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DESCRIPTION

Technical field

[0001] The present subject-matter discloses a new process for closing and sealing holes in
glass. It is described the hole design allowing to accomplish a hermetic seal of the hole, without
the use of any extra external plug, patch or cover. A localized heat source is used to perform
the hole glass fusion without the need of heating the whole substrate. The process is
applicable to seal holes in glass surfaces of heat sensitive devices, or holes in glass packages
containing liquids or gases.

Background

[0002] Hermetic encapsulation is critical for the devices that are sensitive to the external
operating environment and to prevent leakage of inner components.

[0003] There are described several bonding techniques in the art that allow bonding glass [1].
The process temperature ranges from 100 °C to 1200 °C depending on the type of substrate,
sealing material and heating technique.

[0004] Glass frit bonding is one of the most popular, because glass frits have good adhesion to
glass, provide hermetic barriers and are thermally stable. Besides the composition of the glass
frit can be tailored to the substrate specifications[2].

[0005] Glass frit bonding can be accomplished by heating the frit sealant to its melting
temperature either by heating the whole substrate, thermo-compressive method[3], or using
lasers for heating locally the sealing material[4].

[0006] Laser sealing of glass frits is a popular technique that avoids heating the whole
substrate, and therefore is suitable to encapsulation of temperature sensitive devices[5].

[0007] However, only a few publications describe methods for sealing holes in glass substrates
in devices containing heat sensitive components such as volatile electrolytes[6].

[0008] Most common techniques available to seal holes in glass surfaces require a patch, or a
plug that is placed above the hole and is heated to its melting temperature, bonding itself to the
glass surface and thus achieving sealing of the hole. Typical materials are low melting
temperature metals and alloys, polymers and glass frits.

[0009] Polymers are known to be permeable to gases, degradable under heating, UV radiation
and in aggressive media and thus do not guaranty hermetic encapsulation.
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[0010] Metals and metallic alloys can form hermetic seals, but must be carefully chosen
according to its melting temperature, compatibility with the device components, and thermal
expansion close to the glass substrate. For example, for glass packages containing corrosive
liquids, such as dye sensitized solar cells (DSC), most low melting metals or alloys are not
chemically compatible.

[0011] Glass frits are suitable hermetic barriers that are chemically less active then metallic
alloys and thus can be used as patches or plugs to close holes in glass substrates.

[0012] A patent from Corning [7] describes a method for sealing one or more fill holes in glass
plate by using a laser absorbing glass patch. The perimeter of the glass patch is fused
together with a pre-sintered glass frit perimeter, applied previously around the fill hole. The
glass patch is locally heated to its sealing temperature by laser, thus avoiding heating the
entire substrate.

[0013] This technique requires several process steps, like sealant application around the filling
hole and pre-sintering, making the final product cost ineffective.

[0014] There is need in the state of art for a process that can economically and efficiently seal
filling holes in glass packages containing liquids or heat sensitive materials in devices like dye-
sensitized and perovskite solar cells, OLED displays or any other electronic devices assembled
on glass.

[0015] WO2012/030925 A1 discloses a method of sealing a hole in a glass material comprising
the steps of providing a hole in the glass material, obtaining a glass patch, placing the inner
surface of the glass patch over the hole and thereafter uniformly heating the sealing line and
thereby hermetically sealing the hole with the glass patch.

[0016] US2013108811 discloses a method of producing a phosphor-encapsulating capillary
tube comprising the step of heating one end portion of an elongate glass capillary tube having
an outer shape of a transverse cross-section elongated in a width direction thereof until the
one end portion has been melted, integrated, and thus sealed.

[0017] These facts are disclosed in order to illustrate the technical problem addressed by the
present disclosure.

