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[571 ABSTRACT 

Formation of watermarks during semiconductor processing 
can be prevented by rinsing silicon wafers in an organic 
solvent prior to drying. Water droplets on the silicon wafer 
surface are taken up by the solvent and film is formed over 
the wafer surface. Following this rinse, the wafer may be 
subjected to standard IPA-based drying techniques. 

14 Claims, No Drawings 
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METHOD TO MINIMIZE WATERMARKS ON following the DI rinse. In addition, a film is created on the 
SILICON SUBSTRATES wafer surface. This film is removed by a standard drying 

procedure. 
BACKGROUND OF THE INVENTION 

1. Field of the Invention DETATLED DESCRIPTION OF A PREFERRED 

The present invention generally relates to semiconductor EMBODIMENT OF THE INVENTION 

chip manufacture and more particularly to prevention of 
watermark formation on chips during manufacturing steps, This invention involves the dippingirinsing of wafers or 

2. Background Description other silicon substrates (e.g., silicongermanium or silicon- 
on-insulator (SO1))in an organic solvent after rinsing with 

A wafer drying step is in the semiconductor deionized (DI) water. The solvent preferably has the follow- 
manufacturing industry, and by reducing the formation of 

ing properties: 
surface defects called "watermarks" during wafer drying, 
the yields can be substantially increased. a) low surface tension (less than 30 dyneslcm); 

Typically after the etching of an oxide film from the 15 b) some interaction with water to keep the yAB (solvent- 
silicon surface of a wafer or chip with an etchant such as a water interfacial energy) as small as possible (preferably less 
dilute hydrofluoric (DHF) or buffered hydrofluoric (BHF) than 15 dyneslcm); 
solution, the wafers or chips are rinsed in deionized (DI) some solubility of the water in the solvent phase; and 
water to remove the chemicals. After the final rinse in DI d) good wettability of the silicon wafer surface. 
water, the wafers are dried either in an isopropyl alcohol 20 

(IPA) dryer or a spin dryer or other suitable device. The The organic solvent preferably contains at least 5 carbon 

oxide etch process makes the wafer or surface highly preferably 5-14 prerably 
hydrophobic and reactive and this surface leaves watermark One 'lass of organic that be effec- 
defects after drying, park et al, conclude that spin dried tive in reducing watermarks is long-chain alcohols. Other 

hydrophobic wafers create a large number of watermarks on 25 solvents, like organic acids, aldehydes, and esters, may also 
patterned wafers with both hydrophilic and hydrophobic be effective in preventing the watermarks. The particular 
sites ("Effects of Drying Methods and Wettability of Silicon solvent should be such that it could be stripped off easily 
on the Formation of Water Marks in Semiconductor from the wafer surface, such as dissolving in a small chain 
Processing," J .  Electrochem. Soc., Vol. 142, No. 6, June alcohol (e.g., ethanol or isopropanol) or other suitable 
1995, pp. 2028-2031). 30 organic solvent. 

Watermarks are always seen when wafers with a bare The critical surface tension of a silicon surface has been 
silicon surface (single crystal or polysilicon and reported by Gould et al. to be 27 dyneslcm (or mNlm) (J. 
H-passivation) are rinsed in high purity water in the pres- Electrochem. Soc., Vol. 135, p. 1535 (1988)). For any liquid 
ence of oxygen. This occurs after processes which finish with surface tension less than or equal to the critical surface 

35 with an HF-dip as the last step and all poly-chemical- tension of the solid, the liquid will wet the surface of the 
mechanical polishing steps watermarks densely cover the solid. For alcohols, where the number of carbon groups in 
wafer surface. While there are many steps in which water- them is between 5 and 14, the surface tension values are 
marks are formed, each step varies as to the risk of water- between 24 and 30 dyneslcm (or m ~ l m )  at room tempera- 
mark formation. 40 ture (2&25O C.). 

