stored by the master tape. The optical tape contains a recording surface that is sensitive to the
radiant beam of energy. The beam of radiant energy passes through the transmissive portions of
the master tape while making contact with the optical tape in the recording zone, causing
information stored by the master tape to be recorded in the recording surface of the optical tape as

indicia where the recording surface was exposed to the beam of radiant energy.

Figure 1
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an optical tape that is sensitive to said beam of radiant energy; and

means for holding said master tape in intimate contact with said optical tape

in said recording zone so that said beam of radiant energy passes through said

transmissive first portions of said master tape causing said optical tape to be

recorded by creating indicia in said optical tape where said optical tape was

| exposed to said beam of radiant energy.

2. The optical tape duplicator of claim 1, further comprising:

means for moving said master tape held in intimate contact with said optical
. tape through said recording zone as said optical tape is recorded.

3. The optical tape duplicator of claim 1, further comprising:

means for moving said master tape held in intimate contact with said optical

tape through said recording zone at a recording speed that is directly

proportional to the intensity of said beam of radiant energy.

4.  The optical tape duplicator of claim 1, 2 or 3, wherein:

said master tape is an endless master tape.

5. A method for duplicating optical tape, comprising the steps of:

emitting a beam of radiant energy into a recording zone;

holding a master tape, having first portions being transmissive to said beam

of radiant energy and having second portions being non-transmissive to said
~ beam of rédiant energy, in intimate contact with an optical tape having a

recording surface sensitive to said beam of radiant energy;

moving said master tape and optical tape held in intimate contact with each

other through said recording zone; and

exposing said master tape and said optical tape to said beam of radiant energy

while moving through said recording zone such that said beam of radiant
/ : -
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through recording zone 5 during the recording process. By way of exanpl e,
Iat‘eral regi stration can be achieved by providing recess 3é-ifi—the
of support belt 19 for receiving both optical tape 3 and Slﬁlerd*thacﬂ'eH&S BEEN
Optical tape 3 sits in the bottom of reﬁiss 34, thus nmaking i ntiRERLACED

contact with support belt 19. Mster ta | LR recess 34 and o top-of-
optical tape 3. Recess 34 should be have a&@ghﬁéﬁcl‘ﬂ-ﬁé{n%he I nsi de
surface of master tape 2 sits flush with the outside surface of support

belt 19. Receswpmmm@ammmmtmmmemmster t ape 2

and opti cal i n.substantiall er.f at the
sanme time bei nga éﬁ\de"pglfalg‘? greﬁ‘gg?‘gﬁyfﬁé&z%g glps? cgﬂd@@%g‘% to
freely roll of ynefe sajPptichl twa%% th Raidi eAmCdfaamiafCeriteyy.ce 11.
Transparent be t 14 has substanti al the sane width as support belt 19 and

6. The method for duphcatlng optlcal tape in claim 5,

wherein the step of moving said master tape and optical tape held in intimate

contact with each other through said recording zone includes:

moving said master tape and said optical tape through said recording zone at

a recording speed that is directly proportional to the intensity of said beam of

radiant energy. .

7. An optical tape.duplicator comprising:

a radiation source for emitting a beam of radiant energy into a recording zone;
an optical tape that is sensitive to said beam of radlant energy;

a master tape having first portions being transmissive to said beam of radiant
energy and having second portions being non-transmissive to said beam of
radiant energy and having second portions being non-transmissive to said
beam of radiant energy;

a supply platter for dispensing said optical tape;

a take-up platter for receiving said optical tape;

a first clamping mechanism;

a second clamping mechanism;

said first clamping mechanism making intimate contact with said master tape
in said recording zone;

sald master tape making intimate contact with said optical tape in said
recording zone;

said optical tape making intimate contact with said second clamping
mechanism in said recording zone; o

means for rotating said take-up platter'such that said master tape held in
intimate contact with said optical tape by said first clamping mechanism and
said second ‘clamping mechanism, move through said recdrding zone allowing
said beam of radiant energy to pass through said transmissive first portions of
said master tape causing said optical tape to be recorded by creating indicia
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in said optical tape where said optical tape was
exposed to said beam of radiant energy.
8. The optical tape duplicator of claim 7, wherein:
said master tape is an endless master tape. |
9. The optical tape duplicator of claim 7, wherein: -

