SEM CONDUCTOR PROCESSI NG APPARATUS FI ELD OF THE | NVENTI ON The present
invention 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 asnma et ching technol ogy has
been widely applied to the etching process of sem conductor fabrication,

such as gate etchi (2l I J I chi t typi cal
sem conduct or procgglhﬂb&g%gci%régﬁiggﬁgé g‘%?’é%d&-r erating
and controlling device, a process gas delivery device, a chuck for securing
a silicon wafer and process assenblies (for controlling and defining the

area where gFELD ©F THME INVENTRYNStS, and preventing etching products
adsorbi ng and depositing on the inner wall of the chanber, which is not

easy to be di sasgeeitednfatertiveasbRrg)o atemiddndedtol QP pRSSLHIR, agpbtuseact i on
gas is excited by a radio frequency power and is ionized to generate

pl asma. The pidasnee spectionfyositesofo @lsevicoonstanoisangegparahus. withhdinet he gas
in the reaction chanber is inpacted by the electrons, not only the gas is
changed i nt 6 but also it can absorb energy and forma |arge nunber of
active groups. There are chem cal reactions occurred between the active
reaction groups and the surface of the material to be etched and

subsequentIyB/RbN@f;romt thp H@WYW [GN Produced. The reaction

products get away e su ace o e material to be etched and are

punped out of thEh@bi@ﬁ?ﬁ@@ﬁdﬂlﬁg&e&fﬁh@l@@%%’ﬁé&ﬂmdng%pﬁlke@&%egﬁﬂlﬂﬁg’ib@des%fter
the process gas entering into the reaction cha is activated is used to

etch the mat@semlconuctanéabnadteon, sushfaagete dithivey eiejectricestentny-aminiaalmtching
distribution of gas inside the reaction chanber will result in great
vari ati ons i §1C-ed dpiGah semicandiolati Fresasping cORMPeecaalrises Suehafaeni a Plasma

hanb t th f th t f f
R e T B Ly
accordi ngl yns?rfca)?n EVQ]%I;’ gﬁ@%}ﬁiceé aéngmgpé foqlcwwtjr(ﬁlmg emtqode%lﬂé tlgae?r%a W fe %éém form

distributio gas In herefore reat
variations flows and plasma exists, and preventing etching products adsorbing and depositing on

the inner wall of the chamber, which is not easy to be disassembled for cleaning) efc.

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 ouf 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 will 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 uniformty fromthe center to the periphery of the wafer
is the non-uniformdistribution of gas. A | arge nunber of production and
research data show that during a sem conductor fabrication, it is very
difficult to realize the uniform distribution 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
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| iner as disclosed in the Chinese Patent Application No. CN1152414C. The
processi ng chanirgesrotdsnebedond) tidé@sn amaplagtsntie RIMgroeMmNbats Bhe kiireby affect
the wafer quality. Because the occurrence of any one of the two situations above is not
desirable, the wet cleaning treatment for the processing chamber has to be done, i.e.
the wall of the processing chamber is physically scrubbed to remove the film build-up.
fn 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 downtime 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 plasma confinement shield

116¢ 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



116c with a plurality of apertures 128. An outer sidewall 116b extends
upwardly from the plasma confinenent shield 116c. An outer flange 116a
extends outwards fromthe 2 outer sidewall 116b so that the outer flange
ext ends beyond the chanmber and into a region under atnospheric pressure.
Besi des, the processing chanber liner further includes an inner sidemall
116d extending upwardly fromthe plasm confinenment shield. Though the
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The US Patent 6,821,378 discloses a baffle with asymmetrical screens as
shown in Fig. 2 o slow down the flow speed of the process gas in the side-pumped
etching chamber and accordingly the uniformity of the process gas flow across the
wafer surface can be improved. The baffle is designed for the 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



i ncreased and accordingly the etching results can be inproved. Wen the
porosity of the screenis 57%76% the etching uniformty is inproved
greatly. Wien the porosity of the screen is 57% the etching uniformty is
i nproved nost renmarkably and can be increased by 50% Though the structure
di scl osed above can inprove the etching uniformty, it can 3 not
effectively salve the problemof the non-uniformty of etching rate, which
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si dewal | of bteﬂn?een said inner sidewall and said outer sidewall, wherein, said 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 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.

