WD 2011/ 095846PCT/ 1B2010/ 053138 1 Paral l el plate reactor for uniformthin
filmdeposition wth reduced tool foot-print The present invention relates
to a capawotouesssaapl ed paral l el plate plasna enhanced ebenBzmab/ossagour
deposition reactor, conprising a gas distribution unit being integrated in
an RF el ectrode and conprising a gas outlet. Capacitive-coupled plasma
enhanced chem cal vapour deposition (PECVD) reactors commonly are used to
deposit thin filns on substrates, such as sem conductor substrates for the
fabrication of solar cells. It is inportant for a plasma fabrication
process to be perfornmed with high spatial uniformty of the surface of the
substrate. That is, a deposition process should be perforned so that the
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t he surface of e su strate e concept of such parallel plate reactors
IS characterlzed by an arrangenment of parallel plate-like electrodes
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reactor_i used in a vacuum chanber being provided with its own
punpi ng s@ rog%an EBMRDANY 2 9 tric RF voltage is used to provide
a plasma generated in the parallel plate arrangenent vvith el ectrical povver
The RF voltage is provided by an RF generator. Typica ] t he used pl as
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The concept of such parallel plate reactors is characterized by an arrangement of parallel
plate-like electrodes wherein these electrodes are arranged in a gas tight, closed and
temperature controlled chamber. The closed chamber is connected to an own vacuum
pumping system and has its own gas supply. The parallel plate reactor is often used in a
vacuum chamber being provided with its own pumping system, too.

Commonly, an asymmetric RF voltage is used to provide a plasma generated in the
parallel plate arrangement with electrical power. The RF voltage is provided by an RF
generator. Typically, the used plasma excitation frequencies are in a region between 13
MHz to about 80 MHz. At least one of the both parallel electrodes, in particular the RF
supplied electrode, has a gas distribution system to supply the reaction room in the
parallel plate reactor with gas.

The reaction room of a parallel plate reactor is mostly defined by the dimensions and
distance between the electrodes as well as by the walls of the reaction chamber. So
called pumping grids provided sideways of the RF electrode are used for an electrical
separation of the reaction room in the direction of the gas exhaustion. The pumping grids
consist of an electrically conductive material and are gas impermeable. Often, two



WO 2011/ 095846PCT/ 1B2010/ 053138 2 punping grids are applied in an opposite
arrangenent. Wth that construction, a nutual symetrical punp down of the
reacti on woami/®sgaessi bl e. The di stance of the el ectrodesTiiB20aeosB188 her is
determ ned by the technol ogical needs2and is typically in a region between
about 10 mm and 30 mm Substrates to be processed are nornmally laid on a

grounded el ectrode. The technol ogi cal advantage of a parallel plate reactor
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gr adi egtodfnaletetedinodehe transi ent oscill ati on behaviour of the plasma
deposition processes will be strongly reduced thereby. Wth a parall el
pl ate reactor, necessary denmands for cl eanness and special requirenents of
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| nt egr a¢Rtedahérebpat ers in the reactor are arranged for a honogenous
tenperature control of the substrates. The effectivity of the surface
processing by neans of a parallel plate reactor is essentially dependent on
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acconplishable therewith. 1nportant process paranmeters are for instance the
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several magnitudes of pressure difference between the atmosphere and the process
pressure are achieved. Thus, the partial pressure and thereby the influence of
atmospheric gases on the preparation process can be strongly reduced. Moreover, a
diversion of used process gases in the vacuum chamber and in adjacent chambers is
impeded.

Very advantageous is also the possibility of a separate cleaning of the parallel plate
reactor, independent from the surrounding room of the vacuum chamber. By the mostly
compact assembly of the parallel plate reactor, a well performed thermal separation of
the vacuum chamber is possible. Integrated wall heaters in the reactor are arranged for a
homogenous temperature control of the substrates.

The effectivity of the surface processing by means of a parallel plate reactor is
essentially dependent on the possible process parameters and the requirements to
homogeneity accomplishable therewith. Important process parameters are for instance
the plasma excitation frequency, the RF power, the process pressure, the entire gas flow



as well as the mxing ratio of the used gases. For plasma enhanced chem cal
vapour deposition (PECVD), the reachable | ayer deposition rate is often of
great i npwotanomss4dhe | ayer deposition rate i s mainly i rCiraBroaeossnss t he
used plasnma excitation frequency and t3he RF power used thereby. The higher
the excitation frequency, the higher is the density of electrons and ions
in the plasma. Concurrently, the burning voltage over the el ectrode
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nuner ous gas outl et passage ways in t shower head. The shower head combi nes
the functions of an RF electrode and a gas distribution in one unit. Due to

he hol h

depenatitVe=I9iE OLFolho SPoAIPNEIERY oo LR EAI I RRicbsd i ppen

Cr oss- sleutlpped. cﬂomeldeisughesuchaasUﬁmentodprﬂlbatldeM/mff%QBmm cmm:entratehe gas
Chover AL ARbEG 3 o, DY Bl PR s LGB W e AR 1P

sur f ac@ndedlefid hethgsaritveroduess 2 asreedponting dsyrediblry inntderpladraa horbesss
Furt her nor e, ﬁhe known reactors Bften suffer froma non- corgwgl ete Shl el di ng

of t he PRSI RAOTBIEC: R the gebgirater Bd| fustgimaie A1pcrsmlkie PrPWSR P BPASER i cl es

into tRkRamBAELOINIFNMTESS distibdtdnt thaf @éﬁ)% E&Pﬁe\?&l Q?ta gh 6am8d HR%RMead
invention to provide capacitive-coupled parall ate pl asma enhanced

cheni c&lecirageurhelepewptiesd Gassistopf ene phén@reo% alérr@ﬂbmetat@we diffusarswhat

2011 o4t ARl Ao sb PRI TIGTRARAS, Bad Bl & et s 2F LB SOAFRead ) oo

par al | dhehawerhsagsromiznésmtheddnatims of addpfoslecirode redetgas, distdhptidrsinrmnea gas
distri but| on unit being integrated in an RF el ectrode and conprising a gas
out | et, therel n the gas distribution unit conprises a multiple-stage
showerhead constructed in such a way that it provides an independent
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the velocity of the gas flow through the holes and the cross-section of the holes, an
“‘image” of the holes distribution in the gas distribution plate on the layer deposited on the
substrate by means of the showerhead. That is, the deposited layer is formed with a
wave-like surface, wherein the wave crests are formed directly under the holes.

