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(37) ABSTRACT

A thin-film assembly (1) including a substrate (2) and at least
one ¢lectronic thin-film component (8) applied on the sub-
strate by thin-film technology, wherein a base electrode (4) 1s
provided on the substrate, on which base electrode thin-film
layers (21) forming part of the thin-film component are
arranged together with an upper top electrode (9); the sub-
strate (2) 1s comprised of a printed circuit board (2) known per
se and mncluding an 1nsulation-material base body (3) and a
metal coating as the conductor layer (5), wherein the conduc-
tor layer (5) forms the base electrode (4) and, to this end, 1s
smoothed at least on the location of the thin-film component
(8), and wherein a contact layer (18) 1s applied by thin-film
technology between the smoothed, optionally reinforced,
conductor layer (5) and the superimposed thin-film layers
(21) of the thin-film component (8), which contact layer 1s
physically or chemically adsorbed on the surface of the base

clectrode (4).
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THIN-FILM ASSEMBLY AND METHOD FOR
PRODUCING SAID ASSEMBLY

[0001] Themventionrelates to a thin-film assembly includ-
ing a substrate and at least one electronic thin-film component
applied on the substrate by thin-film technology, wherein a
base electrode 1s provided on the substrate, on which base
clectrode thin-film layers forming part of the thin-film com-
ponent are arranged together with an upper top electrode.

[0002] Correspondingly, the invention also relates to a
method for producing a thin-film assembly including at least
one electronic thin-film component which 1s applied to a
substrate by thin-film technology.

[0003] From U.S. Pat. No. 4,839,358 A, an assembly
including electroluminescent elements provided on a sub-
strate 1s known, which may serve as a printed circuit board
and carry other electronic components. The known electrolu-
minescent assembly 1s applied on the substrate as a thick-film
structure, with the electroluminescent layer being printed on
copper-clad base electrodes being left after etching. A trans-
parent glass cover with an internal tin-oxide layer forming the
clectrode 1s attached thereabove by the aid of an adhesive.
Such a structure ivolves the drawbacks of not only having
comparatively large dimensions, particularly in the thickness
direction, but also being complex to produce.

[0004] On the other hand, 1t 1s known from EP 1 087 649 A

to apply an electroluminescent assembly to a substrate and
within an encapsulation by thin-film technology, with, in
particular, an organic (but also 1norganic) light-emitting layer
being provided as the active electroluminescent layer. Below
the same, a base electrode 1s applied on the substrate, for
instance, by deposition from the vapor phase, and above the
light-emitting layer a conductive materal 1s similarly depos-
ited from the vapor phase to form the top electrode. With a
view to providing a matrix-like assembly of electrolumines-
cent elements for a display, the top electrodes are arranged 1n
line form and the base electrodes 1n column form, whereas the
active electroluminescent elements are disposed “point-
wisely”. In view of the thin-film technology applied in that
case to realize the electroluminescent assembly, a glass sub-
strate 1s employed, which can be provided with a suificiently
smooth surface in order to enable the individual thin-film
layers to be readily attached, while additionally sate-guard-
ing the required inert property, 1.e., that no substances will
diffuse out of the glass material into the respective thin-film
structure. Such a glass substrate, however, involves the dis-
advantage of being comparatively complex and expensive to
produce and less suitable for the mounting of further elec-
tronic components, particularly in the course of a miniatur-
1zed circuit assembly.

[0005] Yet, a classic printed circuit board including a
metallic coating, 1n particular a copper coating, on an 1nsu-
lating or dielectric base body 1s not compatible with thin-film
technologies.

[0006] It 1s the object of the invention to overcome those
drawbacks by providing a technique that renders feasible the
production of thin-film assemblies 1n a simple and cost-ellec-
tive manner without requiring complex glass substrates for
the same. The mvention, 1n particular, aims to enable the use
ol conventional printed circuit boards and the integration of
desired electronic thin-film components like, 1n particular,
electroluminescent assemblies, but also other electronic com-
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ponents, directly 1n the same while, of course, additionally
allowing the mounting of electric components in a conven-
tional manner.

[0007] In accordance with the invention, the thin-film
assembly of the mitially defined kind 1s characterized in that
the substrate 1s comprised of a printed circuit board known
per se and including an insulation-material base body and a
metal coating as the conductor layer, that the conductor layer
forms the base electrode and, to this end, 1s smoothed at least
on the location of the thin-film component, and that a contact
layer 1s provided by thin-film technology between the
smoothed, optionally reinforced conductor layer and the
superimposed thin-film layers of the thin-film component,
which contact layer 1s physically or chemically adsorbed on
the surface of the base electrode.

[0008] In accordance with the mvention, a conventional
printed circuit board 1s thus “conditioned” in order to render
it compatible with thin-film systems. In doing so, the conduc-
tor layer, 1.¢., the metal facing of the printed circuit board 1s
smoothed and/or polished to form the base electrode 1n order
to thereby provide a base for a thin-film assembly. If required,
the thus obtained base electrode may still be chemically or
electrochemically reinforced, the mentioned smoothing of
the surface of the base electrode 1n that case being efiected
upon attachment of such reinforcement. The smoothing, in
particular, results 1n a maximum mean surface roughness of
10 nm and, preferably, 3 nm, the respective roughness assess-
ment being limited to technologically relevant surfaces hav-
ing dimensions of 20x20 um” (micro-roughness). Uneven-
nesses of larger lateral extents (macro-roughness) are
irrelevant 1 terms of thin-film technology. On the thus
obtained microscopically smooth surface of the base elec-
trode, a contact layer will then be present, which 1s preferably
metallic, yet may also be any other morganic or organic
chemical layer or even semiconductor layer, and which 1s, 1n
particular, able to fulfil several functions: On the one hand,
this contact layer serves to passivate the metal coating (base
clectrode) such that no substances will diffuse from the metal
coating into the superimposed thin-film assembly 1including,
¢.g., organic electroluminescent layers. On the other hand, the
contact layer constitutes, 1n particular, a contact-“promoting”
layer to enhance and stabilize the electric contact between the
active or passive thin-film layers of the thin-film component
and the base electrode. Furthermore, this contact layer also
constitutes an adhesion-improving layer to stabilize the
adherence of the thin-film structure on the base electrode,
thus ensuring long-term adherence. The respective contact
layer naturally 1s to be selected depending on the respective
thin-film component to be integrated, and 1t 1s generally pat-
terned by way of photolitography and by means of common
thin-film technologies, 1.e., by thermal evaporation, cold
cathode deposition, spin coating etc. The contact layer 1s, for
instance, comprised of a metal such as, 1n particular, alumi-
num, gold, palladium or platinum etc., yet also conductive
suspensions or solutions, e.g., polyaniline, polyethylene
dioxithiophene/polystyrenesulionic acid etc. may be used to
make the contact layer. By smoothing the conductor layer
forming the base electrode, and applying the contact layer, a
good adhesion of the respective thin-film structure as well as
an adequate electric contact will be ensured, thus enabling the
integration of thin-film structures in conventional printed cir-
cuit boards having dielectric base bodies and metal coatings.
The printed circuit boards may, as mostly employed today, 1n
this case be comprised of an epoxy-resin base body provided
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with a double-sided copper coating. The copper coating or,
generally, metal coating as such 1s comparatively thick and, 1n
an advantageous manner, may also serve as a cooling element
tor the respective thin-film structure; for this cooling func-
tion, the copper coating may be chosen accordingly thick (or
reinforced). Yet, 1t 1s, of course, also possible to use flexible
printed circuit boards, which are also called “conductor track
to1ls” and comprise, for instance, an insulating-material base
body of polyimide, polyethylenenaphthalate or polyester,
wherein a metal coating, e.g. of copper, may again be pro-
vided as conductor layer.

