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METHOD AND APPARATUS FOR CLEANING 

SEMICONDUCTOR WAFER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] 	The present invention generally relates to the field of fabricating 

integrated circuits, and more particularly relates to a method and apparatus 

for cleaning semiconductor wafers. 

2. The Related Art 

[0002] 	During the integrated circuit fabrication process, a wet cleaning 

process is essential for obtaining high quality integrated circuits. After a dry 

etching process, a wafer needs to be cleaned to remove residual photoresist, 

organics produced during the dry etching process, and film material attached 

on a surface of the wafer. The main chemical solution for cleaning the wafer 

includes, for example SC1, BOE and SPM which is a mixture of H2SO4  and 

H202. Thereinto, the temperature of SPM is higher than 90°C and the SPM is 

used for removing the residual photoresist and organics. Generally, there are 

two ways to clean the wafer in the industry. One is batch cleaning and the 

other is single wafer cleaning, both of which will be comparatively described. 

[0003] 	The batch cleaning is capable of cleaning a plurality of wafers 

every time. An apparatus for batch cleaning includes mechanical transmission 

devices and several cleaning tanks. A plurality of wafers can be cleaned in 

one of the cleaning tanks simultaneously, so the efficiency of batch cleaning 

is high and about four hundred wafers can be cleaned per hour. Moreover, 

because the chemical solution in the cleaning tanks is circulated, therefore, 

the chemical solution can be reused and the cost of batch cleaning is reduced, 
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especially for high temperature chemical solution, like 120°C SPM, for the 

high temperature SPM is expensive, so the cleaning cost can be reduced by 

using the batch cleaning. However, with the line width of integrated circuit 

shrinking continuously, the disadvantages of the batch cleaning are exposed 

visibly. During the batch cleaning process, the wafers are put in the cleaning 

tanks vertically, which easily causes cross contamination. Specially, if one of 

the wafers in one of the cleaning tanks has metal or organic contaminants, all 

the wafers cleaned in the same cleaning tank are contaminated. After cleaned, 

the wafers are taken out of the cleaning tanks vertically. At this time, if the 

chemical solution in the cleaning tanks has some tiny organic contaminants, 

the tiny organic contaminants will adhere to the surfaces of the wafers along 

with the chemical solution. Once the wafers are dried, the tiny organic 

contaminants on the wafers are very hard to remove. 

[0004] 	The single wafer cleaning can only clean a piece of wafer every 

time. An apparatus of single wafer cleaning includes mechanical transmission 

devices and several independent single wafer cleaning modules. The cleaning 

and drying processes of one wafer are finished in one single wafer cleaning 

module. After cleaning a piece of wafer, the chemical solution in the single 

wafer cleaning module is drained and new chemical solution is supplied to 

the single wafer cleaning module to clean another piece of wafer, avoiding 

cross contaminant. The single wafer cleaning can effectively remove particles 

and film material, but the single wafer cleaning has a limitation in use of high 

temperature chemical solution, such as SPM which temperature is higher 

than 90°C, because the high temperature chemical solution is hard to recycle. 

[0005] 	Both the batch cleaning and the single wafer cleaning have their 

own advantages and disadvantages. Only adopting the batch cleaning or the 

single wafer cleaning cannot achieve the best cleaning effect and also connot 

meet the needs of modern process. Therefore, inventing a new method and 

2 

WO 2014/082212 PCT/CN2012/085403 

especially for high temperature chemical solution, like 120°C SPM, for the 

high temperature SPM is expensive, so the cleaning cost can be reduced by 

using the batch cleaning. However, with the line width of integrated circuit 

shrinking continuously, the disadvantages of the batch cleaning are exposed 

visibly. During the batch cleaning process, the wafers are put in the cleaning 

tanks vertically, which easily causes cross contamination. Specially, if one of 

the wafers in one of the cleaning tanks has metal or organic contaminants, all 

the wafers cleaned in the same cleaning tank are contaminated. After cleaned, 

the wafers are taken out of the cleaning tanks vertically. At this time, if the 

chemical solution in the cleaning tanks has some tiny organic contaminants, 

the tiny organic contaminants will adhere to the surfaces of the wafers along 

with the chemical solution. Once the wafers are dried, the tiny organic 

contaminants on the wafers are very hard to remove. 

[0004] The single wafer cleaning can only clean a piece of wafer every 

time. An apparatus of single wafer cleaning includes mechanical transmission 

devices and several independent single wafer cleaning modules. The cleaning 

and drying processes of one wafer are finished in one single wafer cleaning 

module. After cleaning a piece of wafer, the chemical solution in the single 

wafer cleaning module is drained and new chemical solution is supplied to 

the single wafer cleaning module to clean another piece of wafer, avoiding 

cross contaminant. The single wafer cleaning can effectively remove particles 

and film material, but the single wafer cleaning has a limitation in use of high 

temperature chemical solution, such as SPM which temperature is higher 

than 90 °C, because the high temperature chemical solution is hard to recycle. 

[0005] Both the batch cleaning and the single wafer cleaning have their 

own advantages and disadvantages. Only adopting the batch cleaning or the 

single wafer cleaning cannot achieve the best cleaning effect and also connot 

meet the needs of modern process. Therefore, inventing a new method and 

2 



WO 2014/082212 	 PCT/CN2012/085403 

apparatus which combine the advantages of the batch cleaning and the single 

wafer cleaning will be a great contribution to the integrated circuit fabrication 

process. 

SUMMARY OF THE INVENTION 

[0006] 	Accordingly, an object of the present invention is to provide a 

method for cleaning semiconductor wafer. The method includes the following 

steps: taking at least two wafers from a cassette in a load port and putting 

said wafers into a first tank filled with chemical solution; after said wafers 

have been processed in the first tank, taking said wafers out of the first tank 

and keeping said wafers in wet status; putting said wafers into a second tank 

filled with liquid; after said wafers have been processed in the second tank, 

taking said wafers out of the second tank and keeping said wafers in wet 

status; putting one of said wafers on a chuck inside a single wafer cleaning 

module; rotating the chuck while applying chemical solution on said wafer; 

applying deionized water on said wafer; drying said wafer; taking said wafer 

out of the single wafer cleaning module and then putting said wafer back to 

the cassette in the load port. 

[0007] 	Accordingly, another object of the present invention is to provide 

an apparatus for cleaning semiconductor wafer. In one embodiment, the 

apparatus includes a first cassette, at least one first tank, a second tank, at 

least two single wafer cleaning modules, two turnover mechanisms, a first 

robot, a second robot and a third robot. The first cassette is located in a load 

port for loading a plurality of wafers. The first tank is filled with chemical 

solution. The second tank is filled with liquid. The single wafer cleaning 

modules are used for cleaning and drying single wafer. The two turnover 

mechanisms are used for turning the wafers put therein. One turnover 

mechanism is disposed adjacent to the first tank and the other turnover 
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mechanism is disposed adjacent to the second tank. The first robot is 

equipped with at least two wafer loading arms for taking at least two wafers 

from the first cassette and putting the at least two wafers in the turnover 

mechanism adjacent to the first tank. The second robot is used for taking the 

at least two wafers from the turnover mechanism and putting the at least two 

wafers into the first tank and the second tank successively. After the at least 

two wafers are immersed into the first tank and the second tank respectively 

for a period of time, the second robot takes the at least two wafers out of the 

second tank and puts the at least two wafers in the turnover mechanism 

adjacent to the second tank. The third robot is equipped with at least two 

wafer loading arms for taking the at least two wafers out of the turnover 

mechanism adjacent to the second tank and putting one of the at least two 

wafers into one of the single wafer cleaning modules for performing single 

wafer cleaning and drying processes, wherein the at least two wafers are kept 

in wet status all the time before single wafer cleaning and drying processes 

are performed. Finally, the first robot takes the wafer out of the single wafer 

cleaning module and puts the wafer back to the first cassette. 

