
;MNOPe3eG~DTp\6*T~n  METHOD AND APPARATUS FOR PORCESSING SEMICONDUCTOR
SUBSTRATES x. The present invention relates to an apparatus for performing
processing in the production of semiconductor devices, such as integrated
circuits. The present invention also relates to a method of preventing a
deposited 51m within the apparatus from peeling. The apparatus for
treatment is suitable for dry etching and plasma CYD. 2. Production of
semiconductor devices employs various technologies) such as dry etching and
CVD. They are designed to etch surface layers on semiconductor substrates
or form films on substrates by plasma decomposition or thermal
decomposition of gases. Parts of decomposition products are inevitably
deposit and build-up on interior components within the processing chamber,
including the inner wall of a processing chamber itself. Resulting film of
deposited material peels and generates particles within' the chamber or
drops off on the substrate to form apparent defects. In order to circumvent
this problem, it is necessary to perform mechanical cleaning periodically
an the processing apparatus. Unfortunately mechanical cleaning takes a long
time because it requires that the chamber be opened. Once opened, the
chamber needs temperature adjustment and rompletc evacuation prior to
restarting the processing. Hence, the mechanical cleaning greatly reduces
the operation rate of the apparatus. 'Therefore, several methods have been
proposed to reduce the frequencies of mechanical cleaning. One of them is
dry cleaning with various reactive gases. Dry cleaning evaporates and
removes the deposited materials and reduces the generation of particles.
However, dry cleaning usually employs a plasma-excited gas. Therefore, the
cleaning is incomplete in the area that is not exposed to the plasma. Thin
is trot particularly for an apparatus of parallel plate structure with a
narrow gap) since the plasma in a narrow gap apparatus is confuted in a
limited portion within the chamber. Similarly) dry cleaning with a gas
excited by nay other brawn method than plasma cannot achieve complete
cleaning in the chamber. *G00002*    ~ 5 EEB 2003 



z .. A method to prevent deposited films tom peeling is disclosed in
Japanese Patent Laid-open Nos. 196421/1994 and 1b3180/1998 and U.S. Patent
5474649. It achieves the object by roughening the surface of the inner wall
of the chamber, or the surface of interior component' in the chamber) for
good adhesion of the deposited filth. This surface roughening is
accomplished by frost treatment (bead blasting)) engraving) etching,
molding, or the like. However) the frost treatment is effective only so
long as the film of deposited material is relatively this and has a
relatively small internal stress. As the deposited film grows to teas or
hundreds of micrometers thick, the adhesion strength produced by frost
treatment is not enough to keep it on the inner wall of the chamber or the
surface of the interior components. On the other hand, various interior
components in the processing chamber, including inner wall of the chamber
itself of the apparatus far dry etching and CVD, often have a surface
coated layer. Such coating on the surface may peel after repeated use due
to deterioration. This also poses a problem as in the case of the peeling
of deposited materials meationed above. In order to solve this problem)
there has been proposed an Idea of replacing the deteriorated parts. To put
this idea into practice, there has been proposed a processing chamber which
is provided with an inner wall of double layer structure so that the
deteriorated part can be removed for replacement. However, the inner wall
of double.layer structure still requires periodic replacement. Hence it is
hat quite helpful to reduce the frequency of opening the chamber. There
still exists a problem of a low operation rate. The present invention
addresses the shave-mentioned problems. It is an object of the present
invention to provide an apparatus and a method for processing semiconductor
substrates in the production of semiconductor devices. It is another object
of the present invention to provide a method of preventing deposited film
in said apparatus from peeling. The apparatus and method according to the
present invention prevent deposited film and surface coating from peeling,
thereby reducing particles in the chamber and increasing the operation rate
of the apparatus. According to one aspect of the present invention, an
apparatus for processing a workpiece for production of semiconductor
devices comprises a processing chamber    2 5 FEB 2003 3 that mounts the
workpiece, the processing chamber including an interior component having a
stepped surface region comprising a plurality of sectioned areas divided by
steps. Preferably, the sectioned areas are arranged according to the
temperature gradient produced on the surface of the component during
operation of the apparatus. Preferably) the stepped region is located in a
position where a film of deposited material is formed thereon during
operation of the apparatus; and the steps are high enough to prevent the
deposited film from peeling. 



Still preferably, the stepped region is located is a position where a film
of deposited material is formed thereon during operation of the apparatus;
and the scotraned surface region prevents the deposited film from peeling
by dividing the deposited film into sections having appropriate sizes.
According to another aspect of the invention, a method to prevent peeling
of a deposited film in an apparatus used in production of a semiconductor
device, com- prises providing a processing chamber that mounts a workpiece
to be processed therein, the processing chamber including an interior
component having a stepped surface region comprising a plurality of
sectioned areas divided by steps; processing tb~e workpiece in the
processing chamber while forming s film of deposited material on the
stepped surface region; wherein tht steps are hvigh e4ough to prevent the
deposited film from peeling. According to another aspect of the invention,
a method of processing a semiconductor substrate cornpriaes: providing a
stepped region on a surface of an interior component in a processing
chamber, the stepped region including a plurality of secxioned areas
divided by steps; placing a semiconductor substrate to be processed iii the
processing chaxubcr; and processing the semiconductor substrate within the
processing chamber while forming a film of deposited material on the
stepped region; 4 ~crherein the steps era provided such that the deposited
Slrrx is effectively divided. Preferably, the sectioned areas include a
plurality of raised sections and recessed sections divided by the steps)
and adjacent raised sections are su~ciently separated to effectively divide
the deposited film. Preferably, angles of the steps tire sufficient to
effectively divide the deposited film. Preferably, the steps are
sufficiently High so that the film is effectively divided.   2 5 FEB 2003 4
,~ Still preferably, the method further comprises repeating the placing and
processing until a cumulative time of the processing reaches
a~prcdetennined value; wherein the steps arc provided such that the
deposited film is effectively divided so that peeling of the film built-up
during the predetermined cumulative processing time is prevented. '
According to another aspect of the invention, a method of processing a
semiconductor substrate comprises: providing a stepped region on a surface
of an interior corriponent in a processing chamber, the stepped region
including a plurality of raised sections divided by grooves; placing a
semiconductor substrate to be processed in the processing chamber; and
processing the semviconductor substrate within the processing chamber while
fnrnting a film of deposited rtiatcrial on the stepped region; wherein the
steps extend substantially perpendicular relative to the sectioned areas.
According to another aspect of the invention, a method of processing a
semiconductor substrate comprises: providing a stepped region on a surface
of an interior compoaeut in a processing chamber, the stepped region
including a plurality of raised sections divided by grooves; placing a
scmicoaductor substrate to be processed in the processing chamber; and
processing the semieoaductor substrate within the processing chamber while
forming a film of deposited material on the stepped region; whcreia the
grooves arc one-dimensional grooves. 



Preferably, the film is deposited on a ring-shaped area, and the grooves
are arranged generally perpendicular to a circumfcrential direction of the
ring-shaped area. Preferably, the interior component has an inner periphery
surrounding the semiconductor substrate placed in the processing chasnb~r,
and the grooves are arranged in a vicinity of,.and generally perpendicular
to) the Inner periphery of the component. Preferably, a temperature
gradient is produced on the stepped region durissg the processing of the
substrate, and the grooves are arranged generally along directions of the
temperature gradient. According to another aspect of the invention, an
interior component of a processing chamber that procxsses a semiconductor
substrate) comprises; a stepped region including a plurality of sectioned
areas divided by steps; wherein the steps extend substantially
perpendicular relative to the sectioned areas.   2 5 FEB 2003 5 According
to another aspecx of the invention, a focus ring that surrounds a
sernieondactor substrate in a plasma processing apparatus Comprises: a
stepped region formed in a vicinity oaf an inner periphery of the focus
ring, the stepped region including a plurality of raised xcxions divided by
grooves; wherein the grooves are arranged in a vicinity of, and generally
perpendicular to, the inner periphery of the focus ring. Fig.1 is a
schematic sectional view showing the apparatus for plasma etching aoeording
to the present invention. Fig. 2(a) is a top view showing the lower quartz
plate used irx the apparatus for plasma etching. Fig. ?.(d) is a partial
enlarged view showing the part a in Fig. 2(a). Fig. 2(e) is a partial
sectional view taken along the Jine d-d' in Pig. ?(b}. Fig. 3(a) is a top
view showing the lower quartz plate (together with a wafer placed at the
center thereof) used in the apparatus for plasma etching as shown in Fig.
1. Figs. 3(b}, 3(c}, 3(d), and 3{e) are partial enlarged views of the part
a of the plate. Figs. 3(f), 3(g), 3(h), and 3(i) are partial sectional
views respectively talren along the line a-a' in Fig. 3(b), the line b-b'
in Fig. 3(c), and the line o-c' in Fig. 3(d), and the line d-d' in Fig.
3{e). Fig. 4 is a partial sectional view showing a semiconductor wafer
which undergoes plasma etching in the apparatus shown in Fig. 1. Fig. S is
a graph showing the relationship between the cumularive plasma discharge
time and the thiclmess of the film of deposited material which forms while
the apparatus for plasma arching (shown in Fig. 1) is operating. Fig. 6 ig
a graph showing regtona in which the peeling of depended film does or does
not occur on the relationship between the thickness of depasited film and
the area of divided sections on the lower quartz plate used in plasma
etching shown in Fig. 1. Fig. 7 is a graph showing the relationship between
the adhesion strength of deposited f Im and the height of steps) which is
observed when the apparatus for plasma etching shown in Fig. 1 is pravidcd
with the lower quartz plate having a stepped region with pattern D shown in
Figs, 3(e) and 3(i). Fig. 8 is a schematic sectional view of the groove
formed in the lower quartz plate of the apparatus for plasma etching shown
in ~g.1.  



