;e3e$R'$ !'4(.6. TR/ JIx.1 Process For Producing Parts, And A Vacuum

Treat nent System W98158099 is attached to this description as a
description of the process. 5 The presdnt invention relates to a process
for producing parts as electronic, optoel ectronic, optical or

m cr onmechani cal conponents or as internedi ate products therefore by using
at | east one plasna-assisted treatnent step, in which reactive gas or
reactive gas mxture admtted to a process space is activated by neans of
.10 a | ow en®rogess|Fag Paoduciog Rate, And A VanuusnEregymentdBystérs surface of the
part of OeV<E<15eV in accordance with the generic termof Caiml. _,

Fur t her nor e r~-t+fe--i-refti-cha—-+ei-ates--+-o--a--process-—-{-or--produet-rg--a-—-v+ r t ual
-substrate 15 or a conponent thereof, preferably on a silicon gernmani um
basi s, conpWQd8/EB0as is attaxthedrto thisalescriptian apa dascriptiomof the proeessr eanbl e of
Cl aim 28. | R-addi-1-i-Bh--t-he--i-Avenii-an---el-at-e5--i-o--vacuum-t-f-eat-rert---syst em i n
accordance with the general terns of Clains 29 and 30 respectively. 20 The
present bnvention basically relates to the production of parts for which
the sane demands are to be nmade as during the coating of parts with an

epi taxi al  The pAesentinvaiios tS&69 & 4 processsfedprobycindpariscaseleqiinice aptb,
processes as well as systens of the initially nentioned type are known. As
a pl asna- assiestrenic, dptieal tomeridromeemnidahconponkentsenas intgngdmtoprodecst | ve gas

m xture admtted to a process space is activated by nmeans of a | ow energy
pl asma di scltizreferemyt isingoatdedst ofie plasma-amsistad trggtnienbstep He whiohfragetivef t he part
of OeV<E<15eV, is described in detail and only the coating of a work piece
of a qual i t gasof feaciivergasfnaiktutehadnaified toxa/priosestespace Isedtivated by mieemsioft here. The
pl asma generated by the | owenergy plasnma discharge is essentially conposed
of el ectifong,lowienglgg ptascha discharge with ion energy E on the surface of the part of

DeV<E<15eV

in accordance with the generic term of Claim 1.

Furthermore, the invention relates to a process for producing a virtual substrate
15  or a component thereof, preferably on a silicon germanium basis, comprising at

least one cleaning step, according to the preamble of Claim 28. In addition, the

invention relates to vacuum treatment system in accordance with the general

terms of Claims 29 and 30 respectively.

20  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
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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 OeV<E<15eV of the single ionizedZdons is characteristic of the plasm
descri bed herein. 15eV ,. , represents the so-called sputtering threshold,
above whi ch, when the ions act 15 upon the substrate, danage may occur
there. Even up to 100 eV, electrons contribute essentially only to the
heating of the substrate. It is also known that, particularly in the case
Lof the DC | dlnomoVegsiE809P deniosgeniey the isame applinagt percessesrasiveallaar | y preferred
i'n this case - as will be explained in the follow ng - the above-nentioned
ener gy r angeystemsioétheiinitially-rodrdiogeditypeage igiomnl tAsreeplashg-absisted s 20 i n t he
Upward direction the energy range of the neutral particles existing in the
pl asma as wdiehtreant etepi inehicreneictdie gaarot repictve gabmaixtuemsdmitted tadat t he neutral
particles obtain their significant energy contribution by inpacts with the
ions. f_  Prodessspacevsociivatedrbyaneanstof ayar-energyplasime digsbargendthtiorsned
coating is explained in detail W98/ 58099 and has a vacuum chanber, a work
pi ece cabri af therion hrergn Elathe banfdwerof thee garfama gener ati ng arrangenent for
generating a plasma in the chanber as well as a gas inlet arrangenent in

t he chanmber which is 5 connected QieMrx B <gidseM,ank arrangenent with at | east
one reactive gas. The plasma generating arrangenent is described

speci fi cal | ys descabédbin-detdiltasgenfyl the neatipg oé  atorkpiees ofeengetiyrdufficent at hode
chanber conmmuni cates by way of a diaphragmw th the process space. A hot
cat hode i s rfouhé editaxy is tescobechardiclaimaditeere. dihe plasiie ganerategdiyding | s present
in the process space. Having a 10 physically downward orientation, the work
pi ece carr i dow-4esergy pasgadiischame i€kssentially omposetsefl eddotrdnsisingér andThe
principle of this |owvoltage plasm generating arrangenent is far

pref errdd fonultifieciargetmss and esutral pbaticlbe (atoms, alissociatesiondleailes) as her pl asma
generating 15 processes (such as mcrowave plasna), because it is capable
of obt ai ni ngvellles exbitedebutent-iomired nentalgartclesr Jbeenegyirargei n a preferred
manner. Thus, on the one hand, the present invention is based on processes
and a systemof this type; on theOs\heE hthey anong ot hers, the process
described in 20 International Patent Document W98/58099 is to be

i hpl ement ed oikteosiegte nitied ipns is characteristic of the plasma described herein. 15eV

represents the so-called sputtering threshold, above which, when the ions act

bl

15  upon the substrate, damage may occur there. Even up to 100 eV, electrons
contribute essentially only to the heating of the substrate. It is 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 in the 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.



to the present application, although - as will be explained in the
followng - while neeting additional criteria according to the object of
the present invention. 4 The reasod 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 is significantly increased with respect
to economc criteria, particularly with respect to higher up-tinmes and

hi gher throughput. 5 During the required high up-tinmes, the high purity of
,the system A, b vahiminreinsatmedt systent foe thetaboee-mentioredaxbatingis @splamed | n
addition, optimal integration ability of the process steps and of the
system i nt oirt detailM0O&ABEID sordoithisc vamnumprahamber, alvauk diebe cardai ieed. 10 Wt h
.-respect to the process of the initially nentioned type, this object is

dchi eved i nvahaim thaenber ccplasmapens piivey @rathgemegt foingenelatbga-@Aassnasined
treatnment step is separated fromthe interior wall of a vacuumrecipi ent
exposed to thHeechamber enwell asagas inleklaerabgement iretheghambemwhish isn t hi s case t hat
a functional separation, 15 on the one hand, of structures which ensure the
r equi r ed5 vacuonmacteel veithedl ggs tasks arrangeorecht itlo at leastione esaptiee gasn THee anbi ent
pressure and, on the other hand, of structures which are directly exposed
to the treaplasnia genexatisg ammandensnhisaleacritied spbdficllyrastilonedtage)ptesma 20
According to W98/58099, the interior surface of the vacuum chanber,

nor mal | y nagenerttirgg ararigesentstAedthade chamber cammupiostes bdwagof &y to t he
process atnosphere. During the plasnma-assisted treatnment step, specifically
during the dephragg with therpkocess spacec & ot cpthote symomdersindiie tdtkodeow- ener gy

pl asma di scharge, the vacuum chanber wall and thus the interior surface

wi | | heat uphaBberaarsenadfe areanigement is presefitdo the) precask spsce. Hdavirgsar pt i on

behavi or of the interior surface during the preceding process exposures, if
used i n10ndpaysicaly downwbr@atrientation, thdwsrkrpbsoel dagrier 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 plasmay), 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 W098/58099 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.

Yy



an intolerable contam nation of the treatnment step process atnosphere or in
the formation of intolerable partial background gas pressures. Background
gas in a 5 process atnosphere in this dase are those gas portions, which
originate neither fromthe plasma di scharge worki ng gas, such as argon, nor
fromthe admtted reactive gas or reactive gas mxture, nor fromtheir
gaseous reaction products. As a result of the approach according to the
invention, it will now be possible to minimze the influence upon the
_process by fThe reasonimthatitispinatbiechaf the pteBentrinention teproddevatpiocebe wor di ng of
G aim2, the process according to the invention is used in a greatly
pref erred nandarsyétain df the awyeinmentiohed yae whose indystfiasuigdhditygisng " t he
-material conposition of the part to a defined penetration depth, or (c) for
€t chi ng t he simificanly indreased withrrespgshiotdcondmicicyitefior pastictidriygvithfrespgectict ure. I n
all -- , 15 nentioned cases, it is absolutely necessary to maintain process
condi ti ons tebigherad-troes arntehighaswitrbugifoutpi t axi al | ayers, within the scope of
t he production processes endeavored according to the invention. As a result
of the change of the material conposition according to the invention
mentioned in (b), this addresses the inplantation of material into a given
t arget mat eDuaihg tHeOreuiradreghmap-times, tiod bighipadty of the systeacitasrtddace with Caim 3
is proposed, which is carried out a plasna-assisted treatnment step
accor di ng t @nsired fardenabayr;mentioaed processies.a i angitonepptimal ategatdbance wit h
Claim4 in addition to a plasnma-assisted treatnment step according to the
i nventi on. abilitydof thebprocess stepsramtiarf thedsyesteboidiortbe tiutomateueprpdwtiess of t he
invention, a virtual substrate is produced in accordance with the wording
of Cl ai mb5. pfooess shaild beibsitievetle i s a - senm conductor wafer, which, in
contrast to a wafer consisting of a generally nono-crystalline
sem condOctor material, has a special |ayer construction but 5 functionally
is also used as a starting nmaterial for sem conductor conponents. A
sem conduct avitmmrespedt & the Atqcebof tha atjlly mentior@daypys this bbjaet isadhieed i n t he
formof a wafer, is used as the starting substrate. A buffer |ayer is
appl i ed t heirethat thiipcdtess asnasbherefduping therpdsma-assistédhreaiskyt stémisgi ng porti ons
of sem conductor "A" and 10 another sem conductor "B", the progression
nor mal | y beiseparbtedrftomn thiediteriok wallaf tivaasunaretidiért ekgoséB'to the a hi gh "B"
portions and little "A". This is called a "graded buffer layer". The
siruct ure ofenvimorendniif Tiex basio/ecogrstidnus In tois cded that 8 furCionidhsegmnétfoar | ayer, a
cover layer is grown which has a conposition corresponding essentially to
t hat of 16he onppeomoisand) of sterctures/ehiclz emsure Heaequiradomeuurs-rélatedachi evi ng of a
| ow

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-assisted treatment step, specifically during the coating of work
piigs 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 defect, no-dislocation m xed crystalline |ayer. These three conponents -
the base or substrate, the buffer |ayer and the cover |ayer formthe
virtual substrate. As known to a persor skilled in the art, the application
of additional internediate |ayers is also possible. The actual useful |ayer
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, beffecis, sochas theaabsorption behavipr of the iperiar sudasecdiidgdher, for instance
“B". As arule, this layer is so thin that no dislocations will occur on it
but -_ - theresedieg pracess expostrgsdf used ininidastiaimeanufaciuringgtiis reagisrieer i ng) . The
.epitaxial - growh of this useful |ayer can be conbined with the

gonst r uct i oandftoletabledantamination of thestreatment stepyrroeass apmesphigre ardm the vi rt ual
substrates can al so be subsequently provided with the useful layer. In
accor dance fermatiohef intelesate partialidckdreundogasi pigssofesCiBeckgreund gas ih@se or t he
menti oned substrate is first subjected to a plasna assisted cleaning, in
cont r ast 5t o ppIcess atmosphere s thisscase @rehpsshgaseportidnsawhisl sriginate ngithared wi t hi n

t he scope of the production of virtual substrates. Then, the hetero

epi t axi al biibfrethe plrgma dischagpowirkinglgass sueh as argpn,irfor freapthe admittetie
above-nentioned cover layer. Optionally, according to the invention, the
usef ul | ayereactihé g&s orgesadtive gasigidyrei sordioguthdie gesdauedeadtiem productsaf t er t he
depositing of the buffer |ayer, changing over into the cover |ayer, the
actual | y fi Misshredult/ofitheiappreadisdacatdingite theaideertion at aill Inalyl be dossib tdeposi ti on
of the useful layer, which will take place later. It should be pointed out
al ready at mninigizetthg@fitérate, upanttig procéss Hyrtbereamin retiplentwall. pr oduct i on
processes for virtual substrates (including MBE - nol ecul ar beam. _

epi taxy JOUHVCVD - ultra high vacuum CVD, ALD - atom c | ayer deposition, 15
anong ot hers), the replacenent of the wet-chem cal cleaning steps by a

pl asma assi $n actocdamae mity thet werding of Qlaimi2e thgypredess macdiging testhkfinvestied so
considered to be inventive and results in significant production-technical
advant ages. idNised im egeeadly peefernedsmphrei<a) fail coating fherpartor t(hdopehadgiogi on process
in accordance with 20 Claim28. In the course of the addressed industri al
manuf act ur i igg materialscogwositian bfthepaeto a deffedseaetyation depth, ectc) fone parts whi ch
subsequently are to be treated by the above-nentioned pl asnma-assi sted

L[ eat nent steighing(thg surfase,of the)pa, particularlysfocetebing efstructure. 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.



8 for exanple, with respect to anbi ent-at nosphere-caused surface

contam nations. Furthernore, after each of the above-nentioned plasma
treatnment steps (a), (b), 5 (c), a cle#&ning step nay be required, for
exanple, for cleaning contam nation nmaterials or gases rel eased during the
etching. In an enbodi nent of the cl eaning process, reactive gases
(hydrogen, hydrogen noble gas m xtures) can be used which may inpair the
materials used for 10 encapsul ating the process atnosphere. It is therefore
.al so suggestred pageregdiemishdirertt ofitha ptodess pf theiitkensorg la ke sibsgratetieps either a
relatively lowcost netallic encapsulation, or to limt the cleaning
process . _ pedduoépincaceodan@cwittythbywdrdieg ohClaim 6r Awértdal sdbstrate ivacuum

.rreci pi ent exposed to the 15 environnment. The reason is that, for the
dabove- ment i gamitohdeAdrRsiér, ¥hiepSin cantrast i) a whfe) cafsigting opagéseralys Wi | | be
explained in the follow ng, non-netallic boundaries of the process

at nospher e atcghocdystaliler sEpigonaduetbemateriel, hadakpedal layet esrisaligtiontbiuch are 20
inert with respect to the used plasnma-activated reactive gases. However, in
t hi s cl efini mghctibely is disoTusdd a8 sstaltiag erateriab tbr sbraicohdietaricempeondertsir f aces of
the part are accessible to the subsequent treatnment in an uni npaired manner
just as if this treatnent were the depositing of epitaxial |ayers.
Therefore in the case of the 9 pl asma-chem cal cleaning step of the part
as wel |, the sentivenhdoetor matezial 140 Vioesangie, phansrorystalline dillven spweiférivesf | on
energy is used on the surface of the part. Furthernore it is suggested in
accor dance \§wdfeiClsaised @s tiastaming subsiates hA BufférVayer 18 dpplidtethpretcwiish space in
guestion one after the other that is, in a serial tine sequence, are

subj ect ed t @onsists @fprefedsisly 6dntinheushbehapging poitione df sEndcomiuaesiAStapd t reat ment
steps and that after the inplenentation of a pre-defined nunber of such
treat nend stapphet S@picoidicu B etheqiogressisroidmallpbeisgiorassiigi ®d step in the
above-nmenti oned process space, specifically a process space cleaning step,
10 wi t hout gophE aheiitlg “BTtb aawgic'® pbRibas hfelits OCe ThisIpasied “gradetbstrat e
dummy bei ng used. This process space cleaning step is preferably

i npl emrent ed buffred@hydreaRie stietupdot thislbuffédayer idHull 8t défbéts.eOnhhaBuffer hen t he

cl eaning of f of etching residues; the latter preferably in a plasm,

cont ai ni ng  hayék eo&ver laP@Tié g WHicreha® X amsositioalce@ésponding essentially
to that of the uppermost buffer layer zone. The purpose is the achieving of a low-
15  defect, no-dislocation mixed crystalline layer. 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 substrate
and has the composition required for the characteristics 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



15 In the light of the object of the invention, particularly with regard to
the inplenmentation for high up-tinmes, the process space in question is
therefore cleaned in a plasma-assisted fmanner, after a pre-defined nunber
of treatnent steps have taken place. In a process space, parts are normally
ei ther processed 20 or cleaned according to (a) or (b) or (c), be it in
accordance with the wording of Claim3 or be it, if necessary, in
accordance with Claim4. However, a case may also occur in which, in a

.Ssi ngl e pr ocesbstsbacdowente prefahseatiext vttual syubstrates caprateyr teensubdeqentience,
sequentially, the coating, etching or, the change of the 10 materi al
conposi t i on poovided witht the sisefaldleyacloamedordandeowvittl the mventiont drel thé eardingg of t he
part is carried out. The separation of the process atnosphere fromthe
vacuum r eci pif Etimathe dasp oothedeehtiboed sibstratiinfirst subjduted tovagplasnar pernits the
subj ecting of the process space or of the part to a plasnma-chem cal

cl eani ng, usaseigted eahingeingapieast td prewhus procésses do whiohoved cleaningaiverenust  not
be exposed. The fact that a process space under consideration, after a

pr e- def i Aed used dihinnixb$mpa witherproductioreaft viual sgiséptesofThparthes hetaro-be
subjected to a plasma-assisted self-cleaning and then is 10 i mredi ately
avai | abl e aggpitaxidldufferieyearisdeposited af welhas, i reqliradt the abbve-meotieedes t he
up-tinme for the continuous operation. This is conpared, for exanple, with

t he case t habvetaygnr Opbswlly pcerdimgdo the ibeentibe dhe dsefoldayed, witjch is t/\)98/ 58099.
Summari zing the previous statenents, it is therefore denonstrated that, by
15 neans of behsegrisdisotdieposited tieams or, afterdhe dagpsitmgtdfthel buffentayen, with respect
to quality demands to be nmade on epitaxy, the coating, the changing of the
mat eri al cormpesgibg overdito theecover layert the astuatly fngsheld wtualisuhsirete ismatlbe part or
its cleaning can be carried out while avoiding wet-chem cal cleaning steps,
and t hatlObetaneigablesfoc b depesitiomenfthesysefid Jayar, subich will &kaiplege ddtet he process space
can be carried out, 20 sinply by changi ng process paraneters, particularly
of the admtted reactive gases. The sanme process can al so be used for
cleaning the parts in the course of their production according to the

i nventi on i rt ¢Hoald dehwirteg autedineady atfthis lstagerticatesithin the fememspk ef lenoand t he
vacuum reci pient is changed or omtted. 11 . _ According to the wording
of O aim 7, grookichen processes éirairaial substrhtee (hadding MBH -omalecylasiesgen at ed manner
to at least two of the above-nentioned pl asnma-assisted treatnment steps and
t.he transpordpitaxy; beMOMEN- uktreddghptaaemiCV/ 3 ALECH atemic layer deposition,

15 among others), the replacement of the wet-chemical cleaning steps by a plasma-
assisted cleaning step in low-energy plasma by itself is also considered to be

inventive and results in significant production-technical advantages.

With regard to this please also refer to the production process in accordance with

20  Claim 28.

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,



According to Caim8, this preferably takes place in a linear novenent from

one treat
circul ar
"cluster
transport

ment step to the next, in the nmanner of a |inear systemor along a
path, in the manner of a ci rcdl ar system known by the nane of
systent. There, treatnent stations grouped around a circular
systemin a programmed, optionally freely programmabl e manner are

provided with parts or work pieces by the circular transport system 10 In
a greatly preferred enbodiment - Claim9 - of the process according to the
_-Lnvention, fdiexawplarwith wspresitonewhientaimesphasesaureddsfaed e and t he vacuum

reci pi ent

wal | surface is effected by limting the process space by neans

of a _ surfacmaminatiens. in the original condition, is chemically inert with

respect t

o the 15 plasma-activated reactive gas or reactive gas m xture,

preferably by nmeans of a dielectric or graphitic surface. During the
operation, that is particularly during the coating (a), the changing of the

mat eri al
20 struct
However , 5

coffpuisertrioom afted) gachof tHesabeve-mentiores) plagres tréatmeat dtgpst (ak (Bt chi ng of a
ure, or also the cleaning, material is deposited on this surface.
t hi®, areleaning btep snaydte requitadl {or exvdraplaifoyclpaningesntaroination nat i ng.

