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[5 7 ] ABSTRACT 

A high speed recording apparatus capable of record 
ing signal intelligence from a cathode ray tube. Drive 
means are provided comprising a plurality of rollers to 
press discrete areas of a record web against the ?ber 
optic face plate of the cathode ray tube in 
synchronism with beam sweep. This action eliminates 
page incrementing lapse time while at the same time 
data is continuously recorded on the record web. The 
recorded data, at a processing station, may be trans 
ferred from the record web and a copy obtained. 

22 Claims, 3 Drawing Figures 
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RECORDING APPARATUS 

This invention relates to a high speed recording ap 
paratus capable of recording signal intelligence from a 
cathode ray tube. 

BACKGROUND OF THE INVENTION 

In processing information in numerical, alphabetical 
or special character form from a computer or other 
high speed data source, the weakest link in the ?nal 
stage of processing such data has been the mechanical 
printers. In order to take full advantage of the high ' 
speed capability of present day data processing devices, 
the output printer for such devices must be equally 
capable of high speed performance. Many attempts 
have been made, some successful, to improve the 
speeds of mechanical printers. However, the very na 
ture of these devices, for example, mechanical inertia 
sets an upper limit on their speed capability. 

Conventional printers employ a large number of 
mechanical printing members such as hammers and 
type members. The useof this kind of structure results 
in printers which are not only bulky but also expensive. 
In these conventional printing devices, printing is done 
by mechanical action between the typeforming means 
and the paper or printout form. That is, an entire 
character line is mechanically printed rapidly while the 
printout form is stopped, then the form is rapidly ad 
vanced for printing the next succeeding line. For high 
speed printing, the intermittent movement of the form 
at a very rapid speed creates very difficult problems. 
Additionally, this mechanical action at a high rate of 
speed causes an undesirable noise level and wear is in 
herent, thus causing extensive down~time for replace 
ment and repair of the 'mechanical devices. 
The present invention is a 10,000 line per minute 

hard copy printer of high quality which overcomes the 
aforesaid problems of conventional printers. General 
approaches to accomplish this result would be among 
the following: _ 

1. Mechanical impact or spark discharge type printer 
with printing on a line increment basis. 

2. Mechanical impact or spark discharge type prin 
ters but with multiple line units so as to increment 
mechanically several lines at a time. - 

3. Full page recording with page incrementing at: 
a. full size. 
b. micro-image with full size obtained with a 
reproducer of some sort. 

0. intermediate size with full or micro-size ob 
tained by a reproducer or the like. 

4. The same as (3) but line at a time incrementing. 
Present day mechanical printer technology limits 

place carriage advance time at about 5X10“? seconds 
per line leaving about 1><l0"" seconds to print a line in 
system ( 1) above. It is readily seen that this is not a very 
feasible system unless it is limited to characters per font 
or columns per page in such a manner as to allow print 
ing in 10‘3 seconds. ' 
System (2) is feasible but costly since multiple print 

units must be used together with multiple drives. If this 
system is tied to a computer the buffering must also be 
duplicated. Roughly, the increase in cost will be 
directly proportional to the number of lines printed per 
carriage advance. Since 1,500 lines per minute is the 
limit of some known printers at 10,000 lines per minute 

2 
(1pm) it could be expected to cost about six times as 
much. Again, this is not a very good system. 

Printers such as system (4) above have the same 
problems and disadvantages already mentioned with 
regard to systems (1) and (2) but to a lesser extent 
possibly, but now precision incrementing is necessary 
for less than full size format. At full size the same 
problems are directly encountered, as the system is the 
same as systems ( l) or (2). 
System (3) then remains as the only technically feasi 

ble and reasonably priced system provided that the 
number of hammers, sparks, gaps, etc. are kept to a 
minimum. One way in which this can be done is by 
utilizing a cathode ray tube. The cathode ray tube can 

I be considered analagous to a single hammer having 
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motion in the X and Y planes. , 

