
(19) United States 
US 20070127004A1 

(12) Patent Application Publication (10) Pub. No.: US 2007/0127004 A1 
Yonekawa (43) Pub. Date: Jun. 7, 2007 

(54) EXPOSURE APPARATUS AND DEVICE (30) Foreign Application Priority Data 
MANUFACTURING METHOD 

Dec. 26, 2003 (JP) .................................... .. 2003-434539 

(75) Inventor: Masami Yonekawa, Utsunomiya-shi Publication Classi?cation 

(JP) (51) Int. Cl. 

Correspondence Address: (52) IGJOS3BCI 27/42 (200601) 355/53_ 355/30 
FITZPATRICK CELLA HARPER & SCINTO . . . ............................................... .. , 

30 ROCKEFELLER PLAZA (57) ABSTRACT 
NEW YORK, NY 10112 (US) _ 

An exposure apparatus for exposmg a substrate. The appa 
(73) Assigneez Canon Kabushiki Kaisha, Tokyo (JP) ratus includes an optical system being set at a reference 

temperature, for directing light to the substrate, an exposure 
(21) App1_ NO; 11/67L571 chamber for storing the optical system in a vacuum ambi 

ence, and a load-lock chamber, disposed adjacent to the 
(22) Filed; Feb_ 6, 2007 exposure chamber, for converting an ambience of a space 

surrounding the substrate into a vacuum ambience. When 
Related US, Application Data the load-lock chamber converts the ambience of the space 

surrounding the substrate into a vacuum ambience, the 
(62) Division of application No. 11/019,112, ?led on Dec. temperature of the load-lock chamber is made higher than 

22, 2004, noW Pat. No. 7,193,682. the reference temperature. 

20 
26a ““ 26b 

33a \\\\\\\ \\\\\ \ J \_.\ \ / 1 (“J 

GAUGE 1 / f, GAUGE 2 
/ 

1\\\\\\\ u. \\\\\ 1 23a 

22 [J 24 HEATER CONTROLLING 
P’ 28 CIRCUIT 1 

VALVE CONTROLLING 
CIRCUIT 

275 
f.) 

VACUUM 
PUMP 



Patent Application Publication Jun. 7, 2007 Sheet 1 0f 16 US 2007/0127004 A1 

’\21 
v H 

2L [X1 
333 26a \\\\\\ \\ \\ \ L“ \“""\_ 1 x J TEM H 

TEMP. ' _~;_____ ’ P 
GAUGE1 ; ' / GAUGE 2 

1\\ \\\\ \\\\\ 22 (J 24 HEATER CONTROLLING 

‘ P’ 28 - CIRCU|T1 

VALVE CONTROLLING . 

CIRCUIT 
25 

I...) 
VACUUM 
PUMP 

FIG.1 



Patent Application Publication Jun. 7, 2007 Sheet 2 0f 16 US 2007/0127004 A1 

4 

K 
“—’ 3 

CECE 
5\\F 18 1 

11 12 ( 

1x 1 X 8 i 
6\:E $1 T F: 

S 
14 



Patent Application Publication Jun. 7, 2007 Sheet 3 0f 16 US 2007/0127004 A1 

TEMP. 
TO 

TIME 

105 . I I E 

if 104 5 
§ E 
D _ 

U) _ 

(0 
Lu _ 

[I 
“- 103 E 

102 . . . 

O 5 10 - 15 20 

TlME(sec) 

FIG.4 



Patent Application Publication Jun. 7, 2007 Sheet 4 0f 16 US 2007/0127004 A1 

30 I l l 

20 - 

TEMPERATURE(K) 
_40 | l 1 

0 5 10 15 2O 
T|ME(sec) 

5 l I l 

4 
O 
1' 
§ 3 
% 
F SI'HLT=1.4 

‘<2 
<1) 

1 .. 

