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TITLE OF THE INVENTION: 
Electrostatitally Attracting Electrode and a Method 

of Manufacture -thereof 

5 BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to an electrostatically 
attracting electrode and a method of manufacture thereof. 
More particularly, this invention relates to an 

10 electrostatically attracting electrode suited for holding a 
substrate on a sample table by using an electrostatic force 
when a semiconductor substrate such as a wafer is subjected 
to plas~a process or heat treatment, and a method of 
manufacturing such an electrode. 

15 2. Description of the Prior Art 
Conventional electrostatically attracting electrodes 

used in substrate processing equipment have been primarily 
of a so-called monopole electrode type, in which a high 
negative voltage is applied to the electrode that attracts 

20 the substrate and a circuit that is grounded from the 
substrate to the ground through a plasma is provided. One 
example is an electrostatic chuck disclosed in Japanese 
Patent Laid-Open No. 216224/1994. The monopole electrode 
has features such as a simplified electr~static attraction 

25 circuit and a constant, applied electrostatic potential at 
the substrate. The disadvantage of the monopole electrode 
is that the electrostatic charge cannot be removed unless a 
plasma is generated. 

In the electrostatic chuck described in Japanese Patent 
30 Laid-Open No. 216224/1994, a ceramic that forms an 

electrostatic attraction member is brazed at low temperatures 
to an electrode block. The electrostatic attraction ceramic 
must be finished to a predetermined small thickn~ss because 
too thick an attraction ceramic cannot produce an attraction 

35 force. The electrostatic chuck is formed by sticking the 
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thick ceramic plate to the electrode block and polishing it 
to a predetermined thickness. 

Another example of the electrostatically attracting 
electrode using the monopole electrode is an electrostatic 

5 chuck described in Japanese Patent Laid-Open No. 275708/1994. 
This electrostatic chuck is fabricated by bonding, through 
an insulating film, an electrostatic attraction film to the 
surface of a susceptor (block) made of a metal such as aluminum. 
By this method the electrostatic attraction film is formed 

10 by using such materials as SiC having a particular range of 
resistivity and forms a portion corresponding to the wafer 
attraction surface in one piece. 

Another example similar to the above is an 
electrostatic chuck used in a plasma process equipment 

15 described in Japanese P&tent Laid-Open No. 260449/1994. 
The electrode of a so-cal led dipole type has a positive 

and a negative electrode arranged in the plane of a substrate 
surface to be held by attraction and has an advantage that 
the electrostatic attraction charge can be eliminated 

20 regardless of the presence or absence of a plasma. Examples 
of the electrostatically attracting electrode using the 
dipole electrode include a wafer chuck described in U.S. 
Patent No. 5, 055, 964. This electrostatic chuck described in 
this reference is a type of chuck which has a second electrode 

25 within a first electrode. First electrode can be made from 
a single, conducting block. Similarly, second electrode is 
made from a single, conducting block. After joining first 
electrode and second electrode, the top surface of assembled 
chuck is machined. The top surface of assembled chuck is 

30 machined to final dimension, smoothness, and flatness. 
Finally, a layer of insulator is applied to the top clamping 
surface of chuck. Such application may be any suitable 
method, including anodization. 

35 SUMMARY OF THE INVENTION 
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As the wafer increases in size(from 6 inch to 8 inch, 
further from 8 inch to 12 inch), the difference in thermal . / 

.... 

expansion between the electrostatic attraction film and the 
electrode block may arises a problem depending on the 

5 electrode temperature, and hence the manufacture of large 
electrostatic attraction films becomes difficult. For 
example, there is a problem that it is difficult to handle 
a ceramic board described in Japanese Patent Laid-Open No. 
216224/1994 during a bonding step unless the ceramic board 

10 is thick enough to some extent, in other words, the board has 
a sufficient strength. 

In the case in which the electrostatic attraction film 
is formed by flame spraying, there will be less of the above 
problems. The flame sprayed film, however, has problems that 

15 the breakdown voltage is low compared with that of the 
sintered material and that the physical property values 
required for electrostatic attraction such as the 
permi tti vi ty and the electric resistance are more difficult 
to control than their corresponding values of the sintered 

20 material. 
Furthermore, because the electrostatic attraction 

film must not change in thickness and must be kept thin even 
when the wafer becomes large, its handling is very di ffi cult. 
When the wafer is further increased in size, it will become 

25 even more difficult to make the electrostatic attraction film 
using a sintered material. That is, the sintered member as 
an electrostatic attracting layer has a smaller thickness 
compared with the size of the sintered member. It is 
difficult to handle the thin sintered member since it is 

30 easily cracked because of a small thermal strain. 
It is a primary object of the present invention to 

provide an electrostatically attracting electrode and a 
method of manufacture thereof that can solve the above 
problems and can handle a large-size wafer. This object can 

35 be achieved by separating the electrode into a first electrode 
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and a second electrode, providing a recess in a part of the 

first electrode, forming an insulating film in the recess, 

inserting and fixing a second electrode in the recess, 

planarizing the surfaces of the both electrodes, forming an 

5 electrostatic attraction insulating film over the electrodes, 

and then polishing the film to a predetermined thickness. 

