
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

10 June 2010 (10.06.2010) WO 2010/064213 Al

(51) International Patent Classification: Carlos Albino [PT/PT]; Rua Roberto Frias, P-4200-465
HOlG 9/20 (2006.01) Porto (PT).

(21) International Application Number: (74) Agent: VIEIRA PEREIRA FERREIRA, Maria SiIv-
PCT/IB2009/0555 11 ina; Clarke, Modet & Co., Rua Castilho, 50 - 9°,

P-1269-163 Lisboa (PT).
(22) International Filing Date:

4 December 2009 (04.12.2009) (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(25) Filing Language: English
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(30) Priority Data: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
104282 5 December 2008 (05.12.2008) PT KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(71) Applicant (for all designated States except US): ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

EFACEC - ENGENHARIA, S.A. [PT/PT]; RUA EN- NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

GENHEIRO FREDERICO ULRICH, GUARDEIRAS, SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,

Apartado 3078, P-44 70-605 Maia (PT). TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(72) Inventors; and (84) Designated States (unless otherwise indicated, for every

(75) Inventors/Applicants (for US only): MAGALHAES kind of regional protection available): ARIPO (BW, GH,

MENDES, Adelio Miguel [PT/PT]; Rua Roberto Frias, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

P-4200-465 Porto (PT). MAGALHAES MENDES, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

Joaquim Gabriel [PT/PT]; Rua Roberto Frias, TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

p -4 200-465 Porto (PT). PEREIRA DA COSTA ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

AGUILAR RIBEIRO, Helena Isabel [PT/PT]; Rua MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

Roberto Frias, P-4200-465 Porto (PT). GRATZEL, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).Michael [CH/CH]; CH-101 5 Lausanne (CH).

MADUREIRA ANDRADE, Luisa Manuela [PT/PT]; Published:
Rua Roberto Frias, P-4200-465 Porto (PT). MOREIRA

— with international search report (Art. 21(3))
GONCALVES, Luis Francisco [PT/PT]; Rua Roberto
Frias, P-4200-465 Porto (PT). VEIGA DA COSTA,

(54) Title: GLASS SEALING OF DYE-SENSITIZED SOLAR CELLS

Figure E

(57) Abstract: The present invent describes a new sealing process of a specific type of photovoltaic cells named dye-sensitized so
lar cells. Currently, the sealing of these cells is made by means of a polymer, which connects the two electrode substrates made of
glass, isolating the cell's inner content from the outside. The glass-based sealing method has the advantage of enhancing the cell's
lifetime. However, glass sealing should not lead to the heating of the whole cell, which may cause its degradation. The process
here unveiled employs a string of a glass precursor, a powder or a paste, that bounds the cell's entire external perimeter. The glass
precursor string is then heated to its melting point with a laser beam, allowing the two substrates of the cell to stick together - fig
ure A.



Description
Title of Invention: GLASS SEALING OF DYE-SENSITIZED

SOLAR CELLS
TECNICHAL DOMAIN

[1] The present invent concerns a DSC (dye-sensitized solar cell) glass-based sealing

process by means of a laser beam.

[2] It is described an innovative sealing process that uses a glass precursor of very low

melting point (350 0C to 700 0C) or low melting point (650 0C to 990 0C) and high ab-

sorbance on the near infra-red light spectrum region. A laser beam is used to induce the

glass fusion, consequently sealing the solar cell.

STATE OF ART
[3] DSCs were invented in 1980 by Skotheim [1] . Despite this fact, only in 1991 Brian

O'Regan and Michael Gratzel [2] [3] developed a new fabrication process for DSCs,

which allowed to achieve more than 7 % efficiency. Since then, DSCs are considered a

low-cost promising alternative amongst a whole set of photovoltaic technologies [2] [3] [4]

[5] [6] [7]_

[4] DSCs are composed by two glass sheets coated by a transparent conducting oxide

(TCO) that act as substrate of the two electrodes: the photoelectrode (PE) and the

counter-electrode (CE), interconnected by a conducting ionic liquid - the electrolyte.

