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METiiOD AND APPARATUS FOR PROCESSING SEMICONDUCTOR 
" SUBSTRATBS 

BACKQROIJND Ql THE JNYENTI<m 
1. Field of Invention 

The present invention relatea to an apparatus for pcrfonning processing in the 

production of semiconductor dcvicu, such as in~gratcd circuits. The pment 

invention also relates to a method of preventing a deposited film within tho apparatus 

from peeling. The apparatus for treatment is suitable for dry etching and plamna CVD. 

2. Desc;dption of Related Art 

Production of semiconductor devic:es employs various tecbnologicsJ such as 

dtY etching and CVD. They are designed to cteh 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 ou the substrate to form apparent 

defects. 
- . 

In otder to circumvent this problem, it is necessary to perfonn mechanical 

deaning periodic.ally on the processing apparatus. Unfortunatcly1 mechanical cleaniag 

takes a long time because it requires that the chamber be opened. Once opened, the 

chamber needs temperature adjustment and ~mplcte evacuation prior to restarting the 

proc.essing. Hence, the mechanical cleaning greatly reduces the operation rate of the 

apparatus. Therefore, several methods have been proposed to redu~ the frequencies 

of mechanical cleaning. 

One of them is dry deaning with various reactive gases.· Dry cleaning 

evaporates and removes the deposited materials ~d 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. Thia is true 

particularly for an apparatus of parallel plate,Btrocture with a narrow gap, since the 
.r 

plasma in a narrow gap apparatus is confined in a limited portion within the chamber. 

Similarly. dry cleaning with a gas excited by any other known method than plasma 

cannot achieve complete cleaning in the chamber. 
,. 
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,, A method to prevent deposited films from J>"ling is disclo:sod in Japant8e 

Patent laid-open Nos. 196421/1994 and 163180/1998 and U.S. Patent 5474649. It 

achieves the object by r0ughening the surface of the inner 'Wall of the chamber, or the 

surface of interior compo.o.cnl3 in the chamber, for good adhesion of the dcpoaitcd 

film. This surface roughening is accomplished by frost treatment (bead blasting), 

engraving, etching, molding, or the lib. 

However, the fro&t tnatJnent is effective only so long as the film of deposiW! 

tllaterial is relatively thin and has a relatively small internal stress. As the deposited 

film grows to tens or hundreds of micrometers thick, the adhesion strength produced 

by frost treatment is not ~oough tO keep it on the inne~ wall of the chamber or the 

surface of the interior components. 

On the other hand, various interior c.omponent-$ in the processing chamber, 

including iMer wall of the chamber itself of tho apparatus f0t dry etching and CVD, 

often have a surface coated layer. Such coating on the surfac.e may peel aft.er repeated 

use due to deterioration. This also poses a problem as in the cue of the peeling of 

deposited mate.rials mentioned 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 not quite helpful to redu~ the frequency of opening the 

chamber. There still exists a problem of a low operation ra~. 

SUMMARY OFTIIE INVENTION 

The present invention add.lesses the above .. mentioned problems. It is an object 

of the present invention to provide an apparatus ~d 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 pr~cnting deposited film in said 

apparatus from peeling. The apparatus and QllCthod according to the present invention 
' prevent deposited film and surface coating from peeling, thereby reducing particles in 

the cliamher and increasing the operation rate of the apparatus. 

According to oae aspect of the present invention, an apparatus for processing a . .. 
workpiece for production of semiconductor devices comprises a processing c:hambcr 
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that ~?unts the workpiece, the processing chimber including au interior component 

having a stepped smface region comprising a plurality of sectioned arcu di'vided by 

steps. 

Preferably. the Sediolted areas are arranged according to tho temperature 

; gradient produced on the surface of the component during operadon of the apparatus. 

Preferably, the stepped region is located in a politiou where a~ of deposited 

material is fanned theJeon during operation of the appuatuS; and the steps are high 

enough to ptevcnt the deposited film from peeling. 

· Still 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 sec­

tioned surface region prevents the deposited film from peeling by dividing the 

deposited film into sections having appropriate sizes. 

Ac.cording to another aspect of the invention, a method to prevent peeling of a 

deposite4 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 stopped · 

surface region oomprising a plurality of sectioned areas di'Vided by steps; processing 

the workpiece in the processing chamber while forming a film of deposited material on 

the stepped surface region; wherein the steps are high enough to prevent the deposited 

film from peeling • 

.According to another aspect of the invention, a method of processing a 

semiconductor substrat.e oomprises: providing a stepped region on a surface of an 

interior component in a processing chamber, the stepped region including a plurality of 

sectioned areas divided by stq>S; placing a. semiconductor substrate to be processed in 

the processing chunber; and processing the semiconductor subStratc within the 

processing chamber while forming a film of d~ted material on the stepped region; .. 
wherein the steps are provided suc:b. that the deposited film 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 sufficiently . 
separated to effectively divide the deposited film. 

Preferably, angles of the steps are sufficient to effectively divide the deposited 

film. . 
Preferably, the steps are sufficiCI1tly.Jiigh so that the film is effectively divided. .. 
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.. Still preferably, the method further comprises ropeating the placing and 

processing until a cumulative time of the processing reaches a·predetermined 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 dmc is 

prevented. 

According to another aspect of the invention, a. method of processing a 

setnicou.ductor substrate comprises~ 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 grooves; placing a semiconductor substrate to be processed 

in the processing cllamber; and processing the semiconductor substrate within the 

processing chamber while forming a film of deposited material on the stepped region; 

wherein the steps extend substantially peipendicular relative to the sectioned areas. 

According to another aspect of the invention, a method of processing a 

sem1conductor substrate c.omprises: pro'Viding 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 grooves; placing a semiconductor substrate to be processed 

in the processing chamber; and processing the semi~nductor substrate within the 

processing chamber while fonning a film of deposited material on the stepped region; 

wherein the grooves arc one .. dimensional grooves. 

Preferably, the film i& deposited on a ring-shaped area, and the grooves are 

manged generally pcrpendiadar to a circumferential direction of the ring-shaped area. 

Preferably, the interior component has an inner periphery surrounding the 

semiconductor substrate placed in the processing chamber., and the grooves are 

ammged in a vicinity of,. and generally perpendicular to, the inner periphery of the 

component. 

Preferably, a temperature gradient is pro<fuced on the stepped region during the 

processing of the substrate, and the grooves are arranged generally along directions of 

the temperature gradient. 

According to another aspect of the inyention, an interior component of a 

processing chamber that processes a semiconductor substrate, comprises: a stepped 

region including a plurality of sectioned areas divided by steps; wherein the steps 

ex~nd substantially perpendicular relative to the secti~ned ~as. 
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• According to another aspect of the invention, a focus ring that surrounds a 

semiconductor substrate in a plasma processing apparatus comprises: a stepped r~gion 

formed in a vidnity of an inner periphery of the focus ring. the stepped region 

including a plurality of raised sections divided by grooves; wherein the grooves are 

arranged in a vicinity of, and generally perpendicular t.o, the inner periphery of the 

focus ring. 

BRJRf DESCRIPTION OF nJB DMWJNGS 
Pig. 1 is a schematic sectional view ahowing the apparatus for plasma etching 

according to the present invention. 

Pig. 2(a) is a top view showing the lower quartz plate used in the apparatus for 

plasma etching. F'ig. 2(b) is a partial enlarged view ah.owing the part a in Pig. 2(a). 

Fig. 2(c) is a partial sectional view taken along the line d·d' in Pig. 2(b). 

