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[Specification]
[Title of the Invention]
Solar Cell
[Technical Field]
<I> The present invention relates to a solar cell.
[Prior Art]
<2> Recently, as the depletion of existing energy resources such as oil and coal is expected, interest
in alternative energy sources to replace such resources is increasing. Among them, solar cells are
attracting attention as a means of producing electrical energy from solar energy, as they are
abundant in energy resources and do not cause environmental pollution.
<3> A typical solar cell has a substrate and an emitter layer made of semiconductors of different
conductive types, such as p-type and n-type, and electrodes connected to the substrate and the
emitter, respectively. At this time, a p-n junction is formed at the interface between the substrate
and the emitter.
<4> When light is incident on such a solar cell, a plurality of electron-hole pairs are generated in
the semiconductor; the generated electron-hole pairs are separated into electrons and holes,
respectively; the electrons and holes move toward the n-type semiconductor and p-type
semiconductor, for example, toward the emitter and the substrate, and are collected by electrodes
electrically connected to the substrate and the emitter; and power is obtained by connecting the

electrodes with wires.
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[Details of the Invention]

[Problem to be solved]

<5> The purpose of the present invention is to provide a solar cell.

[Means for Solving the Problem]

<6> The solar cell according to one example of the present invention comprises: a semiconductor
substrate containing an impurity of a first conductive type, an emitter unit positioned on the front
surface of a semiconductor substrate and containing an impurity of a second conductive type
opposite to the first conductive type, a tunnel layer positioned on the rear surface of the
semiconductor substrate and comprising a dielectric material, a rear field unit positioned on the
rear surface of the tunnel layer and comprising a polycrystalline silicon material doped with an
impurity of the first conductive type at a higher concentration than the semiconductor substrate, a
rear protective film positioned on the rear surface of the rear field unit and made of a dielectric
material, a first electrode connected to the emitter unit, and a second electrode connected to the
rear field unit; wherein at least a part of the second electrode is embedded into the rear field unit.
<7> Here, the first interface where the rear field unit and the second electrode contact each other
is positioned closer to the semiconductor substrate than the second interface where the rear field
unit and the back protective film contact each other.

<8> At this time, the electrode formation region where the second electrode is formed within the
rear field unit may further comprise a plurality of metal crystals, and such metal crystals do not
have to be positioned in the non-formation region where the second electrode is not formed
within the rear field unit.

<9> In addition, the metal crystals do not have to be positioned within the tunnel layer.
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<10> Here, the plurality of metal crystals may comprise the same metal material as the metal
material comprised in the second electrode.

<11> Some of the plurality of metal crystals may be in direct contact with the second electrode,
and at least one of the plurality of metal crystals may be spaced apart from the second electrode.
<12> In addition, the plurality of metal crystals may be elongated from the second electrode toward
the tunnel layer to be 2/3 or less of the thickness of the rear field layer, and some of the plurality
of metal crystals may have a width that decreases as they advance from the second electrode toward
the tunnel layer.

<13> Here, the second electrode may comprise a plurality of second finger electrodes formed
longwise in a first direction when viewed from the rear of the rear field layer, and a second bus
bar formed longwise in a second direction intersecting the first direction, and to which the plurality
of second finger electrodes are commonly connected.

<14> At this time, a plurality of second finger electrodes can be formed by penetrating the rear
protective film and being embedded into the rear protective film, and a plurality of second bus bars
can be formed on the rear surface of the rear protective film.

<15> Here, the rear field electrode and the second finger electrodes contact each other at a first
boundary surface of the rear field electrode, and a plurality of metal crystals can be further
comprised in the finger formation region where the second finger electrodes are formed among the
electrode formation regions of the rear field electrode.

<16> Further, a plurality of metal crystals do not have to be positioned in the bus bar formation
region where the second bus bar is formed among the electrode formation regions of the rear field
electrode.

<17> To this end, the material comprised in the plurality of second finger electrodes and the
material comprised in the plurality of second bus bars can be formed differently from each other.
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<18> Specifically, the content of the glass frit per unit volume comprised in the plurality of second
bus bars may be smaller than the content of the glass frit per unit volume comprised in the plurality
of second finger electrodes.

<19> At this time, the content of the glass frit per unit volume comprised in the plurality of second
finger electrodes may be the same as the content of the glass frit per unit volume comprised in the
first electrode.

<20> In addition, the content of the metal material per unit volume comprised in the plurality of
second finger electrodes may be greater than the content of the metal material per unit volume
comprised in the plurality of second bus bars.

<21> Specifically, the content of the metal material per unit volume comprised in the plurality of
second finger electrodes may be 80 wt% or more and 95 wt% or less, and the content of the metal
material per unit volume comprised in the plurality of second bus bars may be 60 wt% or more
and 80 wt% or less.

<22> At this time, the content of the metal material per unit volume comprised in the plurality of
second finger electrodes may be the same as the content of the metal material per unit volume
comprised in the first electrode.

[Effect of the Invention]

<23> The solar cell according to the present invention is able to further increase the efficiency of
the solar cell by forming at least a part of the second electrode to be embedded in the rear field
region.

[Brief Description of the Drawings]

<24> FIGS. 1 to 4 are drawings for explaining a solar cell according to the first embodiment of

the present invention.
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FIG. 5 is a diagram for explaining a comparative example different from the first embodiment of
the present invention.

FIG. 6 is a diagram for explaining a solar cell according to the second embodiment of the present
invention.

FIG. 7 is a comparative example photograph showing the degree of deterioration of a
semiconductor substrate (110) according to the sintering temperature during the heat treatment
process when the material of the second busbar paste (153P) is the same as the material of the
second finger paste, using PL (photo luminescence).

FIG. 8 is a photograph showing the degree of deterioration of a semiconductor substrate (110)
according to the sintering temperature during the heat treatment process when the material of the
second busbar paste (153P) and the material of the second finger paste are different from each

other according to the second embodiment of the present invention, using PL (photo luminescence).

