1 Antireflective Coating on Solar Cells and Mt hod
for the Production of Such an Antireflective Coating
Enbodi ments of the invention concern an
antireflective coating on solar cells nade of
crystalline silicon, as well as a nethod for
production of such an antireflective coating.
Antireflective |ayers on solar cells nade of
crystalline silicon have the task of causing optinma
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addition to the primarily sought antirefiective effect. Because of this, the efficiency of such solar

cells is significantly improved in comparison with solar cells with antireflective layers without

this passivating effect.

An example of an antireflective film, but without additional incorporation of hydrogen, is
apparent from DE 35 11 675 C2. The antireflective film is applied by reactive sputtering on the
silicon, so that the amount of nitrogen is greatest and the amount of oxygen lowest on the side of
the interface between the antireflective film and the light-absorbing layer, and that the amount of
nitrogen diminishes and the amount of oxygen increases with increasing distance from the
interface. An antireflective film with a continuously varying refractive index is formed on this

account.



nitrogen di m ni shes and the anount of oxygen

i ncreases wWith increasing distance fromthe
interface. An antireflective filmwi th a continuously
varying refractive index ig forned on this account.
2 The plasma chem cal nethods used for production of
the antireflective coating (plasma CVD, sputtering)
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the solar cell production process that "blistering,"
i.e., local, conchoidal outbreaks in the silicon
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hydrogen is supposed to diffuse toward the silicon
surface and into the silicon, this neans that nost
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high temperature steps, in which the hydrogen is supposed to diffuse toward the silicon surface
and into the silicon, this means that most of the hydrogen chooses the path of least resistance and
diffuses away from the silicon nitride layer from the silicon and therefore is no longer available

for passivation of silicon.

The use of silicon nitride is also connected with the drawback that the optical adjustment
between silicon of the solar cell (refractive index n = 3.88) in the solar module and the cover
olass of the solar module (n = 1.46) required cannot optimally be achieved, because of its

refractive index of n=2-2.1.

The use of multilayer silicon nitride Iayers or gradient layers with continuously varying

refractive index moderates this drawback, but does not completely eliminate it.
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solar cells. In a first aspect of the invention,

there is provided an antirefl ective coating on sol ar
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Iin a second aspect of the invention, there is provided a method for production of an
antireflective coating on solar cells made of crystalline silicon, characterized by the fact that a
lower partial layer that covers the crystalline silicon of the solar cell over essentially the entire
surface is deposited on the crystalline silicon in a plasma chemical method at normal pressure
with high (maximum possible) hydrogen content as passivation layer, and that on the lower
partial layer, an upper partial layer with increased barrier effect against out-diffusion of hydrogen

is then deposited at normal pressure, essentially covering it over the entire surface.

The lower partial layer may be an amorphous or crystalline Si:H or SiyN,:H layer, whereas the

upper partial layer consists of T10,.

The lower partial layer may also have a layer thickness of 1-10 nm in the case of an Si:H layer
and of 3-10 nm in the case of an SiNy:H layers, the layer thickness of both partial layers

together amounting to one-fourth of the average wavelength of the average value of sunlight.



antireflective coating on solar cells nade of
crystalline silicon, characterized by the fact that a
| oner partial layer that covers the crystalline
silicon of the solar cell over essentially the entire
surface is deposited on the crystalline siliconin a
pl asma chem cal nethod at normal pressure wth high
(maxi mum possi bl e) hydrogef, content as passivation
| ayer, and that on the lower partial |ayer, an upper
partial layer with increased barrier effect against
out -di ffusion of hydrogen 1is then deposited at
Another gskginderherg iice Invariansdels| tpypreyde @i prgesss few arodpefion of such an
rface. The |ower partial |ayer nay be an
anureﬂe%ﬁ’ifé &% i or crystalline Si:H or SixNy:H |ayer,
mhereas the upper partlal | ayer consists of Ti 02.
al. so have

