2 4 NOV 2005 1 Process For Producing Parts, And A Vacuum Treatnent System

-------------------------------- W98/ 58099 is attached to this description
as a description of the process. The present invention pal RO SyfsC @ Process
for producing parts as electronic, opto- electronic, optical or

m cromechani cal conponents or as internedi ate products therefor; and to a
vacuum treat ment system Accordingly, ih a first aspect of this invention,
there is provided a process as defined in claim1l of the appended cl ai ns.
In a second aspect of this invention, there is provided a vacuum treat nent
systemas defined in claim28. The present invention basically relates to
t he production of parts for which the sanme demands are to be nmade as
during the RratésgFofPrdutmgParks, AmdeRVaadi s Svatedd, NOV 2005 2 From
W98/ 58099 (encl osed) by thg sane aggﬂﬁggﬁ?@ Tﬁ?%@geg{stesgggeinwell as systens
of the initi-ally.-meati-gned..type.ace knowl. As_a plasna-assisted treatnent
step, in which reactive gas or reactive gas mxture admtted to a process
space i s actwoss/s809bys akadte isl I ' with ions 5 of
tﬁe i on energy..E-on ?hp qurfdgfgetﬁ'gf@téﬁgagg?%s%f geeﬂ@%g{fq&chsﬁescri bed
in detail and only the coating of a work piece of .a quality suftficient for
the epitaxy is described and cl ainmed there. The plasna generated by the

| ow- energy plasma discharge is essentially conposed of electrons, single

and The present invention relates to a process for producing parts as electronic, opto-

electronic, optical or micromechanical components or as intermediate products

therefor; and to a vacuum treatment system.

Accordingly, in a first aspect of this invention, there is provided a process as defined

in claim 1 of the appended claims.

In a second aspect of this invention, there is provided a vacuum treatment system as

defined in claim 28.

The present invention basically relates to the production of parts for which the
same demands are to be made as during the coating of parts with an epitaxial

layer.
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10 multiple charged ions and neutral particles (atons, dissociated

nol ecul es) as well as excited but non-ionized neutral particles. The
energy range 0eV<E<15eV of the single ionized ions is characteristic of
the plasma described herein. 15eV represents the so-calbedy ering

t hreshol d, above which, when the ions act 15 upon the substrat€, damage
may occur there, Even up to 100 eV, eIecE{ons contribute essentially only
to the heating of the substrate. It is al'so known that, particularly in the
case of the DC | ow vol tage plasma generating arrangenent particularly
preferred in this case - as will be explained in the following - the

above- nenti oned energy range of the single-charged ions simultaneously

limts 20 in the upward direction the ener ~ange of the | particles
exi sting in tHfeomyVeRSRBOZY (§RoIgsegdkby 8iS?@S%B['ﬁa‘rngIpropcg??gigcﬁsg’gaf%e reason is
that the neutral particles obtain their signifigcant energy.cantribution by
i npacts with tspstemseéthedniialiienentigned ?meaé%"ffg%f\ya‘}ﬁﬁjﬂl.a?? zftg' ﬁgt%? system f or
the above-nentioned coating is explained in detail V\DQ%ﬁég%aaand has a
vacuum chanbertr,eaanwblsteppinefgéd’bf&ﬁﬁtw@rgaﬁl‘Prfef?ét""?/%?ﬁmm%ﬁg er, a plasm
generating arrangenent for generating a.plasma in  the ch r..as well as a
gas inlet arremg:@mggpaqens9#@/8%%@?3%{2\’@HOW?"‘%@()!@H?E‘&%%&\%\;P% w@ﬁaﬁ% t ank
arrangenent with at | east one reactive gas. %}he pl asma generating
arrangemens i of thesion eberdy Epsdhe seBaqeet 4 BA Sw- vol t age plasma  generating
arrangenent: A cat hode chanber comuni cates bé way of a diaphragmw th the
process space. A hot cathode is mouRteYds Brs 1heYcat hode chanber; an anode

arrangenent is present in the process space. Having a,10 physi y .
downwar d ori eri¢ desanhed intietaloand gsivcibe cealing @ wak 3@258&%8“9%@3‘%‘

el ectrically insulated manner. _ .
for the epitaxy is described and claimed there. The plasma generated by the

low-energy plasma discharge is essentially composed of electrons, single and
10 - multiple charged ions and neutral particles (atoms, dissociated molecules) as
well as excited but non-ionized neutral particles. The energy range
OeV<E<15eV
of the single ionized ions is characteristic of the plasma described herein. 15eV
represents the so-called sputtering threshold, above which, when the ions act
15  upon the substrate, damage may occur there. Even up to 100 eV, electrons
con"tribute essentially only to the heating of the substrate. Itis also.known that,
particularly in the case of the DC low voltage plasma generating arrangement
particularly preferred in this case — as will be explained in the following — the
above-mentioned energy range of the single-charged ions simultaneously limits
20  inthe upward direction the energy range of the neutral particles existing in the

plasma as well as excited neutral particles. The reason is that the neutral

particles obtain their significant energy contribution by impacts with the ions.



The principle of this |lowvoltage plasnma generating arrangenent is far
preferred for the processes described herein over al so known other plasma

generating 15 processes (such as mcrowave plasm), becaqfﬁhhw h@ capabl e
of obtaining the above-nentioned energy characteristics ap ?erred
manner. 20 Thus, on the one hand, the present invention is based on
processes and a systemof this type; on the other hand, anong others, the
process described in International Patent curment W98/58099 is to be

i npl enented al so according to the present -application, although - as wl|
be explained in the following - while neeting additional criteria
according to the object of the present invention. 2 4 NOV 2005 4 5 10 The
reason is that it is an object of the present invention to provide a
process and a system of the above-nentioned type whose industrial

suitability i s AoghVaGUEhIeameptsysiearier et gbovesaationadcosiomisexplainedt eri a,
particularly with respect to higher up-times and higher throughput. During
the required hi freatyl WPR¥E809%andHiaghe yreuumychambehe veyls piens barser io thee
ensured for the above-mentioned processes. In addition, optimal
integration. ayaquumchgmbena passoegensasatingsarmndementtforgengmtiognaiptasma ihe
automat ed production process should be achieved. Wth respect to the
process of the thaichrmbenasikeltdsomeas inlgh arrandgsnend bvj the chamberstiichied i n t hat
the process atnosphere during the plasma-assisted treatnment step is
separ at ed f rlom eaneettad with @rgaadénk asfangemaoimith atdeaspiorateastiyrogsd The t he.
environnent. The basic recognition is in this case that a functional
separati on, plasma generating arrangement is described specifically as a low-voltage plasma

generating arrangement: A cathode chamber communicates by way of a

diaphragm with the process space. A hot cathode is mounted in the cathode

- chamber; an anode arrangement is present in the process space. Having a
10 physically downward orientation, the work piece carrier is arranged in an

electrically insulated manner.

‘The principle of this low-voltage plasma generating arrangement is far preferred
for the processes described herein over also known other plasma generating
15 processes (such as microwave plasma), because it is capable of obtaining the

above-mentioned energy characteristics in a preferred manner.

Thus, on the one hand, the present invention is based on processes and a

system of this type; on the other hand, among others, the process described in
20 International Patent Document WO098/58099 is to be implemented also according

to the present application, although — as will be explained in the following —~ while

meeting additional criteria.according to the object of the present invention.



15 on the one hand, of structures which ensure the required vacuumrel ated
pressure condition with respect to the anbient pressure and, on the other
hand, of structures which are directly exposed to the trgangengr ocess
wi || -achieve the above-nentioned object. 20 According to W98/ 58099, the
interior surface of the vacuum chanber, normally nmade of stainless steel
or Inox, is exposed directly to the process atnosphere. During the

pl asma- assisted treatnment step, specificaldy during the coating of work

pi ece or part by nmeans of the |ow energy plasma di scharge, the vacuum
chanber wall and thus the interior surface will heat up. Because of various
2 4 NOV 2005 5 effects, such as the absorption behavior of the interior
surface during the preceding process exposures, if used in industrial

T oat mont | St op o SRsAEBHARIL th oBRcl AL BEBN BRI m”r%#"%’%pﬁics%%ﬁr e

treatnment step process atnos

parti al backgré}wrgjﬂgee?n Qﬁﬂgg%\fesmeﬁ%:qﬁﬁrtound (?as in ab Frocess at nosphere
in this case are tHose gas portions i"P P95 indstriah &vitabdily ist r om t he
Peact ve 3226‘25?9‘*’#’3%@ | B0% il fep8R 6 ?m&?&tﬁi& Pagies EEuth essperon
products. t@h{gﬂér"’u -trrﬂés gwhlﬁ,@é}rtﬁq%ﬁhmcordr ng to the invention, it wll

now be possible nimze t e upon the process hy the vacuum
recipient wall. 10 In accordance with the wording of Claim2, the process
according to the invention is used in a greatly preferred manner (a) for

coating the p han the, mterial conposition of the part
to a defined B’ré‘h” Ehaetr?%u"feggﬁcrhw'g %35'6 gp pUQQy(prqmﬁszts}egr Bagtodee of the
part, parti Cuballdy foPtheSiro0s AL ol Sf Brggésusreg In add?tloln optimal integration ,

ability of the process steps and of the system into the automated production
process should be achieved.
10 |
With respect to the process of the initially ment‘ion‘ec_f type, this object is achieved -
in that the process atmosphere during the plasma-assisted treatment step is
separated from the interior wall of a vacuum recipient exposed to the
environment. The basic recognition is in this case that a functional separation,
15 onthe one hand, of structures which ensure the required vacuum-related
pressure condition with respect to the ambient pressure and, on the other hand,
of structures which are directly exposed to the treatment process will-achieve the

above-mentioned object.

20 According to W098/58099, the interior surface of the vacuum chamber, normally
made of stainless steel or Inox, is exposed directly to the process atmosphere.
During the plasma-assis.ted treatment step, specifically during the coating of work
piece or part by means of the low-energy plasma discharge, the vacuum

chamber wall and thus the interior surface will heat up. Because of various



15 nentioned cases, it is absolutely necessary to maintain process
conditions required for the growh of epitaxial |ayers, wthin the scope
of the production processes endeavored according to the i nZemivogiis As a
result of the change of the material conposition according to the

i nvention nentioned in (b), this addresses3the inplantation of materi al
into a given target material. 20 Furthernore, a cleaning step in accordance
with Claim3 is proposed, which is carried out a plasna-assisted treatnent
step according to the invention, or a cleaning step in accordance with
Claim4 in addition to a plasma-assisted treatnent step according to the

i nvention. 24 NQ@ffe2805udh dsthe apseplion ehagiobofdhermtarioourface duriog hes of t he
invention, a virtual substrate is produced in accordance with the wording
of Claimb5. A vipreoedingproséssabposises, if usedirciodasiral ovanuiectring this¢esults in
contrast to a wafer consisting of a generally nono-crystalline

sem conduct or nedreintaidrabla@sntamiration af thbarjeetrn&mmlseprpmness)atnm;phﬁefouﬂbﬂ’leonal |y
is also used as a starting nmaterial for sem conductor conponents. A

semi conduct or nefoghatn of Mtolefadle mExtiphekgroundgas pyessailebi Backaréundgasiimat he
formof a wafer, is used as the starting substrate. A buffer layer is
applied thereto m/ebé?ds atr@OgKsHesd b tib cpsedrertaddeygas pottionsioutsttyorigintg heither
portions of sem conductor "A" and 10 another sem conductor "B", the
progressi on nor nigdrh Yhedsthsiaa Hisomarge Woddng'gs's, gmhtascang;orandrfromtheeadhﬁittedo a
high "B" portions and little "A". This is called a "graded buffer |ayer"..-
The structure ofrebbtive dagfor eractiaygds mixturell dor rbmdidiegdseoureattivn odidats.

| ayer, a cover layer is grown which has a conposition corresponding .
essentially to adatedt of e dppRRIcA@SErbinG tethelimeatiors, dvll ndinbe pussitieéo i s t he
achieving of a low 15 defect, no-dislocation m xed crystalline |ayer. These
t hree conponent smmirhiR€the influence upon the process by the vacuum recipient wall.

10 -

In accordance with the wording of Claim 2, the pro__cess according to the invention
is used in a greatly preferred manner (a) for coating the part or (b) for changing
the material composition of the part to a defined penetration depth, or (c) for
etching the surface of the part, particularly for etching of structure. In all

15 mentioned cases, it is absolutely necessary to maintain process conditions
required for the growth of epitaxial layers, within the scope of the production
processes endeavored according to the invention. As a result of the change of
the material composition according to the invention mentioned in (b), this
addresses the implantation of material into a given target material.

20
Furthermore, a cleaning step in accordance with Claim 3 is proposed, which is
carried out a plasma-assisted treatment step according to the invention, or a
cleaning step in accordance with Claim 4 in addition to a plasma-assisted

treatment step according to the invention.



base or substrate, the buffer |ayer and the cover layer formthe virtual
substrate. As known to a person skilled in the art, the application of
addi tional intermediate layers is also possible. The actual 2us HBYII 2008ay er
is applied to the virtual substrate and has the conposition required for
the characteristics of the sem conductor 20 material to be achieved. A

m xture of two sem conductors can again be used as the useful |ayer
material, but also a layer consisting of a pure sem conductor, for
instance "B". As a rule, this layer is so thin that no dislocations wll
occur on it but the stress in this layer is maintained (band gap

engi neering). The epitaxial growh of this useful |ayer can be combined
with the construction of the virtual 24 NOV 2005 7 substrate. However,

prefabricated virtual tyat. I b b | y. I WM

the useful | aﬁéhrﬁ A PP EIE0s G PRSP Brettid ¢ HevRrabege
aimb5, the base th ti bst i.s.fi . j

pl asma- assi st e@rﬂméﬁl%ggﬁﬁhggﬁﬁ? g‘blét"??ra%b?oéﬁa&ﬂg;‘%H@ggss@g%t?ﬁqﬁk\?@fch wet

cl eanings were wused within the scope of the pr?ducti.on of, virtual

subst ][at es. Thgﬁ?”‘ﬁ}%&dt@?r«é’f’ﬁ?r’ WhHIhali CONtrastte amg %[fQPS'FE‘Qq‘gﬁ&e]“FE@YaS vel |

as, if required, the /e- ti d I . i . i

the vent| on.. e ot l1° SRRy E17 o e agenayontens L EERhs1 fod

then, or, after the depositi f th ffer | . i i

cover 1 ayer, St hETHETANIS PR HIHER SRR S EUB ey RS CHHE MBIl o f o

a deposition of the useful layer, which will take place later. It should be
pointed out already at this stage that, within the framework of known .
production processes for virtual sqbfst r at es1 (i.ncl udin ful a?] "beam

Ebi LAy, UHVO/DA SameqiPg etaiel dhn 8y ererades os ey aine s rorBRRs ot g
Dl aSia. asSi &1 e WHELIR 1RGISBAE FAERHBHE Gy A SHLSHE B FRRER PeEo e
considered to be
consists of preferably continuously changing portions of semiconductor “A" and
10  another semiconductor “B”, the progression normally being from a high “A”
portions and little “B” to a high “B" portions and little “A". This is called a “graded
buffer layer”. The structure of this buffer layer is full of defects. On the buffer
layer, a cover layer is grown which has a composition corresponding essentially
to that of the uppermost buffer layer zone. The purpose is the achieving of a low-
15  defect, no-dislocation mixed crystalline layef. These three components ~ the
base or substrate, the buffer layer and the cover layer form the virtual substrate.
As known to a person skilled in the art, the application of additional intermediate
layers is also possible. The actual useful layer is applied to the virtual subsfrate
and has the composition required for the chéracferistics of the semiconductor
20  material to be achieved. A mixture of two semiconductors can again be used as
the useful layer material, but also a layer consisting of a pure semiconductor, for
instance “B". As a rule, this layer is so thin that no dislocations will occur on it but
the stress in this layer is maintained (band gap engineering). The epitaxial

| growth of this useful layer can be combined with the construction of the virtual



inventive and results in significant production-technical advantages. In
the course of the addressed industrial manufacturing, it is generally often
necessary to subject the parts which subsequently are to be24rNo 285by the
above-nenti oned pl asnma-assisted treatnent steps (a), (b), (c) first to a

cl eaning, 24 NOV 2005 8 for exanple, wth respect to

‘anbi ent - at nospher e- caused surface contgm nations. Furthernore, after each
of the above-nentioned plasnma treatnent steps (a), (b), 5 (c), a cleaning
step may be required, for exanple, for cleaning contam nation materials or
gases rel eased during the etching. In an enbodi nent of the cleaning
process, reactive gases (hydrogen hydr ogen - nobl e gas m xtures) can be

used whi ch nwtria?t dwe F tFrrc'a?édsvlr‘tl%@guBsQFate%%a%@Wélﬁsb@@mlhe process

at nosphere. NSFoFe 0 suggested according to Claim4 to provide

such cl eani ng st tgﬁﬁ%&%@ggghae%o\tme'vawtgeﬁveﬂﬁéraéﬂdmewn@u' ation,

or to limtP nosphere directly by the interior vvaII

f th T t hat ,
For  he. abodbeERE: BRBEST b MRt g e e e e, "o

Il be explain n.the f
\z,avlt nospher )épaﬁl%stégﬁ"sﬁ%lag alBFSC)/)n barsmo ﬁﬂ‘p%ﬁé&'eléhﬁ “ﬁﬁﬁ%g%ﬁ{/\h%mr eprzgcess

inert wth respect to the u Ctinkg, tHapetero-However, in..
this cleank ‘g‘ttré'bthelStcoﬁflgft?‘sIPEOd%é{e%Bne%(svtiﬁru}eéggt@%g{a%heﬁhc l'eaned surfaces of

the part are  accpssl a'y%{tgdae;pggteﬁtgm@fraimanmatabb% ARntietiompai 1 od

manner just® wer e positing of epitaxial |ayers.
Therefore | go&err]?ay(égs tlona ly. acgorélnBIWth%Q%ntlon the useful layer, which is to

be used. is also deposited then, or, after the depositing of the buffer layer,

changing over into the cover layer, the actually finished virtual substrate is made

available for a deposition of the useful layer, which will take place later.

It should be pointed out already at this stage that, within the framework of known
prﬁduction processes for virtual substrates (including MBE — molecular beam
epitaxy, UHVCVD - ultra high vacuum CVD, ALD — atomic layer deposition,
among others), the replacement. of the wet-chemical cleaning steps by a plasma_-
assisted cleaning step in low-energy plasrhé by itself is also considered to be

inventive and results in significant production-technical advantages.

In the course of the addressed industrial manufacturing, it is generally often
necessary to subject the parts which subsequently are to be treated by the

above-mentioned plasma-assisted treatment steps (a), (b), (c) first to a cleaning,



9 pl asma-chem cal cleaning step of the part as well, the above-nentioned

| ow- energy plasma with the specified ion energy is used on the surface of
the part. Furthernore it is suggested in accordance with Czj mo¢ jppt part,
which arrive in 5 the process space in question one after the other that
is, in a serial tine sequence, are subjected to at | east one of the
above-nenti oned pl asna-assisted treatnent steps and that after the

i mpl ementation of a pre-defined nunber of g such treatnent steps they are
subj ected to anot her plasna-assisted step in the above-nentioned process
space, specifically a process space cleaning step, 10 without a part being
i ntroduced into the process space or a substrate dummy being used. This
process space cleaning step is preferably inplenented in at |east two
partial steps:_ First the.e L Q4. : ni et chi ng

resi dues; t hefqrgf(?rgplgp\?'g? F@%E%#go ?ﬁggﬂb%ﬁgﬁgﬁggﬁ{}%ﬁuﬁa%ydr ogen, inert
gas or a mxture, thereof. 15 20 In the |ight of the object of the

i nvention, parFWHﬂPQF%VRMtklregard to the inplenentation for high
up-tines, the process space in question is therefore cleaned in a

pl asma- assi sted manner; after a pre-defined nunber of treatnment steps have
taken pl ace. | rocess_space arts . j or

cl eaned accor dPH%‘%eBwE%)aﬁ%rrepa(:ﬁ)Of eatb V?'%E)%t'?'?gmé%%acg%%ﬁ%éteaé\ﬁ: (%its(ﬁ)g
wording of _Claim3 or, be i

t, if ] i i im4.
However, a tas @)@Qearﬁ’l‘%gteb@wlrb% r%ce‘g\'ﬁﬁscﬁrye‘?(ﬁrlnglegﬁﬁér gﬁﬁgg%ﬁg%@mg%@amunder
id ti ;o d , tially, th ti ,
etching or .t hEARMAIRA aRes friresed oNgyy DRIy T oS

In an embodiment of the cleaning process, reactive gases (hydrogen, hydrogen —

noble gas mixtures) can be used which may impair the materials used for

10  encapsulating the process atmosphere.

It is therefore also suggested according to Claim 4 to provide such cleaning steps
either a relatively low-cost metallic encapsulation, or to limit the cleaning process

atmosphere directly by the interior wall of the vacuum recipient exposed to the

15  environment.

The reason is that, for the above-mentioned treatment steps (a), (b), (¢) of the
parts, as will be explained in the following, non-metallic boundaries of the
process atmosphere are considerably preferable; that is, materials which are

20 inert with respect to the used plasma-activated reactive gases. However, in this
cleaning step, it must also be ensured that the cleaned surfaces of the part are
accessible to the subsequent treatment in an unimpaired manner just as if this

treatment were the depositing of epitaxial layers. Therefore in the case of the



material conposition or - in this case according to Caim3 - the cleaning
of the part is carried out. The separation of the process atnosphere from
the vacuumrecipient wall 5 provided for according to the RpRVvEON 200§ permts
the subjecting of the process space or of the part to a plasma-chenica

cl eaning, using reactive gases, to which the vacuum chanber wall nust not
be exposed. The fact that a process spac® under consideration, after a
pre-defined or definable nunber of treatment steps of parts can be
subjected to a plasm-assisted self-cleaning and then is 10 i mredi ately
avai l abl e again for the treatnment of parts, drastically increases the
up-tinme for the continuous operation. This is conpared, for exanple, with

the case thatplasima-gremies sleapiag stepect theopareasivenieslamseqneitioded RpW098/ 58099.
Summari zing the previous statenents, it is therefore denonstrated that, by

15 means of t eeergy@ihsota with qhe(speaﬁecamn@hd#gws tisedidiethk BM@4d dTithe Part.D r espect
to quality denmands to be nade on epitaxy, the coating, the changing of the
mat eri al conposition of the part, the etching of structures on the part or

its cleaning can be carried out while avoiding wet-chem cal cleaning

steps, and th&urthetmoeehis siggbsted PeddEBRIanss AR ClamIPthht Are MRS Rfe hhe
process space can be carried out, 20 sinply by changing process paraneters,

particular§y efe prbcessdphid ﬁ@ué@t@%ﬁéﬂafteﬁ%heﬂmﬁ i$.30E sBAfGRRS can al so be
used for cleaning the parts 1n the course of their production accordl ng to

the inventi onséduenbataré bgbje@edioadtiiedt Bfe bhtﬂel%@x‘iéeﬁéntlﬁeﬂﬁé% LSsshitgh the
vacuumreci pient is changed or omtted. 2 4 NOV 2005 11 Accordi ng to t he

wor di ng of Cl aeatmént $tbss ad that &iteP kRS itfphdPhantstdd & alRE dbfhed AR by
separated nanner to at |east two of the above-nentioned pl asma-assi st ed
treatment stepscharebtrhére stapanisdiodrb slibjebRl & BRothégssnid-85fstbdstBp YRHEUM
above-mentioned process space, specifically a process space cleaning step,
10 without a part being introduced into the process space or a substrate dummy
being used. This process space cleaning step is preferably implemented in at
least two partial steps: First the etching; then the clea.-ning off of etching residues;
the latter preferably in a plasma, containing hydrogen, inert gas or a mixture
thereof.
15 .
In the light of the object of the invention, bénicularly with regard to the
implementation for high up-times, the process space in question is therefore
cleaned in a plasma-assisted manner; after a pre-defined number of treatment
steps have taken place. In a process space, parts are normally either processed
20 orcleaned according to (a) or (b) or (c), be it in accordance with the wording of
Claim 3 or be it, if necessary, in accordance with Claim 4. However, a case may

also occur in which, in a single process space under consideration, in a

programmed sequence, sequentially, the coating, etching or, the change of the



According to Caim8, this preferably takes place in a |linear novenent from
one 5 treatnent step to the next, in the manner of a |inear systemor along
a circular path, in the manner of a circul ar system known gy @B?éﬂ&ge of
"cluster systeni. There, treatnment stations grouped around 4 r
transport systemin a programmed, optionally freely programrabl e manner
are provided with parts or work pieces by the circular transport system
10 In a greatly preferred enbodi nent - Cainm9 - of the process according
to the invention, the separation between the process atnosphere and the
vacuum recipient wall surface is effected by limting the process space by
nmeans of a surface, which, in the original condition, is chemcally inert
with respect to the 15 plasma-activated reactive gas or reactive gas

m xture, pref era aY Y cSRAdkRioA or in 6l eéa%@%%%cﬁdﬂéé {:Faﬁﬁ's l§ a%% thug)Jrl ng

t he operati on, Is particularly ur|ng ng| ng of

the materi al or the etching (c), particularly the etching
of a 20 structurggﬁz)sﬁdagllrbsof)a%the cleaning, material is deposited on this

surface. However, this material is not or only tolerably
process-cont am nati ng. Specifically when, in the sane process space under

cccurring in ser 28 et Y ées%ﬁai@ﬁﬂeﬁe e ﬁ%“ﬁb*‘t@gp'sgfi :

di el . i
et 1 115 5 RO GRRERRI BT R o e BN B TSREG °
Coating al 5o adnURE ﬁﬂggspéﬂﬁﬁﬁ’?%mﬁ]@fé@f%at'% ARGV RRHOP ARG Sur T ace. o

-;I)-Ihgcgr |O\r/1I sion of Wﬁlgﬁt \%cuﬂr%dcham% \}valptg'ﬁ];tenr{i1 %xgéseeld.e(i‘hé Ifacct ﬁ-’\u{L%FOecegsan take '

space under consideration, after a pre-defined or definable number of treatment

steps of parts can be subjected to a plasma-assisted self-cleaning and then is
10 immediately available again for the treatment of parts, drastically increases the

up-time for the continuous operation. This is compared, for example, with the

case that the process space has to be cleaned according to W098/58099.

