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METHOD OF REMOVING MOISTURE IN GAS 
SUPPLY SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to and claims the early 
?ling date of Japanese Patent Application JP 11-258547, 
?led Sep. 13, 1999, the entire disclosure of Which is hereby 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a method of 
removing moisture in a gas supply system used in the 
manufacture of semiconductors, chemicals, precision 
machine parts and the like. More particularly, the present 
invention relates to a method of removing moisture in the 
gas supply system effectively by adjusting the How pressure 
of the gas for removing moisture Within a speci?c range 
Without baking (heating) the gas supply system or by 
intermittently supplying the gas for removing moisture at 
speci?c intervals. 

BACKGROUND OF THE INVENTION 

[0003] Various kinds of high-purity gases are generally 
supplied to a gas supply system in semiconductor manufac 
turing facilities, chemical manufacturing facilities and the 
like. If semiconductors, chemicals and the like are to be 
manufactured With high ef?ciency and purity, it is essential 
to keep impurities from getting into high-purity gases. 

[0004] HoWever, When the gas supply system is opened to 
the atmosphere as in the inspection of the facilities and the 
suspension of manufacture, air, moisture and other impuri 
ties ?oW into the system. 

[0005] Those impurity gases are adsorbed on the inside 
surface of the piping and other component parts such as 
various valves and ?lters. The ?lter in particular is large in 
adsorption area and the adsorbed impurity molecules are 
dif?cult to remove. 

[0006] Previously, impurity gases adsorbed inside the gas 
supply system Were removed by purging the inside of the gas 
supply system With a high-purity gas for a long time, or 
baking the gas supply stem from outside. 

[0007] Since an H2O molecule in particular is stronger 
than other adsorbed molecules in adsorbability, baking is 
considered to be the most effective Way of removing impu 
rity gases. 

[0008] Whether the impurity gases have been removed is 
generally judged in a Way that the main components in the 
evacuated gas are compared before and after the baking. The 
largest impurity gas before baking is H2O. In baking, Water 
decreases drastically as compared With other gases. In other 
Words, moisture is a gas very difficult to remove by evacu 
ation at normal temperature, but is easy to remove by 
baking. 

[0009] HoWever, baking often has adverse effects on the 
gas supply system. For eXample, because of high tempera 
ture, materials deteriorate in physical properties. Due to an 
increase in diffusion coef?cient in the solid, segregation, 
thermal decomposition, or the like, occur. In particular, the 
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gas supply system itself is often so designed that it should 
not be baked. In such a case, the system cannot be baked. 

SUMMARY OF THE INVENTION 

[0010] An general object of the present invention is to 
provide a method of removing impurity gases ef?ciently 
Without baking. A ?rst speci?c object of the present inven 
tion is to provide a method of removing moisture in a gas 
supply system in Which adsorbed moisture can be removed 
effectively by evacuation at normal temperature. 

[0011] A second speci?c object of the present invention is 
to provide a method of removing moisture in the gas supply 
system in Which adsorbed moisture can be effectively 
removed by maintaining the How pressure of the gas for 
removing moisture Within a speci?c range. 

[0012] A third speci?c object of the present invention is to 
provide a method of removing moisture in the gas supply 
system in Which adsorbed moisture can be removed ef? 
ciently by evacuation at normal temperature even if the gas 
supply system is a complicated one having valves, ?lters, 
pressure regulators, ?oW regulators, etc. 

[0013] A fourth object of the present invention is to 
provide a method of removing moisture in the gas supply 
system in Which moisture can be removed effectively by 
evacuation at normal temperature even in a gas supply 
system of a complicated construction by stopping and alloW 
ing, at speci?c intervals, the How of the moisture-removing 
gas Without regulating the How rate of the gas for removing 
moisture in a meticulous manner. 

[0014] The present invention solves the above problems. 
As described more fully beloW, the present invention is to a 
method of removing remaining moisture in a gas supply 
system in Which the How pressure of the gas for removing 
moisture is set at not loWer than a minimum pressure Where 
the gas ?oW becomes a viscous How and not higher than a 
Water-saturated vapor pressure, Which is the basic principle 
of the present invention. 

[0015] A feature of the present invention is that a condi 
tion alloWing the gas for removing moisture to be a viscous 
How is that the mean free path of gas molecules be smaller 
than the diameter of the piping of the gas supply system. 

[0016] The gas supply system from Which moisture is 
removed may be either a gas supply system of a relatively 
simple construction having ?lters and valves or one of a 
relatively complicated construction having ?lters, pressure 
regulators, ?oW regulators, valves, etc. 

[0017] Also, the gas supply system may be a gas supply 
system provided With an evacuation port for the gas for 
removing moisture at an end of the gas supply system and 
another on an upstream side of the How regulator. 

[0018] MeanWhile, the basic principle of the present 
invention is a method of removing moisture remaining in the 
gas supply system by ?oWing the gas for removing moisture 
in the gas supply system in Which the inside of the gas 
supply system is evacuated continuously and at the same 
time the moisture-removing gas to be supplied into the gas 
supply system is stopped and alloWed to How at speci?c 
intervals. 

