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[57] ABSTRACI‘ 
This invention relates to a vacuum processing method 
and apparatus. When a sample is plasma-processed 
under a reduced pressure, a sample bed is cooled by a 
cooling medium kept at a predetermined temperature 
lower than an etching temperature, the sample is held 
on the sample bed, a heat transfer gas is supplied be 
tween the back of the sample and the sample installation 
surface of the sample bed, and the pressure of the heat 

Kato, Kudamatsu; Kouji Nishihata, 
Tokuyama; Atsushi Itou, 
Kudamatsu, all of Japan 

[73] Assignee: Hitachi, Ltd., Tokyo, Japan 
[21] Appl. No.: 724,801 
[22] Filed: Jul. 2, 1991 

[30] Foreign Application Priority Data 
Jul. 2, 1990 [JP] Japan 2-172757 

transfer gas is controlled so as to bring the sample to a 
437/20 predetermined processing temperature. In this way, a 

sample temperature can be regulated rapidly without 
increasing the scale of the apparatus. 
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WAFER COOLING METHOD AND APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method and apparatus for 

vacuum processing. More particularly, the present in 
vention relates to a method and apparatus for vacuum 
processing which is suitable for controlling a sample 
such as a semiconductor device substrate to different 
temperatures and vacuum processing the sample. 

2. Description of the Prior Art 
As disclosed in, for example, Japanese Patent Laid 

Open No. 76876/1984, a conventional technology for 
vacuum-processing a sample by controlling it to differ 
ent temperatures is such that an object (hereinafter 
referred to as a “substrate”) to be etched is placed on an 
electrode disposed in a vacuum vessel, a reactive gas is 
introduced into the vacuum vessel, a voltage is applied 
to the electrode so as to generate gas discharge and the 
substrate is etched by this discharge gas at two or more 
different electrode temperatures. 

In the prior art technology described above, a sub 
strate temperature (to 60° C. in this prior art technol 
ogy) is raised in view of the etching selection ratio of 
MoSi; to a resist and of producibility when an MoSi; 
?lm is etched, and the substrate temperature (to 30° C. 
in this prior art technology) is lowered in view of over 
etching. This prior art technology in the electrode is 
divided into an electrode on a high temperature side and 
another on a low temperature side. Etching of the sub 
strate is carried out on the higher temperature electrode 
side, and after this etching, the substrate is transferred to 
the lower temperature electrode, and over-etching of 
the substrate is carried out. Alternatively, only one 
electrode is provided and the electrode temperature can 
be changed to high and low temperatures while the 
substrate is kept placed on the same electrode. The 
substrate temperature is raised to a high temperature to 
conduct its etching during processing and is lowered to 
achieve overetching of the substrate after the etching. 

SUMMARY OF THE INVENTION 

In the prior art technology described above, the time 
necessary for raising the substrate temperature to two 
or more different temperatures and reduction of the 
scale of the apparatus have not been considered. In 
other words, if a plurality of electrodes are used, the 
apparatus becomes greater in scale because of the in 
crease in the number of electrodes. Moreover, the time 
for attaining a predetermined processing condition or a 
predetermined temperature becomes long. A long time 
is necessary, too, in order to change the electrode tem 
perature to predetermined temperatures using a single 
electrode because the heat capacity of this electrode is 
great. 
One of the references concerning the present inven 

tion is U.S. Pat. No. 4,261,762. 
In an apparatus for processing a sample under a re 

duced pressure, so as to rapidly regulate a sample tem 
perature without increasing the scale of the apparatus, 
the apparatus in accordance with the present invention 
includes means for cooling a sample bed by a cooling 
medium kept at a predetermined temperature lower 
than an etching temperature, means for holding the 
sample on a sample installation surface of the sample 
bed, and means for supplying a heat transfer gas into the 
gap between the back of the sample held on the sample 
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installation surface and the sample installation surface of 
the sample bed and controlling the pressure of the heat 
transfer gas in accordance with a predetermined pro 
cessing temperature of the sample. In a method of pro 
cessing a sample under a reduced pressure, the vacuum 
processing method in accordance with the present in 
vention includes the steps of cooling a sample bed by a 
cooling medium kept at a predetermined temperature 
lower than an etching temperature, holding the sample 
on a sample installation surface of the sample bed, sup 
plying a heat transfer gas into the gap between the back 
of the sample held on the sample installation surface and 
the sample installation surface of the sample bed so as to 
control the pressure of the heat transfer gas in accor 
dance with a predetermined processing temperature of 
the sample, and processing the sample controlled to the 
predetermined temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a structural view showing a microwave 
etching apparatus of an embodiment of a vacuum pro 
cessing apparatus of the present invention; 
FIG. 2 is a diagram showing the relation between the 

pressure of a heat transfer gas and the heat transfer 
coefficient of the heat transfer gas and the relation be 
tween the heat transfer gas pressure and the time con 
stant, when a sample is held on a sample bed by an 
electrostatic chuck; 
FIG. 3 is a structural view showing a parallel sheet 

type dry etching apparatus as another embodiment of 
the vacuum processing apparatus of the invention; and 
FIG. 4 is a diagram showing the relation between the 

temperature of a sample processed by the apparatus 
shown in FIG. 1 and the time necessary for the process 
mg. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A sample bed is cooled by a cooling medium kept at 
a predetermined temperature lower than a processing 
temperature. A sample is held on a sample installation 
surface of the cooled sample bed by an electrostatic 
chuck, or the like. The temperature of the sample thus 
held is controlled to a predetermined processing tem 
perature in the following way. 
A heat transfer gas having a ,high thermal conductiv 

ity such as helium gas (GI-1e), etc, is supplied between 
the sample installation surface of the sample bed and the 
back of the sample. When this gas is supplied, the gas 
pressure between the sample installation surface and the 
back of the sample rises. The gas pressure is regulated 
by regulating the quantity of the heat transfer gas sup 
plied and is kept stably under a gas pressure at which 
the sample temperature is kept at the predetermined 
processing temperature. 
When the processing temperature of the sample is to 

be lowered, for example, the quantity of the heat trans 
fer gas supplied is further increased. Accordingly, the 
gas pressure in the space between the sample installation 
surface and the back of the sample becomes higher than 
the gas pressure that corresponds to the initial process 
ing temperature. Thus, the number of molecules that 
transfer heat becomes great and the sample can be 
cooled more effectively. The gas pressure is regulated 
to the one corresponding to the subsequent processing 
temperature. 
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