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is carried out with a so-called undercutting technique. In this tchnique a
layer is provided on an intermediate layer in which layer  the pattern The
invention relates to a passive display devicecomprising afirstand a second
supportin.  . third electrodes with resilient elements and plate of which
at least the first supporting plate is . . 5  apertures in the display part
is etched. The to  arent first and second electrodes on the       material
of the intermediate layer is then etched surface of the first and second
support        away via the edges and the apertures in the plates
respectively, at least the first electrodes   display part. This is
continued until only the being  transparent,  third  electrodes  which
resilient elements are still connected to the comprise an apertured display
part which is .    o   substrate by means of a pillar. In this manner it
is. secured to one of the supporting plates by means    possible to make
small resiliently connected of a number of resilient elements, and which
third   electrodes which are very flat and are substan- electrodes can be
moved between the first and    tially free from  mechanical stresses. In
this second electrodes by electrostatic forces, and        mannerthird
electrodes having an areaof O.5xO.5 further comprising an opaque liquid
between the    15   mm2 have been made with apertures of 4 [err] supporting
plates the colour of which liquid         diameter and a pitch of 20 [err].
A display device' contrasts with the colour of the side of the third
having such third electrodes showed a switching electrodes facing the first
supporting plate. The    time of 25 msec at a distance between' the
invention  also  relates  to  a  method  of          supporting plates of
25 [err]  and at control manufacturing such a device.. An opaque liquid is
20   voltages of 30 V. to be understood to mean herein a liquid the
However, the known display device suffers depth of penetration of light in
which is smaller     from the disadvantage that with smaller third than the
distance between the supporting plates.      electrodes a considerable loss
of contrast occurs Such a passive display device is known from         and
the control characteristic becomes asym- GB-A-1 533 455 and is used, for
example, for    25   metrical. displaying alphanumeric information. If the
third      In the known display device the resilient electrodes are present
on the side of the second      elements with which the third electrodes are
electrodes, the colour of the opaque liquid is       connected to one of
the supporting plates are observed through the transparent first supporting
situated beside and in the same plane as the plate. If the third electrodes
are present on the    3o   aperture display part. As a result of this,.area
is side of the first electrodes, however, the colour of  lost for the
actual display  operation. The the third electrodes contrasting with the
liquid is   minimum possible area of the resilient elements observed. The
third  electrodes which  are          is determined by the resolving power
of the connected to one of the supporting plates by          photo-etching
methods used in manufacturing means of a number of resilient elements can
35   the third electrodes. This has for its result that move between the
supporting plates by applying.      when third electrodes become smaller
the a voltage on the first, second and third electrodes.  resilient
elements occupy an ever increasing part The occurring resilient forces are
negligible with    of the area of a third electrode and the display respect
to the electrostatic forces. The third       part forms an ever smaller
part of the area of a electrodes are electrically insulated from the first
40   third electrode. When electrodes become smaller, and second electrodes
by an insulating layer         the so-called whiteness, that is to say the
effective which is provided on the first and second             reflecting
area of a third electrode and hence also electrodes. In the case in which
the first and        the contrast of the observed picture decreases, second
electrodes are kept at a direct voltage of      In the third electrodes
having an area of +V and -V respectively, or at an alternating    45
approximately 0.5x0.5 mm2 the resilient forces voltage having an effective
value V, and a variable   occurring as a result of the resilient elements
are voltage Vg is applied to the third electrodes, the   small with respect
to the electrostatic forces. electrostatic forces acting on the third.
electrodes  When third electrodes become smaller the overall are such that
thethird electrodes can assume only    electrostatic forces decrease,
whereas as a result two stable positions at the first supporting plate   50
of the decreasing size of the resilient elements the or the second
supporting plate. When a third         resilient forces increase
considerably. In the case electrode is at one of the supporting plates, the
of smaller electrodes the resilient forces are voltage Vg at the third
electrode, dependent on       hence no longer negligible. The result of the
the thickness  of the insulating  layer, may        comparatively large
resilient forces is that an decrease to substantially +V or -V before it
flips    55   asymmetric control characteristic is obtained over to the
other supporting plate. As a result of   which is much less ideal for
matrix control. this bistable character the display device has a       It
is hence the object of the invention to provide very large threshold
voltage and a memory.           a display device having small third
electrodes These properties make it possible to realize large   with which
pictures having a high contrast can be matrix display devices. In such a
matrix display    60    observed. For that purpose, a display device of a
device the first electrodes, for example, form the   kind mentioned in the
opening paragraph is row electrodes and the second electrodes form
characterized according to the invention in that the column electrodes of
the display device and      the resilient elements of the third electrodes
are 



all third electrodes are electrically interconnected.  located between said
display parts of said third The manufacture of the movable third electrodes
65    electrodes and said second of said supporting 2    3
0 085 459                    4 plates at a side remote from said first of
said    depends on the number of row electrodes and the supporting plates.
number of column electrodes per character. 'As a result of this the whole
area of a third       A further embodiment is characterized in that
electrode can be used as a display part. As a result  the second supporting
plate is formed by a of this construction the whiteness has become  5
semiconductor layer in which a set of memory independent of the size of the
third electrodes. As  elements arranged in rows and 'columns are result of
this, smaller third electrodes than   provided which memory elements can be
driven fore can be manufactured while substantially       and provided with
information by means of a maintaining contrast. Since the resilient
elements -   matrix of row electrodes and column electrodes' are provided
below the display part, the fill area    10   provided on the semiconductor
layer, in that the below the display elements may be used in    '   third
electrodes are formed by a set of picture designing the resilient elements.