Summarizing the previous statements, it is therefore demonstrated that, by

15 means of the production process according to the invention, with respect to
quality demands to be made on epitaxy, fhé coating, the changing of the material
composition of the part, the etching of structures on the part or its cleaning can
be carried out while avoiding wet-chemical cleaning steps, and that between
such treatment steps, a self-cleaning of the process space can be carried out,

20 simply by changing process parameters, particularly of the admitted reactive
gases. The same process can also be used for cleaning the parts in the course
of their production according to the invention in that the separation of the process

atmosphere and the vacuum recipient is changed or omitted.



such way that a structure formng an inert, preferably dielectric surface,
is applied directly to the interior surface of the vacuum recipient,
whet her as a coating with such a material, or by the nount2hgi0¥ 2005

sel f-supporting wall parts with such an inward-facing surface directly
onto the interior vacuumrecipient wall. 10 In a greatly preferred

enbodi nent, however, the inert surface, in accordance with Caim10, is
pl aced at a distance fromthe interior wall of the vacuumrecipient at

| east al ong predom nant surface sections. Thip approach has significant
advant ages under the aspect of the exchangeability of a separating wall
structure 15 also with respect to being service-friendly, and under the
aspect of a specific pre- setting of the surface tenperatures. 20 In
accordance with the wording of Claim1l, the process space and the above-

rent i oned | nt e el iy RARE wRAIngr g@?%epgﬁ% SRy Qg SRRty

Anmong ot her things an at nos

the intermediate shacge W@hﬁ%é%ﬂég&ﬁ\gb%%%adbbroggrﬁé?ﬁai{a JGopdlchigy ratios

bet ween the vacuu reC| Ien the ove- nen surface. in

this case, a gastrégtmgnlmt %H&%é‘%n&p%ﬁq f)temnqgifé@jﬂ{&é 'in BYGBUAE. he' ! um Is

admtted to this "Interne ace tenporarily, a

hi gher pressure tR@aara.@bfohﬁ 2ty § NOYr00B Y 9550 SRRLEmber RN 1 1

this internedi ate Spac |on| nt er medi at e spacels

possi bl to keop (a4 deRpr, “é@%ﬁ?“’é& el By TR R
remembered that belpu, ?neqﬁsmgfye%mgpﬁ%@g@g{eogf&@othéﬁa&a%?@dste%%wg&t.' on

decreases with the pressure an tural
There, treatment stations grouped around a circular transport system in a

programmed, optionally freely programmable manner are provided with parts or
work pieces by the circular transport system.
10

In a greatly preferred embodiment — Claim 9 - of the process according to the
invention, the separation between the process atmosphere and the vacuum
recipient wall surface is effected by limiting the process space by means of a
surface, which, in the original condition, is chemically inert with respect to the

15 plasma-activated reactive gas of reactive gas mixture, preferably by means of a

dielectric or graphitic surface.

During the operation, that is particularly during the coating (a), the changing of
the material composition (b), or the etching (c), particularly the etching of a

20  structure, or also the cleaning, material is deposited on this surface. However,
this material is not or only tolerably process-contaminating. Specifically when, in
the same process space under consideration, identical treatment steps are
carried out on parts occurring in series, it is even desirable to coat the preferably

dielectric or graphitic separating surface which, as mentioned above, is inert in its



the thermal capacity of the contained gas in question. Preferred materials
for the surface in its new state are specified in Caim1l1l2. It should be
stressed that when the surface nmade of an inert, preferably €¢]\F|2 tric 10
material is nmentioned, this initially exclusively addr esséé the rface
material of the surface facing the process space. This surface is
preferably formed by that of a separating wall. This surface may be
coated, for exanple it may have a netal itjhc construction facing the vacuum
recipient, with an inert surface facing e process space or the process
at nosphere. In this sense, according to the 15 wording of Caim 12, the
surface can therefore be fornmed by a | ayered structure, pernmtting also

t he use of dianond-like materials or of dianobnds. It is known that, in

pl asma- chemi cal processes, the coating rate alwa i I’IC{’ e.a%eﬁowe i i h rising

t enperat ures Gewdonditionawits the ghoneprenipred rsagiosirrguct RaSIER: TBHEE" 20 above,
it my be highly desirable to coat the surface faci_ngavst@he grngagﬁéﬂospace

wi th reacti onomy trihetextent thehibe sesading-coatind as@adhesst NA Y% espondi ng
to the respective process. However, in that case, considerable attention
must be paid thembaveimgnfiepesddpripes] i ng- of f of such a coating. This know edge
can be inplenented in such way that by controlling the tenperature of the
above 2 4 NOV 2005 14 nentioned surface, the coating rate of the
above-nentioned surface is mnimzed during the inplenment ?H(I on of

pl asma- ass st e progatomeitheseawredingrs prefeiablyLlielestrs swiashGRR 1AKE RIACHA
possibility of selecting this interference coating rate t'? be .

si gni fi cant | yssamewayethat sstructure fasmingcan inertrrieferably %ﬁ'@CtB‘éFT facgrg 2PRIFS ¢ o
subject the 5 process space to the self-cleaning cycle only atfter. a
relatively | adigetiptoriherntefior sudags eftthelvagusat iesiient helier 88 a CRTONIN, e -
above-nentioned coating wll be renoved before its thi ckrhess has reached a
critical val ueychfaomatexiahpt iy thginngunting of self-supporting wall parts with such an

inward-facing surface directly onto the interior vacuum recipient wall.

1_0
In a greatly preferred embodiment, however, the inert surface, in accordance with
Claim 10, is placed at a distance from the interior wéll of the vacuum recipient at
least along predominant surface sections. This approach has significant
advantages under the aspect of the exchangeability ofa séparating wall structure

15  also with respect to being service-friendly, and under the aspect of a specific pre-

setting of the surface temperatures.

In accordance with the wording of Claim 11, the process space and the above-
mentioned intermediate space can be pumped-identically or differently. Among
20  other things, this may permit the implementation of an atmosphere in the
intermediate space, which results in desired thermal conduction ratios between
the vacuum recipient wall and the above-mentioned surface. If, in this case, a
gas of a high thermal conduction capacity, such as helium, is admitted to this

intermediate space, and/or, at least temporarily, a higher pressure than in the



respect to peeling-off. 10 In this case, the effective rate on the part,
depending on the treatment, is understood by us as the coating rate, the
penetration rate, the etching rate, and the cleaning rate. ¥ tNoyr gggrd to
the object to be achieved according to the invention it is also 15 sensible
to pay considerable attention to the degree of automation of the process
and the system In accordance with the worddng of Caim113, it is therefore
proposed that a feeding opening for the part be provided in the
above-nentioned surface, and that the feeding opening for the treatnent of
the part be closed by the part and/or by a carrier for the part, at |east
to such an extent that the escape 20 of charge carriers fromthe process

space is preventRehesdspaaat MesleReMbeir B inehaciisRRbacd, ite heavcemndction ol asma
di scharge in acp(gordan%e with Claiml4 is used with an electron soz?ge W th

an el ectron engpigyh&netialdbhR¥ is REREEERR contpafSorflVith At ini thelprickys
preferably inplenented with 2 4 NOV 2005 15 a DC discharge; in this case,

preferably according JinGha) Malit pbYsibTE W Redd thé sukdt@rattidesireat hode
preferably a di rsgcﬁg'y heat%ld therrFr)i osrlli C catéﬁode.sul n a partilcul arly

preferred mannen,Lhg 4Lt GbuRibd RAfnterdd'haPBdibw aciNE@eashut fresdury, 1O
the plasnma. 5 In accordance wwth Caim116 it is furthernore preferred that

at least twosl oGal lkrmélicSRURRER dBARERS WiAnBAEORMGdMatialIgends os pace
for the plasima discharge. Each of these anodes can preferably be heated

separately. By QRé‘{h[eﬂJééliF??gasériTQ%atH’e'c%%aririéa qRliggLésibs. appl i ed thereto and/ or

their tenperature, ensity 10 distribution in the process space
can be adjusted or controlled dynam cally '

Preferred materials for the surface in its new state are specified in Claim 12. It
should be stressed that when the surface made of an inert, preferably dielectric

10  material is mentioned, this initially exclusively addresses the surface material of
the surface facing the process space. This surface is'_preferably formed by that
of a separating wall. This surface may be coated, for example it may have a
metallic construction facing the vacuum recipient, with an inert surface facing the
process space or the process atmosphere. In this sense, according to the

15  wording of Claim 12, the surface can therefc_:re be formed by a layered structure,

permitting also the use of diamond-like materials or of diamonds.

It is known that, in plasma-chemical processes, the coating rate always increaseé
with rising temperatures (and the acted-upon plasma intensity). As mentioned

20  above, it may be highly desirable to coat the surface facing the process space
with reaction products of the plasma-activated reactive gas corresponding to the
respective process. However, in that case, considerable attention must be paid
to avoiding any peeling-off of such a coating. This knowledge can be

implemented in such way that by controlling the temperature of the above-



and/or statically. W understand a static adjustnent as an adjustnent,
which is set and is kept stationary at |east during one treatnent step. W
understand a dynam c adjustnent as an adjustnent, in which at | east one of
the above paraneters is changed with respect to the tine is Zhdf¥edsiuri ng
the treatnment 15 step, whether in the sense of a sweep, periodically, or
a-periodically corresponding to defined curve shape in an oscillating
manner, or in the formof any linear or pgn-linear ranp function, during
the treatnent step. Particularly by neans of the approach nentioned | ast,,
it becones possible to take into account the conditions, which change
during a process step in the process space, and act 20. upon these in a
conpensati ng manner or al so achi eve a desired tine variation of the pl asnma
density on the surface

d
daim 17, a nE§RANed Sf"ﬁ@?ed %@f%’? e r?@&‘ %rbagag‘%g\{m%,}?@p%u@g er abrﬁy in the
whi ch t f he -
oo ron b on it e dodegengiuLSTife RRRar ST atn S ah, i etlls e

on the surf act SraTHR: Biie PoSRbIL) Pl Ontcg.ﬁgﬁﬂ% REBier o rie®esr  acion
of the part cafioBieaRERIEdab RS el e Pie o1 Bpepdory el el er o
Sweep. of 't e BGRESS PR 4 e seaeeHBO SR TG cHaaY et Y
achi eved as. |'f CATBSISHEAERTES LA TpER 8 Spotf o BPTeesd égw‘%ﬂi g
manner, but partlcul arly advant a geous th res Irq\E/acuum

wi t hout movi ngrasaaved bejese is thickness has r@ﬁg‘qdaac?”t'lcﬁ'pe?ue oﬁeéi'gBI%d\g e with

Claim18 - the reactive gas IS
respect to peeling-off.

10 In this case, the effective rate on the part, depending on the treatment, is

understood by us as the coating rate, the penetration rate, the etching rate, and

the cleaning rate.

With regard to the object to be achieved according to the invention it is also

15  sensible to pay considerable attention to the degr_ee of automation of the process
and the system. In accordance with the wording of Claim 13, it is therefore
proposed that a feeding opening for the part be provided in the above-mentioned
surface, and that the feeding opening for the treatment of the part be closed by
the part and/or by a carrier for the part, at least to such an extent that the escape

20  of charge carriers from the process space is prevented.

As another preferred embodiment, the low-energy plasma discharge in
accordance with Claim 14 is used with an electron source with an electron

energy of < 100 eV, preferably < 50 eV, particularly preferably implemented with



admtted to the process atnosphere in a distributed manner, preferably with
an inflowdirection essentially parallel to the part surface, and further
preferably, with 15 jet-in points, which are equidistant frofftMY 3806t
surface, an optinmal exposure of the surface of the part to the

pl asma- activated reactive gas is achieved, and an optimal utilization of
admtted fresh reactive gas, in the sense,of an inverse operating ratio,
specifically of the quotient of fresh real?ive gas admtted per tine unit
to still fresh reactive gas punped out per tinme unit. . 20 For achieving
effects as a result of the above-nentioned treatnent steps, particularly
according to (a), (b), (c) or the cleaning of the part according to Caim
3, of a quality required for depositing epitaxial |ayers, the partial
pressure of 2 2 sctpoge: ivthisaeasgr iefesrinacoordingstofeipime?) byprans of @ kept at
no nore than 10-8 nbar, preferably at maxinmally 10-9 nbar, according to
Caim 19. The Hsovieniswathiodaceerabivadirecldepleddhrrmionis eatede: laat nent st ep
of the process 5 according to the invention, in a preferred first

enbodi ment, i spatieulddprrsferied gnasinen thiotieatedsurfase of thedisirtia grrasedgirestly Al so
preferably, in accordance with Caim21 such a layer is deposited as a
silicon germantathelplagema. Al so, in accordance with Caim22, an essentially
di sk-shaped part is produced .10 as the part. In accordance with the
wording of £ aim23, as a further preferred enbodi nent, the part subjected
to the treatnent is a silicon wafer or a wafer consisting of a conpound
seni conduct or, Imaasbesiants yitlClaiml1Biitisfuitheaneraéerefered thet pHeasitwellocals si | i con
carbide or of glass. On the basis of the production process in accordance
Wi th the i nventiisplagedCinnides 27 mrpeded indbe praskes $med@‘rj§@pbémaldéﬂﬁéafgﬁat erials.’

Ea_ch of these anodes can preferably be heated Separately. By controlling the
electric potentials applied thereto and/or their temperature, the plasma density

10  distribution in the process space can be adjusted or controlled dynamically
and/or statically. We understand a static adjustment as an adjustment, which is
set and is kept stationary at least during one treatment'.step. We ﬁnderstand a
dynamic adjustment as an adjustment, in which at least one of the above
parameters is changed with respect to the time is changed during the treatment

15  step, whether in the sense of a sweep, beriodically. or a-periodically
corresponding to defined curve shape in an oscillating manner, or in the form of
any linear or non-linear ramp function, during the treatment step. Particglarly by
means of the approach mentioned last, it becomes possible to take into account -
the conditions, which change during a process step in the process space, and act

20 upontheseina cofnpensating manner or also achieve a-desired time variation of

the plasma density on the surface of the part.

In accordance with the wording of Claim 17, a magnetic field is furthermore

generated preferably in the process space, which magnetic field, analogous to



20 In an extrenely inportant embodi ment of the production process in
accordance with the invention, in accordance with Caim25 virtual
substrates of the above- nentioned type are produced, which p2¢fmjvam
contain silicon germanium In another preferred enbodi ment of the _
production process in accordance with the invention, in accordance with
Caim26, parts, particularly the above 2 4 NOV 2005 18 menti oned
essentially flat or disk-shaped parts, are pgoduced with dianmeters of at

| east 150 mm preferably of at |east 200 mm preferably even of at |east
300 mm I n another preferred embodi ment of the production process of the
invention 5 according to Caim27, the coating of parts is inplenmented at a
coating rate of at least 60 nmiMn. In connection with virtual substrates,

brocesses are usod oveany Lo ey LA ks DR Rlestict Bhndt R Beo of o
or der o o ean t7eraart Scmgfost Sell SRS B M Sesly csbuget pats 1 or
cllean the Subst TAEEe oL edhry Asihsbsul e BarFapd i wiirians fromPaceiene
recogni zed that " ¢ PEEDF RO g uBh SR gne PiBRaist e sech o
ot oment e P Sanose. faflcFRET =Bl B AhERR" P e srical I he
on i rtual subciPRPEy HRBOE R, Bechi BsPONR SWArR Bl R EHBORE $ one.
hrough the use 5P % BEFIRRERAEE Flnaioara Bl aedie e Bl - coul ts i
an out standi ng as?’é’f%%@ql%ld part, the same effect is achieved as if the part were to be moved

in an oscillating or rotating manner, but particularly advantageously with respect

10 to the vacuum, without moving parts.

As a result of the fact that — in accordance with Claim 18 - the reactive gasis
admitted to the process atmosphere in a distributed manner, preferably with an
inflow direction essentially parallel to the part surface, and further preferably, with
15 jet-in points, which are equidistant from the part surface, an optimal exposure of
the surface of the part to the plasma-activated reactive gas is achieved, and an
optimal utilization of admitted fresh reactive gas, in the sense of an inverse
operating ratio, specifically of the quotient of fresh reactive gas admitted per time
unit to still fresh reactive gas pumped out per time unit.
20
For achieving effects as a result of the above-mentioned treatment steps,
particularly according to (a), (b), (c) or the cleaning of the part according to Claim

3, of a quality required for depositing epitaxial layers, the partial pressure of



and, in addition, this know edge permts the integration of such a

pl asma- assi sted cleaning process into the production process of virtual
substrates and of conponents based thereon. 2 4 NOV 2005 19 The surprising
success, which the inventors achieved by neans of this dry cledpiNgg j
process in connection with extrenely difficult surfaces, is attri butec?io
the use of the |lowenergy plasma, as defined. 10 In Caim28 a vacuum
treatment systemaccording to the invention is specified, which is
particularly suitable for carrying out thelfrocess according to one of the
above-nenti oned aspects: In accordance with Caim28 the interior wall
surface of the process chanber in the new condition is realised of a
material, 15 preferably of a dielectric material, which is inert with
respect to t he pI asma- activated reactive gas or reactive gas m xture; and

the process chaRBefgreundgasss, mg defieedratmvesis képﬁé}ﬂol,ﬁo,@%an é} ,;lgéﬁlard t he

inside from the vacuum chanber wall, that is, is realised at a' di stance.

Preferred enbodrafembly abmaximally 46 Himbat, cesdramg o Blehap | n accordance with
the invention 20 are specified in the followng in Clainms 38 to 45. The
invention wll now be expl ained by neans of figures: 2 4 NOV 2005 20 Fig. 1
shows a schenatic view of a first embodinent of a process nodule according

to the inventi ofihé eboveamentiongd atitastivhe PraRARSssREEAFdbignt (glf‘? nventl on,

5 Fig. 2 shows a representation analogous to that o @I ?Z]tuS?eé) '?)? p

preferred 5  according to the invention, in a preferred first embodiment, is the depositing of a
homo- or hetero-epitaxial layer. Also preferably, in accordance with Claim 21

such a layer is deposited as a silicon germanium layer.

Also, in accordance with Claim 22, an essentially disk-shaped part is produced

10 as the part.

In accordance with the wording of Claim 23, as a further ;Jreferred embodiment,
the part subjected to the treatment is a silicon wafer or a wafer consisting of a
compound semiconductor, preferably of gallium arsenide, indium phosphide,

I5  silicon carbide or of glass. On the basis of the production process in accordance

with the invention, Claim 24 specifies preferred deposited layer materials.

In an extremely important embodiment of the production process in accordance
with the invention, in accordance with Claim 25 virtual substrates of the above-

?0 mentioned type are produced, which preferably contain silicon germanium.

In-another preferred embodiment of the production process in accordance with

the invention, in accordance with Claim 26, parts, particularly the above-



enbodi mrent of the process nodul e according to Figure 1 for carrying out

the process according to the invention; Fig. 3 shows a representation

anal ogous to Figures 1 and 2 respectively of 10 another pro %si %e
type according to the invention for carrying out processes acco 8 o the
i nvention, specifically cleaning accdB8ding to the invention; Fig. 4 shows
a representation analogous to Figures 1 to 3, a nodification of the 15
process nodule illustrated in Figure 3 for carrying out processes according
to the invention, specifically cleaning according to the invention; 20 Fig.
5 shows a S|an|f|ed view of a preferred enbodi nent of a process nDduIe in

faccordance tPec}%seﬁeHW ki SridCceRipdt Rarts arEbeduee@withkliacteteraef 8 changed
into a pr ule a cordl ng to Figures 3 or 4 for carrying out the

pr ocessesﬁ%%gﬁcgihprg Fé}e#aﬂf? dfaY RALH 200 m, Arebipuibi2@0én aflatfeapt 360 MM.t h r espect

to a diap axl's process nodul e accor di ng to Figure 5 shows a
view of the local and tine- reI at ed nodul ati on, caused by the control, of
magnetic field conponents parallel to the axis A above a plane E,

per pendi cyl ar th aply A%F FeAroduckibiproteshoise mvsntfoanat i ¢ vi ew of
t he passad? E%th?re{ﬁ%rgaa proggigss rmg't?re accgr ding to one of Figures 1 to 5

W th uark BLeces Bl HONE dnd bifredXiiisihbaeaal & cohvanaefat ter a

def i ned atnment steps or as required
least 60 nm/Min.

In connection with virtual substrates, particularly on a silicon germanium basis,
normally wet-chemical cleaning processes are used nowadays, be this in order to

10 clean the surface of a finished virtual substrate for additional treatment steps, be
this in order to clean the surface of an already epitaxially coated substrate for the
.subsequent preparation of a virtual substrate, be this in order to clean the
substrate, suitable for epitaxial growth before growing the buffer layer. Within the
scope of the present invention, it was now recognized that, as a result of the use

15 of the above-mentioned low-energy plasma for a pl_asma-assisted cleaning step,
the cleaning is implemented in such a way that the subsequent implementation of
the production of virtual substrates or of the production of components ba_sed on
virtual substrates, can take place without any problems. On the one hand this,
that is the bypassing of wet-chemical cleaning processes through the use of a

20 plasma-assisted cleaning process, always results in an outstanding advantage
and, in addition, this knowledge permits the integration of such a plasma-assisted

cleaning process into the production process of virtual substrates and of

components based thereon.



10 Fig. 8 shows a view of the conbination of process nodul es according to
Figures 1 to 5 in an inline passage system and Fig. 9 shows a sinplified
top view of the conbination of process nodules 15 according to Figures 1 to
5into a circular or cluster system particularly for the p?éd’!ﬂi?mﬂﬁ
according to the invention of virtual substrates and of conponents on the
basis of virtual substrates. 20 Fig. | is a schematic view of a process
modul e Type | according to the inventjgon. A chanber wall 1 of a vacuum
reci pient 3 encloses a process space PR, wherein plasma is generated. In
the process space PR a substrate carrier 5 is provided and a feeder line 7
communi cates, on the one hand, with the process space PR and, on the other
hand, with a reactive gas tank arrangenent 9. By way of a punp connection
11, as schematically illustrated by neans of the vacuum punp 2 4 NOV 2005
22 13, the process space PR is punped down to the pressure of a nmaxi num of
19% nbar, pr%ergmr%ings BUDRieh thEGnRntdiechiewgibyrreearsaf tisdyi ng out t he
production pr gSs g cor Ing to the invention. The construction of the

recipient meets LHV [ BLon(dior exersanp dfficuieswedaces a8 #tyibgtedited vacuum
tank, 5 bakeal‘ffe«?f'.ngfﬁéceéggwgdﬁpr edom nant surface area of the surface of

t he chanber 11 1 faci 8rsSx @pae@ PR, which normally consists of
st ai nl ess steV\]ﬁe s1ad °fltﬁ%!?,w?ié?€yr@guce'd of a material, which is inert with

respect tq the plasma-activated reactive gas in tank 9. According to the
enbodi mentl®of t he Type | process nodule illustrated in Figure 1, for this

pur pose, the 3ganber o4l i/adu.u. ré‘a‘?rﬂ[eﬁ%x%m AQokdMey tonthd Meemiohls t he
nma , or, o

above-nention I8y £ eria the chanber wall 1 wall
specified, which is particularly suitable for carrying out thie process according to

one'of the above-mentioned aspects: In accordance with Claim 28 the interior

wall surface of the process chamber in the new condition is realised of a material, -

15  preferably ofa dielectric material, which is inert with respect to the plasma-

activated reactive gas or reactive gas mixture; and the

process chamber comprising the process space is set off toward the inside from

the vacuum chamber wall, that is, is realised at a distance. Preferred

embodiments of the vacuum treatment system in-accordance with the invention

20 are specified in the following in Claims 38 to 45.

The invention will now be explained by means of figures:



parts are mounted on the inside at least wwth interior surfaces nade of the
above nentioned inert material. In Figure 1, this coating or these inert
mat eri al surfaces have the reference nunber 15. After the punpi ng-down of
the process space PR to the above-mentioned required par t2 &INOWa20§r ound
gas pressure, while 15 working gas, such as argon, is admtted, the

| ow- energy plasna required according to the invention is generated in the
process space PR, which plasma, in the area of the substrate carrier 5 or
of a part deposited thereon, results in igm energies E of 0OeV<E<15eV 20 As
the material of the surface 15 facing the process space PR, preferably a
dielectric material, preferably at |east one of the nmaterials listed in the
following Goup Gis used: 2 4 NOV 2005 23 Quartz, graphite, silicon
carbide, silicon nitride, aluninun1oxide titani um oxide, tantalum oxide,

ni obi um oxi de, zirconi um oxi de, Fos rgbg'gmmdiule the latter
surface materi &ig;1b@hﬁ\gsa§ébﬁrﬁ%“°v(5%'¥ P{r:éjfr??{a ep?dgrlrngﬂpo i a representation

anal ogous to that of Figure 1, Fi L dcesHaveording frtbeer r ed
embodi ment of the Tﬁ@eorldmﬁﬂ%g@dg"e% oiclﬁﬁ{}gg% tﬁ@ fce with the invention

according to Figure 1. For the parts already described in Figure 1, the
same reference numbdnende® used in it. In difference to the enbodi ment
according to Figure 1, in the enbodi nent of Figure 2, the process space PR
is 10 limted by a process space wall 14 spaced away al ong predon nant

sections of the chanber wall 1, furth y] oredsefefredt ai nl ess
steel or InGx. FAY. 2|mane§re§a'ﬁtﬁa%afl aC| néf{)ﬁfe process space PR

consists of the m err!r@édment of the process module according to Figure 1 for carrying out

the process according to the invention;

Fig. 3 showsa representation analogous to Figures 1 and 2 respectively of

10 another process module type according to the invention for carrying out

processes according to the invention, specifically cleaning a_ccordmg to

the invention;

Fig. 4 showsa representation analogous to Figures 1 to 3, a modification of the

15 process module illustrated in Figure 3 for carrying out processes

according to the invention, specifi cally cleaning according to the

invention;

Fig. 5 showsa simplified view of a preferred embodiment of a process module

20 in accordance with the invention according to Figure 2, which can be

changed into a process module according to Figures 3 or 4 for carrying

out the processes according to the invention;



preferably a dielectric material, which is inert wwth respect to the

pl asnma-activated reactive gas in the tank arrangenent 9, for this
furthernore particularly preferably 15 made of at |east one 20f NORes
above-nmentioned nmaterials of Goup G 20 The wall 14, which actually forns
a process space casing within the vacuum chanber together with the wall 1,
may consist of the material formng the surface 15a, or the inert material
formng the surface 15a is built up, forpgexanple, stacked wup in layers, on
a carrying wall (not shown) which faces the wall 1, the latter of which,
because it is not exposed to the process space PR, can then be

constructed, for exanple, of stainless steel or Inox. By neans of the punp
connection 11 and the punp 13 respectively, the process space PR is punped
down to the partijal .backgr , r i ! } ion with 2
4 NOV 2005 24E§- i&ﬁgéesf;gc\?ﬁugﬁdé?q’%fﬁ% g’?%#‘p ﬁggﬁ%@%&é‘?ﬁﬂd&%@é{dggﬂon Fi gure

2, the I nter medi at & o prce FYLIELIGAR. (16 SAGHMISNTRGHNR, clugad the

casing 14 is punpe par ate punp connection 11 a by the

ame or by anot her C . An ert wll i i t,
alhen t he }s/arre purrpbi %u%%%glgg{r%%?net‘ﬁﬁ%(@icﬁﬂ’p\éma%tsg%t%hélﬁ%gh%g%%néé%gib ?cal le;en

the process space PR and. the inter i ce . correspondi ng

control | abl e throt ?Ipfaﬁ'&q':elngP@HE“gu'gF@g% ﬁFsaﬁgrlsaggwoa%‘ll%X\{ he assi gned punp
connection_ pieces 11 and 11 a respectively. Wth 10 regard to the

| ow- ener gyd pl asma, which is used for carrying out the process according to

the invention_on_the nodul e accordi to Figure i.tions
apply, which Wéré 8PP PLIRER |ﬁx{|e(v’vot$}ﬁla%eﬁsg eﬁﬁtﬁ‘gt tfgepﬁ%;' gf g\%ﬁgl'e
according to one of Figures 1 to 5 with work pieces and, above the time

axis, its self-cleaning after a defined number of implemented treatment

steps or as required;

10
| Fig. 8 shows a view of the combination of process modules according to Figures
1 to 5 in an inline passage system; and
Fig. 9 shows a simplified top view of the combination of process modules
1.5 according to Figures 1 to 5 into a circular or cluster system, particularly

for the production according to the invention of virtual substrates and of

components on the basis of virtual substrates.

