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SUBSTRATE PROCESSINGAPPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an apparatus for 
removing residuary pollution from various Substrates Such 
as a Semiconductor wafer, a glass Substrate for a liquid 
crystal display, a PDP (Plasma Display Panel) substrate or a 
glass Substrate and a ceramic Substrate for magnetic discs. 
0.003 2. Description of the Background Art 
0004. In a Substrate processing System, an apparatus for 
removing remaining contaminants from a Substrate is used. 
Such remaining contaminants may include reaction products 
generated on the Substrate due to quality change of a resist. 
In most cases, the reaction products are an organic Sub 
stance. For example, when dry-etching is effected on a thin 
film existing on the Surface of the Substrate with the use of 
a resist film as a mask, reaction products are generated on the 
substrate. This reaction products need to be removed effi 
ciently. In the following, this circumstance will be explained 
more concretely. 

0005. Manufacturing processes of a semiconductor 
device include a proceSS in which a metal thin film Such as 
aluminum or copper formed on a Substrate Such as a Semi 
conductor wafer is Subjected to etching by using a resist film 
as a mask to form wiring of Semiconductor elements. 

0006 For example, as illustrated in FIG.91A, electronic 
elements 8102 are formed on a semiconductor Substrate 
8101, and a metal film 8103 is formed thereon. This metal 
film 8103 is made of, for example, aluminum. 

0007 Further, a resist film 8104 is formed on the metal 
film 8103. This resist film 8104 is formed through the 
following processes: resist is applied to a top Surface of the 
metal film 8103 to be dried thereon, the dried resist is 
Selectively exposed by an exposing device in the form of a 
wiring pattern, and a developing liquid is Supplied to the 
exposed resist to remove unnecessary portions therefrom. In 
this manner, only the necessary portions of the metal film 
8103 are masked by the resist film 8103, and in the suc 
ceeding etching process, the necessary portions of the metal 
film 103 are allowed to remain without being etched. 

0008 Next, a dry-etching process such as RIE (Reactive 
Ion Etching) is carried out on the metal film 8103 masked by 
the resist film 8103 so that portions of the metal film 8103 
that have not been masked by the resist film 8103 are etched 
and removed and the portions remaining without having 
been etched are allowed to form metal wiring 8106. 

0009. When the dry-etching is carried out as described 
above, reaction products 8105, derived from the resist film 
8103, etc., accumulate on the sides of the metal wiring 8106, 
as shown in FIG. 91B. 

0010. In most cases, these reaction products 8105 are not 
removed in the Succeeding resist-removing process, and 
tend to remain on the substrate 8101 as shown in FIG.91C, 
even after the removal of the resist film 8104. 

0011 When the substrate 8101 is sent to the next process 
without removing such reaction products 8105, they tend to 
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give adverse effects on the quality of the next proceSS and 
thereafter, therefore, it is necessary to remove them before 
the next process. 
0012. In order to remove the reaction products 8105, in 
the conventional Substrate processing apparatus, a plurality 
of process liquids, Such as a remover liquid, an intermediate 
rinse liquid and deionized water, are Successively Supplied 
from respective nozzles while the Substrate is being rotated. 
In the apparatus of this type, the following improvements 
have been demanded. 

0013 (1) Improvements in the Throughput 
0014. Here, it has been known that, when the remover 
liquid and deionized water are mixed, a phenomenon 
referred to as “pH shock” in which a strong alkali is 
generated, occurs, resulting in damages to the metal wiring. 

0015 For this reason, in the conventional method, in 
order not to directly mix the remover liquid and deionized 
water, an intermediate rinse liquid is Supplied So as to once 
remove the remover liquid from the Substrate, and deionized 
water is then Supplied to the Substrate So as to carry out a 
deionized water cleaning process. 
0016. In such a conventional technique, the intermediate 
rinse Step takes a long time, resulting in adverse effects on 
the throughput. 

0017 Moreover, in the conventional technique, a large 
amount of intermediate rinse liquid is required in the inter 
mediate rinse Step, resulting in high costs. 
0018 (2) Improvements in the Temperature Control in 
Process Liquids 
0019 Conventionally, with respect to the remover liquid 
used in the removing process of these reaction products that 
have been generated through dry-etching, those liquids 
adapted to a room temperature have been generally used. 
However, in recent years, remover liquids, which exert an 
improved removing function on the removing products 
when used at high temperatures, have been developed. 
0020. In the case when such a high-temperature type 
remover liquid is used, the remover liquid is heated to a 
temperature in the range of approximately 50 to 80 degrees 
in Celsius by using a temperature-raising mechanism for the 
remover liquid, and the temperature of the remover liquid is 
controlled with high precision. In other words, when the 
temperature of the remover liquid to be Supplied to the 
Substrate varies, it becomes impossible to carry out the 
removing process of the reaction products with high preci 
Sion. For this reason, the temperature control of the remover 
liquid needs to be carried out So as to always maintain the 
temperature of the remover liquid to be Supplied to the 
Substrate at a fixed temperature. 
0021 However, in Such a Substrate processing apparatus, 
during a non-processing period of time up to the Start of the 
process on Substrates in the next lot after Substrates in the 
preceding lot have been processed, or during a non-process 
ing period of time up to the Start of the process on the next 
Substrate after the process of a preceding Substrate, the 
remover liquid tends to be cooled off inside pipes, etc., 
between the temperature-raising mechanism of the remover 
liquid and the remover liquid discharging Section for dis 
charging the remover liquid to the Surface of the Substrate, 
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resulting in a failure to carry out the removing process of the 
reaction products with high precision. 
0022 (3) Improvements in Nozzles 
0023. In the conventional Substrate processing apparatus 
of this type for removing the reaction products, the remover 
liquid is Supplied to a fixed portion on the Substrate. For this 
reason, there is a difference in the process quality between 
the fixed portion and the other portions, failing to maintain 
the in-plane uniformity of the Substrate. 
0024. In particular, the remover liquids have such a 
characteristic that they exert the highest removing efficiency 
of the reaction products when used at the respective prede 
termined temperatures. For this reason, in the case when the 
remover liquid is Supplied to the fixed portion of the 
Substrate, it becomes difficult to maintain the in-plane uni 
formity of the Substrate. 
0.025 Further, the remover liquid supplying nozzle of 
Such a conventional Substrate processing apparatus is 
formed by a simple straight tube that is directed toward the 
Substrate with its tip being open. For this reason, Since the 
remover liquid hits the substrate in a dot form, it is difficult 
to maintain the in-plane uniformity in the process. 
0026. More specifically, the portion (referred to as a 
liquid arrival portion) at which the remover liquid hits the 
substrate in the dot form makes it possible to remove the 
reaction products in a comparatively short time, Since a fresh 
remover liquid is always Supplied thereto. However, the 
other portion (referred to as a liquid non-arrival portion) 
tends to have a slower proceSS in comparison with the liquid 
arrival portion. In other words, there are deviations in the 
time required for completing the process on the Surface of 
the Substrate. 