Furthermore, the known reactors often suffer from a non-complete shielding of the
ambient of the reactor, resulting in an unwanted insert of particles into the reactor

chamber.

It is therefore the object of the present invention to provide capacitive-coupled parallel
plate plasma enhanced chemical vapour deposition reactor of the above referenced type
with what layers with high thickness homogeneity and quality can be produced.



The gas distribution in the deposition area of a parallel plate reactor is
predom nantly dependent on the concrete conditions of the gas supply of
fresh gaswe 2anehosdae speci al conditions of gas outlet of payaB20ge8EI30r
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t he segg%%Qg%gi%%E?PF%hﬁF%% pl ate of the showerhead. The second gas
distribution plate is preferably in parallel to the first gas distribution
pl ate and has a hi gher gas conductance than the first gas distribution

pl ate by bigger holes forned in the second gas distribution plate.
Therefore, the well distributed gas flows through the holes in the second
gas distribution plate with a | arge spreading angle and a high uniformty.
By an appropriate choice of the gas flow conductance of the first and the
second gas



distribution plates, the gas flow | eaving out of the holes of the second
gas distribution plate can be adjusted in such a way that partial gas flows
escapi ng woamsseent holes WD 2011/ 095846PCT/ 1B2010/ @6348B 167053038 he
second gas distribution plate overlapnd formon the surface of the
underlying substrate a layer with a quite honpbgenous thickness. By the
separation of the gas buffer volunmes from each other it is furthernore
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conductance leading to a relatively small gas flow diameter of the gas flow escaping from
the holes of the first plate. If this gas flow would impact the surface of the substrates
directly, areas on the substrates lying below that gas flow would be deposited with a

higher layer thickness than other areas.

According to the present invention, the gas flow does not directly impinge on the surface
of the substrate but flows into the gas buffer volume corresponding to each of the holes
of the first gas distribution plate, respectively. The gas flow distributes in the room
provided by the corresponding gas buffer volume following each hole of the first plate
leading to an expansion of the gas flow diameter. As the gas buffer volumes connect the
holes of the first and the second gas distribution plates, the gas flow passes thereafter
through the holes in the second gas distribution plate of the showerhead. The second
gas distribution plate is preferably in parallel to the first gas distribution plate and has a
higher gas conductance than the first gas distribution plate by bigger holes formed in the
second gas distribution plate. Therefore, the well distributed gas flows through the holes
in the second gas distribution plate with a large spreading angle and a high uniformity.

By an appropriate choice of the gas flow conductance of the first and the second gas
distribution plates, the gas flow leaving out of the holes of the second gas distribution

plate can be adjusted in such a way that partial gas flows escaping from adjacent holes



Accordi ng to anot her enbodi nent of the present invention, the first gas
distribution plate has such a gas flow conductance that it is able to
produce avoacrigas®eof gas pressure being necessary to artcaimmo/gsizdl ocki ng
effect by the first gas distribution l ate. To reach this, the gas flow
conduct ance of each gas hole and the integral gas flow conductance of all
of the holes of the first gas distribution plate is to adjust in such a way
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respective requirements of the reactor and the parameters of deposited layers.

According to another embodiment of the present invention, the first gas distribution plate
has such a gas flow conductance that it is able to produce a decrease of gas pressure
being necessary to attain a gas blocking effect by the first gas distribution plate. To reach
this, the gas flow conductance of each gas hole and the integral gas flow conductance of
all of the holes of the first gas distribution plate is to adjust in such a way that a suitable
gas pressure decrease results on the gas distribution unit. That gas pressure decrease
should be adjusted so that the gas blocking effect known in the vacuum technology is
reached for each hole.
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influence on the gas o Fofil as hole. I'n dependence on the
amount thgf ambeerfcedwtb@lb@mvvlw afcertlam gmsw@ramd:mh ah@ht\reéomﬁystT halceelotityt he
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can occur in'the area that "case, | be necessary
to conhrrdmlpeodd;rﬁrfrqmdlaeﬂﬂemar amtserresof tRerboa. fiorempevedbiat g‘&x:tnretfm/pﬂeseht t he

used gases,.out. th 03|t|on re ion ire .gas outl et
of ot hoTRERSt Sngrafut ReR Lo RdaBs & Slrstiyat e Tdied Sohe the Gas i e
provi defhts weteveh aOéroéélgechﬁthmeécgé% fmlﬁ@mrbwtk@éelh%ld%ﬁﬁﬁm@af ration

