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COMPLETE SPECIFICATION.                                   Information
Display Method and System                 We, TEXAS INSTRUMENTS
INCORPORATED, formation as well as more generalised in-              a
Corporation organised according to the  formation.              laws of the
State of Delaware, United States    The present invention provides a system
45              of America, of 13500 North Central Express-  for producing
an information display in the           5 way, Dallas, Texas, United
States of  form of an image having a plurality of co-
America, do hereby declare the invention,  ordinate positions, said system
comprising:               for which we pray that a patent may be  rotatable
storage means for storing data de-               granted to us, and the
method by which it is  fining the information to be displayed and  50
to be performed, to be particularly described  having a predetermined
storage address for           10 in and by the following statement:-
each of the co-ordinate positions of the                 This invention
relates to a display system  image, means for reproducing the data stored
capable of large screen, real time projection  at each storage address of
the storage means               and, more particularly, to the storage of
in-  as the storage means is rotated, means for 55               formation
on a rotating system synchronised  producing a light beam modulated in ac-
15 with a rotating light reflection system with  cordance with the
reproduced data as the               modulation of light being dependent
upon  storage means is rotated, a multi-faceted               the stored
information.                    mirror mounted for rotation and in
predeter-                 Large screen displays of alpha-numeric in-  mined
relation with respect to said storage 60               formation have
heretofore been carried out means, and said light beam-producing means
20 by selectively energizing a matrix of lamps  being so arranged as to
provide a modulated               or by selectively controlling the
positions of  light beam incident upon the facets of the
movable elements of contrasting reflectivity  mirror as it is rotated and
reflectable there-               where the elements are mounted in a planar
from for scanning the light beam onto the 65               matrix. Further,
a television type raster scan  corresponding co-ordinate positions of the
25 laser display has previously been provided  image so as to produce a
visible image on a               wherein fibre optics are employed.
display surface.                 Small screen cathode ray tube type digital
The image may be computer generated or               data displays
heretofore have solved the  otherwise digitally stored.          70
image storage problem either of two ways:    Simplified image storage and
synchronized           30 (1) they store the x, y co-ordinates of each
beam deflection are provided by a rotating               display point in a
magnetic core "refresh"  magnetic memory element preferably at-
memory which is cycled fast enough to pre-  tached to a multi-facet
scanning mirror.               vent flicker, or (2) they use an image
storage  Every image point is stored digitally in the 75
tube. The magnetic core storage technique  magnetic element refresh memory
eliminat-           35 has limited the maximum  display image  ing
restrictions on image complexity or               complexity to a few
thousand points. The  format. The display image may also be
storage tube approach has resulted in fre-  interrogated by a computer for
updating               quent erasures and loss of data or blurring
purposes so that it is not necessary for a 80               of dynamic
data.                           computer to "remember" what is being dis-
40   The present invention is directed to an  played.
improved and yet simplified system which is    More particularly, a system
for producing               capable of the display of alpha-numeric in-  a
display on a screen is provided wherein a                    [Price 5s.
Od.]    
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2      storage drum is employed for storage of in- phery thereof. Each
facet of the mirror 12     formation to be displayed. A multi-faceted
performs a horizontal scan of the screen 15     mirror is mounted for
rotation in predeter-  as it rotates with the drum  14. Vertical     mined
relation with respect to said drum, scanning is accomplished by mounting
each  5 preferably mechanically locked to the drum. facet tilted at a
slightly different angle with     A plurality of sources produce light
beams  respect to the axis of rotation.     which are incident on said
mirror in a    While only one light beam is indicated in     selected
pattern and are reflected to sweep  Figure 1, a greater number, of the
order of     the screen. Modulators individually modu-  sixteen, for
example, will be employed with 10 late the beams in accordance with
informa-  the 32-facet scanning mirror. In such case, 75     tion signals
from the drum. Preferably a  the modulated beams give a vertical resolu-
plurality of laser sources of different color  tion of 512 lines which may
be identical with     contribute to each beam.                   the
horizontal resolution. The use of mul-       A relatively low bit rate from
the drum is  tiple scanned beams of light allows beam 15  matched to the
bit rate required to con-  deflection to be performed by a relatively  80
tinuously refresh the multi-point multi-color  simple low speed  device
such as the mirror     display by reading from  magnetic drum   12. This
also greatly reduces the bandwidth     tracks in parallel. The output from
each  of information which must be handled by a     track controls the
intensity of an associated  single light beam. 20  light beam. A multi-beam
light modulator    Each light beam impinging the mirror 12  85
modulates light beams from one or more  may comprise a composite of
different colors     laser beams with one modulator being re-     quired
for each primary color           from three different color sources for
pro-       For a more complete understanding of the  ducing a full color
display. In a simple 25 present invention and for further objects and
alpha-numeric display, a single source would     advantages thereof,
reference may now be  be required for each beam and only 7 beams 90     had
to the following description taken in  and beam modulators would be
required in     conjunction with the accompanying draw- parallel operation
to portray alpha-numeric     ings in which:
information. In the description which fol- 30   Figure 1 is a diagram
prepared in block  lows it is to be understood that a 512 by 512     form
illustrating one embodiment of the  data point display will be provided on
screen  95     present invention;                         15 and that it
will be produced in full color     Figure 2 is a diagram of an optical sys-
through the use of sixteen three-component     tem  for one embodiment of
the invention;    beams operated in parallel. This requires 35   Figure 3
is an isometric view of one form  forty-eight data tracks on drum 14 and a
of light modulator;                        like number of modulators.
