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SUBSTRATE PROCESSING

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority of EP application 23169184.1 which was filed on 21 April 2023

and which is incorporated herein in its entirety by reference.

FIELD
[0002] The present invention relates to a method for processing a substrate prior to its exposure to
radiation in a lithographic apparatus. The present invention also relates to a system for processing a

substrate, and to a method for manufacturing a device.

BACKGROUND TO THE INVENTION

10003} A lithographic apparatus 1s a machine constructed to apply a desired pattern onto a substrate. A
lithographic apparatus can be used, for example, in the manufacture of devices, for example integrated
circuits (ICs). A lithographic apparatus may for example project a pattern from a patterning device (e.g.,
a mask) onto a layer of radiation-sensitive material (resist) provided on a substrate.

[0004] The substrate in a lithographic apparatus is typically supported by a support
mechanism/substrate holder. When the substrate is a silicon wafer (for example, during integrated
circuit manufacture), the support mechanism/substrate holder is typically referred to as a wafer table.
[0005] The wavelength of radiation used by a lithographic apparatus to project a pattern onto a
substrate determines the minimum size of features that can be formed on that substrate. A lithographic
apparatus that uses EUV radiation, that is electromagnetic radiation having a wavelength within the
range 4-20 nm, may be used to form smaller features on a substrate than a lithographic apparatus using
deep ultraviolet (DUV) radiation (for example with a wavelength of 193 nm).

[0006] As the size of features to be formed in a lithographic process reduces, the performance
requirements on all aspects of the lithographic apparatus and materials become stricter.

[0007] Substrate holders used during device fabrication typically comprise burls, which reduce the
influence of contamination by particles on the backside of the substrate.

[0008] Typical semiconductor substrates have a thin layer of silicon, for example Si10, or Si.Ny, on the
backside of the substrate (e.g., the wafer backside), which can lead to the formation of Si-OH groups at
the surface. This results in substrate backside surfaces that have high surface energies. Charges (i.e.,
protons and electrons) are able to migrate over the surface of such substrate backsides.

[0009] Before loading a substrate into the lithography apparatus, the backside of the substrate is rinsed
to remove contaminant particles. For example, a H,O rinse with scrubbing on the central part of the
substrate may be used. The substrate may then be spin dried. This rinsing step extends substrate holder

cleaning intervals, increasing the effective throughput of the Iithographic apparatus.
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[0010] During the spin-coating process insulating substrates (i.e., substrates comprising dielectric
material) are charged when rinsing fluids are supplied and additionally when the substrate is dried due
to the streaming potential. The amount of charge depends on a range of factors including: the quantity
of rinsing fluid used, the length of time that the rinsing fluid is supplied for, the spin speed, the
conductivity of the rinsing fluid, and the pH with respect to the iso-clectric point of the substrate. Due
to the high surface energy of the substrate backside, water may adhere to the surface, leaving adsorbed
monolayers of H>O on the substrate backside even after spin drying. Upon loading the substrate onto
the substrate holder, residual water may be present between the substrate backside and the burls of the
substrate holder.

[0011] Charges may also be present on the substrate due to earlier processing steps. For example, an
carlier processing step may lead to charge being trapped between two isolating lavers of the substrate.
This 1s demonstrated in Figure 4. Specifically, Figure 4 shows: a) fixed charge 42, e.g,, caused by a
process that was carried out before the final (isolating) layer 41 is deposited, trapping the charges 42;
b) charge on outside 43 of substrate, which can be removed, e.g., by making contact with water; ¢)
charges that are both trapped and on the surface of the wafer, where the charges have the same sign 44
and d) charges that are both trapped and on the surface of the wafer, where the charges have opposite
signs 45.

[0012] Electrochemical corrosion of the burl material at the substrate holder may occur and over time,
certain burls may change height. This may lead to increased wafer load grid (WLG), uneven flatness
degradation and a local angle focus problem as the image cannot be focussed properly on to the
substrate. Thus, the substrate holder may no longer meet the strict performance requirements required
for lithographic apparatus and must be replaced.

[0013] One method of reducing burl reactivity is to apply a cathodic overpotential to the burls to
prevent oxidation. However, as taught in Mitraka ef al. J. Mater. Chem. A, 2017, 5:4404-4412, applying
a cathodic overpotential to the burls in the presence of air may lead to the formation of reactive oxygen
species that may corrode the burl.

[0014] Another method of reducing burl reactivity is to apply an anodic overpotential to create a
passivation layer, which seals the underlying surface and prevents further oxidation. However,
passivation lavers are only applicable for certain metallic substrates, where the corresponding metal
oxide forms a closed oxide layer which is able to prevent further corrosion of the underlying metal
layer. For many metals, the metal oxide does not form a closed layer and further corrosion of the
underlying metal surface can occur. For carbon-based materials such as DLC or diamond, the corrosion
of the carbon-based layers may result in dissolution of the oxide, either in solution or possibly in gaseous
species such as CO», H,O and CO.

[0015] Hydrophobic  wafer  backside coatings like  hexamethyldisilazane  (HMDS),
polytetrafluoroethylene (PTFE) and cvclic azasilanes (see for example WO 2021122065 A1) have been

used to prevent charge diffusion over the wafer backside. Such coatings are often self-assembled
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monolayers with hydrophobic end groups. This approach reduces the impact of corrosion because the
charge on the wafer backside is no longer mobile: this reduces the oxidation of DLC coatings. However,
this approach adds additional process steps and increases complexity and cost. The coatings need to be
added before insertion of the wafer into the lithographic system, and removed after lithographic
processing. Furthermore, this approach only reduces the mobility of charge: it does not reduce or
remove it.

[0016] For EUV applications, the impact of charge is via an adhesive force between conducting burls
that generate a mirror-charge when a charged substrate backside approaches it. The extra coulombic
attraction scales quadratically, and thus the benefit of reducing the charge deunsity and reducing the
peak-charge levels by homogenizing also scale quadratically, see Figure 3.

[0017] For EUV, wafer backside coatings do not help to reduce WLG, because they prevent diffusion
of charge to conducting burls. This increases the adhesive columbic force between the burls and the
charged wafer backside.

[0018] A further method that is used to mitigate the impact of charge on the backside of substrates is
incorporating carbon dioxide into rinsing water prior to rninsing the wafer backside (see for example
US2005133066A1). This results in a solution with a pH of approximately 4.1 and a conductivity of
approximately 0.02 mS/cm. Rinsing with this solution may result in a small reduction in charging of
the substrate backside, and may distribute the charge profile on a pre-charged substrate backside.
However, this 1s dependent on the specific substrate material. Furthermore, rinsing with a CQO» solution
has a limited impact in resolving WLG drift and flatness degradation. When exposed to air, the
supersaturated CO- solution will rapidly change in concentration. This results in vanability in the CO»
concentration and pH of the rinsing water during the rinsing process, which adds significantly
variability when attempting to remove charge from the substrate. In addition, the conductivity of
aqueous CO: is not sufficient when rinsing at large spinning speeds, leading to the continued presence

of charged regions for spinning speeds above 2000 rpm.

