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GAS SEPARATION APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention_relates_to a gas separation apparatus
for separating specific gaseé from a mixture gas containing a
plurality of gases.
2. Description of the Related Art

cOnventionally, various gaseé are used in semiconductor
manufacturing processes depending:on fhe process. For example,
perfluoro compound (PFC) gas which is a mixture containing fluorine
compounds such as CF,, NF;, C,Fs, C;Fg, _S?s, and 'CHi-f'3 is used as a
reaction gas at the dry etching process oz: at the thin film forming
process. In these processes, discharge gas is produced which
contains the PFC gas. |

Because these discharge gases such as PFC cannot be discharged
out of the manufacturing line as such, various methods are employed
for treéting these gases. The treating methods include (i)
decomposition in which the PFC gas is decomposed by combustion,
cafalystheating,orpﬂasmadecomposition;(ii)membraneéeparation
in which these materials are separated by a membrane; and (iii)
subzero cooling separation in which the separation is achieved
taking advantage of the &ifference in the boiling points of the

gases.

However, in the decomposition method (i), there are
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shortcomings in that a complete decomposition is Qifficult'and the
gas cannot be recovéred for reuse because the gas is decomposéd
and disqharged. In the membrane separation (ii), although hitrogen :
in the dischérge gas can be removed, the separation between CF, and
NF; or the 1i_ke which have similar molecular size is difficult.  In
the above method (iii), the overall size of the apparatus becomes
large, resulting in increased cost for the equipment and increased
running cost. Moreover, because the boiling point difference

between CF, and NF,; is only 1 °C, the separation is difficult.

SUMMARY OF THE INVENTION

One oi:jeci: of the present invention is to provide a gas
separation apparatus capable of separating a mixture gas having
a plurality of gas constituents inexpensively and with high purity.

In order to achieve the object mentionéd above, ‘according to
one aspect of the present invention, there is provided a gas
separation 'apparatus for s'eparating specific gases f_-rom- a mixture
gas to be treated containing the specific gases, the apparatus
comprising: an adsorbing device for adsorbing the specific gases
within the mixture gas to be treated by sup.plying the mixture gas .
to be treated and for desorbing the adsorbed specific gases by
supplying a .purge gas; and a separator for separating
chromatographically. the mixture gas containing thg specific gases
from the adéorbing device, into each of the pluraiity of gas

constituents.
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In this manner, by using a separator which performs
chromatographic separation, separation of specific gases, such as,
for example, CF, and NF;, contained in the mixture gas to be treated,
which are otherwise difficult to be separated, can be reliably
achieved. The separated CF, and NF, can then be recovefed and
reused.

An adsorbing device is provided before the separator, inwhich
device the specific gases are adsorbed and then desoibed by a purge
gas. By. adsorbing and then desorbing, the specific gases can be
concentrated. In this manner, the specific gases, such as, for
example, CF, a.nd NF, can be reliably separated at the separator.

According to another aspect of the present invention, it is

preferable that concentration means is further provided for

independently concentrating the gas separated into each of the
plurality of gas constituents and obtained at the chromatog;:aphic
separator, and the concentrated gas obtained by the concentration
means is recovered and-reuéed._

A carrier gas (for example, nitrogen) is included in the
specific gases separated chromatographically, such as, for'example,
CF, and. NF;. By removi'ng the carrier gas by the concentration means,
éach of the specific gases can be recovered and reused.

According to another aspect of the present invention, it is
preferable that a mixture gas containing the specific gasés having
a plurality of gas constituents is the PFC gas discharged from a

semiconductor manufacturing process and the mixture gas to be
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treated contains nitrogen as another gas.

When the specific gases constitute the PFC gas, activated
carbon or silica gel, or the like can be preferably used as the
adsorbent. Also, for desorption, it is preferable to use.nitrogen
gas as the purge gas under an overheated condition.

According.to anothér aspect of the present invention, if is
preferable that the PFC gas contains one of fluorine compoundé
having at least one of the elements C, N, and S as a composition
element.

According to another aspéct_: of the present invention, it is
preferable that the PFC gas includes one of CF,, NF;, C,Fs, C,F,, SF,,
or CHF,. |

Accprding.to another aspect of the present invention, it is
preferable that the above-mentiéned concentration means is either
a membrane separator which takes advantage of the
permeability/impermeability of a membrane or a subzero cooling
separator which takes advantage of difference in boiling points.
With such a concentration meahs, concentration of the PFC gas, for
example, can be effectively performed. |

According to another aspect of the present invention, it is

preferable that a plurality of chromatographic columns are provided

- and used in sequence. By using a plurality of columns, the

separation process can be performed almost continuously.
According to another aspect of the present invention, it is

preferable that the gases other than the specific gases separated
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at the separator contains nitrogen as the -inain constituent and the
nitrogen gas is reused for a given usage.

