
- 1  COMPOSITION FOR SELECTIVELY POLISHING SILICON NITRIDE  LAYER AND
POLISHING METHOD EMPLOYING IT The present invention relates to a polishing s
composition to be used in a step of polishing for removal  of a silicon
nitride layer in the production of a  semiconductor device and a polishing
method employing it.  More particularly, it relates to an inexpensive
polishing  composition which has a performance equal to or higher 10 than
the removal by conventional etching and whereby the  removal step can be
completed without presenting damages  to a silicon oxide layer portion, or a
polycrystal or  single crystal silicon portion, other than the silicon
nitride layer portion to be removed, and waste liquid is treatment can
easily be carried out, and a polishing  method employing it. In the
production of a semiconductor device, a step  of removing a silicon nitride
layer is seen in various  phases, such as removal of a silicon nitride layer
as a 20 stopper layer in e.g. a step of forming an element separation
structure, but heretofore, such a removal step  used to be carried out by
wet etching treatment employing  e.g. a phosphoric acid/nitric acid mixed
solution at a  high temperature of about 150C1 and it has been rare to 5
utilize a polishing step employing abrasive grains.  The polishing step in
the production of a  semiconductor device is carried out usually by chemical
mechanical polishing (hereinafter referred to as CMP),  and a typical one is
a step of polishing a silicon oxide 10 layer as an interlayer dielectric
film (hereinafter  referred to as ILD) with a polishing agent having silicon
oxide abrasive grains dispersed in an aqueous alkaline  solution, to
planarize irregularities after forming the  layer. A pH controlling agent to
be used for the 15 polishing agent at that time is usually one, of which an
aqueous solution has an etching rate to some extent  against the silicon
oxide layer to be polished, like  potassium hydroxide or ammonia. It is a
common ILD-CMP  slurry that a high stock removal rate and planarization 20
performance are achieved by utilizing a combination of  



such etching as a chemical action and a mechanical  polishing action which
abrasive grains essentially have. Likewise, polishing of a silicon nitride
layer is  possible. For example, the polishing compositions 25 disclosed in
Patent Documents 1 and 2 may be mentioned.  For the purpose of planarizing a
single layer surface  having irregularities, like ILD-CMP, a chemical
etching - 3  action is very useful for accelerating the processing.  On the
other hand, in polishing for the purpose of  terminating the polishing of
the layer to be polished  when a stopper layer has been exposed, to let the
layer 5 to be polished which is formed in a recess in the stopper  layer
remain, like a CMP damascene step, such a chemical  etching action may bring
about an adverse effect. Namely,  the layer to be polished, which should be
retained in  such a recess during the polishing, may be eroded by the 10
chemical etching action, thus leading to dishing.  Usually, it is common to
carry out excessive polishing  for the purpose of preventing retention of
the layer to  be polished due to non-uniformity in polishing in the  wafer
plane, whereby an adverse effect by a chemical is etching action is
considered to be unavoidable to some  extent. For example, in the method
disclosed in Patent  Document 1, the selectivity represented by (the stock
removal rate of a silicon nitride layer)/(the  stock 20 removal rate of a
silicon oxide layer) is made to be  about 10 times at the maximum by adding
phosphoric acid  or a phosphoric acid derivative to silicon oxide abrasive
grains. In the case of the polishing composition disclosed  25 in Patent
Document 1, in the step of polishing a silicon  nitride layer and
terminating the polishing when the  surface where the silicon oxide layer
and the silicon - 4  nitride layer coexist, is exposed, there may he an
adverse effect such that the silicon nitride layer to he  retained, is
chemically eroded during the excessive  polishing. Further, phosphoric acid
itself has such a 