[0019] While the moisture removing gas to be supplied 
into the gas supply system is stopped, moisture is removed 
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With high ef?ciency by evacuating to bring the How pressure 
of the gas for removing moisture in the gas supply system to 
a pressure value betWeen the minimum pressure Where the 
gas ?oW becomes a viscous How and the Water saturated 
vapor pressure at the How temperature of the gas for moving 
moisture. 

[0020] The supply pressure of the moisture removing gas 
to be supplied in the gas supply system is brought to betWeen 
IOU-4,500 Torr. As a result, While the supply of gas for 
removing moisture is stopped, the How of the gas for 
removing moisture in the gas supply system is a viscous ?oW 
Without fail and the gas pressure in the gas supply system is 
not higher than the Water vapor pressure in the gas supply 
system is not higher than the Water vapor pressure, thereby 
facilitating the desorption and removal of the adsorbed Water 
molecules ef?ciently. Thus, the desorbed Water molecules 
are driven out by the supply of the gas for removing 
moisture that folloWs, and the moisture is removed more 
ef?ciently. 

[0021] Further, the moisture removing gas from the supply 
source can be supplied into the gas supply system Without 
adjusting the gas ?oW rate on a primary side of the gas 
supply system. This further simpli?es the moisture remov 
ing process. 

[0022] The moisture-removing gas to be supplied into the 
gas supply system is alloWed to How preferably for 0.9 to 5 
seconds and is stopped for 0.3 to 175 seconds alternately. 
This further improves the moisture-removing ef?ciency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a constitutional diagram of a gas supply 
system according to Embodiment 1 of the present invention. 

[0024] FIG. 2 is a detailed illustration of test eXamples 
embodying various physical conditions. 

[0025] FIG. 3 is a comparative diagram of remaining 
moisture content after respective purges. 

[0026] FIG. 4 is a constitutional diagram of a gas supply 
system according to Embodiment 2 of the present invention. 

[0027] FIG. 5 is a comparative diagram shoWing remain 
ing moisture concentrations in the gas supply system of 
FIG. 4 Where viscous ?oW purges by evacuation at tWo 
points Were carried out for 10, 30 and 60 minutes, respec 
tively. 

[0028] FIG. 6 is a comparative diagram shoWing remain 
ing moisture concentrations in virtually the same gas supply 
system comparing purging methods: one method involving 
purging by stopping the supply of the gas for removing 
moisture and alloWing the gas to ?oW, and other methods. 

[0029] FIG. 7 is a comparative diagram shoWing remain 
ing moisture concentrations in a purging method in Which 
the supply of gas for removing moisture is stopped and 
restarted With variation in the number of cycles of stopping 
and alloWing the How to ?oW. 

[0030] FIG. 8 is a comparative diagram shoWing remain 
ing moisture concentrations in a purging method in Which 
the supply of gas for removing moisture is stopped and 
restarted, Wherein a comparison is made betWeen tWo cases, 
one Where the How rate of the gas for removing moisture 
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supplied from the primary side is adjusted and the other 
Where no adjustment is made. 

List of reference letters 

RG1 pressure regulator 
PF gas puri?er 
MFC1 mass floW controller 
MFCZ mass floW controller 
MFC3 mass floW controller 

MFC4 mass floW controller 
MFM mass floW meter 

V1-V19 valves 
API-MS atmospheric ionized gas mass analyzer 
DP dry pump 
VG vacuum generator 
BL bypass line 
SL sample line 
SBL sample bypass line 
PL purge line 
BA baking area 

[0031] 

Abbreviations used herein 

SLM liter/minute in a standard state 
vac evacuation 

sccm cm3/minute in a standard state 
sccs cm3/second in a standard state 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] After extensive research and development of a 
method of removing moisture in a gas supply system by 
means other than heating, it Was discovered that moisture 
can be removed ef?ciently by adjusting the How pressure of 
the gas for removing moisture. 

[0033] If the gas supply system is evacuated While the gas 
for removing moisture is ?oWed in the gas supply system, 
the gas molecules ?oW, hitting the inside surface of the 
piping and the complicated inside surface of the ?lter. The 
inside surface has Water molecules sticking to it. When the 
gas molecules collide against the Water molecules to 
exchange energy, the Water molecules How and are evacu 
ated by the energy gained. The gas molecules also have to 
be evacuated. 

[0034] If the gas molecules that have sloWed doWn after 
the crushing can collide against other gas molecules, the 
collision alloWs the gas molecules to accelerate and make 
them How and be evacuated. In other Words, to evacuate 
both the gas and Water molecules, the gas molecules need to 
hit Water molecules on the inside surface and further collide 
frequently against each other. 

[0035] To have this phenomenon materialiZe, it Was dis 
covered that it is necessary to utiliZe the Knudsen number. 
The Knudsen number K is given as folloWs: K=L/D (L: 
mean free path; D: representative length of an object). In the 
present invention, the representative length D may be a 
piping diameter. 

