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DESCRIPTION 

TITLE OF INVENTION: APPARATUS FOR FORMING THIN FILM 

TECHNICAL FIELD 

[0001] 
The present invention relates to an apparatus for 

forming thin film (a thin filrm formation apparatus) that 
forms a thin film whose gas barrier performance is high, such 
as a DLC (Diamond Like Carbon) film, an SiOx film, an SiOC 
film, an SiOCN film, an SiNx film, an AlOx film or the like, 
upon either the inner surface, or the outer surface, or both, 
of a container such as a polyethylene terephthalate bottle (a 
PET bottle) or the like. 

BACKGROUND ART 
[0002] 

While in the prior art hollow containers made from 
plastic which are light in weight, such as PET bottles, have 
been used for storing soft drinks and the like, the use of 
plastic containers in the food and.drink field has spread 
rapidly due to their convenience and low cost, and, at the 
present time, PET bottles constitute quite a large proportion 
of all of the containers. However, with respect to the 
plastic containers, as compared with the characteristics of 
metallic cans and glass bottles, as gas barrier performance 
is lower, ingress of oxygen into the interior of the 
containers and discharge of carbonic acid gas to the exterior 
of the containers may well occur, so that, in some cases, the 
performance for maintaining quality of the contents would be 
inferior. Due to this, attempts have been made to form upon 
the inner surface of the container, a film having high gas 
barrier performance, such as a DLC film or the like. It is 
possible to form a film whose gas barrier performance is high, 
such as the DLC film or the like, upon either the inner 
surface or the outer surface of the container in a vacuum 
chamber of a vacuum environment according to a plasma CVD 
method, & metallic vapor deposition method, a heat generating 
element CVD method, a spattering method, or the like; and in 
this case the gas barrier performance against the ingress of 
oxygen into the interior of the container and the discharge 
of carbonic acid gas to the exterior of the container can be 
dramatically improved. 
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SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0004] 
When a container is mass produced by forming a thin film 

such as a DLC film or the like upon its surface, the 
processes are repeated of: performing film formation upon the 
container in the interior of a vacuum chamber that is 
maintained in the vacuum state; after having completed film 
formation, returning the interior of the vacuum chamber to 
atmospheric pressure and taking out a procecced container 
upon which processing has been -completed; and after that, 
putting the next container into the vacuum chamber, 
vacuumizing the chamber, and performing film formation. Due 
to this, when performing vacuumization of the vacuum chamber, 
it is always necessary to vacuumize the chamber starting from 
the atmospheric pressure. Therefore, the problem arises that 
the time period for vacuumizing the vacuum chamber becomes 
long, and the cycle time becomes slow. In order to attain a 
shorter cycle time by shortening the time period for 
vacuumization, it is necessary to provide a large sized 
vacuum pump, so that there are problems that the facility 
cost and also its running cost are both increased. 
[0005] 

Moreover, with respect to the heat generating element 
CVD method, which is also known as the hot wire CVD method, 
the hot filament CVD method, the catalytic chemical vapor 
deposition method and so on, in the process of forming a thin 
film upon the surface of the container, a heat generating 
element is installed within the vacuum chamger because the 
film formation is performed by putting the heat generating 
element in the neighborhood of the container. Since the 
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vacuum chamber is returned to the atmospheric pressure after 
the film formation process has been completed, accordingly 
the heat generating element is periodically exposed to air. 
As a result, there are problems that deterioration of the 
heat generating element due to oxidization and so on takes 
place progressively, so that its functionality for film 
formation becomes worse. 
[0006] 

The present invention has been conceived in the light of 
the above considerations, and its object is to provide a thin 
film formation apparatus that, during formation of a thin 
film upon the surface of a container, along with making the 
formation of film thickness distribution simple and easy, and 
moreover preventing deterioration of the heat generating 
element, also is able to shorten the time period taken for 
vacuumization of the interior of a chamber during film 
formation. 

SOLUTION TO PROBLEM 

[0007] 
In order to attain the object described above, the 

apparatus for forming film of one aspect of the present 
invention is characterized by comprising: a vacuum chamber in 
which film formation upon a surface of a container is 
performed in a vacuum state by using a heat generating 
element; an vacuum evacuation devcie that vacuumizes the 
vacuum chamber; and a relative shifting device that, after 
vacuumization of the vacuum chamber has started, shifts the 
container and the heat generating element relatively to each 
other within the vacuum chamber. The heat generating element 
is a component that the element itself is not substantially 
vaporized, and that is capable of decomposing a raw material 
gas into chemical species by a catalytic chemical reaction 
and/or thermally; this heat generating element may be a wire 
the main component of whose outer layer is, for example, 
tantalum, tantalum carbide, tungsten, tungsten carbide, 
nickel-chrome alloy, or carbon. 

According to the present invention, it is possible to 
perform film formation at any of the following stages: the 
stage of inserting the heat generating element into the 
container; the stage of shifting the heat generating element 
and the container relatively to each other; and the stage of 
taking out the heat generating element from the container. 
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The insertion and removal need not only be performed once; 
they may be performed repeatedly. Accordingly, it becomes 
possible to perform film formation for only a short time 
period at the locations where time priod for film formation 
shoule be limited from the point of view of thermal 
deformation, while with respect to the other locations, film 
formation is performed sufficiently, and as a•result it 
becomes simple and easy to enhance the barrier performance of 
the entire container. 
[0008] 

In a preferred aspect of the present invention, the 
relative shifting device may relatively shift the container 
and the heat generating element at variable speed. 

According to this aspect of the present invention, since 
it is possible to shift the container and the heat generating 
element relatively to each other at variable speed, it is 
possible to adjust the time period for film formation upon 
each portion of the container according to the container 
shape, the container heat resistance characteristics, and the 
required performance for the container. Thereby, it becomes 
simple and easy to adjust the barrier performance and 
external appearance of the container. Therefore, this is a 
more desirable aspect of the present invention. 
[0009] 

In a preferred aspect of the present invention, the 
vacuum chamber may be divided into a film deposition chamber 
in which film formation upon the container is performed, and 
a heat generating element protection chamber in which the 
heat generating element is held in a vacuum state; and a 
vacuum isolation device mayb be provided between the film 
deposition chamber and the heat generating element protection 
chamber. 

According to this aspect of the present invention, it is 
possible always to keep the interior of the heat generating 
element protection chamber in a vacuum state, since the 
vacuum chamber is divided into: the film deposition chamber 
for inserting the container to perform film formation upon 
the container; and the heat generating element protection 
chamber for holding the heat generating element in a vacuum 
state. Due to this, it is possible to prevent deterioration 
of the heat generating element, and that its functionality 
for film formation does not decrease. Moreover, at the moment 
of film formation, vacuumization of the film deposition 
chamber from atmospheric pressure is performed, and when the 
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film deposition chamber has reached the predetermined vacuum 
pressure, then it is possible to lower the vacuum pressure of 
the film deposition chamber by establishing communication 
thereof with the heat generating element protection chamber 
having a lower vacuum pressure than the film deposition 
chamber. In other words, it is possible to shorten the time 
period for vacuumization of the film deposition chamber and 
to shorten the cycle time, since the heat generating element 
protection chamber functions as a vacuum buffer. 
[0010] 

In a preferred aspect of the present invention, the 
relative shifting device may shift the heat generating 
element. 