A second object of this invention is to provide an 

electrostatically attracting electrode and a method of 

manufacture of the electrostatically attracting electrode, 

10 which can be manufactured to a desired size with good 

precision to handle a large-size wafer and whose insulating 
film over the electrodes can be controlled easily. This 
object can be achieved by dividing an electrostatically 

attracting sintered material of the electrostatic attraction 

15 member, into a plurality of pieces and arranging them on the 
electrode block, bonding or mechanically fixing the 

electrostatic attraction member on the electrode block, 
flame-spraying an insulating film over the electrode block 

to which the electrostatic attraction member is fixedly 
20 attached, and polishing the surface of the electrode block 

covered with the insulating film to expose the surface of the 

electrostatic attraction member. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a vertical cross section showing the 

configuration of a substrate processing apparatus using an 

electrostatically attracting electrode as one embodiment of 

this invention; 

Figure 2 is a cross section showing the process of 

30 manufacturing the electrostatically attracting electrode of 

Figure 1, with an insulating film formed over an electrode 
1 ; 

Figure 3 is a perspective view showing the electrode 
of F"igure 2; 

35 Figure 4 is a perspective view showing another 
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embodiment of an insulating film formed over the electrode 
of Figure 3; 

Figure 5 is a perspective view showing still another 
embodiment of an insulating film formed over the electrode 

5 of Figure 3; 

Figure 6 is a perspective view showing an electrode 
2 of the electrostatically attracting electrode of Figure 1; 

Figure 7 is a perspective view showing another 
embodiment of the electrode 2 of Figure 6; 

10 Figure 8 is a vertical cross s~ction showing the process 
of fabricating the electrostatically attracting electrode of 
Figure 1, with the electrodes 1, 2 in an assembled state; 

Figure 9 is a vertical cross section showing the process. 
of fabricating the electrostatically attracting electrode of 

15 Figure 1, with the electrostatically attracting electrode in 
a finished state; 

Figure 10 is a perspective view showing a further 
embodiment of the electrostatically attracting electrode of 
Figure 1; 

20 Figure 11 is a perspective view showing the process 
of fabricating the electrostatically attracting electrode of 
Figure 10, in a state that sintered bodies are arranged on 
the electrode block; 

Figure 12 is a cross section showing the process of 
25 fabricating the electrostatically attracting electrode of 

Figure 10, in a state that an insulating film is being sprayed 
onto the electrode block after. the sintered bodies are 
arranged; 

Figure 13 is a vertical cross section showing the 
30 process of fabricating the electrostatically attracting 

electrode of Figure 10, in. a finished state that the 
electrostatically attracting electrode is completed after 
the sprayed film is polished; 

Figure 14 is a vertical cross section showing a further 
35 embodiment of the electrostatically attracting electrode of 
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Figure 1; 

Figure 15 is a plan view of the electrostatically 

attracting electrode of Figure 14; 

Figure 16 is a perspective view showing a substrate 

5 supporting member of a substrate transfer apparatus when a 

further embodiment of the electrostattically attracting 

electrode is used as a part of the substrate supporting 

member; 
Figure 17 is side view showing a substrate supporting 

10 member of Figure 16; 
Figure 18 is a cross section view showing a step of 

arranging an electrode in the manufacturing step of a 

substrate supporting member; 

Figure 19 is a cross section view showing a finished 
15 substrate supporting member in the manufacturing steps of a 

substrate supporting member; and 
Figure 20 is a cross section view showing a further 

embodiment of a substrate supporting member in Figure 19; 

Figure 21 is a horizontal sectional view showing a 

20 plasma processing apparatus in which an electrostattically 
attracting electrode and a substrate transfer apparatus is 

used.· 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
25 A first electrode is formed at a part with a recess, 

where an insulating film is deposited. A second electrode 

is inserted and fixed in the recess. Now, the surfaces of 

the first and second electrodes can be machined. This 
process permits the electrode surfaces to be formed flat, 

30 facilitating the manufacture of electrodes. Because this 

process allows high precision fabrication, the thickness of 

the electrostatic attraction insulating film sprayed over the 

flattened electrode surface also can be finished with a high 

precision, enabling easy control of the electrostatic 

35 attraction characteristics. As a result, the difficulty in 
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manufacturing a one-piece electrostatic attraction film, 
attributed to the increase of the size of wafers is 

eliminated. 
The use of a sintered material, whose physical 

5 properties are relatively stable, for the electrostatic 
attraction member solves the problem of low breakdown voltage. 
The electrostatic attraction member is composed of a 
plurality of small sintered plate members. These are 
arranged on the electrode block to form an electrostatic 

10 attraction surface and then they are bonded by, e.g., brazing. 
Next, an insulating material such as alumina having a high 
breakdown voltage is sprayed over the electrode block to which 
the sintered members are securely attach~d. Then, the 
electrode block is polished until the sintered members are 

15 exposed to a predetermined thickness. This process of 
fabricating the electrostatically attracting electrode 
allows the electrostatic attraction surface to be formed of 
a sintered material and other parts to be formed of a sprayed 
film having a high breakdown voltage. As a result, it is 

20 possible to determine the electrostatic attraction 
characteristics by the physical property values of the 
sintered material and form the electrostatic attraction 
surface with a combination of small sintered members. This 
in turn eliminates the difficulty in making the one-piece 

25 electrostatic attraction film because of the increase of the 
size of the wafers. 