General Description

[0018] The present subject-matter discloses a method for closing one or more holes in a glass,
wherein the hole in the glass is closed without the need of any additional covering or sealing
material.
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[0019] An aspect of the present subject-matter is described a method for closing one or more
holes in a glass substrate or glass surface. In this technique, the hole in the glass is closed
without any additional covering or sealing material. Instead the hole is closed using the glass
material surrounding the hole. This is achieved by structuring the glass near the hole into a
chimney-like shape.

[0020] In this disclosure, there is no mismatch in thermal expansion coefficients because only
one material is fused - glass itself. There are no extra process steps such as deposition, drying
or sintering the sealing material or plug/patch to close the hole.

[0021] An aspect of the disclosure includes firing a laser beam on a chimney-like structure,
made on the glass substrate, melting and sealing it without significantly warming up the
material underneath. The laser beam can be scanned over the glass substrate surface
melting-sealing only the tiny glass chimney-like structure. A strong, crack-free and hermetic
glass seal of the hole is obtained.

[0022] An aspect of the disclosure includes, a method for obtaining a sealed hole, in particular
a through-hole or a blind hole, in a glass material, comprising the steps of:

making a recess, in particular an annular recess, in said glass material surrounding the hole to
obtain a glass tube wall extending from the hole;

fusing said glass tube wall to seal the hole.

[0023] In the present disclosure a through-hole, or also referred to as a thru-hole or clearance
hole, is a hole that goes completely through an object like a substrate. Thus, the hole is sealed
without using any external material to the glass material.

[0024] In an embodiment for better results, said glass tube wall may be cylindrical.

[0025] In an embodiment for better results, said glass tube wall may have a cylindrical hollow
interior and a quadrangular exterior.

[0026] In an embodiment for better results, said glass tube wall may extend up to alignment
with a surface of the glass material,

[0027] In an embodiment for better results, said glass tube wall may extend to be aligned with
the surface of the glass material.

[0028] In an embodiment for better results, said annular recess may have, depth-wise, a
constant cross-section, an increasing width cross-section, or a decreasing width cross-section.

[0029] In an embodiment for better results, said annular recess may have walls at an angle
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relative to the adjoining surface of the glass material and said walls are parallel to the walls of
the through-hole.

[0030] In an embodiment for better results, said annular recess may have walls at a right angle
with the adjoining surface of the glass material.

[0031] In an embodiment for better results, said hole may have walls at a right angle with the
surrounding surface of the glass material.

[0032] In an embodiment for better results, the glass tube wall may be a chimney-shaped.

[0033] In an embodiment for better results, the fusing of the glass tube wall may be by laser,
blow torch or soldering iron.

[0034] In an embodiment for better results, the making of the annular recess may be by laser,
milling cutting, mechanical drilling or sandblasting.

[0035] In an embodiment for better results, said annular recess may have a depth of more
than 100 pm, preferably between 100 ym deep and 1 mm, more preferably between 0.5 mm
and 1 mm.

[0036] In an embodiment for better results, said glass tube wall may have walls with thickness
between of 10 ym and 1 mm, preferably between 100 ym and 250 pm.

[0037] In an embodiment for better results, it is use for sealing a heat-sensitive material in said
glass material.

[0038] Another aspect of the disclosure includes a glass material comprising a sealed hole
obtainable by the method according to any of the previous claims, in particular at least two
sealed through-hole.

[0039] In an embodiment for better results, the glass material may comprise a heat-sensitive
material sealed in said glass material.

[0040] Another aspect of the disclosure includes an electronic device comprising the glass
material of the present subject-matter. In particular, the electronic device may be a solar cell,
organic solar cell, inorganic solar cell, dye-sensitized solar cell, perovskite solar cell, fuel cell,
or OLED display, among others.

[0041] Hole comprising a hole through a glass surface, surrounded by a recess, with a deep of
more than 100 ym and preferably between 500 ym and 1000 um, forming a chimney-like

structure, with thin walls of 10 ym until 1 mm and preferably between 100 ym and 250 ym.

[0042] The method of making the hole as described in claim 1 preferable by laser drilling,
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mechanical drilling or sandblasting.