[0008] 	According to another embodiment, an apparatus for cleaning 

semiconductor wafer includes a first cassette, at least one first tank, a second 

tank, at least two single wafer cleaning modules, two turnover mechanisms, a 

buffer area, a first robot, a second robot and a third robot. The first cassette is 

located in a load port for loading a plurality of wafers. The first tank is filled 

with chemical solution. The second tank is filled with liquid. The single 

wafer cleaning modules are used for cleaning and drying single wafer. The 

two turnover mechanisms are used for turning the wafers put therein. One 

turnover mechanism is disposed adjacent to the first tank and the other 

turnover mechanism is disposed adjacent to the second tank. The buffer area 

is used for temporarily receiving the wafers. The first robot is equipped with 
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at least two wafer loading arms for taking at least two wafers from the first 

cassette and putting the at least two wafers into the buffer area. The third 

robot is equipped with at least two wafer loading arms for taking the at least 

two wafers out of the buffer area and putting the at least two wafers in the 

turnover mechanism adjacent to the first tank. The second robot is used for 

taking the at least two wafers from the turnover mechanism and putting the at 

least two wafers into the first tank and the second tank successively. After the 

at least two wafers are immersed into the first tank and the second tank 

respectively for a period of time, the second robot takes the at least two 

wafers out of the second tank and puts the at least two wafers in the turnover 

mechanism adjacent to the second tank. Then the third robot takes the at least 

two wafers out of the turnover mechanism adjacent to the second tank and 

puts one of the at least two wafers into one of the single wafer cleaning 

modules for performing single wafer cleaning and drying processes, wherein 

the at least two wafers are kept in wet status all the time before single wafer 

cleaning and drying processes are performed. Finally, the first robot takes the 

wafer out of the single wafer cleaning module and puts the wafer back to the 

first cassette. 

[0009] 	According to another embodiment, an apparatus for cleaning 

semiconductor wafer includes a first cassette, at least one first tank, a second 

tank, at least two single wafer cleaning modules, two turnover mechanisms, a 

first robot and a second robot. The first cassette is located in a load port for 

loading a plurality of wafers. The first tank is filled with chemical solution. 

The second tank is filled with liquid. The single wafer cleaning modules are 

used for cleaning and drying single wafer. The two turnover mechanisms are 

used for turning the wafers put therein. One turnover mechanism is disposed 

adjacent to the first tank and the other turnover mechanism is disposed 

adjacent to the second tank. The first robot is equipped with at least three 
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at least two wafer loading arms for taking at least two wafers from the first 

cassette and putting the at least two wafers into the buffer area. The third 

robot is equipped with at least two wafer loading arms for taking the at least 

two wafers out of the buffer area and putting the at least two wafers in the 

turnover mechanism adjacent to the first tank. The second robot is used for 

taking the at least two wafers from the turnover mechanism and putting the at 

least two wafers into the first tank and the second tank successively. After the 

at least two wafers are immersed into the first tank and the second tank 
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mechanism adjacent to the second tank. Then the third robot takes the at least 

two wafers out of the turnover mechanism adjacent to the second tank and 
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modules for performing single wafer cleaning and drying processes, wherein 

the at least two wafers are kept in wet status all the time before single wafer 
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wafer out of the single wafer cleaning module and puts the wafer back to the 

first cassette. 
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wafer loading arms, one of which takes at least two wafers from the first 

cassette and puts the at least two wafers in the turnover mechanism adjacent 

to the first tank. The second robot is used for taking the at least two wafers 

from the turnover mechanism and putting the at least two wafers into the first 

tank and the second tank successively. After the at least two wafers are 

immersed into the first tank and the second tank respectively for a period of 

time, the second robot takes the at least two wafers out of the second tank and 

puts the at least two wafers in the turnover mechanism adjacent to the second 

tank. Then one of the wafer loading arms of the first robot takes the at least 

two wafers out of the turnover mechanism adjacent to the second tank and 

puts one of the at least two wafers into one of the single wafer cleaning 

modules for performing single wafer cleaning and drying processes, wherein 

the at least two wafers are kept in wet status all the time before single wafer 

cleaning and drying processes are performed. Finally one of the wafer 

loading arms of the first robot takes the wafer out of the single wafer cleaning 

module and puts the wafer back to the first cassette. 

[0010] 	As described above, the present invention combines the batch 

cleaning and the single wafer cleaning together, developing the advantages of 

the batch cleaning and the single wafer cleaning. Adopting the method and 

apparatus of the present invention can effectively remove organics, particles 

and film material after the wafers undergo a dry etching process. The high 

temperature process can be performed by the batch cleaning to remove the 

organics since the high temperature chemical solution can be recycled and 

reused in the batch cleaning process and, acid mist produced during the batch 

cleaning process can be controlled well. The particles and film material are 

removed by the single wafer cleaning. Because the wafers are kept in wet 

status all the time before single wafer cleaning and drying processes are 

performed, contaminants on the wafers are easily removed by single wafer 
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cleaning. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 	The present invention will be apparent to those skilled in the art 

by reading the following description of preferred embodiments thereof, with 

reference to the attached drawings, in which: 

[0012] 	FIG. 1 is a schematic view showing an exemplary apparatus for 

cleaning semiconductor wafer according to the present invention; 

[0013] 	FIG. 2 is a top view showing an exemplary batch cleaning device 

of the apparatus according to the present invention; 

[0014] 	FIG. 3 is a perspective view showing the batch cleaning device; 

[0015] 	FIG. 4 is a perspective view showing an exemplary turnover 

mechanism of the batch cleaning device; 

[0016] 	FIG. 5 is an enlarged view of A portion shown in FIG. 4; 

[0017] 	FIGS. 6(a)—(d) show a turnover process of the wafers put in the 

turnover mechanism; 

[0018] 	FIGS. 7(a)—(c) show a process of a robot taking the wafers from 

the turnover mechanism; 

[0019] 	FIG. 8(a) is a perspective view showing an exemplary first tank 

of the batch cleaning device; 

[0020] 	FIG. 8(b) shows twenty five pieces of wafers put in the first tank 

to be processed by the robot; 

[0021] 	FIG. 8(c) shows the twenty five pieces of wafers being processed 
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in the first tank; 

[0022] 	FIG. 9 is a perspective view showing another exemplary first tank 

of the batch cleaning device; 

[0023] 	FIG. 10(a) is a perspective view showing an exemplary second 

tank of the batch cleaning device; 

[0024] 	FIG. 10(b) shows twenty five pieces of wafers put in the second 

tank to be processed by the robot; 

[0025] 	FIG. 	10(c) shows the twenty five pieces of wafers being 

processed in the second tank; 

[0026] 	FIG. 	11 	shows the wafers turned 90 °C 	by the turnover 

mechanism for batch cleaning; 

[0027] 	FIG. 12 shows the robot taking the wafers from the turnover 

mechanism for batch cleaning; 

[0028] 	FIG. 13 shows the wafers put in the first tank for cleaning; 

[0029] 	FIG. 14 shows the wafers put in the second tank for cleaning; 

[0030] 	FIG. 15 shows the wafers taken out of the second tank and put in 

another turnover mechanism; 

[0031] 	FIG. 16(a) is a front view of the first tank; 

[0032] 	FIG. 16(b) is a lateral view of the first tank; 

[0033] 	FIG. 17 shows another apparatus for batch cleaning; 

[0034] 	FIG. 18 is a front view showing an apparatus for keeping the 

wafers in wet status when the wafers are taken out of the second tank; 
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[0035] 	FIG. 19 is a top view showing the apparatus for keeping the 

wafers in wet status when the wafers are taken out of the second tank; 

[0036] 	FIG. 20 is a top view showing an exemplary robot of the present 

invention; 

[0037] 	FIGS. 21(a)—(c) show another apparatus for keeping the wafers in 

wet status when the wafers are taken out of the second tank; 

[0038] 	FIG. 22 is a schematic view showing another exemplary 

apparatus for cleaning semiconductor wafer of the present invention; 

[0039] 	FIG. 23 is a schematic view showing another exemplary 

apparatus for cleaning semiconductor wafer of the present invention; 

[0040] 	FIG. 24 is a schematic view showing another exemplary 

apparatus for cleaning semiconductor wafer of the present invention; 

[0041] 	FIG. 25 is a schematic view showing another exemplary 

apparatus for cleaning semiconductor wafer of the present invention; 

[0042] 	FIG. 26(a) is a schematic view showing another exemplary 

apparatus for cleaning semiconductor wafer of the present invention; and 

[0043] 	FIG. 26(b) is a front view showing an exemplary arrangement of 

single wafer cleaning modules of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0044] 	Referring to FIG. 1, an apparatus 100 for cleaning semiconductor 

wafer according to the present invention includes several load ports 110, a 

first robot 120, a batch cleaning device 130, a third robot 140 and several 

single wafer cleaning modules 150, all of which will be described in detail 
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hereinafter. 

[0045] 	Every load port 110 can be used for receiving a first cassette (not 

shown). A plurality of wafers are loaded in the first cassette. Generally, there 

are twenty five pieces of wafers loaded in the first cassette. In order to raise 

the cleaning efficiency of the apparatus 100, the apparatus 100 can include 

more than one load port 110. In the preferred embodiment, there are four load 

ports 110 arranged side by side. It should be recognized that the number of 

load port 110 is not limited in four. 

