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POLISHING PROCESS FOR 
MANUFACTURING 

DOPANT-STRATION-FREE POLISHED 
SILICON WAFERS 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a proceSS for 
polishing Semiconductor wafers. In particular, the present 
invention provides a polishing process for producing 
dopant-striation-free polished Semiconductor wafers. 

Polished Semiconductor wafers, Such as Silicon wafers, 
are typically obtained by Slicing a Single crystal ingot in a 
direction normal to the axis of the ingot to produce thin 
wafers, grinding the wafers to planarize their front and back 
Surfaces, etching the planarized wafers to remove damage 
created by the Slicing and grinding, and chemically/ 
mechanically polishing at least one of the etched Surfaces 
with a colloidal Silica Slurry and a chemical etchant to ensure 
the wafer has a highly reflective damage-free Surface. Prior 
to polishing, the Surface of the wafers typically exhibit 
Surface roughness on the front Surface and/or back Surface of 
the Wafer. In general, Surface roughneSS appears as jagged 
irregularities and is characterized by a peak to peak distance 
of less than about 100 um with an amplitude or vertical 
distance from peak to valley of about 70 nm to about 100 

. 

To reduce the Surface roughness, wafers are typically 
polished using a three Step polishing proceSS wherein at least 
one Surface of the wafer is Subjected to an initial rough 
polish to remove the low frequency roughness, an interme 
diate polish to further reduce the low frequency component 
of roughness after the initial rough polish, and finally a finish 
polish to reduce the high frequency roughness. In conven 
tional three Step polishing processes, three Separate polish 
ing apparatus are used to perform the rough, intermediate 
and finish polishing StepS. 
The polishing method disclosed in U.S. Pat. No. 5,571, 

373 improves upon conventional three-step methods dis 
cussed above, by providing a polishing method, wherein a 
multi-step rough polishing proceSS is used to perform both 
the rough and intermediate polishing Steps on one apparatus. 
The method disclosed in U.S. Pat. No. 5,571,373 reduces 
both the cost and complexity of the overall polishing proceSS 
over the conventional three Step polishing method. 

In U.S. Pat. No. 5,571,373, the rough and intermediate 
polish are performed on one apparatus by mounting the 
wafer in a first polishing apparatus, applying a Sodium 
Stabilized colloidal Silica Slurry and an amine reinforce 
alkaline etchant, Such as a Solution of potassium hydroxide 
and ethylene diamine, to a polishing material, contacting the 
polishing material, Sodium Stabilized colloidal Silica Slurry 
and amine reinforced alkaline etchant with the Surface of the 
wafer, discontinuing the Sodium Stabilized colloidal Silica 
Slurry and applying an ammonia Stabilized colloidal Silica 
Slurry. The wafer is quenched with an acidic Solution, water 
rinsed, removed from the first polishing apparatus and 
transferred to a Second polishing apparatus for finish pol 
ishing. The wafer is then finish polished on the second 
polishing apparatus using an ammonia Stabilized colloidal 
Silica Slurry and an amine reinforced alkaline etchant on a 
high nap polishing material, to produce a haze free wafer 
having a Surface roughneSS characterized by a peak to peak 
distance of less than about 100 um and an amplitude or 
Vertical distance from peak to Valley of less than about 1 nm 
as measured on a 1 mmx1 mm Scan with an optical inter 
ferometer. 
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2 
Several wafers polished by the method disclosed in U.S. 

Pat. No. 5,571,373, while exhibiting Superior surface 
roughness, may nevertheless exhibit dopant striations. 
As schematically illustrated in FIGS. 1(a)-1(c), dopant 

striations differ from Surface roughness in that dopant stria 
tions appear as annular Surface irregularities concentrically 
positioned around the axis of the wafer, while Surface 
roughness appears as jagged Surface irregularities randomly 
distributed across the Surface of the wafer. 