2 5 FEB 2003 6 Fig. 9 is a graph showing the relationship between the
height of step and the ,. etching uniformity of silicon dioxide, which is
observed when the apparatus for plasma etching shown in g. l is provided
with the lower quartz plats having steps of pattern D shown in Figs. 3(e)
and 3(i). Fig. IO is a graph showing the relationship between the
cwzxulative plasma discharge dme and the number o particles in the chamber)
which is observed when the apparatus for plasma etching shown in Fig. i is
provided with the lower quartz plate having a stepped region with pattern D
according to the present invention or with the conventional lower quartz
plate. Fig. 11(a) is a front view of another lower quartz plate used in the
apparatus for plasrua etching shown in Fig. l, F'ig. 11(b) is a partial
sectional view taken along the line c-e' in Fig. ll(a). Fig. 12(a) is a
front view of another lower quartz plate used in the apparatus for plasma
etching shown in Fig. I, Fig. IZ(b) is a partial sectional view taken along
the line f f in Fig.12(a). Fig. 13 is a schematic sectional view showing
another embodiment of the apparatus for plasma etching according to the
present invention. Fig. 14 is a schematic sectional view showing yet
another embodiment of the apparatus for plasma etching according to the
present invention. Fig. 15(a) is a top view showing the upper electrode
with anodized aluminum coating layer used in the apparatus for plasma
etching shown in Fig.14. Fig.15(b) is a partial sectional view taken along
the line g-g' in Fig. i5(a). Fig. 16 is a partly sectional view showing a
semiconductor wafer which undergoes plasma etching iua the apparatus shown
in keg. 14. 



Fig.1.7 is a graph Showing the relatior~hip between the' cumulative plasma
discharge tirtae and the number of particles of dropped alumina coating
layer, which is observed when the apparatus for plasma etching shown in
Fig.14 is provided with the upper electrode having stepped regions
according to the present invention or the conventional upper electrode.   2
5 F E B 20o3 7 ., p~~~'~eT.i.~rr o~.~.~~~BB~.E~47a~ENTs This invention was
first disclosed in Japanese Patent Application No. 339978!x998, which is
incorporated by reference. A detailed description is made below, with
reference to the accompanying drawings) which show preferred embodiments of
the apparatus and method of processing semiconductor substrates according
to the present invention and the method of preventing peeling of deposited
51m or coating layer via amid apparatus. Fig. 1 is s schematic sectional
view showing the apparatus for plasma etctrlng according to the present
invention. The plastna treating apparatus IO shown in Fig. l is a dry
etching apparatus for production of semiconductor devices. The apparatus
generates high.frequency {RFC plasma that etches oxide film such as silicon
oxide film and includes parallel plate elecuodcs, with a narrow gap between
them. Aa work piece to be processed (a semiconductor wafer) is placed in a
chamber 12 including various interior components. AL the upper cenotr of
the chamber 12 is a round-shaped upper electrode 14, to which the gas inlet
I3 is connected for introduction of etching gas. At the lower center of the
chamber 12 is a round-shaped lower electrode 16, which is provided with an
electrostatic chuck 17 to hold the wafer 26 to be processed. The upper
electrode 14 is surrounded by an upper quartz plate 18, and the lower
electrode 16 is surrounded by an lower quartz plate 20. The chamber 12 is
connected to a 1ZF power splitter 22 which applies high-frequency electric
power (FR power) oo tha upper electrode 14 and the lower electrode 16. The
power splatter 22 is connected to a RF power supply 24. Those electric
units generate RF plasma in the chamber I2 far dry etching. In the plasma
processing apparatus It7, at !cast either the upper quartz plate 18 or the
lower quartz plate 20 has a surface region that includes a plurality of
sect~iioned areas divided by steps. As shown in Fig. 2) the quartz plate
has a surface region that includes raised sections and recessed sections
divided by 'reps in the vicinity of the electrode. The chamber 12 of the
plasma processing apparatus 10 is evacuated to about I 10'i Torr. The wafer
26 may also be held on the lower electrode 16 in any way other than
eleertrostatic chuck) such as mechanical clamping. A plasma processing
apparatus with mechanical clamping will be explained later.   2 5 FEB 200g
8 



" The plasma processing apparatus 10 shown in l~ig.1 is a split-powered
system in which both the upper aad lower electrodes 14 and 16 are supplied
with ItF power from the RF power splitter 22, Other systems such as anode
coupling system and cathode coupling system may also be used in the present
invention. The periphery of the upper and lower electrodes 14 and 16 is
surrounded by the upper and lower quartz plates 18 and 20, respectively.
The quartz plates I8 and 20 function as the focus ring to concentrate the
plasma in the space between the parallel plate electrodes. The upper and
lower quartz plates I8 and 20 can be detached for mechanical cleaning.
Reaction products or byproducts produced in the pla9ma mainly deposit in
the vicinities of the upper and lower electrodes 14 and 16, t~espcctivcly
of the upper and lower quartz plates 18 and 20. Dcpositiou is remarkable
particularly In the ring-shaped arcs, or circular band-shaped area, near
the inner periphery of the lower quartz plan Z0. The width of the rcg~on is
about 12 mm. Therefore) steps in this region play as important role.
According to the present inveatioa, surface regions of the upper and lower
plates I S and 20, on which reaction byproducts deposit, include a
plurality of small sectioned areas divided by steps. That is, the surface
regions is divided into raised sections and recessed sections by steps.
This surface region is referred to as the . stepped region hereinafter.
Making the stepped region on the lower quartz plate 20 which is close to
the lower electrode 1.6 is particularly desirable) because reaction
byproducts deposit on this component remarkably. The stepped region is
particularly efftaivc in the case where the plasma processing apparatu9 is
provided with an electrostatic chuck) because peeled flakes of the
deposited felm near the periphery of the wafer is attracted to the
electrostatic chuck. Then, the attracted flakes prevent the wafer from
being' chucked. An example of the stepped region formed on the lower quartz
plate 20 is shown in Figs. 2(a~(c). keg. 2(a) is a top view.l~ Fig. 2(b) is
a partial enlarged view of the part a in Fig. 2(a). fig. 2(c) is a partial
sectional vic~av taken along the line d-d' in Fig. 2(b). On the surface of
the lower quartz plate 20 is formed the supped region 30 as shown in legs.
z(a), 2(b) and 2(c). Rectangular grooves 30a are radially arranged at
prescribed intervals along the entire length of the anttuler-shaped inner
periphery of the tower quartz plate 20. The stepped region.30 lttcludes
recessed sections at the   2 5 FEB 2003 9 bottoms of the grooves and raised
se~ions between the grooves. In the case of the example shown, the grooves
are auranged at intervals of 2 mm and each groove is 1 torn wide, 12 mm
long) and 0.3 mm (300 wm) deep. The bottom of the rectangular groove 30a is
substantially flat, and the surface of the raised section between the
reetan,gular grooves 30a is also substantially flat. The upptr quartz plate
18 surrounding the upper electrode 14 also has the stepped region (not
shown), which includes rectangular grooves (1 mm wide,12 mm long, and 300
pm deep) radially arranged at intervals of 2 nun along the entire length of
its inner periphery. In order to confirm the effect of the present
invention, an experiraent was carried out with the plasma processing
apparatus 10 shown in Fig. 1. Plasma is concentrated in the space between
the upper and lower parallel plate electrodes 14 aad i6 owing to the upper
and Lower quartz plates 18 and 20 surrounding the electrodes. Reaction
byproducts deposit on the upper and lower quartz plates 18 and 20,
pattieularly on the latter. Worked surface region 28 is formed on the lower
quartz plate 20 close to the lower electrode 16 as shown in Fig) 3(a). The
part a in Fig. 3(a) has various patterns as sttown in Figs. 3(b) to 3(c;))
which are partial enlarged views. Pattern A is shown in Fig. 3(b), and its
cross section taken along the line a-a' in Fig. 3(b) is shown in Flg. 3(f).
Pattern A has the surface region 28 which is the original {urrworked)
surface of the lower quartz plate 20 formoied by machining. The lower
quartz plate 20 has a surface roughness as follows: Ra (center-line mean
roughness):1.57 Errn Rz {ten-point mean roughness): 9.2$ pm Rmax (maximum
height): 10.5 ~m Pattern B is shown in Fig. 3(c), and its cross section
taken along the line b-b' in Fig. 3(c) is shown in Fig. 3(g). Pattern B has
the surface region 2$ with frost treatment 28b, The frost-treated region
has a surface roughness as follows: Ra (center-lint mean roughness): 3.92
urn 