- said first clamping mechanism includes a transparent belt disposed about a

first set of rollers; and
said ‘second clamping mechanism includes a support belt disposed about a

second set or rollers.
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Yet anot her al'l’belswmaggeénske Ich& epI ace transparent belt 14 and rollers 15,
16, -17 ahd 18 nd roller configurations simlar to support
belt 19 and 'rol ME The belt configurations are placed on both
si des of recor |ng z Ie hol di ng master tape 2 in intimte contact
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and using a serhe§Hgﬁk&g{ B8, capstans and guides to feed naster tape 2
E“ﬁ“ﬂ 22.

I nt o &nd+ out While master tape 2 is described as
bei ng an endl m“ﬂ ternate formof the invention is to use a
noncont i nuous t at is dispensed froma naster tape supply ree
and received by a master tape take-up reel. In an alternate form of
the invention, square mrror 30 is reﬁlsced wth a prismfor reflecting
beam of radi ant energy 4. In yet anot & form of t he invention, square
mrror 30 is renoved and radiation source 27, magnification |l ens 28 and

collimation lens 29 are positiefied- radi ant energy 4 is
emtted directly into recorgfng zone 5 without being re ed.
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either a nonolithic |aser diode array, disclosed by way of éﬁ%‘ff‘b?’é ¥As U. S.
Pat. No. 4,520,472, hereby incorporated by reference; or an array of

di screte | aser diodes, disclosed by way of exanple in U S. Pat. No.
4,743,091, also hereby incorporated by reference. Depending on the

di mensi ons -
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OPTICAL TAPE DUPLICATOR

BACKGROUND OF THE INVENTION

This invention relates to tape recording, and more particularly to optical tape recording.
Currently there are two main types of optical tape recorders. These two main types of optical
recorders differ in how an optical recording head moves across the optical tape. The first type of
optical recording head is a rotary head that scans across the tape in a helical scan pattern. The
rotary head usually includes at least two recording elements, so that each revolution of the rotaryf
head records multiple tracks on the tape. Examples of rotary optical recording heads are disclosed
in U.S. Pat. Nos. 5,239,528, 4,815,067, 4,807,213, and 4,661,941.

The second type of optical tape recorder employs an optical recording head that moves
across the tape in a linear motion. The linear motion of the recording head is transverse to the
motion of the tape itself. Linear recording heads use either a single recording element, or an array
of recording elements. Typical linear optical recording heads are disclosed in U.S. Pat. Nos.
5,177,724 and 4,567,58S5. -

The two existing types of optical tape recorders have generally performed adequately.
However, both of these types are relatively slow at recording optical tape. Their slow speed of
recording is one barrier to optical tape replacing magnetic tape as the medium of choice for
recording and playing movies and other images. (Another barrier is the lack of a suitable optical

tape cartridge, the subject of a copending patent application entitled, "OPTICAL TAPE
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9 of either

‘lens 29 may or may- not be required to achieve a beam sufficient to cover

the recording width of optical tape 3. A detail ed description of the

invention has been provided in conpliance with the patent |aws. However,
such detailed description is not intended to Iimt the scope of the

features or

principles of the clained. ngent I on.

CARTRIDGE," by David Paul Gregg.) There is therefore a need for an optical tape duplicator

that can record optical tapes at the -Speed and at the cost required by the consumer market.
These and other features of the present invention will become readily appreciated from the

following detailed description when considered in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Flg 1 is a diagram of an optical tape duplicator.

Fig. 2 is a diagram of a path taken by a beam of radlant energy during the operation of the
optical tape duplicator of Fig. 1.

Fig. 3 is an exploded view of the transparent belt, master tape, optical tape and support belt
configuration of Fig. 2.