[0036] If the Knudsen number K is smaller than 1, that is, 
the mean free path L is smaller than the piping diameter D, 
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moisture-removing gas molecules easily collide With each 
other. This range of about 0.01<K<1.00, is called a slip ?oW, 
that is, it is believed that the gas flow slides on the inside 
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Therefore, if PEPW, adsorbed moisture can evaporate. The 
saturated vapor pressure PW of Water over a temperature 
range from 0 to 150° C. is shoWn in Table 1. 

TABLE 1 

Vapor pressure of Water from 0 to 1500 C. (in Torr) 

Temp. 
(° C.) 0 1 2 3 4 5 6 7 8 9 

0 4.581 4.925 5.292 5.683 6.099 6.542 7.012 7.513 8.405 8.609 
10 9.208 9.844 10.518 11.232 11.988 12.788 13.635 14.531 15.478 16.479 
20 17.536 18.651 19.828 21.070 22.379 23.758 25.211 26.741 28.351 30.045 
30 31.827 33.699 35.667 37.733 39.903 42.180 44.569 47.074 49.700 52.452 
40 55.33 58.35 61.51 64.82 68.28 71.89 75.67 79.62 83.74 88.05 
50 92.55 97.24 102.13 107.23 112.55 118.09 123.87 129.88 136.15 142.66 
60 149.44 156.50 163.83 171.46 179.38 187.62 196.17 205.05 214.27 223.84 
70 233.77 244.07 254.74 265.81 277.29 289.17 301.49 314.24 327.45 341.11 
80 355.26 369.89 385.03 400.68 416.86 433.58 450.87 468.72 487.17 506.21 
90 525.87 546.17 567.11 588.72 611.01 634.00 657.70 682.14 707.32 733.27 
100 760.00 787.54 815.89 845.09 875.14 906.07 937.90 970.64 1004.32 1038.96 
110 1074.6 1111.2 1148.8 1187.5 1227.2 1268.0 1309.9 1353.0 1397.2 1442.6 
120 1489.1 1536.9 1586.0 1636.3 1687.9 1740.8 1795.0 1850.7 1907.7 1966.1 
130 2026.0 2087.4 2150.3 2214.6 2280.6 2348.1 2417.2 2488.0 2560.4 2634.5 
140 2710.4 2788.0 2867.4 2948.5 3031.6 3116.5 3203.3 3292.0 3382.7 3475.3 
150 3570.1 

Source: Manufacturing Chemists Association Research Project on “Selected Values of Properties of Flu 
ids,” Tables 2—1—(1.01)—K, Texas A&M University, College Station (1964). 

surface of the piping. Therefore, LED is one of the condi 
tions required in the present invention. In the present inven 
tion, a ?uid in Which LED is achieved is called a viscous 
How. 

[0037] On the other hand, if K>1, that is, L>D, the 
collision betWeen the gas molecules decreases in frequency. 
Under this condition, if the gas molecules and Water mol 
ecules collide With each other, evacuating the Water mol 
ecules, the re-collision of the gas molecules is 10W in 
probability. As a result, the gas molecules are adsorbed on 
the inside surface. A ?uid in Which these conditions prevail 
is called molecular How in the present invention. 

[0038] In the present invention, therefore, it is essential 
that a viscous flow prevail. Generally, the mean free path L 
is given by L=1/\/2J'cd2n (d: diameter of molecule; n: mol 
ecule number density). The molecule number density n is n 
otP (P: gas flow pressure), and therefore L=k/P (k: propor 
tional coef?cient). 

[0039] The proportional coefficient k is different depend 
ing on the kind of gas. With air at 20° C., L=4.98><10_3/P. 
Here, the system of units L (cm) and P (Torr) are used, i.e., 

for P=10_3 (Torr), L=5 For P=10_2 (Torr), L=0.5 For P=10_1 (Torr), L=0.05 

[0040] If the piping diameter D is 0.5 (cm), for eXample, 
it is required that LED be established if the How becomes 
a viscous flow. That is, it is required that the folloWing 
pressure conditions be met: P210-2 (Torr). Therefore, the 
conditions under Which the How becomes a viscous flow 
mean setting the loWest limit of the gas flow pressure. 

[0041] Next, the highest limit of gas flow pressure P has to 
be given. It is found that this highest limit condition is the 
same as the condition under Which the moisture adsorbed on 
the inside surface evaporates Within the piping. If the gas 
flow pressure in the piping is not higher than the saturated 
vapor pressure PW of Water, moisture could evaporate. 

[0042] At 20° C., PW=17.5 (Torr). If the gas for removing 
moisture is air, the gas flow pressure P at Which moisture can 
be removed ranges betWeen 10-2 (Torr)EPE 17.5 (Torr). 
Other gases used for removing moisture are not much 
different in this pressure range. 