Rz (ten-point moan roughness): 23,0 pm Rmax {maximum height): 27.5 ~m Frost
treatracnt is given to the area 15 mm wide along the inner periphery of the
lower quartz plate 20.   2 5 FEB 2003 10 ,~ pattern C is shown in Fig.
3(d), and its cross section taken along the line o-c' in Fig. 3(d) is shown
in Fig. 3(h). Pattern C has a conccatric circular groove 30c formed by
machining in the surface region 28 of the lower quartz plate 20. The groove
makes the stepped region 30. The groove is 3 mm wide and 50 ~aao deep and
located 2 mm away from the inner periphery of the surface of the Iower
quartz plate 20. Pattern D is shown in Fig. 3(c), and its cross section
taken along the line due' in Fig. 3(e) is shown in Fig. 3(i). Pattern b has
grooves 30d formed by machining in the surface region 28 of the lower
quartz plate 20. These grooves make the stepped region 30. They are
rectangular grooves arranged in the radi al direction at intervals of 2 mm.
Each groove is 1 mm wide, 12 mm long, and 50 pm deep. The grooves in
patterns C and b were formed by mechanical grinding with a diamond tool.
The bottarn of the groove has a surface roughness which is almost the same
as that of the surface of the quartz plate before grinding (Pattern A). The
lower quartz plate 20 explained above was mounted in the plasma processing
apparatus 10 shown in Fig. 1. The plasma processing apparatus 10 was run to
generate reactive plasma for dry etching on the wafer 26. The wafer 26
includes a silicon substrate 32, a silicop dioxide film 34 (1.0 ~m thick))
and a patterned photoresist rnasl. 36 (1.2 lun thick), as shown in Fig. 4.
The mask has holes 38 of about 0.30 ~m in diameter. The etchant gas for dry
etching is a mixture of CF" CHF3, and Ar. The conditions for plasma
generation are shown in Table 1. Table 1 



DiacbuginghF powerGee flow rate (scan)Tevfperature ofTemperature
ofprossuredeputylower electrodeupper
electrodearTvrr/cinc~cr-rn2504.8020205401 ~30 The results of the experiment
are shown'in Table 2 in terms of the peeling of deposited elm which
occurred when n number of wafers underwent the dry etching sua;essively.
The cumulative plasma dischuge time is the total of plasma discharge brae
required to process individual wafers. lu the cane of pattern A, the
deposited film peels in the entire region afar about 25 hours of plasma
discharge. In the caxe of pattern 13, the deposited film peels in 10`i of
the region after 20 hours of plasma discharge and in the entire region
after 35 hours of plasrua discharge.   ~ 5 FEB 20p9 Table 2 Type of
asternCumulative plaiuoa direbatga dms13 hour20 hours23 twurs30 twun35
hours40 boutsPsaera A2550100100100100Pattern H010ZS50100i00Pattern
C000000P~toera D000000 (unit: %a) Tn terms of ratio of the region sun which
deposited film peels to the entire region. It is noted from Table 2 that
pattern E with minute surface irregularities formed by frost treata~cnt
helps the deposited film to stick to the quartz plate more firmly than
pattern A. kYowever, pattern B does not greatly improve the operation rate
in view of the fact that particles appear when the deposited film begins to
peel. Hy contrast, patterns C and D having the stepped region (30c and 30d)
according to the present invention did not permit the deposited film to
peel even after 40 hours of plasma discharge. 'this indicates that patterns
C and D are more effective than pattern B with frost treatment fox minute
surface irregularities in greventing the deposited film from peeling. 'The
adhesion strength of deposited films wars measured by the peeling method
after 20 hours of plasma discharge. The rcgults are shown in Table 3. Table
3 I Pattern A I Pattern l~ I P~atn C I Pattern 17 I 



I ~ c3 1 3 - 7 I 70 - 30 ! >30 l unit: x la' dyne/an It is noted from Table
3 that the adhesion strength is lower than 3 x lOs dyne/cm= for pattern A,
3 -. 7 x 10~ dyne%,m= for pattern H, ?,0 ~ 30 x 10s dynelcrn= for pattern
C, sad higher than 30 x IOs dyne/ans foi pattern D. This indicates that
patterns C and D provide greater adhesion strength than pattern ~
(conventional frosting treatrnent). The adhesion strength o~ pattern D is
about 10 times as large as that on the untreated region. ' It is lv~own
well that a deposited film peels when its internal stress exceeds its
adhesion strength to the underlying surface. In addition to this gencrai
knowledge, the above-mentioned e~perimentat results suggest the following.
That is, the tendency of peeling is related with the absolute amount of
displacement by the internal stress of the   2 5 FEB 2003 I2 deposited
film. The amount of displaccmcnt is defined as follows, assuming that the
dcpositcd film is one-dimensional. Amount of displacement ~ (Internal
stress of deposited hlra x Length of dcgosited film) / (Young's modules of
deposited fiIn:) 'Ibis means that the greater the iatetnal stress of a
deposited film and the larger the size of the deposited film, the more
readily the deposited film peels. Io addition, the experimental results
suggest that adequate steps on the underlying surface effectively limit
tree size of the deposited film. The fact that pauern D provides greater
adhesion strength than pattern C presumably rcault9 from the fact tbat the
dcpositcd film on pattern D is flatly) yr effectively, divided by the
steps. The reaction byproduct deposit in a ring-shaped area on the surface
of the quartz plate in the vicinity of the electrode, as mentioned above.
The deposited film cans be divided more effectively by the radial pattern D
than by the concentric pattern C. In the experiment with pattcm A, the
deposition of reaction byproduct was visually examined after plasma
discharge for 20 hours. rt was found that depo8ition is remarirable in a
circular zone about 12 mm wide from the inner periphery of the lower quartz
plate 20. It was also found that cracks occurred in the radial directions
sad the deposited film peels. A probable reason for the radial cracking is
that an internal stress ire the areumferential direction was developed due
tv a temperature cycle. The temperattue of the deposited film changes as
plasma is twncd on and off, and the deposited film expands and shrinks as
the temperature changes, thereby developing the internal stress in the
circumferential direction. T'hcrefore, "Length of deposited film" in the
above cquntion may be considered as the length in the circumfercntial
direction. In the cast of pattern D, 'Length of deposited film" is small
because the ring-shaped deposited film is divided into small sections in
the circumferential direction. As the result, Amount of displaccmcat of
deposited f lm" is limited arid the peeling is effectively prevented. The
effect of dividing the deposited ~lm is supported by data shown in logs. 5
and 6. Fig. 5 shows the relationship between the cumulative plasma
discharge limo and the thiclrness of the dapositcd film. The graph tells us
that reaction byproduct builds-up about 300 p,m thick after plasma
discharge for 20 hours, and the thickness increases in proportion to~the
cumulative plasma discharge time at least to the 



2 5 FEB 2003 13 discharge time of about 40 hours. The deposited film of
hundreds of ~m in thiclaiess has a great internal stress. When the
thiclaness cxcoeds a certain limit, the internal stress overrules the
adhesion strength of the 81m, causing the film to peel. The peclittg of
deposited 81m depends on the thickness as well as the area of divided
sections, as shown in Fig. 6. In other arords, the smaller the area of the
sectioned area, the thicker the film that can be adhered to the surface.
For example, the film that can be adhered is about 300 p.m thicJ~ 600 pm
thick, and 1200 ltttt thick when the area of divided sections is 400 coral,
39.5 tams, and 0.02 mm~, respectively. The step to divide into individual
sections is 50 hum high. The data in Fig. 6 not only confirm the previous
finding that the larger is the stress of the deposited film, the more
readily the peeling occurs, but also prove the present inventors' finding
that it is possible to prevent peeling if the size of deposited 81m is
limited by the sectioned areas divided by steps, The area of divided
sections is determined so as to effectively prevent the peeling of the film
by limiting the size of the film. It is alao determined by the ease of
worJcipg. If the deposited film is about 300 pm thick) the area of the
divided section should be smaller than about 400 rtun2. For a thickness of
about b00 Vim, the area should be smaller than about 40 mms. An
expcrimcntaliy confirmed lower limit is 0.02 tnm=, as shown in Fig. 6. This
lower limit may be further lowered to about 1 x 103 rnm=. In practice) an
area of about O.S mm= or above is adequate in consideration of the ease of
working. Meanwhile, the thickness of deposited film is about 300 itm thick
after discharging for 20 hours, and the thlc~tess increases in approximate
proportion to discharging time. 'Ibe height (50 lun) of the step in
patterns C and D is much smaller than the thickness of the deposited film.
The fact that the step with such a small height produces the effect of
preventing peeling suggests that whether or not the deposited frlm peels
dcpcads an the amount of displacement in a boundary layer with a certain
tlucloness in the vicinity of the substrate (the quartz plate). Under the
etching conditions shown in Table 1) the certain thicJrness seems to be
less than about SO ptn and is possible to ba divided by the step with 50
p,m high. In addition) even if the step height is less than the thiclrness
of the deposited film, the width of grooves, or,the distance between
adjacent raised sections is sufficiently large. In the case of Pattern D,
for example, the distance is 1 mm. This   2 5 FEB 2003 14 distance is about
3.3 times larger that the film thicarness after 20 hours of plasma
discharge, about 1.7 times larger than the thickness after 40 hours of
plasma discharge, and, assuming a proportional build-up until SO hours of
plasma discharge, about 1.3 times larger than the thiclaicss after 50 hours
of plasma discharge. Fluther, the thickness shown in p"IG. 5 is the maximum
thic&ness at the inner periphery of the lower quartz plate 20. The
thiclmess decrease9 at positions remote from the periphery. In addition,
the deposition of the plasma reaction byproducts does not usually proceed
conformably on a supped substrate. That is, thiclrness on the sfde wall of
the step is thinner than that on the raised section. Therefore, it is
txlieved that the steps between raised sections and recessed sections do
not disappear even after the prolonged plasma discharge at least on a
substantial portion of the stepped region. That is) even after the
prolonged plasma discharge, the film deposits on a stepped substrate, and
the steps effecaveIy divide the film, thereby preventing the deposited film
from peeling. There is another known way of increasing the adhesion
strength of deposited films. It is known as "nailing" due to surface
irregularities. The effect of nailing varies depending oa the height of the
step. This is iufernd from the fact that pattern H with minute
irreguIaritics permits deposited film to peel more easily titan patterns C
and 17 with sectioned areas divided by the step. 



