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Title ofthe"Invention 

PLASMA PROCESSING METHOD AND APPARATUS 

Background of the Invention 

. The present invention relates to a plasma processing method and apparatus and 

more specifically to a plasma processing method and apparatus suited for plasma­

proce_ssing specimens such as semiconductor device substrates. 

·There has been available a technique of plasma-processing specimens of 

semiconductor. device~ubstrates, as represented by a technique deseribed in Japanese 

Patent Laid-Open No. 167825./1991. This publication limits the temperature control ofa 

processing chamber where plasma is generated. only_ to asidewall portion and deals with 

only reaction products that are generated after etching. 

The above-mentioned prior art is effective only for the reaction products adhering to 

the inner surface of the sidewall of the processing chamber and does not consider 

reaction products or gaseous reaction products adhering 1;o electrodes; i.e., the lower part 

of the specimen mount, the inner bottom portion of the processing chamber and the 

exhaust pipe during the plasma processing. 
. . 

That is, reaction products also adhere. to the lower part of the spedmen mount, the 

inner bottom portion of the processing chamber and the exhaust pipe. During the 

plasma processing, these reaction products are not only deposited on these portions but 

al8o flake off contaminating the. specimens, greatly reducing the yield of specimens. 

· Summary of the Invention 

The object of this invention is to provide a plasma processing method and apparatus, 

which controls the temperature of locations where reaction products or gaseous reaction 

products (hereinafter referred to a~ reaction products) adhere thereby preventing 

abnormal generation of reaction products and ensuring high yield of specimens. 

To achieve the above objective, the locations above the specimen are controlled at 

temperatures at which the reaction products do not solidify and the locations below the 

specimen (lower part of the specimen mount, inner bottom portion of the processing 

chamber, exhaust pipe, etc.) are controlled at temperatures ·at which the reaction 

products solidify, 

With this invention, the portions, above the specimen, of the inner .side surface of . . . . 

the processing chamber where plasma is generated (plasma generation portion) are set at 

temperatures at which reaction products sublimate, while the lower part of the specimen 

mount, the inner bottom portion of the processing chamber and the exhaust pipe are set 

at temperatures at which the reaction.products solidify. 

. ' 
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This prevents the reaction products from adhering to locations above the specimen and 

therefore foreign matters from falling onto the surface of the specimen being processed. ·. 

Reaction products and foreign matters floating in the processing chamber (hereinafter 

called floating foreign matters) adhere to or are trapped by the lower portion of the 

specimen· mount, the inner bottom portion in the processing chamber and the exhaust 
·. . . . 

pipe. While the vacuum is maintained, foreign m·atters Cali be prevented from being 
. . 

flaked· off and the flaked matters from floating around because these locations are 

controlled at all times at temperatures at which reaction products solidify. 

Brief Description of the Drawings 

Figure 1 is a vertical cross section. showing a microwave plasma processing 

apparatus as one embodiment of this invention. 

Figure 2 is a vapor pressure curve diagram for etching gases and reaction produc_ts 

as one embodiment of this invention. 

Figure 3 is a control sequence diagram for the plaSm.a processing apparatus as one 

embodiment of this invention. 

Figure 4 is ·a vertical cross section showing a parallel plate type plasma etching 

apparatus as another embodiment of this invention. 

Figure 5 is a vertical cross section showing an inducticin. coupled discharge type 

. apparatus as still another embodiment of this invention. · 

Figure 6 is a verticai cross section showing a parallel plate type plasma etching 

apparatus as a further embodiment of this invention . 

. Figure 7 is a vertical cross section showing a microwave discharge type apparatus 

as a further embodiment of this invention. 

Detailed Description of Preferred Embodiments . 

Now, one embodiment of this invention will· be described by referring to the 

. accompanying drawings. 

Figtµ"e 1 is a vertical cross section_ of an essential portion of the microwave plasma 

processing apparatus showing · its outline configuration as one embodiment of thiS 

. invention. 

hi Figure 1, a processing chamber 10 has a quartz discharge tube 14 as its upper 

constitutional element. 