Nor mal | that will be reached by nultiple gas exhausts arran in the

di rect p};,t]hq)feqqt@r igaches éW'PH’redﬁﬁth PrRierele e dimersioning ohiRpig Qj’r'*i’%l!sS or by
ext ensinyidR \CuER S iy fP]‘éﬂt tHe @a§ ﬂ)l@&%lﬁ@bﬁ@&%@l}e %int2ird B35 vhe AP and

at a |l ow distance of” el ectrodes, a significant decrease of pressure can
occur iarea dfgheientis gasmflay aﬂdnéﬂqo@r@pempr@ssw fohaltegssile pracesses-he respecti ve
process pressure. By high el ectrode di nensions and, therefore, |ong ways of
the gas particles to the edge of the electrode and to the gas outlet, the
reachalh e fapete ehibokimesrs dfothegeresenty invantiad, sfor k@ dminmasbdf tH® biedkinge t hat
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adapt edrrangemehe respective technol ogical requirenents. In a specific
exanpl e of the present invention, gas punp down channels extending in the
direction of the gas flow through the reactor are provided between the

punpi n@o@é‘s‘ﬂ;ﬁal@lb@&bﬂ@@oﬁ!h@%at@@ téineh Wur@rﬁé‘%idﬂl@ﬁ@bmérﬂscﬁ%t'éfﬁéddlméﬁld the

gas outlet of the reactor. own channel s provide a gas forcing

unit beniasitional periaiieg @aﬁed‘sarblse  reihaTet aaRitiona petior eod Alatewanibegesed owar d
tzg‘i 1?83@8%?&% %z@fo%@%’f?éj gcl?letcf SBRLOS dPhdRBeMient adjustment of the gas

distribution and of the integral gas conductance of the selected holes in the foil therewith.

The first as well as the second gas distribution plate can be formed from two or more
single plates lying upon another so that not only the gas distribution holes but also the
gas buffer volumes between the holes can be formed by the special construction of the
first and/or the second gas distribution plate.

Furthermore, the holes of the second gas distribution plate can be provided with
countersinks on the side of the escape of gas and/or on the side of the gas inlet. Such
countersinks can be used for a suitable adjustment of the gas emission profile of the gas

distribution unit.

According to another example of the present invention, the hole density of the second
gas distribution plate is higher at its edges, in a region close to pumping grids provided
sideways on the RF electrode, respectively, than at the central part of the second gas
distribution plate. In doing so, the gas flow is more direct and stronger at the edges of the



avoided. In this way, an new gas flow managenent at the back of the punping
grids can be provided, offering the possibility to achieve an al nbost
perfect depasitdssicuni formty over the conpl ete depositipem/iBzeaaossiss he
parallel plate reactor. In a variant & that enbodi nent, the punp down
channel s are forned by several parallel gas deflectors provided in the
direction of the gas flom/throgggathe reactaor behind the punping grids. The

gas deﬂaé%t'6?@35@9ctéeé|ﬁweq”bﬂlj9a? SaRlPS PRIAGRY éirelpst PBRTOYTAUSaS fHiBNRIY efs t he
gas oulaelyith HE oHE STt kBpsARE HARTbRE RS ot tRe BN for Teducing the
gas fl perturba ron wth the plasnma significantly. Mreover, it has
been shown that for reducing the effect of converging gas flow I i nes on

pl asma uniformty, the punping zone should have a certain length. This
length will be reduced in the present invention by applying a force on the
gas fl dwrthernoordeit dao tmstaé;fuI B stovalegidditidravrows bheoldesifrieel gdsraisttibation Thi s

force is.in this exa f the sent | i by usjn he gas
ot | ecPOres it pueh 2080 B feda pGRCRLunE I e GrodiBf of o dhkuadl e e

def | ect@igordo not disturb the reaction and |ayer formation in the

processi ng room of the reactor. The reduction of the punping zone leads to
the reduction of the footprint of the reactor for a given el ectrode area.
In an gter 8@%&%%{}99@.%% afll o ARQBARAPOE thNADELANad Rled U gleWRW
channels can be integrated in at |east one wall of the reactor to provide a
rel at i velogity inthepigspesityezaasehole changes tm@@oeﬁdenc% oadpesintre gas dewmibaidabl e
to pro p r gas
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deposition uniformty achieved by the Iong path | ength between the punping
grid and the gas outlet. In a desired version of this enbodi nent of the

i nvent iFgp g ﬁd?ﬁo%%feod@fdag%ﬁf&ap&mﬂé'Lﬁs%dsg%‘é@é%ut RA kR b@éoéﬂ%eﬂealow @virted in
the direction the gas flow through the reactor behind th eg\é hr;gvgrlds
o§g

The parspeliofapl the gascoulieyaf Hie frastarsainesiageneaus exhaist ' gREeYy &n the
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The achi evenent of fﬁ@el directed | ow depends on the | ength of the
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t he accesmelivofecgasloficalwepguineiunerd. by t he punping grid.

In a specific example of the present invention, gas pump down channels extending in the
direction of the gas flow through the reactor are provided between the pumping grids
provided sideways on the RF electrode, respectively, and the gas outlet of the reactor.
The gas pump down channels provide a gas forcing unit behind the pumping grids by
means of which a direct flow of gas toward the gas outlet orifice(s) of the reactor may be



Preferably, the additional grid has such an integral gas flow conductance
that said grid is able to produce at a preset gas flow a decrease of gas
pressure weizop/mssiessary to attain a gas bl ocki ng ef f ecttcaasrmaorvizassed
above. It is furthernore possible to & nmension the punping grids of the
reactor so that the gas blocking effect is provided by the punping grids a
t a preset gas flow In a preferred version of the present invention, the
gas outal\’@@egfhnfth@é"’@f apew gag flew managesiand alitherbackad o’ PUMERGINEscadr on

top of gehgolaar Sffen g e nﬁbé‘éﬁhﬁtgﬁ?%ﬂh'le%t A iadrh6& &Tféc't‘?ngB? Forﬁi%ﬂﬁéﬂrﬁugpt he

pl ane is the nost optlnu or obtaining a direc ow due t

very sloget thgioompieie degpsitien araseofdbe batsller glatengactee outl et orifi ce.
Installing the outlet orifice on the top provides a very |ong distance
between it and the inlet orifice, which acts for redirecting the fl ow over
the di ¢t anmeant of thakerobsdimeht,|the penpcadven depuowmis aeneroéd biiseve pasllel t h a

