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SINGLE PANEL COLOR IMAGE PROJECTION SYSTEM 

HAVING IMPROVED SCANNING 

PCT/IB95/00540 

This invention relates to a color Image projection system comprising: 

. a source of first, second and third colored bands of light, said first, 

second and third colored bands of light being separated by dark bands; 

a single light valve for modulating light impinging thereon in accordance 

5 with an input video signal; 

means for moving said bands of light sequentially across said light valve, 

each -of said colored bands being present on said light valve means at one time, and 

means for addressing· the portions of said light valve means with image 

information corresponding to the color of pie light band impinging_ thereon so as to modulate 

10 the light of the light bands with said input video signal. 

Means for projection the modulated bands of light onto a Viewing surface. 

The term image should be construed widely; it includes a video image, 

graphics data or a combination of phase. Such system is known from EP-A 0492721. 

In this system, light from· an intense white light source, for example an · 

15 arc lamp, is collected, and separated using dichroic filters into primary colors - red, green 

and blue. The color separated light is caused to be formed into three sources, arrayed 

adjacently, such that each source appears to.be narrow in the "vertical" direction and wider 

in the "horizontal" direction. Scanning optics are employed to cause three bands of light, one 

of each of the colors, to be positioned onto the rear of a transmissive light valve panel. This 

20 arrangement proves very effective when applied to twisted nematic LCD panel with TfT 

ad~sing. The scanning optics cause the bands of illumination to move across the LCD 

panel. As a band. passes over the "top11 of the active area of the panel a band of light of that 

color again appears at the "bottom" of the panel. Accordingly, th~ is a continuou_s sweep of 

three colors across the _panel. 

· 25 Prior to each color passing over a given row of pixels on the panel, that 

row will have been addressed with the appropriate information for that color. This means 
that each row of the panel will·. be addressed three times for each video field which is .to be 

displayed. This can be accomplished by either using extta addressing lines tO the panel array, 
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and writing the horizontal rows in parallel, or by writing three separated rows seqlientially, 

but at three times the field rate. The information being written to the separated rows must be 

appropriate for the color content of that portion of the image which is being displayed. 

The simultaneous use of a large portion of the available red, green and 

5 blue light through a single light valve panel is an important feature of the present system. 

10 

This system has optical efficiencies at least comparable .to that of three panel systems 

employing the same panel technology. Using only a single panel eliminates the need to 

mechanically converge ~eimage, and ~er reduces· system cost. Additionally, beam 

combining dichroic. filters are not. needed whic:h leads to fut'ther cost saVings. 

The different widths of the dark bands can; in the case that three prisms 

disposed side by side are used, be obtained by adjusting the phase if the prism scanning, thus 

permitting. the time intervals between the colors. to be staggered ... The provision for staggered 

intervals will more efficiently accommoclate certain types of light valves (LCD's in 

particular) whose rise and.· fall times are not the. same for each color .. Therefore, for example 

15 instead of equal 5 msec ·intervals betnc:D each of the. CQlors the improved arrangement can 
. ' 

allow, by way of example only, an 8 msec interval for the red bar, 4 msecs for the green bat 

and. 3 msec for the blue bar. This will have the effect of improved red transmission and thus 

better color purity, particularly in the critical mixed colors (i.e. fleshtones), and improved 

overall transmission of single panel projectors ci>nstructed in. this fashion. Other apparatus 

20 for addressing the three colors ~s the panel surface in unequal time intervals may also be 

utilized in accordance with this. invention such as phased rotating prisms, mirrors, 

goniometric or rotating dichroics .or filters .. Also electronically controlled devices such as 

interferometers which scan in unequal intervals may also be used. ·Color balance· may also be 

adjusted by this mechanism. 

25 In the system of EP-~. 0492721 ·the mechanism for scanning the·bands of 

colors across the surface of the light valve is a four~sided prism which is used to scan all 

three colors. An improved scan arrangement~ set forth in EP-A 0601666 in which 

improved scanning linearity was achieved by the use of, rather than a single prism, three 

four-sided prisms, one for each color. 

30 The present application is directed to a system in which the scanning of 

each of the three colors is optimized to the differing relaxation response times for different. 

colors of certain light valves, so that provides improved color purity in the video image is 

obtained in which system moreover the color .balance can be changed. This system is 

characterized in that said moving means including means·sµch that the dark band between at 
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least one of the first, secolld and third colored bands is diff~nt in size from that of the 

others. 

For better understanding of the invention, reference is made to the 

5 drawings which are to be taken in conjunction with the detailed specification to follow: 

Fig. 1 is a side view of the Optical system of the single panel color 

projection system. 

Fig. 2 is a side perspective view of the color separation and scanning 

mechanism of this system. 