0027. For this reason, in the conventional Substrate pro 
cessing apparatus, it is necessary to wait for the completion 
of the process in the liquid non-arrival portion in order to 
remove the reaction products from the Substrate. However, 
in contrast, the remover liquid slightly has a corrosion effect 
on the metal film 8103, with the result that during the 
waiting time for the completion of the proceSS on the liquid 
non-arrival portion, the corrosion might take place on the 
metal film 8103 in the liquid arrival portion to a degree 
exceeding a permissible range. 
0028. Here, with respect to the substrate cleaning device, 
a droplet-injection cleaning method, which uses a cleaning 
double fluids nozzle for Strongly removing contaminants 
adhering the Surface of the Substrate, has been proposed. 
0029 FIG. 92 is a schematic drawing of a cleaning 
device in which the conventional cleaning double fluids 
nozzle is used. This cleaning device is provided with a 
cleaning cup 2051, a spin chuck 2052 for holding a substrate 
W inside the cleaning cup 2051, an electric motor 2053 for 
rotating this spin chuck 2052, a gas supplying means 2055 
for Supplying pressurized gas to the cleaning double fluids 
nozzle 2060 for discharging droplets onto the surface of the 
substrate W, and a liquid supplying means 2056 for supply 
ing a pressurized liquid to the cleaning double fluids nozzle 
2060. Moreover, a robot arm 2057 for holding and shifting 
the cleaning double fluids nozzle 2060 is installed. 
0030 FIG. 93 shows a cross-sectional view of the con 
ventional cleaning double fluids nozzle 2060. The cleaning 
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double fluids nozzle is provided with a first tube path 2061 
through which gas is transmitted, and a Second tube path 
2062 the tip of which is allowed to penetrate the side wall 
of the first tube path 2061 from the outside of the first tube 
path 2061, and extended to the inside of the first tube path 
2061 and through which a fluid is transmitted. The tip of the 
second tube path 2062 is extended in the same direction as 
the direction in which the first tube path 2061 is extended. 
0031) A substrate W is fixed to the spin chuck 2052, and 
rotated at a predetermined number of revolutions. Pressur 
ized gas is Supplied from a gas Supplying means 2055 to the 
cleaning double fluids nozzle 2060, and a pressurized liquid 
is Supplied from a liquid Supplying means 2056 thereto, 
respectively. In the cleaning double fluids nozzle 2060, the 
gas and the liquid are mixed with each other So that the 
liquid is changed to droplets in the form of mist. These 
droplets are accelerated by the gas flow inside the first tube 
path 2061, and discharged from the tip of the first tube path 
2061. The atomized droplets thus discharged are made to 
collide with the surface of the Substrate W, thereby removing 
the contaminants adhering to the surface of the Substrate W. 
0032. However, in the above-mentioned cleaning device, 
the gas and the liquid are mixed inside the cleaning double 
fluids nozzle 2060. Therefore, when the flow rate of one 
fluid is attempted to be changed independently of the flow 
rate of the other fluid, the latter is also changed Since the 
respective preSSures interfere with each other inside the first 
tube path 2061. 
0033. In other words, in the case when the gas flow rate 
is increased So as to increase the cleaning Strength, Since the 
pressure of the gas inside the first tube path 2061 increases 
so that the flow rate of the liquid supplied from the second 
tube path 2062 is Suppressed. Consequently, the droplets to 
be discharged from the tip opening of the nozzle of the 
double fluids nozzle 2060 tend to have cleaning strength 
different from the initial cleaning Strength due to the Sup 
pressed liquid flow rate. 
0034 Consequently, fine particles such as dusts and slur 
ries tend to remain on the Surface of the Substrate W. 
resulting in a Serious problem of a reduced yield in the 
manufacturing process of the Semiconductor device. 
0035 Moreover, in the above-mentioned cleaning 
device, Since the gas and the liquid are mixed inside the 
cleaning double fluids nozzle 2060, dusts are generated 
because irregularities on the inner wall of the nozzle 2060 
are cut. The dusts may be also generated during the mixing 
operation. The Substances resulting from the dried liquid and 
adhering to the inside of the nozzle 2060 are taken off by the 
flow in the nozzle. 