O l l l 

0 5 10 15 20 

T|ME(sec) 

FIG.6 



Patent Application Publication Jun. 7, 2007 Sheet 5 0f 16 US 2007/0127004 A1 

105 1 - ' ' 1 

(f 104 - 

E 
D 
(I) 
(D 

32 
“- 10a - 

102 - l I 

O 5 10 ' 15 20 

T|ME(sec) 

FIG.7 

TEMPERATURE (K) 

0 5 10 15 20 
TIME (sec) 

.5 o 

PIC-5.8 



Patent Application Publication Jun. 7, 2007 Sheet 6 0f 16 US 2007/0127004 A1 

5 

4 

3 2 

20 15 10 

T|ME(sec) 

F I G .9 

=______ _ 

105 

.4 3 0 0 4| 1 

102 
20 

TlME(sec) I 

FIG .1 0 



Patent Application Publication 

TEMPERERTURE (K) 

SATURATION RAFLO 

30 

20 

10 

Jun. 7, 2007 Sheet 7 0f 16 US 2007/0127004 A1 

0 5 

1 0 
TIME (sec) 

/\k. 
10 

T|ME(sec) 

FIG.12 

15 20 

SI'HLT=O.8 

15 20 



Patent Application Publication Jun. 7, 2007 Sheet 8 0f 16 US 2007/0127004 A1 

m21 
[J 

29%‘ |><| 
26a 26b 33b 

33 \\\\\\ \ \\ \\ 

3‘ kw 1 ‘ " J r" 
Ema :\ -=—— : {$625M 

,IHIILI HIII ’ 
J\\\\i\\ \\ \.\ \\ H 

32 29 24 QONTROLLING 
VALVE CONTROLLING 28 H 
CIRCUIT 

25 
/-_J 

VACUUM 
PUMP 

PIC-3.13 



Patent Application Publication Jun. 7, 2007 Sheet 9 0f 16 US 2007/0127004 A1 

m 21 

{J 

2& 
33a 26a ’ \\\\\ \\\\\\\\;25b LT1EMP \5"\ 1;; f TEMP (J 
GAUGE 1 , ' , GAUG'E 2 

I lllllll lHllll; 23a 
/\\\\.|<r\\\ \\\\\\\‘ ['J 
2 24 | HEATER CONTROLLING 
H 29 CIRCUIT 1 

VALVE CONTROLLING P’ 283 
' CIRCUIT 

25 
r} 

VACUUM - 

PUMP 

FIG.14 



Patent Application Publication Jun. 7, 2007 Sheet 10 0f 16 US 2007/0127004 A1 

f"'\ rJ 

20 

\\':E\\\ \\\\\ \ r’ 1: / J TEMP H 

j / GAUGE 2 

/J\\\\1\\\ \\\\\\ I 22 [J 24 HEATER CONTROLLING 

r’ 28 CIRCUIT 1 
VALVE CONTROLLING H 
CIRCUIT 

25 
H 

VACUUM 
PUMP 

FIG.15 



Patent Application Publication Jun. 7, 2007 Sheet 11 0f 16 US 2007/0127004 A1 

35 

TI _ 23b I III m 
I!‘ in CIRCUHI'Z 2%“ TEMP. 333° 

21 ' GAUGE 3 ' 

20 kw 26b 33b 

\\ \\\\\ \\\\\ \\ v , 1 / TEMP. 

/ I I i 
k \ \\ \ \ x. \\ \ \\\ \ HEATER CONTROLLING 

' CIRCUIT 1 

22 
I“ 28 24 

VALVE CONTROLLING "J 
CIRCUIT 

25 
CJ 

VACUUM 
PUMP 

FIG.16 



Patent Application Publication Jun. 7, 2007 Sheet 12 0f 16 US 2007/0127004 A1 

EXPOSURE OF N-th WAFER 
COMPLETED 

/\100 

V 

LOAD N-th WAFER 

INTRODUCE VENT GAS 
f 

@101 

RETURN TO ATMOSPHERIC 
PRESSURE @103 

V 

UNLOAD N-th WAFER 

V 

LOAD (N+1)-th WAFER 

106 V 

INSIDE GAS TEMP. 
Tg >T1? 

