SPECIFICATION
METHOD OF POLISHING SILICON WAFER AS WELL AS SILICON WAFER

TECHNICAL FIELD

[0001] This invention relates to a method of polishing a silicon wafer in which a
polishing solution containing abrasive grains is applied onto a surface of a polishing pad
and then the polishing pad is relatively slid to a silicon wafer to polish the surface of the
silicon wafer.

BACKGROUND ART

[0002] As the polishing solution vsed for polishing the surface of the silicon wafer
is widely used an alkali solution containing silica particles as free abrasive grain since
carly times.  Also, a chemical mechanical polishing (mechanochemical polishing) with
a polishing solution containing fine silica particles as abrasive grains is common in the
polishing of the silicon wafer, This polishing method is a method of combining the
mechanical polishing action of the fine silica particles with the chemical polishing
action of the alkali solution, and is known to provide a mirror surface having excellent
smoothness and crystallinity.

[0003] When the silicon wafer is polished with the polishing solution containing
abrasive grains as mentioned above, it 1s demanded to provide a high processing speed
and a certain wafer flatness.  Particularly, silicon wafers having a high flatness without
surface defect are required in finish polishing during final polishing step of the
production process for silicon wafer, so that it is attempted to rationalize polishing
conditions such as polishing solution, polishing cloth and the like by varions methods,
For example, as disclosed in Patent Docurnent 1, there is a method of producing a high-
flatness wafer by supplying a polishing solution containing abrasive grains onto a
polishing cloth expanded over a polishing plate and polishing surfaces of plural
semiconductor wafers, which are attached to a carrier plate with wax, while adjusting a
polishing pressure between a central portion and an outer peripheral portion of the
carrier plate.

[(0004] In the polishing method of Patent Document 1, however, a certain effect is
developed as to the flatness of the wafer, but since the polishing solution used contains a
great number of substances such as abrasive grains, alkali, ngh polymer and so on,
these substances are retained on the surface of the silicon wafer after the polishing and
cleaning to newly cause problems such as PID (process induced defect) and defects due
to attachment of particles.

PRIOR ART DOCUMENTS



PATENT DOCUMENTS

[0005] Patent Document 1: JP-A-2000-288909

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] It is, therefore, an object of the invention to provide a method of polishing a
silicon wafer wherein a high flatness can be attained likewise the conventional polishing
method and further the ocenrrence of defecis due to the remaining of substances include
d in the polishing solution on the surface of the wafer can be sappressed as well as a
polished silicon wafer.

MEANS FOR SOLVING PROBYEMS

[0007] The inventors have made various investigations in order to solve the above
problems in the method of polishing silicon wafer by supplying a polishing solution
containing abrasive grains onto a surface of a polishing pad and relatively sliding the
polishing pad to the silicon wafer to polish the surface of the silicon wafer and found
that PID and defects due to the attachment of particles can be largely suppressed by
controlling the number of abrasive grains among substances included in the polishing
solution.  As a result of further studies, it has been found that the desired surface
roughness can be attained by controlling the number of abrasive grains to not more than
5x10" grains/em’® but also there is obtained a polishing method capable of suppressing
the oceurrence of defects such as PID and the like resulted from the substances included
in the polishing solution.

[006G8] In order to achieve the above object, the summary and construction of the
invention are as follows.

(1) A method of polishing a silicon wafer by supplying a polishing
solution containing abrasive grains onto a surface of a polishing pad and then relatively
sliding the polishing pad to a silicon wafer to polish the surface of the silicon wafes,
characterized in that the number of abrasive grains included in the polishing solution is
controlled to not more than 5x10% grainsfom’

[0009]  (2) The method of polishing a silicon wafer according to the item ),
whetein the abrasive grains have a mean primary grain size of 10-70 nm as calculated
according to BET method.,

[0010] (3) The method of polishing a silicon wafer according to the item (1) or
(2), wherein the abrasive grains contain 8i0,.