2 [0043] The gas becomes a molecular flow when P<10_ 
(Torr). To remove moisture, therefore, it is not necessary to 
raise a high degree of vacuum. An ordinary vacuum pump 
Will do. 

[0044] Therefore, the How can be made viscous by a dry 
pump DP, or a vacuum generator VG in Which a Venturi tube 
is utiliZed. It is easy to acheive a viscous ?oW, but it is 
necessary to Watch the pressure of the gas flow so that the 
How pressure in the piping is made loWer than the saturated 
vapor pressure PW. 

[0045] A variety of gases can be used as the gas for 
removing moisture, including helium (He), neon (Ne), argon 
(Ar) and nitrogen (N2). Especially, inert gases Which are 10W 
in reactivity and hardly re-adsorb on the gas supply system 
are the most suitable as the gas for removing moisture. 

Embodiment 1 

[0046] There Will noW be described in detail a ?rst 
eXample of removing moisture in a gas supply system 
according to the present invention. 

[0047] FIG. 1 is a schematic diagram of the gas supply 
system according to the ?rst embodiment. Pure argon gas 
(Ar) is used as the gas for removing moisture. The essential 
point of the present invention is that the How pressure 
conditions under Which moisture can be removed at 20° C. 

are 10'2 (Torr)EPE17.5 (Torr). At P<10_2 (Torr), the How 
becomes a molecular ?oW. At P>17.5 (Torr), the saturated 
vapor pressure is exceeded and moisture cannot be removed. 

[0048] A pressure regulator RG1 reduces Ar gas With a 
pressure of 4 (kg/cmZG) to a desired pressure level and 
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supplies the gas. A gas puri?er PF removes impurities in the 
gas. Mass ?oW controllers MFC1, MFC2 and MFC can 
control the How rate of the gas ?oW Within any pressure 
range and How rate range. Also, a mass ?oW meter MFM can 
measure the gas ?oW rate Within a speci?c range. 

[0049] Valves V1-V14 are used to open and close the gas 
?oW. As a sample S, any member can be used but in the 
present example, a gas ?lter is used. 

[0050] An API-MS is an atmospheric ioniZed gas mass 
analyZer and speci?es the kinds of components contained in 
the gas and their speci?c gravity ratio. 

[0051] A valve V9 can be provided With tWo kinds of 
vacuum pumps selectively. One is a dry pump DP that can 
evacuate the gas ?oW pressure to 10-3 (Torr) and is adjust 
able to reduce to several hundred Torr by controlling the 
How rate of How from the upstream. The other is a Venturi 
type vacuum generator VG and the attainable pressure is up 
to 60 (Torr). That is, the pressure adjustable range reached 
by evacuation is up to 60 (Torr). The pressure can be 
adjusted up to several hundred Torr by controlling the How 
rate of How from the upstream. Therefore, the dry pump DP 
can cover the molecular ?oW area, the area of the present 
invention and the area exceeding the saturated vapor pres 
sure. But the vacuum generator VG can test the area exceed 

ing the saturated vapor pressure only. 

[0052] The vacuum generator VG is so constructed that, 
While the How rate of N2 is controlled by the mass ?oW 
controller MFC, evacuation is effected. The pressure attain 
able is up to 60 (Torr), as mentioned above. 

[0053] The piping of the gas supply system comprises a 
bypass line BL, a sample line SL, a sample bypass line SBL, 
a purge line PL and a baking area BA. In the present 
example, the bypass line BL and sample bypass line SBL are 
to How high-purity gas constantly not to raise the back 
ground of the analyZer and to How high-purity gas When the 
background of the sample line is checked. The lines BL and 
SBL are not for the actual purging. Therefore, the valves V1, 
V3, V4, V6 and V11 are normally closed. 

[0054] While the gas ?oWs, the baking area BA is alWays 
heated to 120° C. and no adsorbed moisture remains. Mois 
ture generation in the area is prevented. It is also so designed 
that, When the remaining gas is measured, the moisture is 
hard to adsorb. 

[0055] To put the initial moisture absorption condition on 
an equal footing in many tests, the valves V7, V8, V12, V9 
are ?rst closed and the valves V10 and V14 are opened to 
open the piping. Then, the valve V9 is opened and While the 
air is sucked, the piping is evacuated for 3 minutes. The 
valve V10 is then closed to return the piping pressure to 
atmospheric pressure. This condition is maintained for a 
speci?c time to have the same amount of moisture adsorbed 
in the piping. 

[0056] During this operation, the valves V2, V13, V6, 
V11, V5 are opened While the valves V1, V4 and V12 are 
closed to ?oWAr gas through the sample bypass line SBL at 
the rate of 1.2 liters/minute to check the background. 

[0057] Then, the valve 14 is closed and the valves V7, V9 
and V10 are opened to alloW Ar gas to How at a speci?c 
pressure, Whereby the adsorbed moisture in the sample S is 
removed by the vacuum pump for a speci?c time. After 
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purging by this Ar gas, the valves V7, V9, V10 are closed 
and the valves V2, V5, V8, V12, V13 are opened, and the 
valves V6, V11 are closed to alloW Ar gas through the 
sample line SL at rate of about 1.2 liter/min. At the same 
time, the baking area BA is heated to 120° C. 

