SEM CONDUCTOR PROCESSI NG APPARATUS FI ELD OF THE | NVENTI ON The present

I nvention relates to a sem conductor wafer processing apparatus and nore
specifically relates to a sem conductor processing apparatus with a liner
structure. BACKGROUND OF THE | NVENTI ON The pl asma etching technol ogy has
been widely applied to the etching process of sem conductor fabrication,
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Under low pressure, the reaction gas is excited by a radio frequency power and is
ionized to generate plasma. The plasma is composed of electrons and charged ions. When
the gas in the reaction chamber is impacted by the electrons, not only the gas is changed
into ions, but also it can absorb energy and form a large number of active groups. There
are chemical reactions occurred between the active reaction groups and the surface of the
material to be etched and subsequently volatile reaction products are produced. The
reaction products get away from the surface of the material to be etched and are pumped
out of the chamber by a vacuum system.

The plasma generated after the process gas entering into the reaction chamber is
activated is used to etch the material on the wafer surface. However, the non-uniform
distribution of gas inside the reaction chamber wili result in great variations in etch rate and
uniformity on the wafer surface in the chamber. In particular, while the size of the present
wafer increases from 100 mm to 300 mm, the volume of the reaction chamber has to be
enlarged accordingly and therefore, it is more difficult to provide a more uniform distribution
of gas in the chamber. Therefore, the reason for the great variations in etch rate and
uniformity from the center to the periphery of the wafer is the non-uniform distribution of
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1 gas. A large nunber of production and research data show that during a
sem conductor fabrication, it is very difficult to realize the uniform

di stribution of the process gas on the surface of the sem conductor
silicon wafer, while the uniformand stable distribution of the gas flow
on the surface of the silicon wafer is a key factor to achieve a stable gas
pl asma. Anot her problemof the plasma etching in the sem conduct or
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t he plasma confl nenen
chamber is physically scrubbed to remove the film build-up.

In the commercial semiconductors fabrication, the wet cleaning treatment for the
processing chamber is not preferred because it is done in the mode of off production line
and thereby the throughput is decreased. In the efforts to avoid the need for the wet
cleaning, some processing chambers adopt a liner structure to protect the wall of the
chamber. The use of the liner enables the replacement and cleaning to be done easily with
the minimal downiime when the film build-up occurs on the wall, and thereby the
continuous and effective production in the processing chamber can be ensured.

Fig. 1 shows a schematic diagram of a structure of the semiconductor processing
chamber liner as disclosed in the Chinese Patent Application No. CN1152414C. The
processing chamber liner includes a piasma confinement shield 116c with a plurality of
apertures 128. An outer sidewall 116b extends upwardly from the plasma confinement
shield 116c. An outer flange 116a extends outwards from the outer sidewall 116b so that
the outer flange extends beyond the chamber and into a region under atmospheric
pressure. Besides, the processing chamber liner further includes an inner sidewall 116d
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shield 116c. An outer flange 116a extends outwards fromthe outer sidewall
116b so that the outer flange extends beyond the chanber and into a region
under atnospheric pressure. Besides, the processing chanber liner further
i ncludes an inner sidewall 116d 2 extending upwardly fromthe plasm
confinenment shield. Though the liner disclosed in the patent as nentioned

above can effectively protect the inner wall of the processing chanber and
reduce the eﬁyqnmngmppvarcﬁpfrorgﬁlap PlReMaspniinempréshielde particl e contam natl on
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hol es etc. When the slot holes are used, the porosit the porosity 1s

defined as theneby tht ifurthee ineeverhdie oanmm:rmfty bithe o figldidnah&sikerafafbhgurass [seen,
not the whole area of the baffle) of the screen can reach 90% as a nmaxi mum

Thi s patehml’teqhdl cates that the smaller the porosity, the smaller "pass

t hrough” perce ge.of the as _passing through the screen and being
exhaust ed by { %ev%mmﬁ%rﬁ TBEGSRseS kel Wb sriovEeinel oS chsbawes.
Conversely
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EE i S St it vt
the et chi ngnprovdddThet Yafils id BBEiIGVRIIMBE side-pumped etching chamber and its screen
adopts round holes, square holes, slot holes etc. When the slot holes are used, the
porosity (the porosity is defined as the ratio between the area of holes and the area of the
screen, not the whole area of the baffle) of the screen can reach 90% as a maximum. This
patent indicates that the smaller the porosity, the smaller “pass through” percentage of the
gas passing through the screen and being exhausted by the vacuum system becomes and
the slower a gas flow becomes. Conversely, the uniformity of the gas flow across the
surface of silicon wafer can be increased and accordingly the etching results can be
improved. When the porosity of the screen is 57%~76%, the etching uniformity is improved
greatly. When the porosity of the screen is 57%, the etching uniformity is improved most
remarkably and can be increased by 50%.
Though the structure disclosed above can improve the etching uniformity, it can not

effectively solve the problem of the non-uniformity of etching rate, which is encountered by

most of the present etching apparatuses.