5 nature that it penetrates into the silicon layer or a  silicon oxide
layer, whereby it may possibly be  influential over the electrical
properties of the  semiconductor to be produced. If the amount of
phosphoric acid or a phosphoric acid derivative is 10 reduced for the
purpose of preventing or suppressing such  adverse effects, the stock
removal rate of a silicon  nitride layer tends to he low, whereby not only
the  efficiency for removal of the silicon nitride layer will  be
deteriorated, but also the selectivity will he 15 decreased. As a result,
the silicon oxide layer which is  expected to be a polishing stopper layer,
will also be  polished, whereby planarization  will be impaired by  erosion
to form relative recesses depending upon the  exposed density of the stopper
layer. Also in the case 20 of the polishing composition disclosed in Patent
Document  2, there will he the same adverse effects, and in  addition, there
will be a stock removal rate of a silicon  oxide layer by the mechanical
polishing force of the  abrasive grains themselves, whereby the desired 25
selectivity is likely to be very low at a level of about 2. Patent Document
1: JP-A-11-176773  - 5  Patent Document 2: JP-A-2004-214667 As described
above, in the conventional methods, in  order to prevent various problems
which occur  simultaneously, control of the process itself is 5 difficult
and obliged to be complex. Accordingly, it is  an object of the present
invention to establish simply  and stably a step of polishing a silicon
nitride layer  and terminating the polishing when the surface where a
silicon oxide layer and a silicon nitride layer coexist, 10 is exposed.
Namely, it is an object of the present  invention to provide a polishing
composition and a  polishing method, whereby a high polishing selectivity,
preferably a polishing selectivity of at least 3, will be  provided, and at
the same time there will be 15 substantially no chemical etching action to a
silicon  nitride layer, and further, it is possible to obtain a  



practically sufficient stock removal rate of the silicon  nitride layer. The
present invention provides a polishing 20 composition to be used in a step
of polishing a silicon  nitride layer until a silicon oxide layer is reached
in  polishing for the production of a semiconductor, which  comprises
silicon oxide abrasive grains, an acidic  additive and water, wherein the
acidic additive is such 25 that when it is formed into a 85 wt% aqueous
solution,  the chemical etching rate of the silicon nitride layer is  at
most 0.1 nm/hr in an atmosphere of 80C. - 6  Further, a polishing
composition concentrate of the  present invention comprises such a polishing
composition  wherein the water content is set to be smaller than a  case
where it is used for a polishing step, so that when 5 it is to be used for
the polishing step, water is added  to dilute it to form the above-mentioned
polishing  composition. Further, the present invention provides a polishing
method which comprises polishing a substrate provided  10 with a silicon
nitride layer and a silicon oxide layer, with the above polishing
composition, in polishing for  the production of a semiconductor, wherein
the silicon  nitride layer is polished until the polishing reaches the
silicon oxide layer. 15 By using the polishing composition of the present
invention, it is possible to establish a polishing step  of polishing a
silicon nitride layer and terminating the  polishing when a surface where a
silicon oxide layer and  a silicon nitride layer coexist, is exposed.
Namely, it 20 is possible to provide a polishing composition and a
polishing method, whereby the selectivity represented by  (the stock removal
rate of a silicon nitride layer)/(the   stock removal rate of a silicon
oxide layer) will be at  least 3, preferably at least 10, and at the same
time, 25 there will be no substantial adverse effect to polishing
planarization due to a chemical etching action against  the silicon nitride
layer, and further, a practically - 7  



sufficient stock removal rate of a silicon nitride layer  can he obtained.
Further, this polishing composition  contains no hazardous component against
the environment  and thus has a characteristic such that the waste liquid  5
treatment will be easy. In the accompanying drawing, Fig. 1 is a graph
showing the dependency of the polishing performance on  the amount of acetic
acid added in a case where acetic  acid was used as the acidic additive. 10
POLISHING COMPOSITION To accomplish the object of the present invention,  it
is required that the chemical etching action to a  silicon nitride layer of
the polishing composition is 15 very weak. In a case where a polishing
composition is  prepared by dispersing only silicon dioxide abrasive  grains
in water, the mechanical polishing force will he  predominant as the
polishing force to he developed, since  the chemical reactivity of the
silicon oxide layer itself 20 is extremely weak, and in such a state, there
will be no  substantial possibility that the polishing force for the
silicon nitride layer becomes larger than the polishing  force for the
silicon oxide layer, since the hardness of  the silicon nitride layer is
usually high as compared 25 with the silicon oxide layer. In both cases, the
hardness itself may he controlled to some extent by e.g.  heat treatment or
recrystallization. However, in the - 8  case of layers formed by plasma CVD
to be used for  semiconductor devices, with respect to the polishing
selectivity by mechanical polishing, the selectivity is  usually at a level
of from 1/4 to 1/2, and the efficiency 5 for polishing the silicon oxide
layer is relatively high.  In order to increase the polishing selectivity
for the  silicon nitride layer under such a state, an additional  function
other than the etching action is obviously  required. 10 As a possibility
for such an additional function,  the present inventors have considered
controlling the  inter-solid surface reaction. Namely, the idea is such  