Specifically when, in the sane process space under consideration, identical

t r eat ment
even desi

stberialer o gases refeased ddringthe gtehfpdrt s occurring in series, it is
rable to coat the preferably dielectric or graphitic separating

surface which, as nentioned above, is inert inits 12 new condition, with
t he above-nentioned reaction product materials) however, only to the extent

that the

r ebuan emgodimeant of ghentlsaninglproress, iqactivesgases &ydragengmydragenie

above-nentioned surface. 5 The provision of the required inert, preferably

dielectri
inert, pr

c soblegaee mbduesptan el used whichsuahinwey thehaatesialstused farr e f or mi ng an
eferably dielectric surface, is applied directly to the interior

surfacelof eheapsalatingrihegcdqesentmosphereher as a coating with such a material,
or by the nounting of self-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 Caim

10, is pl
at | east

ac éds toeredoreiatsoeauggestedacdorting tot@ainns tayerbvide suthheleaning sieps eci pi ent
al ong predom nant surface sections. This approach has significant

advant ages eittkrra refatively pactosbmetdiie encapruregionirlte tipit tfe deadgepratasag wal |
structure 15 also with respect to being service-friendly, and under the

aspect of

15

20

a afpasphéiedinecty by the interior wall of the vacuum recipient exposed to the

environment.

The reason is that, for the above-mentioned treatment steps (a), (b), (c) 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
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



setting of the surface tenperatures. In accordance with the wordi ng of
Claim 1ll, the process space and the above nentioned internedi ate space can
be punped identically or differently. Anong 20 other things, this may
permt the inplenentation of an atnosphere in the internedi ate space, which
results in desired thermal conduction ratios between the vacuum reci pi ent
wal | and the above-nentioned surface. If, in this case, a gas of a high

t hermal conduction capacity, such as helium is admtted to this

.i.nt er nedi at elaspacbemimatitieaningstep ebitbe padmgavellr the ppove-megtitmedpovessure than in
t-he 13 process space is inplenmented in this internmedi ate space, the heat
conduct i on energhplsimatvéthrtbel spacifiedpercendrgy isnsedan the sufaceaithe psdn wit h t hat
-'n the process space, which nay nake it possible to keep the surface at the
desired tenperatures. It should be renenbered that bel ow a defined vacuum
pressure, 5 the thermal conduction decreases with the pressure and

nat ur al | y d€pehetmoomit tsheugtéstedrinl accapdande wittoElatnin 6 tivad pad wikich giaise im quest i on.
Preferred materials for the surface in its new state are specified in Claim
12. It shoulhk frecesisrspas=id dubstionvdmeraftehtheother dieat isyandeesefal timei nert
preferably dielectric 10 material is nentioned, this initially exclusively
addr esses t bequancé are sosiected & atddast biee sfithé abevetraentivged besprassisteds pace.

This surface is preferably forned by that of a separating wall. This

sur f ace nmuay treetnEmatteps ahdthatafterphecimplermaniatioa\of a prevdefaledinmbenstt r uct i on
facing the vacuumrecipient, with an inert surface facing the process space
or the proceash datmsptistems thénarelsubjested $@ anctberqiabinmegadsistechgted i ther di ng  of
Claim 12, the surface can therefore be forned by a | ayered structure,
permtting abse-tnketianed podceds aparedspeckieallyest procedsspace déamingstepds. 1t i s
known that, in plasma-chem cal processes, the coating rate always increases
wi t h ri $0ng witaoqter gerivedisg introdlcel inta tHequtecgss sppteasraasubstratasiutmm)y.  As

menti oned 20 above, it may be highly desirable to coat the surface facing

t he process bejpgased. This process space cleaning step is preferably implemented in at

least two partial steps: First the etching; then the cleaning 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, particularly 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  or cleaned 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

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



wi th reaction products of the plasnma-activated reactive gas correspondi ng
to the respective process. However, in that case, considerable attention
must be paid -. - to avoiding any peellthg-off of such a coating. This
know edge can be inplenented in such way that by controlling the
tenperature of the above 14 . _ nmentioned surface, the coating rate of
t he above-nentioned surface is mnimzed during the inplenentation of the
pl asma- assi sted treatnment step. This results, -- for exanple, in the
. possi bi | i t ymaferigiedoputositign bhi ie thistase acerling to ddaimdy- thatckeaniogloéthei gni fi cant |y
smal |l er than the effective rate on the part, and thus to subject the 5
process spapatiscatried el f - cl eaning cycle only after a relatively large
-nunber of conpleted treatnments of parts. There, the above-nentioned coating
wi Il be renpbved before its thickness has reached a critical value, for
exanple, with respect to peeling-off. 10 In this case, the effective rate
on t he part Thelsepanationgf te groeess mgadapbate, frans thencenwh oexipiént wedl as t he coati ng
rate, the penetration rate, the etching rate, and the cleaning rate. Wth
regard to tpevidbi értactarding tatheiirxeatioraperotitd ithegsubiectimgeofitheeriicesmn it i s al so
15 sensible to pay considerable attention to the degree of automation of
t he pr ocessspate dr bethspattdora plasmaeshemitzah cleaning, lusingeeaadive gagesofo Cl ai m 13, it
is therefore proposed that a feeding opening for the part be provided in
t he above- nwhich theedhcsumfchamperamall mhstinot be expesdd nghefaenthata processhe tr eat nent
of the part be closed by the part and/or by a carrier for the part, at
| east t o suspacaundxt conkidelation,tditer @ pragefin20 oofleftlablegeinter of tesatmémtom t he
process space is prevented. As another preferred enbodi nent, the | ow energy
pl asma di schapgef pants-can beaobjectdd e e plasmia-askiateth skif-clemning @dd thenhis an el ect ron
source with an electron energy of < 100 eV, preferably < 50 eV,
parti cul@r | immpedidtelyaybijablenzd amionthedrestrnént of pérts dEXStichllg dduaeapes then t hi s case,
preferably according to C aim15, by nmeans of a

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, the 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.



¢

therm onic cathode, preferably a directly heated thermonic cathode. In a -
particularly preferred manner, the treated surface of the part is exposed
directly to the plasma. In accordance Wth aim16 it is furthernore
preferred that at |east tw locally displaced anodes are provided in the
process space for the plasma discharge. Each of these anodes can preferably
be heated separately. By controlling the electric potentials applied
thereto and/or their tenperature, the plasma density 10 distribution in the

.process spadecodinglie treedyarding af Gtairo Gnthegaltesipréfanalty sabjéctedhindd locallgt at i cal | y.

W understand a static adjustnment as an adjustnment, which is set and is
kept st ati osaparated rharmet tochiléasytwoned the stveamentishepplasiba-assistedt and a dynani c
adj ust rent as an adjustnent, in which at | east one of the above -
par anet er s iteatient giegs and thertesspart inthetwéen takeseplac iolmamgeamdur i ng t he
treatnment 15 step, whether in the sense of a sweep, periodically) or
a- peri odi calAcgordimgrte Saimnd, this prefetiatily takes place i slirepemoreraentdoa dreat | ng
manner, or in the formof any linear or non-linear ranp function, during
t he tr eaftnenteaghar stePao tHenexfiin thelmyanmenoisa lofeat systeap pr alacda cieeularoned | ast ,
it becones possible to take into account the conditions, which change
during a pr eatds s the emnner ¢ffeecipuiac systers paaven byte reote d0clugiensysteese i n a
conpensati ng manner or also achieve a desired tinme variation of the plasm
density on tTheres treftaenat sthtidnsegroapetd.around d circalac renkspodesystiemiinahe wor di ng of
Claim17, a magnetic field is furthernore generated preferably in the
process spageogranmel, oyignaltyi freefy prbgramanebleogamrser tace protided with phars or
above-nmenti oned paraneters anode potential and/ or anode tenperature,
stati onary avorklpieess inathk eircigarttsaneporteystenal s the plasma density distribution
on the surface of the part. As a result of the controlled tine variation of
the magnetic field, the plasma density distribution along the surface of
the part can be 5 changed, particularly preferably as if the part were to
nove peri odilealgraatly preféraéd enbsdimentst Clalw e df pheasstess Beadisgtothesuch a sweep
of the magnetic field and the oscillating change of the plasma density
al ong t he sumveatien, tiie ¢dparativabetwezn fhdprodegsaatipsphees sahtheabbeot i s achi eved
as if the part were to be noved in an oscillating or rotating manner, but
parti cul ar| yedpieatrwalgrdass i effetthd bg fip#iay tHOprocessispavabymernswfishout novi ng
parts. As a result of the fact that - in accordance with Caim118 - the
reacti ve gasurfaceacuhicht imcdthe oridiima cpndifices & chiemicaiiy eveet with rasplicstorthéout ed manner,
preferably with an = inflow direction essentially parallel to the part
sur f ace,l5ancpldsnid-ativatet edaztiad §ys oveadiivd gas afixture, prefendtsy byuneahs off 2
equidistant fromthe part surface, an optinmal exposure of the surface of
the part to didlectid argraptitid swfated reactive gas is achieved, and an opti nal
utilization of admtted fresh reactive gas, in the sense of an inverse
operating ratio, specifically of the quotient of fresh reactive gas
admtted per tinme unit to still fresh reactive gas punped out per tine
uni t. 20 ForDuinbitievopegaticihf that is pagicalarie dulirig thé codtingab)o the-changingoéd t r eat nent
steps, particularly according to (a), (b), (c) or the cleaning of the part
accor di ng t dh&hwmtenal compasitionib)aottialetchingr(e))pantiedadyothe @epogidfiang epi t axi al
| ayers, the partial pressure of

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



17 background gases, as defined above, is kept at no nore than 10-a nbar,
preferably at maximally 10-9 nbar, according to Caim19. The
above-mentioned at | east one plasma-as$®sted treatnent step of the process
5 according to the invention, in a preferred first enbodinent, is the
depositing of a hono- or hetero-epitaxial |ayer. Al so preferably, in
accordance with Claim21 such a |layer is deposited as a silicon gernmani um

| ayer. Also, in accordance with Caim 22, an essentially disk-shaped part
.i.s produced ned casditibe withrthe abovearoemtioded ceactivrt protihet maderiilnahowével] ai m 23, as
a further preferred enbodi nent, the part subjected to the treatnent is a

si |l i con waf enlydo the ewiérd that thresiestltimpcasting also adberep umseasiead manrnda or ,
preferably of gallium arsenide, indiumphosphide, 1 S silicon carbide or of
gl ass. On t like deiesnettionedsyfasduct i on process in accordance with the
invention, Claim?24 specifies preferred deposited |layer materials. In an
extrenely inportant enbodi nent of the production process in accordance with
the invention, in accordance with Caim?25 virtual substrates of the above
20 nent i 6nedheypeviswreofihe caguized ineht) priafepatdyf dielablriy sudadeaian tghd placennger mani um
In anot her preferred enbodi nent of the production process in accordance
with - - tlsach waeihat estructarefontngl amertwpreferdllyndieie2Bic speades )s applied cul arl y

t he above 18 nmentioned essentially flat or disk-shaped parts, are
produced wi tdirecliydoitecinteriof siaface ebihe vadummgcipient fvehediidryas af coating wilst 200 mm
preferably even of at least 300 mm In another preferred enbodi nent of the
producti on puock eswmterfal tdnby theventiting of selbsubipading evalllpartsrwi su¢than coat i ng of
parts is inplenented at a coating rate of at |least 60 nm Mn. In connection
wi t h vi rt ualingardgaairsg ssface dirédtly wintr thg irderical vacuunt @eipigat walhi um basi s,

10
in a greatly preferred embodiment, however, the inert surface, in accordance with
Claim 10, is placed at a distance from the interior wall of the vacuum recipient at
least along predominant surface sections. This approach has significant
- advantages 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 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



normal Iy wet-chem cal cleaning processes are used nowadays, be this in
order to 10 clean the surface of a finished virtual substrate for
additional treatnment steps, be this inlbrder to clean the surface of an
al ready epitaxially coated substrate for the subsequent preparation of a
virtual substrate, be this in order to clean the ' ' substrate, suitable
for epitaxial growh before grow ng the buffer layer. Wthin the scope of
the present invention, it was now recogni zed that, as a result of the use
.15 of the abmeessmgpace tniegldnmanteshiartiyy intdraediatd space, thé hsatecoadgdtish@d cl eani ng
step, the cleaning is inplenented in such a way that the subsequent
i npl enent at thisnintermedtiateapadel stinageased iv comparisos with tthat irethe@rocgks t he pr oducti on
-of conponents based on virtual substrates, can take place w thout any
probl ens. Ospadeewbick nfeymdaketit sossiblestb kiesp thessubfgpastshe desifedwet - chemi cal
cl eani ng processes through the use of a 20 pl asna-assi sted cl eani ng
process, al vayserateses!| ttshoaldde remembareditimg batbweantiefiped aachum pregsidet i on, this
know edge pernmits the integration of such a plasnma-assisted cl eani ng
process § nt thetthermzl oshutictiondgoreases witb the/pressune asdibsturatly dspenad oaf conponent s
based thereon. In accordance with the wording of Caim28, a process for
produci ng aths themedl cspeeity péthe contained gapimprestion t he base of a virtual 19
substrate, preferably on a silicon gernmanium basis, is therefore proposed,
whi ch conprises at | east one cleaning step, which is plasna-assisted and
during which - the work piece is exposed to reactive gas or a reactive gas
m xt ur e adnPréfeded materipks dorahes sefsedn itd hew siate aetspudfiein@laine@ng of a
| ow- energy plasnma discharge 5 with ion energy at the surface of the part of
a maxi num okhduid bd/strddsed shat phies thegsusface amge of\dm iblertf freferabheditletisicachi eved by
means of this dry cleaning process in connection with extremely difficult
surfaces$) i snatdriat isbadraidnéd) thid mitlatipexdiusivedy ddavessae th@ysupfacs materiasofdef i ned. 10
In dainms 29 and 30 a vacuum treatnment system according to the invention is
specified, vid aifaces faompithe ploaedsyspaoe.t Tk euifave i€ praferalsig fadmied bipghger ocess
according to - ° one of the above-nentioned aspects: In accordance with
d ai m 29 t hef & sémarating weall IThissuHface mal belteatetd doesanidiairhely Have the new
condition is realised of a material,

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 therefore 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 increases
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-



15 preferably of a dielectric material, which is inert wth respect to the
pl asma activated reactive gas or reactlve gas m xture; according to Claim
30, the process chanber conprising the ‘brocess space is set off toward the
inside fromthe vacuum chanber wall, that is, is realised at a distance.
Preferred enbodi nents of the vacuumtreat ment systemin accordance with the
invention 20 are specified in the followng in ains 42 to 60. The

invention will now be expl ai ned by nmeans of figures: 20 Fig. 1 shows
‘a schenat i c mangonasf susfaté,itbe ceating datawhtheaibore-meotienss swrfdcs is naitiouzedi ng to t he
i-nvention for carrying out the process according to the = invention; 5 Fig.

2 shows a r dprirgthatimpliementation ottbe plasmatdsaistedftredirgent step. dhisarewltsferred
-enbodi ment of the process nodul e according to Figure 1 for carrying out the
process accdordixagpteointthe possikeliity pbeeledting thigintehfevenca coatimgesterto &ei on anal ogous
to Figures 1 and 2 respectively of 10 another process nodul e type according
t o t he i nvemsigniinaftlyrsmedier hamthemftectiveratesaetbe pat candi thgs tosubjeet thavent i on,
specifically cleaning according to the invention; Fig. 4 shows a
r epr esenb at ipcrcean spavgdo thet selffdlepningsydletooly Hftena miatwfelydaﬂgecmurrmér othe 15
process nodule illustrated in Figure 3 for carrying out processes according
t o t he i nvembmpletedstpeatinénts af partsc | Tdwre, the ahoyemiBntignedbcdaatieg milbent i on, Fig. 5
shows a sinplified view of a preferred enbodi nent of a process nodule 20 in
accor dance wembvedieféraite thicknessabasnedcheyl & citigalgalue, or exdmpll, witm be changed
into a process nodul e according to Figures 3 or 4 for carrying out the
processes acespeditageelngedfe | nventi on; 21 _Fig. 6, with respect to a
di aphragm axis A of the process nodul e according to Figure 5, shows a view
of the local and tine-related nodul ati on, caused by the control, of
magnetic field conponents parallel to the axis A above a plane E,
per pendil@ul am thisocaskethdieffpttivagate axitise part, sepemfing/orsthewsatmestHemat i ¢ vi ew of
t he passage coating of a process nodul e according to one of Figures 1 to 5
wi t h wor k pivaderstoaddy ualaetee tdating rate the penetiatisn e, fthebtebing naje adrider a
defined nunber of inplenented treatnent

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 degree 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



steps or as required; 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 nodul es 15
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
conponents on the basis of virtual substrates. Fig. 1 is a schematic view
of a process nodule Type | according to the invention 20 A chanber wall 1
~of a vacuumar@® discteamge; 3n thictasegpretergpeesalingp@diiaiPR] 5, b eresing opdasna i s
generated. In the process space PR a substrate carrier 5 is provided and a
f eeder | i nethermmmivoatioategrefesably adirectly heated thesmidmid ¢athquleodeas space PR -
.and, on the other hand, with a reactive gas tank arrangenent 9. By way of a
punp connecipadiculady peferedmearaier, dise frgated burice af the dayt isresprsedtiredly vacuum
punp 22 13, the process space PR is punped down to the pressure of a

maxi mum of 1®the pisara. preferably a maxi num of 10-9 nbar, required for
carrying out the - production process according to the invention. The
construcfion of the recipient nmeets UHV requirenents (for exanple,

metal lically seal ed vacuum tank, 5 bakeable). The by far predom nant
surface ar edn efcordanmce with &tamol6 it iadurtheembrerprefaired that aldeasy twdlecgllyocess space
PR, which nornmally consists of stainless steel or Inox, is produced of a
mat eri al , whiisplaced anouzstare\ptovidee dpthe pradoess beacelfarthe plastnadischargeeact | ve gas
in tank 9. According to the enbodi nent of the Type |I process nodul e

i | I ustr at ed Hach bf thesearigdek @an pleferaplyibp heeted tshparatetyrii®yr contrbllind thes coat ed on
10 the inside with the above-nmentioned inert material, or, on the chamber
wal | 1 wal | eptricpotantiaisapplieitheretd drel/oriiseidiemperdt@asthe wasaidensity or surf aces
made of the above nentioned inert material. In Figure 1, this coating or

t hese inert disxiketiomln the pforesssgane ean he adjebted encentrolleddynahicallpf t er t he

punpi ng-down of the process space _ PR to the above-nentioned required
parti al baclegtusaticiy. Weawrigrstanddstatic ddustoehki asgargadiustrmesthwhish & gon, i s
admtted, the |owenergy plasma required according to the invention is
gener at ed | et & ip kogtatationpg et |88 dukihg ©he freatsient step. We understand 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, periodically, 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. Particularly 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 upon these in a compensating 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



in the area of the substrate carrier 5 or of a part deposited thereon,
results in ion energies E of OCeV<E<l5eV 20 As the material of the surface
15 facing the process space PR, preferbbly a dielectric material,

preferably at | east one of the materials listed in the followng . _ Goup
G is used: 23 Quartz, graphite, silicon carbide, silicon nitride,

al um num oxi de, titani um oxide, tantal um oxide, niobium oxide, zirconium
oxi de, dianond-1ike carbon or dianond, - the latter surface nmaterials being

.used as coathegpoveh@ntiahed pdramstess sreypleedntiatandior anadeo@mperdtaref hat of
Figure 1, Figure 2 schematically shows a preferred enbodi nent of the Type |
process nodstationary acdyracradelle, saitd br dohtols theepiasran dasitg didtrivgtibroodthgur e 1. For
-the parts already described in Figure 1, the sane reference nunbers are

used in it. shmaddidftrer ent eAd Drdshie ofthib eBhtraiet timecarigtiondftiee mbgwstie 1, in the
enbodi ment of Figure 2, the process space PRis 10 limted by a process
space wal | fididstha pEdnavdensial distgbitioadongrtas burketaf thepapicanlbd chanber wal | 1,
furthernore preferably nade of stainless steel or Inox. At least its
sur f ace i5achagedgpdrtieiigplyqresmbipactthPRat oese &iraoas pdriodicamtiari al |
preferably a dielectric material, which is inert with respect to the
pl asna- act i etiechry dstributed plestnd. rBdédaasée affisichnrsivegp otthe nSagnkti fidldhi S
furthernore particularly preferably 15 nade of at |east one of the
above- nment i ané thenmcitisfirg chanfe 6F the pla@maTieesityadibnglihe sutfachofaies ual ly forns a
process space casing within the vacuum chanber together with the wall 1,
may consi st statiotdre hatetpart tak shonersfiect i heniewsdfzadkthd part were folte moewdt materi al
formng the surface 15a is built up, for exanple, stacked 20 up in |ayers,
on a carryi irgaveddilaimgpor reteting manhérc butf pretiesilarlp @dvartdgebusly heth Irédpeer  of whi ch,
because it is not exposed to the process space PR, can then be

10 to the vacuum, without moving parts.