SUMMARY OF THE INVENTION

[0019] In view of the above, there remains a need to develop improved methods and systems for
mitigating the effects of charge on substrates.

[0020] The present invention relates in particular to a method for processing a substrate, comprising;
a) providing a substrate on a support; b) measuring a property of the substrate and/or of a rinsing liquid;
¢) controlling the addition of one or more additives to the rinsing liquid based on the measurement, to
adjust the pH value and/or the conductivity of the rinsing liquid to a predetermined value; and d)
providing the rinsing liquid to a first surface of the substrate via a nozzle.

[0021] The present invention also relates to a system for processing a substrate, comprising: a) a
support for supporting the substrate; b) a nozzle arranged to provide a rinsing liquid to a first surface of

the substrate; ¢) a measurement system configured to measure a property of the substrate and/or the
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rinsing liquid; and d) a controller configured to adjust the pH value and/or the conductivity of the rinsing
liquid based on the measurement of the measurement system, by controlling the addition of one or more
additives to the rinsing liquid.

[0022] The present invention also relates to a method of manufacturing a device comprising the method
for processing a substrate discussed herein..

[0023] Such methods and systems permit charge on the substrate, for example on the backside of the
substrate, to be controlled prior to insertion of the wafer into a lithographic apparatus. This has
significant advantages including minimising the rate of substrate holder corrosion and thus reducing the
frequency at which substrate holders must be replaced. This reduces the frequency at which
maintenance must be undertaken and substrate holders/wafer tables must be replaced, increasing

throughput of the lithographic apparatus and the efficiency of device production.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and other aspects of the present disclosure will become more apparent from the
description of exemplary embodiments, taken in conjunction with the accompanying drawings.

[0025] Figure 1 is a schematic illustration of a lithographic system comprising a lithographic apparatus
and a radiation source.

[0026] Figure 2 depicts a schematic overview of a lithographic cell.

[0027] Figure 3 illustrates the impact of charge on wafer load grid (WLG) on a substrate holder.
[0028] Figures 4a, 4b, 4c, and 4d depict different ways in which charges may accumulate on a
substrate.

[0029] Figure 5a shows the effect on charge of rinsing a thermal $i10, wafer backside with
CH;COOH/H,0, H,0, and CO»/H;0. Figure 5b shows a section of the same graph as Figure 5a with a
different y-axis scale.

[0030] Figure 6 shows the effect on charge of rinsing a LPCVD Si:Ns wafer backside with
CH;COOH/H-0, and H,0.

{0031} Figure 7 shows the effect of rinsing a pre-charged Si0, wafer with a water rinse at 2000 rpm,
and with an acetic acid rinse at 2400 rpm.

[0032] Figure 8 shows the surface potential at a 150 nm thermal 810- layer coated at a wafer backside
with a charge pattern applied in demineralised water spin-rinse before and after treatment with a
CH;COOH solution.

[0033] Figure 9 illustrates a system according to the invention, in which a charge-measurement based
spatial profile of the substrate is obtained.

[0034] Figure 10 illustrates a system according to the invention, in which a charge-measurement based
spatial profile of the substrate is obtained and FTIR (Fourier transmission infra-red) spectroscopy is

performed.
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[0035] The schematic diagrams and views show the components described below. However, the

components depicted in the figures are not to scale.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Reference will now be made in detail to exemplary embodiments, examples of which are
illustrated in the accompanying drawings. The following description refers to the accompanying
drawings in which the same numbers in different drawings represent the same or similar elements unless
otherwise represented. The implementations set forth in the following description of exemplary
embodiments do not represent all implementations consistent with the invention. Instead, they are
merely examples of apparatuses and methods consistent with aspects related to the invention as recited
in the appended claims.

[0037] Figure 1 schematically depicts a lithographic apparatus LA, The lithographic apparatus includes
an illumination system (also referred to as illuminator) IL configured to condition a radiation beam B
(e.g.. EUV radiation or DUV radiation), a mask support (e.g., a mask table) MT constructed to support
a patterning device (e.g., a mask) MA and connected to a first positioner PM configured to accurately
position the patterning device MA in accordance with certain parameters, a substrate support (e.g., a
substrate table) WT constructed to hold a substrate (e.g.. a resist coated wafer) W and connected to a
second positioner PW configured to accurately position the substrate support WT in accordance with
certain parameters, and a projection system (e.g., a refractive projection lens system) PS configured to
project a pattern imparted to the radiation beam B by patterning device MA onto a target portion C (e. g.,
comprising one or more dies) of the substrate W.

[0038] In operation, the illumination system IL receives the radiation beam B from a radiation source
S0, e.g. via a beam delivery system BD. The illumination system IL may include various types of
optical components, such as refractive, reflective, magnetic, electromagnetic, electrostatic, and/or other
types of optical components, or any combination thereof, for directing, shaping, and/or controlling
radiation. The illuminator IL may be used to condition the radiation beam B to have a desired spatial
and angular intensity distribution in its cross section at a plane of the patterning device MA.

[0039] The term “projection system™ PS used herein should be broadly interpreted as encompassing
various types of projection system, including refractive, reflective, catadioptric, anamorphic, magnetic,
electromagnetic and/or electrostatic optical systems, or any combination thercof, as appropriate for the
exposure radiation being used, and/or for other factors such as the use of an immersion liquid or the use
of a vacuum. Any use of the term “projection lens” herein may be considered as synonymous with the
more general term “projection system” PS.

[0040] The lithographic apparatus may be of a type wherein at least a portion of the substrate W may
be covered by an immersion liquid having a relatively high refractive index, e.g., water, so as to fill an

immersion space between the projection system PS and the substrate W —~ which is also referred to as
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immersion lithography. More information on immersion techniques is given in US 6,952,253, which is
incorporated herein by reference.

[0041] The lithographic apparatus may be of a type having two or more substrate supports WT (also
named “dual stage”). In such “multiple stage” machine, the substrate supports WT may be used in
parallel, and/or steps in preparation of a subsequent exposure of the substrate W may be carried out on
the substrate W located on one of the substrate support WT while another substrate W on the other
substrate support WT is being used for exposing a pattern on the other substrate W.

[0042] In addition to the substrate support WT, the lithographic apparatus may comprise a
measurement stage (not depicted in Fig. 1). The measurement stage is arranged to hold a sensor and/or
a cleaning device. The sensor may be arranged to measure a property of the projection system PS or a
property of the radiation beam B. The measurement stage may hold multiple sensors. The cleaning
device may be arranged to clean part of the lithographic apparatus, for example a part of the projection
system PS or a part of a system that provides the immersion liquid. The measurement stage may move
beneath the projection system PS when the substrate support WT is away from the projection system
PS.