[0046] 	The first robot 120 is equipped with at least two wafer loading 

arms. One of the wafer loading arms can be used for taking the plurality of 

wafers out of the first cassette located in the load port 110 and putting the 

plurality of wafers in a turnover mechanism 131 of the batch cleaning device 

130, as shown in FIG. 6(a). The other wafer loading arm can be used for 

taking the wafer out of the single wafer cleaning module 150 and putting the 

wafer back to the first cassette. Preferably, the first robot 120 can include five 

independent wafer loading arms, and every wafer loading arm is equipped 

with one end effector for taking one wafer out of the single wafer cleaning 

module 150 and putting the wafer back to the first cassette. The first robot 

120 can further include another independent wafer loading arm with five end 

effectors for taking five wafers out of the first cassette and putting the five 
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cleaning device 130 used for cleaning a plurality of wafers simultaneously 

every time, the batch cleaning device 	130 can include two turnover 

mechanisms 131, a wafer transmission device, a first tank 137 and a second 

tank 138. The two turnover mechanisms 131 are the same as each other as 

shown in FIG. 4 and FIG. 5. It should be recognized that the two turnover 
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hereinafter. 
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effectors for taking five wafers out of the first cassette and putting the five 

wafers in the turnover mechanism 131 every time. 

[0047] With reference to FIG. 2 to FIG. 10(c) illustrating the batch 

cleaning device 130 used for cleaning a plurality of wafers simultaneously 

every time, the batch cleaning device 130 can include two turnover 

mechanisms 131, a wafer transmission device, a first tank 137 and a second 

tank 138. The two turnover mechanisms 131 are the same as each other as 

shown in FIG. 4 and FIG. 5. It should be recognized that the two turnover 
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mechanisms 131 can be different. As shown in FIG. 4 and FIG. 5, every 

turnover mechanism 131 has a pedestal 1311 used for receiving the plurality 

of wafers. Opposite sides of the pedestal 1311 respectively protrude inwardly 

to form two pairs of leading pillars 1312. Each of the side of the pedestal 

1311 flexibly connects with a side wall 1313 by using a revolving shaft 1315. 

The side wall 1313 protrudes inwardly to form a stack of supporting portions 

1314 for supporting the plurality of wafers correspondingly. There is a space 

between every two of the adjacent supporting portions 1314 for holding a 

wafer. A wafer holder 1316 is disposed in the pedestal 1311. The wafer 

holder 1316 can slide along the leading pillars 1312 by using a driving device. 

The wafer holder 1316 defines a plurality of grooves 1317 thereon for 

holding the plurality of wafers. Two cylinders 1318 are provided to connect 

with the side walls 1313 respectively for driving the side walls 1313 turning 

around the revolving shafts 1315. So the side walls 1313 can be unfolded or 

folded. An axle 1319 passes through the pedestal 1311 and can be fixed with 

the pedestal 1311 by such as screws. A tip end of the axle 1319 which is 

exposed outside of the pedestal 1311 connects with another cylinder 1318 for 

driving the pedestal 1311 turning. 

[0048] 	As shown in FIG. 2 and FIG. 3, the wafer transmission device can 

include a pair of horizontal guiding rails 132 and a pair of vertical guiding 

rails 133. The vertical guiding rails 133 are perpendicular to the horizontal 

guiding rails 132 and can move along the horizontal guiding rails 132. A 

supporting plate 134 is disposed on the vertical guiding rails 133 and can 

move up and down along the vertical guiding rails 133. A supporting arm 135 

is fixed on the supporting plate 134 and perpendicular to the supporting plate 

134. A second robot 136 is disposed on the supporting arm 135 and faces to 

the turnover mechanism 131 beside the first tank 137. The second robot 136 

can move along the supporting arm 135. The second robot 136 has five pairs 
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of wafer hands. Each pair of wafer hands is independent and can be opened 

or closed to grip five pieces of wafers every time. The first tank 137 and the 

second tank 138 are arranged side by side and between the two turnover 

mechanisms 131. The material of the first tank 137 and the second tank 138 

can be, for example, quartz material. It should be recognized that the material 

which can resist corrosion can be fit for making the first tank 137 and the 

second tank 138. The first tank 137 is filled with chemical solution for 

processing the plurality of wafers put therein. The chemical solution in the 

first tank 137 can include hot SPM at an elevated temperature higher than 

room 20 °C and lower than 250 °C , or solvent which temperature is an 

elevated temperature higher than room 20°C and lower than 250°C, such as 

TMAH. The second tank 138 is filled with liquid for processing the plurality 

of wafers after the plurality of wafers are processed in the first tank 137. The 

liquid can be deionized water with an elevated temperature higher than 20°C 

and lower than 100°C . It should be recognized that the number of tanks and 

the kind of chemical solution or liquid in the tanks depend on practical 

applications. 

[0049] 	Referring to FIGS. 8(a) to 8(c), the first tank 137 is illustrated in 

detailed. The first tank 137 has a pair of wafer sustainers 1371 for supporting 

at most twenty five pieces of wafers. The two wafer sustainers 1371 are 

connected together by a pair of connecting members 1372 which are disposed 

at two opposite ends of the wafer sustainers 1371. Two lifting members 1373 

are respectively connected to the connecting members 1372 and cylinders 

1374. The cylinders 1374 are used for driving the lifting members 1373 to 

rise or drop, and correspondingly, the wafer sustainers 1371 are lifted or 

descended along with the lifting members 1373. When the second robot 136 

takes twenty five pieces of wafers from the turnover mechanism 131 beside 

the first tank 137 and puts the wafers in the first tank 137, the cylinders 1374 
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of wafer hands. Each pair of wafer hands is independent and can be opened 

or closed to grip five pieces of wafers every time. The first tank 137 and the 
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which can resist corrosion can be fit for making the first tank 137 and the 

second tank 138. The first tank 137 is filled with chemical solution for 
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at most twenty five pieces of wafers. The two wafer sustainers 1371 are 

connected together by a pair of connecting members 1372 which are disposed 
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are respectively connected to the connecting members 1372 and cylinders 

1374. The cylinders 1374 are used for driving the lifting members 1373 to 

rise or drop, and correspondingly, the wafer sustainers 1371 are lifted or 

descended along with the lifting members 1373. When the second robot 136 

takes twenty five pieces of wafers from the turnover mechanism 131 beside 

the first tank 137 and puts the wafers in the first tank 137, the cylinders 1374 
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drive the lifting members 1373 to rise and the wafer sustainers 1371 are lifted 

out of the chemical solution to receive the wafers, avoiding the second robot 

136 contacting the chemical solution in the first tank 137. After the wafers 

are put on the wafer sustainers 1371, the cylinders 1374 drive the lifting 

members 1373 to drop and the wafer sustainers 1371 are descended to make 

the wafers immerse in the chemical solution to be processed. 

[0050] 	Referring to FIG. 9 showing another exemplary first tank 137, the 

difference of the first tank 137 is that the lifting members 1373 are connected 

to the wafer sustainers 1371 respectively. 

[0051] 	Referring to FIGS. 10(a) to 10(c) showing the second tank 138, 

the second tank 138 is divided into five independent areas. Every area of the 

second tank 138 has a pair of wafer sustainers 1381 for supporting at most 

five pieces of wafers. The two wafer sustainers 1381 are connected together 

by a pair of connecting members 1382 which are disposed at two opposite 

ends of the wafer sustainers 1381. Two lifting members 1383 are respectively 

connected to the connecting members 	1382 and cylinders 	1384. 	The 

cylinders 1384 are used for driving the lifting members 1383 to rise or drop, 

and correspondingly, the wafer sustainers 1381 are lifted or descended along 

with the lifting members 1383. When the second robot 136 takes five pieces 

of wafers from the first tank 137 and puts the wafers in the second tank 138, 

the cylinders 1384 drive the lifting members 1383 to rise and the wafer 

sustainers 1381 are lifted out of the liquid to receive the wafers, avoiding the 

second robot 136 contacting the liquid in the second tank 138. After the 

wafers are put on the wafer sustainers 1381, the cylinders 1384 drive the 

lifting members 1383 to drop and the wafer sustainers 1381 are descended to 

make the wafers immerse in the liquid to be processed. The first tank 137 can 

be as same as the second tank 138. 
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drive the lifting members 1373 to rise and the wafer sustainers 1371 are lifted 

out of the chemical solution to receive the wafers, avoiding the second robot 

136 contacting the chemical solution in the first tank 137. After the wafers 

are put on the wafer sustainers 1371, the cylinders 1374 drive the lifting 

members 1373 to drop and the wafer sustainers 1371 are descended to make 

the wafers immerse in the chemical solution to be processed. 

