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A method of removing articles having a diameter which
is smaller than 0.3 pm from a surface of a substrate, the
method comprising moving an interface of the liquid
over the surface of the substrate at a speed of up to 10
cm/sec. This is of great importance in the manufacture
of integrated circuits with submicron details, in which
contamination with such particles may have destructive
consequences for the satisfactory operation of the circuit.
7 Claims, 1 Drawing Sheet
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smaller than a given value from the surface of the substrate.
In accordance with the invention, the method mentioned in the opening paragraph is characterized in that
5 the removing force is exerted by moving an interface of
BACKGROUND OF THE INVENTION
the liquid over the surface of the substrate. The term
The invention relates to a method of removing undeinterface of a liquid,, is to be understood to mean
sired particles from a surface of a substrate, in which a
herein not only the surface of a liquid, but also a differforce is exerted On the particles means a
ently obtained phase boundary between the liquid and a
liquid.
10 gas as well as the phase boundary between the liquid
Such a method is particularly suitable for removing
and another liquid.
undesired particles from a surface of a semiconductor
has been found that the removing force which can
substrate.
be exerted by an interface of a liquid on a particle is a
1n the manufacture of integrated circuits (IC's), a
force which is caused by the surface tension of the
substantia1 Part of the rejected IC's is due to the un- 15 interface and which, like the force by which the particle
favourable influence of particles which have adhered to
adheres to the substrate, is directly proportional to the
the substrate in one of the processing steps. During the
radius of the particle. For the removal of particles from
ultimate operation of the IC, these particles may give
a surface of the substrate by means of the method acrise to instabilities, voltage breakdowns or shortcircuits,
cording to the invention, the particle size consequently
which render the whole IC unserviceable. During the 20 does not play a part, and particles having a diameter
manufacture of IC's, about 60% of the rejected IC's is
smaller than 0.3 pm can be effectively removed from
due to such a contamination by small particles, so that
the surface of the substrate. In addition, as will appear
removal of these particles is an important factor for the
below, this can be realized in a simple manner.
production yield.
Experiments have shown that the speed at which the
U.S. Pat. No. 4,118,649 discloses a method of the kind 25 interface is moved over the surface of the substrate
plays an important part. Too high a speed does not lead
mentioned in the opening paragraph, in which the force
to effective removal of particles adhered to the surface
removing the particles is produced by megasonic
of the substrate. It is presumed that the interface rewaves. In this case, the substrate is located in a tank
quires some time to be adjusted. Moreover, the particle
containing a cleaning liquid, in which megasonic waves
are generated. The frequency of these waves is 0.2 to 5 30 must be brought outside the force field by which it
M H ~ Particles
.
having a diameter of about 0.3 pm and
adheres to the substrate, which also requires some time.
larger can be effectively removed from the surface of
According to the invention, the method is carried out
efficiently if the interface of the liquid is moved over the
the substrate.
neknown method described has the disadvantage surface of the substrate at a speed of at most 10 cm/sec.,
that the removal of the particles requires expensive and 35 above which the major part of the particles may not be
removed.
complicated equipment and that particles having a diDuring the step wetting a surface (in this case the
ameter smaller than about 0.3 pm cannot be effectively
surface
of the substrate or the surface of the particle) by
removed from the surface of the substrate.
a liquid, the interface of the liquid and this surface enhaving a diameter Of more than lo 20% Of 40 close an angle located in the liquid, which is designated
the minimum detail size in the IC can give rise to an
hereinafter as the "wetting angle". This angle has a
ultimately unsatisfactory operation of the IC. This
theoretical value in the range of from 0" to 18O0,and as
means that in the modern large-scale integration of
the angle is smaller, the wetting is
to be more satiscomponents in IC's, in which details of the order of
factory.
magnitude of pm occur*particles having a diameter 45
According to the invention, a preferred embodiment
smaller than 0.3 pm can exert a destructive influence.