10 Fig. 3 is a diagram of the drivers of the light valve; Fig. 4 

is a diagram of the processing of video signals for driving the light valve; 

Figs~ 5 and 6 are side and front views respectively of a system which 

provides improved scan uniformity; 

Fig. 7 is a tap view of the sclnning system of Figs. 5 and 6 and shows 

15 the input system of dichroic mirrors and tqe output correction lenses, 

Figs. 8 and 9 are sectional views of alternate embodiments of scanning 

prisms; 

Fig. 10 is a plot of scanning non-linearity for four, six and eight sided 

prisms; 

20 Fig. 11 illustrates the movement of the various color bands across the 

surface· of the light valve by the scanning arrangement of Figs. 5-7; 

Figs. 12a.and 12b illustrate side and front views of a prism embodiment 

for providing staggered color intervals in accordance with the present invention; 

Fig. 13 illustrates the movement_ of the various color bands across the 

25 surface of the light valve by the scanning arrangement of Figs. 12a and 12b. 

Fig. 14 is a schematic illustration of a second means for scanning the 

color .bands with scaled intervals;· 

Fig. 15 is a plot of voltage versus time for the actuators of the scanning 

arrangement of Figure 14; and 

30 Fig. 16 illustrates another scanning arrangement for providing scaled color 

intervals using non-coaxially arranged prisms. 

Fig. 1 is a generalized overview of the optical system of the single panel 

color projection video diSplay which includes a light box 10, a system of dichroic mirrors 12 
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for splitting the light into bands of red, greet\ and blue, a. rotating prism 14 for scanning the 

RGB bands, relay lenses 16, 18 a light valve 20 upon which is impressed the video signals 

and a projection lens 22. Light box 10 includes a lamp 24 of any suitable high intensity type 

such as a xenon arc lamp. and an. ellipsoidal reflector. 25. The lainp output is directed to a 

5 "cold" mirror 26 w~ich ·serves to reflect light in the visible spectrum while passing infra red 

light. Mirror 26 reflects the light from lamp 24 at a 90° angle and directs it to a series of 

optical lenses (not. shown) which serve to modify the beam of light so that it is in the form of 

a generally uniform rectangular beam which exits light box 10 through an opening 28. Light 

box 10 may also include elements for absorbing ultraviolet radiation and cooling lamp 24. 

10 Lamp 24 has preferably a.short arc length which facilitates its imaging and thus increases the 

brightness. 

As is shown in detail in Fig. 2 the beam .of light 30 emerging from 

opening 28 of light box 10 is directed to dichroic mirror system 12. Dichroic mirror system 

12 serves to split beam 30 into separate beams. of red, green and. blue. Dichroic mirror 

15 system 12 includes centrally disposed crossed diclµ'oic mirrors 32, 34, which pass only the 
' 

green light component of beam 30 and reflect red upWardly and .bllle downwardly to mirrors 

36, 38. An upper mirror 36 (which may also be dichroic) is constructed and arranged to 

reflect the red component, of the light impinging thereon and the lower mirror 38 reflects 

only the blue component of the light impinging thereon. Accordingly, the system of mirrors 

20 32, 34, 36 and 38 serves to split_beam 30 into its red, green and blue components which are 

arranged in the form of a .v~ array. A vertical aperture plate 40 includes 3 vertically 

disposed rectangular apert~ 42, 44, 46 which also serve to rectangularize the three RGB 

light beams exiting the apertures with the red beam on top, the green beam in the middle and 

the blue beam on the bottom. 

25 After leaving aperture plate 40 the red, green and blue beams impinge 

upon an optical scanning mechanism in the form of a rotating prism assembly 14. Prism 

assel!lbly 14 includes a prism member 50 which bas four equal flat sides (i.e. its cross 

section is square) and is rotated about its central longitudinal axis by a motor (not shown) 

which is driven in synchronicity with the video signals to light valye 20. The action of 

30 rotating prism member 50 is to cause the red, green and blue band of colors to be scanne4 

downwardly (or upwardly) in a sequential manner by refraction. The sequentially scanned 

RGB bands are directed towards light valve 20 by relay. lenses 16, 18. Lenses 16 and 18 

constitute an anamorphic imaging system (of a 4 X 1. ratio) which images the light from 

apertures 42, 44, 46 onto light valve 20. As such, the rectangular active surface of light 
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valve 20, which is a transmission LCD, receives sequential sCanning of red, green and blue 

rectangular color bands. LCD panel 52 modulates the light impinging thereon in accordance 

with the desired input video information for the colors impinging on its various portions 

thereon. Thereafter, the video modulated sequential bands of light are projected upon a 

5 suitable viewing surface, such as a projection screen, by means of projection lens assembly 

22. 