parall el te reacto t he achi evabl. e honp f the d Siti IS
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el ect r g RFbALdR wilkh g{gl&égﬁg%fb@ﬁ@hgﬁmw/ 053138 11 used plasnma

excitation frequency, the honogeneity of the plasna formation can be nostly
adapted onto the respective requirenents by a skilful choice of the RF
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Thi s effect can be reduc by a chan ge of .the edg eonet r t he RF
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surroundi ng wal el ectrode. Thi uasi -1 ocal edge rising forned

by el orﬂ@%t%’i@mfeﬂ'h@ é%mucépn\ﬁé&g%au@pd@ e Iga tq He @ﬁéﬁ@%@fatﬂ'elf@@@@nl of a
hi gher tﬁé/lgggg tdrYord gﬁ/gﬁe&{c%ae%%%’o”' ons between the RF el ectrode pl ane and
ounde

the gr el ect e plane in the edge area of the parallel plate
arrangenment. Besides the verti cal edge rising, inarelatively siml ar
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With such a design, the gas path length between the pumping grid and the pumping

orifice can be extended while an extra-dimension in the deposition plane for this
additional gas path can be minimized. Therefore, the proposed new gas exhaustion
design makes it possible to improve significantly the foot-print of the reactor for a given
deposition area without reducing the excellent deposition uniformity achieved by the long
path length between the pumping grid and the gas outlet.

In a desired version of this embodiment of the invention, the gas deflectors comprise
several parallel panels provided in the direction of the gas flow through the reactor
behind the pumping grids. The panels can be rectangular panels installed to force the
gas flow in the wanted flow direction. The usage of panel-shaped deflectors enables
definite and easy directing the gas flow over a long distance. Thus, the use of the



In the follow ng, favourite exanples of the present invention are described
in further detail, wherein Fig. 1lshows schematically a cut side view of a
capaci t i wwocouplsssicparal | el plate reactor according to aoTapbodossesst of the
present invention; Fig. 2shows schemal@cally a cut-out of a gas
distribution unit of a capacitive- coupled parallel plate reactor according
to an enbodi nent of the present invention; W 2011/095846PCT/ 1B2010/ 053138
12 Fi g.deﬁgﬂgﬁsméb%ﬁﬁpﬁﬁgiel tp ayoid,anyhgas dewRestiurRatiogaithan e plegiiaciiaiidi t  of

a converging gas flow lines towards the pumping orifices. Without the use of the deflectors,
the pumping zone has to be long enough to reduce the effect of converging gas flow
lines towards the pumping orifices on the plasma uniformity. Therefore, the use of the
deflectors allows a reduction of the foot-print of the reactor for a given electrode area by
avoiding a large pumping zone. The achievement of a highly directed gas flow depends
on the length of the panels. By increasing the length of the panels, a better direction of
gas flow can be obtained.

In a further option of the present invention, at least one additional grid is provided
between the pumping grids and the gas outlet of the reactor, said additional grid having a
reduced gas flow conductance in comparison with the pumping grid. The additional grid
with smaller gas flow conductance enables keeping the direction and increasing the

accuracy of gas flow produced by the pumping grid.

Preferably, the additional grid has such an integral gas flow conductance that said grid is
able to produce at a preset gas flow a decrease of gas pressure being necessary to
attain a gas blocking effect as mentioned above. It is furthermore possible to dimension
the pumping grids of the reactor so that the gas blocking effect is provided by the

pumping grids a t a preset gas flow.

In a preferred version of the present invention, the gas outlet orifice of the reactor is
provided in a deposition plane or on top of the reactor. Providing the outlet orifice on the
in a deposition plane is the most optimum method for obtaining a directed flow due to the
very short distance between the deflectors and the outlet orifice. Installing the outlet
orifice on the top provides a very long distance between it and the inlet orifice, which acts
for redirecting the flow over the distance.

In the case of large scale depositions of thin layers with a parallel plate reactor, the
achievable homogeneity of the deposition is mainly influenced by the plasma and gas
distribution in the area of the deposition between the parallel electrode arrangement. The
plasma distribution is strongly dependent from the homogeneous voltage and current
distribution at the electrodes. Depending on the dimension of the electrodes and the



capacitive-coupled parallel plate reactor according to a second enbodi nent
of the present invention; Fig. 4shows schematically a cut-out of yet

anot her gae 2digmss4buti on unit of a capacitive-coupl ed pacahiBmio/pisaise
reactor according to a third enbodi neht of the present invention; Fig.
5shows schematically a top view on a hole distribution of a gas

distribution plate of a capacitive-coupled parallel plate reactor according

to anotfed RIAPDYi ety freaueyve e thompaeneito @ the PlagBadaenatianerat ikl Iy a

top vi | af bJag ' Paci ki MGy I
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Fig. 7shppy positiemer,inahe gase whieresinges aiceord thancansalaed wih coidpisedpiyactal | el

Pl at e REaGHafoR&Ihe %o sobfly Sdliddichy SO SR Gbethbf RTEAED b the
grodnded side walls on the RF electrode in an edge area of the electrode arrangement, a

homogeneous electrical field between the RF electrode and the grounded electrode can
be formed leading to an inhomogeneous surface processing of the substrates. This effect
can be reduced by a change of the edge geometry of the RF electrode.

For this purpose, the showerhead comprises in an embodiment of the present invention
elongated vertical side walls forming a vertical surrounding wall of the RF electrode. This
quasi-local edge rising formed by elongated vertical or wedged side walls of the
showerhead leads to a higher symmetry of the plane proportions between the RF
electrode plane and the grounded electrode plane in the edge area of the parallel plate

arrangement.

Besides the vertical edge rising, in a relatively similar variant of the present invention the
showerhead can comprise elongated wedged side walls. Doing so, an inclined change-
over from the inner plane of the RF electrode in the direction of the edge rising can be
formed. Thus, the danger of the formation of gas turbulences, especially in the gas
transport direction, can be reduced.