The processing chamber 10 is provided with a gas supply port 15 connected to a gas 

source (not shown) for supplying an etching gas to the processing chamber 10, and also 

with an exhaust port 16 leading to a vacuum discharge apparatus (not shown). In the 

processing chamber 10 is installed a specimen mount· 11 on which to place a 

semiconductor device substrate (wafer) 13. The specimen mount 11 is connected to a 

high frequency power source 12 so that a high frequency power can be applied to the 

. specimen mount il. The discharge tube 14 is enclosed by a waveguide 17, on the outer 
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side of ~hich there is provided a solenoid c~i~ 19 that produces a magnetic field _in the 

discharge tube 14. The discharge tube 14 in the processing chamber 10 is provided with 

a temperature controller I 34. The waveguide 17 is provided at its end with a 
magrietron 18 that· oscillates microwaves. A lower part of the specimen mount, the 

inner bottOm portion _of the chamber and the exhaust pipe in the processing chamber 10 

are also provided with a temperature controller II-35. 

The temperature controllers 134, II35, control the temperature of the inner sidewall 

of the processing chamber at_ a desired temperature according to temperature sensors 36, 

37 fitted to the inner sidewall of the processing chamber or installed in the sidewall. It 
is also possible to set a plurality oflocations for temperature control, i.e., for heating and 

cooling. 

In the plasma processing apparatus of this construction, a processing gas for 
. etching is supplied from the gas supply port 15 into the processing chamber 10 and a:t the 

saine time the processing chamber 10 is evacuated to a specified pressure. Then,. 
microwaves are introduced into the discharge tube 14 from th~ magnetron 18 through 
the waveguide· 17, and the solenoid coil 19 generates a magnetic field to plasmatize the 
processing gas in the discharge tube 14 by the interaction between the electric field of the 
microwaves and-.th~ magnetic field of the solenoid_coil 19. The high frequency power 
source 12 applies a high frequency power to the specimen mount 11 to produce a bias 

. .· . 
voltage and thereby draw ions in the.plasma toward the wafer 13 to perform anisotropic· 
etching on the wafer 13. . At this time, the reaction products produced by etching are 
discharged from the sidewall and lower part of the specimen mount and from the inner 
bottom of the processing chamber through the exhaust pipe. 

Next, the temperature control regions for the temperature controllers 134, H35 , 
. are shown in Table 1. As shown in Table 1, the inner sidewall portion corresponding to 
the plasma generation region in the processing chamber 10 is controlled at an elevated 
temperature range of lOO"C and more than lOO"C to 400"C and other portions, such as 
side surface and lower part of the specimen mount, the inner bottom portion ~f the 
processing chamber and the exhaust pipe, are cooled at -200"C or more than -200°C to 

less than lOO"C. The reas0n why cooling temperature is set at more than -200°C or -200"C 

is based on the tool to cool the lower part of the chamber. 

Liquid nitrogen is practically available and it can cool at about -200°C, so the cooling 

lowest limit is decided. 

Table 1 

No. Heating . Cooline: 

I lOO"C to 400°C -

Il - -200°C to lOO"C 

The temperature control is explained by referring to Figure 2. Figure 2 shows an 

example vapor pressure curve for the etching gas and reaction products in the case of 
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aluminum wiring material. 

In Figure 2, when the aluminum wire is processed with gases BCl3 and Cl2, the 

reaction products are A1Cl3 and are evaporated and discharged. 

The reaction product A1Cl3 solidifies at 100 "C when the etching pressure is 1 Torr. 

That· is, it is seen that reaction products are deposited when the inner sidewall of the 

processing chamber of the plasma processing apparatus of Figure 1 is lower than lOO"C. 

Hence, if the plasma processing is performed continuously under this co_ndition, 
- -

deposits flake off as foreign: matters in the processing chamber. With this embodiment, · 

however, by setting the inner sidewall of the processing chamber at lOO"C or more than 

lOO"C and the lower part of the specimen mount, the inner bottOm _portion of the 

processing chamber and the e'.1{haust pipe at lower than lOO"C, it is possible to prevent 

the reaction products from adhering to the inner sidewall ofthe processing chamber and 

-cause the reaction products to selectively adhere to the lower part"of the specimen mount, 

the inner bottom of the processing chamber and the exhaust pipe, thereby minimizing· 

foreign matters falling onto the surface of the wafe_r being etched oi' those floating from 

the inner bottom of the processing chamber. 