The scan linearity of the optical system can be improved to a significant 

degree by making the surfaces of the revolving prism cylindrically concave as shown in the 

dotted surface 62 in Fig. 2. The preferred radius of curvature is on the order of 10 inches 

10 when the length between adjacent optical facets of the prism is 2.4 inches. For maximum 

projector performance the use of concave faces is preferred. Negative cylindrical faces can 

be achieved by direct fabrication (grinding), or by cementing plano-cOncave cylindrical 

lenses onto the four faces of a conventional prism. The refractive index of such facing lenses 

need not be unusually high, but the refractive index of the bulk of the prism should be high 

15 (N > 1.6). If the refractive index is too lo~, then rays that otherwise would pass into one 

facet would exit through an adjacent facet. If this occurs, the phenomenon of total internal 

reflection (TIR) happens, and the final direction of the existing ray will not be in the proper 

direction for the light to be useful. 

In the electronics for the device, separate red (R), green (G) and blue (B). 

20 signals are derived from the appropriate input source (broadcast, cable, direct) as is well 

known to those skilled in the art. However, in order tO drive light valve 20 in accordance 

with the sequential color bands certain video signal processing is necessary. The parallel 

RGB signals must be Serialized to a serial stream with, for example, the green signal delayed 

one third of a video field behind the red signal and the blue signal delayed one third of a 

25 video field behind the green signal. Thereafter, this serial stream must be processed to 

conform to the column driver and geometrical arrangement of light valve 20. For example if 

there @re four column drivers there must be four parallel video signals. This signal 

processing utilizes the drivers of the light valve in a different manner than usually utilized 

for driving LCD displays. However, the same number and type of drivers are used so that 

30 the topology of the light valve need not be radically changed from that used with 

conventional video displays. 

Fig. 3 is a generalized representation of the row and column drivers ·on a 

thin film transistor (TFf) LCD array. As is known in this· art in such displays the rows are 

addresse.d sequentially with all of the TF'fs in one row being turned on simultaneously 
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through a common gate line by one of the row drivers Rl, R2, R3. The individual pixels in 

a row are driven by a series of column drivers which may be arranged as illustrated in Fig. 

3. The LCD array is laid out such that drivers · 1 and 3 are connected to the pixels in odd­

.numbered columns while drivers 2 and 4 are connected to the pixels in even-numbered 

5 columns. The column drivers, which are basically memory devices, sample the incoming 

video signal and store the sampled value in the respective memory cell. 

In standard monochrome operation the column drivers would be loaded in 

a sequential fashion: During the first half of the video line driver 1 receives all odd pixel 

values while driver 2 receives all even. pixel values. Drivers 3 and 4 store the respective 

10 values during the second half of the line. After the video line has been completely written, 

the outputs of the driver are enabled while at the same time the according row is activated, 

resulting in a "dump" of the video information onto a specific pixel row on the panel. The 

whole LCD array is "reprogrammed" in this fashion once per video frame in the sequence 

video line l, 2, 3, 4 •.. 478, 479, 480. 

15 In the presented system a different sequence is required with which the 
' LCD array has to be prograinmed. The three color· bands red, green,. and blue are scanning 

vertically over the panel. During one video frame each row is illuminated by, in this 

realii.ation, first passing red, then a green and finally a blue lightband. The programming of 

a particular row has to be performed in a way that e.g •. the green values are loaded before 

20 the green lightband reaches this row but after the red band has passed by. Since all three 

color bands are illuminating the panel at any one time three rows have to be programmed 

during the time of one regular video line. Since the column driver arrangement does not 

allow independent programming of more than one row at a time this operation has to be 

performed sequentially. 

25 In case of equally spaced color bands which scan in a strictly linear 

fashion with no overscan present and 450 rows (video lines) per frame the programming of 

the LCD panel would be performed in the following sequence (R = red, 0 = green, B = 
blue, (xx) = row number): 

R(l), 0(151), B (301), R(2), 0(152), 

30 B(302), R(3) .•. R(l50), 0(300), 8(450), R(l5i), 0(301), B(l), ••. 

The programming would track the color bands as they move over the panel. The numbers 

also indicate that the red vi9eo information lags 150 lines or 1/3 of a frame behind green 

which in tum lags 1/3 of a frame behind blue. 

• 

c 
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In case ~e rotation of the prism 14 causes non-linear scanning of the 

color bands, and/or overscan is introduced the timing of the two video signals and sequence 

will be modified to accommodate the changing scan speed and spatial separation of the color 

bands •. This can be achieved by e.g. varying the system clock for each color according to the 

5 respective position on the panel (for the present row-driver arrangement), introducing a 

varying "blanking" time for the video or changing the line sequence to account for the non­

linear behavior (which will require random access progrimming of the LCD panel rows). 

