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-3 The results described hereinbefore are attained owng to the fact that
the nmeans for connecting the electrodes of a display cell to a control
circuit are not forned by contact parts which have to be individually
bonded, but by conductive paths which allgw the electrical contacts forned
by the el ectrodes of a cell to be transfefred fromthe edge of the cell to
t he back edge of said cell, then, fromthere, around said back edge and
onto the back of the cell, these conductive paths being formed on the edge
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the electrical contact parts ought to be added onto the edge of the cells would
considerably increase the manufacturing costs of such cells.

In order to overcome this problem, Patent documents JP 56 075624 and JP 56
168628 are known, which both disclose liquid crystat cells on the edge and back face
of which conductive paths are deposited by printing.

Owing to these features, the display cell substrates can have substantially
equal dimensions and do not need to be staggered with respect to each other to allow
the electrical connections to be established between the electrodes and the control
circuit. Thus, if, for the same external dimensions, the active surface of a liquid crystal
cell can be increased, the display resolution can be increased, i.e. a larger number of
line and column electrodes can be provided, without the pixel aperture, and thus the
reflectivity of the display cell, being altered. Conversely, the increase in the display cell
active surface, with a constant number of line and column electrodes, can be exploited
to increase the width of said electrodes and thus the pixel aperture, which has a
favourable effect on the reflectivity of the display.



-4 formng the electrical junction between the first and second parts of

t he conductive paths. According to a variant, the contact neans take the
formof discrete bunps. Thanks to these characteristics, conductive bunps
are arranged on at |least a part of the baﬁlg peri phery of the cell, so as to
repl ace the arrangenment of conductive paths around the back edge of the
cell by a lateral contact pad on the opposite faces of the conductive bunp
that is nore reliable and nore resistant from a nechani cal point of view.
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- at least one back substrate that may also be transparent or not, whose lower

surface forms the back face of said cell;

- a sealing frame joining the front and back substrates and defining a volume
for retaining an electro-optically or photo-electrically active medium in a sealed
manner;

- said front and back substrates including on their faces opposite to each other
at least one electrode each, these electrodes being intended to be connected by
conductive paths to an electrical power or control circuit and defining lateral electric
contact zones,

said cell being characterised in that the conductive paths are each formed of a
first part in contact with the electrodes at the level of the lateral electric contact zones,
and a second part extending over the back surface of the cell, contact means
arranged continuously or discontinuously over the edge and/or the back of said cell



t he back of which a control circuit has been directly nmounted; - Figure 10
is asimlar viewto that of Figure 8, the control circuit being nounted on
the back of the cell by nmeans of a printed circuit board; - Figure 11 is a
simlar viewto that of Figure 8, the coogrol circuit being nounted on the
back of the cell by neans of a flexible conductive film - Figure 12 is a
simlar viewto that of Figure 9, an absorbent stress relaxation |ayer
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_7_Figure 3 is a schematic, perspective and transparent diagramof a
liquid crystal cell 18 |ncluding two substrates 20 and 22, which can be
made of glass or any other transparent material such as plastic. Substrates
20 and 22 are joined to each other by a sgaling frane (see Figure 4 and
foll owi ng), which defines a sealed volune for retaining liquid crystals.
Only two el ectrodes 24 and 26 have been shown in the drawing. It goes
wi t hout saying, however, that in reality cell 18 includes a multiplicity of
el ectrodes whi ch -afigufeds iseicross-sémioh at as atiématissémbodimerofanslliqdd vhiseh face
each ot her. trode 24 extends substantially over the
total |engt hﬁgﬁ‘)ggg Q%rogﬁgﬂf@rﬁng ch it has been deposited and at one of
its ends, it is f1igwev isip @egresectionof sapthersatient efttbe fiquid orvdt display el e a
| at er al eI ecéHown if FYue b; zone 28. A conductive path 30 which is formed on
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t he conductive paths have to be structured, for exanple by |aser ablation.
For the sake of econony and in order to obtain a better yield, only first
parts 30a, 34a of conductive paths 30, 34 which extends over edge 27 of
liquid crystal cells 18 will be structured by |aser ablation, whereas
second parts 30b 34b of the sane conductlve paths 30 34 mhlch extend to
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g_ According to a variant of the invention shown in Figure 10, integrated
control circuit 56 is nounted on the back 31 of |iquid crystal display cel
18 not directly, but via a printed circuit board 60. According to yet
anot her variant of the invention shown ingFigure 11, the integrated control
circuit 56 is mounted on the back 31 of liquid crystal display cell 18 via
a flexible conductive film61 made of Kapton, a technique known as tape
automatic bonding or TAB. It goes without saying that the present invention
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between the electrodes and said conductive paths, but that, in practice, it is preferable
to make conductive paths of equal lengths.