-For other wiring mat13rials, the similar effect is also obtained by putting under 

- appropriate temperature conditions the processing chamber, the sidewall and lower part 

of the specimen moun:t, the inner bottom portion of the proces~ing chamber and the 

exhaust pipe. 

Figure 3 shows the control sequence for the plasma processing apparatus of Figure 

1. 

In Figure 3, before a wafer is introduced in the apparatus, the temperature 

controller I 34 controls the temperature of the inner sidewall of the processing chamber · 

and the temperature controller II 35 controls the temperature of the side surface and 

lower part of the specimen mount, the inner bottom portion of the processing chamber 

and the exhaust pipe. After the wafer is introduced, the normal etching sequence is 

performed. After plasma processing is finished, the temperature controllers I 34, II 35 

are turned off and the apparatus is opened to air for normal cleailing. 

When the temperature controller I 34 is started, the_ processing chamber 10 is: 

heated to a predetermined temperature where it is controlled to be maintained. 

When the temperature controller II 35 _is started, the lower portion of the speci~en 

mount il, the iriner bottpm portion of the processing chamber 10 and the exhaust pipe -

are cooled to the predetermined temperature where they are controlled to be maintained. 

Next, the wafer 13, in this case, one, is carried into the processing chamber 10 by a 

wafer carrying device not shown. The wafer 13 is transferred fyom the wafer carrying 

device onto the stirface of the specimen mount, with the surface of the wafer to be etched 

facing up. The wafer 13 thus mounted on the specimen mount 1l is held immovable. 

After or before the above operation is completed, the processing chamber 10 is 
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evacuated. By activating the evacuation device, the gases in the processing chamber 10 

are discharg0d ·through the exhaust pipe fitted with an exhaust valve and a variable 
- -

resistance valve (not shown). The pressure in_ the processing chamber 10 being 

evacuated is reduced to a specified pressure by adjusting the variable resistance valve. 

_ Next, the etching gas is supplied from the gas supply source through the gas supply 

port 15 into the processing chamber 10. The amount of etching. gas supplied to the 

processing chamber 10 is controlled at a predetermined value -by a gas flow controller -

(not shown) . 

. --Then, a part .of the etching gas supplied into the processing· chamber · 10 is 

discharged out of the processing chamber 10 ·by the evacuation device to control the 

pressure in the processing chamber· 10 at a specified etching processing pressure. 

Next, the magnetron 18 and the solenoid coil 19 are operated to plasmatize the 

etching gas in the processing chamber 10. - As a result, the etching surface of the wafer 

13 held on the specimen mount 11 is processed by the piasma. At ·the same time, the 

high frequency. power source 12 is operated_ t;o apply the high frequency power to the 

specimen mount_ 11, thereby applying a bia_s to the wafer 13. With the bias applied, the_ 

etching surface of the wafer 13 is etched. 

When the etch processing of the wafer 13 is completed in this way, the supply of 
- - -

etching gas to the processing chamber 10 and the operation of the high frequency :{>Ower 

source 12, magnetron 18 and solenoid coil 19 are stopped. In this condition, the 

processed wafer 13 is transferred from the specimen mount 11 to the wafer carrying 

device, which takes it out of the processing chamber 10. . Then, a new wafer 13 is placed 

into the processing chamber 10 by the wafer carrying device, and the above-mentioned 

processing is performed. The t.emperature controllers 134, II 35 continue their operation 

to. keep the temperatures of various portions of the apparatus at the controlled 

temperatures. In some ca8es, the operation of the temperature_ controllers i34, II 35, 

-may be stopped between the wafer processing. For example, the apparatus is stopped 

- when. the wafer processing is interrupted for an extended period of time because of 

failure or for s0me other reasons, or when the work for the day has been finished. The 

operation of the temperature controllers I 34, II 35 is also st;opped when the interior of 

the processing chamber 10 is opened t;o air for cleaning. 

