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One simpler method suited for mass production is by
premixing a dopant in a conductive paste as the
electrode-forming material, as proposed in, for example, D. L.
Meier, H. P. Davis, R, A. Garcia, J. A. Jessup, Proc. the
28th IEEE Photovoltalc Specialists Conference, p.69, 2000.
With this method, P is added to Ag paste as dopant, for
example, the paste is printed onteo a silicon substrate, and
the paste is fired at or above the eutectic point of Ag and
Si. While the portion of silicon onto which the Ag paste has
been applied is once melted and recrystallized upon cooling,
P in the Ag paste is taken into the silicon, whereby a high
concentration P-doped region is formed immediately below the
electrode-forming portion. This method is commonly referred

to as "self-doping” and the conductive paste for implementing

-the method is referred to as "self-doping paste." The above

article reports that the method actually results in a good
electrical contact between Ag and Si.
[0D0B]

On the other hand, the self-doping paste contains a
dopant for forming a self-doped region, an additive for
effectively forming . a high-concentration doping layer, and
the like in relatively high proportions. For this reason,
while the self-doping paste provides a good electrical
contact between electrode and silicon, the content of metal
particles contributing to the conduction of charge extracted
from the silicon substrate must be kept low. As a result,
the sintered body of self-doping paste has a high
interconnect resistance, giving rise to the problem that the

cutput of the sclar cell is reduced.

SUMMARY OF INVENTION

Technical Problem

[0009]

1

Embodiment sdz—obiect of the invention which—is—made—unéer—th
aforementioned-ciroumstances—oseek to provide a solar cell and
solar cell module having the advantages of a good electrical




contact between a silicon substrate and an extractlion
electrode, a reduced loss by electrode interconnect
resistance, and excellent cell characteristics.

Seolution to Problem

[0010]

Making extensive investigations to attain the above
object, the inventors have found that if a first electrode in
the form of a sintered body of conductive paste containing a
dopant for imparting conductivity to silicon is used as the
extraction electrode, and a second electrode having a higher
conductivity than the first electrode is used as the
collector electrode, then the logss by contact resistance
between silicon substrate and the extraction electrode and
the loss by electrode resistance are reduced and solar cell
characteristics are drastically improved. The invention is
predicated on this finding.

00111

Accordingly, a first aspect of the invention provides &—sexaE

~+3}—-=aa solar cell comprising a crystalline silicon

substrate of one conductivity type having a light-receiving
surface, an emitter layer formed on the light-receiving
surface side of the substrate and having a dopant of opposite
conductivity type added thereto, a passivation film formed on
the surface of the substrate, an extraction electrode for
extracting photogeﬁerated charge from the silicon substrate,
and a collector electrode in contact with at least a portion
of the extraction electrode for collecting the charge drawn
in the extraction electrode, characterized in that the
extraction electrode includes a first electrode in the form

of & sintered conductive paste containing a dopant for

imparting the same conductivity type as the emitter layer to

silicon, at least the first electrode is formed so as to penetrate
through the passivation layer, and the collector electrode includes
a second electrode having a higher conductivity than the first

electrode, and a self-doped region is formed below the interface

between the emitter layver of the silicon substrate and the first

electrode, as a result of the dopant in the first electrode being

diffused at a higher concentration than the emitter laver during the

gintering step.
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Lo The—gelar—aert-of—tt-whereinThere is disclogsed below the interface
between the emitter laver of the gilicon substrate and the

first electrode, a self-doped region is formed as a result of

the dopant in the first electrode being diffused during the
sintering step.
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wherein—&The self-doped region
may havekas a lower resigtivity than the emitter layer

disposed adjacent thereto.
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L3t —te-—i3)—whereinThere is disgsclosed

the first electrode may beis formed of a conductive paste based on Ag
and containing B, AL, Ga, P, As, In or Sb alone or a compound

thereof or a combination thereof as the dopant.
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(5 The —salgr—aeitd £ —any e I 4lireredm—£The Lirst

electrode may beds partially contacted or entirely overlaid
with the second electrode.