[Specific Details for Carrying Out the Invention]

<25> Below, embodiments of the present invention are described in detail with reference to the
drawings so that those with ordinary knowledge in the technical field to which this invention
pertains can easily carry out the invention. However, the present invention can be implemented in
various different forms and is not limited to the embodiments described herein. In addition, in
order to clearly explain the present invention in the drawings, parts that are not related to the
explanation are omitted, and similar drawing symbols are assigned to similar parts throughout the
specification.

<26> In order to clearly express various layers and areas in the drawings, the thickness is enlarged
and drawn. When a part, such as a layer, membrane, region, or plate, is said to be “on top” of
another part, this comprises not only cases where it is “directly on top” of another part, but also
cases where there are other parts in between. Conversely, when a part is said to be “directly on top”
of another part, it means that there are no other parts in between. Also, when a part is said to be

“entirely” formed on top of another part, it means that it is formed not only on the entire surface
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(or front) of the other part, but also on some of the edges.

<27> In addition, the front side may be one side of the semiconductor substrate where direct
light is incident, and the back side may be the opposite side of the semiconductor substrate where
direct light is not incident and on which reflected light, not direct light, may be incident.

<28> In addition, the fact that two values are the same means that they are the same within a
margin of error of 10% or less.

<29> Then, the solar cell according to the present invention will be described with reference to the
attached drawings.

<30> FIGS. 1 to 4 are drawings for explaining a solar cell according to the first embodiment of
the present invention, and FIG. 5 is a drawing for explaining a comparative example different from
the first embodiment of the present invention.

<31> More specifically, FIG. 1 is a partial perspective view of a solar cell according to the first
embodiment of the present invention, and FIG. 2 is a cross-sectional view of the solar cell
illustrated in FIG. 1 cut along the line 11-11. In addition, FIG. 3 is an enlarged view of the K portion
in FIG. 2, and FIG. 4 is an actual photograph showing the contact portion between the second
electrode (150) and the rear field unit (170).

<32> As illustrated in FIG. 1, an example of a solar cell according to the present invention
comprises a semiconductor substrate (110), an emitter unit (120), a reflective barrier film (130), a
tunnel layer (160), a rear field unit (170), a rear protective film (190), a first electrode (140), and

a second electrode (150).
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<33> In FIG. 1, the solar cell according to the present invention is illustrated as an example
comprising an anti-reflection film (130), but the present invention is different from this and can
be implemented by omitting the anti-reflection film (130). However, considering the efficiency
of the solar cell, better efficiency is generated when the anti-reflection film (130) is comprised.
The inclusion of the anti-reflection film (130) will be described as an example.

<34> The semiconductor substrate (110) is a semiconductor substrate (110) made of silicon
containing impurities of the first conductive type, for example, p-type conductive type. For
example, the semiconductor substrate (110) may be a semiconductor wafer made of single crystal
silicon or polycrystalline silicon.

<35> If the semiconductor substrate (110) has a p-type conductive type, it contains impurities of
trivalent elements such as boron (B), gallium, and indium. However, unlike this, the semiconductor
substrate (110) may be an n-type conductive type and may be made of a semiconductor material
other than silicon. If the semiconductor substrate (110) has an n-type conductive type, the
semiconductor substrate (110) may contain impurities of pentavalent elements such as phosphorus
(P), arsenic (As), and antimony (Sb). Hereinafter, a case in which the semiconductor substrate
(110) has an n-type conductive type will be described as an example.

<36> As shown in FIG. 1 and FIG. 2, the surface of the semiconductor substrate (110) may have
a textured surface, which is a rough surface that has been textured.

<37> The emitter unit (120) is positioned on the true surface of the semiconductor substrate (110)
where light is incident, and contains an impurity of a second conductive type opposite to the
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conductive type of the semiconductor substrate (110), for example, an n-type conductive type, to
form a p-n junction with the semiconductor substrate (110).

<38> The carriers, which are electron-hole pairs generated by light incident on the
semiconductor substrate (110) through the p-n junction, are separated into electrons and holes,
and the electrons move toward the n-type side and the holes move toward the p-type side.
Therefore, when the semiconductor substrate (110) is p-type and the emitter unit (120) is n-type,
the separated holes can move toward the semiconductor substrate (110) and the separated
electrons can move toward the emitter unit (120).

<39> However, in contrast, when the semiconductor substrate (110) has an n-type conductive line,
the emitter unit (120) has a p-type conductive type. In this case, the separated electrons can move
toward the semiconductor substrate (110) and the separated holes can move toward the emitter
unit (120).

<40> If the emitter unit (120) has an n-type conductivity type, the emitter unit (120) can be formed
by doping a semiconductor substrate (110) with an impurity of a pentavalent element, such as
phosphorus (P), arsenic (As), or antimony (Sb); on the other hand, if the emitter unit (120) has a
p-type conductivity type, the emitter unit (120) can be formed by doping a semiconductor substrate
(110) with an impurity of a trivalent element, such as boron (CB), gallium, or indium.

<41> Such an emitter unit (120) can be formed by diffusing an impurity of a second conductivity
type onto the entire surface of the semiconductor substrate (110); in such a case, the emitter unit
(120) can be formed with the same silicon material as the semiconductor substrate (110).

<42> For example, if the semiconductor substrate (110) is formed of a wafer made of
polycrystalline silicon, the emitter unit (120) may also be formed of polycrystalline silicon, and if

the semiconductor substrate (110) is formed of a wafer made of single-crystal silicon, the emitter
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unit (120) may also be formed of single-crystal silicon.

<43> The antireflection film (130) is positioned on the emitter unit (120) and may be formed of
at least one of an aluminum oxide film (AlOx), a silicon nitride film (SiNx), a silicon oxide film
(SiOx), and a silicon oxynitride film (SiOxNy); and it may be formed as a single film or a
multilayer film.

<44> In FIGS. 1 and 2, the case where the antireflection film (130) is formed as a single film is
illustrated as an example, but it is not necessarily limited to a single film.

<45> The antireflection film (130) reduces the reflectivity of light incident on the solar cell and
increases the selectivity of a specific wavelength range, thereby increasing the efficiency of the
solar cell.