The foregoing is supported by the data shown in Fig. 7. Fig, 7 is a graph
showing the relationship between the adhesion strength of deposited film
after discharging for 20 hours and the height of the step in pattern D
having divided sections whose areas arc 12 mmz. Figure 7 shows that the
higher the stop height, the larger the adhesion strength. As the deposited
film becomes thicker) and the stress of the fitlrn increases, the deposited
fiLn becomes mere readily to peel, however, if the step is made higher in
response to the increase of the thickness) the deposited film is leas
liable to peel. The experimental results in Table 3 showed that deposited
films are liable to peel when the adhesion strength is 3 -~ 7 x 10' dyne%m=
or less. if steps of 30 p,m high are formed, the adhesion strength is 15 x
10' dynelcmi, rend the peeling at the discharge time of 20 t hours is
completely prevented. Xf the step height is further increased to SO lun,
the adhesion strength is 30 x 10J dyne%xn1 and above. The step of 30 p.m
high seems to be very small for the deposited film of 300 urn thick.
However, it is understood that even such a small step produces ~n effect of
2 5 FEB 2003 15 nailing to a certain degree. In addition, the film
thickness of 300 ~m is much smaller than the pattern dimension of 12 mm2.
This suggests that densely formed irregularities are notessential fnr the
nailing to produce its effect and that one or more steps higher than a
certain height 1n a certain area are enough. It is considered that the step
pins the deposited film or produces a "pinning effect". The fact that
pattern H with frost treatment does not efftGively prevent peeling may be
interpreted as follows. Frost treatment merely forms minute irnegularitlee
ou the surface of the quartz plate. The maaitxtum height (Rmax) of
irregularities is only 27.5 pm. Such minute irregularities produce neither
a remarkable effect of dividing the deposited film nor a remarkable nailing
effect. In addition, these irregularities are formed such that the raised
sections and the recessed sections am coarJecud continuously by slopes and
hence sectioned areas clearly defined by steps arc not formed. Therefore,
tbcy are limited in the effect of dividing the deposited film and thereby
limiting the amount of displacement. Even if it is possible to increase the
height, adjacent raised sections are so close to each other that the
recessed portion between the adjacent raised sections is readily filled
with reaction byproducts deposited therein. As a result, the deposited film
cannot be divided effectively. In other words, frost treatment does not
form a recessed section with a sufC~cient area or wfdth) which is clearly
defined by steps, necessary to divide the deposited F~lm. Hy contrast,
pattern C or D on the surface of the quartz plate has a plurality of
sectioned areas clearly divided by steps of 50 ~m high. The eteg produces
the effect of pinning the deposited ~ltn. The recessed section, or the
bottom of the groove, is 1 mm wide. Thus, deposited film on the raised
sections and recessed sections arc cffocblvcly divided, thereby limiting
the amount of displacement. Consequently, the steps to divide the raised
and recessed soctions according to the present invention should preferably
be high enough to prevent the deposited film frorvi peeling. For example,
the step should be higher than 30 pm, preferably higher than 50 Nm, as
shown in Fig. 7. This height of the step corresponds to about 109b or 1'79b
of the thickness (abut 300 Etm) of the deposited film for 20 hours of
plasma discharge. The higher the step, the greater the adhesion strength.
Therefore, it is desirable to increase the height further. For example, in
the case of the step 300 ~cm high, particles dun to peeling were not found
even after 50 howl of cumulative plasma discharge tame during which the
deposited film builds-up to about 750 ~tm thick, the  



2 5 FEB 2003 16 the build-up proceeds in proportion of the plasma discharge
time. The actual data of the particle numbers will be explained later. In
this case, the height of the step is about 40rb of the film thiclaless) As
a matter of course) reaction byproducts deposit at different rates
depending oa the type and operating conditions of the procesaing apparatus.
Likewise, required cumulative processing time, or sum of processing times
for processing individual wafers, between mechanical cleat~dngs to realize
desired operation rate differs from one apparatus to another. The step to
prevent peeling should be determiaed according to the estimated thickness
of the frlm builds-up during the cumulative proocssing time. The step
should be as great as possible from the standpoint of preventing peeling.
However) if the height of the step is equal to or greater than the
thickness of the deposited film, increasing the height further producca
little additional a#ect. It is not desirable to form steps higher than
necessary in consideration of tho strength of the component to be worked
and the difficulty in working. In addition, an excessively high step will
produce an adverse effect on the processing. For example, in the case of a
processing apparatus that employs a gas ambient) an excessively high step
will disturb the gas flow, thereby disturbing the processing. Therefore,
the step should have art adequate height not detrimental to the gas flaw.
This experiment was carried out with the plasma processing apparatus 10 of
narrow-gap parallel plate type as shown in Fig, 1. This apparatus is
constructed such that the plasma is e#ectively confined in the space
between the upper electrode I4 and the lower electrode 16. This structure
causes reaction byproducts to be produced in large amounts, and forms a
deposited film in the vicinity of the region where the plasrrta terminates.
Therefore, the stepped region should be positioned in the vicinity of the
wafer 26 or the electrode 14 or 16 where reaction byproducts deposit
considerably. The stepped region thus positioned effectively prevents the
deposited film from peeling. Next, the effect of the attutlgwuent direction
of the raised and recessed sections will be discussed. This experiment was
carried out using a plasma apparatus of parahel plate type. The apparatus
of this type gives rise to a tetaperature gradient around the center of
plasma in the proCC55I11g ChambCr. In the case where the processing chamber
is provided with a heating source or a cooling zone, their combined effect
products a temperature gradient. '1'b~o deposited film'has an internal
stress in the direction of the   2 5 FEB 2003 x7 temperature gradient. In
addition, the internal stress may also be produced resulting from thickness
variation because the thickness of deposited filno varies due to the
temperature gradient, To prevent peeling due to the stress in the direction
of the temperature gradient, a supped region with raised and recessed
sections arranged along the isotherm line of the temperature gradient, as
in the case of pattern C, is effective. In single wafer processing
apparatus, periodic temperature fluctuation occurs as plasma is turned on
and off. In this case) the internal stress of the deposited filrn increases
as the temperature fluctuation reaches a maximum) and the internal stress
develops along the isotherm line of the temperature gradient. To prevent
peeling due to the stress in the direction along the isothermal line,
raised and recessed sections arranged along the normal of the isotherm
line, i.e., along the direction of tecnperatute gradient, as in the case of
pattern D, is effective. A signiRcant temperature gradient develops in
so-called low-temperature etching which is carried out in such a way that
the lower electrode, on which the wafer is mounted) is cooled to,,for
example, about -5aC. This etching method is applied to, for example, an
iruulatin& film with a low dielectric oaastant. In the low-temperature
etching, reaction byproducts tend to form a thick ~,lm because reaction
byproducts deposit at a greater rate as the temperature decrca,9ea. As a
result) the deposited ftlm is mote liable to peel. This can be effectively
avoided if tha stepped region is formed according to the present invention
or the pattern of steps is arranged according to the temperature gradient.
Temperature fluctuation due to turn-on and off of plasma is larger and
faster on interior components made with metal or silicon having a biglt
thermal conductivity, 'f6e result is that the deposited film is liable to
peel. This can be effectively avoided if the stepped region is formed
according to the present inverxtion or the pattern of steps is arranged
according to the temperature gradient. 



