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H. Schlemm, K. Roth and R. Preu, in a paper titled “Industrial realization of dry

plasma etching for PSG removal and rear side emitter etching”, presented at the
22™ European Photovoltaic Solar Energy Conference and Exhibition,
3 - 7 September in Milan, Italy. In this paper, it is described that wet etching

25  phosphorus silicate glass (called “PSG” in the paper) is characterized by high
water and chemical waste disposal as well as high mechanical impact. It is
further mentioned that PFCs (perfluorocarbons) and SF¢ are commonly used for
saw damage removal as well as oxide etching during solar cell processing. In
experiments, PSG were etched using CF4 (a perfluorocarbon) and hydrogen

30  were used. Other plasma treatments of the wafer are performed using SFg.
PFCs and SFg are considered to have a certain GWP.

The present invention provides a solution to these and other problems.
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25 If fluorine is used as treatment gas, it can be used neat. For safety reasons,
it is preferably applied in admixture with nitrogen, helium and/or argon. The
mixture can be formed in the reactor, or a mixture of fluorine and the inert gas or
gases is formed before introducing it into the reactor. If the gases are introduced
in such a premixed form into the reactor, a homogenous or near-homogenous

30  mixture can be provided throughout the reactor chamber. In general, the fluorine
content of the mixture is, for safety reasons, preferably between 1 and 35 % by
volume. For example, a mixture of F5 and the inert gas can be supplied from
pressurized bottles. In such pressurized bottles, a homogenous mixture forms. It
is also possible to introduce the gas constituents separately into the reactor. In

35  the detailed explanation given below, the term “mixture” denotes premixed gas

mixtures as well as mixtures created in the plasma reactor.
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25  lower than 25 % by volume. The content of nltrogen is preferably equal to or
greater than 4 % by volume. It is preferably equal to or lower than 75 % by
volume.

The sum of fluorine and argon preferably is equal to or lower than 50 % by
volume, especially preferably equal to or lower than 45 % by volume. It is

30  preferably equal to or higher than 25 % by volume.

In the mixtures described above, the fluorine content is comparably low for
safety reasons. In cases where safety reasons are of no concern, the fluorine
content may be higher. Generally, the fluorine content can be equal to or greater
than 25 % by volume. Preferably, it is equal to or greater than 60 % by volume ;

35  more preferably, it is equal to or greater than 75 % by volume. The remainder to

100 % by volume may be constituted by nitrogen and especially by argon which,
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25  to apply the deep n™ diffusion regions over which the metal contact bridges are

10

arranged. In a third step, the surface is then coated with a n* diffusion layer.
Details are described in WO 1997/001189. Carbonyl fluoride, NF3 or fluorine
can be used here to etch the photomask. The etch process of the present
invention can also be used to etch the parasitic emitter on the rear of the solar
30 cell
According to one embodiment, the surface of the wafer used for the solar
cell is modified (it is assumed that it is roughened) by the etching process of the
present invention. Roughening of the wafer surface by etching reduces the
reflectivity and thus enhances the effectivity of the solar cell. Reflectivity is
35  considered reduced if the total hemispherical reflectivity (averaged over all

wavelengths) expressed by the intensity of incident light divided by reflected
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Also for treatment of cracks, fluorine gas or fluorine gas in mixture with
oxygen and/or inert gases, especially nitrogen, helium and/or argon, as described
above, can be used. Preferably, carbonyl fluoride is applied. Carbonyl fluoride

30  can be applied as neat substance, or it can be applied together with oxygen,
nitrogen, helium and/or argon as indicated above. The latter mixtures offer some
advantages in view of safe handling. As mentioned above, in apparatus with
lower power output, it may be advantageous to apply carbonyl fluoride admixed
with argon, for plasma stabilization. For this field of application, gas mixtures

35  can be applied like those described above for surface roughening. Oxygen

improves etching.
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25  applied. These contact electrodes are needed to withdraw electric current
(usually direct current) from the cell. A preferred way to apply contact
electrodes is evaporating metal onto the wafer as mentioned in US-A 4249957.
A contact electrode from titanium-palladium-silver is very suitable. There are
alternative methods which can be used to apply contact electrodes. For example,
30  apaste can be applied which contains conductive particles, e.g. silver particles,
to form a pattern on the wafer, the wafer is fired, and a conductive pattern is
formed on the wafer which functions as electrode. This alternative is described
in EP-A-0 542148.
Another aspect of the present invention is a solar cell obtained by the
35  process of the present invention. In one embodiment, cells containing a wafer

which was surface-etched have a very low degree of reflexivity. In another
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25e. gaurleid gthe palrstriatel te gransfer the pattern of the photolithographic mask into
the film on the surface thercof. Thereafter, the mask is removed from the surface
of the overlying film. The substrate may be glass and the film amorphous or
polycrystalline silicon.