According t.ol another aspect of the present invention, it is
preferable to perform a process to rembve gas constituents other
than the nitrogen gas on the gas containing nitrogen gas as its

main constituent.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing a schema of one of embodiments

of the present invention.

Fig. 2 is a diagram showing a structure of a chromatographic

separator which uses a plurality of columns.

Fig. 3 is a diagram showing the pi:oces_sing of nitrogen.

DESCRIPTION OF PREFERRED EMBODIMENT

A preferred embodiment of the present invention will now be

described referring to the drawings.

A PFC gas is supplied in a manufacturing process 10 such as
etching or thin film formation at a semiconductor manufacturing
plant. A discharge gas containing the PFC 'gé's is thus produced.
The inlet side of a vécuum pump 12 is connected to the path for
the discharge gas and the discharge gas containing PFC gas is
discharged from the manufacturing process 10 by the vacuum éump
12. As the PFC gas; CF,, NF,, C,F,, SF,;, or the like or a combination

thereof are suitably used. In-the embodiment, the PFC gas contains
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CF, and NF,. Here, because the PFC gas decomposes in the
manufacturing process 10 to generate hydrofluoric acid, the

discharge gas also con_tainé hydrofluoric acid. Because of this,

~if the discharge gas is directly introduced into the vacuum pump

12, the vacuum pump 12 _may be damaged. In order to handle this
problem, nitrogen gas is supplied as a diluting gas, from the
discharge gas path to thé vacuum pump 12, to dilute the discharge
gas.

The outlet side of the vacuumpump 12 is connected to a scrubber
14. The discharge gas which is diluted by nitr_ogen is supplied to
the scrubber 14. The scrubber 14 employs a water shower to dissolve
and absorb hydrofluoric acid (HF) within the discharge gas into
water.

The discharge gas from the scrubber 14 is then introduced to
a dewatering device 16, where water is removed. The discharge gas
from the scrubb;ar-14 contains a large amount of water and it is
desirable to remove water for the subsequent processes. Any form
of dewatering device can be used as the dewatering device 16, but
it is preferable to employ a dewatering dévice in which water is
removed by reducing the temperature of the discharge gas.

The discharge gas containing PFC gas and nitrogen thus
obtéined is supplied to an adsofbing device 18. The adsorbing
device 18 is constrﬁcted from a column filled with an adsorbent
for adsorbing the PFC gas. As the adsorbent, any one of various

hydrophobic adsorbents can be used, such, for exémple, as activated
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carbon and hydrophobic silica gel (calcined material). By flowing
the discharge gas through thé adsorbing device 18, the PFC gas is
adsorbed and nitrogen is discharged.

After a prédetermined amount of PFC gés is adsorbed, .the PFC
gas adsorbing capability of the adsorbent will reach its limit.
At this stage, the supply of discharge gas is stopped, the
temperafure of the column is raised, and nitrogen is suppl.ied as
the purge gas, in order to desorb the adsorbed PFC gas into the
purgegas. It ispreferable toprovide aplurality of columns filled
with the adsorbent as the adsorbing device 18 and use the columns

in sequence. In this manner, the discharge gas can be continuously

' proéessed.

After PFC gas is concentrated in this manner, thé gas is
supplied to a .chromatographic sepa.rator 20. The chromatographic
separator 20 includes a column filled with a desired filler. The
gas is- passed through the column. 1In this manner, the gas 'is
separated into the constituents because the constituents have
different retention times due to difference in the affinity
(tendency for adsorption and distribution coefficient) of the gas
co'ns.tituents with respect to.the filler. As a filler, for example,

silica gel or molecular sieve can be used for separating CF, and

" NF;. In the chromatographic separator 20, nitrogen is used as a

carrier gas and CF, and NF, are separated by sequentially desorbing

and discharging CF, and NF, adsorbed on the filler. When a fraction

having both CF, and NF; is generated, it is preferable to return
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this fraction to the separation inlet side.

For example, while passing nitrogen gas, a predetermined
amount of discharge gas can be mixed with nitrogen gas, and a
fraction containing CF, and a fraction containing. NF,; can be
separately collected.

| It is ~<;:1lso preferable to provide a plurality of columns as
the chromatographic separator 20, supply the discharge gas to each
column in sequence, and collect each fraction from each column in
sequence.