<46> The first electrode (140) is positioned directly on the emitter unit (120) and is electrically
connected to the emitter unit (120). The first electrode (140) as shown in FIG. 1 may comprise a
plurality of first finger electrodes (141) and a plurality of first bus bars (143).

<47> Here, the plurality of first finger electrodes (141) may be positioned on the emitter unit (120)
and may be electrically connected to the emitter unit (120) and may extend in the first direction (x)
while being spaced apart from each other.

<48> As shown in FIG. 1 and FIG. 2, the plurality of first finger electrodes (141) may collect
carriers, for example, holes, that have moved toward the emitter unit (120) of the p type when the
semiconductor substrate (110) is of the n type.

<49> Further, the plurality of first bus bars (143) may be positioned on the same layer as the

plurality of first finger electrodes (141) above the emitter unit (120), electrically connect the
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plurality of first finger electrodes (141) to each other, and may extend in the second direction (y)
intersecting the plurality of first finger electrodes (141).

<50> The plurality of first bus bars (143) are connected to an interconnector (not shown) that
connects the solar cells to each other, and collects carriers that are collected and moved by the
plurality of first finger electrodes (141) and outputs them to an external device.

<51> The plurality of first finger electrodes (141) and the first bus bar (143) are made of at least
one conductive metal material; examples of these conductive metal materials may be at least one
selected from a group consisting of nickel (Ni), copper (Cu), silver (Ag), aluminum (Al), tin (Sn),
zinc (Zn), indium (In), titanium (Ti), gold (Au), and combinations thereof, but may be made of at
least one selected from a group consisting of combinations of other conductive metal materials.
<52> The first electrode (140) as above can be formed by forming an anti-reflection film (130) on
the entire surface of a semiconductor substrate (110), then patterning and applying a first electrode
paste for forming the first electrode (140) on the front surface of the anti-reflection film (130), and
then through a heat treatment process causing the first electrode paste to penetrate the anti-
reflection film (130) so that the first electrode (140) is connect to the emitter unit (120) and is fired.
<53> For this purpose, the first electrode (140) may contain glass frit in addition to the
aforementioned metal material.

<54> The tunnel layer (160) is arranged on the back surface of the semiconductor substrate (110)

and may comprise a dielectric material.
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<55> For example, the tunnel layer (160) may be formed on the back surface of the
semiconductor substrate (110) as shown in FIGS. 1 and 2, but may be formed by directly
contacting the back surface of the semiconductor substrate (110).

<56> In addition, the tunnel layer (160) may be formed on the back surface electric field region
of the ballistic substrate (110).

<57> Such a tunnel layer (160) may allow carriers generated in the semiconductor substrate (110)
to pass toward the back surface field unit (170) and may perform a passivation function for the
back surface of the semiconductor substrate (110). In addition, such a tunnel layer (160) may play
a role in increasing the open circuit voltage (\Voc) of the solar cell.

<58> The tunnel layer (160) can be formed of a dielectric material such as SiCx or SiOx that is
durable even in high-temperature processes of 600°C or higher. However, in addition to this, it can
also be formed of silicon nitride (SiNx), hydrogenerated SiNx, aluminum oxide (AlOx), silicon
oxynitride (SiON), or hydrogenerated SiON.

<59> In addition, the thickness (T160) of the tunnel layer (160) can be formed between 0.5 nm
and 2.5 nm. The tunnel layer (160) can be formed by an oxidation process, an LPCVD process, or
a PECVD deposition process.

<60> Here, the thickness (T160) of the tunnel layer (160) is limited to 0.5 nm - 2.5 nm to implement
the tunneling effect, and although it is possible to slightly exceed this limited range of 0.5 nm - 2.5
nm, the tunneling effect may be reduced.
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<61> More specifically, this is because, in making the thickness (T160) of the tunnel layer (160)
0.5 nm or greater, it is difficult in reality to make the thickness of the tunnel layer (160) less than
0.5 nm, and in making the thickness (T160) of the tunnel layer (160) 2.5 nm or less, the tunneling
effect may hardly occur if it exceeds 2.5 nm.

<62> In addition, the tunnel layer (160) can also perform a passivation function for the rear surface
of the semiconductor substrate (110).

<63> Next, the rear field unit (170) is positioned on the rear surface of the semiconductor substrate
(110), contains a first conductive type impurity at a higher concentration than the semiconductor
substrate (110), and may comprise a polycrystalline silicon material.

<64> That is, the rear field unit (170) can be formed on the rear surface of the tunnel layer (160)
formed on the rear surface of the semiconductor substrate (110), as shown in FIGS. 1 and 2, and
can be formed spaced apart from the semiconductor substrate (110).

<65> If the rear field unit (170) is not formed within the semiconductor substrate (110), but is
formed on the rear surface of the semiconductor substrate (110), as shown in FIGS. 1 and 2, is
spaced apart from the semiconductor substrate (110) and formed on the rear surface of the tunnel
layer (160) using a polycrystalline silicon material, the open circuit voltage (Voc) of the solar cell
can be further improved.

<66> In addition, since the rear field region (170) is formed outside the semiconductor substrate
(110) without forming the rear field region (170) within the semiconductor period (110), thermal

damage to the semiconductor substrate (110) can be minimized during the manufacturing process
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of forming the rear field region (170), thereby preventing the characteristics of the semiconductor
substrate (110) from being deteriorated. Therefore, the solar array as shown in FIG. 1 and FIG. 2
can further improve efficiency.

<67> The thickness (T170) of the rear field unit (170) can be formed between 50 nm and 500 nm.
<68> The second electrode (150) is arranged on the rear surface of the rear field unit (170) and is
electrically connected to the rear field unit (170). The second electrode (150) can comprise a
plurality of second finger electrodes (151) and a plurality of second bus bars (153), as shown in
FIGS. 1and 2.

<69> Here, the plurality of second finger electrodes (151) can extend in the first direction (x)
spaced apart from each other on the rear surface of the rear field unit (170) and can collect carriers,
for example, holes, moving toward the rear field unit (170).