In processes performed to manufacture flat panel display, such as the

30  process described above, carbonyl fluoride can be used as etching gas. Carbonyl
fluoride can be applied as neat substance or in admixture with inert gases, for
example, it can be applied together with oxygen, nitrogen, helium and/or argon.
It is preferably applied as neat substance. These gas mixtures can also be used
for plasma chamber cleaning.

35 Especially in apparatus with high power plasma, it is often possible to use

neat carbonyl fluoride. In plasma apparatus with lower plasma power, it may be



to forma pattern on the wafer, the wafer is fired,
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5 13038 29,06 1,32 5,28 0 | 800 | 0 | Y 1,1
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20 Ar is used for improving homogeneity of plasma over the length of

microwave rods. It has no impact on Si etching reaction. Y/N indicates if it was
switched on or off.
Flow same MFC (mass flow controller) was used for SFg and COFp. The
MFC was calibrated for SFg. For COF7 a conversion factor of 2 (0,544/0,27)
25  had to be used.



surface of the substrate to transfer the pattern of
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the surface of the overlying film The substrate may

be gl ass and the fil m anorphous or polycrystalline
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panel display, such as the process described above,

carbonyl fluoride can be used as etching gas. Carbonyl

f1 uori dEhectgsts Bovapst fasbonyd flnerde eantrsapecssighy ppplied for

adndtxiibg theWukBcd SYRfilicodasasrs cicBgak AR bé ShdrRAcPFhile still
ed together with x gen, nitrogen, helium and/or

appl.i é
ar ghRining amongelecivapyaleiann) i ed as neat subst ance.
TheBeangds 2 niTxdatihg Silican wafs dobendisg dravks phiaslom chamber

g: Zgﬂ;ng bPl‘EO%p(?OE)IF? l%on v eg se?vrvato{ilts ofWI a po e\éctrysqghiﬁé; \sr/]\l'gl{son block
f1 Uowsicereks birthe Ied@raT lapzp@malts ml@nwﬁmtrtd Ingwe plapina shamiprywd ihg

' t B ggteig%‘éhéﬁ@deaﬁcpca%l’ ﬂP(')IMeL’iE %ﬁrdﬁhc&ﬁﬁ%ﬁf lchamber up to

| uori together. wth nitrogen)
becaanr@ésuaf‘r ofdh4 Hibsr améél@ﬁ Rlpspea léﬁfaéf@ti Darigg theplasma tréatment

st afpk hﬂlﬁalﬁ?sliahﬁariglétﬁéf&ck ﬁ@lrag%fﬁﬁhe(f ﬂntt% k@&oﬂ’! lilgt ﬁﬁhc’bﬂré Which
ni ,ro | um.an 0 ar n
100 S o Rt R stk S S n@ Lo aRIeRy. B8 Toppeitged B

c onfuatherettkaitmerano abm@ind soddr ceti iddpit@with phosr@ohisazrtta’ﬁﬁhn%

by eferably equal to or nore than 75 % by
e‘i&!tﬁ)ﬁg%et@i emai nder to 100 % by volune is

conE?SanmJ@ éd Reyogshajart -conteinmgegiasstikicicaptingnd/ or  ar gon.

M Xt ureg bBRﬁSdlo%%H RicOh wafdr *?§’£Bh|tacftédtk9i!'tﬁ P'@Oifﬁrﬁf IRafdl Y
a carbonyl fluoride content gi ven above) and

