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element with a display area having at least one emissive area and at least one
A non-emissive area, improved in terms of transparency and inconspicuousness
isprovided, aswell as amethod for its preparation. The structure according
to the invention comprises a substrate (40), a first conducting layer (42), a
first insulating layer (45), aluminescent layer (46), a second insulating layer
g (47), a second conductive layer (43) and a third insulating layer (44) com-
| prising insulating, inorganic material. Emissive and non-emissive areas of
the display are rendered optically similar by providing passive film elements
(50) at the non-emissive areas, namely by providing conductor material aso
at these areas when the conductive electrodes connected to a power source
for generating the required voltage are deposited at the emissive aress.
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TRANSPARENT | NORGANI C THI N- FI LM ELECTRCOLUM NESCENT DI SPLAY
ELEVMENT AND METHOD FOR MANUFACTURING I T

TECHNI CAL FI ELD

This disclosure relates to the field of transparent displays
and, nore particularly, to the field of em ssive transparent
di spl ays. Especially this disclosure relates to the field of
AC-driven transparent inorganic thin film electrol um nescent
(TFEL) displays which are em ssive transparent displays. Mre
specifically this disclosure relates to inprovenent of the
transparency and inconspicuousness of transparent inorganic

thin film el ectrol um nescent (TFEL) di spl ays.

BACKGROUND

Transparent displays find use in applications where space is
constrained and there is a need to provide the users with a
dual set of information. For example, a first item of infor-
mation may be provided by the display and a second item of
information may be viewable through the display. In addition,
transparent displays enable exciting designs for both profes-
sional and consumer use e.g. in applications where the prod-
uct needs to be differentiated from conventional ones. Trans-
parent displays may offer unique benefits enabling the viewer
to localize objects behind the screen, or add superinposed
warni ngs or nessages on top of other information displays.
Some future applications nmay use transparent head nounted
displays (HVD's) in front of a user's eye, allowing addition
of superinposed digital information on the normal field of

vision.

In this context, a TFEL display elenment is a layered struc-

ture including the necessary conponents for |ight em ssion
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when connected to proper electronics. 1In this context, the

di splay area is considered the transparent area of a TFEL

di splay elenent which is visible to the observer of the dis-
play, and through which he/she can observe objects behind the
display. In this context, the em ssive area is considered the
area which by design is capable to generate and emt |Iight.
In this context, the non-em ssive area is considered the dis-
play area which is not part of the em ssive area. Thus the

di splay area conprises both em ssive and non-em ssive areas;
this highlights the significance of optical properties over
the whole display area and their inpact on how an observer

experiences the display.

In the operation of an em ssive, transparent display, the ON
and OFF states can be discerned. In the ON state, light is
generated and emtted in the display elenment. 1In the OFF
state, no light em ssion occurs in the display element, or it
is insignificant. 1In general, a basic requirenment for dis-
playing the required information is to bring along sufficient
contrast in brightness between adjacent ON and OFF el enents.
In transparent displays, a further requirenment is that the
observer gets a sufficiently clear and unobstructed view of

the objects behind the display.

At its best, a transparent display is alnost inperceptible by
being first of all as transparent as possible. At the sane
time it is well known that the human eye is very sensible to
differences in light intensity and col or when adjacent areas
of a display surface can be conpared. From an inperceptibil-
ity point of view, it is particularly critical how consi st-
ently anmbient |ight penetrates the various areas of the dis-

play visible to the observer and how it is reflected from
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these areas. Deviations in consistency can be observed as
transnmission differences (intensity or color of transmtted
light) or reflection differences (intensity or color of re-
flected light) . If there are differences in reflective and
transmi ssive properties between different parts of the dis-
play structure, the viewer may observe e.g. conductor struc-

tures or shapes, which is not acceptable.

The transparency of a display can be defined by nmeans of the
concept photopic transmission in the visible |ight range.
This can be nmeasured using a double beam spectroneter, which
produces a transm ssion spectrum with the transm ssion per-
centage as a function of the |ight wavelength. To provide a
realistic view of transmssion, this data can be scaled with
the spectrum of a standard D65 light source. The |ight output
over the wavel ength range 420 nm 650 nm of the resulting
spectra is divided by the corresponding light from the D65
source. Photopic transmission values and reflectivity values
presented here or in attached figures and exanples are de-
fined to be perpendicular to the display surface plane. O her
values may be preferred if an angle of incidence other than a

per pendi cul ar angle of incidence is used.