[0011] (4) The method of polishing a silicon wafer according to the item (D, (2)
or (3), wherein the polishing solution has a polishing rate to silicon of not less than 5
y/min,



[0012] (5) The method of polishing a silicon wafer according to any one of the
items (1) to (4), wherein the polishing solution contains a basic compound and a water-
soluble polymer compound.
[0013] (6) The method of polishing a silicon wafer according to the item (5),
wherein the basic compound is a nitrogen-containing basic compound.
[0014] (7) The method of polishing a silicon wafer according to the item (5,
wherein the water-soluble polymer compound is at least one of cellulose derivatives and
polyvinyl alcohol.
(0015] (8) The method of polishing a silicon wafer according to any one of the
items (1) to (7), wherein the polishing of the silicon wafer is carried out as a finish
polishing during final polishing step in silicon wafer produetion process.
(0016] (9) Asilican wafer polished by a method as deseribed in any one of the
items (1) to (8), in which the number of surface defects on the polished surface of the
wafer is not more than 20 as a found value when defects having a size of not less than
35 nm are measured by a particle counter and as converted to a wafer having a diameter
0f 300 mmn.
EFFECT OF THE INVENTION
[0017] According to the invention, there can be provided a method of polishing a
silicon wafer which can attain a high flatness and suppress the occurrence of defects
resulted from the remaining of substances included in the polishing solution on the
surface of the wafer.
BRIEF DESCRIPTION OF THE DRAWINGS
[0018] FIG. 1 is a photograph illustrating defects resulted from the remaining of
substances included in a polishing solution on a surface of a wafer, wherein (a) shows
PID and (b} shows a defect due to attachment of particles.

FIG. 2 is a flow chast illustrating for positioning of final polishing step
during steps of producing wafer according to the invention.

FIG. 3 is a graph showing a relation between the number of abrasive grains
included in a polishing solution and the number of PID generated on 4 surface of a
wafer.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0019] The method of polishing a silicon wafer according to the invention is a
method of polishing a silicon wafer in which a polishing solution containing abrasive
grains is supplied onto a surface of a polishing pad and then the polishing pad is
relatively slid to a silicon wafer to polish the surface of the silicon wafer,
(0020] The polishing method according to the invention is characterized by



controlling the number of abrasive grains included in the polishing solution to not more
than 5x10" grains/em’, When the number of abrasive grains is made to not more than
5x10" grains/em?, the occurrence of defeets such as PID and attachment of components
included in the polishing solution can be suppressed effectively but also good surface
roughness on the surface of the silicon wafer can be attained likewise the conventional
polishing method.

[0021] Here, PID is a minimal defect of nanometer order having a linear protruding
form as shown in FIG. 1(a) and resulted from abrasive grains and other foreign matters
included in the polishing solution, On the other hand, the defect due to the attachment
of components included in the polishing solution is a minimal defect generated by
adhering fine particle component such as abrasive prains and the like to the surface of
the wafer as shown in FIG 1(b). These defects are not defects generated in the pulling
step of silicon single crystal but are minimal defects newly generated by the substances
included in the polishing solution at the polishing step.  Since they can not be removed
gven by ¢leaning the wafer after the polishing, it is very important to suppress the
occurrence of these defects at the polishing step as in the invention.

[0022] Moreover, the reason why the number of abrasive grains is controlled to not
more than 5x10" grains/em? is due to the fact that when it exceeds 5x10' grains/em3,
the number of abrasive grains becomes too large and there is a fear of causing the
ocemrrence of the above defects,  On the other hand, when the nuinber of abrasive
graius is too small, the capacity of polishing the wafer surface lowers, so that the lower
limit on the number of abrasive grains is preferable to be not less than 2x10" grains/cim’
from a viewpoint of surely improving the surface roughness of the wafer surface.

[0023] Also, the abrasive grains are preferable to have a mean primary grain size of
10-70 nm as calculated according to BET method (specific surface area measuring
method). When the grain size is less then 10 nm, the grains are aggregated to form
coarse particles having a larger giain size and there is a fear of causing PID by these
coarse particles, while when it exceeds 70 nm, the grain size is too large and there is a
fear of deteriorating the roughness of the wafer swrface after the polishing. Further, the
mean primary grain size of 20-40 nm is more preferable because PID can be further
reduced but also the deterioration of the roughness of the wafer surface after the
polishing can be prevented. Moreover, the mean primary grain size caleunlated
according to BET method means a value obfained by converting specific surface area to
diameter of spherical particle by BET method (which is 2 method wherein a specific
surface area of a sample is determined from an amount measured by adsorbing
molecules of a given adsorption occupied area onto surfaces of sample power particles



at a liquid nitrogen temperature).