[0043] In an embodiment for better results, the method of sealing a hole may applied heat to
the hole walls using any heat source but preferable a laser source with wavelength that is
absorbed by the glass substrate.

[0044] In an embodiment for better results, , the method of sealing a hole may sealing a hole
in a glass substrate, by using structural design of the hole without using any external material
to the glass substrate.

[0045] The method and device of the present disclosure are suitable for photovoltaic (PV),
Organic light emitting diode (OLED) and microelectromechanical systems (MEMS) devices and
any other glass based devices.

[0046] It will be apparent to those skilled in the art that various modifications and variations can
be made to the present disclosure. Since modifications, combinations, sub combinations and
variations of the disclosed embodiments may occur to persons skilled in the art, the disclosure
should be constructed to include everything within the scope of the appended claims.

Brief Description of the Drawings

[0047] The following figures provide preferred embodiments for illustrating the description and
should not be seen as limiting the scope of the present disclosure.

Figure 1 illustrates a top view illustration of an electronic device (100) comprising a hole (102)
through a glass substrate (101), surrounded an annular recess (104) that allows exposing thin
glass walls (103).

Figure 2 illustrates, a cross sectional side view of the substrate represented in Figure 1 taken
along line 1-1 in Figure 1, wherein (103) represents a thin glass walls, and (104) represents an
annular recess.

Figure 3 illustrates a cross-sectional side view taken along line 1-1 in Figure 1 of the hermetic
sealed hole after the walls (103) of the hole (102) have been exposed to an appropriate heat
source.

Figure 4 shows, pictures of a laser drilled hole designed as illustrated in Figure 1 and Figure 2.
After the thin glass wall, (102), has been exposed to a heat source, the hole structure closes
itself creating a hermetic seal (105). Figure 4 also shows of a glass package encapsulated
using a polymer (106) containing a volatile liquid (107) and with holes sealed as previously
described; this demonstrates that this process is suitable for closing holes in heat sensitive
devices.

Figure 5 shows of possible designs of the hole shape that allow a hermetic seal to be created
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after exposing the glass walls to an appropriate heat source.

Figure 6 illustrates a cross-sectional side view of a dye-sensitized solar cell comprising the hole
design according to an embodiment hereof.

Figure 7 illustrates a cross-sectional side view of the device presented in figure 6, after sealing
of the holes

wherein (108) represents the platinum catalyst,

wherein (109) represents the transparent conductive oxide (TCO),
wherein (110) represents the sealing layer,

wherein (111) represents the photo-electrode,

wherein (112) represents the photo-electrode glass substrate.

Figure 8 illustrates a cross-sectional side view of a perovskite solar cell comprising the hole
design according to an embodiment hereof

wherein (113) compact titanium dioxide blocking layer,

wherein (114) represents a titanium dioxide mesoporous layer infiltrated with CH3NH3PbI3,
wherein (115) represents a zirconia oxide porous layer

wherein (116) represents a porous carbon layer,

wherein (117) represents a groove in the TCO layer that separates electrically both sides of the
TCO layer,

wherein (118) represents the TCO layer.

Figure 9 illustrates a cross-sectional side view of the device presented in figure 8, after sealing
of the holes wherein represents the hermetic seal of the hole.

Detailed Description

[0048] The present subject-matter describes a hole shape and a fusing process that allows
obtaining an efficient hole encapsulation without the need of any external covering or sealing
material. The sealing process does not include any patch, plug or cover for sealing the hole
through a bonding process.

[0049] In an embodiment, a laser beam is fired on a chimney-like structure, made on the glass
substrate, melting and sealing it without significantly warming up the material underneath. The
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laser beam can be scanned over the glass substrate surface melting-sealing only the tiny glass
chimney-like structure. Surprisingly, a strong, crack-free and hermetic glass seal of the hole is
obtained.

[0050] In an embodiment, the hole sealing process is independent of glass substrate
temperature. Therefore, this technique can be applied to temperature sensitive devices based
on glass substrates, such as organic/inorganic solar cells, glass packages or any other glass
based electronic devices.