[0009] It should be noted that the previously mentioned
term “‘electronic” 1s to be understood 1n a broad sense, encom-
passing, i particular, electro-optical systems or layers such

as, 1n particular electroluminescent assemblies as are known
per se, ci. EP 0 834 662 A 1n addition to the documents U.S.

Pat. No. 4 839 558 A and EP 1 087 649 A mentioned in the
beginning. In a similar manner, however, solar cells, sensors
and, 1n particular, optical sensors, yet also temperature sen-
sors and the like and, furthermore, such electronic compo-
nents as diodes, transistors, field-etffect transistors, light-
emitting diodes, resistors, capacitors and protective elements
(e.g., snubbers) are, for instance, also conceivable as “elec-
tronic” thin-film components comprising the technology
according to the invention. As 1s known per se, these thin-film
components may each be protected by an encapsulation
against ambient influence, wherein 1t 1s, 1n particular, further
teasible to incorporate getter materials within the encapsula-
tion, which encloses a free, gas-filled volume, said getter
materials absorbing oxygen and/or water contained 1n the gas
volume and, hence, protect the thin-film component against
undesired chemical processes. In the event of an electrolumi-
nescent or photovoltaic assembly or an optical sensor as a
thin-film component, the encapsulation 1s made to be trans-
lucent or transparent, as 1s the top electrode and a separate
contact layer optionally disposed below the same, which may
again be—additionally—provided for contact-enhancement,
stabilization and passivation.

[0010] In the event of an electroluminescent assembly, the
encapsulation in a manner known per se may be equipped
with color converting and/or index matching layers oriented
to the local base electrodes or local thin-film components,
respectively.

[0011] In view of the use of a conventional printed circuit
board as a substrate, which has been rendered feasible by the
invention i an advantageous manner, and the resulting
options for providing the most diverse patterns of local base
clectrodes, 1t will be of particular advantage with an electrolu-
minescent device constituting a thin-film component system,
if local base electrodes having individual feedthroughs are
provided on the printed circuit board within an insulating grid
structure, with a planar electroluminescent thin-film system
as well as a planar, or strip-wisely or symbol-wisely pat-
terned, top electrode being arranged thereabove. With such a
configuration, the respective thin-film structure plus top elec-
trode can be 1ntegrated 1n a particularly simple manner with-
out loosing any of the control options for the mndividual elec-
troluminescent elements.

[0012] Another advantage of the use of a conventional
printed circuit board consists 1n that so-called via connec-
tions, which are known per se, may be provided for the
contacting of the electrodes through the base body of the
printed circuit board. Such feedthroughs and, 1n particular,
laser-drilled feedthroughs, due to their narrow, mimaturized
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attachment, offer the possibility to integrate components and,
in particular, optoelectronic components having particularly
high densities so as to enable the obtainment of, for instance,
display systems including a plurality of small, closely adja-
cent pixels, 1.e. high-resolution display systems.
Feedthroughs based on mechanical bores or plasma-etched
connections are, however, also conceivable. In an advanta-
geous manner, the feedthroughs for the connection of the base
clectrodes are provided directly below these base electrodes;
this 1s referred to as a via-in-electrode (VIE) structure. It 1s,
however, also feasible, and common 1n respect to the contact-
ing of top electrodes, to position feedthroughs 1n an offset
manner relative to the associated electrodes, which will
require the establishment of a horizontal electric connection
from a via pad on the upper side of the printed circuit board to
the component. Such a structure 1s called via-off-electrode

(VOE) structure.

[0013] When applying several thin-film components on a
printed circuit board, what will usually happen, it will be
required to eliminate the zones on the metal coating of the
printed circuit board between the thin-film components,
whereby also an additional insulation comprising, for
instance a photoresist, 1s provided and attached 1n a laterally
patterned manner by a photolithographic process. Such insu-
lations enclose the individual thin-film components inclusive
of their base electrodes, thus insulating the same relative to
one another. In this case, 1t 1s also suitable, prior to the attach-
ment of the mnsulations, to “close”, by a passivation layer
applied by conventional thin-film technology, the printed cir-
cuit board zones uncovered from the metal coating or con-
ductor layer, to thereby prevent any contamination of the
respective thin-film component by substances emerging from
the base body of the printed circuit board. Said passivation
layer may, for instance, be comprised of silicon oxide, a
sol-gel system or an epoxy compound. Here too, the respec-
tive passivation layer 1s, of course, to be again selected
depending on the nature of the remaining materials and, 1n
particular, the material of the base body of the printed circuit
board, the passivation, as a rule, being photolitographically
patterned and applied by common thin-film processes such
as, Tor mstance, thermal evaporation, spin coating, 1nk print-
ing processes or cold cathode coating etc. Instead of such a
patterned, local application, the initially full-surface, uniform
application of a passivation layer, for instance as a laminate,
1s, however, also feasible, with patterning being subsequently
realized by the aid of photolithographic etching techniques.