[0043] In operation, the radiation beam B is incident on the patterning device, e.g. mask, MA which is
held on the mask support MT, and 1s patterned by the pattern (design layout) present on patterning
device MA. Having traversed the mask MA, the radiation beam B passes through the projection system
PS. which focuses the beam onto a target portion C of the substrate W. With the aid of the second
positioner PW and a position measurement system PMS, the substrate support WT can be moved
accurately, e.g., so as to position different target portions C in the path of the radiation beam B at a
focused and aligned position. Similarly, the first positioner PM and possibly another position sensor
(which is not explicitly depicted in Figure 1) may be used to accurately position the patterning device
MA with respect to the path of the radiation beam B. Patterning device MA and substrate W may be
aligned using mask alignment marks M1, M2 and substrate alignment marks P1, P2. Although the
substrate alignment marks P1, P2 as illustrated occupy dedicated target portions, they may be located
in spaces between target portions. Substrate alignment marks P1, P2 are known as scribe-lane alignment
marks when these are located between the target portions C.

[0044] In alithographic apparatus it is necessary to position with great accuracy the upper surface of a
substrate or wafer to be exposed in the plane of best focus of the aerial image of the pattern projected
by the projection system. To achieve this, the substrate or wafer can be held on a substrate holder or
wafer table. The surface of the substrate holder that supports the substrate can be provided with a
plurality of burls whose distal ends can be coplanar in a nominal support plane. The burls, though
numerous, may be small in cross-sectional area parallel to the support plane so that the total cross-
sectional area of their distal ends is a few percent, e.g. less than 5%, of the surface area of the substrate.
The gas pressure in the space between the substrate holder and the substrate may be reduced relative to

the pressure above the substrate to create a force clamping the substrate to the substrate holder.
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[0045] As shown in Figure 2 the lithographic apparatus LA may form part of a lithographic cell LC,
also sometimes referred to as a lithocell or (litho)cluster, which often also includes apparatus to perform
pre- and post-exposure processes on a substrate W. Conventionally these include spin coaters SC to
deposit resist layers, developers DE to develop exposed resist, chill plates CH and bake plates BK, e.g.
for conditioning the temperature of substrates W e.g. for conditioning solvents in the resist layers. A
substrate handler, or robot, RO picks up substrates W from input/output ports /O1, I/O2, moves them
between the different process apparatus and delivers the substrates W to the loading bay LB of the
lithographic apparatus LA. The devices in the lithocell, which are often also collectively referred to as
the track, are typically under the control of a track control unit TCU that in itself may be controlled by
a supervisory control system SCS, which may also control the lithographic apparatus LA, e.g via
lithography control unit LACU.

[0046] A wafer as discussed herein is one example of a substrate that may be supported by a substrate
holder. When the substrate is referred to as a wafer, the substrate holder is typically referred to as a
wafer table.

[0047] Contact between the substrate backside and the burl material in the presence of water can lead
to electrochemical corrosion of the burl material, for example the diamond-like carbon (DLC) coating
at the burls. Over time, certain burls may change height, resulting in an uneven flatness degradation and
a local angle focus problem as the image cannot be focussed properly on to the substrate. Thus, the
substrate holder may no longer meet the strict performance requirements required for lithographic
apparatus and must be replaced. Minimising the rate of burl corrosion is therefore key to maximising
substrate holder life and efficiency of device production.

[0048] In addition to the above, during loading the substrate makes contact with certain points of the
substrate holder, which can introduce displacement errors in the x and v directions. These errors may
be exacerbated when the substrate backside is charged. These errors have been observed to drift over
time and are reflected in the wafer load grid (WLG) drift.

[0049] Excluding the wet substrate rinsing step results in no measurable flatness degradation after 1000
substrate passes in an accelerated test environment. However, the wet substrate rinsing step cannot be
removed entirely as this would increase the frequency of substrate holder cleaning, reducing throughput
of the lithographic apparatus. Thus, reducing the quantity of water and/or surface charges present on
the substrate backside following washing is key to minimising flatness degradation.

[0050] Wafer load grid (WLG) is also a serious issue for lithography. Local damage of substrate
holders in the x, y and/or z direction has a negative impact on the overlay (i.e., the error in position of
features in one layer of the patterned substrate relative to features in another layer, which may arise
from errors in positioning of the substrate with respect to the acrial image at the time of exposure) at
the nanometer level. Over time, WLG may drift to higher values, resulting in overlay issues and
reducing the lifetime of the substrate holder. Minimising the rate of burl corrosion is also key to

minimising the rate of drift of WLG.
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[0051] WLG of electrostatic clamps (ESCs) used in extreme ultra-violet (EUV) lithography is also
problematic, and limits the effective life-time of the ESC for high-volume device production using EUV
lithography. Minimising the rate of burl corrosion is also important in minimising ESC WLG.

[0052] The present invention arises from the surprising finding that it is possible to control the charge
on a substrate by modifying the rinsing liquid provided to the substrate as part of the cleaning step prior
to insertion of the substrate into a lithography apparatus. For example, it is possible to either decrease
the charge on the wafer, or to maintain the charge depending on a number of factors including: (i)
presence of existing charge on the substrate before the rinsing step; (it) isoelectric point (IEP) of the
substrate when in contact with water; (ii1) pH value of the rinsing liquid; and (iv) conductivity of the
rinsing liquid. Controlling the charge on the substrate before it 1s inserted into a lithography apparatus
provides a number of advantages. For example, reducing the charge on the substrate may decrease the
rate of substrate holder flatness degradation and/or wafer load grid (WLG), reduce the rate of
clectrochemical corrosion of burls within the lithography apparatus etc.

[0053] The mvention in particular provides a method for processing a substrate, comprising: a)
providing a substrate on a support; b) measuring a property of the substrate and/or of a rinsing liquid;
¢) controlling the addition of one or more additives to the rinsing liquid based on the measurement, to
adjust the pH value and/or the conductivity of the rninsing liquid to a predetermined value; and d)
providing the rinsing liquid to a first surface of the substrate via a nozzle (or alike).