The photoelectrode consists of a nanoporous layer of titanium dioxide, deposited onto

the TCO coated glass, with a dye monolayer adsorbed on its surface. In the counter-

electrode a catalyst layer is deposited onto the conducting glass substrate. The

electrolyte is typically an organic solvent containing the iodide/triiodide couple as the

redox system.

[5] The working principle of these cells is rather simple. The incident photons are

absorbed by the dye molecules and their electrons are excited. The photoexcited

electrons are then injected into the semiconductor's conduction band. Due to the diode

proprieties of the semiconductor (titanium dioxide), the injected electrons percolate

toward the conducting glass sheet. Electrons flow through the external circuit in the

direction of the counter-electrode, producing electric work in the way. On the catalyst's

surface, at the counter-electrode, electrons reduce the triiodide ions of the electrolyte to

iodide. Then, the iodide ions diffuse toward the photoelectrode where they are reduced

back to triiodide by transferring electrons to the dye, which was previously photo-

oxidized. The conversion cycle of solar to electric energy is therefore completed

without any chemical compound being consumed in the process.

[6] The transition of this laboratory/pilot scale concept to an industrial production scale



is occurring slowly and gradually. Such a delay can be explained, mainly, by problems

related to efficiency losses on the long-term, i.e. cells aging. Such problems are

normally related to the volatile and corrosive nature of the electrolyte and also to the

TiO2 and dye susceptibility to atmospheric moisture and oxygen [8]

[7] In the present context, DSCs are sealed by means of polymeric resins, which under

heat and pressure work as sealants. The commercial products most commonly used are

Surlyn® and Bynel®, both from DuPont™, and Torr Seal® from Varian™. In the last

years several other sealants for DSCs application were 'patented', particularly in China

and Japan [9] [10] [11] [12] [13] Among all these polymers, the one most used is Surlyn®, with

several different methods of application. According to Petterson [14] , the DSC modules

are sealed at 100 0C and approximately 0.2 bar absolute pressure for about 40 minutes,

although other application methodologies can be applied. The main difference between

the method described by Petterson and other methodologies lays on the sealing time. In

fact, the sealing time and the temperature to which the cell is exposed limit its future

performance. In cases where the dye adsorption in the semiconductor surface -

coloration step - is performed before sealing the cell, the sealing time varies, in

average, between 20 and 180 seconds. This way, the thermal degradation of the dye is

minimized. By the same reason, and contrarily to the procedure described by Peterson,

it is a common practice to introduce the electrolyte after the sealing step.

[8] Moreover, the temperature's negative effect is also visible on polymeric sealants.

Despite these materials offer good mechanical stability, they do not prevent in a long-

term period the diffusion of atmospheric moisture and oxygen to the inner space of the

cell and the leakage of chemical compounds. Such fact is due not only to the material's

intrinsic porosity, but also due to the thermal degradation that DSCs have to face when

exposed to solar radiation. In these conditions, a temperature above 60 0C is easily

attained. Moreover, above this temperature the polymeric materials start to degrade [15] ,

considerably and irreversibly, increasing the cell's permeability to contaminants and

chemical compounds.

[9] Another sealing method, used for instance in the fabrication process of OLEDs

(organic light-emitting diodes), consists on employing metallic solders (patent WO/

2004/092566) [16] . However, this kind of soldering is not very stable with temperature.

Such fact is due to the difference between the thermal expansion coefficients of the

two materials involved, i.e. glass and metal [17] . Bearing in mind the temperature

reached by a DSC when this is exposed to normal sunlight conditions, it is clearly u n

derstood that this sealing method is not the most appropriate.

[10] In February 2007, another sealing process of DSCs was unveiled. In this process only

the photoelectrode is made of transparent glass [18] . Moreover, the counter-electrode has

a barrier made of the same material as itself, which limits the cell's active area. A resin



is then applied over this barrier and fused with a laser beam, sealing the cell. The laser

beam strikes the cell vertically through the photoelectrode glass in order to fuse the

sealing resin. When it cools down, the resin solidifies sealing the two electrodes

together. A second document, from the same authors, unveils a very similar process in

which a resin or glass act as sealing agents [19] . The sealant is applied over the counter-

electrode (cathode) and a laser beam is applied vertically through the photoelectrode

(anode), raising the sealant temperature, fusing it and, consequently, sealing the cell.

