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DRYING APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a drying apparatus 
and method for drying a semiconductor Wafer after being 
cleaned. 

[0003] 2. Description of the Related Art 

[0004] There are various methods for drying semiconduc 
tor Wafers after being cleaned using a cleaning solution. 

[0005] In a spin-drying method for drying a plurality of 
semiconductor Wafers by rotating the plurality of semicon 
ductor Wafers at a high speed, a problem arises in that the 
larger the diameter of each semiconductor Wafer, the larger 
the siZe of the drying apparatus, and the more expensive the 
cost of the drying apparatus. 

[0006] In order to avoid the above problem, there is 
proposed a method for drying semiconductor Wafers using 
isopropyl alcohol (IPA). One eXample of such a method is 
disclosed in US. Pat. No. 5,653,045. 

[0007] According to the technique disclosed in US. Pat. 
No. 5,653,045, target semiconductor Wafers to be dried are 
soaked in pure Water Which is stored in a tank. After this, the 
IPA is jetted into the tank, thereby to form a thin IPA ?lm on 
the surface of the pure Water. 

[0008] Thereafter, the semiconductor Wafers are taken out 
from the pure Water at a loW speed. At the time When the 
semiconductor Wafers pass the IPA ?lm, the moisture on the 
surface of each semiconductor Wafer is removed as a result 
of a Marangoni-?oW effect. 

[0009] When to take out the semiconductor Wafers from 
the pure Water, the concentration of the IPA is high around 
each of the semiconductor Wafers and is loW aWay from each 
of the semiconductor Wafers. That is, the surface tension of 
the IPA is loW around each of the semiconductor Wafers and 
high aWay from each of the semiconductor Wafers. In the 
circumstances Where there is a difference in the levels of the 
surface tension, Marangoni ?oW occurs. 

[0010] KaZumi Asada et al. reports, in “A NeW Economi 
cal Wafer Drying Technology With High Process Perfor 
mance”, IEEE International Symposium on Semiconductor 
Manufacturing Conference Proceedings, (1997), that, in the 
drying method applying a Marangoni-?oW effect, a striped 
pattern of particles is formed on the surface of each of the 
semiconductor Wafers, as shoWn in FIG. 8. 

[0011] Such particles interfere With formation of Wiring 
having a predetermined pattern, and causes a short circuit in 
the Wiring forming on each semiconductor Wafer. In such 
conteXt, a problem is that the yield and reliability of those 
parts to be manufactured using the semiconductor Wafer, 
Which has been dried using the method With the Marangoni 
?oW effect, are loW. 

[0012] The entire contents of the above publication and 
reference are incorporated herein by reference. 

SUMMARY OF THE INVENTION 

[0013] It is accordingly an object of the present invention 
to provide a drying apparatus and method for drying a 
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semiconductor Wafer While preventing particles from being 
adhered onto the semiconductor Wafer. 

[0014] In order to achieve the above object, according to 
the ?rst aspect of the present invention, there is provided a 
drying apparatus comprising: 

[0015] a tank Which stores a drying liquid for drying 
a target semiconductor Wafer to be dried; 

[0016] a holder Which holds the semiconductor 
Wafer, perpendicular to a surface of the drying liquid; 

[0017] a dryer Which soaks the semiconductor Wafer 
in the drying liquid, and takes out the semiconductor 
Wafer from the drying liquid, thereby to dry the 
semiconductor Wafer; and 

[0018] a divider Which divides the surface of the 
drying liquid on each side of the semiconductor 
Wafer, thereby to protect an impurity removed from 
the semiconductor Wafer to be adhered again onto 
the semiconductor Wafer. 

[0019] According to this invention, the semiconductor 
Wafer can be dried, While particles are prevented from being 
adhered onto the semiconductor Wafer. 

[0020] The dryer may lift and loWer the holder, thereby to 
soak and takes out the semiconductor Wafer in and from the 
drying liquid. 
[0021] The dryer may lift the holder at a rate in a range 
from 1 to 3 mm/min. 

[0022] The divider may include a plurality of plates, each 
of Which is formed of polytetra?uoroethylene, for dividing 
the surface of the drying liquid. 