Fig. 4 illustrates the signal processing for the RGB signals in a diagrammatic manner. Each 

of the signals is input to AID converters 62, 64 and 66 so that signal processing takes place 

10 in digital form. Thereafter the R signal is input to a first delay line 68 which will delay the 

red signal for a time ., 1. The G signal· is input to a delay line 70 which will delay it for a 

time ., 2 and the blue signal is input to a delay line 72 to delay it a time 1' 3. The times 1' 1, .,2, 

and .,.3 are selected according to the position and scan speed of the respective color band on 

the panel. Unless the scanning operation is performed completely linearly these delay times 

15 will vary during the course of one video frame, both absolutely and relative to each other. 
' 

The signals then pass. to a switch 74 which selects each of the outputs of 

the delay circuits 68, 70, 72 sequentially so that the output of switch 74 is a serial stream 

with, for example, the pixels of the video lines in the aforementioned sequence. Thereafter as 

described below the· signals are input to switching mechanism· for applying the seriali7.ed 

20 delayed stream to the light valve •. 

The effective threefold increase of the field rate exceeds the speed 

capabilities of present column drivers. Additional demultiplexing and buffering· is used to 

program the column drivers with four independent and parallel signals, each of which 

exhibits a data rate of only one quarter Of the total rate. 

25 · The video stream passes to a switch 76 to separate the video stream into 

first and second stteams 78, 80. Switch 76 is operated at a speed so as to divide the video 

Streal!! into halves corresponding to the first and second half of each line. Thereafter the 

output of switch 76 is connected by a line 78 to a switch 82 which is operated at a speed so 

as to separate the odd and even pixels. The odd pixels are di~ to a buffer memory 84 

30 which will hold in this example 120 pixels (one quarter of one line), thereafter the output of 

buffer memory 84 is output to a DI A converter 86 whose ouiput is in tum directed to column 

driver 1 as shown in Fig. 3. The even pixel stream is directed to a buffer memory 88 and 

DI A converter 90 and thereafter to column driver 2 of Fig. 3. The second halves of the 

video lines carried by line 80 are similarly processed by odd/even switch 92 with the odd 
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pixels directed to buffer 94 and D/ A converter 96 to column driver 3.. Even pixels are 

directed through buffer 98 and DIA converter 100 to column driver 4. 

It should be kept in mind that many other components may be substituted 

for the above described optical system. Other arrangement$ of components which provide 

5 sequential red, green and bb~e bands across the surface of a light valve ntay be utilized. For 

example, rather than a single source. of .white light, three sources ·of appropriately colored 

red, green and blue light may. be utilized in conjunction with a scanning mechanism. 

Similarly, dichroic mirror system 12 and rotating prism SO could be replaced by, for 

example, a rotating wheel of colored filters or a rotating. drum of ·colored filters. Dichroic 

10 mirror system 12 could be replaced.by a refractory.prism.and rotating prism 50 could be 

replaced by a polygonal mirror system. The scan direction need nQt be vertical but ~uld ·also 

be horizontal or diagonal (with suitable light valve signal processing). 

It is also noted that this invention is utiliDble with any type of known 

electronic lig~t. valves such as transmission or reflection. LCDs, ferroelectric devices, 

15 deformable mirrors and the like. Additionally, the light path could be straight as illustrated 
' or folded in a more compact.arrangement. The light valve· could also be utilimi in a direct · 

view system. In certain applications a two color band ·ratlter than three band system could be 

used. A requirement for the light valve is that it have sufficient switching speed to be . . 

switched at about three times normal video. rates. as each pixel of the LCD is at various 

20 points in time a red, a green 8nd a blue pixel. Techniques to speed the response time on a 

LCD include: heating the panel; low viscosity liquid crystal material, highly anisotropic 

material and/or making the .liquid crystal ·layer thinner. Any combination of these techniques 

may be used. 

The color band scanning systelll described above uses a four-sided prism 

25 of relatively high refractive in4ex glass. However, a glass prism of sufficient size for this 

application is rei.tively .heavy, and bas.a larg~ amount.of rotational inertia, thus requiring a 

relatively powerful motor to rot1te ·it. Recently optical plastics such as PMMA have become -
available. These plastics are lighter than glass and are moldable which permits inexpensive 

mass production. Furthermore; since such plastics may be molded more complex shapes can 

30 be made. than by the. ttaditional grinding and polishing methodology used for optical glass 

prisms. A color band scanning system having improved scan uniformity is described below~ 

As is. illustta~ .in Figure 2 tJte three colors .emerge from apenure plate 

40, through apertures 42, 44, 46 which are arranged vertically. However, as is seen in Fig. 