Fig. 4 is a diagram of the optical tape shown in Figs. 1, 2 and 3 after the optical tape has
been recorded by the optical tape duplicator of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Details of illustrative embodiments of the invention are disclosed in this section. However,
it should be understood that these embodiments merely exemplify the present invention which may
take forms different from the specific illustrative embodiments disclosed. Therefore, specific
structural and functional details are not necessarily to be interpreted as limiting, but as a basis for
the claims. It should also be understood that components illustrated in this section are well-known
to those skilled in the art. Therefore, some of the details and refinements associated with these
components are not illustrated, but should be understood to be present. For example, such details
and refinements would include, but are not fimited to, frames, motors, capstans, rollers, tension
controls; electronics, etc.

Referring now to Fig. 1, there is shown a diagram of a preferred embodiment of an optical
tape duplicator 1. Referring now to Figs. 1, 2, 3 and 4, duplicator 1 duplicates information 36,
contained on an information-bearing master tape 2, as indicia 35 in an optical.tape 3. In brief,
duplicator 1 includes an information-bearing endless master tape 2 which contains prerecofded
information 36. Optical tape 3 includes recording surface 33 that is sensitive to beam of radiant

energy 4. Master tape 2 makes intimate contact with optical tape 3. While in intimate contact,
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10

master tape 2 and optical tape 3 are simultaneously passed through a recording zone 5 and exposed
to beam of radiant energy 4. Exposure of master tape 2 and optical tape 3 to beam of radiant
energy 4 causes information 36 stored by master tape 2 to be recorded in recording surface 33 of
optical tape 3 as indicia 35. This recording process is repeated until the supply of optical tape 3
is exhausted. ) _

Optical tape 3 is dispensed from supply platter 6 before recording and received by take-up
platter 7 after recording. Optical tape 3 is wound around spindle 9 attached to the center of supply

~ platter 6. Similarly, recorded optical tape 3 is wound around spindle 10 attached to the center of

take-up platter 7 after recording. The configuration of optical tape 3 with platter 6 or 7 is known
in the recording industry as a "pancake” because of its shape. Both supply platter 6 and take-up
platter 7 are rotatably mounted to a frame (not shown).

Preferably both platters 6 and 7 are mounted in the frame so that tape 3 is dispensed
horizontally. Alternatively, platters 6 and 7 can be replaced by reels (not shown) with side
supports that allow the reels to be mounted vertically in the frame. However, horizontal platters
6 and 7 are preferred to vertical reels because horizontal platters 6 and 7 distribute the weight of
a fully wound optical tape 3 more uniformly than would vertical reels, and are themselves easier
for the frame to support. '

With continued reference to Fig. 1, duplicator 1 includes clamping device 11 for holding
master tape 2 and optical tape 3 in intimate contact with each other while being passed ﬁnrough
recording zone 5. Clamping device 11 comprises upper clamping mechanism 12 and lower
clamping mechanism 13. Upper clamping mechanism 12 comprises transparent belt 14 disposed
about rollers 15, 16, 17 and 18, and generally forms the shape of a four sided polygon. Rollers
15, 16, 17 and 18 are rotatably mounted in the same vertical plane with each other. Rollers 15,
16, 17 and 18 each have an axis of rotation perpendicular to the vertical plane in which they are
mounted. Rollers 15 and 16 are laterally displaced from each other in the horizontal direction and
rollers 17 and 18 are generally pdsitioned above rollers 15 and 16, and are also laterally displaced .
from each other in the horizontal direction.

Master tape 2 is partially disposed about the lower portion of upper clamping device 11.
Specifically, master tape 2 comes into intimate contact with transparent belt 14 at a point

intermediate rollers 17 and 15. While maintaining intimate contact with transparent belt 14, master

-
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What is claimed is: 1. ° An optical tape.duplicator, conprising: means for
emtting a beamof radiant energy into a recording zone. a naster tape
having first portions being transm ssive to said beamof radiant energy and
havi ng second portions being non-transm ssive to said beam of radiant
energy; an optical tape that is sensitive to said beamof radiant energy;
and neans for holding said master tape in intimate contact with said

optical tape in said recording zone so that said beam of radiant energy
passes through said :

tape 2 follows transparent belt 14 downward around roller 15, along the bottom surface of upper
clamping mechanism 12 formed by transparent belt 14, and upward around roller 16 until master
tape 2 breaks intimate contact with transparent belt 14 at a point intermediate rollers 16 and 18,