that the surface of silicon dioxide abrasive grains is  somehow modified to
be a reactive surface, and this 15 reactivity is selectively developed
against a silicon  nitride layer. As a result of the study, it has been
found possible to prepare a polishing composition which  shows no
substantial chemical etching action and is  capable of selectively polishing
silicon nitride, 20 specifically with a selectivity being preferably at
least  3, more preferably at least 10, by having an acidic  additive
adsorbed on the abrasive grain surface in a  specific concentration. (a)
Silicon oxide abrasive grains 25 The polishing composition of the present
invention  contains silicon oxide abrasive grains. Such silicon  oxide
abrasive grains may be of a single type or a - 9  combination of two or more
types. Among them, preferred  is colloidal silica since it is excellent in
the  dispersion stability and whereby the stock removal rate  immediately
after the preparation of the polishing 5 composition can easily be
continuously maintained.  In the case of the polishing composition of the
present invention, the abrasive grain surface on which  the after-mentioned
acidic additive will be adsorbed,  will contribute to the development of the
selective 10 polishing force. Accordingly, the larger the specific  surface
area of the abrasive grains to be used, the  higher the effect. In other
words, it has been found  that the smaller the grain size of the abrasive
grains,  the higher the effectiveness. In the present invention, 15 the
average particle size of the silicon oxide abrasive  grains is an average
particle size calculated from the  specific surface area obtained by BET
method by means of  Micrometrics  Flow Sorb 11 2300, manufactured by
Shimadzu   Corporation. 20 The average particle size of the silicon oxide
abrasive grains is calculated from the following formula.  Average particle
size (nm)= 2121/specific surface area (M2/g) The constant 2121 is a
numerical value to be  



25 determined from the density of silica. The lower limit of the average
particle size of the  silicon oxide abrasive grains is preferably at least 1
nm - 10  from the viewpoint of constant availability. on the  other hand,
the upper limit is preferably at most 50 nm,  more preferably at most 30 nm
with a view to enlarging  the specific surface area to increase the adsorbed
amount 5 of the acidic additive thereby to increase the  selectivity.
Further, the content of the silicon oxide abrasive  grains in the polishing
composition of the present  invention is preferably at least 0.1 wt%, more
preferably 10 at least 1 wt%, based on the weight of the entire  composition
with a view to sufficiently maintaining the  stock removal rate. on the
other hand, from the  viewpoint of costs, it is preferably at most 20 wt%,
more  preferably at most 10 wt%. 15 (b) Acidic additive The polishing
composition of the present invention  contains an acidic additive. The
acidic additive to be  used is preferably one showing no chemical etching
action  to a silicon nitride layer. With respect to phosphoric 20 acid which
is used in the polishing composition disclosed  in Patent Document 1 or 2,
the chemical etching rate of a  silicon nitride layer is measured to be 34.8
nm/hr when  it is formed into a 85 wt% aqueous solution and left to  stand
at 80'C for 24 hours. The acidic additive to he 25 used in the present
invention is preferably one whereby  the chemical etching rate of the
silicon nitride layer  under the above-mentioned measuring conditions is at
most - 11  0.1 nm/hr, preferably at most 0.01 nm/hr. As such an acidic
additive, hydrochloric acid or  sulfuric acid may, for example, be mentioned
as an  inorganic acid, and formic acid, acetic acid, oxalic acid, 5 adipic
acid or lactic acid may, for example, be mentioned  as an organic acid.
However, the acidic acid is not  limited thereto, and so long as it is one
showing no  chemical etching action to the silicon nitride layer, it  



may he used in the present invention. With respect to 10 hydrofluoric acid
which is used in the polishing  composition disclosed in Patent Document 2,
the chemical  etching action to the silicon oxide film is strong, and  as
such, it is unsuitable in many cases as the acidic  additive in the present
invention employing silicon oxide  15 abrasive grains. In the polishing
composition of the present  invention, an optimum value is considered to be
present  for the concentration of the acidic additive adsorbed on  the
abrasive grain surface, so that the efficiency of the 20 selective polishing
force decreases if the adsorbed  concentration is higher or lower than the
optimum value.  It is considered that in a region where the adsorbed
concentration is low, the inter-solid surface reaction to  develop the
selective polishing force tends to he 25 insufficient, and in a region where
the adsorbed  concentration is high, the layer of the additive adsorbed  on
the abrasive grain surface tends to he thick, whereby - 12  the inter-solid
surface reaction tends to he hindered,  and the efficiency tends to
decrease. With the polishing composition of the present  invention, the
optimum value may change to some extent by  5 the type of the acidic
additive to be used or the abrasive grain concentration. However, in order
to have  the effects by the present invention developed more  strongly, the
amount of the acidic additive is preferably  adjusted so that the pH of the
composition will be 10 usually from 3.5 to 6.5, preferably from 4 to 5.  (c)
Water The polishing composition of the present invention  contains water as
a dispersant or a solvent to disperse  or dissolve the respective
components. Such water is is preferably water containing impurities as
little as  possible with a view to suppressing hindrance to the  action of
other components. Specifically, it is  preferably pure water or ultrapure
water having impurity  ions removed by an ion exchange resin, followed by 20
filtering to remove foreign matters, or distilled water.  