[0050] Referring to FIG. 9 showing another exemplary first tank 137, the 

difference of the first tank 137 is that the lifting members 1373 are connected 

to the wafer sustainers 1371 respectively. 

[0051] Referring to FIGS. 10(a) to 10(c) showing the second tank 138, 

the second tank 138 is divided into five independent areas. Every area of the 

second tank 138 has a pair of wafer sustainers 1381 for supporting at most 

five pieces of wafers. The two wafer sustainers 1381 are connected together 

by a pair of connecting members 1382 which are disposed at two opposite 

ends of the wafer sustainers 1381. Two lifting members 1383 are respectively 

connected to the connecting members 1382 and cylinders 1384. The 

cylinders 1384 are used for driving the lifting members 1383 to rise or drop, 

and correspondingly, the wafer sustainers 1381 are lifted or descended along 

with the lifting members 1383. When the second robot 136 takes five pieces 

of wafers from the first tank 137 and puts the wafers in the second tank 138, 

the cylinders 1384 drive the lifting members 1383 to rise and the wafer 

sustainers 1381 are lifted out of the liquid to receive the wafers, avoiding the 

second robot 136 contacting the liquid in the second tank 138. After the 

wafers are put on the wafer sustainers 1381, the cylinders 1384 drive the 

lifting members 1383 to drop and the wafer sustainers 1381 are descended to 

make the wafers immerse in the liquid to be processed. The first tank 137 can 

be as same as the second tank 138. 
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[0052] 	The third robot 140 is equipped with at least one wafer loading 

arm for taking a piece of wafer from the batch cleaning device 130 every 

time after the wafer processed in the batch cleaning device 130 and putting 

the piece of wafer in one of the single wafer cleaning modules 150 to perform 

single wafer cleaning and drying processes. In order to keep the wafer in wet 

status all the time before the wafer is put into the single wafer cleaning 

module 150 to perform the single wafer cleaning and drying processes, a 

shower head 170 is disposed on the wafer loading arm for spraying deionized 

water onto the wafer held by the wafer loading arm through a nozzle 171 

connecting with the shower head 170, as shown in FIG. 20. Preferably, the 

third robot 140 can include five independent wafer loading arms and each 

wafer loading arm is equipped with one end effecter, one shower head 170 

and one nozzle 171. 

[0053] 	The single wafer cleaning module 150 can be used for cleaning 

and drying single wafer. For raising the cleaning efficiency, there are several 

single wafer cleaning modules 150 and the several single wafer cleaning 

modules 150 have a variety of arrangements. In the preferred embodiment, 

there are ten single wafer cleaning modules 150 which are arranged in two 

rows and five columns. It should be recognized that the number of single 

wafer cleaning modules 150 and the arrangements of the single wafer 

cleaning modules 150 can be selected flexibly according to the practical 

applications. Every single wafer cleaning module 150 has a chuck disposed 

inside a single wafer cleaning chamber. The plurality of wafers are taken 

from the batch cleaning device 130 in wet status after processed in the batch 

cleaning device 130 and respectively put on the chuck to be processed. After 

the wafer is put on the chuck, rotate the chuck and apply chemical solution 

on the wafer to cleaning the wafer, and then apply deionized water on the 

wafer. Both the chemical solution and the deionized water are applied on the 
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wafer by using spray nozzles. Then, dry the wafer. Finally, take the dried 

wafer out of the single wafer cleaning module 150 and put the dried wafer 

back to the first cassette by using the first robot 120. The chemical solution 

applied on the wafer can be one kind of the following, such as diluted 

hydrogen chloride solution, SC1 solution, both the diluted hydrogen chloride 

solution and SC1 solution, SC2 solution, ozone water solution and functional 

water doped by gas and NH4OH, wherein, the gas is hydrogen gas with 

concentration of 1.6 ppm, and concentration of NH4OH is less than 100 ppm. 

Preferably, prior to drying the wafer, a kind of chemical solution is applied 

on the wafer. The kind of chemical solution can be one kind of the following, 

such as diluted hydrogen chloride solution, SC1 solution and SC2 solution. 

The method of drying the wafer includes rotating the chuck and applying IPA 

solution on the wafer. Preferably, apply megasonic wave during single wafer 

cleaning process. 

[0054] 	Please refer to FIGS. 6(a)—(d) showing a turnover process of the 

wafers put in the turnover mechanism 131. The first robot 120 takes about 

twenty five pieces of wafers from the first cassette located in the load port 

110 and puts the wafers in the turnover mechanism 131 adjacent to the first 

tank 137. Specifically, the wafers are supported by the supporting portions 

1314 of the side walls 1313 of the turnover mechanism 131 respectively. The 

wafers are horizontally disposed between the side walls 1313 and clamped by 

the side walls 1313. Then the cylinder 1318 connecting with the axle 1319 

drives the pedestal 1311 to turn 90°C, so the wafers are vertically arranged in 

the turnover mechanism 131. The driving device such as a cylinder drives the 

wafer holder 1316 to slide upwardly along the leading pillars 1312 and the 

wafers are respectively received in the grooves 1317. Then the two cylinders 

1318 which respectively connect with the two side walls 1313 unfold the side 

walls 1313 so that the second robot 136 can take the wafers from the turnover 
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wafer by using spray nozzles. Then, dry the wafer. Finally, take the dried 

wafer out of the single wafer cleaning module 150 and put the dried wafer 

back to the first cassette by using the first robot 120. The chemical solution 

applied on the wafer can be one kind of the following, such as diluted 

hydrogen chloride solution, SCI solution, both the diluted hydrogen chloride 

solution and SCI solution, SC2 solution, ozone water solution and functional 

water doped by gas and NH4OH, wherein, the gas is hydrogen gas with 

concentration of 1.6 ppm, and concentration of NH4OH is less than 100 ppm. 

Preferably, prior to drying the wafer, a kind of chemical solution is applied 

on the wafer. The kind of chemical solution can be one kind of the following, 

such as diluted hydrogen chloride solution, SCI solution and SC2 solution. 

The method of drying the wafer includes rotating the chuck and applying IPA 

solution on the wafer. Preferably, apply megasonic wave during single wafer 

cleaning process. 

[0054] Please refer to FIGS. 6(a)~(d) showing a turnover process of the 

wafers put in the turnover mechanism 131. The first robot 120 takes about 

twenty five pieces of wafers from the first cassette located in the load port 

110 and puts the wafers in the turnover mechanism 131 adjacent to the first 

tank 137. Specifically, the wafers are supported by the supporting portions 

1314 of the side walls 1313 of the turnover mechanism 131 respectively. The 

wafers are horizontally disposed between the side walls 1313 and clamped by 

the side walls 1313. Then the cylinder 1318 connecting with the axle 1319 

drives the pedestal 1311 to turn 90 °C, so the wafers are vertically arranged in 

the turnover mechanism 131. The driving device such as a cylinder drives the 

wafer holder 1316 to slide upwardly along the leading pillars 1312 and the 

wafers are respectively received in the grooves 1317. Then the two cylinders 

1318 which respectively connect with the two side walls 1313 unfold the side 

walls 1313 so that the second robot 136 can take the wafers from the turnover 
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mechanism 131 for processing, as shown in FIGS. 7(a)—(c). It should be 

recognized that the second robot 136 can take twenty five pieces of wafers 

every time from the turnover mechanism 131 or a multiple of five, such as 

five, ten, fifteen, twenty, pieces of wafers from the turnover mechanism 131. 

[0055] 	With reference to FIG. 11 to FIG. 15, the second robot 136 takes 

a plurality of wafers, such as twenty five pieces of wafers from the turnover 

mechanism 131 and vertically immerses the wafers into the first tank 137 to 

be cleaned for 30 to 600 seconds. After the wafers are cleaned in the first 

tank 137, the second robot 136 takes the wafers out of the first tank 137 in 

wet status and immerses the wafers into the second tank 138 to be cleaned for 

a period of time. After the wafers are cleaned in the second tank 138, the 

second robot 136 takes the wafers out of the second tank 138 in wet status 

and vertically puts the wafers in the turnover mechanism 131 adjacent to the 

second tank 138. Furthermore, when the wafers are cleaned in the first tank 

137, the acid mist produced in the first tank 137 is exhausted by two exhaust 

devices 139 which are disposed at two sides of the first tank 137, as shown in 

FIGS. 16(a)—(b). 