[0054] The measured property may be at least one of: (i) charge on the substrate; (i1) isoelectric point
(IEP) of the first surface of the substrate when in contact with water; (i11) pH value of the rinsing liquid;
and (iv) conductivity of the rinsing liquid. The measured property may be at least two of: (1) charge on
the substrate; (i1) isoelectric point (IEP) of the first surface of the substrate when in contact with water;
(i11) pH value of the rinsing liquid; and (iv) conductivity of the rinsing liquid. The measured property
may be at least three of: (1) charge on the substrate; (i1) isoelectric point (IEP) of the first surface of the
substrate when in contact with water; (111) pH value of the rinsing liquid; and (iv) conductivity of the
rinsing liquid. The measured property may be all of: (i) charge on the substrate; (i1) isoelectric point
(IEP) of the first surface of the substrate when in contact with water; (ii1) pH value of the ninsing liquid;
and (iv) conductivity of the rinsing liquid. For example, the measured property may be charge on the
substrate. Alternatively, the measured property may be the isoelectric point (IEP) of the first surface of
the substrate when in contact with water. Alternatively, the measured property may be the pH value of
the rinsing liquid. Alternatively, the measured property may be the conductivity of the rinsing liquid.
The measured property may be both the charge on the substrate; and the isoelectric point (IEP) of the
first surface of the substrate when in contact with water. The measured property may be both the charge
on the substrate; and the pH value of the rinsing liquid. The measured property may be both the
isoelectric point (IEP) of the first surface of the substrate when in contact with water; and pH value of
the rinsing liquid. The measured property may be both the charge on the substrate; and the conductivity

of the rinsing liquid. The measured property may be both the pH value of the rinsing liquid; and the
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conductivity of the rinsing liquid. The measured property may be both the isoelectric point (IEP) of the
first surface of the substrate when in contact with water; and the conductivity of the rinsing liquid.
[0055] The nnsing liquid is provided to a first surface of the substrate via a nozzle. Thus, the first
surface of the substrate may be cleaned by the rinsing liquid in the method of the invention. The rinsing
liquid may be provided to a backside surface or to a frontside surface of the substrate. Preferably, the
rinsing liquid is provided to a backside surface of the substrate. Thus, a backside surface of the substrate
may be cleaned by the rinsing liquid in the method of the invention. “Backside surface of the substrate™
in the context of the present invention refers to the surface of the substrate that is opposite to the surface
of the substrate comprising photoresist. In other words, the backside surface of the substrate is the side
of the substrate that is opposite to the side of the substrate that is exposed to radiation in the lithography
apparatus after the cleaning is performed. “Frontside surface of the substrate” in the context of the
present invention refers to the surface of the substrate that is exposed to radiation in the lithography
apparatus.

[0056] The measured property may be measured at a backside surface of the substrate. Thus, charge
may be measured at one or more points (or locations) of the backside surface of the substrate. When the
IEP of the first surface of the substrate is measured when in contact with water, the first surface may be
a backside surface of the substrate.

[0057] When the measured property is a charge on the substrate, a charge-measurement based spatial
profile of the substrate may be measured. Hence, a mapping of the (local) charge at the substrate may
be obtained — a charge map. Alternatively, one or more point charges may be measured at one or more
points of the surface of the substrate.

{0058] The measured property may be measured by any suitable apparatus. For example, a FTIR
(Fourier transmission infrared) spectrometer may be used to determine the composition of the substrate,
and in turn used to estimate or to calculate the IEP of the first surface of the substrate when in contact
with water. For example, measuring the IEP of the first surface may comprise using FTIR to identify
the composition of the first surface and determining the IEP using known values for that composition.
A pH sensor or probe may be used to calculate the pH of the rinsing liquid. Charge may be measured
by any suitable apparatus, for example an electrostatic voltmeter may be used. Conductivity may be
measured by any suitable apparatus, for example an electrical conductivity meter may be used.

[0059] The isoelectric point (IEP) of the first surface of the substrate (for example, the backside surface
of the substrate) may be determined based on information about previous steps in the manufacturing
process. The IEP may alternatively or additionally be determined based an in-situ or in-track FTIR
measurement. The optical transmission of a given wafer is dependent on the material properties. For
example, the optical transmission of $Si0, different to that of Si, resulting in a different FTIR
measurement. This information may be used together with information about any earlier manufacturing
steps to determine or estimate the IEP of the wafer surface, for example by using known IEP values for

the composition of the wafer surface. This information may be used to determine properties of the one
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or more additives to be added to the rinsing liquid, in order to modulate the pH value of the rinsing
liquid to the predetermined value. For example, the specific compound or compounds used in the one
or more additives, their concentrations, pH, the volume of additive to be added to the rinsing liquid etc.
may all be determined.

[0060] When the measured property is a property of the substrate, the property may be measured at
any point of the wafer track. Alternatively, the measured property of the substrate may be measured
when the substrate is in transit between pieces of apparatus. For example, the measured property of the
substrate may be measured while the substrate is inside a front opening unified pod (FOUP).

[0061] The present invention allows the charge on the substrate to be controlled by modifying the
rinsing liquid provided to the substrate. In particular, the addition of one or more additives to the rinsing
liquid based on the measurement of the measurement system may be used to control the properties of
the rinsing liquid. For example, addition of the one or more additives may decrease the pH of the rinsing
liquid and/or increase the conductivity of the rinsing liquid.

[0062] The present invention also allows the charge on the substrate to be controlled locally, i.e., at
specific regions of the substrate, if desired. For example, the method of the invention may be performed
multiple times on a single wafer, each time focused on a different specific location on the wafer surface.
Thus, local charge at a particular local region of the wafer may be controlled using the method of the
invention.

[0063] A given substrate material has a set isoclectric point (IEP) when in contact with water. When
the pH of the water matches the IEP, the zeta potential is 0, and there is no net flow of charge when the
water is in contact with the surface of the substrate. Thus, the rinsing liquid at this pH can flow over the
substrate with no net transfer of charge. When the pH of the water is greater than the IEP of the substrate
surface, the zeta potential is negative, and the substrate will charge negatively when water flows over
it. Thus, a high pH ninsing liquid can be used to either add negative charge to a substrate, or to remove
positive charge from the substrate. Conversely, when the pH of the water is less than the IEP of the
substrate surface, the zeta potential is positive, and the substrate will charge positively when water flows
over it. Thus, a low pH rinsing liquid can be used to either add positive charge to a substrate, or to
remove negative charge from the substrate.

[0064] Thus, the composition of the outer surface of the insulating dielectric layer (e.g., $i0x, SiN)
determines the interaction with the rinsing fluid. The pH of the rinsing liquid can be adjusted based on
the surface composition in order to regulate the charge.

[0065] Figure 8.6 at page 98 of The Zeta Potential for Solid Surface Analysis, by Thomas Luxbacher
(2014) demonstrates the effect on IEP when SiN is untreated and then properly cleaned, yielding SiN
with a larger IEP. Specifically, that figure shows a zeta potential measurement using 1 mM KCl to
measure the isoclectric point (IEP) for different typical substrate backside materials (810, and SiN) in
contact with water with different acidities (pH). The isoelectric point (IEP) is defined as the pH at which

there 1s equilibrium between the positive and negative charges on the surface. If the pH of the rinsing
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liquid is above (i.¢., to the right) of the IEP, the substrate will charge negatively. If the pH of the rinsing
liquid 1s below (i.¢., to the left) of the IEP, the substrate will charge positively.