[11] More recently, the use of glass frits has been widely reported. Glass frits are used to

seal glass/glass modules, and show very stable thermal, chemical and mechanical

properties [17][20][21][22][23][24] . However, in glass/glass sealing, the fusion process demands

rather high temperatures. This fact implies that the dye coloration step has to be

performed after the sealing process itself. Additionally, common glass frits contain

large amounts of lead that can contaminate the catalyst at the counter-electrode [20] .

These materials are commonly used in glass sealing processes [25] and, in particular, in

the sealing of OLEDs (Organic Light Emitting Diodes), displays, sensors and other

optical equipments. As an example, the patent WO/2007/067402, dated from June

2007, describes the sealing process of OLEDs using glass frits made of Fe2O3 or some

rare metallic oxides doped with Sb2O3-V2O5-P2O 5
[17] . These materials are fused by

means of a laser beam of infra-red radiation. However, in order to obtain greater

sealant uniformity, a previous pre-sintering step is performed. In this document, the

pre-sintering temperature is reported between 390 0C and 415 0C, and the process takes

about 2 hours. According to the sintering method described [17] , this temperature is sig

nificantly lower than the one generally used (~ 600 0C), but still too high to be applied

in DSCs. This document corresponds to EP 2006838615, dated from September 2007,

and JP 2007550595, dated from July 2007.

[12] The sealing process proposed in the present document distinguishes itself from all the

processes previously mentioned. In fact, the present invention is characterized by the

use of glass, or glass frits, of low or very low melting points; by avoiding heating the

electrodes above the temperature of thermal stability of all the constituents present in

the moment of sealing; by avoiding a long-term exposition of those constituents to

high temperatures - negative aspect of e.g. patent WO/2007/067402; and, finally, by

fusing the sealant and consequently sealing the solar cell by means of a laser beam

after the pre -heating step of both electrodes to such a temperature that does not damage

the cell's active components.

[13] Since the manufacturing of DSCs comprises the use of volatile substances and

components that react with oxygen and other agents present in the atmosphere, the

sealing system must be effective, resistant to the atmospheric conditions and to the

electrolyte's corrosive action. According to what has been previously mentioned,



nowadays Surlyn® or Bynl® polymeric films are almost exclusively used in the

sealing of DSCs. These systems have two disadvantages: they have a quite fast aging

when they are exposed to the environment and to sunlight; as they are based on

polymeric films they present higher permeability to volatile agents or gases, leading to

precipitate aging processes. A way to overcome this problem is by using a fused glass

border, which safely delimits the cell's active area. Fused glass is impermeable to the

mentioned chemical species and stable under sunlight and atmospheric air. Addi

tionally, it also acts as an electric insulator. The question lays, however, in how to

solder the two glass substrates in order to encapsulate all the components of the cell,

without degrading them. The present document reveals an innovative process for

sealing DSCs by means of a glass string and a laser beam.

INVENT DESCRIPTION
[14] Sealing plays an important role in the stability/aging of DSCs because it makes the

cell's inner components isolated from external contaminants and avoids the loss of

important chemicals. The ideal sealing material should be: i) stable at working

conditions - under great solar irradiance and outdoor ambient conditions; ii) inert to all

the chemical components of the cell, mainly the electrolyte redox couple; iii) im

permeable to the cell's chemical compounds and to the atmospheric oxygen and

moisture, as well as to other atmospheric contaminants; iv) an electric insulator; v) a

low-cost material and vi) suitable for simple deposition, which does not affect the

correct operation of the cell.

[15] The fabrication method of DSCs is well known and is described in many bibli

ographic references ][i4][24 ][26][27][28]
w o sheets of glass coated with an electric

conducting material (p.e. SnO2:F), usually denoted as TCO (transparent conducting

oxide), are used as substrates for both the photoelectrode and the counter-electrode.

The coated glass plates have high optical transmission (> 80 %) and low ohmic re

sistance (< 10 Ω). In the photoelectrode a layer of TiO2 paste is applied and sintered at

450 0C. On the other hand, the counter-electrode is heated to a temperature between

385 0C and 420 0C, for about 20 to 30 minutes, allowing the sintering of the catalyst.