[0014] Asalready mentioned above, an essential character-
1stic feature for the applicability of conventional printed cir-
cuit boards 1n the present thin-film assemblies 1s to be seen 1n
that the conductor layer, and local base electrodes obtained
from this conductor layer by patterming, are smoothed so as to
obtain a low surface roughness. Said smoothing may be real-
ized 1n various manners known per se, with mechanical, yet
also electrochemical, chemical and chemicomechanical
smoothing procedures and/or polishing by 10n etching as well
as combinations of these methods being concervable. In this
respect 1t 1s, 1n particular, feasible to smooth the conductor
layer by chemical etching using, for istance, sulfuric acid,
nitric acid or chromosulfuric acid. On the other hand, 1t will
also be of advantage i1f the conductor layer 1s smoothed by
bombardment with particles of individual or several atoms or
molecules, such as, e.g., argon or argon clusters.

[0015] If reinforcements of the local base electrodes are
provided, 1t 1s, furthermore, suitable to previously passivate
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the printed circuit board temporarily in the remaining zones
by photolitographic procedures. The passivation layer
applied to this end 1s subsequently removed again only before
the application of the respective thin-film components and, in
particular, the contact layers.

[0016] Iftheconductor layer is patterned to form local base
clectrodes, 1t 1s, moreover, feasible to carry out the smoothing
of the conductor layer only betfore such (particularly photo-
litographic) patterning of the conductor layer.

[0017] As already mentioned above, not only ngid printed
circuit boards, but also flexible printed circuit boards can be
employed 1n the context of the technique according to the
invention. Presently, such flexible printed circuit boards are,
for 1nstance, used as mechanically robust and space-saving
connection means in multi-faceted forms, for instance as “flat
ribbon cable substitute™, which not only enable the establish-
ment of movable connections between individual electric
components of an appliance, but also permit the optimum
arrangement of a printed circuit board within the available
interior of a housing by bending, folding and twisting. The
integration of thin-film components 1n such flexible printed
circuit boards according to the technique described herein
now oifers the option to utilize the flexible zone by integrating
passive or active thin-film components without this resulting,
in a stiffening of the printed circuit board—as, for instance, 1n
the case of conventional rigid, thick components. Thus, mov-
able, tlexible and mechanically robust components will be
obtained, and the printed circuit board like the thin-film com-
ponent itself will, hence, be stressed under mechanical load to
a substantially lesser degree on account of the low volume and
low mass of the thin-film components. The use of flexible
printed circuit boards and, consequently, flexible thin-film
assemblies 1s concervable for many applications such as with
mechanically highly stressable elastic electronic components
that are exposed to vibrations, accelerations etc., with com-
ponents whose flexibility 1s part of their functionality such as
in the event of keyboards or sensors, with “mountable” fold-
ing circuit boards to bendable or even roll-up screens.

[0018] With such flexible printed circuit boards, the con-
ductor layeris again “conditioned” as pointed out above, so as
to render 1t compatible with the respective thin-film system.
The conductor layer forming the base electrode of the thin-
f1lm component 1s, thus, smoothed or polished and optionally
reinforced; moreover, the base electrode 1s provided with a
component-adequate contact layer, which may be applied by
a common thin-film process, 1.e. by thermal evaporation, cold
cathode coating, spin coating etc. Basically, all thin-film pro-
cesses are, by the way, excellently suitable for the coating of
flexible substrates to thereby form flexible structures,
wherein adaptations are to be optionally provided during the
process, above all, for the transport of the substrates between
the individual process stations. Hence, no modification of the
structure of the respective thin-film component will be
required, 1 a rigid printed circuit board 1s replaced with a
flexible printed circuit board, and 1t 1s exactly thin-film tech-
nologies which, due to the use of flexible printed circuit
boards, allow for an expansion of the application spectrum to
active tlexible sheet materials, thus enabling the production of
altogether flexible and ultralight thin-film assemblies having
the smallest component dimensions and which are able to
cope with strong mechanical stresses such as vibrations and
high accelerations or decelerations to a largely greater extent
than comparatively clearly thicker and heavier, conventional
components. It 1s even possible to obtain mounted folding or
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roll-up circuit boards, 1.e., thin-film assemblies that allow for
the optimum spatial adaptation of the electronic components
to the respective appliance or housing. Flexible passivation or
flexible encapsulation will not constitute any problems to
them, either. Instead of gluing with rigid glasses, 1t 1s, for
instance, feasible to use thin glass laminates or polymer-
oxide composite layer systems which offer sullicient protec-
tion against the penetration of gases or moisture despite their
small thickness and, hence, will effectively prevent any con-
tamination of the respective thin-film components. The suit-
able choice and design of the encapsulation material 1n
respect to the flexible printed circuit board substrate also
allows for the arrangement of the integrated thin-film com-
ponent exactly in the neutral plane of the whole assembly
such that only low tensile and pressure forces, if any, will
occur 1n the event of a deflection of the overall system 1n the
thin-1ilm component 1itself, 1.e. 1n the region of the boundary
layer: printed circuit board/encapsulation.

[0019] The flexible encapsulation layer may optionally be
prefabricated and attached to the printed circuit board,
wherein, for instance, an adhesion layer as an adhesion-pro-
moting intermediate layer as well as a passivation layer as a
barrier layer against moisture and air may then be provided.
Yet, the encapsulation layer may optionally also be directly

built up as a composite system above the thin-film compo-
nent.

[0020] In the event of optoelectronically active thin-film
components or displays, the (flexible) encapsulation suitably
1s again designed to be transparent or translucent, yet it 1s also
teasible to make the flexible printed circuit board to be trans-
parent or translucent, for instance, by using polyethylene
terephthalate, polyacryl or polyether etherketone, these base
materials being provided with transparent or semi-transpar-
ent metal films, metal alloys, conductive metal oxides (e.g.,
aluminum-doped zinc oxide, zinc-doped indium oxide, etc.)
and/or conductive suspensions or solutions (based on polya-
niline or polyethylene dioxithiophene/polystyrenesulionic
acid).

[0021] The option to fold or roll tlexible printed circuit
boards comprising optoelectronically active thin-film com-
ponents 1s of particular importance especially to display sys-
tems: In this respect, elastic, mechanically robust and roll-up
or folding screens as well as roll-up or folding photovoltaic
cells may be envisaged. Besides, roll-up or folding keyboards
as well as other operating controls 1n which thin-film assem-
blies comprising tlexible printed circuit boards are used are
extremely advantageous, above all, 1n the field of portable
clectronic appliances, so-called hand-helds.