It is thus unnecessary to stagger the substrates of one cell in order to access
the electrodes of the latter and establish the electrical connections with a power or
control circuit. Thus, this peripheral surface, which is normally reserved for connecting
the celi and which, proportionally, overlaps further onto the active surface of the cell,
the smaller the cell is, can be omitted. This proves particularly advantageous when,
for the same active surface of the cell, the number of line and column electrodes
increases. In fact, in such case, the width of the electrodes decreases, and in order to
keep the surface of the electrical contact pads constant, the electrodes would have to
be lengthened, which would have the effect of increasing the non-active zone around
the display cell.

Omitting the peripheral zone normally reserved for addressing a liquid crystal
display cell not only allows the aspect ratio, between the active zones and non-active
zones of such a cell to be improved. It also gets rid of a complex and cumbersome
system of flexible printed circuits that are usually bonded onto the periphery of the cell
and which connects the various control circuits that they carry to the electrodes of said
cell,

Untit now, a cell with several layers has been described, solely for the purpose
of making it clear that the invention is not limited to cells including a single active
layer, for example of liquid crystals, Nonetheless, for the sake of clarity, reference will
be made hereinafter to a display cell including only two substrates which enclose
between them a single liquid crystal layer.



- at least one transparent front substrate (2; 20) whose top surface forns
the front face (14) of the cell (1; 18); 5 - at |east one back substrate
(8; 22) that may also be transparent or not, whose |ower surface (12; 31)
forms the back face of said cell (1; 18);,- a sealing frame (36) joining
the front (20) and back (22) substrates and defining a volune (38] for
retaining an electro-optically or photo-electrically active nediumin a
seal ed manner; 10 - said front (20) and back (22) substrates including on
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Zones, to heat and to mechanical stresses and might tear at the places where they match the
often sharp back edge 40 of the cell during manufacture of the cell or when it is
handeld. This is why, according to the embodiment illustrated in Figures 5 and 6,
conductive bumps 42 are formed along back edge 40 of the cell to ensure the
continuity of conductive paths 30 and 34.

indeed, as is visible in Figure 5, conductive paths 30 and 34 are each made up

of a first part, respectively 30a and 34a, which extends over at least part of edge 27 of
ceil 18, and a second part, respectively 30b and 34b, which extends over at least a
part of back 31 of cell 18, conductive bumps 42 forming the electric junction between
the first ands second parts of said conductive paths 30 and 34. More specifically, the
first parts 30a and 34a of conductive paths 30 and 34 come into contact laterally with
conductive bumps 42, whereas the second parts 30b and 34b of said conductive




said cell being characterised in that the conductive paths (30, 34) are
each made up of a first part (30a. 34a) in contact wwth the el ectrodes at
the level of the lateral electric contact zones (28, 32), and a second part
(30b, 34b) extending over 15 the back surgace (31) of the cell (18),
contact neans (42) arranged continuously or discontinuously on the edge
(27) and/or on the back (12; 31) of said cell (1; 18) formng the electric
junction between the first (30a, 34a) and the second parts (30b, 34b) of

t he conduct i pathpa hed 33@an 2endgs foedd themmﬁaitgbmmpﬁmx anfl e¢érptd®r fhent 0 8,
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(12; 31) of ¢dmauellelp 54128) 11. Cell according to claim9, characterised
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aJcalca pgX\ 1 H) e back 31 and edge 27 of the cells have been metalized, the conductive
paths have to be structured, for example by laser ablation. For the sake of economy
and in order to obtain a better yield, only first parts 30a, 34a of conductive paths 30,
34 which extends over edge 27 of liquid crystal celis 18 will be structured by laser
ablation, whereas second parts 30b, 34b of the same conductive paths 30, 34 which
extend to back 31 of cells 18 will be structured by conventional photolithographic
techniques.

Reference will now be made to Figure 9 in which it can be seen that an
integrated display control circuit 56 is mounted directly on back 31 of display cel! 18.
In the example shown in the drawing, integrated circuit 56 is flip chip bonded on
display cell 18, such that its input ports 58 are bonded onto conductive paths 30, 34 of
cell 18. Of course, according to a variant, input ports 58 of integrated circuit 56 could
be connected to conductive paths 30, 34 by fine conductive wires, or wire bonding.

Thus, owing to these features, all of the operations for securing the integrated
display control circuit occur in the same working plane, namely the back face 31 of the
display cell, which considerably simplifies the manufacture of such an assembly. It will
be noted, moreover, that display cell 18 provides control circuit 56 with a very stable
mechanical support. It will be noted finally that, owing to the invention, it is possible to
use only one integrated circuit to control both the line and column electrodes.
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integrated control circuit 56 is mounted on the back 31 of liquid crystal display cell 18
via a flexible conductive film 81 made of Kapton®, a technique known as tape
automatic bonding or TAB.

It goes without saying that the present invention is not limited to the
embodiments that have just been described and that various simple alterations and
variants can be envisaged without departing from the scope of the present invention.
In particular, one could envisage (see Figure 12) depositing, on the back of the liquid
crystal cell, a transparent or coloured absorbent layer 62, whose functions would be
as follows:

- absorbing the light transmitted through the liquid crystal cell;

- acting as a relaxation layer for the thermo-mechanical stresses which appear
between the glass back substrate and the conductive paths during high temperature
assembly of the control circuit on said back substrate;

- protecting the cell, and in particular the liquid crystal, from radiation by the
laser beam during structuring of the metallic paths.