of the method is characterized in that the interface of
Since the
On which
are integrated in
the liquid is moved over the surface of the substrate, by
IC's is gradually on the increase, the unfavourable influimmersing the substrate into the liquid.
this case, a
of particles having a diameter of Oe3 pm and
particle adhered to the surface of the substrate is consmaller will in the future play an increasingly important
fronted with an advancing liquid. ~
h in a~ simple
~
,
part.
manner, particles which are wetted "less satisfactorily"
(wetting-angle greater than 30") by the liquid can be
SUMMARY OF THE INVENTION
removed from a substrate, provided that the substrate is
The invention has for its object to provide a method
wetted ~satisfactor.ly-(wetting angle less than 90") by
which permits removing in a simple manner undesired 5s the same liquid, which in practice is the case for a subparticles from a surface of a substrate, more particularly
stantial part of all the particles.
particles having a diameter smaller than 0.3 pm.
Another preferred embodiment of the method acThe invention k based on the following recognition.
cording t~ the invention is characterized in that the
In the known method, the force by which the particles
interface of the liquid is moved over the surface of the,
are removed from the surface of the substrate depends 60 substrate, by withdrawing the substrate from the liquid.
upon the cross-section of the particle to be removed and
In this case, a particle adhered to the surface of the
hence is proportional to the square of its radius. The
substrate is confronted with a retracting liquid. Thus, in
force by which the particle adheres to the substrate on
a simple manner, particles can be removed from a subthe contrary is directly proportional to the radius of the
strate, provided the substrate is "poorly" wetted by the
particle. This means that the cleaning effect of the 65 liquid (wetting angle >90°), and the particles are wetknown method strongly decreases with decreasing parted "less poorly" by the same liquid (wetting angle
ticle size. Thus, it is not possible by the known method
< 150"), which in practice is also the case for a substanto effectively remove particles having a diameter
tial part of all the particles of concern. This embodiment
METHOD OF REMOVING UNDESIRED
PARTICLES FROM A SURFACE OF A SUBSTRATE
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The Figures are schematic and not drawn to scale,
of the method has the additional advantage that, after
since for the sake of clarity the dimensions are greatly
having been effectively removed, the undesired partiexaggerated.
cles are left in the liquid, and the substrate is situated
-outside the liquid so that a recontamination by the reDESCRIPTION OF THE PREFERRED
moved particles cannot occur.
5
EMBODIMENTS
A further preferred embodiment of the method acFIG. 1 shows diagrammatically a substrate 1 having a
cording to the invention is characterized in that the
surface 2 to which a particle 3 has adhered. An attractinterface of the liquid is its phase boundary with a gas
ing force FAindicated diagrammatically by an arrow 6
bubble which is moved over the surface of the substrate,
the substrate being immersed into the liquid. Thus, a 10 is exerted on the particle 3 by the substrate 1, for which
it holds that:
particle adhered to the substrate is confronted successively both with an advancing liquid and with a retracting liquid and, irrespective of the extent of wetting of
FA =
the substrate, most of the particles can be removed from
6z2 '
the surface thereof. An additional advantage of this l5
embodiment of the method according to the invention is
in which R is the radius 5 of the particle 3, z is the
that the efficiency can be simply increased by moving
distance 7 of the surface 4 of the particle 3 from the
several gas bubbles at a time over the surface of the
surface 2 of the substrate 1 and A is the so-called
substrate.
Hamaker constant. This force is directly proportional to
Such a gas bubble in the form of a vapour bubble can 20 the radius 5 of the particle 3. When removing such a
be formed very readily by irradiation of the immersed
particle 3 from the surface 2 of the substrate 1 by means
substrate by a beam of laser radiation, and can be moved
of a liquid, this liquid must exert on the particle 3 a force
over the surface of the substrate by moving the beam of
which is larger than and is oppositely directed to the
laser radiation over said surface. It has been found that 25 force FA6 by which the particle 3 is adhered to the
the vapour bubble during its movement over the surface
surface 2 of the substrate 1.
is not constantly equally large, but has a constantly
Removal of undesired particles from the surface of a
varying diameter. Thus, an additional movement is
substrate is of major importance in the manufacture of
superimposed on the movement of the interface caused
integrated circuits (IC's)? in which particles having a
by the movement of the laser beam.