The photopic transmi ssion of a single uncoated soda line
glass sheet is in the order of 85-92 % due to the two gl ass-
air interfaces and the reflections occurring there. The exact
value is dependent on the glass material used, on nom nal

t hi ckness of glass sheet and on its refractive index and op-
tical absorption. Correspondingly, the transnmission of two
consecutive soda lime glass sheets is in the order of 78-84%
Material s having such photopic transm ssion values >78% are

perceived as transparent, in particular when the transm ssion
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is sufficiently neutral with respect to the wavelength. In
practice such designs are successfully wused in protective
structures for sensible instruments as well as in shop win-

dows and dwel lings.

AC-driven inorganic thin film electrolum nescent (TFEL) tech-
nology is well known, and many inportant aspects of inorganic
TFEL technology |ike basic physics, typical materials and
properties of displays, driving nethods and manufacturing
technol ogy are common and general know edge. TFEL technol ogy
is especially well suitable for transparent display applica-
tions as it provides a light emtting display with potential-
Iy high transparency wth photopic transmission values >50%
The main difference between transparent and conventional in-
organic TFEL displays is that opaque netal electrode nmmterial
(typically alumnum) is replaced by transparent electrode m-
terial, generally denoted transparent conductive oxide or TCO
(typically indium tin oxide, 1TO . Inorganic TFEL displays

are known for excellent picture quality, rugged design and

long-term reliability.

The thin film structure of a TFEL display includes a lumi nes-
cent material |ayer (=phosphor) between two insulator |ayers.
In a transparent TFEL display, transparent electrodes are
provided on both sides of insulators. The two electrodes may
be patterned to form rows and columms, respectively, whereby
pixels are formed at the sites where a row and a colum in-
tersect. As a voltage is applied across an intersecting row
and colum, electrolum nescence appears in the phosphor |ay-

er.
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Apart from the matrix type display described above, other
di splay types can be designed using TFEL technol ogy, e.g. 7-

segnent nunber displays or designs displaying discrete icons

or synbols at defined locations. In such displays, there are
typically significant areas which are non-enissive, i.e. one
or nmore of the l|ayers necessary for generating |ight em ssion

are not present in such areas.

Desirabl e properties of a transparent display are transparen-
cy and inconspicuousness or inperceptibility . The transmi s-
sion of many present, enissive display designs is unsatisfac-
tory. In designs based on OLED, LCD or powder EL, it is chal-
lenging to obtain a photopic transmi ssion of even 60 %. In
state-of-the art transparent TFEL displays, transm ssion val-
ues above 60% can be achieved, but due to variation in the
thin film structure the appearance of such displays has not

been satisfactory.

It would be desirable to obtain a transm ssion |evel above
78% No satisfactory designs for emnssive displays have been
suggested to achieve such properties, also not for transpar-
ent TFEL displays. To express transm ssion consistency over
an area as a nunber value is not straightforward, but it
should be as consistent as possible to maintain a neutral

col or inpression.

From an inperceptibility point of view, it is particularly
critical how consistently anbient |ight penetrates the vari-
ous areas of the display visible to the observer and how it
is reflected from these areas. Deviations in consistency can
be observed as transmission differences (intensity or color

of transmtted light) or reflection differences (intensity or
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color of reflected light) . No workable solutions to this
probl em have been suggested for enissive, transparent dis-

plays, including transparent TFEL displ ays.

SUMVARY OF THE | NVENTI ON

An inorganic, transparent thin film electrolum nescent dis-
play element with a display area having at |east one em ssive
area and at |east one non-em ssive area has now been invent-
ed, which offers several advantages over prior art struc-

tures.

In accordance with the present invention, a display elenent
inmproved in ternms of transparency and inconspicuousness is
provided. The relevant properties are inproved as follows:

Em ssive and non-enissive areas of the display are rendered
optically simlar by providing passive film elenents, herein-
after abbreviated PFE, at the non-em ssive areas. This is

achi eved by providing conductor material also at the non-

em ssive areas when the conductive electrodes connected to a
power source for generating the required voltage, hereinafter

conductor elenments, are deposited at the em ssive areas.

The structure according to the invention conprises a sub-
strate, a first conducting |ayer conprising TCO material hav-
ing a thickness in the range 30-250 nm a first insulating
layer; a lumi nescent |layer conprising zinc sulfide, having a
thickness in the range 30-250 nm a second insulating |ayer;
a second conductive layer conprising TCO material having a
thickness in the range 30-250 nm and a third insulating |ay-
er conprising insulating, inorganic material having a |ower
refractive index than that of the second conductive |ayer.