Fig. 3(a) is a top view showing the lower q~ 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}1 and 3(i) are partial sectional views respectively taken along the 

line a-a' in Fig. 3(b), the line b-b' in Fig. 3(c), and the Hue 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 cumulative plasma 

discharge time and the thickness of the film of deposited material which fonns while 

the appantus for plasma etching (shown in Fig. 1) is operating. 

Fig. 6 is a graph showing regions in which the peeling of depended fllm doe:s or 

does not ocair on the relationship between the thickness of dep'osited film and the area 

of divided sections on the lower quartz plate ~in plasma etching shown in Fig. 1. 

Fig. 7 is a graph showing the relationship between the adhesion strength of 

deposited film and the height of steps, which is obietved when the apparatus for 

plasma etching shown in Fig. 1 is provided ~ith the lower quartz plate having a 
r 

stepped regjon with pattepi D shown in Fi~. 3(e) and 3(i). 

Fig. 8 is a schematic sectional view of the groove fanned in the lower quartz 

plate of th~ apparatus for plasma etching shown i~ Fig. 1. 
.. 
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.. Fig. 9 is a graph showing the relationship between the height of step and the 

etching unifGanity of silicon dioxide, which is ob&ezved when the apparatwi for plasma 

etching shown in Fig. 1 is provided with the lower quartz plate having st.eps of pattern 

D shown in Figs. 3(e) and 3(i). 

Fig. 10 is a graph showing the relation&hip between the cum.ulative plasma 

discharge time and the number of particles in the chamber~ which is observed when the 

apparatws for plmna etching shown in Fig. 1 is provided with the lower quartz plate 

having a stepped region with pattern D according to the pm1ent invention or with the 

conventional lower quart% plate. 

Fig. ll(a) is a ftont view of another lower quartz plate used in the apparatus 

for plasma etching shown in Fig. 1. Fig. 1l(b) is a partial sectional view taken along 

the line e-e' in Fig. ll(a). 

Pig. 11.(a) is a front view of another lower quartz plate used in the apparatus 

for plasma etching shown in Fig. 1. Fig. 12(b) is a partial sectional view taken along 

the line f-f' in Fig. 12(a). 

Fig. 13 is a schematic 6"ctional 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 acamling 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. 15(a). 

Pig. 16 is a partly sectional view showing a semiconductor wafer which 

undorgocs plasma etching in the apparatus shown in Fig. 14. 

Fig. 17 is a graph showing the relationship between the· cumulative plasma 

discharge time and the number of particles of d~opped 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. 
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DETAII.ED JlESCSIPTION Qf.PREFERRfD EMBQDIMBNT§ 

This invention was first disclosed in Japanese Patent Application No. 

339978/1998, which 1$ incorporated by reference. 

A detailed desc:ription is made bd.ow, with reference to the accompanymg 

drawingst which show prcf~rrcd embodiments of the apparatus and method of 

processing semiconductor substrates according to the present invention and the 

method of preventing peeling of deposited film or coating layer via said apparatus. 

Fig. 1 is a scherrtatic sectional view showing the apparatus for plasma etching · 

according to the present invention. 

'lbe plasma treating apparatus 10 shown in Fig. l is a dry etching apparatus for 

production of semiawluctor devices. The apparatus generates high-frequency (RP) 

plasma that etches oxide film such as silicon oxide film and includes parallel plate 

electrodes, with a narrow gap between them. An work piece to be processed (a 

semicond11ctor wafer) is placed in a cllamber 12 including various interior components. 

At the upper center of the chamber 12 is a round-shaped upper electrode 141 t.o which 

the gas inlet 13 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 sunounded by 

an lower quartz plate 20. The chamber 12 is connected to a RF power splitter 22 

which applies high-frequency electric power (FR power) to the upper electrode 14 and 

the lower electrode 16. The power splitter 22 is roMected to a RF power supply 24. 

These electric units generate RF plasma in the chamber 12 for dry etching. 

In the plasma processing apparatus 10, at least either the upper quartz plate.18 

or the lower quartz plate 20 has a surface region that includes a plurality of sectioned 

areas divided by steps. As shown in Fig. 2, the quartz plate hu a surface region that 

includes raised sections and recessed sections divided by steps in the vicinity of the 

~lectrode. 

The chamber 12 of the plasma proc.essing apparatus 10 is evacuated to about 
~ I 

10 Torr. The wafer 26 may also be held on the lower electrode 16 in any way other 

than electrostatic ehuok, such as mechanical clamping. A plasma processing apparatus 

with mechanical clamping will be explained later. 

i 
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,, The plasma pro~sing apparatus 10 shOwn in Fig. 1 i:!l a split-powered sysrtm 
in which both the upper and lower electrodes 14 and 16 are supplied with RF poWer 

from tbe RF power splitter 22. Other systems such as anode coupling system and 

cathode coupling system may also be used in the present invondon. 

The periphery of the upper and lo~r electrodes 14 and 16 is surrounded by 

the upper and lower quartz plat.es 18 and 20, respectively. The quartz plates 18 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 18 and 20 can be detached for 

mechanical cleaning. Reaction products or byproduc:ta produced in the plasma mainly 
deposit in the vicinities of the upper and lower electrodes 14 and 16, respectively of 

the upper and lower quartz plates 18 and 20. Deposition is remarkable particularly in 

the ring-shaped area, or circular band-shaped arc"7 near the inner periphery of the 

lower quartz plate 20. The width of the region is about 12 mm. Therefore, steps m 
this region play an important role. 

According to the present invention, surface regions of the upper and lower 

plates 18 md 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. Tiris 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 16 is particularly desirable, because reaction 

bYProducts deposit on this component remarkably. 

The stepped region is particularly effective in the case where the plasma 

processing apparatus is provided with an electrostatic chuck, because peeled flakes of 

the depo!ited film near the periphery of the wafer is attracted to the electrostatic 

chuck. Then, the attracted B.akes prevent the wafer from being. chucked. 

An example of the stepped region form~ on the lower quartz plate 20 is 

shown in Figs. 2(a)-(c). Fig. 2(a) is a top view. Fig. 2(b) is a partial enlarged view of 

the pa.rt a in Fig. 2(a). Fig. 2(c) is a panial sectional view taken along the line d-d' in 

Fig. 2(b). 7 . 
On the surface of the lower quartz plate 20 is funned the stepped region 30 as 

shown in Figs. 2(a), 2(b) and 2(c). Rectangular grooves 30a are radially arranged at 

prescribed intervals along the entire length of the annular-shaped inner periphery of the 
... . 

lower quartz plate 20. The stepped. region 30 includes recessed sections at the 
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-bottoJl1.S of the grooves and raised sections between the grooves. In the case of the 

example shown, the grooves are arranged at intervals of 2 mm and each groove is 1 

mm wide, 12 mm long. and 0.3 mm (300 µm) deep. The bottom. of the rectangular 

groove 30a is subatantially t1at, and the surface of the raised section between the 

rectangular grooves 30a is also substantially flat. 

The lJ}Jpcr quart% plate 18 smrounding the upper electtode 14 also has the 

stepped-region (not shown), which includes reetangalar grooves (1 mm wide, 12 mm 

long, and 300 Jl.m deep) radially manged at interVals of 2 mm along the entire length 

of its inner periphery. 

In order to confirm the effect of the present invention, an experiment was 

carried out wirh the plasma processing apparatus 10 shown in Pig.1. Plasma is 

concentrated in the space between the upper and lower parallel plate electrodes 14 and 

16 owing to the upper and lower quartz plates 18 and 20 surrounding the elearodes. 