In a preferred aspect of the present invention, each of 
the film deposition chamber and the heat generating element 
protection chamber may be linked to an individual vacuum 
evacuation devcie. 
[0011] 

In a preferred aspect of the present invention, the film 
deposition chamber may be vacuumized from atmospheric 
pressure to be brought to a vacuum state at a moment of film 
formation upon the container, and be returned to atmospheric 
pressure after the film formation has been completed. 

In a preferred aspect of the present invention, the heat 
generating element protection chamber may be always kept in a 
vacuum state. 

In a preferred aspect of the present invention, the 
vacuum isolation device may be opened when the film 
deposition chamber has been vacuumized, so as to communicate 
together the film deposition chamber and the heat generating 
element protection chamber. 
[0012] 

In a preferred aspect of the present invention, the heat 
generating element may be inserted into the film deposition 
chamber after the vacuum isolation device has been opened, 
and be returned to the heat generating element protection 
chamber after film formation has been completed. 

According to this aspect of the present invention, since 
the heat generating element is always kept in a vacuum state, 
accordingly it is possible to prevent deterioration of the 
heat generating element, and its functionality for film 
formation does not decrease. 

In a preferred aspect of the present invention, after 
the film formation has been completed and after the heat 
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generating element has been returned to the heat generating 
element protection chamber, the vacuum isolation device may 
be closed. 
[0013] 

In a preferred aspect of the present invention, the 
vacuum chamber may be divided into: a film deposition 
dedicated chamber for keeping the heat generating element in 
a vacuum state and performing film formation upon the 
container; and a container in/out chamber for taking out and 
inserting the container from and into the film deposition 
dedicated chamber, and a vacuum isolation device may be 
provided between the film deposition dedicated chamber and 
the container supply/remove chamber. 
[0014] 

According to this aspect of the present invention, since 
the vacuum chamber is divided into the film deposition 
dedicated chamber for keeping the heat generating element in 
the vacuum state and performing film formation upon the 
container, and the container in/out chamber for taking out 
and inserting the container from and into the film deposition 
dedicated chamber, accordingly it is possible to keep the 
film deposition dedicated chamber always in the vacuum state. 
Due to this, it is possible to prevent deterioration of the 
heat generating element, and its functionality for film 
formation does not decrease. Moreover, with respect to only 
the container in/out chamber, the vacuumization and the open 
to atmosphere are implemented repeadedly, while the film 
formation dedicated camber is always kept in the vacuum state. 
Due to this, at the moment of film formation, it is 
sufficient only to vacuumize the container in/out chamber. 
Therefore it is possible to shorten the time period that 
would be required for vacuumizing the entire vacuum chamber, 
and it is possible to shorten the cycle time. 
[0015] 

In a preferred aspect of the present invention, the 
relative shifting device shifts the container. In particular, 
if a mechanism is provided that is capable of adjusting the 
shifting speed at which the container is shifted, then it is 
possible to adjust the time period for film formation upon 
each of the portions of the container according to the 
container shape, the container heat resistance 
characteristics, and the performance required for the 
container; and it becomes simple and easy to adjust the 
barrier performance and external appearance of the container. 
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In this way, this is a more desirable aspect of the present 
invention. 

According to this aspect of the present invention, by 
raising and lowering the container between the container 
in/out chamber and the film deposition dedicated chamber, it 
is possible to supply the unprocessed container from the 
container in/out chamber into the film deposition dedicated 
chamber, and it is also possible to take out the processed 
container from the film deposition dedicated chamber and 
transfer it to the container in/out chamber. 
[0016] 

In a preferred aspect of the present invention, each of 
said film deposition dedicated chamber and said container 
in/out chamber may be linked to an individual vacuum 
evacuation devcie. 
[0017] 

In a preferred aspect of the present invention, the film 
deposition dedicated chamber may be always kept in a vacuum 
state. 

According to this aspect of the present invention, since 
the film deposition dedicated chamber is always maintained in 
the vacuum state, accordingly it is possible always to keep 
the heat generating element in the vacuum state. Therefore, 
it is possible to prevent deterioration of the heat 
generating element, and its functionality for film formation 
does not dectrease. 
[0018] 

In a preferred aspect of the present invention, the 
container in/out chamber may be vacuumized from atmospheric 
pressure and be brought to the vacuum state at a moment of 
film formation upon the container, and may be returned to 
atmospheric pressure at a moment of taking out the container 
after the film formation has been completed. 

In a preferred aspect of the present invention, the 
vacuum isolation device may be opened when the container 
in/out chamber has been brought to a vacuum state by 
vacuumication, so as to communicate together the film 
deposition dedicated chamber and the container in/out chamber. 
[0019] 

In a preferred aspect of the present invention, the heat 
generating element may be inserted into the container when 
the container has been shifted into the film deposition 
dedicated chamber. Since, due to this, film formation is 
performed upon the inner surface of the container, 
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accordingly the thin film is prevented from physical contact 
imposed from the exterior of the container after the film 
formation, so that quality management of the container 
becomes simple and easy. 

However, performing the film formation upon the outer 
surface of the container has the advantage that there is no 
contact between the film and the contents of the container, 
and this can be implemented according to other aspects of the 
present invention. In this case, the film deposition 
dedicated chamber may be adapted so that the heat generating 
element is disposed externally to the container. By disposing 
the heat generating element appropriately, provided are 
selectable variations which are a case that a film is formed 
only upon a part of the container outer surface at one time 
and a case that a film is formed upon the entire outer 
surface of the container at one time. 
[0020] 

In a preferred aspect of the present invention, the 
container in/out chamber may comprise an open/close gate for 
taking out and inserting the container from and into the 
container in/out chamber. 

According to this aspect of the present invention, by 
opening the open/close gate, it is possible to take out the 
container from the container in/out chamber, or to insert the 
container into the container in/out chamber. And moreover, 
after the container in/out chamber is put into an airtight 
state by closing the open/close gate, it is possible to 
vacuumize the interior of the container in/out chamber with a 
vacuum pump. 
[0021] 

In a preferred aspect of the present invention, the 
apparatus for forming thin film may further comprise a 
container transfer device that transfers an unprocessed 
container from a predetermined position into the container 
in/out chamber, and that transfers a processed container from 
the bottle in/out chamber to a predetermined position. 