FIG. 1(a) schematically illustrates a perfectly flat wafer in 
croSS Section wherein the front Surface 1 and the back 
Surface 2 are ideal planer Surfaces, perpendicular to the axis 
3 of the wafer. FIG. 1(b) schematically illustrates a wafer 
exhibiting roughness in croSS Section. Finally, 

FIG. 1(c) schematically illustrates a wafer exhibiting 
dopant Striations in croSS Section, wherein an ideal planer 
Surface 4 is normal to the axis 3 of the wafer, and tangential 
to a valley 5 of the striations. The amplitude of the dopant 
striations is equal to the distance from peak 6 adjacent to 
valley 5 to the ideal planer surface 4 (ie. the vertical distance 
from peak to valley). The wavelength is equal to the distance 
from peak 6 of one dopant striation, to peak 7 of the 
immediately adjacent dopant striation. The amplitude of the 
dopant striations typically ranges from at least about 10 nm 
to at least about 100 nm from peak to valley and the wave 
length, or distance from the peak of one striation to the peak 
of the immediately adjacent striation generally ranges from 
about 0.5 to about 10 mm. The amplitude and the wave 
length may vary across the Surface of the wafer. 

Dopant striations can be revealed using a “Magic Mirror” 
inspection tool, wherein light is reflected off of the wafer 
Surface onto an imaging device. The imaging device pro 
duces a black and white image of the reflected light with 
dopant striations appearing as dark concentric rings or 
features in the image. In general, the Magic Mirror inspec 
tion tool is capable of detecting dopant Striations having an 
amplitude of at least about 10 nm. For example, FIG. 2 
shows an image produced by a Magic Mirror inspection tool 
of a P" type Silicon wafer that was polished using an 
ethylene diamine accelerant, wherein the wafer exhibits 
dopant striations (ie. dark concentric rings or features). 
Semiconductor waferS having dopants striations with less 
than about 10 nm are considered to be “dopant-striation 
free” as measured by the Magic Mirror inspection tool. 
Alternatively, dopant striations can be measured using other 
Surface measurement devices capable of measuring the 
surface topology, such as an ADESQM model CR83 surface 
quality monitor which is commercially available from ADE 
Corporation (Charlotte, S.C.). 
AS device technologies continue to decrease in size down 

to the Submicron geometry, nano-topology variations in the 
Surface of the wafer, Such as dopant striations, create prob 
lems for device manufacturers, thus device manufacturers 
Specify featureless wafers (ie. dopant-striation-free wafers 
as measured by the Magic Mirror inspection tool). 
Therefore, Semiconductor wafers exhibiting dopant stria 
tions may be rejected in the final inspection which will result 
in yield loSS. 

SUMMARY OF THE INVENTION 

Among the Several objects of this invention, therefore, 
may be noted the provision of a multi-step rough polishing 
process for producing Semiconductor wafers with reduced 
Surface roughness and reduced dopant striations, the provi 
Sion of a polishing process for producing Semiconductor 
wafers with reduced Surface defects, the provision of a 
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polishing proceSS for producing Semiconductor wafers with 
reduced bulk copper contamination; the provision of a 
proceSS for improving the yield for a Semiconductor pro 
duction run at a relatively low cost; the provision of a 
proceSS for reducing the Surface roughness of a Semicon 
ductor wafer and reducing dopant Striations on the Surface of 
the wafer using a multi-step rough polishing process 
wherein the wafer is first polished using an amine reinforced 
alkaline polishing Slurry, and then polished using an alkaline 
polishing slurry which is Substantially free of amine acceler 
antS. 

It is another object of this invention to provide a simple, 
economical method of polishing a Semiconductor wafer 
which does not require transfer of the wafer to another 
polisher prior to the intermediate polishing Step and which 
produces Semiconductor wafers with reduced dopant stria 
tions. 

Briefly therefore, the process of the present invention 
utilizes a multi-step rough polishing process comprising 
applying a Sodium Stabilized colloidal Silica Slurry and a first 
polishing Solution comprising an amine accelerant and an 
alkaline etchant to a polishing material, contacting the 
polishing material, the Sodium Stabilized colloidal Silica 
Slurry, and the first Solution with at least one Surface of the 
wafer as the wafer moves relative to the polishing material, 
discontinuing the first Solution and applying a Second pol 
ishing Solution comprising an alkaline etchant, Substantially 
free of amine accelerants to the polishing material while 
continuing to apply the Sodium Stabilized colloidal Silica 
Slurry, contacting the polishing material, the Sodium Stabi 
lized colloidal Silica slurry, and the Second polishing Solu 
tion with at least one Surface of the wafer as the wafer moves 
relative to the polishing material, discontinuing the Sodium 
Stabilized colloidal Silica Slurry and applying an ammonia 
Stabilized colloidal Silica Slurry while continuing to apply 
the Second polishing Solution to the polishing material, and 
contacting the polishing material and the Second polishing 
Solution with at least one Surface of the wafer as the wafer 
moves relative to the polishing material to remove dopant 
striations. 