Fig. 1 is a schematic view of a process module Type | according to the invention.
20 A chamber wall 1 of a vacuum recipient 3 encloses a process space PR, wherein
plasma is generated. In the process space PR a substrate carrier 5 is provided
and a feeder line 7 communicates, on the one hand, with the process space PR
and, on the other hand, with a reactive gas tank arrangement 9. By way of a

pump connection 11, as schematically illustrated by means of the vacuum pump



explained in Figure 1. The process space casin rovided in i

of Figure 2 and formed by the wall 14 is prefgrgbly designeéhEOEBEOdlnEnt
exchangeable in 15 the recipient 3a. 20 Anal ogous to the representations
of Figures 1 and 2, Figure 3 shows a process nodule of the T¢peNIV @ghi ch
conpared. with that illustrated in Figure 2, differs only in that the ’
surface 15b enclosing the process space PR does not meet the inertness
requi renents explained in conjunction mﬁ&? t he process nodul e according to
Figure 2, and in the case of which the wall 14a, for exanple like the wall
1, is produced of stainless steel or Inox or another nmetal. Wth regard to
set partial background gas pressures, ion energies in the area of the
substrate carrier, the explanations apply, which were nade concerning

Figures 1 and 2. 2 4 NOV 2005 25 The normal ly netall.i }
exchangeabl e, 1§dhemmce§ﬁ§pa9ﬁd°d%'§s°%w3| W“1*9\p/h£ Wfﬁésﬁéﬁﬁgﬁ?lalr’fié&‘i o°L?%ﬁlr 203

can easily be changed into a process dule T | accor to Fi
and vi ce ver saba5, freferabbie rayEus °E%J%Pﬂc$§§ﬁ§§f%ﬁPm%Pg{&H€hereongu[ ﬁez
process nodule structures according to Figures 1 tC{ 3..cor oF ﬁb t he

i nvention. | n paoduetivresrepessaceprdingdp SponyentionFiTha caastpictign %{tﬁ‘lg—'F%CE}ﬁ% '%4 shows
anot her process nodule Type linei which does not corres o, o the |
i nvention. | n nozets WHYtrequirempstsi Gorsaeeless "T%ﬂ'tﬂaﬂ%s%é‘ffﬁ é?%@gﬂgﬂ}&'neans of

Figures 1 to 3, in the case of Type line the pr i L.
the process clbakimhte)wdhe by fai Qrﬁd%ﬁigamtfsge‘gge é\ﬂ??%ﬁt %g%ﬁfgggsgtﬁe;cﬁ?rln épa;g?ebyof
stainless steel or Inox. If this process nodule, the s%rué ure, of ich
does not cor r esidridcing thehwrotesgsrara iR, which paumRalyconists @ s@gﬁﬁp&f%&om t he
invention, that is, a process according to the inventign is carrie

Inox, is produced of a material, which'is inert with respect to %e plasma-actlvaged

reactive gas in tank 9. According to the embodi-rﬁent of the Type | process
module illustrated in Figure 1, for this purpose, the chamber wall 1 is coated on

10  the inside with the above-mentioned inert material, or, on the chamber wall 1 wall
parts are mounted on the inside at least with interior surfaces made of the above-
mentioned inert material. In Figure 1, this coating or tl';ese inert material surfaces
have the reference number 15. After the pumping-down of the process space
PR to the above-mentioned required partial background gas pressure, while

15  working gas, such as argon, is admitted, the low-energy plasma required
according to the invention is generated in thé process spéce PR, which plasma,
in the area of the substrate carrier 5 or of a part deposited thereon, results in ion
energies E of |

0OeV<E<15eV

20

As the material of the surface 15 facing the process space PR, preferably a

dielectric material, preferably at least one of the materials listed in the following

Group G is used:



15 out by means of this process nodule, or such a nodule is used within the
scope of a process according to the invention, the data indicated for Type
| and Type Ile nodules apply with respect to the set parti al background
gas pressure and the plasma. 20 It can easily be seen that tAé NGM> 2005 .

Type Ile and Type |ine nodul es can be converted to one another by the
correspondi ng renoval or installation of g? correspondi ng process space
casing 14, 15b. 2 4 NOV 2005 26 5 Figure illustrates a preferred _
enbodi ment of the Type | process nodule according to Figure 2. In this
case, it should be pointed out, that all measures originating fromthe
nodul e according to Figure 2 preferably used additionally or speC|f|caIIy

referred on t rdin 0 F| can be used on

Bri nci pal m)dubg H%%g%pg\'t%‘ °8“r9r'*8h‘§ SQC F\?‘Foﬁ]“&’ﬂ!”&‘”bq"@%t”éf‘b‘m P98 parti al
conbi nati ons. monstrated, in a.preferred enbodinent, the Type
| process noduﬁz]ta\f\{li'mloﬁ'g?'r'a? 't‘.lmloﬁ' Q[FPB'UQ"  iagang-like caERY &F figmondit o ?
Type |l e nodul i_nt e nodul e, The recipient wall 101 o
t%g process nn@’ﬁﬁ%tteééﬁ'g?ctﬁ 'H@tef’ég%ﬁinéd'rs%d 8S Copting S1aieidE- made of stai nl ess
steel or Inox, centrally, preferably on its wupper frontal plate 103,
carries an electron source 105 for co-generating the plasma discharge in
the process spiar\lce PR. Al though, within the scope of the ion energies

required ir prinftiepreseniation afaidpaus 12 et pifiewe oﬁ'gPrr? 4 srhegiiealy shewsarri er

15 area, olher, Bl astec, SiEh 5 Mo owve plosyas can ol so be used, ar

whi ch em'. ts invention according to Figure 1. For the parts already described in Figure 1, the

same reference numbers are used init. In differeﬁce to the embodiment |

according to Figure 1, in the embodiment of Figure 2, the process space PR is

10 limited by a process space wall 14 spaced away along predominant sections of
the chamber wall 1, furthermore preferably made of stainless steel or Inox. At
least its surface 15a facing the process sbace PR consi;ts of the fhaterial,
preferably a dielectric material, which is inert with respect to the plasma-activated

reactive gas in the tank arrangement 9, for this furthermore particularly preferably

15 made of at least one of the above-mentioned materials of Group G.

The wall 14, which actually forms a process space casing within the vacuum
chamber together with the wall 1, may consist of the material forming the surface
15a, or the inert material forming the surface 15a is built up, for example, stacked
20 upin layers, on a carrying wall (not shown) which faces the wall 1, the latter of
which, because it is not exposed to the process space PR, can then be
constructed, for example, of stainless steel or Inox. By means of the pump
connection 11 and the pump 13 respectively, the process space PR is pumped

down to the partial background gas pressure explained in conjunction with




electrons with an el ectron energy of a maxi mum of 100 eV, preferably of a
maxi mum of 50 eV. In a preferred enbodi nent, the plasma discharge is
i npl enented as a DC di scharge. The el ectron source 105 according to Figure
5 20 is preferably constructed with a therm oni c cat hode, prefenapl
directly heated therm onic cathode 107, installed in a cathode chanmpber 109
with a cathode chanber wall that is electronically insulated fromthe
reci pient wall 101, 103. The cathode chandkr communi cates by way of a
di aphragm 111 with the process space PR The working gas, such as argon,
is preferably (not shown) admtted 2 4 NOV 2005 27 into the cathode chanber
109, anong other things, in order to protect the therm onic cathode 107
frominfluences of the reactive gas in the process space PR and permt a
hi gher el ect r onFiguriesls imbite, f& ed@npimarebasillestratedimFiduee L stk ntemiedidé bpdd@3, 101
and setting up the internediate space ZWtogether with it, the process
space casi ng 113Ndrtleesithg vadieinpclenass wall e thiRcasimpl ©gQuended dowptbye 2, i s
preferably nounted in an exchangeabl e manner. The process space PR within
t he casing 113 sy ofed depamté pempicotmectied il &4 by teaamedNgranothenpaclufer e by way
of the same punp connection 115, in which case optionally different punp
cross-sections guwwasl fromthis connection 115, on the one hand, to the
i nternedi ate space ZW and, on the other hand, to the process space PR An
anode arrangenent acts within the process space PR As illustrated in
Figure 15 5, this anode arrangenent is preferably fornmed by two or nore
anodes 117a andarldxpéh vl easilg esboghize aiet! év@alwhenwhé Barhe puept 3ti® usdiefodi aphr agm
axis A They can be -
pumping down both spaces, specifically the process space PR and the

intermediate space ZW, corresponding controllable throttling elements are
installed in the assigned pump connection pieces 11 and 11a respectively. With
- 10 regard to the low-energy plasma, which is used for carrying out the process
according to the invention on the module according to Figure 2, the pre-
conditions apply, which were establis_hed in conjunctior; with the module
explained in Figure 1. The process space casing provided in the embodiment of
Figure 2 and formed by the wall 14 is preferably designed to be exchangeable in

15 the recipient 3a.

Analogous to the representations of Figures 1 and 2, Figure 3 shows a process
module of the Type Il which, compared.with that illustrated in Figure 2, differs
only in that the surface 15b enclosing the process space PR does not meet the
20 inertness fequirements explained in conjunction with the process module
according to Figure 2, and in the case of which the wall 14a, for example like the
wall 1, is produced of stainless steel or Inox or another metal. With regard to set
partial background gas pressures, ion energies in the area of the substrate

carrier, the explanations apply, which were made concerning Figures 1 and 2.



conducted (not shown), in each case, independently of one another, to
ground potential or to electric anode potentials, which, also preferably,
can be adjusted independently of one another. Also preferably, the

metal lic recipient wall 101, 20 103 is applied to a reference DHINOVt prps .
preferably ground potential. The anodes 11 7a, 11 7b offset along the

di aphragmaxis A in addition to being electrically operable independently
of one another, preferably (not shown) are also heatable and cool able

i ndependently of one another. This is inpR&nmented in that 2 4 NOV 2005 28
tenperatures adjusting nmediumlines are carried in these anodes and/ or
helical heating filaments are installed. In Figure 5 the plasna beam PL,
which is generated by the preferably used 5 plasma generating arrangenent,
is illustrated in Figure 5 in a dash-dotted nmanner, with a plasma denS|ty

distribution 'gﬂ SlEly HetMlic HaR1PHisalish SeHEAGEDI, sonhartae prosessnaduleo t he
axis A of the ragr¥1 a result of a corresponding action upon the

anodes 11 7a a & 7 ad®br 'F’fgm@ts%hleals@ [enéhadgedinta dbloeess medyirFereur e
adj ust ment of t BEE® Ano es, the plasma density distribution V can 10 be

adj usted in a H%E&’%'ﬁg d’rp,gg@rz aldVitéderpd.ocess space PR a wafer holder 119
is mounted or - lained in the followng - can be introduced

into the process space PRin a controlled manner. Although it is
definitely possible to provide the substrate holder 119, for 15 the

preferred t eat,ﬁgvéb{eﬁmeh&'tﬁ&pébéﬁég iMBIEHeRle8 @RFed thedabiess mpdalecar ri er

surface 11-9a, I's carrier surface 11 9a parallel to the diaphragm

axis A at an sg@%t'uﬂeléeac@&%n% tBFHk{J?&& '3 BRrdaport uhaunvéritienet o - according

to Figure 5 -, eccentrrca he wafer holder 119 is arranged by
means of its carrier surface 119a very pref erabl y concentrically ta the
axis A of the diaphragm 111. By

In a representation analogous to Figures 1 to 3, Figure 4 shows another process
module Type llhe, which does not correspond to the invention. In contrast to the
i 10  process modules explained by means of Figures 1 to 3, in the case of Type llhe,
the process space is limited by the process chamber w_all 1 with a surface, which
consists, for example, of stainless steel or Inox. If this process module, the
structure of which does not correspond to the invention, is, however, used
according to the invention, that is, a process according to the invention is carried
15  out by means of this process module, or sqc_:h a module is used within the scope
of a process according .to the invention, the data indicated for Type | and Type lle

modules apply with respect to the set partial background gas pressure and the

plasma.

20 It can easily be seen that the Type I, Type lle and Type ll,e modules can be

converted to one another by the corresponding removal or installation of the

corresponding process space casing 14, 15b.



20 neans of an external drive 121, the wafer holder 119, as illustrated by
means of the double arrow F, can be noved towards or back fromthe

recei ving opening 123 defined by the process space casing 1132 WNBY: 2005
waf er holder 119 is conpletely noved up by neans of the drive 121 agai nst
the process space PR, its edge part 125 closes off the clear opening 123
of the process casing 113 at 2 4 NOV 2003629 |least in such a way that
charge carriers are prevented fromexiting the process space PR A work

pi ece or part to be treated, which, as nentioned above, is preferably disk-
5 shaped, is placed through a slotted valve 129 on stationary receiving
supports 126, while the wafer or work piece holder 119 is Iomﬁéed.
Subsequently, the | IdlOmb&diieht efdhe Tmeclmeecass MASKIR of its
carrier surfaS@uf153@L€%8£?pﬁﬁgT wor k pi ece or tﬁgnmafer 120, lifts it off

the stationary sugport e aRdhigRYES it shouldmassothteciowt, thebalpMEBYLES space PR,
whi | e, when tﬁéc?fﬁ"c?@ gslglljgﬁgvzp'osi tli on is 10 reached, closing off bi& neans of

its edge surface 125 th § aSER6IRg tOFighe 2 pieterablyruped efdlPrakt &ht . The
supports 126 &"@'”ﬁﬁ%ﬁrc’e’ﬁtﬁlﬁgﬁm?k pi egce t enper at ur e- adj usti ng device 127,

which is acted upgn by t dirSodiill Adordigg toerigurmBnearbe ug &t ure 15
adj usting mdi%ﬁ&ﬁ%‘&%heégﬁéﬁmvm lines 1.28, Nornally, rtt'hlg i ntroduced
substrate 120 i s heated b g/g?% b6l inGiRidbaReor iTheviteay partiflol der 119 is
illustrated i rP@F'@ﬁ? ° '%)g/ca 'rr]% 0enlBI ine inits processing position. 20 The
recipient wall 101 and its face-side end plates 103 and 131 are tenperature
adj ust ed, pref@r”é{:brl‘i}'ol?%ol ed. For this purpose, the wall 101 formng the

casing is constructed as a double wall, with a tenperature adjusting
medi um system ' :

As will be demonstrated, in a preferred embodiment, the Type | process module
illustrated in Figure 5 can easily be converted into a Type lle module orinto a
10  Type llhe module. The recipient wall 101 of the process module according to
| Figure 5, preferably made of stainless steel or Inox, centrally, prefe_rably onits
upper frontal plate 103, carries an electron source 105 for co-generating the

plasma discharge in the process space PR. Although, within the scope of the ion

energies required in principle according to the invention in the substrate carrier

15 area, other plasmas, such as microwave plasma_s can also be used, an electron
source, such as the electron source 105, is preferably used, which emits
electrons with an electron energy of a maximum of 100 eV, preferably qf a
maximum of 50 eV. Ina preferred embodiment, the plasma discharge is
implemented as a DC discharge. The electron squrce 19_5 according to Figure 5

20 s preferably constructed with a thermionic cathode, preferably a directly heated

thermionic cathode 107, installed in a cathode chamber 109 with a cathode

chamber wall that is electronically insulated from the recipient wall 101, 103. The

cathode chamber communicates by way of a diaphragm 111 with the process

space PR. The working gas, such as argon, is preferably (not shown) admitted



installed in-between. Likew se, tenperatures adjusting nmediumline systens
are installed into the front plates 103 and 131. 2 4 NOV 2005 30 Hel mholtz
coils 133 as well as distributed deflection coils 135 are m)u% ﬁg{wgﬁngl de
the vacuumrecipient. By nmeans of the Helnholtz coils 133, a g i

field pattern is generated in the process space PR, which is essentially
parallel and symetrical to the axis A By neans of the deflection coils
135, this 5 magnetic field pattern can be noved in planes perpendicular to
the axis A, as schematically illustrated_in Figure 6. As a result of this
"di splacenment” of the nmagnetic field i nénsi ty distribution HA, a

"di spl acenent" of the plasma density distribution Vis obtained on a
substrate applied to the substrate carrier 119. As a result, a relative
novenent is achieved between the plasnma density distribution 10 V and the
wor k pi ece surface on the substrate carrier 119, which is to be treated,
as i f the subgtte theccamde cdirmpeattl amiond othes hengs, incorddrdo prodeattheni t h a
time-constant plasna density distribution. As a result of this field

di stribution twenmicoic cathnslesi@idroneinflearices of thbtredatieel gaminttheprooéssispace as i f
this were nechanically noved with respect to the plasma but w thout any
mechani cal suPR areat Eermi\adigher eletBorzemiRemot i ve gas is adnmitted by way of the
reactive gas inlet 137 into the process space PR As illustrated, the
reactive gas inlet is preferably arranged coaxially to the axis Ain the
i nmedi ate area of the substrate 120 or the substrate carrier 119 Ilying in
t he processi n§ppeesd awayrfronmheretipieet walptof, Qs and setting ap the iptamaddiae t o t he
substrate surface to be treated. As nentioned above, the vacuum reci pi ent
101, 103, whi epadeZ\Wredethexiwith itrthdeprodess space casing 113 enclosing the process

space PR, analogous to Figure 2, is preferably mounted in an exchangeable
manner. The process space PR within the casing '113 as well as the
intermediate space ZW are pumped here by way of the same pump connection
10 115, in which case optionally different pump cross-sections lead from this
connection 115, on the one hand, to the intermediate_ space ZW, aﬁd, on the

other hand, to the process space PR.

An anode arrangement acts within the process space PR. As illustrated in Figure

I5 5, this anode arrangement is preferably formed by two or more anodes 117a and
117b arranged concentrically with respect to the diaphragm axis A. They can be
conducted (not shoWn), in each case, independently of one another, to ground
potential or to electric anode potentials, which, also preferably, can be adjusted
independently of one another. Also preferably, the metallic recipient wall 101,

200 103is applied to a reference potential, preferably ground potential. The anodes
117a, 117b offset along the diaphragm axis A, in addition to being electrically
operable independently of one another, preferably (not shown) are also heatable

and coolable independently of one another. This is implemented in that



stainless steel, is cooled intensively. It neets UHV requirenments. In this
case, 2 4 NOV 2005 31 the intensive cooling prevents the heating-up of the
steel during the process and thus a connected rel ease of carbon-contai ni ng
gases fromthe steel. Wth respect to the material of the procéésNdp

casing 113, particularly its 5 surface that is exposed to the process, the
statenents nmade by neans of Figure 1 apply. The inert material, preferably
a dielectric material and, as nentioned, g§eferably sel ected fromthe
Goup Gof materials, is stable at the high process tenperatures and does
not form gaseous conpounds with the used reactive gases, such as

particul arly hydrogen, hydrosilicon, gernmane, boroethane, 10 chlorine, NF3,
HCl, Si H3CH3, GeH3CH3, N2, CIF3, PH3, AsH4. Thus, it is achieved that
there will be no contamn IIOHS of %Q art 120. Interference,c ath

the interior sufempeeat qusta nepedy ‘Bﬁgérec%?éf"?fb'”iﬁ%seiag‘ogﬁ? anq/ayhelise

y under

t he aspect article formatl 0 A thin interference coating nmay even be
preferred in org@t'“gtf@"@%%?ré'%té][eﬁ better purity of the process, which
is then surrounded virtually 15 only by process-inherent material. 20 In
the case of Type | process nodules, the vacuum chanber wall, usually made
of stainless steel, is not coated because it is protected fr% reactive
gases and the b'lFéglﬂfﬁ5b§hetﬁll%5"b9r*Eﬁ?é%?l-s‘ﬁ'aé'é'%?f?&dﬂ@heaﬂr%% g(]é’(,sé se, as

illustrated in Figure 5 the intensive cooling additional I% consi der ably
reduces a preci p'?ﬁfa’@|96ﬂeraﬁﬁ%?ﬁ%ﬂ9§”@8§éﬁjﬁ%5tﬁ§@s@ Figvee & In gdastsdeliedhent s nade
wWth respect to the interior surface of the process space casi Hg’tl 113 al so

appl y to the sufmpaesWiEN an?émasC@B?M%i?tébWtﬂnd@‘P'Cq‘ edab¥ gbR BH el QUAEIGr ocess.

2 4 NOV 2005 _
manner, coaxial to the axis A of the diaphragm. As a result of a corresponding

action upon the anodes 117a and 117 by anodic potentials and a controlled
temperature adjustment of these anodes, the plasma density distribution V can

*10 beadjustedina targeted manner.

In the process space PR, a wafer holder 119 is mountéd or — as will be explained
in the following — can be introduced into the process space PR in a controlled
manner. Although it is definitely possible to provide the substrate holder 119, for

15 the preferred treatment of disk-shaped work pieces 120 defining a carrier surface
119a, with this carrier surface 119a parallel. t6 the diaphragm axis A, at an
oblique angle thereto or perpendicular thereto — according to Figure 5 -, but
eccentrically, the wafer holder 119 is arranged by means of its carrier surface
119a very preferably concentrically to the axis A of the diaphragm 111. By

20 means of an external drive 121, the wafer holder 119, as illustrated by means of
the double arrow F, can be moved towards or back from the receiving opening
123 defined by the process space casing 113. When the wafer holder 119 is
completely moved up by means of the drive 121 against the process space PR,

its edge part 125 closes off the clear opening 123 of the process casing 113 at



32 The process space casing 113 is preferably constructed in several parts
(not shown), so that it can be renoved or exchanged w t hout dempunting the
anode arrangenent 11 7a, 11 7b. By the renpval of the proces 43%@6émﬁasing
113 illustrated in Figure 5 a preferred enbodi nrent of the Type line
process nodule is 5 realised, and by respectively replacing the process
space casing 113 with a simlarly shaped casing nade of netal, a Type Ile
process nodul e according to Figure 3 is 4g¢alised. The following is a
conpilation of the processes carried out 1n each case by 10 neans of the
process nodul es introduced by neans of Figures 1 to 5. Type | While neeting
quality requirenents, as required when coating parts with an epitaxial

| ayer, this process nodule is used for carrying out reactive coatings in a

15 pl asma-assi sted manner, gr plasnma-assisted reactive ' pl asma-
assi sted react eg® "&FWEY? WgYy &a&@l&rggga%@rﬁq{g P@'Fg@iﬁ“}%’%@;&‘???ﬁ%ﬂ t he
work piece up to the pre-defined penetration depths; or, particularly
conbi ned with SRASBF&: ment i oned process steps according to the invention,

the surfaces of the work pieces or parts are subjected to a
pl asma- assi sted reactive cleaning, 20 particularly in hydrogen plasnma.

AL Dass ng NEoual.Sor 1 L aad, URchs Mopudlit BONGs PRV
2 substrat & aUMAPACTRPECERAToutoANPhE! Kb 7Lt Sat Tty sBPGRE fdee one
Eg‘,d’zogg,pggs ga 1 .’?68. %Jh?lg (tah% v(/gfgf }JI'I v}//c?rk%'%e%gihg%e?% Ty isqgv\qergg. %Dﬁse%h*é&fy, ﬁl‘%nd, 2 4

wafer holder 119 is lifted, reaches by means of its carrier surface 119a under th_e

work piece or the wafer 120, lifts it off the stationéry support 126, and moves it

upward into the process space PR, while, when the processing position is

10 reached, closing off by means of its edge surface 125 the process space to the

above-mentioned extent.

The supports 126 are mounted on a work piece temperature-adjusting device

127, which is acted upon by temperature adjusting medium with a temperature
15  adjusting medium feeding and removal lines 128, Normally, the introduced

substrate 120 is heated by way of the plété -1 28a. The wafer holder 119 is

illustrated in Figure 5 by a broken line in its processing position.

The recipient wall 101 and its face-side end plates 103 and 131 are temperature
20 adjusted, preferably cooled. For this purpose, the wall 101 forhing the casing is

constructed as a double wall, with a temperature adjusting medium system

installed in-between. Likewise, temperatures adjusting medium line systems are

installed into the front ptates 103 and 131.



1.0 a subsequent plasma-assisted reactive cleaning step for etching

residues, preferably carried in a hydrogen plasnma. Type || Tl&g ‘N}jpe DM]
process nodul es are used for cleaning work pieces in a nore elhet a% g

manner, as required, for exanple, when they are noved fromthe anbient

at nosphere to the above-nentioned treatnent steps, which neet epitaxial
quality requirenents. Also in these Type Il process nodules, in

conmbi nation with the treatnent processes pgeting the above-nenti oned

hi ghest quality demands, the parts are cleaned by neans of the
above-nentioned | ow energy plasma, in a reactive manner, preferably first
by a plasnma-assisted reactive etching, then by a plasnma-assisted reactive
cleaning, preferably in hydrogen plasma. .15 Wth respect to preferred

coating procesfepancipPe -isfmaés'wenﬁgﬂgh%ggagﬁéﬁg%gggh3;*(35?& floRntelr

hono- epi taxi al layers by neans of t erence is nade to

the compl ete cgntRRl: BlouledBRAOAS mBGROLH AehthdibSoiddal Blagarat i oned

I
W98/ 58099. 20 Figure I'S a schemat’ic view o0 ype rTyp process

ol e 140, V5B 5, BARSARERERALISE BB B RRGRRRERISHY, ,

sequentially are supplie e process no

removed_from ooyl g, A4Ac 1SS BRGHASE! by ndAnk NPHEI TR Solis 144 Hag rated in
?e f or R ng )

Fi gure 7, only as "an exanple, ~coatihg an et chi and/or “material
bR o P S LR R T B N
schematically illustrated in Figure 6. As a result of this “displacement” of the
magnetic field intensity distribution Ha, a “displacement” of the plasma density
distribution V is obtained on a substrate applied fo the substrate carrier 119. As
a result, a relative movement is achieved between the plasma density distribution
10  V and the work piece surface on the substrate carrier 119, which is to be treated,
as if the substrate were displaced with respect to the plasma with a time-constant
plasma density distribution. As a result of this field di;tribution control, the same
effect is obtained on the substrate as if this were mechanically moved with
respect to the plasma but without any mechanical substrate movement.
15
Reactive gas is admitted by way of the reéc;tive gas inlet 137 into the process
space PR. As illustrated, the reactive gas inlet is preferably arranged coaxially to
the axis A in the immediate area of the substrate 120 or the substrate carrier 119

lying in the processing position, with inlet openings essentially parallel to the

20 substrate surface to be treated.

As mentioned above, the vacuum recipient 101, 103, which is preferably made of

stainless steel, is cooled intensively. It meets UHV requirements. In this case,



followed, as required or after a pre-defined nunber of such treatnent
steps, by a non-hatched self-cleaning step of the nodule 140 charged in
the passage operation. 5 Figure 8 schematically illustrates hpyNoyngisie a
vacuum at nosphere of a system 144, for exanple, an inline system for
exanple, work pieces are first subjected in a Type Il process nodule to an
initial cleaning and are then, in Type | process nodules subjected to
coating, etching, material altering and 8Etional|y al so 10 cl eani ng steps.
Here al so, analogous to the representationhs in Figure 7, the provided
process nodul es are subjected to a self-cleaning after a respective given
nunber of processing cycles. 15 20 As nentioned initially, a preferred
process of this type is the production of virtual substrates. Accordingly,
in the Type Il process nodule, the base, suitable for a subsequen

het er o- epi t axthe inteagive ceplivamrevents the heatingapyof thecsierl guring ther andssi st ed
manner, using a hal ogen, but preferably hydrogen, as the reactive gas.
Subsequent | y, thus asteanested esjeasg|of serbororigininarsas framidee stegh ocess nodul es,
the hetero-epitaxial layer is grown in such a way that the grid constant
is changed and, by the successive graded building-in of another material,
a surface structure is achieved, which is as free of defects as possible.
Then - agai n Witharspdstio thaynsterial aitha Peocesperacesasing 11 heagisHeEx% 181 growt h of
the sem conductor layer to be wused is inplemented in a definably

mechani cal §y sedaceghatdsiexnnsadto themprepgsadbe plgtemants madribyasanshef kigiEeset ting

t he desired sem conductor characteristics, as, for 2 4 NOV 2005 35
1 apply. The inert material, preferably a dielectric material and, as mentioned,

preferably selected from the Group G of materials, is stable at the high process
temperatures and does not form gaseous compoﬁnds with the used reactive
gases, such as particularly hydrogen, hydrosilicon, germane, boroethane,

10 chlorine, NFs, HCI, SiHaCHs, GeHsCHs, Na, CIF;, PH3, AsHs. Thus, it is achieved

| that there will be no contaminations of the part 120. Interference coating of the

interior surface of the process space casing 113 is criti;al only under the aspect
of particle formation. A thin interference coating may even be preferred in order
to ensure a still better purity of the process, which is then surrounded virtually

15  only by process-inherent material.