As, a result of'   electrodes arranged in rows and columns, and in-' this
larger freedom of design, very small spring'   that each picture electrode
is connected to a constants can easily be realized so that the
memory element in the semiconductor layer. The occurring resilient forces
are negligible with    15  information is no longer written simultaneously
respect to the electrostatic forces even in small    with but separated
from the flipping over of the third electrodes. Furthermore, more resilient
movable third electrodes. The information is elements can be provided below
the display part       written in the semiconductor layer and the than is
strictly necessary, which increases the     information for each picture
element is stored in reliability (redundance) of the display device.    20
the associated memory element. The memory Moreover,  the  accurate
photolithographic          elements  are  driven  and  provided  with
processes, as used in the case in which the        information by means of
a matrix of row and resilient elements are situated in the same plane
column electrodes. After a row  of memory as the display part. are not
necessary for the       elements has been provided with information, the"
manufacture of the resilient elements.         25   next row of memory
elements may be provided According. to the invention, display elements
with information since the memory elements of' having small dimensions can
now  also be            the previously driven row retain the information-
manufactured which have a substantially ideal        necessary for flipping
over of the movable third- hysteresis curve with  an  associated  large
electrodes. It is therefore no longer necessary for threshold  voltage  and
a  memory. These    30   driving the next row to wait until the movable
properties are required to realize large matrix     third electrodes of the
previous row have flipped display devices. An embodiment of such a display
over. The information is written electronically and device is characterized
according to the invention    no longer mechanically. As a result of this
the in that the first electrodes form a first set of     information can be
written more rapidly while the; strip-shaped electrodes, the second
electrodes    35   picture corresponding to the written information form a
second set of strip-shaped electrodes, and    can also be observed more
rapidly. the third electrodes are arranged according to        As
explained, small movable third electrodes columns crossing the strip-shaped
electrodes of      can be manufactured by providing the resilient the
second set substantially at right angles. The    elements below the display
part. For displaying third electrodes arranged according to columns    40
pictures having a high information density, not may be electrically
interconnected in a column.      only small picture elements are required
but, in The electrodes of the second set, for example,     particular in
cases in which the display device form the row electrodes and the
electrodes of the    comprises a semiconductor layer for the rapid third
set form  the column electrodes of the        writing of information, rapid
picture elements are matrix. Such voltage pulses are applied to a row    45
also required. In the display elements in which the electrode and a column
of third electrodes that      resilient elements are situated in the same
plane only the display element formed by a third           as the display
part, the apertures in the display lectrode at the crossing of the row
electrode and         part should be kept comparatively small so as to
column electrode in question flips over. The large   obtain a reasonable
whiteness. In the display threshold voltage prevents half-selected third
50   elements according to the invention in which the electrodes from
flipping over. It is also possible  resilient elements are present below
the display not to interconnect the third electrodes arranged    part, the
resulting higher whiteness gives a larger according to a column, so that
each of the third    freedom with respect to the size of the apertures
electrodes can be driven individually.               in the display part.
By maintaining a reasonably A further embodiment is characterized in that
55   large whiteness, larger apertures than before can the first electrodes
form a common electrode. As     be provided in the display part. As a
result of the a result of this the accurate alignment of           larger
apertures, more rapid display elements are electrodes on the  first
supporting plate with       obtained as a result of the reduced resistance
in 



respect to electrodes of the second supporting      the liquid. The display
elements formed by the plate is avoided.                              60
movable electrodes may be of any suitable shape. Such matrix display
devices may be used, for       This shape generally is a polygon and in
example, for displaying television pictures, as a    particular a square or
a hexagon. In the case of a telephone display, computer terminal, teletext
'   hexagon, the display elements are arranged and display and generally as
an alphanumeric display.    according to a honey-comb structure. With a The
number of lines of text to be displayed    65   given  intermediate space
between  adjacent 3    5             0 085 459                      6
display elements the hexagonal shape has for its    apertures in those
parts of the resilient ele advantage, as compared with the square shape,
which are connected to the display part, the that, with the area of the
display elements          corresponding parts of the display part serving
as remaining the same, the area of filling is better    a mask, and and
consequently the whiteness is greater. The     i) removing the third layer
and parts of the first [err] elements generally are strip-shaped. As a
layer by undercutting via the apertures and edge [err] of a
radially-symmetrical arrangement of     in the fourth and second layers by
means of the the resilient strips, the display element, during its  *.
first etchant. displacement. can rotate slightly in its plane. Such   ..  A
further embodiment of such a method is a rotation does not occur when the
resilient strips'   to   characterized in that are mirror-symmetrical with
respect to a diagonal.    a) the first layer is of aluminium. or a major
axis of the display element. A further     b) after providing the. first
layer of aluminium embodiment of a display device in accordance      the
regions of said layer which should remain with the invention is
characterized in that the    connected to the supporting plate are anodized
apertures in the display part of a third electrode    5   and in that have
such a size that the switching time of the        c) upon removing the
first layer by undercutting third electrodes is smaller than 1/25 second.
For    only the non-anodized parts of the aluminium displaying moving
television pictures approxi-       layer are etched away. mately 25 frames
per second are necessary. The         Still a further embodiment is
characterized in. size of the apertures in the display part can now  20
that the second layer is an electro-deposited be chosen to be such that the
switching times of     nickel layer. As a result of the electrodeposition
the third electrodes are small as compared with      resilient elements are
obtained which are sub- the picture time (1125 sec) of a television picture
stantially free from mechanical stresses. Still a By a suitable choice of
the size of the apertures,   further embodiment is characterized in that
the, switching times smaller than, for example, 1 msec    25   fourth layer
is a silver layer. The invention will now be described in greater can be
obtained. Thus grey scales can be made by driving the third electrodes
during fractions of a  detail, by way of example, with reference to the
frame time so that the display device is suitable    accompanying drawings,
in which for displaying black-and-white television pictures.    Figures 1a
and lb are diagrammatic drawings A further embodiment is characterized in
that    30   to explain the operation principle of the display the surfaces
of the third electrodes facing the first  device supporting plate form  at
least two sets of            Figure 2 is a diagrammatic sectional view of a
electrodes reflecting light in different colours. By  first embodiment of a
display device according to causing the surfaces of the third electrodes
facing  the invention,          - the first supporting plate to reflect
alternately red,    35  Figures 3a to 3f explain a first method of green
and blue light, it is possible to display      manufacturing a movable
electrode, colour television pictures.                            Figure 3g
explains a second method of manu- Another embodiment with  which  colour
facturing a movable electrode, pictures can be displayed is characterized
in that     Figures 4a to 4d show diagrammatically a at least two sets of
filters passing light of different    40    number of embodiments of
movable electrodes *    colours are provided on the first electrodes.