The present invention is intended to prevent peeling of deposited ~Zlm
builds-up on interior components in the processing ch~tnber of a plasma
processing apparatus. The principle of the present invention may also be
applied to prtvent the coating Iayer on the surface of interior components
from dropping off. The coating includes alumina coating formed by anodizing
an aluminum bane. Anodized aluminum coating is used to coat interior
components includic~g inner wall of the processing chamber itself.   2 5 F
E B 2003 18 Unfortunately, alumina coating layer is liable to peel or drop
off from the aluminum base when i t is heated above 130  C, due to the
difference un thermal coefficient of expansion. In single-wafer plasma
processing apparatus, in which surfaces of interior components get hot due
to continuous operation. If the stepped region according to the present
invention is provided on the alumina coated surface of the interior
component, the dropping off of the coated layer is effectively prevented.
P,XAMY~.ES The processing apparatus of the present invention will be
described with reference to Examples that follow, Example 1 This example
demonstrates a plasma processing apparatus for dry etching. Fig. I shows
the plasma processing apparatus 10 for dry etching. Wig. 2 shows the lower
quartz plate 20 used in the plasma processing apparatus io. Fig. 4 shows a
wafer 26 of a semiconductor device having a silicon dioxide film 34 to ba
etched. As mentioned above, the lower quartz plate 20 has the stepped
region 30 on its surface near its inner periphery. The stepped region 30
includes rectangular gooves 30a arranged radielly at intervals of 2 xnnr.
Each groove is 1 mm wide, 12 mom long, and 300 wn deep. See also pattern D
in Figs. 3(e) and 3(i). The upper quartz plate 1$ surrounding the upper
electrode 14 also has the ateppcd region 30 on its surface near its inner
periphery. The stepped region 30 includes rectangular grooves 30a arranged
radially at intervals of 2 mm. Each groove is 1 mm wide) 12 mm long, and
300 wm deep. rn this ezample, pattern D was selected because its effect had
been confirmed as shown in Table 3. The groove was rrrade 12 mm long in
view of the fact that visually apparent deposition was cor~rmed in an area
12 mro wide aftei 20 hours of cumulative plasma discharge time. In other
words) an annular region of 12 mm wide was divided in the circumfcrential
direction) and the deposited film an this region is substantially
completely divided in the circumferential direction. Although ii had been
confirmed that tha step 50 lun high is effective as shov~tn in Table 3, the
step was made 300 pm high, leaving a margin. This height corresponds to the
thicla~ess of the deposited film which builds-up during ZO hours oaf
cumulative plasma discharge time. The actually machined groove has a cross
sectional shape as shown in Fig. 8. The efoss section of the groove as a
whole has a rectangular shape. However) the silt   2 5 FEB 2003 19 wall o~
the groove is not exactly perpendicular to the surface of the quartz plate.
In addition, it has small surface irregularities. The lower end of the side
wall is rounded. Nonetheless, a substantial portion of the side wall has nn
angle larger than about 80. In other words, the side waU is substantially
vertical, of the step formed by the groove extends substantially
perpendicular tv the sectioned areas. For compazisvn, dry etching was
performed on the silicon dioxide elm 34 using the upper and tower quartz
plates 1S and 20 which have unntachined flat surfaces as shown i~ Figs.
3(b) and 3{f). The chamber 12 was evacuated to about 10'a Torn, and the
wafer 26 wan fixed to the lower electrode 14 via the electrostatic chuck
17. 



The chamber 12 was supplied with an etchant gas through the gas inlet 13.
The etchant gas includes CFA, CHFs, and Ar. The plasma processing apparatus
10 was activated by applying RF power to the upper and Iower electrodes by
the split system. Plasma was generated under the condition shown in Table
1. As mentioned about, the pla8ma processing apparatus 10 is constructed
such that the upper and lowci ~elcctrodcs 14 and 16 are surrounded by the
upper and lower quartz plates 18 and 20, respectively) and the plasma is
concentrated in the apart . betwccn the parallel plate electrodes. Because
of this structure, reaction byproducts build-up on that part of the upper
and lower quartz plates 18 and 20 which are close to the electrodes. 13ry
etching was carried out by using the upper and lower quartz plates 18 and
20 which have stepped regions 30 made by radially arranged rectangular
grooves 30a. Dry etching was also carried out by using the upper and lower
quartz plates 18 acrd 20 which have ilat surfaces. Results of dry etching
using quam platen with and without stepped regions ate shown in Table 4.
There is na noticeable difference between them in the etching rate and
etching uniformity of the silicon dioxide film 34. Also) theca is no
noticeable difference betwcan them in the etching rate of polysiliovn. This
means that there is no difference in substrate selectivity defined as the
quotient of the etching rate of silicon dioxide divided by the etching'rate
of polysilicon. This selec~ivity is r important in the dry etching of
silicon dioxide in production of semiconductor integrated circuits. There
is no noticxable difference between them in the taper angle of etched hole
and the pattern shift (difference between the diameter of the hole Itched
in silicon dio~cide and that of the aperture is resist). Specifically,
there is no noticeable   2 5 FEB 20D3 20 difference in etching a small hole
about 0.3 Ecrrt`in diameter arid about 1.0 pm deep. These results suggest
that the upper and lower quartz plates with the stepped region 30 formed by
radially arranged rectangular grooves as shown in Figs. 3(e) and 3(i) have
no adverse effects on the fundamental perfomaancx of the dry Itching. The
apparatus shown in Fig. h has the upper and lower quartz plates 18) 20 with
a gap of about 2 mm between thorn. 'rherefare, the step of 300 pm formed on
the quartz plats corresponds to about 15% of this gap. It was confirmed
that this step does not disturb the gas flow and alter the plasma nod
etching characteristics. Table 4 Item of evslna:ionwith conventional ua~
tareswith worked artz taresEtchin rate of ailiwa dioxl4e7Q3.6 nmlmins~z,a
r~r~nUniformity of etching felt of silicon dioxide4.1%3.296Etchin rate of 1
`licon78.Z atohain76,4 ttmJmiaUniformity of etching tats of 1 iliaoo5.9
~b6.2%pattern shift for 0,30 rn hole-0.094-0.075 tnHtched taper utgle for
0.Q0 dam hots87.7'87.5' However, if the step height is increased, the
etching characteristics, particularly the etching uniformity, are adversely
affeceed. Fig. 9 is a graph showing the relationship between the step
height and the uniformity of etching rate for silicon dioxide. The 



etching apparatus shown in Fig. l is equipped with the lower quattz plate
having the stepped region of patters D shown in Figs. 3(e) and 3(1) with
various step heights. It is noted from Fig. 9 that the uniformity becomes
poor (4.9~) if the step is 900 p,m high) and the uniformity becomes poorer
(greater than 5 %) if the step is 1200 ~cn (1.2 mm) high. Presumably this
is because the stepped region disturbs the gas flow, which alters the
plasma and etching characteristics. Therefore, the height of the step
should be lower than about 1.5 ram, preferably lower than about 1 mm. The
apparatus shown in Fig. l is an etching apparatus of narrow-gap type) with
the upper and lower quartz plates 18 and Z4 only about Z mm away from each
other. The step heights of 300 ~,m and 1 tam, mentt~oned above, Correspond
to about 1.4v and SO%) respectively, of this gap. The stop height is
limited as mentioned above so that it cart be applied to the components for
such a ziarrow gap. In other apparatus and components, it is also desirable
to limit cyst step knight to such an extent that the gas   2 5 FEB 2003 2I
flow is not disturbed. The actual upper limit of the step height varies
depending an individual apparatus and components. Fig. i0 is a graph
showing the relationship between the cumulative plasma discharge time and
the number of particles on the wafer processed in the chamber !2. It is
noted from Fig.10 that the numbea of partirdea larger than 0.25 ~m is loss
than 30 after 50 hours of cumula.tivc plasma discharge true if the upper
and lower quartz plates have stepped regions 30 formed by radially arranged
rectangular grooves 30a. For comparison, dry etching was also carved out by
using the upper and lower quartz plates I8 and 20 with a flat surface as
machined. In thin case the number of particles larger than 0.?~ ptn
increased after 20 hours of ~ulativc plasma discharge lima. It was also
found that yields of semiconductor integrated circuits fabricated using the
plasma etcher shown is Fig. l remain the same. That is) the stepped region
30 formed by radially arranged grooves 30a in the upper and lower quartz
plates 18 and 20 has no adverse effect on yields, In addition, the yields
do not decrease cwcn after 40 hours of cumulative plasma discharge time.
Moreover, mechanical cleaning in the conventional way did not wear out the
pattern on quertx plates because the step height of the grooves in stepped
region 30 in the upper and lower quartz plates 18 and 20 is su~ciently
high. It is apparent from the foregoing that the length of continuous
operation of the plasma processing apparatus was more than doubled owing to
the stepped region 30 which characterizes the present invention. The result
is the reduced frequencies of mechanical cleaning and the increased
operation rate of the apparatus. The etching apparatus equipped with the
quartz plates with radially arranged grooves have been contiguously used
for about one year in actual production of semiconductor devices. inuring
this period, there has been no trouble due to the grooves and a high
operation rate has been maintained. rn addition, continuous operations for
70 hours of cumulative plasma discharge lima (in excess of 50 hours of
operation shown in Fig. IO) have been repeatedly achieved. ht fact, the
number of particles has not increased even altar the 70 hours of cumulative
discharge time, Further continuous operation seems possible, Meanwhile, il
was confirmed that the deposited film does not peel after the 70 hours of
discharge even ttaough the intervals of the grooves are extended to 4 mm)
with the groove width lcopt constant at 1 m~. However, the deposited film
cracked when the intervals were extended to 6 mm. The  