[0066] The conductivity of the rinsing liquid also has a significant impact. The greater the conductivity
of the rinsing liquid, the more easily charge can be transferred to or from the substrate during rinsing
with the rinsing liquid. Typically, the rinsing liquid used to rinse the substrate has a conductivity of 0.1
mS/cm or greater, or about 0.2 mS/cm or greater, or about 0.3 mS/cm or greater, or about 0.4 mS/cm
or greater, preferably about 0.5 mS/cm or greater.

[0067] It will thus be appreciated that addition of one or more additives to the rinsing liquid may be
adjusted in order to impart, remove or maintain charge on the substrate when the substrate is cleaned
using the rinsing liquid.

[0068] The charge on the substrate may be decreased by providing the rinsing liquid to the surface of
the substrate. For example, if the charge on the substrate before rinsing is negative, the pH of the rinsing
liguid may be adjusted to /ower the pH to below the isoelectric point of the substrate. Upon rinsing, the
net charge on the substrate may decrease. Alternatively, if the charge on the substrate before rinsing is
positive, the pH of the rinsing liquid may be adjusted to increase the pH to above the isoelectric point
of the substrate. Upon rinsing, the net charge on the substrate may decrease.

[0069] The charge on the substrate may be increased by providing the rinsing liquid to the surface of
the substrate. For example, if the charge on the substrate before rinsing is negative, the pH of the rinsing
liquid may be adjusted to increase the pH to above the isoclectric point of the substrate. Upon rinsing,
the net charge on the substrate will increase. Altematively, if the charge on the substrate before rinsing
1s positive, the pH of the rinsing liquid may be adjusted to decrease the pH to below the isoelectric
point of the substrate. Upon rinsing, the net charge on the substrate will increase.

[0070] The charge on the substrate may be substantially unchanged by providing the rinsing liquid to
the surface of the substrate. In this case, the pH of the rinsing liquid may be adjusted to substantially
match the isoelectric point of the substrate. Upon rinsing, the net charge on the substrate will not change.
Thus, an originally uncharged substrate may remain uncharged following rinsing. Altematively, if it is
intended to retain a given charge on the substrate, the pH of the rinsing liquid may be adjusted to match
the 1EP of the substrate surface, and no net transfer of charge will occur when the substrate is rinsed
with the rinsing liquid.

[0071] The rinsing liquid is typically an aqueous solution.

[0072] The one or more additives may be in any suitable form. The one or more additives are typically
aqueous solutions. Alternatively, one or more of the additives may be a solid that dissolves when added
to the rinsing liquid. Typically, the one or more additives comprise one or more organic acids. “Organic
acid” in the context of the present invention means an organic compound with weak acidic properties
that does not dissociate completely in aqueous solution. The one or more organic acids typically
comprise from 1 to 10 carbon atoms, preferably 1 to 3 carbon atoms. The one or more organic acids

may comprise at least one compound comprising at least one group selected from a carboxyl group, a
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sulfo group, a thiol group, an alcohol group, an enol group, and a phenol group. The one or more organic
acids preferably comprise at least one compound comprising a carboxyl group. The one or more organic
acids may comprise at least one compound selected from: an amino acid, an acid with unsaturated
groups (for example, an acid comprising double or triple bonds), or a fluorinated organic acid.

[0073] When the additive comprises one or more organic acids, the organic acid is not particularly
limited. For example, the one or more organic acids may comprise at least one of formic acid, acetic
acid, Glyeolic acid, Glyoxylic acid, Oxalic acid, Propionic acid, Acrvlic acid, Propiolic acid, Lactic
acid, 3-Hydroxypropionic acid, Glyceric acid, Pyruvic acid, 3-oxopropanoic acid, 2,3-dioxopropanoic
acid, Malonic acid, Tartronic acid, 2.2-dihydroxypropanedioic acid, Mesoxalic acid, Glycidic acid,
butyric acid, isobutyric acid, crotonic acid, 1socrotonic acid, methacrylic acid, vinylacetic acid, tetrolic
acid, acetoacetic acid, succinic acid, fumaric acid, maleic acid, malic acid, tartaric acid, oxaloacetic
acid, valeric acid, caproic acid, citric acid, aconitic acid, isocitric acid, sorbic acid, enanthic acid,
pimelic acid, benzoic acid, salicylic acid, caprvlic acid, phthalic acid, sophthalic acid, terephthalic acid,
pelargonic acid, trimesic acid, cinnamic acid, capric acid, sebacic acid, glutaric acid, adipic acid, pimelic
acid, trifluoroacetic acid and uric acid.

[0074] It is preferable for the one or more organic acids to have a boiling point of from about 80 to
about 150 °C at a pressure of 1 atm. The organic acid having a boiling point that is similar to the boiling
point of water is advantageous because the rate of evaporation of the acid is similar to that of water.
Thus, removing excess rinsing liquid (including water and any organic acid) following rinsing the
substrate is straightforward, and little or no residue of the one or more additives remains on the substrate
following the rinsing step. For example, spin drying may be used to remove excess water and organic
acid. In addition, the concentration of the organic acid in water remains relatively stable because the
water and organic acid evaporate at approximately the same rate. The one or more organic acids may
have a boiling point of from about 85 to about 145 °C, or from about 90 to about 140 °C, or from about
95 to about 135 °C, or from about 100 to about 130 °C at a pressure of 1 atm.

[0075] To minimize the impact of residues, additives containing only C, O, and H atoms are preferred.
[0076] When the additive comprises one or more organic acids, the one or more organic acids may
comprise at least one of formic acid, acetic acid, or propionic acid. Preferably, the one or more organic
acids comprise acetic acid (CH;COOH).

[0077] The additive may comprise two or more organic acids. Thus, the properties of the rinsing liquid
may be moedified to a particular pH and/or conductivity by utilising multiple organic acids as the
additive. For example, the additive may comprise acetic acid and citric acid.

[0078] The onc or more additives may also comprise one or more additional compounds that may
impart useful properties on the rinsing liquid and/or improve the processing of the substrate. For
example, the one or more additional compounds may comprise one or more of: soaps, inhibitors, anti-

oxidants, and radical scavengers.
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[0079] Controlling the addition of the one or more additives adjusts the pH value and/or the
conductivity of the rinsing liquid to a predetermined value. The value is predetermined based on factors
mcluding: 1) the specific substrate that is used and the isoelectric point of its surface; 2) whether it is
intended to remove, add or maintain the existing charge on the substrate; 3) the sign and location of any
existing charge on the substrate.

[0080] As discussed above, when the pH of the water is greater than the IEP of the substrate surface,
the substrate will charge negatively when water flows over it. Conversely, when the pH of the water is
less than the IEP of the substrate surface, the substrate will charge positively when water flows over it.
For example, the predetermined pH value may be from about 1 to about 4.5, or from about 2 to about
3.5, or from about 2.5 to about 3. Altematively, the predetermined pH value may be from about 1.5 to
about 2.5, or from about 2.5 to about 3.5, or from about 3.5 to about 4.5. Alternatively, the
predetermined pH value may be from about, 1 to about 3, or from about 1 to about 2, or from about 1
to about 1.75.