[0051] In an embodiment, the disclosure included a process of sealing the hole is
accomplished by structuring the glass near to the hole in a specific design.

[0052] Preferably a possible design is shown in figure 1 (top view) and figure 2 (cross sectional
view along line 1-1 in figure 1). The glass substrate (101) is machined in a way so that the hole
(102) goes through the substrate (101) and a second annular recess (104), is machined
around the trough hole (102), in a way that exposes thin glass walls (103). The obtained
chimney like structure has thin glass walls easy to heat, melting and sealing without significant
causing heat transfer for underneath.

[0053] In an embodiment, to obtain a hermetic encapsulation of the trough hole (102), its glass
walls (103), should be heated to the softening or melting temperature; the heating should be
applied locally, using a heat source that heats preferably the walls (103), of the hole, (102).

[0054] In an embodiment any suitable heat source can be employed for heating the glass walls
(103), of the hole (102) for instance, laser source, blowtorch, soldering iron, etc.

[0055] In an embodiment, figure 3 illustrates the result of sealing a hole designed as described
previously and in figure 2.

[0056] In an embodiment, the hole design disclosed in the present subject-matter, maximizes
heat transfer between the thin glass walls (103), and the void present in the annular recess
(104) during the fusing step; this dissipates the mechanical stresses caused by expansion
during the heating and cooling steps of the fusing process. This allows to heat fast the hole
structured walls (103) to the glass softening or melting temperature so that the glass wall
(103), shrinks; when the height of the hole wall (103) is at least half of the inner trough hole
(102) diameter, this process causes the hermetic sealing of the hole.

[0057] In an embodiment, the structuring/drilling/shaping/machining step of the glass substrate
should allow obtaining a chimney-like structure with glass walls (103) thin enough to dissipate
heat efficiently to avoid cracking of the glass during the heating, fusing and cooling processes.

[0058] In an embodiment, figure 4 shows pictures of a soda lime glass where holes were
drilled, structured and sealed by laser using the design illustrated in Figure 1, Figure 2 and
Figure 3.
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[0059] In an embodiment, figure 4 shows a picture from a glass package containing a volatile
liquid, 107, encapsulated by a polymer, 106. In this package, the hole shape designed as
described in this embodiment, was sealed after filling inner cavity of the package with the
liquid. This shows that the present disclosure is suitable for obtaining hermetic encapsulation of
hole(s) in heat sensitive devices.

[0060] In an embodiment, other possible designs of holes shape that follow the same principle
are shown in figure 5.

Embodiment 1 - Glass sealed Dye-sensitized solar cell

[0061] In an embodiment, the dye-sensitized solar cell (DSC) technology is a promising
candidate for low cost renewable electricity generation. As illustrated in Figure 6, the DSC
device is constructed between two glass substrates coated with a thin conducting oxide (TCO).
The TCO glass substrates are spaced by a sealing material, (110) that encloses the active
materials of the solar cell. Typically, one the electrodes is coated with platinum (108), and act
as cathode; the second substrate (112), is coated with a porous semiconductor (107), usually
TiO,, where a light absorbing material - dye - is adsorbed. The space between both electrodes

is filled with a redox electrolyte, responsible for charge transport. Usually one of the electrodes
is drilled with one or more filling holes (102), for electrolyte filing and, if necessary also dye
adsorption. The filling hole(s) need to be sealed after all the components are present in the
interior of the solar cell package. Because dye and electrolyte are heat sensitive materials, the
filling hole sealing process must be done at low temperature (<80 °C).

