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1 : DEVI CE FOR ETCHI NG OR PRECI PI TATI ON USI NG A PLASMVA

Field of Invention The present inventijon relates to a device for ettﬁ@%?

and precipitation using a plasma with a reaction chanber. Furthernore, the
i nvention also relates to a shielding element for application in such a
device. Prior Art Known

devi ces are used for processing seni-conductor wafers for the manufacture
of ‘integrated ci M¥EYHSE FOREFCHENGQRPREFIFITATION UHINGe4 PLASMA
down-streametching nmethod is described in the technical book titled
"Proze[err]technol ogi e; Fertigungsverfahren Flerr]r integrierte MOS

Schal tungen" ("Process Technol ogy; Manufacturing Methods for Integrated MOS
Circuits") by G Schumcki and P Sg@gﬁgﬁechg; Springer Publishers (1991).
Wth the down-stream etching net hotf fed into a feeding tube
which is connected to a reactor chanber in which a sem -conductor wafer to
be etched i g arran ans f a_suitable plasm generator, m crowave
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wafer to be etched, The material of the feeding tube walls is chosen such

t hat as naﬁymhﬁﬁ§“&§mﬁb%@PHFe reconbi ne on the way of transport. This is
why the choice of suitable materials is limted. The reactor chanber and

: feeding tube often consists of quartz glass. A known plasma etching device
IS shown schematically in Figure 1 oanmuﬁﬂpatent application. Wth the
known pl asma et ching device, the feeding tube is exposed to continuous

mechani cal and chem cal attacks by collisions of reactive ions and free
- radical s. TRnewv deites aro ued der poregsingt skmpi-omliuctorenaders for theananhfatture ofepl acenent
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are necessary after the repl acenent,
etching method, a gas is fed info a feeding tube which is connected to a reactor chamber in

which a semi-conductor wafer to be etched is arranged. By means of a suitable plasma
generator, a microwave or HF plasma is generated within the feeding tube, where long-lived
feactive particles are generated and led through the feeding tube to the wafer to be etched.
The material of the feeding tube walls is chosen such that as many ions as possible
recombine on the way of transport. This is why the choice of suitable materials is limited.
The reactor chamber and feeding tube often consists of quartz glass. A known plasma
etching device is shown schematically in Figure 1 of this patent application. |

4
With the known plasma etching device, the feeding tube is exposed to continuous mechanical
and chemical attacks by collisions of reactive ions and free radicals. This leads to erosion of -
the wall material so that é replacement of the feeding tube is necessary after a certain time.
For this, time-consuming and cost-extensive quartz glass blower works are necessary. Often,
the whole reaction chamber is replaced, at the same time as replacing the feeding tube. This,
too, is time-consuming and cost-extensive exercise. This is especially due to the adjustment
and keeping up of a high-vacuum in an atmosphere of high-purity in the reaction chamber

which are necessary after the replacement.



2 By applying a known device for precipitation of SiJerr] -containing
material on a substrate arranged in the yeactor chanber, a Si-containing
gas, for exanple, a silane or SiC[err] gas is fed into the feeding tube.
During this process, a problemof sedinentations on the inner walls of the

gas feedi ngBY uhflyirg & Ridwadevice Y pfebipftation @NE10, RAna MR \HRAeril bia SubSHRA
expenditure of tjne and noney. An obj ect of the Eﬁ;esent I nvention is to
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usi ng a pl agmt RAkinQUfBE COMGS thi tARbb1h bY a86r3toR Shefhn one of
t he di sadvant age dilg%ussed I N rglpgdtd%g’naaé}oﬂthg %1 ove prior art.elr%ﬁgds
Summary of thegesfeeding tuberd camrogeun which camenly bexsmaved; withergreas expendibweofi time

provi ded a g‘re?%/}l_‘&% for etching or precipitation using a plasnma, with a
reaction cha Yor the upt ake of a substrate to be treated, conprising a
gas inlet nozzle of quartz glass for feeding a gas into the reaction
chanber, anq_a, pl a enerator f.or the generation aof plas within the gas
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shielding elenent ip the inlet nozzl e may pe nmounted exchangeably. The
shi el di ng eF‘E‘PFe‘%l‘h"'rfﬁ?dme flﬁ@‘s?eﬂﬁ?ﬁegapo‘é%stﬁ%%ﬁ‘?pmr?ﬂe shi el di ng el ement

may consi st of quartz gl ass. The shi el ding el enent may consi st of
synt hetic quartz gl ass. Preferably, a gap is to be between the shielding
el ement and the inner walls of the inlet nozzle.