According to the invention, each of said first and second
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conducting layers conprises at |east one conductor elenent at
the at |least one em ssive area and at |east one passive film

elenent at the at |east one non-enissive area.

Thus, according to the present invention, there is conductor
material present in the conductive layers both in the emis-
sive areas and in the non-em ssive areas, the conductor mate-

rial in the latter areas being the passive film el ements.

Preferably, the first conducting layer is optically matched
to the substrate to reduce reflection by coating the sub-
strate with at |east one layer of isolating, inorganic mate-
rial, the refractive index of which is lower than that of the

conductive nmaterial.

Preferably, the second conducting layer is optically matched
to the environnment to reduce reflection by coating it with at
| east one |ayer of isolating, inorganic material, the refrac-
tive index of which is lower than that of the conductive ma-

terial.

The passive film elenents are forned at the same tinme as the
first and second l|ayers of conductive material are patterned,
respectively. Consequently, both layers of conductive nmateri-
al conmprise at |least one area which is not electrically con-
nected to a source providing the required voltage to the

el ectrodes in the emissive areas. Preferably, at |least at one
location within the patterned |ayer of conductive material,
the distance between the PFE and the electrode in the plane
of the layer is 1-30 um. Preferably, the total area of the

em ssive areas covered by electrodes and the PFE:s is > 80 %
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of the display area as defined above; preferably it is > 90 %

and nost preferably > 95 .

To mnimze |osses, the material |layers in which optical

| osses (scattering or absorption) occur are made thinner than
conventionally in the prior art. The thickness of the lum -
nescent layer is in the range 30 to 250 nm preferably in the
range 50 to 200 nm and nost preferably in the range 100 to
180 nm The thickness of the conducting layers is in the
range 30 to 250 nm preferably in the range 50 to 200 nm and
nost preferably in the range 100 to 200 nm Preferably, the

t hi cknesses of the insulating layers are in the range 30 to

500 nm nore preferably in the range 50 to 200 nm

A display element according to the invention can be joined by
adhesive to a transparent protective panel, Ilike glass. On
both sides of a thus protected display elenent, a transparent
panel can be added for additional protection, |I|ike a shock-
proof protective glass or a scratch-resistant protective pan-

el .

Such a glass-protected display elenent can be joined in ei-
ther position to an object which is to be observed through
the display. To render the total structure thinner, it is
soneti mes advantageous to join a display elenment according to
the invention directly to the object to be observed through

the display. The relevant object need not be transparent.

According to a further aspect of the present invention, a
met hod is provided for manufacturing a transparent thin film

el ectrol um nescent display element with a display area having
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at |l east one enmssive area and at |east one non-emni ssive ar-

ea.

BRI EF DESCRI PTI ON OF THE FI GURES

Figures 1A - 1C illustrate various aspects of the use of a
transparent display;

Figure 2 shows the schematic thin film structure of a TFEL
di spl ay;

Figures 3A-3B are side and plane views of a prior art, opti-
cally inproved TFEL display elenent;

Figure 4 shows the structure of a detail of a transparent
TFEL display according to the prior art;

Figure 5 shows the structure of a detail of a transparent
TFEL display according to the present invention;

Figure 6 shows a TFEL structure having a protective glass
panel ;

Figure 7 shows a TFEL structure having additional conponents
for inproving its optical properties;

Figures 8 A to E illustrate several exanples of optical bond-
ing in a display elenent having low off-state perceptibility.
Figure 9 Ato Cillustrate exanples of structural variations
in a display element according to the invention.

Figure 10 illustrates the use of a display elenment according

to the invention in a HVD device.

DETAI LED DESCRI PTI ON

The present invention relates in particular to the AC-driven
thin film structure of a transparent TFEL display, deposited
on a substrate. A TFEL elenent according to the invention is
connected via transparent |eads to electronic conponents for
supplying the required voltages and current to the TFEL ele-

ment for generating light emission and thus information. The
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voltage difference in the conductors surrounding the |umines-
cent |ayer generates an electrical field, causing light em s-
sion in the lum nescent layer. The nunber and shape of the
conductors are determned by the information and symbols to
be displayed. The electronics and drive routines controlling
the operation of the display elenment are part of the prior
art. Drive routines known to the skilled person are e.g. seg-
mented drive routines and nultiplexed routines used in matrix

structures .