In another embodiment of the present invention, the wafer 
is finish polished after the rough polishing process described 
above utilizing a finish polishing Solution comprising an 
ammonia Stabilized colloidal Silica Slurry, an amine 
accelerant, and an alkaline etchant to remove the haze from 
the Surface of the wafer. Alternatively, the finish polishing 
Solution used in the finish polishing Step may comprise of an 
ammonia Stabilized colloidal Silica slurry, and an alkaline 
etchant, Substantially free of amine accelerants. 

The alkaline etchant may be selected from a group 
consisting of metal hydroxides Such as potassium hydroxide, 
Sodium hydroxide, and alkaline Salts, Such as, potassium 
carbonate, Sodium carbonate and Sodium chloride. The 
amine may be Selected from a group consisting of aniline, 
diphenyl amine, ethyl amine, ethylene diamine, and trim 
ethyl amine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) shows a cross sectional view of a wafer wherein 
the front and back Side Surfaces are ideal planer Surfaces. 

FIG. 1(b) shows a cross sectional view of a wafer exhib 
iting Surface roughness. 

FIG.1(c) shows a cross sectional view of a wafer exhib 
iting dopant Striations. 

FIG. 2 shows an image produced by a Magic Mirror 
inspection tool of a P" type Silicon wafer polished using an 
ethylene diamine accelerant that exhibits dopant Striations. 
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4 
FIG. 3 shows an image produced by a Magic Mirror 

inspection tool of a P" type Silicon wafer polished using the 
method of the present invention that does not exhibit dopant 
striations. 

FIG. 4 shows a comparison between surface defects and 
yields obtained from the polishing process of the present 
invention to those obtained from conventional polishing. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In accordance with the present invention it has been 
discovered that a polished Semiconductor wafer can be 
produced at reduced costs compared to conventional pol 
ishing processes by polishing the wafer using multiple 
polishing Solutions properly Sequenced to effectively per 
form both a rough and an intermediate polish on the same 
polishing apparatus before finish polishing the wafer. 
Surprisingly, the polishing method of the present invention 
additionally produces a wafer having reduced dopant 
striations, fewer Surface defects and reduced copper con 
tamination compared to previous polishing methods. 
While not being limited to a particular theory, it is 

believed that the dopant concentration in the Single crystal 
Silicon ingot varies due to variations in the crystal growth 
process, creating annular variations in the dopant concen 
tration concentrically positioned around the axis of the 
wafer. It is believed that amine accelerants, Such as ethylene 
diamine etch anisotropically, and preferentially etch the 
Surface of the wafer according to the concentrations of the 
dopant, thereby resulting in Surface irregularities referred to 
as dopant Striations. 

Additionally, wafers produced by the process of the 
present invention, exhibit reduced metals contamination, 
most notably copper contamination. Copper contamination 
may be measured by any apparatus capable of measuring the 
copper contamination in a Silicon wafer, Such as a Model 
HP4500 Induced-Coupling Plasma-Mass Spectrometry 
apparatus which is commercially available from Hewlett 
Packard (Palo Alto, Calif.). Without being bound to a 
particular theory, it is believed that the amine accelerant, 
may act as a chelating agent, forming a complex with the 
copper which more readily diffuses in to the wafers during 
the polishing process. By reducing the amine accelerant 
present in the Second polishing Solution, it is believed that 
the formation of the copper/amine complex is minimized 
thus reducing the diffusion of copper into the bulk of the 
wafer. 