Reaction byproducts deposit on the upper and lower quartz plates 18 and 20, 

particularly 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 shown in Figs. 3(b) to 3(e), which are partiai 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 Fig. 3(£). Pattern A has the sutface region 28 which is the 

original (unworked) surface of the lower quartz plate 20 fanned by machining. The 

lower quartz plate 20 has a surface roughness as follows: 

Ra (center-line niean roughness)! 1.57 µm 

Rz (ten-point mean roughness): 9.25 µm 

Rmax (maximum height): 10.5 µm 

Pattern B is shown in Fig. 3(c), and its cr0ss section taken along the line b-b' in 

Fig. 3(c) is shown in Fig. 3(g). Pattem B has ~~surface region 28 with frost 

treatment 28b. The frost-treated region has a surface roughness u follows: 

Ra (conter-.line mean roughness): 3.92 µm 

Rz (ten-point mean roughness): 23.0 µm .• 
• 

Rmax (maximum height): 27.S µm 

Frost treatment is given to the area 15 mm wide along the inner periphery of the lower 

quartz plate 20. 
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,. Pattern C is shown in Fig. 3(d)1 and its cross section t.akcn along the line v-c in 

Fig. 3(d) is shown in Fig. 3(h). Pattern Chas a concentric circular groove 30c fonncd 

by machining in the su?face region 28 of the lower quartz plate 20. The groove makes 

the stepped region 30. The groove is 3 mm wide and SO JLm deep and located 2 mm 

away from the inner periphery of the surface of the lower quanz plate 20. 

Pattern Dis shown in Fig. 3(e), and its cross section taken along the line d-d' in 

Fig. 3(e) is shown in Fig. 3(1). Pattern D has grooves 30d formed by machining in the 

surfaoe region 28 of the lower quartz plate 20. lbese groo~es make the stepped 

region 30. They are rectangular grooves arranged in the radial direction at intervals of 

2 mm. Bach groove is 1 mm wide, 12 mm long, and SO µm. deep. 

The grooves in patterns C and D ~re fonned by mechanical grinding with a 

diamond tool. The bottom of the groove has a surface roughness which is almost the 

same as that of the surface of the quartz plate before grinding (Pattetn A). 

The lower quartz plate 20 explained above was mount.ed 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 silicon dioxide film 34 (1.0 µm thick), and a patterned 

photoresist mask 36 (l.2 µm thick)1 as shown In Fig. 4. The mask has holes 38 of 

about 0.30 µ.m in diameter. The etchant gas for dry etching is a mixture of CF4, CHF3, 

and Ar. The conditions for plasma generation are shown in Table 1. 

Table 1 

Di.&chargiug Rf power Gas flow n.tc (5CaD) Tanperalure ot Tempertture of 

pres&ure dcll3ity lowcrclcc~ upp6teJ~c 

(GITon) f.Wlcmi ('C\ t•n 
CP. I CHF1 I Ar 

250 4.80 20 t zo 1 500 -10· 30 

The results of the experiment are shown:in 'fable 2 in terms of the peeling of 

deposited film which occurred when a number of wafers undetwent the dry etching 

successively. The cumulative plasma discharge time is the total of plasma discharge ... 
time required to process individual wafers. In the case of pattern A, the deposited film 

peels in the entire region after a.bout 25 hours of plurna discharge. In the case of 

pattern B. the deposited film peels in 10% of the region after 20 hours of plasma 

di§.Charge and in tlr~ entire region after 35 hoUts of plasrua,dischargc. 
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TablC-2 

Type of Olmub.'li~e pbama dilchatge time 

Ollttm 

lShour 20houtt 2'bom 30 bollra 35 bows 40houra 
PallorDA 2S $0 100 100 100 100 
PalteraB 0 10 25 so 100 100 
Pau.mC 0 0 0 0 0 0 
PtttmlD 0 0 0 0 0 0 . 

{umt: %) In tenns of ratio of the region in which deposited film peels to the entire 

region. 

lt is noted from Table 2 that pattern B wirh minute surface irregularities formed 

by frost treatment helpa the deposited film to stick to the quartz plate more firmly than 

pattern A However, pattern B does not greatly improve the operation rate in view of 

the fact that particles appear when the deposited fibn begins to peel. 

By 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 for minute surface irregularities in preventing the 

deposited film from peeling. 

The adhesion strength of deposited films was measured by the peeling method 

after 20 hours of plasma discharge. The teSults are shov.t11 in Table 3. 

Table3 

Panemc 
20-30 

unit: x iOS dyne/cm2 

It is noted from Table 3 that the adhesion strength is lower than 3 x tOS 

dyne/cm1 for pattern A, 3 ... 7 x to' dyne/cm1 for pattem B, 20 ... 30 x lrf dyne/cm2 for 

pattem C, and higher than 30 x lo' dyne/cm" fo't pattern D. This indicates that 

p~Ucrns C and D provide greater adhesion strength than pattern B (conventional 

frosting treatment). The adhesion strength ~l pattem D is about 10 times as large as 

that on the untreated region. 

It is known well that a deposited film peels when im internal stress exceeds its 

adhesion strength to the underlying sudace. In addition to this general lcnowledge1 the 

above-mentioned e;xperimental rcaults.1uggest the following. That is, the te:ndency of 

peeling is related wi~ the absolute am~~nt of displacement by the internal stress of the 
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depositied film. The amount of displacement is defined as follows, assuming that the 

deposited film is one-dimensional. 

Amount of displacement = (Internal sness of deposited film· x Length of deposited 

film) I (Young's lll0dul11$ of deposited film) 

This means that the greater the internal stress of a deposited film and the larger 

th& size of the deposited film, the more readily the deposited rum peels. In addition, 

the experimental results suggest that adequate steps 011 the underlying surface 

effectively limit the size of the deposited film. The fact rhat pattern D provides greater 

adhesion strength than pattern C presumably results from the fact that the dcposit'ed 

film on pattern D is finely, or effectively, divided by the steps. 

the reaction bYJ>roduct deposit in a ring-shaped area on the surface of the 

quartz plate in the vicinity of the electrode, as mentioned abo'Ve. The deposited film 

can be divided more effectively by the radial pattern D than by the concentric pattern 

c. 
In the experiment with pa.ttcm ~ the deposition of reaction byproduct was 

visually examined after plasma discharge for 20 hours. It was found that deposition is 

remarkable 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 and the 

deposited film peels. A probable reason for the radial c:ncking is that an internal stress 

in the cirCumferential direction was developed due to a temperature cycle. Tue 

temperature of the deposited film changes as plasma is turned on and off. and the 

deposited fllm expands and shrinks as the temperature changes, thereby developing the 

internal stress in the circumferential direction. 

Therefore> tttength of deposited film" in the above equation may be considered 

as the length in the circumferential direction. In the case of pattcm D, •Length of 

deposited film" is small because the ring-shape~ deposited film is divided into small 

sections in the clrcwnferential direction. As the result, 111 Amount of displacement of 

deposited film" is limited and the peeling is effectively prevented. 

The effect of dividing the deposited ~m is supported by data shown in ~gs. S 

and 6. Fig. 5 shows the relationship between the cumulative plasma discharge time and 

the thickness of the deposited film. The graph tells us that reaction byproduct 

builds-up about 300 µm .th!ck &fter plasma discharge for 20 hours, and the thickn~s~ 

increases in proportion to-th~ cumulative plasma discharge time at least to the 
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dischatge time of about 40 hours. The deposited film of hundreds of µm in thickness 

has a great internal stress. When the thickness exceeds a a:rtain limit, the internal 

.stress ovenules the adhesion sttength of the film, causing the film to peel. 

The peeling of deposited ·film depends on the thickness as well u the area of 

divided sections, u shown in Fig. 6. In other words, 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 µm thick, 600 f'm thick, and 1200 )£nt thick 

when the area of divided sections is 400 mm1
, 39.5 mm1

, and 0.02 mmi, respectively. 