In the operation of an em ssive, transparent TFEL display,
the ON and OFF states can be discerned. In the ON state, the
display elenent emts light generated in the electrolum nes-
cent layer. The intensity of the light emission is sufficient
to becone visible in the light conditions of the rel evant
surroundi ngs, being of sufficient contrast and enabling a
viewer to observe the displayed information. In the OFF
state, no light emission occurs in the TFEL elenent, or it is
insignificant so the viewer does not observe it in the rele-

vant lighting conditions.

In general, a sufficient requirenment for the difference be-
tween ON and OFF states in emissive displays is the differ-
ence in brightness between adjacent ON and OFF elenents to
bring along sufficient contrast for displaying the required
information. |In transparent displays, a further requirenent
for the OFF state is that the observer gets a sufficiently
clear and unobstructed view of the objects behind the dis-
pl ay. At its best, a transparent display is alnost inpercep-
tible in its OFF state and has no inpact on the observation
of objects behind it. Although the display does not emt

light in its OFF state, light is reflected fromits surface
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11
and light passes through it towards the observer. I f there
are differences in reflective and transnissive properties be-
tween different parts of the display structure, the viewer

may observe e.g. conductor structures or shapes, which is not

accept abl e.

A substrate in the context of this disclosure is the material
providing the main, rigid structure of the display. Substrate
materials my include soda lime, borosilicate, or any other

glass materi al with sufficient t ransparency. In sone embodi-

ments, substrates other than glass materials my be suitable,
such as polyner substrates which may provide greater mechani-
cal durability or flexibility than glass. The photopic trans-
m ssion of suitable substrates is preferably greater than

80% In sone enbodinments, the transm ssion may be greater
than 90% or even greater than 95% if one side of substrate
includes anti-reflection coati ngs. Substrate thickness my be
in the range of 0.05 mm - 5 mm or nore. I n sone enbodi nments,
the thickness of the substrate my be in the range of 0.3 mm
- 3mmor 0.5 mm - 1.1 mm and a suitable thickness is about
1.1 mm In sone enbodinents, either or both sides of the sub-
strate may be coated with a film in order to inprove its

suitability for transparent TFEL di spl ays.

A variety of nmany different thin film materials nmay be used
for TFEL display structures . In the present invention materi-
als that are generally suitable for transparent TFEL di spl ay

manuf act uri ng are preferred.

Transpar ent electrode materials for the TFEL display my in-
clude indium tin oxide (ITO, ZnO A, snc2 or any other con-

ductive material with sufficient t ransparency. The sheet re-
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sistance (Rs) of a suitable transparent electrode is prefera-
bly less than 500 Ohnisq. In sone enbodiments, the Rs may be
|l ess than 100 Chm sq. In other enbodinments, the Rs nay be

|l ess than 20 Chm sq.

Manganese-doped zinc sulfide ZnS:M as the |um nescent mate-
rial is preferred for yellow emtting TFEL displays, and ter-
bi um doped zinc sulfide 2ZnS:Tb as the lum nescent material is
preferred for green emitting TFEL displays. However, the se-
lection of materials is not limted to these |umnescent ma-
terials. Oher lunmnescent nmaterial can be used and are pre-

ferred especially if other enission colors are needed.

At least part of the conducting layers may form a matrix of
intersecting electrodes, whereby emissive pixels are forned
at the sites of the intersections of the electrodes. At |east
part of the conducting layers may also be formed so as to
provi de emi ssive segments, icons, or synbols at predeterm ned
| ocations of the display area. Such emissive areas can be
used to provide, for exanple, 7-segnent nunber displays or
designs displaying discrete icons or synbols at desired loca-

tions .

Insulator, barrier, passivation and index matching materials
for the TFEL display are preferably dielectric and may in-
clude alum nium oxide, titanium oxide, Si1®, HO02, 2zr02, and
conbi nations and mxtures of these materials, or other suita-

ble material s.

Many different manufacturing mnethods may be used for the TFEL
display structure and for integrating or conbining the TFEL

display structure to other surfaces or conponents. Methods
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that are generally accepted as suitable for transparent TFEL
di splay manufacturing are preferred and suitable also for the

present invention.

A preferred nmanufacturing nethod for the TCO layers in a dis-

play elenent according to the invention is sputtering.

A preferred manufacturing nmethod for luminescent and insula-
tor layers of TFEL display, and for thin films of barrier and
passivation layers is Atomic Layer Deposition (ALD) . O her

met hods may be used to manufacture one or nore of thin filnms
| ayers, such as evaporation or various sputtering techniques.
Preferred manufacturing nethod for patterning of thin filns
and particularly for patterning transparent electrode |ayers
are commonly known, including lithography and printing meth-

ods .