and the resilient elements connected thereto. A method manufacturing a
display device according to the invention is characterized in that
Figure 5a is a diagrammatic sectional view of a it comprises the following
steps:                    second embodiment of a display device in accord-
a) providing on a substrate a first layer of a    45    ance with the
invention, material which can be etched by means of a first       Figure 5b
is a structure diagram of the device etchant,
shown in Figure 5a, b) providing a second layer of a material which
Figures a.and 6b explain the principle of athird can be etched by means of
a second. etchant,         embodiment of a display device in accordance c)
providing the pattern of resilient elements in    50    with the invention,
and the second layer by means of a photoetching            Figure 7 shows
diagrammatically a part of a method using the second etchant,
fourth embodiment of a display device in 



d) providing a third layer of the same material    accordance with the
invention. as the first layer,                                    With
reference to Figures la and lb the e) making apertures in the third layer
by means    55    operating principle will be explained of a third of a
photoetching method using the first etchant     electrode  which  is
movable  between  two at the area where the resilient elements should
electrodes by electrostatic forces, as in a display remain connected to a
display element to be          device according to the invention. Figure la
formed,                                              shows diagrammatically
two fixed  electrodes 1 f) providing a fourth layer of a material which
60   and 2 at a mutual distance d. A movable electrode can be etched by
means of a third etchant            3 is present between the electrodes 1
and 2 at a g) providing in the fourth layer the pattern of    distance x
from electrode 1. Insulating layers 4 the display part having aperture by
means of a       and 5 having a thickness [err] are provided on the
photoetching method using the third etchant,         electrodes 1 and 2.
The third electrode 3 can h) making, by means of the second etchant,   65
hence move between the extreme positions 4    0 085 459
8 [err]                                   supporting plates 10 and 11 of
which at least th supporting plate 10 is transparent. The support where'
the inner face of electrode 1 represents      ing plates 10 and 11 are, for
example, of glass or x= 0 as shown in Fig. lb. Voltage pulses +V and.
another material. A transparent electrode 12 is -V are applied to the
electrodes 1 and 2, while a    5    provided on the supporting plate 10.
Strip-shaped variable voltage pulse Vg is simultaneously        electrodes
13 are provided on the. supporting applied to the third electrode3..
Withthe dielectric.  plate 11. The electrodes 12 and 13 have a [err] of the
liquid and the insulating layers    thickness of approximately 0.1 [err]
and are manu- substantially the same, an electrostatic force   '
factured, for example, from indium oxide and/or 10  tin oxide. Electrically
insulating layers 14 and 15 of quartz, 1 to 2 pm thick, are provided on the
=1/2                                        electrodes  12 and  13. The
device  further [err]                           comprises a number of
movable electrodes 16 shown diagrammatically which are connected to
directed towards electrode 2 and an electrostatic   15   the insulating
layer 15 by means of a number of force
resilient elements. The  electrodes  16  are connected together in one
direction by means of their resilient elements and form strip-shaped
electrodes which cross the electrodes 13 substan- [err]
20   tially at right angles. The construction and the manufacture  of the
electrodes  16 will be directed towards electrode 1 is exerted on the
described in greater detail with reference to electrode 3 per unit area,
[err] being the dielectric    Figure 3. The surface of the electrodes 16
facing constant of the medium between the electrodes 1      the transparent
supporting plate 10 is reflective. and 2. The broken line indicating the
equilibrium    25   The supporting plates 10 and 11 are kept spaced between
said forces is indicated by reference       apart. and the device is sealed
by an edge of numeral 8 in Figure lb. This line 8 intersects the   sealing
agent 17. The space between  the line [err] at a voltage
supporting plates 10 and 11 is filled with an opaque non-conductive liquid
18 the colour of [err]                           30    which is contrasting
with the diffuse-reflecting colour of the electrodes 16. The liquid 18 is
and the line [err] at a voltage  .                 formed, for example,by a
solution of Sudan-black in toluene. By applying voltages to the electrodes
[err]                                    12, 13 and 16, the electrodes 16
can be driven 35   from one stable state to the other. When the The
equilibrium of electrode 3 is naturally labile   electrodes 16 are present
against the insulating for when the electrode 3 is moved from the
layer 14, the ambient light is reflected by the equilibrium condition over
a. small distance the     electrodes 1 6. When the electrodes 16 are
present. electrostatic force between the approaching         against the
insulating layer 15, the electrodes 16 electrodes becomes larger and the
electrostatic   40    on the side of observation are not visible through
force between the receding electrodes becomes       the transparent
supporting plate 10 and the smaller. As a result of. this the third
electrode has  ambient light is absorbed by the liquid 18 or is at only two
stable states in the range of voltages'Vg   least reflected only in the
colour of the liquid 18. between
The device forms a so-called matrix display. 45    device in which the
strip-shaped electrodes 13 [err]
form, for example, the row electrodes and the strip-shaped electrodes 16
form the column 



electrodes of the device. namely against the insulating layer4 at [err] and
When a picture is written, the device is initially against the insulating
layer 5 at [err] for   50   in a state in which all third electrodes 16 are
example, when the electrode 3 engages the
presentonthesideofthesecondsupportingplate insulating layer 4, the voltage
Vg may increase to   11. The row electrodes 13 and the common substantially
[err] before the third electrode 3      electrode 12 are kept at voltages V
and 0 volts,' flips over to electrode 2. The voltage Vg can now
respectively. The row-electrodes 13 are driven decrease again to
substantially [err] before the   55    alternately with voltage pulses
which set the electrode 3 can flip back to electrode 1. In this    voltage
at the electrodes at 2V. The information manner the electrodes 3 traverses
a substantially   for a driven row electrode 13 is simultaneously ideal
hysteresis loop which is indicated by the line  presented to all column
electrodes. Voltage 9. As a result of this the device has a large
pulsesof2Vareappliedtothecolumn electrodes threshold voltage and a memory.