Present technology using light optics prevents a 
cathode ray tube system from having good resolution 
and aesthetic appeal. The reasons for this are the fol 
lowing: 

l. Use of a lens in the micro mode severely limits the 
ultimate resolution; for example at 15 or 20 reduc 
tion the image spread function is about one-half 
mil at 50 percent intensity prints. This results in 
about 2 or 3 line pairs per millimeter in a character 
at full size whereas 5 to 10 are needed: and 

2. A lens between the CRT and the receptor can 
transmit only about 1 or 2 percent of the energy 
from a CRT. This loss of energy results in the ex 
posure time being unduly long. For single (point) 
source CRT’s this means a matrix or vector type of 
character must be printed. High printer speed and 
long exposure time mean that the detailed bits per 
character must be small resulting in poor character 
appearance. For parallel source CRT (com 
positron or charactron) the cathode current or 
electro-optic resolution limit resolution or speed 
so as to eliminate their use in this application. 

While there are materials with high sensitivity to 
compensate for lens losses they are expensive and 
require considerable processing to develop the latent 
image. For a commercial system this is a very severe 
drawback. 
The use of a CRT in very near contact or contact 

with the receptor is a feasible way of overcoming the 
problem described. This means that the CRT face 
should be a ?ber optic face plate. The system proposed 
is such a system. It has the advantage that the time per 
line advance (beam movement) is about 10 
microseconds and the time for page advance is zero in 
receptor movement and 10 microseconds approximate 
ly in beam movement. 

Accordingly, it is an object of this invention to pro 
vide a high speed recording apparatus of high quality 
capable of producing up to 10,000 lines per minute. 

It is a further object of this invention to provide a 
high speed recording apparatus capable of producing 
full-page recording with page incrementing at micro, 
intermediate and full size. 

It is yet a further object of this invention to~provide a 
high speed recording apparatus which is mechanically 
simple and reasonably inexpensive. 
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BRIEF DESCRIPTION OF INVENTION 

In a first embodiment of the invention the recording 
apparatus comprises a cathode ray tube having signal 
intelligence applied to the input circuits thereof. At 
tached to the face of the cathode ray tube is a ?ber 
optic plate. The ?ber optic plate is positioned so as to 
concentrate the light of the cathode ray tube onto a 
photosensitive surface or record medium. The 
photosensitive surface takes the shape of an endless 
belt wrapped around a plurality of rollers. The rollers 
are positioned and actuated in conjunction with beam 
movement such that a portion of the belt is always in 
contact with the face of the cathode ray tube with the 
result that there is zero page advance time. 'Means are 
provided to develop the image on the belt and to 
transfer the image to a permanent surface. In a second 
embodiment of the invention the photosensitive sur 
face is fed from a supply reel onto a take-up reel and is 
developed either in a vacuum, partial vacuum, or air. 
The nature of the present invention having been set 

forth, there will now be presented a more detailed 
description in illustration but not limitation of the in_ 
vention in the following speci?cation and drawings in 
which: 

FIG. 1 is a schematic view showing the basic ele 
ments of the recording apparatus; 

FIG. 2 is a view similar to FIG. 2 showing details of 
the processing station; and > 

FIG. 3 is a view similar to FIG. 1 showing a reel 
supply record medium. 