100       Figure 4a illustrates a modified form of   In Figure 1 the
information to be dis-     modulator;
played may be applied to the system from a       Figure 4b illustrates
another modulator  tape input unit 30 by way of an interface 40  that may
be found to be suitable;       module 31 and a channel selector 32. Alter-
Figure 5 illustrates an installation in-  natively, information to be
displayed may 105     volving the invention of Figure 1; and  be generated
by a computer 33 which is       Figure 6 illustrates the PCU unit 35 of
coupled to selector 32 by way of an interface     Figure 1.
unit 34. The information is then fed to a 45   Referring now to Figure 1,
this embodi-  programmed control unit (PCU) 35. Data     ment of the
display system utilizes light  from the PCU 35 is applied by way of en- 110
beams from a laser source unit 10. The light  coders 36 and amplifiers 37
to read-write     beams are modulated in a modulator bank  head 38 on drum
14. Read channels 39 lead     11 and are reflected from a multi-faceted
from head 38 to read amplifiers 40 which 50 mirror 12.
drive decoders 41. A real select matrix 42       Preferably, the mirror 12
will be mounted  couples the decoder 41 back to the PCU 35. 115     on a
shaft 13 which is common to a multi-    Drum  address channels 45 lead from
track memory drum 14. Information stored  PCU 35 to address decoder 46.
Decoder 46     on drum 14 is employed for control of the  activates the
head selector drivers 47 which 55 modulators in bank 11 so that the display
are coupled to the input unit 48 of drum 14.     on screen 15 will be
responsive to and    Channels, 49a, 50a and 51a lead from 120
representative of the information stored on  timing tracks 49, 50 and 51 on
drum 14 to     drum 14.                                   clock drivers 53.
Drivers 53 energize sector       The mirror 12 in practice will have a
counter 54 and thus control comparator 55. 60 diameter of the order of the
diameter of the  Comparator 55 is coupled by channels 56 to     drum 14.
Each beam then scans the view-  the address decoders 46. Decoders 46 are
125     ing screen 15 by action of the multi-faceted  coupled by channels
57 to the read select     scanning mirror 12. In the embodiment  matrix 42.



shown in Figure 1, the mirror 12 has 32    Information derived from  drum
14 is 65 facets uniformly disposed around the peri-  applied from the
output of the decoders 41       3
1,194,226                                         3      to modulator
drivers 60 to control the inten-  optic coefficient of KDP for amplitude 65
sities of the several light beams.      modulation.  The generation and
control of the pro-    Modulator 66 is formed of two crystals     duction
of one light beam 61 has been illus-  100 and 101 of KDP. The crystals 100
and trated in Figure 1. A laser 62 such as the  101 are identical in
orientation. They are     6328 angstrom neon-helium gas laser having
positioned between the collimating lens 63d  70     a red output beam 63 is
employed in con-  and the polarizer 66a. Crystal 100 is pro-     junction
with a second laser 64 such as the  vided with electrodes 102 and 103.
Crystal     4880-5145 angstrom argon ion laser which  101 is provided with
electrodes 104 and 105. 10  has blue and green output beams 65. The  The
crystals 100 and 101 are arranged in     red beam 63 is transmitted by way
of a  tandem with their optical axes orthogonal. 75     modulator 66 to a
beam combiner 67. A   Their optical axes are normal to the respec-     beam
divider 68 separates the green and blue  tive electrode crystal faces.