Now, one embodiment of this invention will be explained 
referring to Figure 1 through Figure 9. 

Figure 1 shows one example of a wafer processing 
30 apparatus using the. electrostatically attracting electrode 

of this embodiment. The wafer processing apparatuses may 
include, for example, etching apparatuses, plasma processing 
apparatuses using plasma such as a film forming apparatuses, 
and a vacuum processing apparatus such as ion implanters. A 

35 plasma processing apparatus will be explained as an example. 

ill 



-8-

A vacuum container 1 in which a plasma 5 is produced 
is connected with a gas supply apparatus 2 and an evacuation 
apparatus 3 and is provided with a plasma generating apparatus 
4. In the vacuum container 1 there is provided a sample table 

5 on which is mounted a sample or substrate 9 to be processed 
by the plasma 5, such as a semiconductor wafer and a liquid 
crystal substrate. The sample table is made by using an 
electrostatically attracting electrode 10. 

The electrostatically attracting electrode 10 in this 
10 case comprises an electrode 11, an electrode 12, an insulating 

film 13 and an insulating film 14. The electrode 11 has a 
coolant passage 21 formed therein and a ring-shaped recess 
formed in the top surface. The electrode 12 is formed in a 
ring shape. The electrodes 11and12 are made of a conductive 

15 material such as aluminum alloy. In the recess in the top 
of the electrode 11 the electrode 12 is fitted and secured 
through the insulating film 13. The insulating film 13 
interposed between the electrode 11 and the electrode 12 
electrically insulates them from one another. The surfaces 

20 of the electrode 11 and the electrode 12 are covered with the 
insulating film 14 for electrostatic attraction. 

The electrode 11 is connected with a lead wire 18 for 
voltage application and the electrode 12 with a lead wire 19 
for voltage application. Connection of the lead wire 19 is 

25 made through a via hole formed by an insulating sleeve 15 
provided in the electrode 11. The lead wire 19 and the 
electrode 11 are electrically isolated by the insulating 
sleeve 15. The lead wires 18, 19 are connected to an 
electrostatic attraction power supply 8. Because the 

30 electrode 11 and the electrode 12 are electrically isolated, 
applying a positive and a negative voltage from the 
electrostatic attraction power supply 8 to these electrodes 
causes the substrate 9 to be electrostatically attracted to 
the top surface of the electrodes 11, 12. Connection of the 

35 lead wire 19 to the electrode 12 is easily accomplished by 
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forming a female thread, not shown, in the electrode 12 and 

a male thread at the leading end of the lead wire 19 and 

screwing the lead wire 19 into the electrode 12. This also 

applies to the connection of the electrode 11 and the lead 

5 wire 18. 

At the center of the electrode 11 is provided a via 

hole 20 rormed by an insulating sleeve, which is used to 

introduce a heat transmission gas to the back of the 

electrostatically attracted wafer. The electrostatic 

10 attraction insulating film 14 is formed by spraying and, at 

the final stage of manufacture, is polished to form a flat 

surface to a predetermined thickness. If the sprayed 

insulating film 14 is used, grooves can easily be made in the 

surface of the electrode 11 or 12 by forming recesses (not 

15 shown) beforehand in the electrode surface through machining 

and then spraying the insulating film 14. This faci 1 i tat es 

the electrode designing of forming gas dispersion grooves in 

the electrode surface. The gas dispersion grooves in the 

electrode surface are provided for supplying a heat 

20 transmission gas (e.g., helium gas) to the back of the 

substrate to control the temperature of the substrate to be 

processed and for adjusting the heat transmis~ion 

characteristics to make uniform the substrate temperature 

distribution. 

25 Mounting the electrostatically attracting electrode 

10 to the bottom of the vacuum container 1 is accomplished 

by a grounding plate 24. The grounding plate 24 is mounted 

with the electrode 11 through an insulating plate 23. To 

prevent leakage of the heat transmission gas supplied to the 

30 via hole 20 made in the center of the electrode 11, connection 

parts are sealed and the electrode 11, insulating plate 23 

and grounding plate 24 are fastened with bolts (not shown). 

On the outer periphery of the electrode 11 is provided a cover 

22, which is gradually inclined toward the outer periphery. 

35 Hence, there is no hidden part when it is irradiated with ions 

Ill 



- 10 -

in the plasma from above. This ensures that even when 

reaction products are deposited on the cover 22 during the 

plasma etching, they can eas i 1 y be removed by subjecting them 

to a cleaning plasma. Consequently foreign particulates can 

5 easi 1 y be reduced. 

Further, the electrode 11 is connected with a bias power 

source 7 along with the electrostatic attraction power supply 

8. The bias power source 7 applies a high-frequency bias 

voltage to the electrode 11. To prevent an abnormal 

10 discharge between the electrode 11 and the grounding plate 
~4, the diameters of the electrode 11, insulating plate 23 

and grounding plate 24 are made different from each other so 

that the electrode 11 and the grounding plate 24 are not 

directly viewed at the same time. This arrangement obviates 

15 the need for providing a separate insulating member around 

the periphery of the electrode 11, and the cover 22 has the 
function of the insulation. 