The absorbent layer should also be able to resist chemical etching baths when
the metallic layer is etched on the back of the cell.

One could also envisage (see Figure 13} replacing the individual conductive
bumps by a tape of anistropic conductive material 64, which would only lead the
current along direction of the depth of the tape, i.e. from back edge 40 of ceil 18
towards the centre of the latter and not transversely, to avoid any risk of short-
circuiting two adjacent conductive paths.
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- at Jeast one transparent froét s&tgs_tr%%eoffg"zﬁi #hose top surface forms the
front face (14) of the cell (1; 18);

5 - at least one back substrate (8; 22) that may also be fransparent or not,
whose lower surface (12; 31) forms the back face of said cell (1; 18);

. a sealing frame (36} joining the front {20) and back (22) substrates and
gefining a volume (38) for retaining an electro-optically or photo-electrically active
mediumn in a sealed manner,

10 - said front (20) and back (22) substrates including on their faces opposite
each other at least one electrode (24, 26) each, these electrodes (24, 26) being
intended to be connected by conductive paths (16; 30, 34) to an electrical pawer of
contral circuit (10; 56) and defining |ateral electric contact zones (28, 32),

said cell being characterised in that the conductive paths (30, 34) are each

15 formed of a first part (30a, 34a) in contact with the eiectrodes at the level of the lateral
electric contact zones (28, 32), and a second part (30b, 34b) extending over the back
surface (31) of the cell (18'), contact means (42} arranged continuously or
discontinuously over the edge (27) andfor the back (12; 31) of said cell (1; 18) forming
the electrical junction between the first (30a, 34a) and second parts (30D, 34b) of the

20 conductive paths (30, 34).
2. Gell according to claim 1, characterised in that the contact means (42)

take the form of discrete bumps.
3. Cell according to claim 2, characterised in that the first parts (30a, 34a)
of the conductive paths (30, 34) come into lateral contact with the conductive
25 bumps (42), whereas the second parts (30b, 34b) of the conductive paths (30, 34) can
extend as far as the top of said bumps (42) and cover them in whole or in part.

_ 4. Cell according to claim 2, characterised in that the second parts (30b,
34b) of the conductive paths extend at least partially undemeath the conductive '
bumps {(42).

30 " & Cell according to claim 1, characterised in that the contact means (42)
take the form of a tape of anisotropic conductive material (64).
6. Cell according to any of claims 1 to 5, characterised in that it includes a
stack of (n) individual cells, each of the individual cells being defined by two

substrates belonging thereto.
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7. Cell according to any of claims 1 to 5, characterised in that it includes
{n+1) superposed substrates, these (n+1) substirates being Joined in pairs by a sealing
frame.

8. Multi-layered fiquid crystal display cell (1) including four superposed
substrates (2, 4, 6, 8) joined in pairs by sealing frames which each define a sealed
cavity for retaining liquid crystals, a first sealing frame joining the substrates (2, 4),
while a second sealing frame joins the substrates (4, 8) and a third sealing frame joins
the substrates (6, 8), said substrates (2, 4, 6, 8) including on their faces opposite each
other at least one electrode each, said elecirodes being intended to be connected by
conductive paths (30, 34) to an electric control circuit (10} and defining jateral electric
contact zones,

said ceil being characterised in that the conductive paths (30, 34) are each
made up of a first part (30a, 34a) in contact with the electrodes at the level of the
lateral electric contact zones (28, 32),and & second part (30b, 34b) extending over
the back surface (31) of the cell (18), contact means (42) arranged caontinuously of
discontinuously on the edge (27) and/or on the back (12; 31) of said cell {1, 18)
forming the electric junction between the first (30a, 34a) and the second parts (30b,
34b) of the conductive paths (30, 34). _

9. Cell according to-any of claims 1-to 8, characterised in that the power or
control circuit (10; 56) is mounted on the back (12: 31) of the celi {1; 18).

10. Cell according to claim 8, characterised in that the circuit (10; 56) is
mounted directly on the back (12; 31) of the cell {1; 18).

11, Cell according to claim 8, characterised in that the circutt (10; 56) is
maunted on the back {12; 31) of the cell (1; 18) via a printed circuit board {60) or a
flexible canductive film (61)-

12. Cell according to any of claims 1 to 11, characterised in that a
fransparent or coloured absorbent layer {62) for relaxing therrmo-mechanical stresses
and able to resist 2 cherical etch bath Is deposited on the back of the cell (1 8).

13. Method of metallising a group of liquid crystal cells, characterised in that
it includes the steps of: '

- metallising the back (12; 31) of the cells (1; 18) while the latter are stili in
batches, ‘

- separating the cells (1; 18) in individua! cells;

- arranging the group of cells {1; 18) on a support or fitting (48) so that the cells
(1; 18) are arranged paraliel to each other obliguely and staggered in relation to each

other, and
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