Preferably, index     beams from laser 64 and applies them to a  matching
oil junctions are used between 15 green beam modulator 69 and a blue beam
the crystals 100 and 101, lens 63d and     modulator 70, respectively. The
green beam   polarizer 66a.                            80     and the blue
beam are then combined with    Driver amplifier 107, included in the
the red beam in the beam combiner 67 to  modulator driver 60 of Figure 1,
is coupled     form the multi-color beam 61.           by way of conductor
109 to electrode 101                                    and by way of
conductor 110 to electrode 20    The  modulators 66, 69 and  70 are con-
102. Driver 107 is also connected by way  85      trolled  by the modulator
drivers 60. The  of conductor 111 to electrode 105 and by      beam
modulation of each of the three pri-  way of conductor 112 to electrode
104. By      mary colors is thus independently controlled this means, the
modulator may be controlled      in dependence upon  signal information  in
dependence upon information stored on 25  stored on drum 14.
drum  14. Modulator 66 is a polarization  90        A suitable optical
system for producing  modulator with linearly polarized light from      and
modulating one beam is illustrated dia-  laser 62 passing down the
longitudinal axes      gramatically in Figure 2. Laser 62 is a  of the
crystals 100 and 101. Under the in-      neon-helium laser having an output
beam  fluence of the variable electric field applied 30  63 which passes
through a beam splitter 63a  along the optical axes of the crystals 100 95
so that one laser may be employed effec-  and 101, a variable amount of
elliptical  tively to generate more than one beam. Part  polarization is
produced in the emerging      63b of the beam 63 passes through a con-
light beam. The polarizer 66a oriented per-      verging lens 63c and a
collimating lens 63d  pendicular to the polarization of the incident 35  to
the red modulator 66. The modulated  beam 63b converts the varying
elliptically 100      output beam passes through a polarizer 66a  polarized
light into linearly polarized ampli-      and thence to a combining prism
67. The  tude modulated light. By selecting the initial      beam from the
prism 67 passes through a  bias voltage on the modulator, almost no
projection lens 68 to the scan mirror 12.    light will be allowed to pass.
As is under-  40    The laser 64 is an argon-ion laser having  stood in the
art, the bias voltage is deter- 105      blue and green beams 65 which pass
through  mined by the polarizer quality, by the degree      a beam
splitting mirror 65a. A portion of  of light beam collimation and by the
electro-      the light from the mirror 65a passes through  optic crystal
alignment. An applied signal      a separation prism 65b. The green beam
can allow from 0 to nearly 100 per cent of  45  65c from prism  65d is
reflected from  a  the incident light to pass. As further under- 110
mirror 65d through a converging lens 65e  stood, the voltage required to
vary the modu-      and a collimating lens 65f from which it  lator output
from a minimum to a maximum      passes to the green light modulator 69.
The  is commonly referred to as the half-wave      output beam  from
modulator 69 passes  retardation voltage. This corresponds to the  50
through a polarizer 69a and is reflected from   voltage required to change
the relative phase 115      mirrors 69b and 69c to the adding prism 67.
shift between the orthogonal polarized com-        The blue light beam 65g
passes through  ponents into which the incident light is      converging
lens 65h and collimating lens 65i  decomposed upon entering the crystal by
to the blue modulator 70. The output beam  one-half wave length.  55  from
modulator 70 passes through a polar-    Figure 4a illustrates one form of a
multi- 120    izer 70a to the adding prism 67.        beam light modulator.
The modulator in-        Beam modulator 66, in one form, is shown  cludes a
beam splitter 130 which is a plate 



in Figure 3. It comprises a transverse field, of plane, parallel-polished
fused silica. The      Pockle's-effect unit constructed from a 45-  plate
130 is cemented to a prism 131. The  60  degree Z-cut crystal of potassium
dihydro-  surface between plate 130 and prism 131 is 125      gen phosphate
(KDP). With such a 45-degree  coated with a low-loss multi-layer dielectric
Z-cut orientation, a transverse electric field  coating whose transmission
is graded from      is applied perpendicular to the direction of  6% at the
lower end 130a to 50% at the      light propagation utilizing the a63
electro-  upper end 130b. The incident beam  132
1,194,226                                        4     enters the Plate 130
at the lower end. The  the red beam. The blue and green beams    plurality
of beams are incident on the face  are reflected by mirrors 143 and 144 as
to    of plate 130 opposite the coating at an angle  pass through
modulators 145 and 146 with    greater than the critical angle and thus
they  the red beam passing through the modulator 5 undergo total internal
reflection. Because of  147. Mirrors 148 direct the beams through    the
gradation in coating, beams of equal in-  prisms 149 and lens 150 to a
mirror 151.    tensity pass through prism 131 with uniform   Light is
reflected from the mirror 151 on to         spacing.
the mirror 12 which causes the beam to     A single electro-optic crystal
133 is posi-  sweep through the aperture defined by an 10  tioned to
receive the light beams from the  opening 152 in housing 140.         75
prism  131.  Spaced electrodes on opposite    The PCU 35 preferably is a
high-speed     sides of the crystal 133 are then employed to  logical unit
operating on and from informa-     vary the electrical polarization of the
light  tion contained in its core memory. With     passing therethrough.
