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| NCLUDI NG A LI QUI D CRYSTAL AND A SI NGE- FACE PRI MED Cl RCU T. AND MODULE

- OBTAI NED VI A SAI D METHOD The present invention concerns a nmethod for making

adisplay nodule including at |east one liquid crystal cal?7 paoagcioed to a

control printed circuit for the display whose electronic conmponents for

ccontrolling the cell and whose netal connection paths to said conponents

- and said cell are arranged on a single face. The 5 invention also concerns

: i an be obt ai ned accordl ng_ to the nmet hod as well as
' i VERLE INCLUBING 4 | HOUE A A ASINLESMEe used in

vari ous fﬁRé‘lfTHEsEIRttﬂIfr ehpamoplLe OBHMNEDaAIAP@hI@tr«gmor for devices d| spl ayi ng

various data, which are I1NnKed 1o one of nore printed circuits with

el ectroni c conponents for controlling the el ectrodes of the cell.
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respective ut d crystal

partlcular to supply said module w1th electricity. The electrlc connection betwesn this
flexible printed circuit and the module occurs on the surface of the rigid printed circuit
35 carrying metal output paths of the module. No glue is used to maintain the electric




15 The use of flexible circuits including netal paths, as well as liquid
crystal cell control electronic conponents is also known. US Patent No.
5,469, 412 di scl oses an anal ogue watch for detecting nuclear radiations. A
flexible double face printed circuit is described. Two tonRgu@ausgrRbEsng
nmetal pads are directly connected to resﬁectlve conductive pads Of two
liquid crystal display cells w thout using zebra connectors. This 20
circuit is positioned under a frame |nclud|ng t he watch novenent, while the

tongues are _bent .so th t t he q crystal aced on hIS frame.
Anot her par FO8IECHRE BY Qﬂd Ofﬁrﬁ ﬂ%ﬂfﬁe ?L&td? P@%ﬁﬁ?ﬁ%’@@géﬁe foihéE e\%”éh
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single surface™of sai cifc t he "'manuf acturing costs are reduced
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out put ter MdaaleSscf bd AeusBdimpaarabed Lhistwhich@asgot intersect up to the
connection to the cell. Gven that the electric connection of the printed
circuit with the cell is achieved without internediate el ements, in
particular without zebra connectors, the spacing between the pads or netal
connection termnals of the printed circuit, and between the conductive
paths of the cell nay be reduced. The spacing, i.e. the pitch Wiich is the
35 added width of a path and a gap, could thus be less than 0.5 mm and
even Iess than 0 3 uul but this depends on Wiat is currently provided on

I .




drawings, in which: - Figures 1 a and 1 b show side and top views of the

di splay nodule after the 10 el ectrical connection step between the cell and
the printed circuit, - Figures 2a and 2b show top and bottom vi ews of the
modul e in axononetric perspective during_the step of placi2ngaaasry 2004
positioning the printed circuit on the back side of the cell, - Figures 3a
and 3b show side and top views of the display nodule in the state 15 in
which the printed circuit is secured in a state positioned on t he back of

the cell, - Figures 4 t wo_ axononet r.i fHve Vi f the
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Given that the electric connection of the printed circuit with the cell is achieved
without intermediate elements, in particular without zebra connectors, the spacing
between the pads or metal connection terminals of the printed circuit, and between the
conductive paths of the cell may be reduced. The spacing, i.e. the pitch which is the

35 added width of a path and a gap, could thus be less than 0.5 mm, and even less than
0.3 mm, but this depends on what is currently provided on the market by way of liguid
crystal cells. With this reduced spacing, one can position precisely the tongue of the




20 assenbly neans positioned with respect to targets 13 of the cell whether
in an optical or nechanical manner by using assenbly neans to nove the
printed circuit. This positioning of the printed circuit with respect to
the cell may of course operate with other marking neans oR7QbhedryR2aoget s
pl aced on said circuit visible for exanplé via transparency. In this case,
the targets or marking neans are aligned optically in a 25 perfectly

preci se manner. The final assenbly nmeans are two holes 12 arranged on two
lugs 17 pl I i t he
module 5 TR EREE U EAE S R P8P B ol el DR PG TR o8l B ep e
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each other via transparency of extension 16 of plate 22. Targets 13 which