[0058] That is, the moisture in the sample S is removed at 
a speci?c pressure by the Ar gas purge through the purge line 
PL in the ?rst stage. Ar gas is passed through the sample line 
SL in the second stage, and While the moisture content is 
measured by the atmospheric ioniZed gas mass analyZer 
API-MS, Ar gas is evacuated. This Way, the ef?ciency of 
removing moisture by Ar gas purging is measured. 

[0059] FIG. 2 is a detailed vieW of test examples. There 
are 11 test examples including (1), (4), (5), A-H. Test 
example (1) is for continuous purge measurement, While the 
other test samples (4), (5), A-H are for measurements 
conducted by combining the Ar gas purge in the ?rst stage 
and alloWing the Ar gas to pass through the sample line in 
the second stage. 

[0060] The aforesaid continuous purge measurement is to 
purge (remove) moisture and to measure the moisture con 
tent at the same time. In other Words, after the air is let in, 
the valves V7, V9, V10, V14, V6, V11, V1, V3, V4 are 
closed, While the valves V2, V13, V12, V8 and V5 are 
opened. Immediately after that, Ar gas is ?oWed through the 
sample line SL at the rate of 1.2 liter/min. And the moisture 
content is measured by the atmospheric ioniZed gas mass 
analyZer API-MS. 

[0061] In the continuous purge measurement (1), Ar gas at 
room temperature (about 20° C.) is ?oWed at a rate of 1.2 
SLM (liter/minute in standard state). 

[0062] The batch purge in the test examples (4), (5) is 
moisture-removing purge in the ?rst stage in Which the gas 
pressure is sWitched. In the test example (4), for example, 
purging With Ar gas under pressure 2 (kgf.cm2) is effected 
for 5 seconds using the vacuum generator VG and then for 
another 5 seconds the same Way but at pressure 60 (Torr). 
Alterations betWeen these 5 second purge steps are made (60 
times for 10 minutes). 

[0063] The time given in the parentheses in the test 
examples (4)-H indicates the time for purging to remove 
moisture. After these purges, the moisture content is mea 
sured. The test examples (1), (4) are examples Where the 
saturated vapor pressure of 17.5 (Torr) is exceeded. In test 
example (5), a sWitch is made betWeen the area exceeding 
the saturation vapor pressure and the molecular ?oW area. 
Text examples A, B, C, D, E, F, G are in the areas Where the 
How is a viscous How and pressure is beloW the saturated 
vapor pressure. Finally, test example H is in the area Where 
the How is a viscous ?oW but the pressure exceeds the 
saturated vapor pressure. That is, there are 7 test examples 
according to the present invention—A, B, C, D, E, F, 
G—and the other four examples are comparative examples. 

[0064] FIG. 3 is a comparative diagram shoWing the 
remaining moisture after various purges. Tests (1), (4), (5) 
and H are high in startup peak immediately after the start of 
measurement. It is thus shoWn that moisture removal by 
continuous purge and the ?rst stage purge are not sufficient. 

[0065] Test (5) is slightly loWer than tests (1) and (4) in 
peak but higher than tests A to G. Speci?cally, test examples 
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A to G of the present invention are lower than the other 
comparative examples in peak, showing that the moisture 
removing purge in the ?rst stage is effective. 

[0066] As is evident from the difference A betWeen the 
peak of test example (1) and the peak of test sample C, the 
moisture content drops to 1/10. As shoWn, it is proven that if 
the purge pressure of the gas for removing moisture is set at 
the viscous ?oW area and beloW the saturated vapor pres 
sure, moisture can be removed effectively. 

Embodiment 2 

[0067] FIG. 4 is a schematic diagram of a gas supply 
system according to the second embodiment of the present 
invention. The difference betWeen the schematic diagram of 
the gas supply system according to the ?rst embodiment 
shoWn in FIG. 1 is that (1) the gas supply system is closer 
to the actual one having a ?lter FIL, a pressure regulator 
RG2, a mass ?oW controller MFC3 and valves for a sample 
S (surrounded With dotted line in FIG. 4), and (2) evacuation 
can be effected at tWo points—on the upstream side of the 
mass ?oW controller MFC and at the end of the gas supply 
system. 

[0068] It is noted that in FIG. 4, evacuation is effected at 
tWo points because the mass ?oW controller MFC3 for small 
?oW rate is large in resistance in the inside ?oW path. 
HoWever, in case the internal resistance in the mass ?oW 
controller MFC3 is small or the mass ?oW controller MFC3 
is not included or in case the dry pump DP is large in 
evacuation capacity, needless to say, the evacuation may be 
effected at one point through valve V9a. 