In addition, waferS produced by the process of the present 
invention have a higher Surface quality with less Surface 
defects than conventional polishing processes. Without 
being bound to a particular theory, it is believed that amine 
accelerants Such as ethylene diamine have a higher etch rate 
on Silicon and/or Silicon oxides compared to alkaline 
hydroxides. Thus, polishing Solutions containing amine 
accelerants, while improving the polishing rate, tend to etch 
the oxide layers from the Surface of the wafer causing it to 
become more Susceptible to being Scratched and/or damaged 
during polishing. Furthermore, the alkaline hydroxides have 
a low Surface tension and can greatly reduce friction 
between the wafer and carriers or polishing pads thus 
producing less particles during the polishing process that 
tend to cause Scratches and/or damage to the Surface of the 
wafer. Therefore, it is believed that by appropriately 
Sequencing at least one polishing Solution containing an 
amine accelerant with at least one polishing Solution that is 
Substantially free of amine accelerants, the polishing proceSS 
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of the present invention provides the benefit of improved 
polishing rates without unduly damaging the Surface of the 
wafer. As shown in FIG. 4, wafers produce by the process of 
the present invention have significantly fewer Scratches, pits 
(CoPit) and light channel defects (LCD), when examined 
with an optical auto inspection tool, Such as a CR 80 optical 
inspection tool which is commercially available from ADE 
Corporation (Charlotte, S.C.), thus resulting in a yield 
increase. 

The Starting material for the present invention is a Single 
crystal Silicon wafer which has been Sliced from a single 
crystal ingot, mechanically shaped and chemically etched 
using Standard grinding, lapping and/or chemical etching 
techniques. Such methods are disclosed, for example, in F. 
Shimura, Semiconductor Silicon Crystal Technology, Aca 
demic Press, 1989, and Silicon Chemical Etching, (J. Grab 
maier ed.) Springer-Verlag, New York, 1982 (incorporated 
herein by reference). 

The Silicon Semiconductor wafer may have any conduc 
tivity type and resistivity which is appropriate for a Semi 
conductor application. Additionally, the wafer may have any 
diameter and target thickness which is appropriate for a 
Semiconductor application. For example, the diameter is 
generally at least about 100 mm and typically is 150 mm, 
200 mm, 300 mm or greater and the thickness may be from 
about 475 to about 900 um or greater, with the thickness 
typically increasing with increasing diameter. The wafer 
may also have any crystal orientation. In general, however, 
the wafers have a <100> or <111> crystal orientation. 

Having been Sliced from the ingot and Subjected to the 
mechanical and chemical Shaping processes described 
above, the Surface of the wafer generally has a Surface 
roughness of at least about 70 nm and may be as high as 100 
nm or greater. The Surface roughness may be measured 
using any metrology device capable of measuring the Sur 
face roughness. Such devices are well known in the art. For 
example, the Surface roughness may be measured using an 
MP300 surface measurement device which is commercially 
available from Chapman Instruments (Rochester, N.Y.) or 
other metrology devices Such as an AFM microScope, a 
Nomarski microscope at 50x magnification, a Wyko-2D 
microScope equipped with a 10x magnification, or an optical 
interferometer. 

In a preferred embodiment of the invention, a wafer is 
placed in a carrier in a double-side polishing apparatus. 
While the type of double-side polishing apparatus used is 
not critically important to the present invention, the pre 
ferred embodiment uses a Peter Wolters AC-1400P polishing 
apparatus which is commercially available from Peter 
Wolters GmbH, (Rendsburg, Germany). As the rough pol 
ishing begins, the polishing pads are brought into contact 
with both surfaces of the wafer with the force of the pad 
against the surface being about 2 lb/in (about 1.4 N/cm). 
The polishing pads and the wafer carrier are rotated while a 
Sodium Stabilized colloidal Silica Slurry, and a first Solution 
comprising an amine accelerant and an alkaline etchant are 
dispensed onto the pad surfaces. While the rates of rotation 
for the carrier and/or pads are not narrowly critical, the 
carrier is typically rotated at a rate of about 5 RPM to about 
10 RPM and the pads are rotated at a rate of about 20 RPM 
to about 30 RPM. The surface of the wafer is rough polished 
at about 40 C. for about 10 minutes to about 30 minutes. 
This first rough polishing removes from about 7 um to about 
30 um of silicon from the surface of the wafer and reduces 
the Surface roughness of the wafer to preferably no greater 
than 20 nm Ra over an area of about 1.6 cm , more 
preferably no greater than about 10 nm Ra over an area of 
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6 
about 1.6 cm and most preferably no greater than about 5 
nm Ra over an area of about 1.6 cm in this polishing step. 
The Surface roughness may be measured using any metrol 
ogy device capable of measuring the Surface roughness. 
Such devices are well known in the art. For example, the 
surface roughness may be measured using an MP 300 
Surface measurement device which is commercially avail 
able from Chapman Instruments (Rochester, N.Y.) or other 
metrology devices Such as an AFM microScope, a Nomarski 
microScope at 50x magnification, a Wyko-2D microscope 
equipped with a 10x magnification, or an optical interfer 
ometer. The amplitude of the dopant striations after the first 
polishing Step is preferably no greater than about 40 nm, 
more preferably no greater than about 30 nm, and most 
preferably no greater than about 20 nm as measured using 
any Surface measurement devise capable of measuring the 
surface topology such as an ADESQM model CR83 surface 
quality monitor. 
The polishing times indicated for the present invention are 