[0022] As regards the production of thin-film components
comprising flexible printed circuit boards as substrates, the
so-called roll-to-roll process 1s applicable 1n a particularly
advantageous manner. This process uses a flexible printed
circuit board sheeting that 1s unwound from a reel, with a
prefabricated flexible encapsulation sheeting being supplied
and applied above the thin-film component, said encapsula-
tion sheeting being likewise unwoundable from a reel. In this
context, 1t 15, of course, also feasible to provide as reel mate-
rial either only the flexible printed circuit board or only the
flexible encapsulation.

[0023] During smoothing and/or polishing, a temporary
reinforcement of the flexible printed circuit board may also be
provided, such as, for instance, by guiding the flexible printed
circuit board sheeting over a table, or by temporarily arrang-
ing a carrier {ilm on the back of the flexible printed circuit
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board to be smoothed, 1n order to ensure the stiffening of the
substrate during the smoothing and/or polishing procedures.
This temporary reinforcement or stiffening means can be
removed again during the further manufacturing process at
any desired, suitable stage.

[0024] In the following, the invention will be explained 1n
more detail by way of particularly preferred exemplary
embodiments, to which 1t 1s, however, not to be limited, and
with reference to the drawing. The drawing, in detail, repre-
sents 1n;

[0025] FIGS. 1A and 1B, a schematic cross-sectional 1llus-

tration and top view, respectively, of a thin-film assembly
constituting an electroluminescent device;

[0026] FIGS. 2A, 2B and 2C, schematic top views similar

to that ol FIG. 1B, of consecutive manufacturing steps of said
electroluminescent device;

[0027] FIG. 2D, a schematic cross-sectional illustration
similar to that of FIG. 1A, yet 1n an mtermediate stage fol-
lowing the manufacturing steps according to FIGS. 2A and
2C and prior to the completion of the device;

[0028] FIGS. 3 to 8, 1n even more detail, the production of
such an electroluminescent device departing from a conven-
tional printed circuit board, FIG. 3A being a schematic cross
section through such a printed circuit board, FIGS. 3B and 3C
illustrating the preparation of this printed circuit board by
providing feedthroughs and the photolithographic patterming
of 1ts metal coating, and FIG. 4A depicting 1n a comparable
cross-sectional illustration the state after the application of a
passivation layer on the lower side of the substrate in prepa-
ration for the application of a base electrode reinforcement;
FIGS. 4B and 4C depicting 1n detail the steps of applying a
reinforcement on the patterned metal coating (FIG. 4B) and
smoothing the electrode surface (FIG. 4C), and the state after
the removal of the passivation layer (FIG. 4D); FIGS. SA to
5C 1llustrating the application of a resist pattern aimed to
produce local contact layers (FIG. SA), the assembly com-
prising a deposited contact layer (FIG. 5B) and, finally, the
state of the substrate plus base electrodes and contact layers
alter the removal of the temporary resist pattern (interruption
edge) (FIG. SC); FIGS. 6A, 6B and 6C illustrating consecu-
tive steps during the local, photolitographically assisted
application of a patterned passivation layer on the upper side
of the substrate; FIGS. 7TA, 7B and 7C illustrating the indi-
vidual steps of applying optoelectronically active organic
layers (FIG. 7A), an upper light-permeable contact layer
(FIG. 7B) and an upper light-impermeable top electrode
(FIG. 7C) for the completion of the thin-film component
assembly; FIGS. 8 A, 8B and 8C ultimately depicting the final
steps of applying an encapsulation for the electroluminescent
thin-film assembly by the aid of an adhesive bead (FIG. 8A)
to which the encapsulation layer 1s attached (FIG. 8B), and of
integrating laterally patterned color conversion layers (FIG.
8C):;

[0029] FIGS. 9A to 9D, consecutive production steps for
the manufacture of a photovoltaic cell comprising organic,
optoelectronic thin-film materal;

[0030] FIGS. 10 and 11 each a similar schematic cross-
sectional illustration of a thin-film assembly comprising an
“organic” diode (FI1G. 10) and a (field-effect) transistor (FIG.

11), respectively;

[0031] FIG. 12, 1n a schematic cross-sectional 1llustration,
a tlexible thin-film assembly comprising a tlexible printed
circuit board as a substrate and a flexible encapsulation over
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the thin-film component, wherein the thickness dimensions
of the individual layers are shown approximately to scale 1n
their relative relationship;

[0032] FIGS. 13A and 13B, a flexible thin-film assembly of
this type 1n a further simplified, schematic cross-sectional
illustration, once in the unloaded state (FIG. 13A) and once 1n
the bent state (FIG. 13B), from which 1t 1s apparent that, with
the thin-film component provided 1n the neutral plane of the
assembly, no tensile or pressure forces act on this thin-film
component as they would 1n the outer regions of the assem-
bly:

[0033] FIG. 14, a sketch illustrating the production of a
flexible thin-film assembly 1n a roll-to-roll-process; and

[0034] FIG. 15, adetailed sketch illustrating the attachment
of a temporary stiffening means 1n the course of a mechanic
smoothing and polishing procedure during the production of
the flexible thin-film assembly.

[0035] FIG. 1A schematically illustrates a thin-film assem-
bly constituting an electroluminescent device 1 1n a cross-
sectional representation. This electroluminescent device 1
comprises as a substrate a conventional printed circuit board
2 including an insulating base body 3, on which local base
clectrodes 4 are provided as remnants of the patterned metal
coating or conductor layer 5 of the printed circuit board 2.
These base electrodes 4 via mechanically or laser-drilled
teedthroughs 6 are connected with contact sites 6' provided
on the lower side of the substrate, so that appropriate control
signals can be applied to the base electrodes 4 from the lower
side of the substrate. In FIG. 1B, these base electrodes 4 are,
for mstance, 1dentifiable as square surfaces, and they are
separated from one another by an insulation structure 7 that 1s
grid-shaped 1n top view.

[0036] Above the base electrodes 4 and the insulation struc-
ture 7, an organic electroluminescent thin-film structure 1s
applied, particularly in a planar fashion, which thin-film
structure may basically be configured as described, for
istance, in EP 1 087 649 A or EP 0 854 662 A, the contents
of those documents being incorporated herein by reference.

[0037] Above the organic electroluminescent layer system
8, a translucent, conductive top electrode 9 1s provided, pret-
erably also 1n a planar fashion and, optionally, 1n strip form or
even 1n element-form. The whole assembly described so far 1s
closed towards 1ts surroundings by a translucent encapsula-
tion layer 10 while leaving a gas volume 11 below the same,
with color converter or index matching layers 12 being further
integrated in the encapsulation layer 10 1n a manner known

per se (cI. EP 0 854 662 A).