2 5 FEB 2003 22 deposited film on the upper quartz plate 18 is about
one-half as thick as that on the lower quartz plate 20. Therefore, the
deposited film on the upper quartz plate 1$ did not peel even though the
gxoove depth was reduced to 200 pm. After the continuous operation for 70
hours of plasma discharge, the used quartz plate is cleaned for repeated
use. The deposited film can be removed without damage to the quartz plate.
That is) portions of the film on raised sections are removed when the used
plate is dipped in an organic solvent. And the portions in the grooves are
removed by brushing. 'The fact that the portions between the grooves are
removed separately from those itt the grooves indicates that the film
deposited during the 70 hours of continuous operation is effectively
divided by the groove of 1 mm wide and 300 pm deep. The grooved pattern and
the continuous operation for 70 hours of plasma discharge did not affect
tha life of the quartz plate. The area on which visually apparent
deposition occurs on the lower quartz plate 20 becomes wider after 70 hours
of plasma discharge than after 20 hotus of plasma discharge. Therefore, it
is desirable to lengthen the radially arranged grooves so that the
deposited film is completely divided in the circumforential direction. This
seems to be an effective method to extend further the length of continuous
operation. The deposited film after continuous operation for a long time
has a thiclmess distribution in the radial direction. This thickness
distribution induces an internal stress. An effective way to prevent
peeling due to thin internal stress is to foam a circular groove like
pattern C in addition to the radially arrangad grooves. Such a circular
groove divides the deposited film in the radial direction. In other words,
the deposited film is divided two-dimensionally by the two-dimensional
pattern combined with patterns C and D rather than beiag divided
one-dimensionally by one-dime~osional pattern C or D,individually.
'Iwo-dimensional division may produce a better effect iu preventing the
peeling. However, we have not, if fact, observed cracks in circular
direction even after 70 hours of cumulative plasma discharge time. In
addition) the two-dimensional groove pattern leads to an increased
production cost and a decreased strength of the quartz plate, Moreover, it
presents di~culties in removing deposited film in the recessed part when
the plate is cleaned. Removal would be possible with a chemically active
cleaning solution that can remove the deposited film solely by chemical
etching. However, this has the possibility of damaging the plate and
reducing the life of the plate,   2 5 FEB 2003 z3 VSrith aiI the foregoing
factors taken into account, it was concluded that the ., radial
one-dimensional pattern is desirable for the quartz plates 18 and 20 in the
etching apparatus used in this P,~xample. The step to divide sectioned
areas should preferably be substantially vertical such as shown in Fig. 8
so that the deposited film can be effectively divided. For example, the
step or side wall of the groove should preferably have as average angle
greater than about 75 , more preferably greater than about 80 . However, it
is not necessary that the side wall be exactly vertical. The angle
necessary for the effective division varies depending on the composition of
the deposited elm and reaction mechanism to produce the film. Therefore,
the step should be made in an adequate shape according to the apparatus and
components ou which the soepped region is formed and operating conditions
of the apparatus) so long as the angle of the step is cuff dent large to
effectively divide the deposited film. What is important, in addition to
the angle, is the presence of a distinct critical point between the .side
walls and the divided sectional areas. In other wards, the sectioned areas
should be divided by distinct steps. In this P~ample, the grooves are 1 mm
wide. This width may be varied within a certain range. However, it is not
desirable to make the gxoove width excessively large so that the stepped
region effectively prevents peeling of deposited film. In this Example) if
the lower quartz plate 20 of the etchlag apparatus hoe grooves, tech 1 mm
wide, arranged at intervals of G mm, i.e., if the width of raised section
between adjacent grooves is S mm, the deposited film cracks, as mentioned
above. In consideration of this, it is desirable that the groove width
should also be smaller than 5 mm. .Off oowse) however, the maximum width
may vary depending on the apparatus and components on which the stepped
region is formed acrd operating conditions of the apparatus. Oa the other
hand, the width of the groove should be Sufficiently large) as mentioned
about, so that the step does not disappear during the necessary continuous
operation time at least on a substantial area on which the film of
deposited material is formed. If the width is too marrow, films deposited
on adjacent side walls join and the steps disappear. In this P.xample, the
width of 1 mm was confirmed to be sufficient to effectively divide the
deposited film on the lower quartz plate 20 built-up doting 70 hours oaf
cumulative plasma discharge time. As mentioned above, this width is larger
than the film thicJrness deposited during 40 hours of plasma discharge: The
minimum  



2 5 FE8 2003 24 width may vary depending on the apparatus and cvmponeats on
which the stepped region is formed and operating conditions of the
apparatus. 1n general, however, it is desirable that the width is larger
than) or at least comparable with, the ~Im thickness deposited during the
cumulative operation tittle betwtcn mechanical cleanings required to
achieve the necessary operation raft. On the other hand, in cansideratlon
of the ease of working, the groove width should preferably be larger than
about 0.5 mm if the grooves ate formed by mechanical grinding. In suns)
grooves should tx provided to provide steps suitable to divide the
deposited film built-up during a cumulative processing time predetermined
to achieve a required operation rate, That is) a depth of the groove (a
height of the step) should be sufficiently high, an angle of Bide walls of
the groove (an angle of the step) should be sufficiently large, a width of
the groove (a distance between adjacent raised sections divide by the
steps) Should be sufficiently large but should not be excessively large,
and an interval of the grooves (a width of the raised section) should trot
be too large so that the deposited film is effectively divided. The film
need sot to be divided in distinct sections. However, the film should be
effectively divided to limit the length of the deposited film and the
amount of displacement so that peeling of the film is prevented. In this
example, a plurality of grooves having the same shape are provided with the
same interval. The present invention is not limited to this example so long
as the grooves provides steps sufficient to effectively divide the
deposited ftltn. According to the present invention, sectioned areas of the
stepped region 30 are divided by steps. These sectioned areas are trot
limited to those whose entire periphery is bounded by steps. What is
ituportant is to divide tbvo surface on which film of deposited material is
formed during operation) or the surface on whi~,h the deposited film should
adhere with certain strength, into sectioned areas. The stepped region 30
of the present invention is sot limited in its shape so long as it has the
step to divide a plurality of sectioned areas. The step should bc.high
enough to prevent the peeling of deposited film. For example, the step
should preferably be higher than 34 pm at least partly, The Iower quartz
plate ZO shown in pigs. l I(a) and 11(b) has stepped region 30 including
sectioned areas divided by rectangular inclined grooves 30t. The lower
quartz plate 20 shown in Figs. 12(a) and 12(b) has stepped regions 30
including sectioned areas divided by V-shape inclined groaves 34f.   2 5
FEB 2003 25 ,;The apparatus in this example has a chamber 12 of simple
symmetrical structure. Ln such a case) a syrnrnetrical repeated pattero is
particularly effective, such as radially arranged rectangular grooves 30a
and 30d shown in Figs. 2(a), 2(b), and 2(c) and Fygs. 3(e) and 3(i)) or
concentric circular grooves 34c shown in Figs. 3(d) and 'Ihc sectioned
areas in the stepped region 30 should preferably be arranged in a regular
pattern. However) the present invention is not restricted to thiB. The
sectioned arena in the stepped part 30 should preferably be substantially
flat. However, they need not be carnpletcly flat. In fact, the machined
surface has a certain degree of surface roughness, If this surface
roughness is significantly srtiallcr than the step height, then the
sectioned areas divided by the step may be considered substantially flat.
Mo~eovcr, voavcntional frost treatment can be used in eombinatioa with the
grooves farmed by mechanical grinding. In this case) the sectioned areas
may be considered substantially flat even though the sectioned areas are
partly or entirely roughened so long as the roughness is considerably
smaller than the step that divides the sectioned areas. It is permissive to
make individual sections, as a whole, with a curvature. Carved sections are
inevitably formed if the stepped region is formed on a curved surface of a
component. It may be possible to form curved sections if a tool with curved
surface is used for mechanical grinding. Thus, grooves with a round bottom
can be formed. Even in these cases, the sectioned areas may be considered
substantially flat if the radius of curvature is large and the variation in
height in each section is sufficiently small compared with the height of
the step that divides the sectioned areas. 'I'be plasma processing
apparatus 10 used in this example is deeigtted such that the wafer ~6 is
feed to the lower electrode 16 via an elecaoatatic chuck. It is also
possible to use the plasma processing apparatus !~0 as shown in g.13 which
is provided with a mechanical clamp. The plasma processing apparatus 4U
shown in Fig. 13 is basically the sane as the apparatus 10 shown in Fig. I,
except for-thc method of fixing the wafer 26 to the lower electrode 16 and
for the structure of the plates surrounding the upper and lower electrodes
14 arid Z6. Therefote) the identical components are given the same
reference numbers and their eaphtnatiotr is omitted. 