As a result of the fact that — in accordance with Claim 18 - the reactive gas is
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



constructed, for exanple) of stainless steel or Inox. By nmeans of the punp
. connection 11 and the punp 13 respectively, the process space PR is
punped down to the partial background IJas pressure expl ained in conjunction
with 24 Figure 1, while, for exanple and as illustrated in Figure 2, the
i nternedi ate space ZW between the vacuum chanber wall 1 and the casing 14
is punped down by - way of a separate punp connection l1lla by the sane or by
anot her vacuum punp. 5 An expert will easily recognize that, even when the
_same punp 1Badkgrausd gases; apdefriedgbdeavis kapt bt spmoesthas p@timbacal | y t he process
space PR and the internediate space ZW correspondi ng control |l abl e
throttling plefarally st maximaliys1G inbar, accordieg tsGlaigne®d punp connection pi eces 11
-and 11 a respectively. Wth 10 regard to the | owenergy plasma, which is
Used for carrying out the process according to the invention on the nodul e
according to Figure 2, the pre conditions apply, which were established in
conj unct i onThe albovielreentioded et leastopé plased-assisteddreatment stEpeof theomressssspace
casing provided in the enbodi nent of Figure 2 and fornmed by the wall 14 is
preferabiy desrdingeth the inventenc manprefenled first edbodiment, écthp idepbsitda. of Anal ogous t o
the representations of Figures 1 and 2, Figure 3 shows a process nodul e of
the Type || bom artheteroepitaxil layet. hAlsd preferbbly St aedoedbnica withdllaim 21, differs
only in that the surface 15b enclosing the process space PR does not neet
t he 20 i ner sunhsslayerqs depmosited s esjiten gerchaniunclaygruncti on with the 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
netal. Wth regard to set partial background gas pressures, ion energies in
t he area of AtsheinscbatiarmdeavithaClrine2?2, antessentjallyadiak-sbapedayan iy prodhcesh wer e nmade
concerning Figures 1 and 2 25

10 as the part.

In accordance with the wording of Claim 23, as a further preferred embodiment,
the part subjected to the treatment is a silicon wafer or a wafer consisting of a
A~ compound semiconductor, preferably of gallium arsenide, indium phosphide,
15  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-

20  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-



The normally netallic wall 14a is al so exchangeabl e, so that the process
nodul e Type Il e according to Figure 3 can easily be changed into a process
nodul e Type | according to Figure 2 an@ vice versa. 5 Irrespective of the
processes inplenmented thereon, the process nodul e structures according to
Figures 1 to 3 correspond to the invention. In a representation anal ogous
to Figures 1 to 3) Figure 4 shows anot her process nodule Type Il ne, which
does not correspond to the invention. In contrast to the 10 process nodul es
_expl ai ned byentisaad esgentially flagor disk-shapediparts.rase pepddcest wittygiametess oftate process
-space is limted by the process chanber wall 1 with a surface, which
consi sts, fleastdkanpn.ereferabit ofiahleasts209trem| preferatlyprvart oftahlegstipildoems nodul e,
.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 nmeans of this process nodule, or such a
nmodul e i s usedother pieferiedeniodment bf the prasiiction proerasdif g inventipe i nvent i on,
the data indicated for Type I and Type Ile nodules apply with respect to
t he set Sparadcatdingse Kdriowdd theeeoatingefnarts isimplarented atenepatingrate otain easily be

seen that the Type I, Type Ile and Type |l~e nodul es can be converted to
one anot herlegst 60e/May. r espondi ng renoval or installation of the
correspondi ng process space casing 14) 15b. 26 _ Figure 5 illustrates a

preferred enbodi nent of the Type | process nodul e according to Figure 2. In
this case, it should be pointed out, that all neasures originating fromthe
nodul e accondongedion Wity virtgasubsiedtes, palticuade dn adidicon geraldniunobagigeci fical |y
preferred on the nodul e according to Figure 5, can be used on the 5
princi pal nuxtoaly weteehediicay cleanifg grocessesianglusadchosladgys beithis rdsdentary parti al
conbi nations. As will be denonstrated, in a preferred enbodi nent, the Type
| pr ocelds nelenrn 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 plasma-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 based 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. In accordance with the wording of Claim 28, a

process for producing a virtual substrate or a component on the base of a virtual



illustrated in Figure 5 can easily be converted into a Type Ile nodul e or
into a 10 Type Il ~e nodule. The recipient wall 101 of the process nodul e
according to Figure 5, preferably madel®f stainless steel or |nox,
centrally, preferably on its upper frontal plate 103, carries an el ectron
source 105 for co-generating the plasma di scharge in the process space PR
Al t hough, within the scope of the ion . , energies required in principle
according to the invention in the substrate carrier 15 area, other plasnas,
.such as m ceehsirate, pteferably oo @rsilicos getmeaniige dasiairis theeaforegmosad,od)ictsuch as t he
el ectron source 105, is preferably used, which emts electrons with an
el ect ron eneemyprises ahleaaixanenieaninglsiep, aijchgs plaemaisisyistefl and dasingrwhichf 50 eV.
4n a preferred enbodi nent, the plasna discharge is inplenmented as a DC
di schar ge. WeawakpEce imexposed® réddivagespda reactive gasguikeirdaditted topa ef er abl y
constructed with a therm onic cathode, preferably a directly heated
t her m oni ¢ pwichsxlspate.7 Thisnsadcivated by memans af & toleedrgnplasma dBchargé a cat hode
chanber wall that is electronically insulated fromthe recipient wall 101,
103. The5. witbainhareegycatdimbaurface ofihripattofs nimxinmey 0615 avVdi aphragm 111 with
t he process space PR The working gas, such as argon, is preferably (not
shown) adm tted 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 pheserpssisgaceerR which the inveotoes dchigived by meats ofthisinssi on. 5 Spaced
away fromthe recipient wall 103, 101 and setting up the internedi ate space
ZW t oget her cleatihg ptocessie conoeaties with &steeroely difficull $8rfanes| ie sitriputedits pr ocess
space PR, analogous to Figure 2, is preferably nounted in an exchangeabl e
manner . The therweed theslpaeaefdR plasntd, as tefinedasi ng 113 as wel |l as the
i nternedi ate space ZWare punped here by way of the sanme punp connection 10
115, inl@which case optionally different punp cross-sections |ead fromthis
connection 115, on the one hand, to the internedi ate space ZW and, on the
ot her hand, Irt Olaine2$amtd® s vepaoetréd®nent sisteanadterding tanigeimeattioadd s wi t hi n t he
process space PR As illustrated in Figure 15 5, this anode arrangenent is
preferably Epeadified, Wiich igopaticuhanly suitatbel fos cartyiisg eutdhe frobessr acaogiing to
concentrically with respect to the diaphragmaxis A They can be conducted
{not shown) pné nf tha @hoamentidned @ppeuterin hgcoodance eith IddimeX9, thé mteriopund
potential or to electric anode potentials, which, also preferably, can be
adj ust ed i ndejsurfeetdf headrocass chambéran thefheswcqrddive isiealjsedidia mateddl] i ¢
recipient wall 101, 20 103 is applied to a reference potential, preferably
ground pbt epteferbbly Dhe defentteandtéial, wHidlY Is indrf with reapect¢o theelatinegphr agm axi s A,
in addition to being electrically

activated reactive gas or reactive gas mixture; according to Claim 30, 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 42 to 60.

The invention will now be explained by means of figures:



oper abl e i ndependently of one another, preferably (not shown) are al so
heatable . . and cool abl e i ndependently of one another. This is inplenented
in that 28 tenperatures adjusting neddumlines are carried in these
anodes and/or helical heating filanents are installed. In Figure 5, the

pl asma beam PL, which is generated by the preferably used 5 plasna
generating arrangenent, is illustrated in Figure 5 in a dash-dotted nanner,
with a plasma density distribution indicated at Vin a purely heuristic
manner, coa¥igall tshowée sahxarsatié vidw dfieefirdi erpliudirgent of\a peoceesiotiulef a
correspondi ng action upon the anodes 117a and 117 by anodic potentials and
a controll ed tenmzecatingé¢o thejingntienfor oérntifesd tkenprdesss dcherdmigasthe density
distribution V can 10 be adjusted in a targeted nanner. In the process
space PR, a waf ernveatisler 119 is nounted or- as will be explained in the
followng - can be introduced into the process space PRin a controlled . ,
manner. Although it is definitely possible to provide the substrate hol der
119, for 15 the preferred treatnent of di sk-shaped work pieces 120 defi ning
a carrief Sumig.acehdudayepresdntdtion analdgoustp tisatiof Rigarelildfaa praferdedel to the

di aphragm axis A, at an oblique angle thereto or perpendicular thereto -
accordi ng to Fi geneodiment bithe @oavess modalk lagcorting tovBiyare ok daryidgléuti S
arranged by neans of its carrier surface 119a very preferably

concentrical |y tahd precess accédrdofy to e idvertibnlagm 111. By 20 neans of an
external drive 121, the wafer holder 119, as illustrated by neans of the
double arrow F, can be noved towards or back fromthe receiving opening 123
defined by the process space casing 113. Wen the wafer holder 119 is

conpl etel y miyad shpwhby reprasentationtahelogousve Fliitesayahdi3 redpeetielyasfess space PR,
its edge part 125 closes off the clear opening 123 of the process casing
113 at 10 29 | emsther prosessmadui@iypé Badording tothe draehiic for edrfyiny stented from
exiting the process space PR A work piece or part to be treated, which, as
menti oned above, precepsesf acatling tdittskinbertibapdcifically Rleaning acbsrtinglio a sl ot t ed
val ve 129 on stationary receiving supports 126, while the wafer or work

pi ece hol der 119 theinvewenhed. Subsequently, the wafer holder 119 is lifted,
reaches by means of its carrier surface 119a under the work piece or the

wafer 120, lifts it off the stationary support 126, and noves it upward
into the process space PR, while, when the processing position is
‘. Fig. 4 shows a 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, specifically cleaning according to the

invention,

Fig. 5 shows a 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;



10 reached, closing off by neans of its edge surface 125 the process space
to the above-nentioned extent. The supgﬁrts 126 are nounted on a work piece
t enper at ure-adjusting device . _ 127, ich is acted upon by tenperature
adjusting nediumwith a tenperature | S adjusting nmedium feedi ng and
removal lines 128. Normally, the introduced substrate 120 is heated by way
of the plate 128a. The wafer holder 119 is illustrated in Figure 5 by a
broken line in its processing position. The recipient wall 101 and its
face-si de efd). gl aitbsesh@st taradid@itagm exis &nqgf ¢neaprocess2fiodully arcpating for ef er abl y
cool ed. For this purpose, the wall 101 formng the casing is constructed as
a doubl e wal |, wFidura5tshops@atew ef theljagat andginmetlaied swduletion, nadsedl ed
i-n-between. Likew se, tenperatures adjusting nmediumline systens are . .
installed into tlbgthe cmtroh bfitnagnetio Jiedrodmbpdhents parall@@o thel axisod taboedi | s 133 as
wel |l as distributed deflection coils 135 are nounted outside the vacuum
reci pi ent. By neansanefE,tpeepdrdicntaotd the daphsagh3skis & magnetic field pattern is
generated in the process space PR, which is essentially parallel and
symmetrigal 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 schemat i &&.l7y shbwsia sclsneaticiiewrofghe passagésoatinged alproaets triodsle
"di spl acenment” of the magnetic field intensity distribution HA a
"di spl acenment” ofactdrding tasmeofdémees ¥ talb sith wok pieces\ands almdvedhentide on a
substrate applied to the substrate carrier 119. As a result, a relative
nmovenent i s achi exeditdssifvaemmirigeftep b aefimediamsber pf ihptdmented freatmgbt V and t he
wor k piece surface on the substrate carrier 119, which is to be treated, as
if the substrat e stepserds sajuae¢d Wi th respect to the plasma with a
time-constant plasnma density distribution. As a result of this field
di stribapion control, the sane effect is obtained on the substrate as if
this were nechanically noved with . . respect to the plasma but w thout any
mechani cal Fihst rsadbws BwictnE e cdrbbifetbtaf pecgssmbdulesiatdotatl fo\Figuays of t he
reactive gas inlet 137 into the process

1 to 5 in an inline passage system; and

Fig. 9 shows a simplified top view of the combination of process modules
15 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



space PR As illustrated, the reactive gas inlet is preferably arranged
coaxially to the axis Ain the imedi ate area of the substrate 120 or the
substrate carver 119 lying in the proc&3sing position, with inlet openings
essentially parallel to the 20 substrate surface to be treated. As
menti oned above, the vacuumrecipient 101, 103, which is preferably nade of
- stainless steel, is cooled intensively It neets UHV requirenents. In
this case, L. 31 the intensive cooling prevents the heating-up of the
steel during3}the ppcesessacaRR ksipumpad down éxthe presslimasfa rodximambdri o€ ont ai ni ng
gases fromthe steel. Wth respect to the material of the process space
casi ng 113, nyimr tprefetabiyl y makisubh sful0f°ateart lequirddforsgurysgut thet he process, the
statenents nade by neans of Figure 1 apply. The inert material, preferably
a di el ectri erotcton prbcessdiccardingemthedmetionr Bieecamistryctvaloéthieadcipientm t he Group
G of materials, is stable at the high process tenperatures and does not
f or m gaseousnextspEVneduinetichtst (foe ensapler matztlicxly spakdvacsunsbanks particul arly
hydr ogen, hydrosilicon, germane, boroethane, 10 chlorine, NF3, HC,
Si H3CH3, 5 Celd3kédble) NThe 6} Fa3 préddminais bdrfacklangs of the berfaveldf heashatribei t here wil |
be no contam nations of the part 120. Interference coating of the interior
surface of twWal 1facicgthe BERSE space PR, WHich narmally tonsists efiskainlesyisteeliohe aspect
of particle formation. A thin interference coating nay even be preferred in

order . _ tdnenyreduzed bf & mateial, evhighlis ineyt with redpecptodbe plasmakaictiVatéds t hen
surrounded virtually 15 only by process-inherent material. In the case of
Type | proceesctive@gad i@tank h eAsmedingiioctha simdodimzht of ths Tigdd Iyoroeede of st ai nl ess
steel, is not coated because it is protected fromthe reactive gases and

t he pl asma byodukelystrateass Frpect foahismyrposs,; thakbambdravsluisie coated bhl ust r at ed
in 20 Figure 5, the intensive cooling additionally considerably reduces a
preci pi tiat i e insidewith ehegatsoreusertibAstinth etaterial foe, Gl thé enaniber walidewa t h

respect to the interior surface of the process space casing 113 also apply
to the surf peasaff mbitted b Herindide Habske with Irlerof RS asbstriadels thy 41RES .
mentioned inert material. In Figure 1, this coating or these 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 the process space PR, which plasma,
in the area of the substrate carrier 5 or of a part deposited thereon, results in ion
energies E of
DeV<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:



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 denounting the
anode arrangement 117a, 117b. By the r&hoval of the process space casing
113 illustrated in Figure 5 a preferred enbodi mrent of the Type the 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 realised. The following is a conpil ation of
the process&siadargraphite osilicon icarkidsh siiearenitiige, Jguminamoxigle, titasiupr @ddess nodul es
i-ntroduced by neans of Figures 1 to 5. Typel Wiile neeting quality
r equi r enent &gntalgm ozigai meklumiexideczieconing qxide, diawionk-lie carbon epdiasenal | ayer,
this process nodule is used for carrying out reactive coatings in a 15
Pl asma- assi Ytedattersariace materipls heimg-Lused as ceatingexedeniale et chi ng, or pl asma
assisted reactive altering processes of the material conposition on the
work piece up to the pre-defined penetration depths; or, particularly
conbi ned with above-nenti oned process steps according to the invention, the
sur f acess of It hieepresmektative ersdlogouspathtas obifigure b Figotecs2l sthenatipdly sirawaasi st ed
reactive cleaning, 20 particularly in hydrogen plasma. After passing
t hrough a ppesfetedd enttbdimentef thef Typh ¢ pedcessemodule incecedrdaneawitietiie st eps or as
required, these Type | process nodul es are subjected to a self-cleaning
process w t hyabtianreccomdingito &igarevbr Komthe pertpalrdadpdesrsibad iraFigurestt, thet e durmy.
This self cleaning conprises preferably, on the one hand) a pl asma-assi sted
reactive et samnagefeteope aurdbera atdesedtimér Imdifierence ®3haembbdimegoent
pl asma- assi sted reactive cleaning step for etching residues, preferably
carried i n acdoydingtpefrigprieds irethe ypedimenbofigurd Ppihelprogess spae RRBUl es ar e
used for cleaning work pieces in a nore penetrating nmanner, as required,
f or exahl e)imittrbby & heogcess spacewadl 1#spacadmvayrdibreredaminantisectonsof t he
above-nentioned treatnent steps, which neet epitaxial quality requirenents.
Al so in thed#e chapwet walpt Furissrmoredprefesably made nbstaialess steal driindxhéitt r eat nent
processes neeting the above-nentioned hi ghest

least its surface 15a facing the process space PR consists of the material,

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 upinlayers, 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



10 quality demands, the parts are cleaned by neans of the above-nentioned
| ow energy plasma, in a reactive manner, preferably first by a

pl asma- assi sted reactive etching, ther¥4by a plasma- assi sted reactive

cl eaning, preferably in hydrogen plasma. 15 Wth respect to preferred
coating processes, specifically for the depositing of hetero- or
hono- epi taxi al | ayers by neans of the Type | nodules, reference is made to
the conplete contents of the approach according to the initially nentioned
W98/ 58099. FigereH, while far examplesyyiskasdliustrateddmf ighirea2, theistarmediatpgpace | process
-hodul e 140. During the passage operation, parts 142 to be treated

sequent i al | §WVhetweamipe vactiunochambepwatt & 28d thededsing140s anerped dewrebly parts are
-renmoved from nodul e 140 respectively. On the tinme axis t illustrated in