According to an enbodinent of the present invention, a pre-
ferred method of integrating or conbining the thin film
structure of the TFEL and a safety glass is optical bonding
using a suitable adhesive, such as heat curable epoxy or

light curable acrylic adhesive. In enmbodi nents within the
scope of the present invention, the adhesive used has a re-
fractive index value in the range 1.35-1.70. Preferably, the
refractive index may be in a range of about 1.40 to 1.60 or
nmore preferably in a range of about 1.46 to 1.53. The thick-
ness of the adhesive layer may be in the range 5 - 100 um,
preferably 10 - 50 um. Preferably, no air gap exists between
the thin film structure of the TFEL and the safety glass. An
air gap could decrease the picture quality or the transmi s-

sion of the display.
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According to an enbodi nent of the present invention, at |east
one light emitting zone is provided in the display area for
illumnating the area behind the display. Such a zone does
not necessarily provide any information, but my be adapted

for illum nation purposes only.

The invention is discussed in further detail in the follow ng

with reference to the attached draw ngs.

Fig. 1 is a synbolic representation of a viewer 10 observing
an object 12 through a transparent display 11. In Fig. 1A ,
the transparent TFEL display is in the OFF state and no |ight
em ssion takes place. The display area of transparent TFEL
display 11 conprises enissive area 13 and non-em Ssive area
14. In Fig. 1B, information is shown on the display 11 which
thus is at least partially in an ON state, emitting light. It
should be observed that light is emtted in both directions,
both towards the observer and away from himher. The emtted
light forms the desired information 15 on the display, e.g.

text or a graphic synbol.

In Fig. 1C, the viewer is at the left, observing an object at
the right through a transparent display. Part of the anbient
light 17 is reflected from the display. Part 18 of the anbi-
ent light is reflected at a non-enmissive area and part 19 of
the anbient light at an em ssive area. Transmitted anbient
light 16 provides an image of what is behind the display rel-
ative to the observer. For the display to be as inconspicuous
as possible in the OFF state, it is crucial that reflection
and transm ssion properties are consistent over the display

area.
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In Fig. 2, the conponents of a transparent TFEL structure are
schematically represented as follows: 20 is a transparent
substrate; 21 is a first conductor |ayer made of TCO materi-
al; 22 is a first insulator layer; 23 is the |lumnescent (=
phosphor) layer; 24 is a second insulator layer; 25 is a se-
cond conductor |ayer nmade of TCO material, and 26 represents
an electrical arrangenment for supplying a voltage difference

bet ween conductor layers 21 and 25.

Fig. 3A shows a side view of an optically inproved transpar-
ent TFEL structure according to the prior art, on the trans-
parent substrate 20. In addition to thin filnms shown in Fig.

2 there are index nmatching layers 30 and 31 next to conductor
layers 21 and 25 made of TCO material, in order to decrease

reflections. Refractive index of index matching |ayers 30 and
31 is lower than refractive index of conductor |ayers 21 and

25.

In Fig. 3B, the inproved prior art arrangenent of transparent
TFEL structure in Fig. 3A is shown from above. Four areas
having a different stack of thin filns are identified as T21,
T22, T23 and T24. Using optical film design software (Film
Wzard) and a set of optical paraneters for relevant exanples
of materials (listed in Tables 1, 2, 3, 4 and 5) in each lay-
er, transmission and reflection properties were calcul ated.

The results are presented in Table s.

From the calculated values we notice that there are differ-

ences in photopic transmission values starting from 66.8% up
to 77.0% for different display areas. These transm ssion var-
jations are visible to the viewer. On the other hand, the re-

sults do indicate differences in reflectivity starting from
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7.2% up to 11.7% for the different display areas. In addition
to the average reflection variation there are differences
relative to the |ight wavel ength, showing a strong greenish
reflection peak for areas T22 and T23 in which a second con-
ductor |ayer made of TCO material 25 is present. These re-
flection variations becone visible in anmbient |ight and are
visible to the viewer. It is clear that further inprovenent

is needed but the prior art does not provide any suggestions
on how to nake different areas of a display nore consistent.
It is the purpose of the present invention to provide a tech-

nically feasible solution to this problem
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Table 1. substrate 20
Wavel ength (nm n k
400 1.512 6. 872E- 07
450 1.493 6. 402E- 07
500 1.485 5.685E- 07
550 1.485 5.820E- 07
600 1.490 6. 471E- 07
650 1.499 7.471E- 07
700 1.511 7.107E- 07
TCO | ay-
Table 2. ers 21 and 25
Wavel ength (nm n k
400 1.960 5.000E-03
450 1.905 4 .000E- 03
500 1.855 4.400E- 03
550 1.810 5.000E-03
600 1.775 7 .000E-03
650 1.745 1.000E-02
700 1.715 1.300E-02