SUMMARY OF THE INVENTION 

0036) The present invention is directed to an apparatus 
for removing residuary pollution from a Substrate. 
0037 According to the present invention, the apparatus 
comprising: a) a spin mechanism for holding and rotating 
the Substrate; and b) a liquid Supply mechanism for Supply 
ing at least one liquid onto the Substrate being rotated, 
comprising b-1) a mist Supply mechanism for mixing a gas 
with a processing liquid to generate mist and Supplying the 
mist onto the Substrate being rotated in a removing process 
for removing the residuary pollution from the Substrate. 
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0.038. In an aspect of the present invention, the mist 
Supply mechanism comprising a mixing part having a mix 
ing room for mixing gas with the processing liquid to 
generate the mist, and a nozzle having a tapered channel for 
receiving the mist from the mixing room and Supplying the 
mist onto the Substrate, the channel having a tapered part 
being tapered-off toward a discharge end of the channel. The 
mist may be remover liquid, intermediate rinse for removing 
the remover liquid from the Substrate being rotated, and/or 
deionized water. 

0039. In another aspect of the present invention, the mist 
Supply mechanism comprising: a gas discharge mechanism 
for discharging the gas into an open Space on the Substrate; 
and a processing liquid discharge mechanism for discharg 
ing the processing liquid into the gas in the open Space to 
generate the mist to be applied to the Substrate. 
0040. In a preferred embodiment of the present invention, 
the mist Supply mechanism comprising: a processing liquid 
discharge mechanism having a first discharging outlet for 
discharging the processing liquid into an open Space; and a 
gas discharge mechanism having a Second discharging outlet 
for discharging the gas into the processing liquid in the open 
Space just after the processing liquid is discharged from the 
first discharging outlet, to thereby convert the processing 
liquid into liquid drops constituting the mist. 
0041. The present invention also provides an apparatus 
for removing residuary pollution from a Substrate, compris 
ing: a) a Spin mechanism for holding and rotating the 
Substrate; and b) a remover liquid Supply unit for Supplying 
remover liquid onto the Substrate being rotated to remove 
the residuary pollution from the Substrate, c) a deionized 
water Supply unit for Supplying a deionized water onto the 
Substrate being rotated, and d) at least one ultrasonic oscil 
lator for applying ultraSonic wave to at least one of the 
remover liquid and the deionized water. 
0042. The residuary pollution may be caused in a dry 
etching process in which a thin film formed on the Substrate 
is removed through a dry-etching Step using a resist film as 
a mask. The origin of the residuary pollution may be a resist 
used in an etching process of a thin film formed on the 
Substrate. In a preferred embodiment of the present inven 
tion, the residuary pollution is an organic matter. 
0043. In another preferred embodiment of the present 
invention, an apparatus for removing residuary pollution 
caused in an dry-etching process from a Substrate, the 
apparatus comprising: a) a spin mechanism for holding and 
rotating the Substrate; and b) a remover liquid Supply unit for 
Supplying remover liquid onto the Substrate being rotated to 
remove the residuary pollution from the substrate while 
Scanning the Substrate with the remover liquid. 
0044) In a further another preferred embodiment of the 
present invention, provided is an apparatus for removing 
residuary pollution caused in an dry-etching process from a 
Substrate, the apparatus comprising: a) a spin mechanism for 
holding and rotating the Substrate; and b) a remover liquid 
Supply mechanism comprising: b-1) a pressured generator 
for applying pressure to a remover liquid which is effective 
for removing the chemical residuary pollution to generate a 
pressured remover liquid, and b-2) a nozzle for discharging 
the pressured remover liquid onto the Substrate being 
rotated, and c) a deionized water Supply mechanism for 
Supplying deionized water onto the Substrate being rotated. 
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0045. In a further another preferred embodiment of the 
present invention, provided is an apparatus for removing 
residuary pollution caused in an dry-etching process from a 
Substrate, the apparatus comprising: a) a remover liquid 
Supply unit comprising a remover liquid discharging unit for 
discharging remover liquid onto the Substrate being rotated 
to remove the residuary pollution from the Substrate, b) a 
temperature controller for controlling a temperature of the 
remover liquid, c) a driver for moving the remover liquid 
discharging unit between a processing position from which 
the remover liquid is discharged onto the Substrate, and a 
stand-by position from which the remover liquid is dis 
charged to a position defined out of the Substrate, and d) a 
controller for controlling the driver and the remover liquid 
discharging unit Such that the remover liquid discharging 
unit is located at the Stand-by position and discharges the 
remover liquid to the position defined out of the Substrate, 
and the remover liquid discharging unit is then moved to the 
processing position and discharges the remover liquid onto 
the Substrate. 

0046. In a further another preferred embodiment of the 
present invention, provided is an apparatus for removing 
residuary pollution from a Substrate, comprising: a) a spin 
mechanism for holding and rotating the Substrate; b) a 
remover liquid Supply unit for Supplying remover liquid 
onto the Substrate being rotated to remove the residuary 
pollution from the Substrate; c) a brush unit for brushing the 
Substrate; d) a deionized water Supply unit for Supplying a 
deionized water onto the Substrate being rotated; and d) a 
controller comprising a first control procedure element for 
controlling the remover liquid Supply unit to Supply the 
remover liquid onto the Substrate being rotated, a Second 
control procedure element for controlling the brush unit to 
brush the Substrate after the remover liquid is Supplied onto 
the Substrate being rotated, a third control procedure element 
for controlling the deionized water Supply unit to Supply the 
deionized water onto the Substrate being rotated after the 
Substrate is brushed, and a fourth control procedure element 
for controlling the Spin mechanism to rotate the Substrate to 
disperse the deionized water from the Substrate. 

0047. In another aspect of the present invention, an 
apparatus for removing residuary pollution from a Substrate, 
comprising: a) a spin mechanism for holding and rotating 
the Substrate; and b) a processing liquid Supply unit com 
prising a nozzle for discharging a spreading current of a 
processing liquid toward the Substrate. 