According to another aspect of the present invention, the shield plate has a
stepped structure, and one or more rows of apertures distributed uniformly 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 extends downwards perpendicularly or along an angle from the

shield plate for a fourth distance. Therefore, the semiconductor processing apparatus



sem conduct or processi ng apparatus provided by the present invention have
followng inprovenents: the outer sidewall extends upwardly

perpendi cularly or along an angle fromthe upper surface of said flange
for a first distance and extends downwards perpendicularly or along an
angle fromthe shield plate for a second distance; the inner sidewall
extends upwardly perpendicularly or along an angle fromthe shield plate
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DESCRI PTI ON THE W INGS Fig. 1is. erspective view of a |iner
structure off%:%%’lﬁﬁ}”’i (] 'ﬁltwle;‘:hﬁrg?r' Seheglay E%W&&&E??w g ‘éf%ebfo Raks bP8Ssi ng
chanber with,gshield plate of the prior art; Fig. 3 is a schematically
perspective view of a liner structure of a sem conductor processing
apparatus of the present invention; Fig. 4 is a side sectional view of the
liner structure of the present invention; and Fig. 5is a local enlarged
view of a reBRIEFDESCRIRTIGN OFTAHED RBWRNGIS ON OF THE PREFERRED
EMBODI MENTS The preferred exenpl ary enbodi ments of the present invention
wi Il be illustr&dedisgepaapactiverdewef a lirer sbntieretof the piet &rt.acconpanyi ng
drawi ngs so t hat .thg, L , . .
Fig. Z is a perspective view of a processing chamber with a shield plate of the

prior art;

Fig. 3 is a schematically perspective view of a liner structure of a semiconductor
processing apparatus of the present invention:

Fig. 4 is a side sectional view of the liner structure of the present invention; and

Fig. 5 is a local enlarged view of a region “A” in Fig. 4.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred exempiary embodiments 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 construed 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 to 5, a liner structure 116 of the semiconductor processing

apparatus of the present invention has an annular structure, which constitutes an inner



features and advantages as nentioned above and ot her features and

advant ages of the present invention will becone clearer. But, the preferred
enbodi ments descri bed herein should not be construed as limting the
present invention. On the contrary, the preferred enbodi nents of the
invention are provided here to present the present invention nore clearly
and to make tho?e skilled in the art understand the present invention nore
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of the liner is located in an annular cylindrical region, which is
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reaction gas is increased, i.e. the porosity of the screen is increased,
and accor di rf@@'ymt"l’i’écmmqoﬁ?twtﬁ? by #e prden sigavwelicld6b ead the inngy sidemall i eppled

f 116 f | d th
Stepoed ot rdut i S nouhar SR 1Dt aeaee PRy c%%éoseeéf&aé%owﬁm )
can also b%ﬁe%&ﬁé’&a@%ﬁ?h tﬁé] ?ssp h}‘gugln’l rga Eth%trg%)c% P$ qpc?t?éé%ﬁ %' d
e ace e up

upper stepped surface refers'fo an per nost

step and saigdrdspyef the kERELH :n&@ésfe@%dr&tzgfdﬁlgtth@urln%\"ﬁﬁy SnerNggroved f ace of
the | owest step. In addition, a height of

Certainly, the stepped structure of the shleid plate 116¢ of the {iner is not limited

fo the stepped structure with one step illustrated in the present embodiment, but can
also be a structure with a plurality of steps. In this case, said upper stepped surface
refers to an upper stepped surface of the uppermost step and said lower stepped
surface refers to a lower stepped surface of the lowest step. In addition, a height of a
side stepped surface ranges from 0 mm to 40 mm. The different heights of the side
stepped surface will bring different influences on the uniformity of the flow field of the
reaction gas across the silicon wafer surface, therefore, an appropriate height 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 angie
from the upper surface of the outer flange 118a 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 116¢ of the liner and the outer sidewall 116b, in