<70> Moreover, the plurality of second bus bars (153) are positioned on the same layer as the
plurality of second finger electrodes (151) above the rear field unit (170), electrically connect the
plurality of second finger electrodes (151) to each other, and may extend in the second direction
(y) intersecting the plurality of second finger electrodes (151).

<71> The plurality of second bus bars (153) are connected to an interconnector (not shown) that
connects the solar cells to each other, and collects carriers that are collected and moved by the

second finger electrodes (151) and outputs them to an external device.
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<72> Here, the longitudinal direction of the second bus bar (153) is the same as the longitudinal
direction of the first bus bar (143), the lengthwise direction of the second finger electrode (151)
can also be the same as the longitudinal direction of the first finger electrode (141), and the
material of the second electrode (150) can be the same as the material of the first electrode (140).
<73> Such a second electrode (150) can be formed by patterning a second electrode paste for
forming the second electrode (150) on the rear protective film (190) while the rear protective film
(190) described later is formed on the rear electric field unit (170) and then through a heat treatment
process.

<74> Here, the width of the second finger electrode (151) may be, for example, between 150um
and 400um, and the width of the second bus bar (153) may be formed to be larger than the width
of the second finger electrode (151), but may be determined in a range between 1mm and 3mm.
However, it is not necessarily limited thereto, and may have a different width.

<75> Next, the rear protection film (190) may be positioned on the entire area excluding the area
where the second electrode (150) is formed within the rear of the rear field unit (170), as shown in
FIGS. 1and 2.

<76> Such a rear protection film (190) may be formed of a dielectric material, may be formed in
a single layer or a plurality of layers, and may have a fixed charge considering the polarity of the
rear field unit (170).

<77> The material of the rear protective film (190) may be formed of at least one of SiCx, SiOx,
silicon nitride (SiNx), hydrogenated SiNx, aluminum oxide (AlOX), silicon oxynitride (SiON), or
hydrogenated SiON.
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<78> The rear protective film (190) like this can perform the function of passivating the rear
surface of the rear field unit (170).

<79> In FIGS. 1 and 2, the operation of the solar cell according to the present embodiment having
such a structure is as follows.

<80> When light from the sun is irradiated and incident on the semiconductor substrate (110) of
the semiconductor through the antireflection film (130) and the emitter unit (120), electron-hole
pairs are generated in the semiconductor substrate (110) of the semiconductor by the light energy.
At this time, the reflection loss of the light incident on the semiconductor substrate (110) is reduced
by the antireflection film (130), so the amount of light incident on the semiconductor substrate
(110) increases.

<81> These electron-hole pairs are separated from each other by the p-n junction of the
semiconductor substrate (110) and the emitter unit (120), and the holes and electrons move toward,
for example, the emitter unit (120) having a p-type conductivity type and the semiconductor
substrate (110) having an n-type conductivity type, respectively. In this way, the holes that have
moved toward the emitter unit (120) are collected by the first finger electrode (141) and transferred
to the first bus bar (143), and the electrons that have moved to the rear junction unit (170)
positioned on the rear side of the semiconductor substrate (110) are collected by the second finger
electrode (151) and transferred to the second bus bar (153).

<82> In addition, if the first and second busbars (143, 153) of each of the adjacent solar cells are

connected to each other with an interconnector (not shown), current will flow, which can be used
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as power in the battery.

<83> Meanwhile, the solar cell according to the present invention may be formed by having at
least a unit of the second electrode (150) embedded into the rear field unit (170), as shown in FIGS.
1 to 3. As a specific example, both the second finger electrode (151) and the second bus bar (153)
forming the second electrode (150) may be embedded into the rear field unit (170) and formed.
<84> In other words, the first boundary surface (BS1) where the rear field unit (170) and the
second electrode (150) contact each other may be formed and positioned closer to the
semiconductor substrate (110) than the second boundary surface (BS2) where the rear field unit
(170) and the rear protective film (190) contact each other.

<85> In FIG. 3, the second finger electrode (151) is illustrated as an example, but the second bus
bar (153) may also have the same structure as the second finger electrode (151) embedded into the
rear field unit (170).

<86> In this way, the shape in which the second electrode (150) is embedded into the rear field
unit (170) is a shape that can appear when the second electrode paste for forming the second
electrode (150) is patterned on the rear of the rear protective film (190) and the second electrode
paste penetrates the rear protective film (190) and enters the rear field unit (170) through a heat
treatment process to form a connection.

<87> In this way, when the second electrode (150) is formed using the second electrode paste, it
has the advantage of being relatively low cost and shortening the bean-cutting time compared to
the plating method.
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<88> Here, the height difference between the first boundary surface (BS1) and the second
boundary surface (BS2) can be known as 1 nm - 20 nm, and the height difference (TBS) of the
first and second boundary surfaces (BS1, BS2) can vary depending on the time of the heat
treatment process for forming the second electrode (150) and the content of the glass frit comprised
in the second electrode paste.

<89> In FIG. 1 and FIG. 3, a case in which all of the second busbars (153) and the second finger
electrodes (151) forming the second electrode (150) are embedded into the rear field unit (170) is
illustrated as an example, but it is not necessarily limited thereto, and only the second finger
electrodes (151) among the second electrodes (150) can be embedded into the rear field unit (170)
and formed. As shown, the configuration in which only a plurality of second finger electrodes (151)
are embedded into the rear field unit (170) is described in more detail in FIG. 6 and below.

<90> Therefore, as shown in FIG. 3, the solar cell according to the present invention has the second
electrode (150) embedded into the rear field unit (170), so that the rear field unit (170) and the
second electrode (150) can contact each other at the first boundary surface (BS1) of the rear field
unit (170).

<91> At this time, as shown in FIG. 2, the electrode formation area (1700A) formed by the second
electrode (150) among the rear field unit (170) may further comprise a plurality of metal crystals
(MC).

<92> For example, as illustrated in FIG. 3, the finger formation region (1700F) where the second
finger electrode (151) is formed among the rear field unit (170) may further comprise a plurality

of metal crystals (MC). In FIG. 3, only the electrode finger formation region (1700F) among the
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electrode formation regions (1700A) of the rear field unit (170) is illustrated, but the bus bar
formation region (1700B) may also further comprise a plurality of metal crystals (MC).