[0062] In an embodiment, the filing holes are machined by laser as illustrated in Figure 4.
Afterwards, a glass frit paste is printed and sintered in both TCO substrates. Then, a titanium
dioxide and platinum catalyst paste are printed and sintered at 500 °C in each of the TCO
glass substrates; the TCO substrates are then sandwiched together and fused by heating the
glass paste material to the sealing temperature; the dye adsorption is carried out by circulating
the dye solution from one hole to the other, followed by electrolyte filling. Finally, both holes are
fused by locally heating the thin glass wall (103), of the holes to their melting temperature
using a laser. The hole sealing process takes place during less than a second. The
temperature of the glass substrate is unaffected by the sealing process of the hole.

[0063] In an embodiment, a DSC device is obtained with the two holes hermetically sealed as
shown in Figure 5.

Embodiment 2 - Glass sealed Perovskite solar cell

[0064] In an embodiment, perovskite solar cells (PSCs) have emerged as the most promising
photovoltaic technology in recent years. From 2003 to 2016, PSCs efficiency has increased
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from 13 % to 22 %. However, PSCs are known to be highly sensitive to oxygen and water.
Therefore, hermetic packaging of PSC devices must be assured to provide long term stability.

[0065] Besides the inner components of the PSC are known to be heat sensitive, and undergo
degradation above 80 °C.

[0066] The hermetic hole sealing process disclosed herein does not heat the substrate,
therefore unlocks the possibility of obtaining a fully glass encapsulated perovskite solar cell.

[0067] An embodiment, illustrated in Figure 8, shows how a perovskite solar cell is fully
encapsulated using glass.

[0068] In an embodiment, PSCs are constructed in a single conductive substrate (118) which is
electrically isolated by a groove (117), into two distinct areas in the conductive oxide (118).

[0069] This embodiment shows a possible PSC configuration, where several components are
stacked together in a conductive TCO substrate (118), to form the device; the components are
a compact titanium dioxide blocking layer (113), a titanium dioxide mesoporous layer (114), a
zirconia oxide porous layer (115), and a porous carbon layer (116). The components are
stacked together on conductive substrate (118), and enclosed by a glass frit sealing material
(110). The conductive substrate is sandwiched with a second insulating glass substrate (119)
with predrilled holes with the hole design described in Figure 3. Both substrates are sealed, by
heating the glass frit sealant to the sealing temperature using an IR oven or using an
appropriate laser source. Then, the perovskite is formed in situ by sequentially circulating
solutions with the dissolved precursor materials of the perovskite light absorber. The holes are
then sealed using a laser source aimed that the glass walls (103). Figure 6 illustrates the hole
sealing process and Figure 7 illustrates an electronic device.

[0070] The term "comprising"” whenever used in this document is intended to indicate the
presence of stated features, integers, steps, components, but not to preclude the presence or
addition of one or more other features, integers, steps, components or groups thereof.

[0071] It will be appreciated by those of ordinary skill in the art that unless otherwise indicated
herein, the particular sequence of steps described is illustrative only and can be varied without
departing from the disclosure. Thus, unless otherwise stated the steps described are so
unordered meaning that, when possible, the steps can be performed in any convenient or
desirable order.

[0072] The disclosure should not be seen in any way restricted to the embodiments described
and a person with ordinary skill in the art will foresee many possibilities to modifications

thereof.

[0073] The above described embodiments are combinable.
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[0074] The following claims further set out particular embodiments of the disclosure.

[0075] The following references are relevant:

1.1. US6197139B1 - Ju, B.K., M.H. Oh, and W.B. Choi, Method for electrostatic thermal
bonding of a pair of glass substrates by utilizing a silicon thin film.s.

2.2. US8490434B2 - Watanabe, M. and M. Ono, Process and apparatus for producing
glass member provided with sealing material layer and process for producing electronic
device.

3. 3. R. Sastrawan, J.B., U. Belledin, S. Hemming, A. Hinsch, R. Kern, C. Vetter, F. M.
Petrat, A. Prodi-Schwab, P. Lechner, W. Hoffmann, New interdigital design for large area
dye solar modules using a lead-free glass frit sealing. Progress in Photovoltaics:
Research and Applications, 2006. 14(8): p. 697-709.

