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INDICIA DISPLAY DEVICE 

This invention relates to indicia display devices and 
more specifically to a novel and improved device for 
the display of numerals and other indicia in digital dis 
play devices that requires relatively little power, is 
compact, and requires little depth. 
Various types of indicia display devices have been 

proposed, such as glow tubes, wherein electrodes in the 
form of numerals are disposed in depth in a gaseous at 
mosphere and other types of devices such as light emit 
ting semiconductors and structures utilizing filaments 
and grids to energize selective portions of a pattern to 
effect the display of desired indicia. Such devices re 
quire a material depth for installation, some utilize rela-‘ 
tively large amounts of power for operation, and some 
exhibit poor contrast and aging characteristics. This in 
vention overcomes the disadvantages of prior devices 
and provides a display device that will function instan 
taneously on relatively little power, occupies a very 
small space, provides a clear and distinct display of nu 
merals or other indicia and has an indefinite life. 
Another object of the invention resides in the provi 

sion ofa novel and improved indicia display. embodying 
an electro-optical system for visually displaying selec 
tive portions of a pattern for the formation of selected 
numerals or other indicia. 

Still, another object of the invention resides in the 
provision of a novel and improved indicia display de 
vice utilizing piezoelectric devices for displacement of 
optical elements arranged in a selected pattern to effect 
the formation of numerals of other indicia. 
The objects of the invention are attained through the 

utilization of a plurality of optical elements producing 
moire fringes which .are arranged in a predetermined 
pattern and actuated by piezoelectric elements. With 
this arrangement, actuation of selected elements will 
produce a visual display of indicia as for instance the 
numerals 1 through 9 and 0. 
An aspect of this invention comprises the use of ul 

trasonic vibrations to decrease the sticktion between 
displaying elements. By sticktion is meant any static 
friction’ which would so operate during the displace 
ment of certain elements with respect to each other as 
to cause said elements to assume relative rest positions 
which are displaced with respect to the relative rest po 
sitions they would have in the absence of said static 
friction. 
The above and other objects and advantages of the 

invention will become more evident from the following 
description and'accompanying drawings forming part 
of this application. 

In the Drawings: 
FIG. I is a diagrammatic view of indicia displaying 

means in accordance with the invention. 
FIG. 2 is a cross-sectional view of one of the seg 

ments of the indicia displaying pattern of FIG. I and 
taken along the line 2-2 thereof, 
FIG. 3 is a cross-sectional view similar to FIG. 2 to 

illustrate the displacement of one portion of the struc 
ture relative to the other in order to cause the disap 
pearance of a line, 
FIG. 4 is a rear elevational view of the structure 

shown in‘ FIG. 2, and 
FIG. 5 is an enlarged fragmentary portion of the pi 

ezoelectricmeans for displacing the rear element of 
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2 
each segment of the pattern shown in FIG. 1 relative to 
the front element. 
The display system in accordance with the invention 

provides novel and improved means for displaying indi 
cia such as numerals for use in digital read-out devices 
and embodies means for producing moire fringes and 
wherein the optical elements producing such fringes 
are actuated by piezoelectric elements. With this ar 
rangement, an exceedingly thin structure can be pro 
duced so that very little space is required for installa 
tion. Moreover, power requirements are relatively 
small which makes the display device particularly use 
ful for use on portable equipment, though it is apparent 
that it is equally applicable to all types of equipment re 
quiring a digital read-out. 

Referring to FIG. 1 which illustrates diagrammat 
ically a display device in accordance with the invention 
for displaying a single digit and utilizes a transparent 
plate 10 together with seven slidable plates 11 through 
'17, the plates 11 through 17 are arranged in the form 
of parallelogram with the plate 17 forming a crossbar. 
As will be described, each of the plates 11 through 17 
canbe shifted relative to the plate 10 to cause bars 11' 
through 17’, as the case may be, to appear or disappear 
as may be desired. With this arrangement, any numeral, 
namely, 1 through 9 and 0, can be displayed by the pat- ' 
tern. Displacement of the plates 11 through 17 is ef 
fected by an appropriate electronic selector 18 which 
applies power to the piezoelectric elements utilized for 
displacement of the plates. Control signals are fed to 
the selector by appropriate electrical circuitry repre 
sented by the conductor 18’. A power supply 20 ener 
gizes the selector 18 together with an electromechan 
ical vibrator 19 which has its vibrating mechanical ele 
ment coupled in a suitable manner to the plate 10 and 
is energized only during changes in indicia display to 
reduce sticktion between the plates 11 through 17 on 
one hand and the plate 10 on the other hand, and 
thereby facilitates displacement of the plates 11 
through 17 relative to the plate 10. 
FIGS. 2 through 4 illustrate the structural details of 

the segment 17 in greatly enlarged form to facilitate an 
understanding of the operation of the display device. 
The plate 10 is formed on a transparent material, such 
as glass or the like, and carries on its backside an 
opaque coating 10' which is illustrated by a heavy 
black line. A plurality of slits 22 are formed in the coat 
ing 10', each of which have a length corresponding to 
the length of the bar 17’ produced by displacement of 
the plate 17in FIG. 1. While only six slits 22 havebeen 
illustrated, the actual structure may utilize as many as 
100 such slits each of which may typically have a width 
of 1.90 microns and a center-to-center spacing of ap 
proximately 4 microns. The length of each slit may be 
of the order of 3 mm. 
The plate 17 which overlies the slits 22 may be. 