According to this aspect of the present invention, it is 
possible to transfer the unprocessed container from a 
predetermined position, for example from the conveyance 
surface of a conveyer, into the container in/out chamber, and 
moreover it is possible to transfer the processed container 
from the container in/out chamber to a predetermined position, 
for example, to the conveyance surface of the conveyer. 
[0022] 
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If the film formation processing is performed upon the 
container in the film deposition dedicated chamber with the 
container in the inverted state, then the container transfer 
device should include an inversion device. The container 
transfer device inverts with the inversion device, the 
unprocessed container at a predetermined position, for 
example upon the conveyance surface of a conveyer, to put the 
unprocessed container into an inverted state, and after that, 
the container transfer device transfers the unprocessed 
container of the inverted state into the container in/out 
chamber. It should be understood that it would also be 
acceptable to arrange to invert the container in a waiting 
position after the container has been transferred. Moreover, 
the container transfer device transfers the processed 
container from the container in/out cahmber to the inversion 
device, and after that, inverts with the inversion device the 
processed container to be put into the upright state. Then, 
the container transfer device returns the processed container 
in the upright state to a predetermined position, for example 
upon the conveyance surface of a conveyer. 

On the other hand, if the film formation processing is 
performed .upon the container in the film deposition dedicated 
chamber with the container in the upright state, then the 
container transfer device should hold the unprocessed 
container at a predetermined position, for example upon the 
conveyance surface of the conveyer to transfer the 
unprocessed container into the container in/out chamber. And, 
after having taken out the processed container from the 
container in/out chamber, the container transfer device 
should transfer the processed container to a predetermined 
position, for example upon the conveyance surface of the 
conveyer. 
[0023] 

In a preferred aspect of the present invention, the 
predetermined position may be a position upon a conveyer. 
[0024] 

In a preferred aspect of the present invention, the 
volume of the film deposition chamber may be smaller than the 
volume of the heat generating element protection chamber. 

According to this aspect of the present invention, when 
the film deposition chamber is vacuumized, it is possible to 
shorten the time period for the vaccumization. 
[0025] 
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In a preferred aspect of the present invention, the film 
deposition chamber may be disposed above, while the heat 
generating element protection chamber is disposed below. 

According to this aspect of the present invention, when 
the heat generating element is inserted from the heat 
generating element protection chamber into the interior of 
the container within the film deposition chamber at a moment 
of film formation, by putting the container into the inverted 
state, it is enough to just elevate the heat generating 
element. Moreover, when the heat generating element is pulled 
out from the container after film formation and is returned 
to the heat generating element protection chamber, it is 
enough to just lower the heat generating element. Accordingly, 
it is possible to employ a simple mechanism such as an 
electrically driven rising and lowering cylinder or the like 
as a drive mechanism for the heat generating element. 
[0026] 

In a preferred aspect of the present invention, the 
capacity of the vacuum pump on the side of the film 
deposition chamber is smaller than the capacity of the vacuum 
pump on the side of the heat generating element protection 
chamber. 

According to this aspect of the present invention, it is 
possible to make the vacuum pump on the film deposition 
chamber side more compact. 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0027] 
The present invention provides the advantageous effects 

listed below. 
(1) It becomes possible to perform film formation for only a 
short time period at the locations where the film formation 
time period could be limited from the point of view of 
thermal deformation, while with respect to the other 
locations it is possible to perfom film formation 
sufficiently. As a result, it becomes simple and easy to 
enhance the barrier characteritics of the entire container. 
(2) It becomes simple and easy to form a film thickness 
distribution that is appropriate according to the intended 
purpose of the container and the required appearance quality 
of the container. Moreover, it becomes possible to implement 
coloration having graduations or the like. 
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(3) In the prior art, as a countermeasure to prevent thermal 
deformation of the container, it was practiced only to start 
film formation after the heat generating element had been 
perfectly inserted into the container; but, according to the 
present invention, it becomes possible to reduce the cycle 
time, since the film formation can be started from the stage 
of inserting the heat generating element into the container. 
(4) Since it is possible always to keep the heat generating 
element in the vacuum state, accordingly it is possible to 
prevent deterioration of the heat generating element, so that 
the element's functionality for film formation does not 
decrease. 
(5) With respect to only the container in'/out chamber, 
vacuumization and open to atmosphere are implemented 
repeatedly, while the film deposition dedicated chamber is 
always kept in the vacuum state. Due to this, it is only 
necessary to vacuumize the bottle in/out chamber at a moment 
of film formation. Therefore it is possible to shorten the 
time period required during film formation for vacuumizing 
the entire vacuum chamber, so that it is possible to shorten 
the cycle time. 
(6) When, after having put the container into the bottle 
in/out chamber, the container in/out chamber has been 
vacuumized from atmospheric pressure and has reached a 
predetermined vacuum pressure, the communication between the 
container in/out chamber and the film deposition dedicated 
chamber having a lower vacuum pressure than the container 
in/oput chamber is established. Thereby, it is possible to 
lower the vacuum pressure in the container in/out chamber. In 
other words, since the film deposition dedicated chamber 
functions as a vacuum buffer, accordingly it is possible to 
shorten the time period required for vacuumizing the 
container in/out chamber, so that it is possible to shorten 
the cycle time. 
(7) By raising and lowering a plurality of containers between 
the container in/out chamber and the film deposition 
dedicated chamber, it is possible to supply this plurality of 
unprocessed containers from the bottle in/out chamber to the 
film deposition dedicated chamber all at the same time and to 
perform film formation processing upon this plurality of 
containers simultaneously. Moreover, once they have been 
processed, it is also possible to take out the plurality of 
containers processed from the film deposition dedicated 
chamber and transfer them to the container in/out chamber. 



12 

BRIEF DESCRIPTION OF DRAWINGS 

[0028] 
Fig. 1 is a schematic sectional view showing the overall 

structure of an apparatus for forming thin film (a thin film 
formation apparatus) according to the present invention; 
Fig, 2 is a side sectional view of the film formation 
apparatus shown in Fig. 1; 
Fig. 3 is a schematic sectional view showing the overall 
structure of a thin film formation apparatus according to a 
second embodiment of the present invention; 
Fig. 4 is a side sectional view of the film formation 
apparatus shown in Fig. 3; 
Fig. 5 is a schematic sectional view showing a PET bottle and 
a line for a heat generating element inserted into that PET 
bottle; 
Fig. 6 is a schematic figure showing a container and a heat 
generating element; and 
Fig. 7 is a graph showing the relationship between: the 
distance between the heat generating element and the inner 
surface of the container; and the relative shifting speed of 
the heat generating element and the container. 

DESCRIPTION OF EMBODIMENTS 

[0029] 
In the following, embodiments of the apparatus for 

forming thin film (the thin film formation apparatus) 
according to the present invention will be explained with 
reference to Figs. 1 through 7. It should be understood that, 
in Figs. 1 through 7, the same reference symbols are appended 
to structural elements that are the same or equivalent, and 
duplicated explanation will be omitted. 