<93> For reference, referring to FIG. 2, among the rear field area (170), the area of the rear field
area (170) positioned in the space between the second finger electrode (151) and the tunnel layer
(160) is referred to as the finger formation area (1700F), the area of the rear field area (170)
positioned in the space between the second bus bar (153) and the tunnel layer (160) is referred to
as the bus bar formation area (1700B), and the area of the rear field area (170) excluding the finger
formation area (1700F) and the bus bar formation area (1700B) is referred to as the non-formation
area (170NO). In addition, the finger formation area (1700F) and the bus bar formation area
(1700B) are collectively referred to as the electrode formation area (1700A).

<94> These plurality of metal crystals (MC) have relatively low resistance compared to the back-
side field (170) formed of polycrystalline silicon, and as shown in FIG. 3, carriers, for example,
electrons, that have moved from the semiconductor substrate (110) through the tunnel layer (160)
to the back-side field (170) can move directly to the second electrode (150) through the metal
crystals (MC) or jump between the metal crystals (MC) and the metal crystals (MC) to move to
the second electrode (150). Therefore, these plurality of metal crystals (MC) can play a role in
helping the carriers move more easily to the second electrode (150).

<95> Therefore, these metal crystals (MC) can narrow the practical distance between the
semiconductor substrate (110) and the second electrode (150) due to their low resistance.

<96> In addition, since the metal crystal (MC) is formed toward the semiconductor substrate (110)
with the second electrode (150) connected to the rear field unit (170) and the first boundary surface
(BS1) between the second electrode (150) and the rear field unit (170) as the center, the contact
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resistance between the second electrode (150) and the rear field unit (170) can be further reduced.
<97> Therefore, as in the present invention illustrated in FIG. 3, when a plurality of metal crystals
(MC) are further comprised inside the rear field region (170) between the second electrode (150)
and the tunnel layer (160), the efficiency of the solar cell can be further improved.

<98> Such metal crystals (MC) may be positioned in the electrode formation region (1700A)
where the second electrode (150) is formed among the rear field region (170), and the metal
crystals (MC) do not have to be positioned in the non-formation region (170NO) where the second
electrode (150) is not formed among the rear field region (170).

<99> In this way, the metal crystals (MC) are positioned only in the electrode formation region
(1700A) among the rear field area (170) and are not positioned in the non-formation region
(170NO) because the plurality of metal crystals (MC) are formed by recrystallization of the metal
that escaped from the second electrode (150) during the heat treatment process for forming the
second electrode (150).

<100> For example, the plurality of second electrodes (150) may be formed by comprising at least
one conductive metal material. Here, the conductive metal material comprised in the plurality of
second electrodes (150) may be at least one selected from the group consisting of nickel (Ni),
copper (Cu), silver (Ag), aluminum (Al), tin (Sn), zinc (Zn), indium (In), titanium (Ti), gold (Au)
and a combination thereof, but may be formed of other conductive metal materials.

<101> Here, a plurality of metal crystals (MC) can be formed when the metal material comprised

in the second electrode (150) described above is removed and recrystallized during the thermal
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treatment process for forming the second electrode (150), so that they can comprise the same metal
material as the metal material comprised in the second electrode (150). Therefore, for example, if
the second electrode (150) comprises silver (Ag), the metal crystal (MC) may also comprise silver
(Ag).

<102> In addition, as shown in FIGS. 3 and 4, the metal crystal (MC) may be positioned within
the rear field region (170), but does not have to be positioned within the tunnel layer (160).
<103> That is, as in the comparative example shown in FIG. 5, if such a metal crystal (MC) is
positioned within the tunnel layer (160), the function of the tunnel layer (160) may be deteriorated,
and if the metal crystal (MC) penetrates through the tunnel layer (160) and penetrates into the rear
interior of the semiconductor substrate (110), the open circuit voltage (\Voc) characteristic shown
by the structure formed by the semiconductor substrate (110) ? tunnel layer (160) - rear field region
(170) may be deteriorated, and the semiconductor substrate (110) may be deteriorated.

<104> In this way, when the semiconductor substrate (110) is deteriorated, the characteristics of
the semiconductor substrate (110), such as the carrier lifetime, may be deteriorated.

<105> However, in the case where the metal crystal (MC) is positioned in the rear field region
(170) but not in the tunnel layer (160), such deterioration of the characteristics can be prevented.
<106> Some (MC1) of the plurality of metal crystals (MC) may be in direct contact with the
second electrode (150), as shown in FIG. 3, and in addition, at least one (MC2) of the plurality of
metal crystals (MC) may be separated from the second electrode (150) and positioned within the
rear field region (170).
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<107> Here, the plurality of metal crystals (MC) may have a length (LMC) from the second
electrode (150) toward the tunnel layer (160) that is less than or equal to 2/3 of the thickness of
the rear field region (170). In this way, the length (LMC) of the metal crystal (MC) is limited to
less than or equal to 2/3 of the thickness of the rear field region (170) to prevent the length
(LMC) of the metal crystal (MC) from becoming excessively long, thereby damaging the tunnel
layer (160) or the semiconductor substrate (110), as described above.

<108> Some of the plurality of metal crystals (MC) may have a width (WMC) that decreases as
they progress from the second electrode (150) toward the tunnel layer (160). That is, as shown in
FIG. 3 or FIG. 4, the width (WMC) in the plane direction (x, y) of the part adjacent to the second
electrode (150) in the metal crystal (MC) may be smaller than the width of the part adjacent to the
semiconductor substrate (110).

<109> The size of the metal crystal (MC) may be determined in proportion to the sintering
temperature of the heat treatment process for forming the second electrode (150).