[0023] The dryer may discharge the drying liquid from the 
tank so as to take out the semiconductor Wafer from the 
drying liquid; and 

[0024] the divider may ?oat on the drying liquid, and 
may move doWnWard along With a doWnWard move 
ment of the surface of the drying liquid. 

[0025] The divider may comprise at least one plate for 
dividing the surface of the drying liquid and a holding 
member for holding the at least one plate; and 

[0026] the holding member may have such speci?c 
gravity that a top end of the at least one plate 
protrudes from the drying liquid. 

[0027] The dryer may include a valve for adjusting a 
discharge amount of the drying liquid to be discharged, and 
loWer the surface of the drying liquid at a rate in a range 
from 1 to 3 mm/min. 

[0028] The at least one plate may be formed of polytet 
ra?uoroethylene. 

[0029] In order to achieve the above object, according to 
the second aspect of the present invention, there is provided 
a method for drying an object, comprising: 

[0030] soaking a semiconductor Wafer, perpendicular 
to a surface of a drying liquid, in the drying liquid 
Which is stored in a tank and for drying the semi 
conductor Wafer; 
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[0031] drying the semiconductor Wafer by taking out 
the semiconductor Wafer from the drying liquid; and 

[0032] preventing particles, Which are removed once 
from the semiconductor Wafer, from being again 
adhered onto the semiconductor Wafer, by dividing 
the surface of the drying liquid at each side of the 
semiconductor Wafer When to take out the semicon 
ductor Wafer from the drying liquid. 

[0033] The drying may include taking out the semicon 
ductor Wafer from the drying liquid by lifting the semicon 
ductor Wafer. 

[0034] The drying may include lifting the semiconductor 
Wafer at a rate in a range from 1 to 3 mm/min. 

[0035] The drying may include taking out the semicon 
ductor Wafer from the drying liquid, by discharging the 
drying liquid from the tank; and 

[0036] the preventing may include dividing the sur 
face of the drying liquid With using at least one plate, 
Which moves doWnWard along With a doWnWard 
movement of the surface of the drying liquid. 

[0037] The drying may include loWering the surface of the 
drying liquid at a range in a range from 1 to 3 mm/min, by 
adjusting a discharge amount of the drying liquid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The object and other objects and advantages of the 
present invention Will become more apparent upon reading 
of the folloWing detailed description and the accompanying 
draWings in Which: 

[0039] FIG. 1 is a diagram shoWing the structure of a 
drying apparatus according to the ?rst embodiment of the 
present invention; 

[0040] FIGS. 2A to 2D are diagrams each shoWing an 
operation of the drying apparatus of FIG. 1; 

[0041] FIG. 3 is a diagram shoWing a function of dividers 
Which are included in the drying apparatus of FIG. 1; 

[0042] FIG. 4 is a graph shoWing the numbers of particles 
remaining on a semiconductor Wafer after being dried, by 
using a drying apparatus of the present invention and a 
conventional drying apparatus, respectively; 

[0043] FIG. 5 is a diagram shoWing the structure of a 
drying apparatus according to the second embodiment of the 
present invention; 

[0044] FIGS. 6A to 6B are diagrams each shoWing a 
shape of a terminal end of a pole included in the drying 
apparatus shoWn in FIG. 5; 

[0045] FIGS. 7A to 7D are diagrams each shoWing an 
operation of the drying apparatus shoWn in FIG. 5; and 

[0046] FIG. 8 is a diagram shoWing the surface of a 
semiconductor Wafer Which is dried using a conventional 
drying apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0047] A drying apparatus according to the ?rst embodi 
ment of the present invention Will noW be described With 
reference to the accompanying draWings. 
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[0048] The drying apparatus according to the ?rst embodi 
ment comprises, as illustrated in FIG. 1, a boat 1, a tank 2, 
a supply noZZle 3, a lifter 4, dividing plates 5, a pole 6, and 
a controller 11. In this structure, the drying apparatus dries 
Wafers (semiconductor Wafers) 20 Which have been cleaned. 

[0049] The boat 1 is prepared to vertically holds a plurality 
of Wafers 20. 