In the case of Type | process modules, the vacuum chamber wall, usually made
of stainless steel, is not coated because it is protected from the reactive gases
and the plasma by the process space casing 113; also, t_)ecause. as illustrated in
20 Figure 5, the intensive cooling additionally considerably reduces a precipitation
from the gaseous phase there. The statements made with respect to the interior
surface of the process space casing 113 also apply to the surfaces of the

substrate holder 119 exposed to the process.



exanple, the charge carrier nmobility. Optionally, additional treatnent
steps according to the invention will follow until the finished virtual
substrate is unloaded fromthe system 144 via the |lock. 5 AR eNg¥r2005n | |
be famliar with the fact that, also during the production of the wvirtual
substrate, additional |ayers can be built_in, or that cleaning steps can be
provi ded between the coating steps, in thé# case preferably as "soft
cleaning steps"” in a Type | process nodule. 10 Al though schematically,
Figure 8 illustrates an "inline" system in which the work piece transport
fromone nodule to the next takes place in a vacuumin an essentially

| i near manner. Figure 9 is a schematic top view of the preferred
arrangenment of TRRRPFSSS spppe casing &13isPrafersbly qonplrentedio seyenal BYSA80t espect i ve
clusters for formng a cluster system This conprises a circular vacuum
transport chan8awmsw, thaltl ean kedelioyed of exchapgestwitouhdempeyingdieated® |y in a
radi al manner. Unprocessed substrates are |oaded froma transfer chanber
152 and tr eat earrandestenhi e, 41 .t Buihefrempweal of thecquredass sphea easinge! 13at t er, for
exanpl e, cool off. Fromthe, for exanple, provided 20 input and out put
transfer chanbibustreted intigsire B prefarees embkodiroenivod theblypedlanproodss moduiist uni t
154 situated in the standard atnosphere, or are fed to the respective
transfer cHanbrealiseg2and bymespestiagly replacing thespra®hs spacagasingatI8dvithubst r at es
and renmoved fromthe respective transfer chanber 152 to storage mmgazi nes
158 for treatsithildgdyrshabhedicasingmede ebmelal tanTypedls poacespmotigletacoerdingdeences,
the systemis 2 4 NOV 2005 36 controlled by a program control system for
exanpl e, a frekipyreisgeaisethbl e program control system The described
process nodul es, which can all be converted into one another,

The following is a compilation of the processes carried out in each case by

10  means of the process modules introduced by means of Figures 1 to 5.

Type |
While meeting quality requirements, as required when coating parts with an
epitaxial layer, this process module is used for carrying out reactive coatings in a

15  plasma-assisted manner, or plasma-assisted reactive etching, or plasma-
assisted reactive altering processes of the materiai composition on the work
piece up to the pre-defined penetration depths; or, particularly combined with
above-mentioned process steps according to the invention, the surfaces bf the
work pieces or parts are subjected to a plasma-as_sisted reactive cleaning,

20 particularly in hydrogen plasma. After passing through a pre-defined number of
the above-mentioned treatment steps or as required, these Type | process
modules are subjected to a self-cleaning process without introducing a work
piece part or using a substrate dummy. This self-cleaning comprises preferably,

on the one hand, a plasma-assisted reactive etching step and on the other hand,



5 can treat substrates, which have a dianeter of at |east 150 nm
preferably of at |east 200 mm preferably even of at |east 30 4 "Wav &@Rt he
case of the epitaxial coating by neans of the process described 1n e
above-nmenti oned W98/58099, which is enclosed as Attachnent A with respect
to the process disclosure of the present application, coating rates of at

| east 60 nmmn. are reached on 10 the ab%\ée-rrenti oned substrates. 2 4 NOV
2005 37 [blank] 2 4 Nov 2005 38 Process for°the production of coated work
pi eces, utilization of the process and installation for it (Appendix 'A
Start of the description PCT/CHO8/00221) 5 This invention concerns a
process for the production of coated work pieces in accordance with the
generic termof Caiml, utilisations thereof in accordance wth Cains 28
to 35, an append Sbsequantalagnaagsisied reaActive slearing stender giehineresidugs,
accordance with the generic termof Claim36 and its utilisation in
accordance 10 \ArefRra@lyaamieddn athydmgen plastiai s the invention starts on the
basi s of problens that occur during the production of thin |ayers using
CVvD and PECVD processes. The experience gained regarding this in
accordance with the invention can be transferred in 15 particular to the
producti on of sdypedonductor |ayers, such as in the production of solar
cells or nodul ati on-doped FET or hetero-bipolar transistors. Thin

seni - conduct ¢r flihemypatieredeshsoddiep ors wsed i deaningsworkpiseesiroamosg e i n nono-

penetrating manner, as required, for example, when they are moved from the
ambient atmosphere to the above-mentioned treatment steps, which meet
epitaxial quality requirements. Also in these Type 'Il process modules, in
combination with the treatment processes meeting the above-mentioned highest
10 quality demands, the parts are cleaned by means of the above-mentioned low-
energy plasma, in a reactive manner, preferably first by a plasm_a-assisted
reactive etching, then by a plasma-assisted reactive cle;ning, preferably in

hydrogen plasma.

15 With respect to preferred coating processes, specifically for the depositing of
hetero- or homo-epitaxial layers by means of 'the Type | modules, reference is
made to the complete contents of the approach according to the initially

mentioned W088/5808989.

.20 Figure 7 is a schematic view of a Type | or Type |l process module 140. During
the passage operation, parts 142 to be treated sequentially are supplied to the
process module 140 and treated parts are removed from module 140
respectively. On the time axis t illustrated in Figure 7, only as an example,

coating and/or etching and/or material altering and/or cleaning steps according to



crystalline form i.e. epitaxially, onto a substrate that is also
nono-crystalline or in 20 poly-crystalline formor anorphous formonto
poly-crystalline or anmorphous substrate, e.g. on glass. Eve t@ i hyention
inthe following is described mainly wth reference to the gﬁb EXt of
silicon and/or germani um coated substrates, it can, as nentioned before,
be used for the production of other work pPédeces and work pieces coated
with other materials. -25 Known processes for the depositing of epitaxial
sem -conductor filnms are: - Ml ecul ar Beam Epitaxies, MBE - Therno-chem cal
gaseous phase depositing, CVD (Chem cal Vapour 30 Deposition) - Renote

pl asma- assi sted CVD processes with DC or Hf discharge, RPECVD

( Renot e- Pl asmaygipgarted oS paitst1 49 2080211 ida Mathesv@sanpl, asesemhasse,st ed
chem cal gaseous phase dep05| ting and ECRCVD

(El ectron-Cycl ?élro%dP@sS@a@Pé&orFaﬁaﬁa@feéaéﬂr@tie@nﬂs\éabféman@dt'mmeteessbya; a
collective termfor a | arge nunber of thermal deposition mnethods, which

differ either n'anth*éf‘chéarsbll?«krééﬁin@fstebmtﬁeerha&md1a@amsrgwmthepasmer
operation. For exanple, a CVD process can be carried out at nornal

at mospheric presgugignOr at nuch | ower pressure values down to the field of
ultra high vacuum Wth regard to this (1) as well as (2) can be referred
to. 10 In the commercial production of epitaxial Si layers only CVDis

comonly uséd. The used reactive gases are silicon-containing gases, e.g.

chl orine hydr O%gtdrﬁ@@%hemﬁic@llﬁﬂlu@é@éﬂov@ﬂﬁ%lc@ EREdRinAstmbebhera f a system
hydr osi | i cons,
144, for example, an inline system, for example, work pieces are first subjected
in a Type |l process module to an initial cleaning and are then, in Type | process
modules subjected to coating, etching, material altering and optionally also
10 cleaning steps. Here also, analogous to the representations in Figure 7, the

provided process modules are subjected to a self-cleaning after a respective

given number of processing cycles.

As mentioned initially, a preferred process of this type is the production of virtual

{5  substrates. Accordingly, in the Type Il process mo_dule, the base, suitable for a
subsequent hetero-epitaxial layer growth, is 'r'eactively cleaned in a plasma-
assisted manner, using a halogen, but preferably hydrogen, as the reacti_\_/e gas.
Subsequently, in one or several of the subsequent Type | process modules, the
hetero-epitaxial layer is grown in such a way that the grid constant is changed

20 and, by the successive graded building-in of another material, a surface structure
is achieved, which is as free of defects as possible. Then ~ again in another
Type | module — optionally the epitaxial growth of the semiconductor layer to be
used is implemented in a definably mechanically restrained manner for adjusting

the band gap and the setting the desired semiconductor characteristics, as, for



Characteristic for the standard CVD processes are the high deposition
tenperatures in the range of 1,000 C and nore as well as pressure val ues

15 typically 20 nbar to 1,000 mbar, that is up to normal atnos@veNO¥ 2005
pressure. Depending on the process conditions, coating rates of up to
several pmper mnute can be achieved, corresponding to several 100 Asec,
for which (1) is again referred. 20 25 30340wpressure chem cal gaseous
phase deposition (LPCVD, Low Pressure Chem cal Vapour Deposition
synonynous Wi th LPVPE, Low Pressure Vapour Phase Epitaxy) on the other
hand takes place at pressures below 1 nbar and allows for | ower process
tenperatures, down to typically 700 C. Wth regard to this (3) and (6) are

referred to in %gé%oélé(%%?&ﬁaré%)swle%t):&ht@e 'Elgraé Haﬁ%t%ﬁt@tép%ference to

(6) a growh ra eposition tenperature

f 650 C. And t |
2005 40 F = 14 Qé‘;%’é"%rﬁﬁ'éé?@§B¢°\ﬁq""g%°&’6@mﬂ% ﬁ'swﬂ”ﬂﬂléhgﬁﬁ%nf ?orNOt\/he

gas yield, that is r.neactive gas flowunit, GRF at 10
15 GRF = 3.6 A/urelg%cie%rcﬁﬁﬁ ﬁ)\@tﬂsterrh {84 Fa BR108E 9 _

5 An expert will be familiar with the fact that, also during the production of the
virtual substrate, additional layers can be built in, or that cleaning steps can be
provided between the coating steps, in that case preferably as “soft cleaning

steps” in a Type | process module.

10  Although schematically, Figure 8 illustrates an “inline” system, in which the work
piece transport from one module to the next takes place in a vacuum in an

essentially linear manner.

Figure 9 is a schematic top view of the preferred arrangement of several Type |
15 and Type Il process modules as respective clusters for forming a cluster system.
This comprises a circular vacuum transport chamt-Jer 150, which services the
process modules essentially in a radial manner. Unprocessed substrates are
loaded from a transfer chamber 152 aqd treated substrates are transfer;ed
therein, where the latter, for example, cool off. Fr_om the, for example, provided
20 input and output transfer chamber 152, the substrates are removed by means of
a robot unit 154 situated in the standard atmosphere, or are fed to the respective
transfer chamber 152 from storage magazines 156 for untreated substrates and
removed from the respective transfer chamber 152 to storage magazines 158 for

treated finished substrates. With respect to its time sequences, the system is



On 5" wafers, corresponding to a surface area A5 = 123 cnR, converted from
the actual area A2 for 2" wafers, this results in a deposition quantity
(gromth anbunt) GA at GA = 5.2 1016 Si atonms / sec. Again in reéfe&ﬁnce to
a reactive gas flowunit, this results in the paraneter 'Deposit"i V' 2005
quantity per reactive gas flowunit', hereinafter referred to as 'Gas 20
utilisation nunber', GAF at GAF = 8.4.10-33625 30 corresponding to 8.4 no,
At 650 C an epitaxial layer is created. If the deposition-tenperature is
reduced to 600 C, then a poly-crystalline layer wll be created. This with
GR=3A/mn F = 28 sccmHydrosilicon 2 4 NOV 2005 41 GRF = 0.11 A/ (sccm/
mn) GA = 3.1 1015 Si atons / sec on A GAF = 2.5 10-4, corresponding to
0.25 0/00. 5 Onggntioed B & ] r i r r
defect-free epitaxial iﬁ‘}aygf«*@@gﬁg%tﬁ%?ﬂe@hyggésrgplgfae{rggggﬁfggés@@%&gl ectron

M Croscopy on CyrgeanPesiloPsystdheparations the proof of the epitaxy is
provided via electron diffraction

The described process modules, which can all be converted into one another,

5  can treat substrates, which have a diameter of at least 150 mm, preferably of at
least 200 mm, preferably even of at least 300 mm. In the case of the epitaxial
coating by means of the process described in the above-mentioned W098/58099,

which is enclosed as Attachment A with respéct to the process dis_closure-

of the present application, coating rates of at least 60 nm/min. are reached on

10 the above-mentioned substrates.



";10 and high resolution. In the range of 10 - 15 pm along the border area
to the substrate that typically can be radiated no defect nust be visible.
Typi cal magnification values during the defect analysis aren%,O' 0to
220' 000. 15 Anot her devel opnent is the ultra-hi gh vacuum che avagggﬁous
phase deposition (UHV-CVD) with working pressures in the range of 10-4 to
10-2 nbar, typically in the range of 103, for which (4) as well as (5),
(7) are referred to. It allows very |ow3pork piece tenperatures. However
the gromh rates and coating 20 rates respectively are extrenely [ow, for
exanple approx. 3 A/ mn. for pure silicon at 550 Cin accordance with
(5). L25 30 The reason for the low growmh rates is that the absorption and
disintegration rate of the reactive nolecules, for exanple of SiH4,
decreases with increasing hydrogen coating of the.work piece surface.
Therefore the growh of the layer is Ilimted by the desorption rate of H2,
whi ch, however, increases exponentially with the tenperature. Wth regard
tothis (8) is referred to. Due to the | ower binding energy of the Ge-H
bond in conparison with the Si-H bond, the hydrogen absorption of a Si-Ce
alloy surface is greater, so that at the sane substrate tenperature a

hi gher growth rate than for pure Si is the result, e.g. for a content of
10% Ge by a factor of 25 at 550 C (5). 2 4 NOV 2005 42 Another possibility
for achieving high deposition rates with epitaxy quality at | ow substrate
tenperatures is (9) to deconpose the reactive gases using a p-wave

[blank]




pl asma (ECRCVD). 5 Through the use plasma sources, which are based on the

principle of electron- cyclotron resonance, the intrusion of hi&gth-g@]er y
Kk

ions into the
W th pressure

| ead to | onger free distances than in the case of capacitive

substrate is to be prevented. As a rule such soarc

values in the range of 10"3 to 104 10 nbar. However, this
excited

hi gh-frequency H plasmas. This in turn rrgﬁ | ead to undesirable ion
e

bonmbardnent of the substrate and thus to

creation of defects, as shown

in (10). However, the energy of ions hitting the substrate can be limted

by an external control of the substrate potential, by which ion danage
can be 15 prevented to greatest degree.

growh rates
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r and sRasndtmh foRitd quality that is also suitable for the

Wth the ECRCVD net hod as wel |,

for pure silicon amount to onlk/ aie@fewtillo Al ;n'n at | ow
pleses outilizatiag of thapnosespo 25

t he

epi taxial layers, as of today can be deposited at deposition

<600 C via UHV-CVD with gromh rates GR of approx. 3 A/

C@%@@ii‘A’%t&&%ﬁﬂb&@&ﬁbgkni@ﬁbggﬁbo_ yapprox. the factor 1

CVD processes, the plasma o

t ThS inveRfid isngl \d i bhté BRQYiR)

hghi% llﬂ\légfl n@é@@@@s%ﬁ%@h Bldefbtidh et Tbhted WREPBOAVA
accordance with the generic term of Claim 1, utilisations thereof in accordance
with Claims 28 to 35, an appendix for the execution of the mentioned process in

accordance with the generic term of Claim 36 and its utilisation inaccordance
with Claims 51 to 54.

In this the invention starts on the basis of problems that occur during the
production of thin layers using CVD and PECVD processes. The experience
gained regarding this in accordance with the invention can be transferred in
particular to the production of semi-conductor layers, such as in the production of
solar cells or modulation-doped FET or hetero-bipolar transistors.

Thin semi-conductor films are either deposited like a silicon substrate in mono-
crystalline form, i.e. epitaxially, onto a substrate that is also mono-crystalline or in
poly-crystalline form or amorphous form onto poly-crystalline or amorphous
substrate, e.g. on glass. Even the invention in the —following is described mainly
with reference to the production of silicon and/or germanium coated substrates, it
can, as mentioned before, be used for the production of other work pieces and

work pieces coated with other materials.

Known processes for the depositing of epitaxial semi-conductor films are:

- Molecular Beam Epitaxies, MBE

- Thermo-chemical gaseous phase depositing, CVD (Chemical Vapour
Deposition)

- Remote plasma-assisted CVD processes with DC or Hf discharge,
RPECVD (Remote-Plasma-enhanced CVD)

which'is generated via DC
ould not be used for the production of |ayers with epitaxy



43 epitaxial nor the building of anmorphous or poly-crystalline |ayers, at

| east not with a growh rate GR, reliability and effectiveness ?Wﬁf%@gt
ratio that has to be ensured for industrial production. 5 On the oth
hand, the use of capacitive coupled high frequency fields for the
generating of Hf plasmas for PECVD processes was reported very early on,
with regard to which (11) is referred t 39 The difficulty in the procedure
lies in the fact that not only reactive gases are deconposed in such Hf

pl asmas. At the sane time the substrate surface is subjected to an

i ntensi ve bonbardnment with high 10 energy ions, as specifically exploited
in the case of reactive disintegration or high frequency etching. On the
one hand t hi s -f abli¢rovaneeasre-absisted ghemidelggaspousgyhasbdepositingtdmed sane tine it

| eads to defectsgi d‘;tf i s, thod deri.ve m that, RPCVD,
Renote. Pl asma Cﬁgﬁ ca ( a%%%ﬁ!a‘%%ﬁ’i'%%ﬁ?r%t%ﬂ%@?'ﬁfﬁsﬁeﬂthc\)[ onsi deration by
not exposing the substrates to be coated directly to the H 15 plasm,
whi ch | eads t r results . .However ., the achi.eved owh rates are
o that s | HERLT PR o R Sisrod, AfpBR S RO on i rum
of sone nm penethoda,vbichaliftepedherdn the stridlure dftthe seldthe apigreitt’ avfthdihi s
i nvention to pr S b ed. in industrial 20
producti on ang) p\%ﬁaﬁ’lgh 'iqrré(;)(g\'/s%&t%ba gp\@v\f} rﬁg%}sércgn\lﬁ%tcg"@giQIUQ%PO(ﬂmafi ty, with
si gni fi cant| y athospheric gresatre ar at msich lawer peessurb ealuek dowm tatheifieldndwitra25 30
This is achie . e n d.at_the hegi pning, which are
characteri sed%ﬁ]c\g%éaﬁrﬁgmgﬁgiaé& \?%aﬁﬁ‘&ﬁga%wgﬁ%@ﬁa? E%{e ?r?%cﬁcfg part of Claim
1 and an appendix respectively, which is characterised by the )
SBZL ?]? It g(rjl 15%”3%@%%}08'%%0@ p%ége:c%igh 0?&&{5&{4 §Ha€e¢§8rqlly% iss C(())I‘I’IFY;[OPA?y ‘Bsregf:ess are

The used reactive gases are silicon-containing gases, e.g. chlorine hydrosilicons,

SiCls, SizHCL and SiH,CL, as well as hydrosilicons, such as SiH, or Si;Hs.

Characteristic for the standard CVD processes are the high deposition

temperatures in the range of 1,000 °C and more as well as pressure values

15 typically 20 mbar to 1,000 mbar, that is up to normal atmospheric pressure.

Depending on the process conditions, coating rates of up to several um per
minute can be achieved, corresponding to several 100 A/sec, for which (1) is
again referred. ’

2 |
Low-pressure chemical gaseous phase depoéition (LPCVD, Low Pressure
Chemical Vapour Deposition, synonymous with LPVPE, Low Pressure Vapour
Phase Epitaxy) on the other hand takes place at pressures below 1 mbar and

_ allows for lower process temperatures, down to typically 700 °C. With regard to

25 this (3) and (6) are referred to in addition to (1).

With regard to LPCVD and with reference to (6) a growth rate of

GR =50 A/min
30
is stated for a deposition temperature of 650 °C. And this for a reactive gas flow

for hydrosilicon of



27, preferred enbodi nents of the appendix in the clains 37 to 50. The
process in accordance with the invention is particularly suitabdge NOyrgge
production of sem - conductor coated substrates with an epitaxial, -
anor phous or poly-crystalline |layer, and anong these in particular of Si,
Ge, or Si/CGe alloy layers as well as Ga or Ga conpound |layers. 2 4 NOV
2005 44 In this especially doped sem -condugfpor |ayers can be deposited.
Layers containing silicon and/or germani um doped preferably with at | east
one element fromthe groups Il or V of the periodic systemor |ayers
containing galliumw th at |east one elenment of the groups IIl, IIl, IV or
VI of the periodic system e.g. with 5 My or Si. On the basis of the
coating techniques dealt with at the beginning for the generating of
epitaxial |ayers, the following can be said in summary: 10 - The CVD
processes, in particular the UHV-CVD proceddescmesults in excellent |ayer
qualities, even at substrate tenperatures below 500 C. Therefore they
of fer thensel ves_even to the production of epitaxial |ayers, where
extremel y high ddhigiesuitaira patkemeter thitds taladant for te ddsgididitiedt is thegew@r . t he
growh rate for 9l ?tﬂ%@ il xtpenely low for these 15 processes; as
mentioned in ?he%tgkggeg E@ﬂo%ﬁ:ﬁﬁa{;hg% C. Mcrowave pl asma-assi sted
processes, ECRCVD, have the advantage that the deconposition of the
reactive nol ecul es can take place w4t hi gh |.evel of thermal energy.
The ion bonbardnent of the substrat é’lélé'g%gaééﬁ %'i"ﬁe)reased hydr ogen
desorption. Both effects could lead to a significant increase of the
growh rate. Ho 2 I enperat ures unacceptably high defect
densities ar e0 ovﬁgﬁg’\rf&é?&?ﬁ%@&rﬁgvgﬁ%ﬁ sﬂaﬂ‘fﬁa?rﬁﬁent_.' Even

1

As =123 cm?,

converted from the actual area A; for 2" wafers, this results in a deposition
quantity (growth amount) GA at
15
GA =5.2- 10" Si atoms / sec.

Again in reference to a reactive gas flow unit, this results in the parameter

| ‘Deposition quantity per reactive gas flow unit', hereinafter referred to as ‘Gas
20 utilisation number’, GA¢ at )

GAF=8.4-10%

corresponding to 8.4 0/00.

25
At 650 °C an epitaxial layer is created.
If the deposition temperature is reduced to 600 °C, then a poly-crystalline layer
will be created. This with

30

GR = 3 A/min
F =28 scem Hydrosilicon



t hough controlling it via the substrate-bias tension increases the quality
of the layer, it does not change anything in the conparably small rates.
"25 Thus there seens to exist an inherent contradiction: |on b@#N0Vird8ist of
the substrate on the one hand | eads to increased growth rates due to
increased hydrogen desorption, but at the same tine it leads to an

I ncrease in the defect density. -30 Accorgilng to (2) the follow ng picture
energes for thermal CVD processes operated under atmospheric pressure: 2 4
NOV 2005 45 Si growth rate GR 2 x 10"3 nmmin (at 600 C, 3 - 10"2 nmmin
measured and converted to 550 C) Gas flow, SiCI2H2 , F.: 100 sccm5 10 This
results in a growth rate GR per SICI2H2 flow unit, GRF =2 x 10'4 A

(sccmmn). Agas flow F of 100 scc i C 2H2 corresponds to 4.4 x 1019
nol ecul es / sec. The growm h rate of rB?'%'X‘% fSeCRi/AiBbr r esponds to a growth

rate of 2 x 104 silicon nono Iayers:,,q;)erg,_ﬁqgtsrg:ja%@/s%go selr,
corresponding to a surface area AS of 123 cnf. For the total area per
second this results in a deposited §feit 26y 18f, coregpending tg 0250903 si | i con
atoms / sec. 20 .25

| 5  On principle the following criteria are necessary for defect-free epitaxial layer

growth:

- In the case of transmission electron microscopy on cross section
preparations the proof of the epitaxy is provided via electron diffraction
‘10 and high resolution.

- In the range of 10 — 15 pm along the border area to the substrate that
typically can be radiated no defect must be visible, Typical magnification
values during the defect analysis are 110'000 to 220°'000.

15 ' '

Another development is the ultra-high vacuum chemical gaseous phase

deposition (UHV-CVD) with working pressures in the range of 10 to 102 mbar,

typically in the range of 10°%, for which (4) as well as (5), (7) are referred to. It
allows very low work piece temperatures. However, the growth rates and coating

20 rates respectively are extremely low, for example approx. 3 A / min. for pure
silicon at 650 °C in accordance with (5).

The reason for the low growth rates is that the absorption and disintegratfon rate
of the reactive molecules, for example o-f SiHs, decreases with increasing

25 hydrogen coating of the work piece surface. Therefore the growth of the layer is
limited by the desorption rate of H;, which, however, increases exponentially with
the temperature. With regard to this (8) is referred to. Due to the lower binding
energy of the Ge-H bond in comparison with the Si-H bond, the hydrogen
absorption of a Si-Ge alloy surface is greater, so that at the same substrate

30 temperature a higher growth rate than for pure Si is the result, e.g. for a content
of 10% Ge by a factor of 25 at 550 °C (5).



By creating a relationship between the silicon quantity deposited per

second and the reactive gas quantity adm tted per slecond, the gas
utilisation nunber GAF is the result at GAF=3.9x10-'. - Thi SZG:gWrVeEQDbnds

to an utilisation of approx. 0.0004 no. W state that the follow ng
results for atnospheric CVD: GRF - 2 x 10"4 A/ (sccmmnin) GAF = 0.0004
oroo 30 From (5) conbined with (4) and (7) #he estimte for UHV-CVD i s as
follows: GRF =0.1 A/ (sccmnin) and 2 4 NOV 2005 46 GAF = 0.0035
corresponding to approx. 35 oroo. This much concerning the processes used
in the industry until now for the production of layers in epitaxy quality.

DE-OS 36 14 384 another PECVD process is known, in which the DC gl ow
gi Egﬁ?rge is us n?tﬁertq‘?és'g@&ﬁ?r(ﬂclﬁ!fvlW'%‘FQRQ@E'Or&ieﬁwﬂ@epltwmahthlatsloWayers

with particul ardupspstederfipsrammds ial9)abdeasihsdsethd fsscioddds ReindeRRRLLEd

qui ckl 5 that is wai t&(ﬁl&z rowtr(l)rat es. % A pget%ﬁodegeagc%an%eg aﬁ’h a hot
cat hode communi d4f¥a DXgracuum recipient via a diaphragm Opposite the
di aphragm an anode.is provided. Parallel to the discharge axis forned

bet ween the di aphragm and the anode, an adm ssion set- up is provided for a
reacti on gas. AEB‘& he HpR BlAsEa SARICes Whishyaredasedonl themintipledofetdutmoge axi s

respectively theyetrén RisBR@fethd iRfustinds PighWrehgy 888t 2 stbSrate is to be

prevented.