-Fi gure 7, owmhyofssseparai aupp sonnsstion hta bintesemetat vy agothetyastunrat er i al
altering and/or cleaning steps according to 34 _ the invention on the
parts 142 apump.l|ustrated in a hatched manner, in each case, followed, as
required or after a pre-defined nunber of such treatnment steps, by a

non- hat ¢hed sel f-cl eaning step of the nodule 140 charged in the passage
operation. 5 Figure 8 schematically illustrates how, inside a vacuum

at nospher e A1 expesiywitl easily4dcoghize thataewenavheanhe samepursp 48 dawseldder exanpl e,
wor k pieces are first subjected in a Type |l process nodule to an initial
cl eani ng anpurepieg dovmbothispagasespecificallydbe prasdss space (] awttbe t o coati ng,
etching, material altering and optionally also 10 cl eaning steps. Here

al so, anal oigteusediatetspace 2y eswerpandiog sontrellabhigthrettiing eldmeents anei ded process
nodul es are subjected to a self-cleaning after a respective given nunber of
processi ng iogtallassin the assignerpompmoesdedtioh pieses §1 and ptafespedidelpr ¥étbss of this
type is the production of virtual 15 substrates. Accordingly, in the Type
| I procKks regdulte the low-dneegy, plasmia, sl i$ bsecfoscAiyé@Uahthebesss- epi t axi al

| ayer growth, is reactively cleaned in a plasnmaassi sted manner, using a
hal ogen, buacoordiiigiodhe invéentionegehe madulelagcording té Figurgad thespriesequent |y, in one
or several of the subsequent Type |I process nodul es, the hetero-epitaxial

| ayer is grcomditions sppih whickawyerelestablishedgn cohjewtien with thesmedidenged 20 and, by
the successive graded building-in of another material, a surface structure
T 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 lle 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 requirements 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



is achieved, which is as free of defects as possible. Then - again in
another Type | nodule - optionally the epitaxial growh of the

sem conductor layer to be . - used is Bdplenmented in a definably

mechani cal ly restrained manner for adjusting the band gap and the setting

t he desired sem conductor characteristics, as, for 35 exanpl e) the charge
carrier nobility. Optionally, additional treatnent steps according to the
invention will follow until the finished virtual substrate is unloaded from
the system Thé nermaallymeethiic wall B4a0is atsopaxchangehblebsp thahthe iparcess odtlke f act
t-hat, also during the production of the virtual substrate, additional

| ayers can Bgpéili a¢cording orFigura caheasilyrip chiapged iotona processonodidel Tyt ween t he
coating steps, in that case preferably as "soft cleaning steps” in a Type |
process nodulaecording & Figunegharsttiemvarsaal |y, Figure 8 illustrates an "inline"
system in which the work piece transport fromone nodule to the next takes
place in a vacuumin an essentially linear manner. Figure 9 is a schenmatic
top view of the preferred arrangenent of several Type |I 15 and Type ||
process fodutrespeatverd dpeprocesses inpereerted therdaoy, therpgocess Imesiuler system Thi s
conprises a circular vacuumtransport chanber 150, which services the
process nodustrestuessentrdmglty Figures itadl crresponudo thédnpendioessed substrates are
| oaded froma transfer chanber 152 and treated substrates are transferred
therein, where the latter, for exanple, cool off. Fromthe, for exanple,
provi ded 20 input and output transfer chanber 152, the substrates are
renoved by reamspre$erdationtznblogousd toFiglres 1 a3, digure 4tshews bastbarmloadssospher e,

or are fed to the respective transfer chanber 152 from storage magazi nes
156 for unt meeduldTypeldki, maichsdoaa dot eamespehd todime inkentios s precdntraet to teenst er
chanber 152 to storage nagazines 158 for treated finished substrates. Wth
respect 100 iprecess modslegeepieiesd by heasy st lEigures 1 to 3, in the case of Type ll.,

the process space is limited by the process chamber wall 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 such a module is used within the scope
of a process according to the invention, the data indicated for Type | and Type ll,
modules apply with respect to the set partial background gas pressure and the

plasma.

20 It can easily be seen that the Type |, Type Il 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.



36 controlled by a programcontrol system for exanple, a freely
programmabl e ;. r~ programcontrol system The described process nodul es,
whi ch can all be converted into one andher, 5 can treat substrates, which
have a dianeter of at |east 150 mm preferably of at |east 200 nmm
preferably even of at least 300 mm In the case of the epitaxial coating by
nmeans of the process described in the above-nenti oned W98/ 58099, which is
encl osed as Attachnment A with respect to the process disclosure of the
present applFigusd b dinstratesd iprajenrexd ersbafimant df §wsTyp80 provess modalee reached on 10
t-he above-nenti oned substrates. _, 37 ~bl ankJ 38 - _ Process for the
producti on atcardiag ¢éxFigorel?2. phétte sasattishouddbe pninteld dubehairali oeesesusesd
i-nstallation for it (Appendix "A Start of the description PCTI CH98100221 )
5 Thi s i nventigioatirgofrone thesmadybe acsesding torFigure 2pprefdrablyl uwed aiditorsllg dr wor k
pi eces in accordance with the generic termof Caim1, utilisations thereof
i N accor danceedifidally Qleferresl dd3hé modble ampordipgamBigure Hrcah ve usze onitheon of t he
menti oned process in accordance with the generic termof Caim36 and its
uti | i sat bon principa coxdsiEenaxeotihgap tHigud® 2iindividublly or ib4&rbitraryfphitiel t he i nventi on
starts on the basis of problens that occur during the production of thin
| ayer s usi ngo@bvbatore. PECVD processes. The experience gained regarding this
in accordance with the invention can be transferred in 15 particular to the
production of sem -conductor |ayers, such as in the production of solar
cells or nodul ati on-doped FET or hetero-bipolar transistors. Thin
sem - conductAsrwifl bé demanstratad, ires peésresli dnambdindne, the Jiybe Crocessinsdduted e | N nono
crystalline form i.e. epitaxially, onto a substrate that is al so
nono- cr yst alillustnatedin Figur2(® qaml easity e talvertedintoa Myme [l.anedytdonistofor m ont o
poly-crystalline or anorphous substrate, e.g. on glass. Even the invention
in the fl6l | Awpad,.nsodides The loexbiereiwallyl Ohiof therpedase noelule@actdrdingtoduct i on of
silicon and/or germani um coated substrates, it

Figure 5, preferably made of stainless steel or Inox, centrally, preferably on its

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 plasmas 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 of a
maximum of 50 eV. In a preferred embodiment, the plasma discharge is
implemented as a DC discharge. The electron source 105 according to Figure 5
20  1s 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



can, as nentioned before, be used for the production of other work pieces
and work pieces coated with other materials. 25 Known processes for the
depositing of epitaxial sem-conductor2%ilnms are: - Ml ecul ar Beam
Epi t axi es, MBE - Therno-chem cal gaseous phase depositing, CVD (Chem cal
Vapour . _ 30 Deposition) - Renote plasnma-assi sted CVD processes with DC or
Hf di scharge, RPECVD ( Renot e- Pl asna- enhanced CVD) 39 ( _ - Mcrowave
pl asma- assi sted chem cal gaseous phase depositing and ECRCVD
_(El ect r on- Opntd becethore shamiprrd 0P| 2meng wtber thingsl IToMORr PHerotevdher ocess is a
€ollective termfor a |arge nunber of thernmal deposition 5 nethods, which
di ffer eit hthermianicisethode 40T free infiuentrs of dherteadtivergasimtheproeass spader
operation. For exanple, a CVD process can be carried out at nornal
-at nospher i cPRrasdpermit ehigher etactton eiesiopr essure val ues 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
commonly used. The used reactive gases are silicon-containing gases, e.qg.
chl ori ne5 hy8pacsd awayrfeom BeCeapiedi vEHAI03ahel! Bid-sedirng upsthewritérmediate/dr osi | i cons,
such as SiH4 or SizH6. Characteristic for the standard CVD processes are
t he hi gh deppanetZV¥ togethepsithitutheproaess bracemagieg dfl 3 endogngthemiogesse as wel |
as pressure values 15 typically 20 nbar to 1,000 nbar, that is up to normal
at nospher i cspaceRRiranalopeystodiiguge nis prafeqably resimtason @ntexohengeaklat i ng r at es of
up to several Nm per mnute can be achi eved, corresponding to several 100
Al sec, for whainoér. (The)procesagpaae RRvihindhk cadhglhd-gsrwallsasrtke cheni cal gaseous
phase deposition (LPCVD, Low Pressure Chem cal Vapour Deposition,
synonynous imtérmetlidiéRipace W Sregusnped hegployuwayPbidtbe s&pe pasp)coomedibe ot her hand
t akes place at pressures below 1 nbar and allows for |ower process
t enper alr e415,dowhich casey pptoabllydiffont@umpy eross-segtions lead f#6mtthiss (3) and (6)
are referred to in addition to (1 ).

connection 115, on the one hand, to the intermediate space ZW, and, on the

other hand, to the process space PR.

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

15 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,

20 103 1s 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



Wth regard to LPCVD and with reference to (6) a growh rate of GR = 50
Almn , 30 is stated for a deposition tenperature of 650 C. And this for a
reactive gas flow for hydrosilicon of 2840 F = 14 sccm This results in a
paranmeter that is relevant for the gas yield, that is the gromh 5 rate per
reactive gas flowunit, GRF at GRF= 3.6 A/ (sccmmn) On 5" wafers,
corresponding to a surface area 10 A5 = 123 cn2, converted fromthe actual
area A2 for 2" wafers, this results in a deposition quantity (growth
;amount ) GA empebat@es-adfiising-mediud IBes atepeesridd ipdhese/apaies and/ordfeticaince to a
rreactive gas flowunit, this results in the paraneter 'Deposition quantity
per reacti vbegting fldroentsiaietingtalledr ei nafter referred to as “Gas 20 utilisation
-nunber', GAF at GAF = 8.4 ~ 10-3) corresponding to 8.4 000. 25 At 650 C an
epitaxial layer is created. If the deposition tenperature is reduced to 600
C, then a poly-crystalline layer will be created. This with 30 GR=BA/m n F
= 28 sccm HyrdFigsiel 8, trenplasmd beam PL., which is generated by the preferably used
5  plasma generating arrangement, is illustrated in Figure 5 in a dash-dotted

manner, with a plasma density distribution indicated at V in a purely heuristic

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 be adjusted in a targeted manner.

In the process space PR, a wafer holder 119 is mounted 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 to the diaphragm axis A, at an
obligue 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

.o 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



GRF = 0.11 A/ (sccm/ mn) GA=3.1~10'5 Si atons / sec on A5 GAF = 2.5 ~
10-4, corresponding to 0.25 000. 5 On principle the followng criteria are
necessary for defect-free epitaxial |lay&r g rowmh - In the case of

transm ssion el ectron mcroscopy on cross section preparations the proof of
the epitaxy is provided via electron diffraction 10 and high resolution. -
In the range of 10 - 15 Nm along the border area to the substrate that
typically can be radi ated no defect nust be visible, Typical magnification
val ues duri nepst mesudbendy thatadhpegescaaiars arkQdr&Ghtddofr?2 8kitkPthe oodsst her

dgdevel opment is the ultra-high vacuum chem cal gaseous phase deposition
(UHV- CVD) wisphceBRki ng pressures in the range of 10-4 to 10-2 nbar,
typically in the range of 10-3, for which (4) as well as (5), (7) are
referred to. It allows very | ow work piece tenperatures. However, the
grow h rates and coating 20 rates respectively are extrenely |ow, for
exanpl e apprfoworkdiete/or pan to botregtad,eviicH, ias orentibneabdbole | ie patserabidaizee Wi th
(5). The reason for the low growh rates is that the absorption and

di si nt egbat ishapediispladed theugk acldtted valoe 828 be statibary escaivirgesuppors H4,
decreases with increasing 25 hydrogen coating of the work piece surface.
Ther ef or e t HR6gwhilet the efafer loe wbeymece tolder it § edobgretih Subsspieptly, e r at e of H2,
whi ch, however, increases exponentially with the tenperature. Wth regard
to this (8) wafentelderné@listlifted Deectes bymesdnewéits tarrieh sufacen €tdpyuraler thee Ge- H
bond in conparison with the Si-H bond, the hydrogen absorption of a Si-Ge
al | oy surf aowrk piege eathewaferd 20hiifts itdff thi atatiamary suysir Bi6eadmoesgier at ure a

hi gher gromh rate than for pure Si is the result, e.g. for a content ,_ of
10% Ge by a upavatdintocthe piocass §fzde BR| While, whid the prodassiryasosfiesss bi | ity for
achi eving high deposition rates with epitaxy quality at | ow substrate

t enper atllr eseachef Nlodiny afebynpaseoftiisedye acifacec 25ave prodesskpade frthvave - pl asma
(ECRCVD). 5 Through the use plasma sources, which are based on the

princi pl e ofabeleotentionechextemt.r on r esonance, the intrusion of high-energy
ions into the substrate is to be prevented. As a rule such sources work
with pressure values in the range of 10-3 to 10-4 10 nbar. However, this
lead to | onger free distances than in the case of capacitive excited

hi gh- f r equerdy skippgptsa2Gese mbuhtedian & work piaty térepestatues-tdjdstmigraabice i on
bonbardnment of the substrate and thus to the creation of defects, as shown
i.n (10). Hovievewhich lseacesteumy byftemperatube bdjusting tnedin lsth paé@psraturde linmited b
y an external control of the substrate potential, by which ion danage can
be 15 priéverddgdtitgpmediant fesdinglegd emovilV iines t1he. NERMD, weimeduess wel |, the
growh rates for pure silicon amount to only a few 10 A/ mn at |ow
deposi ti on tsehgteatat 20 sheateddy viay df thesplateei2gat Mee fvafdr avideg1 19esul ts;

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 forming 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 plates 103 and 131.



20 Layers that are deposited in a quality that is also suitable for the
depositing of epitaxial l|layers, as of today can be deposited at deposition
tenperatures < 600 C. 25 via UHV-CVD 8 th growth rates GR of approx. 3 A/
mn or Via ECRCV/D with a growmth GR that is higher by approx. the factor 1
(30 A/ mn). 30 PECVD processes, the plasma of which is generated via DC
di scharges, could not be used for the production of |ayers with epitaxy
quality - that is correspondingly | ower defect density (see above) -

nei ther for Helehdtdicbiti T8B & well #63distributeg défhction colleri 36 laee mouhtdd ng of

anor phous or poly-crystalline |ayers, at least not with a growth rate GR
reliabilityoaridieahé esduureeeipRndrByeiband ofttisé Heintholtt chigs! 38pa hagaetur ed f or
d-ndustrial production. 5 On the other hand, the use of capacitive coupled
hi gh frequemier patteinds gératebth Bepesoebs BshcelPRIwhdhAs eBsentially JadléD pr ocesses
was reported very early on, with regard to which (11 ) is referred to. The
di fficulty iafd&jrametrRaEs eatid &S By Mnddne of thietdetld@ionkoils 188, Jhig eact i ve gases
are deconposed 1 n such H plasmas. At the sane tine the substrate surface

i s subj est echdgpefdtididpatitsh ¥an BO FHdREdlMBIMnesigelpentighladfd thReaxign, BONs, as
specifically exploited in the case of reactive disintegration or high
frequency etsehdémgticailllistatedie Fiprglet Ak a résutt df tHisitdaspldcemehty df thgen
desorption, but at the sane tine it leads to defects in the growi ng | ayers.
A net hod demagaetid fiskinntdnaity disioMian Hhe autiepiBtersert’ dEhieanplastha demsiyr

Deposition, takes this into consideration by not exposing the substrates to
be coated didisttdutiyn V/as bisteinkll oA 2 spbstrdi@ appied ehitHecadstrdte cheiet €19. rasul ts (12).
However, the achieved growmh rates are low, that is in nbost cases only
fractions ofa resulparelBiivethéventent & sthidEd betweet treqii@snlatigity distiblien accor di ng
to (13). It is the object of this invention to present a process that can
be usedipn iVighisthe wakk REcd$ Y6 bh @ik subdtriicaitical | ®Weidhds &F BaMréat¥@r s Wit h
epitaxy quality, with significantly higher gromh rates than have been
known until| z30Mhe SlbstrateSwére isplaeed With Pespectas @se flaaha Wak @ tirRigthsaht t he

begi nni ng, which are characterised according to the wording of the

char act er i sipignizeddnsiy diskiBitionl AROredbit aithie BipRIIEtHbULIOR BEStEd MBé Yamahi ch i's
characterised by the characterising part of Claim36. Preferred enbodi ments
of the procesectas Bbtaines oh itsdbatratees @ this Werd meehahicallp hidved Wikl ermbodi nent s
of the appendix in the clains 37 to 50. The process 1 n accordance with the
invention i sedpret todhe ﬁxéhnﬁa BUi wigldueahyomettmicar ambetite lovemedem conduct or
coated substrates with an epitaxial, anorphous or poly-crystalline 30

| ayer, gmd anong these in particular of Si, Ge, or Si/CGe alloy |layers as
well as Ga or Ga conpound | ayers. 44 - _In this especially doped

sem - conductRYacliRygisSs Gamitte@ byl a9 f thetteadtiay @as AN BRIN the pPodesson and/ or
germani um doped preferably wth at | east one elenent - - fromthe groups
11 or V of shhées PRI irngQiuetrated ] thavéuctilayay ifleCieprefemablyarabéd coaxwily b at | east
one element of the groups II, Ill, IV or VI of the periodic system e.g.
with 5 My orthéshxis @n tHedmbrsiizte afeaton thetxuBbtratg 12@ohtheGubstrateedriiend 9h at t he
begi nning for the generating of epitaxial |ayers, the follow ng can be said
i n sunmary: 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,



10 - The CVD processes, in particular the UHV-CVD processes results in
excellent layer qualities, even at substrate tenperatures bel ow 500 C
Therefore they offer themsel ves even tdl the production of epitaxial |ayers,
where extrenely high demands are nade on the quality of the |ayer. However,
the gromh rate for Si for exanple, is extrenely |ow for these 15
processes; as nentioned in the range of 3 A/ mn at 550 C. - M crowave

pl asma- assi sted processes, ECRCVD, have the advantage that the

deconposi t i te iotensivecoating preventsieicedtiog-up afi theziteel gurng:thaiprdeesas ard hi gh | evel
of thermal energy. The ion bonbardnent of the substrate leads 20 to

i ncr eased hyrisegennedsdraheasenf cBbomcetfthivinggasesdram thessteelo a si gni fi cant
i-ncrease of the gromh rate. However, at | ow tenperatures unacceptably high
defect densities are observed, induced by ion bonmbardnment. Even though
controlling it via the substrate-bias tension increases the quality of the
| ayer, it dudth raspecttodheenatarial bfi the processhepace opsingibl 3, partellerly #s es. 25 Thus
there seens to exist an inherent contradiction: |on bonbardnent of the
substrat & osurfdve thates xgoded eettis praress) theestatechegtsonede byamesnsdefdigure i ncr eased
hydr ogen desorption, but at the sane tine it |leads to an increase in the
def ect densiltapply3Thédnert datedalt pre{e?ably Adidleziriconataal @ndtas reemtiopedies f or

t hermal CVD processes operated under atnospheric pressure: 45 Si growth
rate GR 2 ypref@aBlyselented frioat thé @o@ Gf matddials, isratatileartbebighedocessl convert ed
to 550 C) Gas flow, SiCl2H2 , F: 100 sccm5 This results in a growh rate
GR per Si Cl¥@pdratoresiamndtdoesRbt forn2 gasddusdicomppsndswith thi.useéd geetifd ow F of 100
sccm Si Cl 2Hz corresponds to 4.4 x 10'9 nolecules / sec. 10 The growh rate
of 2 x 10- 3 gasdsysuchcas: partquiatiy hydiwgen,dydiasticoraigernadne? barogthare,si | i con nono

| ayers per second on a 5" wafer, corresponding to a surface area A5 of 123
cn2. Foil0t hehlbobeINFayd@l, BidH:CsiecBetdiCHal N, IC#SUPHS Ashls.aTolep dss acievedant i ty of
15 GA = 1.7 x 10'3 silicon atons / sec. By creating a relationship between
t he sili con tioat #ere tvill ebamosdntainatens sétherparta20. Intesferarae toatanggdthequant ity
admtted per second, the gas utilisation nunber GAF is the result at 20 GAF
= 3.9 x 10- interidnisarface of éispponodesstspacarcasing 1184 caticabdnlnpmpienthe &spgdi04 000. W
state that the following results for atnospheric CVD: 25 GRF ~ 2 x 10-4 A/
(5ccm mi n) GAParticle fdtadorni A thil3 hitdrfepance Spatirgrbaynexkenbe grefedrd imatdér7) t he
estimate for UHV-CVD is as follows: GRF = 0.1 A/ (sccmmn) and 46

. 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, because, 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.