In FIG. 1 a cathode ray tube 11 converts‘ the signal 
intelligence from input circuits 10 into suitable form to 
create character images on record web or belt 16. Input 
circuits 10 may be responsive to code signals and may 
comprise translators, gates, and ampli?ers in order to 
generate the potentials necessary to produce the 
character images to be displayed on the face of cathode 
ray tube 11. Input circuits 10 may also supply signals 
according to a predetermined time base to drive the 
record rollers and to initiate the development and 
transfer station as will be discussed in more detail 
hereinafter. It is noted that in lieu of cathode ray tube 
11 other means may be substituted as a signal trans 
ducer means. One substitute might be a plurality of 
electrodes over which a record medium is passed. A 
suitable code system for driving input circuits 10 is 
described in U. S. Pat. No. 2,736,770 to McNaney. 
Cathode ray tube 11 may employ either electromag 
netic or electrostatic de?ection and is of the conven 
tional type except that it is provided at one end with a 
?ber optic face plate or target screen 12 which is sub 
stantially ?at so as to accommodate record web or belt 
16. Fiber optic face plate 12 prevents light dispersion 
which would occur if the tube target screen were mere 
ly a glass face plate. Fiber optic face plate 12 through 
which the light image is transmitted is made of a bundle 
of glass ?bers extending in a direction parallel to the 
axis of the cathode ray tube. The record web 16 is 
pressed against the face of cathode ray tube 11 by a 
plurality of rollers l, 2, and 6. Where the record web 16 
is a photoconductor it would have a conductive 
backing of a ?exible conductor such as aluminum and 
may be given an initial charge by electrode 18 which is 
connected to a source of high potential (not shown). A 
photoconductor is a non-conductor of electricity in the 
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4 
dark, but becomes conductive when exposed to light. 
After the belt or record web 16 has been exposed by 
high intensity light beam of the cathode ray tube 11, 
the image formed thereon is developed at process sta 
tion 19 in accordance with well-known electrophoto 
graphic principles as described by Carlson in U. S. Pat. 
No. 2,221,776. 

In operation, the beam starts in the position adjacent 
roller 1. As the beam writes lines 1, 2, 3, etc. and 
progresses toward the right, roller 1 moves with it. As 
viewed in FIG. 1 a line of characters is written when the 
beam sweeps in a plane into the page or in a plane sub 
stantially parallel to the axis of roller 1 and a page or 
character is written as the beam sweeps from left to 
right. Roller 1 as well as rollers 2 and 6 are of sufficient 
diameter and made of a material such as foam rubber 
having sufficient resiliency so as to apply ?rm contact 
to belt 16 with the face of cathode ray tube 11. The 
record web or-belt 16 does not move across the face of 
the cathode ray tube 11 but rather a different portion 
of the record medium is pressed against the face of the 
tube in synchronism with the sweep of the tube beam. 
The rotation of the rollers 1, 2, and 6 is counter 
clockwise, while moving from left to right across the 
face of the CRT 11. Rollers l, 2 and 6 have a resilient 
or deformable surface and thus when they are pressed 
against the face of CRTv 11 a ?at surface is formed on 
web 16 which presents a relatively large area for expo 
sure of the record to the light of CRT 11. Also, the fric~ 
tional forces of the record web 16, the rollers and the 
tension on record web 16 applied by drive rollers 4 and 
5 insure that record web 16 is stationary during record 
ing time. 
When roller 1 moves to the position of roller 2, time 

has elapsed and the following action has taken place in 
synchronism with the movement of roller 1: 

1. Roller 2 moves to the position previously occupied 
by roller 6. 

2. Roller 3 moves down to a position below CRT 11 
face to provide belt material or slack between rol 
lers 1 and 6 and then moves up above CRT 11 
face. Alternately, a vacuum column could provide 
the same motion as roller 3. 

3. Roller 6 moves into the position previously occu~ 
pied by roller 1. ' 

4. Processing station 19 transfers images or develops 
thin transfer image to paper, cards, etc. from belt 
16. 

5. Belt 16 driven by rollers 4 and 5 moves away from 
the processing station, asynchronously if necessa 
ry, when transfer is complete. 