The temperature control of the substrate 9 shown in 

Figure 1 is performed by controlling the temperature of the 

20 coolaf?.t flowing through the coolant passages 21 formed in the 
electrode 11. That is, the temperature of the coolant 

controls the temperature of the electrode 11, and the 
temperature of the substrate 9 is controlled through the 
electrostatic attraction insulating film 14 and the heat 

25 transmission gas. Although the coolant passages 21 are 

provided only in the electrode 11, the electrode 12, too, is 

temperature-controlled by heat conduction through the 

insulating film 13. Hence, there is no need to supply the 

coolant to the electrode 12. Therefore, the coolant passages 

30 21 need be provided only in the electrode 11, simplifying the 

construction. 

In this embodiment, a substrate transfer mechanism is 

not shown. 

The process of fabricating the electrostatically 

35 attracting electrode of the above construction will be 

Ill 



- 11 -

explained be.low. 
First, the electrode 11 shown in Figure 2 is prepared. 

The electrode 11 is provided beforehand with a recess in which 
to install the electrode 12. In the recess the insulating 

5 film 13 is formed, in this case, by flame spraying as a 100% 
alumina film with an excellent insulation performance to 
ensure electrical isolation between the electrode 11 and the 
electrode 12. Figure 3 is a three-dimensional view of Figure 
2. In a part of the insulating film 13 a hole that leads to 

10 the via hole of the insulating sleeve 15 is made. At the 
center of the electrode 11 is provided the via hole 20, which 
is a supply passage for the heat transmission gas. 

While the embodiment of Figure 2 and 3 shows the 
insulating film 13 formed by flame spraying, the insulating 

15 film may also be formed in the following manner. 
The insulating film interposed between the facing 

surfaces of the electrode 11 and the electrode 12 is replaced 
by an insulating material such as alumina. One example is 
shown in Figure 4. This insulating film comprises a bottom 

20 insulating plate 131, an outer sidewall insulating ring 132 
and an inner sidewall insulating ring 133, and provides 
reliable electrical isolation between the electrode 11 and 
the electrode 12. The bottom insulating plate 131 has a hole 
16 at a position corresponding to the insulating sleeve 15 

25 to pass the lead wire 19 therethrough. The bottom insulating 
plate 131 and the sidewall insulating rings 132, 133 may be 
formed as separate parts as shown in Figure 4 or formed as 
one integral component. 

The electrode 12 to be fitted in the recess in the 
30 electrode 11 of Figure 2 is shown in Figure 6. The ring...; 

shaped electrode 12 is used when the insulating film and 
insulating material shown in Figure 3, 4 and 5 are employed. 

While Figure 2 and 3 show the insulating film 13 
provided to the electrode 11, the insulating film may be 

35 provided to the electrode 12. Figure 7 shows an example where 
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the insulating film 135 is provided to the electrode 12. The 
insulating film 135 is provided to the bottom and sidewalls 
of the electrode 12 by flame spraying. 

Next, Figure 8 shows the electrode 12 fitted in the 
5 electrode 11. Except when the insulating film 13 is 

fabricated to a thickness of the order of microns, the upper 
surfaces of the electrode 11 and the electrode 12 machined 
with ordinary precision are not always flush with each other. 
By polishing the electrodes down to the surface shown by a 

10 dash-and-dot line in Figure 8, the upper surfaces of the 
electrode 11 and the electrode 12 are planarized in one plane. 

Next, as shown in Figure 9, an electrostatic attraction 
insulating film is formed over the polished upper surface by 
flame spraying. At the final step, the electrostatic 

15 attraction insulating film is finally polished to a 
predetermined thickness. 

As described above, as the top surfaces of the 
electrodes are machined, each top surface of electrodes is 
turned to be flat on a common plane. An insulating layer is 

20 sprayed on the flat electrodes, and the insulating layer is 
machined finally to form a desired thickness. Therefore, 
this embodiment allows easy manufacture of the electrodes to 
a desired size with good precision and facilitates the control 
of the insulating film formed over the electrodes. Hence, 

25 it is possible to form large-diameter electrodes easily with 
high precision, which in turn offers the advantage of 
stabilizing the electrostatic attraction characteristics. 
Further, because each component can be made by machining, the 
manufacturing cost is reduced. In addition, because the lead 

30 wire and the electrode can be connected by the bolt fastening 
method, the embodiment offers reliable connection and 
excellent assembly performance. Because the electrode 
surfaces can be machined to desired shapes, it is possible 
to freely design the gas (helium gas) passage on the back of 

35 the substrate for the substrate temperature control. 
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Furthermore, because the substrate attracting surface is 
polished and the cooling gas can be supplied to the back of 
the substrate, it is possible to control the temperature of 
the attraction surface uniformly by the electrodes that are 

5 temperature-controlled by coolant, thus facilitating the 
temperature control of the substrate. 

The second embodiment of this invention will be 
described referring to Figure 10 to Figure 15. Along with 
the second embodiment, another method of forming the 

10 electrostatic attraction insulating film will be also 
explained. 

