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(57) ABSTRACT 
A process for etching silicon Wafers using a caustic etchant 
in the form of an aqueous solution comprising Water and a 
source of hydroxide ions and generally characterized by a 
loWer concentration of Water and/or higher concentration of 
source of hydroxide ions. In accordance With another 
embodiment, the caustic etchant includes a salt additive. The 
process produces silicon Wafers With improved surface 
characteristics such as ?atness and nanotopography. 
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PROCESS FOR ETCHING SILICON WAFERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/411,544, ?led Sep. 18, 2002, 
and US. Provisional Application Ser. No. 60/487,662, ?led 
Jul. 16, 2003, the entire disclosures of Which are hereby 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to a process 
for etching a silicon Wafer With a caustic etchant. The 
present invention further relates to a process for etching a 
silicon Wafer to produce silicon Wafers With improved 
surface characteristics such as ?atness and nanotopography. 

BACKGROUND OF THE INVENTION 

[0003] Silicon Wafers are typically obtained by a multi 
step process, including: slicing a single crystal silicon ingot 
in a direction normal to the axis of the ingot to produce thin 
Wafers; chamfering or pro?ling the edges of the Wafers; 
grinding or lapping the Wafers to remove surface damage 
caused by the slicing process; chemically etching the Wafers 
to remove mechanical damage produced by the prior shap 
ing steps; and ?nally, chemically/mechanically polishing the 
edge, and at least one surface of each Wafer With, for 
example, a colloidal silica slurry and a chemical etchant, to 
ensure that the Wafers have highly ?at, re?ective and dam 
age-free surfaces. The Wafers are then typically cleaned and 
quality inspected prior to being packaged. 

[0004] Prior to chemical etching, silicon Wafers typically 
exhibit surface and/or subsurface defects such as embedded 
particles and physical damage such as micro-cracks, frac 
tures or stress imparted to the Wafer by processes such as 
lapping, grinding and edge pro?ling. These defects generally 
occur in the region extending from the surface of the Wafer 
to at least about 2.5 pm or greater beloW the surface of the 
Wafer. To remove these defects, therefore, at least about 2.5 
pm of silicon is typically removed from the surface of the 
Wafer using an acidic and/or caustic chemical etchant, thus 
removing the embedded particles, contaminants, and physi 
cal damage contained in the removed layer of silicon. 

[0005] Both acidic and caustic chemical etchant formula 
tions are utiliZed in etching the surface of a silicon Wafer. 
One of the most common acidic etchant formulations com 
prises a solution of hydro?uoric acid , nitric acid 
(HNO3) , and Water. Caustic etchants typically comprise one 
or more alkaline hydroxides, such as potassium hydroxide 
(KOH) or sodium hydroxide (NaOH), and Water. 

[0006] Acidic etchants are preferred in some instances 
because they yield a smooth Wafer surface generally exhib 
iting less surface roughness than Wafers etched With a 
caustic etchant. HoWever, acidic etchants are prone to the 
formation of unWanted gas-phase and solid-phase chemical 
species on the etched surface of the Wafer, creating stains 
that inhibit further reaction and produce inconsistent etching 
results (See, e.g., D.G. Schimmel et al., “An Examination of 
the Chemical Staining of Silicon”,J. E lectrochem. Soc. , Vol. 
125, p. 152-155 (1978)). The acidic etchants containing 
nitric acid react during the etching process to produce toxic 
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gases containing oxides of nitrogen (NOX), necessitating the 
use of safety controls since these gases are toxic to the 
human body and special disposal procedures to avoid pol 
luting the environment and to comply With environmental 
regulatory requirements. Also, in order to obtain a suf? 
ciently smooth surface using acidic etchants, a relatively 
large amount of silicon must be removed from the Wafer 
surfaces, typically about 10-15 pm from the front and back 
surface of the Wafer. Generally speaking, limiting the 
amount of silicon removed from the Wafer surfaces is 
preferred in order to limit the variation in Wafer thickness. 

[0007] Acidic etchants generally etch the Wafer at a high 
etch rate and the etching rate is controlled primarily by the 
mass transfer of the reactants to the Wafer surface. Due to the 
dif?culty in accurately controlling the removal of silicon 
during a mass transfer dominated etching process, the ?at 
ness of an acid etched Wafer is subject to degradation. Also, 
rapid, mass transfer dominated acid etching processes, in 
conjunction With bubble masking (i.e., gaseous etching 
reaction byproducts such as hydrogen and NOX adhered to 
portions of the Wafer surface) , tend to introduce a signi?cant 
variation in the nanotopography of the etched Wafer. (See, 
e.g., Kulkarni et al., “Acid-Based Etching of Silicon Wafers: 
Mass-Transfer and Kinetic Effects”, J. Electrochem. Soc., 
Vol. 147 (1), pp. 176-188 (2000)). 

