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(57) ABSTRACT 

In a method of processing or drying a semiconductor Wafer, 
the Wafer is Withdrawn from a ?uid bath at an inclined angle, 
and at a selected Withdrawal speed. A solvent vapor is 
provided at the surface of the bath, to create a surface tension 
gradient and promote drying, or removal of the ?uid from 
the Wafer surface. After the Wafer is entirely Withdrawn from 
the rinsing liquid, the Wafer is rotated brie?y, to remove any 
remaining ?uid via centrifugal force, Without the ?uid 
drying on the Wafer. The Wafer is held onto a rotor assembly 
Which rotates the Wafer Within an enclosed chamber, and 
Which is also pivoted Within the chamber, to position the 
Wafer at the incline angle. 
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SINGLE SEMICONDUCTOR WAFER PROCESSOR 

[0001] This Application is a Division of US. patent appli 
cation Ser. No. 09/416,225, ?led Oct. 8, 1999, noW pending, 
and incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The ?eld of the invention is manufacturing semi 
conductor Wafers and similar articles. 

BACKGROUND OF THE INVENTION 

[0003] Semiconductor devices are used in a Wide range of 
consumer electronics, computers, communication equip 
ment, and various other products. Semiconductor devices 
are generally made from Wafers of silicon, or other semi 
conductor materials. The Wafers are processed through 
many manufacturing steps, to form microelectronic circuits. 
During various steps in manufacturing, the Wafers are pro 
cessed using ?uid chemicals (e.g., acids, caustics, etchants, 
photoresists, plating solutions, etc.). They are also rinsed 
and dried, to remove contaminants Which can cause defects 
in the end product devices or interfere With subsequent 
process steps. HoWever, the processing or rinsing ?uids 
themselves have potential for unintentionally depositing a 
residue or particulate contaminants on the Wafer, if ?uid 
dries on the Wafer surface. Thus, ?uid is preferably removed 
quickly and completely from the Wafer. 

[0004] DeioniZed (“DI”) Water is frequently used as a 
rinsing ?uid. DI Water, as Well as other ?uids used in 
manufacturing semiconductors, Will cling to Wafer surfaces 
in sheets or droplets, due to surface tension. Consequently, 
the surface tension forces must be overcome to remove the 
sheets or droplets, and to thereby leave no ?uid-borne 
contaminants on the Wafer surfaces. 

[0005] Various approaches have been used in the past to 
reduce the level of contaminants left on the Wafer surface 
after processing or rinsing and drying. These include spin 
rinser machines, alcohol vapor machines, as Well as equip 
ment using combinations of spin, alcohol, and heat. While 
several of these approaches have performed Well, there is a 
need for improved processing and drying methods and 
equipment. 

SUMMARY OF THE INVENTION 

[0006] In a ?rst aspect of the invention, a method for 
processing a semiconductor article includes the steps of 
WithdraWing the article from a processing ?uid at an inclined 
angle. The article is WithdraWn at a selected WithdraWal rate. 
The article is advantageously eXposed to a vapor of an 
organic solvent. After the Wafer is completely WithdraWn 
from the ?uid, the Wafer is spun momentarily, via a rotor, to 
centrifugally remove any ?uid remaining on the Wafer. 

[0007] In a second aspect of the invention, a dry gas, such 
as nitrogen, is miXed With the vapor. 

[0008] In a third aspect of the invention, the spin time of 
the Wafer is limited, to avoid drying ?uid on the Wafer. 

[0009] In a fourth aspect of the invention, an apparatus for 
drying a semiconductor article, such as a Wafer, includes a 
lid attached to a body. A basin in the body holds a rinsing 
liquid. A rotor Within the body, above the basin, has a spin 
motor for spinning a Wafer. An elevator attached to the rotor 

Sep. 13, 2001 

moves the rotor vertically, to immerse and WithdraW a Wafer 
from the rinsing liquid. Apivot motor in the elevator pivots 
the rotor into a face up position, for loading and unloading 
a Wafer, and into a doWnWardly inclined position, so that the 
Wafer is WithdraWn from the liquid at an inclined angle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Other objects and advantages of the invention Will 
become apparent from the draWing ?gures, Which are pro 
vided by Way of eXample, and should not be interpreted as 
limits of the invention. 