Figure 10 shows the electrostatically 
electrode manufactured by this embodiment. 
block 100 comprises electrodes 11 and 12 of 

attracting 
An electrode 
the first 

15 embodiment. - The upper surface of the electrode block 100 is 
provided with a plurality of electrostatically attracting 
sintered members lOla,b and a sprayed film 103. The 
electrostatically attracting sintered members !Ola, bin this 
embodiment are arranged in a double structure, inner members 

20 and outer members. The electrostatically attracting 
sintered memberslOlb arranged on the inner circle are 
provided with throogh-holes 20a for the heat transmission gas. 
The upper surfaces of the electrostatically attracting 
sintered members lOla, band the sprayed film 103 are polished 

25 to form a polished surface 104, on which a substrate is held. 
That is, in the case of the dipole type electrostatically 
attracting electrode, the electrodes 11, 12 to which positive 
and negative voltages are applied aie combined through the 
insulating film 13, the sintered members lOla, bare arranged 

30 corresponding I y to individual electrodes, and an insulating 
film is then sprayed over these. In this way, the 
electrostatically attracting electrode can be manufactured 
in a process similar to that of the monopole. 

Now, a method of fabricating the electrostatically 
35 attracting electrode of this embodiment will be described. 
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Figure 11 shows the first step in the method of 
manufacturing the electrostatically attracting electrode. 
On the upper surface of the electrode block 100 made of 
aluminum or aluminum alloy are arranged electrostatically 

5 attracting sintered members lOla, b made of a alumina-ti tania 
sintered material or silicon carbide (SiC) which have an 
electric resistance of about 1010-10 11 ohm• cm. The 
electrostatically attracting sintered member is normally a 
plate covering the surface of the electrode. In this 

10 invention, however, the sintered member is divided into 
smaller pieces lOla, b, which are placed at predetermined 
lo·cations on the surface of the electrode block 100. The 
electrode block 100 and the sintered members lOla, b are, as 
shown in Figure 12, bonded together with an adhesive 102a, b. 

15 Bonding may be accomplished using a high-temperature epoxy 
adhesive or by low-temperature brazing. In this way, the 
sintered members lOla,b are secured on the upper surface of 
the electrode block 100. Then, as shown in Figure 12, a film 
103 is sprayed over the electrode block 100 and the sintered 

20 members lOla,b. The sprayed film may, for example, be made 
of alumina. The sprayed film 103 portion does· not need to 
perform electrostatic attraction and thus can use alumina 
that has an excellent insulation resistance. That is, when 
the sprayed film is formed as an electrostatic attraction 

25 member, it is necessary for the sprayed film to have a 
resistance of about 1010-10 11 ohm • cm, whereas when it is used 
simply as an insulating film, the resistance may be as high 
as 10 14 ohm· cm or higher, which is the resistance of alumina. 
The sprayed film therefore has a high.breakdown voltage. 

30 Next, the electrode block 100 is polished down to the 
polished surface 104 shown.in Figure 12. As a result, the 
sintered members lOla, b are exposed to the surface as shown 
in Figure 13. The electrostatically attracting electrode 
after being polished is shown in Figure 13. The sintered 

35 members lOla, b exposed to the surface come in contact with 
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the substrate and attract it electrostatically. At this time, 
a part of the sprayed film 103 also comes in contact with the 
substrate but, because of its high resistance, produces 
almost no attractive force. The electrostatic attraction 

5 force is generated substantially by the exposed sintered 
members lOla,b. 

This process of manufacture offers the following 
advantages. 

(1) Because the sintered members !Ola, bare. small in size, 
10 they can be manufactured easily. 

(2) If the temperature of the electrode changes, the 
thermal expansion difference between the electrode block 100 
and the sintered members lOla,b is small, exhibiting an 
excellent temperature resi~tance characteristic as one of 

15 mechanical properties. 
(3) This electrode is adaptable to a large-size substrate 
9 by adjusting the dimensions or the number of the sintered 
members lOla,b as necessary. 
(4) The electrostatic attraction member made of the 

20 sintered material is often required to be 0. 1 mm or less in 
thickness in the final stage. The electrostatic attraction 
member therefore must be polished after being bonded to the 
electrode. Because the sintered member comprises small 
blocks, they can be formed to a small thickness, reducing the 

25 thickness margin required for polishing after bonding. 
The parts of the electrode block 100 where the sintered 

members lOla,b are to be provided are slightly recessed and 
the sintered members lOla,b are bonded to the recessed 
portions. This arrangement allows both the sintered members 

30 !Ola, b and the sprayed film 103 to be polished easily at the 
same time even when the thickness margin is smal 1. This 
method can also be used as a manufacturing method when it is 
desired to change the thicknesses of the sintered members 
!Ola, b from one portion of the electrode block 100 to another. 