<110> That is, the length or width of the metal crystal (MC) increases as the sintering temperature
of the heat treatment process for forming the second electrode (150) increases, and decreases as
the sintering temperature decreases. As the width of the second electrode (150), which is the source
of the metal crystal (MC), increases, the length or width of the metal crystal (MC) may increase.
<111> However, if the sintering temperature of the thermal treatment process for forming the
second electrode (150) is excessively low, the contact resistance between the second electrode
(150) and the rear field unit (170) may increase.
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<112> Therefore, in the first embodiment of the present invention, the case where both the
second finger electrode (151) and the second bus bar (153) forming the second electrode (150)
are embedded into the rear field region (170), and metal crystals (MC) are formed in both the
finger formation region (1700F) and the bus bar formation region (1700B) among the rear field
region (170) is described as an example, but in order to further improve efficiency, only the
second finger electrode (151) may be embedded into the rear field region (170), and metal
crystals (MC) may be formed only in the finger formation region (1700F). This will be described
in more detail with reference to FIGS. 6 to 8 below.

<113> FIG. 6 is a diagram for explaining a solar cell according to the second embodiment of the
present invention.

<114> In the description of FIG. 6, the description of the overlapping parts with the description of
the first embodiment will be omitted, and the description will be focused on the parts that are
different from the first embodiment.

<115> As shown in FIG. 6, the solar cell according to the second embodiment of the present
invention can be formed so that at least a part of the second electrode (150) is embedded into the
rear field unit (170), but only the plurality of second finger electrodes (151) among the second
electrodes (150) penetrate the rear protective film (190) and are embedded into the rear field unit
(170).

<116> At this time, the metal crystal (MC) is formed only in the finger formation area (1700F) of
the rear field unit (170), and the plurality second bus bars (153) are not embedded into the rear
field unit (170), but are formed on the rear surface of the rear protective film (190).

<117> Therefore, rapid crystals (MC) do not have to be formed in the busbar forming region
(1700B) within the rear field unit (170).
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<118> In this way, among the second electrodes (150), only the plurality of second finger
electrodes (151) are formed to penetrate the rear protective film (190) and be embedded into the
rear field unit (170) so that the metal crystal (MC) is formed only in the finger formation area
(1700F) among the rear field unit (170), and the second bus bar (153) is formed on the rear
protective film (190) so that the metal crystal (MC) is not formed in the bus bar formation area
(1700B) within the rear field unit (170), as described in the previous FIGS. 3 to 5, to prevent the
metal crystal (MC) from being positioned within the tunnel layer (160) or from being connected
to the semiconductor substrate (110) by penetrating the tunnel layer (160).

<119> More specifically, in the case of the second bus bar (153), as described in the previous
FIGS. 1 and 2, since the width is relatively large compared to the second finger electrode (151), a
metal crystal (MC) having a relatively large length or width is formed in the rear field unit (170)
during the thermal treatment process, As shown in FIG. 5, the slow crystal (MC) may be positioned
in the tunnel layer (160) or connected to the semiconductor substrate (110), and this is to block
this in advance.

<120> Therefore, the solar cell according to the second embodiment of the present invention has
a structure formed by only the second finger electrode (151) among the second finger electrode
(151) and the second bus bar (153) penetrating the back protective film (190) and being embedded
into the rear field region unit (170), Therefore, only the rear field region unit (170) and the second
finger electrode (151) contact each other at the first boundary surface (BS1) of the rear field region
unit (170), only the finger formation area (1700F) where the second finger electrode (151) is
formed among the electrode formation areas (1700A) of the rear field region unit (170) may
comprise a plurality of metal crystals (MC), and the bus bar formation area (1700B) of the rear
field region unit (170) overlapping with the second bus bar (153) does not have to have a plurality
of metal crystals (MC).
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<121> To this end, the present invention can make the materials comprised in the plurality of
second finger electrodes (151) and the materials comprised in the plurality of second bus bars (153)
different from each other.

<122> More specifically, in order to prevent or minimize the second finger electrode (151) from
penetrating the rear protective film (190) and being embedded into the rear electric field unit (170)
and the second bus bar (153) from penetrating the rear protective film (190) and being embedded
into the rear electric field unit (170), the content of the glass frit per unit volume comprised in the
plurality of second bus bars (153) may be smaller than or equal to the content of the glass frit per
unit volume comprised in the plurality of second finger electrodes (151).

<123> That is, the content of glass frit per unit volume of the second busbar paste for forming the
second busbar (153) can be made smaller than the content of glass frit per unit volume comprised
in the second finger paste for forming the second finger electrode (151), or the glass frit does not
have to be comprised at all.

<124> The reason for the above is to prevent the second busbar paste from being almost
completely embedded into the rear field unit (170) even if it penetrates the rear protective film
(190) and is connected to the rear field unit (170) while the second finger paste penetrates the rear
protective film (190) and is embedded into the rear field unit (170), or to prevent the rear protective
film (190) from being penetrated at all, during the heat treatment process for forming the second
electrode (150).

<125> By doing this, it is possible to prevent metal crystals (MC) from being formed in the bus
bar forming area (1700B) of the rear field unit (170), and to prevent the semiconductor substrate

(110) from being deteriorated.
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<126> In addition, the content of glass frit per unit volume comprised in the plurality of second
finger electrodes (151) may be the same as the content of glass frit per unit volume comprised in
the first electrode (140).

<127> This means that the first electrode (140) may also be formed by applying the first electrode
paste and then penetrating the antireflection film (130) and connecting to the emitter unit (120).
By making the content of glass frit per unit volume comprised in the second finger paste the same
as that of the first electrode (140), the speed at which the first electrode paste penetrates the
antireflection film (130) and is incorporated into the emitter unit (120) in the same heat treatment
process and the speed at which the second finger paste penetrates the rear protective film (190)
and is incorporated into the rear junction unit (170) can be made approximately the same.

<128> Therefore, while the temperature of the heat treatment process for forming the first
electrode (140) and the second electrode (150) is made the same, the speed of the second finger
electrode (151) can be limited.

<129> In addition, the content of the metal material per unit volume comprised in the plurality of
second finger electrodes (151) can be greater than the content of the metal material per unit volume
comprised in the plurality of second bus bars (153).

<130> As a more specific example, the content of the metal material per unit volume comprised
in the plurality of second finger electrodes (151) can be 80 wt% or more and 95 wt% or less, and
the content of the metal material per unit volume comprised in the plurality of second bus bars
(153) can be 60 wt% or more and 80 wt% or less.