Lower clamping mechanism 13 is comprised of support belt 19 disposed about rollers 20
and 21. Rollers 20 and 21 are laterally displaced from each other m the horizontal direction and
are also rotatably mounted in the same vertical plane that rollers 15, 16, 17 and 18 are mounted.
Rollers 20 and 21 also have an axis of rotation perpendicular to the vertical plane in which they
are mounted. Optical tape 3 comes into intimate contact with support belt 19 at a point generally
positioned above roller 20. Optical tape 3 maintains intimate contact with the upper surface of
lower .clamping mechanism 13 formed by support belt 19 until optical tape 3 breaks intimate
contact with support belt 19 at a position generally above roller 21. Rollers 20 and 21 are
positioned in close proximity below rollers 15 and 16, respectively, such that support belt 19 and
transparent belt 14 apply sufficient clamping pressure to hold master tape 2 and optical tape 3 in
intimate contact with each other while passing through recording zone 5 during the recording
process.

Preferably, lower clamping mechanism 13 can move in the vertical direction when
duplicator 1 is not recording to allow easy installation and removal of master tape 2 and optical
tape 3.

As previously stated, master tape 2 is an endless tape partially disposed about the lower
portion of upper clamping mechanism 12. The bulk of endless master tape 2 is stored in loop
chamber 22. In general, loop chamber 22 is an enclosed rectangular box with two tape openings -
23 and 24. Master tape 2 exits loop chamber 22 at tape opening 23, wraps around the lower
portion of upper clamping mechanism 12, and reenters loop chamber 22 at tape opening 24. The
width of the inside of loop chamber 22 is slightly wider than the width of master tape 2. Loop
chamber 22 must be large enough to allow the bulk of master tape 2 to freely flutter about the
inside of loop chamber '22 during operation. This helps prevent master tape 2 from becoming
kinked, bent or otherwise damaged d"urin'g operation. Allowing for flutter in loop chamber 22 also
allows master tape 2 to quickly andﬂ freely exit and enter loop chamber 22 during operation. A

" continuous vacuum can be created inside loop chamber 22 to help draw master tape 2 into loop
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transm ssive first portions of said naster tape causing said optical tape
to be recorded by creating indicia in said optical tape where said optical
tape was exposed to said beam of radiant energy. 2. The optrical tape
duplicator of claim1, further conprising: neans for noving said naster
tape held in intimate contact with said optical -tape through said recording
zone as said optical tape is recorded. 3. The optical tape duplicator of.
claim1, further conprising: neans for rving said master tape held in
intimate contact with said optical tape through said recording zone at a

recording speed that is directly proportional to the intensity of said beam
of radiant egkampgr 22 at tape opening 24 as master tape 2 leaves clamping device 11.

It should be recognized that any loop chamber generally known to those skilled in the art
can be used, including the loop chamber disclosed in U.S. Pat. No. 3,854,817, which is hereby
incorporated by reference.

Capstan 25 is rotatably mounted to the frame at a point intermediate Supply platter 6 and
clamping device 11. The axis of rotation of capstan 25 is in the vertical direction. Capstan 25 is
mounted in substantially the same vertical plane as clamping device 11. Capstan 25 holds optical
tape 3 in proper alignment for feeding into clamping device 11 after optical tape 3 unwinds off of '
supply platter 6. Optical tape 3 experiences a 90 degree twist between capstan 25 ax}d clainping
device 11 because clamping device 11 forces recording surface 33 of optical tape 3 to face upward
in a horizontal plane when making intimate contact with master tape 2 for recording.