[0038] From the schematic top view of FIG. 1B it 1s appar-
ent that these color converter or index matching layers 12 are
present in strip-form having, for instance, the primary colors
blue, green and red (which 1s schematically indicated by
different hatchings B, G, R 1n this FIG. 1B). In the line
direction (according to the illustration of FIG. 1B), three
color points blue, green and red are, thus, always provided
one beside the other, the activation of these color points both
in the line direction and 1n the column direction being effected
via the feedthroughs 6 by applying appropriate control sig-
nals to the respective base electrodes 4. The top electrode 9,
on the other hand, can be charged to uniform potential 1f
applied 1n a planar fashion.

[0039] FIGS. 2A, 2B and 2C are schematic top views of
different manufacturing steps during the production of the
clectroluminescent device proper (yvet without encapsula-
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tion), the intermediate product obtained after these manufac-
turing steps being apparent from the schematic cross-sec-

tional view of FI1G. 2D.

[0040] According to FIG. 2A, alaterally structured conduc-
tor layer 5' 1s already available to form a matrix of base
clectrodes 4. Between these base electrode 4 present in
matrix-form 1s provided the grid-shaped insulation structure
7 which separates the individual base electrodes 4 from one
another. In the subsequent step, ci. FIG. 2B, the organic
clectroluminescent system 8 1s planarly applied, cf. FIG. 2D
in addition to FIG. 2B. After this, the light-permeable top
clectrode 9 1s deposited—Ilikewise in a planar fashion—so as
to obtain the assembly according to FIG. 2D. In this respect,
it should be added that the patterning of the conductor layer 5
for the formation of the base electrodes 4 (cif. FIG. 2A) was
preceded by a pretreatment of the printed circuit board 2 to
make the laser vias 6 plus contact sites 6'.

[0041] FIG. 3A 1 a schematic cross-sectional 1llustration
(in a similar manner, all other Figures are schematic cross-
sectional 1llustrations) depicts a printed circuit board 2 com-
prising a double metal coating 5 (on the upper side) and 15 (on
the lower side) respectively provided on a dielectric base
body 3 made, e.g., of epoxy resin. The metal coatings 35, 15
are, for instance, made of copper, as usual.

[0042] The printed circuit board 2, which constitutes the
substrate of the present thin-film assembly, 1s then provided
with feedthroughs 6 in a first step, cif. FIG. 3B, said
teedthroughs, 1n view of the close pixel adjacency desired, 1.¢.
the high resolution capacity of the electroluminescent device
1 to be produced, being made as laser bores having bore walls
with galvanic copper coatings. In this respect, such a
teedthrough or laser bore 6 1s preferably produced below the
respective base electrode 4 to be provided, in order to enable
the finally obtained, narrow matrix arrangement of the base
clectrodes 4 to be designed with a suitable controllability
from the lower side of the substrate.

[0043] The next step according to FIG. 3C comprises the
photolitographic patterning of the metal coatings, 1.e., the
conductor layers 5, 15 on the upper and lower sides of the base
body 3 of the printed circuit board 2. Such patterning 1s
likewise conventional per se, so that the subsequently
obtained structure can be illustrated in FIG. 3C without the
usually implemented intermediate steps. In order to distin-
guish the full-surface conductor layers, the respectively
obtained upper and lower conductor layer structures are now
denoted by 5 and 15 rather than 3' and 15', respectively. The
remaining parts 15 of the conductor layer now form the con-
tact sites 6' on the lower side.

[0044] Adter this, a temporary passivation layer 16 1is
applied to the lower side of the substrate, as 1s apparent from
FIG. 4A. This temporary passivation layer 16 serves to tem-
porarily passivate these lower-side regions of the printed cir-
cuit board 2 1n view of the subsequent application of a chemi-
cal or electrochemical reinforcement of the conductor layer 5
on the locations of the base electrodes 4 to be produced. This
passivation layer 16 can be applied photolitographically in a
manner known per se.

[0045] As already indicated, the subsequent step comprises
the chemical or electrochemical reinforcement of the pat-
terned conductor layer 5, the remnforcement layers being
shown in FIG. 4B at SA. This metallic layer SA, together with
the patterned conductor layer 3, forms the respective base
clectrodes 4, for instance in the matrix arrangement according
to FIG. 2A. These base electrodes 4 are, however, not yet
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suited to build up of the desired active or passive electronic
thin-1ilm components, 1.¢., the optoelectronic EL-device 1 in
the 1nstant case, since the surface of the conductor layer 5 as
such 1s much too rough, as 1s the surface of the conductor
layer 5 provided with the reinforcement 5A. The following
step, therefore, comprises the smoothing and/or polishing of
the base electrodes 4 1n order to attain a low surface rough-
ness, for instance a maximum mean surface roughness of 10
nm or, preferably, even 3 nm. This smoothed state 1s 1llus-
trated 1n FIG. 4C. Smoothing and polishing may be efiected
in a conventional manner such as, for instance, mechanically,
chemically, electrochemically, chemomechanically or by 1on
ctching. It goes without saying that combinations of these
processes are feasible too.

[0046] The surface roughness to be created depends, of
course, on the type of the respective application, 1.e. on the
respective thin-film component to be applied, so that devia-
tions from the above-mentioned mean roughness values are
concelvable as well.

[0047] It should also be noted that 1t 1s not necessarily
required to provide a metallic reinforcement SA for the base
clectrodes 4, because also the metal coating, 1.e. the conduc-
tor layer 3, of the printed circuit board may already be sudii-
ciently thick. It may, furthermore, be basically contemplated
to change the order of conductor layer patterning (ct. FIG.
3C) and conductor layer surface smoothing (ct. FIG. 4C), 1.¢.
to realize the smoothing of the conductor layer 5' first and
photolitographically etch the conductor layer 5' in a suitable
manner only after this 1n order to form the base electrode 4,
1.€. the patterned conductor layer 5.

[0048] Inastep completing the production phase, the lower
passivation layer 16 1s removed such that the substrate struc-
ture according to FIG. 4D will be obtained.