The step to divide into individual sections is 50 µm high. The data in Fig. 6 not only 

confum the previous finding that the larger is the stress of the deposited film, the mote 

readily the peeling occurs, but also prove the present inventors' finding that it is 

possible to prevent peeling if the size of deposited film is limited by the sectioned areas 

divided by steps. 

The area of divided sections is detennined so as to effectively prevent the 

peeling of the film by limiting the size of the film. It is al10 detennined by the ease of 

working. If the deposited film is about 300 µm thick, the area of the divided section 

should be $mailer than about 400 rnm2
• For a thickness of about 600 µm, the area 

should be smaller than about 40 mm2
• An experimentally confinned lower limit is 0.02 

mm2
, as shown in Fig. 6. This lower limit may be further lowered to about 1 x 10·3 

mm2
• In practic:e, an uea. of about 0.5 nun2 or above is adequate in consideration of 

the ease of working. 

Meanwhile, the thickness of deposited film is about 300 µm thick after 

discharging for 20 hours, and the thickness increases in approximate proportion to 

discharging time. The height (50 µm) 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 suggc:s:ts that whether or not the deposited 

film peels depends on the amowit of displacement in a boundary layer with a certain 

thickness in the vicinity of the substrate (the quartz plate). Under the etching 

conditions shown in Table 1, the certain thickness seems to be less than about 50 µm 
' 

and is possible to be divided by the step with 50 J.Lm high. 

In addition, even if the step height is less than the thickness of the deposited 

filig., the width of grooves, or.the distance between adjacent.raised sections is 

sufficiently large. In the case ~f Pattem D, for example, the distance is 1 mm. This ' 



-----------···--·--------· 

14 ·. 

distan~ is about 3.3 times larger that the film thickness after 20 hours of plasma 

discharge, about 1. 7 times larger than the thickness after 40 houts of plasma discharge, 

and, assuming a proportional build-up until 50 hours of plasma discharge, about 1.3 

times larger than the thickn~ after SO hours of plasma discharge. Further, the 

thickness shown in FIG. 5 is the maximum thickness at tbe inner periphery of the lower 

quartz plate 20. The thickness decreases at positions remote from the periphery. In 

addition, the deposition of the plasma reaction byproducts does not usually proceed 

conformably on a stepped substrate. That is, thickness on the side wall of the step is 

thinner than that on the raised section. Therefore, it is believed 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 deposit,, on a stepped substrate. and the steps 

effectively 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 on the height of the step. This is inferred frotn the faCt that pattern B with 

minute irregularities permits deposited .film to peel more easily than patterns C and D 

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 hows and the height of the step in pattern D having divided sections 

whose areas are 12 mm2
• Figure 7 shows that the higher the step height, the larger the 

adhesion strength. 

As the deposited film becomes thicker, and the stress of the film increases, the 

deposited film becomes more readily to peel. However, if the step is made higher in 

response to the increase of the thickness, the deP.o&ited film is less liable to peel. The 

experimental results in Table 3 showed that deposited films are Bable to peel when the 

adhesion strength is 3 - 7 x 10" dyne/an1 or less. If steps of 30 µm high are formed, 

the adhesion strength is 15x10' dyne/cm2
, and the peeling at the discharge time of 20 

: 

hours is completely prevented. If the step height is further increased to 50 µm, the 

adhesion strength is 30 x 10S dyne/cm1 and above. 

The step of 30 µm high seems to be very small for the deposited film of 300 µm 
. . 

thiclc. However, it is understood that even such a small step produces a.n effect of 
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nailin~ to a certain degree. In addition, the film thickness of 300 µ.m is much snialler 

than the pattern dimension of 12 nun1
• This suggests that densely formed irregwaritics 

are not ·essential for the nailing ro produce its effect and that one or more steps higher 

than a certain height in a certain area are enough. It is considered that the step pins the 

deposited film or prodoc:es a "pinning effect". 

The fact that pattern B with frost treatment doe$ not effectively prevent peeling 

may be inte1preted as follows. Frost treatment merely forms minute inegularities on 

the surface of the quarti plate. The maximum height (Rmax) of irrcg\Jlarities is only 

21.5 µm. Such mi~ute irregularities produce neither a remarkable effect of dividing the 

deposited film nor a remarkable nailing effect. J.n addition, these irregularities are 
. . 

fonned such that the raised sections and the recessed sections arc oonnected 

continuously by slopes and hence sectioned areas clearly defined by steps are not 

funned. Therefore, they 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 fonu a recessed section with a sufficient area or width, which 

is clearly defined by steps, necessary to divide the deposited film. 

By contrast, pattem C or D on the surface of the quartz plate has a plurality of 

sectioned areas clearly divided by steps of 50 µ.rn high. The step produces the effect of 

pinning the deposited film. The rec:es.sed section, or the bottom of the groove, is l mm 

wide. Thus, deposited film on the raised sections and recessed sections are effectively 

divided, thereby limiting the amowit of displacement. 

Con..~uently, the steps to divide the raised and recesse<i sections aOCO('ding to 

the present invention should preferably be high ~nough to prevent the deposited film 

from peeling. For example, the step should be higher than 30 µ.m, preferably higher 

than 50 µm, as shown in Fig. 7. This height of the step corresponds to about 10% or 

17% of the thickness (abut 300 µm} of the deposited film for 20 hours of plasma 
, 

discharge. The higher the step, the greater the adhesion strength. Therefore1 it is 

desirable to incre~e the height further. For example, in the case of the step 300 µn'l 

high, particles due to peeling ~~r~ not found even after 50 hours of cumulative plasma . 

discharge time during which th_edeposited film builds-up to about 750 µm thick, the 

I I 
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the bu~,ld·up procee~ 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 

40% of the film thickness. A3 a matter of course, reaction byproducts deposit at 

different rates depending on the type and operating conditions of the processing 

apparatus. Utewise, required cumulative p~sing time, or sum of prOCQSing times 

for processing individual wafers, between mechanical cleanings to iea1ize desired 

operation rate differs from one apparatus to another. The step to prevent peeling 

should be determined according to the estimated thiclmess of the film builds-up during 

the cumu1ative processiIJg time. 

The step should be as great as po.ssible 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, increuing the height further produces"little additional effect. It is 

not desirable to form steps higher than necessary in consideration of the strength of the 

con:1ponent to be worked and the difficulty in working. In addition, an ~xcessively high 

step will produce an adverse effect on the processing. For example, in the case of a 

proc.essing appantus that employs a gas ambient, an excessively high step will disturb 

the gas t1ow, thereby disturbing the processing. Therefore, the step should have an 

adequate height not detrimental to the gas flow. 

This experiment Wllll carried out with the plasms processing apparal1:1s 10 of 

narrow-gap parallel plate type as shown in Fig. 1. This apparatus is constructed such 

that the plasma is effectively confined in the space between the upper electrode 14 and 

the lower electrode 16. This structure causes reaction byproducts to be produced in 

large amounts, and forms a deposited fihn in the vicinity of tbe region where the plasma 

tenninates. 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 ~:revents the deposited film from 

peeling. 

Next, the effect of the arrangement direction of the raised and recessed sections 

will be discussed. This experiment was carried out using a plasma apparatus of parallel . 
plate type. The apparatus of this type gives rise to a temperature gradient around the 

center of plasma in the processing chamber. In the case where the processing chain.her 

is provided with a heating source or a cooling zone, their combined effect produces a 
... . ~ 

temperature gradient: The deposited film ·has an internal stress in the ditcctloit of the ~ 
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tempet;ature gradient. In addition, the intemal atress may also be produced resulting 

from thickness variation because the thickness of depasited film varies due to the 

~peratu:e gradient To prevent peeling due to the stress in the direction of the 

temperature gradient, a stepped region with raised and recessed section1 manged 

along the isotherm line of ~e temperature gradien~ as in the case of pattern C, is 

effectiv-e. 