Figs. 1 and 2 are figures showing a first embodiment of 
the thin film formation apparatus according to the present 
invention. 

Fig. 1 is a schematic sectional view showing the overall 
structure of the thin film formation apparatus according to a 
first embodiment of the present invention. And Fig. 2 is a 
side sectional view of the film formation apparatus shown in 
Fig. 1. As shown in Figs. 1 and 2, the thin film formation 
apparatus of the present invention has a structure in which a 
vacuum chamber is divided into two parts: a film deposition 
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chamber 1/ and a heat generating element protection chamber 2. 
The film deposition chamber 1 is disposed above, while the 
heat generating element protection chamber 2 is disposed 
below. The volume of the film deposition chamber 1 is set to 
be less than the volume of the heat generating element 
protection chamber 2. The film deposition chamber 1 and the 
heat generating element protection chamber 2 are linked via a 
gate valve 3, which serves as a vacuum isolation device. The 
film deposition chamber 1 is linked via a link portion la to 
a vacuum pump (not shown in the drawings) that serves as a 
vacuum evacuation devcie, so that the interior of the film 
deposition chamber 1 can be vacuumized by this vacuum pump. 
Moreover, the film deposition chamber 1 comprises a door or 
shutter (not shown in the drawings) that opens and closes for 
taking out a PET bottle 4 from the film deposition chamber 1, 
or for inserting a PET bottle 4 thereinto. A bottle holding 
portion 11 is installed in the film deposition chamber 1, the 
bottle holding portion 11 holding the PET bottle 4 in an 
inverted state. 
[0030] ' 

Moreover, the heat generating element protection chamber 
2 is linked via a link portion 2a to a vacuum pump (not shown 
in the drawings) that serves as a vacuum evacuation devcie, 
so that the interior of the heat generating element 
protection chamber 2 can be vacuumized by this vacuum pump. 
In this embodiment, each of the film deposition chamber 1 and 
the heat generating element protection chamber 2 is linked to 
an individual vacuum pump. The capacity of the vacuum pump on 
the the film deposition chamber 1 side is smaller than the 
capacity of the vacuum pump on the the heat generating 
element protection chamber 2 side. A heat generating element 
unit 22 comprising a heat generating element 21 that is 
electrically connected to a power supply (not shown in the 
drawings), and an electrically operated cylinder for raising 
and lowering heat generating element unit 23 that raises and 
lowers the heat generating element unit 22 are disposed 
within the heat generating element protection chamber 2. 
Although this feature is not shown in the figure, it should 
be understood that a portion of the heat generating element 
21 consists of a rod shaped component made from copper that 
can be inserted into the interior of the PET bottle 4 and 
removed therefrom, so that heat is not applied substantively 
when the heat generating element applies heat. The 
electrically operated cylinder for raising and lowering heat 
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generating element unit 23 is configured so as to vary with a 
speed controller, the rising/lowering speed of raising or 
lowering the heat generating element unit 22. This 
electrically operated cylinder for raising and lowering heat 
generating element unit 23 constitutes a relative shifting 
device that shifts the PET bottle 4 and the heat generating 
element 21 relatively to each other, and relatively shifts 
the PET bottle 4 and the heat' generating element 21 so as to 
make the portion of the PET bottle 4 upon which a film is to 
be formed and the heat generating element 21 face each other. 
It should be understood that, in Figs. 1 and 2, the heat 
generating element 21 is shown in its elevated state. 
[0031] 

In the film formation apparatus having a structure like 
that shown in Figs. 1 and 2, the interior of the heat 
generating element protection chamber 2 is always kept in a 
vacuum state, so that the heat generating element 21 existing 
in the heat generating element protection chamber 2 is always 
kept in a vacuum state. At this moment, the gate valve 3 is 
in the closed state, so that communication between the heat 
generating element protection chamber 2 and the film 
deposition chamber 1 is intercepted. 
[0032] 

After the PET bottle 4 has been put into the film 
deposition chamber 1 and the PET bottle 4 has been set up on 
the bottle holding portion 11, the vacuumization of the 
interior of the film deposition chamber 1 starts. And, when 
the pressure in the interior of the film deposition chamber 1 
has reached a predetermined vacuum pressure which is higher 
than the vacuum pressure within the heat generating element 
protection chamber 2,' then the gate valve 3 is opened to 
establish the communication between the film deposition 
chamber 1 and the heat generating element protection chamber 
2. Due to this, the vacuum pressure within the film 
deposition chamber 1 decreases and becomes equal to the 
vacuum pressure within the heat generating element protection 
chamber 2. Accordingly, it is possible to shorten the time 
period required for vacuumizing the film deposition chamber 1. 
And electrical power is supplied from a power supply not 
illustrated to the heat generating element unit 22, so that 
the heat generating element 21 produces heat. And, by 
operating the electrically operated cylinder for raising or 
lowering heat generating element unit 23, the heat generating 
element unit 22 is raised or lowered at a predetermined speed, 
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so that the heat generating element 21 and the gas supply 
conduit 25 are inserted into or taken out from the PET bottle 
4. In the meantime, the interior of the film deposition 
chamber 1 reaches a vacuum pressure at which film formation 
is possible, and, along with supplying raw material gas from 
the gas supply conduit 25 to the interior of the PET bottle 4, 
also electrical current is flowed to the heat generating 
element 21. Due to this, the heat generating element 21 
reaches a high temperature, and the heat generating element 
21 becomes a heat catallystic element. The raw material gas 
that is blown out from the gas supply conduit 25 comes into 
contact with the heat generating element 21 that has become 
the heat catalytic element, and is decomposed into chemical 
species by a catalytic chemical reaction and/or thermally. 
These chemical species reach the inner surface of the PET 
bottle 4 so as to form a thin film upon the inner surface of 
the PET bottle 4. 
[0033] 

According to the present invention, by providing a 
structure that makes it possible to adjust the rising and 
lowering speed at which the heat generating element unit 22 
is raised and lowered, it is possible to adjust the time 
period during which the film is formed over each portion of 
the container according to the shape of the container, the 
heat resistance characteristics of the container, and the 
required performance for the container, and it becomes simple 
and easy to adjust the barrier performance and external 
appearance of the container. These features will be explained 
in detail hereinafter. 
[0034] 

When a thin film of a predetermined thickness has been 
formed on the inner surface of the PET bottle 4, which means 
that the film formation process has been completed, then the 
heat generating element unit 22 is lowered, and the heat 
generating element 21 is returned to the interior of the heat 
generating element protection chamber 2. Then the gate valve 
3 is closed, so that the communication between the film 
deposition chamber 1 and the heat generating element 
protection chamber 2 is intercepted. Thereafter, the interior 
of the film deposition chamber 1 is returned to atmospheric 
pressure, and, after the processed PET bottle 4 whose 
processing has been completed has been taken out from the 
film deposition chamber 1, the next PET bottle 4 is put into 
the film deposition chamber 1, which is then vacuumized so 



16 

that the film formation is executed. During the processes 
described above, the heat generating element 21 is always 
kept in the vacuum state. Thereafter, the processes described 
above are repeated, 
[0035] 

Next, a second embodiment of the thin film formation 
apparatus according to the present invention will be 
explained with reference to Figs. 3 through 5. 