Summary of Invention

According to the present invention, there is provided a device for etching or precipitation
using a plasma, with a reaction chamber for the uptake of a substrate to be treated,
comprising a gas inlet nozzle of quartz glass for feeding a gas into the reaction chamber, and
a plasma generator for the generation of plasma within the gas inlet nozzle, characterized in
that a shielding element is arranged between the inner walls of the inlet nozzle and plasma to
be generated.

The shielding element in the inlet nozzle may be mounted exchangeably.

The shielding element may have the form of a sheath.

The shielding element may consist of quartz glass.

The shielding element may consist of synthetic quartz glass.

Preferably, a gap is to be between the shielding element and the inner walls of the inlet

nozzle.
The shielding reactor element may project into the reaction chamber.

On the front side of the inlet nozzle facing away from the reaction chamber a sealing element

may be arranged onto which the shielding element may be fixed.



The shielding reactor element may project into the reaction chanber. On
the front side of the inlet nozzle facigg away fromthe reaction chamber a
sealing el ement nay be arranged onto which the shielding el enent may be
fixed. Accordi ng to anot her aspect of the present invention

there is provided a tube-like shielding elenent for application in a device
ment i oned above consisting of .synthetic quartz glass the inside surfaces of
whi ch have Asrserding o anothes 25pgetioh gxe Fresent iqvppgiogr therg isprovided a tube-like shielding
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under st ood, an enbodi t he 1 nvention w y way of
exanpl e onligsidesiutfhces of whichhave beent shwothed duringaymelttingdreostsngs, i n whi ch:
Figure 1 illustrates a section of a plasma dry etching plant according to
known prior art; Figure 2 illustrates a section of a plasnma dry etching

pl ant constructed according to an enbodi nent of the present invention; and
Figure 3 illustrates a shielding el enent.being nounted exchangeably in the
inlet nozzle of the enbodinent in Fi&@?@mgﬁ The draw ngs are provided for
the sake of illustration and are not necessarily drawn to scale.

Enbodi nment s

In order that the present invention might be more fully understood, an embodiment of the
invention will be described, by way of example only, with reference to the accompanying

drawings, in which:
Figure 1 illustrates a section of a plasma dry etching plant according to known prior art;

Figure 2 illustrates a section of a plasma dry etching plant constructed according to an

embodiment of the present invention; and

Figure 3 illustrates a shielding element being mounted exchangeably in the inlet nozzle of the

embodiment in Figure 2.

The drawings are provided for the sake of illustration and are not necessarily drawn to scale.

Embodiments

Referring to the drawings, a kglown plasma dry etching plant is shown in the schematic of
Figure 1 which comprises a reactor chamber 1 of quartz glass into which a gas inlet nozzle 2
of quartz glass runs, as well. Reactor chamber 1 and gas inlet nozzle 2 are melted together
vacuum-tight. Fluorine-containing caustic gases are fed into the gas inlet nozzle 2 which is

. surrounded by a high-frequency coil 3. In Figure 1, the flow direction is marked with the
direction arrow 4. By means of the coil 3, a plasma § is ignited within the gas inlet nozzle 2.
The particles generated in the plasma § are led through the gas inlet nozzle 2 into the reaction
chamber, where they serve for etching a semi-conductor wafer. The semi-conductor wafer as

well as the part of the reactor chamber 1 facing away from the gas inlet nozzle 2 do not



Referring to the draw ngs, a known plasma dry etching plant is shown in the
schematic of Figure 1 which conprises a,reactor chanber 1 of quartz gl ass
into which a gas inlet nozzle 2 of quartz glass runs, as well. Reactor
chanmber 1 and gas inlet nozzle 2 are nelted together vacuumtight