generally appropriate for p"-type Semiconductor wafers 
composed of Silicon having a <100> crystal orientation. If 
Silicon having a <111> orientation is used, the Silicon will be 
more difficult to polish and will require longer polishing 
times. Silicon having a <110> orientation is more readily 
polished than silicon <100> and will require shorter polish 
ing times. An n-type wafer will also require shorter pol 
ishing times because it etches faster than p"-type wafers. 
However, the polishing time will be longer for an n-type 
wafer because it etches more slowly. 
Sodium stabilized colloidal silica slurries are well known 

in the art, and have been described in U.S. Pat. No. 3,170, 
273. Syton HT-50, a preferred sodium stabilized slurry 
commercially available from E.I. du Pont de Nemours & 
Company, has a silica content of 49.2-50.5% and a particle 
size of 35-50 um. The sodium stabilized colloidal silica 
slurry is dispensed at a flow rate of from about 50 ml/min to 
about 150 ml/min. 
The alkaline etchant may be Selected from a group 

consisting of metal hydroxides Such as potassium hydroxide, 
Sodium hydroxide, and alkaline Salts, Such as, potassium 
carbonate, Sodium carbonate and Sodium chloride. The 
amine may be Selected from a group consisting of aniline, 
diphenyl amine, ethyl amine, ethylene diamine, and trim 
ethyl amine. Preferably, the amine accelerant is ethylene 
diamine and the alkaline etchant is potassium hydroxide 
wherein the Solution comprising ethylene diamine and 
potassium hydroxide has a pH ranging from about 11 to 
about 14. For example, a Suitable Solution can include from 
about 1 percent by weight to about 3 percent by weight 
potassium hydroxide, from about 0.9 percent by weight to 
about 2 percent by weight ethylene diamine and a remainder 
of distilled water. The Solution comprising the amine 
accelerant and alkaline etchant is dispensed at a flow rate of 
from about 200 ml/min to about 300 ml/min. 
The sodium stabilized colloidal silica slurry and the first 

polishing Solution are preferably dispensed onto hard poly 
urethane impregnated felt pads, Such as a Suba H2 pad 
which is commercially available from Rodel of Scottsdale, 
Ariz. In the preferred embodiment, Rodel Suba H2 regular 
pads are used on the bottom platen of the double-side 
polisher while Rodel Suba H2 embossed pads are used on 
the top platen. Alternatively, other polishing pads, Such as 
Rodel Suba 600, 800, and 543 may be used. Appropriate 
polishing pads for use in rough polishing or finish polishing 
are well known in the art. 
The first Solution comprising the amine accelerant and the 

alkaline etchant is then discontinued and a Second Solution 
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which is comprised of an alkaline etchant and is Substan 
tially free of amine accelerant is then dispensed along with 
the Sodium Stabilized colloidal Silica slurry on the pad and 
the polishing continues for an additional time period of 
about 20 minto about 30 min wherein the force of the pad 
against the surface is about 2 lb/in (about 1.4 N/cm’) and 
the temperature is about 40 C. 