Fig. 3 is a schematic sectional view showing the overall 
structure of the thin film formation apparatus according to 
the second embodiment of the present invention. And Fig. 4 is 
a side sectional view ox the film formation apparatus shown 
in Fig. 3. As shown in Figs. 3 and 4, the thin film formation 
apparatus of the present invention comprises two chambers 
within a device frame F: a film deposition dedicated chamber 
31, and a bottle in/out chamber 32. The film deposition 
dedicated chamber 31 is disposed below, while the bottle 
in/out chamber 32 is disposed above. The film deposition 
dedicated chamber 31 and the bottle in/out chamber 32 are 
connected via a gate valve 33,. which serves as a vacuum 
isolation device. 
[0036] 

The film deposition dedicated chamber 31 is linked via a 
link portion 31a to a vacuum pump VP1, which serves as a 
vacuum evacuation devcie, so that the interior of the film 
deposition dedicated chamber 31 can be vacuumized by the 
vacuum pump VP1. A plurality of heat generating element units 
44 comprising heat generating elements 42 are disposed within 
the film deposition dedicated chamber 31. Electrical power is 
supplied from a power supply not illustrated to the heat 
generating element units 44, and as a result the heat 
generating elements 42 are caused to produce heat. Each of 
the heat generating elements 42 is inserted into one of a 
plurality of PET bottles 4 being held in the inverted state. 
In order to heat the heat generating elements 42, an AC or DC 
power supply can be employed, the poser supply providing 
easily electrical heating, and being cheeper than a 
combination of a high frequency power supply and an impedance 
matching device, which would be used in a plasma CVD method. 
In this embodiment eight heat generating element units 44 are 
provided, so that it becomes possible to perform film 
formation processing upon a total of eight PET bottles 4 
within the film deposition dedicated chamber 31 at the same 
time. 
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[0037] 
Furthermore, the bottle in/out chamber 32 is linked via 

a link portion 32a to a vacuum pump VP2, which serves as a 
vacuum evacuation devcie, so that the interior of the bottle 
in/out chamber 32 can be vacuumized by the vacuum pump VP2. 
Two sets of bottle rising/lowering devices 51, each of which 
raises and lowers a plurality of PET bottles 4 while holding 
them, are installed within the bottle in/out chamber 32. Each 
of these bottle rising/lowering devices 51 is configured so 
as to be capable of raising and lowering four PET bottles 4 
while holding them. Tereby, each bottole rising/lowering 
devices is capable of lowering four PET bottles 4 into the 
film deposition dedicated chamber 31 while holding them, and 
also capable of taking out the four PET bottles 4 from the 
film deposition dedicated chamber 31 and bringing them into 
the bottle in/out chamber 32. The bottole rising/lowering 
device 51 is configured to be capable of varying the 
rising/lowering speed at which the PET bottoles 4 are raised 
or lowered between the film deposition dedicated chamber 31 
and the bottle in/out chamber 32. The bottle rising/lowering 
device 51 constitutes a relative shifting device that makes 
the PET bottle 4 and the heat generating element 42 shift 
relatively to each other, so that the bottle rising/lowering 
device 51 shifts the PET bottles 4 and the heat generating 
elements 42 relatively so as to make the portion of each PET 
bottle upon which a film is to be formed face the heat 
generating element 42 corresponding to the PET element 42. 
Rising/lowering mechanism portion of each bottle 
rising/lowering device 51 may be installed at the interior of 
the chamber, or may be installed at the exterior of the 
chamber. In a case that the rising/lowering mechanism portion 
is installed at the exterior of the chamber, only the portion 
for holding the PET bottles 4 exsits at the interior of the 
chamber, and this portion is raised and lowered by the 
rising/lowering mechanism portion installed at the exterior 
of the chamber. 
[0038] 

An open/close gate 56 is provided at the upper end of 
the bottle in/out chamber 32, and, by closing this open/close 
gate 56, it is possible to put the interior of the bottle 
supply/remove chamber 32 into an airtight state, so that the 
bottole supply/remove chamber 32 can be vacuumized by the 
vacuum pump VP2. And, by opening this open/close gate 56, it 
is possible to put unprocessed PET bottles 4 into the 
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interior of the bottle in/out chamber 32, or to take out 
processed. PET bottles 4 from the bottle in/out chamber 32. 
[0039] 

Next, an inversion device 57 that inverts the PET 
bottles 4 and a bottle handling device 60 that inserts the 
inverted PET bottles 4 into the bottle in/out chamber 32 and 
also takes out the processed PET bottles 4 from the bottle 
in/out chamber 32 will be explained. The inversion device 57 
and the botole handling device 60 constitute a bottle 
transfer device. 

As shown in Fig. 4, a conveyer 70 that conveys PET 
bottles 4 in the upright state is installed within the device 
frame F. A screw 71 for pitch regulation is disposed in 
parallel with the conveyer 70 for making a space between the 
pet bottles 4 at a certain regulated pitch, thus defining 
fixed intervals between the PET bottles 4 upon the conveyer 
70. Moreover, the inversion device 57 for inverting the PET 
bottles 4 is installed in contiguity with the conveyer 70. 
[0040] 

The inversion device 57 comprises a plurality of chucks 
58 that catch the body portions of the PET bottles 4. The 
inversion device 7 is configured so as to catch and invert 
with the plurality of chucks 58, the plurality of PET bottles 
4 that have been spaced by the screw 71 at the regulated 
pitch upon the conveyer 70. Moreover, the inversion device 57 
is configured so as to catch and invert the plurality of PET 
bottles 4 in the inverted state with the plurality of chucks 
58, and return the pet bottles 4 in the upright state to the 
conveyer 70. In this embodiment, the inversion device 57 is 
made to be capable of inverting eight PET bottles 4 
simultaneously. 
[0041] 