Fl uori ne- coil: @l o £ 2 which
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is marked \Migdneihe direction arrow 4. By neans of the coil 3, a plasma 5 is.
ignited within the gas inlet nozzle 2. The particles generated in the
plasma 5 are |l ed through the gas inlet nozzle 2 into the reaction chanber,
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therefore not shown in Figure, 1. In the drawi ng of an enbodi nent of the
pl asma dry@‘t*&’ﬁ?’%@j"&ﬂ%ﬂl‘dﬁﬁnﬂ‘ﬁﬁre 2, for the sake of clarity, the sane
reference nunbers as in Figure 1 are used for the designation of conponents

or parts of the dry etching plant if they are to be seen as equal or
equi val ent .Refirdegie Figire?, in thetdnectehting plantorsbishiing claeestinithe foon of a proreting r i ng

to Figure ﬁggg D2 ifhet he formof a

protecti ng%{ﬂﬁbe %‘b&gg%%a ngkgﬁﬁ%% lgﬁ%\nt%tﬁé%gm? %coam a y to the gas
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quart zgl as refdiably foa qnﬁgzg‘ﬂ:ﬁb’éhe éaalmgmmlﬁﬁscdrmsmwa rrmr;hasts. Thefiki pagtt part
is a disk-Ilike el. nt 10 which cl oses the qPen. end 11 o e_protective
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the cross-hatching portion in Figure 3. The disk-1jke elenent 10 _is

provi ded withypratsctiiettahe faps Restseeh mﬁh%efsﬁztcleiﬁg prionyindigure 3, Thedliskedie surf ace
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second part of the sealing nenbe IS a screwring whi ch engages the

screw t hr edgproyided witha centrakbare l@se@fmmgawlet .By fastening the screwring
13, an Oring 15 is pressed against the outer walls of the gas inlet nozzle
2 and the disk-like elenment 10. The free end of the gas inlet nozzle 2 is
fixed and éﬁgag&ddbaﬁdtly%mmﬂnhﬂ%mctﬁ%ﬁng li3kwehicl engeges the scréwahresd

function Oflfo?ﬁle%s%q\{c% eilef'nehfslot %ysfasqul | e sc;‘ mggaﬁ éljl'xebv\rlﬁxgqStlshperes(ggdS inl et

against the outer walls of the gas inlet nozzle 2 and the disk-like element 10.

The free end of the gas inlet nozzle 2 is fixed and engaged by a groove 14 of the disk-like
element 2. Another function of the groove 14 is to stabilize the gap between the gas inlet
nozzle 2 and the protective tube 6.

By removing the screw-ring 13, the disk-like element 10 as well as the protective tube 6 are

removed. Hence, the protective tube 6 is mounted exchangeably in the device.

The protecting tube 6 is made from synthetically manufactured quartz glass. Itis
manufactured by being drawn out of the melting by means of an ordinary tube-drawing
method and, thus, its surface is especially smooth. The protecting tube 6 is approximately
200 mm long and has an inside diameter of approximately 20 mm and a wall thickness of

approximately 6 mm. The wall thickness of the gas inlet nozzle 2 is approximately 3 mm. A



nozzle 2 and the protective tube 6. By renoving the screwring.13, the
di sk-1i ke el enent 10 as well as the protective tube 6 are renoved. Hence,
the protective tube 6 is mounted exchangeably in the device. The
protecting tube 6 is made fromsynthetically manufactured quartz glass. It
I s manuf act : | it he. b ; di nary
t ube- draw n%% ?eq}"ﬁ%ad‘blg%% a%)g?mﬁgsl Igfjnrl% g’?‘é‘ &:ﬁ% . gé%ggy%%&gﬁ?ﬁ% #ﬁe

- prot ecting theinaeovalls ofithe gesdnietmaezizl 2200 nm | ong and has an inside dianmeter
of approximately 20 nmand a wall thickness of approximately 6 mm The wal l
t hi ckness of the gas inlet nozzle 2 is approximately 3 nm A