It is understood from FIG. 1 that rollers l, 2 and 6 
are mounted upon suitable support means such as a 
pair of parallel guide rails and guided by a motor 56 
from left to right.‘ In this con?guration sufficient 
clearance is provided for roller 3 so that it may pass 
through the guide rails to produce slack in record web 
16 at the proper time. These rollers rotate in a counter 
clockwise direction about their shafts and in so doing 
press an incrementing portion of belt 16 against the 
face of the CRT 11 in synchronism with the electron 
beam. U. 8. Pat. No. 3,446,554 to Hitchcock et al. 
describes a similar web advance system employing a 
bicycle chain drive in which the paper web is moved 
across a platen by presenting discrete areas of the 
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paper to be scanned by an optical device. Upon 
reaching the right hand position the loop or slack for 
merly made by roller 3 is moved to the left hand posi~ 
tion of cathode ray tube 1 l by the roller next in line to 
start pressing the belt against the face of CRT 11. Dur 
ing the time when the electron beam is blanked out 
development and transfer of the previously recorded 
information is accomplished at the processing station. 
Alternately, development and transfer of the recorded 
image may take place during the following sweep of the 
electron beam. In this case, development and transfer is 
always one time period behind the writing period. Rol 
lers 4 and 5 drive belt 16 downward past the processing 
station so that the information thereon can be trans 
ferred and a new writing surface presented to the face 
of CRT 11. At the same time, roller 3 now forms a new 
loop in belt 16 and the action is then recycled. The 
drive means for receiving belt 31 is sent a driving signal 
from the control circuits 10 so that transfer is made 
simultaneously with the movement of belt 16 by rollers 
4 and 5. 
When the beam of the cathode ray tube progresses 

from the left to point B the end of the page occurs. The 
beam in broken outline at point A shows the past posi 
tion of the beam. At this time roller 1 for example, can 
begin moving to the right. When roller 2 starts moving 
to the position formerly occupied by roller 6, rollers 4 
and 5 move so as to place the belt into proper position 
for image transfer. As noted above, only that part of 
belt 16 from roller 1 on moves since part of the belt is 
always in contact with the face of the cathode ray tube. 
As a result, no time is lost waiting for the belt to move 
in full page stops between pages since the action takes 
place during writing. _ 

Referring now to FIG. 2, there is shown the details of 
the processing station. A portion of belt 16 is initially 
charged by electrode 18. Then the charged portion of 
the belt 16 is exposed in imagewise con?guration by 
the light beam of cathode ray tube 11 as the light beam 
moves from left to right. The belt 16 is then passed over 
receptacle 20 where properly charged electroscopic 
powdered toner 22 is deposited on the latent image 
areas of the belt by paddle wheel 21. The belt then 
passes between a grounded V backing plate 25 and 
transfer electrode 26 where the powder images are 
transferred to a receiving web 31. Receiving web 31 is 
held in position against backing plate 25 by guide rol 
lers 23 and 24 and is fed from supply reel 27 to takeup 
reel 28. The transferred images are next ?xed to receiv 
ing web 31 by fuser 29. Belt 16 is cleaned of toner 22 
by brush 30 and the above cycle is repeated. 
The foregoing description has been predicated on 

the assumption that belt 16 is comprised of a dielectric 
surface which is capable of holding an initial electro 
static charge and which is discharged in imagewise con 
?guration upon exposure to the light beam of cathode 
ray tube 11. It will occur to those skilled in the art that 
other sensitized belts may be employed. 

FIG. 3 illustrates another embodiment of the record— 
ing apparatus wherein recording or printing is un 
dertaken in a vacuum 40. In this embodiment a web 36 
is fed from supply reel 34 to take-up reel 35. When the 
?ber optic face plate 12 is removed from CRT 11 and 
the system is placed in a vacuum the microprinting 
mode is improved. In this mode, processing at 39 may 
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6 
then be performed outside the vacuum. However, 
where belt 36 is a photoconductor and is the per 
manent record, processing may then be performed in 
the vacuum. Processing the photoconductor in this 
manner results in an improvement in that higher resolu' 
tion is possible because the electron beam and energy is 
increased by at least 100 times. Alternately, the con 
?guration of FIG. 3 may ,be operated in a positive 
vacuum or air. 