2 only the middle color band (green) is located on the rotational axis of scanning prism 14 

I 

• I 
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with the upper (red) and lo\Ver (blue) bands off-axis. Due toth.e vertical arrangement the 

different color bands change their position relative to ·the·prism. This action may cause color 

overlap or too large a gap between adjacent co~ors. This may impede color purity since it is 

difficult to compensate for this non-uniformity and address the light valve appropriately. The 

5 scanning system illustrated in Figures S through· 7 provides an identical scan for each of the · 

colors across the light valve, thus maintaining color purity. 

As is seen in Figures 5 and 6, the.single four-sided rotating prism 14 has 

been replaced by three narrower prisms 110, 112 and 114 which are disposed in side by side 

relationship. Each prism 110, 112, 114 acts only on a single color and each is coaxially 

10 mounted for rotation along rotational axis 113 and shifted 30 degrees in phase with respect to 

the next prism. As shown in Figure 7 the input white light from the projection lamp ·is split 

into three colors by three dichroic mirrors 116, 118 and 120. The incoming white light first 

impinges upon mirror 116 which is mounted in front of prism 110. Mirror 116 reflects blue 

light to prism 110 and passes light of other colors. The light passed by mirror 116 next 

15 impinges upon mirror 118 which reflects ~nly green light to prism 112. Finally, the light 

passed by dichroic mirror 118 impinges upon dichroic mirror 120 which reflects only red 

light to prism 114. Because each prism 110, 112, 114 is 30 degrees ahead of rotational phase 

with the preceding prism the output light is as is shown in Figure 6 which ~sists of an 

upper band of blue, a middle ban~ of green and a lower band of red in a continuing sweep. 

20 The arrangement of prisms provicSes that each of the scans of each of the colors is uniform. 

Prisms 110, 112, and 114 may be either manufactured individually, made of glass and 

cemented together or, if made of optical plastic such as PMMA may be molded as a single 

unit. 

As is seen in Figure 6 each of the three color bands is in a proper 

25 "stacked" vertical position but are offset horizontally from each other. In order to maximize 

the use of the light output each of the color bands should be aligned horizontally as well. 

Hori~ntal alignment is accomplished with the aid of correction lenses 124, 126 and 128 

positioned at the output of prisms 110, 112 and 114 respectively. As is shown in Figure 7 

the correction lenses 124· and 126 serve to deflect inwardly the outermost beams towards a 

30 LCD panel 130. (or transfer optics) with the centermost beam left undeflected (but focused by 

lens 128). Thus horizontal alignment as well as uniform vertical scanning is accomplished by 

this arrangement. This maximizes the use of the light and increases the optical efficiency of 

the system. 
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In addition .to scan uniformity, linearization of the scan may also be 

accomplished by the use of ~ning prisms having more than four sides, such prisms are 

shown in Figs. 8 and 9. These may have six sides (Fig. 8) or eight (Fig. 9) sides. As is 

shown. in Figure 10 multiple sided prisms. reduce the. scanning error which begins to 

5 approach maximum linearity (perfect linearity would be shown by a completely· flat line). In 

Fig. 10 the vertical axis represents the amount of deviation from linearity, with the 

horizontal axis representing rotation frQm the.middle.(0) to.the top of the scan of each prism 

face. The light valve is reprogrammed to accommodate the additional color bands generated 

by these prisms. Furthermore;, these multiple scanning prisms may also be used in a three 

10 prism side by side arrangement for extremely precise scanning of.the color bands across the 

light valve. 

Figure 11 illustrates the scan of the color bands, across the surface of a 

light valve 210 by the three prism scanning· mechanism shown in Figs. 5-7. As is shown in 

Figure 11, all three of the primary colors (red, green and blue), are scanned in the form of 

15 c0lor bands across the face of light valve 210. However, any single line of pixels of the light 
" valve 210 bas only a single color applied. ro it at once. A band of red 212 is swept 

downwardly as shown in Figure 11. Following red band 212 is a dark "guard" band 214 or 

space between red band 212 and a·ireen band 216. Similarly, a guard band 218 follows 

green band 216 and precedes a blue band 220~ When red band·212 has been swept . 