As a rule such sources work with pressure values.in the range of 10° to 10 _

10 mbar. However, this lead to longer free distances than in the case of capacitive
excited high-frequency Hf plasmas. This in turn may lead to undesirable ion
bombardment of the substrate and thus to the creation of defects, as shown in
(10). However, the energy of ions hitting the substrate can be limited b y an
external control of the substrate potential, by which ion damage can be

15  prevented to greatest degree. With the ECRCVD method as well, the growth
rates for pure silicon amount to only a few 10 A / min at low deposition
temperatures < 600 °C.

In summary the following results;

20 -
Layers that are deposited in a quality that is also suitable for the depositing of
epitaxial layers, as of today can be deposited at deposition temperatures
<600 °C:

25 * via UHV-CVD with growth rates GR of approx. 3A/minor

* Via ECRCVD with a growth GR that is higher by approx. the factor 1
(30 A/ min).

30 PECVD processes, the plasma of which is generated via DC discharges, could
not be used for the production of layers with epitaxy quality — that is
correspondingly lower defect density (see above) — neither for the building of



anode potential, discharge voltages UAK bel ow 150 V are provided and the
di scharge is operated with a current strength | AK of at least 30 A for the
coating the work pieces are brought to a negative potential between 48 and

610 V. 20 The test shown therein results in the follow ng picjurg,

Exampl eGR [A/ min]GRF [A/ (sccmnin)] 11032.5 23801.2 32x103ﬂ-512®g 2005
(Si)1660.7 54661.2 67500.7 72500.5 85000. 75 93160.38 2 4 NOV 2005 47
103440. 18 11620. 18 12580. 14 This invention 4% now starting fromthe

know edge, the work piece coatings can be carried out with a layer _
quality, that neets the demands made for epitaxy layers, by using for this
purpose, in contrast to the expectations up to now, a non 5 nicrowave .

pl asma PECVD process - that is a PECVD process with DC discharge - and in

par {1 cul ar a PE@Maeiowe st Bildingf ehirtouh Bbif.orjlall-s léé%l?ét’,‘%t leBét%Pﬁﬁgs 36

| ' ossi ble to ac ve In xy qualit
14 348. As will be s own, Ght relligbiﬁt

a grow y and effectiveness or effect ratio that has to be

ensured for industrial production.

5  On the other hand, the use of capacitive coupled high frequency fields for the
generating of Hf plasmas for PECVD processes was reported very early on, with
regard to which (11) is referred to. The difficulty in the procedure lies in the fact
that not only reactive gases are decomposed in such Hf plasmas. At the same
time the substrate surface is subjected to an intensive bombardment with high-

10  energy ions, as specifically exploited in the case of reactive disintegration or high
frequency etching. On the one hand this facilitates the hydrogen desorption, but
at the same time it leads to defects in the growing layers. A method derived from
that, RPCVD, Remote Plasma Chemical Vapour Deposition, takes this into
consideration by not exposing the substrates to be coated directly to the Hf

15 plasma, which leads to better results (12). However, the achieved growth rates
are low, that is in most cases only fractions of nm per minute up to a maximum of

some nm per minutes according to (13).

It is the object of this invention to present a process that can be used in industrial
20  production and which allows to grow layers with epitaxy quality, with significantly
higher growth rates than have been known until now.

This is achieved by processes that were named at the beginning, which aré

_ characterised according to the wording of the characterising part of Claim 1 and

25 an appendix respectively, which is characterised by the characterising part of
Claim 36. Preferred embodiments of the process are specified in the Claims 2 to
27, preferred embodiments of the appendix in the claims 37 to 50. The process in
accordance with the invention is particularly suitable for the production of semi-

; conductor coated substrates with an epitaxial, amorphous or poly-crystalline

30 layer, and among these in particular of Si, Ge, or Si/Ge alloy layers as well as Ga

or Ga compound layers.



10 a) growth. rates GR of at least 150 A/ mn, even of at least 600 Al mn
b) GRF of at least 7.5 A/ (sccmmn) or even 40 A/ (sccmmn), preferably
even 75 A/ (sccmmin) and furthernore 15 c) to achieve gas utj INoyasy
figures GAF at least in the range of 5% It is recognised that the UPasrra
di scharge in the DC-PECVD process used in accordance with the invention

| eads to | owest-energy ions, also to | owes44energy electrons, that,
however, the charge carrier density, in particular the electron density at
the utilised discharge is very large. Hereafter the invention will be

expl ai ned by way of exanples usingillustrations: Fig. 1 shows in a diagram
a first preferred enbodi nent of an installation in accordance wth the

invention for thﬁh&@ﬁé&émo%d £88i- éHr@G@t%SFéS}eﬂs%an%é%béélmeLWew' the
invention. Fig. In a diagram shows a second preferred e of an

installation i nCOfﬁélﬁtﬂﬁéé'ﬁ%aW’?Wqﬂnﬁn'”T fpred rreteeatiy W%@?'ﬁ?ﬁ&ﬂe\?gﬁmeﬂl ons.
2 4 NOV 2005 48fr§mﬁﬁ9?ro§ §n Bﬂﬁe F@rﬁ’&f'@@;}%?@n ef la%é]’g c@ﬁt@ﬁﬂﬁd”g daiituen with dhe

waf er tenperature peration of an installation in accqrdance
with Fig. 2 formstmemle;'oent@éﬁtagiguqﬁlbéiéé\éorh’l@fthapﬁﬁlpdaC$¥§Fﬁf‘i‘|%% the
di schar ge cug Mt% ws the increase of the growh rate relative to the
reactive gas ro Fig. 51in a function of the reactive gas fl ow shows
the gromh rate for different 10 pl asma densities in the area of the work

glﬁﬁfﬁ- Flo- 6 R géﬂ?%hﬁ <8 t.ngihgcr%@'geabamwagﬁatba@hhm@f&h@avs t he

generatmg of epitaxial layers, the following can be said in summary:

10 - The CVD processes, in particular the UHV-CVD processes results in
excellent layer qualities, even at substrate temperatures below 500 °C.
Therefore they offer themselves even to the production of epitaxial layers,
where extremely high demands are made on the quality of the layer.
However, the growth rate for Si for example, is extremely low for these

15 processes; as mentioned in the range of 3 Al min at 55_0 °C.

- Microwave plasma-assisted processes, ECRCVD, have the advantage
that the decomposition of the reactive molecules can take place without a
high level of thermal energy. The ion bombardment of the substrate leads
20 to increased hydrogen desorption. Both effécts could lead to a significant
increase of the growth rate. However, at low temperatures unacceptably
high defect densities are observed, induced by ion bombardment. Even
though controlling it via the substrate-bias tension increases the quality of -
: the layer, it does not change anything in the comparably small rates.
125

Thus there seems to exist an inherent contradiction: lon bombardment of the
substrate on the one hand leads to increased growth rates due to increased
hydrogen desorption, but at the same time it leads to an increase in the defect
density.

30

According to (2) the following picture emerges for thermal CVD processes

operated under atmospheric pressure:



15 Fig. 7 in the field growth rate / gas utilisation figure shows the
result in accordance with the state of technology and in accordance with

the invention. 20 25 30. Apropos, an installation in accordangg N@Vtﬂ{o for
exanple, DE-OS 36 14 384 can certainly be used for the execution of %e
processes in accordance wwth the invention, if it is operated in such a
way that the conditions in accordance with the invention are net. In
accordance with Fig. 1 a first installation fpbeferred today for the
carrying out of the process in accordance with the invention has a vacuum
recipient 1, to which a cathode chanber 5 to which a diaphragm3 is
attached via a flange. In the well- known way the cathode chanber 5 can be
connected to the electrical potential of the recipient 1 or the cathode
chanber 5 can be i nsul Stardwthirate GBg2ard0fant/mim  reci pi ent 1 and connected to

a different potenti al N2 vided in,the catho er 5is a
hot cathode 7, a fil anégﬁéogé:'e erozrabﬁ/ '%&gﬁgﬁeaﬁpiefewt}ﬁ&%t current
generator 9. 2 r NOV 2005 49 Provided in the diaphragmaxis A, opposite the

di aphragm 3 in the rechpi gQt I\S . rk piece carrier 13 nounted in an
i nsul at ed nanner. A m?gég%céchgﬁt%ﬁoﬁgcc%y be provided in the area of

the work pieceé carrier 13. The recipient 1 is evacuated with a vacuum punp
27, preferably a turbo vacuum in_. ticular a turbo nol ecul ar
punp. Sensors, suf:r}lns BeéuQ(SO'P aeg{g%{%t%g%m&éﬁ&%%ﬁwtuaﬁ- etc., can be provided
for observation aBR;=2fx 10¢qdi{sced.mihpr contr ol

A gas flow F of 100 scem SiCl;H; corresponds to 4.4 x 10" molecules / sec.

10 '
The growth rate of 2 x 10"° nm/min corresponds to a growth rate of 2 x 10 silicon
mono layers per second on a 5" wafer, corresponding to a surface area As of 123
cm?. For the total area per second this results in a deposited quantity of

15 GA = 1.7 x 10" silicon atoms / sec.
By creating a relationship between the silicon quantity deposited per second and
the reactive gas quantity admitted per second, the gas utilisation number GAr is
~ the result at
20 GAr =3.9x107, -
This corresponds to an utilisation of approx. 0.0004 0/00.
We state that the following results for atrmospheric CVD:
25
GRr =2 x 10 A/ (sccm.min)
GAr = 0.0004 000

30 From (5) combined with (4) and (7) the estimate for UHV-CVD is as follows:

GRr = 0.1 A/ (sccm.min) and



pur poses, using the connection 31. Concentric to the axis A of the

di scharge with the discharge current IAK, a gas 10 injection ring 23 is
provi ded as reactive gas injection installation, connected to a gas tank
arrangement 25 for reactive gas, which is adnmtted into the ré&di BP¥rd05 with
controllable flow F (sccm. A connection 6 reaches into the cathode chanber
5 to a working gas tank, for 15 exanple with Ar. Using an el ectro and/or
per manent magnet arrangenment 29, a magnetic field B is generated in general
concentric to the axis Ain the recipi ent,40which is particul ar effective
in the area of the diaphragm 3. Preferably the field can be noved away
fromthe concentricity. 20 The installation with its design in accordance
with Fig. 1 is operated as follows: -25 X30 The recipient wall in
accordance with 1 is used as anode of the discharge and for that purpose
is connected to a refGérerft@O35cersparidingte aphrow 3pw/ek er ably to earth.
Correspondingly the cathode 7 is connected a (negative) potential via a
preferably adjustable DC. generator 11. Above the generator 11 lies the

di schar ge vol t abistAich coheeroing tieaprgeessas usatt initieindbstoyvntibrawkns thecat hode 7
and recipient 1. 1n S ‘ i Jvariation of the installation
illustrated in EFO&L’C@” ﬁﬁa&@%ﬁgggﬁ%{yé@ghtxa”i er 13 is connected to the
voltage Us using a DC bias generator 15. 24 NOV 2005 50 Fig. 2 shows

et oh ot 1 g BEL S5 Be PaBRECECTR ol Iy ) BUALL A8 bt e
parts discharge is used in the form of a low voltage discharge. With this layers with
particularly good mechanical characteristics are to be deposited quickly, that is
with high growth rates.
10
A cathode chamber with a hot cathode communicates with a vacuum recipient
via a diaphragm. Opposite the diaphragm an anode is provided. Parallel to the
discharge axis formed between the diaphragm and the anode, an admission set-
up' is provided for a reaction gas. Arranged opposite that arrangement and the
15  discharge axis respectively the work pieces are arranged. With regard to the
aﬁode potential, discharge voltages Uak below 150 V are provided and the
discharge is operated with a current strength lak of at least 30 A. for the coating

the work pieces are brought to a negative potential between 48 and 610 V.

20  The test shown therein results in the followin_g_ picture;

Example GR [A/ min] GRE [A / (sccm.min)]
1 10° 2.5 "
2 380 ) 1.2

3 2x10° - 25

4 (Si) 166 0.7

5 466 1.2

6 750 0.7

7 250 0.5

8 500 0.75

9 316 0.38



the sane reference signs are used as in Fig. 1. The installation in
accordance wth Fig. 2 differs of the one illustrated and desgri&ﬁgéha
Fig. 1 as follows: 5 Aring-type ancillary anode 19 is provide ﬁ S
arranged concentrically to the discharge axis A Here the follow ng
operation nodes are possible: . 10 As shown in the diagramw th the
“variation switch S, the recipient wall of 7the recipient 1 is, as already
in Fig. 1, connected to the reference and ' preferably to the earth
potential or tied or even operated as floating potential via an inpedance
el ement 14, preferably a resistance elenent, 15 to a potential, preferably

a reference potential. In that case the ancillary anode 19, if the
recipient | is connected to the rsference pot enti al connected either to
t he potenti al B the reci pi ent oP*%onnected to vol tdabee using the

- preferably adjystable DC generatgp 21. 20 - If thegggipient 1 is tied to a
reference potential via the inpedance elenent 14, then the ancillary anode
i s operated usﬁ“lg t he DC gener at 88 21 and it appe&¥ t he discharge vol tage
UAK as shown by the intermttent 1|ine between cathode 7 and ancillary

anode 19. This_is also the case if the recipient wall 1 is gperated as
floating pot enthiginvertion g naw sipstingrfeony hierkaewisdosrtha workiees soatinghcam

accordance W tdy &rled cutivith PERErYUERY, b Hedts the a8 Madsdbl egaRpect ed to
earth and ancillary anpde 19 as wel| as work piece carrier 13 operated

pot ent i al - cont!¥rs.dw using far this QUARRSsE) inpontast faie sxpestatiansairite NPWWA AeN-

settings are ifRRWaR8plas?d PECVD process — that is a PECVD process with DC
discharge — and in particular a PECVD process as, in its principle, it is known
from DE-OS 36 14 348. As will be shown, it.is possible to achieve in epitaxy
quality

10 a) . . growth rates GR of at least 150 A / min, even of at least 600 A / min

b) GRer of at least 7.5 A / (sccm.min) or even 40 A / (sccm.min), preferably
even 75 A/ (sccm.min) and furthermore

15  ¢) to achieve gas utilisation figures GAr at least in the range of 5%.

It is recognised that the plasma discharge in the DC-PECVD process used in
accordance with the invention leads to lowest-energy ions, also to lowest-energy
electrons, that, however, the charge carrier density, in particular the electron

.20 density at the utilised discharge is very large.

Hereafter the invention will be explained by way of e>-<amples usiﬁg illustrations:
Fig. 1 shows in a diagram a first preferred embodiment of an installation in
-2_5 accordance with the invention for the execution of the processes in

accordance with the invention.

Fig. 2 in a diagram shows a second preferred embodiment of an installation in

accordance with Fig. 1 with several operation variations.



2 4 NOV 2005 51 Total pressure PT in the recipient: 104 nbar < PT < 10
nbar preferably 10"3 nbar < PT < 10'2 nbar typically in the range of 5 10
-3 nbar. This pressure is mainly ensured by the partial pressuyr Wﬁmﬁhe
wor ki ng gas, preferably Argon. The vacuum punp 27, as nentiozgdm%egore S
therefore preferably designed as turbo vacuum 10 punp, in particular turbo
nmol ecul ar punp. 15 '15 Working gas pressuy Pe: This is selected as
follows: 10"4 nbar < PA < 10'"' nbar prefergbly 10' 3 nbar < PA < 10' 2 nbar
Reactive gas partial pressure PR This is preferably selected as foll ows:
10'5 nmbar < PR < 10'' nbar preferably at 104 nbar < PR < 10"2 nbar In
particular for gases containing silicon and/or germanium partial pressure
val ues between 10"4 nbar and 25 10'3 nbar are recommended. In order to
support the planarity (surface roughness), in particular in the case of

mul tiple |ayer pleBOShoOMS RPENAHLETOBHY drbwHABI M the watertethpdIaturer e
recommended, to “provide also a hydrogen partial pressure in the range of
10-4 to 10' 2, pref er 861NG e oppatieR of amingtajigtion in aceprdgngeihdig. 2 for a

silicon coating process.

5
Fig. 4 in a function of the discharge current shows the increase of the growth
rate relative to the reactive gas flow GRr.
Fig. 5 in a function of the reactive gas flow shows the growth rate for different
10 plasma densities in the area of the work pieces.

Fig. 6 in a function of the germanium concentration shows the growth rate at the

deposited layer and

1.5 Fig. 7 in the field growth rate / gas utilisation figure shows the result in
accordance with the state of technology and in accordance with the

invention.

_ Apropos, an installation in accordance with, for example, DE-OS 36 14 384 can
20  certainly be used for the execution of the processes in accordance with the
invention, if it is operated in such a way that the conditions in accordance with

the invention are met.

In accordance with Fig. 1 a first in-stallatioh preferred today for the carrying out of

25 the process in accordance with the invention has a vacuum recipient 1, to which
a cathode chamber 5 to which a diaphragm 3 is attached via a flange. In the well-
known way the cathode chamber 5 can be connected to the electrical potential of
the recipient 1 or the cathode chamber 5 can be insulated with regard to the

recipient 1 and connected to a different potential (not shown).

Provided in the cathode chamber. 5 is a hot cathode 7, a filament, preferably

heated directly via a heat current generator 9.



52 (Gas streans 5 10 Argon: to the greates

of the recipient and cathode chanbgr, forttﬁétggtt?ﬁgegge?heggeégg o
partial pressure PA and PT respectively. Reactive gas flow i to 1%%EZCC
;gcﬁ?rtbfgLﬁ;r;grvg?fgzecagkai$Lngd$iILcon and/ or ger mani um H2: 1to log]

scl . e di schar [

7 and recipient 1. in accordance 15 mﬁthgapé?laag$1bgfm;;nbggrﬁggecgthOde
recipient | and ancillary anode 19 and between cathode 7 and anci | | ar\
anoge 19 respectively, is adjusted as follows: 25 . 10 V < UAK < 80 %

Erflerably 20V<UAK<35YV, Di scharge currents. | AK These are selected’as
ollows: 5 A< IAK < 400 A preferably 20A<l AK<100A Work piece voltage

Yl 24 Nov 200ﬁbrowded in the diaphragm axis A, opposite the diaphragm 3 in the recipient 1, is
a work piece carrier 13 mounted in an insulated manner. A work piece heater 17
may be provided in the area of the work piece carrier 13. The recipient 1 is
evacuated with a vacuum pump 27, preferably a turbo vacuum pump and in

5  particular a turbo molecular pump. Sensors, such as for example a plasma
monitor etc., can be provided for observation and, if required, for control

purposes, using the connection 31.

Concentric to the axis A of the discharge with the discharge current lak, @ gas
10  injection ring 23 is provided as reactive gas injectibn installation, connected to a
gas tank arrangement 25 for reactive gas, which is admitted into the recipient

with controllable flow F-(scem).

A connection 6 reaches into the cathode chamber 5 to a workmg gas tank, for
15 example with Ar. Using an electro and/or permanent magnet arrangement 29, a

magnetic field B is generated in general concentric to the axis A in the recipient,

which is particular effective in the area of the diaphragm 3. Preferably the field

can be moved away from the concentricity.
20  The installation with its design in accordance with Fig. 1 is operated as follows:

- The recipient wall in accordance with 1 is used as anode of the discharge
and for that purpose is connected to a reference potential, as show
preferably to earth. Correspondirigly the cathode 7 is connected a
25 (negative) potential via a preferably adjustable DC generator 11. Above
the generator 11 lies the discharge voltage Uax, the discharge current lak

flows between cathode 7 and recipient 1.

- In a second operation variation of the installation illustrated in Fig. 1, the
:30 work piece carrier 13 is connected to the voitage Us using a DC bias

generator 15.



10 15 20 '25 :30 In any case this voltage is selected to be |lower than the
sputter threshold of the discharge. In all cases it is set as follows:

- 25V<Us<+25V preferably for Ga conpounds, preferably for Si, Ge and their
conmpounds -20V<Us<+20V preferably negative and in that preferab
-15V<Us<-3V  Current density at the place of the work plece2§uNW%&&ﬁto be
coated: This is neasured in advanced using a probe at the place, where

| ater on the surface to be coated will be positioned. It is set with
reference.to the surface of the probe at m ni rum of 0.05 A/ cnR,
preferably at a mnimumof 0.1 A/cnR up to the nmaxi mum di scharge current /
substrate surface. This current density is neasured and adjusted as

foll ows: One or several probes are positioned at the place of the surface

that later on is to be coateda egard to earth_and anode potenti al
respectively ar & i9chifis aWthes P '8%‘?@3 ‘gBé’? ??W@’%?W&B e ipygnd g

increased until $hBQxoRASHOEMHe pwegsemadaerdlaﬁé@@rth twéq.ﬁmﬁ@ﬁ Fomé wmr@f the
current, in relationship to the probe surface,

current density. thBﬁa@GJrﬁfﬂqnﬁ@ S'LQH%aEﬁ usedasdrFig; {- T'Be 'Hﬁﬁ”%’@[‘ n %CCPH’%”F%qw red

val ue. The adj usyiferl. PHifbRRGAOMAkatdd drRdescilash Fiy. Tak@Rwss possi bl e
W t hout problens between 5 and 400 A respectively and preferabl y between

20 and 100 A5
A ring-type ancillary anode 19 is provided, which is arranged concentrically to the

discharge axis A.

Here the following operation modes are possible:
10
- As shown in the diagram with the variation switch S, the recipient wall of
the recipient 1 is, as already in Fig. 1, connected to the reference and
preferably to the earth potential or tied or even operated as floating
potential via an impedance element 14, preferably a resistance element,
15 to a potential, preferably a reference potential. In that dase the ancillary
| anode 19, if the recipient 1 is connected to the reference potential,
connected either to the potential of the recipient or connected to voltage
using the preferably adjustable DC generator 21.

20 - If the recipient 1 is tied to a reference poteniial via the impedance
element 14, then the ancillary anode is operated using the DC generator
21 and it appears the discharge voltage Uak as shown by the intermittent
line between cathode 7 and ancillary anode 19. This is also the case if the -
recipient wall 1 is operated as floating potential.

25 | '
Nowadays the operation of an installation in accordance with Fig. 2 is
preferred with the recipient wall connected to earth and ancillary anode
19 as well as work piece carrier 13 operated potential-controlied. In all
installation variations the following settings are important:

30



The high flow of | owenergy ions and el ectrons, that inpact the work piece,
is a characteristic feature of the process in accordance with the
invention, which therefore is abbreviated LE-PECVD for'Low Enefgy Pl asm
Enhanced CVD . 2 4 NOV 2005 54 During the coating process silicgg 2088
germani um | ayers can be doped by the addition of a doping gas with an

el ement of the group Ill or V of the periogjcal system such as phosphine,
bor oet hane, arsine etc., into n- or p-conducting Ilayers. Thus p/n

sem -conductor transitions can be generated in situ, e.g. 5 particularly
econom cal for the solar cell production. If galliumlayers or gallium
conpound | ayers are deposited, they can be doped wth an elenent fromthe
groups Il or 11 | g.odic system e.g. wth My or Si,
by using a dopihgoﬁ)tél.r ' Pﬂﬁﬂ%'%c f%’rnlte 19 and/or the magnetic field B
the | ow vol tage di scharge can be conpressed and/or deflected fromthe work
pi ece carrier 13. Thus the plasna sl pi ece carrier can be
i ncreased (rate) and/or varied (setﬂ?nah%¥s%%ﬁ%ﬂ§}@?%¢bution) or wobbl ed or
deflected in a controll ed manner across a wi de 15 range. Using the heater
17, the work_pieces and substrates rges Lyl heated up to

appr ox. 800.%; independ@ﬁ%?é&ﬁf the1§oﬁ§ﬁ%§§%6¥“gﬁgggfons arising. The
arrangenent of magnets 29 generates the field B using permanent and/ or

el ectro-magnets, preferably with g f Wt o) SRSy 4

Gauss in the di sgﬁ%{?@@ U3 c,r@r.‘éezﬁ%zgo?glﬁ% P STHie/prls e Emaiflyehs y
partial pressure of the working gas, preferably Argon. The vacuum pump 27,
as mentioned before, is therefore preferably design'ed as turbo vacuum

10 pump, in particular turbo molecular pump. .

o \Working gas pressure Pa:

) This is selected as follows:
15
10" mbar < Pa < 10” mbar

preferably 10" mbar < Pa < 102 mbar

20 + Reactive gas partial pressure PR:

This is preferably selected as follows:

10 mbar < P < 107 mbar

5

preferably at 10" mbar < Pr < 102 mbar

In particular for gases containing silicon and/or germanium partial pressure
values between 10 mbar and 25 - 10° mbar are recommended. In order to

b support the planarity (surface raughness), in particular in the case of muitiple
layer depositions and layers with doping it is furthermore recommended, to
provide also a hydrogen partial pressure in the range of 10* to 107,

preferably of approx. 10° mbar.



Due to the unusually | ow di scharge voltages, as nentioned preferably in the
range of 20 to 35 V, the result is a plasma potential of the discharge
according to (15) near the anode potential. Wth regard to the2pnmnpis! .
the work piece and substrate potential respectively can easily adjusted,
so that the ion energies lie below 15 eV, by which neans ion damage during
the grom h phase of the layer- on the work piece can be conpletely
prevented. As has been nentioned, the highest possible plasma density at
the work piece should be aimed for. In ¥his case the plasna density is
given by the current density at the surface of the work piece. As stated
above it is neasured and adjusted in a calibration process using probes. 2
4 NOV 2005 55 5 10 The installations, as illustrated in the diagrans of
Fig. 1 and Fig. 2, are likely today's preferred enbodi ments, while the
processes in acqpydaramsw th the invention can easily also be realised on
other installations, as for exanple illustrated in DE-OS 36 14 384, if
they are equi pped and operated accordingly. Until today the significant
parts seems tol l%tgsmo ﬂfétg???tb@exmmgé;ﬁdridedtdmbeatb!'umﬁ obthe reeipiedtANE pi ece.
Using an installafion as | st rat in.a diaagr 1 Fl 3andib) 1 con
nmono- crystalli r@fwsﬁ?'ﬁf’@s? se@%%&h%ﬁ?ctegiaﬁg})%@awrtgﬁuﬁ P ?:ré)driptnd a
silicon / gernerggbgai@éw.oy respectively. The volune of the recipient 1 was
60 1. The ?nstallation was operated as follows: Ancillary anode 19 to the
potential of the recipient 1; work piece carrier 13 to 15 controlled bias
potential . Reci pR&ftivél§ase tb@oeaedrh, in particular for gases containing silicon

and/or germanium:
i0 H,: 1 to 100 sccm.