[0081] Controlling the addition of the one or more additives may adjust the conductivity of the rinsing
liquid to a predetermined value. The conductivity of the rinsing liquid following addition of the one or
more additives may be about 0.1 mS/cm or greater, or about 0.2 mS/cm or greater, or about 0.3 mS/cm
or greater, or about 0.4 mS/cm or greater, and is preferably about 0.5 mS/cm or greater. A conductivity
of about 0.5 mS/cm or greater is preferable to facilitate rapid transfer of charges between the substrate
and the rinsing liquid. For example, the conductivity of the rinsing liquid following addition of the one
or more additives may be from about 0.1 mS/cm to about 5 mS/cm, or from about 0.2 mS/cm to about
4 mS/cm, or from about 0.3 mS/cm to about 3 mS/cm, or from about 0.4 mS/cm to about 2.5 mS/cm,
or from about 0.45 mS/cm to about 2 mS/em.

[0082] The IEP depends on the pKy and pK: of the outer surface composition. For example, for
hydroxylated Si0», pK, = 6, and pKo= -2 for SiOH. The IEP = (pK+pK:)/2 and results in a value of
IEP for Si0; of 2-3. For Si3Ny, the pKi and pK; are 8 and 5-6, resulting in an IEP of 6-7.

[0083] Hence, rinsing with H,O or CO»/H>0 having a pH of between 4 and 6 results in a positively
charged SizsN4 and a negatively charged Si0s. The conductivity of H,O is 0.004 mS/cm, while the
conductivity of the CO-/H,0 system 1s 0.02 mS/cm. Hence, the CO»/H,0 cannot prevent charging S10--
based wafers, as the pH of the CO»/H,O rinsing liquid is not low enough.

[0084] In contrast, by adding a slightly stronger acid, acetic acid (CH:COOH), a rinsing liquid with a
pH of >3 and a conductivity of >0.7 mS/cm can be attained. Rinsing a $10, surface with a rinsing liquid
at pH 2.9 causes no net change in the charge on the surface of the substrate (see Figure 5). On a Si3Ny
surface, the total charge is reduced (see Figure 6).

[0085] Conversely, tuning the pH of the acetic acid/water rinsing liquid to pH 4.9 (conductivity 0.0046
mS/cm) and rinsing a Si0- substrate results in the substrate charging negatively.

[0086] Specifically, Figure 5a shows the effect on charge of rinsing a substrate backside with
CH;COOH/H»0, H;0, and CO-/H:0 during 18 sec supply of the rinsing fluid at a spin speed of 2400
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rpm, and drving for 20 sec at 2400 rpm. The rinsing fluid is supplied at a distance of d = 80 mm from
the center onto a rotating 150 nm thick thermal Si0; layer at the wafer. GRIP method is used, in which
mechanical contact points are used in the wafer-core to ground the core electrically during the recording
of the potential using an electrostatic voltmeter (ESVM). Data for a non-rinsed substrate is included for
reference. Figure 5b shows a section of the same graph as Figure 5a with a different v-axis scale,
demonstrating that rinsing with a solution of acetic acid results in an uncharged substrate.

[0087] Figure 6 shows the effect on charge of rinsing a substrate backside with CH;COOH/H-0 versus
H,0 only during 18sec supply of the rinsing fluid at a spin speed of 2400 rpm, and drving for 20 sec at
2400 rpm. The rinsing fluid is supplied at a distance of d = 80 mm from the center onto a rotating 60
nm LPCVD SisN4 coated wafer backside.

[0088] Figure 7 shows the effect of rinsing a pre-charged $i10, wafer with a water rinse at 2000 rpm,
and with an acetic acid rinse at 2400 rpm. The acetic acid rinse results in a significant reduction of the
charges. A 150 nm thick Si0- layer at the wafer backside was charged using water. The wafer backside
was rinsed with CH;COOH/H:O solution at pH = 2.9 at 2400 rpm for 18 s, and dried for 20 s at 2400
rpm, resulting 1n a reduced charge at the 510, wafer backside.

[0089] Figure 8 shows the reduction in charge when a charged wafer is cleaned with a CH;COOH/H,O
solution.

[6096G] The specific method used to control the addition of one more additives to the rinsing liquid
based on the measurement(s) made is not particularly limited, provided that it results in the pH value
and/or the conductivity of the rinsing liquid reaching the predetermined value. For example, addition
of one or more additives the rinsing liquid may commence, to adjust the pH and/or the conductivity of
the rinsing liquid to the predetermined value. Addition of the one or more additives to the rinsing liquid
may stop, to adjust the pH and/or the conductivity of the rinsing liquid to the predetermined value. The
number of additives being added may be modulated to either increase the number of additives being
added or to decrease the number of additives being added. The concentration, pH, volume, and/or
pressure of the one or more additives may be increased or decreased so at to modify the pH and/or the
conductivity of the rinsing liquid. The compound or compounds of the one or more additives may be
changed in order to modify the pH and/or the conductivity of the rinsing liquid (for example, by
replacing a very weak organic acid additive such as a phenol with a carboxylic acid additive). The time
that the one or more additives is added for may be increased and/or decreased. If the pH and/or the
conductivity of the rinsing liquid is already at the predetermined value, controlling the addition of the
one or more additives may mean that no change is made to the addition of the one or more additives, to
maintain the pH and/or conductivity of the rinsing liquid at the predetermined value.

[0091] The method of the invention may further comprise measuring one or more properties of the
rinsing liquid following addition of the one or more additives to the nnsing liquid. For example, the pH
of the rinsing liquid may be measured following addition of the one or more additives in step c).

Alternatively or additionally, the conductivity of the rinsing liquid may be measured following addition
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of the one or more additives in step ¢). Following this measurement, the method may comprise further
controlling the addition of one or more additives to the rinsing liquid based on the measurement, to
adjust the pH value and/or the conductivity of the rinsing liquid to the predetermined value. For
example, one or more further additives may be added to the rinsing liquid.

[0092] The one or more additives may be introduced to the rinsing liquid by any method known in the
art. For example, the one or the one or more additives may be introduced to the rinsing liquid by
actuating one or more control valves.

[0093] The method of the invention may further comprise spinning the substrate while the rinsing
liquid is provided to the first surface of the substrate. For example, the substrate may be spun at from
about 1000 rpm to about 3000 rpm, or from about 1200 rpm to about 2800 rpm, or from about 1400
rpm to about 2600 rpm, or from about 1600 rpm to about 2400 rpm.