The profiy g sane Bf ebagmsié o e ELRR B eyl by the fact that a

Jower pafidl Odyesthhd covBrd et ffire asacefofane Shybliidel aly@hsSof thbQolar cell is
| ayer thickness of both partjal, |ayers together

deposnmﬂle. Gyptal Bncosiicanoiiy & Rlagna chianigglapethed HaR@mehptepsupst with high
I¥on 13

(i R o BER-UBaon 38, AP St lver vt

mcreasefddlanpﬁr@(ﬁﬁam dgeimsiofut sliffisicemoef lpdtdgerfd dapbsited tmdat namgal pressure on

he proc accordi ng iments. of the inventio
e fertC EREPhCt Py Fed by SERE act COVRPEa | Aouer tire’ *surface

partial |ayer that covers the entire surface of the
crystalline silicon of the solar cell is deposited
on the crystalline silicon in a plasm cheni ca

met hod at normal pressure with high (maxi num
possi bl e) hydrogen content as passivation | ayer, and
that an upper partial layer with increased barrier
ef fect agai nst out-diffusion of hydrogen is deposited
under normal pressure on the |ower partial |ayer,
essentially covering its entire surface. 4 1In
exanpl e enbodi nents, the |ower partial layer is
produced in a first furnace part of a



conti nuous furnace, in which the solar cell is
exposed to a renote plasma generated at nor nal
pressure at a tenperature up to 500C, which contains
one or nore process gases with the elenents silicon
and hydrogen, so that an Si:H layer is produced, and
in which the solar cells are then transferred to a
second furnace part, in whizch TiO2 is deposited to
formthe upper partial layer at a simlar
tenperature by neans of purely thermal nornal
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In example embodiments, the lower partial iayer is produced in a vacuum apparatus by exposing
the solar cell to a plasma of several process gases at a temperature up to 500°C, in which the
process gases contain the elements silicon, nitrogen and hydrogen, so that an Si,N,:H layer is
produced and by then coating the solar cell to form the upper partial layer in another part of the

vacuum chamber by a sputtering method with TiO,.

In example embodiments, the lower partial layer is produced in a continuous furnace, in which
the solar cell is exposed to a remote plasma generated at normal pressure at a temperature up to
about 500°C, which contains one or more process gases with the elements silicon, nitrogen and
hydrogen, so that an Si;N,:H layer is produced, and in which the solar cell is then coated with

TiO, to form the upper partial layer i a vacuum chamber by a sputtering method.



about 500C, which contains one or nore process gases
wth the elenents silicon, nitrogen and hydrogen, so
that an SiNy:H | ayer is produced, and in which the
solar cell is then coated with TiQ2 to formthe
upper partial layer in a vacuum chanber by a
sputtering nethod. 5 1In exanple enbodi nents, the

| ower partial layer is deposited up to a |ayer

thi ckness of 1-10 nm in the case of an Si:H | ayer
and 3-10 nmin the case of an SiNY:H |layer, and the
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transparency of the layer, which is described by the extinction coefficient k1, is of subordinate
significance, because of the limited layer thickness. This permits, for example, the use of silicon-
rich nitride layers or even amorphous silicon, so that a further improved passivation effect can be

achieved.

The invention will now be further explained below on practical examples. In the corresponding

drawing figures:

Fig. 1 shows a schematic view of a layer structure



The invention will now be further explained bel ow on
practical exanples. In the corresponding draw ng
figures: Fig. 1 shows a schematic view of a |ayer
structure 6 on a substrate according to the
invention; Fig. 2 shows an6arrangenent for production

of a layer structure -according to Fig. I with a
conti nuo s fu nace; .Fig. 3 shows an arrangenent for
on a subsirag AerHRe ?Hﬁm?gybr structure according to Fig. 1