2 5 FEB 2003 26 The plasma processing apparatus 40 is a dry etching
apparatus of narrow~gap ., parallel plate structure. It is constructed of
the chamber 12, the upper electrode 14 having the gas islet 13, the lower
electrode 16, the anodiued aluminum plate 42 surrounding the upper
electrode 14, the anodized aluminum clamping ring (mechanical clamp) 44
which opposes the anodixed aluminum plate 42 and surrvuads the lower
electrode 16, the RF power aplitter 22, and the RF power supply 24. The
plasma processing apparatus 40 shown in Fig.13 is characterized in that at
least either of the anodized aluminum plate 42 or the anodized alumfnum
clamping ring 44 has a surface having a plurality of sectioned areas
divided by steps in the vicinity of the upper and Lower electrodes 14 and
16. The sectioned areas include raised sections or recessed sections which
are divided by the step, See Figs. 2 and 3. It wag confirmed that the
mechanical clamp provided with the stepped region according to the present
invention does not cause anomalous discharge and does not adversely affect
the etching performance. The plasma processing apparatus 40 shown in Fig.13
is provided with an anodized aluminum merhanical clamp 44 on which the
stepped region 30 is formed. The stepped region 30 has pattern 17 or
pattern C. The stepped region 30 thus formed has no adverse effect on the
procxssing performance. In addition, it allowed the apparatus to run
continuousiy for a longer time because it prevents the deposited film from
peeling. In above described exaraples, the idea of the present invention is
applied to plasma processing apparatus for dry etching. However) these
examples are not intended to limit the scope of the prexnt invention. The
idea of the present invention may also be applied to a variety of
processing apparatus, such as CVD apparatus which has a processing chamber
subject t4 deposition of reaction products or byproducts. The present
invention may be effectively applied to the processing apparatus for
production of semiconductor integrated circuits) particular those with
small devises. F~tamplc 2 This example demonstrates a plasma processing
apparatus for dry etching. 'T'tte plasma processing apparatus 50,used in
this example is schematically shown in section in Fig. 14. It is basically
the same as the plasma processing apparatus 40 shown in Wig. 13, except for
the structure of the upper electrode 52. Therefore, the identical
components are given the same reference numbers and their explanation is
omitted.   2 5 FEB 2003 z~ The plasma processing apparatus 50 shown in
Fig.14 is a dryetching apparatus of narrow-gap parallel plate structure. It
is constructed of a chamber 12) an upper electrode 52 of anodized aluminum,
an lower electrode 16, as anodized aluminum plate 42 surrounding the upper
electrode SZ, an anodized aluminum clamping ring 44, and an RF power supply
24 for power supply to the upper electrode 52. The upper electrode 52 is
placed at the upper central position of the chamber 12) and ii has the
etching gas inlet 53. The gas inlet is provided with a plurality of gas
injection holes 55 through which the etching gas is supplied into the
chamber 12. The clamping ring 44 is under and opposite to the plate 42 and
surrounds the lower electrode 16. The clamping ring 44 mechanically clamps
downward the periphery of the wafer 26 placed on the lower electrode xb.
The plasma processing apparatus 50 has the anode coupling system to supply
the upper electrode 52 with RF power. The anode coupling system may be
replaced by the cathode coupling system or the split-powered system. 



The upper electrode S2 is surrounded by the plate 42 of anodized aluminum,
and the lower electrode'I6 is surrounded by the clamp 44 of anodized
aluminum. Further, in this example, the upper electrode 52 itself is made
of anodized aluminum. The upper electrode 52 of anodized aluminum has its
surface machined so as to form the stepped region 30 which characterizes
the present invention. ~'ttt stepped region 30 formed by machining in the
aluminum tax of the upper electrode 52 was anodized to form an aJumina
coating layer about ZO pm thicJc. Fig.15 $ltows the surface of the aluminum
base or the surface of the upper electrode SZ which oppose to the wafer 26.
There are grooves 30g, 1 mm wide and 100 pm deep, which are arranged
mutually perpendicularly at intervals of 2 mm. between the grower are gas
inlet holes 55, which are 0.5 mm in diameter. The plasma processing
apparatus 50 in thi8 example is used for dry etching of polysilicon film
35. For comparison) the process is also made using an apparatus equipped
with an upper electrode having a flat surface without grooves. The wafer 2G
used in this exarnplG has the structure as shown in Fig. 1 b. It includes a
silicon subsaate 32, a silicon dioxide film 34 (10 am thick), a polysilicon
film 35 (U.25 ~,~rn thick)) and a photorcsist mask 36 (1 pm thick) having a
line width of about 0.35 pm. Dry etching is carried out with a mixed gas of
chlorine and oxygen. Plasma was generated under the condition shown in
Table ~ below.   2 5 FEB 2003 28 Table 5 Pressure ailorrRF power densitir
Jan'Gae flaw rate (<<xm)Temperature of lower electrode 'Tcmptuature of r
eIectrade 'Q~lotineO~rgen5001.b0~0Zp The performance of dry etching with
the flat upper electrode was compared with that with the grooved upper
eietxrode. The resuas are shown in Table 6. There is no noticeable
difference in the etching rate and etching uniformity for the polysilicon
film 35, There is no noticeable difference either in the etching rate for
the silicon dioxide film. This means that there is no aoticcable difference
in substrate selectivity 



defined as the quotient of the etching rate of polysilicon divided by the
etching rate of silicon dioxide. This selectivity is important in the dry
etching of polysilicorl in production of semiconductor integrated cirwits.
This result suggests that tha stepped region having cross-hatched patterned
grooves 30g an the upper electrode 52 have tto adverse effect on the basic
performance of the dry etching. Conventionally, the upper electrode 52 is
usually constructed with components having flat surfaces so as to avoid
concentrated electric ~rald and anomalous discharge at discontinuous
portions. Contrary to this common practice, it has been shown that steps of
about 100 pm do not affect the plasma discharge and do not hinder the
processing performance, Table 6 Item of evaluadonwitl~ conventional
elecCroda of anodized aluavaumwitbi wor)<ed electrode of anodized
tlumiaumBtchin rata of ' on310.8 naJotin307.5 nmJmiaUniformi of etchitt
rate of3.3962.9%~tchia rats of ar'l3con dioxide20.5 nrNmlnZO.Z o in ..
..Uniform' o~etvhin fate of ~ilioon8.1%7.S96Pattorn shift for 0.35
lire-U.010 m-0,01Z When the plasma processing apparatus 50 shown in Fig.14
was run continuously for dry etching) the aiumina coating layer drops off
on the wafer 26. The number of dropped particles varie8 as shown i Fig. 17
dtpendin$ on whether the plasma processing apparatus 50 is provided with
the grooved upper electrode or the flat upper electrode. It is noted from
Fig. 17 that the number of dropped particles larger than 0.30 pm is less
than 30lafter 200 hours of cumulative plasma discharge time   2 5 FEB 2~3
Z9 number of dropped particles increases after 100 hours of discharge time
in the case of dry etching with the convcational flat upper electrode, This
result suggests that the conventional upper electrode permits continuous
processing for only 100 hours of cumulative plasma discharge time. Tt was
also confirmed that the grooved upper electrode has no adverx effect on the
yields of semiconductor integrated circuits) even after 200 howl of
cnruulalive plasma discharge lima. 



The results in this example show that the plasma processing apparatus of
the present invention permits twice as tong continuous operation as the
convcndonal one and also reduces tile running cost. In the foregoing
examples, the present invendon is applied to dry etching apparatus, Tt is
shown that the processing apparatus according to the present invention
effectively prevents peeling of film of deposited material or coating layer
on intorior components when wafers undergo dry etching in the production of
semiconductor devices such as integrated circuits. The present invention is
not limited to such applications, It may be applied to any apparatus by
forming a stepped region composed of plurality of sectioned areas divided
by steps on a surface of at least one interior component on which film of
deposited material or surface coating is made. 'The quartz plate with the
stepped region which was demonstrated in this example may be replaced by a
plate with the same stepped region made with different materials such as a
ceramics plate. In addition, the present invention may also be applied to
any interior component in addition to the focus ring and clamp shown in
these examples. For example, a lxll jar of an etching apparatus of ECR type
or ICP type may be provided with the stepped region according to the
present invention. The present invention may also be suitably applied to
CYD apparatus and sputtering apparatus. In etching or CVD apparatus, the
deposited film includes reaction product or byproduct produced in the
etching or CVD gas atmosphere, While) in the sputtering apparatus, the
deposited film on the interior component includes the same material
deposited on the semiconductor substrate. In the forgoing examples, the
present invention was applied to narrow gap type apparatus which has
difficulties in dry cleaning. If an apparatus capable of dry cleaning is
provided with the stepped region according to the present invention, it is
possible to decease the frequency of dry cleaning~and to increase the
operation rate.   2 5 FE8 2003 3a ..The foregoing explanation trade with
reference to cxt:mples is applied to the processing apparatus of the
present inventioa and the method of preventing deposited film or coating
layer by using the apparatus. The present invention is aot limited to the
above-menrioncd examples. It is possible to modify the prcscnt invention in
various ways within the scope thereof. As mentioned above, the present
iavcntiort produces the effect of preventing deposited film and coating
layer on intorior components in a processing chamber from paling and
decreasing the number of particles in the chamber, thereby improving the
operation rate while maintaining the performance and yields unaffected.
Thus the preaent invention is of great industrial Importance.   2 5 FEB
2003 -31 CLAIMS 1. A method of processing a semiconductor substrate,
comprising: providing a stepped region on a surface of an interior
component in a processing chamber, the stepped region including a plurality
of raised sections divided by steps; 