30 diameter of more than 10 to 20% of the minimum detail
A still more efficient method according to the invensize in the IC may lead to unsatisfactory operation of
tion is characterized in that the surface of the substrate
this IC. In the modem integration of components in
and of the undesired particles adhered thereto are previIC's, details of the order of 1 pm occur. Particles having
a diameter smaller than about 0.3 pm can therefore be
ously treated by a surface-activesubstance, as a result of
which the surfaces of the substrate and of the particles 35 very harmful.
In the known method, a liquid exerts a force on a
will exhibit a less satisfactory wetting. Thus, particles
particle by means of megasonic waves. This force is
and substrates whose wettability is otherwise too high
proportional to the cross-section of the particle and
for effective removal, may now be effectively removed
hence to the square of its radius. The value of this force
by one of the preceding embodiments of the method
consequently decreases with decreasing particle size
according to the invention. Furthermore, by reducing
much more rapidly than the attracting force FA, which
the wettability of the substrate, recontamination with
is directly proportional to the radius R of the particle.
removed particles can thus be counteracted.
With very small particles, this force can be smaller than
The treatment of the surfaces of the substrate and of
FAso that these particles cannot be removed by means
the particles, as a result of which their wetting decreases, can be carried out efficiently if the surface-ac- 45 of the known method. It has been found that this is the
case with particles having a diameter smaller than about
tive substance is a substance chosen from the group of
0.3 pm.
compounds consisting of silanes, alcohols and alkyl
lithium.
According to the invention, undesired particles 3 are
removed from a surface 2 of a substrate 1 with a force
DESCRIPT1ON OF THE
-sn- exerted on the particles 3 by an interface of a liquid
The invention will be described more fully hereinafwhich is movedbver the surface 2 of a substrate 1. he
ter, by way of a few exemplary embodiments, with
term "an interface of a liquid" is to be understood herein
reference to a drawing. In the drawing:
to mean not only the surface of a liquid, but also a differFIG. 1 shows diagrammatically a substrate having a
ently realized phase boundary between the liquid and a
surface on which a particle is present,
55 gas and the phase boundary between the liquid and
another liquid.
FIG. 2 shows diagrammatically a particle which has
adhered to an interface of a liquid and is in a state of
FIG. 2 shows diagrammatically a particle 3 adhered
equlibrium,
to an interface 10 of a liquid 11. While a number of
forces act upon particles, only the surface tension of the
FIG. 3 shows diagrammatically a substrate having a
surface on which a particle is present, the substrate 60 interface is of importance for the very small and light
having been moved into a liquid,
particles which are of concern here. Angle 12 located in
FIG. 4 shows diagrammatically a substrate having a
the liquid which the interface 10 encloses with the sursurface on which a particle is present, the substrate
face 4 of the particle 3 and which is designated as wethaving been moved out of a liquid,
ting angle 0 of the particle 3, while angle 13 represents
FIG. 5 shows diagrammatically a gas bubble which 65 the position of the interface 10 with respect to the partican be moved over a surface of a substrate on which a
cle 3, and is designted as as angle w.
particle is present and which can be formed by means of
In the case shown in FIG. 2, the particle and liquid
laser radiation.
are in a state of equilibrium, and angle 12 (0) is equal to
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angle 13 (o)If the particle 3 is moved into the liquid 11,
these particles are left in the liquid 11 so that recontamination is avoided.
this movement is counteracted by the interface 10 of the
FIG. 5 shows a step of the method according to the
liquid 11 with a force F1 which has at most a value
invention, at a given instant in which interface 10 of the
F,,mar=2?r~ysin2(,3/2), R being the radius 5 of the
particle 3 and y being the surface tension of the interface 5 liquid 11 is the phase boundary with a gas bubble 25,
10. 1f the particle 3 is moved out of the liquid 11, this
which bubble 25, as indicated diagrammatically by an
arrow 27, is moved over the surface 2 of the substrate 1,
movement is counteracted by the interface 10 of the
liquid 11 with the force F~which has a maximumvalue
the substrate 1 being immersed into the liquid 11.