In the following, favourite examples of the present invention are described in further
detail, wherein

Fig. 1 shows schematically a cut side view of a capacitive-coupled parallel plate

reactor according to an embodiment of the present invention;

Fig. 2 shows schematically a cut-out of a gas distribution unit of a capacitive-
coupled parallel plate reactor according to an embodiment of the present

invention;



Fig. 8 shows schematically a cut side view of a region at a punping grid of
a capacitive-coupled parallel plate reactor according to a further

enbodi nenvoabiidess4pr esent i nvention; and Fig. 9shows sclremaBoaabisyssa cut
side view of a region at another punpifg grid of a capacitive-coupled
paral l el plate reactor according to another enbodi nent of the present
invention. Fig. 1 shows schematically a cut side view of a . .

capaci fidsé& coupl eeewarsaheratisplit @ ekepbrof1aaetber dasg distriRitioandBdi per®  of
the present invephiftiveltphar abhalieR! Bk I RAEIGY dedobuihg b dleseedreed
exanple a large area parallel plate reactor for plasma ehhanced chem cal
vapour depositi oambopRRYDYf thEnerepenidnvantioni s pl aced in a vacuum chanber 6.
WO 2011/ 095846PCT/ 1B2010/ 053138 13 nulti pl e gas connections. The gas
distribution unit 10 has a special inportance in accordance with the

pr esentrig.@vent i oshows schématcallgsa stutpout iof aet [anothes dedipiiteitiby wiit bhe

pl asma processing in.the reactor 1. The gas distribution.unit, 10 copsjsts
P the Bxanpi e sHRRRPE-coupftikpiralil PR sl tedordine fo £ tied hogell S 35
arranged in par atHesprekéntanvditibh; di stance to each other and will be
described in nore detail with reference to Figs. 2 to 4. The RF el ectrode 2
has a symmetrical construction and can be connected to single or nmultiple
el ectt gl f eedi Bagws Sahdnsidaly @ ©f ViRl lohPh RoR! dtibliicH of &edsistri@broe
flexibly used as gas inlet, as’ cooling or heating connections of the

el ectrode and/ or P&¢e 9échaapaciliveesiupads pafallehplar reaciert peensding tWhangier

el ectrode 2 conpy) o J view wedged edges 52. On the other
not shown si des (E)}#n%t%ﬁléﬁ%hettgtg gfé}%%\%gﬁrhﬁ%gpgttrode 2 is formed with
vertically el ongated edges. The symetry of the RF electrode 2 is used to

ensure i formdeposition.un to the reactor side | 1s. by.reduci ng _or

ol kg the SIS scba Rt dl: dotesnuiRiahy B, ol Heu Pl et P e re
el ectrode 2 are yaedtitive-ddupldpusarang plhte esidtonacdording t@asurtiigrangsodirnent
reactor to achieve a non-turbulent gas flowwithin the plasma of the
reactor 1, wher e85NeAESLUINYENEPBNgat ed edges for the walls of the RF

el ectrode 2 are preferred on the lateral side, i.e. not in the punping
direction, to avoid any plasma change up to the side walls of the reactor.
At a bdéid-dm 51 ofhewe seheeiinally a euitride Miewsofsa gRpacitie-caunied pa@dploripte at

| east one | ayer OgkgoRcotiy B JaMitte AHioddifiefl HGhE Bkt HBnfli3t anced by

a space S fromea er and termnate, together w punpi ng gri'ds 4a, 4b
provi ded sideways on the electrode 2, the plasma room 9. An el ectrode

supply erves sj nul tane | s a RE suppl nd . S S ly, .Th
ol oty 6T ¥ lppry S0V SERERATAl Y o Hoe PRt 08 88 e e o9 O uc or
1 as well as in thsacithersonptpdralel @late reactacatomrding s a meiingrembodiyasniuf f er
7 ensures a contip%ous as.s%g% of the individual gas holes of the gas
di stribution uni P'1E RLTIBINRY A%l e pressure differences in the gas
buffer 7. The vacuum chanber 6 conprises a punping orifice 11 for a
connection wth a vacuum punpi ng system Further shown Purrpi ng orifices 8a,
8b serVid-for a gaRowXRehpspatisally acyt sidgcdew ofhagegionat apptheh BURPHENGIIG elom 9.
The punping orific 4 S C e it p wacdu i ng
system and shal | ‘Lﬂbg&:1 r%gﬂ\)ygggaélﬁdaﬁgﬁn%é% ?ﬁé(t:tﬁg %Fgésrglr? fﬂﬁvg’f‘?{gﬁ"
ei ther in the depobodinuentof thesprasenthiovantion. Fig. 1 or on top of the reactor
as shown in Fig. 7. The gas pressure in the vacuum chanber 6 is normally in
a region

Fig. 1 shows schematically a cut side view of a capacitive-coupled parallel plate reactor 1

according to an embodiment of the present invention. The parallel plate reactor 1 is in
the described example a large area parallel plate reactor for plasma enhanced chemical
vapour depositions (PECVD). The reactor 1 is placed in a vacuum chamber 6.