0048. A cross section of the spreading current on the 
Substrate may be Substantially an ellipse including a rotation 
center of the Substrate and at least one point on a rotation 
circle defined by an edge of the Substrate being rotated. 
0049. In another aspect of the present invention, an 
apparatus for removing residuary pollution from a Substrate, 
comprising: a) a spin mechanism for holding and rotating 
the Substrate; b) a remover liquid Supply unit for Supplying 
remover liquid onto the Substrate being rotated to remove 
the residuary pollution from the Substrate, c) a deionized 
water Supply unit for Supplying a deionized water onto the 
Substrate being rotated; and d) a controller comprising a first 
control procedure element for controlling the remover liquid 
Supply unit to Supply the remover liquid onto the Substrate 
being rotated, a Second control procedure element for con 
trolling the Spin mechanism to rotate the Substrate to dis 
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perse the remover liquid from the Substrate, and a third 
control procedure element for controlling the deionized 
water Supply unit to Supply the deionized water onto the 
Substrate being rotated after the remover liquid is dispersed. 
0050. Accordingly, an object of the present invention is to 
uniformly carry out the Substrate processing. 

0051. Another object of the present invention is to 
improve the throughput in the Substrate processing. 

0.052 Still another objective of the present invention is to 
properly carry out the temperature management on proceSS 
liquid. 

0053. The other objective of the present invention is to 
improve the Structure of a nozzle for discharging each 
proceSS liquid. 

0.054 These and other objects, features, aspects, and 
advantages of the present invention will becomes more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

0.055 FIG. 1 is a side view of a substrate processing 
apparatus 1001; 

0056 FIG. 2 is a top view of the substrate processing 
apparatus 1001; 

0057 FIG. 3 is a cross-sectional view of a gas-liquid 
mixing nozzle 1027; 

0.058 FIG. 4 is a flow chart that shows a substrate 
processing method using the Substrate processing apparatus 
1001; 

0059 FIG. 5 is a drawing that shows a hardware con 
Struction of the Substrate processing apparatus 1001; 

0060 FIG. 6 is a drawing that shows a remover liquid 
Supplying System 1089, a deionized water Supplying System 
1091 and a nitrogen supplying system 1093; 

0061 FIG. 7 is a detailed flow chart of the substrate 
processing method using the Substrate processing apparatus 
1001; 

0.062 FIG. 8 is a top view of the substrate processing 
apparatus 1100; 

0.063 FIG. 9 is a side view of a substrate processing 
apparatus 1100; 

0064 FIG. 10 is a flow chart that shows a substrate 
processing method using the Substrate processing apparatus 
1100; 

0065 FIG. 11 is a drawing that shows a solvent supply 
ing system 1090 and a nitrogen supplying system 1094; 

0.066 FIG. 12 is a detailed flow chart that shows the 
Substrate processing method using the Substrate processing 
apparatus 1100; 

0067 FIG. 13 is a drawing that shows a schematic 
construction of a Substrate cleaning device in accordance 
with a first preferred embodiment of a Second aspect; 
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0068 FIG. 14 is a plan view of the Substrate cleaning 
device in accordance with the first preferred embodiment of 
the Second aspect; 
0069 FIG. 15 is a longitudinal cross-sectional view that 
shows a structure of a cleaning nozzle in accordance with the 
first preferred embodiment of the Second aspect; 

0070 FIG. 16 is a longitudinal cross-sectional view that 
shows a structure of a cleaning nozzle in accordance with a 
Second preferred embodiment of the Second aspect; 

0071 FIG. 17 is a side view of a substrate processing 
apparatus according to the first preferred embodiment of a 
third aspect; 

0072 FIG. 18 is a top view of the substrate processing 
apparatus according to the first preferred embodiment of the 
third aspect; 

0073 FIG. 19 is a piping drawing of the substrate 
processing apparatus according to the first preferred embodi 
ment of the third aspect; 
0074 FIG. 20 is a hard configuration view of the sub 
Strate processing apparatus according to the first preferred 
embodiment of the third aspect; 
0075 FIG.21 is a flow chart of the a substrate processing 
method according to the first preferred embodiment of the 
third aspect; 

0076 FIG. 22 is a detailed view of the flow of the 
Substrate processing method according to the first preferred 
embodiment of the third aspect; 
0.077 FIG. 23 is a flow chart of the substrate processing 
method according to the Second preferred embodiment of 
the third aspect; 

0078 FIG. 24 is a side view of the Substrate processing 
apparatus according to the Second preferred embodiment of 
the third aspect; 

007.9 FIG. 25 is a top view of the substrate processing 
according to the Second preferred embodiment of the third 
aspect, 

0080 FIG. 26 is a piping drawing of the substrate 
processing apparatus according to the Second preferred 
embodiment of the third aspect; 

0081 FIG. 27 is a hard configuration view of the sub 
Strate processing apparatus according to the Second pre 
ferred embodiment of the third aspect; 
0082 FIG. 28 is a flow chart of the Substrate processing 
method according to the third preferred embodiment of the 
third aspect; 

0.083 FIG. 29 is a detailed view of the flow the substrate 
processing method according to the third preferred embodi 
ment of the third aspect; 

0084 FIG. 30 is a perspective view of the substrate 
processing apparatus according to the third preferred 
embodiment of the third aspect; 

0085 FIG. 31 is a top view of the substrate processing 
according to the third preferred embodiment of the third 
aspect, 
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0.086 FIG. 32 is a cross section view with respect to 
F32-F32 of FIG. 31; 
0087 FIG. 33 is a side view a substrate processing 
apparatus in accordance with a first preferred embodiment of 
a fourth aspect; 
0088 FIG. 34 is a top view of the substrate processing 
apparatus in accordance with the first preferred embodiment 
of the fourth aspect; 
0089 FIG. 35 is a drawing that shows piping of the 
Substrate processing apparatus in accordance with the first 
preferred embodiment of the fourth aspect; 
0090 FIG. 36 is a drawing that shows a hardware 
construction of the Substrate processing apparatus in accor 
dance with the first preferred embodiment of the fourth 
aspect, 