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 film 

increases as the temperature fluctuation readies a maximum, and the intemal stress 

develops along the isotherm line of the temperature gradient. To prevent pc~ing due 

to the stress in the direction along the isothermal line, msed and receascd sections 

manged along ~e uonnal of the isotherm line, i.e., along the direction of temperature 

gradient, as in the case of pattern D1 is effective. 

A significant 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-Soac. This etching method is applied to> 

for example, an insulating film with a low dielectric constant. In the low-temperature 

etching, reaction byproducts tend to form a thick film because reaction byProducts 

deposit at a greater rate as the temperature decreases. As a result, the deposited film is 

more liable to peel. This can be effectively avoided if the stepped region is fanned 

according to the present invention or the pattern of steps is arranged according to the 

temperature gradient. 

Temperature fluctuation due to tum-on. and off of plasma is luger and faster on 

interior components made with metal or 5ilicon having a high tbennal conductivity. 

The result is that the deposited film is liable to peel. This can be effectively avoided if 

the stepped region is formed according to the Pt?Cnt in'Y'entiou or the pattem of steps 

is arranged according to the ~mperature gradient. 

The i>resent invention is intended to prevent peeling of deposited film build!l·UP 

on interior components in the processing cltamber of a plasma processing apparatus. 
I 

The principle of the present invention may also be applied to prevent the coating layer 

on the sunace of interior components from dropping off. The coating includes alumina 

coating formed by anodizing an aluminum ~ase. Anodized al~num coating is used to 

coat int~rior components including innet wall.of the processing Chamber itself. 
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Unfo~ately, alumfoa coating layer is liable to peel or chop off from the aluminum 

base when it is heated above 130°C, due to the difference in thermal coefficient of 

expansion. In single-wafer plasma processing apparatus, in which audaces of interior 

components gel hot due to continuous operation. If the stc:ppcd region according to 

the present invention is provided 011 the alumina r.oated surface of the interior 

componcn~ the dropping off of the coated layer Js effectively prevented. 

EXAMPLES 

The processing apparatus of the present invention will be described with 

reference to Examples that follow. 

Example 1 

This example demonstrates a ptasma processing apparatus for dry etching. 

Fig. 1 shows the·plasma processing apparatus 10 for dry etching. Fig. 2 shows 

the lower quartz plate 20 med in the plasma processing apparatus 10. Fig. 4 shows a 

wafer 26 of a semiconductor device having a silicon dioxide film 34 to be 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 grooves 

30a arranged radially at intezvals of 2 mm. Each groove is l mm wide> 12 mm long, 

and 300 !1Jn deep. See also pattem D in Figs. 3(e) and 3(i). ·The upper quartz plate 18 

surrounding the upper electrode 14 also has the stepped 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 µm 

deep. 

In this example, pattern D was selected because its effect had been confirmed as 

shown in Table 3. The groove was made 12 mm long in view of the fact that -visually 

apparent deposition was confirmed in an area 12 mm wide after 20 hovrs of cumulative 

plasma discharge time. In other words, an annu!ar region of 12 mm wide was divided 

in the circumferential direction, and the deposited film on this region is substantially 

comp!Ctely divided in the ciroumferential direction. Although it had been confirmed 

that the step 50 µm high is effective as shovm in Table 3, the step was made 300 µm 
' high, leaving a mafgin. nus height conesponds to the thiclaless of the deposited film 

which builds-up during 20 hours of cumulative plasma discharge time. 

The actually machined groove has a cross secti?nal s~ape as shown in Fig. 8. 

'The c.toss section of the groove as a whole ha.1 a rcctang\ilar sb:ape. However, the side 
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wall aK the groove is not exactly perpendicular to tbe surface of the quartz plate. In 

addition,, it has small surface irregularities. The lower end of the side wall is rounded. 

Mon~thelcss, a substantial portion of th~ side wall has an angle larger than about 80°. 

In other words, the side wall is substantially vertical, or tlie 5lep fonned by the groove 

extends substantially perpendicular to the sectioned. areas. 

For comparison, dry etching was perfonned on the silicon dioxide film 34 using 

the upper and lower quartz plates 18 and 20 which have unmachined fiat surfac.es as 

shown m Figs. 3(b) and 3(f). 

The chamber 12 was evacuated to about 10~ Toa, and the wafer 26 was fixed 

to the lower electrode 14 vja the electrostatic chuck 17. 

The chamber 12 was supplied with an etchant gas through the gas inlet 13. The 

etchant gas includes CF4F CHF3, and Ar. The plasma processing apparatus 10 was 

activated by applying RF power to the upper and lower electrodes by the split system. 

Plasma was generated under the condition shown in Table 1. 

As mentioned above, the plasma processing apparatus 10 is constructed such 

that the upper and lower electrodes 14 and 16 are surrounded by the upper and lower 

quartz plates 18 and 20, respectively, and the plasma is roncentrated in the sp~ . 

between the parallel plate electrodes. Because of this structure, reaction b}'products 

build-up on that part of the upper and lower quartz plates 18 and 20 which are close to 

the electrodes. 

Dry etching wa.s carried out by using the upper and lower quanz plates 18 and 

. 20 which have stepped regions 30 made by radially arranged reaangular grooves 30a. 

Dry etching was also curled out by using the upper and lower quartz plates 18 and 20 

which have flat surfaces. Re$Ults of dry etching using qua~ plates with and witho11t 

stepped regions are shown in Table 4. There is no noticeable difference between them 

in the etching rate and etching unifom.Uty of the ~silicon dioxide film 34. Also, the~ is 

no noticeable difference between them in the etching rate of pol}'3ilicon. This means 

that there is no difference in substrate selectivity defined as the quotient of the etching 

rate of silicon dioxide divided by the etchintrrate of polysilicon. This selectivity is 
• 

impornmt in the dry etching of silicon dioxide in production of semiconductor 

integrated circuits. There is no noticeable difference between them in the taper angle 

of etc~ed hole and the pattern shift ( differen~ be~ecn the diameter of the hole etched 

in siliron dioxide and that of the aperture in resist), Specifically~ there is no noticeable 
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differ~nce in etching a small hole about 0.3 µrn in diameter and about 1.0 µm deep. 

These result$ suggest that the upper and lower quartz plates with the stepped region 30 

formed by radially arranged rcctangul~ grooves as shown in Figs. 3(e) and 3(i) have 

no adverse effects on the fundamental pedormance of the dry etching. 

The apparatus shown in Fig. l has the upper 1111d lower qUl!t% plates 18, 20 

with a gap of about 2 mm between them. Therefore, the step of 300 µm fonned on the 

quartz plate conesponds to about 15% of this gap. It was confirmed that this step 

does not disturb the gas flow and alter the plasma and etching cbatacteristics. 