GAF = 0. 0035 corresponding to approx. 35 000 .. This nuch concerning the
processes used in the industry until now for the production of layers in
epitaxy quality. 5 From DE-OS 36 14 38% anot her PECVD process is known, in
whi ch the DC gl ow di scharge is used in the formof a | ow voltage discharge.
Wth this layers with particularly good nechani cal characteristics are to
be deposited quickly, that is with high growh rates. 10 A cat hode chanber
with a hot cathode communicates with a vacuumreci pient via a di aphragm
_Opposi t e t héhdprmohssagpacatasind i3 isprefemblydodstririgdiniseverakpartisénati schar ge axi s
fornmed between the di aphragm and the anode, an adm ssion setup is provided
for a react slowmase thar it eargeairenmyed ot exchangedawitheutderaountingithetdnede5 di schar ge
.axi s respectively the work pieces are arranged. Wth regard to the anode
potential, dirsngesmant 140, t1adesByNeE rombeal ol Bi@ procase spaceviading 148d t he
di scharge is operated with a current strength I AK of at |least 30 A for the
coat i ng t heilwstrategindGgge &t e plafervghembbarliraemte) ttel Type plat otesalmddeteieen 48 and
610 V. 20 The test shown therein results in the follow ng picture;
Exanpl e@R [ Pedlised, ahGBYF r¢spéctivelygeplating the] drd:38 spaXBEnbing32 3withG32. 54
(Si)1660. 754661. 267500. 772500. 585000. 7593160. 38 47 103440. 1811620. 18- -
12580. 14 Theinilary etrepedcasing nade of enetal,regTypediptdresk moudilile digegrdinbéo wor k pi ece
coatings can be carried out with a layer quality, that nmeets the denands
made for epFiogure/3isagalised. by using for this purpose, in contrast to the
expectations up to now, a non 5 mcrowave plasma PECVD process - that is a
PECVD process with DC discharge - and in particular a PECVD process as, in
its principle, it is knowmn fromDE-OS 36 14 348. As will be shown, it is
possi bl e t oThefillewmgiisna epmpitatipn glithleiprgcetfesadarmipdondt in eacheasé&By of at | east
150 A! mn, even of at least 600 A/ mn b) GRF of at least 7.5 R/
(sccm i) oreaey efthd Prokess (wdalas imtndiycedrbyfreeamisiof Figvess 7 5A | (sccm min) and
furthernore ,. 15 c) to achieve gas utilisation figures GAF at |east in the
range of 5% It is recognised that the plasma di scharge in the DC PECVD
process used in accordance with the invention | eads to | owest-energy ions,
al so to | owdgpeknergy el ectrons, that, however, the charge carrier density,
in particular the electron 20 density at the utilised discharge is very
| ar ge. Her edVhilemeeting qualiynteiqoinements, dseequipidarheacobiingyeartsafithearanpl es usi ng
illustrations: Fig. 1 shows in a diagrama first preferred enbodi nent of an
L nst al | at i oepitaxik Byax thos paness modute ishused foreatryiog ofitoeadtive ceatdgetin an of t he
processes in accordance with the invention. Fig. 2 in a diagramshows a
second p5 ef plasmd-aseistedi mamier, ok psmiarestiatedatactive ettchingcarpdssmee With Fig. 1
w th several operation variations. 48

assisted reactive altering processes of the material 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 of the
work pieces or parts are subjected to a plasma-assisted 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,



Fig. 3 shows the dependence of the growh rate on the wafer tenperature -
during the operation of an installation in accordance with Fig. 2 for a
silicon coating process. 5 Fig. 4 in a3%unction of the discharge current
shows the increase of the growh rate relative to the reactive gas flow
GRF. Fig. 5in a function of the reactive gas flow shows the growh rate
for different 10 plasma densities in the area of the work pieces. Fig. 6 in
a function of the gernmanium concentration shows the gromh rate at the
deposi t ed | aymbsanuentPastarassisted raaotivel ¢ledningystemfon etching résidees, ut i | i sati on
f-igure shows the result in accordance with the state of technology and in
accor dance wweferablyearrmdamaihgdrogépplepms, an installation in accordance with,
f-or exanple, DE-OS 36 14 384 can 20 certainly be used for the execution of
t he processes in accordance with the invention, if it is operated in such a
way that the conditions in accordance with the invention are net. In
accordance WiiypkllIFig. 1 a first installation preferred today for the
carrying out of 25 the process in accordance with the invention has a
vacuum r ci fTheMypd || ptacesd molulas ar Used doradteamirgrwdrk pizcedlinchmaredi aphragm 3 i s
attached via a flange. In the well known way the cathode chanber 5 can be
connect ed t @ehéteatial @wtnhec ab repiired tfodxandpld, vhen didydre novéd omtthe cat hode
chanber 5 can be insulated with regard to the recipient 1 and connected to
a different apiienhbinadsphéretto tHeoatoye-nidtibharatdentstdpgsewniah he@e chanmber 5 i s
a hot cathode 7, a filanent, preferably heated directly via a heat current
gener at or 9.epitaxdd qRalay red@ilemnants halsdiimesadypeak pocdss mpgaes, ire t he di aphragm
3inthe recipient 1, is a work piece carrier 13 nounted in an insul ated
manner. A webmbpiatiarewittetiedreafrientpyockesgsrmestidg the abdvbenentionediighdse wor k
pi ece carrier 13. The recipient 1 is evacuated with a vacuum punp 27,
preferably autlity dHemaads, the gansrar@tldanet &y rpaans of theasboveimegntiongtlogcul ar punp.
Sensors, such as for exanple a plasma nonitor etc., can be provided for
obser vat i on easgy pldsmagina readtivef manneo iréfetabfUfirgtdyesplagisa-agsidté® connecti on
31. Concentric to the axis A of the discharge with the discharge current
| AK, a gas €acting elchingnthen by a plasha-gusidtaddedctas cleaniay) préfegatsly innj ect i on
installation, connected to a gas tank arrangenment 25 for reactive gas,
whi ch i s admytiogen plasmat he reci pient 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 pernmanent nagnet arrangenent
29, a magnetic field B is generated in general concentric to the axis Ain
t he recilpi emith rebpeditd jsrefemietiicoatirayrpreddseed, ispecifically foe thrr depositing bfe di aphr agm
3. Preferably the field can be noved away fromthe concentricity. 20 The
i nstal | at i ometré-rorinbmockpitaial layersbyL medaofthavTye IFmodulds, referepes st ed as
follows: - The recipient wall in accordance with 1 is used as anode of the
di schar ge amthdeas tHehamgete postents of therappedaeh ateording & weanlypot enti al , as
show preferably to earth. Correspondingly the cathode 7 is connected a
mentioned W098/58099.

20  Figure 7 is a schematic view of a Type | or Type Il 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



25 (negative) potential via a preferably adjustable DC generator 11. Above
the generator 11 lies the discharge voltage UgK, the discharge current |AK
fl ows between cathode 7 and recipient 34 - In a second operation variation
of the installation illustrated in Fig. 1, the 30 work piece carrier 13 is
connected to the voltage US using a DC bias generator 15. 50 Fig. 2
shows another preferred installation in accordance with the invention for

t he execution of the process in accordance with the invention. For the sane
_parts - thethean@ntiei e feqars 192 araill@strateridn ashatdhelinganndr, inféezhicasé,al | ation in
.accordance with Fig. 2 differs of the one illustrated and described in Fig.
1 as fol | owsllowed\ agirelirey PE afteT prealefinetumhebel 9f sikchiifeatthélt dtepsibycd i s
.arranged concentrically to the discharge axis A Here the foll ow ng

-oper ati on npéeRataliel sEfsSeédirgy stdPofthé\mogbievaOichaigbe imthagpasdagel t h t he
variation swwtch S, the recipient wall of the recipient 1 is, as already in
Fig. 1, conopatsgh.to the reference and preferably to the earth potential or
tied or even operated as floating potential via an inpedance el enment 14,
preferaldy a resistance elenent, 15 to a potential, preferably a reference
potential. In that case the ancillary anode 19, if the recipient 1 is
connect ed t Piguiees setehiaticdll iRGtratet haw, insicd asatimn ainiddpheref tigstmt ent i al  of
the recipient or connected to voltage using the preferably adjustable DC

gener at or 2344, 28 exalvipld, BR inlifé byitem} foledamnple, @brk pieded SbdirBaIGeqtgd enti al via
t he i npedance el enent 14, then the ancillary anode is operated using the DC

generat or 2 #Ngbe It prRBERINSAIES N ifEBIIEMingndage tHdAKinayps pMidedty t he
intermttent |ine between cathode 7 and ancillary anode 19. This is also

the case if rioleles eatjedtedto stating, btdhing) PrteriaPslteting Bheaptiomaipasent i al . 25
Nowadays the operation of an installation in accordance with Fig. 2 is

preferreg WelebnihdStepSCHBIeR0, @RAIbgELRND & rRPresentafidrishin Alkdreanghd | ary anode 19
as wel | as wor k _pi ece carrier 13 o_perated _potenti al _-control led. In all
i nstal | at i oprovriet tdcess mobigleé atd RibjertdIe bisengRaning aft8ldrdspadtive 30

given number of processing cycles.

.. As mentioned initially, a preferred process of this type is the production of virtual
15  substrates. Accordingly, in the Type Il process module, the base, suitable for a
subsequent hetero-epitaxial layer growth, is reactively cleaned in a plasma-
assisted manner, using a halogen, but preferably hydrogen, as the reactive 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



51 _ Total pressure PT in the recipient: 10-4 nbar < PT < 10-' nbar 5
preferably 103 nbar < PT < 10-2 nbar typically in the range of 5 ~ 10 -3
nbar. This pressure is mainly ensured the partial pressure of the
wor ki ng gas, preferably Argon. The vacuum punp 27, as nentioned before, is
therefore preferably designed as turbo vacuum 10 punp, in particular turbo
nmol ecul ar punp. Vbrkinqrg as pressure P~: This is selected as follows: 15
10-4 nmbar < PA < 10-' nbar preferably 10-3 nmbar < PA < 10-2 nbar 20
“Reactive g_ a&arm{e,tthaphqnegérae@mmhtympﬂon%lym@it@ndbrept@@tétﬁpéd as follows:
-10-5 nbar < PR < 10-' nbar referabl at 10-4 nbar < PR < 10-2 nbar In
particul ar ﬁ@ﬂord;@@t@sthemaﬁlqm\wgf%lpww@blrt aficishad \idyahauhsligteparti al pressure
.val ues between 10-4 nbar and 25 ~ 10-3 nbar are recommended. In order to 30
-support t heuploages frany thessystest 4 daititierlesls) , in particular in the case of

mul tiple |ayer depositions and |ayers with doping it is furthernore
recomended, to provide also a hydrogen partial pressure in the range of
104 to 10-2, preferably of approx. 10-3 nbar. 52 (Gas streanms . - Argon:
to the g¥ catosxperkwiiibe famjiendidnthedact thas, alesd durimgdiie prieductivoiopthent and cat hode
chanber, for the setting of the necessary partial pressure PA and PT 5

r espect i vel yirtuglesabstrate, agiditionaldayersicandoellpdit inc emthat eleaning steps can tleor gases
containing silicon and/or germanium 10 H2: 1 to 100 sccm Dischargie

vol t age U-~: pMivisedibstweendle cadtinagteps.ie that case: mieterablynashsdd cikanind reci pi ent 1
in accordance 15 with Fig. 1 or between cathode 7, recipient 1 and
anci |l ary astege’ in@ Type | beacessemoddehode 7 and ancillary anode 19
respectively, is adjusted as .. follows: 10 V < UAK < 80 V, preferably 20
20 V < UAK < 35V,

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 chamber 150, which services the
process modules essentially in a radial manner. Unprocessed substrates are
loaded from a transfer chamber 152 and treated substrates are transferred
therein, where the latter, for example, cool off. From 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



D scharge currents, | These are selected as follows: 25 5 A < | AK < 400 A
preferably 20 A < IAK < 100 A 30 Wbrkpi ece voltagie Us: 53 _ In any case
this voltage is selected to be |ower ti¥an the sputter threshold of the

di scharge. In all cases it is set as follows: -25V<US<+25V 5 preferably for
Ga conpounds, preferably for Si, Ge and their conmpounds -20V<US<+20V 10
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 neasured in
;advanced uséaenirobecbyoderagrant hentpsl systemiiheexanpde, erfragly programmabled ace to be
-€oated will be positioned. It is set wwth reference to the surface of the
probe at a progiameontfol eystEBn.A/ cn2, preferably at a mininmumof 0.1 A/cn2 up
«¥o the maxi num di scharge current / substrate surface. ', 20 This current
"density is nmeasured and adjusted as follows: i One or several probes are
positioned at the place of the surface that later on is to be coated and

wi th regar dThedestribéd predessmookulgsowhithicah all bs genvertedlinto anead@heronnected to a
vari abl e positive voltage. This is increased until the nmeasured current no
| onger incr earsiesat sUbsdratas, woichihavéna dametarrof at leastréDanmoprelergbit of athe probe
surface, results in the total current density. By adjusting the discharge
it is now slkegst2D0trhva, pretpnabiedvaradfatleadtidOauiinu dn tinercase bf theepitaxial i oned
current density values is possible w thout problens between 5 and 400 A 30
respect i vel goaing bp mefaas ablhg poerese desc?ibedinthd 8Bove-maittnhd YYDRBISBA0S

| ow-energy ions and el ectrons, that inpact the work piece, is ,_ a

char act er i swhichfis @holosedfastAttachment dswitmrespect Wathe progess disedosureent i on,
which _ therefore is abbreviated LE-PECVD for 'Low Energy Pl asma Enhanced
C\VD . of the present application, coating rates of at least 60 nm/min. are reached on

10  the above-mentioned substrates.



54 _ During the coating process silicon andl or germanium | ayers can be
doped by the addition of a doping gas with an elenent of the group Ill or V
of the periodical system such as phosaﬁine, bor oet hane, arsine etc., into
n- or p-conducting layers. Thus p/n sem -conductor transitions can be
generated in situ, e.g. 5 particularly econom cal for the solar cel
production. If galliumlayers or gallium conpound |ayers are deposited,

t hey can be doped with an element fromthe groups Il or Ill or IV or VI of
the periodic system e.g. with Mg or Si, by using a doping gas. 10 Using
the anode 19 and/or the magnetic field B, the | owvoltage di scharge can be
conpressed and/or deflected fromthe work piece carrier 13. Thus the plasm
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 wi de 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 arrangenent of nagnets 29 generates
the field B using pernmanent and/or el ectro-nmagnets, preferably with a flow
density of sonme 10 to sone 100 Gauss in the discharge space. 20 Due to the
unusual ly | ow di scharge voltages, as nentioned preferably in the range of
20 to 35V, the result is a plasma pgbgmkjal of the discharge according to
(15) near the anode potential. Wth 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 neans ion damage during the growh
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 ained 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. 55 . The
installations, as illustrated in the diagranms of Fig. 1 and Fig.2, are

i kely today's preferred enbodi nents, while the processes in accordance
with 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. 5 Until today the si gnifiiﬁant parts seens to be the
potential-controll ed operation of the work piece. Using an installation as
illustrated in a diagramin Fig. 2, 3" silicon nonocrystalline substrates
were coated epitaxially with silicon and a silicon / 10 germani um all oy
respectively. The volune of the recipient 1 was 60 |I. The installation was
oper at ed as Pfagessgr tharprpdiuction efitoated workopietes, pitilizatiaradf the progesseci pi ent
1; work pie ' o 15 controlled bias potential. Recipient as
anode to ea?ﬁ%ﬁ#ﬁgﬁ?gﬁﬁ{)&m ng wor king point settings were made: Wirk piece
tenperatures T 20 Plasma-induced the result are work piece tenperatures of
only a few -J Qh |S is extrenely

advant ageoué%)poer%dt' 2\ ggé??ﬁgh%ogsfﬁgﬁ%ng;@%@%éFs 25 substrates, such as
for exanpl e organic substrates. Hi gher, desired tenperatures are achieved

by separate ' i ' and | ayers
wih 8- G JBRThleRtln eps ROORYTAL oo Rlon B Eo iy R ABET ST (Y °C
56 are recoanemdinde withrthesgenesigders of Claa t oitifinations thakeof in:accordad@®) C < TS <

800 C 5 Becg : I [,S oG ' ' : in the
sel ection o?‘M ﬁ ;?elé@gr%géé)gf’?e@ea@ggﬂm en%)ggplﬁqnla@g?é ﬁgbtlegrdlegf&&ayﬁsé %bst rate

mat eri al . Fhowrdace wWittdhe generipterssefBaifmidtaarditssolisaion inegarENCK

10- "' Si Fg10 ¥ I current AKE 70 A. 10 Di scharge voltages UAK' 25 V
Substrate tﬁ%é%’?’%r%i}gg%o C (heated with heater)

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

15  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
20  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.