remar kably and can be increased by 50% Though the structure disclosed
above can inprove the etching uniformty, it can not effectively solve the
probl em of the non-uniformty of etching rate, which is encountered by

nost of the present etching apparatuses. 3 SUMVARY OF THE | NVENTI ON The

pur pose of the present invention is to overcone the defects of the prior
art and to provide a sem conductor processing apparatus with a |iner,

whi ch can SUWIMARYAOR THE INVENFION protection for the processing chanber
and the structure of which is nore favorable for the uniformty of flow
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of said flange Awmording ite sinediaspetcel trengreseheuzntawntier dveptenperalides| ar | y
or along an angle fromsaid shield plate for a second distance; said inner
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structure, I ows aper ures’ y are
provi ded ogg &lall e saR %Qfé@dsﬁ%&!ﬁcﬁméféﬂw shi@VBiited t SRRRM %ufekageumaraﬁl d
shield plate Conpared with the prior art, the inner sidewall and the outer

si dewal | operhbBdicE@iy GrailehLar0andglé Goashe m@pemmaaé 6B s4ld Aunglefdr BYirdt istgnces ent
I nvention have follow ng inprovenents: the outer sidewall extends upwardly

per pendi cubrd kyteods dbengarda renggrelidutanin ort dlengi pp engleuiréracaicdb thisldi platel fange
for a first distance and extends downwards perpendicularly or al ong an
angl e fronfeqeRddglistancg: paidirner sidewal sxisnds 4PyREC RerPERECYI3eer along an angle

from the shield plate for a third distance and extends downwards perpendicularly or along
an angle from said shield plate for a fourth distance.

According to another aspect of the present invention, the shield plate has a stepped
structure, and one or more rows of apertures distributed tniformly are provided on an
upper stepped surface and a lower stepped surface of said shield plate.

Compared with the prior art, the inner sidewall and the outer sidewall of the
semiconductor processing apparatus provided by the present invention have following
improvements: the outer sidewall extends upwardly perpendicularly or along an angle from
the upper surface of said flange for a first distance and extends downwards
perpendicularly or along an angle from the shield plate for a second distance; the inner
sidewall extends upwardly perpendicularly or along an angle from the shield plate for a
third distance and exiends downwards perpendicularly or along an angle from the shield
plate for a fourth distance. Therefore, the semiconductor processing apparatus of the
present invention can not only enlarge the protection area for the processing chamber, but
also slower the speed of the film building up and further reduce the particles.

The shield plate of the liner structure of the semiconductor processing apparatus of
the present invention can adopt a variety of structures, such as a stepped sfructure, which
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si dewal | extends upwardly perpendicularly or along an angle fromthe shield
plate for a third distance and extends downwards perpendicularly or along
an angle fromthe shield plate for a fourth distance. Therefore, the

sem conduct or processing apparatus of the present invention can not only
enl arge the protection area for the processing chanber, but also slower
the speed of the filmbuilding up and further reduce the particles. The

shi el d pl atan ndt onlyempiave thesgmiipohity ef thé flova Geld omit atsodmproe ther speed dieldepf flow
apparatus of the present invention can adopt vari ety of structures, such
as a stepp@%lds'tﬁhﬁéﬁﬁmé?ﬂ Wﬁ%@"ygné@wsq@e@ﬁﬁ? wafe t9 a2kt Mere BRfAT y of t he
flow field, but also inprove the speed field of flow field in the chanber,
especially on the surface of the wafer, to make it nore uniform BRIEF

DESCRI PTI Oﬁé@ﬁlﬁ%%ﬁyﬁptﬁsoﬁmE?ﬁmégr spective view of a liner

structure I'S a perspective view of a processing

chanber with amhiekd rfé'rﬁ:fe%tl\@cwé\b%fQﬁlhé}fstruﬁfu?e ofth@priér 4rf & schematically
perspective view of a |iner structure of a sem conductor processing

appar at us of t Ieg.[® iezepdrspattien viewruf aFprgeesding chambedwitts a Ghietthgthteof éve priort he
|l iner structure of the present invention; and Fig. 5is a local enlarged
view of a #d&gion "A" in Fig. 4. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The_preferred exenpl ary enbodi nents of t he present |nvwg}| on