Table4 

lle!lt of evalullioo wkJL COllVCfttloul 0\18.U platu WJ°th waned ooartz Dlates 
Brchiair u of siticoit dioxido 703.6 nm/min '92.0 mlllmia 
Unifonnity Of etdling tare or silicon 4.1% 3.29' 

dioxide 
Elcldnll rate or 'lk>lwiUcon 78.211111/mill 1ti.4nmfmin 
Uaifomdty cf ef.cbing rate of S.9% 6.2% 

DO)J$il~Q 

Pattena 1hifc for 0.30 um hole .(),074um -0.0'TS !Am 

Rtdled taper angle for 0.30 JUD ho~ 87.71 87.s• 

However, if the step height is increased, the etching dwactetistics, particularly the 

etching uniformity, are adversely affected. Fig. 9 is a graph showing the relationship 

between the step height and the unifonnity of etching rate for silicon dioxide. The 

etching apparatus shown in Fig. l is equipped with the lowor quartz plate having the 

stepped region ofpattem D shown in Figs. 3(e) and 3(i) with various step heighlS. It is 

noted from Fig. 9 that the uniformity becomes poor (4.9%) if the step is 900 µ.m high, 

and the unifonnity becomes poorer (greater than 5%) if the step is 120_0 µ.m (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 mm, preferably lower than.:about 1 mm. 

The apparatus shown in Fig. 1 is an etching apparatus of narrow-gap type, with 

the upper and lower quartz plates 18 and 20 only about 2 mm away from each other. 

The step heights of 300 µm and 1 mm, ment!t>ned above, correspond to about 14% and 

50%, respectively, of this gap. The step height is limited as mentioned above so that it 

can be applied to the components for such a nmow gap. In other apparatus and 

compoµentS, it is also desirable to limit the step height to such an extent that the gas .. . . .. 
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flow is not disturbed. The actual upper limit of the step height varies depending on .. 
individual apparatus and components. 

Fig. 10 is a graph showing the relationship between the cumulative plasma 

discharge time and the nu1!1ber of particles on tbe wafer processed in the chamber 12. 

It ia noted from Fig. 10 that the number of particles larger than 0.25 µm is less than 30 

after 50 hours of cumulative plasma discharge time if the upper and lower quartt plates 

have stepped regions 30 formed by radially arranged rectangular grooves 30a. For 

comparison, dry etching was also carried out by using the upper and lower quartz 

plates 18 and 20 with a flat surface as machined. In this caso the number of particles 

larger than 0.2$ µm inaeased after 20 hours of cumulative plasma discharge time. 

It was also found that yields of semicondudor integrated circuits fabricated 

using the plasma etcher shown in Fig. 1 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 even 

after 40 hours of cumulative plasma discharge time. Moreover, mechanical cleaning in 

the conventional way did not wear out the pattem on q~ plates because the step 

height of the grooves in stepped region 30 in the upper and lower quartz plates 18 and 

20 is sofficiently 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. T'ne 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 continuously used for about one year in actual production of 

semiconductor devic.cs. During this period, there has been no trouble due to the 

grooves and a high operation rate bas been mai~talned. In addition, continuous 

operations for 70 hours of cumulative plasma discharge time (in excess of SO hours of 

operation shown in Fig. 10) have been repeatedly achieved. In fact, the number af 

particles has not increased even after the 70 )tours of cwnulative discharge time. 
J 

F'urther continuous operation seems possible. Meanwhile, it was confumed that the 

~posited film does not peel after the 70 hours of discharge even though the intervals 

of the ~ooves are ext.ended to 4 mm, with the groove width kepf canst.ant at 1 mm. .. . 
However~ the deposited film cracked when the intervals were extended to () mm. nie 
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depofil:!ed 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 18 did 

not peel even though the groove depth was reduced to 200 µm. 

After the c.ontinuous operation for 70 hours of plasma discharge, the used 

quartz plate is cleaned for repeated use. The deposited Cdm can be removed without 

damage to the quartz plate. That is, portions of the film on railed 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 in 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 µm deep. The grooved pattern and the continuous operation for 70 hours of 

plasma discharge did not affect the 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 hours of 

plasma discharge. Therefore, it is desirable to lengthen the radially arranged grooves 

so that the deposited film is completely divided in the circumferential 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 thickness 

distribution in the radial direction. This thickness distribution induces an internal 

stress. An effective way to prevent peeling due to this internal stress is to form a 

circular groove like pattern C in addition to the radially arranged grooves. Such a 

circular groove divides the deposited film in the radial clirection. In other words, the 

deposited film is divided two-dimensionally by the two-dimensional pattem combined 

with patterns C and D rather than being dh,ided one-dimensionally by one-dimensional 

pattern C or D .individually. Two-dimensional division may produce a better effect in 

preventing the peeling. However, we have not. .~f 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 place. Moreover, it presents difficulties 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 e~clpng. However. this has the possibility of damaging th~ plate and reducing 

the life of~ plate. 
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With all the foregoing factors taken into account, it was concluded that the ., . . 

radial one-dimensional pattern is desirable for the quartz plates 18 and 20 ia the etching 

apparatus used in this Example. 

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 an average angle 

greater than about 75 a' more preferably greater than abo~t 80°. Howeve~, it is not 

necessary lhat the side wall be exactly vertical. 'Ibe angle necessary for the effec:tive 

division varies depending on the composition of the deposited film and reaction 

mechanism to produce the film. Therefore, the step should be made in an adequate 

shape ac.cording to the apparatus and components on which the stepped region is 

formed and operating conditions of the apparatus, so long as the angle of the step is 

sufficient 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 words, the sectioned areas should be divided by 

distinct steps. 

In this Example, the grooves are 1 mm wide. This width may be varied within a 

certain range. However, it is not desirable to make tho groove width excessively large 

so that the stepped region effectively prevents peeling of deposited film. Jn this 

Example, if the lower quartz plate 20 of the etching apparatus has grooves, each 1 mm 

wide, arranged atfaterYals of 6 mm, i.e., if the width of raised section between adjacent 

grooves is 5 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 course, 

however, the maximum width may vaiy depe~ing on the apparatus and components 

on which the stepped region is fonned and operating conditions of the apparatus. 

On the other hand, lbe width of the groove should be sufficiently large, u 

mentioned above, so that the step does not disappear during the ne~sary continuous 

opeiatiou time at least on a substantial area on which the film of deposited material is 

fanned. If the width is too marrow, films ~ted on adjacent side walls join and the 

steps disappear. In this Example, the width of 1 mm was confirmed to be sufficient to 

effectively divide the deposited film on the lower quartz plate 20 built.up during 70 

hours of cumulative plasma discharge time. Ar, mentioned above, this width is larger 

· ,· than the fil~ 'thickness deposited during 40 houts of plasma discharg~~ The minimum 
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width may vary depending on the apparatus and components on which the stepped 
'• 

region is formed and operating conditions of the apparatus. In general, however, it is 

desirable that the width is larger than, or at least comparab~e with, the film thickness 

deposited during the cumulative operation tbne between mechanical cleanings required 

tb achieve the necessary operation rate. On the other hand, in considerad.on of the ease 

of working, the SJOove width should preferably be larger than about 0.5 mm if the 

grooves arc fonncd by mechanical grinding. 

In sum, grooves should be provided to provide steps suitable to divide the 

deposited film built-up during a cumulative processing time prcdetennined to achieve a 

required operation rate. That is, a depth of the groove (a height of the step) should bo 

sufficiently high, an angle of aide 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 st.cps) should be sufficiently large but should not be excessively large, end 

an interval of the groov~ (a width of the raised section) should not be too large so that 

the deposited film is effectively divided. The film need not to be divided in distinct 

scaions. 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 in~rval. The present invention is not limited to this example so long as the 

grooves provides steps sufficient to effectively divide the deposited film. 