placing a semiconductor substrate to be processed in the processing
chamber; processing the semiconductor substrate within the processing
chamber while supplying a gas onto the semiconductor substrate and forming
a film of deposited material on the stepped region; wherein: the interior
component has an inner periphery surrounding the semiconductor substrate
placed in the processing chamber and the stepped region is provided in the
vicinity of the inner periphery of the interior component; and the steps
are sufficiently high so that the film is effectively divided and are
sufficiently low so that the steps do not disturb a flow of the gas. 2. A
method of processing a semiconductor substrate comprising: providing a
stepped region on a surface of an interior component in a processing
chamber, the stepped region including a plurality of raised sections
divided by steps; placing a semiconductor substrate to be processed in the
processing chamber; and processing the semiconductor substrate within the
processing chamber while forming a film of deposited material on the
stepped region; wherein the interior component has an inner periphery
surrounding the semiconductor substrate placed in the processing chamber
and the stepped region is provided only in a vicinity of the inner
periphery of the interior component. 3. The method according to claim 1 or
2, wherein the film is deposited on a ring-shaped area and is divided in a
circumferential direction by the steps.   2 5 FEB 2003 -32 4. A method of
processing a semiconductor substrate, comprising: providing a stepped
region on a surface of an interior component in a processing chamber, the
stepped region including a plurality of raised sections divided by at least
one groove; placing a semiconductor substrate to be processed in the
processing chamber; and processing the semiconductor substrate within the
processing chamber while supplying a gas onto the semiconductor substrate
and forming a film of deposited material on the stepped region; wherein:
the interior component has an inner periphery surrounding the semiconductor
substrate placed in the processing chamber and the stepped region is
provided in a vicinity of the inner periphery of the interior component;
and a depth of the at least one groove is sufficiently large to effectively
divide the deposited film and is sufficiently small so that the groove does
not disturb a flow of the gas. 



5. A method of processing a semiconductor substrate, comprising: providing
a stepped region on a surface of an interior component in a processing
chamber, the stepped region including a plurality of raised sections
divided by at least one groove; placing a semiconductor substrate to be
processed in the processing chamber; and processing the semiconductor
substrate within the processing chamber while forming a film of deposited
material on the stepped region; wherein the interior component has an inner
periphery surrounding the semiconductor substrate placed in the processing
chamber and the groove is arranged only in a vicinity of the inner
periphery of the interior component. 6. The method according to claim 4 or
5, wherein the film is deposited on a ring-shaped area, and the at least
one groove includes a plurality of grooves arranged generally perpendicular
to a circumferential direction of the ring-shaped area.   2 5 FEB 2003 -33
7. An apparatus for processing a workpiece for producing semiconductor
devices, comprising: a processing chamber that mounts the workpiece, the
processing chamber including an interior component having an inner
periphery that surrounds the workpiece, and a stepped surface region in a
vicinity of the inner periphery, the stepped surface region including a
plurality of raised sections divided by steps; wherein: the workpiece is
processed in the processing chamber while supplying a gas onto the
workpiece and forming a film of deposited material on the stepped surface
region; and the steps are sufficiently high so that the film is effectively
divided and are sufficiently low so that the steps do not disturb a flow of
the gas. 8. The apparatus according to claim 7, wherein the stepped surface
region includes at least one groove. 9. The apparatus according to claim 7,
wherein the stepped surface region includes a plurality of grooves
generally perpendicular to the inner periphery of the interior component.
10. The apparatus according to any one of claims 7, 8 and 9, wherein the
stepped surface region of the interior component forms a gap with a second
interior component facing to the interior component, and the steps are not
higher than 15% of the gap. 11. The apparatus according to any one of
claims 7, 8 and 9, wherein the steps are not higher than 300 Nm. 12. An
apparatus for processing a workpiece for producing semiconductor devices,
comprising: 



a processing chamber that mounts the workpiece, the processing chamber
including an interior component having an inner periphery that surrounds
the workpiece, and a stepped surface region in a vicinity of the inner
periphery, the stepped surface region including a plurality of raised
sections divided by steps,   2 5 FEQ 2003 -34 wherein: the workpiece is
processed in the processing chamber while forming a film of deposited
material on the stepped surface region; and the stepped surface region is
provided only in the vicinity of the inner periphery of the interior
component. 13. The apparatus according to claim 12, wherein the stepped
surface region includes at least one groove. 14. The apparatus according to
claim 12, wherein the stepped surface region includes a plurality of
grooves generally perpendicular to the inner periphery of the interior
component. 15. The apparatus according to any one of claims 7, 8, 9, 10,
11, 12 13 and 14, wherein the processing chamber includes electrodes for
generating a plasma and the interior component concentrates the plasma in a
space between the electrodes. 16. An interior component of a processing
chamber for processing a semiconductor substrate, comprising: a stepped
surface region formed in a vicinity of an inner periphery of the interior
component where a film of deposited material is formed during the
processing of the semiconductor substrate, the stepped surface region
including a plurality of raised sections divided by steps; wherein: the
processing chamber includes electrodes for generating a plasma, the
interior component concentrates the plasma in a space between the
electrodes; and the steps are sufficiently high so that the film is
effectively divided and are sufficiently low so that the steps do not
disturb a flow of a gas supplied onto the semiconductor substrate during
the processing.   2 5 FEQ 2003 



-35 17. The interior component according to claim 16, wherein the stepped
surface region includes at least one groove. 18. The interior component
according to claim 16, wherein the stepped surface region includes a
plurality of grooves generally perpendicular to the inner periphery. 19. An
interior component of a processing chamber for processing a semiconductor
substrate, comprising: a stepped surface region formed in a vicinity of an
inner periphery of the interior component where a film of deposited
material is formed during the processing of the semiconductor substrate,
the stepped surface region including a plurality of raised sections divided
by steps; wherein: the processing chamber includes electrodes for
generating a plasma, the interior component concentrates the plasma in a
space between the electrodes; and the stepped surface region is provided
only in the vicinity of the inner periphery. 20. The interior component
according to claim 19, wherein the stepped surface region includes at least
one groove. 21. The interior component according to claim 19, wherein the
stepped surface region includes a plurality of grooves generally
perpendicular to the inner periphery of the interior component. 22. The
interior component according to any one of claims 16) 17, 18, 19, 20 and
21, wherein the inner periphery surrounds the semiconductor substrate
during the processing.   ~ 5 FEB 2~g -36 23. A focus ring for surrounding a
semiconductor substrate in a plasma processing apparatus, comprising: a
stepped surface region formed in a vicinity of an inner periphery of the
focus ring that surrounds the semiconductor substrate during the
processing, the stepped surface region including a plurality of raised
sections divided by steps; wherein: a film of deposited material is formed
on the stepped surface region during the processing; and 



the stepped surface region is provided only in the vicinity of the inner
periphery of the focus ring. 24. The focus ring according to claim 23,
wherein the stepped surface region includes at least one groove. 25. The
focus ring according to claim 23, wherein the stepped surface region
includes a plurality of grooves generally perpendicular to the inner
periphery. 26. A focus ring for surrounding a semiconductor substrate in a
plasma processing apparatus, comprising: a stepped surface region formed in
a vicinity of an inner periphery of the focus ring that surrounds the
semiconductor substrate during the processing, the stepped surface region
including a plurality of raised sections divided by steps; wherein: a film
of deposited material is formed on the stepped surface region during the
processing; and a steps are sufficiently high so that the film is
effectively divided and are sufficiently low so that the steps do not
disturb a flow of a gas supplied onto the semiconductor substrate during
the processing. 27. The focus ring according to claim 26, wherein the
stepped surface region includes at least one groove.   2 5 FEB 2pp3 -37 28.
The focus ring according to claim 26, wherein the stepped surface region
includes a plurality of grooves generally perpendicular to the inner
periphery of the focus ring. 29. The focus ring according to any one of
claims 23, 24, 25, 26, 27 and 28, wherein the processing apparatus includes
electrodes for generating a plasma and the focus ring concentrates the
plasma in a space between the electrodes. .AU.A&.A;&.A.AUy.A`E
.AsU.A`hl.A9.ALA.AY.A9hl.A{.A9Y.A&3.AsAE.A`F.A9F.As{E.A{ .AsA.AL.A.AU
?.A.A`UL.Al.A.A.Ae).A`;@.A.A..As.Ay .A .A-?B?HKLNPY[^L/ 
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