YES 

’\/104 

NO 
STAND-BY ’\J 107 

START VACUUM EXHAUST 

V 

PREDETERMINED PRESSURE 
REACHED 

V 

UNLOAD (N+1)-th WAFER 

V 

EXPOSURE OF (N+1)-th WAFER 



Patent Application Publication Jun. 7, 2007 Sheet 13 0f 16 US 2007/0127004 A1 

FIG.18 



Patent Application Publication Jun. 7, 2007 Sheet 14 0f 16 US 2007/0127004 A1 

11 15 



Patent Application Publication Jun. 7, 2007 Sheet 15 0f 16 US 2007/0127004 A1 

CIRCUIT DESIGN WAFER MANUFACTURE 

(STEP 1) . (STEP 3) 
V 

MASK MANUFACTURE 

(STEP 2) 

V 

WAFER PROCESS 
(PRE—PROCESS) 

(STEP 4) 

ASSEMBLY PROCESS 
(POST—PROCESS) 

(STEP 5) 
V 

INSPECTION 

(STEP 6) 
W 

SHIPMENT 

(STEP 7) 

FIG.21 



Patent Application Publication Jun. 7, 2007 Sheet 16 0f 16 US 2007/0127004 A1 

V OXIDATION 

(STEP 11) 

A 

V CVD 

(STEP 12) 

ELECTRODE 
FORMATION 

(STEP 13) 

ION IMPLANTATION — 

(STEP 14) 

REPEAT 

V 

RESIST PROCESS 

(STEP 15) 

1) 

EXPOSURE 

(STEP 16) 

II 

DEVELOPMENT 

(STEP 17) 

II 

ETCHING 

(STEP 18) 

II 

RESIST 
SEPARATION 

(STEP 19) 

F l G . 22 



US 2007/0127004 A1 

EXPOSURE APPARATUS AND DEVICE 
MANUFACTURING METHOD 

[0001] This application is a divisional application of 
copending US. patent application Ser. No. 11/019,112, ?led 
Dec. 22, 2004. 

FIELD OF THE INVENTION AND RELATED 
ART 

[0002] This invention relates generally to a semiconductor 
exposure apparatus. More particularly, the invention con 
cerns an exposure apparatus having a load-lock chamber, 
Which is provided in association With an apparatus for 
exposing a semiconductor substrate in a vacuum ambience. 

[0003] In relation to semiconductor devices, such as 
DRAMs or MPUs, for example, much research and many 
developments are currently being done to achieve devices 
having a lineWidth of 0.1 um or less in design rule. The 
exposure apparatuses to be used for this generation Will be 
those using an electron beam (EB) or extreme ultraviolet 
light (EUV). 
[0004] In such EB or EUV exposure apparatuses, expo 
sure in atmosphere is impracticable. The exposure has to be 
done in a vacuum and, hence, the Wafer loading and unload 
ing should be made by Way of a load-lock chamber. 

[0005] Generally, the load-lock chamber functions so that 
it receives a Wafer under atmospheric pressure and then, the 
chamber is vacuum exhausted to a predetermined pressure 
level. After that, a door is opened, and the Wafer is loaded 
into the exposure apparatus. After the exposure is com 
pleted, the Wafer is unloaded from the exposure apparatus, 
and the door at the exposure side is closed. After that, the 
chamber inside pressure is turned back to the atmospheric 
pressure, and then, the Wafer is unloaded from the chamber. 

[0006] Here, When the load-lock chamber is vacuum 
exhausted, particles are created Within the chamber and they 
are adhered to and deposited on the Wafer surface. This 
causes a serious decrease of yield of device production and 
degradation of device reliability. 

[0007] Conventionally, the mechanism of this phenom 
enon has been regarded as particles, Which are adhered and 
deposited inside the load-lock chamber, are raised by 
vacuum exhausting, and they are adhered to the Wafer. 
Recently, hoWever, another ?nding has been obtained, 
according to Which Water vapor contained in the load-lock 
chamber is condensed by a rapid temperature decrease due 
to adiabatic expansion of inside gas, and the vapor is 
adhered to the Wafer. 