PCT/FI12013/050681
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I nsul at or 22 and 24
Table 3. | ayer
Wavel ength (nm n k
400 2.032 0
450 1.971 0
500 1.936 0
550 1.915 0
600 1.901 0
650 1.893 0
700 1.887 0
Lum nescent 23
Table 4. | ayer
Wavel ength (nm n k
400 2.321 1.373E-02
450 2.264 1.039E-02
500 2.223 8 .480E- 03
550 2.193 7.320E- 03
600 2.170 6. 580E- 03
650 2.152 6. 100E- 03
700 2.138 5.770E-03

PCT/FI12013/050681
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I ndex 30 and
mat chi ng 31

Table 5. | ayers
Wavel engt h (nm n k

400 1.673 0

450 1.667 0

500 1.662 0

550 1.657 0

600 1.654 0

650 1.652 0

700 1.650 0
Table 6.
Layer T21 T22 T23 T24
20 Substrate 1.1mm 1.1mm 1.1mm 1.1mm
30 IM 270nm 270nm 270nm 270nm
21 First Conductor - 350nm - 350nm
22 First Insulator 270nm 270nm 270nm 270nm
23 Luminescent layer | 750nm 750nm 750nm 750nm
24 Second Insulator 270nm 270nm 270nm 270nm
25 Second Conductor - 350nm 350nm -
31 IM 75nm 75nm 75nm 75nm
Photopic T% 77.0 66.8 69.8 73.8
Average T% 7.2 67.1 70.2 74.0
Average R% 7.5 11.6 11.7 7.2
Total Opt. loss % 15.2 21.4 18.1 18.9
Fig. 4 shows a prior art arrangenent of a transparent TFEL

di spl ay el enent

havi ng severa

em ssive areas on a Substrate
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40. In the display area 41 are provided rowfornming TCO elec-
trodes 42 and colum-formng TCO electrodes 43 intersecting
to form areas capable of emtting light in the phosphor |[|ay-
er. Electrodes 42 and 43 are connected to voltage sources

(not shown)

Section A-A along row electrode 42 shows, from the bottom up,
substrate 40; row electrode 42; a insulator-phosphor-

insulator (IPI) stack consisting of first insulator |ayer 45,
phosphor  (luminescent) |layer 46 and second insulator |ayer

47; columm electrodes 43; and a third insulator |[|ayer 44,

Section B-B is outside row electrode 42 and shows the corre-

sponding layers with the exception of row electrode 42,

Display area 41 conprises four types of areas which differ
from an optical point of view The paths of light transmis-
sion through these are shown as TlI, T2, T3 and T4, respec-
tively:
- TI represents transmission through areas conprising row
el ectrode and IPl stack
- T2 represents transnission through areas conprising both
row el ectrode, colum electrode and the IPlI stack in be-
t ween
- T3 represents transmission through areas conprising |PI
stack only, and
- T4 represents transnmission through areas conprising col-

um electrode and |PlI stack.

The photopic transmission and reflection data at the various

areas of Fig. 4 are the sane as previously shown for respec-
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tive thin film structures T21, T22, T23 and T24 in Table 6
for Fig. 3 B.

Fig. 5 shows an arrangenent of a transparent TFEL display el-
enment in accordance with the invention. The structure in-
cludes the corresponding row electrodes 42, colunn el ectrodes
43 and IPl stack elenents 45, 46 and 47, equally designated

in Fig. 4.

In addition, the structure in Fig. 5 conprises passive film
elements 50 and 51, which consist of electrode naterial but
are not electrically connected. However, they act to provide
the sane optical structure across essentially the whole dis-
play area. Preferably, nore than 80 % of the area in the |ay-
ers incorporating TCO material is covered by TCO material of
uni form thickness. Refractive index of insulator layer 44 is
| onwer than refractive index of conductor |layer 43 and passive

film el enent 50.

Section CC is taken through a row electrode and section DD
outside a row electrode. Four paths of light transm ssion,

T5, T6, T7 and T8 are shown in Fig. 5.