with a vacuum apparatus and subsequent continuous
furnace; Fig. 4 shows an arrangenent for production
Fig. 2 shows ap asyengemenifor DIoduaionof dilngT stercirg acqordipg i He. 1 with a
DL R m ¥§puun1apparatus and Fig. 5 shows an
arrangenment for production of a layer structure
according to Fig. 1 with a nultipart evacuable
ont i nuous fur irst. practical | e.. .
Fig.3 fiom GRETERGHER g PisdutpnptiRy léfefﬁfwﬁ&féé‘%"ﬁ@ 10fie Lwitha
SNt RPRAEuE I A®SeqhentlcBhOnBNs WihaB; t he substrates
being coated or wafers S (solar cells) pass at a
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In a first furnace part 1 of a continuous furnace 2, through which the substrates being coated or
wafers S (solar cells) pass at a temperature of up to 500°C by means of a transport device 3, a
remote plasma 5, generated at normal pressure by a plasma source 4, is used to excite one or
more process gases supplied through process gas feeds 6, which contain the elements silicon and
hydrogen. Because of this, a lower partial layer S1 in the form of an amorphous or crystaliine

Si:H layer with a thickness d; of about 1-10 nm is generated on wafer S.

An upper partial layer S2 covering the lower partial layer S1 is then deposited with a thickness d,
from SiO,. For this purpose, the wafers S are transferred to a second furnace part 7 of the
continuous furnace 1, in which purely thermal normal pressure CVD deposition occurs at a
similar temperature, until the desired total layer thickness d = d; + d; of a fourth of the average

wavelength of the average value of sunlight is reached.



continuous furnace 1, in which purely thermal normal

- pressure CVD deposition occurs at a simlar
tenperature, until the desired total |ayer thickness
d =d, + d2 of a fourth of the average wavel ength of
the average val ue of sunlidght is reached. 7 The
resulting layer structure is depicted in-Fig. 1. The
second practical exanple is shown in Fig. 3. Here,
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apparatus 8 to the plasma of one or nore process
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In a first part 14 of a vacuum apparatus 15, the wafers S being coated are exposed at up to 500°C
to the plasma 16 of one or more process gases fed through process gas feeds 18, which contain

the elements silicon, nitrogen and hydrogen. The plasma is generated by a plasma source 17. The
coating process is continued, until a lower partial layer S1 of Si,N,:H with a layer thickness d; of

3—10 nm is formed.

The wafers S are then coated in a second part 19 of the vacuum apparatus 15 by a sputtering
process, preferably with TiO,, forming the upper partial layer S2 with thickness d,, until the
desired total layer thickness d of one-fourth of the average wavelength of the average value of

sunlight is reached. For this purpose, the second part 19 is equipped with a plasma source 20.

A fourth practical example is shown in Fig. 5.



3-10 nmis fornmed. The wafers S are then coated in a
second part 19 of the vacuum apparatus 15 by a
sputtering process, preferably with Ti 02, formng
the upper partial layer S2 with thickness d2, until
the desired total |ayer t®Bickness d of one-fourth of
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13 Process gas feed
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18 Process gas feed
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25 First part

26 Second part

27 Feed
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Antireflective Coating on Solar Cells and Method for
the Production of Such an Mhtireflective Coating
Clains 1. Antireflective coating on solar cells nade

of crystalline silicon, characterjzed by the fact
Apkiggficcfine Caping ot belat L ols v Metipd o thyBrodugtion of Such an

consecutive partial AntigeflestiveCpgfis one of which, the
partial |ayer covering the crystalline silicon, is
formed as an antireflective coating and passivation
coating with particul arl ihingh hydr ogen content,
which is covered by an upper partial layer with
i ncreased barrier effect agai nst out-diffusion of

1. AntirBH€bii9g ehting on Abtht &tk Ineit iof erverakint Bific@L charakitedzet ®y the fact that
Caiml, characterized by the fact that the |ower .

the antippfleetivg|coaing e omposgd obeRTEFRBYE PPHaldaxFEY & lewer@ngpt phigp. the

partial lﬁﬁp%ringﬁ qlg]yﬁzﬁﬁné B8tod MeroHRREAs AR AhfileBbetvaX8ting and
consists o 2. 3. Antireflective coating according
passivation @agingwih pettianiady dighdwdrdggn corderftaghich isapvernéby emepper partial

layer whf El}clre%lsed barrier effect against out-diffusion of hydrogen.