will be illust r‘%t%éf BECRatica PﬁESPe?fP{ec‘tb‘r‘Yh@ filbRr ﬁ”t“ﬁ”r&c‘?,f(ﬁwrﬁ%mw ctor

drawi ngs so th f.e ages as nentioned above and ot her
features aﬁr&’cg ?@Sé%ugéﬁkgﬁée%%ﬁgg hventi on will becone clearer. But,
the preferred @T&Qﬁb%ﬁés&%ﬁéw@%ﬂoﬁﬁé R stliay edofriﬁé pr*éé?e(?ﬁ@nhéékﬁ%ggl BNt s

limting the present invention. he contrary, the preferred

of the inventi %_ﬁ&%l@é@éhﬁ@dh@@o{@r@cﬁﬁﬂnin Fige4.present invention nore
clearly and to nmake those skilled 1in the art understand the present

invention nore easily. As shown in Figs. 3 to 5 a liner structure 116 of
t he sem conduct or processin
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred exemplary embodimenis of the present invention will be
illustrated below in detail in connection with accompanying drawings so that the
features and advantages as mentioned above and other features and advantages
of the present invention will become clearer.

But, the preferred embodiments described herein should not be consirued as
limiting the present invention. On the contrary, the preferred embodiments of the invention
are provided here to present the present invention more clearly and to make those skilled
in the art understand the present invention more easily.

As shown in Figs. 3 fo 5, a liner structure 116 of the semiconductor processing
apparatus of the present invention has an annular structure, which constituies an inner
circumference and an outer circumference, i.e. an outer sidewall 116b and an inner
sidewall 116d are cylindrical, and the outer sidewall 116b is provided with a wafer load port
and several small diagnostic ports. A shield plate 116¢ (116¢1-116¢3) of the liner is located
in an annular cylindrical region, which is constituted by the outer sidewall 116b and the
inner sidewall 116d.

Wherein, the shield plate 116c of the liner adopts a stepped structure. Its basic

shape is similar to one step. The step specifically includes an upper stepped surface 116¢1,
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apparatus of the present invention has an annular structure, which
constitutes an inner circunference and an outer circunference, i.e. an
outer sidewall 116b and an inner sidewall 116d are cylindrical, and the
outer sidewall 116b is provided with a wafer |oad port and several snal

di agnostic ports. A shield plate 116c (116¢1-116c3) of the liner is |ocated
i n an annul ar cylindrical region, which is constituted by the outer
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of the liner adopts a stepped structure. Its basic _shape is sinmlar to one
step. The @tegclifjgether veeagn gnd dbe Uawer sierpppaiuriacesplie dpe stlerretpgdriaces g

| d,syrface 116¢2 i d d. i f
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distributed uniformy can be provided on all the three surfaces so that

t he "pass thatthedpdssaheagofarthef theaesdtion ggads insreasext, @asthd porasiy of the spmeasi ty
of the screen is increased, and accordingly the uniformty can be
i nproved. igdnmareasedyand sgcogtinglpthg uniformiigces befimprvedhi el d pl ate 116¢c of the
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st epped surface ranges from | fferent heights of the

si de st epp@shes tdppee shithde 6 the Yippeinidse ERspt aridédidl e StepPed Barfadd fefdrsitd v of
the flow field of the reaction gas across the silicon wafer surface,

t her ef or e, loarr aleppepsirice dfdhelnweast stebe Irsadhition epgpeight of af sidee steapedeurface
selected to obtain an optinmal uni form’t% of flow field across the_silicon

waf er sur fEges Tem @ man yo 4@ . EamAlietanbReigbisildre sidgisiRpret sypiaee Wilririge
and 2 Cor T SRR BRE RO oCh IR S RISk A8 ey e
per pendi Cu\ltvgfeL ¥ur?§ce?{h8@o@,nar?g;%r8pnfieﬁ8 maight of the side stepped surface can be selected
to obtain an optimal uniformity of flow field across the silicon wafer surface. Certainly, the
connection between a side stepped surface and a corresponding upper and lower stepped
surfaces is not only limited to a vertical connection.