[0049] In the following phase, a contact layer 1s applied to
the now smoothed base electrode 4, a temporary resist struc-
ture 1n the form of mterruption edges 17 being at first pro-
vided 1n the spaces between the base electrodes, as 1n accor-
dance with FIG. SA. After this, all of the upper surface of the
obtained structure 1s coated with a layer 18' of contact layer
material, whereby no contact layer matenal 1s applied 1n the
lower regions of the interruption edges 17 such that in a
subsequent removal step (etching step) the interruption edges
17 can be removed, with the desired contact layer 18 being
left 1n the remaining surface regions, ci. FIG. 5B and 3C.

[0050] The contact layer 18 serves for the electric contact-
ing of the following layer to be applied next, of the respective
thin-11lm package as well as to stabilize the adherence of this
thin-11lm package on the base electrode 4 and, finally, also to
passivate the conductor layer 5 or its reinforcement Sa by
preventing, through the introduction of the contact layer 18,
any possible contamination of the thin-film system by the
interdiffusion of foreign substances from the conductor layer
5 or its remnforcement 3a, respectively. The material for the
respective contact layer 18 naturally 1s again to be selected
depending on the respective thin-film component to be
applied and consists, for instance, of a metal such as alumi-
num, gold, palladium or platinum, a metal alloy, carbon or a
semi-conducting compound, yet may also be comprised of a
conductive suspension or solution (e.g. polyaniline, polyeth-
ylene dioxithiophene/polystyrenesulionic acid.

[0051] The contact-material coat 18' may be applied by
means of common thin-film procedures such as, for instance,
by thermal evaporation, cold cathode sputtering, electron
beam evaporation, coating by means of laser pulses as well as
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by coating methods from the liquid phase such as, e.g., dip-
ping, spraying, spinning and ink-jet printing methods,
whereby the physical or chemical adsorption of the contact
material on the conductor layer 5 or 1ts reinforcement 3a 1s to
be ensured; this physical or chemical adsorption 1s of rel-
evance to the adherence or non-detachment of the contact
material on or from the conductor layer 5, S3a. With uniform
coating methods from the liquid phase, the lateral patterning
of the contact layer 18 may be eflected, for instance by dry
etching procedures, after having coated the conductor plate 2.
I1 such processes are applied, patterning by the interruption-
edge method may be omitted.

[0052] Subsequently, the application of an upper passiva-
tion layer 1s effected to passivate the zones between the base
clectrodes 4 plus contact layers 18 arranged thereabove, thus
preventing the penetration of substances from the base body
3 of the printed circuit board 2 via those zones 1nto the yet to
be applied thin-film package of the respective thin-film com-
ponent. To this end, a new, temporary resist structure 19 1s
applied on the contact layers 18 above the base electrodes 4 1n
a first step according to FIG. 6 A, after which the matenal for
the passivation layer 20 1s deposited, ci. FIG. 6B. Following,
this, the resist layer plus passivation layer are photolito-
graphically removed from above the base electrodes 4 such
that a patterned passivation layer 20 will only remain 1n the
intermediate zones where the base material of the mnsulation
base body 3 of the printed circuit board 2 has been exposed,
ci. FIG. 6C. Via windows 201 provided in this passivation
layer 20, the contact layers 18 lie bare together with the base
clectrodes arranged therebelow. The passivation layer 20 1s,
of course, only suitable, or to be applied, 11 the addressed
contamination oi the specific thin-film package by substances
that may diffuse out of the dielectric material of the base body
3 1s to be feared. Where such a diffusion of substances 1s not
to be feared, the application of the passivation layer 20 may be
obviated, but then another insulation structure (7 1n FIGS. 1A
and 1B) would have to be provided between the base elec-
trodes 4. The material ofthe passivation layer 20 again is to be
chosen as a function of the materials employed and, 1n par-
ticular, the material of the base body 3. As described above, it
1s suitably patterned by way of photolitography (ct. FIGS. 6 A
and 6B), and the material of the passivation layer 20 can be
applied by common thin-film techniques such as by thermal
evaporation, cold cathode sputtering etc., with the physical or
chemical adsorption of the passivation material on the base
body 3 to an extent sufficient for adherence having to be
ensured. The material for the passivation layer 20 may, for
instance, comprise silicon oxide, a sol-gel system or an epoxy
compound.

[0053] As an alternative to the techmique according to
FIGS. 6A to 6C, it 1s also feasible to previously provide a
tull-surface, uniform application of passivation material, for
instance 1n laminate form, and only subsequently pattern this
passivation layer photolitographically in order to finally
obtain the structure according to FIG. 6C.

[0054] The thus obtained assembly i1s now ready for the
application of the respective electronic layers by thin-film
technology 1n order to build up the desired thin-film compo-
nent 8 which, 1n the istant case, constitutes an optoelectroni-
cally active, organic thin-film structure; in order to obtain the
clectroluminescent (EL ) device 1 (cI. FI1G. 1A), one or several
optoelectronically active organic layers 21 are deposited on
the prepared substrate according to FI1G. 6C so as to obtain the
assembly according to FIG. 7A. As 1s apparent, the organic
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EL-matenal 1s, for instance, deposited over the total surface
area, which renders the production particularly simple. In the
same manner as the (optionally multilayer) organic EL thin-
f1lm system 21 (whose thickness may range from a few nm to
some hundred nm), a transparent or translucent contact layer
22 1s subsequently applied 1n a planar fashion, ci. 7B; the
subsequently applied transparent or translucent top electrode
9, too, 1s planarly applied, ci. FIG. 7C. As a vaniation, 1t 1s,
however, also feasible to pattern the upper contact layer 22 as
well as the top electrode 9 strip-wisely or symbol-wisely
rather than holohedrally.

[0055] Examples of organic optoelectronically active layer
materials used to realize the electroluminescent device 1 may
comprise poly- and oligophenyls, arylamines, poly- and oli-
goazomethines. For the transparent or translucent contact
layers 22 as well as the top electrodes 9, transparent or semi-
transparent metals, metal alloys, semi-conductor compounds
(having layer thicknesses of <50 nm), conductive metal
oxides (e.g., aluminum-doped zinc oxide, zinc-doped indium
oxide etc.), conductive sol-gel systems and/or conductive
suspensions and solutions (based on polyaniline, polyethyl-
ene dioxithiophene/polystyrenesulfonic acid) may be used.
[0056] Finally, the thus obtained thin-film assembly (cf.
FIG. 7C) 1s additionally provided with a protective cover, to
which end an adhesive bead 23 that 1s impermeable to gas and
moisture 1s, at first, peripherally applied (c1. FIG. 8A). On top
of said adhesive bead 23, a light-permeable encapsulation
layer 10 1s subsequently applied to encapsulate the thin-film
components 26 proper, which comprise the base electrodes 4,
the contact layer 18, the thin-film structure 8, the upper con-
tact layer 22 and the top electrodes 9, with a gas volume 25
being left, in which getter maternials for oxygen and/or water
or moisture may be contained 1n a manner known per se.