[0050] The tank 2 stores pure Water 7. The tank 2 has a lid 
2A for closing the tank 2 up in an airtight manner. 

[0051] The supply noZZle 3 is arranged on the lid 2A. The 
supply noZZle 3 supplies isopropyl alcohol (IPA) With a 
carrier gas such as nitrogen, etc. to the tank 2 storing the pure 
Water 7. As a result of this, a thin IPA ?lm 8 is formed over 
the surface of the pure Water 7. 

[0052] The moisture on the surface of the Wafers 20 is 
removed therefrom, When the Wafers 20 are taken out from 
the pure Water 7 through the IPA ?lm 8. 

[0053] The lifter 4 is arranged on the bottom of the tank 2, 
and moves the boat 1 upWard and doWnWard inside the tank 
2. 

[0054] The dividing plates 5 are arranged parallel to the 
Wafers, on each side of the Wafers. The dividing plates 5 
keep the impurities (particles, etc.) travelling in the IPA ?lm 
8 from being adhered onto the Wafers 20. The impurities are 
those Which have remained on the Wafers 20 and removed 
therefrom, When the Wafers 20 are soaked into the pure 
Water 7. Each of the dividing plates 5 divides the IPA ?lm 
8 on each side of each Wafer 20, thereby to trap the 
impurities Which have removed from one of the Wafers 20, 
and to protect another Wafer 20 Which is arranged neXt to the 
one of the Wafers 20 from such impurities. To realiZe such 
a technique for protecting the Wafers 20, the tank 2 is ?lled 
With the pure Water 7 Whose surface 7A is set to a position 
Where the dividing plates 5 are arranged. The height of the 
dividing plates 5 is set greater than a movement distance of 
the surface 7A moving as a result of the lifting of the boat 
1. 

[0055] The pole 6 is ?Xed on the side Wall of the tank 2, 
and holds the dividing plates 5 Without interfering With the 
movement of the boat 1 and Wafers 20. 

[0056] The controller 11 controls the operations of each of 
the above sections forming the structure of the drying 
apparatus, in accordance With a predetermined program and 
data. 

[0057] Operations of the drying apparatus having the 
above structure Will noW be explained. 

[0058] The target Wafers 20 to be dried are set onto the 
boat 1 by a non-illustrative loader. Particularly, the Wafers 20 
are set onto the boat 1 in such a Way that the Wafers 20 are 
vertical to the surface of the pure Water 7 stored in the tank 
2 and parallel to the dividing plates 5. 

[0059] The lifter 4 loWers the boat 1 so as to let the Wafers 
20 completely soak in the pure Water 7, as illustrated in FIG. 
2A. As described above, the position of the surface 7A of the 
pure Water 7 is set to correspond to the position Where the 
dividing plates 5 are arranged. 

[0060] Then, the tank 2 is closed With the lid 2A. 
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[0061] The vapor of the IPA is supplied together With the 
carrier gas from the supply nozzle 3 into the tank 2. This 
causes the IPA ?lm 8 to be formed on the surface 7A of the 
pure Water 7, as shown in FIG. 2B. The IPA ?lm 8 is set to 
have a thickness on the order of a micron. 

[0062] As illustrated in FIG. 2C, the lifter 4 lifts the 
Wafers 20 Without making the surface of the IPA ?lm 8 
Waved. At this time, if the rate at Which the lifter 4 lifts the 
Wafers 20 is too loW, it takes too much time to complete a 
process for drying the Wafers 20. On the other hand, if the 
rate at Which the lifter 4 lifts the Wafers 20 is too high, the 
surface of the IPA ?lm 8 Waved. In this case, the impurities 
Which have been removed from the Wafers 20 are more 
likely to be adhered onto the Wafers 20 again. In consider 
ation of the above, it is preferred that the Wafers 20 are lifted 
at a rate in a range of 1 to 3 mm/min. 

[0063] As illustrated in FIG. 3, When the Wafers 20 just 
pass the IPA ?lm 8 While being lifted, a How in a direction 
shoWn With an arroW in the illustration occurs as a result of 
a Marangoni-?oW effect. By the effect the ?oW, the moisture 
on the surface of the Wafers 20 is removed therefrom. As a 
result of the above, the Wafers 20 are dried. 