As shown in Figs. 3 and 4, the bottle handling device 60 
is installed upon the device frame F in a position above the 
bottle in/out chamber 32 and the conveyer 70. This bottle 
handling device 60 not only brings the plurality of 
unprocessed PET bottles 4 into the interior of the bottle 
in/out chamber 32 in the inverted state, but also takes out 
from the bottle in/out chamber 32, the plurality of processed 
PET bottles 4 that are being held in the inverted state 
within the bottle in/out chamber 32 by the bottle 
rising/lowering device 51. In this embodiment, the bottle 
handling device 60 is capable of handling eight PET bottles 
simultaneously, 
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[0042] 
The bottle handling device 60 comprises a 

rising/lowering shaft 63, and a suction head 64 that suctions 
the bottom portions of the PET bottles 4 is provided at the 
lower end of the rising/lowering shaft 63. The bottle 
handling device 60 is configured so as to be reciprocatingly 
shiftable by a reciprocating shift mechanism 62 between a 
position above the bottle in/out chamber 32 and a position 
above the inversion device 57. Accordingly, the bottle 
handling device 60 can lower the rising/lowering shaft 63 to 
suction, with the suction head 64, a plurality of unprocessed 
PET bottles 4 in the inverted state that are at the position 
of the inversion device 57, and can then raise the 
rising/lowering shaft 63. After that, the bottle handling 
device 60 shifts to the position above the bottle in/out 
chamber 32 by the reciprocating shift mechanism 62. After 
that, the bottle handling device 60 lowers the 
rising/lowering shaft 63 to put the plurality of PET bottles 
4 into the bottle in/out chamber 32. Moreover, the bottle 
handling device 60 can lower the rising/lowering shaft 63 to 
suction, with the suction head 64, a plurality of processed 
PET bottles 4 in the inverted state that are in the interior 
of the bottle in/out chamber 32, and can raise the 
rising/lowering shaft 63. After that, the bottle handling 
device 60 shifts to the position above the inversion device 
57 by the reciprocating shift mechanism 62. After that, the 
bottole handling device 60 can lower the rising/lowering 
shaft 63 to return the plurality of PET bottles 4 to the 
inversion device 57. 
[0043] 

In the film formation apparatus having a structure as 
shown in Figs. 3 and 4, the interior of the film deposition 
dedicated chamber 31 is always kept in the vacuum state by 
the operation of the vacuum pump VP1, so that the heat 
generating elements 42 existing in the film deposition 
dedicated chamber 31, are always kept in the vacuum state. At 
this moment, the gate valve 33 is kept in the closed state, 
so that the communication between the film deposition 
dedicated chamber 31 and the bottle in/out chamber 32 is 
intercepted. The PET bottles 4 being consecutively conveyed 
in the upright state by the conveyer 70, are spaced by the 
screw 71 for pitch regulation. Thereby, fixed gaps are made 
between adjacent ones of these PET bottles 4 at the regulated 
pitch. The plurality of PET bottles 4 having the fixed gaps 
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of the regulated pitch are inverted by the inversion device 
57, so that they come to be in the inverted state. Then the 
plurality of PET bottles 4, now in the inverted state, are 
suctioned by the suction head 64 of the bottle handling 
device 60. At this time, the open/close gate 56 of the bottle 
in/out chamber 32 is opened. The bottle handling device 60 
transfers a plurality of unprocessed PET bottles 4 and puts 
them into the bottle in/out chamber 32. In this embodiment, 
it is possible for the bottle handling device 60 to put eight 
of the PET bottles 4 into the bottle in/out chamber 32 
simultaneously. When the plurality of PET bottles 4 put into 
the interior of the bottle in/out chamber 32 gets held by the 
bottle rising/lowering device 51, the open/close gate 56 is 
closed. And, the vacuum pump VP2 is operated to start 
vacuumization of the interior of the bottle in/out chamber 32 
starts. 
[0044] 

When due to the operation of the vacuum pump VP2 the 
vacuum pressure within the bottle in/out chamber 32 reaches a 
predetermined vacuum pressure, which is still higher than the 
vacuum pressure of the interior of the film deposition 
dedicated chamber 31, the gate valve 33 is opened to 
establish the communication between the film deposition 
dedicated chamber 31 and the bottle in/out chamber 32. Due to 
this, the vacuum pressure of the interior of the bottle 
in/out chamber 32 decreases, and becomes equivalent to the 
vacuum pressure of the interior of the film deposition 
dedicated chamber 31. Accordingly, it is possible to shorten 
the time period required for vacuumization of the bottle 
in/out chamber 32. Subsequently, the bottle rising/lowering 
device 51 within the bottle in/out chamber 32 is operated to 
supply the plurality of unprocessed PET bottles 4 into the 
interior of the film deposition dedicated chamber 31. These 
plurality of PET bottles 4 supplied into the interior of the 
film deposition dedicated chamber 31 are being held by the 
bottle rising/lowering device 51. The PET bottles 4 are 
raised and lowered at a speed that has been determined in 
advance while being held by the bottle rising/lowering device 
51. Thereby, the heat generating elements 42 are inserted 
into, and taken out from, the PET bottles 4 respectively. 
[0045] 

Fig. 5 is a schematic sectional view showing one of the 
PET bottles 4 with one of the heat generating elements 42 
that has been inserted into the interior of that PET bottle 4. 
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In Fig. 5, the state of the pet bottole 4 is shown in which, 
due to rising and lowering by the bottle rising/lowering 
device 51, the heat generating element 42 of the heat 
generating element unit 44 and a gas supply conduit 43 have 
been inserted into the PET bottle 4. It should be understood 
that the bottle rising/lowering device 51 is omitted from 
this figure. During the above described insertion and taking-
out process, the pressure in the interior of the film 
deposition dedicated chamber 31 reaches a vacuum pressure at 
which film formation is possible, and, along with raw 
material gas being supplied to the interior of the PET bottle 
4 from the gas supply conduit 43, also electrical current is 
flowed to the heat generating element 42. Due to this, the 
heat generating element 42 reaches a high temperature, and 
the heat generating element becomes a heat catalystic element. 
The raw material gas blown out from the gas supply conduit 43 
comes into contact with the heat generating element 42 that 
has become the heat catalystic element, and is decomposed 
into chemical species by a catalytic chemical reaction and/or 
thermally. These chemical species reach the inner surface of 
the PET bottle 4, and form a thin film on the inner surface 
of the PET bottle 4. 
[0046] 

According to the present invention, by providing a 
structure that makes it possible to adjust the 
rising/lowering speed for raising and lowering the PET 
bottles 4, it is possible to adjust the time periods for 
forming films on various portions of a container according to 
the shape of the container, the. heat resistance 
characteristics of the container, and the required 
performance for the container; and thereby it becomes simple 
and easy to adjust the barrier performance and external 
appearance of the container. This feature of the present 
invention will be further described later. 
[0047] 