[0057] As illustrated in FIG. 8C, laterally patterned color
conversion layers 12 (cf. also FIGS. 1A and 1B besides FIG.
8C), too, may be integrated in the encapsulation layer 10
above the gas volume 25 and the individual thin-film compo-
nents 26, 1 desired.

[0058] In this manner, the desired thin-film assembly has
now been completed and may be provided with the required
control connections on the contact sites 6'. In order to realize
desired control functions, additional components may be
mounted on this printed circuit board 2 1n a manner known per
se and not illustrated 1n detail.

[0059] FIGS. 9A to 9D by way of different production steps
illustrate another exemplary embodiment, namely a thin-film
assembly comprising a photovoltaic cell made of an organic,
optoelectronically active layer system, the production of

which 1s basically feasible 1n a manner very similar to that
described above with reference to FIGS. 3A to 8C.

[0060] In detail, the desired optoelectronically active,
organic layer system 21 1s deposited on appropriate base
clectrodes 4 each comprised of the patterned conductor layer
5, a reinforcement SA and a contact layer 18, 1n a manner
similar to that elucidated in FIG. 7A, whereupon a light-
permeable contact layer 22 (cf. FIG. 9B), and, on that, a
light-permeable top electrode 9 (cf. FIG. 9C) may again be
planarly deposited. Finally, again 1n a manner as previously
explained by way of FIGS. 8A and 8B, a light-permeable
encapsulation layer 10 with a peripheral gas and moisture-

impermeable adhesive bead 23 may be attached as 1llustrated
in FIG. 9D.

[0061] FIG. 10 1llustrates another exemplary embodiment
in the form of an organic diode 30 integrated 1in a printed
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circuit board 2, wherein an approprate organic diode thin-
film system 21' 1s again applied above a base electrode 4
including a contact layer 18 in a manner comparable to that
explained above. On top, there 1s an upper contact layer 22",
which 1n this case need not be light-permeable, and a top
clectrode 91, which need not be light-permeable either. From
FIG. 10 are, moreover, apparent the patterned lower metal
coating 15 and the base body 3 of the printed circuit board 2
as well as, furthermore, a tight adhesive bead 23 and an
encapsulation layer 10", with an opaque configuration being
teasible also 1n this case.

[0062] Something similar holds for the transistor structure
40 according to FIG. 11, wherein a contact layer 18' 1s again
applied above the base electrode 4, which 1s comprised of a
patterned upper conductor layer 5 and a remnforcement SA,
said contact layer 18' forming, for instance, the gate contact of
the field-effect structure 40 formed. Above this contact layer
18' of the transistor structure 40, 1n msulation layer 41 of, for
instance, aluminum oxide 1s disposed, on which an organi-
cally active layer 21' 1s, in turn, applied, which communicates
with a source contact layer 42, on the one hand, and a drain
contact layer 43, on the other hand. These contacts are con-
tacted from below via base electrodes 4, 4,, arranged later-
ally of the transistor structure 40, and their respective
teedthroughs 6., 6 , and contact sites 6', respectively.

[0063] In a similar manner, other thin-film components,
namely both active and passive components, may as well be
built up directly on the printed circuit board substrate 2, or
integrated 1n the same, whereby 1t 1s essential to carry out the
respective smoothing of the patterned, optionally reinforced
conductor layer 5 (and 5A, respectively) and, hence, of the
base electrodes 4 or lower-side electrodes. The described
contact layer intended to establish the contact and stable
adhesion between the thin-film structures 1s then applied on
that smoothed or polished base electrode. Other components
which are conventional per se and may be integrated in
printed circuit boards by the technique according to the inven-
tion include, for instance, sensors, wherein the respective
light-permeable upper contact layers, electrodes and encap-
sulation layers will have to be provided in the event of optical
SENSOrs.

[0064] The previously explained techniques may be
applied both with rigid printed circuit boards and with tlexible
printed circuit boards in a substantially i1dentical manner.
Such flexible printed circuit boards 2 comprise, for instance,
an 1sulating base body 3 of a tlexible polyimide, polyethyl-
ene naphthalate, polester or polyether etherketone film, and,
in a comparable manner, a metal layer, particularly of copper,
may be provided on one or both sides as a conductive layer 5.

[0065] In order to finally obtain an altogether flexible over-
all assembly, virtually no modifications 1n respect to the pre-
viously described techniques are required for the application
ol the thin-film structure 8 as well as the contact layers 18 and
the top electrodes 9, the—extremely thin—thin-film systems
8 1n an advantageous manner being particularly suitable for
such flexible structures, yet an adaptation will be necessary to
the extent that 1t has to be ensured for the encapsulation 10
that no nigid glasses are glued on, but tlexible thin glass
laminates or even polymer-oxide composite layer systems or
similar flexible encapsulation layers 10 are mserted.

[0066] Such anencapsulationlayer 10 of a tlexible material
can be applied on the flexible printed circuit board 2, or the
thin-film system 8 attached thereto, via an adhesive interme-
diate layer 44 as well as a passivation layer 45 acting as a
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barrier layer against moisture and air, as 1s schematically
illustrated in FI1G. 12. In the illustration according to FI1G. 12,
care has by the way been taken to represent the rela‘[we
thickness ratios as true to scale as possible, from which results
that the thin-film component 8 comes to lie in the neutral
plane of the overall flexible thin-film assembly. This will be
approximately in the central plane of the overall assembly,
depending on the material and shape of, above all, the encap-
sulation layer 10 as well as the flexible printed circuit board 2.
[0067] Such a thin-film assembly of flexible nature 1s once
again illustrated, 1n an even more simplified form, in FIG.
13A, and 1n FIG. 13B this thin-film assembly 1s shown 1n a
bent or partially folded state. In the latter case, tensile forces
act externally on the material in the bending zone, as is
illustrated 1n FIG. 13B by arrows 46, whereas pressure forces
indicated by arrows 47 i FIG. 13B act internally in the
bending zone. The neutral plane 48, 1n which the thin-film
system 8 1s preferably arranged, remains substantially free of
forces during bending such that no tensile or pressure forces
will occur within the thin-film component 8 itself, 11 the
whole assembly 1s subjected to bending.