[0008] The temperature of the gas during the vacuum 
evacuation largely depends on the type of gas, the capacity 
of the load-lock chamber, exhaust speed, and so on. A 
decrease amount of a feW tens of degrees (° C.) Was 
observed. When Water vapor is contained in the load-lock 
chamber, due to a rapid decrease of the gas temperature, 
taking small particles as a nucleus, the Water vapor is 
condensed and groWs into large particles (heterogeneous 
nucleation condensation). Depending on the temperature, 
vapor is froZen into ice, Which is deposited on the Wafer. 
Furthermore, the above-described phenomenon of Water 
vapor condensation causes serious problems even Without 
the presence of particles inside the load-lock chamber that 
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function as nuclei, the problems being that various ions 
inside the gas function as a condensation nucleus (hetero 
geneous nucleation condensation), or that Water vapor is 
coagulated and groWs largely (homogeneous nucleation). 
Thus, the presence of Water vapor inside the load-lock 
chamber, itself, is the source of the problem. 

[0009] Japanese Laid-Open Patent Application, Publica 
tion No. 2003-234282 proposes the use of a heater inside a 
load-lock chamber, as Well as adjusting the exhausting speed 
for exhausting the gas inside the load-lock chamber, in an 
attempt to avoid condensation of Water vapor inside the 
load-lock chamber. 

SUMMARY OF THE INVENTION 

[0010] It is accordingly an object of the present invention 
to provide a unique and an improved exposure apparatus by 
Which at least one of the inconveniences described above 
can be solved or reduced. 

[0011] In accordance With an aspect of the present inven 
tion, to achieve the above object, there is provided an 
exposure apparatus for exposing a substrate, comprising an 
optical system being set at a reference temperature, for 
directing light to the substrate, an exposure chamber for 
storing the optical system in a vacuum ambience, and a 
load-lock chamber disposed adjacent to the exposure cham 
ber, for converting an ambience of a space surrounding the 
substrate into a vacuum ambience, Wherein, When the load 
lock chamber converts the ambience of the space surround 
ing the substrate into a vacuum ambience, the temperature of 
the load-lock chamber is made higher than the reference 
temperature. 
[0012] In one preferred form of this aspect of the present 
invention, the difference betWeen the load-lock chamber 
temperature and the reference temperature is not less than 
?ve degrees and not greater than thirty degrees. Preferably, 
the difference betWeen the load-lock chamber temperature 
and the reference temperature is not less than ten degrees. 
More preferably, the difference betWeen the load-lock cham 
ber temperature and the reference temperature is not greater 
than tWenty degrees. 
[0013] The apparatus may further comprise a heating 
mechanism for applying heat to the load-lock chamber, 
Wherein the heating mechanism is provided in a space, 
inside the load-lock chamber, that does not contact With the 
space surrounding the substrate. 

[0014] The temperature of the load-lock chamber may be 
a temperature With Which Water vapor inside the space 
surrounding the substrate is not condensed during exhaust 
ing of a gas inside the space surrounding the substrate. 

[0015] The load-lock chamber may function to start the 
conversion of the ambience of the space surrounding the 
substrate inside the load-lock chamber either When a result 
of measurement of gas temperature measuring means pro 
vided in relation to the load-lock chamber shoWs a tempera 
ture equal to or higher than a predetermined temperature or 
When the time in Which a gas inside the load-lock chamber 
receives heat supply from a Wall of the load-lock chamber 
becomes equal to or longer than a predetermined time 
period. 
[0016] The apparatus may further comprise at least one of 
a heat insulating material or a heat insulating structure 
provided betWeen the load-lock chamber and the exposure 
chamber. 
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[0017] The apparatus may further comprise gas supply 
means for supplying a gas into the load-lock chamber, and 
gas temperature adjusting means capable of raising the 
temperature of the gas supplied by the gas supplying means 
up to or beyond a predetermined temperature. 