The Second Solution is comprised of an alkaline etchant 
which may be selected from a group consisting of metal 
hydroxides Such as potassium hydroxide, Sodium hydroxide, 
and alkaline Salts, Such as, potassium carbonate, Sodium 
carbonate and Sodium chloride. Furthermore, the Second 
Solution is Substantially free of amine accelerants, Such as 
for example, aniline, diphenyl amine, ethyl amine, ethylene 
diamine, and trimethylamine. That is, the polishing Solution 
contains insufficient amine accelerant to produce dopant 
striations on the Surface of the wafer during polishing and, 
more preferably, is completely free of amine accelerants. 
Experimental evidence Suggests that polishing a wafer Sur 
face with a polishing Solution having an amine accelerant 
concentrations of as little as about 0.12 percent by weight 
may result in dopant striations that are detectable by the 
Magic Mirror test, ie. have an amplitude of at least about 10 
nm or greater. Thus, in the preferred embodiment, the 
Second Solution contains less than about 0.1 percent by 
weight, more preferably less than about 0.05 percent by 
weight, more preferably less than about 0.01 percent by 
weight amine accelerants and most preferably contains no 
amine accelerant. 

This Second rough polishing removes from about 7 um to 
about 15 um of silicon from the surface of the wafer and 
reduces the Surface roughness of the wafer to preferably no 
greater than 10 nm Ra over an area of about 1.6 cm, more 
preferably no greater than 5 nm Ra over an area of about 1.6 
cm, and most preferably no greater than about 1 nm Ra over 
an area of about 1.6 cm, and the amplitude of the dopant 
striations is reduced to preferably no greater than about 10 
nm, more preferably no greater than about 7 nm and most 
preferably no greater than about 5 nm. 

The Sodium stabilized colloidal silica slurry is then 
discontinued, and an ammonia Stabilized colloidal Silica 
Slurry is immediately introduced along with the Second 
Solution onto the polishing pads and the polishing continues 
for an additional time period of about 2 minutes to about 6 
minutes wherein the force of the pad against the Surface is 
about 2 lb/in (about 1.4 N/cm) and the temperature is 
about 40 C. This third rough polishing step removes from 
about 0.5 um to about 1.5 um of silicon from the surface of 
the wafer and reduces the Surface roughness of the wafer to 
preferably no greater than 1 nm Ra over an area of about 1.6 
cm, more preferably no greater than about 0.5 nm Ra over 
an area of about 1.6 cm and most preferably no greater than 
about 0.1 nm Ra over an area of about 1.6 cm, while 
maintaining dopant striations at preferably no greater than 
about 10 nm, more preferably no greater than about 7 mm 
and most preferably no greater than about 5 nm. 
A preferred ammonia Stabilized colloidal Silica Slurry is 

Glanzox 3900, which is commercially available from Fujimi 
Incorporated of Aichi Pref. 452, Japan. Glanzox 3900 has a 
silica content of about 8% to about 10% and a particle size 
of from about 0.025 to about 0.035 um. If the ammonia 
Stabilized Silica Slurry is not diluted prior to use, the polished 
wafer will not be as Smooth as a wafer treated with a diluted 
slurry. However, the wafer will be smoother than a wafer 
that was rough polished using a conventional two step 
method. If the slurry is too dilute, it will fail to mechanically 
abrade the wafer Surface. Generally, a dilution ranging from 
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8 
about 1 part silica slurry to about 10 parts distilled water to 
1 part Silica Slurry to about 5 parts distilled water is desired. 
Preferably, a dilution of about 1 part silica slurry to about 8 
parts distilled water is used wherein the diluted slurry is 
preferably dispensed at a rate of about 50 ml/min to about 
150 ml/min as a solution. The precise ammonia stabilized 
colloidal Silica Slurry is not narrowly critical, and other 
ammonia Stabilized colloidal Silica Slurries known in the art 
may be used, such as for example Glanzox 3950 which is 
also commercially available from Fujimi Incorporated. 
When the ammonia stabilized slurry and alkaline etchant 

application has been completed, the rough polishing phase is 
complete. The wafer may then be treated with an acidic 
quench Solution applied to the pad for an additional time 
period of about 2 minutes to about 6 minutes to neutralize 
the alkaline etchant and Slurry that was applied to the wafer. 
The wafer is also rinsed with water for about 2 minutes to 
about 6 minutes at a flow rate of from about 3,000 ml/min 
to about 4,000 ml/min. The acidic quench solution and the 
water rinse can be applied Simultaneously or Sequentially. 
The upper platen is then raised and moved to the Side, and 
the wafer is removed manually from the carrier and trans 
ferred to a finish polisher. 
The acidic quench Solution is generally comprised of a 