« Discharge voltage Ua:

The discharge voltage, be it between cathode 7 and recipient 1.in accordance
.15 with Fig. 1 or between cathode 7, recipient 1 and ancillary anode 19 and
between cathode 7 and ancillary anode 19 respectively, is adjusted as
follows:
10V < Up <80V, preferably
20 20V < Up 235V,
» Discharge currents, lak:

These are selected as follows:

: 5 A<l <400A, preferably
20A <l <100A

50 *  Work piece voltage Us:




a20 25 30 The foll owi ng working point settings were nmade: Wor k piece
tenperatures T. Plasna-induced the result are work piece tenperatures of
only a few 100 C, for exanple of approx. 150 C. This is extrenely

advant ageous for the coating of thernally critical substrates, 24uRdv ggs5f or
exanpl e organi c substrates. Higher, desired tenperatures are achleved by
separate heating. For the production of 38 and/or Ge | ayers and | ayers
with Si-Ge conpounds work piece tenperatures Ts of 300C<Ts5 600C 2 4 NOV
2005 56 are recommended, for Ga layers or Ga conpound layers: 300 C< Ts <
800 C 5 Because the process is 'cold', there is great flexibility in the
selection of the tenperatures, depending on |ayer material and substrate
material . Fl ow [ siacmyCase ihal vdﬁé@§ &tsre%c{dmarb]a I6WerQRarPtnd shltter-thiddRdi oft

har u | AK: 10 7
Si HA1010" Discha tﬂe dfscltlarge In all cases it is set as follows:

-25V<Ug<+25V
preferably for Ga compounds, preferably for Si, Ge and their compounds
~20V<Ug<+20V
1.0 preferably negative and in that preferably at
-15V<Us<-3V

* Current density at the place of the work piece surface to be coated:

15
This is measured in advanced using a probe at the place, where later on the
surface to be coated will be positioned. It is set with reference to the surface
of the probe at a minimum of 0.05 Alcm?, preferably at a minimum of 0.1
AJecm? up to the maximum discharge current / substrate surface.

20
This current density is measured and adjusted as follows:

One or several probes are positioned at the place of the surface that later on
is to be coated and with regard to earth and anode potential respectively are

25 connected to a variable positive voltage. This is increased until the measured
current no longer increases. The valué of the current, in relationship to the
probe surface, results in the total current density. By adjusting the discharge
it is now set to the required value. The adjustment of the mentioned current
density values is possible without problems between 5 and 400 A

‘}30 respectively and preferably between 20 and 100 A.

The high flow of low-energy ions and electrons, that impact the work piece, is
a characteristic feature of the process in accordance with the invention, which
therefore is abbreviated LE-PECVD for ‘Low Energy Plasma Enhanced CVD'.



Di scharge voltages UAK: 25 V Substrate tenperature: 550 C (heated with
heater) 15 In a first test the substrate tenperature was varied using the
heater 17. At the sane tinme the other working paraneters wer e2 4 NOV 2005
constant. Fig. 3 shows the result. This figure shows that the growmh rate

GR depends only to a very small degree on the work piece and substrate
tenperature T13 respectively. The reason of, the great scattering of the
nmeasured values is the fact that operating paranmeters had to be manual ly

re-adjusted at the test installation prior to every deposition. 25
Starting fromthe nentioned working point values, the discharge current |AK
was then varied by setting the discharge voltage UAK and, if necessary,

the variation of the cathode heating current. Again all other paraneters
were kept const aAring tes goating proqess siicanansioraermaniumilayersean ieedapedibydke t o be

coat ed does not ghiditRe o ¥ doﬁlﬁérgﬁ§ﬂﬁ%ﬁ@nte¢erﬁé]ﬁoﬁﬁ@rg%\ﬂclﬁuvecﬁtr%ede?lbﬁlléaland

pl asma density respectivel h pl asnma densi ot herw se const ant
paraneters, is sstYF{)F“ ﬁﬁ?m?ﬁpmbﬁﬁt?%ﬁ%ha@%aﬁs'@ Wn@m@r%’cmﬁecmgscharge

current, correspgps.nGub @/ SnichaERér t%@ﬁlbﬁycﬁ%é%ewé mps'ltﬁcﬁg surface to

be coat ed. Therefore the result shown in Fi efinitely s t he

proporti onal bt y RarFutany egeraseealifeiibe selgr %\ldqr@ducmt ween the growth rate GR
and the plasma density. This. proportionality should continue as |ong as
the gas utilisation 5 does not exceed apdr;r ox. 60 % and saturation problens
occur. As nenti drealiunpayeiser galiemsomperndiianeristaye d@nosmctdﬁﬂyaanrbhldmemied by,

for exanple, th%th@iéﬁ%@ﬁ@%nﬁ’he @u I %BR/Wm?me .oMYS' st
{1 %ﬁf ctlon

f ocussi ng and defocu5|£§ vol t age dlscharg
Here, too, the Mithd{go 'ybxgweegadopmg gas.

10
Using the anode 19 and/or the magnetic field B, the low-voltage discharge can
be compressed and/or deflected from the work piece carrier 13. Thus the plasma
density at the work piece carrier can be increased (rate) and/or varied (setting of
the distribution) or wobbled or deflected in a controlled manner across a wide

15 range. Using the heater 17, the work pieces and substrates respectively can be
heated up to approx. 800 °C, independently of the ions and/or electrons arising.
The arrangement of magnets 29 generates the field B using permanent and/or
electro-magnets, preferably with a flow density of some 10 to some 100 Gauss in
the discharge space.

20
Due to the unusually low discharge voltages, as mentioned preferably in the
range of 20 to 35 V, the result is a plasma potential of the discharge according to
(15) near the anode potential. With regard to the potential, the work piece and
substrate potential respectively can easily adjusted, so that the ion energies lie

25 below 15 eV, by which means ion damage during the growth phase of the layer

on the work piece can be completely prevented.

As has been mentioned, the highest possible plasma density at the work piece
_ should be aimed for. In this case the plasma density is given by the current
30 density at the surface of the work piece. As stated above it is measured and

adjusted in a calibration process using probes.



i ion is explained by the procedure during the setting of the

g: :(F:)ﬁgfge "10 colr[:di tions. yHi ghly revealing is lastly Fig. 5. It shows the
result of tests, in which the reactive gas flow F was varied, 24iNog 20%

ot her paraneters were kept constant, starting fromthe working poi nth
sccm The straight line (a) was the result of the |ow 15 vol tage di 30 a;ge,
which was locally slightly offset with regard to axis A of Fig. 1 ge t'O
the magnetic field setting, which in turn |8l to a plasm density reduction
or a lower rate at the substrate, for a discharge current |AK of 20 é 20 A
G aph (b) shows the rate for the non-deflected discharge and at |AK = A
(c) 20 finally shows the increased rate for a non-defl ected di scharge w

| AK = 70 A. For a reactive gas flow of 10 sccmat a tenperature Of(;?hef
substrate of 550THa iastdllstidnd) adiifatratedsn mérdlfd?énsqgéﬁr:fgh? ﬁgg@argééw%yrenf o
ggp/&ogt 5115r :\a{:t ﬁ\?éaygsa%r e ﬁ'mem%%%tﬁn%s 'ﬁ ithe presedses insaccatdsoce with thered by

Fig. 4. The GR dedhtioesart SasipBRIsedbe r@al@eé oﬁ%écr(ﬂ{stﬁlaﬁbrﬁcQghqeééan%&?r eg'; egf '20

th th ention’w
Wth the resul fLehpigERRITEPE Haban ey arapras. arg cperns am.@y a
h UNBQdBay #e sigmificaneiBlseefrisd 0 be e Youhnt fle®Bhdl
=130 A/ ﬁ‘“cgﬁ% d“vff?”m e e e e e b oo

Pl Fig.5 shows

Using an installation as illustrated in a diagram in Fig. 2, 3" silicon mono-
crystalline substrates were coated epitaxially with silicon and a silicon /

10 germanium alloy respectively. The volume of the recipient 1 was 60 .

The installation was operated as follows:

Ancillary anode 19 to the potential of the recipient 1; work plece carrler 13 to
1S controlled bias potential. Recipient as anode to earth.

The following working point settings were made:

*  Work piece temperatures T.

Plasma-induced the result are work piece temperatures of only a few 100 °C
for example of approx. 150 °C.

This is extremely advantageous for the coating of thermally critical
25 substrates, such as for example organic substrates.

Higher, desired temperatures are achieved by separate heating. For the

production of Si and/or Ge layers and layers with Si-Ge compounds work

_ piece temperatures Ts of
30

300°C < Ts <600°C



10 GRF 80 A/min (sccmnin) The corresponding value for APCVD is 15 GRF = 2
x 104 A/ (sccmmn) If the gas utilisation figure for a 3" substrate is
cal cul ated for LEPECVD in accordance with the invention, thif,'vn'dvl sul t
in 20 GAF @ 6.8 x 10"2, corresponding to approx. 6.8 % In thrs it ﬁ@g to
bee taken into consideration that these nunbers will, of course, inprove
significantly for larger substrate areas, e’d§. 5". 25 Fig. 7 shows the
following results: ,30 In field I: for APCVD, LPCVD, RPECVD; In field II:
for UHVCVD In field Ill: for ECRCVD In field IV: in accordance with this
invention t35 These are valid for tenperatures < 600 C. 2 4 NOV 2005 59 In
the connection it has to be enphasised once nore, that the procedure in
accordance W th thegehy@hirhéited| foo G l4yers ooBhicogpodndleyeasi vel y | arge areas,
due to which fact the gas utilisation figure GAF increases additionally. 5
| f, anal ogous, the largest growth rate GR growh rate per reactive gas
flow unit GRF and the gas 3gbicCi<shi£ 600 ¢Cgure GAF are conpared with the
corresponding figures for CVD under atnospheric pressure conditions, then
the result are drastic inprovenents in every aspect in accordance with the

i nventi on. 'f?]ofi nNagdhuse iHiproQssdlid ‘cold’, anare iscrastdleniblity in tesselettiombi tbe ar e

conpared to those that result . L .
temperatures, depending on layer material and substrate material.

Flow [sccm] Partial Pressure [mbar]

Ar 50 6.8x10".
H, 5 7x 10"
SiH, 10 10”

Discharge current lax: 70 A.

10
Discharge voltages Uak: 25V
‘Substrate temperature: 550 °C (heated with heater)

15  In a first test the substrate temperature was varied using the heater 17. At the
same time the other working parameters were left constant. Fig. 3 shows the
result. This figure shows that the growth rate GR depends only to a very small
degree on the work piece and substrate temperature Ty3 respectively. The

_ reason of the great scattering of the measured values is the fact that opefating

20  parameters had to be manually re-adjusied at the test installation prior to every

deposition.

Starting from the mentioned working point values, the discharge current lax was
then varied by setting the discharge voltage Uak and, if necessary, the variation
25  of the cathode heating current. Again all other parameters were kept constant.
Even if the discharge current lak at the surface to be coated does not directly
correspond to the charge carrier density and plasma density respectively, the

plasma density, with otherwise constant parameters, is still mainly proportional to



10 when a PECVD process is operated with | ow voltage discharge in
accordance with DE-OS 36 14 384, it becomes apparent that surpnrisyggl n@t he
growh rate of 1,200 A/m n achieved in accordance with the inventi on%
significantly greater than the highest growh rate achieved wth the
previ ously known processes and that in addition the growh rate per
reactive gas flow unit GRF achieved in 15 accordance with the invention is
hi gher by al nmost two powers of 10. It is thkerefore very surprising that

t hrough very particul ar operating conditions of the installation, in
principle‘as they were previously known from DE-OS 36 14 384, such

i nprovenents can be achieved, taking into consideration that the 20 | ayers
deposited in accordance with the invention; follow epitaxy conditions with

regard to defec L. Thi ‘ r I asi . heck t he fact
t hat during the{hggog%%{%cf U?%Btépg ?Sggﬁ%ﬁd([%@gi%lr‘ﬁ?'ﬁl eﬁf'%’o ﬂ?%w§%c°2%°§ance W th
Fig. 2 on the bagfaedd be heatsd.diheeionedhiasglt poowrt ingFig.adnaidfimitely shows thie- qual ity
epi taxy coating j . -crystalline s t
inserted and anPa 8?@1%%@@3’?"3@?%@&‘2’8%“2and%{r%s’b?%‘dbe9[?3‘?5?%*%g’l'ﬁ%me
;nse[} ted, whi Iheptakma\densiilgn*g'higp'rorpbrtioaalg’iyrehcm@cc:m&ing? asrm'ggtasith\eg?s etBiatfang. S
urthernmore sho u PO a Si X ayer is
deposi ted, iC ecsonqg%cnese %ftpgfo éengﬁl%’n%i({e]%&ﬂ §4|cpnap rahlpglsgcc&gQgﬁengo%e 2085
60 As this alrebefgresthevasmandersity carsalsd be irfleemyee\bypfos kyaraplp) taened know edge
the situation gﬁst nof f?hacrllu?@af or the gg\?v%ﬁdU{ee ion accolalr?gg% euwitgfthe
invention if a 7SR I'Eﬁ/ G%Qp%tgfetné X 3 '\ sf CRe ﬁﬂ? F—P%. 6,
where the grow thelat eoltageidischarige onitaideftectiom ¢tergnomithé retatitelygosdtent in % for
the given worki &gpéargf'or? Jltsséxpigi]rge% by the procedure during the setting of the discharge

10 conditions.

Highly revealing is lastly Fig. 5. It shows the result of tests, in which the reactive
gas flow F was varied, while the other parameters were kept constant, starting
from the working point 10 scem. The straight line (a) was the result of the low

15 voltage discharge, which was locally slightly offset with regard to axis A of Fig. 1
due to the magnetic field setting, which in turn led to a plasma density reduction

or a lower rate at the substrate, for a discharge current lxk of 20 A.

Graph (b) shows the rate for the non-deflected discharge and at lak = 20 A. (c)
20 finally shows the increased rate for a non-deflected discharge with lak = 70 A.

For a reactive gas flow of 10 sccm at a temperature of the substrate of 550 °C
and 70 A discharge current lax the result is a GR of approx. 15 A/ sec as '
confirmed by Fig. 3. '

25 :
For a discharge current of 70 A at a reactive gas flow of 10 sccm this result is
also confirmed by Fig. 4. The GR declines to approx. 6 A / sec for a discharge
current of 20 A.

30 Now the results in accordance with the invention will be compared with the

results of previously known technologies.



5 shows that over a very large range of the Ge to Si ratio the growh rate
basically does not change. The process in accordance with the invention
was primarily substantiated on the basis of tests, in which Si,

Si/Ge alloy layers and Ga and Ga conpound 10 Iayers respectlvely, aP? 4”5
t hem doped and not doped, deposited. The process in accordance with the

i nvention achieves, in conbination, the highest |layer quality with very
hi gh deposition rates and simultaneously verys igh degree of efficiency
with regard to deposited layer material per admtted reactive 15 gas
quantity and that at |ow tenperatures of < 600 C. Thus the proposed
procedure is extrenely suitable for industrial production of the highest
quality, be it epitaxial or other layers. 2 4 NOV 2005 6-/ (.Anhaner "A'!

PCT/ CHO8/ 0022 ) ..\~ t.a . (1) Handbook: of thin
-film depos it i a. com é%&h\ﬁlﬂjﬁﬁe iques., ed. Klaus K. Schuegraf,

Noyes Publications, New Jersey,.... U S A .,.1988, |SBN 0-8155-1153-1 5
(2) Atnospheri c pr |t| on of Si and SiGe.at |ow
tenperatures, T. r%g%gé \Aﬁ)lg‘ggglh%%“ﬁafg%@ﬁéﬂ F‘&E’ Vac. Sci . Technol . A10,
1913 . (1992) (3) Subm cron highly doped Si Iayers grown by LPVPE, L.
Vescan GR = 1,200 A/min, compared with

GR =2 x 10? A/min for APCVD.

For the point P1 Fig.5 shows a value of

10
GRr 80 A/min (sccm.min)
The corresponding value for APCVD is
15 GRr=2x 10" A/ (sccm.min)
If the gas utilisation figure for a 3" substrate is calculated for LEPECVD in
accordance with the invention, this will result in
20 GAr = 6.8 x 102, corresponding to approx. 6.8 %.

In this it has to bee taken into consideration that these numbers will, of course,
improve significantly for larger substrate areas, e. g. 5"

25 Fig. 7 shows the following results:

Infield I: for APCVD, LPCVD, RPECVD:;

1 In field ll:  for UHVCVD

In field Ill: for ECRCVD

In field IV: in accordance with this invention

85 These are valid for temperatures < 600 °C.



...H Berleki;ng. and 0. Meyer, J. Cyst. Gowh 76, 63 (1986) 10 (4)
Lowtenperature silicon epitaxy by ultrahigh Va- cuum chem cal vapor
deposition, B.S. Meyerson, Appl. Phys.. .Lett. 48, 797 (1986),.

(5). Cooperative:.growh phenonena in silicon/germani um|ow teddeNaY 06,
epitaxy, B.S.. Meyerson, KJ. Uam and F.K 15 LeGoues, Appl. Phys. Lett.
53, 2555 (-1988), (6).'.Silicon epitaxy at 650 - 800C using | ow pressure
chem cal vapor deposition both with and wi thout plasma enhancenent, T.J.
Donahue and R Reif. J. Appl. Phys. 57, 275759 19.85) (7) Low tenperature
silicon epitaxy by hot wall ultrahigh va- cuum | ow pressure chem cal vapor
deposition techniques: Surface optimazion; B.S. Meyerson, E. Ganin, D. A
Smth, and T.N Nguyen, J. Electrochem Soc. 133, 1232 (1986) (8)

Ki nectics of surface reactions in very.|low pressure chem - cal vapor

deposition of Si [hikERcHNEGonS: Ms t6Be@mpMatised Bnce Morel ok @k Procedtidith- Phys.
Lett. 58, 2963 (1991 Sggd El ectron cyclotron resonance assisted | ow
tenperature ult r%ﬂ‘fpgj’ﬁ it thedmentienpliangibe certing of relasivelyflarge agpasnguesto-

llane, D.S. Mii, Syfichfagitle ga8dtilatidPfidiP8 cAMRRleased Qdﬁtioﬂa‘ﬁi.t-- 59, , 2887
(1991) 2 4 NOV 2005 . (Anhang :"A" PCI/ CHO8/ 00221).: | oW1 gnp-COrature

silicon: honoepitaxy., b-y ultrahi gh" vacuum el ectron. cyclotron resonance
chemi cal : . yapar depAsib§b@Nthettrgest growth rate GR, growth rate per reactive gas flow unit

GRr and the gas utilisation figure GAr are compared with the corresponding
figures for CVD under atmospheric pressure conditions, then the result are
drastic improvements in every aspect in accordance with the invention. If, finally,
the result in accordance with this invention are compared to those that result, _

10  when a PECVD process is operated with low \'/oltége discharge in accordance
with DE-OS 36 14 384, it becomes apparent that surprisingly the growth rate of
1,200 A/min achieved in accordance with the invention is significantly greater
than the highest growth rate achieved with the previously known processes and
that in addition the growth rate per reactive gas flow unit GRe achieved in

15 accordance with the invention is higher by almost two powers of 10.

It is therefore very surprising that through very particular operating conditions of
the installation, in principle as they were previously known from DE-OS 36 14
384, such improvements can be achieved, taking into consideration that the

20  layers deposited in accordance with the invention, follow epitaxy conditions with

regard to defect density.

This was extremely easily checked by the fact that during the described.
operation of the installation in accordance with Fig. 2 on the basis of the stated
25 working point parameters, a high-quality epitaxy ¢oating was achieved, when a
mono-crystalline substrate was inserted and an amorphous coating when an
amorphous substrate was inserted, while the working point parameters were

maintained.,

-30 Fig. 5 furthermore shows under P2 the measuring point, if a SiGe epitaxy layer is
deposited, which contains 4 % Ge, instead of a pure Si layer.



8. Tae,. S-H Hwang, S-J. Park, E : Yoon;: and K-W. Wang, 5
(1:1)Epitaxial growth of Silicon fromSiH4 in the tenperature range 800 -
1150C. WGa Townsend and ME. Uddin, Solid State Electron 16, 39..(1973).
(12) Honvepitacial. filnms.,grown; on.,-.Si (10.0) at' 150C by. renote

pl asma- enhanced. chem cal vapor deposition; L, Breaux, B. 10 24t&®HH2005T.
Hsu, B. Banerjee, and A. Tasch. Appl. Phys. (13:)&xowh of Ge,Sil/Si
heteroep.itaxial filns by renote plasma chenical vapour-'de. position-,
R.- Qan, Dt Kinosky, T. Hsu, J. |Irby, Agp. Hahajan, S. Thomas, B.

Ant hony S. Banoxjee, A 15 Tasch, L. Rabenberg and C. Magee,. J.. Vac. Sci.
Techrtol.:. A 10, 1920 (1992) (14) Low tenperature epitaxial silicon film
growt h usi ng high vacuum el ectron-cycl otron-resonance, pi asma deposition,
S.J. DeBoerf V.L. Dalal, G Chumanotr, and R ..Bartels, Appl. 20 Phys.

Lett. 66, 2528 Aa@%alceadgshmm@cgmsdt@&ﬁl@p@bﬁpygaggﬁﬁgggﬁwgqéq pL netallic

substrates and..S.licon wafers: W Korner et al. Bi ech
tenstein, . Surfgsétghgamd&(_:egﬁog ﬁ%@gﬁé%hﬁpwﬁéum@tamrqmewth thSihventdh.if 2 4 NOV
2005 63 Patent @i altoy isldefdsted Thisli9todiRedB) HAS! Wh&elfe GRM %tg\g‘%lﬁspl eces

with a qualit | -
q y éh‘éwﬁ as a function of the Ge content in % for the given working points. This

5 shows that over a very large range of the Ge to Si ratio the growth rate basically
does not change.

The process in accordance with the invention was primarily substantiated on the
basis of tests, in which Si, Ge or Si/Ge alloy layers and Ga and Ga compound
10 layers respectively, all of them doped and not dopéd, deposited.

The process in accordance with the invention achieves, in combination, the

highest layer quality with very high deposition rates and simultaneously very high

degree of efficiency with regard to deposited layer material per admitted reactive
15 gas quantity and that at low temperatures of < 600 °C. Thus the proposed

procedure is extremely suitable for industrial production of the highest quality, be
it epitaxial or other layers.



sufficient for epitaxy, characterised by the fact that the work piece is
coated 5 using PECVD with the application of a DC discharge. 2. Process in
accordance with Claim1, characterised by the fact that the c at' @ i S
- “th 8 4ghaV 2005

carried out with a gromh rate of 10 15 GR> 150A/mn and with
| %< GAF < 90 % /3 Process in accordance W th

utilisation figure of

Claim?2, characterised by the fact that the growh rate is GR > 300 A /mn,

preferably 20 GR > 600 A/ mn, especially preferably GR > 1,000 A /mn.

25 4. Process in accordance mﬁth Claim 3, characterised by the fact that

the gas wutilisation figure is GAF=5% 30 5. Process in accordance with one

of the Clains 1 to 4, characterised by the fact that that the discharge is

adjusted in such way that during the probe neasurenents on the |ocation,
is 2 4 NOV 2005 64 to be coated

where later on the work piece surface that
[ a current density of at

wi || be positioned, and on the sane potenti al
preferably of at least 0.1 a/cn-

l east 0.05 a/cn2 probe surface is set,
o) WBX|nun1d|scharge current / substrate

probe surface

surface:
.ffflj-Handbook of thin-film”deposition processes and technlques, ;
-f=ed Klaus X, Schuegraf, Noyes Publications, New- Jexsey,.
- U.S.A., 1988, ISBNN 0-8155-1153-1

5. (2) Atmospheric pressure chemical vapor deposition of Si and
SiGe at low temperatures, T.0. Sedgwick and P.D. Agnello,
J. Vac.8ci.Technol. A10, 1913 (1992)-.

(3) Submicren highly doped 5i layers grown: by LPVEE, L. Vescan,
NL.H. Beneking and 0. Meyer, J. Cryst, Growth 76, 63 (1986)

110 . (4) Low- ~temperature silicon. epitaxy by ultrahigh va-
.cuum/chemical vapor deposition, B.S5., Meverson, Appl Phys

'[vﬂLett 48, 797 (1986),

.($)nCooperative-grcwth phenomena in silicdn/germanium'low?
_ temperature epitaxy, B.S. Meyerson, K.J. Uram, and F.K.
15 __FauLeGoues, Appl Phys. Lett. 53, 2555 (1988), '

(6);Silican epltaxy at 650 - 800°C using low-pressure chemical
~vapor deposition both with and without plasma enhancement
- T.J. Donahue and R. Reif. J. Appl. Phys. 57, 2757 (1985)

. (7) Low temperature silicon eéipaxy by hot wall ultrahigh'va-

20 .cuum low pressure chemical Vapor deposition techniques:
Surface optimazion, B.S. Meyerson, E. Ganin, D.A. Smith,
-and T.N. Nguyen, J. Electrochem. Soc. 133, 1232 (1986)

(8)-Kinectics of surface reactions in very. low-pressure chemi-
. cal vapor deposition of Si from SiH,, 8.M. Gates and 5.K.
- 25 Kdlkarn;, Appl. Phys. Lett. 58, 2963 (1991)

(9). Electron cyclotron resonance assisted .low temperature
ultrahtgh'vacuum.chemical.vapor deposltion of Si using si-
lane, D.5. Mui, 5.F. Fang, and H. Morkog, Appl. Phys. Lett.

59, 1887 (1991)



5 6. Process in accordance with Claim5, characterised by the fact that the
nmeasured current density is created nainly by the inpact of electrons. 10
7. Process in accordance with one of the Clainms 1 to 6, character|3ﬁd by
the fact that a discharge current | AK of 5A<I AK<400A is select@d 0V 2005
preferably 15 20 A < | AK < 100 A .8. Process in accordance with one of the
Clains 1 to 7, characterised by the fact that a discharge voltage UAK of
20 25 10V<UAK<BOV - is selected, preferadfly 20V<UAK<35V. 9. Process in
accordance with one of the Clainms 1 to 8, characterised by the fact that
In the process space a reactive gas partial pressure PR of 10-5 nbar :5 PR
5 10" nbar 30 is selected, preferably 24 NOV 2005 65 10-4 nbar s PR :5
10"2 nbar. 10 10. Process in accordance with one of the Clainms 1 to 9,
characterised by the fact that the discharge is nmainly used as source of

el ectrons for the reactive

gt A BRSSO

-electron cyclotron resonance chemical vapor deposition, H-
‘9. Tae, S~H. Hwang, S-J. Park, E.’Yoon;:and K-W: Whang,
Appl Phys. Lett.. 64, 1021 .(1994) ., -

5 (1) Epitaxial growth of Sllicon from Sin in the temperature
‘range 800° - 1150°C, -W:G:: Towhsend and M E. Uddln, Solid
State Electron 16, 39 (1973) :

(12) Homoepitaxial films,grown. on,Si(100) at!150°C by remote

- plasma—eﬁhanced.chemical vapor deppsitioh} L. Breaux,.B.

10 ' Anthony,'T Hsu, B. Banerjee, and A. Tasch. Appl. Phys.
+Lett. .55,.1885:(1989) .- SRR

(13)Growth of . Gexsll/si heteroepmtaxlal films by remote plasma
chemical vapour ‘depositiomn, - R.: Qian, D« Kinosky, T Hsu, J.
. _ Irby, A. Mahajan, S, Thomas, B, Anthony, S. Banerjee,
*f 15 Tasch, L. Rabenberg and C. Magee, . Vac. Sci. Tachpol A
| 30, 1920 (1992) - -

(14) Low temperature-epitaxial’ silicon film-growth using high
.vacuum electron—cyclotron resonance’ plasma’ deposition, S8.J.
R _ DeBoerf V.L. Dalal, G. Chumanoy, and R..Bartels, Appl.
- 20 ' Phys Lett 66, 2528 (1995)

(151 Hydrogen plasma chemical: cleanmng of metallic substrates
_ “fand’ Silicon- wafera, W. KorXner et al., Balzers Ltd., Liech-
) itensﬁeln,_Surface and coatings technology, 76 =17 (1995)




gas dissociation. 11. Process in accordance with one of the Clains | to 10,
characterised by the fact that a | ow voltage discharge is used as DC
di scharge, preferably a hot cathode |ow voltage di scharge. 1%4 NOVOS85 S in
accordance with one of the Clainms | to 11, characterised by the fact that
in the process space an overall pressure PT is set as follows: 10-4 nbar 5
PT s 10-1 nbar 15 preferably 10'3 nbar :5 PT :5 10"2 nbar. 20 13. Process
in accordance with one of the Clains 1 to g¢, characterised by the fact
that a working gas partial pressure PAin the recipient is set as follows:
10"4 nbar s PA s 10.1 nbar, preferably 25 10'3 nbar :s PA s 10"2 nbar. 30
14. Process in accordance with one of the Clains 1 to 13, characterised by
the fact that the discharge voltage is connected between di scharge cathode
and a vacuum re&i '&?@fﬁm” that is connected to a reference potential,
preferably eart a% '3t . 2 4 NOv 2005 66 15. Process in accordance with
Claim 14, characterised by the fact that the work piece in the process
space 18 operat1'e dPrgcr:]esas fgrltﬁg%%arﬁgfa%&tree.gft éo%ked%ork pieces with a quality level

sufficient for epitaxy, characterised by the fact that the work piece is coated

5 using PECVD with the application of a DC discharge.