[0018] The apparatus may further comprise temperature 
measuring means for measuring the temperature of the 
load-lock chamber, and control means for controlling the 
temperature of the load-lock chamber on the basis of the 
measured temperature of the load-lock chamber. 

[0019] The apparatus may further comprise heating means 
for applying heat to the load-lock chamber. 

[0020] The apparatus may further comprise a deformable 
member provided betWeen the exposure chamber and the 
load-lock chamber for relative displacement. The deform 
able member may be a belloWs. 

[0021] In accordance With another aspect of the present 
invention, there is provided an exposure apparatus for 
exposing a substrate, comprising an optical system being set 
at a reference temperature, for directing light to the sub 
strate, an exposure chamber for storing the optical system in 
a vacuum ambience, a load-lock chamber disposed adjacent 
to the exposure chamber, for converting an ambience of a 
space surrounding the substrate into a vacuum ambience, 
and at least one of a heat insulating material and a heat 
insulating structure provided betWeen the load-lock chamber 
and the exposure chamber. 

[0022] The apparatus may further comprise heating means 
for applying heat to the load-lock chamber. 

[0023] In one preferred form of this aspect of the present 
invention, the time in Which the substrate is introduced into 
the load-lock chamber and the time in Which the heating 
means applies heat to the load-lock chamber are at least 
partially overlapped With each other. 

[0024] In accordance With a further aspect of the present 
invention, there is provided a device manufacturing method, 
comprising the steps of exposing a substrate by use of an 
exposure apparatus as discussed above, and developing the 
exposed substrate. 

[0025] These and other objects, features and advantages of 
the present invention Will become more apparent upon a 
consideration of the folloWing description of the preferred 
embodiments of the present invention taken in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a schematic and diagrammatic vieW for 
explaining a ?rst embodiment of the present invention. 

[0027] FIG. 2 is a schematic vieW of an exposure system 
to Which the present invention is applied. 

[0028] FIG. 3 is a graph for explaining temperature 
decreases of a gas and a Wafer inside a load-lock chamber 
during vacuum evacuation. 

[0029] FIG. 4 is a graph for explaining the chamber inside 
pressure during vacuum evacuation in a ?rst state, in the ?rst 
embodiment of the present invention. 

[0030] FIG. 5 is a graph for explaining the gas temperature 
during vacuum evacuation in the ?rst state, in the ?rst 
embodiment of the present invention. 
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[0031] FIG. 6 is a graph for explaining the value of the 
saturation degree Sr during vacuum evacuation in the ?rst 
state, in the ?rst embodiment of the present invention. 

[0032] FIG. 7 is a graph for explaining the chamber inside 
pressure during vacuum evacuation in a second state, in the 
?rst embodiment of the present invention. 

[0033] FIG. 8 is a graph for explaining the gas temperature 
during vacuum evacuation in the second state, in the ?rst 
embodiment of the present invention. 

[0034] FIG. 9 is a graph for explaining the value Sr during 
vacuum evacuation in the second state, in the ?rst embodi 
ment of the present invention. 

[0035] FIG. 10 is a graph for explaining the chamber 
inside pressure during vacuum evacuation in a third state, in 
the ?rst embodiment of the present invention. 

[0036] FIG. 11 is a graph for explaining the gas tempera 
ture during vacuum evacuation in the third state, in the ?rst 
embodiment of the present invention. 

[0037] FIG. 12 is a graph for explaining the value Sr 
during vacuum evacuation in the third state, in the ?rst 
embodiment of the present invention. 

[0038] FIG. 13 is a schematic and diagrammatic vieW for 
explaining a ?rst modi?ed example according to the ?rst 
embodiment of the present invention. 

[0039] FIG. 14 is a schematic and diagrammatic vieW for 
explaining a second modi?ed example according to the ?rst 
embodiment of the present invention. 

[0040] FIG. 15 is a schematic and diagrammatic vieW for 
explaining a third modi?ed example according to the ?rst 
embodiment of the present invention. 

[0041] FIG. 16 is a schematic and diagrammatic vieW for 
explaining a second embodiment of the present invention. 