[0056] 	With reference to FIG. 17, for ensuring the clean effect, another 

apparatus for batch cleaning is shown. The apparatus includes a second robot 

136 which can swing around a supporting arm 135. The second robot 136 can 

bring a second cassette 201 loading the wafers therein to swing in the first 

tank 137 or the second tank 138 for cleaning the wafers. The chemical 

solution in the first tank 137 can recycle to be used. The chemical solution 

overflows the first tank 137 and is supplied to the first tank 137 again by a 

pump 202. Before supplied to the first tank 137, the chemical solution can be 

heated by a heater 203 and filtered by a filter 204. 

[0057] 	With reference to FIG. 18 and FIG. 19, after the second robot 136 
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mechanism 131 for processing, as shown in FIGS. 7(a)~(c). It should be 

recognized that the second robot 136 can take twenty five pieces of wafers 

every time from the turnover mechanism 131 or a multiple of five, such as 

five, ten, fifteen, twenty, pieces of wafers from the turnover mechanism 131. 

[0055] With reference to FIG. 11 to FIG. 15, the second robot 136 takes 

a plurality of wafers, such as twenty five pieces of wafers from the turnover 

mechanism 131 and vertically immerses the wafers into the first tank 137 to 

be cleaned for 30 to 600 seconds. After the wafers are cleaned in the first 

tank 137, the second robot 136 takes the wafers out of the first tank 137 in 

wet status and immerses the wafers into the second tank 138 to be cleaned for 

a period of time. After the wafers are cleaned in the second tank 138, the 

second robot 136 takes the wafers out of the second tank 138 in wet status 

and vertically puts the wafers in the turnover mechanism 131 adjacent to the 

second tank 138. Furthermore, when the wafers are cleaned in the first tank 

137, the acid mist produced in the first tank 137 is exhausted by two exhaust 

devices 139 which are disposed at two sides of the first tank 137, as shown in 

FIGS. 16(a)~(b). 

[0056] With reference to FIG. 17, for ensuring the clean effect, another 

apparatus for batch cleaning is shown. The apparatus includes a second robot 

136 which can swing around a supporting arm 135. The second robot 136 can 

bring a second cassette 201 loading the wafers therein to swing in the first 

tank 137 or the second tank 138 for cleaning the wafers. The chemical 

solution in the first tank 137 can recycle to be used. The chemical solution 

overflows the first tank 137 and is supplied to the first tank 137 again by a 

pump 202. Before supplied to the first tank 137, the chemical solution can be 

heated by a heater 203 and filtered by a filter 204. 

[0057] With reference to FIG. 18 and FIG. 19, after the second robot 136 
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takes the wafers out of the second tank 138 in wet status, the side walls 1313 

of the turnover mechanism 131 adjacent to the second tank 138 are unfolded 

and the wafer holder 1316 is driven to slide upwardly along the leading 

pillars 1312, and the second robot 136 puts the wafers in the grooves 1317 

vertically. Then the side walls 1313 are folded by the cylinders 1318 and 

clamp the wafers. The wafer holder 1316 is driven to slide downward along 

the leading pillars 1312. The cylinder 1318 connecting with the axle 1319 

drives the pedestal 1311 to turn 90°C, so the wafers are horizontally arranged 

in the turnover mechanism 131 and supported by the supporting portions 

1314. 	There 	are three 	spray tubes 	160 	arranged beside the turnover 

mechanism 131. Every spray tube 160 has about twenty five nozzles 161 for 

spraying deionized water on the wafers to keep the wafers in wet status all 

the time before the wafers are put in the single wafer cleaning modules 150 to 

be processed. Subsequently, the third robot 140 takes the wafers out of the 

turnover mechanism 131 and puts one piece of wafer in one single wafer 

cleaning module 150 to be cleaned and dried. After the wafer is processed in 

the single wafer cleaning module 150, the first robot 120 takes the wafer out 

of the single wafer cleaning module 150 and puts the wafer back to the first 

cassette loaded in the load port 110. 

[0058] 	Referring to FIGS. 21(a)—(c), another apparatus for keeping the 

wafers in wet status when the wafers are taken out of the second tank 138 is 

shown. The apparatus includes a trough 301 filled with deionized water. The 

deionized water in the trough 301 can be drained every time after the same 

batch of wafers is processed and the fresh deionized water is supplied to the 

trough 301 to process the next batch of wafers. A lifting apparatus 302 is 

disposed in the trough 301 and a frame 303 is aslant fixed on the lifting 

apparatus 302 for holding a third cassette 304 which receives the wafers 

therein. The third cassette 304 with the wafers is aslant put in the frame 303 
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takes the wafers out of the second tank 138 in wet status, the side walls 1313 

of the turnover mechanism 131 adjacent to the second tank 138 are unfolded 

and the wafer holder 1316 is driven to slide upwardly along the leading 

pillars 1312, and the second robot 136 puts the wafers in the grooves 1317 

vertically. Then the side walls 1313 are folded by the cylinders 1318 and 

clamp the wafers. The wafer holder 1316 is driven to slide downward along 

the leading pillars 1312. The cylinder 1318 connecting with the axle 1319 

drives the pedestal 1311 to turn 90 °C, so the wafers are horizontally arranged 

in the turnover mechanism 131 and supported by the supporting portions 

1314. There are three spray tubes 160 arranged beside the turnover 

mechanism 131. Every spray tube 160 has about twenty five nozzles 161 for 

spraying deionized water on the wafers to keep the wafers in wet status all 

the time before the wafers are put in the single wafer cleaning modules 150 to 

be processed. Subsequently, the third robot 140 takes the wafers out of the 

turnover mechanism 131 and puts one piece of wafer in one single wafer 

cleaning module 150 to be cleaned and dried. After the wafer is processed in 

the single wafer cleaning module 150, the first robot 120 takes the wafer out 

of the single wafer cleaning module 150 and puts the wafer back to the first 

cassette loaded in the load port 110. 

[0058] Referring to FIGS. 21(a)~(c), another apparatus for keeping the 

wafers in wet status when the wafers are taken out of the second tank 138 is 

shown. The apparatus includes a trough 301 filled with deionized water. The 

deionized water in the trough 301 can be drained every time after the same 

batch of wafers is processed and the fresh deionized water is supplied to the 

trough 301 to process the next batch of wafers. A lifting apparatus 302 is 

disposed in the trough 301 and a frame 303 is aslant fixed on the lifting 

apparatus 302 for holding a third cassette 304 which receives the wafers 

therein. The third cassette 304 with the wafers is aslant put in the frame 303 
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and immersed in the deionized water in the trough 301. When the wafers 

need to be taken out of the third cassette 304, the lifting apparatus 302 raises 

the frame 303 and makes the frame 303 on the lifting apparatus 302 upright 

expose outside. The third cassette 304 is upright in the frame 303 so the 

wafers are disposed in the third cassette 304 horizontally. Then the wafers are 

taken out of the third cassette 304 by the third robot 140 and put in the single 

wafer cleaning modules 150 to be cleaned and dried. It should be recognized 

that before the wafers are put in the single wafer cleaning modules 150 to be 

cleaned and dried, the wafers are keeping in wet status all the time. 

[0059] 	Please refer to FIG. 22 showing another exemplary apparatus 200 

for cleaning semiconductor wafer of the present invention. The apparatus 200 

includes several load ports 210, a first robot 220, two batch cleaning devices 

230, a third robot 240 and several single wafer cleaning modules 250. 

Comparing to the apparatus 100, the difference is that the apparatus 200 has 

two batch cleaning devices 230 disposed at two opposite ends of the 

apparatus 200. The apparatus 200 can raise the cleaning efficiency. 

[0060] 	Please refer to FIG. 23 showing another exemplary apparatus 300 

for cleaning semiconductor wafer of the present invention. The apparatus 300 

includes several load ports 310, a first robot 320, a batch cleaning device 330, 

and several single wafer cleaning modules 350. Comparing to the apparatus 

100, the difference is that the apparatus 300 is lack of a third robot. The first 

robot 320 can transfer the wafers among the load ports 310, the batch 

cleaning device 330 and the single wafer cleaning modules 350. Therefore, 

the first robot 320 can be equipped with at least three wafer loading arms. 

One of the wafer loading arms is used for taking wafers from the load ports 

310 and putting the wafers in the batch cleaning device 330 to be processed. 

One of the wafer loading arms is used for taking the wafers out of the batch 

cleaning device 330 and putting one of the wafers into one of the single wafer 
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[0059] Please refer to FIG. 22 showing another exemplary apparatus 200 

for cleaning semiconductor wafer of the present invention. The apparatus 200 

includes several load ports 210, a first robot 220, two batch cleaning devices 

230, a third robot 240 and several single wafer cleaning modules 250. 