[0024] As the abrasive grain can be used ceramics such as silica, alumina and the
like; simple substance or compounds such as diamond, silicon carbide and the like; and
high polymers such as polyethylene, polypropylene and the like. Moreover, the
abrasive grain is preferable to comprise Si0; in view of low cost, dispersibility in a
slurry solution, control easiness of grain size in abrasive grains and so on. In addition,
as 8105 can be used those prepared, for example, by any of dry process (combustion
process, arc process) and wet process (settlement process, sol-gel process).
Furthermore, the form of the abrasive grain is mainly particulate, but may be gel if the
above conditions (number of particles, mean grain size and so on) are satisfied.

[0025) The polishing solution is not particularly imited as long as it can polish the
silicon wafer, but it is preferable to use a polishing solution having a polishing rate to
silicon of not less than 5 min/min.  In the invention, the nuinber of abrasive grains
included in the polishing solution is not more than 5x10" grainsfem’, which is Iower
than the number of abrasive grains included in the conventional polishing solution, so
that the mechanical polishing capacity tends to be somewhat reduced. Therefore, if the
polishing rate is less than 5 nm/min, the polishing rate is too small, and the wafer
surface can not be polished sufficiently, and hence the desired surface roughness may
not be obtained.

[0026] Also, the polishing solution is preferable to contain a basic compound from
a viewpoint that chemical polishing action is obtained effectively, and a water-soluble
polymer compound from a viewpoint that the wettability is ensured on the wafer surface
after the polishing. It is more preferable that the basic compound is a nitrogen-
containing basic compound such as ammonia or the like and the water-soluble polymer
compound is one of cellulose derivatives such as hydroxyethyl cellulose and so on and
polyvinyl aleohol. Meanwhile, basic compounds other than the above nitrogen-
containing basic compound are strong in the etching action and may not provide the
desired wafer surface roughness, and water-soluble polymer compounds other than the
above cellulose derivatives and polyvinyl alcohol may not provide sufficient wettability
on the wafer surface.

[0027] In the polishing method according to the invention, the surface of the silicon
wafer is polished by relatively sliding the polishing pad to the silicon wafer. The
sliding method is not particularly limited. For example, the sliding may be conducted
by moving only the polishing pad or only the silicon wafer, or the sliding may be carried
out by relatively moving the polishing pad and the silicon wafer. Further, conditions
such as pressure applied to the polishing pad, relative sliding speed of the polishing pad



and/or viscosity of the polishing solution are not particularly limited, and can be
controlled optionally 1o conduct the polishing,

[0628] Also, the polishing of the silicon wafer according to the invention is
preferable to be conducted as a finish polishing during the final polishing step in the
production process of the silicon wafer as shown in FIG. 2. The finish polishing in the
final polishing step is a final polishing for finishing the silicon wafer into a product. If
defects are cavsed in this step, they can not be removed subsequently.  According to
the invention, the oceurrence of the defects such as PID and the like can be suppressed,
so that it is possible to obtain Ingh-quality silicon wafers.

[0029] In the silicon wafer polished by the polishing method according to the
invention, the number of surface defects on the polished swiface of the wafer is not more
than 20 as a found value when the number of defects having a size of not less than 35
nm are measured with a particle counter and as converted to a wafer of 300 mm in
diameter, and hence high-quality wafers being less in the defects can be obtained.
[0030] Moreover, the above is described by way of example only with respect to
embodiments of the invention, so that various modifications may be added within a
range of claims.

EXAMPLES

[0031] (Preparation of samples for evaluation)

As to a silicon wafer of 300 mm in diameter, the polishing of silicon wafer
surface is conducted as a finish polishing of a final polishing step by supplying a
polishing solution containing abrasive grains onfo a polishing pad of polyurethane and
relatively sliding the polishing pad to the silicon wafer.

With respect to each of sample Nos. 1-6 for evaluation, conditions of the
polishing solution used in the polishing (polishing rate to silicon, components included)
and conditions of the abrasive grain (number, mean grain size, type) are shown in Table
1. Also, three wafers are prepared every each sample for evaluation.

[0032] (Evalvation method)

With respect to each sample for evaluation prepared as mentioned above are
evaluated (1) number of PID and (2) flatness of wafer surface. Moreover, the
evaluation is performed by calculating an average value of three wafers as a sample for
evaluation.