[0042] FIG. 17 is a How chart for explaining an example 
of an operation to be performed in the ?rst embodiment of 
the present invention. 

[0043] FIG. 18 is a schematic vieW ofa ?rst example ofa 
heat insulating structure to be provided betWeen a load-lock 
chamber and an apparatus chamber, in accordance With the 
present invention. 

[0044] FIG. 19 is a schematic vieW of a second example 
of a heat insulating structure to be provided betWeen a 
load-lock chamber and an apparatus chamber, in accordance 
With the present invention. 

[0045] FIG. 20 is a schematic vieW of chamber heating 
means according to the present invention. 

[0046] FIG. 21 is a How chart for explaining the procedure 
of manufacturing devices, such as semiconductor chips (e. g., 
ICs or LSIs), LCDs and CCDs, for example, according to a 
third embodiment of the present invention. 

[0047] FIG. 22 is a How chart for explaining details of a 
Wafer process at step 4 shoWn in FIG. 21. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] Preferred embodiments of the present invention 
Will noW be described With reference to the attached draW 
ings. 
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Embodiment 1 

[0049] First of all, a projection exposure apparatus to 
Which the present invention is applied Will be explained, 
With reference to an EUV exposure apparatus shoWn in FIG. 
2 of the drawings. 

[0050] In FIG. 2, denoted at 1 is a Wafer, and denoted at 
2 is a re?ection type mask having an electronic circuit 
pattern formed thereon. Denoted at 3 is a mask stage for 
holding a re?ection type mask thereon and for coarsely and 
?nely moving the same in a scan direction, and denoted at 
5 is an optical system for directing re?ection light from the 
mask to a Wafer 1 for projection exposure thereof. Denoted 
at 6 is a Wafer stage for holding a Wafer thereon and for 
coarsely and ?nely moving the same in six-axis directions. 
The position of the Wafer stage With respect to the X- and 
Y-axis directions is continuously monitored by means of 
laser interferometers (not shoWn). Normally, the scan 
motion of the mask stage 3 and the Wafer stage 6 is 
synchronously controlled to assure that, When the reduction 
magni?cation of the projection optical system is 1/[3, the san 
speed of the mask stage is Vr, and the scan speed of the Wafer 
stage is VW, a relation Vr/VW=[3 is satis?ed, betWeen the 
scan speeds of these stages. Denoted at 8 is a conveyance 
hand for loading and unloading a Wafer betWeen the Wafer 
stage 6 and a load-lock chamber to be described later. 

[0051] The exposure process is carried out in an approxi 
mately vacuum ambience (high vacuum ambience to sub 
stantially avoid degradation of transmittance of EB light or 
EUV light), and, for this reason, these units are accommo 
dated in an apparatus chamber 4. Denoted at 7 is a vacuum 
pump for performing vacuum evacuation of the chamber 4. 
Denoted at 15 is roughly illustrated load-lock chamber of the 
present invention, and denoted at 9 is a vacuum pump for 
performing vacuum evacuation of the load-lock chamber 15. 
Denoted at 10 is a vent gas supply source for supplying dry 
N2 or dry air, for example, When the vacuum level inside the 
load-lock chamber should be turned back to the atmospheric 
pressure. Denoted at 11 is an apparatus-side gate valve for 
partitioning betWeen the apparatus chamber and the load 
lock chamber, and denoted at 12 is an exchanging-chamber 
side gate valve for partitioning betWeen the load-lock cham 
ber and a substrate exchanging-chamber side gate valve for 
partitioning betWeen the load-lock chamber and a substrate 
exchanging chamber, to be described later. Denoted at 14 is 
the substrate exchanging chamber for temporarily storing a 
Wafer under an atmospheric pressure. Denoted at 13 is a 
conveying hand for loading and unloading a Wafer betWeen 
the load-lock chamber and the substrate exchanging cham 
ber. Although an illumination optical system for illuminating 
a re?ection type mask 2 With the use of light from a light 
source is not illustrated, such an illumination optical system 
is included in the EUV exposure apparatus of this embodi 
ment, as a matter of course. 