Comparing to the apparatus 100, the difference is that the apparatus 200 has 
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100, the difference is that the apparatus 300 is lack of a third robot. The first 
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the first robot 320 can be equipped with at least three wafer loading arms. 
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310 and putting the wafers in the batch cleaning device 330 to be processed. 

One of the wafer loading arms is used for taking the wafers out of the batch 

cleaning device 330 and putting one of the wafers into one of the single wafer 
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cleaning modules 350 for performing single wafer cleaning and drying 

processes. One of the wafer loading arms is used for taking the wafer out of 

the single wafer cleaning module 350 and putting the wafer back to the load 

port 310. 

[0061] 	Please refer to FIG. 24 showing another exemplary apparatus 400 

for cleaning semiconductor wafer of the present invention. The apparatus 400 

includes several load ports 410, a first robot 420, a batch cleaning device 430, 

a third robot 440 and several single wafer cleaning modules 450. Comparing 

to the apparatus 100, the difference is that the batch cleaning device 430 of 

the apparatus 400 has more than one first tank for processing wafers. For 

example, there are two first tanks in the embodiment and the two first tanks 

are filled with the same chemical solution. The two first tanks and a second 

tank of the batch cleaning device 430 are disposed side by side. The wafers 

from the load ports 410 are put in one of the first tanks for roughly cleaning 

and then put in the other first tank for meticulously cleaning. After the wafers 

are cleaned in the first tanks, the wafers are put in the second tank for 

cleaning. 

[0062] 	Please refer to FIG. 25 showing another exemplary apparatus 500 

for cleaning semiconductor wafer of the present invention. The apparatus 500 

includes several load ports 510, a first robot 520, a batch cleaning device 530, 

a third robot 540 and several single wafer cleaning modules 550. Comparing 

to the apparatus 100, the difference is that a first tank and a second tank of 

the apparatus 500 are divided into five independent areas. Every area can 

process five pieces of wafers every time. 

[0063] 	Please refer to FIG. 26(a) showing another exemplary apparatus 

600 for cleaning semiconductor wafer of the present invention. The apparatus 

600 includes several load ports 610, a first robot 620, a batch cleaning device 
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cleaning modules 350 for performing single wafer cleaning and drying 
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600 for cleaning semiconductor wafer of the present invention. The apparatus 

600 includes several load ports 610, a first robot 620, a batch cleaning device 
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630, a third robot 640 and several single wafer cleaning modules 650. 

Comparing to the apparatus 100, the difference is that the apparatus 600 

further includes a buffer area 660, as shown in FIG. 26(b). The apparatus 600 

can include eight single wafer cleaning modules 650 and one buffer area 660 

which are arranged in three rows and three columns, and thereinto, the buffer 

area 660 is disposed at the center portion. It should be recognized that the 

number of single wafer cleaning modules 650 of the apparatus 600 is flexible 

and not limited in eight, and meanwhile the buffer area 660 can be disposed 

at any suitable portion. The first robot 620 takes a plurality of wafers from 

the load ports 610 and puts the wafers into the buffer area 660. The third 

robot 640 takes the wafers from the buffer area 660 and transfers the wafers 

to the batch cleaning device 630 to be processed. After the wafers processed 

in the batch cleaning device 630, the third robot 640 takes the wafers out of 

the batch cleaning device 630 and puts one piece of wafer in one single wafer 

cleaning module 650 to be processed. After the wafer processed in the single 

wafer cleaning module 650, the first robot 620 takes the wafer out of the 

single wafer cleaning module 650 and puts the wafer back to a first cassette 

of the load port 610. 

[0064] 	Accordingly, a method for cleaning semiconductor wafer of the 

present invention is summarized as below: 

[0065] 	In step 1: taking at least two wafers from the first cassette in the 

load port 110 and putting the wafers into the first tank 137 filled with 

chemical solution; 

[0066] 	In step 2: after the wafers have been processed in the first tank 

137, taking the wafers in wet status out of the first tank 137 and putting the 

wafers into the second tank 138 filled with liquid; 

[0067] 	In step 3: after the wafers have been processed in the second tank 
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630, a third robot 640 and several single wafer cleaning modules 650. 

Comparing to the apparatus 100, the difference is that the apparatus 600 

further includes a buffer area 660, as shown in FIG. 26(b). The apparatus 600 

can include eight single wafer cleaning modules 650 and one buffer area 660 

which are arranged in three rows and three columns, and thereinto, the buffer 
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138, taking the wafers in wet status out of the second tank 138 and putting 

one of the wafers on the chuck inside one single wafer cleaning module 150; 

[0068] 	In step 4: rotating the chuck while applying chemical solution on 

the wafer; 

[0069] 	In step 5: applying deionized water on the wafer; 

[0070] 	In step 6: drying the wafer; and 

[0071] 	In step 7: taking the wafer out of the single wafer cleaning 

module 150 and then putting the wafer back to the first cassette in the load 

port 110. 

[0072] 	As described above, the present invention combines the batch 

cleaning and the single wafer cleaning together, developing the advantages of 

the batch cleaning and the single wafer cleaning for cleaning the wafers. The 

apparatus and method can effectively remove organics, particles and film 

material after a dry etching process. The high temperature process can be 

performed in the batch cleaning device 130 to remove the organics since the 

high temperature chemical solution can be recycled in the batch cleaning 

device 130 and the acid mist produced during the batch cleaning process can 

be controlled well. The particles and film material are removed in the single 

wafer cleaning modules 150. Besides, the wafers are kept in wet status all the 

time before the wafers are put in the single wafer cleaning modules 150 to be 

cleaned and dried, making the contaminants adhered on the wafers being 

removed easily. 

[0073] 	The foregoing description of the present invention has been 

presented for purposes of illustration and description. It is not intended to be 

exhaustive or to limit the invention to the precise form disclosed, and 

obviously many modifications and variations are possible in light of the 
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above teaching. Such modifications and variations that may be apparent to 

those skilled in the art are intended to be included 

invention as defined by the accompanying claims. 

within the scope of this 
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above teaching. Such modifications and variations that may be apparent to 

those skilled in the art are intended to be included within the scope of this 

invention as defined by the accompanying claims. 
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WHAT IS CLAIMED IS : 

1. A method for cleaning semiconductor wafer, comprising: 

taking at least two wafers from a cassette in a load port and putting said 

wafers into a first tank filled with chemical solution; 

after said wafers have been processed in the first tank, taking said wafers 

out of the first tank and keeping said wafers in wet status; 

putting said wafers into a second tank filled with liquid; 

after said wafers have been processed in the second tank, taking said 

wafers out of the second tank and keeping said wafers in wet status; 

putting one of said wafers on a chuck inside a single wafer cleaning 

module; 

rotating the chuck while applying chemical solution on said wafer; 

applying deionized water on said wafer; 

drying said wafer; and 

taking said wafer out of the single wafer cleaning module and then 

putting said wafer back to the cassette in the load port. 

2. The method as claimed in claim 1, wherein the chemical solution in the 

first tank is hot SPM at an elevated temperature higher than 20 °C and lower 

than 250 °C . 

3. The method as claimed in claim 1, wherein the chemical solution in the 

first tank includes a solvent, temperature of which is an elevated temperature 

higher than 20 °C and lower than 250 °C . 

4. The method as claimed in claim 3, wherein the solvent in the first tank is 

TMAH. 

5. The method as claimed in claim 1, wherein the liquid in the second tank is 

deionized water. 

6. The method as claimed in claim 5, wherein the deionized water in the 
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WHAT IS CLAIMED IS : 
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second tank is heated to an elevated temperature higher than 20 °C and 

lower than 100 °C . 

7. The method as claimed in claim 1, wherein the step of rotating the chuck 

while applying chemical solution on said wafer includes applying diluted 

hydrogen chloride, SC1, SC2 or ozone solution on said wafer. 

8. The method as claimed in claim 1, wherein the step of rotating the chuck 

while applying chemical solution on said wafer includes applying functional 

water doped by gas and NH4OH on said wafer. 

9. The method as claimed in claim 8, wherein the gas is hydrogen gas with 

concentration of 1.6 ppm, and concentration of NH4OH is less than 100 ppm. 

10. The method as claimed in claim 1, further comprising applying chemical 

solution on said wafer prior to the step of drying said wafer. 

11. The method as claimed in claim 10, wherein the chemical solution is 

diluted hydrogen chloride, SC1, or SC2 solution. 

12. The method as claimed in claim 1, wherein the step of drying said wafer 

includes rotating the chuck while applying IPA solution on said wafer to dry 

said wafer. 

13. The method as claimed in claim 	1, further comprising applying 

megasonic wave to clean said wafer in the single wafer cleaning module. 