Similarly, capstan 26 is rotatably mounted to the frame at a point intermediate clamping
device 11 and take-up platter 7. The axis of rotation of capstan 26 is in the vertical direction.
Capstan 26 is mounted in substantially the same vertical plane as clamping device 11. Capstan 26
holds optical tape 3 in proper alignment when leaving clamping device 11 and before optical tape
3 is wound onto take-up platter 7. Optical tape 3 experiences a 90 degree twist between clamping
device 11 and capstan 26 because optical tape 3 exits clamping device 11 lying in a horizontal
plane and capstan 26 forces the width of optical tape 3 to be positioned in a vertical plane for
winding onto take-up platter 7.

Referring now to Figs. 1, 2, 3 and 4, radiation source 27 emits beam of radiant energy 4
through magnification lens 28 forming an enlarged image of beam of radiant energy 4 that is
collimated by collimation lens 29 and reflected by square mirror 30.  Square mirror 30 is
positioned at a 45 degree angle such that beam of radiant energy 4 is reflected downward through
transparent belt 14 and master tape 2, and impinges optical tape 3 such that information 36 stored
by master tape 2 is recorded as indicia 35 in optical tape 3. Collimation lens 29 and square mirror
30 are of a size sufficient to ensure that reflected beam of radiant energy 4 covers the recording
width of optical tape 3 during the recording process. Radiation source 27 can be any source of
radiation suitable for recording optical discs or optical tapes, including, but not limited to, laser
diodes, laser beams, and light sources.

With continued reference to Figs. 1, 2, 3 and 4, transparent belt 14 is made of a suitably
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4. The optical tape duplicator of claim1, 2 or 3, wherein: sai d

master tape is an endl ess master tape. 5. A nethod for duplicating
optical tape, conprising the steps of: emtting a beam of radi ant energy
into a recording zone; hol ding a master tape, having first portions being

transm ssive to said beam of radiant energy and having second portions
bei ng non-transm ssive to said beam of radiant energy, in intinmate
contact with an optical tape having a &ecording surface sensitive to said
beam of radi ant energy; novi ng said nmaster tape and optical tape held in
intimate contact with each ot her through said recording zone; and
transparent material so that beam of radiant energy 4 passes through both transparent belt 14 and

master tape 2 to form indicia 35 in optical tape 3. Transparent belt 14 should be made of a material
not easily damaged or scratched, and should be relatively free of blemishes that might interfere
with the recording process. Support belt 19 need not be transpatent, but may be made of any
material suitable for the purpose. _

Optical tape 3 can be any optical tape that is suitable for making recordings by being
exposed to beam of radiant energy 4. The method of recording optical tape 3 is preferably thermal
or ablative. Suitable optical tape 3 is sold by Imperial Chemical Industry (ICI) of the United
Kingdom. A description of ICI optical tape is found in U.S. Pat. No. 5,215,808, and in U.S. Pat.
No. 5,077,724 by Gregg, both of which are hereby incorporated by reference.

Alternatively, the recording method can be magneto-optical, with the addition of suitable
magneis or electromagnets (not shown) to duplicator 1. An example of magneto-optical tape is
disclosed in U.S. Pat. No. 5,215,808, which is hereby incorporated by reference.

- In operation, transparent belt 14 and support belt 19 hold master tape 2 firmly in intimate
contact with optical tape 3 in recording zone 5. A motor (not shown) rotates take-up platter 7 in -
a counter-clockwise direction such that optical tape 3 is unwound off of supply platter 6 and is
wound onto take-up platter 7. Optical tape 3 unwinds off supply platter 6, with the width of optical
tape 3 in a vertical plane, and makes contact with capstan 25 which freely rotates due to the
movement of optical tape 3. Clamping device 11 causes optical tape 3 to experience a 90 degree
twist as it rolls off of capstan 26 and into clamping device 11 by holding master tape 2 and optical
tape 3 in intimate contact with each other in a horizontal plane.

Master tape 2, transparent belt 14 and support belt 19 all freely rotate as optical tape 3 is
pulled through clamping device 11. Support belt 19 freely rotates about rollers 20 and 21;
transparent belt 14 freely rotates about rollers 15, 16, 17 and 18; and master tape 2 freely rotates
about the lower portion of upper clamping mechanism 12 and into and out of loop chamber 22.