20 downwardly past the bottom of li~ht valve 210, another red band will appear at the top of the 

light valve and the sequence of color bands and guard bands is repeated. As shown in Figure 

11, in the usual mode, the guard bands 211, 214, 218 between adjacent colors are equal. At 

normal video rates the cycle time for scanning all the colors and guard bands across the light 

valve is 15 msec. Thus only S msec is allotted for any. color band and adjacent guard band to 

25 pass any single line in the light valve. · 

Any of the scanning mechanisms described above may be used to create 

the scan of Figure 11. In the arrangement of Figs. 5-7 the scanning device. consists of three - . 

four-sided prisms mounted coaxially in side-by-side relationship. Prism 114 acts on only the 

red colored light; prisni l 12 acts on green colored light; and prism 110 acts on the b~ue 

30 colored light. As is seen, each prism is shifted in phase 30° with respect to the other prisms. 

The color bars thus emitted from each prism are spaced eq~tandy (cir = d1 = dt). Thus, 

when prisms 110, 112 and 114 rotate, the color bands pass the same spot on the panel at 

equal time intervals. However, such equal spacing of the color bands does not accommodate 

the relaxation response characteristics of many types of liquid crystal light valves. 

11111m 
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According to the present invention, more efficient transmission of the 

·light and improved colorpUrity is obtained·by scaling the titne intervals between the colors 

to the relaxation response time of the light valve for that particular wavelength (color). For 

example with respect. to twisted nematic liquid crystal light valves it can be shown that the 

5 relaxation times (t) (i.e. the time it takes for the LCD to go from 10% to 90% transmission 

between crossed polarizers) for each of the three primary colors differ such that t(red) > 
t(green) > t(blue). Accordingly, perfonnance is enhanced if the scanning mechanism is 

designed to be able to adapt to the differing relaxation times of the LCD for different colors 

of illumination. 

10 To implement the scaled color intervals and compensate for the unequal 

response of the liquid crystal to the differing wavelengths (colors) it is only necessary to 

change the phase angles between the faces of the three prisms used to scan the three colors. 

As shown in Figs. 12a and 12b three four-sided prisms are again used, a prism 222 acts only 

on the red light, a prism 224 acts only on the green light and a prism 226 acts only on the 

15 blue light. Red prism 222 is rotated 30° in phase from green prism 224, but blue prism 226 .. 
is rotated only 20° in phase from green prism 224. This, in tum, orients blue prism 226 at 

40° from red prism 222 such that the emitted color bars are no longer $paced equidistantly. 

This phase adjustment may also be used with prisms having more than four sides such as the 

prisms illusttated in Figs. 8 and 9. 

20 Compare Fig._ i3, which illustrates the spacing between the color bands as 

caused by the scanning arrangement of Figs. 12a and 12b, with Fig. 11 which illustrates the 

scan of the arrangement of Figs. 5-7. As seen in Fig. 13, the distance (separation) (da) 

between blue band 220 and green color band 216 is less than that (do) between green band 

216 and red color band 212 and· again less than the separation betWeen the red and blue color 

25 bands (da) (i.e. d, > <Is > dJ. The duration (size) of each ofthe color bands 212, 216, 220 

remains the same as in Fig. 11, it is the intervals (guard bands 2p ', 214', 218') 

thereiJetween that have changed. When the prisms of Fig. 12a and 12b rotate, the color 

bands do not pass the same spot on the panel at equal time intervals. Proper adjustment of 

the phase angles (the angles between the faces of the prisms) to compensate for the light 

30 valve response time for each wavelength (color) optimizes ~e transmission of each color and 

improves color purity. This is because the .larger spacing dr between the red and blue bars 

accommodates the longer fall time t(red) of the·LCD. Similarly, the fact that the spacing d., 

between green and blue is shorter is no detriment to color purity because the fall time t(blue) 

is nearly twice as fast as t(red). 
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. Figure 14 illustrates another system for implementing scaled color 

intervals. This system consists of a source of. white light 230 and a light valve 232. The light 

emitted by source 230 impinges upon three sets of pivotable dichroic mirrors that act to 

separate the white light of source 230 into three colors (red·,: green and blue), and scan same 

5 across light valve 232 with varying color intervals. The scanning· of blue light is done by a 

dichroic mirror 238 which is pivotally mounted on a piezoelectric actuator 240. Dichroic 

mirror 238 reflects only blue light. The pivoting of mirror 238 by the action of piezoelectric 

actuator 240 sweeps the band of blue light downwardly across. the light valve 232. Similarly, 

only green light is reflected. by a dichroic mirror 244 which is pivoted by a piezoelectric 

10 actuator 246. Finally, only red light is reflected by a dichroic mirror 250, controlled by a 

piezoelectric actuator 252. 

Driving waveforms far piezoelecttic actuators 240, 246 and 252 are 

shown in Figure 15. As the voltage for each actuator ramps up, the piezoelectric actuator's 

crystals deform linearly ca11sing mirrors 238, 244 and 250 to pivot and scan their respective 

15 color bands across the panel. When the voltage returns and drops (vertical lines in Fig. 15), 
' 

the mirrors quickly return ·to the reset position, the top· of light valve 232. As shown in Fig. 