14. The method as claimed in claim 1, wherein applying chemical solution 

and deionized water on said wafer by using a spray nozzle. 

15. An apparatus for cleaning semiconductor wafer, comprising: 

a first cassette located in a load port for loading a plurality of wafers; 

at least one first tank filled with chemical solution; 

a second tank filled with liquid; 

at least two single wafer cleaning modules for cleaning and drying single 

wafer; 

two turnover mechanisms for turning the wafers put therein, one turnover 

mechanism disposed adjacent to the first tank and the other turnover 
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second tank is heated to an elevated temperature higher than 20 °C and 

lower than 100 °C. 

7. The method as claimed in claim 1, wherein the step of rotating the chuck 

while applying chemical solution on said wafer includes applying diluted 

hydrogen chloride, SCI, SC2 or ozone solution on said wafer. 

8. The method as claimed in claim 1, wherein the step of rotating the chuck 

while applying chemical solution on said wafer includes applying functional 

water doped by gas and NH4OH on said wafer. 

9. The method as claimed in claim 8, wherein the gas is hydrogen gas with 

concentration of 1.6 ppm, and concentration of NH4OH is less than 100 ppm. 

10. The method as claimed in claim 1, further comprising applying chemical 

solution on said wafer prior to the step of drying said wafer. 

11. The method as claimed in claim 10, wherein the chemical solution is 

diluted hydrogen chloride, SCI, or SC2 solution. 

12. The method as claimed in claim 1, wherein the step of drying said wafer 

includes rotating the chuck while applying IPA solution on said wafer to dry 

said wafer. 

13. The method as claimed in claim 1, further comprising applying 

megasonic wave to clean said wafer in the single wafer cleaning module. 

14. The method as claimed in claim 1, wherein applying chemical solution 

and deionized water on said wafer by using a spray nozzle. 

15. An apparatus for cleaning semiconductor wafer, comprising: 

a first cassette located in a load port for loading a plurality of wafers; 

at least one first tank filled with chemical solution; 

a second tank filled with liquid; 

at least two single wafer cleaning modules for cleaning and drying single 

wafer; 

two turnover mechanisms for turning the wafers put therein, one turnover 

mechanism disposed adjacent to the first tank and the other turnover 
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mechanism disposed adjacent to the second tank; 

a first robot equipped with at least two wafer loading arms for taking at 

least two wafers from the first cassette and putting the at least two wafers in 

the turnover mechanism adjacent to the first tank; 

a second robot taking the at least two wafers from the turnover 

mechanism and, putting the at least two wafers into the first tank and the 

second tank successively, after the at least two wafers are immersed into the 

first tank and the second tank respectively for a period of time, the second 

robot taking the at least two wafers out of the second tank and putting the at 

least two wafers in the turnover mechanism adjacent to the second tank; 

a third robot equipped with at least two wafer loading arms for taking the 

at least two wafers out of the turnover mechanism adjacent to the second tank 

and putting one of the at least two wafers into one of the single wafer 

cleaning modules for performing single wafer cleaning and drying processes, 

wherein the at least two wafers are kept in wet status all the time before 

single wafer cleaning and drying processes are performed; 

the first robot is further adaptive to take the wafer out of the single wafer 

cleaning module and put the wafer back to the first cassette. 

16. The apparatus as claimed in claim 15, wherein the chemical solution in 

the first tank is hot SPM at an elevated temperature higher than 20 °C and 

lower than 250 °C . 

17. The apparatus as claimed in claim 15, wherein the liquid in the second 

tank is deionized water which is heated to an elevated temperature higher 

than 20 °C and lower than 100 °C . 

18. The apparatus as claimed in claim 15, wherein the number of the first 

tank is two, the two first tanks are filled with hot SPM at an elevated 

temperature higher than 20 °C and lower than 250 °C . 

19. The apparatus as claimed in claim 15, wherein the single wafer cleaning 
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mechanism disposed adjacent to the second tank; 

a first robot equipped with at least two wafer loading arms for taking at 

least two wafers from the first cassette and putting the at least two wafers in 

the turnover mechanism adjacent to the first tank; 

a second robot taking the at least two wafers from the turnover 

mechanism and, putting the at least two wafers into the first tank and the 

second tank successively, after the at least two wafers are immersed into the 

first tank and the second tank respectively for a period of time, the second 

robot taking the at least two wafers out of the second tank and putting the at 

least two wafers in the turnover mechanism adjacent to the second tank; 

a third robot equipped with at least two wafer loading arms for taking the 

at least two wafers out of the turnover mechanism adjacent to the second tank 

and putting one of the at least two wafers into one of the single wafer 

cleaning modules for performing single wafer cleaning and drying processes, 

wherein the at least two wafers are kept in wet status all the time before 

single wafer cleaning and drying processes are performed; 

the first robot is further adaptive to take the wafer out of the single wafer 

cleaning module and put the wafer back to the first cassette. 

16. The apparatus as claimed in claim 15, wherein the chemical solution in 

the first tank is hot SPM at an elevated temperature higher than 20 °C and 

lower than 250 °C. 

17. The apparatus as claimed in claim 15, wherein the liquid in the second 

tank is deionized water which is heated to an elevated temperature higher 

than 20 °C and lower than 100 °C. 

18. The apparatus as claimed in claim 15, wherein the number of the first 

tank is two, the two first tanks are filled with hot SPM at an elevated 

temperature higher than 20 °C and lower than 250 °C. 

19. The apparatus as claimed in claim 15, wherein the single wafer cleaning 
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process is performed by using diluted hydrogen chloride and/or SC1 solution. 

20. The apparatus as claimed in claim 15, wherein the single wafer drying 

process is performed by using IPA solution. 

21. The apparatus as claimed in claim 15, wherein the first robot includes five 

independent wafer loading arms, and every wafer loading arm is equipped 

with one end effector for taking one wafer out of one single wafer cleaning 

module and putting the wafer back to the first cassette. 

22. The apparatus as claimed in claim 15, wherein the first robot includes one 

independent wafer loading arm with five end effectors for taking five wafers 

from the first cassette and putting the five wafers in the turnover mechanism 

adjacent to the first tank. 

23. The apparatus as claimed in claim 15, wherein the second robot has five 

pairs of wafer hands, each pair of wafer hands is independent and capable to 

be opened or closed to grip five wafers every time. 

24. The apparatus as claimed in claim 15, wherein the third robot includes 

five independent wafer loading arms, every wafer loading arm is equipped 

with one end effecter for taking one wafer out of the turnover mechanism 

adjacent to the second tank and putting the wafer into the single wafer 

cleaning module. 

25. The apparatus as claimed in claim 15, wherein every wafer loading arm 

of the third robot has a shower head and a nozzle connecting with the shower 

head for spraying deionized water onto the wafer held by the wafer loading 

arm. 

26. The apparatus as claimed in claim 15, wherein the first robot takes twenty 

five wafers from the first cassette and puts the twenty five wafers in the 

turnover mechanism every time. 

27. The apparatus as claimed in claim 15, wherein the first robot takes five 

wafers from the first cassette and puts the five wafers in the turnover 

mechanism every time. 
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28. The apparatus as claimed in claim 15, wherein the first tank or the second 

tank is made of quartz material. 

29. The apparatus as claimed in claim 15, wherein the first tank includes a 

pair of wafer sustainers connected together by a pair of connecting members, 

two lifting members are respectively connected to the connecting members 

and cylinders used for driving the lifting members to rise or drop and 

correspondingly, the wafer sustainers are lifted or descended along with the 

lifting members. 

30. The apparatus as claimed in claim 15, wherein the first tank includes a 

pair of wafer sustainers connected together by a pair of connecting members, 

two lifting members are respectively connected to the wafer sustainers and 

cylinders 	used 	for 	driving the 	lifting 	members 	to 	rise 	or 	drop 	and 

correspondingly, the wafer sustainers are lifted or descended along with the 

lifting members. 

31. The apparatus as claimed in claim 15, wherein the second tank is divided 

into five independent areas, every area of the second tank has a pair of wafer 

sustainers connected together by a pair of connecting members, two lifting 

members 	are respectively connected to the 	connecting members 	and 

cylinders 	used 	for 	driving the 	lifting 	members 	to 	rise 	or 	drop 	and 

correspondingly, the wafer sustainers are lifted or descended along with the 

lifting members. 

32. The apparatus as claimed in claim 15, wherein the at least two wafers are 

immersed into the first tank for 30 to 600 seconds. 