2 Process in accordance with Claim 1, characterised by the fact that the

coating is carried out with a growth rate of

10 GR > 150 A/ min

and with a gas utilisation figure of

1% < GAr <90 %.

15
3. Process in accordance with Claim 2, characterised by the fact that the growth

rate is

GR > 300 A / min, preferably

v

20
GR > 600 A / min, especially preferably

GR > 1,000 A /min.

v

25 4. Process in accordance with Claim 3, characterised by the fact that the gas

utilisation figure is
GAr =5 %.

30 5. Process in accordance with one of the Claims 1 to 4, characterised by the
fact that that the discharge is adjusted in such way that during the probe
measurements on the location, where later on the work piece surface that is



5 <connected to a switched on bias potential. 16. Process in accordance
with Caim1l5, characterised by the fact that the work piece is operated
at a voltage Us with reference to the di scharge anode, 10 which |

&2 oV, 5

negative, preferably is Us > -25 V, preferably between -15 and

Process in accordance with one of the C ai 14 to 16, characterised by the
fact that an ancillary anode is provided along the discharge path,
preferably in the formof a ring anode enconpassing the discharge and is
operated 15 preferably adjustable voltage with reference to the discharge
cat hode, which preferably is not |arger than the discharge voltage. 18.
Process in accordance with o of the ai, s to 13, characterjsed.by, the
fact that an anode'? Ee Baed Hﬂ'ﬁ”eﬂ?ﬂs'tpﬂé‘gf‘(ﬁ“&m&%@é?mﬁﬂaﬁ?ﬂgﬂ%W"Fﬁ{eé%}ﬁ%?vfm 20
reci pi ent and i nsulatleast 003 &/cmégrbed suffatd is spt, pfeterably\of Bnlebdtd. f akcn pfoba i ng
anode. 19. Process ir? accotrdacpce. V\anE Cl ajm 1%, char act eri/s d b¥ %&@ f act
that the work pi eS8T39F YPH8 AHBED6Y tag maxinaim dischasge purrent / sPsiratg Yucsy
potential or connected to a switched on bias potential. 30 20. Process in
accordance wi,ith Claim19, characterjsed by the fact th h k piece
with regard to t%ee’m%&m@j&%a{‘%w&h ﬁg"a eF'éﬁr@ﬁe%?edrmathﬁﬁa&?m\%gﬁet he

di scharge vol t age. madurbddur?&itlehditydd cre2terionsinlyiby the peyattotateottons. one of
the Cains 18 to 20, characterised by the fact that the vacuum reci pi ent

wall is operated . at a floating potential or
7. Process in accordance with one of the Claims 1 to 6, characterised by the

_ fact that a discharge current Ik of
10

5A<iaxk<400A
is selected, preferably
15 20A <lak <100 A.
.8. Process in accordance with one of the Claims 1 to 7, characterised by the
fact that a discharge voltage Uak of
20 10V5UAK_<_80V
is selected, preferably
; 20V 2 Un<35V.
25
9. Process in accordance with one of the Claims 1 to 8,' characterised by the
fact that in the process space a reactive gas partial pressure Pr of
10”° mbar < Pg < 10" mbar
30

is selected, preferably



5 tethered to a reference potential via an inpedance elenent. 22. Process
in accordance with one of the Clains 1 to 13, characterised by the 10 fact
that the work piece with regard to the anode of the discharge is operated
at a voltage between -25 V and +25 V, preferably for Ga conpoungs,NOV 2005
preferably for Si, Ge or their conpounds, preferably at -20 V < Us < +20 V
15 and preferably at a negative one. 23. Process in accordance with one of
the ains 1 to 22, characterised by the 6% act that the work pi ece
tenperature is maintained at a maxi mum of 600 C, 20 preferably between 300
C and 600 C, preferably for Si, Ge and their conpounds and preferably for
Ga conmpound between '300 C and 800 C. 125 30 24. Process in accordance with
one of the Clainms 1 to Zi _4characteri_szed by the fact that the coating is :
carried out with a coati % PRRES Pas 108dakarve gas unit  GRF, which is at

| east 7.5 Al (sccmmn), preferably at least 40 Al (sccmmn), especially
preferred at I_g(?%t 75 A/ (sccmmn). 25. Process in accordance with one of
the dainms 1 tb ISR aLEaNsR Withpne ptthe Claimstita®, cresacteribedbyttheng r at e

changes are ef f e¢dctthabheatidnaigend nialiy ﬁg‘echsis\égrceq’q?%%?r}%fjgrnthtﬁr}% acuum

reci pi ent, -WI th tggsed%gl(gclilashtorg.ent bei ng proportional 2005 68

11. Process in accordance with one of the Claims 1 to 10, characterised by the

fact that a low voltage discharge is used as DC discharge, preferably a hot
cathode low voltage discharge.

10
12. Process in accordance with one of the Claims 1 to 11, characterised by the
fact that in the process space an overall pressure Pr is set as follows:
. 10" mbar < Pr £ 10" mbar
15
preferably
10" mbar < P < 102 mbar.

20 13. Process in accordance with one of the Claims 1 to 12, characterised by
the fact that a working gas partial pressure Py in the recipient is set as
follows:

10 mbar s Pa < 10°" mbar, preferably
25 :
10" mbar < Pa < 102 mbar.
14. Process in accordance with one of the Claims 1 to 13, characterised by
the fact that the discharge voltage is connected between discharge
30

cathode and a vacuum recipient wall that is connected to a reference
potential, preferably earth potential.



26. Process in accordance with one of the Clainms 1 to 25, characterised by
the fact that desired coating rate changes are effected by adjusting the
di scharge current density, with the adjustnent being proportzid)HgY Zﬂ& this,
preferably through adjustnment of the discharge current and / or the

di scharge voltage 5 and / or through deflection and / or through bundling
variations of the discharge with regard to the work piece, the latter
preferably electro-statically and / or nmag6étically. 27. Process in
accordance with one of the Clainms 1 to-26, characterised by the 10 fact
that the work piece is heated i ndependently of the discharge. 28.
Uilisation of a PECVD process with DC discharge for the production of
epitaxy coatings. 15 29. Uilisation of a process- in accordance with one
of the Claims 1 1% Prgcesadn aceordansamithiClaim B epardaterscamyt the Elchthat 82 i@k t he

production of substg i m - conductor layer. 30. Uilisation in
accordance with d ﬁ%ﬁ;@thﬁ'ﬁgﬁeﬁg SES%educti on of substrates with a ;20

sem -conductor epitaxy |ayer or a poly-crystalline-or an anorphous sem

conductor layer, preferably contrqllegd by the uncoated substrate, in
particular its surface characteri st5sc9§.e’¥a§%cp%'l.a'a?ftmgip§é€ﬂtg'5ﬁ°ri n accordance
with one of tthe Clains 28 to 30 for the production of substrates with a

silicon and / or gernmaniumlayer Qr a Si/ al l oy |ayer,, ref erably doped
with a least one elenent fromthe ngethgt%ﬂaw}éc@%W Rigs E‘H@”t'aﬂ)eri odi c
system 32. Utilisation in accordance with one of the Cains 28 to 30 for
t he production aof 30 substrates w,.th a | ayer or a Ga conpound | ayer,
preferably dope316wp 7o8° 1nea§§?r%8ﬂ%e ‘g'lﬂé%wqgrﬁi%?%%r's&ﬁ@ﬁﬁhq fla,‘?tntBPqthe workor I
of the periodic sypieesris apetpted at a voltage Us with reference to the discharge anode,

10 which is negative, preferably is Ug > -25 \4 préferably betweén ~15 and -3 V.

17. Process in accordance with one of the Claims 14 to 16, characterised by the
fact that an ancillary anode is provided along the discharge path, preferably in
the form of a ring anode encompassing the discharge and is operated

15 preferably adjustable voltage with reference to the discharge cathodé, which
preferably is not larger than the discharge voltage.

18. Process in accordance with one of the Claims 1 to 13, characterised by the
fact that an anode is provided for the discharge, mounted in the vacuum
20 recipient and insulated with regard to it, preferably in the form of a ring anode.

19. Process in accordance with Claim 18, characterised by the fact that the work
piece in the process space 1

| 25 * is operated on a floating potential or

* connected to a switched on bias potential.

20. Process in accordance with Claim 19, characterised by the fact that the work
_30 piece with regard to the discharge cathode is operated at no more than the
discharge voltage.



with My or Si. 2 4 NOV 2005 69 33. Utilisation in accordance with one of
the Claim28 to 32, characterised by the fact that at |east ong g@p
containing Si and / or Ge is used as reactive gas and that. preferatgpng
hydrogen gas is additionally introduced into the reaction 5 space. 34
Uilisation in accordance with one of the Clains 28 to 33 for the work
piece coating with coating rates per reactive gas flow unit, GRF, of at
least 7.5 A/ . (sccmmn), preferably at least 40 A/ (sccmmn),
especially preferred at least 10 75 A9 (sccmmn). 35. Uilisation in
accordance wwth Claim34 for the coating of substrates at substrate
tenperatures below 600 C, preferably between 300 C and 600 C for Si, Ge
and their conpounds, preferably between 300 C and 800 C for 15 preferably
Ga conpounds. 36. Installation for the carrying out of the process in
accor dance wt.{Process it adchesiancs withene of the Diaimist1f te2Q. sbatagierisrd BY 8t | coupl ed

toit via a di ?Q&El?%@?e%acﬁ%?%@ﬁerﬁ@ﬁiﬂ?@&p%kg at | east one hot cat hode and
i er I'n the

wor k pi ece car arrange reciprent as well as an anode
arrangenment, whereby the work piece carrier is.nounted in the recipient in

an electrically insul ated nmannper : Latton in accordance with Caim
36, characterised by the fact th%fta 'ﬁ?&h&%‘?{lﬂ'a’;%ce carrier with regard to
the anodé can be connected to an 25 adjustable voltage or is floating with
regard to the potential, wherabytetheeed toecefarense potestizlyid 0 impedarssed to t he

anode potential and the cathode &%% regard to the anode potential can be
connected to the cathode potential, preferably between 10 and 80 V, in
this especially preferable between 20 and

22. Process in accordance with one of the Claims 1 to 13, characterised by the
10 fact that the work piece with regard to the anode of the discharge is operated
at a voltage between ~25 V and +25 V, preferably for Ga compounds,

" preferably for Si, Ge or their compounds, preferably at

-20V<Us<+20V

15
and preferably at a negative one.

23. Process in accordance with one of the Claims 1 to 22, characterised by the
fact that the work piece temperatufe is maintained at a maximum of 600 °C,
20 preferably betwéen 300 °C and 600 °C, preferably for Si, Ge and their-
compounds and preferably for Ga compound between 300 °C and 800 °C.

24. Process in accordance with one of the Claims 1 to 23, characterised By the
fact that the coating is carried out with a coating rate per reactive gas unit
25 GRg, which is at least 7.5 A/ (sccm.min), preferably at least 40 A/
(sccm.min), especially preferred at least 75 A / (sccm.min).

25, Process in accordance with one of the Claims 1 to 12, characterised by the
. fact that desired coating rate changes are effected by adjusting the reactive
30 gas flow in the vacuum recipient, with the adjustment being proportional to

this.



[ [ | de potential can
5V, whereby the work piece carrier with regard to the ano _ _
go be adj ustgd by a maxi mumof 25 V. 2 4 NOV 2005 70 38. Instl.aINbﬁtlon I n
accordance with Claim36 or 37, characterised by the fact that moro'?ﬁat

nt for the discharge includes the vacuumrecipient wall
?L;aggggg arrangenent in thg recipient is mounted in an insulated gannﬁr.
5 10 5 39. Installation in accordance with @gai m 38, characterised by the
fact that the work piece carrier is potential-floating and arranged in
such a way that its voltage with regard to the anode vol tage does not

' [ - -15 V. 40.
adjust itself to lower than -25V, preferably -3 to
IantaI | ation in accordance with Caim 38, characterised by the fact that

the work piece Qa.rFPrioeessvih'ebcdrmred\nﬂw%n%hﬁt@@ fint d"‘f!ﬂ%ﬁ?r‘af:teﬁ th
connected to a voldage t(g% thtoraze25hv i efrfa cﬁ@t%ﬁ@%fiﬂ?ﬁﬁ&
preferably to -15 VS REING rate ghantass ame 9ffents Lori sed
41. Installation i rt:u&enmaﬂiaity}Qthﬁeba&]ﬂﬁnieh?b&?\d@b%or?t@?él% ﬁ%&? p?é}glraﬁfg form of

era

t || anode s provi
gyr ;[ 23 a];lgglte t Q?r aﬁ@@ﬂ&g IBﬂH F @fhe gisehar eﬁéura%tgndv ot the diticharige agltagenhi ch

dto
t9 the andeet w@nd&ﬂéét ﬁ%dl?% Hrod A/ Erbrids Gppect e
\z,imnt qurjglga(r)(rj uir)1equa o o tial 4 I ns{alr? I on ﬁyaécér%ance w th one

of the O ainms 36 tcS“S& ?fBEMBéEQ%F ‘f%@& WAk piere, thatﬁttet praferalhle eleetro-piaticdllywal |
i's potential-floatiand/or mbgidieaigd to a reference

27. Process in accordance with one of the Claims 1 to' 26, characterised by the
10 fact that the work piece is heated independently of the discharge.

28. Utilisation of a PECVD process with DC discharge for the production of
epitaxy coatings.

-15 29. Utilisation of a process in accordance with one of the Claims 1 to 17 and
utilisation in accordance with Claim 28 for the production of substrates with a

semi-conductor layer.

30. Utilisation in accordance with Claim 29 for the production of substrates with a
120 semi-conductor epitaxy layer or a poly-crystalline or an amorphous semi-
conductor layer, preferably controlled by the uncoated substrate, in particular
its surface characteristics.

31. Utilisation in accordance with one of thé Claims 28 to 30 for the production of
25 substrates with a silicon and / or germanium layer or a Si/Ge alloy layer,
preferably doped with a least one element from the group Il and / or V of the
periodic system.

32, Utilisation in accordance with one of the Claims 28 to 30 for the production of
?0 substrates with a Ga layer or a Ga compound layer, preferably doped with a
least one element from the group II, Ill, IV or VI of the periodic system, e.g.
with Mg or Si.



potential via an inpedance elenent, preferably a resistance elenent. 5 43.
Installation in accordance with one of the Clains 36 to 42, characterised
by the fact that a voltage UAK of 10 V < UAK < 80 V, preferably
20V<UAK<35V 24 NOV 2005 71 is set between hot cathode and at |2asN0Vogaggpart
of the anode arrangenent. 44. Installation in accordance wth one of the
Clains 36 to 43, characterised by the fact that a voltage of 5
-25V<Us<+25V is set between the work pieceggarrier and the hi ghest
potential at the anode arrangenent, preferably a negative one, preferably
of 10 -15V<Us<-3 V. 45. Installation in accordance with one of the C ains
36 to 44. characterised by the fact that a gas feeder |line connected to a
wor ki ng gas tank, preferably an 15 argon gas tank, ends in the cathode
chanmber. 46. Installation in accordance with one of the Cains 36 to 45,
characterised by the fact that a magnet arrangenent is provided mainly

concentrical |y t3 Uisatien iascaganeswih eeg ofithe @8de ﬁﬁgcmfaﬂ‘é?fﬁﬁ@ﬁéfhec
field in the reci pigial Abask$nefef atiithy SPahd Por SRUEBTE: M has { set

towards it, whereby arrangene I ncl udes permanent nmagnets and
/ or at | east one g@ql that gr,efgeéa@ehgdfggen gas is additionally introduced into the reaction

5 space.

34. Utilisation in accordance with one of the Claims 28-to 33 for the work piece
coating with coating rates per reactive gas flow unit, GRg, of atleast 7.5 A/
(scecm.min), preferably at least 40 A / (sccm.min), especially preferred at least .

10 75 A / (sccm.min).

35. Utilisation in accordance with Claim 34 for the coating of substrates at
substrate temperatures below 600 °C, preferably between 300 °C and 600 °C
for Si, Ge and their compounds preferably between 300 °C and 800 °C for

‘15 preferably Ga compounds.

36. Installation for the carrying out of the process in-accordance with one of the
Claims 1 to 26 with a vacuum recipient, coupled to it via a diaphragm a
cathode chamber with at least one hot cathode and work piece carrier

20 arranged in the recipient as well as an anpde arréngement, whereby the work

piece carrier is mounted in the recipient in an electrically insulated manner.

37. Installation in accordance with Claim 36, characterised by the fact that the
work piece carrier with regard to the anode can be connected to an
25 adjustable voltage or is floating with regard to the potential, whereby the
| recipient casing is connected to the anode potential and the cathode with
regard to the anode potential can be connected to the cathode potential,
preferably between 10 and 80 V, in this especially preferable between 20 and
35 V, whereby the work piece carrier with regard to the anode potential can

30 be adjusted by a maximum of £ 25 V.



47. Installation in accordance with one of the Cains 36

characterised by 25 the fact that the recipient is connef:'?ef:lmio a turbo
vacuum punp, preferably a turbo nolecular punp. 48. Install at 2 6riNGvh 2005
accordance with one of the Clainms 36 to 47, characterised by the fact that
t he hot cathode supplies an electron streamof 5 to 400 A 10 preferably
between 20 and 100 A. 2 4 NOV 2005 72 49. |nstallation in accordance with
one of the Clainms 36 to 48, characteri sed79y the fact that the work piece
carrier is arranged in the recipient at the place with the highest

el ectron density of the discharge, preferably mainly concentric to the

di aphragm axis. 5 10 50. Installation in accordance with one of the O ains
36 to 49, characterised by the fact that the recipient is connected to a
gas tank arrangsnmetallatighiic hccordaricaiwith Glainss codt, gshanapigrissd @h@e?achfth or a

gas containing Ga, preferably i | Ll . h b '
installation in a@@&”ﬂgﬁégaﬁ%&&@% &%ﬂ%r@ @@%E&Stgégvgc%m !-érfﬁﬁéédé?gyggnf:ge
with the O aims 28 thet tRE ansd arthridenmat indhe cicipier®EaVDIBedin HYNPHYELss with
DC di scharge for the growing of 15 epitaxy |ayers. 53. Process for the

operation of a PE®®%'nstallation in accordance with on [
( e of the Clains 36
to 50, in sych a way that through the setting of the characteristics of

t he work piece surfaces, .such as crystal L
) . 4 o . t
anet hor - a” pol y-3 JERIAYIa scchrarsRotis AL« otiefrscd by efalthitiagl L
work piece carrier is potential-floating and arranged in such a way that its
voltage with regard to the anode voltage does not adjust itself to lower than

-25V, preferably =3 to —15 V.

10
40. Installation in accordance with Claim 38, characterised by the fact that the

work piece carrier with regard to the anode arrangement can be connected to
a voltage of 25 Vto +25 V, preferably to a negative one, preferably to =15V

to -3 V, using a preferably adjustable bias source.

41. Installation in accordance with one the Claims 36 to 40, characterised by the
fact that an ancillary anode is provided, preferably in the form of a ring anode
arranged concentrically to the axis of the diaphragm, which with regard to the

recipient wall can be or respectively is connected to an equal or unequal

0 potential.

42. Installation in accordance with one of the Claims 36 to 41, characterised by
the fact that the recipient wall is potential-floating or tethered to a reference

potential via an impedance element, preferably a resistance element.

43, Installation in accordance with one of the Claims 36 to 42, characterised by

the fact that a voltage Uak of

10 V < Upk < 80V, preferably

20V <Ux<35V



generated. 54. Utilisation of the process in accordance with one of the,
Clains | to 27 or an installation in accordance with one of the Cains 36

to 50 for the production 25 of solar cells. 2 4 NOV 2005 73 S yg&gnd
of the Appendix 'A of the description PCT/CHO8/00221) 5 It isfggﬁgo to
deposit coatings on work piece in a quality sufficient for epitaxy and in
doing so to significantly increase the rate of deposit by using a PECVD
process, using a DC plasma di scharge, instead of, for exanple, UHV-CVD or
ECR-CVD process. 10 (no Figures) 2 4 NOV 20055 W 002/ 068710 (Anhang "A")

17.4 1 ry Y Ar> 6 FIG1 r-5 UA

is set between hot cathode and at least one part of the anode arrangement.

44. Installation in accordance with one of the Claims 36 to 43, characterised by

the fact that a voltage of
-25V<Ug<+25V

is set between the work piece carrier and the highest potential at the anode
arrangement, preferably a negative one, preferably of

10

| -15V<Us<-3V.

45. Installation in accordance with one of the Claims 36 to 44, characterised by
the fact that a gas feeder line connected to a working gas tank, preferably an

15 argon gas tank, ends in the cathode chamber.

48. Installation in accordance with one of the Claims 36 to 45, characterised by
the fact that a magnet arrangement is provided mainly concentrically to the -
diaphragm axis for the generating of a magnetic field in the recipient that is

20 coaxial to the diaphragm axis or offset towards it, whereby the magnet
arrangement includes permanent magnets and / or at least one coil

arrangement.

47. Installation in accordance with one of the Claims 36 to 46, characterised by
25 the fact that the recipient is connected to a turbo vacuum pump, preferably a

turbo molecular pump.

48. Installation in accordance with one of the Claims 36 to 47, characterised by
the fact that the hot cathode supplies an electron stream of 5 to 400 A,
130 preferably between 20 and 100 A.




PCT/ CHO2/ 00090 2 4 NOV 2005 WD 02/068710
: PCT/ CHO2/ 00090 (Anhang "A"
(Afsec] 15 10 5 ~ i 460 450. 500 550 600 T13 (C FI G'(3 Anhagg AA) (c);l?akk

10 20 30 40 50 60 70 80 1AK (A F i ‘
A" BRI .. WD 02/ pb8710. .( ) FIG 4. 2 4 NOV 2005 (Al secj 28MN0¥AZIOSN

72

- 49. Installation in accordance with one of the Claims 36 to 48, characterised by
the fact that the work piece carrier is arranged in the recipient at the place
with the highest electron density of the discharge, preferably mainly

concentric to the diaphragm axis.

50. Installation in accordance with one of the Claims 36 to 49, characterised by
the fact that the recipient is connected to a gas tank arrangement, which
contains a gas containing Siand / or Ge or a gas containing Ga, preferably in
addition also Ha. ]

10
51. Utilisation of the installation in accordance with one of the Claims 3610 50in

accordance with the Claims 28 to 35.

52. Utilisation of a PECVD coating process with DC discharge for the growing of
15 epitaxy layers. o

53. Process for the operation of a PECVD installation in accordance with one of
the Claims 36 to 50, in such a way that through the setting of the
_ characteristics of the work piece surfaces, such as crystal structure, it is
20 controlied, whether a poly-crystalline, amorphoué or epitaxial layer is

generated.

54. Utilisation of the process in accordance with one of the Claims 1 to 27 or an
installation in accordance with one of the Claims 36 to 50 for the production

25 of solar cells.



15 PCT/ CHOZ100090 Defl ected Pl asmaj AK =20A -a -(a) FIGS .10" 20 30 4b 5b
60 7b 8b Germani um conc. Anhang "A" F1G 6 2 4 NOV 2005 ;,. v.0 02/068710
(Anhang "A" ) FIG 7 PCT/CHO2/ 00090 2 4 NOV 2005 75 CLAIMS 1. Process for
the production of parts as electronic, opto-electronic, opticalpgry V

m cr o- mechani cal conmponents or as internmedi ate products for that, Jkréﬂﬁh
the 5 use of at |east one-plasnma-assisted treatnent step in a vacuum
reci pient, during which a part is inserted in a process space and an
reactive gas or gas mxture that is admtted into the process space (PR
is activated using a |low energy plasma di scharge (PL)., characterised by
the fact that first a nmaterial is selected for receiving the process

at nosphere; 10 a process recipient with an internal surface consisting of
the selected material is inserted into the vacuumrecipient and thus the
process Summary :

(End of the Appendix ‘A’ of the description PCT/CH98/00221)

5
It is proposed to deposit coatings on work piece in a quality sufficient for epitaxy
and in doing so to significantly increase the rate of deposit by using a PECVD
process, using a DC plasma discharge, instead of, for example, UHV-CVD or
ECR-CVD process. ’
10

(no Figures)



at nosphere (PR) is separated during the treatnent step fromthe internal
surface of the vacuumrecipient (1) that is in contact wwth the
environnment; and 15 the |owenergy plasma discharge with an ion energy
(E) of 0eV<E<I15eVis created at the surface of the partZ4 Wongysn t he
pl asma di scharge. 2. Process in accordance with Claim1, characterised by
the fact that the at 20 | east one plasm-assisted treatnent step i s one of
the follow ng: (a) Coating of the parﬂégfq(b) Changi ng of the materi al
conposition of the part up to a set penetration depth (c) Etching of the
surface of the part. 25 3. Process in accordance with daim1l or 2,
characterised by the fact that before and / or after the at |east one

pl asma- assi sted treatnment step a plasma- assisted cleaning step is carried
out as an additional plasma-assisted treatnent step of the type stated,
preferably :in a plasma containing hydrogen, 30 inert gas or a mxture
thereof. 24 NOV 200576 4. Process in accordance with one of the dains 1
to 3, charact er i p@@fynot he fact that, at a location t hertcubmondi  f er efit. from
t he execution of the aforenmentioned a¥ |'east one pl asma- assi st ed t r edt ment
step, the part is ClAeaR d-At,hrough the use of a, p asma-assisted partfal

cl eani ng step, durlw h a reactive gﬂs ggs mxture admtted to a
process space (PR e erably cont ai ni ng ogen - s activat ed usi ng a
Iowenergy pl asma di schar ge (PL) vmtlp,dn,l d’n Us I

7 L 27
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energy (E) of 0 eV < E < 15 eV at the surface of the part, while during the
partial cleaning step the process 10 atnosphere is separated through a
metallic encapsul ation (15b) fromthe internal walls of a vacuumrecipient
that is exposed to the environnment or - and this is preferred - while the
cl eani ng process atnosphere is limted directly by the i nt ed MNP s of
the vacuumrecipient (1) that is co Wed to the environnent. 15 5.
Process in accordance with one of the Cains 3 or 4 for generating a
virtual substrate, characterised by the fact that i) a substrate is

subj ected to a cleaning process in accordance wwth Caim3 20 or 4,
preferably while al so using hydrogen as reactive gas; ii) a )
hetero-epitaxial layer is grown as a plasnma-assisted treatnent step; iii) a-
sem -conductor- |l ayer to be used is grown, if necessary, as a further 25 g
pl asma- assi sted treatnent. step. 6. -Process in accordance with one of the
Clains 1 to 5;WeBa@Ueterised by the fact that partsP¥E¥tive in a
process space (PR) in series in a tifted sequence are each subjected to at

| east one.plaan-a$siqu treatment step and that: 30 .after the execution of
a pre-set nunber'*Bf*"fhdsé pl asma-assisted treatnent steps a further

pl asma- assi st ed ﬁaﬂh%nt 'step is carried out in the aforenentioned
process space (PR), which step consists of a plasma-assisted process space
cleaning step without inserted part or with a substrate dummy, 2 4 NOV 2005
77 which preferablzxiﬁ? udes first an etching step, afterwards a cl eaning
St ep, ’ : ) ./SEC . ’ ;
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preferably in a plasma containing hydrogen, inert gas or a m xture thereof.
7. Process in accordance with one of the Cains 1 to 6, characterised by
the 5 fact that the part, locally separated, is subjected to at |east two
of the plasma- chemcal treatment steps and that the transpbk tNOYfpphe part
in between is carried out in a vacuum 8. Process in accordance wth Caim
7, characterised by the fact that the 10 t& sport in the vacuumis at

| east in part linear or, and preferably 53' ?m ng a circular path with

| i near feeder novenents to the processes, preferably with a novenent
conponent that is radial to the circular path. 9. Process in accordance
with one of the'Claims 1 to 8 characterised by the 15 fact that the
separati on. through the restri ction of the process space is effected through
a surface, which |n |ts new state .is chem cally inert against the pl asmy- .
activated reactive! %Y gas nmixture, r%f erably throughP@&ettric or
graphite surface. 20 Up¢ ocess i n accordance wit'h daim9, characteri sed
by the fact that the(AnhEmg ta'surface is the surface of a separation wal |}
which in nost parts igA/se8 }ntal ned at a distance fromthe internal wal I. of
t he vacuumreci pi ent (ZV\bo 11. Process in accordance with C aim 10, '
characterised by the fact that the 25 process space (PR),and the S
internedi ate space (ZW beiween separation wall and in fledl wal I's of the
vacuum reci pi ent are punped equally or differentky 13a, 13b, 115). 12.