25
Known processes for the depositing of epitaxial semi-conductor films are:
- Molecular Beam Epitaxies, MBE
- Thermo-chemical gaseous phase depositing, CVD (Chemical Vapour
30 Deposition)

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



15 In a first test the substrate tenperature was varied using the heater
17. At the sane tine the other working paraneters were left constant. Fig.
3 shows the result. This figure shows ¥hat the growh rate GR depends only
to a very small degree on the work piece and substrate tenperature T,3
respectively. The reason of the great scattering of the neasured values is
the fact that operating 20 paraneters had to be manual ly re-adjusted at the
test installation prior to every deposition. Starting fromthe nentioned
wor ki ng poi nt Miedowase plabaadissisted chemicar gasabud piiaseaspdoditery andr i ed by setting

the di scharge K i f he ar t he variatijaqn 25 of the

cat hode hea’? i r%é%%\?‘?zg{?ém S@?%o%nfﬁ%ﬁ%ﬁifceb%F%%’?‘é?'gteag’lr\}ﬁkept const ant .
-Even if the discharge current 1AK at the surface to be coated does not
directly corre nd ta the [ carrier densit nd sna..densit

respect %/vel i-/r,‘e @ﬁ@ Ffoﬁﬁsﬁésniccﬁgﬁté\f%ﬁﬁfm fﬂrgﬁarg? Hgﬁféﬁr&%ﬁ%l @%ﬂ“waﬁ) anmet )ér S, IS
still & nl mefhodpavtichodifiér dither inBhe sthetuwle stthargeted appamtus’ argheiespondi ng to
the current dentsit at JH‘Q’T V\Q:E\h_.') i ece X rfacc;r.t t%e coata?d. Therefore the
result showdPTA ¥ g Z°0ET Rit'e §r°§ﬁ% bnee%ﬂ%ﬂﬁ%wm%m ty and the

pr opor t i onabfimogpherictpressoes oveat muchdovger pvedsureatadeSidoando tHedig efaultea densi ty.
Thi s proportipnalit houl 1 pye o) s . the gas,utilisation 5 does
not exceed Qgﬁyggaur%éﬁ@k)rlaéﬁ%rdgg%% Q‘?PS@’%BFBE% b&ggf&ﬁ'gé}gs ment i oned before,
the plasma density can al so be influenced by, for exanple, the adjustnent
of the disc e current as well, as the.focussi nd defocusi ng of the | ow
Vol t agelt <Ryt Gemgierd bridlieh Betaldy LDEREEN WvE N TP iAY, ca

di spersi on e asqu reactive gaged dre sjlicot-eshtaiaing Wasex) etgh enlsrrid hytgosifcohd)e

di scharge 1Q. condjtions...H ghlLy revealing.is |astl ~,J. o.,1t shows the
fesul t of ¢ Bl SEHEL AR ST of el 6 DucrBRliccie i ST T, whi Lot ho

ot her par anehatastevigticfokiapistandait GV prozbegeisiang thierhigh dépasition ki ng poi nt 10
sccm The s%raie? t i nﬁf(fa \%}s”i e,CresduIt of tge | ow 15 V(P| t age di schar ge,
whi ch was | BERTFUSFIHREIF B ¢ set” "Wt BYEAG WD BB 4Eg. 1 due to

t he maghet i typfcalyl 20 meart torig)00whibarhthiatis upte nbrechl tinasppéracsprassliensi ty reducti on
or a lower rate at the substrate, for a discharge current |IAK of 20 A

G aph (b) shows the rate for the non-deflected discharge and at 1AK = 20 A
(c) 20 fi naDkpersfirgén thb@radess earkitibns adoatifigprated sfap-t6leéveesit@dpeti scharge with
| AK = 70 A. _For a reactive gas flow of 10 scc a tenperature of the
substrate ol THASR ey A G SRR e SPHEL IORNSFtntor W () Fs a GR of
approx. 15 Agdinesferrés confirnmed by Fig. 3. 25 For a discharge current of 70
A at a @active gas flow of 10 sccmthis result is also confirned by Fig.
4. The declines to approx. 6 A/ sec for a discharge current of 20 A 30
Now t he resubw-préssueahemitzngsseous phasealepositiar (LOCVD, Lbow!Reessargpared with the
L RE R Bhgﬁ/wlcgf”\?alm}éuir(ng\@sitFo%?erh%llwgrq})L?sSWith 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



58 a) Conparison with APCVD f2) For exanple, Fig. 5 shows for the point P1:
5 GR=1200 AAmn, conpared with GR =2 x 10-2 A/Amn for APCVD, For the
point P1 Fig.5 shows a value of 10 GRB0 A/nmin (sccmmin) The

correspondi ng value for APCVD is 15 GRF = 2 x 10-4 A/ (sccmmn) If the
gas utilisation figure for a 3" substrate is calculated for LEPECVD in

accordance wth the invention, this will result in 20 GAF = 6.8 x 10-2 ,
corresponding to approx. 6.8 % In this it has to bee taken into
consideration that these nunbers will, of course, inprove significantly for

larger substrate areas, e.g. 5". ZFFfilﬂs o shows the followi ng results: -
In field |I: for APCVD, LPCVD, RPECVD; -‘fnfieldll: for UHVCVD 30 - In
f%eld II1l: for ECRCVD - In field IV: in accordance with this invention 35

b emphac shearRe i HBEIRIAY s oS Tor oo Bhe LR PRSI T e " 1

i nventi of aldtepsr rebetive@atiflog vaft, GR¢ att i vel y | arge areas, due to - which fact
the gas utilisation figure GAF increases additionally. If, anal ogous, the

| argest growth rate GR, growth rate per reactive gas flow unit GRF and the
gas utilisation figure GAF are GRpy®6 d(secmh ntile correspondi ng figures for
CVD under atnospheric pressure conditions, then the result are drastic

i nprovenents in every aspect in accordance with the invention. If, finally,
the result OmHeebrdaocesparidingtthiasurfaceeareaon are conpared to those that
result, .10 when a PECVD process is operated with | ow voltage discharge in
accor dail“n e with DE-OS 36 14 384, it becones apparent that surprisingly the
growth rate of 1,200 A/min achi evedsFr2aeamdy dance with the invention is
significantly greater than the highest growmh rate achieved with the

previ ously known processes and that in addition the growh rate per

reacti ve gasotvettad fromtth&REtualche®efdr hwafersatiioredaltcia awddpbsitikte | nvention is

higher by al npst WO RQWE 3 Ya X0
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’, GAr at

GAF=84-10%,

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 sccm Hydrosilicon



It is therefore very surprising that through very particul ar operating
conditions of the installation, in principle as they were previously known
from DE-OS 36 14 384, such inprovenent4l can be achi eved, taking into
consideration that the 20 | ayers deposited in accordance with the
invention, follow epitaxy conditions with regard to defect density. This
was extrenely easily checked by the fact that during the described
operation of the installation in accordance with Fig. 2 on the basis of the
Sstated 25 working point paranmet @Rs= &1 hAYlsccuahiin)y epitaxy coating was

achi eved, when a nono-crystalli Syhst ra [ ed and an anor phous
coati ng when an anor phous substra ega/aiéi %s%t\rgﬁ‘%é,sgﬁﬁhé t he wor ki ng poi nt

parameters were naintai ned. 30 BAg.=355f (91 lverrespondimpded.2Goder P2 t he
reasuring point, if a Site epitaxy |ayer is deposited, which contains 4 %
Ge, instead of a pure Si |ayer. 60 As this already shows, in contrast to
t he pr evd ouSinpriegipleghe éllowing\ritedig @re hecessary &dridefectifres epitaixiatlagerge f or t he
procedure i roq\ﬁ”@ordance with the invention if a Ge/Si alloy is deposited.
This is confirtned by Fig. 6, where the growmh rate GRis shown as a
function of the Ge content in %for the given working points. This 5 shows
that over a very, larqge. r e of the to.SI ratio the gromh rate

basi cal | y does nJﬂ g 5%%@%%@“‘&080%%6%0[‘ﬁn'cér(o,ﬁ‘iﬂpéﬂ&ﬂ(%o%sgﬁt'qnhe i nvention was
primarily subst aptépatatidnothetpheof o thesepitbxyt ie ptavided viandleattondliffraéionor Si / Ge

alloy | ayers and and conpound 10 | ayers respectively, all of them
doped a not doagﬁp'ggéﬁﬁlﬁp@d. The process in accordance with the

i nvention achi eves, in conbination, the highest layer quality with very
hi gh deposition rates and . si,mut aneously very hi P tge ree of efficiency
with regard’to dgba‘ﬁ?gir?'gf cf@?éﬁi‘ﬂ?@%"ﬁlt%p@rdéﬁ{?g % e%@%\%ﬁ?‘%@a% gas
quantity and thatypidally cam beergdiatet ny defectimust 6O VisiBle. Tipical tnfeynficaums ed
procedure is extrenely sui aal f or i ndus &} r ion of the highest
Qual i1y, be it eSfbeuedhe BefereyaLs oo 20D
15
Another development is the ultra-high vacuum chemical gaseous phase
deposition (UHV-CVD) with working pressures in the range of 10 to 10 mbar,
typically in the range of 107, 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 550 °C in accordance with (5).

The reason for the low growth rates is that the absorption and disintegration rate
of the reactive molecules, for example of SiH,, 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).
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i 1995). dr ogen pI asma chem cal cleaning of netallic substrates and

Silicon waf Eﬁﬁérs Wat &Qrd’é@bs@d iRk qualﬁgzItrVaersSalédsiutablbif&qhé 8&5dshing of Sur f ace and
coatings t e%pl?a%a?%ers as of togay can%e? deposﬂed a7t%Zp05|t|o§13ierﬁpérapL}res alns:

<600 °C:

25 » via UHV-CVD with growth rates GR of approx. 3 A/ min or

* 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



_ - 1. Process for the manufacture of coated work pieces with a quality

| evel sufficient for epitaxy, characterised by the fact that the work piece
is coated 5 using PECVD with the appli4ation of a DC discharge. 2. Process
in accordance with Claim1, characterised by the fact that the coating is
carried out wwth a growh rate of 10 GR>150A/mn and with a gas utilisation
figure of 1 %GAF<90% 15 3. Process in accordance with Caim 2,
characterised by the fact that the growh rate is GR > 300 A/ mn,
preferably eftaeal nor@6&buildingmafamosstpes ioa poly-crystdimeddyleys, @Reastinod@3h A | m n.

25 4. Proce ' M T 915':-5] 2 he fact that
the gas uti ?’éﬂqﬁaﬁgg‘gﬁéﬂ%&"ga@ﬁfﬂ% gs%%g%aﬁ%@%{éwé{;ﬁalsﬁ gtgcordance wth
one of the @hsuredsfolindostdal prdductien.eri sed by the fact that that the discharge
I's adjusted in such way that during the probe neasurenents on the |ocation,

where later on the work piece surface that is 64 - to be coated wll be
posi ti on®ed, Oarke othet lends therusp of eaytaciive aounled lkigh frelguenicy fields fonthd east 0. 05

a/ cn2 probe r € ¢l I i prabe -
surface up Q%kleégtg‘énosf ﬁ?yﬁag%n‘af ﬁ({ergrr%(\&%%cgglsg gh’a‘i‘? g%’sotcn&grvéﬂ’taéa? Igg’ﬂb‘g ate
surface. 5 fegak toxddch (1n) iaceferddivc Fhaiifficuld mithe brocethae ties mrthstadt by t he fact
that the neagsur urrent density i t. I, I_mpact of
cloctrons. 9ot pitooieb il REEEy L NebImBIRaF Sociiendl, Mo s T8
char act er i sanhelthye substrétecurfadeis sabjdcted kaargmtensive ombbrinent witid high<l AK<400A i s
sel ecte preferably 15 2 <.l < 100 A 8. Process.in.accordance with
one of ?Qle 5‘%{§¥r§°ni‘ isos'a??'%ﬁ@greéeltég?q 'cheﬂge %?setoﬁéeqcé\z &s 'ﬁ%%gra&wai% ﬁ'ﬁar ge
vol t age UAKfredqueddy &fthig<Ohlfie eheBtand this faoilitated thd hyprogére deddrgtion, 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 are
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.



20 V< UAK < 35 V. 25 9. Process in accordance with one of the Clains 1 to
8, characterised by the fact that in the process space a reactive gas
partial pressure PR of 10-5 nbar < PR4s 10-' nbar 30 is sel ected,
preferably 65 10-4 nbar s PR <_ 10-2 nbar, - 10. Process in accordance
with one of the Clains 1 to 9, characterlsed by the fact that the discharge
Is mainly used as source of electrons for the reactive 5 gas dissociation.
11. Process in accordance with one of the Cains 1 to 10, characterised by
the fact thmtthia elspdmamld‘oﬁgdasdhlscdmemger |b$er8|3ﬁdbaﬂemltddl dehesge, preferably a
ot cat hode | wvo ‘ﬂh scharg 9 éProc%f H til ﬁrda ce with one of
the dains 9° rl%n'ﬂs' ICQTLANGUT Gerogr Uy, d9qed rrefeta yﬁ'ﬂ ! PBHEGPETERS space an
.overal | preﬁ*smrtlﬁie ﬁBupslll&&N@f&hé péﬁmysfbﬁﬂombﬁrs sorftdining gallum withaat 15

e of the ERsde serant bomegrabsdh IF R ey s et BE et o2 Wb T ng. gos.

partial PpremgwrSi.PA in the recipient is set as follows: 10-4 nbar s PA <_
10-' nbar, preferably 25 10-3 nbar s PA 5 10-z nbar. 14. Process in
accordance with one of the Cains 1 to 13, characterised by the fact that

the di Schar@atw@bmg@fthéc@mmgeﬁhamubeawﬁmtrdét&nélaégmﬁ@foe&fehode and a
vacuum r eci pi ent,. wal | ted to a reference potential,

b ef or ably BERHIGGH SRR laySregetaionia il TR BCBIERce it h O ai m 14,

characterised by t he fact that the work piece in the process space is
operat efi on_a A ? ICQ/% g)rgct:eesgésl ?A paorglcular 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 A/ min at 550 °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 effects 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.

25
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:



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 stharge anode, 10 which is negati ve,
preferably is US > -25 V, preferably between -15 and -3 V. 17. Process in
accordance with one of the Clains 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 adjusShgiowthviate @Ge2 wit0R nnémisy ence to the di scharge cat hode,
whi ch preferably,l 0, a i 18. Process in
accordance with (gér%e%ogfét%e{%%ﬂq}'n@ %e%g&fg,aﬁgﬂgé\%&eéﬁésed y the fact that
an anode is provided for the discharge, nounted in the vacuum 20 reci pi ent
and insul ated wi ega it erably in the formof a ring anode.
19. Process in a?égglggh%@%\agtﬁ 1(9og€|rc§nrfnl& characterised by the fact that the
work piete in the process space 25 is operated on a floating potential or
connected t ek © ' i al . Process in accordance with
Claim 19, cﬁgrgéé%lﬂg%ﬂggmg@h H%%éﬁgég%r%@étzf{or\?é%\}\%rk 30 piece with regard to
t he di schar G§Rrce? k0@éAi(scappmirat ed at no nore than the di scharge voltage.
67 21. Process in accordance with one of the Cains 18 to 20, characterised
by the fact that the vacuumrecipient wall is operated at a floating
potential oA das fioethefr® scomBiClgfl.ecarraspomisttedt4 all 0V molexnlestpecance el ement .
22. Pro;;gss in accordance with one of the Clainms 1 to 13, characterised by
the 10 ct that the work piece with regard to the anode of the discharge
i s oper at ed The geowtordta g2 kdDeevmin2brresamds 125 ghdwtiprasé ef 2019 SitkconGa
conpounds, f f i o | . r ef bl . ,at
C0veUs<s 2001 HRHE torePhorn 8 e, BirLertRORA LS E Surdto il A2bth23

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=3.9x 10"
This corresponds to an utilisation of approx. 0.0004 0/00.
We state that the following results for atmospheric CVD:
25
GRr =2 x 10* A/ (sccm.min)
GAf = 0.0004 0/00

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

GRr = 0.1 A/ (sccm.min) and



23. Process in accordance with one of the Clainms 1 to 22, characterised by
the fact that the work piece tenperature i s nmaintained at a maxi num of 600
C, 20 preferably between 300 C and 600/, preferably for Si, Ge and their
conpounds and preferably for Ga conpound between 300 C and 800 C. 24.
Process in accordance with one of the Clains 1 to 23, characterised by the
fact that the coating is carried out wwth a coating rate per reactive gas
unit 25 GRF, which is at least 7.5 A/ (sccmmn), preferably at |least 40 A
1. (sccmmin), esPéerd0035mortepandingde aprraxt35a0A / (sccmnin). 25. Process
tn accordance with one of the Clains 1 to 12, characterised by the fact
that desired coating rate changes are effected by adjusting the reactive 30
gas f 1 ow i nThinenuchcaoearniog the pracesses used inheaidusitystitndwefonthepr oporti onal to
this. 68 , i ce with one of the Clainms 1 to 25,
characteri sé%dggroﬁﬁbg@gtspn?ﬁg&g‘gglﬁfed coating rate changes are effected by
adjustiny the discharge - current density, with the adjustnment being
proportiona i I I i t. - i rge
current andkyoﬁﬁPE%%sgﬁg?%gra S‘Q‘]héiaﬁgggq’%%g%&ﬁ&‘g@ Ht'ﬂ%ﬁ%hnﬁ%i?ﬁ@%\tﬁi on and |
or through Biscirgenis used irethe dore affa low eoltdgeatisohgrgewith thie ipyed with t he wor k

Process i n BaupratfadGhahaKcel ApH i are 03 @i BRI 001 e

10 fact thatwith highgoowthpatese i s heated i ndependently of the di scharge. 28.
Utili saiéon of a PECVD process with DC di scharge for the production of
epi taxy coatings 15 29. Uilisation of a process in accordance wth one of
t he Cl ai ns A datholi€ chardbertwithi s bdticathode campwnidates evithiat vac@imireni@déntf or t he

Recor dance SPECRTEh 3P b e A 4RO o cliElen, Poenofid s ™o0 ™" '

sem - conductiischarge b forinag between shepdibphregmsindlthe aroder araadraissiopbetts sem
conduct or | r . I ed s t e, in
particul ar EE aPHELB" BreabuftHh drieBlecdpode IRF QAo ore a5 ance wi tn
one of the Giseharge ads texspdlivelyrthe erkpients are amargied 2W/its vdpsrd tiithe Wit h a
silicon and_/ _or gernmanjium | a Qr i/ oy |laver, preferably doped
W th |l easereeRrURE A FaraRiBlgth B ey AN PERER B "har o ¢
system 32. disthdrgs &tdperatedwiiit e cucient cength hy ofiet ledst B &\, @rahersoaiBgt 0 30 f or
t he product jon of 3 t 1 . [, or und | ayer,
preferably H‘oep\%%ﬁ(ﬂefgﬁgg'%f‘oéélgh?gon%mn%]aéﬁ% ebﬁ%ﬁe?@gngptﬁg%ﬁﬁ?ﬁl 1, 1V or Vi
of the periodic system e.g. with My or Si.

20  The test shown therein results in the following picture;

Example GR A/ min) GRe [A / (scem.min)]
1 10° 2.5

2 380 12

3 2x10° 2.5

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



69 33. Utilisation in accordance with one of the Caim28 to 32,
characterised by the fact that at |east one gas containing Si and / or GCe
is used as reactive gas and that prefefably 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 Al (sccmmn), especially preferred at feast 10 75 A/
(sccmmn).1@5. Utilisation iB4déccordance with O m 34 for the coating of
substrates i Substrate terrpebgtures bel ow 600 g,moref erably between 300 C
and 600 C f Si, Ge and their“conpounds, preferably between 300 C and 800
.C for 15 preterably Ga conpousds. 36. Installaticom for the carrying out of
the process in accordance with one of the Clains 1 to 26 with a vacuum
reci pient, coupled to it via a diaphragm a cathode chanber wth at | east
one hot cat fibid énvantibrvie nkw steetirey foam thesmoR(kdge rtaageck piacd tuatingsegm ent as wel |

as an anode _arran n r mounted in the
recipient i ke %’"8&8@5’? C%‘gp)gﬁ%%y% @? tepﬁgé}gm: cg’e(fﬁ“agwf% rﬁ%agetfgr %pétﬁ%n in
accordance lmyeds i3 asimg 36 thichapess, arcontrdstiy tHelexpbetatiortshatto nhe, amolk pi ece
carrier th. ard t ade can ed to an adj ust abl e

Vol tage br MEFeaiRnathe R OPa it rontiad PEESR rabeb ey he 1 et pi ent
casing is cdnsd&trgeed ahwlddsmtncanm@elbﬁmvmptdcabs as)th therincipld) itdekvawirn regard to
t he anode p onn to the ¢ ode otentl al , preferably
between 10" T Ll 0s A7 4. B3RAEER faniny g EnsEBlaIp SonBYSER 3y ana a5 v
wher eby thequmut;k pi ece carrier vvlth regard to the anode potential can 30 be
adj usted by a maxi mumof t 25 V. ~0 38. Installation in accordance with
Claim36 or 37, characterised by the fact that the anode arrangenent for

t he di sthar ge i nglowde mté®RwAatIeastr160 A mint ewsaldf abieastiéad A heinanode
arrangenent in the recipient is nounted in an insulated nmanner. 5 39.
Installation in accordance with Claim 38, characterised by the fact that

the work pipge C@GR:iotat least@E Rnigcam-riihpatdveg 4amd/ (@tsnangydprefersbhch a way

that its even 75 A / (sccm.min) and furthermore

e

15 ¢ to achieve gas utilisation figures GA¢ 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 examples using illustrations:
Fig. 1 shows in a diagram a first preferred embodiment of an installation in

25 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.



voltage with regard to the anode voltage does not adjust itself to | ower
than -25 V, preferably -3 to -15 V. 10 40. Installation in accordance with
Claim 38, characterised by the fact tH# the work piece carrier with regard
to the anode arrangenent can be connected to a voltage of -25 Vto +25 V,
preferably to a negative one, preferably to -15 Vto -3 V, using a
preferably adjustable bias source. 15 41. Installation in accordance with
one the Cains 36 to 40, characterised by the fact that an ancillary anode
is provided, preferably in the formof a ring anode arranged concentrically

to the axisgQfat i 3&@6 i j t ipniLent wall can
be or respe'(::@i %e%@gﬁggénectg%g]éfgn%wo%hu%?ggﬁ 9’&%’%&%@?@%’%@ ential. 42.
Jd-nstall ation i n dwingrthenperatan ¢f anrirstalfatiomm aCcaidascel@ith big4d forahar act eri sed

by the fact thatsiﬁ %Crogﬁrngg)rggéss\_/vall is potential-floating or tethered to a
reference potential via Irnpedance el ement, preferably a resistance

elenment.525 43. Installation in accordance with one of the Clains 36 to 42,

characteris y. t t In% I . < “ﬁg < V,
preferably g@ go\’)é{ﬁl%é%\?f‘ scﬁgyg%e%uﬂggﬁémﬁe%ﬁ%eo%grggﬁg e gﬁodﬁ gt | east one
part of the anodetereiaiingéntsptreactive gasiflow @&eal | ati on i n accordance with one
of the Clains 36 to 43, characterised by the fact that a voltage of 5

- 25V<US<+25V is set between the work piece carrier and the highest
pot ent i al aFigt heinanfudeticaraf thegeactive gap flew shaws thegrowth aatever diffarentpr ef er abl y

of 10 -]15V<US<-3 . . t } dance with one of the Cains 36
to 44. ?:(ﬁar acter Iggﬁggﬁh{@ées%g%térgﬁgttﬂgq@g@&ggé(}der | ine connected to a
wor ki ng gas tank, preferably an

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

deposited layer and

15 Fig. 7 inthe 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 installation 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).
30
Provided in the cathode chamber 5 is a hot cathode 7, a filament, preferably

heated directly via a heat current generator 9.