Particularly by st;opping the operation of the temperature controller II 35, it is possible t;o 

prevent impurities such as water contained in air from adhering t;o the cooled portions 

when the processing chamber 10 is opened t;o air. In this ·way, the inconveniences 

experienced at time of evacuation of the processing chamber 10 (prolonged evacuation 

time and failure t;o reach a. specified pressure) can be eliinin1:1ted. 

The control temperatures of various· portions controlled by the temperature 

controllers I 34, II 35 depend on the film quality of the wafer 13, i.e., wiring ~aterial and 

the kind of etching gas. 

I -
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Information on the wafer 13 to be etched, such as wiring mat;erial and the kind of 

etching gas compatible with the wiring material, is ·entered into the higher level 

controiler (not shown) by an operator. The higheJ," level controller then outputs control 

signalsto the.temperature con~ollers I 34, II 35, which in turn control the t;emperatures. 

of various portions. 

Such a temperature control is performed by an operator ent;ering the information 

on. the wafer 13 through_ a touch panel or by reading the wafer information by some 

means into the higher level controller or directly i~to the temperature coiitrollers I 34, II 

35. 
In this way, the temperatures of various portions can be co~trolled reliably at 

speCified t;emperatures, thereby improving the wafer yield stably and reliably. 
. . 
The.maintenance of the portions cooled by the temperature controller II 35 (cooled 

portions) in particular in performed as follows: 

The reaction products are made to adhere tO the cooled portions, forming deposits 

there. The maintenance is performed before or when the deposit thickness reaches a· 

point that causes an increase in exh~ust resistance or produces foreign matters by 

deposit flaking. At this time, the cooling of the cooled portions_ by the t;emperature 

controller Il 35 is stopped. The cooled portions are then heated to the sublimation 
. . . 

t;emperature of the deposit. As a result of heating, the deposit adhering to the cooled 

portion is sublimated and discharged out of the processing chamber 10 by operating the 

evacuation device. When the sublimation is finished, the heating of the cooled portions 

is stopped and the t;emperature control by the temperature controller II 35 is performed. 

The heating of the cooled portions may be realized by adding a heating device (not shown) 

or by constructing 

the t;emperature controller II 35 to have the cooling and heating functions and switching 

between the functions. 

Where the cleaning is done by opening the processing chamber 10 to air, the 

maint;enance of the cooled portions is done before opening the processing chamber 10 to 

air. Where the cleaning is done by plasma without opening the processing chamber 10 

to air, the maintenance is performed before or during cleaning~ When the maintenance 

is performed during cleaning and when the adhering deposit can be removed from the 

cooled portions, there is no need to heat the cooled portions. 

This embodiment offers the following advantages. 

With the t;echnique of heating the inner sidewall portion of the processing chamber, 

it is possible to prevent a_dhesion and deposition of reaction products produced by etching 

to the iimer sidewall portion as mentioned above. Further, when this technique is 

employed to heat the lower part of the specimen mount, _the inner bottom portion of the 

processing chamber. and the . exhaust pipe, the adhesion and deposition of reaction 

products to these portions can also be prevented. 

• • . . 
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This technique, however, cannot remove foreign matters floating in the processing 

. · chamber and it is riot possible to prevent reduction in wafer yield caused by floating 

foreign matters. 'l'his drawback becomes salient as the capacity of· semiconductors 

increases to 65M and 256M. Further, because a major part of the reaction products is 

evacuated out of the processing chamber, the evacuation system including vacuum 

evacuation deviGe, evacuation valve and variable resistance valve may be damaged~ 

This problem becomes more serious when the reactlc:in products are corrosive. 

As an alternative, a technique may be adopted which cools the lower part of the. 

specimen mount._ the inner bottom portion of the processing chamber and the exhaust 

pipe to cause the reaction products to adhere to the cooled portions. 

With this technique, however, because the coolingof the inner bottom portion of the 

processing chamber educes the temperature of the inner sidewall portion of the 

processing chamber below the evaporation point. of reaction products, .the reaction 

products and floating foreign matters adhere to or become deposited on the inner 

sidewall portion of the processing chamber. Because the inner sidewall portion of the 
. . 

processing chamber is located higher . than the etching surface of the water being 

processed, the adhesion and deposition of reaction products to the inner sidewall portion 

are very disadvantageous in terms of wafer yield. That is, the deposit may flake off the 

inner sidewall portion of the processing clamber and fall as foreign matters onto the 

wafer being processed, lowering the yield. 