Radiation source 27 emits beam of radiant energy 4 through magnification lens 28 forming
an enlarged image of beam of radiant energy 4 that is collimated by collimation lens 29 and is
reflected by square mirror 30. Square mirror 30 is portioned at a 45 degree angle and reflects
beam of radiant energy 4 toward master tape 2 and optical tape 3. Beam of radiant energy 4 passes

through transparent belt 14, transmissive portion 32 of master tape 2, and impinges optical tape

-
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exposi ng said nmaster tape and said optical tape to said beam of radi ant

ener gy whi | e novi ng through said recording zone such that said beam of
r adi ant ' '

w5,

3 such that information stored by master tape 2 is recorded by optical tape 3 as indicia 35.
Specifically, beam of radiant energy 4 passes through transmissive portions 32 of master tape 2
creating indicia 35 in optical tape 3 where optical tape 3 is exposed to beam of radiant energy 4.
The maximuin speed at which optical tape 3 can pass through recording zone 5 and record
information 36 is directly proportional to the intensity at which beam of radiant energy 4 is emitted
from radiation source 27.

Optical tape 3 experiences a 90 degree twist as it leaves clamping device 11 after being
recorded and makes contact with capstan 26. Optical tape 3 causes capstan 26 to freely roll as
optical tape 3 moves along capstan 26 and winds around take-up platter 7. The recording process
is repeated until the supply of optical tape 3 is exhausted.

Master tape 2 can be made of any thin flexible material that is also resilient to longitudinal
stretching. Master tape 2 is essentially a template having transmissive portions 32 and non-
transmissive portions 31 that represent information 36. Transmissive portions 32 are transmissive
to beam of radiant energy 4 while non-transmissive portions 31 are not transmissive to beam of
radiant energy 4. One advantage of using master tape 2 to record optical tape 3 is that master tape
2 can be easily adapted for makmg optical tape recordings that require a specific recording format.
For example, by installing the appropriate master tape 2, an optical tape 3 can be recorded in a
format that is capable of being read by an optical tape player that uses a rotary playing head. By
merely changing master tapes 2, an optical tape 3 can be recorded in a format that is capable of
being read by an optical tape player that uses a linear playing head.

Lateral registration of master tape 2 and optical tape 3 must be maintained while passing
throu.gh recording zone 5 during the recording process. | By way of example, lateral registration
can be achieved by providing recess 34 in the surface of support belt 19 for receiving both optical
tape 3 and master tape 2. Optical tape 3 sits in the bottom of recess 34, thus making intimate
contact with support belt 19. Master tape 2 sits in recess 34 and on top of optical tape 3. Recess
34 should be have a depth such that the inside surface of master tape 2 sits flush with the outside
surface of support belt 19. Recess 34 should have a width capable of maintaining master tape 2
and optical tape 3 in substantially perfect lateral registry while at the same time being capable of
allowing master tape 2 and optical tape 3 to freely roll off of support belt 19 when leaving
clamping device 11. Transparent belt 14 has substantially the same width as support belt 19 and

This is the replacement sheet

Date: 3 0 DEC 1993

-



ener gy passes through said transm ssive first portions of said master tape
causing said optical tape to be recorded by creating indicia in said

optical tape where said optical tape was exposed to said beam of radi ant
energy. 6. The nethod for duplicating optical tape in claimb5, wherein

the step of noving said master tape and optical tape held in intimte

contact with each other through said recording zone includes: noving said
master tape and said optical tape throudh said recording zone at a _
recordi ng speed that is directly proportional to the intensity of said beam .

of _
‘holds master tape 2 and optical tape 3 snugly in recess 34. It should be recognized that any other

method of maintaining lateral registry known to those skilled in the art can be used.

Beam of radiant energy 4 has been described as passing through transparent belt 14.
Alternatively, transparent belt 14 and rollers 17 and 18, can be removed, and replace rollers 15
and 16 with rollers suitable for holding master tape 2 in intimate contact with optical tape 3 during
the recording process. This allows beam of radiant energy 4 to directly impinge master tape 2
when causing information 36 to be recorded by optical tape 3.