Rollers 32, 33, 37 and 38 as well as electrode 41 per 
form the same function as described in FIGS. 1 and 2. 
Moreover, the operation of FIG. 3 is substantially the 
same as described with regard to FIGS. 1 and 2. The 
present invention is suitably unique in that printing can 
be asynchronous as is necessary in computer operation. 
For example, high speed can be maintained since 
mechanical motion as such is not a function that 
prevents beam writing. The ?ber optic face plate trans 
mits sufficient energy to allow the belt to be made of 
for example selenium, print 10,000 lines per minute 
and allow in excess of several hundred bits (CRT light 
spots) per character. ' 

Where it is desired to record in the micro-image 
mode ?ber optics having a small diameter and a small 
CRT are used in lieu of the larger diameter ?ber optics 
and large CRT utilized for the full size imaging mode. 
For the intermediate size imaging mode ?ber optics 
and a CRT between the above are employed. 

It will be apparent to those skilled in the art that the 
present invention may be used generally in the ?eld of 
recording and is ~not limited to the embodiments 
described. Also, other variations, modi?cations and 
adaptations of the present invention will be apparent to 
those skilled in the art, and such as come within the 
spirit’and scope of the appended claims are considered 
to be embraced by the present invention. 
What is claimed is: 
l. A high speed printing apparatus capable of page 

incrementing at micro, intermediate and full size com 
prlsingz 

a cathode ray tube having a fiber optic target face; 
drive means adapted to move across the face of said 

cathode ray tube in synchronism with the cross 
wise movement of the electron beam of said 
cathode ray tube, and 

a record medium responsive to the light emanating 
from said cathode ray tube overlaying said drive 
means, said drive means further adapted to con 
tact discrete elements of each page portion of said 
record medium against said ?ber optic face in 
synchronism with said electron beam as said drive 
means traverses said face such that during each 
traverse the ‘contacting surfaces of said record 
medium are substantially stationary with respect to 
said ?ber optic face, whereby images formed by 
said beam are recorded on said record medium. 

2. The printing apparatus as de?ned in claim 1 
wherein said drive means comprises a plurality of 
rotatable means, each of which sequentially traverse 
said ?ber optic face in a common plane parallel to said 
face. 

3. The printing apparatus as de?ned in claim 2 
wherein is included means for producing slack in said 
record medium between said rotatable means posi 
tioned in said common plane. 
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4. The printing apparatus as de?ned in claim 3 
wherein the depth of slack provides a length of said 
recording medium between said rotatable means sub 
stantially equal to two page widths whereby full size 
page incrementing may be provided with substantially 
no incrementing time lapse. . 

5. A high speed recording apparatus comprising: 
a cathode ray tube, 
means for driving said cathode ray tube in a 
synchronous or asynchronous mode, 

a ?ber optic plate connectible to the target screen of 
said cathode ray tube and adapted to concentrate 
the light beam emanating from said cathode ray 
tube, 

a plurality of roller means adapted to move sequen 
tially across said ?ber optic plate in synchronism 
with the crosswise movement of said light beam 
and in response to signals from said cathode ray 
tube driving means, and ' . 

a light sensitive recording means formed into a web 
and disposed between said ?ber optic plate and 
said roller means for recording images formed by 
said light beam thereon, . 

said recording means being carried by said roller 
means such that discrete elements of each page 
portion of said recording means are sequentially 
positioned adjacent said plate in synchronism with 
the crosswise movement of said light beam for 
recording images formed on said recording means 
without any incrementing time lapse. 

6. The recording apparatus as de?ned in claim 5 
wherein is included means for producing slack in said 
record medium between said roller means. 

7. The recording apparatus as de?ned in claim 6 
wherein the depth of slack provides a length of said 
recording medium between said roller means substan— 
tially equal to two page widths. 

8. The apparatus of claim 5 wherein said recording 
means is made of a photoconductive material and 
wherein is included means for placing an electrostatic 
charge on said recording means. 

9. The apparatus of claim 8 including means for 
developing said formed images resulting from the expo 
sure of said charged recording means to the light beam 
of said cathode ray tube. 