4.4, 58375744 B2 - Becken, KJ., et al., Hermetically sealed glass package and method of
manufacture, 2013.

5.5. WO2014052178A1 - Veerasamy, V.S. and M.D. Bracamonte, Low temperature
hermetic sealing via laser, 2016.

6. 6. Macgaira, J., L. Andrade, and A. Mendes, Laser sealed dye-sensitized solar cells:
Efficiency and long term stability. Solar Energy Materials and Solar Cells, 2016. 157: p.
134-138.

7.7. WO2012030925A1 - Logunov, S.L. and M. Prassas, Process for sealing a glass
package and resulting glass package, 2012.
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Fremgangsmade til forsegling af huller i glas samt herved opndede
genstande

Patentkrav

1. Fremgangsmade til opndelse af et forseglet hul i et glasmateriale,
omfattende trinene:

udarbejdelse af en fordybning i omtalte glasmateriale, der omgiver hullet for
at opna en glasrgrsvaeg, der straekker sig fra hullet;

sammensmeltning af glasrgrsvaeggen for at taetne hullet.

2. Fremgangsmade ifglge det foregdende krav, hvor hullet er et

gennemgaende hul, et blindhul eller kombinationer deraf.

3. Fremgangsmade ifglge de foregdende krav, hvor fordybningen er en

ringformet fordybning.

4. Fremgangsmade ifglge de foregdende krav, hvor glasrgrsveeggen er
cylindrisk, fortrinsvis har glasrgrsvaeggen et cylindrisk hult indre og et
firkantet ydre, fortrinsvis straekker glasrgrsveeggen sig op til niveau med en
overflade af glasmaterialet.

5. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor
den ringformede fordybning (104) i dybden har et konstant tvaersnit, et

stigende breddetvaersnit eller et faldende breddetvaersnit.

6. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor
den ringformede fordybning har vaegge i en vinkel i forhold til den tilstedende
overflade af glasmaterialet, og vaeggene er parallelle med hullets veegge,
fortrinsvis har den ringformede fordybning veegge vinkelret pa den
tilstadende overflade af glasmaterialet.
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7. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor
hullet har veegge, som stdr vinkelret p@ den omgivende overflade af

glasmaterialet.

8. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor

glasrgrsvaeggen er skorstensformet.

9. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor
smeltningen af glasrgrsveeggen sker ved hjeelp af laser, skaerebraender eller
loddekolbe.

10. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor
udarbejdelsen af den ringformede fordybning sker ved laser, fraeseskaering,
mekanisk boring eller sandblaesning.

11. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor
fordybningen har en dybde pa mere end 100 pm, fortrinsvis mellem 100 um
og 1 mm, yderligere foretrukket mellem 0,5 mm og 1 mm, og hvor
glasrgrsveeggen har veegge med tykkelse mellem 10 um og 1 mm, fortrinsvis

mellem 100 um og 250 um.

12. Fremgangsmade ifglge et hvilket som helst af de foregdende krav til

forsegling af et varmefglsomt materiale i glasmaterialet.

13. Glasmateriale omfattende et forseglet hul opnaet ved fremgangsmaden
ifglge et hvilket som helst af de foregdende krav, fortrinsvis med mindst to

forseglede gennemgdende huller.

14. Glasmateriale ifglge det foregdende krav, omfattende et varmefglsomt

materiale forseglet i glasmaterialet.

15. Elektronisk apparat omfattende glasmaterialet opndet ved

fremgangsmaden ifglge krav 11.
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Fig. 5



DK/EP 3707103 T3

AL
7

/ /4////
0
0

7

Fig. 7



DK/EP 3707103 T3

< / )
113 114 - 115 = 116 -




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - CLAIMS
	Page 15 - CLAIMS
	Page 16 - DRAWINGS
	Page 17 - DRAWINGS
	Page 18 - DRAWINGS
	Page 19 - DRAWINGS
	Page 20 - DRAWINGS