In the semiconductor industry after the final water clean Water droplets have a finite contact angle on a hydropho- 
steps, the wafers may be dried by spindrying2 conventional bic silicon surface, and will wet the surface of hydrophilic 
type i s o ~ r o ~ ~ l  alcohol (IPA) based drying, or other known silicon dioxide. A finite contact angle is a result of the 
techniques. balance of the surface energies of the solid-vapor, solid- 

With respect to watermarks, Park et al. reported that spin 45 liquid, and liquid-vapor interfaces. Spreading occurs if a 
drying results in watermarks that are around ten microns in liquid wets the surface of the solid, 
size, and IPAdrying results in watermarks of a size less than ~ f t ~ ~  (preferably immediately after) the last rinse of the 

Park et al. with wafers in DI water, the wafers are exposed to the solvent 
IPA dryer for patterned wafers only. The patterned wafers preferably by immersion, spraying or other suitable tech- 
had h ~ d r O ~ h i l i c  and surfaces) and SO nique. Because the solvent has a lower surface tension than 

(etched surfaces) regi0ns. wafer water, it will initially spread on a water film spontaneously. 
except for the spin dryer, use IPA as the solvent of choice. For alcohols, as the chain length (number of carbons) 
The complete miscibility of water with IPA, and the Pres- increases, the solubility of the alcohol in water decreases, 
ence of an azeotropic temperature close to 80' C. may result and does the water solubility in the alcohol, ~ ~ b l ~  1 
in the formation of watermarks. ss summarizes the solubility related data for alcohol in water 

SUMMARY OF THE INVENTION and water in alcohol. 

It is an object of the present invention to provide an TABLE 1 
improved method for removing water from wafers during 
semiconductor fabrication which will prevent watermark 60 Solubility of Solubility of 

formation. alcohol in water in 
Alcohol water, wt % alcohol, wt % 

The inventive method adds rinsing steps prior to each 
drying step in semiconductor processing. Prior to drying, the Isopropyl 100.0 100.0 

wafer is rinsed in deionized (DI) water. Then the wafer is alcohol (C3) 
Hexanol (C6) 0.59 7.2 

rinsed in an organic solvent, preferably a long chain alcohol. 65 Hevtanol ('27'1 0.13 5.1 
1 ,  

The mixing ofthe water with the solvent reduces the surface 
tension of water droplets which remain on the wafer surface 

(for 2-Heptanol) 
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(especially alcohols), the relative health hazards and reac- 
TABLE 1-continued tivity concerns are minimal. Having the solvent temperature 

higher (at some safe value below the flash temperature) may 
Solubility of Solubility of 

alcohol in water in 
help remove the water form the wafer surface also. In the 

~ l c o h o l  water, wt % alcohol, wt % 5 preferred embodiment, the flash temperature of the solvent 
will be greater than or equal to 30' C. 

Octanol (C8) 0.054 3.8 
(for iso-octanol) 

After the solvent exposure step, the amount of water on 
Decanol (CIO) 0.0037 2.3 the wafer surface is reduced significantly. Higher alcohols 
Dodecanol ( ~ 1 2 )  0.0004 are soluble in lower alcohols (like ethanol and isopropanol). 

10 Therefore, if the wafers are introduced into an IPA dryer, 
Data for this table was taken from: 
MSDS Data Sheets; 

higher alcohols are removed from the wafer surface. Reduc- 
Flick, E. W. Ed. Industrial Solvents Handbook, Noyes Data Corp., N. J. ing the amount of water remaining On the wafer 
(1985); drastically due to the organic solvent exposure step, reduces 
Marsden, C. Ed. Solvents Guide, Cleaver-Hume Press Ltd., London (1963). the extent of formation of of the wafer surface 

15 considerably. 
The organic solvent initially spreads on the residual water In summary, introduction of a solvent, such as long chain 

present on the wafer surface, and the water gets stabilized in alcohol, after the water rinse step will help reduce the 
the organic solvent phase in the form a water-in-solvent formation of watermarks. The preferred solvents have sur- 
emulsion. The stability of the water in the solvent can be face tension values between 20 and 30 dyneslcm, and are 
addressed by calculating the hydrophilic-lipophilic balance 20 water soluble to a small extent. The interfacial surface 
(HLB) as proposed by Davies (Adamson, A.W., Physical tension of water-solvent is preferably approximately less 
Chemistry of Surfaces, John Wiley & Sons, New York than 15 dyneslcm. The preferred solvents, which are long 
(1982). For an alcohol represented by R,-OH, where R is the chain alcohols having 5-14 carbons, in operation, will wet 
alkyl group, n is the number of carbon atoms in the alkyl a hydrophobic silicon surface, spread initially on water, and 
chain, and OH is the hydroxide group, the HLB number is 25 have some amount of water solubility in them. After organic 
calculated from the following formula: solvent (e.g., long chain alcohol) exposure, which can be 

accomplished by any suitable means such as dipping, 
rinsing, spraying, etc., the water concentration on the wafer 