35 This method also has the advantage of being able to position 
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the sintered members lOla,b easily. 
The electrostatically attracting electrode shown in 

Figure 10 is designed to provide a temperature control of a 
substrate by supplying the heat transmission gas to the back 

5 of the substrate. When the heat transmission gas is used, 
gas leakage from the periphery of the substrate must be 
prevented, requiring the electrode surface to be formed flat. 
When the electrode is polished down to the polished surface 
104 shown in Figure 12, the surface of the sintered members 

10 !Ola, b appears in the same plane as the sprayed film 103 as 
shown in Figure 13. The seal of the heat transmission gas 
at the peripheral portion of the substrate 9 is achieved by 
the sprayed film 103b and the flat portion of the sintered 
members lOla connected to the sprayed film 103b. The 

15 sprayed film 103c is the port ion of the film that is sprayed 
to a surface recessed one step lower and is not polished. The 
heat transmission gas such as helium supplied from the gas 
supply hole provided at the center of the electrode quickly 
passes through the sprayed fi Im 103c and reaches the back of 

20 the substrate. The sprayed film 103c portion does not need 
to be machined, and by only arranging appropriately the 
sintered members lOla,b the substrate temperature 
distribution is made uniform. As a re~ult, the heat 
transmission gas distribution grooves covered with the 

25 sprayed fi Im 103c are made. 

The cross-sections of the sintered members lOla,b of 
Figure 12 are squares and forming sprayed films on such 
vertical surfaces are difficult. The cross-sections of the 
sintered members lOla,b are therefore trapezoids and the 

30 inclined slopes are at about 45 degrees. This arrangement 
al l.ows the sprayed films to he formed more reliably. Figure 
14 shows the electrostatically attracting electrode with the 
sides of the sintered members lOlc,d inclined. 

The electrode block in this case is formed of a single 
35 electrode Ila and is connected with an electrostatic 
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attraction power supply 8. In this case, a via hole 20 for 

supplying the heat transmission gas is made at the center of 

the electrode lla. The electrode lla has a raised ring 

portion along the periphery of the substrate 9, whose 

5 sidewalls are inclined. On the upper surface of the 

electrode lla inside the raised ring portion, sintered 

members lOlac,d are arranged on double circles and secured 

to the electrode block by an adhesive 102c,d. The upper 

surfaces of the electrode lla and the sintered members lOlc, d 

10 are sprayed with an insulating film. The electrode block 
including.the sprayed film is polished at the top surface 

until the sintered members lOlc,d have the predetermined 

thickness. As a result of this polishing, the sprayed film 
103b formed over the raised ring portion is flush with "the 

15 upper surfaces of the sintered members. lOlc. The sprayed 
film 103a, 103e, 103c, 103d portions are lower than the 

surface on which .the substrate 9 is mounted, thus forming 
grooves. Likewise, grooves made by the sprayed films are 

also provided between the individual sintered members lOlc, d 

20 that are arranged in circle. As a result, the via hole 20 
leads to the grooves formed by the· sprayed film to the sprayed 

film 103b. On the back of the substrate 9 the heat 
transmission gas is dispersed uniformly through the grooves 
of the sprayed film. 

25 In the electrostatically attracting electrode of 

Figure 13, seal of the heat transmission gas at the periphery 

of the substrate is provided by the flat portions of the 

sprayed film 103b and sintered members lOla. In the 

electrostatically attracting electrode of Figure 14, on the 

30 other hand, the sealing of the gas is achieved only by the 

flat portion of the sprayed.film 103b along the periphery of 

the substrate. With this arrangement, it is possible to 

realize a desired width of the raised ring portion of the 

electrode lla and thus freely determine the dimensions of the 
35 heat transmission gas seal portion. 
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Whi 1 e, in the example of Figure 14, the electrode block 

is a monopole type, a dipole type(for example, which an 

electrode 12 is provided under a sintered member 101 like 

Figure 12) may also be used. 

In this embodiment, because the electrostatic 

attraction film can be formed of small sintered members, it 

is possible to solve the substrate manufacture problem 

encountered when the wafer diameter increases, thus reducing 

the cost. Further, because the individual sintered members 

10 are small, their dimensions can easily be controlled and they 

can be fabricated to ? reduced thickness. This makes the 

handling of the sintered m_embers significantly simpler than 
a one-piece sintered member which is almost equal in diameter 

to the wafer. This also contributes to the reduction in the 

15 manufacturing cost. 

Further, because this embodiment basically does not 
impose limitation on the wafer size, it can easily be applied 
to substrates of different shapes. For example, even a 

rectangular substrate causes no problem in manufacturing the 
20 electrostatically attracting electrode. 

Another feature of this invention is the ability to 

prevent the electrostatic attraction member from being 

cracked or separated by the thermal expansion difference due 
to the material difference between the electrostatic 

25 attraction portion and the electrode block when the 
electrostatically attracting electrode is used at low or high 

temperatures. This improves the reliability of the 

·electrode. That is, as the sintered member is small, the 

defo.rmation of thermal expansion is small and it can avoid 
30 being cracked or separated. 