60    the electrode 16 of which at the crossing with the A first embodiment
of a matrix display device      driven row electrode 13 must flip over to
the first according to the invention based on the above-      supporting
plate 10, while voltage pulses of 2/3 V described  principle will be
explained  with        are applied to the remaining column electrodes.
reference to Figure 2 which is a sectional view of  After writing, all
electrodes 16 can be brought the device. The device comprises two parallel
65    back to the second supporting plate 11 by 5    9
0085 459                       10 simultaneously bringing all column
electrodes to   thickness of 0.3 [err]  is provided over the 0 V for a
short period of time.                     assembly. The pattern of the
display part 20 Figure 3a is a plan view of a movable electrode   having
apertures 21 is then etched in said layer by 16. The display part 20
thereof is formed by a      means of a photo-etching method (Figure 3e).
The diffuse reflecting.. silver layer provided . with a    5    etchant is
an iron nitrate solution which does not - largr number of apertures 21.
Four resilient'      attack the underlying aluminium layer 35 and the
elements 22 which are shaded in the Figure are       nickel layer 34.
Apertures 24 are then etched in provided below the display part 20. The
ends of     the ends 23 of the resilient elements 22 by means the resilient
elements 22 which are connected to    of nitric acid, corresponding parts
of the display the display part 20 are shown in dotted lines 23.   10
part 20 serving as a mask. The aluminium layer 35 These ends 23 have
apertures which correspond       and the aluminium layer 33 are then etched
away to apertures 21 in the display part 20. The other,  by so-called
undercutting via the apertures 21 in ends 25 of the resilient elements 22
are connected  the display part 20, the apertures 24 in the ends 23 to the
supporting plate by means of pillars 26.     of the resilient elements 22,
and via the edges of. Since the resilient elements 22 are present below
15   the resilient elements 22. Sodium  hydroxide the display part 20, the
complete surface of the    solution is used as an etchant which does attack
movable electrode 16 is used for displaying. Since  the aluminium layers 35
and 33 but does not furthermore the whole area of the display part 20
attack the nickel layer 34 and the silver layer 37. can be used for
designing the resilient elements    Etching is discontinued at the instant
at which 22, small spring constants can be realized in a    20   only the
ends 25 of the resilient elements 22 are simple manner so that also in the
case of           still connected to the supporting plate 30 by electrodes
having small dimensions the resilient    means of an aluminium pillar 26
(Figure 3f).' forces are negligible as compared with the           A
second embodiment of. a method. of electrostatic forces. In principle two
resilient    .    manufacturing  movable  electrodes will be elements 22
are required for the movable   25   explained with reference to Figure 3g.
First again electrode 16. Because the resilient elements 22    an aluminium
layer 33 is provided on the are present below the display part, more
resilient  insulating layer 32. A layer 38 of a photolacquer is elements 22
can be provided, which increases the    then provided on said layer 33 and
apertures 39 redundancy of the device, because the movable       are made
therein in known manner. The apertures electrode 16 keeps functioning in
case one or   30  . 39 correspond to the regions 26 in the aluminium more
of the resilient elements 22 cease working.    layer 33 with which the ends
25 of the resilient The manufacture of the movable electrodes 16
elements 22 are connected to the supporting plate will be explained with
reference to Figures 3b to   30 (see Figure 3a). The aluminium  is then 3f
which are sectional views taken on the line      anodized at the area of
theapertures 39. In Figure III-Ill of Figure 3a during the various stages
of the    35 3g these regions are referenced 40. The photo- manufacture.
Figure 3b shows a supporting plate    lacquer layer 38 is then removed. For
the rest the 30 on which a 0.2 [err] thick strip-shaped electrode   method
continues as described with reference to 31 and a 1.5 lim thick insulating
layer 32 are      Figures 3b to 3f with the exception of the last provided.
First a 0.4 [err] thick aluminium layer 33  etching step. In this case
etching is carried out is provided on the layer 32 and then a 0.5 [err]
thick    40   with concentrated phosphoric acid which does nickel layer 34
is provided. The nickel layer 34 is  attack the aluminium layers but does
not attack provided by electrodeposition of the layer 34 from  the anodized
regions 40. 



a nickel sulphate bath. As a result of this a nickel  Very small movable
electrodes 16 can be layer 34 - is obtained  which  engages the
manufactured in the above-described manners. aluminium  layer 33 free from
mechanical   45   The area of the display part 20 is, for example,
stresses. The shape of the resilient elements 22 is  200x200 [err] and the
display part comprises, for etched in the layer 34 by means of a photo-
example, apertures 21 having a diameter of 6 [err] etching method,
reference numeral 23 denoting       at a mutual distance of 20 [err] the
ends of the resilient elements 22 which are to   Figures. 4a to  4d  show
a number' of be connected to the display part 20 still to be    50
embodiments of movable electrodes 16 and the formed (Figure 3c). The
movable electrodes 16       resilient elements connected thereto. The way
in are  electrically  through-connected  in  one       which all this is
shown is analogous to that of direction by means of the resilient elements
22     Figure 3a, with the difference that the apertures (see Figure 3a).
The etchant is nitric acid which  21 in the display part 20 of the
electrode 16 are not does attack the nickel layer 34 but does not attack
55   shown to avoid ambiguity of the drawing. For the aluminium  layer 33.