[0068] FIG. 14 schematically indicates the production of
thin-1ilm assemblies with tlexible printed circuit boards 1n a
so-called roll-to-roll process. Therein, a flexible metal-clad
base material such as, e.g., a copper-clad polyimide film 1s
supplied as a tlexible printed circuit board sheeting 2' from a
starting reel to a process chamber or station 51, where pho-
tolitographic patterning 1s carried out and the reinforcement
5A of the metal coating 5, 1.e., the conductor layer 1s applied
as previously described.

[0069] The sheeting material 2' 1s then fed via rollers to a
process chamber or station 52, where the metal coating 5, SA
1s smoothed and/or polished. Belfore entering this process
chamber 52, the flexible printed circuit board sheeting 2' on
its rear side may be stiffened by the aid of a tlexible carrier foil
53, which 1s unwound from a reel 54. After having leit the
process chamber 52, this flexible carrier foil 33 providing
temporary stiffening can be wound up on a reel 55. It goes
without saying that the carrier foil 53 may, however, also be
removed at a later stage of the manufacturing process.

[0070] During the smoothing or polishing procedure, the
sheeting material 2' may optionally also be guided over a flat
table 56 within the process chamber 52 1n order to ensure a
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particularly effective stiflening or support of the sheeting
maternal 2'.

[0071] Thesheeting material 2' then enters a process area or
process chamber 57, where the polished metal coating 5, SA
1s finished (contact layer 18) and passivated (passivation layer

20), as has been explained in principle above, for instance, by
way of FIGS. 4 to 6.

[0072] Inaprocess station or chamber 58, the coating of the
flexible printed circuit board 2 with the (active or passive)
thin-film layers, e.g. 21, with the upper and, for instance,
light-permeable contact layer 22, and with the optionally
likewise light-permeable top electrode 9 completing the thin-
film component 1s accomplished. The active (or optionally
passive) thin-film layers may again be comprised of organic
or 1norganic materials as known per se.

[0073] Finally, the flexible printed circuit board 2, 1.¢. the
sheeting material 2', can be coated 1n a process station 39 with
encapsulation layers 10, which are preferably wound off a

reel 60 as a sheeting material, fed to the tlexible printed circuit
board 2' and laminated thereon. At last, the thus obtained

sheeting material 61, 1.e. the tlexible thin-film assembly com-
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prising a flexible printed circuit board and a flexible encap-
sulation, 1s wound on a reel 62 so as to be kept ready for
subsequent cutting or contouring steps.

[0074] As already pointed out above and explained with
retference to FIGS. 13A and 13B, 1t 1s advantageous 1f the
encapsulation 10 1s devised such that the thin-film component
comes to lie 1n the neutral plane 48 as the encapsulation layer
1s being laminated onto the flexible printed circuit board
sheeting 1n the process station 59. It 1s thereby ensured that
the thin-film system 8 will virtually not be exposed to any
mechanical stress during the subsequent bending of the over-
all system, thus avoiding delaminations and fractional cracks.
[0075] FIG. 15 illustrates the mechamical smoothing and
polishing procedure in the process station 52 1n more detail,
with smoothing and polishing rolls 63 and 64, respectively, or
the like being schematically indicated, too. As already men-
tioned, the tlexible printed circuit board 2' 1s stiffened on its
rear side with a temporary carrier film 53, and 1t 1s, moreover,
guided over a flat polishing table 56 that serves as a support
for the smoothing or lapping and polishing rolls or discs 63,
64. As already indicated, the carrier fo1l 53 can be removed
again immediately after this smoothing procedure, or it may
be carried off the printed circuit board sheeting 2 also at a later
point of time.

1. A method for for producing a thin-film assembly includ-
ing at least one electronic thin-film component which 1is
applied on a substrate by thin-film technology, characterized
in that a printed circuit board with an insulation-material base
body and a metal coating as the conductor layer 1s used, that
the conductor layer 1s at least locally smoothed, optionally
upon attachment of a remnforcement, 1n order to form at least
one base electrode for the thin-film component, and that a
contact layer 1s applied on the base electrode by thin-film
technology prior to attaching the remaining thin-film compo-
nent thereabove.

2. A method according to claim 1, characterized 1n that the
conductor layer 1s smoothed by a mechanical method such as,
¢.g., lapping, grinding or polishing.

3. A method according to claim 1, characterized in that the
conductor layer 1s smoothed by electrochemical polishing.

4. A method according to claim 1, characterized in that the
conductor layer 1s smoothed by chemicomechanical polish-
ing.

Jul. 23, 2009

5. A method according to claim 1, characterized 1n that the
conductor layer 1s smoothed by chemical etching using, for
instance, sulfuric acid, nitric acid or chromosulfuric acid.

6. A method according to claim 1, characterized in that the
conductor layer 1s smoothed by 10n etching.

7. A method according to claim 1, characterized in that the
conductor layer 1s smoothed by bombardment with particles
of individual or several atoms or molecules, such as, e.g,
argon or argon clusters.

8. A method according to claim 1, characterized in that the
conductor layer 1s smoothed over surface areas having the
dimensions of 20x20 um~ to a maximum mean surface rough-
ness of 10 nm and, preferably, 3 nm.

9. A method according to claim 1, characterized in that the
conductor layer 1s electrochemically reinforced.

10. A method according to claim 1, characterized in that the
printed circuit board 1s temporarily passivated by photolito-
graphy 1n the remaining areas prior to locally reinforcing the
conductor layer.

11. A method according to 1, characterized in that base
body areas uncovered from the conductor layer are passivated
by photolitographically assisted thin-film technology prior to
attaching the remaining thin-film component.

12. A method according to 10, characterized 1n that a pas-
stvation layer 1s applied by thermal evaporation.

13. A method according to 10, characterized in that a pas-
stvation layer 1s applied by cold cathode coating.

14. A method according to 1, characterized 1n that a flexible
printed circuit board 1s used as said substrate.

15. A method according to 14, characterized in that the
flexible printed circuit board 1s temporarily supported, at least
during smoothing, by a stiffened layer and/or by being guided
over a table.

16. A method according to 1, characterized 1n that a flexible
printed circuit board sheeting unwound from a reel 1s used.

17. A method according to 14, characterized 1n that a pre-
tabricated tlexible encapsulation sheeting 1s applied above
the tlexible printed circuit board sheeting provided with the
thin-film component.

18. A method according to 17, characterized in that the
encapsulation sheeting 1s unwound from a reel.
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