Thus the beams  proper programming, the PCU 35 is capable 15 emerging from
an analyzer 134 may be of of (l) handling the transfer and routing of 80
intensity dependent upon the modulator  information between a keyboard,
control      voltages applied to the crystal 133. The  switches,
input/output registers, and the dis-      prism 131 serves to eliminate
glass-to-air re-  play drum, (2) performing locally such tasks
flection losses and protects the dielectric  as character and vector
generation, (3) ex-  20  coating on the plate 130. Multi-layer coat-
amining and logically modifying data or 85      ings of the type above
described are well control action, (4) reconstituting compressed      known
and routinely prepared by manufac-  data, and (5) performing the general
"house-      turing companies                            keeping" duties
for the display system. All         It should be appreciated that other
types directions for operations may be stored in  25  of beam splitters and
modulators may be  the memory. The PCU 35 can perform any  90
employed.                                   task that can be logically
described to it         An alternative means of modulating an  within the
limitation of time and memory       array of light beams involves the use
of an  capacity. All programs need not be stored       ultrasonic light
modulator of the type shown  in the PCU 35 at one time. New programs   30
in Figure 4b. This device consists  of a piezo-  can be read from storage
as they are needed. 95        electric transducer 135, which generates a
In Figure 6, the PCU 35 has been shown        electric ultrasonic stress
wave under the in its relationship to the input units 30 and        control
of an applied electrical signal. This  33 and to the line 35a leading to
encoder,        stress wave changes the index of refraction, line 42a
leading to the read select matrix 42    35  through the stress-optic
effect, of a light  and line 45 leading to both the address de- 100
modulating medium such as water or fused  coder 46 and the comparator 55.
silica body 136 mounted with one end in    The PCU has a first input
register 200        contact with an absorber 137. The resulting  through
which input information  may be        effect is, for a sinusoidal drive
signal, similar supplied from a trackball input unit 203.    40  to that
produced by a ruled diffraction  The trackball unit 203 may convert co- 105
grating. Light will be diffracted from an ordinate information into a form
which may         incident light beam  138  at an  angle  be employed in
the PCU 35.         determined by the light modulation drive    The
trackball is a manual input device.         frequency. Diffracted beam 138b
and un-  To the operator, it appears as the top of a     45 diffracted beam
138a will thus be controlled  small ball protruding through the top of the
110         by the acoustic waves through element 136. panel. The ball may
be rolled by finger         Diffracted light intensity is determined by
pressure in any direction proportionally con-         drive level. Sixteen
modulated light beams trolling the position of a "locator symbol" on
such as beam 138b may thus be produced  the screen. This input combines
sensitivity      50 by driving the ultrasonic light modulator  with actions
that are natural to an operator. 115          with 16 different carrier
frequencies each of    The locator symbol, which is controlled
who1e amplitude is controlled to be pro-  by the trackball, is provided to
indicate a 



portional to the desired  beam  intensity.  particular point of interest on
the display          Typically 16 carrier frequencies might be  screen and
also to have the address at this      55  equally disposed between 50 and
82 mega-  point available for computational purposes. 120           cycles
each modulated at a maximum rate    A suitable locator symbol circuit
operates                                                       from the
trackball and when activated sends             In Figure 5 an installation
involving the  its signals directly to the modulator drivers
present invention is illustrated wherein the  so that no PCU time is wasted
in positioning       60  mirror 12 is mounted on the storage drum  the
locator. When required, the PCU can 125            shaft 13, both of which
are mounted in a  read the trackball address and thus indicate
cabinet 140.                                precisely where the locator
symbol is posi-              The optics of the system are indicated  tioned
on the screen.            generally as including a director 141 for the
A second input register 201 is employed        65 blue and green beams and
director 142 for In connection with a keyboard and function 130       5
1,194,226                                          5     switch unit 204.
The switch 32 and registers  is determined by the contents clocked from
200 and 201 are connected to an A register  the memory into Instruction
register 220.     202. The A register 202 is connected to an  The first six
bits of the command word form   output register 205 which leads to the
inter-  an operational code which is decoded by the face modules 31 and 34.
The A register also  operation decoder 211. The next five bits 70     has
an output leading to a zero detector 206  form the repetition count. If
these bits are     and a further output channel leading to a  not already
zero, the order will be repeated,     status display register 207 which
actuates  toggling repetition counter 212 for each     lamp drivers 208 on
an inquiry console 209. repetition until coincidence is detected by 10   A
fourth output from the A register 202  the repetition comparator 213. The
last 12  75      extends to the input section of a memory  bits form the
address portion of the com-      indicated generally by the reference
numeral  mand. The 13th bit is the indirect address      210. The memory
210 has an input section, bit. If this bit is non-zero when a command
a core memory section 216, an output sec- is clocked into the Instruction
register, the 15  tion and an address unit. The output section  memory
cycle will be repeated, although only  80      of the memory 210 is coupled
to the A regis-  the last 13 bits of the new word will be      ter 202 and
to the channel 35a and to an  loaded into the Instruction register. If the
instruction register 220. Instruction register  13th bit is still non-zero,
this cycle will      220 has (i) an operation code (OP) section, repeat
until a non-direct address is found. 20  (ii) a repetition counter (C)
section which   All control signals go to a sequencer block  85
indicates how many times a green command  214 which furnishes timing and
operational      is to be repeated, (iii) an indirect address  signals to
all units. The N register 215 holds      bit (I) register, and (iv) an
address (O)  the address of the next command to be      register for the
addresses of the commands.   clocked into the Instruction register. On 25
An operation decoder 211 is connected  normal commands it acts as a counter
and  90      between instruction register 220 and se-  is toggled by one.