Fig. 2 shows a configuration example in which four columns
20a, 20b, 20c, and 20d are provided, and fract_ions are obtained
by éupplying the discﬁargé gas to the columns in sequence. For
example, nitrogen can be continuously supplied to the columns 26a P
20b, 20c, and 20d as a carrier gas, and the discharge gas can be

introduced to the columns in sequence by switching the valves at

the column inlet side in sequence. Because gas of nitrogen, gas

of CF, and nitrogen, gas of Cf',,, NF; and nitrogen, and gas of NF,
and nitrogen flow out frbm each of the columns 20a, 20b, 20c, and
20d, in that order, the gases can be separated and discharged by
switéhing valves at the column exit side in sequence and actuating
corresponding one of vacuum pumps VP. The fraction containing both
CF, and NF, is circulated to the column into which the discharge
gas is being introduced.

In this manner, gas of nitrogen, gas of CF, and nitrpgen, and

gas of NF, and nitrogen are obtained at the exit of the
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chromatographic separator 20.

It is preferable to pefform collection of the gas for each
constituent at the exit of the chromatographic separator 20 and
the switching of the valves in Fig; 2 based on an analysis result
of the gas at the exit. For example, gas constituents can be
detected using a differential thermal detector (TCD) or Foﬁrier
transform-infrared analyzer (FT-IR), and the control can be
performed based on the analysis.

With this process, the gas is separated into the constituents,
and t_hus . inthe fractions of CF, and nitrogen, and of NF; and nitrogen,
a pure mixture can be 6btained with almost no other materials
present. |

The obtained gas. of CF, and nitrogen is.supplied to a
concentrator 22 and the obtained gas of NF; and nitrogen is supélied
to a concentrator 24. As . the concentrators 22 and 24, it is
preferable to use a membrane separator. With this structure,
nitrogen is separated from the discharge gas and each of the gas
constituents of the feed PFC gas (CF, or NF, in the embodiment) is
concentrated. It is also possible to use a subzero cooling device

as the concentrators 22 and 24. Moi‘e specifically, although the
boiling points for CF, and NF, are similar (-128 °C and -128.8 °C,
respectively), the boiling point of nitrogen is significantly
different (-195 °C). Nitrogen can thus be easily separated using
this difference iﬁ the boiling points in order to concentrate thé

PFC gas constituents.
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In particular, by circulating the concentrated gas several
times in a membrane separator or by using a multiple step membrane

separator, or using a subzero cooling separator, almost 100% of

- nitrogen can be separated, leaving a pure, 100% concentration of

CF, gas and NF, gas.

The obtained CF, gas and NF, gas can then be recovered and
reused at the mam:;f..ﬂa.cturing process 10.

In this manner, in the embodiment, the separation of CF, and
NF;, which is difficult in other separation methods, can be reliably
achieved using the chromatographic separator 20. The separated CF,
and NF, can be recovered and reused.

In particular, in the embodiment, an adsorbing device 18 is
provided before the chromaitogxaphic separator 20 forl concentrating
PFC gas. In this manner, CF, and NF, can be feliably separated at
the chromatographic separator 20 using nitrogen as a carrier gas.
The concentrations of CF, and NF; in the fractions can be maintained -
at a certain high concentration.

Moreover, in the embodiment, for the fractions of gas of CF,
and nitrogen, and gas of NF, and nitrogen, nitrogen is removed by
separate concentration processors 22 and 24. Because of this,
almost 100% of nitrogen can be removéd, so that CF, and NF, can be
reused at the manufacturing process 10. |

. The .I"FC gas includes, in addition to CF, and NF,, C,F, , SF,,
etc. These PFC gases can be separated relatively easily by various

devices. 1In the cliromatographic separator 20, these PFC gas

10
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constituents appear as fractions that are far apart, and thus, the
fraction containing these PFC gas constituents can be respectively
separated from the fraction separated as nitrogen in the above
example.

Also, nitrogen is discharged at the adsorbing device 18,
chromatographic sepz;lrator 20, and con;:entrators 22 and 24.
Nitrogen, on the other.hand, is necessary as the diluting gas before
the vacuum pump 12, as the purge gas for the adsorbing device 18,
and as the carrier gas for the chromatographic separator 20. It
is therefore preferable to reuse the discharged nitrogen. The
decision on where the discharged nitrogen is reused can be arbitrary,
but because the diluting gas before the vacuum pump 12 is close
to a crude gas, .it is preferable to reuse nitrdgen as the diluting
gas. |

It is highly probable that the nitrogen. gas to be reused
contains some amount of the PFC gas. 'I'herefore,.it is preferable
to process the nitrogen gas to remove the PFC gas. As the process,
it is preferable to employ a known method for decomposing the PFC
gas, such, for example, as plasma decomposition process, combustion,
and catalyst heating process. It is also pc'oésible to pej:form the
membrane process, subzero cooling separation, and chromatographic
separation again for separating the PFC gas and reuse nitrogen.