After a thin film having a predetermined thickness has 
been formed upon the inner surfaces of the PET bottles 4, the 
operation of film formation has been completed. Next, the 
processed PET bottles 4 have been taken out from the film 
deposition dedicated chamber 31 by the bottle rising/lowering 
device 51 to be returned to the bottle in/out chamber 32. 
After that, the gate valve 33 is closed. Subsequently, a 
vacuum relief valve (not shown in the drawings) installed to 
the bottle in/out chamber 32 is operated, so that the 
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interior of the bottle in/out chamber 32 is opened to 
atmosphere. At this moment, the interior of the film 
formation dedecated chamber 31 is always kept in the vacuum 
state, so that the heat generating elements 42 existing in 
the film deposition dedicated chamber 31, are always held in 
the vacuum state. And next, the open/close gate 56 is opened, 
and the PET bottles 4 within the bottle in/out chamber 32 are 
taken out and are returned to the inversion device 57 by the 
bottle handling device 60. And the bottle handling device 60 
suncktions a plurality of new unprocessed PET bottles 4, and 
brings them into the bottle in/out chamber 32. After these 
new PET bottles 4 have been brought into the bottle in/out 
chamber 32, the process for supplying these PET bottles 4 
into the film deposition dedicated chamber 31 and the process 
of film formation upon the PET bottles 4, which have been 
above mentioned, are repeated. 
[0048] 

Although, with the film formation apparatus shown in 
Figs. 3 through 5, an example is shown of a case in which 
film formation processing is performed upon a plurality of 
PET bottles 4 in the inverted state, it would also be 
acceptable to arrange to perform film formation processing 
upon a plurality of PET bottles 4 in the upright state. In 
this case, a structure would be adopted in which the film 
deposition dedicated chamber 31 is arranged above while the 
bottle in/out chamber 32 is arranged below, and in which the 
heat generating element 42 extends from the top plate portion 
of the film deposition dedicated chamber 1 downward, and the 
open/close gate of the bottle in/out chamber 32 is installed 
at the lower end portion of the bottle in/out chamber 32. The 
inversion device 57 would be omitted. Moreover, the bottle 
handling device 60 would be configured so as to hold a 
plurality of unprocessed PET bottles 4 in the upright state 
upon the conveyer and to put these PET bottles into the 
bottle in/out chamber 32, and to hold and return to the 
conveyer a plurality of processed PET bottles 4 existing in 
the bottle in/out chamber 32. 
[0049] 

As will be clear from the above explanation of the first 
embodiment and the second embodiment of the present invention, 
in the present invention, it is arranged to shift the 
container and the heat generating element relatively to each 
other after the vacuum chamber has been closed and 
vacuumization thereof has started, and moreover the relative 
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shifting speed of the container and the heat generating 
element can be varied. The reasons for this are explained 
below. 

The heat generating element CVD method that is the 
subject of the present invention has the following 
characteristics. 
(1) The closer the container is to the heat generating 
element, the higher is the film formation speed, and moreover 
the greater is the thermal load upon the container. 
Normally 1 to 10 centimeters is taken as being a suitable 
distance applicable for film formation at a few Pascals under 
vacuum conditions. 
(2) As a result, when forming a film upon three dimensional 
container, the film thickness (and the film quality) of the 
film that is formed at each location upon the three 
dimensional container, and the thermal load, are determined 
according to the distance between the heat generating element 
and the container, and the time period over which heat is 
applied by the heat generating element. 
(3) The film thickness and the film quality determine the 
barrier performance and the coloration at each location, and 
the thermal load determines whether or not thermal 
deformation takes place. If the thermal deformation takes 
place, generally this three dimensional container will lose 
its commercial value. 
(4) With respect to a three dimensional container, depending 
upon its intended purpose, as well as preferable barrier 
performance of the container as a whole, a preferable 
distribution of film thickness and a preferable distribution 
of coloration have been known. Moreover, depending upon the 
shape of the container, there are some locations at which the 
film formation speed will increase or decrease, and moreover 
there are some locations at which the thermal load is likely 
to become greater or smaller. 
[0050] 

For the film formation apparatus of the prior art, a 
method of film formation has been employed in which the 
positions of the heat generating element and the container 
are fixed. However, in such method, it is difficult to make 
adjustments between different locations where to form the 
film according to the intended purpose of the container and 
its shape, by varying the distance between the heat 
generating element and the container. 
[0051] 
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According to the present invention, by employing a 
structure in which the film formation is performed while 
shifting the heat generating element and the three 
dimensional container relatively to each other, and also by 
configureing the relative shifting speed means so as to 
provide variable relative shifting speed, it becomes possible 
to perform film formation according to the intended purpose 
of the veilesl and its shape, while minutely adjusting 
conditions of film formation in a relative manner with 
respect to different film formation locations. As to this 
point, the explanation will be described in reference to Figs. 
6 and 7. 

Fig. 6 is a schematic figure showing a container and a 
heat generating element. And Fig. 7 is a graph showing the 
relationship between the distance between: the heat 
generating element and the inner surface of the container; 
and the relative shifting speed with respect to the heat 
generating element and the container. To be precise, an 
example is explained in which the formation speed for forming 
a thin film of the same substance is proportional to the 
distance between the heat generating element and the inner 
surface of the container. The contour of a three dimensional 
container (shown by a solid line) and a heat generating 
element passing position along which the heat generating 
element passes (shown by a dotted line) are shown in Fig. 6. 
As shown in Fig. 6, when the axial distance along the 
container from its mouth portion toward its bottom portion is 
set as the X axis, and the radial direction extending from 
the axial center of the container to the inner surface of the 
container is set as the Y axis, the heat generating element 
passing position coincides with the axial direction of the 
container (i.e. with the X axis). When plotted is the 
distance between the heat generating element and the inner 
surface of the container (the Y axis) to the distance from 
the mouth portion of the container (x=0) to the bottom 
portion of the container (x=100), the result is shown by a 
thin solid line in Fig. 7. As shown in the figure, the 
distance between the heat generating element and the inner 
surface of the container varies. And the relative shifting 
speed with rewpect to the heat generating element and the 
container is varied according to the variation of the above 
mentioned distance, as shown by a thick solid line in Fig. 7. 
In other words, the relative shifting speed is made fast at 
locations where the distance between the heat generating 
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element and the inner surface of the container is small, 
whereas the relative shifting speed is made slow at locations 
where the distance between the heat generating element and 
the inner surface of the container is great. The means for 
implementing this variable speed shifting may, for example 
be: 
1) a servo motor or a stepping motor; 
2) an air cylinder equipped with an electromagnetic speed 
controller; or 
3) a mechanical means (a cam and a cam follower) or the like. 
[0052] 

By providing a structure such as that described above, 
it is possible to anticipate advantageous effects such as 
those described below. 
(1) Enhancement of the barrier performance (prevention of 
thermal deformation of the container) 
It becomes possible to perform film formation over only a 
short time period at locations where time period for film 
formation should be limited from the point of view of thermal 
deformation, wihle with respect to the other locations, it is 
possible to perform film formation to a sufficient extent, so 
that, as a result, it becomes simple and easy to enhance the 
barrier performance of the entire container. 
(2) Coloration adjustment 
Formation of a film thickness distribution according to the 
intended purpose of the container and the required external 
appearance and quality for the container becomes simple and 
easy. And moreover it becomes possible to implement 
coloration having graduations or the like. 
(3) Enhancement of the productivity 
Until now, as a countermeasure to prevent thermal deformation 
of the container, it has been practiced to start film 
formation after the heat generating element has been 
perfectly inserted. By contrast, according to the present 
invention, it becomes possible to reduce the cycle time, 
since film formation can be started from the stage of 
inserting the heat generating element into the container. 
[0053] 