Process in accordance wg@_ one of the ains 9 toLAl,’ char act eri sed by 30 _
the fact that the surfact”jn iheenaefiosmad e+ A 7al ised fromat | east one of
the follow ng materia-ls:152 4 NOV 2005 78 ' (b)
10 ' PQ - lntenseP(osmuIAK..ZDA
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Quartz, graphite, silicon carbide, silicon nitride, alum num oxide,
titani um oxi de, tantalum oxide, niobium oxide, zirconiumoxide or a

| ayered combination of these materials, dianond-Iike carbon pg Njvapgyds. 5
13. Process in accordance with one of the Cains 1 to 12, characterised by
the fact that a feeder opening (123) is provided for the part (120) in a
separation wall and that this opening is closed during the treatnent, wth
the part and / or with a carrier (119) for the part (120). 10 14. Process
in accordance with one of the d ains %4& 3, characterised by the fact
that the plasma discharge is realised with an el ectron source (105) with

an el ectron energy :< 100 eV, preferably < 50 eV, in particularly preferred
using .a-DC di'scharge. 15 15. Process in accordance with d aim 14, e
characterised: by -the fact that, that - the plasma discharge-is real i sed
using a therﬂwonmmwuathode (107) preferably wth a dctesdkbischeat ed .

t her m oni ¢ cat hode &6 Process in aggordance with-one of the dains.1l to
15, characteris PB? %20 the fact that in the process space at |east two

| ocal | y of f'set tutlagpy ¢perably heatabl e anodes (117a, 117b) are provided for
the plasnma discharge, preferably each electrically operable separately and
that the plasma density distribution (V) in the process space is

dynam cally or- statlcally adjusted or: control.led by controlling the
respectively cgpn ﬁ - - , or their -

t enper at ur e. e Clains 1 to 16,
characterised by th is generated in the
process space (PR magnetic field the

pl asma density- di- 48} i the part is set or
controll ed, preferapl A . . S

1dj
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2 4 NOV 2005 79 18. Process in accordance with one of the Clainms 1 to 17,
characterised by the fact that the reactive gas is admtted |nto the
process atnosphere in a distributed manner (137), preferably iNOY 20081 ow
direction mainly parallel to the surface of the part (120) and, further
preferred, with injection jets that are 5 equidi stant fromthe surface of
the part. 19. Process in accordance wisth one of the Clains 1 to 18,
characterised by the fact that the partial pressure of gases in the
process at iorLAMISre (PR), apart fromone inert working gas and the reactive
gas and its gaseous reaction 10 products respectively is kept to a nmaxi num
of 10"8 nbar, preferably to a maxi mumof 10-9 nbar (UHV) for the at |east

one pl asna1as$arc¢eedfctrrtleapmnet.orsdfeprarts aeeleefr@meafpm Ble@ﬁ&ﬂédﬁiﬁ@ﬁdﬁ“h one of
the Cains 1 to racter.i ed by act ha% he at Ieast one

pl asma- assFE?'Bd“? ﬁ'@?ﬂm%"tngﬁ S as er&a&ﬁggprqqgcts der that fHeudtthiet er o
epitaxi &l luagefat Ié?ést oﬁém ams?étc(béaim@ﬁtestéphl’a Acuumm r%@npléhhar acterised by
the fact t at a con osited as hono or hetero

epi t axi al h'ﬁb apart 'F—’r"l?gggg"\ %prggg %Péﬁﬁ@“aﬁﬁﬁe%@e 8PS PhEAC ainms 1 to
21, char ach&xtu&etdahy adinittedfintotthé prRices$paea(PR) 8 dctivaledasiag adorart in the

formof a disk 20) . .23. Pr n_ac with one of the Cains 1 to
22, char aCFB?r%é%a Hi?d'ﬁa{%&ﬁ—i&hﬁfﬁ%"%@ygg??a%mﬁt8"@% ed to the treatment
is a silican eahaeridlis Selé@éedfor Fsefief tha pfaUsRs Hitsbsphgle; conduct or, preferably
made of gallium arseni de or . indi um phosphide or silicon carbi de or gl ass.

24. Prdless i APRES? W@W'WI‘PWH@%"T' st"FféPe(ﬁoé.‘F'ﬁﬁ”QlOfttBe selecteflar act eri sed by

material is inserted into the vacuum recipient and thus the process
atmosphere (PR) is separated during the treatment step from the internal
surface of the vacuum recipient (1) that is in contact with the environment;
and
15 ¢ the low-energy plasma discharge with an ion energy (E) of
0OeV<E<15eV
is created at the surface of the part lying in the plasma discharge.

2. Process in accordance with Claim 1, characterised by the fact that the at
20 least one plasma-assisted treatment step is one of the following:
(a) Coating of the part or
(b) Changing of the material composition of the part up to a set penetration
depth
(c) Etching of the surface of the part.
25
3. Process in accordance with Claim 1 or 2, characterised by the fact that
before and / or after the at least one plasma-assisted treatment step a plasma-
assisted cleaning step is carried out as an additional plasma-assisted

treatment step of the type stated, preferably in a plasma containing hydrogen,
30 inert gas or a mixture thereof.



30 the fact that one layer with at |east one of the following materials is
deposited: Silicon, silicon-germani um conpound, silicon-germani um carbon
conmpound, di amond, di anond-1ike conpound, silicon carbide, silicon nitride,
2 4 NOV 2005 80 al um nium oxide, silicon oxide, galliumnitgyd@gy g@g!ium
arseni de, alumnium copper, indium phosphide, cubical boron nitride. 25.
Process in accordance with one of th§6Clains 1 to 24 for the production of
5 virtual substrates that contain preferably silicon-germanium 26. Process

i n accor dargce PrbdeRs Mgccefddnas withdnB%f thel Claid®s @ 3, IRErRIPdEg by He of parts

wth a dia t he sSi tan ousl to be treated surfaces of at |east
150 nmm prg iﬁ?&l%ﬁad‘?cqt@aﬁat fﬁ@ﬁ@%yt'%@ﬁh%ﬁf%m%@g?d 300 mm 10

27. Processat leastmmmasmtwtremm sfebethsipartr@cléaﬁéa tRkoughliRg act eri sed by
treatnment, is the coating of the part with

the fact that he plasma- St

a coating F%Pta Blﬁg% 88 égyﬁt'ﬁﬁ}eﬁf‘ﬂg siep. dring whighy %r??‘ﬁ'agﬂﬁﬁpr system in
particufar gégmntth:emeatmpm&esfs waﬁéﬁsﬁ)J-Brefé?QBI rc@ﬂt%ﬁ\%g/\“h one of the
Claim1l to 2 one vacuum chanbe 1), - at | east one

work pi eceM Pg?"ér 's(?ﬁ%"’aéeddﬁ@grﬁ 'Sg’rﬁd'eé@'r@?%ﬂ‘? Hﬁc%ﬁrgﬁfde)ﬁ’émaff'eﬂ t he
gener at i ngeférgf (B gSsna Wit hin 20 t he chanber (1), - one gas adm ssion
arrangenent (7) in the ch connect ed to one gas tank arrangenent
with at | east one reactiv@r%}e 8 m xture, whereby furthernore a

process chatibersuffid) of the péﬂvwnt%otidrmg theNpdrtig! d-‘déﬂ!ﬁgeéted fhe.prvfease the work
piece ?8l rr ?mos(p%re is separaFed througﬁe nﬁ) tglfg gr?can%ulgt?gn {1 5b) frorlnr%hc\e,\'h 'ch the

internal walls of a vacuum recipient that is exposed to the environment or -

and this is preferred — while the cleaning process atmosphere is limited directly

by the internal walls of the vacuum recipient (1) that is connected to the

environment,

15
5. Process in accordance with one of the Claims 3 or 4 for generating a
virtual substrate, characterised by the fact that

i) asubstrate is subjected to a cleaning process in accordance with Claim 3
20 or 4, preferably while also using hydrogen as reactive gas;

i) a hetero-epitaxial layer is grown as a plasma-assisted treatment step;

iii) asemi-conductor layer to be used is grown, if necessary, as a further
25 plasma-assisted treatment step.

6. Process in accordance with one of the Claims 1 to 5, characterised by the
fact that parts that arrive in a process space (PR) in series in a timed sequence
are each subjected to at least one plasma-assisted treatment step and that

30  after the execution of a pre-set number of those plasma-assisted treatment
steps a further plasma-assisted treatment step is carried out in the
aforementioned process space (PR), which step consists of a plasma-assisted
process space cleaning step without inserted part or with a substrate dummy,



25 plasma (PL) is generated and to which the gas adm ssion arrangenent is
connected in an effect connection, whereby furthernore the surface of the
internal wall of the process chanber, in its new state, cons'ﬁ quf one
material (15, 15a, 113) that is inert against the plasnma-ac

reactive gas or gas mxture, characterised by the fact that 30 - the
process chanber wall (14, 15b, 113) i79 attached replaceable in the vacuum
wal | and the wall of the process chanber is distanced inwardly from the

vacuum chamsh p«aﬂekatﬂs} mamdas fﬂ%téhﬁétcbilngfste‘?ﬂéfté}ﬁ@rc&,e&&k%ﬁ st%ﬁ4 NOV 2005 81
29. Vacuumtrea em i n accordance with C aim 28 aracterised by

the fact ”qgﬁferla 35?05{@"'{‘9 yerQgen Angrt gaR oracmixturs thereef, 113) of t he
process chanber at Ieast on a great majority of sections consists of at

I f th foll t aphite, silicon carbide,
ST 1T con i 11 G50esh T ASRAEER AR cnechine AT b 6. Shateiarises Bxinso. i obi um

oxi de, %i r¢avnthaﬂl'@<pai310(§ﬁny ged;aateaeds@meae@&iat%\amwo bngéwdmae[ Ih als, f
di anond-|i kg carbon.or dianon emin accordance w one o
the d ai ms “2¥M§P tﬁt ﬁﬂtaﬁiﬁ%s[@qs@@étgﬁiranfﬂét qfdlg PR axbetweehisasm gener ati ng
ar r angenentartried @at iara vrganent for the generating of a | owenergy plasma

di scharge with an ion energy Ein the area of the work piece carrier (5)
of 0 eV < E < 15 eV. 15 31. Systemin accordance with C ai m 30,

char act er i 8ed Phycesin émtdetnbewhfmamﬁ FPBRACEFIBED BY tHwaétftﬁatrtH@”E“t i ncl udes
ron_source el ec ron ene 00 eV, preferably <

I 105
g(r)\ 2V?(fé)r efi@psApryn t Iie ‘%’5@7\ I3t @8?&'5@@” 'B?%W’lj’é%@fﬁéﬁmhﬁo Angriyenent , in
particul ar cipcutdrgratieditiMinhdardeddee hivvemehts to the processes, preferably with a

movement component that is radial to the circular path.

9. Process in accordance with one of the Claims 1 to 8, characterised by the

15  fact that the separation through the restriction of the process space is effected
through a surface, which in its new state is chemically inert against the plasma-
activated reactive gas or gas mixture, preferably through a dielectric or
graphite surface.

20  10. Process in accordance with Claim 9, characterised by the fact that the
inert surface is the surface of a separation wall, which in most parts is
maintained at a distance from the internal wall of the vacuum recipient (ZW).

11. Process in accordance with Claim 10, characterised by the fact that the
25  process space (PR) and the intermediate space (ZW) between separation wall

and internal walls of the vacuum recipient are pumped equally or differently
(13a, 13b, 115).

12. Process in accordance with one of the Claims 9 to 11, characterised by
30 the fact that the surface in its new state is realised from at least one of the
following materials:



cat hode (107), in particular with a directly heated therm onic cathode. 20
32. Systemin accordance with one of the Clainms 28 to 31, characterised by
the fact that, communicating with the vacuum chanber (1) via a2d4i ¥phiggm
(111) a cathode chanber (109) is nmounted on the vacuum chanber (1) and
preferably electrically isolated with regard to this. 25 33. Systemin
accordance with Claim 32, characteri 98d by the fact that the axis (A) of

t he di aphragm (111) crosses the work piece receiving surface (119a) of the

wor k pi ece Cnmrtlzj @'aplﬁlfelgillcorpca'bﬂbahllcmnin’t’rl@é sherhinOg dxideBianluymn oxige,t i cal |y,

r ef er abl | nt.r.e. cco dapce with one of
ltohe d ai m{tagg ! '(?y%ﬁﬂa ”'°§W£‘P8 g%ﬁ'@%’ﬂ”'ﬁ'f"%ﬁ’é afmg%qre 'f‘ﬁ MWefterial of the
wal | s of t ltreesemoatedals, cdiavbed-likelcdrbon eradiaeiids. of one netal, preferably
Tantal um or Inconel. 2 4 NOV 2005 82 35. Systemin accordance with one of
the Clains 31 to 34, characterised by the fact that within the process
chanber 5( PRB. #rodesa i atoveddnee avithyonefdf st Clamede s 1%, thadmctdisedbg provi ded,

whi ch can dto diffe t electri.c pot als 5 and each of
whi ch can E&e%gftﬁgf?/ geh%%%nér}g 1 |s§{&qggmfpﬁh3@@8§£%¢}dréam th daim32 or
33, char actseparatich Wyll afetHatthis dgeming iekclosgd Uhmgiham’eamt,ammgéA) ( 121‘7 f se; )
vmthregardt0|tsl rection t |least two anodes a, ,
preferably Egﬁ?fjéf’r gﬁgﬁ@"ﬂ?@g g‘?féﬁ%Pﬂgﬂ%’g in the 10 process chanber,
which, further preferred, can be connected to different electrical
potent '16' S qgn (Ii-’roéelérstlnhgéco%a%fc Wit%ddne%?ﬁ'\% &\efrr?sm Foa{b,%ﬁa%%%triggd by

the fact that the plasma discharge is realised with an electron source (105) with

an electron energy < 100 eV, preferably < 50 eV, in particularly preferred using

a DC discharge.

15  15. Process in accordance with Claim 14, characterised by the fact that, that
the plasma discharge is realised using a thermionic cathode (107), preferably
with a directly heated thermionic cathode.

16. Process in accordance with one of the Claims 1 to 15, characterised by
20 the fact that in the process space at least two locally offset and preferably

heatable anodes (117a, 117b) are provided for the plasma discharge,

preferably each electrically operable separately and that the plasma density

distribution (V) in the process space is dynamically or statically adjusted or

controlled by controlling the respectively connected electrical potentials and /
25  or their temperature.

17. Process in accordance with one of the Claims 1 to 16, characterised by
the fact that a magnetic field (H) is generated in the process space (PR) (133,
135) and that by using this magnetic field the plasma density distribution (V) at

30 the surface of the part is set or controlled, preferably at least in places
wobbling it.



differently. 37. Systemin accordance with one of the ains 28 to 36,
characterised by 15 the fact that the vacuumwall (101) in nost parts of
the surface is designed as doubl e-walled structure and that the

i nternmedi ate space is connected to a tenperature equali satlorzwvmﬁ
connection, preferably with a connection for a tenperature equalisation
liquid. 20 38. Systemin accordance W%t h one of the d ai ms 28 to 37,
characterised by the fact that a nagnetic field generating arrangenent

(133, 135) ,18pl1=’e<f>c€sah’t?cco®dmld cbhamr? ohRIbf e @ldjm? %17,@%%0@%3@9 _\Aﬂich | udes
ener at es t] leld in the, .process chanber an, ich inclu
I%enhol tz Cg@qn%%{]t%ggifleﬁ?%qﬂg?ggﬂﬁadﬁplﬁgﬁ@ﬁﬁtﬁgﬂgqeg@e(yéo €r&Bduum chanber. 25
39. Syst emdistribatexbmeamerd 187); prefarablpfith raer:oﬁl mieasaoﬂﬁ\atmyt &&agaltf%ﬂ@ct e][ i sed by
the fact that th [ QC hanher, (PR), al ong, nost parts o e surface is
di st anced PPG%?%‘?T&R%B%’EW%P%E@&% efrﬁ‘gt‘"%ihHB'eF?ngﬂg B9t a®e process
chanber5 ( eRuidasteaht from thetsarfaseiofahepamace created in that way are connected
with regard 30 to effect via equal or different punp cross sections with a

joint punp connection or that at |east one punp connection each is
provi ded f de. tPrecespimaccssdarica Witronard tHe Clainis €taTes]ichhicipies®by 2 4 NOV 2005

. ' d Lt h f. the O ai 28 t characterised
Ei 4'? hes¥23r?e%hg¢gfﬁ§rp\?ﬁﬁsﬁvsmﬁwg Oga?e?q%éPttﬁWQ?gsv%ﬁ?’ﬂsmb%%?%R)bo an openi ng
(123) in tfapamfrbaw?sinerhmhem gﬂ?‘nd fhe r@me@gesbu?mi ade6Bs tdatlidn IrO][ gl‘: gr aglnxé
[ ' | I, ' t 4dne o e openi ng su ,
![ Ihzr;'?air tlag(rjg:r%?q”tggerﬁs%%c@g%g L'Sgknecﬁﬁo ? H%XW@LE& @Egrcgrqg?rapwgo Br ogess chanber
in the posinaximumwli¢0® mbar (BH) for e at least one plasma-assisted treatment
step.

20. Process in accordance with one of the Claims 1 to 19, characterised by
15  the fact that the at least one plasma-assisted treatment step is the depositing
of a homo or hetero epitaxial layer.

21. Process in accordance with Claim 20, characterised by the fact that a
silicon / germanium layer is deposited as homo or hetero epitaxial layer.

20
22. Process in accordance with one of the Claims 1 to 21, characterised by
the fact that the part is in general a part in the form of a disk (120).

23. Process in accordance with one of the Claims 1 to 22, characterised by

25  the fact that the part subjected to the treatment is a silicon wafer or a wafer
made of a compound semi-conductor, preferably made of gallium arsenide or
indium phosphide or silicon carbide or glass.

24. Process in accordance with one of the Claims 1 to 23, characterised by
30 the fact that one layer with at least one of the following materials is deposited:

Silicon, silicon-germanium compound, silicon-germanium-carbon
compound, diamond, diamond-like compound, silicon carbide, silicon nitride,



up against the process chamber (PR). 41. Systemin accordance with one of
the Clains 28 to 40, characterised by the fact that the work piece carrier
(119) is connected to a tenperature 10 equalisation device (127) with
regard to their effects. 42. Systemin accordance with one of 2th80Ci 208515 27
to 41, characterised by the fact that the vacuum chanmber (1) has at |east
one work piece feeder opening (129) 80which is seal ed when it is closed. 15
43. Vacuum treatment systemin accordance with one of the Clainms 28 to 42,
characteri sa&ulnlbmntdmhde‘ aititort beitle tdafliuvagittide) gdiumb arsenits, Alamin@hk pi ece f eeder

ni_n Si whi can.be controlled, and that at |east
'E\%/czjgéf Op?hgog%%u'ﬂﬁ\u @?Pc?@ﬁ@ a?té’ﬁj‘*fBWPaé‘afg% he feeder openings of which are
20 connected via a vacuum work piece transport arrangeLrent h44 Systemin
accor dance i cl ai.ms char cterised t he that the vacuum
transport &yry]?ﬁ?ﬁﬁr'ﬂa??rdaa’\cfe rO”Froéﬂ?pg? saﬂoagééﬁmﬂpreﬁ’“‘émr‘@fary (150)
transpoft airuahgubstrates titebetagpreferdify sikddnegermdhiuAR. System in accordance
with one of the Clainms 43 or 44, characterised by the fact that the
process chanber (PR) in one of the provided for vacuum chanbers (1) is
delimted I28. ﬂrmaseﬁraé¢docdémemthaine31fltﬁea(cleinw‘1tdlzsmaﬂwmd@dtiaﬁ'@ﬁr (1)

gener at | ng Pt i SRk G Rs S e R Rl e B R YRRt connect ed to
a tank arr aﬁgmmrnreiaramry atleéstéﬁt) nmnﬂ)refemﬂy g\engH#at least 300 mm.
10
27. Process in accordance with one of the Claims 1 to 26, characterised by
the fact that the plasma-assisted treatment is the coating of the part with a
coating rate of at least 60 nm/min.

15 28. Vacuum treatment system, in particular for the execution of a process in
accordance with one of the Claim 1 to 27 with
-  atleast one vacuum chamber (1), in it
-  atleast one work piece carrier (5),
- one plasma generating arrangement for the generating of a plasma within
20 the chamber (1),
- one gas admission arrangement (7) in the chamber (1) connected to one
gas tank arrangement with at least one reactive gas or gas mixture, whereby
furthermore a process chamber (PR) is provided for in the chamber (1), where
the work piece carrier (5) lies free in the processing position, in which the
25 plasma (PL) is generated and to which the gas admission arrangement is
connected in an effect connection, whereby furthermore the surface of the
internal wall of the process chamber, in its new state, consists of one material
(15, 15a, 113) that is inert against the plasma-activated reactive gas or gas
mixture, characterised by the fact that
30 - the process chamber wall (14, 15b, 113) is attached replaceable in the
vacuum wall and the wall of the process chamber is distanced inwardly from
the vacuum chamber wall along a majority of surface sections.
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29. Vacuum treatment system in accordance with Claim 28 , characterised by
the fact that in its new state the internal surface (15, 15a, 113) of the process
chamber at least on a great majority of sections consists of at least one of the
following materials:

Quartz, graphite, silicon carbide, silicon nitride, aluminum oxide, titanium oxide,
tantalum oxide, niobium oxide, zirconium oxide, or a layered combination of
these materials, diamond-like carbon or diamonds.

30. System in accordance with one of the Claims 28 or 29, characterised by
the fact that the plasma generating arrangement is an arrangement for the
generating of a low-energy plasma discharge with an ion energy E in the area
of the work piece carrier (5) of 0 eV <E <15 eV.

31. System in accordance with Claim 30, characterised by the fact that the
plasma generating arrangement includes an electron source (105) with an
electron energy < 100 eV, preferably < 50 eV, preferably is a DC low voltage
plasma generating arrangement, in particular preferred with a thermionic
cathode (107), in particular with a directly heated thermionic cathode.

32. System in accordance with one of the Claims 28 to 31, characterised by
the fact that, communicating with the vacuum chamber (1) via a diaphragm
(111) a cathode chamber (109) is mounted on the vacuum chamber (1) and
preferably electrically isolated with regard to this.

33. System in accordance with Claim 32, characterised by the fact that the
axis (A) of the diaphragm (111) crosses the work piece receiving surface
(119a) of the work piece carrier (119), preferably intersecting it mainly
vertically, preferably mainly in the centre.

34. System in accordance with one of the Claims 28 to 33, , characterised by
the fact that the material of the walls of the process chamber (15b) consists of
one metal, preferably Tantalum or Inconel.
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35. System in accordance with one of the Claims 31 to 34, characterised by
the fact that within the process chamber (PR) at least two locally offset anodes
(117a, b) are provided, which can be connected to different electrical potentials
and each of which can preferably be heated.

36. System in accordance with Claim 32 or 33, characterised by the fact that
along the diaphragm axis (A), offset with regard to its longitudinal direction, at
least two anodes (117a, b), preferably coaxial to the axis, are provided in the
process chamber, which, further preferred, can be connected to different
electrical potentials and, further preferred, each which can be heated
differently.

37. System in accordance with one of the Claims 28 to 36, characterised by
the fact that the vacuum wall (101) in most parts of the surface is designed as
double-walled structure and that the intermediate space is connected to a
temperature equalisation medium connection, preferably with a connection for
a temperature equalisation liquid.

38. System in accordance with one of the Claims 28 to 37, characterised by
the fact that a magnetic field generating arrangement (133, 135), preferably
one that can be adjusted, is provided, which generates a magnetic field in the
process chamber (PR) and which includes Hemholtz coils (133) preferably
provided outside of the vacuum chamber.

39. System in accordance with one of the Claims 28 to 38, characterised by
the fact that the process chamber (PR) along most parts of the surface is
distanced from the vacuum wall (1) and that the inside of the process chamber
(PR) and the intermediate space created in that way are connected with regard
to effect via equal or different pump cross sections with a joint pump
connection or that at least one pump connection each is provided for the
process chamber and the intermediate space.
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40. System in accordance with one of the Claims 28 to 39, characterised by
the fact that the work piece carrier (119), with regard to an opening (123) in the
process chamber (PR), is movable by a drive (121), preferably linear and in the
direction of the normal line of the opening surface, and that it preferably closes
off the internal space of the process chamber in the position, where it is driven
up against the process chamber (PR).

41. System in accordance with one of the Claims 28 to 40, characterised by
the fact that the work piece carrier (119) is connected to a temperature
equalisation device (127) with regard to their effects.

42. System in accordance with one of the Claims 27 to 41, characterised by
the fact that the vacuum chamber (1) has at least one work piece feeder
opening (129), which is sealed when it is closed.

43. Vacuum treatment system in accordance with one of the Claims 28 to 42,
characterised by the fact that the vacuum chamber (1) has work piece feeder
(129) opening, the closing of which can be controlled, and that at least two of
the vacuum chambers are provided, the feeder openings of which are
connected via a vacuum work piece transport arrangement.

44, System in accordance with Claims 43, characterised by the fact that the
vacuum transport arrangement is a linear transport arrangement or a rotary

~ (1580) transport arrangement, preferably the latter.

45. System in accordance with one of the Claims 43 or 44, characterised by
the fact that the process chamber (PR) in one of the provided for vacuum
chambers (1) is delimited by the metallic internal surface of the vacuum
chamber (1) itself and that it has the plasma generating arrangement for the
generating of the plasma as well as the gas feeder arrangement connected to

a tank arrangement with at least one reactive gas.