(e) Method for preparing the polishing composition The polishing of the
present invention is prepared  by dissolving or dispersing the
above-mentioned  respective components in water. The dissolving or 2S
dispersing method is optional, and the mixing order or  mixing method of the
respective components is not  particularly limited. - 13  The polishing
composition of the present invention  may be prepared as a stock solution
having a relatively  high concentration, which may be stored or transported,
so that it may be diluted for use at the time of the 5 practical polishing
operation. Specifically, it may be prepared in the form of a  concentrate
such that in the preparation of the polishing  composition, the water
content is set to be smaller than  at the time of employing it for the
polishing step, and 10 at the time of employing it in the polishing step, it
is  diluted by an addition of water to form the polishing  composition
satisfying the above-mentioned  characteristics. 15 POLISHING METHOD The
polishing method of the present invention is  used for a step of polishing a
silicon nitride layer with  the above-mentioned polishing composition and
terminating  the polishing when a silicon oxide layer is reached, in 20
polishing in a process for the production of a  semiconductor. Specifically,
it comprises polishing a  substrate, particularly a substrate provided with
a  silicon nitride layer portion and a silicon oxide layer  portion, with
the above-mentioned polishing composition. 25 The polishing method of the
present invention is  preferably employed in a case of polishing a substrate
wherein silicon nitride is embedded in recesses of a - 14  silicon oxide
layer and an excess silicon nitride layer  is protruded on the surface of a
silicon oxide layer, to  polish only the protruded portions of the silicon
nitride  layer for planarization. in such a case, the silicon 5 oxide layer
serves as a polishing stopper layer, and a  



polishing method is particularly preferred wherein the  polishing is
terminated at the time when the polishing  stopper layer is exposed. Now,
the present invention will be described in  10 further reference to
Examples. However, it should be  understood that the present invention is by
no means  restricted to such specific Examples. EXAMPLES  As an example of
the polishing composition which 15 satisfies the conditions of the present
invention, acetic  acid was used as the acidic additive to an aqueous
dispersion containing 5 wt% of silicon oxide abrasive  grains having an
average particle size of 13 nm, whereby  as shown in Fig. 1, the optimum
adsorbed concentration on 20 the abrasive grains surface became an
equilibrium  adsorbed concentration when the pH of the liquid phase  was
adjusted to be around 4.5. When polishing was  carried out by using this as
the polishing composition  under such conditions that the polishing pressure
was 25 34.5 kPa and the polishing linear speed was 42 m/min, the  stock
removal rate of the silicon nitride layer was 116.7  nm/min, and the stock
removal rate of the silicon oxide - 15  layer was 1.9 nm/min. This
corresponds to a selectivity  of about 60, but the chemical etching action
of such a  polishing composition to both layers was lower than the
detection limit. With such a polishing composition, in a 5 region where the
concentration of the acidic additive is  more than or less than the optimum
concentration, the  selective polishing force tends to have a low
selectivity  as compared with the optimum concentration, and at the  same
time, the stock removal rate of the silicon nitride 10 layer tends to
decrease. Further, with respect to the  abrasive grains to be used, those
having a small particle  size have a higher selective polishing force. This
indicates that sites to develop the inter-solid surface  reaction increase
in correspondence with the specific 15 surface area, whereby the effect to
increase the absolute  value of the stock removal rate of the silicon
nitride  layer and the effect to lower the absolute value of the  