Since the resilient        clarity, furthermore, corresponding elements are
elements 22 need no longer be constructed to be     referred to by the same
reference numerals as in as small as possible, fewer accurate photolitho-
Figure 3a. The Figure 4a embodiment comprises graphic processes will
suffice in manufacturing     below the display part 20 four strip-shaped
said elements 22. A 0.3 l[err] thick aluminium layer   60   springs 22
which are arranged radially sym- 35 is then provided over the nickel layer
34 and    metrically with respect to the centre of the display the exposed
parts of the aluminium layer 33. Four   part 20. The ends 23 of the springs
22 are windows 36 are etched in the aluminium layer 35     connected to the
display part 20. The other ends at the area of the ends 23 of the resilient
elements  of the springs 22 are connected to the supporting 22 (see Figure
3d). A silver layer having a    65   plate (not shown in the drawing) via a
common 6                                                          ,    part
25 by means of a central pillar 26. As a result,  provided with charge. A
charge on the electrode. of the radially symmetrical arrangement of the,
59 of a row electrode 53 cannot leak away springs 22, the display part 20
will rotate slightly.  because after driving a row electrode 53 the in its
own plane when moved at right angles to,.     transistors 65 again come in
the non-conductive the plane of the drawings. Such a rotation does.
state. Dependent on the presence or absence of a not occur in the
embodiments shown in Figures        charge an  electrode 59 flips over to
the 4b to. In Figure 4b the springs 22- are mirror-    supporting plate 60
under the influence of the symmetrical with respect to the major axis I
and'    voltage on the electrodes 56 and 61. Since writing in Figures 4c
and 4d the springs 22 are mirror-     of information occurs electronically
and the write, symmetrical with respect to a diagonal of the    10    time
is no longer determined by the time display part 20. The hexagonal shape of
the          necessary for flipping over of the electrodes 59, display part
20 shown in Figure 4d, with a given  .  writing. can be done more rapidly
and the picture intermediate space d between the adjacent
corresponding to the written information can also. display parts 20,
provides a better area filling and  be observed more rapidly. Instead of a
single hence a greater whiteness. The method of.   15   transistor the.
memory elements may also be manufacturing  the  embodiments shown  in
provided  with  several  transistors  and/or Figures 4a to 4d is analogous
to that explained      capacitors. with reference to Figures 3a to 3g. The
central        A third embodiment of a display device in position of the
pillars 26 with respect to the       accordance with the invention suitable
for. display part 20 makes the embodiments shown in   20   displaying
black-and-white television pictures will Figures 4a to 4d particularly
suitable for the       be explained with reference to Figure 6. Figure 6a
individual driving of the electrodes 16. This       shows diagrammatically
an elementary cell of a possibility will be described in greater detail
with  third electrode 82 with aperture 83 which moves reference to the
embodiments of a display device     over a distance h in a cylinder 80
filled with liquid shown in Figures 5a and 5b.                    25   81
between a first electrode 84 and a second. Figure 5a is a diagrammatic
sectional view of      electrode 85. At a-voltage difference V between. the
display device. The lower supporting plate is    the first electrode 84 and
the second electrode 85, formed by a semiconductor layer 50 of, for
in which the third electrode 82 is connected to one example, silicon. A set
of memory elements 52        of said electrodes, the transit time T is
given to an arranged in rows and columns is provided in said   30
approximation by the following formula: semiconductor layer 50. The memory
elements 52 may be provided with information by means of a
[err] matrix  of row  electrodes 53 and  column electrodes 54 provided on
the semiconductor layer 50 and insulated from each other at the    35
crossings. A silicon oxide layer 55 is provided      wherein n and a are
the viscosity and the. over the  said  structure  and  strip-shaped
dielectric constant of the liquid 81, respectively, electrodes 56 are
provided on it. An insulating      and D and A are the diameters of the
third 



quartz layer 58 on which individual resiliently      electrode 82 and the
aperture 83, respectively and connected electrodes 59 are provided in the
same    40   h is the distance between electrodes 84 and 85. manner as
described with reference to Figures 2       For a toluene-filled device and
3 is provided over the electrodes 56. Each electrode 59 is connected via an
aperture 57 in the              n=0.6 [err] Nsec [err] layers 55 and 58 to
a memory element 52. A common electrode 61 which is covered with an    45
and insulating quartz layer 62 is provided on the other supporting plate
60. Again an opaque liquid is   .               [err] present between the
supporting plates 50 and 60. The operation of the display device will be
At a distance h=[err] between the first and explained with reference to
Figure 5b which    50   second electrodes 84 and 85 and a diameter shows a
structure diagram of the device. Each        D=[err]= of the third
electrode 82 the transit memory element. is formed by a field effect
time is given by: transistor 65, the gate and source of which are connected
to a row electrode 53 and a column electrode 54 . respectively. The drain
of the    55                 [err] transistor is connected to a movable
third electrode 59. A row electrode 53 is driven with a positive  voltage
pulse. The transistors - 65.       In Figure 6b said transit time T is
plotted as a connected to a driven row electrode 53 hereby       function
of the diameter A of the aperture 83 for become conductive. The information
for a driven    60   the case V=50 Volts. Also plotted in Figure 6a on row
electrode 53 is simultaneously presented to     the righthand side is the
whiteness W, i.e. the all column electrodes 54. The presented voltage
effective reflecting surface of the electrode 82 as a pulses charge the
associated electrodes 50. In this  function of the diameter A of the
aperture 83. It manner all row electrodes 53 are successively
appears from the Figure that the realization of driven and the associated
electrodes 59 are   65   short transit time T. i.e. a rapid display, is at
the 7    13                                      0 085 459
14 expense of the whiteness W and hence also at the     opaque liquid
between the supporting plates the expense of the contrast. It is possible,
however, to  colour of which liquid contrasts with the colour of
manufacture rapid third electrodes 83 having a       the side of the third
electrodes facing the first comparatively large contrast. In the situation
supporting  plate, characterized  in that the shown in Figure 6a third
electrodes 83 having a    5    resilient elements of the third electrodes
are transit time T=0.88 msec have a whiteness            located between
said display parts of said third W=0
electrodes and said second of said supporting. The transit time T can still
be reduced by          plates at a side remote from said first supporting
reducing the distance h and/or increasing the        plate. voltage V. When
there is a reduction of the    10      2. A passive display device as
claimed in Claim: distance h and the electrostatic forces on the third  1,
characterized in that the first electrodes form a electrodes 82 remain the
same, then the voltage V    first set of strip-shaped electrodes, the
second should also be reduced in which in that case the     electrodes form
a second set of strip-shaped transit time T reduces to the same extent as
h.      electrodes and the third electrodes are arranged Since the transit
time T is inversely proportional   15   according to columns crossing the
electrodes of to V2, the transit time T becomes still much         the
second set substantially at right angles. smaller when the voltage V is
increased.               3. A passive display device as claimed in Claim As
a result of the short transit time T black-and-  1 or 2. characterized in
that the third electrodes in white television pictures can be displayed by
a column are electrically interconnected. means of a display device in
accordance with the    20  4. A passive display device as claimed in Claim
invention. For displaying  moving  television         1, 2 or 3,
characterized in that the first electrodes pictures substantially 25 frames
per second are      form a common electrode. necessary. Since switching
times T can now be          5. A passive display device as claimed in any
realized which are small as compared with the         preceding Claim,
characterized in that the display frame time, grey scales can be made by
driving    25    parts of the third electrodes have a polygonal third
electrodes 82 for fractions of a frame time.   shape. A display device for
displaying black-and-white       6. A passive display device as claimed in
Claim television has the same construction as the device    5,
characterized in that the polygon is a hexagon. shown in Figure 5a, with
the difference that each      7. A passive display device as claimed in
Claim memory element 52 has a counter which counts   30    1, 2, 4, 5 or 6,
characterized in that the second the number of clock pulses with which the
supporting plate is formed by a semiconductor fraction is determined in
which a third electrode is  layer in which a set of memory elements
arranged driven.                                               in rows and
column are provided which memory 



According to a further embodiment not shown         elements can be driven
and provided with the movable electrodes comprise alternately red,   35
information by means of a matrix of row and green and blue-reflecting
surfaces with which         column  electrodes provided  on  the  semi-
colour television pictures can be displayed.          conductor layer, that
the third electrodes are A further embodiment of a display device in
formed by a set of picture electrodes arranged in accordance with the
invention will be explained'      rows and columns, and  that each  picture
with reference to Figure 7 which shows diagram-   40    electrode is
connected to a memory element in matically a part of the display device.