An electric current collector grid is also deposited onto the glass substrates in order to

harvest the produced power. After all these steps, the photoelectrode is sealed together

with the counter-electrode.

[16] The sealing process here unveiled is performed by the deposition of a glass string on

a grooved perimeter at the cell's photoelectrode. The furrow facilitates the deposition

of the glass precursor and ensures a greater mechanical stability across the sealing area.

In this area, the TCO can be removed to make the sealing process more effective. The

glass precursor deposition is performed after print-screening the titanium dioxide.

After sintering the titanium dioxide, the temperature is maintained at a certain desired



level, but not above the maximum resistance limit of all components of the electrodes
[i5][29] Therefore, the photoelectrode is cooled down to a temperature close to that of the

counter-electrode, between 385 0C and 420 0C. The sealing glass precursor, at room

temperature, is then deposited over the photoelectrode's glass sheet and the adhesion

process between the sealant material and the electrode substrate starts. The counter-

electrode, coated with the catalyst and the current collector grid, is placed on top of the

photoelectrode glass substrate at a high temperature. The TCO can also be removed in

the sealing perimeter of the counter-electrode. The initial heating of both glass

substrates, caused by the semiconductor and the platinum catalyst sintering step, f a

cilitates the glass precursor adhesion to the mentioned glass sheets. This DSC manu

facturing process optimization avoids a long heating step suggested in patent WO/

2007/067402. The union of the photoelectrode and the counter-electrode is made in

such a way that allows the two electrodes to be spaced by a predefined constant

distance along the entire sealing perimeter, normally achieved with a metallic frame. In

order to perform the soldering process with permanent adhesion of the sealant glass

precursor to the glass sheets of the two electrodes it is necessary that, after the contact

between the two glass sheets, the temperature raises up to the soldering temperature.

However, the cell's inner components cannot be destroyed. This extra temperature raise

is then achieved by using a laser that strikes the counter-electrode perpendicularly.

When crossing the counter-electrode, the beam strikes the glass precursor string

causing its fusion and avoiding the over-heating of the remaining part of the cell.

[17] The sealing glass precursor must have some particular features including a low

melting point. The electrodes glass has a melting point between 1000 0C and 1200 0C
[30] , depending on its composition. However, it is possible to obtain glass with much

lower melting points (between 350 0C and 700 0C) and lower melting points (650 0C

and 990 °C) [31] . The glass precursor deposition can be performed in two ways: using a

glass paste [31][32] or a glass powder [31] . The first strategy is based on a simple deposition

method but has the disadvantage of possible contamination of the cell. The con

taminants can be removed using a nitrogen flow through the holes performed in the

counter-electrode - Figure B.

[18] In order to achieve an effective soldering of the glass string to the glass substrate by

the laser beam, the laser has to emit a radiation with wavelength at which the glass

string is opaque. This strategy allows that the laser beam crosses the counter-electrode

and heats the glass string, according to a temperature program advised by the glass

manufacturer. On the other hand, if the sealing glass has a quite low melting point, the

glass does not need to be fully opaque to the laser beam since even a low or a medium

absorbance level is enough to cause the desired heating.

[19] After soldering the electrodes, the cell should cool down, after what the dye and the



electrolyte are introduced in the cell through the small holes in the counter-electrode

side [26] . These holes need to be closed after the entire addition of the cell's components.

For that, a small amount of glass sealing precursor is deposited over the holes and the

subsequent fusion using a laser beam is performed. In this step is better to use a glass

opaque to the laser beam wavelength. It also important to mention that the thermal

expansion coefficients of the sealing glass precursor and the electrodes' glass should be

quite similar, i.e. about (8.6-9.2)xlO 6/°C (in the temperature range of 50 0C to 350 0C).

[20] Example 1 - DSC sealing with a glass paste of very low melting point

This example shows the use of a specific kind of glass precursor and the respective

application strategy. The selected glass sealing precursor is an aluminum-borosilicate

which contains lead. It has a melting point of 566 0C and a medium viscosity of 103

Pa-s. A string of this glass paste, with a diameter of 1 mm, was applied along the

external perimeter of a DSC with 7 cm long and 5 cm wide. In the photoelectrode glass

substrate was created a small incision for a better definition of the glass paste string.