[0008] Caustic etchants offer several advantages over 
acidic etchants. For example, caustic etchants tend to pro 
duce Wafers having ?atter surfaces than Wafers etched With 
acidic etchants, even While using relatively simple etching 
equipment. In general, caustic etchants etch more sloWly 
than acidic etchants and the etching process is controlled 
primarily by the reaction kinetics rather than the mass 
transfer of the reactants to the Wafer surface. Limiting the 
amount of silicon removed from the surface during chemical 
etching is desired in order to limit the variation in Wafer 
thickness, or, ?atness. The Global Backside-referenced Indi 
cated Range (GBIR), the difference betWeen the maximum 
and minimum thickness of the Wafer, typically increases as 
the amount of silicon removed from the Wafer surfaces 
increases. Caustic etchants typically yield Wafers having a 
loW GBIR (e.g., of about +0.1 pm), Whereas acidic etchants 
typically yield Wafers having a high GBIR (e.g., ranging 
from about +0.5 to +1.5 pm). In this respect, caustic etching 
solutions are preferred because the amount of silicon that 
must be removed from the Wafer surfaces during subsequent 
processing to achieve satisfactory GBIR is much less as 
compared to acid etched Wafers. Moreover, the reduction in 
the etch reaction rate With caustic etchants tends to reduce 
the density of gaseous byproduct-containing bubbles 
adhered to the surface of the Wafer. The reduced amount of 
gas bubbles present on the surface of the Wafer in turn 
reduces the effect of “bubble masking” on the nanotopog 
raphy of the Wafer. Therefore, even though gas bubbles may 
be formed on the surface of the Wafer, because the process 
is controlled by reaction kinetics, the nanotopography of a 
caustic etched Wafer is typically more consistent than that of 
an acid etched Wafer. 

[0009] In addition to providing etched Wafers With 
improved surface characteristics such as ?atness and nano 
topography, caustic etching processes are inherently safer 
and can be operated at loWer cost than acid etching pro 
cesses. Any gaseous byproducts from the caustic etching 
process are typically generated in a suf?ciently loW quantity 
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such that they may be disposed of in a safe and simple 
manner. For example, any hydrogen generated is typically in 
a quantity below its loWer explosive limit, thus allowing for 
safe and simple disposal. Caustic etchants tend to react With 
skin tissue less quickly than acidic etchants, making acci 
dental exposure to caustic etchants less dangerous to oper 
ating personnel than acidic etchants. 

[0010] HoWever, caustic etchants are not superior to acidic 
etchants in every respect. As mentioned previously, acid 
etched Wafers exhibit less surface roughness than caustic 
etched Wafers. Generally, acid etching produces Wafers With 
an average surface roughness (Ra) of from about 0.09 pm to 
about 0.16 pm While caustic etching generally produces 
Wafers With an average surface roughness of from about 0.27 
pm to about 0.35 pm Ra. The greater degree of roughness for 
caustic etched Wafers is due in large part to preferential 
etching along crystallographic planes Which produces a 
faceted surface characteriZed by a “scale-like” appearance. 

[0011] The increased surface roughness and faceting 
caused by conventional caustic etchants can be overcome by 
subsequent polishing, but the time required to polish the 
front surface and edge surface of the Wafer increases sig 
ni?cantly as surface roughness increases. Thus, as compared 
to acid-etched Wafers, the increased surface roughness and 
faceting of caustic etched Wafers reduces the throughput and 
increases the cost of the overall manufacturing process. 
Additionally, the increased surface roughness is sometimes 
so great that device manufacturers Which specify that the 
backside surface of the Wafer remain “as etched” ?nd caustic 
etched Wafers unacceptable because they require further 
processing of the backside before the Wafer is suitable for 
use. 

[0012] Accordingly, a need continues to exist for a caustic 
etching process capable of producing Wafers readily pro 
cessed to exhibit desired standard surface characteristics. 

SUMMARY OF THE INVENTION 

[0013] Among the objects of the invention, therefore, is 
the provision of an improved caustic etchant for removing 
silicon from the surface of a silicon Wafer; the provision of 
a process for etching silicon Wafers With a caustic etchant to 
produce etched Wafers having improved ?atness and nano 
topography as compared to Wafers etched With acidic 
etchants; the provision of a process for etching silicon 
Wafers With a caustic etchant to produce etched Wafers 
having improved surface characteristics as compared to 
Wafers etched With conventional caustic etchants; the pro 
vision of a process for etching silicon Wafers With a caustic 
etchant to produce etched Wafers having decreased surface 
roughness as compared to Wafers etched With conventional 
caustic etchants; the provision of a process for caustic 
etching of silicon Wafers Which improves the throughput of 
subsequent polishing steps; the provision of a process for 
etching silicon Wafers With enhanced safety characteristics 
as compared to processes for etching silicon Wafers using 
acidic etchants; and the provision of a caustic etchant and a 
process for etching silicon Wafers Which reduces the amount 
of toxic emissions and/or the cost of environmental controls. 