5 gap 8 wintthe embuditbdnt, dife prgtpetive tube b ekpands ower the whele iengthrof thelges inkebn t he
protecting tube,.6 and the inner | | f the s,jL.nlet.nozzle 2. n the
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into the re&g%%on Cchapher 1, as, seen in Fiog re 1. .The fro% side of the gas
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seal i ng nenBigire 3). (APherftOAY) tHePrdtbBivE Ribe6 istidhneltel With s Qaling with Hitky 3) . As
mentioned, the protective tube 6 is connected wth this sealing with a
screw t hr eatread but ;bayanes seoketypanalso bgwsedal so be used.  The protective tube
6 i npedes contact of the plasna 5 generated by the coil 3 with the inner
wal I's of the gas inlet nozzle 2. Thus, erosion of the gas inlet nozzle 2 by .
t he caust i cThepsetectiyn thbe Srimpesies eantacpofihaplasma; Ssgenerated byithe coib3 @ith thedmpepr osi on

of the prot i t : : Lal ' i direct
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exchange takes place by neans of easy renoval of the Iid fromthe gas inlet
. nozzle 2, phlling out of the protective tube 6, |oosening the bajonet

: socket and nmounting of a new protective

Moreover, the protective tube 6 shields the area of connection of reactor chamber 1 and gas

inlet nozzle 2 from the plasma 5.

As soon as the protective tube 6 is consumed it is exchanged. In the embodiment the
exchange takes place by means of easy removal of the lid from the gas inlet nozzle 2, pulling
out of the protective tube 6, loosening the bajonet socket and mounting of a new protective

tube.

Flushing the gap 8.with a protective gas (argon) impeding a chemical attack of reactive gases
or ions onto the inner walls of the gas inlet nozzle 2, additionally contributes to a prolongated

service life of the dry etching plant according to the invention.

For application of the device shown in a schematic of Figure 2 for precipitation of SiO,-
containing material on a substrate arranged in the reactor chamber a Si-containing gas, for
example, a silane or SiCl, gas, is fed into the gas inlet nozzle 2 instead of a fluorine -
containing caustic gas or in addition to a ﬂuorine-contéining gas. With this application of the
device according to the invention the protective tube 6 protects the gas inlet nozzle 2 from

" the chemiical attack by particles generated in the plasma 5. Moreover, the protective tube 6



t ube. Flushing the gap 8 with a protective gas (argon) inpeding a

chem cal attack of reactive gases or iogs onto the inner walls of the gas
inlet nozzle 2, additionally contributes to a prolongated service life of
the dry etching plant according to the invention. For application of the
devi ce ShoWpkdks3edhnbyRaTIns 6n Ak ifieWAIR of the @hs iRleEiidzBle 22 tHo8s 10 SedhéataRiohd -
containing material on a substrate arranged in the reactor chanber a
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according to the invention the protective tube 6 protects the gas inlet
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Mor eover, the protéciive 1ot

6 | npedesths pdsmetotbaigemenstedd>n t he i nner walls of the gas inlet nozzle 2.
Possi bl e sedi nentations take place on the inside of the protective tube 6

i nstead of on the gas inlet nozzle 2. After exchange of the protective tube

2 it can bewqth@agsheldingleleient sicinie? Mahd 6fARSgas ilet Bozzleci®pORcted frbf theiMMBary, a
"shielding elenent is arranged between the 1nner walls of the inlet nozzle.
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and the pl a8pkapiea!l ged ehepugabatiagks by reqotiye iops and Siee eadigels gf the plogmt. andigrosivher
wal | s of th@fﬁ@gsdsih{]ét%gzmmsqgwﬂe&r otected fromthe mechani cal and
chemi cal attacks by reactive ions and free radicals of the plasm, and
erosion of the gas inlet nozzle walls is avoided. The shi el di ng el enent
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pl asma genepgﬁtsgfr}mé d, m“éaéﬁllsftgﬁ%ﬁ?ét oghggggg?lgﬁnéel%g%gl on o1 t ég&%g{s?na as
littl e as posthe blagma genpigtos ands in additioh, thespatibd expeusiercaf diredfilasgnatas littietandi nent s of

t he inventioorgsibltChe shi el ding el ement can be sel ected according to other '
criteria th&R AN optimumion yield. For exanple, it can be optim zed with
respect to its chem cal resistance and nmechani cal sputtering strength.
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can be selected according to other criteria than an optimum ion yield. For example, it can be

optimized with respect to its chemical resistance and mechanical sputtering strength. Thus,a

longer service life of the device and/ or feeding tube is achieved.