10. The apparatus of claim 9 including means for 
transferring the developed images on said recording 
means to a permanent record means. 

1 1. A high speed recording apparatus comprising: 
signal transducer means for producing a translatable 

energy beam, 
a record medium responsive to said energy beam, 
means for sequentially placing discrete elements of 
each page portion of said record medium against 
said signal transducer means in synchronism with 
the crosswise movement of said energy beam to 
generate a latent image on said record medium 
with substantially no transverse movement 
between the exposed elements of said record 
medium and said signal transducer means during 
the exposure time of said elements, and 

means for developing said latent images. 
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12. The high speed recording apparatus of claim 11 6 
wherein said signal transducer means comprises a 
cathode ray tube. 

8 
13. The high speed recording apparatus of claim 11 

wherein said placing means'comprises a plurality of rol 
lers which advance in sequence loop portions of said 
record medium over the surface of said signal trans 
ducer means. 

14. The high speed recording apparatus of claim 11 
including means for transferring said developed images 
to a permanent surface. 

15. The high speed recording apparatus of claim 14 
including means for developing said record medium in 
a vacuum. 

16. A high speed recording apparatus capable of 
page incrementing at micro, intermediate and full size 
for processing data from a high speed data source com 
prising: 
a cathode ray tube capable of converting electrical 

signal input intelligence into image characters, 
a photosensitive record medium, 
drive means for sequentially contacting discrete ele 
ments of each page portion of said record medium 
against the face of said cathode ray tube in 
synchronism with the crosswise beam movement 
thereof to generate a full page latent electrostatic 
image on said record medium without crosswise 
movement parallel to the face of said cathode ray 
tube by said record medium, 

means for developing said latent image, and 
means for transferring said developed image to a per 
manent surface. 

17. The apparatus of claim 16 including a ?ber optic 
plate attached to the face of said cathode ray tube. 

18. A high speed imaging apparatus in which data 
from a readout source is synchronously or 
asynchronously recorded on a record medium compris~ 
mg: 

a cathode ray tube suitably connected to a power 
source and an input data and timing source, said 
cathode ray tube having a ?ber optic face plate for 
concentrating the‘ light beam emitted by said 
cathode ray tube; 

a plurality of roller means each responsive to said 
timing source and adapted to move in sequence 
across said ?ber optic face plate in synchronism 
with the beam sweep of said cathode ray tube, 

a record medium disposed between said roller means 
and said ?ber optic face plate, , 

means for placing an electrostatic charge on said 
record medium, 

said roller means presenting an incremental portion 
of said charged record medium to imagewise expo 
sure from said cathode ray tube, 

means for maintaining a loop in said recording means 
and for maintaining the tautness of said record 
medium about said roller means, 

means for developing the recorded data on said 
record medium, and ' 

means for transferring said recorded data to a per 
manent surface. 

19. A method of creating latent images on a record 
medium comprising: 

placing a ?ber optic plate on the face of a cathode 
ray tube, 

forming a web of record material to be advanced 
across said ?ber optic face of said cathode ray tube 
into a loop said web being made of material 
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responsive to the light beam from said cathode ray 
tube, 

advancing said web across said ?ber optic plate so 
that a discrete portion of said web is pressed 
thereupon in synchronism with the sweep of the 5 
light beam of said cathode ray tube creating 
images thereon, 

maintaining zero motion between thoseportions of 
the web being exposed and the ?ber optic face 
during exposure time of said portions, and 

forming a new loop of web material to be advanced 
on the next sweep of the beam of said cathode ray 
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10 
tube. I 

20. The method of claim 19 including developing ' 
said created images by applying electroscopic toner 
particles thereto. 

21. The method of claim 20 including developing 
said formed images on said record medium in a 
vacuum. 

22. The method of claim 21 including developing 
said web asynchronously in accordance with the timing 
of the advancing of said web. 

* 1k * * *' 