formed of either an opaque or transparent material. 
This plate carries a plurality of strips of a re?ecting ma 
terial 23 corresponding in length, width and spacing to 
the slits 22. In the case wherein the plate 17 is formed 
of an opaque material, or is provided with an opaque 
coating, when the plate is in the position shown in FIG. 
2, the re?ective strips 23 on the plate 17 will be pre 
cisely aligned with the slits 22 carried by the plate 10 
and the light reflected from the strips 23 will make the 
bar 17' of FIG. 1 visible. Should the plate 17 be of a 
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transparent material, then the backside of the plate 
should be enclosed in a light-proof compartment. 
The plate 17 is secured in position on the plate 10 by 

two sets of piezoelectric elements generally denoted by 
the numerals 24 and 25, which elements function to 
shift the plate 17 relative to the plate 10. The dispo 
sition of the elements 24 and 25 is shown more clearly 
in FIGS 4 and 5. The element 24 consists of two elon~ 
gated piezoelectric structures 26 and 27 with the upper 
end of the piezoelectric structure 26 being cemented or 
otherwise secured to the plate 17 at 28. The lower end 
of the piezoelectric structure 26 is hinged at 29 to the 
lower end of the piezoelectric structure 27. The upper 
end of the piezoelectric structure 27 is cemented to the 
plate 10 at 30. The element 25 also consists of two pi 
ezoelectric structures 31 and 32 with the lower end of 
the structure 31 secured to the plate 17 at 33 and the 
upper end hinged at 34 to the upper end of the struc 
ture 32. The lower end of the structure 32 is secured 
at 35 to the plate 10. A fragmentary cross-sectional 
view of the piezoelectric element 24 is shown in FIG. 
5 and the element 25 is constructed in the same manner 
as the element 24. It will be observed that each of the 
piezoelectric structures 26 and 27 consists of two pi 
ezoelectric elements 36 and 37 having an electrode 38 
therebetween and overlying electrodes 39 and 40. Pi 
ezoelectric structures such as 26, 27, 31 and 32 are de 
signed as bimorphs and will bend when the voltages ap 
plied to the two piezoelectric elements which they 
comprise cause one of said elements to elongate and 
the other to contract. Conductors 41 through 43 are 
connected to the electrodes 38, 39 and 40 of the piezo 
electric structure 26 while conductors 44, 45 and 46 
are connected to the electrodes 38, 39 and 40 of the pi 
ezoelectric structure 27. These conductors are all con 
nected to the selector 18 for the application of voltages 
to the electrodes in order to effect bending of the pi 
ezoelectric elements. ' ‘ 

With the plates 10 and 17 being positioned as shown 
in H0. 2, a bar 17' will not be visible through the plate 
10. Upon the application of voltages to the electrodes 
as described above, the piezoelectric structure 26 will 
?ex convexly to the right while the piezoelectric struc 
ture 27 will ?ex concavely to the right. At the same 
time, the piezoelectric structure 31 will ?ex convexly 
to the right while the structure 32 will ?ex concavely 
to the right. This action will cause the plate 17 to shift 
a distance of one-half of the center-to-center distance 
of the slits to the right and, thus, cause the bar 17’ to 
disappear. It is of course evident that a reverse opera 
tion can also be obtained, namely, that in the presence 
of an applied voltage the bars 11’ through 17’ will ap 
pear while in the absence ofthe voltage they will disap 
pear. 
With the structure as described above wherein all of 

the plates 11 through 17 are supported by piezoelectric 
elements as described in connection with FIGS. 2 
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4 
through 5, the control ofthe voltages applied to the pi 
ezoelectric elements of selected plates will cause the 
associated bar to appear or disappear so that any nu 
meral 1 through 9 and 0 can be readily displayed. Dur 
ing the application and removal of voltages to change 
a given indicia, the vibrator 19 is actuated to minimize 
the sticktion between the plates 11 through 17 and the 
plate 10 and thereby avoid an undesired shift of plates 
11 through 17 with respect to their desired positions. 
While the vibrator may operate at any desired fre 
quency, a frequency of 100 kilocycles for a duration of 
approximately one millisecond will effectively reduce 
the sticktion. 
While only one embodiment of the invention has 

been illustrated and described, it is apparent that alter 
ations, modifications and changes may be made with 
out departing from the true scope and spirit thereof as 
defined by the appended claims. ’ ' 

_What is claimed is: 
1. An indicia display device comprising twojgrids 

each having a plurality of fine lines and positioned in 
overlying relationship and piezoelectric means for dis 
placing said grids one relative to the other to move thee 
lines of one grid into and out of registry with the lines 
of the other grid, said piezoelectric means each com 
prising two piezoelectric structures hinged one to the 
other in the form ofa V, said piezoelectric means being 
inverted one relative to the other and each having one 
free end of one piezoelectric means secured to one grid 
and the other free end secured to the other grid and 
electrodes on said structures for applying a potential 
thereto. . 

2. An indicia display device according to claim 1 
wherein one of said grids comprises a first plate having 
a plurlaity of fine light transmitting slits and said other 
grid comprises a second plate having a plurality of light 
re?ecting lines corresponding in size and spacing to 
said slits. ' 

3. An indicia display device according to claim 2 in 
cluding a vibrator connected to one of said plates for 
minimizing the sticktion between said plates during dis 
placement thereof. 

4. An indicia display device according to claim 3 in 
cluding a plurality of pairs of grids with said first plate 
of each pair of grids forming part of a single plate with 
said slits of the grids being arranged in a geometric con 
figuration, said second plate of each pair of grids being 
placed in overlying relationship with said single plate 
and said vibrator being mechanically coupled to said 
single plate. v 

5. An indicia display device according to claim 1 in 
cluding a plurality of pairs of grids arranged in a geo 
metric configuration whereby displacement of the grids 
of selected pairs will effect the display of selected indi 
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