A further advantage of this invention is that because 

this invention covers the sintered memberstwhich are normally 

bonded to an electrode made of aluminum alloy by adhesives 
or brazing filler metaltwith a sprayed insulating film, the 

35 adhesives or solders can be prevented from leaking out during 
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the wafer processing and from contaminating the wafer. 
Furthermore, because the electrostatic attraction 

uses a dielectric made of a sintered member, the electrostatic 
attraction performance is determined by the physical property 

5 of the 'sintered member. Therefore, the sprayed film of 
alumina need only be used for electrical insulation purpose 
and can have a higher breakdown voltage than an alumina­
titania mixture that is used as an electrostatic attraction 
material. Hence, the electric insulation characteristic of 

10 the electrode can be improved. 
Other embodiments are described using from Fig. 16 to Fig. 21 

as follows. 
Fig16 shows an embodiment in which our electrostatically 

attracting electrode is applied to a transfer arm which 
15 transfer substrata. As shown in Fig. 16 and Fig. 17, a 

supporting portion which supports a substrates is provided 
on an etch of a transfer arm 201. Supporting blocks 210, 220 
which support a backside of the substrate 9 by three points 
are provided in the supporting portion. A detailed cross 

20 sectional view of the supporting block 220 is shown in Fig. 19. 
The supporting block 210 is the same structure as the 
supporting block 220. A concave portion is provided on the 
upper surface of the transfer arm 201, that is, on the area 
where the supporting block 220 should be set in this case. 

25 An electrode 222 is provided on the concave portion via an 
insulating layer 221. Fig. 18 shows a supporting block 220 
after the electrode 222 is arranged on the concave portion. 
These three supporting blocks 210,220 are set on the upper 
surface of the transfer arm 201. As shown in Fig. 18, the 

30 surface of electrode 222 is polished until polishing level 
can reach the level 104of.Fig.18,and polish upper surface 
of three electrodes to reach the same level. After finishing 
to polish the electrode 222, insulating layer 223 is formed 
on the upper surface of the electrode 222 in Fig. 19. A 

35 through hole is formed under an electrode 222 of the transfer 
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arm 201, a insulating-hole. A lead wire 203 is connected to 
the electrode 222 through a hole of the insulating tube 202. 
Lead wires 203 connected to three respective elect~odes 222 
are connected to a power of electrostatic attracting chuck 

5 which is not shown in Fig. 19. 
A wafer can be hold securely by above structure even if the 

wafers radius is over 300mm. Even if an operation speed of 
the transfer arm is increased, the substrate can be hold on 
the arm with out slipping out of a correct posit ion or f al 1 ing 

10 from the arm, and can be transferred securely by using the 
arm of above mentioned embodiment. The transfer arm is 
useful for increasing a throughput of a semiconductor 
manufacturing equipment since the speed of transferring a 
substrate can be increased. 

15 Fig. 20 shows an other embodiment about the supporting block 
220, in this case a sintered member is used on an electrode 
225. An electrode 225 is provided on an upper surface of a 
transfer arm 201 via a insulating member 224. The sintered 
member 227 is attached to the upper surface of the electrode 

20 225 using a bond 226. Plural sintered member 227 are provided 
on the transfer arm 201, and are polishe·d to form the sintered 
member so that the upper surface height of sintered member 
can be the same level as one another. The present embodiment 
has the same effect as the above embodiments, and also has 

25 an effect of making easily the electrostatically attracting 
electrode because this embodiment can avoid a process of 
forming an insulating layer.after polishing formation step. 

The transfer arm manufactured by above mentioned way is 
arranged in a vacuum transfer room 200 as show in Fig.21 as 

30 an example. Vacuum chamber la, lb, le, load , unload lock 
room 300 are provided around. the vacuum transfer room 300 1 ike 
radial directions. The above mentioned electrostatically 
attracting electrodes lOa, lOb, lOc are provided within the 
vacuum chamber la, lb, le. This substrate supplied form an 

35 area under an atmospheric pressure is carried into a vacuum 
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condition area through the load lock room. The substrate is 
carried to the desired vacuum chamber by a transfer arm 201. 
The substrate which was processed in the vacuum chamber is 
transferred to the unload-lock room, and the substrate is open 

5 to the area under an atmospheric pressure through the 
unload-lock room. The substrate is electrostatically 
attracted to the transfer arm securely and is processed under 
a vacuum condition. Therefore the vacuum processing 
apparatus using this invention can increase a through-put and 

10 reliability. 

15 

As described above, this invention allows the 
electrostatically attracting electrode to be manufactured 
easily in sizes corresponding to large-diameter wafers to be 
processed. 
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What is claimed is: 
1. An electrostatically attracting electrode 

comprising: 

* C L R S * 

a first electrode having a recess made therein; 
5 an insulating film formed over the surface of the first 

electrode including the recess; 
a second electrode securely fitted in the recess; and 
an insulating film formed over the surf.aces of the first 

electrode and the second electrode securely fitted in the 
10 first electrode; 

wherein voltages are ~pplied to the first electrode 
and the second electrode to electrostatically attract a 
substrate. 

2. An electrostatically attracting electrode 
15 according to claim 1, wherein the first electrode is provided 

with a hole passing from the recess in which to install the 
second electrode to the back of the first electrode, an 
insulating sleeve is inserted in the hole or an insulating 
film is formed in the hole, and an insulating film is formed 

20 on the surface of the first electrode including the recess. 
3. An electrostatically attracting electrode 

comprising: 

a first electrode having a recess made therein; 
an insulating film formed over the part of the first 

25 electrode surface which is in the recess and faces the second 
electrode; 

a second electrode securely fitted in the recess of 
the first electrode; and 

an electrostatic attraction film formed over the 
30 surfaces of the first electrode and the second electrode 

securely fitted in the first electrode; 

35 

wherein.voltages are applied to the first electrode 
and the second electrode to electrostatically attract a 
substrate. 