15, the scan of the red band begins at an elapsed time of 8 msec with the green scan 

beginning at 12 msec for a spacing (do) of 4 msec. The blue scan begins at 15 msec for a 

spacing (de) of 3 msec from the green scan and the red scan begins again at 23 msec for a 

20 spacing (da) of 8 nisec (da > do. > de). The rate of return can be made fast enough so that 

very little light of that color transmits to light valve 232 during the return. If the rate of 

return is too slow, a shutter wheel (not shown) can be added below or in front of each mirror 

to block the light during the return phase. Piezoelectrically conttolled actuators are readily 

commercially available for this application. Additionally,· the· mirrors 238, 244 and 250 may 

25 also have optical power to focus ·the light on the panels. An adju$tment of the phase of each . 
waveform in Fig. 15 shown will adjust the time between the color bars in which light valve 

232 relaxes. 

The description of the means for scanning by the use of pivoting mirrors 

has been simplified for the purposes of clarity. In the system as described, efficiency is 

30 reduced by using dichroic mirrors With the piezoelectric actuators since light not reflected by 

each dichroic mirrors· is. lost. The efflciency can be improved. by using parallel sets of 

dichroic mirrors to recover light not reflected by the first set of dichroic mirrors. 

In the examples shown thus far the color bands all had the same 

dimensions. This reflects the situation where the light source radiates "white" light, i.e. the 

, I 
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red, green and blue colors)1~ve equal energy. In general the:light source will not be white 
'· 

and will radiate unequal energies in the three color bands. Consequently the colors in the 

picture could be wrong. This can be corrected by placing attenuating filters in the path of 

those beams that have "excess" energy. A· better way is to increase the light throughput of 

5 the color that is "weak" and simultaneously decrease the light throughput of the color that is 

"strong". This can be achieved by increasing the width (height) of the band for the weak 

color while decreasing the width (height) of the strong color. Next to compensating for light 

source characteristics this procedure can also be used for giving the user control of picture 

color (tint) without reduction in overall brightness.· 

10 The scanning mechanism shown in Figs. 14-15 can, when driven by a 

different set of driving signals, be used to vary the color balance of the projected image as 

well, This is accomplished by varying the length of each color relative to the other colors. 

Varying the length implies controlling the time between the beginning and end of the 

individual color band and is the same as changing the size of the particular color band. If, 

15 for example, a shift to a more red color baJ.ance is desired the driving waveforms to the 

piezoelectric actuators are adjusted so that the scan of red band is slower than that of the 

blue and green bands, (i.e. the distance between the vertical lines in the red scan of Fig. 15 

is increased) thus allowing more red light to fall on the panel during each frame time. In a 

system utilizing a Scanning prism a shift in· color balance may also be accomplished by 

20 increasing the relative si7.e (length .in the scanning direction) of one band, such as by 

increasing the height of one of the apertures 42, 44, 46 (in Fig. 2) through which the various 

colors emanate. 

Another system for providing phase adjusted scanning of the light valve is 

shown in Fig. 16 which shows a scanning system 2SO in which the prisms acting upon each 

25 color are non-coaxially mounted. In Fig. 16 the optical elements for shaping the light bands 

have been oniitted for the purpose of clarity. Scanning system 250 is particularly µseful in 

systemj where high illumination levels are required, such as projectors used for theatrical 

presentations. This system is also suitable for use where the light valve used has ~ narrow 

angle of acceptance. Scanning system 250 includes a light source 252 in the form of a 

30 reflector lamp which emits white light. The. light beam 254 emitted by lamp 252 first passes 

to a first dichroic splitting mirror 256 which passes red light and reflects light of other 

colors. A red light beam 257 which exits mirror 256 then impinges on a first rotating prism 

258 which operates on red light beam 257 to scan the beam in a vertical direction. Light 

beam 257 then exits prism 258 and impinges upon a mirror 260 which reflects light beam 
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257 through a dichroic mirror 274 (which passes red light) to a dichroic mirror 262 which 

reflects red beam 257 to a light valve· 264 which modulates. the red. light in accordance with 

the video information and passes same to a projection lens 266. 

The green and blue light reflected from dichroic mirror 256 impinge upon 

5 a dichroic mirror 268 which acts. to reflect green light. and paSs light of other colors. 

10 

Accordingly, a "green" beam 270 is reflected by mirror 268 and.impinges upon a rotating 

prism 272 which serves to scan green beam 270 in a vertical direction as shown in Fig. 16. 