0091 FIG. 37 is a flow chart that shows a substrate 
processing method in accordance with the first preferred 
embodiment of the fourth aspect; 
0092 FIG. 38 is a detailed flow chart that shows a 
Substrate processing method in accordance with the first 
preferred embodiment of the fourth aspect; 
0093 FIG. 39 is a flow chart that shows a substrate 
processing method in accordance with a Second preferred 
embodiment of the fourth aspect; 
0094 FIG. 40 is a top view of the substrate processing 
apparatus in accordance with the Second preferred embodi 
ment of the fourth aspect; 
0.095 FIG. 41 is a side view a substrate processing 
apparatus in accordance with the Second preferred embodi 
ment of the fourth aspect; 
0.096 FIG. 42 is a drawing that shows piping of the 
Substrate processing apparatus in accordance with the Sec 
ond preferred embodiment of the fourth aspect; 
0097 FIG. 43 is a drawing that shows a hardware 
construction of the Substrate processing apparatus in accor 
dance with the second preferred embodiment of the fourth 
aspect, 

0.098 FIG. 44 is a flow chart that shows a substrate 
processing method in accordance with a third preferred 
embodiment of the fourth aspect; 
0099 FIG. 45 is a detailed flow chart that shows a 
Substrate processing method in accordance with the third 
preferred embodiment of the fourth aspect; 
0100 FIG. 46 is a perspective view that shows a Sub 
Strate processing apparatus in accordance with the third 
preferred embodiment of the fourth aspect; 
0101 FIG. 47 is a top view that shows the substrate 
processing apparatus in accordance with the third preferred 
embodiment of the fourth aspect; 
0102 FIG. 48 is a cross-sectional view taken along line 
F48-F48 of FIG. 47; 

0103 FIG. 49 is a side view of a substrate processing 
apparatus 5001; 
0104 FIG. 50 is a top view of the substrate processing 
apparatus 5001; 
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0105 FIG. 51 is a drawing that shows a remover liquid 
supplying system 5089 and a deionized water supplying 
system 5091; 
0106 FIG. 52 is a drawing that shows a liquid pressur 
izing section 5016; 
0107 FIG. 53 is a drawing that shows a hardware 
construction of the Substrate processing apparatus 5001; 

0108 FIG. 54 is a flow chart that shows a substrate 
processing method using the Substrate processing apparatus 
5001; 

0109 FIG.55 is a top view of the substrate processing 
apparatus 5100; 

0110 FIG. 56 is a side view of a substrate processing 
apparatus 5100; 

0111 FIG. 57 is a drawing that shows a solvent supply 
ing system 5090; 

0112 FIG. 58 is a flow chart that shows a substrate 
processing method using the Substrate processing apparatus 
5100; 

0113 FIG. 59 is a schematic drawing that shows a 
Substrate processing apparatus in accordance with a sixth 
aspect of the present invention; 

0114 FIG. 60 is a schematic side view that shows a 
construction of a Substrate processing Section 6002 includ 
ing a remover liquid Storing vessel 6029, etc.; 

0115 FIG. 61 is a plan view that shows the construction 
of the substrate processing section 6002; 

0116 FIG. 62 is a block diagram that shows an essential 
electrical construction of the Substrate processing apparatus, 

0117 FIG. 63 is a flow chart that shows a processing 
operation in the Substrate processing apparatus at the time 
when a pre-dispensing proceSS is executed; 

0118 FIG. 64 is a flow chart that shows a processing 
operation in the Substrate processing apparatus at the time 
when an auto-dispensing process is executed; 

0119 FIG. 65 is a schematic plan view that shows a 
Substrate processing apparatus in accordance with a first 
preferred embodiment of a Seventh aspect; 

0120 FIG. 66 is a schematic side view that shows the 
Substrate processing apparatus in accordance with the first 
preferred embodiment of the Seventh aspect; 

0121 FIG. 67 is a schematic side view that shows the 
Substrate processing apparatus in accordance with the first 
preferred embodiment of the Seventh aspect; 

0.122 FIG. 68 is a schematic side view that shows the 
Substrate processing apparatus in accordance with the first 
preferred embodiment of the Seventh aspect; 

0123 FIG. 69 is a block diagram that shows an essential 
electrical construction of the Substrate processing apparatus, 

0.124 FIG. 70 is a flow chart that shows a processing 
operation carried out on a substrate W by the substrate 
processing apparatus in accordance with the first preferred 
embodiment; 



US 2004/0206379 A1 

0.125 FIG. 71 is a flow chart that shows a processing 
operation carried out on a substrate W by another preferred 
embodiment of the Substrate processing apparatus in accor 
dance with the first preferred embodiment; 
0.126 FIG. 72 is a schematic side view that shows a 
Substrate processing apparatus in accordance with a Second 
preferred embodiment of the Seventh aspect; 
0127 FIG. 73 is a flow chart that shows a processing 
operation carried out on a substrate W by the substrate 
processing apparatus in accordance with the Second pre 
ferred embodiment; 
0128 FIG. 74 is a flow chart that shows a processing 
operation carried out on a substrate W by another preferred 
embodiment of the Substrate processing apparatus in accor 
dance with the Second preferred embodiment; 
0129 FIG. 75 is a side view of a substrate processing 
apparatus 8001; 
0130 FIGS. 76A and 76B are drawings explaining dis 
persing nozzle 8016; 
0131 FIGS. 77A and 77B are drawings explaining a 
dispersing nozzle 8016a, 
0132 FIG. 78 is a side view of a substrate processing 
apparatus in accordance with a first preferred embodiment of 
a ninth aspect; 
0133 FIG. 79 is a top view of the substrate processing 
apparatus in accordance with the first preferred embodiment 
of the ninth aspect; 
0134 FIG. 80 is a drawing that shows piping of the 
Substrate processing apparatus in accordance with the first 
preferred embodiment of the ninth aspect; 
0135 FIG. 81 is a drawing that shows a hardware 
construction of the Substrate processing apparatus in accor 
dance with the first preferred embodiment of the ninth 
aspect, 