[0094] The method of the invention may further comprise adapting the liquid pressure of the rinsing
liquid or the rotational velocity at which the substrate is spun during the rinsing based on the value of
the measured property in step b), for example based on the charge on the substrate. The liquid pressure
of the rinsing liquid may be either increased or decreased based on the measured property. The rotational
velocity of the substrate may be either increased or decreased based on the measured property.

[0095] The method of the invention may further comprise adapting a radial position of the rinsing
liquid when provided to the first surface of the substrate with respect to a rotational axis, being the axis
of rotation during spinning of the substrate, while the substrate is rotated (spun) around the rotational
axis. In addition, the composition of the rinsing liquid may be adapted as a function of the radial
position. Thus, the one or more additives may be introduced to the rinsing liquid as a function of the
radial position of the rinsing liquid when provided to the substrate.

[0096] The substrate can be made of any semiconducting material known in the art that may be used
to produce substrates. For example, the substrate may be a silicon wafer, a silicon nitride wafer, a silicon
oxide wafer, a silicon carbide wafer, a gallium nitride wafer, a gallium arsenide wafer or an aluminium
titanium carbide wafer. Preferably, the substrate is a silicon wafer, a silicon nitride wafer, or a silicon
oxide wafer. The substrate may comprise one or more substrate coatings, provided that the rinsing liquid
does not react with or dissolve the one or more coatings. The one or more coatings may comprise a
carbon-based polymer coating.

[0097] The invention also provides a system that may be used to carry out the method discussed herein.
In particular, the invention provides a system for processing a substrate, comprising: a) a support for
supporting the substrate; b) a nozzle arranged to provide a rinsing liquid to a first surface of the
substrate; ¢) a measurement system configured to measure a property of the substrate and/or the rinsing
liquid; and d) a controller configured to adjust the pH value and/or the conductivity of the rinsing liquid
based on the measurement of the measurement system, by controlling the addition of one or more

additives to the rinsing liquid.
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[0098] According to the invention, the system may comprise one or more nozzles arranged to provide
a rinsing liquid to a substrate surface. Each of the one or more nozzles may provide different rinsing
liquids. For example, a first nozzle may provide a first rinsing liquid and a second nozzle may provide
a second rinsing liquid. The first and second rinsing liquids may have different properties. The first and
second rinsing liquids may have the same properties. The one or more nozzles may be arranged ina 1D
or a 2D array.

[0099] The position of each of the one or more nozzles may be controlled by the controller arranged
in the system. That is, the position of cach of the one or more nozzles with respect to the substrate, for
example with respect to the center of the substrate, may be controlled by the controller. As such, the
position of each of the one or more nozzles may be defined as a radial position, being a position in
respect to an axis of rotation of the substrate during spinning of the substrate. By changing the radial
position of a nozzle while providing a rinsing liquid to the substrate (while spinning the substrate) the
whole area of interest can be provided (and covered) with the rinsing liquid.

[0100] The position of each of the one or more nozzles may be set or defined by the spatial properties
at the substrate. This may be a mapping of the (local) charge at the substrate, forming a charge map of
the substrate.

[0101] The system may be configured to measure at least one of: (i) charge on the substrate; (i1)
isoelectric point (IEP) of the first surface of the substrate when in contact with water; (i11) pH value of
the rinsing liquid; and (iv) conductivity of the rinsing liquid. The system may be configured to measure
at least two of: (i) charge on the substrate; (i1) isoelectric point (1IEP) of the first surface of the substrate
when in contact with water; (iii) pH value of the rinsing liquid; and (iv) conductivity of the rinsing
liquid. The system may be configured to measure at least three of: (1) charge on the substrate; (11)
1soelectric point (IEP) of the first surface of the substrate when in contact with water; (i11) pH value of
the rinsing liquid; and (iv) conductivity of the rinsing liquid. The system may be configured to measure
all of: (i) charge on the substrate; (i1) isoelectric point (IEP) of the first surface of the substrate when in
contact with water; (ii1) pH value of the rinsing liquid; and (iv) conductivity of the rinsing liquid. For
example, the system may be configured to measure charge on the substrate. Altematively, the system
may be configured to measure the isoelectric point (IEP) of the first surface of the substrate when in
contact with water. Alternatively, the system may be configured to measure the pH value of the rinsing
liquid. Alternatively, the system may be configured to measure the conductivity of the rinsing liquid.
The system may be configured to measure both the charge on the substrate; and the isoelectric point
(IEP) of the first surface of the substrate when in contact with water. The system may be configured to
measure both the charge on the substrate; and the pH value of the rinsing liquid. The system mav be
configured to measure both the isoelectric point (IEP) of the first surface of the substrate when in contact
with water; and pH value of the rinsing liquid. The system may be configured to measure both the
charge on the substrate; and the conductivity of the rinsing liquid. The system may be configured to

measure both the pH value of the rinsing liquid; and the conductivity of the rinsing liquid. The system
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may be configured to measure both the isoelectric point (IEP) of the first surface of the substrate when
in contact with water; and the conductivity of the rinsing liquid.

[0102] The nozzle is arranged to provide the rinsing liquid to a first surface of the substrate. Thus, the
system of the invention may be used to clean the first surface of the substrate using the rinsing liquid.
The nozzle may be arranged to provide the rinsing liguid to a backside surface or to a frontside surface
of the substrate. Preferably, nozzle is arranged to provide the rinsing liquid to a backside surface of the
substrate. Thus, the system of the invention is preferably used to clean the backside surface of the
substrate using the rinsing liquid.

[0103] The system may be configured to measure a property at a backside surface of the substrate.
Thus, a charge may be measured at one or more points (or locations) of the backside surface of the
substrate. When the IEP of the first surface of the substrate is measured when in contact with water, the
first surface may be backside surface of the substrate.

[0104] The system may be configured to measure a charge-measurement based spatial profile of the
substrate may be measured. Hence, a mapping of the (local) charge at the substrate may be obtained —
a charge map. Alternatively, the system may be configured to measure one or more point charges at one
or more points of the surface of the substrate. The measurement system may comprise any suitable
apparatus suitable for measuring a charge, for example, an electrostatic voltmeter.

[0105] The measurement system may comprise any suitable apparatus for measuring a property of the
substrate. For example, the measurement system may comprise a FTIR (Fourier transmission infrared)
spectrometer, which may be used to determine the composition of the substrate, and may in turn used
to estimate or to calculate the IEP a first surface of the substrate when in contact with water. The
measurement system may comprise a pH sensor or probe to calculate the pH of the rinsing liquid. The
measurement system may comprise an apparatus suitable for measuring charge, for example, an
clectrostatic voltmeter. The measurement system may comprise a sensor for measuring conductivity,
for example an electrical conductivity meter.

[0106] The rninsing liquid and one or more additives may be as defined above in relation to the method
of the invention.