Again a      the semiconductor layer. transparent common electrode 91 is
present on          8. A passive display device as claimed in any the
transparent supporting plate 90. On said          preceding  Claim,
characterized  in that the electrode 91, regions 92, 93 and 94 passing
light     apertures in the display part of a third electrode in the colours
red, green and blue are provided.    45    have such a size that the
switching time of the An insulating layer 95 is provided again over said
third electrode is smaller than 1/25 second. colour filters. When, for
example, a movable           9. A passive display device as claimed in any
electrode engages a region 92, red light is           preceding  Claim,
characterized  in that the reflected by said electrode. In this manner it
is    surfaces of the third-electrodes facing the first also possible to
display colour television pictures.    50   supporting plate form  at least
two sets -of electrodes reflecting light in different colours. Claims
10. A passive display device as claimed in one or more of the Claims 1 to
8, characterized in that 1. A passive display device comprising a first
at least two sets of filters passing light in different and a second
supporting plate of which at least    55   colours are provided on the
first electrodes. the first supporting plate is transparent, first and
11. A method of manufacturing a display device second electrodes on the
facing surfaces of the       as claimed in any of the preceding Claims,
first and the second supporting plates respec-        characterized in that
the method comprises the tively, at least the first electrodes being trans-
following steps: parent, third electrodes which comprise an    60        a)
providing on a substrate a first layer of a apertured display part which is
secured to one of     material which can be etched by means of a first the
supporting plates by means of a number of         etchant, resilient
elements, and which third electrodes are      b) providing a second layer
of a material which movable between the first and second electrodes
can be etched by means of a second etchant, by electrostatic forces, and
further comprising an    65  c providing the pattern of resilient elements
in    13              0   085 459 expense of the whiteness W and hence also
at the     opaque liquid between the supporting plates the expense of the
contrast. It is possible, however, to  colour of which liquid contrasts
with the colour of manufacture rapid third electrodes 83 having a      the
side of the third electrodes facing the first comparatively large contrast.
In the situation      supporting  plate, characterized  in that' thi shown
in Figure 6a third electrodes 83  having a  5 resilient elements of the
third electrode are transit time T=0.88 msec have a whiteness
located between said display parts of said third electrodes and said second
of said supporting The transit time can still be reduced by   plates at a
side remote from said first supporting reducing the distance h and/or
increasing the        plate. voltage V. When there is a reduction of the
10      2. A passive display device as claimed in Claim distance h and the
electrostatic forces on the third  1, characterized in that the first
electrodes form a electrodes 82 remain the same, then the voltage V
first set of strip-shaped electrodes, the second should also be reduced in
which in that case the   electrodes form  a second set of strip-shaped
transit time T reduces to the same extent as h.      electrodes and the
third electrodes are arranged' Since the transit time T is inversely
proportional   15   according to columns crossing the electrodes of to V2,
the transit time T becomes still much        the second set substantially
at right angles. smaller when the voltage V is increased.               3.
A passive display device as claimed in Claim As a result of the short
transit time T. black-and-  1 or 2, characterized in that the third
electrodes in white television pictures can be displayed by     . a column
are electrically interconnected. means of a display device in accordance
with the    20  4. A passive display device as claimed in Claim invention.
For displaying  moving television         1, 2 or 3, characterized in that
the first electrodes pictures substantially 25 frames per second are form a
common electrode. necessary. Since switching times T can now be          5.