2. Antireflective coating according to Claim 1, characterized by the fact that the lower partial
layer is an amorphous or crystalline Si:H or Si;Ny:H layer, and that the upper partial layer

consists of TiO;.

3. Antireflective coating according to Claim 2, characterized by the fact that the lower partial
layer has a layer thickness of 1-10 nm in the case of an Si:H layer and of 3—10 nm in the case of

an SiyN,:H layer.

4. Antireflective coating according to Claim 2, characterized by the fact that the layer thickness
of both partial layers together is one-fourth the average wavelength of the average value of
sunlight.

5. Method for production of an antireflective coating on solar cells made of crystalline silicon,
characterized by the fact that a lower partial layer that covers the crystalline silicon of the solar

cell over essentially



| ayer has a layer thickness of 1-10 nmin the case of
an Si:H layer and of 3-10 nmin the case of an
SiNy:H layer. 4. Antireflective coating according to
Claim 2, characterized by the fact that the | ayer
t hi ckness of both partialll ayers together is
one-fourth the average wavel ength of the average
value of sunlight. 5. Method for productlon of an
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pressure with high (maxi num possi bl e) hydrogen
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process gases with the elenents silicon and
hydr ogen, so that an Si:H layer is produced, and that
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8. Method according to Claim 5, characterized by the fact that the lower partial layer is produced
in a vacuum apparatus by exposing the solar cell to a plasma of several process gases at a
temperature up to 100°C, in which the process gases contain the elements silicon, nitrogen and
hydrogen, so that an Si,N,:H layer is produced, and that the solar cell is then coated to form the
upper partial layer in another part of the vacuum chamber by a sputtering method with TiO.

9. Method according to Claim 5, characterized by the fact that the lower partial layer is produced
in a continuous furnace, in which the solar cell is exposed to a remote plasma generated at
normal pressure at a temperature up to approx. 500°C, which contains one OF MOTe Process gases
with the elements silicon, nitrogen and hydrogen, so that an Si;Ny:H layer is produced, and that
the solar cell is then coated with TiO, to form the upper partial layer in a vacuum chamber by a

sputtering method.



hydrogen, so that an SixNy:H | ayer is produced, and

that the solar cells are then transferred to a

conti nuous furnace, in which Ti02 is deposited to

formthe upper partial layer at a simlar

tenperature by means of pul®ly thermal nornmal

pressure CVD deposition. 8 Mthod according to O aim

5, characterized by the fact that the | ower partia

| ayer is produced in a vacuum apparatus by exposing
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by a sputtering nethod with Ti02. 9. Method accordi ng
to Caimb5, characterized by the fact that the | ower
partial layer is produced in a continuous furnace,
in which the solar cell is exposed to a renpte plasna
generated at normal pressure at a tenperature up to
approx. 500C, which contains one or nore process
gases wth the elenments silicon, nitrogen and
hydr ogen, so that an SixNy:H |l ayer is produced, and
that the solar cell is then coated with Ti02 to form
t he upper partial layer in a vacuum chanber by a
sputtering nmethod. 12 10. Method according to C ains
5to 9, characterized by the fact that the | ower
partial layer is deposited up to a |ayer thickness
of 1-10 nmin the case of a Ti:H layer and 3-10 nmin
the case of a TiNY:H layer, and the upper layer is
then deposited to a total |ayer thickness that
‘corresponds to one-fourth of the average wavel ength
of the average val ue of sunlight.



