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[571 ABSTRACT 
In a wafer fabrication process in which a photoresist 
stripper must be removed from the surface of a semicon- 
ductor wafer, the photoresist stripper is rinsed by insert- 
ing the wafer in a vessel (23, FIG. 3) filled with water 
and simultaneously pumping carbon dioxide and water 
into the vessel to cause the water to overflow the vessel. 
Preferably, the wafer is contained within the vessel for 
at least five minutes, and, during the rinsing step, the 
water completely fills the vessel and overflows at a rate 
of at least fifty percent of the volume of the vessel each 
minute. We have found that this method of rinsing pho- 
toresist stripper from semiconductor wafers signifi- 
cantly reduces or eliminates the incidence of corrosion 
pitting on aluminum conductors (12, FIG. 1) of the 
wafer (11). 

12 Claims, 1 Drawing Sheet 
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detailed description taken in conjunction with the ac- 
SEMICONDUCTOR WAFER CLEANING AND company drawing. 
RINSING TECHNlQUES USING RE-IONIZED 

WATER AND TANK OVERFLOW 

TECHNICAL FIELD 

BRIEF DESCRIPTION OF THE DRAWING 

5 FIG. 1 is a schematic view of part of a semiconductor 
wafer illustrating the photolithographic masking and 

This invention relates to semiconductor wafer fabri- etching process; 

cation and, more particularly, to methods for rinsing FIG. 2 is a flow diagram showing part of the wafer 

photoresist stripper materials from wafer surfaces. fabrication process, including the step of rinsing the 
10 wafers; and 

BACKGROUND OF THE INVENTION FIG. 3 is a schematic view illustrating a method for 
rinsing wafers in accordance with an illustrative em- Microelectronics chips such as integrated circuits are bodiment of the invention. made from comparatively large wafers of semiconduc- 

tor material by processes known as wafer fabrication. A , , DETAILED DESCRIPTION 
12 fundamental step in wafer fabrication is photolitho- 

graphic masking and etching which is used to define 
selected regions of the wafer for such processing as 
etching or impurity diffusion. The photolithography 
process requires a photoresist coating which is first 20 
selectively developed to permit selective processing, 
and which is thereafter removed by a chemical known 
as a photoresist stripper. After photoresist stripping, the 
photoresist stripper must in turn be removed from the 
wafer by a process known as rinsing. 25 

As described, for example, in the paper, "A Simple 
Model for Rinsing," A. Tonti, Electrochemical Society 
Meeting, October 1991, one method of rinsing is to 
immerse the wafers in a tank into which water and 
nitrogen are pumped so that the water overflows the 30 
tank. Another method, known as the quick dump rinse 
(QDR) method, requires water in which wafers are 
contained to be quickly emptied or dumped. 

A problem with the various rinsing methods using 
water is the tendency of aluminum layers on the surface 
of the wafer, such as are used as conductors and bond- 
ing pads, to corrode during the rinse cycle. Such cono- 
sion is typically characterized by pits in the surface of 
the aluminum conductors which, with the progressive 
reduction in the size of conductors on the surface of 40 
microchips, become a progressively more serious prob- 
lem. Our experiments show that rinsing in isopropyl 
alcohol can reduce pitting, but such use is undesirable 
because isopropyl alcohol is more expensive than water, 
and it constitutes a waste that may be harmful to the 45 
environment. Thus, there is a continued long-felt need 
in the industry for a-method for rinsing photoresist 
stripper from wafer surfaces which does not corrode 
aluminum conductors on the wafers and which is not 
unduly expensive or harmful to the environment. 50 

SUMMARY OF THE INVENTION 

Referring now to FIG. 1, there is shown a semicon- 
ductor wafer 11, which may be of silicon, including on 
an upper surface thereof an aluminum contact 12 and an 
insdative layer 13 of a material such as silicon dioxide. 
The aluminum contact may be an aluminum alloy con- 
taining, e.g., copper, as is known in the art. For the 
purpose of selectively etching, for example, the dielec- 
tric layer 13, the upper surface of the wafer is coated 
with photoresist 15 which is selectively exposed to 
actinic light and developed to remove a portion thereof 
for permitting etching of part of the underlying dielec- 
tric layer 13. The wafer is then exposed to an etchant of 
silicon dioxide, which preferentially etches an opening 
16 in the exposed silicon dioxide, with the photoresist 
mask 15 preventing the unwanted etching of other areas 
of the silicon dioxide. 