polyether polyol having an average molecular weight of 
from about 100,000 to about 1,000,000 and an organic or 
inorganic acid or a mixture thereof. A representative quench 
solution is composed of from about 0.01 to about 0.1 wt.% 
polyether polyol, from about 0.2 wt.% to about 0.5 wt.% 
isopropanol, from about 0.5 wt. % to about 5.0 wt. % 
hydrogen peroxide in distilled water, adjusted to a pH of 
from about 3.4 to about 3.6 with acetic acid or Sulfuric acid. 
A suitable polyether polyol is Polyox WSR N-3000, a water 
soluble resin commercially available from Union Carbide 
and having a molecular weight of about 400,000. The acidic 
quench solution is dispensed at a flow rate of from about 700 
ml/min to about 1,500 ml/min. 
The continued use of the same polishing pads during the 

Second and third Steps of the rough polishing phase does not 
accelerate degradation of the pad or reduce the quality of the 
polished wafer. However, the Second and third rough pol 
ishing Steps do cause further reductions in the low frequency 
component of Surface roughneSS and in addition, reduce the 
dopant striations to provide a Smoother wafer as compared 
to a wafer Subjected to conventional rough polishing pro 
CCSSCS. 

Alternatively, the above described polishing method and 
Solutions may be applied to the front and/or back Surface of 
the wafer Separately using a single Sided polishing apparatus 
wherein the wafer is first wax bonded to a ceramic polishing 
block which is then mounted on the arm of the rough 
polisher. AS the rough polishing begins, the polisher arm is 
lowered until it comes into contact with a hard pad on the 
ceramic turntable of the polisher. The turntable is then 
rotated while the polishing Solutions described above are 
Sequentially dispensed onto the pad Surface. 
The rough polished wafers can then be finish polished 

using conventional finish polishing methods. However, it is 
preferable to Shorten the finish polishing time to compensate 
for the additional polishing time required for the Second Step 
of the rough polishing phase. A p-type wafer is typically 
finish polished for about 300 seconds, followed by a quench 
phase. A finish polishing time of about 240 Seconds is 
conventional for a p-type wafer. 
A Silicon wafer may be finish polished by first mounting 

the ceramic block onto the finish polisher arm, lowering the 



US 6,189,546 B1 
9 

arm onto a Soft pad on a ceramic turntable, and rotating the 
turntable while an ammonia stabilized colloidal silica slurry 
and alkaline etchant are dispensed under relatively low 
temperature and pressure. The Surface of the wafer is 
typically finish polished, wherein the force of the pad against 
the surface is about 5 lb/in (about 3.5 N/cm) and the 
temperature is about 30° C. to about 40 C., to remove from 
about 0.2 um to about 0.5 um of silicon from the surface of 
the wafer, reducing the Surface roughness to no greater than 
about 0.1 nm Ra over an area of about 1.6 cm and, more 
preferably, no greater than about 0.05 nm Ra over an area of 
about 1.6 cm. Alternatively, an amine accelerant selected 
from a group consisting of aniline, diphenyl amine, ethyl 
amine, ethylene diamine, and trimethyl amine, may be 
added to the finish polishing Solution to reduce the finish 
polishing time, however this may result in a slight increase 
in the dopant Striations due to the presence of the amine 
accelerant as described earlier. The finish polishing phase 
can be completed by applying the acidic quench Solution and 
water rinse Solution to the wafer. The polisher arm is raised 
and the ceramic block is demounted. The wafer is water 
rinsed and demounted from the block before it is stored and 
transported for cleaning. 
Any Single or double side polisher typically used in the 

Semiconductor industry can be used in practicing the method 
of the present invention. Suitable commercially available 
polishers are manufactured by Speed fam, R.H. Strausburgh, 
Westech Systems, and Lem Research Inc. The operating 
conditions, Such as the polishing time, pressure and tem 
perature may vary depending upon the polisher that is used. 