[0064] Further, particles 21, etc. Which are adhered onto 
the surface of the Wafers 20 are removed therefrom together 
With the moisture. Any of those particles 21 Which have been 
removed from the Wafers 20 are trapped by the dividing 
plates 5 each arranged on every side of the Wafers 20. Thus, 
the particles 21 Which are trapped by a particular one of the 
dividing plates 5 can not reach the next one of the dividing 
plates 5. 

[0065] Once the Wafers 20 are completely lifted up from 
the pure Water 7, as illustrated in FIG. 2D, the IPA is no 
longer supplied to the tank 2. 

[0066] The pure Water 7 is discharged from a non-illus 
trative discharge tube. Thereafter, a dry gas such as heated 
nitrogen, etc. is supplied from the supply noZZle 3 into the 
tank 2. This causes the boat 1 and the internal Wall of the 
tank 2 to be dried. 

[0067] After the boat 1 and the internal Wall of the tank 2 
are completely dried, the lid 2A is opened, and the Wafers 20 
are unloaded from the tank 2 by an unloader (not illustrated). 

[0068] Accordingly, the drying of the Wafers 20 are com 
pleted. 

[0069] The tank 2 and the dividing plates 5 are formed of 
or coated With a material, for example, polytetra?uoroeth 
ylene, etc. to Which the particles 21 are unlikely to be 
adhered. 

[0070] FIG. 4 is a graph shoWing the number of particles 
21 remaining on a semiconductor Wafer after being dried by 
using a drying apparatus adopting the present invention. 
This number of particles 21 is compared With the number of 
particles 21 remaining on a semiconductor Wafer after being 
dried by using a conventional drying apparatus Which does 
not include the dividing plates 5. 

[0071] As shoWn in FIG. 4, in the case of the conventional 
drying apparatus, more than a thousand particles 21 are 
adhered onto the Wafers 20. On the contrary, in the case of 
the drying apparatus adopting this invention, the number of 
particles 21 adhered onto the Wafers 20 is successfully held 
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doWn approximately to tWenty. As obvious from the above 
measurement results, having included the dividing plates 5 
inside the tank 2, the Wafers 20 are protected from the 
particles 21. 

[0072] A drying apparatus according to the second 
embodiment of the present invention Will noW be explained 
With reference to the accompanying draWings. 

[0073] The drying apparatus according to the second 
embodiment comprises, as shoWn in FIG. 5, the boat 1, the 
tank 2, the supply noZZle 3, the dividing plates 5, the pole 9, 
a discharge tube 10, and the controller 11. 

[0074] The pole 9 holds the dividing plates 5 Without 
interfering With the movement of the boat 1 and the Wafers 
20. Both ends of the pole 9 are set into guide gaps Which are 
formed on the side Wall of the tank 2, so that the pole 9 can 
be moved upWard and doWnWard. As illustrated in FIGS. 6A 
and 6B, each end of the pole 9 set into the guide gaps has 
tWo sides Which face each other in parallel With the move 
ment direction of the pole 9. In this structure, the dividing 
plates 5 do not dramatically tilt. 

[0075] The speci?c gravity of the pole 9 is set in such a 
Way that the top end of each of the dividing plates 5 
protrudes from the IPA ?lm 8. In this structure, even if the 
surface 7A of the pure Water 7 moves upWard and doWn 
Ward, the surface of the IPA ?lm 8 is securely divided by the 
dividing plates 5. 

[0076] The discharge tube 10 includes a valve 10A, and is 
prepared so as to discharge the pure Water 7 from the tank 
2. The rate of the discharging can be adjusted by controlling 
the valve 10A. 

[0077] The drying apparatus of this embodiment has the 
same structure as the structure of the drying apparatus 
according to the ?rst embodiment, except the pole 9 and the 
discharge tube 10. 

[0078] Operations of the drying apparatus according to the 
second embodiment Will noW be explained. 

[0079] As shoWn in FIG. 7A, the boat 1 Which holds the 
Wafers 20 is soaked in the pure Water 7, stored in the tank 
2, by a non-illustrative loader. As a result of this, likeWise the 
?rst embodiment, the target Wafers 20 to be dried are 
completely soaked in the pure Water 7. 