22 may al so be used by the canera to position said tongue, but given the
transparency of the edge of first plate 22 of the cell and the visibility
of the conductive pads under the glass, targets 13 are not deened necessary
at this step of the nethod. 10 For the nechanical and el egyiyafudrgroest i ons
of the cell and the printed circuit, ext¥ensi on 16 of plate 22 is pressed
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cell where a Stthl‘l chf]aradhem ve material 25 (Figure 1 a) having a thickness
of around %fbeﬁ il a2 been pl aced bef orehand covering_all of back 24 of
said cell. As sddavidsrystiabcsrd. mihégh einreaeftthe ge@aiif EyﬁegBNbd?Pﬂ)‘éjr‘?érﬂ Rofpraser
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shape of printed circuit lugs 17 accessible after adhesion. Afterwards, a
tool perforates each of the two holes 12 in lugs 17 as a function of the




9 27 January 2004 noving the printed circuit along Z to adhere it to
the back of the cell. The nodul e assenbly neans are made before or after
securing the two el ements. Subsequently, printed circuit tongue 3 is
connected underneath extension 16 of first plate 22. In obdganify 2604h an
operation to succeed once the printed ci6euit is 5 already adhered to the
back of the cell, the tongue can be made Wth a central opening, netal
paths 5 ending in the shape of netal connection pads 4 having to pass
around the opening. A strip of anisotropic adhesive material is ?
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different cglds difspintsy ARARSGAB R BhOSIEI0 the corresponding pads of liquid
crystal cell 2. The face of printed circuit 1 with no components is first of ali held on a
35 plane surface for this step of the method.
A strip of anisotropic conductive adhesive material is placed either on the ends

of metal pads 4 of the printed circuit, or on the conductive pads of cell 2 prior to this



and the tine and date of the watch can be set. Figure 6 shows a vertica
cross-section of the finished watch assenbly with its 15 display nodul e 30.
The crystal 44 of the watch includes a peripheral ring 45 which is opaque
to conceal the edges of the cell and the el enents of the bagknesyeo0osf case
40, so that only portion 15 (Figure 1 b)7 of the display remains visible.
The case is nmoulded in plastic wwth a netal back cover bottom plate 46
connected to the positive pole of the battery 20 . The invention which has
just been described is of course not |imted to the wistwatch display
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indicates the subsequent bending direction at 180° of printed circuit 1 which has to be
30 placed on the back of cell 2.

In the following step of the method, visible in Figures 2a and 2b, an artificial
vision device 50 is used for positioning the printed circuit with respect to the cell. An
image of cell 2 with targets 13, defining the location of display 14 ( Figure 1b) is stored
before the printed circuit is bent above the cell. In order to do this, the display side of

35 cell 2 is held on a plane surface in a support arrangement. Afterwards, flexible printed
circuit 1, held by a suction tool, is bent so that it is iocated paralfel in a spaced
positioned above the back of the cell, the face with no components facing the back of




circuit (1) is flexible, inthat, in a final step, one end in the shape of
a tongue (3) is bent at 180 and secured so as to connect netal pads (4) of
the printed circuit (1 ) arranged - 12 - 27 January 2004 on the tongue
(3) to corresponding conductive pads of the cell (2) arraggedn@u}ygom of the
plates (22) of said cell (2). 5. Method®according to any of clainms 3 and 4,
characterised in that the nodule is fornmed of two liquid crystal cells (2)
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Once this step is finished, the printed circuit at 180° is bent in the region of the
25 tongues so as to be located parallel at a certain distance from the back of the secend
cell, and positioned on X and Y, prior to being moved along axis Z to be adhered to a
strip of achesive material 25 placed under the secend cell. Tongue 3 connecting the
first cell has a larger radius of curvature than tongue 3 connecting the second cell.
Of course when the module with two cells is made, tongues 3 may be secured
30 underneath extensions 16 of first plates 22 of the cells after the printed circuit face with
no components has been positioned and secured to the back of the second cell.
Figures 4a and 4b show the mounting of display module 30 in a watch case 40.
The two holes 12 made in the printed circuit allow said module to be heid and
positioned in its own plane easily and precisely in said case 40 on two studs 41,
35 integrai with the moulded plastic case. Once placed on the two studs, the module
allows a display to be positioned laterally in the watch case with a precision of less
than 100 um. Once introduced into the case, module 30 is sealed to the case by