0136 FIG. 82 is a flow chart that shows a substrate 
processing method in accordance with the first preferred 
embodiment of the ninth aspect; 
0137 FIG. 83 is a detailed flow chart that shows the 
Substrate processing method in accordance with the first 
preferred embodiment of the ninth aspect; 
0138 FIG. 84 is a flow chart that shows a substrate 
processing method in accordance with a Second preferred 
embodiment of the ninth aspect; 
0139 FIG. 85 is a side view of a substrate processing 
apparatus in accordance with the Second preferred embodi 
ment of the ninth aspect; 
0140 FIG. 86 is a top view of the substrate processing 
apparatus in accordance with the Second preferred embodi 
ment of the ninth aspect; 
0141 FIG. 87 is a drawing that shows piping of the 
Substrate processing apparatus in accordance with the Sec 
ond preferred embodiment of the ninth aspect; 
0142 FIG. 88 is a drawing that shows a hardware 
construction of the Substrate processing apparatus in accor 
dance with the second preferred embodiment of the ninth 
aspect, 
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0143 FIG. 89 is a flow chart that shows a substrate 
processing method in accordance with the third preferred 
embodiment of the ninth aspect; 

014.4 FIG. 90 is a detailed flow chart that shows the 
Substrate processing method in accordance with the third 
preferred embodiment of the ninth aspect; 

0145 FIGS. 91A to 91C are drawings that explain a 
conventional technique; 

0146 FIG. 92 is an explanatory drawing that shows a 
conventional cleaning device; and 
0147 FIG. 93 is an explanatory drawing that shows a 
conventional cleaning nozzle. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0148) <Definitions> 
0149. In the following preferred embodiments of the 
present invention, the "Substrate' is a Semiconductor Sub 
Strate, and more specifically, a Silicon Substrate. Moreover, 
the substrate is provided with a thin film formed on the top 
major Surface of the Substrate. 

0150. The “thin film” may be a metal film or an insulating 
film. With respect to metals forming the metal film, 
examples thereof include copper, aluminum, titanium and 
tungsten. With respect to the insulating film, examples 
thereof include a silicon oxide film and a silicon nitride film. 

0151. The “thin film” may include a film made of a 
mixture of metals. Such as copper, aluminum, titanium, 
tungsten and the like. Furthermore, the insulation film 
includes an organic insulation film and a low dielectric 
interlayer insulation film. In this context, the term “thin 
film” includes not only the films in which the height dimen 
Sion in the croSS Section of the direction perpendicular to the 
Substrate on which the film is formed is shorter than the 
length of the bottom but also the films in which the height 
dimension is longer than the length of the bottom. Therefore, 
the thin film also includes those existing in the form of line 
or island when viewed toward the Substrate, Such as film or 
wiring which is locally formed on the substrate. 

0152 On the substrate that has been subjected to a 
dry-etching process for the thin film by using a resist film as 
a mask, there are polymers that are reaction products derived 
from the resist and the thin film in the dry-etching process. 
The “Substrate processing is a process for removing a 
residuary pollution which undesirably residues on a Sub 
Strate and may include a polymer removing process for 
removing polymers from the Substrate on which the poly 
mers are generated. 

0153. The “remover liquid” is, for example, a polymer 
remover liquid. Examples of the polymer remover liquid 
include a liquid containing an organic alkali liquid, a liquid 
containing an inorganic acid and a liquid containing an 
anmon-bifluoride-based substance. With respect to the liquid 
containing an organic alkali liquid, DMF (dimethyl forma 
mide), DMSO (dimethylsulfoxide) and hydroxylamine may 
be used. Moreover, with respect to the liquid containing an 
inorganic acid, hydrofluoric acid and phosphoric acid are 
listed. 
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0154 Besides these, examples of the polymer remover 
liquid are liquids of 1-methyl-2-pyrrolidone, tetrahy 
drothiophene 1,1-dioxide, isopropanol amine, monoethano 
lamine, 2-(2-aminoethoxy) ethanol, catechol, N-methylpyr 
rolidone, aromatic diol, tetrachloroethylene, and phenol, 
and, more specifically, a mixed Solution of 1-methyl-2- 
pyrrollidone, tetrahydrothiophene 1,1-dioxide and isopro 
panol amine, a mixed Solution of dimethylsulfoxide and 
monoethanol amine, a mixed Solution of 2-(2-aminoethoxy 
)ethanol, hydroxylamine and catechol, a mixed Solution of 
2-(2-aminoethoxy)ethanol and N-methylpyrrolidone, a 
mixed Solution of monoethanol amine, water and aromatic 
diol, and a mixed Solution of tetrachloroethylene and phenol. 
O155 Examples of the liquid containing organic amine 
(referred to as an organic amine Series remover liquid) 
include a mixture of monoethanolamine, water and aromatic 
triol, a mixture of 2-(2-aminoethoxy)ethanol, hydroxy 
lamine and catechol, a mixture of alkanolamine, water, 
dialkylsulfoxide, hydroxylamine, water, dialkylsulfoxide 
and an amine anticorrosive, a mixture of alkanolamine, 
glycol ether and water, a mixture of dimethylsulfoxide, 
hydroxylamine, triethylenetetramine, pyrocatechol and 
water, a mixture of water, hydroxylamine and pyrogallol, a 
mixture of 2-aminoethanol, ethers and Sugar alcohols, and a 
mixture of 2-(2-aminoethoxy)ethanol, N-dimetylacetoac 
etoamide, water and triethanolamine. Furthermore, the liq 
uid containing ammonium fluoride Series Substance 
(referred to as an ammonium fluoride Series remover liquid) 
includes a mixture of an organic alkali, a Sugar alcohol and 
water, a mixture of a fluorinated compound, an organic 
carboxylic acid and an acid amide Solvent, a mixture of alkyl 
amide, water and ammonium fluoride, a mixture of dimethyl 
Sulfoxide, 2-aminoethanol, an organic alkali aqueous liquid 
and an aromatic hydrocarbon, a mixture of dimethyl Sulfox 
ide, ammonium bifluoride and water, a mixture of ammo 
nium bifluoride, triethanolamine, pentametyldiethylenetri 
amine, iminodiacetic acid and water, a mixture of glycol, an 
alkyl Sulfate, an organic Salt, an organic acid and an inor 
ganic Salt, a mixture of an amide, an organic Salt, an organic 
acid and an inorganic Salt, and a mixture of an amide, an 
organic Salt and an inorganic Salt. 
0156 Furthermore, examples of the inorganic remover 
liquid containing an inorganic Substance include a mixture 
of water and phosphoric acid derivative. 
O157 The “intermediate rinse liquid” is a liquid for 
removing the remover liquid from the Substrate, and 
examples thereof include an organic Solvent Such as isopro 
pyl alcohol (IPA) or functional water such as ozone water 
prepared by dissolving OZone in deionized water and hydro 
gen water prepared by dissolving hydrogen in deionized 
Water. 