[0069] In the gas supply system in FIG. 4, the Ar gas 
pressure is adjusted to 0.2 MPaG by the pressure regulator 
RG1. The valves V7, V8, V12, V9a, V9b are ?rst closed and 
the valves V14, V15 to V16, V10 are opened to leave the 
inside of the piping open to the atmosphere. Then, While the 
valves V9a, V9b are opened to suck the air in, the piping is 
evacuated. Thereafter, the valve V10 is closed to bring back 
the pressure inside the piping to atmospheric. This state is 
maintained for a speci?c time to let the same amount of 
moisture adsorb in the sample line SL. 

[0070] During this operation, the valves V2, V13, V6, 
V11, V5 are opened, While the valves V1, V4, V12 are 
closed to How the Ar gas to the sample bypass line SBL at 
the rate of 1.2 liter/min. and to check the background. 

[0071] To effect the Ar gas purge in the ?rst stage, the 
valve V14 is closed, While valves V7, V9a, V9b, V10, V15 
to V19 are opened to How the Ar gas at a speci?c pressure, 
Whereby the adsorbed moisture in the sample line SL is 
removed by the vacuum pump for a speci?c time. 

[0072] When the Ar gas purge in the ?rst stage is over, 
then the measurement of moisture content in the second 
stage is carried out. For the measurement, the valves V7, 
V9a, V9b, V10 are closed, While valves V2, V5, V8, V12, 
V13, V15 to V19 are opened and the valves V6, V11 are 
closed to How Ar gas through the sample line SL at the rate 
of 1.2 liters/min. At this time, the baking area BA is heated 
to 120° C. Then, While the Ar gas is evacuated through the 
valve V5, the moisture content is measured by the atmo 
spheric ioniZed gas mass analyZer API-MS. This Way, the 
ef?ciency of moisture removal by Ar gas purge is measured. 
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[0073] FIG. 5 shoWs the remaining moisture content after 
the Ar gas purge of the gas supply system in FIG. 4. The Ar 
gas purge is carried out With the Ar gas ?oW rate at 19.7 
sccm and an internal pressure of the dry pump DP at 14.8 
Torr. 

[0074] In this case, the inside diameter of the piping is 4.4 
mm and the pressure of the Ar gas is 14.8 Torr. That is, the 
aforesaid Ar gas purge is carried out under viscous ?oW 
conditions. 

[0075] In FIG. 5, curve b, curve c and curve d indicate 
measurements of remaining moisture concentrations after 
the Ar gas purge in the ?rst stage for 10, 30 and 60 minutes. 

[0076] The curve a shoWs the remaining moisture concen 
tration after continuous purging. 

[0077] As a comparison betWeen curve a and curves b, c 
and d shoWs, the remaining moisture of the b, c, and d 
decreases to about 1/2 that of curve a. 

Embodiment 3 

[0078] A third embodiment of the present invention Will 
noW be explained. No constitutional diagram of the supply 
system in Which the third sample is applied is shoWn, but the 
arrangements are essentially the same as those in FIG. 4. 

[0079] What is different is that (1) the valve V7 is so 
designed as to continuously open and close in a speci?c 
short cycle, and (2) the mass ?oW controller MFC2 is 
omitted. 

[0080] The reason Why the mass ?oW controller MFC2 is 
omitted is that there is no need in particular to adjust the How 
rate of the Ar gas to be supplied in the ?rst stage Ar gas purge 
(i.e., purging by supplying the Ar gas intermittently). 

[0081] In the third embodiment, the same amount of 
moisture is ?rst adsorbed in the piping under the same 
conditions as in Embodiments 1 and 2. 

[0082] Also, Ar gas is ?oWed through the sample bypass 
line SBL at the How rate of 1.2 liters/minute, and the 
background is checked. 

[0083] Thereafter, to carry out the Ar gas purge in the ?rst 
stage, the dry pump DP is actuated and the valves V7, V9a, 
V9b, V10, V15, V19 are opened While valves V8, V14, V12 
are closed. 

[0084] Then, the valve V7 is opened and closed in a 
speci?c cycle to stop and start the Ar gas supply to the gas 
supply system, thereby changing the pressure in the sample 
line SL betWeen tens of Torr (60 Torr, for example) and 
several Torr (1 Torr, for example). 

[0085] If the valve V7, for example, is closed in the valve 
opening and closing operation, the sample line SL is evacu 
ated to a pressure of several Torr. As a result, the Ar gas ?oW 
enters the area of viscous How and is reduced in pressure to 
a level loWer than the saturated vapor pressure of Water. The 
moisture is removed With high ef?ciency under the same 
conditions as in Embodiment 1. 

[0086] If the valve V7 is opened instead, the Ar gas 
pressure Within the sample line SL changes to tens of Torr 
(60 Torr, for example), getting out of the area of viscous 
?oW. HoWever, a large quantity of Ar gas ?oWing in When 
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the valve V7 is opened efficiently forces out the Water 
molecules as detached in the sample line SL. 