According to the present invention, sectioned areas of the stepped region 30 

are divided by steps. These sectioned areu are .not limited to those whose entire 

periphery is bounded by steps. What is important is to divide the surface on which film 

of deposited material is formed during operation. or the surface: on which the deposited 

film should adhere with ~rtain strength1 into sectioned areas. The stepped region 30 

of the present invention is not limited in its sha~ so long as it has the step to divide a 

plurality of sectioned areas. The step should be. high enough to prevent the peeling of 

deposit.ed film. For example, the step should preferably~ higher than 30 µ.m at least 

partly. The lower quartz plate 20 shown in Figs. ll{a) and 11(b) has stepped region 
, 

30 including sectioned areas divided by rectangulu inclined grooves 30e. The lower 

quartz plate 20 shown in Figs. 12(a) and 12(b) has stepped regions 30 including 

sectioned are.as divided by V ·Shape inclined grooves 30f. 
.. 
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,,The apparatus in this example has a chamber 12 of simple symmetrical 

structure. In such a case, a symmetrical repeated pattern is particularly effective, such 

as radially arranged rectangular grooves 30a and 30d shown in Figs. 2(a), 2(b), and 

2(c) and Figs. 3(e) and 3(i)) or c.oncentric circular grooves 30c shown in Figs. 3(d) and 

3(h)). 

The sectioned area! in the stepped region 30 should preferably be ammgcd in a 

regular pattern. However, the present invention is not restricted to this. 

The sectioned areas in the stepped part 30 should preferably be substantially 

tlat. However, they need not be completely flat. In fact, the macbined surface has a 

certain degree of surface roughness. If this surface roughness is sigaificantly smaller 

than the step height, then the sectioned areas divided by the step may be considered 

substantially flat. Moreover, conventional frost trea1ment can be used ia combination 

with the grooves formed by mechanical grindi:ng. In this case, the sectioned areas may 

be considered substantially flat even thoug)J the sectioned areas are partly or entirety 

roughened so long as the roughness is considerably smaller than the step that di\tides 

the sectioned areas. It is permissive to make individual sections, as a whole, with a 

curvature. curved sections are inevitably formed if the stepped region is fonned on a 

curved swface 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 fanned. 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. 

'Ibe plasma processing apparatus 10 used in this example is designed sucb that 

the wafer :l6 is fixed to the lower electrode 16 via an electrostatic chuck. It is also 

possible to use the plasma processing apparatus.:40 as shown in Fig. 13 which is 

provided with a mechanical clamp. 

The plasma processing apparatus 40 shown in Fig. 13 is basically the same as 

the apparatus 10 shown in Fig. 1, except for·~c 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 and 16. Therefore, the identical components are given the same 

reference numbers ~~ their exp!anation is omitted. 
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,.., 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 inlet 13, the lower el~o.de 16, the anodi%ed aluminum plate 42 

surrounding the upper electrode 14, the anodi7.Cd aluminum clamping ring (mechanical 

clamp) 44 which opposes the anodized aluminwn plate 42 and SWTOunds the lower 

electrode 16, fhe RF power splitter 22, and rhe RF power supply 24. 

The plasma processing apparatus 40 shown in Pig. 13 is characterized in that at 

least either of the anodi%cd aluminum ·plate 42 or the anodiied aluminum 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 was 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 mechanical clamp 44 on which the 

stepped region 30 is fonned. The stepped region 30 has pattern D or pattern C. The 

stepped region 30 thus fonned has no adverse effect on the processing performance. 

In addition1 it allowed the apparatus to run continuousiy for a longer time because it 

prevents the deposited film from peeling. 

In above descn"bed examples, 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 present 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 to deposition of reactiort produ.cb or byproducts. 

The present invention may be cffectiveJy applied to the processing apparatus for 

production of semiconductor integrated circuits, particular those with small devises. 

Example2 

This example demonstrates a plasma processing apparatus for dry etching. 

The plasma processing apparatus SO~used in this example is schematically 

shown in section in Fig. 14. It is basically the same as the plasma prooossing apparatus 

40 shown· in Fig. 13, except for the structure of the upper electrode 52. Therdore, the 

identical coniponent.s are given the same reference numbers and their explanation is 
... .. .. 

omined. 
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., The plasma processing apparatus 50 shown in Pig. 14 is a dry-etching apparatus 

of narrow-gap parallel plate structure. It is constructed of a chamber 121 an upper 

electrode 52 of anodized aluminum, an lower electrode 16, au anodized aluminum plate 

42 surrounding the upper electrode 52, an anodized aluminum clamping ring 44, and an 

RF ~er supply 24 for power supply to the upper electrode 52. The upper electrode 

S2 is placed at the upper central position of the chamber 12, and it bas the etching gas 

inlet S3. 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 apposite to the plate 42 and surrounds the lower electrode 16. The clamping ring 

44 mechtnically clamps downward the periphery of the wafer 26 placed on the lower 

electrode 16. 

The plasma processing apparatus SO 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 52 is surrounded by the plate 42 of anodized aluminum, 

and the lower electrode 16 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 S2 of anodized aluminum hu its surface machined so as to 

fonn the stepped region 30 which characterizes the present invention. The stepped 

region 30 formed by machining in the aluminum base of the upper electrode 52 was 

anodized to form an alumina coating layer about 20 µm thick. Fig. 15 shows the 

surface of the aluminum base or the surface of the upper electrode 52 which oppose to 

the wafer 26. There are grooves 30g, 1 mm wide and 100 J.lm deep, which are 

arranged mutually perpendicularly at intervals of 2 mm. Between the grooves are gu 

inlet holes 55, which are 0.5 mm in diameter. 

The plasma processing apparatus 50 in this example is used for dry etddng of 

polysilicon film 35. For comparison, th~ process is also made using an apparatus 

equipped with an upper electrode having a flat swface without grooves. 

The wafer 26 used in this example h'5 the structure as shown in Fig.16. It 

includes a silicon substrate 32, a silicon dioxide film 34 (10 nm thick), a polysilic.on film 

35 (0.25 µ.m thick), and a photoresist mask 36 (1 µm thick) ha'Ving a line width of 

about 0.3.S µm. Dry etching is cattied out with a mixed gas of chlorine and oxygen. 

Plasma was generated under tlfe condition shown in Table S below. 
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Tables 

Pressure RF power dcmity Gu flow rate (accm) Temperatme of Temperature of 

(mTorrl fWJcm1l lower electrode (•o lhmU clcc&rode ,. C\ 

°'1otin& Oxygen 

soo 1.60 150 20 50 50 

The perfonnailce of dry etching with the flat upper electrode was compared 

with that with rhe grooved upper electtode. The results are shown in Table 6. There is 

no notic.eable difference in the etching rate and etc~ 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 noticeable difference in substrate selectivity 

defined as the quotient of the etching rate of polysilicoa divided by the etching rate of 

silicon dioxide. This seiectivity is important in the dry etching of polysilicon in 

production of semiconductor integrated circuits. This result suggests that the stepped 

region having cross .. hatched pattemed grooves 30g on the upper electrode 52 have no 

adverse effect on the basic pe?fotmance of the dry etching. Conventionally, the upper 

electrode 52 is usually constructed with components having flat sutfaces so as to avoid 

concentrated electric field and anomalous discharge at discontinuous portions. 

Contruy to this common practice, it has been shown that steps of about 100 µm do 

not affect the plasma discharge and do not hinder the processing performance. 