The photopic transmssion and reflection data at the various
areas of Fig. 5 are identical to the data shown in Table 6

for area T22 in Fig. 3 B. Photopic T% is 66.8% and average R%
11.6% for all areas T5, T6, T7 and T8. This means the viewer

cannot see variations between different areas of the display.

Fig. 6 shows a TFEL display elenent design having the sane
basic structure as the TFEL display elenent in Fig. 5, i.e.

the optical stack 69 conprises substrate 60; conducting |ayer
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42; insulating layer 45, phosphor |ayer 46; insulating |ayer
47, conducting layer 43 and index matching |ayer 44, whereby
conducting layers 42 and 43, according to the invention, com-
prise passive filmelenents 50 and 51. Additionally, stack 69
conpri ses index matching layer 61. On stack 69, a protective
gl ass panel 68 can be attached using transparent adhesive 67

for optical bonding.

Using the TFEL display element structure shown in figure s,
the photopic transm ssion was calculated for various TCO |ay-
er 42, 43 and |lum nescent |ayer 46 thicknesses. The refrac-
tive index for adhesive layer 67 was 1.406. The |ayer thick-
nesses and correspondi ng photopic transm ssion values are
shown in table 7. The table contains also one neasured pho-
topic transm ssion value from a sanple according to the
present invention. The reduced thickness of layers 42, 43, 46
which give rise to optical losses results in significantly

i mproved photopic transm ssion. In order to achieve the tar-
geted >78 % photopic transm ssion, the thickness of each of

| ayers 42, 43 and 46 shall be less than or equal to 250 nm

Table 7. Sample
Layer Prior art | Calculated 1|Measured | Calculated 2

60 1.1mm 1.1mm 1.1 mm 1.1 mm
61 270 nm 270 nm 270 nm 270 nm
42 350 nm 170 nm 170 nm 100 nm
45 270 nm 270 nm 270 nm 270 nm
46 750 nm 200 nm 144 nm 100 nm
47 270 nm 270 nm 270 nm 270 nm
43 350 nm 170 nm 170 nm 100 nm
44 75 nm 75 nm 75 nm 75 nm
67 30um 30 um 30 um 30 um
68 1.1mm 1.1mm 1.1 mm 1.1 mm

Photopic T% 69.0% 80.6% 82.3% 83.9%
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Fig. 7 shows a TFEL display elenent design in which thin film
structures 70, 71, 72 and 73 have been provided on both sides
of substrate 40 and protective panel 68 for reducing reflec-
tion and enhancing transm ssion. The task of these structures
is to match the glass material to the adjacent environnents,

mnimzing reflection at the interface. Such "index matching"
structures inprove transparency and inconspicuousness , and

may consist of single materials or conprise several different

material |ayers.

Figure 8 A shows a TFEL display elenment 69 according to the
i nvention, having substrate antiref lection coating 70 and a
1.1 mm thick protective glass sheet 80 optically bonded to
the elenent by layer 67 and having an antiref lection coating

73.

Figure 8 B shows a TFEL display elenment 69 according to the
invention, optically bonded on its thin film side (as opposed
to the substrate side) by nmeans of layer 67 to a 5.0 mm

thick, chenmically strengthened safety glass panel 81.

Figure 8 C shows a TFEL display elenment 69 according to the
invention, optically bonded on its thin film side to a 0.3 mm
thick protective glass sheet 82 and on the substrate side to

a 1.0 mm thick sapphire sheet 83, both by neans of |ayers 67.

Figure 8 D shows a TFEL display elenment 69 according to the
invention, optically bonded by neans of layer 67 on its thin
film side to a 3.0 nm thick, chenmically strengthened safety
gl ass panel 84 and on the substrate side to non-transparent

material 85 the surface of which is to remain visible to an
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observer. The non-transparent material nmay be e.g. netal,

wood or a coated mmterial.

Figure 8 E shows TFEL display elenent 69 according to the in-
vention, optically bonded on its thin film side to a 3.0 mm
thick protective glass panel 86, which is larger than the
substrate of TFEL elenent 69. Electrical contacts to the TFEL
display elenent are l|ocated either between the glass panels
(substrate and protective sheet) as shown at 87 in section A-
A, or at 88 in section B-B, outside the area of the protec-

tive glass sheet.

Fig. 9 A shows various shapes in which a TFEL display elenent
according to the invention may be prepared e.g. from a |arger
substrate sheet: rectangular 90, rectangular wth rounded

corners 91, circular 92 or parallelogram 93.