It is essential that the shielding element covers the inner walls of the gas inlet nozzle at least
in the area of the plasma generator at least partially from the plasma. The shielding element

can extend in the direction of the reaction chamber, as well.

Particularly advantageous is an embodiment of the device in which the shielding element in
the inlet nozzle is mounted exghaﬂgebly. With suph an embodimént a consumed shielding
element can be exchanged easily. The shielding element is only held mechanically in the
inlet nozzle. With a purely mechanical mounting device of the shielding element the
exchange does not require quartz glass works and therefore, only little time and cost
expenditure. Due to the easy exchangeability of this embodiment it is not necessary fo_
design the.shielding element with high chemical and mechanical resistance features. So far,

. the shielding element can be optimizéd with réspect to the desired plasma characteristics.

Moreover, the eaéy exchangeability of the shielding element allows a larger variability of the -

device as a whole. Depending on the plasma and flow conditions to be observed in the inlet



It is essential that the shielding el enent covers the inner walls of the
gas inlet nozzle at least in the area of the plasma generator at |east"
partially fromthe plasm. The shielding el ement can extend in the

direction of the reaction chanber, as well. Particul arly advantageous is
an embodi Nggiz10MholdiRg @?&ﬁff@x%nﬂ éﬁleﬂ?ﬁ erhdds iS PosGiblRi BreCihe BMAUink Rlehdefits i et
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of the shie ng e ange oes not require quartz gl ass works
and t her ef erperimentalpurpeses.e ti ne and cost expenditure. Due to the easy
exchangeability of this enbodinent it is not necessary to design the
shielding el enent with high chem cal and nechanical resistance features. So
far, the siA diicddingelemnentimthe d@am dfe sheth guamettesdasihexcimpendility.cDed e itdesi r ed
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Dependi ng on the plasma and flow conditions to be observed in the inlet
7 nozzl e mounting of different shie|/ding elenents is pgossible. e t he
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radicals a 0SSli bl'e are reconni ne 0 ccol I'ig1 ons W gatively
charged quatdid gl ass wall surfaces. This is particularly the case with a
| ongi tudi nal shielding elenent, for exanple, in the formof a tube. A
shiel ding el enent of quartz glass has proven especially suitable with
respect to Ad¢ichasprovditabe artésel nsvhichi gap is10 86 bdiveen tHélé}ﬁeldiﬁ@elaﬁaitt ive

effects on the proces i el d. a roven to b ucces in
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pl asma gas, for exanple, a protective gas for the inner walls of the gas

inlet nozzle.
Advantageously, the shielding element projects into the reaction chamber. A such arranged

and designed shielding element leads the plasma more to the center of the reaction chamber,
thus, the inner walls of the reaction chamber neighbouring the gas inlet nozzle are protected
considerably from plasma corrosion. This method has positive effects on the service life of
the etching device, as well. '

4 )
It has proven to be especially suitable to arrange a sealing element - to which the shielding
element is fixed - on the front side of the inlet nozzle facing away from the reaction chamber.
This embodiment of the device makes the exchange of the shielding element especially easy.
For example, the shielding element can be fixed to the sealing element by means of a bayonet

socket.

With respect to the shielding element the above mentioned task is solved according to the
embodiment of invention such that the shielding element consists of synthetic quartz glass

the inside surface of which has been smoothed in a melting process.