15 argon gas tank, ends in the cathode chanber. 46. Installation in
accordance with one of the Clains 36 to 45, characterised by the fact that
a magnet arrangement is provided mai n4 concentrically to the di aphragm
axis for the generating of a magnetic field in the recipient that is 20
coaxial to the diaphragmaxis or offset towards it, whereby the nagnet
arrangenent includes permanent nagnets and / or at |east one coil
arrangenent. 47. Installation in accordance with one of the Clains 36 to
46, char actRyovidediinghe d@apbriagnfaxs Ataprpsitetbe d@ohiaigeni initke tasipirntfield to a turbo
yacuum pu A - 8 : i in
accordancgpa WW?@‘P‘{B%%%%{ﬁ%%@%&Wéﬁﬁﬁgéﬁeﬁ%ﬂﬁﬁaﬁ”é@% %’té{?ﬂg fact that
.the hot catmaylke propided éstha@res ofdhe warkyigaenarrier 18. The recipient 1 80 preferably

bet 20 49, t i I j:t.h f th

G aime 36 5ot oth 2 vaddnd Bomb 7, BelefinP Rl AR AR Carrrer 1
arranged i rpartinsilar edurpoendlecuarphmppbenrsorsaistieh ashfor Bxaghrie 8 pisewt r on density of
the dischargg. pLef %Eﬁ‘mag)rJWde'alfgr &%B@?H%r{}ée&éfg?%ﬁggﬁof%@gm axis. S 50.

Installation in acc¢ordance w th one characteri sed
by t he factpurpesestusingtbeicpinastion 81.connected to a gas tank arrangenent,

whi ch contains a gas containing Si and / or Ge or a gas containing G,
preferably in addition also H2. 10 51. Uilisation of the installation in
accor dance @#éndentiindo thie axiseA &f the discl3Bge witBthe discharger claneotlamiatdast he d ai ns 28

to 35. L) sat L Og. Pl Qoc. j £ h ' rge for the
ar owi ng Goi LA p By Rel BB L HieBh P FiRiaich Lo leg e 22 2
i nst al | at i ogesitankarcangeeneot2nfor reastive gifs, whieh & admiteBibta the Bégipient such a way

t hat t hrough i f characteristics of the work piece surfaces,
such as cr %‘{i%ﬁ’?ﬁ%%ﬂ&ég (?({C I's 20 controll ed, whether a poly-crystalline,

anor phous or epitaxial |ayer is generated.
A connection 6 reaches into the cathode chamber 5 to a working 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. Correspondingly the cathode 7 is connected a
25 (negative) potential via a preferably adjustable DC generator 11. Above
the generator 11 lies the discharge voltage Uak, the discharge current |k

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 voltage U, using a DC bias
generator 15.



54. Utilisation of the process in accordance with one of the Clains 1 to 27
or an installation in accordance with one of the Clains 36 to 50 for the
production 25 of solar cells. 73 Sumdthry (End of the Appendix A of the
description PCT/ CH98100221) It is proposed to deposit coatings on work
piece in a quality sufficient for epitaxy and in doing so to significantly
I ncrease the rate of deposit by using a PECVD process, using a DC plasm

di scharge, instead of, for exanple, UHV-CVD or ECR-CVD process. 10 (no

Fi gures) . ashowsandihe(r/bréfarmeﬁ inéta)latidh iMabmongpntcAlvith the-inveritonffér _- s + | F
167 ~B~2 ﬁme exgci%n 0981e procéss in acc%rsdance with the invention. For the same parts
the same reference signs are used as in Fig. 1. The installation in accordance

with Fig. 2 differs of the one illustrated and described in Fig. 1 as follows:

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 case 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 potential 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-controlled. In all

installation variations the following settings are important:
30



~~/ .~ wo oz~ocsno PCT/CEl U2/ U(109U (Anhang "A") APP I~Ise c 1Sr r * 1 * |
r. 4Q0 4S0 5p0 53p 6 T~s ICl ~IG3 (~~s F1G 4. Anhang nA" (~d,.,.o~ BL i
0 9p 20 3p ~p 5p 60 70 80 TAB (A1  W3Jl 0~/1~b$710 PCT/ Cli 0210(i 090
(Anhan~R A") (~1/S~1sC~~ 25 f c1 Py Intense Plnsrna,l,~K =70A ~ ibl 1 p P2
I ntense Pl osma, | AK ~ 20A ~i assGeooa Defl ectr~d Piasma, | A~=20A

~ e~y e ~M--.----,--=i0l 2 46 8 10 12 14 16 18 20 22 i=low (sccn~
FIGS (1 ~lIs~R Germani um cone) | Anhang "A"

; » Total pressure P in the recipient:

10 mbar < P1 < 10™ mbar
5 preferably 10" mbar < P7 < 10 mbar
typically in the range of 5 - 10 = mbar. This pressure is mainly ensured by the
partial pressure of the working gas, preferably Argon. The vacuum pump 27,
as mentioned before, is therefore preferably designed as turbo vacuum

10 pump, in particular turbo molecular pump.

* Working gas pressure Pa:

This is selected as follows:
15

10* mbar < Pa < 107" mbar

preferably 10" mbar < Pa < 102 mbar

20 « Reactive gas partial pressure PR:

This is preferably selected as follows:

10°° mbar < Pg < 10" mbar

25
preferably at 10 mbar < Pg < 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
30 support the planarity (surface roughness), in particular in the case of multiple

layer depositions and layers with doping it is furthermore recommended, to
provide also a hydrogen partial pressure in the range of 10 to 1072,
preferably of approx. 10° mbar.



wo uznssno (Anhang "A'? GR (I~ Jsecl 1: 11 10 2t Anhang A" FIG 7

P~T~c~i 0zi 00090 GA ~ C% 1 ~s Patent Clains: - 1. Process for the
production of parts as electronic, opt¥electronic, optical or

m cr o- mechani cal conmponents or as internedi ate products therefore, s
through the use of at |east one-plasnma-assisted treatnent step, during

whi ch an reactive gas or gas mxture that is admtted into the process
space (PR) is activated using a | owenergy plasna discharge (PL) with an
ion energy E Eas@GiddmslSeV at the surface of the part lying in the plasm
di scharge, characterised by the fact that the process atnosphere (PR
during the treatnent step is separated (15; 15a; 14; 15b) fromthe internal
wal | of a vaclArgon: éethei geedtestexieb) dependettondhe wolume oétineirecipiestreand 2. Pr ocess

bl acmn. asel ot cAvioHe s oy B SRR YRRt P e Bt Al Ry PRg o

the part5or (bgspgectively.ng of the nmaterial conposition of the part up to a
set penetration depth 2s (c) Etching of the surface of the part. 3. Process
in accordance with Claim1l or 2, characterised by the fact that before and
[ or after theRenctieagds flome 110 480rsccas $n particlidnfercgases tordhiaingailipb@msma- assi st ed
cleaning step is,carried rﬁUt as an additional plasma 30 assisted treatnent

step of the tﬁ&@’%?ﬁ%ﬁi‘,‘” ]

referably in a plasma containing hydrogen, inert
gas or a mxture thereof. 76

10 H,: 1 to 100 sccm.

* Discharge voltage Uak:

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 <Uak <35V,

* Discharge currents, lak:

These are selected as follows:
25
BA<Iak <400 A, preferably

20A <l <100A

30 + Work piece voltage Us:




4. Process in accordance with one of the Clains 1 to 3, characterised by

the fact that, at a location that is different fromthe execution of the -
af orementi oned at |east one plasma-assi3sted treatnent step, the part is
cl eaned through the use of a plasna-assisted partial cleaning step, during
5 which a reactive gas or gas mxture admtted to a process space (PR
preferably contai ning hydrogen - is activated using a | owenergy pl asma
di scharge (PL) with an ion energy (E) of CeV<E<15eV 10 at the surfacejof

the part, whi Ilreantucasaghrsheltargam seiéctedimabaIngersﬂterp)trtetm)uperdbmsboldtofmsphere is

separated throqu t I s(15b) fromthe internal wal l's of
a vacuum reci Srr’egﬂ?&t ﬁet' éﬂ %?%%@Z“Dé#agﬁ] &nvironment or - and this is

-preferred - while the cIeanr ng process 15 atnosphere is limted directly by
the internal walls of-25¥ <Mdcamds Weci pient (1) that is connected to the
envi ronrgent 5. Process in accordance vvith one of the Clains 3 or 4 for
generati’ng a vi substrate char r d fact that 20 i) &
dibstratei o SpEBYSY PE e Rufunas ERHELLLSE cPanelBrt e i 10 ol i3 or
4, preferably while al so using hydrogen as reactive gas; ii) a
het er o-epi taxi al | ayer20¥ <dyosm2@¥ a pl asma- assi sted treatnent step; 25
iii) a sem-conductor |ayer to be used is grown, if necessary, as a further
pl asma- gssi st ed trren ste L0 in accordance with one of the
Cl ai s @Sto 5pref%'%§ﬁc‘teg?trvs?e “tar‘me%g'ﬁé that parts that arrive inja
process space (PR) in series |n a tinmed sequence are each subjected to at
| east one pl asnma- assi st&2d <WeatIént step and that after the executioniof a
pre-set nunber of those plasma  assisted treatment steps a further
pl asma- assi st eg LIE ' ment i oned process
space (PR), S L E
cl eani nts step wi t hout |nserted part or vmth a substrate dumry whi ch ;
preferably includes first.an 5 et St eI var cl eapi ng st ep,
Dt of or abl ¥ | n 15 BERRUE0 SANTRY rﬁmq% @?f?# sounge Tl AR S her eof
7.h P]r ocesshi n saﬁawtdmlamtvlhlll b@poﬂﬁ“oﬁebﬂt@lﬁt th ﬂeférenéiadtoaiwémafcerl sed \J\gy f
the fact that e r oca ected to east t o]
the 10 pl asna- ﬁkﬁ%ﬁﬁa?‘%&"ﬁé’iﬁ%gfg BW&Efﬁﬁé?{?H&”'tﬂP%‘@&t of tha part
in A/cm? up to the maximum discharge current / substrate surface.
20

13-4

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 value 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’.




between is carried out in a vacuum 8. Process in accordance wwth C aim?7,
characterised by the fact that the transport in the vacuumis at |east in
part linear or, and preferably so, 1554l ong a circular path with |inear
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 Cains 1 to 8, characterised by the fact that the separation through
the restriction of the process space is 20 effected through a surface,

Whi ch in i tBuit@the tedtingipsoceBs ilicudl drid/dr germartgaidyets dantdedopedy & | vat ed

curace. 100eBondTe dOphs de iR ARt i G araipe! e Rar kol by o fact

.that the 25syisteed sustuad mphmexmoauaﬁeaeﬁsimeta,mamrcﬁtpmmdminb, whi ch in
nost parts s nt ai, n i tanxge fromthe | ?;{Qnsﬂ}’ wal | of the vacuum
i

reci pi ent (124§gruS i” s?ﬂ"d’@@@‘é&?r AU SNerP 199 characteri sed

by the fSaCtpatrl*laﬂarMb%oB&mbéldctetas solpacel dritRictiond t he i ntermedi ate space
(ZI'l'1r7 between separation wall and internal walls of the vacuum reci pient
are punped equally or differently (13a, 13b, 115). ~s 12. Process in

acr:]cor da]pce wgélrurme@em‘ortdamuﬁlmﬁm' u&lj _ta@eszJare démfsﬂécll,étﬂiéys@(ﬂ Bé)’dofpeﬂ Ee ;alclt t hat
tesurace1n|tsne te is realise t | east e of the follow ng
mter | al o; WHEPEmeRt o R aotis FEol e Buptyi Pepeotis svReey pee) al um num

oxi de, tit apithiRg@xisHey utsmgtaaidpmgcgsisde, ni obi um oxi de, zirconium oxide or a
| ayer eg]é)conbi nation of these materials, dianond-Ilike carbon or dianonds. 10

13. Process in accordance with one of the Clains 1 to 12, characterised by
the fact thtamn@th‘e@fdeé19|@amonme(rﬂa’!ﬁ)etl¢ ﬁel@BQWed@Aﬂ-vBltngtd'@hﬁ@étcaﬁ120) ina

separation wall and that e i S osed dur i the treatnment, with
Che par t CardE SoRResset o Bpfscti o e wouk PRRE CHAPL 14 165 oSt pr ocess
in accordan@@sw hhh@m@rmeémr@@amelndréasba (rat‘eb&hd@tf fdricaiqdetihyg bthe fact
that the pl ectron source (105 with an

c ejs.re
tl'act ron SrgGBuIgD d oo PEARIAEFON 5 oRgblef TP, Ferofh Wiepr of or 1 e
usi ng alPC @hgé " igethe 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.



20 15. Process in accordance with Caim 14, characterised by the fact that,
that the plasma discharge is realised using a therm onic cathode (107),
preferably with a directly heated ther$ onic cathode. 16. Process in
accordance with one of the Clainms 1 to 15, characterised by 25 the fact
that in the process space at least two |locally offset and preferably

heat abl e anodes (117a, 117b) are provided for the plasnma di scharge,
preferably each electrically operable separately and that the plasna
density di sThe installations\as illusttakes ip tiecdisgraspat Eigl $ ady Fayd, aad likelyor statically
adj usted or, controlled by contralli. t he respective conpected el ectri cal
30 potenti af@%éﬁ(?@ferﬁd ?%B?‘ﬁm%tﬁp‘%*?'%gn? BIOCesSE "1?9“5’%18% gn accor dance
W th one of inveeticdl canreasily dlso Aéreatdeal arcdtber issalldtigng, las fdraxbmpleat a magneti c

field (H) i [ at ' : , and that by

using this @H%ﬁ%?ﬁ’@‘??‘g%"{ E@%ﬁaﬁﬁ%ﬁa %%gl&ﬁf}é%%c{ ??eg%l??@ﬁgb?&'}‘% "the surface
of the part Un§! teddy tbe sigoifitandIpbasl segmefodreahbé potantid-contasiediopematiar e wobbl i ng
it. 18. Proaleeﬁﬁ?rl({ai?ggpordance wth one of the ains 1 to 17, characteri sed

by the fact a reactive gas is admtted into the process atnosphere
in a distributed manner (137), preferably with a flow direction mainly

parallel to 10 the f.ace of the part. (120 ngd, .further preferred, with
ol ect fon | MEDe el & Mlrtate By daarpiia PR 3clleby Fiond part 10
Process in acstailidasobstmitaswerseoated iepitax@iigiwite sllicoroardidBa silib@r/act eri sed by the
fact th the partia ressur ases i.n the process atnosphere 15 (PR),
apart f?@)m Sﬁ'@%%@FIIQREFFQ‘?%HV%%[SF%%&F eOfJIEea'@P‘p\%é‘?g&@sgﬁ& its gaseous
reaction products respectively is kept to a maxi rum of 10'$ nbar,
preferably a maximum of 109 mbar, (UHF for the at | east one

The el d B iohe

pl asma- assi qwﬁo%etr%ts Process in accordance with one of
the dains 1 to 19, characterised by the fact that the at | east one

pl asma- assi sted trea tep is t depositing of. a hono qr, _hetero
o i ar 1 Apgfary 55356k B SPientl of P TREREN | Woek Eipfh ST PP act or | sed by
t he factst habnteolidd biislpotepiall RasipisBtEsEMot@yesarths deposi ted as hono or hetero
epitaxial layer. 22. Process in accordance with one of the Clains 1 to 21,
characterised by the fact that the part is in general a part in the form of
a’ di sk (120)rhe #loRihg WITKIAG pSInt sSetireWel@zgewi th one of the Clainms 1 to 22,
characterised by the fact that the part subjected to the treatnment is a
silicon wafer or a 80

*  Work piece temperatures T,

20

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



waf er
arseni de or

made of a conpound sem - conduct or,
i ndi um phosphi de or silicon carbide or gl ass.

preferably made of gallium
24. Process in

accordance with one of the Clains 1 t®623, characterised by 5 the fact that

one |ayer wth at
si | 1 con- ger mani um conpound,
di anond, di anond-1|i ke conpound,
al um ni um oxi de,
‘al um ni um copperecommended, idrd3gplayere or Saltoowouhdlagersni t ri de.

Silicon,

silicon oxide,

silicon carbide,
gal liumnitride,

silicon 10 nitri

| east one of the following materials is deposited:
si |l i con-germani um car bon conpound,

de,

gal I i um ar seni de,
25. Process in

gccordance with one of the Clains 1 to 24 for the production of virtual

that contain preferably silicon-germanium 15 26. Process in
.accordance with one 0300%e<Thgi88°C to 25 for the production - of parts

wth a dianeter of the sinultaneously to be treated surfaces of at | east
150 mm preferably at
27. Procdess i MBeagusertbhapmeess is fcolthdherk is dreatflexibitity ib theseléctioolohthact eri sed by
the fact that térn

a1 e Be Rt e SRRl ind BelRRRA0 o Daubti on of

a virtual substrate or a conponent building on it, preferably on a

substrates,

a coating r

| east 200 mm preferably even of at
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29. Vacuum treat

TS C/AC Ut

at

| east one vacuum chanber (1),

a Nnracecss in accordand
a—p-066SS—1hR—ac6oraahs

init

| east 300 nm 20

as

ed is
process

n energy E
ment

e with one

at

| east one V\Drskhqt}'ggelﬂ-ré}ﬁ.m’(j er (5), 76(r.- one plasma generati ng arrangenent

for the

ar r angettent

enerating of

(7)

a plasma within the chanber (1),
in the chanber (1) connected to one gas tank arrangenent

- one gas admi ssion

with at | eapisckdige VEitdgbs Vg gas or 2as 15 mi xture, characterised by the fact

that within the vacuum chanber
which the work piece carrier (5)

(1 ) a process chanber
lies free in the processing position,

(PR)

whi ch the phasdite Bhpetaturgener at edsand (héuted with heater)

15

20

25

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 T,; respectively. The

reason of the great scattering of the measured values is the fact that operating

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

deposition.