While various embodiments of the present invention have 
been explained above, the present invention is not limited to 
the embodiments described above; of course, it would be 
possible to implement various other embodiments of the 
present invention, within the scope of its technical concept. 
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INDUSTRIAL APPLICABILITY 

[0054] 
The present invention can be applied to a film formation 

apparatus that forms a thin film whose gas barrier 
performance is high, such as a DLC (Diamond Like Carbon) film, 
an SiOx film, an SiOC film, an SiOCN film, an SiNx film, an 
AlOx film, or the like, upon either the inner surface or the 
outer surface, or both, of a container such as a Polyethylen 
terephthalate bottole (a PET bottle) or the like. 

REFERENCE SIGNS LIST 

[0055] 
1: film deposition dedicated chamber 
la: link portion 
2: heat generating element protection chamber 
2a: link portion 
3: gate valve 
4: PET bottle 
11: bottle holding portion 
21: heat generating element 
22: heat generating element unit 
23: electrically operated cylinder for raising and lowering 
heat generating element unit 
25: gas supply conduit 
31: film deposition dedicated chamber 
31a, 32a: link portions 
32: bottle in/out chamber 
33: gate valve 
42 heat generating element 
43: gas supply conduit 
44: heat generating element unit 
51: bottle raising/lowering device 
56: open/close gate 
57: inversion device 
58: chuck 
60: bottle handling device 
62: reciprocating shift mechanism 
63: rising/lowering shaft 
64: suction head 
70: conveyer 
71: screw 
F: device frame 



VPl, VP2: vacuum pumps 
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CLAIMS 

1. An apparatus for forming thin film characterized by 
comprising: 
a vacuum chamber in which film formation upon a surface of a 
container is performed in a vacuum state by using a heat 
generating element; 
an vacuum evacuation device that vacuumizes said vacuum 
chamber; and 
a relative shifting device that/ after vacuumization of said 
vacuum chamber has started, shifts the container and said 
heat generating element relatively to each other within the 
vacuum chamber, 

wherein 
said vacuum chamber is divided into a film deposition 

chamber in which film formation upon the container is 
performed, and a heat generating element protection chamber 
in which said heat generating element is held in a vacuum 
state; and 

a vacuum isolation device is provided between said film 
deposition chamber and said heat generating element 
protection chamber. 

2. The thin film formation apparatus according to Claim 1, 
wherein that said relative shifting device relatively shifts 
the container and said heat generating element at variable 
speed. 

3. The apparatus for forming thin film according to Claim 1, 
wherein said relative shifting device shifts said heat 
generating element. 

4. The apparatus for forming thin film according to Claim 1, 
wherein each of said film deposition chamber and said heat 
generating element protection chamber is linked to an 
individual vacuum evacuation device. 

5. The apparatus for forming thin film according to Claim 1, 
wherein said film deposition chamber is vacuumized from 
atmospheric pressure to be brought to a vacuum state at a 
moment of film formation upon the container, and is returned 
to atmospheric pressure after the film formation has been 
completed. 
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6. The apparatus for forming thin film according to Claim 1, 
wherein said heat generating element protection chamber is 
always kept in a vacuum state. 

7. The apparatus for forming thin film according to Claim 1, 
wherein said vacuum isolation device is opened when said film 
deposition chamber has been vacuumized, so as to communicate 
together said film deposition chamber and said heat 
generating element protection chamber. 

8. The apparatus for forming thin film according to Claim 7, 
wherein said heat generating element is inserted into said 
film deposition chamber after said vacuum isolation device 
has been opened, and is returned to said heat generating 
element protection chamber after the film formation has been 
completed. 

9. The apparatus for forming thin film according to claim 8, 
wherein, after the film-formation has been completed and 
after said heat generating element has been returned to said 
heat generating element protection chamber, said vacuum 
isolation device is closed. 

10. An apparatus for forming thin film characterized by 
comprising: 
a vacuum chamber in which film formation upon a surface of a 
container is performed in a vacuum state by using a heat 
generating element; 
an vacuum evacuation device that vacuumizes said vacuum 
chamber; and 
a relative shifting device that, after vacuumization of said 
vacuum chamber has started, shifts the container and said 
heat generating element relatively to each other within the 
vacuum chamber, wherein 

said vacuum chamber is divided into: a film deposition 
dedicated chamber for keeping said heat generating element in 
a vacuum state and performing film formation upon the 
container; and a container in/out chamber for taking out and 
inserting the container from and into said film deposition 
dedicated chamber, and 

a vacuum isolation device is provided between said film 
deposition dedicated chamber and said container in/out 
chamber. 
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11. The apparatus for forming thin film according to 
Claim 10, wherein said relative shifting device shifts the 
container. 

12. The apparatus for forming thin film according to 
Claim 10, wherein each of said film deposition dedicated 
chamber and said container in/out chamber is linked to an 
individual vacuum evacuation device. 

13. The apparatus for forming thin film according to 
Claim 10, wherein said film deposition dedicated chamber is 
always kept in a vacuum state. 

14. The apparatus for forming thin film according to 
Claim 10, wherein said container in/out chamber is vacuumized 
from atmospheric pressure and is brought to the vacuum state 
at a moment of film formation upon the container, and is 
returned to atmospheric pressure at a moment of taking out 
the container after the film formation has been completed. 

15. The apparatus for forming thin film according to 
Claim 10, wherein said vacuum isolation device is opened when 
said container in/out chamber has been brought to a vacuum 
state by vacuumization, so as to communicate together said 
film deposition dedicated chamber and said container in/out 
chamber. 

16. The apparatus for forming thin film according to 
Claim 10, wherein said heat generating element is inserted 
into the container when the container has been shifted into 
said film deposition dedicated chamber. 

17. The apparatus for forming thin film according to 
Claim 10, wherein said container in/out chamber comprises an 
open/close gate for taking out and inserting the container 
from and into said container in/out chamber. 

18. The apparatus for forming thin film according to 
Claim 10, further comprising a container transfer device that 
transfers an unprocessed container from a predetermined 
position into said container in/out chamber, and transfers a 
processed container from said bottle in/out chamber to a 
predetermined position. 
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19. The apparatus for forming thin film according to 
Claim 18, wherein said predetermined position is a position 
upon a conveyer. 

20. The thin film formation apparatus according to Claim 10, 
wherein that said relative shifting device relatively shifts 
the container and said heat generating element at variable 
speed. 