To deal with these problems, the embodiment of this invention heats the inner 

sidewall portion of the processing chamber to a. temperature at which reaction p_roducts 

will not adhere to it and, at the same time, cools the·lower part of the specimen mount, 

the inner bottom portion ·of the processing chamber and the exhaust pipe to a 

temperature at which the reaction products easily adhere to them. 

This prevents foreign matters from being formed, thus improving the wafer yield. 

In other words, this embodiment is characterized by the concept that the adhesion 

of reaction products to the inner sidewall portion of the processing chamber located 

higher than the etching surface of the wafer being processed is minimized while at the 

same time the reaction products and .floating foreign matters are positively induced to 

adhere to the lower part of the Specimen mount, the inlier bottom portion of the 

processing chamber and the exhaust pipe, all located below the etching surface of the 

wafer.. This concept is very effective for preventfon of generation of foreign matters and 

· for improvement of wafer yield. 

Further, because the reaction products are positively induced to adhere to 

particular locations, such as the lower part of the specimen mount, the inner. bottom 

portion of the processing chamber and the exhaust pipe, it is possible to remove deposits 

adhering to these portions periodically and easily by cleaning, replacement and baking, 

impr?ving the maintainability of the processing apparatus. · 
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. :Furthermore, because the reaction products and floating foreign matters are 

arrested to the extent that the evacuation system is not adversely affected, 

the conventional problem of the evacuatio,n system· being damaged by . the reaction 

products and floating foreign matters is eliminated. 

This invention can also be applied to the constructions shown in Figure 4 to 7 in 

addition to the above embodiment. 

Figure 4 is a schematic.diagram showing another embodiment of the invention as 

applied to a parallel plate type plasma etching apparatus. In the appa.ratus of Figure 4, 

the temperature controller 34 is divided into three parts 34A, 34B, 34C; the . 

corresponding plasma generation regions in the vacuum container 38 are heated to 

respective desired temperatures; and the side surface and lower part of the specimen 

mount, the inner bottom portion of the processing chamber and. the exhaust pipe are 

cooled to a desired temperature by the temperature controller 35. This prevents the 

reaction products from adhering to the inner sidewall of the processing chamber and 

instead causes th.em to adhere selectively to the lower part of the specimen mount, the 

inner bottom portion of the processing chamber and the exhaust pipe, as iil the 

embodiment of Figure 1. This in turn minimizes the chance of foreign matters falling 

oil.to the wafer or of foreign matters getting floated from the bottom Qf the processing 

chamber. 

Figure 5 shows another embodiment of this invention as applied to an induction 

coupled discharge type apparatus, one of the external energy supply discharge types. In 

the apparatus of Figure 5, the temperature controller 34 is provided. to the plasma 

generation region in the·vacuum container 38 to heat the inner sidewall of the processing 

chamber to a desired temperature, and the. temperature controller 35 cools the side 

surface and lower part of the specimen mount, the inner bottom portion of the processing 

chamber and the exhaust pipe to a desired temperature. 

This construction produces the similar effect to that of the embodiment of Figure 1. 

Figure 6 shows still another embodiment of this invention as appiied to a parallel 

plate type plasma etching apparatus. The construction of the apparatus of Figure 6 is 

similar to the apparatus of Figure 4 except for the electrodes used for internal energy 

supply discharge. That is, in the apparatus of Figure 6, the temperature controller 34 is 

divided into three parts 34A, 34B, 34C to heat the plasma generation region i_n the 

vacuum container 38 to a desired temperature, while at .the same time the side surface 

and lower part of the specimen ·mount, the inner bottom portion of the processing 

chamber and the exhaust pipe are cooled to a desired temperature by the temperature 

controller 35. This produces the siinilar effect to that of the embodiment of Figure 1. 