[0080] As shoWn in FIG. 7B, the pole 9 holding the 
dividing plates 5 is set into the guide gap. 

[0081] The tank 2 is closed With the lid 2A. 

[0082] LikeWise in the ?rst embodiment, in this embodi 
ment, the vapor of the IPA is supplied form the noZZle 3 into 
the tank 2 together With a carrier gas, thereby to form the IPA 
?lm 8 on the surface of the pure Water 7. 

[0083] As explained above, the speci?c gravity of the pole 
9 is set in such a Way that the top end of each of the dividing 
plates 5 protrudes from the IPA ?lm 8. Hence, the surface of 
the IPA ?lm 8 is divided by the dividing plates 5. 

[0084] After this, as illustrated in FIG. 7C, the pure Water 
7 Which is stored in the tank 2 is discharged from the 
discharge tube 10 Without making the surface of the IPA ?lm 
8 Waved. At this time, if the rate at Which the pure Water 7 
is discharged is too loW, it takes too much time to complete 
the drying of the Waters 20. On the other hand, if the rate at 
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Which the pure Water 7 is discharged is too high, the 
impurities removed from the Wafers 20 are likely to be 
adhered thereonto again. It is, therefore, preferred that the 
pure Water 7 is discharged in such a manner that the surface 
7A of the pure Water 7 moves doWnWard at a rate of 1-3 
mm/min by adjusting the valve 10A. 

[0085] Having thus discharged the pure Water 7, the 
Wafers 20 are taken out from the pure Water 7 through the 
IPA ?lm 8. By the effect of the Marangoni-?oW effect 
described in the ?rst embodiment, the moisture on the 
surface of the Wafers 20 is removed. Accordingly, the drying 
of the Wafers 20 is achieved. 

[0086] At this time, the particles 21, etc. Which are 
adhered onto the surface of the Wafers 20 are also removed 
together With the moisture. Because the pole 9 moves 
doWnWard Without causing the dividing plates 5 to tilt along 
With the doWnWard movement of the surface 7A of the pure 
Water 7, the particles 21 removed from the Wafers 20 are 
trapped by one of the dividing plates 5, thus can not reach 
the neXt one of the dividing plates 5. 

[0087] When the Wafers 20 are entirely taken out from the 
pure Water 7, as illustrated in FIG. 7D, the IPA is no longer 
supplied into the tank 2. 

[0088] After the pure Water 7 is completely discharged, the 
dry gas, such as heated nitrogen, etc. is supplied from the 
supply noZZle 3 into the tank 2. Then, the boat 1 and the 
internal Wall of the tank 2 are dried. 

[0089] After the boat 1 and the tank 2 are completely 
dried, the lid 2A is opened, and the Wafers 20 are unloaded 
by an unloader (not illustrated). 

[0090] Accordingly, the drying of the Wafers 20 is accom 
plished. 

[0091] As explained above, the drying apparatus accord 
ing to the second embodiment of the present invention does 
not include any lifting mechanism, such as the lifter 4, etc. 
Accordingly, the structure of the drying apparatus of the 
second embodiment is simpler than that of the drying 
apparatus of the ?rst embodiment. 

[0092] It is not necessary that the dividing plates 5 are 
prepared in a range from one end to the other end of the tank 
2, as long as the dividing plates 5 can prevent the particles 
21 from being adhered onto the Wafers 20 again. The length 
of each of the dividing plates 5 may be equal to the diameter 
of each Wafer 20. 

[0093] In the above-described embodiments, the pure 
Water 7 on Whose surface 7A the IPA ?lm 8 is formed has 
been employed as a drying liquid for drying the Wafers 20. 
HoWever, any drying liquid other than the pure Water 7 and 
the isopropyl alcohol may be used, if the employed liquid is 
not chemically reacted With the Wafers 20, and if the 
above-described Marangoni-?oW effect can occur. 