On branch commands it      quencer 214. A repetition comparator 213  is
reset from the address portion of the In-      is connected between
instruction register 220  struction register.      and sequencer 214 with a
repetition counter   The contents of the A, Instruction and N 30 212 being
connected between sequencer 214  registers may be displayed with lamps on
the 95      and comparator 213. The sequencer 214  front panel of the PCU
35 for troubleshoot.      feeds the output control line 45. An N regis-
ing and diagnostic purposes. The regular      ter 215 is connected to unit
220. The address  clock may be switched off from counter 54,      section
of the memory 214 is connected both  Figure 1, and the program may be
stepped 35  to the register 215 and to the instruction  by a manual
pushbutton. A  series of 100      register 220. The line 42a is connected
both  switches (not shown) may permit insertion      to the address section
of memory 210 and  of data directly into the A, Instruction and      to its
input section.                       N registers.        Thus, Figure 6
shows the internal con-    The PCU memory 210 may be of the type 40
figuration and data flow of the PCU 35. It  commercially available.
Preferably it will 105     will be seen that there are three input regis-
be a 4096-word by 24-bit core storage unit     ters 200, 201 and 202.
Registers 200 and  with a 2-microsecond full-cycle time and a     201 are
standard registers which read in-  1-microsecond half-cycle time. The
memory     formation from the input units 203 and 204. preferably will
contain data protection fea- 45  The output register 205 sends 24 bits to
the  tures which prevent data in the cores from 110     interface unit
leading to the computer 33. being destroyed by power failures or normal
All input/output transfers and arithmetic  turn-off. During the execution
of core-to-     logical operation take place in the A regis-  drum  and
drum-to-core  transfers, the 



ter 202.                                    memory operates under the
control of the 50    The PCU 35 may also load information  memory drum
unit. In this mode the memory 115     into a status display register 207.
The  uses the half-cycle mode.     logical condition of the bit positions
in this    The clock rate for the PCU is 106 mega.     register is
indicated by lights on the inquiry  cycle derived from the drum bit clock.
console 209. This permits the program in    Thus there is provided a
large-screen, real- 55 the PCU 35 to communicate with the con-  time,
projection display system which may 120     sole operator without
disrupting the dis-  be employed for on-line operation with a     played
image. Status lamps on console 209  digital computer. In a preferred
embodi-     may light permanently marked indicators ment, the display is
generated by modulating     indicating  conditions such  as "Display  and
deflecting coherent light from a red and 60 Ready", "Keyboard Ready" and
"Operator  a blue-green laser to produce a 512- by 512- 125
Intervention Required". Other positions  point, multicolor display.
light lamps over the function keys and indi-    All 262,144 points of an
image are digit-     cate which of the functions are available at  ally
stored and reproduced 60 times a second     a given point in a program.
to generate a flicker-free display image. The 65   The instruction the PCU
35 will perform  scanning used ensures linearity and color 130       6
1,194,226                                         6      registration. The
resolution can readily be   2. A system  as set forth in Claim  1,
increased to 1024 by 1024 points if a par-  wherein said multi-faceted
mirror is rigidly     ticular application warrants. The update  connected
to the storage means for rotation     rate is limited only by the
information trans-  therewith. 5  for rate of the associated computer and
can   3. A system  as set forth in Claim  2,     exceed one million bits
per second.       wherein said light beam-producing means is       A
general purpose digital computer is ren-  effective to produce a plurality
of individu-     dered compatible through programmed con-  ally modulated
light beams which are inci-     trol unit PCU 35 which connects to the
dent upon the facets of the mirror as it is 10  computer input/output
channel in the same  rotated and are reflectable therefrom  to  75
manner as other input/output equipments.  sweep different paths on the
display surface.     The control unit performs character genera-  and the
modulation of each light beam is     tion, vector generation, formatting,
buffering,  dependent upon the data reproduced from     and other
display-computer intercommuni-  the storage means. 15  cation functions.