Starting from the mentioned working point values, the discharge current Il was

then varied by setting the discharge voltage Uak and, if necessary, the variation

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

i's provided,

in
in



20 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, consists of one material (15, 15a, 113)
that is inert against the plasnma-activated reactive gas or gas m xture)
preferably a dielectric material or a graphite material. 25 30. Vacuum
treatnment systemin accordance with the Generic termof Caim 29,
characterised by the fact that a process chanber (PR) is provided in the
‘vacuum chanterdischirgetvuerent, berrespbhding RCtRe carrérit @endith ) tHel vesrk blee@ 1 n t he

rocessin ositio i ich.th | as PL) s erated a to which 30
P he gasI agnggriz;cgho g? Fé%ﬁ%?fef?r??h??swg%ﬁ% %CF 'g'rﬁ‘g‘%ﬁm&q‘f %&nggﬁnect i Ion, in
\fglb)Ch :‘Az_rt Eﬁlfdﬂfﬁﬂi@n%lh;earm mémo?tmmelfacﬁé?lﬁbtvﬁé_mftgé gmd:tmsaéaqmitrg f 82 (%4,

, | C n redqQ ant sur.fac sSecC ons, I s st ance I N ra) romthe
oo e mplaAmB RS DAL bebithieR e e SEdHd, Eiphe af oo 2R e eAs iAol
char act e§ i sHoesSndlexéded dpprox260 Yaantl suratich prublenidicturcas m%ﬂtti)or&ylﬁ te ][n in )
y the fact that

accordance with gne of the ainms, 29 tq 31 har acteri se
e, Btk Maald déhsiy BafBied Be Intuncer @ Yot SR e or oesa champor
?tllea_st onaajusl_fr@?tofrméersi:ﬁarg@fsursﬁ@bswasaiiﬂnecfemsismb_%gafdewcr#.iﬁ@si one gf t he
(0] oW ng terials: artz, ra te, I con carbide, silicon nitride,
al umi num o%é?wtvplfaﬁr?%;?ﬁhasaed’g]ts Bgﬁlﬁcﬁprﬁﬁﬁ%@cita@,th%[egqﬂvg%g{ﬁatde, zi rconi um
oxi de, or adispyreiofts &PEIMmeRy 18 pRfcetileRirifg ther Jelting .of tHeadi@herdel ke car bon or
di armndzq)_ 15 33, Systemin accordance with one of the Cains 29 to 32,

|

char act sENIMPBhe fact that the wall of the process chanber (14, 15b,
113) is nmounted in an exchangeabl e manner with regard to the vacuum wal |

(1). 20 34. temin accordance with gne of the C ai 9 to 33,

Ciar aster s BB SeRing SUESTEG. 3 Hhane BTRTeSut iskts e whih Siyeneie i s an
arrangegent géﬁﬂovt/ Fﬂvﬁe?ﬁé%tviﬁﬂthikéotfieﬂMm&@fsgyerﬁg(éﬁﬂ?ngtbﬁ%bﬁﬁgg vm'lf5 h ia/n lzgn
ener gy In_ the area.o t he wor | ece. . carri (0] e < < evV.

S g C e Mg WPRTARS Al OIS 0emal i SLPIOHE g (B pes thes il SHiheIoMat Lhat ¢ b

pl asma geneyatdgedisthagBORNEMivas REEMOSIEHR ofREEREH RYafg ki A Wi th an
el ectron energk/ < 100 eV, preferably < 50 eV, preferably a DC [ ow vol tage

pl asma genefBe e aradanifchifiheetting whighdn (i led 1o diasmaderiitt fedectioRer mi oni ¢

cat hode (109) a idwr Paé bt tidlsabstiitd, orda @lsdrRedd surfeed,eek 201&r i oni ¢ 30 cat hode.
83 _ 36. Systemin accordance with one of the ainms 29 to 35,

characterised by the fact that, conmmunicating wth the vacuum chanber (1)

via a - di aphagom) sHolws the fat€ #driiRsifort detiEbRY diskAPgeiahd BPLIE®E Aic)t he vacuum
chanber _( 1) _angllégreferably el ectr isolated with regard to this. 5 37.
|

|1
Syst em 20 afoal sRAws t perbesesi Aiede’ @ pokpiafiaciad dsshatge Wilidus 22 At hat ¢ he axi s

(A) of the diaphragm (111 ) crosses the work piece receiving surface (119a)
O K e el D scohg bELALL Y LGRS SHhaBR dsoBRE™ ¥

and 70 A discharge current I« 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 scem 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.



10 38. Systemin accordance with Claim30 or one of the ainms 32 to 37,

i nsof ar as dependent on C aim 30, characterised by the fact that the
material of the walls of the process chnber (15b) consists of one netal,
preferably Tantal umor Inconel. 15 39. Systemin accordance with one of the
Clainms 35 to 38, characterised by the fact that within the process chanber
(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 e Coapadon MhLPC\EYem i n accordance with Caim36 or 37,
eharacterised by the fact that along the di aphragmaxis (A), offset with
regard to its longitudinal direction, at |east two anodes (117a, b),
preferably Eoaetamiplé, &id. IBeshaws $or tlee poiptrfo\i ded in t he process chanber, which,
further preferred, can be 25 connected to different electrical potentials
and, further prefesr ch which can be heated differently. 41. Systemin
accordante with 9%"3%09%2“1@ 8?%”5@‘”{1'8 40, characterised by the fact that
the vacuumwall (101) in nost parts of the surface is 30 designed as

doubl e-wal | ed st IGR# @rxel GEndntitnér APQYD. nt er medi at e space i s connected to a
tenperature equalisation connection, preferably with a connection for a
tenperature equalisatian Liguid, 84, 42. Systemin accordance with one of
the d ains 53&'8 p&![‘?b@%qé‘%%éﬁ%“\‘ﬁ%éﬂ”%?fthe fact that a magnetic field
generatithg arrangenent (133, 135), preferably one that can be adjusted, is
provi ded, which @R880aA/atn @cémmuignetic field in the process chanber (PR
and which includes Hemholtz coils (133) preferably provided outside of the
vacuum chang_gr. 43. System i rdance with one of the Cains 29 to 42,
char act eri sed®69TewEN 'ng’alf’ﬁgqr%%/[g%cess chamber (PR) al ong nost parts of
the surface is 10 distanced fromthe vacuumwall (1 ) and that the inside
of the pfocess cleRyze2 x 1PR)A Asccrn.hin)i nt er medi at e space created in that way
are connected with regard to effect via equal or different punp cross
sections with a joint punp connection or that at |east one punp connection
each i s provVithedas atilisation flgumciess 3tHubsbate iscalcilbted farLEPENDihe space.

accordance with the invention, this will result in
20 GAF = 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:

In field I:  for APCVD, LPCVD, RPECVD,;

in field ;. for UHVCVD

30

In field Ill: for ECRCVD

In field 1V: in accordance with this invention

35  These are valid for temperatures < 600 °C.



15 44. Systemin accordance with one of the Cains 29 to 43, characterised
by the fact that the work piece carrier (119), with regard to an openi ng
(123) in the process chanber (PR)) is fbvable by a drive, preferably |inear
and in the direction of the normal |ine of the opening surface, and that it
20 preferably closes off the internal space of the process chanber in the
position, where it is driven up against the process chanber (PR). 45.
Systemin accordance with one of the Clainms 29 to 44, characterised by the
fact that t hethagoknguiient i hastabeeempPHabBedionce owore that the proeeduestiper at ure 25

equal i sation _device (127). wW.th r t eir effects. 46, emin
agcordance \?nc?cﬁg%ﬁg “&%%E‘%}'@V tl’?f‘r‘?ﬁgg%ﬂ’[eocgﬂﬁb é:fﬁg(rgg\ée(t?yelﬁf ee%g%sg’ﬁ%{?igo fact that
t-he vacuum eichifact tHelgds Ulitisatiah figeesdAdnaeaseskadditiecalyf eeder openi ng (129),
which is seated when it is closed. 30 47. Vacuumtreatnment systemin
accordance with one of the Clains 29 to 46, characterised by the fact that

t he vacusim thamdbegoué,lthe langest gmwith te GR, groddbh fae derrefdR8 gasflewmiunyg, t he

cl osi ng of j ch can_be tral a (g st _two of. the vacuum
chanbers ar raagﬁ?ée]%%)s lftﬁgg{ip@g'géfed% eﬂlgﬁég‘%%?e%-w'h\mﬁﬁ%ﬁoré?s@c’ﬁ%ﬂ%ect ed via a
vacuum wor k figires éortQ\@hsmizr atraospherepressure déhditisysttoen the resudtoardance wi t h

(s a i near IR EPISH RS e eBEh o RsrdetFe MBI T RBRGE el angement
pref erabl y theerebalt inexccord8nceSyittt thiminventiarcanecampareai to those¢hatfredulite Cl ai ns 47

to 48, aracteri 10 t.he fact that th rocess chanber (PR) in one of
Lhe. pr otl ded ERA G IPHbE® prs 2l wirfiby vifady iR Rt APt arie oy na
surface of it DEROSLEG LIGBAD R beddmgs apgpaadnt thansurphsitgly thelyrswihhatedf asma
generating ar ement . for.the generat,i of t.he. plasm as || as gas

adm sai on° ad QTR AT IRY R cTtea SRR B PR e E AN CAT DI ErEReT eat one
reactive gashanlthe high&§t.ghdwth rate achieved with the previously known processes and

that in addition the growth rate per reactive gas flow unit GRr 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 coating 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.
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As this already shows, in contrast to the previously explained knowledge the
situation does not change for the procedure in accordance with the invention if a
Ge/Si alloy is deposited. This is confirmed by Fig. 6, where the growth rate GR is
shown 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 doped, 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.
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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
20
GR > 600 A /min, especially preferably

GR

v

1,000 A / min.

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

utilisation figure is
GA: =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
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is selected, preferably
15 20A <l <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 10V <Up<80V
is selected, preferably

20V < Ua <35 V.

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 Pgr of
10°° mbar < Pg < 10" mbar
30

Is selected, preferably
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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 Py is set as follows:
10" mbar s Pt = 10" mbar
15
preferably
10" mbar < Pr = 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 P4 in the recipient is set as
follows:

10 mbar < P £ 10" mbar, preferably
25
10 mbar < P4 < 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.
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16. Process in accordance with Claim 15, characterised by the fact that the work
piece is operated at a voltage Us with reference to the discharge anode,
10 which is negative, preferably is Us > -25 V, preferably between —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 cathode, 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

25 * s 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.
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» at afloating potential or

* tethered to a reference potential via an impedance

element.

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 temperature is maintained at a maximum of 600 °C,
20 preferably between 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 GRE, which is at least 7.5 A / (sccm.min), preferably at least 40 A /
(scecm.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.
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10G discharge with regard to the work piece, the latter preferably electro-statically

and / or magnetically.

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
20 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 the 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 Ill and / or V of the

periodic system.

32. Utilisation in accordance with one of the Claims 28 to 30 for the production of
30 substrates with a Ga layer or a Ga compound layer, preferably doped with a
least one element from the group II, I, IV or VI of the periodic system, e.g.
with Mg or Si.
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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 at least 7.5 A /
(sccm.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 anode arrangement, whereby the work
piece carrier is mounted in the recipient in an electrically insulated manner.

37. Installation in accordance with Claim 38, 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 80V, in this especially preferable between 20 and
35V, whereby the work piece carrier with regard to the anode potential can

30 be adjusted by a maximum of £ 25V.
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39. Installation in accordance with Claim 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 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 V to +25 V, preferably to a negative one, preferably to -15V
to -3V, using a preferably adjustable bias source.

15

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

20 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.

25

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

the fact that a voltage Uak of

10V < Uak < 80V, preferably

30
20V<Ux<35V
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is set between the work piece carrier and the highest potential at the anode
arrangement, preferably a negative one, preferably of
10
-15V<Ug<-3 V.

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.

46. 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,
30 preferably between 20 and 100 A.
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5
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 Si and / or Ge or a gas containing Ga, preferably in
addition also H..
10
51. Utilisation of the installation in accordance with one of the Claims 36 to 50 in

accordance with the Claims 28 to 35.

52. Utilisation of a PECVD coating process with DC discharge for the growing of
15 epitaxy layers.

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 controlled, whether a poly-crystalline, amorphous 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.
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(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)
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(b) Changing of the material composition of the part up to a set

penetration depth

25 (¢) Etching of the surface of the part.

3. Process in accordance with Claim 1 or 2, characterised by the fact that
before and / or after the a least one plasma-assisted treatment step a
plasma-assisted cleaning step is carried out as an additional plasma-

30 assisted treatment step of the type stated, preferably in a plasma
containing hydrogen, inert gas or a mixture thereof.
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5. Process in accordance with one of the Claims 3 or 4 for generating a

virtual substrate, characterised by the fact that
20
i) a substrate is subjected to a cleaning process in accordance with

Claim 3 or 4, preferably while also using hydrogen as reactive gas;

ii) a hetero-epitaxial layer is grown as a plasma-assisted treatment step;
25
i) a semi-conductor layer to be used is grown, if necessary, as a further

plasma-assisted treatment step.

6. Process in accordance with one of the Claims 1 to 5, characterised by the
30 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 after the execution of a pre-set number of those plasma-
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15 along a circular path with linear feeder movements 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
fact that the separation through the restriction of the process space is
20 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.

10. Process in accordance with Claim 9, characterised by the fact that the
25 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
30 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).
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combination of these materials, diamond-like carbon or diamonds.

10 13. Process in accordance with one of the Claims 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 treatment, with
the part and / or with a carrier (119) for the part (120).

15 14, Process in accordance with one of the Claims 1 to 13, characterised 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.

20 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
25 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

30 potentials and / or their temperature.
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distribution (V) at the surface of the part is set or controlled, preferably at
5 least in places wobbling it.

18. Process in accordance with one of the Claims 1 to 17, characterised by
the fact that the reactive gas is admitted into the process atmosphere in a
distributed manner (137), preferably with a flow direction mainly parallel to
10 the surface of the part (120) and, further preferred, with injection jets that

are equidistant from the surface of the part.

19. Process in accordance with one of the Claims 1 to 18, characterised by
the fact that the partial pressure of gases in the process atmosphere
15 (PR), apart from one inert working gas and the reactive gas and its
gaseous reaction products respectively is kept to a maximum of 10
mbar, preferably to a maximum of 10 mbar (UHV) for the at least one
plasma-assisted treatment step.

20 20. Process in accordance with one of the Claims 1 to 19, characterised by
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
25 silicon / germanium layer is deposited as homo or hetero epitaxial layer.

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).

30 23. Process in accordance with one of the Claims 1 to 22, characterised by
the fact that the part subjected to the treatment is a silicon wafer or a
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5 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
10 nitride, aluminium oxide, silicon oxide, gallium nitride, gallium arsenide,

aluminium, copper, indium phosphide, cubical boron nitride.

25. Process in accordance with one of the Claims 1 to 24 for the production

of virtual substrates, that contain preferably silicon-germanium.

15
26. Process in accordance with one of the Claims 1 to 25 for the production
of parts with a diameter of the simultaneously to be treated surfaces of at
least 150 mm, preferably at least 200 mm, preferably even of at least 300
) mm.
20

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.

25 28 Process for the production of a virtual substrate or a component building
on it, preferably on a silicon-germanium basis, comprising at least one
cleaning step, characterised by the fact that this cleaning step is carried
out as plasma-assisted cleaning step, in which the substrate to be
cleaned is exposed to reactive gas or gas mixture that is admitted into a

30 process space, activated using a low-energy plasma discharge with an
ion energy E at the surface of the part of
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- atleast one work piece carrier (5),

10 - one plasma generating arrangement for the generating of a plasma
within the chamber (1),

- onhe gas admission arrangement (7) in the chamber (1) connected to
one gas tank arrangement with at least one reactive gas or gas
15 mixture,

characterised by the fact that within the vacuum chamber (1) a process
chamber (PR) is provided, in which the work piece carrier (5) lies free in
the processing position, in which the plasma (PL) is generated and to

20 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,
preferably a dielectric material or a graphite material.

25

30. Vacuum treatment system in accordance with the generic term of Claim

29, characterised by the fact that a process chamber (PR) is provided in
the vacuum chamber, in which the work piece carrier (15) lies free in the
processing position, in which the plasma (PL) is generated and to which

30 the gas admission arrangement (7) is connected in an effect connection,
in which furthermore the process chamber (PR) is formed by an casing
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31.

32.

33.

34.

35.

Vacuum treatment system with the combined characteristics of Claims 29
and 30.

Vacuum treatment system in accordance with one of the Claims 29 to 31,
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.

System in accordance with one of the Claims 29 to 32, characterised by
the fact that the wall of the process chamber (14, 15b, 113) is mounted in
an exchangeable manner with regard to the vacuum wall (1).

System in accordance with one of the Claims 29 to 33, 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 (56) of 0 eV <E <15 eV.

System in accordance with Claim 34, characterised by the fact that the
plasma generating arrangement includes an electron source (105) with an
electron energy < 100 eV, preferably < 50 eV, preferably a DC low
voltage plasma generating arrangement, in particular preferred with a
thermionic cathode (107), in particular with a directly heated thermionic
cathode.

1098& () -
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39. System in accordance with one of the Claims 35 to 38, 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.

20

40.  System in accordance with Claim 36 or 37, characterised by the fact that
along the diaphragm axis (A), offset with regard to its longitudinal
direction, at least two anodes (1173, b), preferably coaxial to the axis, are
provided in the process chamber, which, further preferred, can be

25 connected to different electrical potentials and, further preferred, each
which can be heated differently.

41, System in accordance with one of the Claims 29 to 40, characterised by
the fact that the vacuum wall (101) in most parts of the surface is
30 designed as double-walled structure and that the intermediate space is
connected to a temperature equalisation connection, preferably with a

connection for a temperature equalisation liquid.
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42, System in accordance with one of the Claims 29 to 41, characterised by
the fact that a magnetic field generating arrangement (133, 135),
preferably one that can be adjusted, is provided, which generates a
5 magnetic field in the process chamber (PR) and which includes Hemholtz
coils (133) preferably provided outside of the vacuum chamber.

43. System in accordance with one of the Claims 29 to 42, characterised by
the fact that the process chamber (PR) along most parts of the surface is
10 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.
15
44, System in accordance with one of the Claims 29 to 43, 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, preferably linear and
in the direction of the normal line of the opening surface, and that it
20 preferably closes off the internal space of the process chamber in the
position, where it is driven up against the process chamber (PR).

45, System in accordance with one of the Claims 29 to 44, characterised by
the fact that the work piece carrier (119) is connected to a temperature
25 equalisation device (127) with regard to their effects.

46. System in accordance with one of the Claims 29 to 45, 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.

30

47. Vacuum treatment system in accordance with one of the Claims 29 to 46,

characterised by the fact that the vacuum chamber (1) has work piece



10

15

48.

49.

85

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.

System in accordance with Claims 47, characterised by the fact that the
vacuum transport arrangement is a linear transport arrangement or a

rotary (150) transport arrangement, preferably the latter.

System in accordance with one of the Claims 47 to 48, characterised by
the fact that the process chamber (PR) in one of the provided vacuum
chambers (1) is limited 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 gas admission arrangement

connected to a tank arrangement with at least one reactive gas.