In view of the above, it will be seen that the several 
objects of the invention are achieved. AS Various changes 
could be made in the above-described process without 
departing from the Scope of the invention, it is intended that 
all matters contained in the above description be interpreted 
as illustrative and not in a limiting Sense. In addition, when 
introducing elements of the present invention or the pre 
ferred embodiment(s) thereof, the articles “a,” “an,” “the” 
and "said” are intended to mean that there are one or more 
of the elements. The terms “comprising,” “including” and 
“having” are intended to be inclusive and mean that there 
may be additional elements other than the listed elements. 
What is claimed is: 
1. A method of rough polishing a Semiconductor wafer to 

reduce roughneSS and eliminate dopant striations on a Sur 
face of the wafer, the method comprising: 

(a) in a first polishing step, polishing a Surface of the 
Semiconductor wafer using a Sodium Stabilized colloi 
dal Silica Slurry and a first polishing Solution compris 
ing an amine accelerant and an alkaline etchant; 

(b) after Step (a), polishing the Surface of the Semicon 
ductor wafer using a Sodium Stabilized colloidal Silica 
Slurry and a Second polishing Solution comprising an 
alkaline etchant, wherein the Second polishing Solution 
is Substantially free of amine accelerants, and, 

(c) after Step (b), polishing the Surface of the Semicon 
ductor wafer using an ammonia Stabilized colloidal 
Silica Slurry and the Second polishing Solution. 

2. The method of claim 1 wherein polishing steps (a), (b) 
and (c) are performed on one polishing apparatus using one 
polishing pad. 

3. The method of claim 1 further including the step of 
applying an acidic Solution to the wafer after rinsing the 
wafer with deionized water to quench the Second polishing 
Solution. 
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4. The method of claim 3 wherein the acidic Solution 

contains an organic or inorganic acid and a polyether polyol. 
5. The method of claim 1 wherein the amine accelerant is 

Selected from the group consisting of aniline, diphenyl 
amine, ethyl amine, ethylene diamine, and trimethyl amine. 

6. The method of claim 1 wherein the first polishing 
solution comprises about 0.9% to about 2.0% amine acceler 
ant. 

7. The method of claim 1 wherein the alkaline etchant is 
Selected from the group consisting of an alkaline hydroxide 
and an alkaline Salt. 

8. The method of claim 7 wherein the alkaline hydroxide 
is Selected from the group consisting of potassium hydroxide 
and Sodium hydroxide. 

9. The method of claim 7 wherein the alkaline Salt is 
Selected from the group consisting of potassium carbonate, 
Sodium carbonate, and Sodium chloride. 

10. The method of claim 1 wherein the first polishing 
solution comprises about 1% to about 3% alkaline etchant. 

11. The method of claim 1 wherein the second polishing 
Solution contains less than about 0.1 percent by weight of 
amine accelerant. 

12. The method of claim 1 wherein the second polishing 
solution contains less than about 0.05 percent by weight of 
amine accelerant. 

13. The method of claim 1 wherein the second polishing 
solution contains less than about 0.01 percent by weight of 
amine accelerant. 

14. The method of claim 1 wherein the second polishing 
Solution does not contain amine accelerant. 

15. The method of claim 1 wherein the second polishing 
solution comprises about 1% to about 3% alkaline etchant. 

16. The method of claim 1 wherein the semiconductor 
wafer is a single crystal Silicon wafer. 

17. The method of claim 1 wherein the surface roughness 
is reduced to no greater than 1 nm Ra over an area of about 
1.6 cm. 

18. The method of claim 1 wherein the surface roughness 
is reduced to no greater than about 0.5 nm Ra over an area 
of about 1.6 cm’. 

19. The method of claim 1 wherein the surface roughness 
is reduced to no greater than about 0.1 nm Ra over an area 
of about 1.6 cm’. 

20. The method of claim 1 wherein the amplitude of the 
dopant striations is reduced to no greater than about 10 nm. 

21. The method of claim 1 wherein the amplitude of the 
dopant Striations is reduced to no greater than about 7 nm. 

22. The method of claim 1 wherein the amplitude of the 
dopant Striations is reduced to no greater than about 5 nm. 

23. The method of claim 1 further comprising the step of 
finish polishing the wafer. 

24. The method of claim 23 wherein the wafer is finish 
polished using a finish polishing Solution comprising an 
ammonia Stabilized colloidal Silica slurry and an alkaline 
etchant wherein Said finish polishing Solution is Substan 
tially free of amine accelerant. 

25. The method of claim 23 wherein the surface rough 
neSS is reduced to no greater than about 0.1 nm Ra over an 
area of about 1.6 cm°. 

26. The method of claim 23 wherein the surface rough 
neSS is reduced to no greater than about 0.05 nm Ra over an 
area of about 1.6 cm. 