4. An electrostatically attracting electrode 
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according to claim 3, wherein the insulating film formed in 
the recess of the first electrode and facing the second 
electrode is made of a high-resistance material to make the 
resistance of the insulating film higher than the resistance 

5 of the electrostatic attraction film.· 
5. An electrostatically attracting electrode 

according to claim 4, wherein the insulating film facing the 
second electrode is. made of alumina and the electrostatic 
attraction film is made of a alumina-titania mixture 

10 material. 

15 

6. A method of manufacturing an electrostatically 
attracting electrode, which has first and second electrodes 
to which voltages are applied to electrostatically attract 
a substrate, comprising the steps of: 

forming a recess in the first electrode; 
forming an insulating film over the surface of the first 

electrode including the recess; 
fitting and fixing the second electrode in the .recess; 
machining the fixed first and second electrodes so that 

20 the surfaces of the first and second electrodes are generally 
on the same plane and form conductive surfaces respectively; 
and 

forming an insulating film over the surfaces of the 
first and second electrodes. 

25 7. A method of manufacturing an electrostatically 
attracting electrode according to claim 6, wherein the 
insulating film over the surfaces of the first electrode and 
the second electrode are formed by flame spraying. 

8. A method of manufacturing an electrostatically 
30 attracting electrode according to claim 7, wherein the 

surfaces of the first and second electrodes sprayed with the 
insulating film is polished until the insulating film has a 
predetermined thickness. 

9. An electrostatically attracting electrode 
35 comprising: 

Ill 



_ J 111111111111111111 Jiili 11 Jiil 
* . ' L ·~ . S * 

24 -

an electrode block; 

a plurality of electrostatic attraction members fixed 

to the upper surface of the electrode block through a bonding 

member; and 

5 an insulating material covering the upper surface of 

the electrode block except for the attraction surfaces of the 

electrostatic attraction members. 

10. An electrostatically attracting electrode 

according to claim 9, wherein the insulating material is a 
10 sprayed film. 

11. An electrostatically attracting electrode 

according to claim 10, wherein the sprayed film is made of 

alumina. 
12. An electrostatically attracting electrode for 

15 holding a wafer by electrostatic attraction in a plasma 
processing chamber, comprising: 

a plurality 6f electrostatically attracting sintered 

members arranged with a space from each other on the upper 

surface-of the sample table in a wafer mounting area, the 
20 sample table being made of a conductive material; and 

a sprayed film covering the upper surface of the sample 

table except for the electrostatically attracting sintered 
members. 

13. An electrostatically attracting elec~rode 

25 according to claim 12, wherein the sprayed film is formed at 
least correspondingly to the periphery of the wafer, the 

electrostatically attracting sintered members are arranged 
: inside the sprayed film, and the sprayed film and the sintered 

members are on the same plane. 

30 14. A method of manufacturing an electrostatically 

attracting electrode comprising the steps of: 

arranging dividedly a plurality of electrostatically 

attracting members on an electrode block; 

bonding or mechanically fixing the electrostatically 

35 attracting members on the electrode block; 
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spraying an insulating film over the electrode block 
on which the electrostatically attracting members are 
secured; and 

polishing the upper surface of the electrode block, 
5 on which an insulating film has been formed, to expose the 

surface of the electrostatically attracting members. 

10 

15. A method of manufacturing an electrostatically 
attracting electrode accord~ng to claim 14, wherein the 
sprayed film is made of alumina. 

16. An electrostatically attracting electrode 
comprising: 

a first electrode having a recess; 
an insulating material provided in the recess; 
a second electrode fitted in the recess; and 

15 an insulating film sprayed over the upper surfaces of 
the first electrode and the second electrode after the upper 
surfaces of the first and second electrodes are machined to 
be flush on the same plane. 

17. A method of manufacturing an electrostatically 
20 attracting electrode, comprising the steps of: 

providing a first electrode with a recess; 
fixing a second electrode in the recess through an 

insulating material; 
machining the upper surfaces of the first electrode 

25 and the second electrode so that they are flush on the same 
plane; and 

forming an insulating film by spraying over the upper 
· surfaces of the first and second electrodes. 

18. An electrostatically attracting electrode 
30 comprising: 

35 

electrodes having the.ir upper surfaces machined to be 
flush on the same plane; 

a plurality of sintered members fixed on the flush upper 
surfaces of the electrodes; and 

an insulating film sprayed over the upper surfaces of 
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the electrodes on which the sintered members have been 
secured; 

wherein the upper surfaces of the electrodes including 
the insulating film are machined until the sintered members 

5 have a predetermined thickness and the surfaces of the 
sintered members and the surfaces of the electrodes are flush. 

19. A method of manufacturing an electrostatically 
attracting electrode, comprising the steps of: 

machining the upper surfaces of electrodes until they 
10 are flush on the same plane; 

fixing a plurality of sintered members on the upper 
surfaces of the electrodes; 

spraying an insulating film over the upper surfaces 
of the electrodes on which the sintered members have been 

15 secured; and 

20 

machining the upper surfaces of the electrodes 
including the insulating film until the sintered members have 
a predetermined thickness and the surfaces of the sintered 
members and the surfaces of the electrodes are flush. 
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