4. A system  as set forth in Claim  3, 80       A 1-watt r.f.-pumped,
ring-discharge argon  wherein successive facets on said mirror are
laser may be used as the blue and green light  tilted at different angles
relative to the axis     source. The wavelengths of the 400-milliwatt  of
rotation therefor so as to cause the same     blue line and the
250-milliwatt green line in  set of modulated light beams to sweep the 20
the argon laser are 4880 angstroms and 5145  display surface along spaced
paths deter- 85     angstroms, respectively.  An  r.f.-pumped  mined by
said angles.     krypton ion laser optimized for 6470 ang-    5. A system
as set forth in any preceding     strom  operation may be used as the red
claim, wherein said light-beam  producing     source. A 1-watt krypton
laser may produce  means comprises at least one laser and at 25  330
milliwatts at 6470 angstroms. Alterna-  least one light modulator.
90     tively, four Spectra-Physics Model 125,    6. A system  as set forth
in Claim  5,     6328- angstrom neon-helium lasers may be  wherein said at
least one light modulator     used for the red primary source. Their com-
comprises a separate optical body, and a     bined output power is in
excess of 300 milli-  variable electric field applying means asso- 30
watts.  The  greater optical complexity  ciated with said separate optical
body for 95     inherent in this arrangement would be par-  controlling the
light transmission there-     tially compensated by the higher visibility
through, the energization and de-energization     factor of the
6328-angstrom  line and the  of said variable electric field applying means
proven reliability of the neon-helium laser.   being dependent upon the
data reproduced 35    Having described the invention in con-  from the
storage means.                 100     nection with certain specific
embodiments    7. A  system  as set forth in Claim  6,     thereof, it is
to be understood that further  wherein said separate optical body includes
modifications may now suggest themselves  a pair of electro-optic crystals
of the same     to those skilled in the art and it is intended
orientation, said crystals being arranged in 40  to cover such
modifications as fall within  end-to-end relationship with their longitu-
105     the scope of the appended claims.           dinal optical axes in
alignment; and said       WHAT WE CLAIM IS: -
variable electric field applying means in-       1. A system for producing
an information  cludes a first pair of electrodes respectively 



display in the form of an image having a  mounted on opposite sides of one
of said 45  plurality of co-ordinate positions, said sys-  crystals, and a
second pair of electrodes 110     tem comprising: rotatable storage means
for  respectively mounted on opposite sides of     storing data defining
the information to be  the other crystal so as to be offset from the
displayed  and  having  a  predetermined  first pair of electrodes; and
said variable     storage address for each of the co-ordinate  electric
field applying means controls the 50  positions of the image, means for
repro-  light transmission through  said pair of 115     ducing the data
stored at each storage  electro-optic crystals by varying the polari-
address of the storage means as the storage  zation of the light beam
incident to said     means is rotated, means for producing a light  pair of
electro-optic crystals as the light     beam modulated in accordance with
the re-  beam  travels within said separate optical 55  produced data as
the storage means is  body.                                           120
rotated, a multi-faceted mirror mounted for   8. A  system  as set forth in
Claim  6,      rotation and in predetermined relation with  wherein said
separate optical body includes      respect to said storage means, and said
light  a planar beam splitter, a prism having an      beam-producing means
being so arranged as  inclined surface disposed adjacent to and 60  to
provide a modulated light beam incident  parallel to said beam splitter, a
dielectric 125      upon the facets of the mirror as it is rotated  coating
between said beam splitter and the      and reflectable therefrom for
scanning the  inclined surface of said prism, said dielectric      light
beam  onto the corresponding co-  coating securing said beam splitter to
said      ordinate positions of the image so as to pro-  prism and having a
variable light transmis- 65 duce a visible image on a display surface.
sion factor which progressively increases 130         6
1,194,226                                         6      registration. The
resolution can readily be   2. A system  as set forth in Claim  1,
increased to 1024 by 1024 points if a par-  wherein said multi-faceted
mirror is rigidly     ticular application warrants. The update  connected
to the storage means for rotation     rate is limited only by the
information trans-  therewith. 5  fer rate of the associated computer and
can    3. A system  as set forth in Claim  2,     exceed one million bits
per second.       wherein said light beam-producing means is       A
general purpose digital computer is ren-  effective to produce a plurality
of individu-     dered compatible through programmed con-  ally modulated
light beams which are inci-     trol unit PCU  35 which connects to the
dent upon the facets of the mirror as it is 10  computer input/output
channel in the same  rotated and are reflectable therefrom  to  75
manner as other input/output equipments.  sweep different paths on the
display surface,     The control unit performs character genera-  and the
modulation of each light beam is     tion, vector generation, formatting,
buffering,  dependent upon the data reproduced from     and other
display-computer intercommuni-  the storage means. 15  cation functions.