A passive display device as claimed in any realized which are small as
compared with the        preceding Claim, characterized in'that the display
frame time, grey scales can be made by driving:   25    parts of the third
electrodes have a polygonal third electrodes 82 for fractions of a frame
time.  shape. A display device for displaying black-and-white      6. A
passive display device as claimed in Claim. television has the same
construction as the device   5, characterized in that the polygon is a
hexagon. shown in Figure 5a, with the difference that each      7. A
passive display device as claimed in Claim 



memory element 52 has a counter which counts   30    1, 2, 4, 5 or 6,
characterized in that the second the number of clock pulses with which the
.          supporting plate is formed by a semiconductor fraction is
determined in which a third electrode is  layer in which a set of memory
elements arranged driven.                                              in
rows and column are provided which memory According to a further embodiment
not shown        elements can be driven and provided with the movable
electrodes comprise alternately red,  35   information by means of a matrix
of row and green and blue-reflecting surfaces with which        column
electrodes . provided  on  the  semi- colour television pictures can be
displayed.         conductor layer, that the third electrodes are A further
embodiment of a display device in        formed by a set of picture
electrodes arranged in accordance with the invention will be explained
rows and columns, and that each  picture with reference to Figure 7 which
shows diagram-   40    electrode is connected to a memory element in
matically a part of the display device. Again a      the semiconductor
layer. transparent common electrode 91 is present on          8. A passive
display device as claimed in any the transparent supporting plate 90. On
said         preceding  Claim, characterized  in that the electrode 91,
regions 92, 93 and 94 passing light    apertures in the display part of a
third electrode in the colours red, green and blue are provided.   45
have such a size that the switching time of the An insulating layer 95 is
provided again over said  third electrode is smaller than 1/25 second.
colour filters. When, for example, a movable           9. A passive display
device as claimed in any electrode engages a region 92, red light is.
preceding  Claim, characterized  in that the reflected by said electrode.
In this manner it is    surfaces of the third-electrodes facing the first
also possible to display colour television pictures.   so   supporting
plate form  at least two sets of electrodes reflecting light in different
colours. Claims                                                 10. A
passive display device as claimed in one or more of the Claims 1 to 8,
characterized in that 1. A passive display device comprising a first    at
least two sets of filters passing light in different and a second
supporting plate of which at least   55   colours are provided on the first
electrodes. the first supporting plate is transparent, first and   11. A
method of manufacturing a display device second electrodes on the facing
surfaces of the      as claimed in any of the preceding Claims, first and
the second supporting plates respec-       characterized in that the method
comprises the tively, at least the first electrodes being trans-
following steps: parent, third electrodes which comprise an    60       a)
providing on a substrate a first layer of a apertured display part which is
secured to one of   material which can be etched by means of a first the
supporting plates by means of a number of        etchant, resilient
elements, and which third electrodes are     b) providing a second layer of
a material which movable between the first and second electrodes      can
be etched by means of a second etchant, by electrostatic forces, and
further comprising an    65  c) providing the pattern of resilient elements
in a    0 085 459                          16 the second layer by means of
a photo etching method using the   second etchant, d)  providing a third
layer of the same layer as the first layer, e) making apertus in the third
layer by means of a photo-etching method using the first etchant at the
area where the resilient element should remain connected to a display
element to be @~         formed ;            f)providing a fourth layer of
a material which can be etched by means of a third layer etchant,
g)providing in the fourth layer the pattern of the display part having
apertures by means of Y                photoetching method using the third
etchant,                                                oders 2, dh
iplyprtsrin surch  gekennzeichnet,  dass diedAzigtiteder h) making ,by
means  of a second etchant apertures in those parts of the resilient
elements *             which are connected to the display part ,the
corresponding parts of the display part serving as a mask ,and
h. P     Anzeigeanordnung nach Anspruh 1. i)removing the third layer and
parts of the first 4K             layer by undercutting via the apertures
and edges in the fourth and second layers by means of the :.~ ~
first etchant. 12.A method as claimed in claim 11,charac- 



terized in that a.the first layer is of aluminium b.after providing the
first layer of aluminium the regions of said layer which should remain
connected to the supporting plate are anodized, -                      and
in that c. upon removing the first layer by undercutting only the
non-anodized parts of the aluminium
7. Passive Anzeigeanordnung nach Anspruch 1, layer are etched away. 13.A
method as claimed in claim 11 or 12, characterized in that the second layer
is an electro-deposited nickel layer. 14.A method as claimed 11,12 or 13,
characterized in that the fourth layer is a silver layer.    iMo
*17                    0 085459                        18 fahrens unter
Verwendung des zweiten Atz,            desdites  troisiemes  electrodes  et
lesdit...- mittels,                                             deuxiemes
plaques de support d'un c6te 6loigne .: d) Anbringen einer dritten Schicht
des gleichenl"  desdites premieres desdites plaques de support. Werkstoffes
wie der der ersten Schicht,   - - <        2. Dispositif d'affichage passif
salon Ia reve :. e) Durchlochung derdritten Schicht mtteinemf'   s.
dication. 1, caracteris .en ce qua les premieres.       I .
Photoitowerfahren unter Verwendung des ersten        electrodes
constituent:  un   premier  jeU'- Atzmitt4N_/ im  Bereich, in dem  das
federnde-       d'electrodes en formi  de bande, les deuxiemes Element mit
einem zu bildenden Anzeigeelement 'efectrodes  constituent  un- deuxieme
jew verbunden bleiben. muss,                             d'electrodes en
forme de bands, et les troisiemes.t f) Anbringen einer vierten Schicht
sines Werk-   to   electrodes sont disposees suivant des colonnes        :
stoffes, die mittels sines dritten Atzmittles'  .    qui croisent les
electrodes en forms de bande du: ausgeatzt werden kann,
deuxieme jeu pratiquement perpendiculairement- g) Anbringen des Musters des
Anzeigeteils mit        3. Dispositif d'affichage passif selon la reven-;.
Offnungen in der vierten Schicht mit einem           dication I ou 2.
caracterise en ce qua les: Photoatzverfahren unter Verwendung des dritten
is  troisiemes electrodes dans une colonne sont Atzmittels,
interconnectees electriquement.    - h) Durchlochung jener Toile der
federnden            4. Dispositif d'affichage passif salon la reven-.
Elements mittels sines zweiten Atzmittels, die mit   dication 1, 2 ou 3,
caracterise  en ce que les- dem Anzeigeteil verbunden sind, wobei die ent-
premieres electrodes constituent une dlectrode- sprechenden Teile des
Anzeigeteils als Maske    20   commune. dienen, und
5. Dispositif d'affichage passif salon l'une des i) Entfernen der driten
Schicht und von Teilen     revendications pr6cddentes, caract6ris6 en ce
que. der ersten Schicht dutch UnterAtzen uber die        la partie
d'affichage des troisiemes dlectrodes Iffnungen und Rander in den vierten
und zweiten      presente une forme polygonale. Schichten mittels des
ersten Atzmittels.       25      6. Dispositif d'affichage passif selon la
revon- 12. Verfahren nach Anspruch 11, dadurch            dication 5,
caracterise en ce qua le polygons est gekennzeichnet, dass
un hexagons.. a) die erste Schicht aus Aluminium besteht,          7.