HLB =7 +n(-0.475) +1.9 surface will be drastically reduced. The organic solvent is 
30 then preferably removed by rinsing with another solvent 

The HLB mmbers calculated for of the alcohols are such as a small '-hain alcohol (i.e., 1-4 carbons), most 
the following: n =6, HLB is 6.05; n =8, HLB is 5.1; n =lo, 

preferably ethanol andlor isopropanol (e.g., in an IPAdryer). 
HLB is 4.15; and n =12, HLB is 3.2. Typical water in oil 

Thus, by this technique, the watermarks on the substrate emulsions form the HLB range from 3 to 6 (Hunter, R.J., 
would be reduced so that there will be higher yields of 

Foundations of Colloid Science: Volume ZI, Oxford Univer- 
sity Press, New York (1991). In the practice of this 35 product. 

invention, organic solvents, such as long chain alcohols, While the invention has been described in terms of its 

with an HLB ranging from 2 to 7 are preferred. preferred embodiments, those skilled in the art will recog- 

After the solvent exposure step, most of the water may be nize that the invention can be practiced with modification 

present in the solvent as an emulsion of water in solvent. The 40 
within the spirit and scope of the appended claims. 

water droplet may be stabilized in the organic solvent phase We 'Iaim: 

by the addition of trace quantities of non-ionic surfactants A method for removing water from a substrate 'IKface 

(such as, for example, polyethylene oxide based comprising the steps of: 

surfactants). exposing a silicon substrate to water; then 
To implement the inventive process in tank tools, follow- 45 applying a first organic solvent to said silicon substrate; 

ing water rinse, the wafers may be a tank and removing first organic solvent and water from said 
containing the organic solvent. Alternatively, in a tank which silicon substrate. 
fills at the top and drains at the bottom, the organic solvent 2, A method as in claim 1, wherein said first organic 
would be introduced at the time when the water from the last solvent has a surface tension of less than 30 dyneslcm, 
rinse starts to recede from the wafer surface. Here, the 3, A method as in claim 1, wherein said first organic 
solvent selectively interacts with the residual water on the solvent interacts with said water to keep interfacial energy 
wafer, and does not mix with the water mass receding from less than 15 dyneslcm, 
the wafer surface. 4. A method as in claim 1, wherein said organic solvent 

The organic solvents preferably have relatively high flash has a solubility in said water greater than or equal to 1 
temperatures compared to room temperature of 20" C. Some 55 weight percent, 
of the flash temperatures for different alcohols are shown in 5 ,  A method as in claim 1, wherein said first organic 
table 2. solvent is an alcohol or combination of alcohols having 5 to 

14 carbons. 
6. A method as in claim 1, wherein said first organic 

Alcohol Flash Temperature, (" C.) 
60 solvent has a hydrophilic-lipophilic balance (HLB) between 

Hexanol (C6) 54 2 and 7. 
Decanol (CIO) 107.2 7. A method as in claim 1 wherein said first organic 
Dodecanol (C12) 127 solvent has a flash temperature greater than or equal to 30' 

C. 
Therefore, even for an open bath, the appropriate solvent 65 8. A method as in claim 1, wherein said first organic 
could be used to minimize flammability concerns for indus- solvent is selected from the group consisting of alcohols, 
trial use. Also, for the choice range of organic solvents aldehydes, esters, and acids. 
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9. A method as in claim 1, wherein said first organic 12. The method of claim 11 wherein said second organic 
solvent is an alcohol or combination of alcohols having 6 to solvent has 1 to 4 carbons. 
12 carbons. 13. The method of claim 12 wherein said second organic 

lo' The method of 'laim wherein said organic solvent is selected from the group consisting of ethanol and 
is selected from the group consisting of hexanol, decanol s . 
and dodecanol. isopropanol. 

11. The method of claim 1 wherein said removing com- 14. The method of claim 1 wherein said silicon substrate - 
prises: is selected from the group consisting of silicon, silicon- 

applying a second organic solvent to said silicon sub- germanium, and silicon-on-insulator (SOI). 
strate; and then 10 

drying said silicon substrate. * * * * *  
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