0158 When the ozone water in which ozone is dissolved 
in deionized water is used as the intermediate rinse liquid, it 
is possible to remove the reaction products and polymer 
resulting from quality change of organic Substance and resist 
more completely. 

0159. The remover liquid, intermediate rinse liquid and 
deionized water are generally referred to as “process liquid” 
or “cleaning liquid'. 

0160 The “pH.shock” refers to a phenomenon in which 
upon contact of a remover liquid and deionized water, a 
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Strong alkali is generated, and Since the generation of Such 
a strong alkali causes damages to a metal film, this needs to 
be reduced to a minimum. 

0161 (A. Preferred Embodiments According to First 
Aspect of the Present Invention) 
0162 <I. Substrate Processing Apparatus 1001> 
0163 FIGS. 1 and 2 are drawings that show the con 
Struction of a Substrate processing apparatus 1001 according 
to a preferred embodiment of the present invention. Here, 
FIG. 1 is a cross-sectional view taken along line F1-F1 of 
FIG. 2, and for convenience of explanation, hatching is 
partially omitted from Some portions. 
0164. As illustrated in FIG. 1, the substrate processing 
apparatus 1001 is provided with a cup 1003 which has a 
Virtually U-letter shape in its cross-section, and also has a 
Virtually ring shape with an opening in the center portion 
thereof as shown in FIG. 2, when viewed from above, a 
holding rotary section 1005 that is formed in a manner so as 
to stick out through the opening of the cup 1003 in the 
vertical direction as shown in FIG. 1 and that rotates while 
holding a Substrate W, a remover liquid Supplying Section 
1007 for Supplying a remover liquid to the substrate W held 
by the holding rotary section 1005 and a deionized water 
supplying section 1009 for supplying deionized water to the 
substrate W held by the holding rotary section 1005. 
0.165. The cup 1003 has a plurality of discharging outlets 
1004 on the bottom thereof. Thus, an excessive portion of 
the liquid Supplied to the Substrate W drops along the inner 
wall of the cup 1003 to reach the discharging outlets 1004, 
and is discharged out of the apparatus through the discharg 
ing outlets 1004. 
0166 The holding rotary section 1005 is provided with a 
Spin motor 1013 which is Secured to an apparatus frame, not 
shown, and has a driving shaft placed in the vertical direc 
tion, a spin shaft 1014 that is secured to the driving shaft of 
the spin motor 1013 and a vacuum chuck 1015 serving as a 
Substrate holding member placed on the top of the Spin Shaft 
1014. 

0.167 The vacuum chuck 1015 has suction holes, formed 
in a Suction Surface that is an upper Surface thereof, and air 
is sucked through the Suction holes. Thus, the substrate W. 
placed on the vacuum chuck 1015, is held by air suction 
applied through the Suction holes. In this manner, the 
vacuum chuck 1015 holds the substrate W by contacting 
only the back surface of the substrate W. 
0.168. In this arrangement, the holding rotary section 
1005 holds the substrate W placed on the vacuum chuck 
1015 through Suction applied by the vacuum chuck 1015, 
and rotates the Substrate W held on the vacuum chuck 1015 
by driving the spin motor 1013. 
0169. The remover liquid supplying section 1007 is pro 
vided with a first rotary motor 1017 which is secured to the 
apparatus frame, and has a driving Shaft placed in the 
vertical direction, a first rotary shaft 1019 secured to the 
driving shaft of the first rotary motor 1017 and a first arm 
1021 connected to the top of the first rotary shaft 1019. 
0170 A remover liquid discharging nozzle 1011 is 
attached to the tip of the first arm 1021. The remover liquid 
discharging nozzle 1011 is a tube-shaped member with its 
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length direction Set virtually in the Vertical direction, and a 
remover liquid is Supplied from one end thereof, with the 
other end Supplying the remover liquid to the Substrate W. 
0171 Moreover, a remover liquid spray nozzle 1012 is 
attached to the same tip of the first arm 1021 through a 
bracket 1023 (indicated by an alternate long and two short 
dashes line in FIG. 2). The remover liquid spray nozzle 
1012, which sprays a remover liquid mist as will be 
described later, is arranged So as to Spray the remover liquid 
mist with an inclination of 45 degrees with respect to the 
Surface of the Substrate W. In other words, the remover 
liquid spray nozzle 1012 is inclined by 45 degrees with 
respect to the normal direction of the top major Surface of 
the Substrate W. 