Fig. 3 shows an example where the plasma decomposition process

is employed. As shown, nitrogen discharged from the adsorbing

device 18 and the concentrators 22, and 24 is subjected to the plasma

11
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decomposition process at the plasma decompose device 26 to decompose

the PFC gas, and the discharged nitrogen is reused as the dilut;ing
gas, the purge gas, or the carrier gas.

Example 1

As a sample discharge gas, nitrogen gas was prepared which
contained _0.0.1% of CF,and 0.01% of NF, (volume percent). The sample
discharge gas was introduced to the adsorbing device 18 of the
apparatus shown in Fig. 1, and processing experiment was performed
at each of the subsequent processes. |

A column filled with an activated carbon was used as the
adsorbing device 18. The sample discharge gas was passed through
the column. The gas at the exit of the column was analyzed, and

the supply of the discharge gas was stopped when the exiting gas

started to contain CF, and NF,. The adsorbed CF, and NF, were desorbed

by raising the temperature in the column and supplying nitrogen
as the purge gas. In this manner, nitrogen gas containing
respectively 10% of CF, and NF, was obtained as the désorbéd gas.
Then, the obtained desorbed gas was passed through the
chromatographic separator 20 with the column filled with silica
gel and using nitrogen as a carrier. As a result, gas of CF, and
gas of NF, were separated and discharged in that order at the column
exit, due to the difference in the retention times. Respective
concentrations in nitrogen was 0.01% ah_d the purity was 100%. By
removing nitrogen at the concentrators 22 and 24 (membrahe

separators), gases of CF, and NF, were obtained, each with almost

12



100% concentration.

The analysis of the nitrogen discharged at the adsorbing
device 18, chromatographic separator 20, and concentrators 22 and
24 indicated that the nitrogen gas contained 10 ppm of PFC gas.
The PFC gas was almost completely decofnposed and rendered harmless
by applying a plasma decompos.ition process to the obtained 'nitrdgen .
It was thus confirmed that the nitrogen gas is usable as a diluting
gas before the vacuum pump 12, a purge gas at the adsorbing device

18, or as a carrier gas for the chromatographic separator 20.

13
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What is claimed is:

l. A gas separation apparatus for sepafating specific gas
constiﬁuents from % mixture gas to be treated containing a plurality
of gas constitﬁents, said apparatus comprising:

an adsorbing device for adsorbing the specific gas
constituents within said mixture gas to be treated by supplying
said mixture gas to be treated and for discharging the adsorbed
specific gas constituents by supplying a purge gas; and

a separator for chromatographically separating the gas
containing said specific gas constituents frdm said adsorbing

device, into each of the plurality of .gas constituents.

2. A gas separation apparatus of claim 1, further comprising:
concentrators for independently concentrating the gas
constituents separated into each of the plurality of constituents

and obtained at the separator; wherein

the concentrated individual gas constituents obtained by said

concentrators are recovered and reused.

3. A gas separation apparatus of claim 1, wherein
said mixture gas having'a plurality of gas constituents is
PFC gas discharged from a semiconductor manufacturing process and

said gas to be treated contains nitrogen as another gas.

14
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4. A gas separation apparatus of claim 3, wherein
said PFC gas contains one of fluorine compounds including at

least one element of C, N, and S as a composition element.

5. A gas separation apparatus of claim 4, wherein

said PFC gas includes one of CF,, NF,, C,F,, C,F,, SF,, or CHF,.

6. A gas separation apparatus of claim 2, wherein

each of said concentrators is a membrane separator which takes
advantage of the permeability/impermeability of a membrane or a
subzero cooling separator which takes advantage of the difference

in the boiling points.

7. A gas separation apparatus of claim 1, wherein
said chromatographic separator includes a plurality of

chromatographic columns which are used in sequence. -

8. A gas separation apparatus of claim 1, wherein

gas constituents other than the specific gas constituents,
separated at said concentrators, said separator and said adsorbing
device contain nitrogen as the main constituent and the nitrogen

gas is reused for a given usage.

9. A gas separation apparatus of claim 8, wherein

a process for removing gas constituents other than nitrogen

15
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gas is performed on said gas constituents containing nitrogen gas

as the main constituent.
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