Advant ageously, the shielding elenent projects into the reaction chanber. A
such arranged and desi gned shi el ding el gnent |eads the plasma nore to the
center of the reaction chanber, thus, the inner walls of the reaction
chanber nei ghbouring the gas inlet nozzle are protected considerably from
pl asma corrosion. This nmethod has positive effects on the service life of

t he etchingédevice, as wel | . It has ﬁroven to be especialhé suitable to

arrange a sebasishepmthatashielding dlemgmt of syptheticspits glpss ds rertictiaply liftle damaged - on
the front Sde Qhendas bk 16307 FleSndi RGN the HRnatas bEASMbARL DT -

This enbodi ment” of the devi ce nakes the exchange of the shieldi ng element
especi al | y reelting prpesss. diispificient when ghei paitof thy skilding slementrsutfacerthat éages the t he

seal ing el o] s . t
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It has showt pdlRhing, foréxemgic/Bangd lEHIAg. Of synthetic quartz glass is
particularly little damaged by the plasma to be generated, if the inside
surface facing the plasm has been snoothed in a nelting process. It is
sufficient miembbiitheRtab béth aliviBcsiySiasiof BxAipR G, atdthbdfiGutibhvdre pRAGIBR t he

pl asma has been snoot hed that way. Snoothing during a nelting process can,
for exanpl evithinthe spiripand Wi%éﬂetlwmﬁa@tegw the appendedsaqims.di ng el enent by
means of an ordinary nelting nmethod |ike drawing fromthe nelting or froma
preform or it can be achi eved by subsequent hot polishing, for exanple,

fl ame polishing. The enbodi nent has been advanced by way of exanple only,
and nodifications are possible within the spirit and scope of the invention
as defined by the appended cl ai ns.




CLAIMS 1. A device for etching or precipitation using a plasm, wWth a

reaction chanber for the uptake of a sulgstrate t rising a
gas inlet nozzle of quartz glass for feeding a gg mm Won
chanber, and a plasma generator for the generati I sWwihin the gas

i nl et nozzle, characterized in that a shielding elenent (6) is arranged
between the inner walls of the inlet nozzle (2) and plasma to be generated
(5). 2. CLAIMRvice according the Jaim1, characterized in that the
shielding elenent (6) in the inlet nozzle (2) is nounted exchangeably. 3.
A device according to Claim1l1 or 2, characterized in that the shielding

el ement (6)1l.has Alfevitefonetolingoryivecipitation using a plasmaiwith argaction ghatbey for theany one
of the abov ' | el : ' ' )

consi st o of Piter EBupuBlAR' Bhicd Wpbluhe Whos lE SOAACHRS, S edits

char act er i zgd into the hedctidrhehambergardi aplasela ganendtor(for) the ganstatiors of ilasad wtithist the

L 9o S, e BB et BB ™ o

and the i nnwdllswEkHeinled nolzile (2) ahEplashewts be génepated (5)/ - ~A device according to
any one of the above O ains, characterized in that the shielding reactor
el ement (6) projects into the reaction chanber (1). 8. A devi ce

accordi ng t® anyA@eAcefccérafig IAMGintd, 3hdfoterzbPindkdt el sEieMirgtldnitat (6P thére
front side of the inlet nozzle (2) facing away fromthe reacti on chanber

(1) a seal i Wit BezeledPris mounteq exchangeablit o whi ch the shiel ding el ement (6) is
fixed. 9. A tube-like shielding elenent for application in a device
according to any of the Claims | to 8 consisting of synthetic quartz gl ass

the inside %urf addsviet 2oppriding thelain beed charemierizediindbet iteghielding demegt (D ocess.
has the form of a sheath.

4, A device according to any one of the above Claims, characterized in that the

shielding element (6) consists of quartz glass.

5. A device according to Claim 4, characterized in that the shielding element (6)
consists of synthetic quartz glass.

6. A device aécording to any one of the above Claims, characterized in that a gap (8) is

to be between the shielding element (6) and the inner walls of the inlet nozzle (2).

7. A device according to any one of the above Claims, characterized in that the

shielding reactor element (6) grojects into the reaction chamber (1).

8. A device according to any one of the above Claims, characterized in that on the front
side of the inlet nozzle (2) facing away from the reaction chamber (1) a sealing element is

arranged onto which the shielding element (6) is fixed.

9. A tube-like shielding element for application in a device according to any of the
Claims 1 to 8 consisting of synthetic quartz glass the inside surfaces of which have been

smoothed during a melting process.