Yet another alternative is to replace transparent belt 14 and rollers 15, 16, 17 and 18 with -
two belt and roller configurations similar to support belt 19 and rollers 20 and 21. The belt
configurations are placed on both sides of recording zone 5 while holding master tape 2 in intimate
contact with optical tape 3. Again, this allows beam of radiant energy 4 to directly impinge master
tape 2 when recording optical tape 3.

While loop chamber 22 is depicted in Fig. 1 as appearing above clamping device 11, it
should be understood that loop chamber 22 can be placed in any position that allows master tape
2 to freely exit and enter loop chamber 22, while at the same time still allowing rﬁaster tape 2 to
be brought into intimate contact with optical tape 3 in clamping device 11 during the recording
process. This includes, but is not limited to, placing loop chamber 22 under clamping device 11
and using a series of rollers, capstans and guides to feed master tape 2 into and out of loop
chamber 22.

While master tape 2 is described as being an endless tape, an alternate form of the invention

is to use a noncontinuous master tape that is dispensed from a master tape supply reel and received

by a master tape take-up reel.

In an alternate form of the invention, square mirror 30 is replaced with a prism for
reflecting beam of radiant energy 4.. In yet another form of the invention, square mirror 30 is
removed and radiation source 27, magnification lens 28 and collimation lens 29 are positioned such
that beam of radiant energy 4 is emitted directly into recording zone S without being reflected.

Lastly, in addition to the description already provided, radiation source 27 cah. also be
either a monolithic laser diode array, disclosed by way of example in U.S. Pat. No. 4,520,472,
hereby incorporated by reference; or an array of discrete laser diodes, disclosed by way of example

in U.S. Pat. No. 4,743,091, also hereby incorporated by reference. Depending on the dimensions
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radi ant energy. 7. An optical tape duplicator conprising: a radiation
‘source for emtting a beam of radiant energy into a recording zone; an
optical tape that is sensitive to said beam of radiant energy; a naster
tape having first portions being transm ssive to said beam of radiant
energy and having second portions being,non-transm ssive to said beam of
radi ant energy and having second porti ohs bei ng non-transm ssive to said
beam of radiant energy; a supply platter-for dispensing said optical tape;
a take-up plo? éi err laie?ﬁioaee acr?a{yw ‘n . msagxlugca%gﬁ ie%éaiS atn%%gﬂimation lens 29 may or may not be

required to achieve a beam sufficient to cover the recording width of optical tape 3.

A detailed description of the invention has been provided in compliance with the patent
laws. However, such detailed description is not intended to limit the scope of the features or

principles of the claimed invention.
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a first clanping mechanism a second clanping mechani sm said first

cl anpi ng mechani sm making intimte contact with said mastﬂ“l

recording zone; said master tape neking intinmate contact mﬂﬂ"mumwuﬂ
tape in said recording zone; said optical tape meking inti fat & cont™act® wi't h
sai d second clanping mechanismin said recording zone; neans for rotating
said take-up platter such that said nastgy tape held in intinmate contact

with said optical tape by said first cl arrpl ng mechani sm and

What is claimed is:
1. An optical tape duplicator, comprising:
means for emitting a beam of radiant energy into a recording zone.
a master tape havihg first portions being transmissive to said beam of radiant
energy and having second portions being non-transmissive to said beam of
radiant energy;
an optical tape that is sensitive to said beam of radiant energy; and -
means for holding said master tape in intimate contact with said optical tape