[0087] Needless to say, the pressure, How rate, etc. of the 
Ar gas to be supplied to the gas supply system are properly 
set depending on the constitution of the gas supply system, 
the capacity of the evacuation unit (dry pump DP) and the 
inside diameter of the piping path. The pressure is usually set 
at 100 to 4,500 Torr. 

[0088] FIG. 6 shoWs the moisture concentrations remain 
ing after moisture is removed by the third embodiment from 
the sample line SL of the same construction as that in FIG. 
4. Curves d, e, f1 and f2 are measurements in Embodiment 3. 

[0089] That is, the curve d is a measurement of the 
remaining moisture concentration in the ?rst stage purge 
conducted so that, While the line is evacuated by the dry 
pump DP, the Ar gas is ?oWed for 5 seconds and stopped for 
175 sec. This procedure is repeated 60 minutes. 

[0090] The curve e is a measurement conducted so that Ar 
gas is ?oWed 5 seconds and stopped for 55 seconds. This 
procedure is repeated for 60 minutes. Curve f1 is a mea 
surement taken this Way. The Ar gas is ?oWed for 5 seconds 
and stopped for 25 seconds, and this procedure is repeated 
for 60 minutes. 

[0091] Similarly, the curve f2 is a measurement conducted 
so that Ar gas is ?oWed for 5 seconds and stopped for 25 
seconds, and this procedure is repeated for 360 minutes. 

[0092] MeanWhile, the curves a, b, C1- C4 in FIG. 6 are 
shoWn for comparison. The curve a is a measurement taken 
With the line continuously purged With the Ar gas under 
identical conditions as the curve (1) in FIG. 3 in Embodi 
ment 1 and the curve a in FIG. 5 in Embodiment 2. 

[0093] The curve b in FIG. 6 is a measurement taken this 
Way. Aprocedure comprising applying pressure With the Ar 
gas at 2 kf/cm2 for 10 seconds and evacuation by the vacuum 
generator VG for 30 seconds (about 70 Torr) is repeated for 
30 minutes (batch procedure). 

[0094] Furthermore, the curves CJL-C4 in FIG. 6 shoW 
remaining moisture concentrations measured the same Way 
as in FIG. 5 in Embodiment 2. That is, the ?rst stage purge 
is conducted for 30, 60, 180 and 360 minutes under the 
conditions that the Ar gas ?oW rate is 19.7 sccs at a pressure 
of 14.8 Torr (a viscous ?oW purge). 

[0095] As is evident from the curve f2 in FIG. 6, better 
moisture removing efficiency can be achieved in Embodi 
ment 3 than by a viscous ?oW purge (curve C4) in Embodi 
ment 2. 

[0096] FIG. 7 shoWs changes in moisture removing ef? 
ciency observed When the number of the opening and 
closing cycles of the valve 7 is varied in Embodiment 3. 

[0097] Curves (2) to (6) in FIG. 7 shoW measurements in 
remaining moisture concentration in the Ar gas in Embodi 
ment 3. Curve (1), Which is shoWn for comparison, shoWs a 
measurement of remaining moisture concentration Within 
the Ar gas in case of continuous gas purge. 

[0098] The curve (2) in FIG. 7, for example, is a mea 
surement taken this Way. With evacuation being conducted, 
the Ar gas is ?oWed for 0.9 seconds and stopped for 0.3 
seconds. This procedure is repeated 3,000 times (for 60 
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minutes). After that, the moisture concentration in the Ar gas 
is measured continuously for 30 minutes. 

[0099] As is evident from FIG. 7, a high moisture remov 
ing ef?ciency can be achieved When the number of cycles of 
the opening and closing of the valve V7 is increased. 

[0100] FIG. 8 compares the moisture removing ef?cien 
cies in Embodiment 3 of the present invention betWeen the 
folloWing cases: one Where the How rate of the Ar gas is so 
adjusted that the Ar gas supplied from the primary side 
becomes a viscous How and the other case Where the Ar gas 
is supplied to the sample line SL at the original ?oW rate 
initially adjusted on the supply source side With no adjust 
ment made to the How rate of the Ar gas for purge to be sent 
to the sample line SL (that is, Without the mass ?oW 
controller MFC 2 in FIG. 4 provided). 

[0101] As is evident from a comparison betWeen the curve 
(2) and the curve (3) in FIG. 8, Whether the How rate of the 
Ar gas for purge to be supplied to the sample line SL is not 
adjusted or the How rate is adjusted meticulously during 
purge so that the Ar gas ?oW becomes a viscous ?oW, about 
the same moisture removing ef?ciency can be achieved by 
sWitching the valve betWeen opened and closed positions 
While supplying the Ar gas at some 0.2 MPaG (about 2300 
Torr). In reality, the Ar gas supply pressure is set at 100 Torr 
to 4500 Torr (5 k/cmZG). 

[0102] The gas supply systems according to the Embodi 
ments 1 and 2 shoWn in FIGS. 1 and 4 are provided With the 
bypass line BL and the sample bypass line SBL. In the actual 
operation of removing moisture in the gas supply system, the 
bypass line BL and the sample bypass line SBL can be 
omitted. 