The reactor 1 comprises an RF electrode 2 comprising a gas distribution unit 10. The gas
distribution unit 10 is formed as a so-called showerhead and connected with single or



WD 2011/ 095846PCT/ 1B2010/ 053138 14 bet ween about 10-1 Pa and < 10-4 Pa. The
process pressure in the parallel plate reactor 1 is in a region from about
1 Pa to swoenal0vifde Pa. As nentioned above, a defined proviBraoossi3g resh
gas and a defined distribution of saitBgas is very inportant for PECVD
processes in parallel plate reactors, as in the reactor 1 of Fig. 1. The

required distribution of fresh gas is on the other hand determ ned by the
t echnolM4iiRia| 9ase §ANRAGHEAS-s THA D3 distindiest wibi1ReR3s chsresiak HBPYtaEeanr oom
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necessary to reach ertain qua process substrat es
r equi r@le@m%pmesﬁeg ibihegeasior yi . Jﬁetqfi?é distgbetsn armtﬂ@@onﬁetSpndh@gsameleom ty.
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process arane ersvar n e used gases,
t he gasils‘tarmsstoca‘ach bﬁwer@dwﬁlbaldegeﬂlmi mtrh@reemialr\a|tlgaes‘erfelnowt<aﬂjgssew4.
therewith, the process pressure and the el ectrical process paraneters.
El ectrical process paraneters involve the plasna excitation frequency, the

ef f ect imye RF efddtiogial 2 aay\@rswﬁmdtri@w éé}%tr@bﬁ@rﬂ&narvénttf@c(@m@i teekiggler drcal
process condltlons for exanple if a continuous or a pul sed el ectrical
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advant ageousl y reached as distribution unit 10 used in the present
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option ws a
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12. Thereby, an over ssure in the gas buffer 7 is created in com%arl son
to the %F@H&a'r%@@é‘s& @‘el 93 HH%@% reRAAR & aghipye G/BeNEERYEREIAS flow

dependgfithirOihePMdni£ obe rbh&vr § NReaAs T\/EﬁICB")F élbn@é’t%d@d@bé 'fd}l{hé Wéll@'oﬂﬂ‘% 12.
I's that ressure decrease Iarge enoug he so-cal gas bl ocki ng effect
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First o35 flsitd siUHgeQpb ©!thb Sickavaik JMhY rdlRid m ned by the primary pressure.

At a bottom 51 of the reactor 1, substrates 5 will be laid to deposit at least one layer
thereon. The bottom 51 and the electrode 2 are distanced by a space S from each other
and terminate, together with pumping grids 4a, 4b provided sideways on the electrode 2,
the plasma room 9. An electrode supply 3 serves simultaneously as a RF supply and as
gas supply. The electrode supply 3 is electrically insulated and integrated in the reactor 1

as well as in the vacuum chamber 6 in a vacuum-tight manner.

A gas buffer 7 ensures a continuous gas supply of the individual gas holes of the gas
distribution unit 10 without remarkable pressure differences in the gas buffer 7. The
vacuum chamber 6 comprises a pumping orifice 11 for a connection with a vacuum
pumping system. Further shown pumping orifices 8a, 8b serve for a gas exhaust of used
process gases out of the plasma room 9. The pumping orifices 8a, 8b are connected with
a separate vacuum pumping system and shall be provided in accordance with the
present invention either in the deposition plane as shown in Fig. 1 or on top of the reactor
as shown in Fig. 7. The gas pressure in the vacuum chamber 6 is normally in a region
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in the respective hole 14 changes in dependence on the gas flow through
each hol ewbd4p1ingssshi ch t he gas emission profile al so chagogaB201d/bs3338r obl em
is solved by the second gas distributi4é4n plate 13. Inside the second gas
distribution plate 13, gas buffer volunmes 15 are forned. The di nensions of
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foils. i ebed adasgs, declasfflose df pheatrebvidualf gades, lees eatice basdbvwardpsteirent
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-ig.. 3.a il 18 .
of t he PYdEP PESEHANG HE PrRA’ RICIHGR! R eRASECONABIORRS O PERRPIRYT 8fqoakipuous

descri bed pupvesledth€alipBiWer Kuded bt HRDIBYMA fdteidiepat ed plate 17 which
provi des for a defined position and seal of the holes 20 in the foil 18.

Furthernore, the perforated plate 17 can predefine the way of the gas

throug?\ tnBSegs%H aBpllioh NG THETBEE c??étrih@ﬁb?#iﬁ‘@e??ng@néenoﬁ heel RichndiB ﬁe’?l' ch
are effective tor tﬁe 8ef| nition of the 1 ntegr gas conduct ance 09 he
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fzgrl 1} g%@%gk,@%%@g%ﬁ%ﬁ%gﬁﬁo@ Xcﬁelrr?e\ﬁ’ic%m SH%eMQd cut-outs of several options

of realization of the region 100 marked in Fig. 1.

Fig. 2 shows a variant with two gas distribution plates 12, 13 lying on top of each other.
The first gas distribution plate 12 has a defined holes arrangement with individual holes
14 and defined gas conductance values. The first gas distribution plate 12 acts as gas
distribution with a concurrent adjustment of a defined decrease of pressure over this first
gas distribution plate 12. Thereby, an overpressure in the gas buffer 7 is created in
comparison to the process pressure in the plasma room 9. This overpressure is
dependent on entire gas flow through the first gas distribution plate 12.

Is that pressure decrease large enough, the so-called gas blocking effect occurs. In this
case, the gas amount flowing through each hole 14 of the first gas distribution plate 12 is
only determined by the primary pressure.



t hose holes 20 of the foil 18 over which holes 19 of the perforated foil 17
are provided. For this case, it is advantageous that the foil 18 can be
formed wwb 2aawmksati vel y sinpl e and honbgeneous patt er npofi/ibmiess3z2g wit h

t he same density and di nensions of th&holes 20. Therefore, an easy
adaptation of the integral gas conductance of the first gas di stribution
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shows schematically one half a view cut through a parallel plate
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paral | = ough a part of the plasma roomand the
punpi ngb}ﬁrl J{eféechgreﬁg%ﬁﬁ%ﬁgéa?epwpl ng grid 31, a punping orifice 34 and

several punping channels 32 being separated by walls 33. The distribution
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punpi NG,k LGR tRéHoil 18 or the number of those holes 20 in the foil 18 which are effective

for the definition of the integral gas conductance of the foil 18. For this purpose, the
perforated plate 17 can be used as a mask for the foil 18. The gas can only flow through