15ar gla?ﬁwgfﬁ%)pemddﬁgp‘i@t%%@ﬁt@rt@o él&ﬁ @nneuad it Bp@s. Asa
Th aslae?ﬂehamnn gh@pﬁ@mb@ﬁlca t@ﬁs@) ?k@da&m gﬁ@fo@ﬁﬁ@di are réiéve this
I nventl u ou lnte n
U8 ot e VARDB st e o T shamber, the
W tdhautbestsreu@ctuated el eaetabay ! flnoademsantovbeed pit@gwacactor
S
fi KW%@%?@M%%MS REAR: %ﬁ: 9@%&%&@5 15'%‘?&%{%"‘1?%“

he wafers are ore an
20et CIMPERSS 1 Hepner 6 secarasdhg ala@eehllgmoatlnmsmf@d apiaE. et ch

r at Bxanhple 3D RRAS IS a8-WeHtAhingQPdsedike BUGtng st Midthe
time retrlctedt eral” tines 10 mnute
i nut oS YA (& BPFed B Gm e TR SppSeED Bt b
ar evalomp anosSad) 16Xabplvelime of nitrogen and 70 % by volume of argon is
applied. The glass-like coating is etched away.
25  Example 5 : Applying electrodes to the treated wafer
A wafer etched with neat carbonyl fluoride to make it less reflective is
further treated to apply electrodes as described in EP-A-0 542148. A paste
containing silver and, as inorganic binder, lead oxide and silicon dioxide is
applied on the front side of the wafer by screen printing according to the desired
30 pattern of the electrode structure. On the back side, a similar electrode paste is
applied which further contains aluminium. The wafer is then fired at around
800°C. The pattern is then galvanized in a bath containing silver chloride and
sodium thiosulfate. This done as described especially on page 3, line 53 to
page 5, line 23.

35  Example 6 : Manufacture of silicon transistors on a flat panel display



1. Test results Ar is used for inproving honogeneity

of plasma over the |l ength of mcrowave rods. It has no
WO p@ao9246h0 Si et ching reaction. Y/ N indicates PET/EP2008655173

swi tched on or off. Flow sane MFC (mass fl ow

controller) was used for SF and COF2. The MFC was

calibrated for SFg. For COF2-&0conversion factor of 2

(0,544/0,27) had to be used. The tests show t hat

carbonyl fluoride can be successfully applied for _
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P-contai ning gl ass-1i ke coating A boron-doped silicon
wafer is contacted with POCl 3 and heated to between
960 and 10000C to convert the phosphorus conpound into
P20b. As a side reaction, phosphorus-silica glass-Ilike
coating is formed. To renove this glass-1ike coating,
the wafer is positioned in a plasma treatnment chanber,
t he chanber is evacuated, and neat carbonyl fluoride
is introduced into the reactor until a pressure of 0.4
nbar is achieved. Then, the plasma is started. The
process is stopped as soon as the glass-like coating
is etched away. Exanple 4 : Renopval of a p-containing
gl ass-1i ke coating using fluorine Exanple 4 is
repeated, but this tine, a mxture consisting of 20 %
by vol une fluorine, 10 % by vol unme of nitrogen and 70
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applied. The gl ass-like coating is etched away.
Exanple 5 : Applying electrodes to the treated wafer A
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less reflective is further treated to apply el ectrodes
as described in EP-A-O 542148. A paste contai ni ng
silver and, as inorganic bi ndét; | ead oxi de and
silicon dioxide is applied on the front side of the
waf er by screen printing according to the desired
pattern of the el ectrode éﬂlu%iﬁig On the back side,
a simlar electrode paste is applied which further
contains alumnium The wafer is then fired at around
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in US-A 5,688,415, 1n I"ine 60 of colum 5 to line
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mat eri a.s, A éncthod de8brdifgt tb IT19iX1 De/hereirBa bolgorystalindGvafék is
photore ist overlies the coating and has predeterm ned
ope Kie%gs. The substrate is brought into a plasm
chanber, and the pattern of the photolithographic mask
i s trankf ek methdsyacsordmgi tag-laio t hbefeird Patype doped giliags wafer
su etching is performed. In
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quorlde and 40 % by wei ght of argon is_applied. The
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8. A method according to Claim 1 wherein carbonyl fluoride or fluorine

are used as etching gas, preferably carbonyl fluoride.

9. A method according to Claim 1, wherein etching is assisted by remote

plasma.

10. A method according to any one of Claims 1 to 10 wherein contact

electrodes are applied to the wafer after etching.

11. A method for manufacturing a solar panel wherein two or more solar
cells manufactured by a method according to any one of Claims 1 to 10 are

assembled.

12. A solar cell, obtained by the process of any one of Claims 1 to 10.



4. A method according to Caim1l wherein P-type doped
silicon wafer with N-type doped coating is treated. 5.
wo20medads according to Claim 1l wherein waf ers PEEPYPOS055173
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the surface. 8. A nethod according to Caim1 wherein
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