Thus, the particle 3 is confronted successively with
F ~ , - 2~? r ~
~ ysin2
= (gr+g/2). ~~~hthe force K and
the force F~are directly proportional to the radius 5 of 10 an advancing and a retracting liquid 11. Irrespective of
the wetting of the substrate 1 (in FIG. 5 a poor wetting,
the particle 3.
i.e. ia>90°, is~ indicated)
~
~ to the invention,
~
~ interface
~ 10 of the
d
~ most of the particles 3 occurthe
ri"g
in
practice
(30"585
150") can be removed. The
liquid 11 is moved over the surface 2 of the substrate 1
cleaning operation can be carried out more efficiently
at a speed of at most lo cm/sec. ~f this speed is higher,
the particles 3 are not effectively removed. Apparently, l5
moving
gas
Over the
Surface of the substrate
it requires some time before the interface 10 of the liquid
25 can be formed in a simp1e manSuch a gas
11 has been adjusted and before the particle 3 has been
ner by irradiating the surface 2 of the substrate 1 with
brought out of the attractive force field of the substrate
laser radiation indicated diagrammatically by arrows
1.
a step of the method 20 28. In this case, the gas bubble 25 is a vapour bubble.
In the following examples, a silicon wafer having a
according to the invention, at a given constant, in which
diameter of about 10 cm was cleaned with ethanol and
substrate 1, bearing particle 3, is moved, as indicated
was then covered with a suspension of particles having
diagrammatically by an arrow 16, into the liquid 11. For
a known size, which was then dried up. The wafer was
the sake of clarity, only that part of the surface 10 of the 25 then immersed in water. ~ 1values
1
of 8 and a given are
liquid 11 is shown which is located in the immediate
thus relative to water as the wetting agent, unless otherproximity of the surface 2 of the substrate 1. Thus, the
wise indicated.
particle 3 is confronted with an advancing liquid 11.
The force FA6 by which the particle 3 is adhered to the
EXAMPLE 1
substrate 1 is ~ounteractedby a component F1 (-+) of 30 In the manner indicated, palladium particles (0-62")
the aforementioned force F1 (F1 indicated diagrammatihaving a diameter of 0.1 to 0.3 pm were provided on a
cally by an arrow 17) directed transversely to the sursilicon wafer (a-20") The wafer was slowly moved at a
face 2 of the substrate. This component, F1 (-+I
is indispeed of about 1 mm/s into a water-containing beaker,
cated diagrammatically by an arrow 18 and has a maxiafter which it was quickly drawn out of the water. After
mum value of:
35 one immersion, about 50% of the particles proved to be
F,.,,(-)
=2?rRysinZ
(0/2) cos a,
removed; after five immersions this percentage was
about 80%. If such a wafer was moved into thewaterwhere a is the angle 19 located in the liquid, which is
containing beaker at a speed of more than
cm/s, an
by the surface lo of the liquid l1and the sureffective removal of the particles did not occur even
face 2 of the substrate 1. This is the wetting angle of the 40 after repeated immersions.
substrate 1. This relationship for F1, maximum shows
EXAMPLE 2
that particle 3 can be removed from substrate 1 if it is
satisfactorily wetted by the liquid 11 (i.e. a<90"), even
1, this example, rutyl particles (Ti02) (0>30") havthough the particle is not wetted very well by the same
ing a diameter of 0.1 to 1 pm were provided on a silicon
liquid 11 (i.e. 8>30"), which in practice is the case for 45 wafer in the indicated manner. The wafer was moved
a substantial part of all particles of concern.