Fig. 7 shows schematically a further variant for a conpact integration of
punpi ng channels 42a, 42b in walls 35, 35 of a parallel plate reactor 1

i n accor omoee1vivsdict he present invention. The process gaseapan@ossuggpl ied in
this variant by an el ectrode supply 37into a gas buffer 38 of an RF

el ectrode 36. The gases flow through the integrated gas distribution unit
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over th unction to attain a gas wever, this is

di sadvagsuligearahe fesaeptoatecmrgalmla@maqtpremn@”sses since in such a case the
punping grids 45 will also be deposited. Thus, a change of the gas
conduct ance of the punping grids 45 arises |eading to an undefined change
of t he F. cB:elscsm)acraarmatmaﬂy aFb@tond vidno vk theckeoatli gzal digtrisuiidn platean 8arigenent ,

wher el tht electrode 2 or a gas distribution unit 10, respectively, as shown in Fig. 1, from the
side of the substrates 5. The second gas distribution plate 13 comprises a central region
28 with holes 16 arranged with a relatively low holes density and a surrounding region 29
with a higher holes density. In the direction of the pump down of the gases, further rows
30a, 30b of holes 16 are provided. With changes of the holes density in relation to

chosen regions of the RF electrode 2, the necessary supply of fresh gas can be adapted
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Fig. 9 are simlarly referenced as in Fig. 8 The punping grid 46 serves in
t hat conswowoil/ss4as a gas conductance plate providi ng acgas2db/ossiisng
effect like the additional grid 45 of TFig. 8 provided that the punping grid
46 of Fig. 9 consists of an electrically conducting material. Thus, the gas
bl ocking effect is used in enbodinments of the present invention during the
suppl y oBt0 theelopalggasesonsympdion raquiERIPeMg in hige Plasaias Prasessiedl Yasue.otts of
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possible to deposit |ayers on substrates wth a high I ckness uniformty,
wher ei ©laclredgas anlephanaternent o aonogeaeityaeidhe depesitioreinghs egdgelregions wel |
controllable, in particular by the gas bl ocking effect. The present

i nvention nmakes it possible to increase the usable area for a |large area
deposi tBesiveanal dedineedupplyt bé frgal gasesyras defimeskedshdust of ggedegasdy ughput . As

a conseguence, the source gas cons jon.as well as the foot-print of the
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Fig. 6 shows schematically one half of a view cut through a parallel plate reactor, as the
reactor of Figs. 1 or 7, wherein the cut is done in parallel to the RF electrode 2 through a
part of the plasma room and the pumping grids. Fig. 6 shows a pumping grid 31, a
pumping orifice 34 and several pumping channels 32 being separated by walls 33. The
distribution of the exhausted gas on several pumping channels 32 enhances the
homogeneity of the gas exhaust out of the plasma room significantly, since the pumping
channels 32 avoid disturbances of the gas flow inside the plasma. It is determining for a
homogeneous pumping result in the region of the pumping grid 31 that the pumping
channels 32 are provided with a same gas conductance up to pumping orifice 34. The
gas conductance is defined by the cross-section and the length of the pumping channels
32. A high number of pumping channels 32 promotes the uniformity of the gas exhaust to
the pumping orifice 34.

Fig. 7 shows schematically a further variant for a compact integration of pumping
channels 42a, 42b in walls 35, 35’ of a parallel plate reactor 1’ in accordance with the
present invention. The process gases are supplied in this variant by an electrode supply
37 into a gas buffer 38 of an RF electrode 36. The gases flow through the integrated gas
distribution unit 39 of the RF electrode 36 into a process room 40. Thereafter, the gases
are pumped out of the process room 40 through pumping grids 41a, 41b provided
sideways on the RF electrode 36, respectively. For this purpose, pumping orifices
provided in the example shown on top of the reactor 1" are connected with a suitable

pumping system.

The throughput of a vacuum pump of said pumping system is then lead through the
pumping channels 42a, 42b to the pumping grids 41a, 41b. As shown in Fig. 6, the
pumping channels 42a, 42b are formed by several individual channels. By the gas
exhaust through the walls 35, 35" of the parallel plate reactor 1’, the pumping channels



Clainms 1. Capacitive-coupled parallel plate plasma enhanced chem cal vapour
deposition reactor (1, 1'), conprising a gas distribution unit (10) being

i nt egr at ewloi2n11a54 el ectrode (2, 36, 50, 50') and conprcsiBYiabsiEsast one
gas outlet (8a, 8b; 34; 43a, 43b), chd¥acterized in that the gas
distribution unit (10) conprises a multiple-stage showerhead constructed in

such way that it provides an independent adj ustnent_of c]gas di stribution and
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the reactor (1, | east one perforated first gas distribution plate
(12) and at Ieast one perforated second gas distribution plate (13, 13",
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15", 25§saguaniage taH&niab WPP%%?'” Ol JRErRIMPIng gh aage'wm%q%%vmé fii5,

15, 2%)q girh R ERERHEIL ARvEA Be Addd) WK c&RA8 fifigfin Ripgihan the hol es (16,
16', 27) Phe second gas distribution plate (13, 13 23). 2. Reactor of

claim1l, characterlzed in that the first gas d| strlbutlon pl ate (12) has
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pressur € being necessar ain a gas

di stri dathitbe ppémnelr‘(véﬁt)on T heRepet unemuihcmts dmmlsalf ofrmvemlcalktejtcarwhfm l|dwer 2,
characterlzed |nt hat I rs s distri Q

por f or PV iadh g O t'olh e et %o A Bl A7 Prelo® 50 ¢ ai m
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on e side of as i nl et
the pumping grld . The additional grid 45 is arranged in the direction of the pump down

of the gases, which is shown by the arrows in Fig. 8, directly behind the pumping grid 44.