The g~ beam 270 then passes to dichroic mirror 274 which reflects the green beam 270 to 

re-combining minor 262 which reflects green beam 270 onto light valve· 264. 

The light beam which passes through dichroic mirror 268 forms a blue 

beam 276 as the red and green components have been subtracted from white beam 254 by 

the actions of mirrors 256 and 268 respectively. Blue beam 276 is thereafter reflected by 

mirror 278 to a rotating prism 280 which scans the blue beam and passes blue beam 276 to 

mirror 262 which passes blue beam 276 to light valve 264. By the action of rotatiiig prism 

15 280 blue beam 276 is also scanned in a vertical direction. 
. ' ' . ' 

The action of prisms 258, 272 and 280 resultS in· a scanning of bands of 

red, green and blue light across the light valve· 264 which can· be the same as the scans 

depicted in Fig. 11 and 13. If each of the prisms are disposed at equal phase angles 

(30°\30°\30°) with respect to each other, the scan will be that shown in Fig. 11. If on the 

20 other hand, each of prisms 258, 2'.72, 280.are phased adjusted (i.e. 20°\30°\40°), the scan 

will be that of Fig. 13. Due to the fact that prisms 258, 272, 280 are separate, it is relatively 

easy to adjust their phase relationship. Prisms 258, 272 and 280 may be driven by a single 

motor or .by three phase locked motors. The use of three separate motors permits the phasing 

(and thus the spacing. between.the vario~s light bands) to be· adjusted by automatic means. 

25 Furthermore, the fact that the three prisms are disposed in different locations in this system 

permits each of the prisms to be much wider than those shown in Fig. 12a and 12b so that 
the li&ht collection may be made more efficient without the need for light spreading 

elements. 

Although the present invention has been described in conjunction with 

30 preferred embodiments, it. is to be understood that modifications and variations may be 

resorted to without departing from the spirit and scope of the invention, as those skillCd in 

the art will readily understand. Such modification and variations are considered to be within 

the purview and scope of the invention and the appended claims. 

1. 

I 
i : : 
; 
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CLAIMS: 11111111111111 1111111111111111 
* C L M S * 

1. A color Image projection system comprising: 

a source of first, second and third colored bands of light, si.id first, 

second and third colored bands of light being separated by dark bands; 

a single light valve for modulatiilg light impinging thereon in accordance 

5 with an input video signal; 

means for moving said bands of light sequentially across said light valve, 

each of said colored bands being present on said light valve means at one time, and 

means for addressing the portions of said light valve means with image 

information corresponding to the color of the light band impinging thereon so as to modulate 

10 the light of the light bands with said input yideo signal. 

Means for projection ·the modulated bands of light onto a viewing surface 

characterized in that said moving means including means such that the dark band between at 

least one of the first, second and third colored bands is different in size from that of the 

others. 

15 2. The display system as· claimed in claim 1 wherein said means for moving 

said light bands comprise at least one rotating four-sided prism. 

3. The display system as claimed in claim 1 wherein said means for moving 

said light bands comprise first, second and third prisms for said first, second and third 

colored bands respectively, said prisms being rotatable about a common axis and being 

20 adjusted in phase with respect to each other, the phase angles between each of said prisms 

being different from. the others. 

4. The display system as claimed in claim 3 wherein said prisms comprise 

four-sided prisms, the first prism being disposed at a phase angle of 20° with respect to the 

second, the third of said prisms being disposed at a phase angle of 40° with respect to the 

25 second. 

5. The display system as claimed in claim 1 wherein said means for moving 

said bands of light comprise first, second and third independently pivotable mirrors; and 

means for driving said minors .at different time intervals with respect to each other so as to 

scan said first, second and third colors across said light valve means. 
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6. The display system as claimed in claim 5 wherein said independently 

pivotable mirrors are driven by piezoelectric actuators activated by said mirror driving 

means. 

7. The display system as claimed in claim 5 wherein said pivotable mirrors 

5 comprise dichroic mirrors. 

8. The display $ystem as claimed in any of claims 1-7 wherein said first, 

second and third colored. bands of light comprise red, green and blue bands. 

9. The display system as claimed in claim 8 wherein the dark bands on each 

side of the red band are the largest. 

10 10. The display system as claimed in any of claims 1-9 further including 

means for varying the speed of movement of one of said first, second and third colored 

bands with respect to the others. 

11. The display system as claimed in any of claims 1-9 further including 

means to vary the size of one of said first, second and third colored bands with respeet to the 

15 others so as to adjust color balance. 

12. The ·display system as claimed in claim 11 wherein said means for varying 

the size of said color bands comprise independently pivotable mirrors driven by piezoelectric 

actuators. 

' 
Olll~i 