[0014] Brie?y, therefore, the present invention is directed 
to an etching process for removing silicon from the surface 
of a silicon Wafer Which comprises contacting the surface of 
the silicon Wafer With a caustic etchant in the form of an 
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aqueous solution comprising Water and a source of hydrox 
ide ions. The concentration of Water in the caustic etchant is 
less than 45% by Weight. 

[0015] In another embodiment, the concentration of the 
source of hydroxide ions in the caustic etchant contacted 
With the surface of the silicon Wafer is greater than 55% by 
Weight. 

[0016] In a further embodiment, the concentration of the 
source of hydroxide ions in the caustic etchant contacted 
With the surface of the silicon Wafer is at least about 70% of 
the saturation concentration of the source of hydroxide ions 
in the caustic etchant. 

[0017] In a still further embodiment, the etching process 
for removing silicon from the surface of a silicon Wafer 
comprises contacting the surface of the silicon Wafer With a 
caustic etchant in the form of an aqueous solution compris 
ing Water, hydroxide ions, and a salt additive that does not 
decompose or react in the caustic etchant. The salt additive 
comprises a compound selected from the group consisting of 
inorganic alkali and alkaline earth metal salts and mixtures 
thereof and the concentration of the salt additive in the 
caustic etchant is at least about 4 mole percent. 

[0018] In yet a still further embodiment, the etching pro 
cess for removing silicon from the surface of a silicon Wafer 
comprises contacting the surface of the silicon Wafer With a 
caustic etchant in the form of an aqueous solution compris 
ing Water, hydroxide ions, and a salt additive comprising a 
compound selected from the group consisting of potassium 
carbonate and potassium ?uoride. The concentration of the 
salt additive in the caustic etchant is at least about 1 mole 
percent. 

[0019] The invention is further directed to a caustic 
etchant for etching a silicon Wafer Which comprises an 
aqueous solution comprising Water, hydroxide ions, and a 
salt additive that does not decompose or react in the caustic 
etchant. The salt additive comprises a compound selected 
from the group consisting of inorganic alkali and alkaline 
earth metal salts and mixtures thereof and the concentration 
of salt additive in the caustic etchant is at least about 4 mole 
percent. 

[0020] In another embodiment, the caustic etchant for 
etching a silicon Wafer comprises an aqueous solution 
comprising Water, hydroxide ions, and a salt additive com 
prising a compound selected from the group consisting of 
potassium carbonate and potassium ?uoride. The concen 
tration of salt additive in the caustic etchant is at least about 
1 mole percent. 

[0021] The invention is further directed to a single crystal 
silicon Wafer comprising a central axis, a front surface and 
a back surface Which are generally perpendicular to the 
central axis, a peripheral edge, and a radius, R, extending 
from the central axis to the peripheral edge of the Wafer. 
After polishing, the single crystal silicon Wafer exhibits a 
front surface site ?atness average of less than about 0.13 pm, 
a front surface site ?atness maximum of less than about 0.18 
pm, a front surface 2 mm><2 mm nanotopography of less 
than about 20 nm, and a front surface 10 mm><10 mm 
nanotopography of less than about 40 nm. 

[0022] Other objects and features of this invention Will be 
in part apparent and in part pointed out hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a photomicrograph, produced using an 
Olympus, BH3 microscope at 200x magni?cation showing 
the surface of a P+ silicon Wafer etched in a caustic liquid 
etchant system in accordance With the present invention as 
described in Example 1. 

[0024] FIG. 2 is a photomicrograph, produced using an 
Olympus, BH3 microscope at 200x magni?cation shoWing 
the surface of a P+ silicon Wafer etched in a caustic liquid 
etchant system in accordance With the present invention as 
described in Example 1. 

[0025] FIG. 3 shoWs the gloss measurements of the 360 
P+ Wafers etched in accordance With the present invention as 
described in Example 1. 

[0026] FIG. 4 shoWs the overall ?atness, or, GBIR values 
for the P' Wafers etched as described in Example 2, before 
and after etching. 

[0027] FIG. 5 shoWs the maximum site ?atness least 
squares range (SFQRmax) values for the P- Wafers etched as 
described in Example 2, before and after etching. 

[0028] FIG. 6 shoWs the gloss and average surface rough 
ness (,um Ra) measurements for the P' Wafers etched as 
described in Example 2 after etching. 