[0033] (1) Number of PID

The number of defects having a size of not less than 35 nm, which are
existent on the surface of the wafer as a sample for evaluation, is measured with
Sutfscan SP2 made by KLA-Tnecor Corporation, and the number of PID is determined



when defects classified into LPD-N among defects detected by Surfscan 8P2 me
defined as PID. The measured number of PID is converted to a wafer of 300 mm in
diameter or is the number on the surface of the wafer having a diameter of 300 mm,
The number of PID ig evaluated according to the following scale: the number of not
more than 3 is O, and the number of more than 3 but not less than 10 is A\, and the
number of more than 101s X. The results are shown in Table 1,

Also, a relation between the number of abrasive grains in the polishing
solution and the number of PID defects generated in each sample is shown in FIG. 3 as a
grapl.
[0034] (2) Flatness of wafer surface

The flatness of wafer surface of each sample is measured with WaferSight
made by KLA-Tencor Corporation, and the evaluation on the flatness of wafer surface is
conducted according to the following scale: flatness of not more than 60 nmis O and
flatness of more than 60 nmis X. The results are shown in Table 1.
[0035] Table I

Sample | Polishing solution Abrasive graing Remarks Number of PID Flulness
No. Polishing | Components | Number Mean | Typc Number | Evaluation | Flainess | Evaluation
raeto | included* | (grainslem’) | grain
silicon size
{nn)
1 10 NI, HEC | 243x10Y (35 | $i0, | Example 2 ) 3smm |[O
mymin .,
2 13 NH,, HEC | 7.78x10% | 35 5i0; | Comparative | 4 A Mwm | O
mn/min Example
3 15 MNH. UEC | 2.72x10 | 35 $i0, | Comparative | 9 A 3Bom | O
unvinin Example
4 14 NHy, HEC | 15.x10" |24 | SiQ; | Comparative | 15 X mm | O
nmin Example
5 14 NH;, HEC | 21.21x10%7 | 24 $i0, | Comparative | 30 X Bom | O
nm/nlin Example
6 12 NH,, HEC | 5.00x10"7 | 35 $i0; | Example 3 O ¥mm | O
" | nm/min

;As to compozents ncluded, NH,: ammonia, TEC: hydroxyethyl cellulose

[0036] As shown in Table 1 and FIG. 3, silicon wafers being small in the number of
PID and having a high flatness are obtained in Sample Nos. 1 and 6 wherein the number
of abrasive grains in the polishing solution is not more than 5x10%/cm’.  On the
contrary, Sample Nos. 2-5 having the number of abrasive grains in polishing solution of
more than 5x10"/em? have a high flatness, but can not suppress the occurrence of PID
sufficiently.

INDUSTRIAL APPLICABILITY

[0037) According to the invention, there can be provided a method of polishing a




silicon wafer which can attain a high flatness likewise the conventional polishing
method and can further suppress the occurrence of defects resulted from the remaining
of substances included in the polishing solution on the surface of the wafer.



CLAIMS

1. A method of polishing a silicon wafer by supplying a pelishing solution
containing abrasive graing onfo a surface of a polishing pad and then relatively sliding
the polishing pad to a silicon wafer to polish the surface of the silicon wafer,
characterized in that the number of abrasive grains included in the polishing solution is
controlled to not more than 5x10" grains/cma.

2. The method of polishing a silicon wafer according to claim 1, wherein
the abrasive graing have a mean primary grain size of 10-70 nm as calculated according
to BET method.

3. The method of polishing a silicon wafer according to claim 1 or 2,
wherein the abrasive grains contain SiO;.

4, The method of polishing a silicon wafer according to claim 1,2 or 3,
wherein the polishing solution has a polishing rate to silicon of not less than 5 nm/min.

5. The method of polishing & silicon wafer according to any one of claims
1 to 4, wherein the polishing solution contains a basic compound and a water-soluble
polymer compound.

6. The method of polishing a silicon wafer according to claim 5, wherein
the basic compound is a nitrogen-containing basic compound.

7. The method of polishing a silicon wafer according to claim 5, wherein
the water-soluble polymer compound is at least one of cellulose derivatives and
polyvinyl alcohol.

8. The method of polishing a silicon wafer according to any one of claims
1 to 7, wherein the polishing of the silicon wafer is carried out as a finish polishing
during final polishing step in silicon wafer production process.

9, Asilicon wafer polished by a method as claimed in any one of claims 1
to 8, in which the number of surface defects on the polished swiface of the wafer is not
more than 20 as a found value when defects having a size of not less than 35 nm are
measured by a patticle counter and as converted to a wafer having a diameter of 300

mil.