Table6 

Item of evaluation wirh CODVCDtioftal Clectrod~ of With ww);ccl clccrrode of 

anoda.ed aluminum uodi:ied aluminum 
Btchint: rata o(--"'---'t:: .. on 310.8 nm.tot.in 307.S nm/min 
U11ifonnitY of etcbiu rat6 or l.3" 2..9% 
J!tchin1 rata of. ss"UcoD dioxide 20.Santldlill 20.lamlmin 
Uaifonnilv of. ctdaint flle Of 1Dioon- 8.19' 1.5% 
Patt«n shift for 0.3$ 11111 line -0.010 1&nt -0.0llum 

When the plasma proc.essiug apparatus 50 shown in Fig. 14 was run 

continuously for dry etching, the alumina coating layer drops off on the wafer 26. The 
,• 

number of dropped particles varies as shown· in Fig. 17 depe.oding on whether the 

plasma processing apparatus 50 is provided with the grooved upper electrod~ or the 

flat upper electrode. It is noted frpm fig. 17 that the number of dropped particles 

larger than 0.30 µm is less than 30rlter 200 hours of cwnulative plasma discharge time 
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number of dropped p&rti.cles increases after 100 hours of discharge time in the case of .. 
dry etching with the conventional flat upper electrode. This result suggests that the 

conventional upper electrode permits continuous processing for only 100 hours of 

cumulative plasma dbcbarge time. 

It was also confirmed that the grooved upper electrode has no adverse effect on 

the yields of semiconductor integrated circuii,,, even after 200 hours of cumulative 

plasma discharge time. 

The results in this example show that the plasma processing apparatus of the 

present invention permits twice as long c.ontinuous operation as the convendonal one 

and also reduces the running cost. 

Jn the foregoing examples, the present invention is applied to dry etching 

apparatua. It is shown that the processing apparatus according to the present jnvention 

effectively prevents peeling of film of deposited material or coating layer on interior 

components when wafers undergo dry etching in the production of semioonductor 

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 demomtrated in this 

example may be replaced by a plate with the same stepped region made with different 

mated~ such as a c.eramics plate. In addition, the present invention may also be 

applied to any interior componena in addition to the focus ring and clamp shown in 

these examples. For example, a bell jar of an etching apparatus of BCR 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 CVD apparatiis and sputtering 

apparatus. In etching or CVD apparatus, the ~itcd 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. H an apparatus capable of dry cleaning 

is provided with the stepped rc;gion a~niing to the present invention, it is possible to . 

deaease the frequency of dry cf~aning' and to increase the operation rate. 
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.,The foregoing explanation made with reference to examples is applied to the 

processing apparatus of the present invention and the method of preventing deposited 

film or epating layer by using the apparatus. The present invention is not limited to the 

above-mentioned examples. It is possible to modify the present Invention in various 

ways within the scope thereof. 

As mentioned above, the present invention produces the effect Ot preventing 
deposited film and coating layer on interior components in a procesaing chamber from 

peeling and decreasing the number of particles in the chamber, thereby improving the 

operation rate while rnaintaiirlng the performance and yields unaffected. Thus the 
present invention is of grcai industrial importance . 

• , 
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1. 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 a stepped surface region, the stepped 

surface region including a plurality of sectioned areas divided by steps that extend 

substantially perpendicular relative to the sectioned areas. 

2. The apparatus acootding to claim 1, wherein the sectioned areas arc 

arranged according to a temperature gradient produced on a surface of the component 

duriag operation of the aj,paratus. 

3. The apparatus according to claim 1 or 2, wherein: 

the stepped region is Ioc:at.ed at a position where a film of deposited 

material is fonned thereon during operation of the apparatus; and 

the steps are high enough to prevent the deposited film from peeling. 

4. The apparatus according to claim 1 or Z, wherein: 

the stepped region is located at a position where a film of deposited 

material is fanned thereon during operation of the apparatus; and 

the stepped surface region prevents the deposited film from peeling by 

dividing the deposited film into sections having appropriate sizes. 

S. The apparatus according to any one of claims 1 to 4, wherein the 

workpiece is a semiconductor wafer having a silicon oxide film thereon, and the 

processing is a dry etching of the silicon oxide film with a fluorine-containing gas. 

6. The apparatus ~rding to claim 11 wherein the stepped surface region 

has an anodized aluminum coating. 

7. A method of preventing peeling of a deposited fihn in an apparatus used 

in the production of a semiconductor device, coipprising: 

providing a processing chamber that mounts a workpiece to be 

processed therein, the processing chamber including an interior component having a 

stepped surface region, the stepped surface region including a plurality of sectioued 
' 

areas divided by steps that extend substantially perpendicular relative to the sectioned 

areas; and 

processing the workpiece in the processing chamber while fanning a . . . 

film of deposited material on the stepped surface regio~; Oi1ii1Uf ·. 
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" 
wherein the steps are high enough to prevent the deposited film from 

peeling. 

8. A method of processing a semiconductor substrate., comprising: 

providing a stepped region on a aartacc of an interior component in a 

processing chamber, the stepped region Including a plurality of sectioned areas divided 

by steps;. 

placing a semiconductor substrate to be proc:essed in Ibo processing 

chamber, and 

processing the semiconductor substrate within the processing chamber 

while forming • film of deposited material on the stepped rcgi~ 

wherein the steps are pro'(lided such that tbe deposited film is 

effectively divided. 

9. The method according to claim 8, wberoin the sedioncd ateaa include a 

plurality of raised sections and recessed sections divided by the steps, and adjacent 

raised sections are sufficiently separated to effectively divide the deposited film. 

10. The method according to claim 8 or 9, wherein angles of the steps are 

sufficient to effecti:vely divide the deposited film. 

11. The method ac:oording to any one of claims 8 to 10, wherein the steps 

are sufficiently high so that the ftlm is dfectively di'rided. 

12. The method according to any one of claims 8 to 11, further comprising 

repeating the placing and processing until a cumulative time of the processing reaches a 

predetermined value; 

wherein the steps are pro'lided such that the deposited film is effectively 

divided so that peeling of the film built-up during the predeterm.inod cumulative 

processing time is prevented. 

13. A method of processing a semiconductor substrate, comprising: 
. .. 

providing a stepped region on a surface.of an interior component iu a 

processing chamber, the stepped region including a plurality of sectioned areas divided 

by steps; 
' 

placing the semiconductor substrate to be processed in the processing 

chamber; and 

processing the semiconductor substrate within the. processing chamber 
,,.. . ~ 

while forming a film of deposirfd material on lhe stepped region; 
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wherein the ateps extend substantially pupcndicular relative to the 

sectioned areas. 

14. A method of processing a semiconductor aubstratct comprising! 

providing a Sk:pped region on a surface of an interior component 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 

cbmnbei'; and 

processing the scmiconducwr substrate within the proceuing chamber 

while fonning a film of deposited material on the stepped region; 

wherein the grooves are one-dimensional grooves. 

15. The method according to claim 14, wherein the film is deposited on a 

ring-shaped area, and the grooves are arranged generally petpendicular to a 

circumferential direction of the ring-shaped area. 

16. The method according to claim 14or15, wherein the interior 

component has an inner periphery surrounding the semiconductor substrate placed in 

the processing chamber, and the grooves are arranged in a vicinity of_. and generally 

perpendicular to, the inner periphery of the component. 

17. The method according to any one of claims 14 to 16, wherein a 

temper~ gradient is produced on the stepped region during the processing of the 

substrate, and the grooves are manged generally along directions of the temperature 

gradient. 

18. An interior component of a prooc.ssing chunber for processing a 

semiconductor substrate, comprising: 

a stepped region including a plurality of sectioned areas divided by 

steps; 

wherein the steps extend substantially perpendicular relative to the 

sectioned areas. 

19. A focus ring for surrounding ~semiconductor substrate in a plasma 

processing apparatus, comprising: 

a st.eppcd region fonned in a vicinity of an inner periphery of the focus . 

ring, the stepped region including a plurality of.raised sections divided by grooves; 

, - T11fiUT 



'-. 

111111111111111111111111111111 
* C L 14 S * 

34 . 

wherein the grooves arc arranged in a vicinity of, and generally 

perpendicular to, the inner periphery of the focus ring. 

iliiU1r 

.. 