4. A  system  as set forth in Claim  3, 80       A 1-watt r.f.-pumped,
ring-discharge argon  wherein successive facets on said mirror are
laser may be used as the blue and green light  tilted at different angles
relative to the axis     source. The wavelengths of the 400-milliwatt  of
rotation therefor so as to cause the same     blue line and the
250-milliwatt green line in  set of modulated light beams to sweep the 20
the argon laser are 4880 angstroms and 5145  display surface along spaced
paths deter- 85     angstroms, respectively.  An  r.f.-pumped  mined by
said angles.     krypton ion laser optimized for 6470 ang-    5. A system
as set forth in any preceding     strom  operation may be used as the red
claim, wherein said light-beam  producing     source. A 1-watt krypton
laser may produce  means comprises at least one laser and at 25  330
milliwatts at 6470 angstroms. Alterna-  least one light modulator.
90     tively, four Spectra-Physics Model 125,    6. A system  as set forth
in Claim  5,     6328- angstrom neon-helium lasers may be  wherein said at
least one light modulator     used for the red primary source. Their com-
comprises a separate optical body, and a     bined output power is in
excess of 300 milli-  variable electric field applying means asso- 30
watts.  The  greater optical complexity  ciated with said separate optical
body for 95     inherent in this arrangement would be par-  controlling the
light transmission  there-     tially compensated by the higher visibility
through, the energization and de-energization     factor of the
6328-angstrom  line and the  of said variable electric field applying means
proven reliability of the neon-helium laser.   being dependent upon the
data reproduced 35    Having described the invention in con-  from the
storage means.                       100     nection with certain specific
embodiments    7. A  system  as set forth in Claim  6. 



thereof, it is to be understood that further  wherein said separate optical
body includes     modifications may now suggest themselves  a pair of
electro-optic crystals of the same     to those skilled in the art and it
is intended  orientation, said crystals being arranged in 40  to cover such
modifications as fall within  end-to-end relationship with their longitu-
105     the scope of the appended claims.           dinal optical axes in
alignment; and said       WHAT WE CLAIM IS: -
variable electric field applying means in-       1. A system for producing
an information  cludes a first pair of electrodes respectively     display
in the form of an image having a  mounted on opposite sides of one of said
45  plurality of co-ordinate positions, said sys-  crystals, and a second
pair of electrodes 110     tem comprising: rotatable storage means for
respectively mounted on opposite sides of     storing data defining the
information to be  the other crystal so as to be offset from the
displayed  and  having  a  predetermined  first pair of electrodes; and
said variable     storage address for each of the co-ordinate  electric
field applying means controls the 50  positions of the image, means for
repro-  light transmission through  said pair of 115     ducing the data
stored at each storage  electro-optic crystals by varying the polari-
address of the storage means as the storage  zation of the light beam
incident to said     means is rotated, means for producing a light  pair of
electro-optic crystals as the light     beam modulated in accordance with
the re-  beam  travels within said separate optical 55  produced data as
the storage means is  body.                                            120
rotated, a multi-faceted mirror mounted for    8. A  system  as set forth
in Claim  6,     rotation and in predetermined relation with  wherein said
separate optical body includes     respect to said storage means, and said
light  a planar beam splitter, a prism having an     beam-producing means
being so arranged as  inclined surface disposed adjacent to and 60  to
provide a modulated light beam incident  parallel to said beam splitter, a
dielectric 125     upon the facets of the mirror as it is rotated  coating
between said beam splitter and the     and reflectable therefrom for
scanning the  inclined surface of said prism, said dielectric     light
beam  onto the corresponding co-  coating securing said beam splitter to
said     ordinate positions of the image so as  to pro-  prism and having a
variable light transmis- 65  duce a visible image on a display surface.
sion factor which progressively increases 130       7
1,194,226                                          7      along the extent
of the dielectric coating  tion display in the form of an image having
such that a light beam incident on said beam   a plurality of co-ordinate
positions, said     splitter is transformed into a plurality of  system
comprising: rotatable storage means     light means of equal intensity and
passing  for storing data defining the information to 5  through said prism
with uniform  spacing  be displayed and having a predetermined  70
therebetween, and an electro-optical crystal  storage address for each of
the co-ordinate     positioned for receiving the light beams from
positions of the image; means for repro-     said prism; and said variable
electric field  ducing the data stored at each storage     applying means
is operably connected to  address of the storage means as the storage 10
said electro-optic crystal for controlling the  means is rotated; means for
producing a  75     light transmission therethrough by varying  light beam
modulated in accordance with     the polarization of the light beams.