[0011] In the draWings, Wherein the same reference num 
ber denotes the same element, throughout all of the vieWs: 

[0012] FIG. 1 is a perspective vieW of the invention; 

[0013] FIG. 2 is a section vieW taken along line 2-2 of 
FIG. 1, and shoWing the dryer in a closed position; and 

[0014] FIG. 3 is a section vieW taken along line 3-3 of 
FIG. 1, and shoWing the dryer With the lid moving into an 
open position. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0015] Turning noW into detail to the draWings, as shoWn 
in FIG. 1, the processor 10 of the invention has a body 12 
having upper and loWer cylindrical side Walls 13 and 15. A 
lid 14 is pivotably attached to the body 12. A lid motor or 
actuator 18 attached to the body 12 raises and loWers the lid 
14, or pivots the lid 14 upWardly, to open and close the body 
12. 

[0016] Referring to FIGS. 1-3, a bottom section 17 is 
joined to the loWer cylindrical side Wall 15. A basin 38 is 
provided Within the body 12. The basin 38 has serrations or 
notches 70 at its upper rim. An inlet 40 connects a rinsing 
liquid source, such as deioniZed Water, into the basin 38. 
Similarly, a drain 42 eXtends from the bottom of the basin 38 
to a facility drain. Vapor/gas inlets 24 are connected to 
noZZles 44 through ducts 26. 

[0017] Aseal or O-ring 34 on an inner rim 36 of the upper 
cylindrical side Wall 13 closes off the body 12 When the lid 
14 is brought doWn to a closed position, With the body 12 
then forming an enclosed chamber 25. Speci?cally, an 
annular lid extension 32 on the lid 14 engages against the 
O-ring 34, When the lid 14 is in the doWn or closed position 
(as shoWn in FIG. 2). 

[0018] The chamber 25, although closed off, need not be 
sealed in all cases. Rather, it is closed off suf?ciently to 
inhibit variations in processing resulting from e. g., intrusion 
of clean room air into the chamber, etc. 

[0019] Referring to FIGS. 2 and 3, a rotor assembly 50 
Within the body 12 or chamber 25 is supported on a pivot 
aXle 52. The rotor assembly 50 includes a rotor plate 62 
attached to a spin shaft 60 extending through a spin motor 
54. Fingers 56 on the rotor plate 62 hold a Wafer 58, or other 
?at media article. 

[0020] The pivot aXle 52 eXtends through a vertical slot 55 
in the upper cylindrical side Wall 13, and is attached to an 
elevator 16 on the outside of the body 12. The vertical slot 
55 is preferably closed off or sealed With a belloWs or similar 
component Which alloWs for vertical translation and pivot 
ing movement of the pivot aXle 52, While largely preventing 
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vapors or gases from passing into or out of the chamber 25. 
The elevator 16 has a pivot motor 20 for turning or pivoting 
(in elevation) the pivot axle 52 and the rotor assembly 50. 
The elevator 16 also has a linear lift motor 21 attached to the 
pivot axle 52 and pivot motor 20, so that the rotor assembly 
50 Within the chamber 25 can be raised and loWered, (along 
With the pivot axle 52 and pivot motor 20). 

[0021] An exhaust duct 29 connects an exhaust port 30 in 
the lid 14 to a facility vapor/gas removal or recovery. 

[0022] The spin motor 54 may be an electric motor 
poWered via Wires extending from the spin motor 54 through 
the pivot axle 52 and making electrical connections With a 
poWer source in the elevator 16. Alternatively, the spin 
motor 54, pivot motor 20, and lift motor 21, may be 
electrical, ?uid driven or pneumatic. 

[0023] In use, the processor 10 processes one Wafer at a 
time. The lid 14 is raised up and/or pivoted open via the lid 
actuator 18. The rotor assembly 50 is in a right side up 
position, i.e., With the ?ngers 56 facing up, to receive a Wafer 
58. A Wafer, to be processed, is placed into the ?ngers 56, 
either manually, or via a robot. The ?ngers 56 secure the 
Wafer to the rotor assembly 50. The pivot motor 20 is 
energiZed, turning the pivot axle 52 and rotor assembly 50, 
so that the rotor assembly 50 pivots into a face doWn 
position (as shoWn in FIG. 3). The lid actuator 28 closes the 
lid 14, With the lid extension 32 sealing the lid 14 against the 
upper cylindrical side Wall 13 of the body 12. 

[0024] When used for cleaning, a rinsing ?uid, such as DI 
Water, ?lls the basin 38 via entry through the inlet 40. A 
diffuser plate 75 provides for more even up?oW of ?uid, as 
the ?uid ?lls the basin. The lift motor 21 is energiZed to 
loWer the rotor assembly 50, so that the Wafer 58 is 
immersed into the rinsing liquid 39. The basin 38 is pref 
erably over?oWing With the DI Water or processing ?uid. A 
surface tension gradient is created betWeen the interface at 
the liquid-solid-gas contact line, and the free liquid surface 
aWay from the contact line. The gradient is created and 
sustained by providing a continuous exchange of the menis 
cus, by over?oWing the DI Water or ?uid. The notches 70 at 
the upper rim of the basin provide a uniform extraction of 
the surface layer of the ?uid, to remove any accumulated 
impurities or organic concentration. This maintains a uni 
form surface tension gradient. 