si de stepped surface ranges fromO mmto 40 mm The different heights of
the side stepped surface will bring different influences on the uniformty
of the flow field of the reaction gas across the silicon wafer surface,
therefore, an appropriate height of the side stepped surface can be
selected to obtain an optimal uniformty of flow field across the silicon
waf er surface, Certainly, the connection between a side stepped surface and
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Also, it can be a plate with a cross section in a

ifustrated in the present embodiment. The shield plate can also be a straight plate
placed slantwise or a curved plate. Also, it can be a plate with a cross section in a
concave, convex, regular polygon, square wave, hackle or other irregular shape. As
long as the shield plate can improve the uniformity of the flow field, improve the speed
field of flow field of the chamber, especially improve the speed field of flow field on the
surface of the silicon wafer and the manufacturing process can be met, the shape of
the shield plate can be any one.

The embodiments of the present invention are described in the accompanying
drawings and the description, Though some specific terms are used, such description

using these terms is only for general and illustrative purpose, and is not for limitation.

The scope of the present invention will be described in the following claims.



concave, convex, regular polygon, square wave, hackle or other irregular
shape. As long as the shield plate can inprove the uniformty of the flow
field, inprove the speed field of flowfield of the chanber, especially

i nprove the speed field of flowfield on the surface of the silicon wafer
and the manufacturing process can be net, the shape of the shield plate
can be any one. The enbodi nents of th rresent invention are described in
t he acconpanyi ng draw ngs and the de§E IR%on. Though some specific terns
are used, su agg§&5%9%%§p using these ternms is only for general and
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wherein said shield plate has a stepped structure. 3. The sem conduct or
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surface of sHie Blateefod aghisd distanes andh extebdspiewnverduperagrdiculprly iglong an

sem conduct or pr.ocessin aratus of ¢laim?2, wherein apertures are al so
angie from said s%el%%ﬁ)ate faor a?ourth d(a;stance. P

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.

5. A semiconductor processing apparatus, comprising an inner sidewall and an outer
sidewall, both of which are in a cylindrical shape, a flange extending outwards from said
outer sidewall and a shield plate between said inner sidewalt and said outer sidewall,
characterized in that;

said shield plate has a stepped structure, and rows of aperiures distributed

uniformly are provided on an upper stepped surface and a lower stepped surface of



provi ded on a connection surface between the upper stepped surface and the
| oner stepped surface of said shield plate with the stepped structure. 5.
A sem conduct or 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

shi el d pl at eSH@ghield pladpduthsstapeediplaictind rows of apertures distributed
uniformy are provided on an upper stepped surface and a | ower stepped
surface of 8 said shield plate with the stepped structure. 6. The

sem conduct og dﬁ; OE&iSd ct%P ?és'ﬂqg;r Qéﬁa?étéé ot glamy\’?ecvﬁjsr%ins%ijlcﬁj oBtEF glrde\%épe""a' |

ext ends upwar per pen |cu an’an surface

of said fl angénhdsQipwardiy b@ﬁpeﬁm&nm@r aa&@b gxta%?@%&l@www spﬁédéecsroaawl arly
or along an angle fromthe upper stepped surface of said shield plate for

a second di sflamge dor & firsT Histas esriicd axtecdsOdovpivaces serpendiqaly atr uongfancirgiem 5,
wherein said inner sidewall extends upwardly perpendicularly or along an
angl e from st thehinppastepnedeutiare of seidishigld plats ferrosecamtidistriends downwar ds
perpendi cularly or along an angle fromthe | ower stepped surface of said
shield plate for a fourth distance. 8. The sem conductor processing

appar atus of Gllh%' é@rr?o uthr m%és%r% atttllg 5P cidint a\lfvﬁgrem ai?%ﬂnqgndsﬁgmﬁl
connecti on surface be er epped sur ace an ower st epped
surface of saichas mpﬁflaﬂiispb@b&df!uﬁal?lytolﬂ%loﬁbeéﬁpzﬁ'@iesﬁ&d%%raiérﬁml@pEate for a third

distance and extends downwards perpendicularly or along an angle from the lower

stepped surface of said shield plate for a fourth distance.
8. The semiconductor processing apparatus of claim 6 or 7, 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.
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