The FIG. 1 method is just one example of many pho- 
tolithographic mask and etch steps that are typically 
performed during the course of a typical wafer fabrica- 
tion. As such, it constitutes one step 18 of FIG. 2 in the 
wafer fabrication process. Following this step, the next 
step in the wafer fabrication is that shown by step 19, 
stripping the photoresist layer 15 from the surface of the 
wafer. This is typically done by exposing the wafer to a 
chemical etchant which selectively dissolves and re- 
moves the photoresist layer 15 while leaving the re- 
mainder of the wafer intact. Examples of photoresist 
strippers include PRS-1000, commercially available 
from the Baker Chemical Company of Phillipsburg, 
N.J. and ACT-CMI and ACT-150, available from 
ACT, Inc. of Allentown, Pa. As shown by step 20, after 
the photoresist strip, residual photoresist stripper must 
be normally removed from the wafer by rinsing. Deion- 
ized @I) water has been used as a medium for rinsing 

1 but, as mentioned above, such conventional rinsing with 
water or DI water typically results in corrosion of the 
umer surfaces of aluminum conductors such as contact 

In a wafer fabrication process in which a photoresist l i b f  FIG. 1. 
stripper must be removed from the surface of a semicon- In accordance with the invention, this problem is 
ductor wafer, the photoresist stripper is rinsed by insert- 55 overcome by rinsing semiconductor wafers 22 in the 
ing the wafer in a vessel filled with water and simulta- apparatus shown in FIG. 3. The wafers containing a 
neously pumping carbon dioxide and water into the film of residual photoresist stripper are inserted in a 
vessel to cause the water to overflow the vessel. Prefer- vessel 23 filled with DI water 24. DI water from source 
ably, the wafer is contained within the vessel for at least 26 and carbon dioxide from source 27 is then pumped 
five minutes, and, during the rinsing step, the water 60 into the vessel as shown. This causes the water to over- 
completely fills the vessel and overflows at a rate of at flow the vessel, and during the entire rinsing operation 
least fifty percent of the volume of the vessel each min- water overflows as shown in the Figure. 
ute. We have found that this method of rinsing photore- The volume of vessel 23 that was used was four gal- 
sist stripper from semiconductor wafers significantly lons, and the rate of carbon dioxide flow was approxi- 
reduces or eliminates the incidence of corrosion pitting 65 mately three liters per minute. We found that the water 
on aluminum conductors of the wafer. These and other flow rate should be at least two gallons per minute (fifty 
objects, features and benefits of the invention will be percent of vessel volume per minute), and the rinse time 
better understood from a consideration of the following should be at least five minutes and preferably ten min- 
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Utes. We found that if the rinse lasted as long as twenty becomes acidic, attaining a pH value of 4-6 depending 
minutes, pits did form and that it is therefore advisable, on the dissolved amount of C02. This acidic water will 
with the above parameters, to have a rinse time of less then rapidly neutralize the caustic photoresist stripper/- 
than twenty minutes. water mixture. 

TO define the invention more clearly, we compared 5 lQDR did not cause pitting corrosion, whereas 
the process of FIG. 3 with one in which nitrogen, rather 5QDR resulted in many, deep and large corrosion pits, 
than carbon dioxide, was used as the gas source. We in spite of CO2 bubbling. This fact suggests that one of 
also compared it with rinsing using the quick dump the governing cathodic reactions might involve the 
rinse (QDR) method, both with nitrogen and carbon reduction of the dissolved oxygen in the acidic DI wa- 

gas ne these tests are 10 ter. The reversible potential for the reduction of oxygen 
shown on Table 1- The numbers in parentheses in the is ,ported to be EREV= -0.82 VSm, and for the oxida- 
first column represent the number of minutes of over- tion of Al to be EREV= - VSHE, with a potential 

rinse that was used. designation of certain difference of 2.48 V. Thus, a galvanic couple between 
"pits" in parentheses indicates that an experiment show- the aluminum and a more noble constituent, such as 
ing pits was not actually done, but that from the other 15 A ~ ~ c ~ ,  would provide a tendency to form a local corro- 
experiments, it is certain that pits would occur. The sion cell. water flow rate for the overflow (OF) method was 2.5 
gallons per minute (62.5% of vessel volume per minute). During the 5QDR cycle, spraying water as well as 

The aluminum conductors on one surface were depos- the thin layers of water covering the wafers become 

ited using deposition parameters and had a 20 to the air. It is presumed that, due a 
composition of 95.54 weight percent Al, 0.45 weight large "Iface area a of water, 
percent Cu, and 0.1 weight percent Si. oxygen dissolves in the water rapidly to promote the 

cathodic reaction. Also, caused by the turbulence cre- 
TABLE I ated during the dump cycle, some of the dissolved COz 