Figure 7 shows a further embodiment of this invention as applied to a type 

apparatus, one of the external energy supply discharge types. In the apparatus of 

Figure 7, coil 34 is wound around a dome type discharge tube 14, the coil 34 is coupled to 
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RF (radio frequency) power 40, a plasma is induced by the coil 34 which RF voltage is 

applied to, and the plasma is gene.rated in a piasma generation region 38, the generated 

plasma heats the inner sidewall of the processing chamber to a desired temperature 

without providing temperature controller 34 . such as other emdodiments, while at the 

same time the side surface and lower part of the specimen mount, the inner bottom 

portion . of the processing chamber · and . the exhaust pipe is cooled to a desired 

temperature by the temperature controller 35. This construction produces the similar 

effect to that of the embodiment 0£ Figure 1. 

Although the above embodiments do not mention the charges of foreign matters, the 

floating dust is very likely to be charged. One of the ways to cope with this problem may 

provide the side surface and lower part of the specimen mount, the inner bottom portion 

of the pi'ocess1ng chamber and the exhaust pipe w!th a plate-like component that has a 

temperature control function and a function of controlling the potential to a negative and 

a positive one. 

With this invention, i~ is possible to provide a plasma processing apparatus and 

method, which prevents reaction products from adhering to portions in the processing 

cha:rn.ber (inner sidewall of the processing chamber and upper electrode) located higher 

than where an object to be processed is mounted, and which ·causes the reaction products 

to adhere only to those portions that are contr.olled at a temperature where the reaction 

products· solidify, thereby minimizing the generation of foreign matters and improving 

the yield. 
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What is claimed is : 

1 . In a plasma processing method which uses a plasma processing apparatus that 

includes a plasma generation chamber to which a processing gas is supplied to process a 

specimen arid .whose pressure is matntained at a predetermined pressure, a specimen 

mount on which to mount an object to be processed in the pla.sma generation chamber, 

and an evacuation means to evacuate the plasma generation chamber; 

the plasma processing method comprising the steps of: · 

individually controlling the temperature of those portions in the plasma generation 

chamber where plasma is generated and the temperature of other portions to minimize 

variations with time in the characteristics of plasma-processing the specimen. 

2 . In a plasma processing method which uses a plasma processing apparatus that 

includes a plasma generation chamber to which a processing gas is supplied to process a 

specimen and whose pressure is maintained at a predetermined pressure, a specimen 

mount on which to mount an object to be processed in the plasma generation chamber, 

and an evacuation means to evacuate the plasma generation chamber; 

the plasma processing method comprising the steps of: 

increasing the temperature of the· sidewall of those portions in the plasma generation 

chamber where plasma is generated and cooling the inner wall of other portions to 

minimize variations with time in the characteristics of plasma-processing the 

specimen. 

3. A plasma processing method according to claim 1, wherein the temperature control 

on individual portions includes controlling the temperature of a passage of the processing. 

gas and controlling the potential to a negative or positive one. 

4. A plasma processing apparatus comprising: 

a plasma generation chamber to which a processing gas is supplied to process a specimen 

and whose pressure is maintained at a predetermined pressure; 

a specimen mount on which to mount an object to be processed in the plasma generation 

chamber; 

an evacuation means to evacuate the plasma generation chamber; and a temperature 

control function to control the temperature of those portions in the plasma 

generation chamber where plasma is generated and the temperature of other portions. 

5. A plasma processing apparatus according to claim 4, wherein ·the temperature 

control function controls the temperature of those portions where plasma is generated 

and the temperature of other portions by linking them to one of the temperatures. 

6. A plasma processing apparatus according to claim 4, wherein the temperature 
. . 

control function increases the temperature of the sidewall of the plasma generation 

chamber where plasma is generated and cools an inner wall of the chamber other than 

the sidewall. 

7. A plasma processing apparatus· according to claim 4, wherein the temperature 
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control function.can remove sidewall portions other than the sidewall of those portions 

where plasmais generated. 

8. A plasma_ processing apparatus according to claim 4, wherein the temperature 

control function has a temperature-controllable meshlike component installed in a 

· passage of the processing gas. 

9. A plasma processing apparatus according to claim 4, wherein the temperature 

control· function has installed in a passage of the processing gas a platelike component 

which has a temperature control function and which can control the potential to a 

negative or positive one. 

. . 