[0052] Details of the load-lock chamber of the present 
invention Will noW be described. 

[0053] As regards the sequence of Wafer conveyance, ?rst, 
a Wafer in the Wafer exchanging chamber 14 is loaded into 
the load-lock chamber 15 under atmospheric pressure, by 
means of the conveyance hand 13. The gate valve 12 is then 
closed and, after that, a valve of the vacuum exhaust system 
9 is opened, Whereby exhausting is started. After tens of 
seconds and a predetermined pressure is reached, the gate 
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valve 11 is opened and, by means of the conveying hand 8, 
the Wafer is conveyed from the load-lock chamber 15 to the 
Wafer stage 6. After alignment thereof is accomplished, the 
exposure process is initiated. 

[0054] During the process of vacuum exhausting of the 
load-locking, inside gases are rapidly cooled due to adia 
batic expansion. FIG. 3 illustrates this temperature of the gas 
and the Wafer after the gate valve 12 is closed and at the 
moment When the vacuum evacuation is just going to be 
initiated, is T0. As the vacuum exhausting starts, the tem 
perature of the gas rapidly decreases and, While it depends 
on the chamber capacity and the exhausting speed, for 
example, after tens of seconds later, the temperature is 
loWered by tens of degrees from T0. After that, due to heat 
conduction from the chamber Wall that has a large heat 
capacity, the temperature rapidly becomes close to T0. On 
the other hand, as regards the Wafer having a large heat 
capacity as compared With the gas, the temperature 
decreases With a longer time constant as compared With the 
gas. It takes more than thirty minutes until, after a tempera 
ture decrease by a feW degrees, the temperature returns close 
to T0. 

[0055] As described hereinbefore, rapid cooling of the gas 
causes the inconveniences that Water vapor inevitably mixed 
into the gas reach deW point and is condensed. Depending on 
the temperature, vapor is froZen into ice, Which is then 
adhered to and deposited on a Wafer as particles. 

[0056] In accordance With this embodiment, to avoid the 
inconveniences caused by a rapid temperature decrease of 
the gas, heating means is provided at the load-lock chamber 
Wall so as to keep the load-lock chamber Wall continuously 
at a predetermined temperature or higher, such that the 
inside gas of the load-lock chamber can be heated by the 
thermal energy from the load-lock chamber Wall. After the 
gas inside the load-lock chamber is raised to a predeter 
mined temperature or more, vacuum evacuation of the 
load-lock chamber is initiated. This means that, by heating 
the inside gas beforehand, the relative humidity is loWered, 
and also that, by heating the chamber Wall, the amount of 
heat supply from the Wall to the gas is increased to thereby 
prevent the Water vapor inside the load-lock chamber from 
reaching the deW point. 

[0057] Referring to FIG. 1, the load-lock chamber of the 
present invention Will be explained in more detail. Denoted 
in the draWing at 20 is a load-lock chamber. Gate valves, 
Which are opened and closed for Wafer loading and unload 
ing, are not illustrated. Denoted at 1 is a Wafer. Denoted at 
28 is a ?at heater for heating the gas and the chamber Wall 
up to a predetermined temperature. In this embodiment, the 
?at heater is put on the Whole inside Wall surface. The ?at 
heater 28 has a function of raising the chamber Wall tem 
perature at a predetermined temperature or higher and it 
keeps the temperature. The chamber Wall thus heated can 
serve to heat a vent gas, each time it is supplied for the 
venting, up to a predetermined temperature or more. 

[0058] Denoted at 24 is an exhaust valve provided in a 
portion of an exhaust pipe system, and denoted at 25 is a 
vacuum pump. Denoted at 21 is a valve, Which is used When 
dry nitrogen or dry air, for example, is to be vented into the 
chamber. Denoted at 26a and 26b are temperature sensors 
for measuring the inside gas temperature and the chamber 
temperature, and denoted at 3311 and 33b are temperature 