[0029] FIG. 7 shoWs the etching rates for the P' Wafers 
etched as described in Example 3 over the course of 83 
etching runs. 

[0030] FIG. 8 shoWs the overall ?atness, or, GBIR values 
for the P' Wafers etched as described in Example 3, after 
lapping and after etching. 

[0031] FIG. 9 shoWs SFQRmax values for the P' Wafers 
etched as described in Example 3, after lapping and after 
etching. 

[0032] FIG. 10 is a photomicrograph, produced using an 
Olympus, BH3 microscope at 200x magni?cation shoWing 
the surface of a P' silicon Wafer from Group 1 of the Wafers 
etched in accordance With the present invention as described 
in Example 3. The Wafer shoWn in FIG. 10 Was etched 
during etching run 23. 

[0033] FIG. 11 is a photomicrograph, produced using an 
Olympus, BH3 microscope at 200x magni?cation shoWing 
the surface of a P' silicon Wafer from Group 1 of the Wafers 
etched in accordance With the present invention as described 
in Example 3. The Wafer shoWn in FIG. 11 Was etched 
during etching run 50. 

[0034] FIG. 12 is a photomicrograph, produced using an 
Olympus, BH3 microscope at 200x magni?cation shoWing 
the surface of a P- silicon Wafer from Group 1 etched in 
accordance With the present invention as described in 
Example 3. The Wafer shoWn in FIG. 12 Was etched during 
etching run 70. 

[0035] FIG. 13 is a photomicrograph, produced using an 
Olympus, BH3 microscope at 200x magni?cation shoWing 
the surface of a P' silicon Wafer from Group 2 etched in 
accordance With the present invention as described in 
Example 3. 

[0036] FIG. 14 shoWs SFQRmax values for the P+ silicon 
Wafers etched as described in Example 4 using a caustic 
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etchant containing approximately 58% by Weight sodium 
hydroxide. The SFQRmax values are shoWn for the Wafer 
after lapping and before etching, after etching, and after 
buffing. 

[0037] FIG. 15 shoWs SFQRmax values for the P+ silicon 
Wafers etched as described in Example 4 using a caustic 
etchant containing approximately 45 % by Weight potassium 
hydroxide. The SFQRmax values are shoWn for the Wafer 
after lapping and before etching, after etching, and after 
buffing. 

[0038] FIG. 16 shoWs SFQRmax values before and after 
polishing of the P+ silicon Wafers etched as described in 
Example 4 using both an etchant containing approximately 
58% by Weight sodium hydroxide and an etchant containing 
approximately 45% by Weight potassium hydroxide. 

[0039] FIG. 17 shoWs all-site SFQR values before and 
after polishing of the P+ silicon Wafers etched as described 
in Example 4 using both an etchant containing approxi 
mately 58% by Weight sodium hydroxide and an etchant 
containing approximately 45 % by Weight potassium hydrox 
ide. 

[0040] FIG. 18 shoWs all-site SFQR values for P+ silicon 
Wafers etched in accordance With the standard acidic etching 
protocol set forth in US. Pat. No. 5,340,437 described in 
Example 4. 

[0041] FIG. 19 is a photomicrograph, produced using an 
Olympus, BH3 microscope at 1000>< magni?cation shoWing 
the surface of a Wafer sample etched in accordance With 
Example 5. 

[0042] FIG. 20 is a photomicrograph, produced using an 
Olympus, BH3 microscope at 200x magni?cation shoWing 
the surface of a Wafer sample etched in accordance With 
Example 6. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0043] A caustic etching process Which produces silicon 
Wafers With improved surface characteristics has been dis 
covered. The process of the present invention provides the 
commonly recogniZed bene?ts of caustic etching While 
overcoming or minimiZing the commonly recogniZed limi 
tations of conventional caustic etching and acid etching. 
Wafers etched in accordance With the present invention 
exhibit a decreased surface roughness compared to Wafers 
etched With a conventional caustic etchant While also exhib 
iting a high degree of ?atness and loW variation in nanoto 
pography after polishing as compared to acid etched Wafers. 
Wafers etched in accordance With the present invention may 
further exhibit a high degree of ?atness and loW variation in 
nanotopography after polishing as compared to Wafers 
etched With conventional caustic etchants. The caustic 
etchant utiliZed in the present invention is in the form of an 
aqueous solution comprising Water and a source of hydrox 
ide ions. In one embodiment, the caustic etchant is generally 
characteriZed as having a loWer concentration of Water than 
previously employed. In another embodiment, the caustic 
etchant may additionally or alternatively be characteriZed as 
containing a higher concentration of the source of hydroxide 
ions than previously employed. In a still further embodi 
ment, the caustic etchant includes a salt additive. 


