slowly at a speed of about 3 pm/s into a water-containFIG. 4 shows diagrammatically a step of the method
ing beaker, after which it was quickly drawn out of the
according to the invention, at a given instant in which
water. This embodiment resulted in an effective rethe substrade 1, as indicated diagrammatically by the
moval of about 85% of the particles. However, if such
arrow 16, is moved out of the liquid 11. For the sake of 50 a wafer was moved at a speed of more than 10 cm/s into
the water-containing beaker, substantially no particles
clarity, only that part of the surface 10 of the liquid 11
is shown which is located in the immediate proximity of
were removed.
the surface 2 of the substrate 1. Thus, the particle 3 is
EXAMPLE 3
confronted with a retracting liquid 11. The force FA^ by
which the particle 3 is adhered to the substrate 1 is 55
In the indicated manner, rod-shaped hematite particounteracted here by a component F2 (-+) of the aforecles (aFezO3) having a diameter of about 0.1 pm and a
mentioned force F2 (indicated diagrammatically by an
length of about 0.8 pm were provided on the silicon
slice (az20"). The slice was moved slowly at a speed of
arrow 20) which is directed transversely to the surface
about 3 pm/s into a water-containing beaker, after
2 of the substrate 1. This component, F2(-+) is indicated
60 which it was quickly drawn out of the water. This reby an arrow 21 and has a maximum value of:
sulted in an effective removal of about 97% of the parti&.mar(-*)=
-2?rRysin2 (900+0/2) cos a
cles. Also in this case, substantially no particles were
removed if such a wafer was moved at a speed of more
Thus, particles 3 can be removed from a substrate 1
than 10 cm/s into the water-containing beaker.
which is wetted poorly by the liquid 11 (a>90"),
if the 65 In the following examples, the surface of the substrate
particle is wetted less poorly by the same liquid 11
and that of the undesired particles adhered thereto were
(8< 150"), which in practice is also the case for a subpreviously treated by a surface-active substance, as a
stantial part of all particles. After having been removed,
result of which the surfaces of the substrate and of the
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particles were wetted less satisfactorily. A suitable surface-active substance is one chosen from the group of
compounds consisting of silanes, alcohols and alkyl
lithium.

variations are possible within the scope of the invention
for those skilled in the art. For example, the wetting of
the surfaces of the substrate and of the particles adhered
thereto may be reduced by a treatment thereof with an
5 alcohol or an alkyl lithium. The following table indiEXAMPLE 4
cates a few examples of such treatment for a silicon
In the indicated manner, silicon oxide particles
substrate, for which the wetting angle a has a value 0"
( 8 ~ 0 " )having a diameter of about 0.7 pm were proto 20". The first column of the table lists the substances
vided on the silicon wafer (a-'2.0"). The wafer was then
used to treat the silicon surface, and the second column
treated with a vapour of the silane compound
lists the value of the wetting angle a of the silicon subC F ~ ( C H ~ ) ~ Sfor
~ C2 Ihours
~
at a presure of 5 Pa and a
strate resulting from the treatment.
temperature of about 100" C. By this pretreatment, a
monomolecular layer of the said silane compound was
Surface-~ctiveSubstance
a After The Treatment
deposited on the surface of the substrate and that of the
particles, as a result of which the wetting with water of
AICO~OIS:
both surfaces was reduced to such an extend that for l5
81"
Heptanol
Decanol
90'
both surfaces the wetting angle assumed a value of
92"
Tetradecanol
about 76". The wafer was then moved at a speed of 3
pm/s into a water-containing beaker, and the substrate
Hexadecanol
93'
Perfluoroctanol
77'
Alkyllithium:
was quickly drawn out of the water. About 75% of the
particles proved to be removed. If the pretreatment was 20
Methyllithium
44'
omitted, substantially no particle proved to be removed.