The extraction

electrode may havekas a laminate structure consisting of
the first and second electrodes, and the collector electrode

may havebas a monolayer structure consisting of the second electrode.
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S-wherein—tThe extraction
electrode and the collector electrode each may have a

laminate structure consisting of the first and second

electrodes.

{54 R e ety £ {+}l—+o—Lbl wherein-tThe extraction
electrode may consgists of the first electrode, and the collector
electrode may consists of the second electrode.
—Fhe—soter—eeii—of-anyone—ef il —tof8—wherein—eThe passivation

film_may comprises silicon oxide, silicon nitride,

silicon carbide, aluminum oxide, amorphous gilicon,
microcrystalline silicon or titanium oxide or a combination
thersof.

f3+63—=The solar cell may compriséage a crystalline silicon
substrate having a non-light-receiving surface, a passivation
£ilm formed on the non-light-receiving surface of the
substrate, an extraction electrode for extracting
photogenerated charge from the silicon substrate, and a

collector electrode may be disposed at least partially in contact
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with the extraction electrode for colleciing the charge
collected in the extraction electrode, characterized in that
the extract electrode may includes a first electrode in the form of
a sintered conductive paste containing a dopant for imparting
conductivity to silicon, at least the first electrode may Dbeis
formed so as to penetrate through the passivation layer, and the
collector electrode may includes a

second electrode having a higher conductivity than the first
electrode.
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[ erein aAt the interface between the
silicon substrate and the first electrode, a self-doped region may
beis formed as a result of the dopant in the

first electrode being diffused during the sintering step.

ranl Laa k™Y Y= N
P

1 = a0
2 Y A dd—afLa0d

0
t
=

I —wheredn—-The self-doped region
may havehas a lower resistivity than a non-self-doped region

disposed adjacent thereto.
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at—wherein—+£The first
electrode may beids formed of a conductive paste based on Ag

and containing B, AL, Ga, P, 2s, In or Sb alone or a compound
thereof or a combination thereof.
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electrode may beis partially contacted or entirely overlaid

with the second electrode.
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extraction electrode may havekss a laminate structure consisting of

 the first and second electrodes, and the collector electrode

may havekas a monolayer structure consisting of the second electrode.
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extraction electrod

®

and the collector electrode each wmay have a
laminate structure consisting of the first and second
electrodes.
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e weir—ieThe
extraction electrode may consists of the first electrode, and the
collector electrode may consists of the second electrode.
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passivation film may comprises silicon oxide, silicon nitride,

silicon carbide, aluminum oxide, amorphous silicon,



10

i5

20

25

30

35

microcrystalline silicon or titanium oxide or a combination
thereof,
+381—2A solar cell module comprising electrically connected solar

cells according to the first aspectamy—esn L e 1 ERe S S

Advantageous Effects of Invention

fo012]

In a solar cell comprising extraction and collector
electrodes, & self-doping electrode and a high conductivity
electrode are used as the extraction electrode and collector

electrode, respectively. Then the loss by silicon-electrode
contact resistance and the loss by electrode resistance can beaxe

reduced and at the same time, optical and electric losses in the
emitter layer can beawe reduced. Solar cell characteristics can
beaxe drastically improved. Also, the process can be implemented by
conventional screen printing and similar techniques, which can beis

quite effective for cost savings.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

FIG. 1 is a schematic perspective view of an exemplary
structure of a conventional solar cell.

FIG. 2 1s a schematic perspective view of an exemplary
structure of a solar cell in one embodiment of the invention.

FIG. 3 is a schematic perspective view of an exemplary
structure of a solar cell in another embodiment of the
invention.

FIG. 4 is a schematic perspective view of an exemplary
structure of a solar cell in a furfher emmbodiment of the
invention. _

FIG. 5 is a plan view of a printing plate for use in
electrode formation according to the invention, (a) showing a
pattérn of extraction electrode alone, (b) showing a pattern
of collector electrode alone, and (c¢) showing a combined
pattern of extraction and collector electrodes.