After sintering the titanium dioxide semiconductor deposited onto the photoelectrode

glass plate, this was quickly heated from 450 0C up to 520 0C, at a rate of 10 0C per

minute. The sealing glass precursor is immediately deposited along the entire incision

made at the glass plate kept at 520 0C. A constant temperature period, between 385 0C

and 420 0C, should be achieved after the deposition. This cooling step is crucial to

avoid an overheating of the counter-electrode when it contacts the photoelectrode glass

substrate. The counter-electrode, also prepared with an incision along the soldering

line, was then placed on top of the photoelectrode at a temperature of 385 0C. A small

aluminum frame guarantees a constant 30 µm distance between the photoelectrode and

counter-electrode glass sheets. From the counter-electrode's side, a 120 W medium

power laser diode of 1064 nm wavelength strikes perpendicularly the sealing glass

precursor. The laser beam passes through the DSC perimeter several times until all the

gas bubbles formed during the glass fusing process disappear and, consequently, the

correct soldering of the cell takes place. At the end of the procedure the cell is left to

cool down to room temperature, while a nitrogen flow is used to remove potential con

taminants introduced during the sealing process. This nitrogen flow was introduced in

the cell through the holes previously made in the counter-electrode glass plate for the

subsequent introduction of dye and electrolyte.

[21] Example 2 - DSC sealing with a glass paste of low melting point and absorption at

HOO nm

This example shows the use of a glass precursor of low melting point and opaque to

infra-red radiation. The glass precursor paste is a silicate that contains iron oxide (Fe2O

3), has no lead compounds, has a melting point of about 990 0C (medium viscosity of

103 Pa-s) and presents an absorption peak at 1100 nm. A string made of this glass



paste, with a diameter of 1 mm, was applied along the external perimeter of a DSC

with 7 cm long and 5 cm wide.

[22] In the photoelectrode glass substrate was created a small incision for a better

definition of the glass paste string. After sintering the titanium dioxide semiconductor

deposited onto the photoelectrode glass plate, this was quickly heated from 450 0C up

to 520 0C, at a rate of 10 0C per minute. The sealing glass precursor is immediately

deposited along the entire incision made at the glass plate kept at 520 0C. A constant

temperature period, between 385 0C and 420 0C, should be achieved after the de

position. This cooling step is crucial to avoid an overheating of the counter-electrode

when it contacts the photoelectrode glass substrate. The counter-electrode, also

prepared with an incision along the soldering line, was then placed on top of the photo

electrode at a temperature of 385 0C. A small aluminum frame guarantees a constant 30

µm distance between the photoelectrode and counter-electrode glass sheets. From the

counter-electrode's side, a 120 W medium power laser diode of 1064 nm wavelength

strikes perpendicularly the sealing glass precursor. The laser beam passes through the

DSC perimeter several times until all the gas bubbles formed during the glass fusing

process disappear and, consequently, the correct soldering of the cell takes place. At

the end of the procedure the cell is left to cool down to room temperature, while a

nitrogen flow is used to remove potential contaminants introduced during the sealing

process. This nitrogen flow was introduced in the cell through the holes previously

made in the counter-electrode glass plate for the subsequent introduction of dye and

electrolyte.

FIGURES DESCRIPTION

[23] Figure A presents, in a non limitative way, a scheme of the sealing method invented.

In particular the referred figure shows:

1. A transparent conducting sheet of glass (TCO), the DSC photoelectrode substrate;

2. A transparent conducting sheet of glass (TCO), the DSC counter-electrode

substrate;

4. The sealant of the two electrodes (material: glass precursor, a glass paste or a glass

powder, of low or very low melting point);

11. Semiconductor of titanium dioxide with adsorbed dye.

12. Layer of TCO consisting of fluor-doped tin oxide.

21. Platinum catalyst.

22. Layer of TCO consisting of fluor-doped tin oxide.

23. Small holes for injection of electrolyte and dye.

[24] Figure B presents a longitudinal cut of a sealed DSC, in addition to what was

described in Figure A :

3. Electrolyte;



5. The sealant of the hole made at the counter-electrode side for the injection of dye

and electrolyte (material: glass precursor, a glass paste or a glass powder, of low and

very low melting point).