<131> In this way, the content of the metal material per unit volume comprised in the second
finger electrode (151) is set to 80 wt% or more and 95 wt% or less, so that the metal crystal (MC)

is sufficiently formed as described in FIG. 3 above, while the second finger paste penetrates the
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rear protective film (190) and is embedded into the rear electric field unit (170), and the resistance
of the relatively narrow second finger electrode (151) is sufficiently reduced.

<132> In addition, the content of the metal material per unit volume comprised in the second bus
bar (153) is set to be 60 wt% or more and 80 wt% or less, so that even if some of the second bus
bar paste penetrates the rear protective film (190) and is connected to the rear field area (170),
metal crystals (MC) are not formed in the bus bar forming area (1700B) of the rear field area
(170) by the metal material comprised in the second bus bar paste, or even if the metal crystals
(MC) are formed, as described in the previous FIG. 4, the metal crystals (MC) are prevented
from being formed by being connected to the semiconductor substrate (110) even if they are
formed inside the tunnel layer (160).

<133> In addition, the content of the metal material per unit volume comprised in the plurality of
second finger electrodes (151) may be the same as the content of the metal material per unit volume
comprised in the first electrode (140).

<134> By forming the second finger electrodes (151) and the second bus bar (153) having different
materials in this way, the deterioration of the semiconductor substrate (110) can be prevented, and
the efficiency of the solar cell can be prevented from decreasing.

<135> As described above, the deterioration of the semiconductor substrate (110) may occur
during the heat treatment process for forming the second electrode (150), and if the temperature of
the heat treatment process is too low, the contact resistance of the second electrode (150) may be

excessively high, which may prevent the efficiency of the solar cell.
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<136> Here, the deterioration of the semiconductor substrate (110) can be confirmed in the
following FIGS. 7 and 8.

<137> FIG. 7 is a comparative example photograph taken by PL (photo luminescence) of the
deterioration degree of the semiconductor substrate (110) according to the sintering temperature
during the heat treatment process when the material of the second busbar paste (153P) is the same
as the material of the second finger paste, and FIG. 8 is a photograph taken by PL (photo
luminescence) of the deterioration degree of the semiconductor substrate (110) according to the
sintering temperature during the heat treatment process when the material of the second busbar
paste (153P) and the material of the second finger paste are different according to the second
embodiment of the present invention.

<138> The PL image showing the open circuit voltage (Voc) of semiconductor substrate (110)
shows deterioration due to penetration of metal crystal (MC) into semiconductor substrate (110)
depending on heat treatment process temperature.

<139> The PL image shows that as the area of semiconductor substrate (110) becomes darker, the
open circuit voltage decreases, which means that the deterioration of semiconductor substrate (110)
is severe, and as it becomes brighter, the open circuit voltage is sufficiently high, which means
that the deterioration of semiconductor substrate (110) is small or almost non-existent.

<140> More specifically, if the shaded area increases as the heat treatment process temperature
increases in the PL image, it means that the metal crystal (MC) penetrates into the tunnel layer
(160) or the semiconductor substrate (110), thereby decreasing the open-circuit voltage and
aggravating the deterioration of the semiconductor substrate (110). If the shaded area does not
increase as the heat treatment process temperature increases, it means that the metal crystal (MC)
does not penetrate into the tunnel layer (160) or the semiconductor substrate (110), thus
maintaining the open-circuit voltage in a sufficiently high state, resulting in little or no

deterioration of the semiconductor substrate (110).
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<141> In FIGS. 7 and 8, only the image of the second bus bar (153) with a relatively large width
is shown, and the image of the second finger electrode (151) does not appear to be too small in
width, but in reality, a plurality of second finger electrodes (151) are formed by crossing each
second bus bar (153).

<142> In FIG. 7, the second bus bar paste (153P) of the same material as the second finger paste
is used, and in FIG. 8, the second bus bar paste (153P) of a different material from the second
finger paste is used, as described in FIG. 6 above.

<143> In FIG. 7, since the second bus bar (153) and the second pin electrode (151) are made of
the same material, the second bus bar paste (153P) is also formed by penetrating the rear protective
film (190) and being embedded in the rear field unit (170), and a metal crystal (MC) can be formed
within the bus bar forming area (1700B) of the rear field unit (170).

<144> Therefore, when the temperature of the heat treatment process for forming the second
electrode (150) is relatively low, such as 820°C or 795°C as in (c) and (d) of FIG. 7, metal crystals
(MC) are hardly formed in the rear field region (170) and deterioration of the semiconductor
substrate (110) hardly occurs, but in this case, the contact resistance of the second finger electrode
(151) may be formed relatively high, which may reduce the efficiency of the solar cell.

<145> However, when the heat treatment process for forming the second electrode (150) is
relatively high, such as 870°C: or 845°C: as shown in (a) and (b) of FIG. 7, the shaded area on the

semiconductor substrate (110) increases and is relatively deepened, so that the metal crystal (MC)
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of the rear field region (170) formed by the second busbar paste (153P) is penetrated into the tunnel
layer (160) or the semiconductor substrate (110), and the deterioration of the semiconductor
substrate (110) is aggravated.

<146> However, as explained in the previous FIG. 6, according to the second embodiment of the
present invention, when the materials of the second finger electrode (151) and the second bus bar
(153) are different from each other, it can be confirmed that the shaded area of the
semiconductor substrate (110) hardly increases even in the cases of FIG. 8 (c) and (d) where the
thermal reduction process temperature is relatively low, as well as in FIG. 8 (a) and (b) where the
thermal reduction process temperature is relatively high.

<147> This is because, by making the materials of the second finger electrode (151) and the second
bus bar (153) different from each other, the second bus bar (153) does not penetrate the rear
protective film (190) and connect to the rear field unit (170), or even if connected, the metal crystal
(MC) of the rear field unit (170) formed by the second bus bar (153) does not penetrate into the
tunnel layer (160) or the semiconductor substrate (110).