Dispositif d'affichage passif salon la reven- b) nach dem Anbringen
derersten Schicht aus        dication 1, 2, 4, 5 ou 6, caracteris6 en ce
quoa Is Aluminium die Gebiete dieser Schicht, die mit der   30   deuxieme
plaque de support est formee par une, Tragerplatte befestigt bleiben
mussen, anodisiert    couche  semiconductrice  dans  laquelle  est warden,
und dass                                     appliqu6 un jeu d'el6ments de
memoire en c) beim  Enfernen der ersten Schicht dutch         rangees et en
colonnes, element de m6moire, qui Unteratzen nur die nicht anodisierten
Taile der      peut etre excit6 et muni d'information A I'aidde
Aluminiumschicht abgeitzt werden.              35    d'une matrice
d'electrodes de rangee et d'elec-i 13. Verfahren nach Anspruch 11 oder-12,
da-        trodes de colonne appliqude sur lI couche serni- durch
gekennzeichnet, dass die zweite Schicht        conductrice, qua les
troisiemes dlectrades sont eine elektrisch abgelagerte Nickelschicht ist.
formees par un jeu d'electrodes d'image en 14. Verfahren nach Anspruch 11,
12 oder 13,        rangees et en colonnes et qua chaque electrode dadurch
gekennzeichnet, dass die vierte Schicht   40    d'image est connectee a un
el6ment de memoire eine Silberschicht ist.
dans la couche semiconductrice. 8. Dispositif d'affichage passif salon
l'une des * Revendications
revendications precedentes, caracterise en ce que les ouvertures dans la
partie d'affichage d'une 1. Dispositif d'affichage passif comportant une
45   troisieme electrode presentent une dimension premiere plaque de
support et une deuxieme           tells que la duree de commutation de la
troisihme 



plaque de support, dont au moins la premibest        electrode est
inferieure a 1/25 seconds. plaque  de  support est transparente, des
9. Dispositif d'affichage passif salon l'une des premieres et deuxiemes
electrodes sur les            revendications precrdentes, caracterise en ce
qua surfaces situees vis-a-vis des premiere  et   so   les surfaces des
troisiemes electrodes situ6es deuxieme plaques de support respectivement,
au       vis-a-vis de la premiere plaque de support consti- moins les prem
ieres electrodes etant trans-         tuent au moins deux jeux d'electrodes
reflechis- parentaes, des troisiemes elactrodes comportant      sant de la
lumiere en couleurs differentes. une partie d'affichage munie d'ouvertures,
qui est     10. Dispositif d'affichage passif salon l'une ou fixee a l'une
des plaques de support A l'aide de    ss    plusieurs des revendications 1
A 8, caracterise en plusieurs  elements  elastiques,  troisiemes         ce
qu'au moins deux jeux de filtres transmettant alectrodes qui peuvent etre
d6placees entre les      la lumiere en couleurs differentes sont appliques
premieres et deuxiemes electrodes par des forces     sur les premieres
electrodes. electrostatiques et comportant en outre un liquide     11.
Procede pour la realisation d'un dispositif opaque entre lea plaques de
support dont la   60   d'affichage salon l'une des revendications prece-
couleur est en contrasts avec la couleur de la face  dentes, caracterise en
ce quo le procede comporte des troisiemes electrodes situees vis-a-vis de
la    les etapes suivantes: premibre plaque de support, caracterise en ce
qua      a) application sur un substrat d'une premiere les elements
elastiques des troisiemes electrodes    couche en un materiau pouvant etre
decape a se situent entre lesdites parties d'affichage    65   I'aide d'un
premier decapant, C    L0*    19                   6 095
20                 I b) application d'une deuxieme, couche on un
correspondantes de la partie d'affichage servant matdriau pouvant etre
decap6 a l'aide d'un            de masque, et deuxime. d6capant,
,l enl6vement de la troisieme couche et de c) application de la
configuration d'6lements       parties de la premiere couche par decapa
;. . lastiques dans la deuxieme couche A l'aide d'un  s.   marginal par
l'intermediaire des ouvOrtures et des proced6 de photodecapage a l'aide du
deuxiename                              et-deuxibme coucha- decacant,
raid. d'un premier dccapant. d4_plication d'une troisieme couche du meme
12. Procede selon la -revendication 11, carac-       W materiau que celui
de la premiere couche,            t6rise en co que
.             -~ e) rdalisation d'ouvertures dans la troisieme    to   a)
la premiere couche estaen aluminiumm . couche A I'aide d'un procede de
photoddcapage a:        b) apr6s application de la premiere couche en
l'aide du premier d6capant A l'endroit oui les        aluminium, les
regions de ladite couche qui elements elastiques doivent rester fixes a un
doivent rester fix~es a la plaque de support sont 6l6ment d'affichage a
former,                        -anodisees, et que f) application d'une
quatrieme couche en un    15     C) lors de l'enlevement de la premibre
couche matrriau podaant etre  decape   I'aide d'un           par decapage
marginal, seules les parties non' troisieme decapant,        ,
anodisees de la couche d'aluminium  sont g) application, dans la quatrieme
couche, de la     enlevees par decapage. configuration de la partie
d'affichage presentant       13. Procede selon la revendication 11 ou 12,
des ouvertures A I'aide d'un proced6 de photo-    20   caracterise en ce
que la deuxieme couche est une d6capage et du troisieme decapant,
couche de nickel d6pos6e par voie 6lectrolytique. hW realisation, A l'aide
du deuxieme decapant,        14. Proced6 selon la revendication 11, 12 ou
13, d'ouvertures dans les parties des elements            caractdrise en ce
quo la quatrieme couche est une elastique A relier a la partie d'affichage,
les parties  couche en argent 25 30 35 40 45 50 55 60 65    