[25] The process of sealing the photoelectrode (1), containing the semiconductor (11), and

the counter-electrode (2) occurs by means of a sealant (4) applied in the external

perimeter of the glass sheet of the photoelectrode (1). The counter-electrode (2) is

placed on the top of the photoelectrode (1) substrate. The sealing process occurs when

the laser crosses the counter-electrode perpendicularly (2) causing the fusion of the

sealant (4) placed between the electrodes (1) and (2).

[26] The sealing of the hole, created to inject the electrolyte and the dye into the cell, is

made by depositing a small amount of glass sealant (5) in the hole area and then fusing

this material (5) with a laser beam.

[27] The glass precursor with very low melting point is preferably the paste 8596 ( de-

vitrifying solder glass) or the powder glass 8465 (vitreous solder glass) from Schott [31] .

The glass precursor with low melting point is preferably the glass paste 8516 ( IR-

absorbing sealing glass), also from Schott [31] .

[28] The laser used to perform the sealing process has a maximum power higher than 100

W in the wavelength range between 1000 nm and 1200 nm.

[29] In order to use the referred glass materials, the respective operational limitations,

reported by the manufacturer, should be taken into account. This way, the photo

electrode has to be heated between 450 0C and 520 0C; the counter-electrode has to be

heated between 385 0C and 420 0C; the glass precursor string has to be applied in the

photoelectrode; and the laser beam has to be applied from the counter-electrode glass

substrate side.
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Claims
[Claim 1] Sealing process of photovoltaic solar cells sensitized by dye, DSCs,

composed by glass sheets that form the photoelectrode (1) and a

counter-electrode (2), wherein:

a. a glass precursor cord (4) is applied at the external perimeter of the

inner part of the photoelectrode (1) glass sheet;

b. both electrodes, photoelectrode (1) and counter-electrode (2), are

previously heated up to the maximum allowable temperature of their

constituents;

c. both electrodes (1) and (2), are closed and welded by using a laser

beam (26);

d. The electrode ( 1 and 2) glass sheets are transparent to the laser beam

(26) wavelength used for welding.

[Claim 2] Sealing process of DSC glass solar cells according to claim 1,

wherein the glass cord (4) is applied in a groove made in the pho

toelectrode (1), the transparent conducting oxide (12) being

removed therefrom.

[Claim 3] Sealing process of DSC glass solar cells according to the previous

claims, wherein the bonding between the photoelectrode (1) and

the counter-electrode (2) is made such that the two electrodes are

spaced apart by a predefined and constant distance along the

entire welding perimeter, the distance being achieved by means

of a metallic frame, the welding taking place with permanent

adhesion of the sealing glass precursor cord (4) to the two glass

sheets of the photoelectrode (1) by the use of a laser beam that

heats ups the glass precursor cord (4).

[Claim 4] Sealing process of DSC glass solar cells according to the previous

claims, wherein the glass precursor is made of a glass powder or

a glass welding paste with a very low melting point between 350
0C and 700 0C.

[Claim 5] Sealing process of DSC glass solar cells according to the previous

claims, wherein the glass precursor has a low melting point

between 650 0C and 990 0C, and in that it is a paste based on an

iron oxide silicate (Fe2O3) or a powder glass with the same

features, wherein both materials must be opaque in the near infra

red region.

[Claim 6] Sealing process of DSC glass solar cells according to the previous



claims, wherein the laser (26) has a maximum power in the wavelength

range between 1000 nm and 1200 nm.

[Claim 7] Sealing process of DSC glass solar cells according to the previous

claims, wherein the laser (26) has a maximum power above 100

W.

[Claim 8] Sealing process of DSC glass solar cells according to the previous

claims, wherein the photoelectrode (1) is heated to a temperature

between 450 0C and 520 0C and the counter-electrode (2) is

heated to a temperature between 385 0C and 420 0C.

[Claim 9] Sealing process of DSC glass solar cells according to the previous

claims, wherein the laser beam (26) is applied over the counter-

electrode (2), the laser beam having a wavelength such that the

absorbance level of the said glass cord (4) is sufficient to allow it

to heat up to the desired temperature.
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