By a defined configuration of the additional grid 45 leading to a defined gas conductance
of the additional grid 45 and in dependence on the entire gas flow, a defined decrease of
pressure can be achieved on the additional grid 45. For example, the additional grid 45
can be formed with a defined number of suited holes or slits with defined gas
conductance values. In a case in which there is such a decrease of pressure on the
additional grid 45 that a gas blocking effect occurs, the pumping grid 44 causes
concurrently a homogenization of the gas exhaustion. The material of the additional grid
45 can be adapted onto the respective mechanical and/or chemical requirements, since
there are no demands on the electrical conductivity of the additional grid 45.

In principle, the pumping grids 44 can also take over the function to attain a gas blocking
effect. However, this is disadvantageous in depositing plasma processes, since in such a
case the pumping grids 45 will also be deposited. Thus, a change of the gas
conductance of the pumping grids 45 arises leading to an undefined change of the
process parameters. Fig. 9 shows schematically such an arrangement, wherein the
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precedi ng clainms, characterized in that the hole density of the second gas
di stri butwonroplmasse (13, 13', 23) is higher at its edgesP(28B2010/053a38 egi on
cl ose to punping grids (4a, 4b) provi t®d si deways of the RF el ectrode (2,
36, 50, 50'), respectively, than at the central part (28) of the second gas
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12. Reactor of at |east one of the preceding clains, characterized in that
the punping grid(s) (46) and/or the additional grid (45) of claim12 have
or has suwb 2an1gess4bl ow conduct ance that the respective g@rrdBfdbs4€) s
able to produce a decrease of gas pre®sure being necessary to attain a gas
bl ocking effect by the grid (45, 46).

Claims

1. Capacitive-coupled parallel plate plasma enhanced chemical vapour deposition reac-
tor (1, 1), comprising a gas distribution unit (10) being integrated in an RF electrode
(2, 36, 50, 50’) and comprising at least one gas outlet (8a, 8b; 34; 43a, 43b),
characterized in that
the gas distribution unit (10) comprises a multiple-stage showerhead constructed in
such way that it provides an independent adjustment of gas distribution and gas
emission profile of the gas distribution unit (10),
wherein the gas distribution unit (10) comprises in the direction of the gas flow
through the reactor (1, 1’) at least one perforated first gas distribution plate (12) and
at least one perforated second gas distribution plate (13, 13’, 23) being spaced from
the first gas distribution plate (12), the holes (16, 16’, 27) in the second gas distribu-
tion plate (13, 13, 23) being constructed with a larger cross-section than the holes
(14, 19, 24) in the first gas distribution plate (12), and
wherein separated gas buffer volumes (15, 15, 25) are provided between single
holes (14, 19, 24) or groups of holes (14, 19, 24) of the first gas distribution plate
(12) and the second gas distribution plate (13, 13’, 23) in which the gas buffer vo-
lumes (15, 15°, 25) connect them, respectively, wherein the gas buffer volumes (15,
15’, 25) are constructed with a larger cross-section than the holes (16, 16°, 27) in the
second gas distribution plate (13, 13’, 23).

2. Reactor of claim 1, characterized in that the first gas distribution plate (12) has
such a gas flow conductance that it is able to produce a decrease of gas pressure
being necessary to attain a gas blocking effect by the first gas distribution plate (12).

3. Reactor of at least one of the claims 1 or 2, characterized in that the first gas distri-

bution plate comprises a perforated foil (18) with a defined hole’s arrangement.

4. Reactor of claim 3, characterized in that the perforated foil (18) is fixed by an addi-
tional perforated plate (17).

5. Reactor of at least one of the preceding claims, characterized in that the holes (16)
in the second gas distribution plate (13, 13, 23) comprise countersinks on the side of
the escape of gas and/or on the side of the gas inlet.
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Reactor of at least one of the preceding claims, characterized in that the hole den-
sity of the second gas distribution plate (13, 13’, 23) is higher at its edges (29), in a
region close to pumping grids (4a, 4b) provided sideways of the RF electrode (2, 36,
50, 50", respectively, than at the central part (28) of the second gas distribution plate
(13, 13, 23).

Reactor of at least one of the preceding claims, characterized in that additional
rows (30a, 30b) of holes (14, 16) of the gas distribution plates (12; 13, 13, 23) are
provided at an outer edge of the gas distribution unit (10), in the direction of the gas
outlet (8a, 8b; 34; 43a, 43b) of the reactor (1, 1').

Reactor of at least one of the preceding claims, characterized in that gas pump
down channels (32; 42a, 42b) extending in the direction of the gas flow through the
reactor (1, 1°) are provided between pumping grids (31; 41a, 41b) provided sideways
of the RF electrode (2, 36), respectively, and the gas outlet (34; 43a, 43b) of the
reactor (1).

Reactor of claim 8, characterized in that the gas pump down channels (32) are
formed by several parallel gas deflectors (33) provided in the direction of the gas
flow through the reactor (1, 1°) behind the pumping grids (31).

Reactor of at least one of the claims 8 or 9, characterized in that the gas pump
down channels (42a, 42b) are integrated in at least one wall (35, 35°) of the reactor

(1, 1).

Reactor of at least one of the preceding claims, characterized in that at least one
additional grid (45) is provided between pumping grids (44) provided sideways of the
RF electrode (2, 36, 50, 50°), respectively, and the gas outlet of the reactor (1, 1°),
said additional grid (45) having a reduced gas flow conductance in comparison with
the pumping grids (44).

Reactor of at least one of the preceding claims, characterized in that the pumping
grid(s) (46) and/or the additional grid (45) of claim 12 have or has such a gas flow
conductance that the respective grid (45, 46) is able to produce a decrease of gas
pressure being necessary to attain a gas blocking effect by the grid (45, 46).