10<d<d 10<d<d! })P5#10%d<d& ()-! )P5#10%d<d& ()-'g' (% s((0)dBrP17x
10! >) 1" 10%} <} & ()-)! " 109B& () -
i(l)?:ygig"/g 5}?3& (1;)%5} ﬁ' (107;5?'('&10%3%' ()-r"109%) & ()-0))*b***+dBr P17x

g "()-s 95} & 1%5&' 109%8) & ()-)*! 1dry 2
Olo;ﬁ%g/" (g Ef;”f) BRI, 0) } () B} & () -)*! 109@hsudry 2004
W #1098+8& ()-C) 1 &) (8#10% &] &&’ () -/ (8#1096} & ()-/ S "1096} & ()- &L0%E}& ()-
}$Y1098} & ()--. .5/ >0’?0@DAOV\OZI’\I(3)1IV[LE)%&' ()}F (12)[}[} 10[}[% (- &0} & 1)
10[}[}'&}61#10%}[}&'() [1&6] #1099 ! [ ! & % -
P51096) & ( Hefoapmsnibedmeact iy ¢ipiousd o4 45 AP SO TGRS MY IRAE T -
10%& ()-! LEULAYE () - [/ &10% ()-! MbLO%& () - b5h5f 68+8~99} [ <AP1!}#10%& () -

e (TR Ot PR L8 e Lof mank it
ZZYlO%J%' (b?gedsfn studs 41. However, said module may alsc be secured to the back cover of

- =X=>>a73a a ll 11 $1
0B ) ALy EEPIhALE LB RPN [ BE MM b SIS ()~ T! )

} &3#)1)0%18&&(%& b&@#ig%eg%%& q pem. llwgﬁq r&ntz milr%t the t(hucknessﬂ\%&hé module,

} #1090& () %@ﬁf@@&%@%&&%ﬁéer@%@%ﬂ@&m%é&ﬂdﬁl 2! amc\IE9% &iaf pf X 10 10

quartz resonator 6 and discrete components 7.
Figure 5 shows only a porticn of the flexible printed circuit which is bent and

10 adhered to an edge of the cell, said portionbarrying a metat terminal 10 for the contact
of a flexibie controi conductive strip 43 pushed by a push-button 42, visible in Figures
4a and 4b. By pressing push-button 42, different cell display modes can be selected,
and the time and date of the watch can be set.

Figure 6 shcws a vertical cross-sectioh of the finished watch assembly with its

15  display module 30. The crystal 44 of the watch includes a peripheral ring 45 which is
opaque to conceal the edges of the cell and the elements of the back cover of case
40, so that only portion 15 (Figure 1b) of the display remains visible. The case is
moulded in plastic with a metal back cover bottom plate 46 connected o the positive
pole of the battery.

20 . The invention which has just been described is of course not limited to the
wristwatch display module embodiment, but covers any display module, within the
reach of those skilled in the art, having assembly means, made on the printed circuit
secured to the back of the cell and positioned with respect to the location of the
display, to facilitate the mounting thereof on complementary means made in the device