<148> In this way, the solar cell according to the second embodiment of the present invention can
prevent deterioration of the semiconductor substrate (110) and further improve the efficiency of
the solar cell by making the materials of the second finger electrode (151) and the second bus bar
(153) different from each other, thereby maintaining the open circuit voltage (Voc) of the solar
cell to be sufficiently high.

<149> Although the embodiments of the present invention have been described in detail above,
the scope of the rights of the present invention is not limited thereto, and various modifications
and improvements made by those skilled in the art using the basic concept of the present invention
defined in the following claims are also comprised in the scope of the rights of the present

invention.
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[Claims]
[Claim 1]
A solar cell, comprising:
a semiconductor substrate containing an impurity of a first conductive type,

an emitter unit positioned on the front surface of a semiconductor substrate and containing an
impurity of a second conductive type opposite to the first conductive type,

a tunnel layer positioned on the rear surface of the semiconductor substrate and comprising a
dielectric material,

a rear field unit positioned on the rear surface of the tunnel layer and comprising a
polycrystalline silicon material doped with an impurity of the first conductive type at a higher
concentration than the semiconductor substrate,

a rear protective film positioned on the rear surface of the rear field unit and made of a dielectric
material,

a first electrode connected to the emitter unit, and

a second electrode connected to the rear field unit;

wherein at least a part of the second electrode is embedded into the rear field unit.
[Claim 2]

The solar cell according to claim 1,

wherein the first interface where the rear field unit and the second electrode contact each other is
positioned closer to the semiconductor substrate than the second interface where the rear field
unit and the rear passivation layer contact each other.
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[Claim 3]
The solar cell according to claim 1,

further comprising a plurality of metal crystals in the electrode formation region where the
second electrode is formed within the rear field unit.

[Claim 4]
The solar cell according to claim 3,

wherein the metal crystal is not positioned in a non-formed region in which the second electrode
is not formed within the rear field unit.

[Claim 5]

The solar cell according to claim 3,

wherein the metal crystal is not positioned within the tunnel layer.
[Claim 6]

The solar cell according to claim 3,

wherein the plurality of metal crystals comprise the same metal material as the metal material
comprised in the second electrode.

[Claim 7]
The solar cell according to claim 3,

wherein some of the above plurality of metal crystals are in direct contact with the second
electrode.
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[Claim 8]

The solar cell according to claim 3,

wherein at least one of the plurality of metal crystals is spaced apart from the second electrode.
[Claim 9]

The solar cell according to claim 3,

wherein the plurality of metal crystals have a length from the second electrode in the direction of
the tunnel layer of 2/3 or less of the thickness of the rear field unit.

[Claim 10]
The solar cell according to claim 3,

wherein some of the above plurality of metal crystals have a width that decreases as they proceed
from the second electrode toward the tunnel layer.

[Claim 11]
The solar cell according to claim 1,

wherein the second electrode comprises a plurality of second finger electrodes formed longwise
in a first direction when viewed from the rear of the rear field unit; and a second bus bar formed
longwise in a second direction intersecting the first direction, and to which the plurality of
second finger electrodes are commonly connected.
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[Claim 12]
The solar cell according to claim 11,

wherein the plurality of second finger electrodes are embedded into the rear field unit by
penetrating the rear protective film and are formed, and the plurality of second bus bars are
formed on the rear surface of the rear protective film.

[Claim 13]
The solar cell according to claim 11,

wherein in the first boundary surface of the rear field unit, the rear field unit and the second
finger electrodes are in contact with each other, and among the electrode formation regions of the
rear field unit, a finger formation region in which the second finger electrodes are formed further
comprises a plurality of metal crystals.

[Claim 14]
The solar cell according to claim 11,

wherein among the electrode forming regions of the rear field unit, no plurality of metal crystals
are positioned in the bus-bar forming region where the second bus-bar is formed.

[Claim 15]
The solar cell according to claim 11,

wherein the material comprised in the plurality of second finger electrodes and the material
comprised in the plurality of second bus bars are different from each other.
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[Claim 16]
The solar cell according to claim 11,

wherein the content of the glass frit per unit volume comprised in the plurality of second bus bars
is smaller than the content of the glass frit per unit volume comprised in the plurality of second
finger electrodes.

[Claim 17]
The solar cell according to claim 16,

wherein the content of the glass frit per unit volume comprised in the plurality of second finger
electrodes is the same as the content of the glass frit per unit volume comprised in the first
electrode.

[Claim 18]
The solar cell according to claim 11,

wherein the content of the metal material per unit volume comprised in the plurality of second
finger electrodes is greater than the content of the metal material per unit volume comprised in
the plurality of second bus bars.

[Claim 19]
The solar cell according to claim 18,

wherein the content of the metal material per unit volume comprised in the plurality of second
finger electrodes is 80 wt% or more and 95 wt% or less, and
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the content of the metal material per unit volume comprised in the plurality of second bus bars is
60 wt% or more and 80 wt% or less.

[Claim 20]
The solar cell according to claim 18,

wherein the content of the metal material per unit volume comprised in the plurality of second
finger electrodes is the same as the content of the metal material per unit volume comprised in
the first electrode.
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[Abstract]

[Abstract]

The present invention relates to a solar cell. The solar cell according to one embodiment of the
present invention comprises: a semiconductor substrate containing an impurity of a first
conductive type, an emitter unit positioned on the front surface of a semiconductor substrate and
containing an impurity of a second conductive type opposite to the first conductive type, a tunnel
layer positioned on the rear surface of the semiconductor substrate and comprising a dielectric
material, a rear field unit positioned on the rear surface of the tunnel layer and comprising a
polycrystalline silicon material doped with an impurity of the first conductive type at a higher
concentration than the semiconductor substrate, a rear protective film positioned on the rear
surface of the rear field unit and made of a dielectric material, a first electrode connected to the
emitter unit, and a second electrode connected to the rear field unit; wherein at least a part of the

second electrode is embedded into the rear field unit.

[Representative Drawing]
FIG. 1
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[Drawings]

[FIG. 1]
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[FIG. 2]
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[FIG. 4]

[FIG. 5]
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[FIG. 6]
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