[0094] Various embodiments and changes may be made 
thereonto Without departing from he broad spirit and scope 
of the invention. The above-described embodiments are 
intended to illustrate the present invention, not to limit the 
scope of the present invention. The scope of the present 
invention is shoWn by the attached claims rather than the 
embodiment. Various modi?cations made Within the mean 
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ing of an equivalent of the claims of the invention and Within 
the claims are to be regarded to be in the scope of the resent 
invention. 

[0095] This application is based on Japanese Patent Appli 
cation No. 2000-108490 ?led on Apr. 10, 2000, and includ 
ing speci?cation, claims, draWings and summary. The dis 
closure of the above Japanese Patent Application is 
incorporated herein by reference in its entirety. 

What is claimed is: 
1. A drying apparatus comprising: 

a tank Which stores a drying liquid for drying a target 
semiconductor Wafer to be dried; 

a holder Which holds the semiconductor Wafer, perpen 
dicular to a surface of the drying liquid; 

a dryer Which soaks the semiconductor Wafer in the 
drying liquid, and takes out the semiconductor Wafer 
from the drying liquid, thereby to dry the semiconduc 
tor Wafer; and 

a divider Which divides the surface of the drying liquid on 
each side of the semiconductor Wafer, thereby to pro 
tect an impurity removed from the semiconductor 
Wafer to be adhered again onto the semiconductor 
Wafer. 

2. The drying apparatus according to claim 1, Wherein 
said dryer lifts and loWers said holder, thereby to soak and 
takes out the semiconductor Wafer in and from the drying 
liquid. 

3. The drying apparatus according to claim 2, Wherein 
said dryer lifts said holder at a rate in a range from 1 to 3 
mm/min. 

4. The drying apparatus according to claim 2, Wherein 
said divider includes a plurality of plates, each of Which is 
formed of polytetra?uoroethylene, for dividing the surface 
of the drying liquid. 

5. The drying apparatus according to claim 1, Wherein: 

said dryer discharges the drying liquid from said tank so 
as to take out the semiconductor Wafer from the drying 
liquid; and 

said divider ?oats on the drying liquid, and moves doWn 
Ward along With a doWnWard movement of the surface 
of the drying liquid. 

6. The drying apparatus according to claim 5, Wherein: 

said divider comprises at least one plate for dividing the 
surface of the drying liquid and a holding member for 
holding the at least one plate; and 

said holding member has such speci?c gravity that a top 
end of the at least one plate protrudes from the drying 
liquid. 

7. The drying apparatus according to claim 6, Wherein 
said dryer includes a valve for adjusting a discharge amount 
of the drying liquid to be discharged, and loWers the surface 
of the drying liquid at a rate in a range from 1 to 3 mm/min. 

8. The drying apparatus according to claim 6, Wherein the 
at least one plate is formed of polytetra?uoroethylene. 

9. A method for drying an object, comprising: 

soaking a semiconductor Wafer, perpendicular to a surface 
of a drying liquid, in the drying liquid Which is stored 
in a tank and for drying the semiconductor Wafer; 
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drying the semiconductor Wafer by taking out the semi 
conductor Wafer from the drying liquid; and 

preventing particles, Which are removed once from the 
semiconductor Wafer, from being again adhered onto 
the semiconductor Wafer, by dividing the surface of the 
drying liquid at each side of the semiconductor Wafer 
When to take out the semiconductor Wafer from the 
drying liquid. 

10. The method according to claim 9, Wherein said drying 
includes taking out the semiconductor Wafer from the drying 
liquid by lifting the semiconductor Wafer. 

11. The method according to claim 10, Wherein said 
drying includes lifting the semiconductor Wafer at a rate in 
a range from 1 to 3 mm/min. 
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12. The method according to claim 9, Wherein: 

said drying includes taking out the semiconductor Wafer 
from the drying liquid, by discharging the drying liquid 
from the tank; and 

said preventing includes dividing the surface of the drying 
liquid With using at least one plate, Which moves 
doWnWard along With a doWnWard movement of the 
surface of the drying liquid. 

13. The method according to claim 12, Wherein said 
drying includes loWering the surface of the drying liquid at 
a range in a range from 1 to 3 mm/min, by adjusting a 
discharge amount of the drying liquid. 

* * * * * 