Butyllithium
51"
EXAMPLE 5
It is also possible to facilitate the removal of particles
In the indicated manner, silicon oxide particles
from a surface of a substrate by increasing the wetting
(0-0") having a diameter of 0.7 pm were provided on 25 of the surface and the particles adhered thereto with a
a silicon wafer (a-20"). Subsequently, the whole was
surface-active substance. Thus, a substrate which is
treated for 2 hours at a temperature of 100" C. at a
P O O ~ ~wetted
Y
by a liquid (a>''")
may be treated So
pressure of 5 pa with a vapour of the silane compound
that
particles
may
be
removed
from
its
'IJrface
mOvCF3(CH2)7(CH2)2SiC13,
which resulted in deposition of
ing
the
substrate
into
the
liquid.
Further,
particles
a monomo~ecu~ar
layer of the said silane
on
the surface of the substrate and that of the particles, as 30 which are wetted too poorly by a liquid (e> l5Oo)may
be treated so that
may be removed from a surface
a result of which the wetting with water of both sura substrate moving the substrate Out
the liquid.
faces was reduced to such an extent that after terminaWhat is 'laimed
tion of this step their wetting angle had a value of about
1. A method of removing undesired particles up to 0.3
100'. subsequently, the whole was quickly immersed
into a water-containing beaker, after which it was 35 micrometers in size from a surface of a substrate, the
drawn out of the water slowly at a speed of about 3
method comprising moving an interface of the liquid
Clm/s. ~f~~~ termination of the cleaning operation,
over the surface of the substrate, characterized in that
the interface of the liquid is moved over the surface of
about 60% of the particles proved to be effectively
cm/sec.
the substrate at a Veed at
removed. The removed particles were visible as a haze
40 2. A method as claimed in claim 1, characterized in
on the surface of the water in the beaker.
that the interface of the liquid is moved over the surface
EXAMPLE 6
of the substrate by immersing the substrate into the
liquid*
Another silicon wafer was treated in the same manner
3. A method as claimed in claim 1 characterized in
as in the preceding example. ~f~~~ the sfiane layer had
been provided, the whole was immersed into a water- 45 that the interface of the liquid is moved over the surface
containing beaker, after which a beam of monoc~ro- of the substrate by withdrawing the substrate out of the
matic laser radiation having a wavelength of 514 nm
liquid.
4. A method as claimed in claim 1 characterized in
and a cross-section of about 20 pm was directed by
that the interface of the liquid is the phase boundary
means of an argon laser onto the surface of the substrate, as a result of which vapour bubbles were formed 50 with a gas bubble which is moved Over the surface of
in situ and in the proximity of the beam on the surface
the substrate, the substrate being immersed into the
of the substrate. The beam was moved in a lateral direcliquid.
5. A method as claimed in claim 4, characterized in
tion over the substrate at a speed of 16 pm/s. This rethat the gas bubble is a VaPour bubble which is formed
sulted in the removal of about 95% of the particles. It
has been found that during the movement over the 55 by irradiating the substrate immersed into the liquid
surface of the substrate the vapour bubble was not conwith a beam of laser radiation, and in that the bubble is
stantly equally large, but had a constantly varying diam~ ~ o v over
e d the surface of the substrate by moving the
beam of laser radiation over said surface.
eter. As a result, an additional movement was superim6. A method as claimed in claim 1, characterized in
posed on the movement of the interface, which was
produced by the movement of the laser beam, and this
that the surfaces of the substrate and of the undesired
additional movement possibly accounts for the signifi- 60 particles adhered thereto are previously treated with a
cant difference in efficiency from the preceding examsurface-active substance, as a result of which the wettaple.
bility of the surface of the substrate and of the particles
It should be noted that, if in the aforementioned exare reduced.
7. A method as claimed in claim 6, characterized in
amples a glass substrate should be used instead of a
silicon substrate, corresponding results would be ob- 65 that the surface-active substance is a substance chosen
tained.
from a group of compounds consisting of silanes, alcoIt would be appreciated that the invention is not
hols and alkyl lithium.
* * * * *
limited to the examples given, but that many further

a