[0025] More than one process ?uid can be used in the 
basin, With the Wafer remaining in the basin, for multiple 
process steps using multiple ?uids, before the Wafer is 
extracted and dried. Megasonic transducers 72 may be 
provided on the basin, to provide a cleaning process, before 
drying. 

[0026] The term “Wafer” here means any ?at media such 
as semiconductor Wafers, photomasks, ?at panel displays, 
memory disks, CD glass, etc. 

[0027] If the rotor assembly 50 is horiZontal, as shoWn in 
FIG. 3, the pivot motor 20 is actuated to pivot the rotor 
assembly, so that the Wafer 58 is moved into an inclined 
angle A, from horiZontal, as shoWn in FIG. 2. The inclined 
angle A is preferably in the range of 3-45° from horiZontal, 
more preferably in the range of 5-30°, and still more 
preferably betWeen 5-15°, With 10° being suitable for many 
applications. 
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[0028] The lift motor 21 is then reversed to lift the rotor 
assembly 50 up, thereby WithdraWing the Wafer 58 from the 
rinsing liquid 39, While the Wafer 58 is maintained at the 
inclined angle A. 

[0029] Avapor of an organic solvent, preferably isopropyl 
alcohol, is introduced into the environment around the Wafer 
58, Within the chamber 25, by the vapor ducts 26 and noZZles 
44. The vapor is introduced into the basin 38 at a position at 
or just above the surface of the rinsing liquid 39. The vapor 
should be non-condensing, and is preferably mixed With 
nitrogen or other non-reacting gas. 

[0030] The lift motor 21 continues to lift the rotor assem 
bly 50, until the Wafer 58 is entirely WithdraWn from the 
rinsing liquid 39. The spin motor 54 is then turned on brie?y, 
to ?ing off any liquid remaining on the Wafer 58. The spin 
time is limited, to avoid alloWing any liquid to dry on the 
Wafer 58. The spinning of the Wafer 58 may take place With 
the rotor assembly 50 at any position or incline angle, or 
even While the rotor assembly is pivoting. HoWever, spin 
ning is preferably done With the Wafer either horiZontal, or 
at the inclined angle A. The Wafer 58 is preferably spun at 
from 300-1800 rpm, preferably at 500-800 rpm, for an 
interval from 5-30 seconds, or for the least amount of time 
necessary to remove any remaining liquid from the Wafer. As 
in practice, any remaining liquid tends to be located near the 
peripheral edges of the Wafer 58, only very brief spinning is 
needed. Consequently, the disadvantages of liquid drying on 
the Wafer are avoided. 

[0031] The rotor assembly 50 may be upside doWn, as 
shoWn in FIGS. 2 and 3, or right side up, during spinning 
of the Wafer. After spinning, the lid 14 is reopened, so that 
the dry Wafer can be removed from the dryer 10. The rinsing 
liquid 39 is drained from the basin 38 through the drain pipe 
42. Fresh rinsing liquid may then be supplied to the basin 38, 
for processing the next Wafer. 

[0032] By WithdraWing the Wafer 58 at the inclined angle, 
a continuous linear meniscus of rinsing liquid 39 is formed 
on the Wafer surface, minimiZing droplets left on the Wafer. 
The rate of lift or WithdraWal of the Wafer from the rinsing 
liquid 39 is controlled to maintain the continuous meniscus. 
The solvent vapor reduces the surface tension of the rinsing 
liquid, causing the liquid to more easily run off the Wafer. 
Spinning the Wafer centrifugally removes any remaining 
liquid from the Wafer. It also removes any remaining rinsing 
or other processing liquid from the rotor and other compo 
nents supporting the Wafer. This avoids the need for intricate 
self draining designs for the ?ngers and other Wafer sup 
porting elements. As the chamber 25 is substantially 
enclosed When the dryer 10 is in operation, release of the 
solvent vapor (and other chemicals if used) is minimiZed or 
prevented. The exhaust duct 29 on the lid 14 exhausts gases 
and vapors from the chamber 25 in a controlled manor. 