the reproduced data as the storage means is       9. A system  as set forth
in Claim  5,  rotated; said light beam-producing means     wherein said at
least one light modulator  comprising a light modulating medium, 15
comprises an acoustic light modulator in-  means for directing a coherent
light beam  80     cluding a light modulating medium, means  through the
light modulating medium, means     for inducing ultra-sonic stress waves in
the  for generating ultrasonic waves in the me-     medium in response to
an electrical signal,  dium in response to an electrical signal, and
and means for modulating the electrical  means for applying to the
ultrasonic wave- 20  signal to provide a plurality of frequencies,
generating means an electrical signal repre- 85     the amplitude of each
frequency being indi-  sentative of the reproduced data as the     vidually
modulated in accordance with dif-  storage means is rotated and the
amplitude     ferent data reproduced from  the storage  of which is
modulated so that the light beam     means.
directed through the light modulating me- 25     10. A system as set forth
in any pre-  dium will have an intensity corresponding  90     ceding
claim, wherein said light-beam pro-  to the amplitude of the electrical
signal; a     ducing means comprises a plurality of lasers  multi-faceted
mirror mounted for rotation     of different colours and a plurality of
light  and in predetermined relation with respect     modulators
corresponding thereto so as to  to said storage means; and said light beam-
30  form each said modulated light beam by a  producing means being so
arranged as to  95     combination of separate laser beams of dif-  provide
a modulated light beam  incident 



ferent colours, and the data reproduced from   upon the facets of the
mirror as it is rotated     the storage means is related to the different
and reflectable therefrom for scanning the     colours of the lasers.
light beam  onto the corresponding co- 35    11. A system as set forth in
any preceding  ordinate positions of the image so as to pro- 100     claim,
wherein said storage means comprises  duce a visible image on a display
surface.     a rotatable drum.                             16. A system as
set forth in Claim  15.        12. A method of displaying an image  wherein
said electrical signal-applying means     from information data stored on a
storage  is effective for applying an electrical signal 40  means which
provides a memory element,  to the ultrasonic wave-generating means that
105     said  method  comprising:  rotating  the has a plurality of
frequencies each individu-     memory element and a multi-faceted mirror
ally amplitude modulated so as to divide     rigidly connected thereto,
retrieving informa-  the light beam into a corresponding plurality     tion
data stored on said memory element,  of independently modulated light beams
45  modulating at least one light beam in de- of independently modulated
light beams.q     pendence upon and in synchronism with the    17. A system
as set forth in Claim 16, 110     retrieved information data, and directing
the  wherein at least two light modulating me-     modulated light beat
onto said mirror for  diums are provided, said coherent light
reflection to a display surface.            beam-directing means being
effective to 50    13. A method as set forth in Claim 12,  direct a
coherent light beam through each     wherein the information data retrieved
from   of the light modulating mediums, the co- 115     said memory element
includes a plurality of  herent light beams being of different colours,
information signals such that a plurality of  said ultrasonic
wave-generating means being     light beams are modulated thereby, and
effective to generate ultrasonic waves in each 55  directing the plurality
of modulated light  of the mediums in response to electrical sig-     beams
onto said mirror.                     nals, said electrical signal-applying
means 120        14. A method as set forth in Claim 12,  being effective to
apply an electrical signal     wherein the information data retrieved from
to each of the  ultrasonic wave-generating     said memory element includes
colour de-  means that have a corresponding plurality 60  pendent
information signals stored on dif-  of frequencies each individually
amplitude     ferent locations of said memory element  modulated so as to
divide each of the light 125     such that at least two colour components
of  beams into a corresponding plurality of in-     said light beam are
separately modulated by  dependently modulated light beams, and     the
colour dependent information signals.   means for combining corresponding
light 65    15. A system for producing an informa-  beams split from each
of the coherent light        8
1,194,226                                         8      beams to produce a
corresponding plurality    19. A system for producing an informa-     of
multi-coloured light beams.          tion display substantially as herein
described       18. A method as set forth in either of  with reference to
Figure 1 of the accom- 20     Claims 13 or 14, wherein the light beam
panying drawings or modified as described  5  modulation is accomplished by
passing a  with reference to any of Figures 2 to 6 of     coherent light
beam  through an acoustic  the accompanying drawings.     modulating
medium, and inducing ultrasonic    20. A method of displaying an image sub-
stress waves in the modulating medium dis-  stantially as herein described
with reference 25     posed at an angle to the light beam wherein  to
Figure 1 either alone or taken with any 10 the ultrasonic stress waves have
a plurality  other figure of the accompanying drawings.     of different
wavelengths each individually     amplitude modulated so that the light
beam        ABEL & IMRAY,     will be divided into a separate light beam
Chartered Patent Agents,     for each discrete frequency with the inten-
Northumberland House, 15 sity of the separate light beams being
303-306 High Holborn,     dependent upon the amplitude of the corres-
London, W.C.I.     ponding ultrasonic stress waves.              Printed
for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1970.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.    