Gas ~ubbl i ig  might escape from the thin layers of water, becoming 
Rinse Mode (min.) N2 CO2 None 25 ineffective in inhibiting the corrosion. When wafers are 
~ Q D R  - NO Pits - immersed in overflowing water bubbled with CO2, they 
5 QDR Pits Pits ( P y  
OF Rinse (5) 

are exposed to higher concentrations of CO2. Also, in 
Pits No pits Ptts 

OF Rinse (10) pits NO Pits (Pits) the overflow mode, the top surface of the water is small 
OF Rinse (20) (Pits) Pits (pits) 30 relative to the total amount of water, and therefore the 

wafers have a more limited access to air. - 
One can see from Table I that with a single quick We claim: 

dump rinse using carbon dioxide bubbling, one desir- l' A method for removing a photoresist layer a 

ably got no corrosion and therefore no pits. Unfortu- semiconductor wafer having aluminum-cOntaining 
nately, one quick dump rinse was not satisfactory for 35 Structures thereon comprising the steps of: 
removing the photoresist stripper. Five quick dump exposing the photoresist layer to a photoresist strip- 
rinses (5QDR) were sufficient for this purpose, but they per to remove the photoresist layer; 
caused pits, whether there was nitrogen or carbon diox- rinsing the photoresist stripper from the semiconduc- 
ide bubbling. A five minute overflow rinse using nitro- tor wafer comprising the step of inserting the wafer 
gen bubbling resulted in pits, but with carbon dioxide 40 in a with water; 
bubbling, no pits. It appeared that about five minutes pumping carbon dioxide into the vessel and simulta- 
was required for dependable removal of the photoresist neously pumping water into the vessel to cause the 
stripper and so rinsing for time periods less than that is water to overflow the vessel; 
not recommended, at least with the strippers mentioned d-g the rinsing Step, the water completely f a k g  
above. Overflow rinse for ten minutes worked well in 45 the vessel and overflowing at a rate of at least fifty 
preventing pits, but, as mentioned before, the twenty percent of the volume of the vessel each minute. 
minute rinse did result in pits, undoubtedly because of 2- The method of claim 1 wherein: 
the increased time during which galvanic reactions during the rinsing step, the wafer is contained within 
resulting in pits could occur. the vessel for at least five minutes. 

In summary, an effective method has been described 50 3. The method of claim 1 wherein: 
for rinsing photoresist stripper in a way that prevents the volume of the vessel is approximately four gal- 
aluminum corrosion responsible for pitting. Several Ions, and the rate of flow of water into the vessel is 
examples of ranges of parameters have been given. Var- approximately 2.5 gallons per minute. 
ious other embodiments and modifications may be made 4. The method of claim 1 wherein: 
by those skilled in the art without departing from the 55 during the rinsing step, the wafer is contained within 
spirit and scope of the invention. the vessel for at least five minutes. 

The following is a theoretical discussion of why the 5. The method of claim 4 wherein: 
invention is superior to competing methods, but it is to during the rinsing step, the wafer is contained within 
be understood that applicant's invention is based on the vessel for less than twenty minutes. 
experimental observation, rather than any particular 60 6. The method of claim 5 wherein: 
theory of operation: the wafer is contained within the vessel for approxi- 

The amine components contained in photoresist strip- mately ten minutes. 
pers turn very caustic when they come into contact 7. The method of claim 6 wherein: 
with water, as happens during the DI water rinse cycle, a plurality of wafers are contained within the vessel 
and etch the aluminum alloy, if not rinsed off rapidly. 65 during the rinsing step. 
When DI water is bubbled with CO2 gas, as is done 8. A method for fabricating semiconductor devices 
currently, some of it dissolves and dissociates into pro- from a semiconductor wafer containing aluminum con- 
tons and bicarbonate ions under equilibrium. The water ductors on one surface thereof comprising the steps of: 
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coating the wafer with a photoresist layer; selectively during the rinsing step, the wafer is contained within 
exposing the photoresist to actinic light; developing the the vessel for between five and twenty minutes. 
photoresist; using the developed photoresist as a mask 10- The n~ethod of claim 9 wherein: 
to pennit selective processing of the wafer; removing the volume of the vessel is approximately four gal- 
the photoresist mask by exposing the wafer to a photo- lons, and the rate of flow of water into the vessel is 

resist stripper; rinsing the photoresist stripper from the approximately 2.5 gallons per minute; 

semiconductor wafer comprising the step of inserting and a plurality of wafers are contained within the 
vessel during the rinsing step. the wafer in a vessel filled with water; wherein the ll. The method of claim wherein: 

improvement comprises: 10 the aluminum conductors comprise an aluminum 
simultaneously pumping carbon dioxide and water alloy comprising more than ninety percent alumi- 

into the vessel to cause the water to overflow the num. 
vessel; 12. The method of claim 11 wherein: 

during the rinsing step, the water completely ffiling the aluminum conductors comprise about ninety-five 
the vessel and overflowing at a rate of at least fifty 15 percent aluminum, four to five percent copper, and 
percent of the volume of the vessel each minute. a trace of silicon. 

9. The method of claim 8 wherein: * * * * *  
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