stock removal rate of the silicon oxide layer by a  decrease of the
mechanical polishing force due to the 20 small particle size, will be
synergistically developed.  Further, the polishing compositions shown in
Tables  1 to 3 were prepared. By using these compositions, a  silicon oxide
layer-attached silicon wafer and a silicon  nitride layer-attached silicon
wafer were polished under 25 such conditions that the polishing load was
34.5 kPa, the  polishing linear speed was 42 m/min and the flow rate of  the
polishing composition was 200 ml/min, by using CMP - 16  apparatus EPO-113D,
manufactured by Ebara Corporation,  and the stock removal rates of the
respective wafers and  the silicon nitride layer/silicon oxide layer
polishing  selectivity were evaluated. The results thereof are also  5 shown
in Tables 1 to 3. Further, as a common ILD-CMP  slurry, a standard
polishing composition was employed to carry out the same  evaluation, which
is shown as Example 67 in Table 3. The  composition of the standard
polishing composition is as  10 follow. Fumed silica abrasive grains
(average particle size:  20 to 40 nm): 12 wt% Aqueous ammonia (28%): 0.5 wt%
Water: rest  is Here, the average particle size of the fumed silica is an
average primary particle size obtainable from the  specific surface area
measured by BET method, and the  average secondary particle size measured by
The Coulter  N4 Plus (manufactured by Coulter, U.S.A.) was from 130 to  20
180 nm. From Example 67, it is evident that with the  standard polishing
composition corresponding to a  conventional ILD-CMP slurry, the silicon
nitride  layer/silicon oxide layer polishing selectivity is at 25 most 1/2,
whereby it is difficult to use such a  composition as a composition for
selectively polishing  the silicon nitride layer. on the other hand, in the
- 17  case of polishing and removing a silicon nitride layer,  



the selectivity is sufficient at a level of from 1/3 to  1/4 to the removal
rate of the silicon oxide layer by the  standard polishing composition, and
accordingly, the 5 stock removal rate of the silicon nitride layer required
for the silicon nitride layer-selective polishing  composition may be at a
level of from 1/3 to 1/4 as  compared with the stock removal rate of the
silicon oxide  layer required for the standard polishing composition. 10 on
such a basis, it is evident that it is important for  the silicon nitride
layer-selective polishing composition  to have a stock removal rate of at
least 1/4 of the stock  removal rate of the silicon oxide layer in Example
67 and  a silicon nitride layer/silicon oxide layer polishing 15 selectivity
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wID10ID101011D EEE 0 0. 0 SSXiSK>40>40>40 WWW--Er- - 23  The entire
disclosure of Japanese Patent Application  No. 2004-304651 filed on October
19, 2004 including  specification, claims, drawings and summary is
incorporated herein by reference in its entirety. - 24 - CLAIMS:  1. A
polishing composition to be used in a step of polishing a silicon nitride
layer until a silicon oxide  layer is reached in polishing for the
production of a S semiconductor, which comprises silicon oxide abrasive
grains, an acidic additive and water, wherein the acidic  additive is such
that when it is formed into a 85 wt%  aqueous solution, the chemical etching
rate of the  silicon nitride layer is at most 0.1 nm/hr in an 10 atmosphere
of 800C. 2. The polishing composition according to Claim 1,  wherein the
silicon oxide abrasive grains have an average  



particle size of from 1 to 50 nm as calculated from the  specific surface
area measured by BET method. 15 3. The polishing composition according to
Claim 1 or 2,  wherein the acidic additive is at least one member  selected
from the group consisting of hydrochloric acid,  sulfuric acid, formic acid,
acetic acid, oxalic acid,  adipic acid and lactic acid. 20 4. The polishing
composition according to any one of  Claims 1 to 3, wherein as calculated
from the stock  removal rate of the silicon nitride layer by said  polishing
composition and the stock removal rate of the  silicon oxide layer by a
standard polishing composition 25 having the following composition: fumed
silica abrasive grains (average particle size:  20 to 40 nm): 12 wt%, - 25 -
aqueous ammonia (28%): 0.5%, and  water: the rest, the ratio of (the stock
removal rate of the silicon  nitride layer)/ (the stock removal rate of the
silicon  5 oxide layer when the standard polishing composition is  used) is
at least 1/4. S. The polishing composition according to any one of  Claims 1
to 3, wherein as calculated from the stock  removal rate of the silicon
nitride and the stock removal 10 rate of the silicon oxide layer under the
same polishing  conditions, the ratio of (the stock removal rate of the
silicon nitride layer) /(the stock removal rate of the  silicon oxide layer)
is at least 3. 6. A polishing method which comprises polishing a 15
substrate provided with a silicon nitride layer and a  silicon oxide layer,
with the polishing composition as  defined in any one of Claims 1 to 5, in
polishing for the  production of a semiconductor, wherein the silicon
nitride layer is polished until the polishing reaches the  20 silicon oxide
layer. 