[0033] When used for other semiconductor manufacturing 
steps, process chemicals in ?uid form are used instead of a 
rinsing liquid. 
[0034] Thus, a novel method and apparatus for processing 
and for drying semiconductor Wafers, and similar articles, 
has been shoWn and described. Various changes and modi 
?cations may of course be made, Without departing from the 
spirit and scope of the invention. The invention, therefore, 
should not be limited, except by the folloWing claims, and 
their equivalents. 
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What is claimed is: 
1. An apparatus for processing a Wafer, comprising: 

a rotor for holding a Wafer and for spinning the Wafer 
about a ?rst axis; 

a pivot arm pivotably supporting the rotor, so that the 
rotor can pivot about a second axis, substantially per 
pendicular to the ?rst axis; and 

a basin beloW the rotor, for holding a liquid, With the rotor 
vertically moveable toWard and aWay from the basin. 

2. The apparatus of claim 1 further including ?ngers on 
the rotor for holding a Wafer. 

3. The apparatus of claim 1 further comprising a lid 
moveable to enclose the basin to prevent escape of vapors 
from the basin. 

4. The apparatus of claim 3 further including a spin motor 
attached to the rotor. 

5. The apparatus of claim 4 further including a body 
around the basin, and With the lid engageable With the body, 
to enclose the basin. 

6. The apparatus of claim 5 further including a pivot 
motor linked to the pivot arm. 

7. An apparatus for processing a Wafer, comprising: 

a basin for holding a liquid; 

a rotor assembly supported above the basin on an arm, 
With the rotor assembly including a rotor plate, a spin 
motor linked to the rotor plate for spinning the rotor 
plate, and a Wafer holder on the rotor plate for holding 
a Wafer; 

a pivot drive linked to the arm for pivoting the arm and the 
rotor assembly supported on the arm; and 

an elevator supporting the arm, for moving the rotor 
assembly toWards and aWay from the basin. 

8. An apparatus for processing a Wafer, comprising: 

a basin; 

an elevator supporting an arm above the basin; 

a rotor on the arm, With the rotor pivotable relative to the 

basin; 

a spin motor connected to the rotor; and 

holding means on the rotor for holding a Wafer. 

9. An apparatus for processing a Wafer using a liquid, 
comprising: 

a body; 

a basin Within the body; 

a lid moveable to enclose the basin; 

a rotor assembly including holding means for holding a 
Wafer and a spin motor linked to the holding means; 
and 

rotor assembly support means for moving the rotor assem 
bly in at least tWo degrees of freedom relative to the 
basin. 

10. The apparatus of claim 9 Where the tWo degrees of 
freedom are up and doWn vertical movement, and pivoting 
movement about a horiZontal axis. 
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11. An apparatus for processing a semiconductor article, 
comprising: 
means for WithdraWing the article from a bath of process 

ing ?uid at an inclined angle at a selected WithdraWal 

rate; 

means for exposing the article to a vapor of an organic 
solvent above the bath; and 

means for removing any remaining droplets of the ?uid 
from the Wafer by momentarily spinning the article. 

12. The apparatus of claim 11 further comprising an 
enclosure for containing the vapor. 

13. The apparatus of claim 11 Wherein the inclined angle 
is from 5-45°. 

14. The apparatus of claim 1 further including a spray 
noZZle for spraying the solvent vapor. 

15. An apparatus for processing a semiconductor article, 
comprising: 

a rotor Within a chamber; 

a pivot drive for pivoting the rotor; 

a basin Within the chamber; 

an elevator attached to the rotor for loWering the rotor and 
an article to immerse the article into a liquid Within the 
basin, and for raising the rotor and article out of the 
liquid; 

an organic solvent vapor source connecting into the 
chamber; and 

a spin motor connected to the rotor. 
16. The apparatus of claim 15 further comprising a lid 

engageable onto the chamber, to seal the chamber. 
17. An apparatus for processing a semiconductor article, 

comprising: 
a body; 

a lid attached to the body; 

a basin in the body; 

a rotor Within the body, above the basin, the rotor having 
a spin motor, and article support joined to the spin 
motor; and 

an elevator attached to the rotor. 

18. The apparatus of claim 17 further comprising a pivot 
axle extending from the elevator through the body and 
joined to the rotor. 

19. The apparatus of claim 18 further comprising a pivot 
motor linked to the pivot axle. 

20. The apparatus of claim 17 further comprising a lid 
actuator attached to the lid and to the body for opening and 
closing the lid. 

21. The apparatus of claim 17 further comprising spray 
noZZles at the basin. 

22. The apparatus of claim 17 With the elevator including 
a lift motor, for raising and loWering the rotor, and a pivot 
motor, for pivoting the rotor Within the body. 

23. The apparatus of claim 17 further including means for 
holding a single article on the rotor. 

24. The apparatus of claim 8 further including means for 
supplying an organic solvent vapor around the rotor. 

* * * * * 