[0103] According to one embodiment of the invention, the 
How pressure of the gas for removing moisture is set at not 
loWer than the loWest pressure at Which the How becomes a 
viscous How and not higher than the saturated vapor pres 
sure. Therefore, the collision of gas molecules can effec 
tively remove moisture adsorbed on the inside surface of the 
gas supply system. Thus, an effective method of removing 
moisture Without baking is established, especially for a part 
that should not be baked. 

[0104] According to another embodiment of the invention, 
conditions for forming viscous How are achieved by making 
the mean free path of gas molecules smaller than the piping 
diameter. Therefore, the minimum pressure that satis?es the 
conditions for viscous How can be derived Without dif?culty. 

[0105] According to a still further embodiment of the 
invention, inert gases such as Ar gas are selected as gas for 
removing moisture. Therefore, after moisture molecules are 
forced out, the gas itself Will hardly be adsorbed in the 
supply system. 

[0106] According to yet further embodiments of the inven 
tion, moisture inside the sample line can be removed ef? 
ciently Whether the sample line is formed of such simple 
parts as a ?lter or a complicated piping system path having 
a ?lter, pressure regulator, mass ?oW controller and control 
valve. 

[0107] According to a still further embodiment of the 
invention, even if the gas supply system includes equipment 
With large ?oW resistance, it is possible to easily maintain 
the How gas pressure Within the gas supply system higher 
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than the lowest pressure at Which the gas ?oW becomes a 
viscous gas How and lower than the Water saturated vapor 
pressure. Thus a more complicated gas supply system can be 
cleared of moisture. 

[0108] According to other embodiments of the invention, 
moisture can be removed ef?ciently from a more compli 
cated gas system Without adjusting With high precision the 
How rate of the gas for removing moisture supplied from the 
primary side. Moisture can be removed in a short time, 
simply and easily. 

[0109] According to another embodiment of the invention, 
moisture can be removed ef?ciently in a still shorter time by 
increasing the number of cycles of stopping the How of the 
gas removing moisture and alloWing the gas to ?oW. 

[0110] As set forth above, the present invention is eXcel 
lent in practicability. The present invention is not limited to 
the embodiments and examples described above, and it is to 
be understood that changes and variations may be made 
Without departing from the spirit or scope of the present 
invention. 

What is claimed is: 
1. A method of removing moisture remaining in a gas 

supply system having piping, comprising the steps of: 

?oWing a gas to remove moisture in the gas supply system 
at a How pressure; and 

setting the How pressure of the gas to remove moisture at 
a level not loWer than the loWest pressure at Which gas 
?oW becomes viscous How and not higher than a 
saturated vapor pressure of Water at a How temperature 
of the gas for removing moisture. 

2. Amethod as de?ned in claim 1, Wherein, in said viscous 
?oW, a mean free path of the gas to remove moisture is 
smaller than a diameter of the piping of the gas supply 
system. 

3. A method as de?ned in claim 1, Wherein said gas to 
remove moisture is an inert gas. 

4. Amethod as de?ned in claim 1, Wherein said gas supply 
system comprises a ?lter and valves. 
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5. Amethod as de?ned in claim 1, Wherein said gas supply 
system comprises a ?lter, pressure regulator, ?oW rate regu 
lator and valves. 

6. Amethod as de?ned in claim 1, Wherein the gas supply 
system has an evacuating port for the gas to remove mois 
ture, and a How rate regulator, and Wherein evacuation is 
effectable at an end of the gas supply system and on an 
upstream side of the How rate regulator. 

7. A method of removing moisture remaining in a gas 
supply system having an inside, comprising the steps of: 

?oWing a gas to remove moisture in the gas supply 
system; 

alternately stopping the How the gas to remove moisture 
at speci?c intervals; and 

continuously evacuating the inside of the gas supply 
system during the steps of ?oWing and alternately 
stopping. 

8. Amethod as de?ned in claim 7, Wherein, during the step 
of alternately stopping, a How pressure of the gas to remove 
moisture inside the gas supply system is brought, by said 
step of continuously evacuating to a pressure level betWeen 
a minimum pressure Where the gas ?oW becomes viscous 
How and a saturated vapor pressure of Water at a How 
temperature of the gas to remove moisture. 

9. A method as de?ned in claim 7, further comprising the 
step of supplying the gas to remove moisture into the gas 
supply system betWeen about 100 to 4,500 Torr. 

10. Amethod as de?ned in claim 7, further comprising the 
step of supplying the gas to remove moisture to the gas 
supply system Without regulating gas How on a primary side 
of the gas supply system. 

11. A method as de?ned in claim 7, Wherein the steps of 
?oWing and alternately stopping comprise, ?oWing for a 
time betWeen about 0.9 to 5 seconds and alternately stopping 
the How betWeen about 0.3 to 175 seconds. 