0172 The above-mentioned remover liquid discharging 
nozzle 1011 and remover liquid spray nozzle 1012 are 
arranged So that the remover liquid discharged from the 
remover liquid discharging nozzle 1011 and the remover 
liquid mist Sprayed from the remover liquid Spray nozzle 
1012 are allowed to intersect each other on the Surface of the 
Substrate W, and So that, when the remover liquid discharg 
ing nozzle 1011 and the remover liquid spray nozzle 1012 
are allowed to pivot by the first rotary motor 1017, the 
remover liquid discharged from the remover liquid discharg 
ing nozzle 1011 and the remover liquid mist sprayed from 
the remover liquid Spray nozzle 1012 are reciprocally 
shifted, as illustrated in FIG. 2, on a circular arc 1085 that 
passes through the rotation center C of the substrate W and 
also intersects a rotation circle 1095 that the end edge of the 
rotating substrate W forms at two points on the circumfer 
ence thereof. 

0173 The deionized water Supplying section 1009, which 
is Secured to the apparatus frame is provided with a Second 
rotary motor 1031 having a driving shaft directed in the 
vertical direction, a second rotary shaft 1033 secured to the 
driving shaft of the second rotary motor 1031 and a second 
arm 1035 connected to the top of the second rotary shaft 
1033. 

0.174. A deionized water discharging nozzle 1024 is 
attached to the tip of the second arm 1035. The deionized 
water discharging nozzle 1024 is a tube-shaped member 
with its length direction Set Virtually in the vertical direction, 
and deionized water is Supplied from one end thereof, with 
the other end Supplying the deionized water to the Substrate 
W. 

0175 Moreover, a deionized water spray nozzle 1025 is 
attached to the same tip of the second arm 1035 through a 
bracket 1026 (indicated by an alternate two dots dash line in 
FIG. 2). The deionized water spray nozzle 1025, which 
Sprays a deionized water mist as will be described later, is 
arranged So as to Spray the deionized water mist with an 
inclination of 45 degrees with respect to the Surface of the 
substrate W. In other words, the deionized water spray 
nozzle 1025 is inclined by 45 degrees with respect to the 
normal direction of the top major surface of the Substrate W. 
0176) The deionized water discharging nozzle 1024 and 
deionized water spray nozzle 1025 are arranged so that the 
deionized water discharged from the deionized water dis 
charging nozzle 1024 and the deionized water mist Sprayed 
from the deionized water spray nozzle 1025 are allowed to 
intersect each other on the Surface of the Substrate W, and so 
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that, when the deionized water discharging nozzle 1024 and 
the deionized water spray nozzle 1025 are allowed to pivot 
by the second rotary motor 1031, the deionized water 
discharged from the deionized water discharging nozzle 
1024 and the deionized water mist sprayed from the deion 
ized water spray nozzle 1025 are reciprocally shifted, as 
illustrated in FIG. 2, on a circular arc 1087 that passes 
through the rotation center C of the substrate W and also 
intersects a rotation circle 1095 that the end edge of the 
rotating Substrate W forms at two points on the circumfer 
ence thereof. 

0177) <2. Gas-Liquid Mixing Nozzle> 
0.178 The remover liquid spray nozzle 1012 and deion 
ized water spray nozzle 1025 have the same structure, and 
a gas-liquid mixing nozzle 1027 as illustrated in FIG. 3 is 
adopted as these nozzles. 
0179 The gas-liquid mixing nozzle 1027 is provided 
with a cylinder-shaped mixing section 1030 forming a 
mixing chamber 1042 in which a gas and a liquid are mixed, 
a taper Section or tapered channel 1032 which has a tapered 
flowing path 1034 that has one end connected to the mixing 
chamber 1042, and is narrowed toward the other end, and 
which is connected to the mixing section 1030, and a straight 
flow section 1037 which has a straight flowing path 1036 
that has one end connected to the tapered flowing path 1034, 
and continuously has a cross-section having the same shape 
toward the other end, and which is connected to the above 
mentioned tapered section 1032. Moreover, a gas introduc 
ing tube 1038 and a process liquid introducing tube 1029 are 
connected to the mixing section 1030, and the mixing 
section 1030, the gas introducing tube 1038 and the process 
liquid introducing tube 1029 are fixed by a housing 1028. 

0180. The mixing section 1030 is a member having a 
Virtually cylinder shape, through which a cylinder shape gas 
introducing tube 1038 having an outer diameter smaller than 
the inner diameter of the mixing section 1030 is inserted. 
More specifically, the mixing section 1030 and the gas 
introducing tube 1038 respectively have cylinder shapes, 
with their center axes being coincident with each other. The 
end portions of the gas introducing tube 1038 are housed 
inside the mixing section 1030. In other words, the mixing 
Section 1030 is allowed to regulate a ring-shaped space 
enclosing the end part of the gas introducing tube 1038. 

0181. The taper section 1032 connected to the mixing 
section 1030 has a cone shape. One end of the taper section 
1032, connected to the mixing section 1030, has an inner 
diameter that is the same dimension as the inner diameter of 
the portion of the mixing section 1030 to which it is 
connected. The taper section 1032 has such a structure that 
the inner diameter thereof is continuously narrowed from the 
one end toward the other end, and with this structure, the 
tapered flowing path 1034 that is gradually narrowed inside 
the taper section 1032 is formed. 
0182. The straight flow section 1037, connected to the 
taper section 1032, has a cylinder shape. One end of the 
straight flow section 1037, which is connected to the taper 
Section 1032, has the same dimension as the inner diameter 
of the portion of the taper section 1032 to which it is 
connected. Further, the inner diameter of the straight flow 
section 1037 continuously has the same dimension from the 
above-mentioned one end toward the other end. In other 




























































































