25 accommodating it.
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#10 /gg&'5() characterlsed in that the method includes the steps of:
- placing the printed circuit (1) on the back side of the cell (2), the face of the
printed circuit (1) with no components facing the back of the cell (2),
- positioning the printed circuit (1) with respect to the cell (2), said printed circuit
(1} including means for assembling the module (12) so that, during positioning of the
10 printed circuit (1) with respect to display marking means (13) arranged on the cell (2),
they define the location of the display of the cell (2), and
- securing a portion of the face of the printed circuit (1) with no components
directly to the back of said cell (2}.
2. Method for manufacturing a display module including at least one fiquid
15  crystal ceil (2} connected to a display control printed circuit (1), said printed circuit (1)
having, arranged on a single face, electronic components (8, 7, 8) for controlling the
cell (2) and metal paths (5) for connection to said components and to said cell {23,
characterised in that the method includes the steps of:
- placing the printed circuit (1) on the back side of the cell (2), the face of the
20 printed circuit (1) with no components facing the back of said cell (2),
- securing a portion of the face of the printed circuit (1) with no components
directly to the back of said cell (2), and '
- making means (12) for assembling the module on the printed circuit (1),
positioned with respect to marking means (13) arranged cn the celt (2), so that they
25 define the location of the display of the cell (2).
3. Method according to claims 1 or 2, characterised in t'hat the printed circuit
(1) is flexible, in that, in a preliminary step, metal pads (4) of the printed circuit (1)
arranged on cne end in the form of a tongue (3) of said printed circuit (1) are
connacted to corresponding conductive pads of the cell (2) arranged on one of the
30 plates (22) of said cell (2), and in that the printed circuit (1) is bent at 180° in the region
of the tongue to be placed on the back side of the cell (2).
4. Method according to claims 1 and 2, characterised in that the printed
circuit (1) is flexible, in that, in a final step, one end in the shape of a tongue (3)is bent
at 180° and secured so as to connect metal pads (4) of the printed circuit (1) arranged
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the plates (22) of said cell (2).
5. Method accerding to any of claims 3 and 4, characterised in that the
module is formed of two liquid crystal cells (2) the first cell of which is secured above
5 the second cell, said printed circuit (1) being secured to the back of the second cell (2),
and in that the printed circuit (1) includes two tongues (3) placed one next to the other
on the same end, each carrying a series of metal pads (4) for the electric and
mechanical connection of the printed circuit (1) to the conductive pads of the
respective cells (2), the two series of conductive pads not covering each other when
10 seen from above. |
6. Method according to any of claims 3 to 5, characterised in that the metal
pads (4) of the printed circuit (1) are connected to the respective conductive pads of
the liquid crystal cell or celis (2) by applying a strip of anisotropic conductive adhesive
material on the conductive pads or on the metal pads (4), by placing the tongue or
15  tongues facing a respective plate extension (16) carrying said conductive pads so as
to align each metal pad (4) in superpasition with each corresponding conductive pad,
and by compressing and heating the tongue or tongues (3) against the face of the
respective plate (22) to establish the electric connection between said metal pads (4)
and conductive pads, said adhesive material being conductive sclely between the
20 metal (4) pads compressed against the respective conductive pads, the adhesive
material remaining insulating in the empty spaces between the metal pads (4) and in
the empty spaces between the conductive pads.
7. Method according to claims 1 and 2, characterised in that the entire
surface of the back of the cell (2) is secured onto the face of the printed circuit (1) with
25 no components.
8. Method according to any of claims 1, 2 and 7, characterised in that the
module assembly means (12) are two holes made in two fugs (17) of the printed circuit
(1) extending beyond the surface of the back of the cell (2).
3. Method according to claims 1 and 2, characterised in that the printed
30 circuit (1) is secured to the back of the cell (2) using a strip of adhesive material (25).
10. Method according to claims 1 and 2, characterised in that one edge of
the printed circuit (1) carrying a metal contact terminal (10) is bent at 80° and adhered
to the edge of the cell.
11. Display module, in particular for a wristwatch, able to be obtained using
35 the method according to any of the preceding claims, said module including at least
one liquid crystal call (2) connected to a flexible display control printed circuit {1}, said
printed circuit (1) having, arranged on a single face, electrenic components (6, 7, 8) for
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the tongue (3) and the respective conductive pads of the cell (2) are connected

10 means of a strip of anisotropic conductive adhesive material which is only conductive
between the metal pads (4) compressed against the respective conductive pads, the
achesive material remaining insulating in the empty spaces between the metal pads
(4) and in the empty spaces between the conductive pads.

13. Module according to claim 11, characterised in that it is formed of two

15 liquid crystal cells (2) the first cell of which is secured above the second cell, the
flexible printed circuit (1) being secured to the back of the second cell (2), and in that
the printed circuit (1) includes two tongues (3) placed one next to the other on the
same end of the printed circuit (1), each carrying a series of metal pads (4) for the
electric and mechanical connection to the conductive pads of the respective cells, the

20 two series of conductive pads not covering each other when seen from above.

14. Module according to ciaim 11, characterised in that the printed czrcunt (M
is adhered over the entire surface of the back of the cell (2) which includes a top
polariser (21) and three plates (22, 23, 24) the back plate of which, onto which the
printed circuit is adhered, is of the reflactor/polariser type.

25 15. Module according to claim 11, characterised in that one edge of the
flexible printed circuit (1) carrying a metal contact terminal (10) is in a bent state and
adhered to the edge of the cell (2). .

16. Watch including a display module according to one of claims 11 to 15,
characterised in that the watch case (40) includes complementary assembly means

30 (41) co-operating with the module assembly means (12) for the latera! positioning of
said module sc that the display of the liquid crystal display (2) is in a determined
position in the watch case (40).

17.  Watch according to claim 16, characterised in that the complementary
dispiay means (41) are two studs rising vertically from the back cover of the case (40)

35 co-operating with the module assembly means (12) which include two holes arranged
in two lugs (17) extending beyond the surface of the back of the cell (2).