33. The apparatus as claimed in claim 15, wherein every turnover mechanism 

has a pedestal used for receiving the at least two wafers, opposite sides of the 

pedestal respectively protrude inwardly to form a pair of leading pillars, each 

side of the pedestal flexibly connects with a side wall by using a revolving 

shaft, the side wall protrudes inwardly to form a stack of supporting portions 

for supporting the at least two wafers correspondingly, a wafer holder is 
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disposed in the pedestal and is capable to slide along the leading pillars, the 

wafer holder defines grooves for holding the at least two wafers, two 

cylinders are provided to connect with the side walls respectively for driving 

the side walls turning around the revolving shafts, so the side walls will be 

unfolded or folded, an axle passes through the pedestal and is fixed with the 

pedestal, a tip end of the axle which is exposed outside of the pedestal 

connects with another cylinder for driving the pedestal turning. 

34. The apparatus as claimed in claim 15, further comprising a pair of 

horizontal guiding rails and a pair of vertical guiding rails, the vertical 

guiding rails being perpendicular to the horizontal guiding rails and capable 

of moving along the horizontal guiding rails, a supporting plate disposed on 

the vertical guiding rails and being capable of moving up and down along the 

vertical guiding rails, a supporting arm fixed on the supporting plate and 

being perpendicular to the supporting plate, the second robot disposed on the 

supporting arm and being capable of moving along the supporting arm. 

35. The apparatus as claimed in claim 34, wherein the second robot swings 

around the supporting arm. 

36. The apparatus as claimed in claim 15, further comprising exhaust devices 

disposed at sides of the first tank for exhausting acid mist produced in the 

first tank. 

37. The apparatus as claimed in claim 15, further comprising spray tubes 

arranged beside the turnover mechanism adjacent to the second tank, every 

spray tube having nozzles for spraying deionized water on the wafers in the 

turnover mechanism to keep the wafers in wet status all the time before the 

wafers are put in the single wafer cleaning modules to be processed. 

38. The apparatus as claimed in claim 15, further comprising a trough filled 

with deionized water, a lifting apparatus disposed in the trough and a frame 

fixed on the lifting apparatus for holding a third cassette which receives the at 

least two wafers therein, the third cassette with the at least two wafers being 
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disposed in the pedestal and is capable to slide along the leading pillars, the 
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supporting arm and being capable of moving along the supporting arm. 
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spray tube having nozzles for spraying deionized water on the wafers in the 

turnover mechanism to keep the wafers in wet status all the time before the 

wafers are put in the single wafer cleaning modules to be processed. 
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fixed on the lifting apparatus for holding a third cassette which receives the at 

least two wafers therein, the third cassette with the at least two wafers being 
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put in the frame and immersed in the deionized water in the trough after the 

at least two wafers taken out of the second tank, the lifting apparatus raising 

the frame and making the frame on the lifting apparatus upright for taking the 

at least two wafers from the third cassette. 

39. The apparatus as claimed in claim 38, wherein the deionized water in the 

trough will be drained every time after the same batch of wafers is processed 

and the fresh deionized water is supplied to the trough to process the next 

batch of wafers. 

40. The apparatus as claimed in claim 15, further comprising another first 

tank, another second tank, another two turnover mechanisms and another 

second robot, all of which are disposed opposite to the first tank, the second 

tank, the two turnover mechanisms and the second robot. 

41. The apparatus as claimed in claim 15, wherein the first tank and the 

second tank are divided into five independent areas, every area processes five 

wafers every time. 

42. An apparatus for cleaning semiconductor wafer, comprising: 

a first cassette located in a load port for loading a plurality of wafers; 

at least one first tank filled with chemical solution; 

a second tank filled with liquid; 

at least two single wafer cleaning modules for cleaning and drying single 

wafer; 

two turnover mechanisms for turning the wafers put therein, one turnover 

mechanism disposed adjacent to the first tank and the other turnover 

mechanism disposed adjacent to the second tank; 

a buffer area for temporarily receiving the wafers; 

a first robot equipped with at least two wafer loading arms for taking at 

least two wafers from the first cassette and putting the at least two wafers into 

the buffer area; 

a third robot equipped with at least two wafer loading arms for taking the 
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put in the frame and immersed in the deionized water in the trough after the 
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a third robot equipped with at least two wafer loading arms for taking the 

29 



WO 2014/082212 	 PCT/CN2012/085403 

at least two wafers out of the buffer area and putting the at least two wafers in 

the turnover mechanism adjacent to the first tank; 

a second robot taking the at least two wafers from the turnover 

mechanism and putting the at least two wafers into the first tank and the 

second tank successively, after the at least two wafers are immersed into the 

first tank and the second tank respectively for a period of time, the second 

robot taking the at least two wafers out of the second tank and putting the at 

least two wafers in the turnover mechanism adjacent to the second tank; 

the third robot further taking the at least two wafers out of the turnover 

mechanism adjacent to the second tank and putting one of the at least two 

wafers into one of the single wafer cleaning modules for performing single 

wafer cleaning and drying processes, wherein the at least two wafers are kept 

in wet status all the time before single wafer cleaning and drying processes 

are performed; 

the first robot further taking the wafer out of the single wafer cleaning 

module and putting the wafer back to the first cassette. 

43. An apparatus for cleaning semiconductor wafer, comprising: 

a first cassette located in a load port for loading a plurality of wafers; 

at least one first tank filled with chemical solution; 

a second tank filled with liquid; 

at least two single wafer cleaning modules for cleaning and drying single 

wafer; 

two turnover mechanisms for turning the wafers put therein, one turnover 

mechanism disposed adjacent to the first tank and the other turnover 

mechanism disposed adjacent to the second tank; 

a first robot equipped with at least three wafer loading arms, one of which 

takes at least two wafers from the first cassette and puts the at least two 

wafers in the turnover mechanism adjacent to the first tank; 

a second robot taking the at least two wafers from the turnover 
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at least two wafers out of the buffer area and putting the at least two wafers in 

the turnover mechanism adjacent to the first tank; 

a second robot taking the at least two wafers from the turnover 

mechanism and putting the at least two wafers into the first tank and the 

second tank successively, after the at least two wafers are immersed into the 

first tank and the second tank respectively for a period of time, the second 

robot taking the at least two wafers out of the second tank and putting the at 

least two wafers in the turnover mechanism adjacent to the second tank; 

the third robot further taking the at least two wafers out of the turnover 

mechanism adjacent to the second tank and putting one of the at least two 

wafers into one of the single wafer cleaning modules for performing single 

wafer cleaning and drying processes, wherein the at least two wafers are kept 

in wet status all the time before single wafer cleaning and drying processes 

are performed; 

the first robot further taking the wafer out of the single wafer cleaning 

module and putting the wafer back to the first cassette. 

43. An apparatus for cleaning semiconductor wafer, comprising: 

a first cassette located in a load port for loading a plurality of wafers; 

at least one first tank filled with chemical solution; 

a second tank filled with liquid; 

at least two single wafer cleaning modules for cleaning and drying single 
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two turnover mechanisms for turning the wafers put therein, one turnover 

mechanism disposed adjacent to the first tank and the other turnover 
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mechanism and putting the at least two wafers into the first tank and the 

second tank successively, after the at least two wafers are immersed into the 

first tank and the second tank respectively for a period of time, the second 

robot taking the at least two wafers out of the second tank and putting the at 

least two wafers in the turnover mechanism adjacent to the second tank; 

one of the wafer loading arms of the first robot taking the at least two 

wafers out of the turnover mechanism adjacent to the second tank and putting 

one of the at least two wafers into one of the single wafer cleaning modules 

for performing single wafer cleaning and drying processes, wherein the at 

least two wafers are kept in wet status all the time before single wafer 

cleaning and drying processes are performed; 

one of the wafer loading arms of the first robot taking the wafer out of the 

single wafer cleaning module and putting the wafer back to the first cassette. 

31 

WO 2014/082212 PCT/CN2012/085403 

mechanism and putting the at least two wafers into the first tank and the 

second tank successively, after the at least two wafers are immersed into the 

first tank and the second tank respectively for a period of time, the second 

robot taking the at least two wafers out of the second tank and putting the at 

least two wafers in the turnover mechanism adjacent to the second tank; 

one of the wafer loading arms of the first robot taking the at least two 

wafers out of the turnover mechanism adjacent to the second tank and putting 

one of the at least two wafers into one of the single wafer cleaning modules 

for performing single wafer cleaning and drying processes, wherein the at 

least two wafers are kept in wet status all the time before single wafer 

cleaning and drying processes are performed; 

one of the wafer loading arms of the first robot taking the wafer out of the 

single wafer cleaning module and putting the wafer back to the first cassette. 
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