. in said recording zone so that said beam of radiant energy passes through said

| transmissive first portiohs of said master tape causing said optical tape to be

recorded by creatﬁlg indicia in said optical tape where said optical tape was
exposed to said beam of radiant energy.
2. The optical tape duplicator of claim 1, further comprising:
means for moving said master tape held in intimate contact with said optical
tape through said recording zone as said optical tape is recorded.
3. The optical tape duplicator of claim 1, further comprising:
means for moving said master tape held in intimate contact with said optical
tape through said recording zone at a recording speed that is directly
proportional to the intensity of said beam of radiant energy.
4. The optical tape duplicator of claim 1, 2 or 3, wherein:
said master tape is an endless master tape.
5. A method for duplicating optical tape, comprising the steps of:
emitting a beam of radiant energy into a recording zone;
holding a master tape, having first portions being transmissive to said beam
of radiant energy and having second portions being non-transmissive to said
beam of radiant epergy, in intimate contact with an optical tape having a

‘recording surface sensitive to said beam of radiant energy;

moving said master tape and optical tape held in intimate contact with each
other through said recording zone; and

exposing said master tape and said optical tape to said beam of radiant energy
while moving through said recording zone such that said beam of radiant
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said second cl anpi ng nmechani sm nove through said recordi ng-zone alTow ng
sai d beam of radiant energy to pass through said transm ss

portions of said master tape causing said optical tape to Itimumlmnmnm‘““l
creating indicia 11 £ ¢ L M s *

energy passes through said transmissive first portions of said master tape
causing said optical tape to be recorded by creating indicia in said optical tape
where said optical tape was exposed to said beam of radiant energy.

6. The method for duplicating optical tape in claim S,

wherein the step of moving said master tape and optical tape held in intimate
contact with each other through said recording zone includes:

moving said master tape and said optical tape through said recording zone at
a recording speed that is directly proportional to the intensity of said beam of
radiant energy.

7. An optical tape duplicator comprising:

a radiation source for emitting a beam of radiant energy into a recording zone;
an optical tape that is sensitive to said beam of radiant energy; |
a master tape having first portions being transmissive to said beam of radiant
energy and having second portions being non-transmissive to said beam of
radiant energy and having second portions being non-transmissivé to said
beam of radiant energy;

a supply platter for dispensing said optical tape;

a take-up platter for receiving said optical tape;

a first clamping mechanism;

a second clamping mechanism;

said first clamping mechanism making intimate contact with said master tape
in said recording zone;

said master tape making intimate contact with said optical tape in said
recording zone;

said optical tape making intimate contact with said second clamping
mechanism in said recording zone;

means for rotating said take-up platter such that -said master tape held in
intimate contact with said optical tape by said first clamping mechanism and
said second clamping mechanism, move through said recording zone allowing
said beam of radiant enérgy to pass through said transmissive first portions of
said master tape causing said optical tape to be recorded by creating indicia
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12 in said optical tape where said optical tape was expojml,m”m
of radi ant energy. 8. The optical tape duplicator of cl "’Hm;mi,l
said naster tape is an endl ess naster tape. 9. The optlcal fapk *
duplicator of claim?7, wherein: said firgj clanping nmechanismincludes a

transparent belt disposed about a first set of rollers; and

in said optical tape where said optical tape was

exposed to said beam of radiant energy.

8.  The optical tape duplicator of claim 7, wherein:

said master tape is an endless master tape.

9, The optical tape duplicator of claim 7, wherein:

said first clamping mechanism includes a transparent belt disposed about a
first set of rollers; and |

said second clamping mechanism mcludes a support belt dlsposed about a
second éct or rollers.
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sai d second cl anpi ng nmechani smincludes a support belt disposed about a
second get or rollers.

i3

OPTICAL TAPE DUPLICATOR

"ABSTRACT

An optical tape duplicator is disclosed for making multiple copies of recorded optical tape
by continuous contact recording. An 'infonnation-bearing endless master tape is brought into
intimate contact with an optical tape and passed through a recording zone exposed to a beam of
radiant energy for recording information stored by the master tape into the optical tape. The
master tape contains transmissive and non-transmissive portions that represent the information
stored by the master tape. The optical tape contains a recording surface that is sensitive to the
radiant beam of energy. The beam of radiant energy passes through the transmissive portions of
the master tape while making cohtact with the optical tape in the recording zone, causing
information stored by the master tape to be recorded in the recording surface of the optical tape as

indicia where the recording surface was exposed to the beam of radiant energy.

Figure 1
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