Fig. 9 B shows TFEL display elenents according to the inven-
tion, having round or rectangular apertures 95 97, cut by
drilling or laser cutting in rounded-corner rectangular ele-

ment 94 and circular elenent 96.

Fig. 9 C shows a TFEL display elenent 98 according to the in-

vention optically bonded to a convex surface 99 by neans of

| ayer 67.

Fig. 10 shows a TFEL display elenent 101 according to the in-
vention as a HWVD device in front of a viewer's eye 100, al-
| owi ng unobstructed observation of the environnent and object

102 due to its high transparency and inconspicuousness
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CLAI M5

1. An inorganic, transparent thin film electrolum nescent
display elenment with a display area having at |east one em s-
sive area and at |east one non-em ssive area, the display el-
enment conprising a layer structure on a substrate, said |ayer
structure conprising

- a first conducting layer conprising transparent conduc-
tive material, having a thickness in the range 30-250
nm

- a first insulating layer conprising insulating, inorgan-
ic material,

- a lumnescent |ayer conprising zinc sulfide, having a
thickness in the range 30-250 nm

- a second insulating l|ayer conprising insulating, inor-
ganic material,

- a second conducting |ayer conprising transparent con-
ductive material, having a thickness in the range 30-250
nm

- athird insulating |ayer conprising insulating, inorgan-
ic material having a lower refractive index than that of
the second conducting |ayer,

characteri zed in that each of said first and second
conducting layers conprises at |east one conductor elenent at
the at |least one em ssive area and at |east one passive film

elenent at the at |east one non-eni ssive area.

2. A display elenment according to claim 1, wherein the sum of
the em ssive areas covered by the conductor elenments and the
non-em ssive areas covered by the passive film elenents is >

80 % of the display area.
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3. A display elenment according to claim 1 or 2, whose photop-

ic transmssion is > 78 %.

4. A display elenent according to any of clains 1 to 3,
wherein the transparent conductive material conprises indium

tin oxide.

5. A display elenent according to any of clains 1 to 4,
wherein the first and second insulating |ayers conprise at
| east one of alum nium oxide, titanium oxide, and conmbina-

tions and m xtures of these.

6. A display elenent according to any of clains 1 to 5,

wherein the third insulating |ayer conprises alum nium oxide.

7. A display elenent according to any of clains 1 to s,
wherein the |um nescent |ayer conprises nmanganese-doped zinc
sul fide ZnS: Mh.

8. A display elenment according to any of clains 1 to 7,
wherein the |um nescent |ayer conprises terbiumdoped zinc
sul fide ZnS: Tb.

9. A display elenment according to any of clains 1 to 8, com
prising a glass panel optically bonded to the third insulat-

ing |ayer.

10. A display element according to any of clainms 1 to o9,
wherein at |east part of the conducting layers forma matrix

of intersecting electrodes.



10

15

20

25

30

WO 2014/009601 PCT/FI12013/050681

27

11. A display elenment according to any of claims 1 to 10,
wherein at |east part of the conducting layers are forned so
as to provide emnissive segnents, icons, or synbols at prede-

termined |ocations of the display area.

12. A display elenment according to any of clainms 1 to 11,
wherein at least one light enmitting zone is provided in the

display area for illumnating the area behind the display.

13. A nmethod of manufacturing an inorganic, transparent thin
film electroluninescent display elenent with a display area
having at |east one enmssive area and at |east one non-

enmi ssive area, the nethod conprising the steps of

- providing a substrate,

- preparing a first conducting |ayer conprising transpar-
ent conductive nmaterial, having a thickness in the range
30-250 nm

- depositing by atomic layer deposition a first insulating
| ayer conprising insulating, inorganic material,

- depositing by atonmic l|ayer deposition a |umnescent |ay-
er conprising zinc sulfide, having a thickness in the
range 30-250 nm

- depositing by atomic |ayer deposition a second insulat-
ing layer conprising insulating, inorganic material,

- preparing a second conducting |ayer conprising transpar-
ent conductive material, having a thickness in the range
30-250 nm and

- preparing a third insulating layer conprising insulat-
ing, inorganic material having a lower refractive index

than that of the second conducting Iayer,
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characteri zed in that each of said first and second
conducting layers is prepared so as to conprise at |east one
conductor elenent at the at |east one em ssive area and at

| east one passive filmelenent at the at |east one non-

em ssive area.
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