The outer sidewall 116b extends upwardly perpendicularly or along an angle from
the upper surface of the outer flange 116a for a first distance 116g and extends downwards
perpendicularly or along an angle from the shield plate 116¢ (i.e. from the connection
between the shield plate 116c¢ of the liner and the outer sidewall 116b, in other words, i.e.
from the upper stepped surface 116¢1) of the liner for a second distance 116f. The inner
sidewall 116d extends upwardly perpendicularly or along an angle from the shield plate
116¢ (i.e. from the connection between the shield plate 116¢ of the liner and the inner
sidewall 116d, in other words, i.e. from the lower stepped surface 116¢2) of the liner for a
third distance and extends downwards perpendicularly or along an angle from the shield
plate 116¢ (i.e. from the connection between the shield plate 116¢ of the liner and the inner
sidewall 116d, in other words, i.e. from the lower stepped surface 116¢2) of the liner for a
fourth distance 116e. Therefore, a wider protection range for an adjustment support and an
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t he upper surface of the outer flange 116a fora first distance 116g and
ext ends downwards perpendicularly or along an angle fromthe shield plate
116¢c (i.e. fromthe connection between the shield plate 116¢c of the liner
and the outer sidewall 116b, in other words, i.e. fromthe upper stepped
surface 116¢cl) of the liner for a second distance 116f. The inner sidewall
116d extends upwardly perpendicularly or along an angle fromthe shield
plate 1leexEuskchamiemcahdecenlinedt Mer@e,tﬂweéimttdiﬁam Hl6g, fileagasond gistanicet he

liner and the inner sidewall 116d, in other wor e. fromthe Iomer
st epped s u?‘f@ic@e 1’1’@‘@2§ta'éffe ngdhe f%’é‘ih digiance 1168k da‘?ﬂ féqrﬁﬁd@"éﬁéo &Xoe
d d di I

(et onPaie BenstiePe fobts fisth & ALa B ieiatine 50 380 8e o B diefetang

the i nner S' dq{"’%hbﬂéll?éimo't %aﬁetrhev‘gﬁ  of e shichi! f&%& éf_(l)_w% ﬁ‘&pcﬁgtor

surface 116¢2) of t ner or a fourt h di st ance ore a w der
prot ect i oNprodsgking Apatatuil tHs praxeht iRvIhts Adtdinfidd 1@tr@@1@¢1§&u&uhamm@fratean be
realized. V\herel n, the first distance 116g, the second di stance 116f, the
thir d di st mrtbe paesent érebddmenth THe shizhicgateldaa addd ba arsgalbhbpiaﬁ Manetdcslzfr@wnsm
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i nprove the speed field of flowfield on the surface of the silicon wafer
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can be any one. The enbodi nents of the present invention are described in
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Clainms What is clainmed is: 1. A sem conductor processing apparatus,
conprising an inner sidewall and an outer sidewall, both of which are in a
cylindrical shape, a flange extending outwards fromsaid outer sidewall
and a shield plate between said inner sidewall and said outer sidewall,
characterized in that: said outer sidewall extends upwardly perpendicularly
or along an angle fromthe upper surface of said flange for a first

di stance and extends downwards perpendCdadm$|y or along an angle fromsaid
shield plate for a second distance; said inner sidewall extends upwardly
per pendi cufVhyat ys elginagdiy an angle fromthe shield plate for a third

di stance a dAextends downwar ds. ag&pen?icularlﬁgor aLong a aﬂ le fro said
shield pl al eArSMETYEPT Rreestian APPaFUSTHRMEIRING oA K rs'd%‘uwé‘ B fiy ouer
aPpar at Us Qe PloBirtof WA S n b iinSRLR oHlall, ¥ farld@syfondtlo RS foF Lt

3. The sem conduct or rocessi ng appar at us clarm rern rows o

apertures o@bstigbREl afd WbhiSkNpIteBAWRESD ChideRnONsiddwalPRRA stidepredsiapaace
and a |l ower stepped surface of said shield plate with the stepped

st ruct ur e. caractrizesidmilatinduct or processi ng apparatus of claim2, wherein
apertures are also provided on a connection surface between the upper

st epped sur f agaid guigr sidewhlbewdendssitpxasdiy peipendicelady osalpnp ahardle fremdbeunkarh
t he stepped structur

surface o sald?l'ange for a first distance and extends downwards perpendicularly or along
an angle from said shield plate for a second distance;

said inner sidewall extends upwardly perpendicularly or along an angle from the shield
plate for a third distance and extends downwards perpendicularly or along an angle from

said shield plate for a fourth distance.

2. The semiconductor processing apparatus of claim 1, wherein said shield plate has a

stepped structure.

3. The semiconductor processing apparatus of claim 2, wherein rows of apertures
distributed uniformly are provided on an upper stepped surface and a lower stepped

surface of said shield plate with the stepped structure.

4, The semiconductor processing apparatus of claim 2, wherein apertures are also
provided on a connection surface between the upper stepped surface and the lower

stepped surface of said shield plate with the stepped structure.