[0107] The system of the invention permits the addition of the one or more additives to be controlled,
in order to adjust the pH value and/or the conductivity of the rinsing liquid to a predetermined value.
The value is predetermined based on factors including: 1) the specific substrate that is used and the
isoelectric point of its surface; 2) whether it is intended to remove, add or maintain the existing charge
on the substrate; 3) the sign and location of any existing charge on the substrate. For example, the
predetermined pH value may be from about 1 to about 4.5, or from about 2 to about 3.5, or from about
2.5 to about 3. Alternatively, the predetermined pH value may be from about 1.5 to about 2.5, or from
about 2.5 to about 3.5, or from about 3.5 to about 4.5. For example, the predetermined conductivity
value may be about 0.1 mS/cm or greater, or about 0.2 mS/cm or greater, or about 0.3 mS/cm or greater,

or about 0.4 mS/cm or greater, and is preferably about 0.5 mS/cm or greater. For example,
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predetermined conductivity value may be from about 0.1 mS/cm to about 5 mS/cm, or from about 0.2
mS/cm to about 4 mS/cm, or from about 0.3 mS/cm to about 3 mS/cm, or from about 0.4 mS/cm to
about 2.5 mS/cm, or from about 0.45 mS/cm to about 2 mS/cm.

[0108] Controlling the addition of the one or more additives may adjust the conductivity of the rinsing
liquid to the predetermined value.

[0109] The system of the invention may further comprise a second measurement system configured to
measure one or more properties of the rinsing liquid following addition of the one or more additives to
the rinsing liquid. For example, second measurement system may be configured to measure the pH of
the rinsing liquid following addition of the one or more additives to the ninsing liquid. The second
measurement system may alternatively or additionally be configured to measure the conductivity of the
rinsing liquid may be measured following addition of the one or more additives.

[0110] The system may comprise one or more actuators and one or more control valves. One or more
of the control valves may be configured to control the addition of one or more aqueous additives to the
rinsing liquid.

[0111] The system of the invention may be configured to spin the substrate while the rinsing liquid is
provided to the first surface of the substrate. For example, the system may be configured to spin the
substrate at from about 1000 rpm to about 3000 rpm, or from about 1200 rpm to about 2800 rpm, or
from about 1400 rpm to about 2600 rpm, or from about 1600 rpm to about 2400 rpm. The system may
be configured to adjust the rotational velocity based on the measurement of the measurement system.
The rotational velocity of the substrate may be either increased or decreased based on the measured
property.

[0112] The system of the invention may be configured to adjust the liquid pressure of the rinsing liquid
based on the measurement of the measurement system. The liquid pressure of the rinsing liquid may be
either increased or decreased based on the measured property.

[0113] The substrate can be made of any semiconducting material known in the art that may be used
to produce substrates. For example, the substrate may be a silicon wafer, a silicon nitride wafer, a silicon
oxide wafer, a silicon carbide wafer, a gallium nitride wafer, a gallium arsenide wafer or an aluminium
titanium carbide wafer. Preferably, the substrate is a silicon wafer, a silicon nitride wafer, or a silicon
oxide wafer. The substrate may comprise one or more substrate coatings, provided that the rinsing liquid
does not react with or dissolve the one or more coatings. The one or more coatings may comprise a
carbon-based polymer coating.

[0114] Inthe embodiment shown in Figure 9, in step 1 an electrostatic voltmeter 92 is used to determine
charge 91 inside or on the surface of a Si wafer. In step 2, a control valve 95 1s used to add a liquid
additive 94 to a water supply 93 based on the measurement of the electrostatic voltmeter 92. The
resulting rinsing liguid 96 is then used to rinse the backside of the wafer. For example, the obtained
charge map may be used to control the properties of the rinsing liquid. Thus, the properties of the rinsing

liquid may vary as a function of position (or location) at the wafer surface.
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[0115] In the embodiment shown in Figure 10, in step 1 an electrostatic voltmeter 102 is used to
determine charge 101 inside or on the surface of a Si wafer. FTIR 103 is used to provide information
on the structure of the wafer. This information is used, together with information regarding earlier
manufacturing steps, to determine how much liquid additive 105, 106 needs to be added to a water
supply 104 to produce the rinsing liquid 109. In step 2, two control valves 107, 108 are used to add two
liquid additives 105, 106 to a water supply 104 based on the measurements made in step 1. The rinsing
liquid 109 is then used to rinse the backside of the wafer. It will be appreciated by the skilled person
that the number of additives is not limited to two additives. A plurality of additives may be used for the
same purpose.

[0116] The one or more valves may be controlled by the controller arranged in the system.

[0117} The system may be part of a larger apparatus. For example, the system may be part of an
apparatus used to manufacture integrated circuits. The system may be part of an apparatus configured
to move the substrate into a lithographic apparatus. The system may be utilised to clean the substrate
immediately prior to moving the substrate into a lithographic apparatus. Thus, the system may be part
of a wafer track. In addition, the system may be a stand-alone system.

[0118] The present invention also provides a method for manufacturing a device, e.g., an integrated
circuit. The method for manufacturing a device comprises processing a substrate as discussed herein.
[0119] Aspects of the invention are set out in the clauses below.

1. A method for processing a substrate, comprising: a) providing a substrate on a support; b) measuring
a property of the substrate and/or of a rinsing liquid; ¢) controlling the addition of one or more additives
to the rinsing liquid based on the measurement, to adjust the pH value and/or the conductivity of the
rinsing liquid to a predetermined value; and d) providing the rinsing liquid to a first surface of the
substrate via one or more nozzles.

2. The method according to clause 1, wherein the measured property is at least one of: (i) charge on the
substrate; (i1) isoelectric point (IEP) of the first surface of the substrate when in contact with water; (ii1)
pH value of the rinsing liquid; and (iv) conductivity of the rinsing liquid.

3. The method according to clause 1 or clause 2, wherein the measured property is at least two of: (1)
charge on the substrate; (ii) isoelectric point (IEP) of the first surface of the substrate when in contact
with water; (i11) pH value of the rinsing liquid; and (iv) conductivity of the rinsing liquid.

4. The method according to any one of clauses 1 to 3, wherein, in step d), the rinsing liquid is provided
to a backside surface of the substrate.

5. The method according to any one of clauses 1 to 4, wherein, in step b), a charge at a backside surface
of the substrate is measured.

6. The method according to any one of clauses 1 to 5, wherein, in step b), a charge-measurement based
spatial profile of the substrate is measured.

7. The method according to any one of clauses 1 to 6, wherein the measuring in step b) is performed

using an electrostatic voltmeter and/or a FTIR (Fourier transmission infrared) spectrometer.
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8. The method according to any one of clauses 1 to 7, wherein, in step d), providing the rinsing liquid
to the surface of the substrate decreases the charge on the substrate.

9. The method according to any one of clauses 1 to 7, wherein, in step d), providing the rinsing liguid
to the surface of the substrate has substantially no effect on the charge on the substrate.

10. The method according to any one of clauses 1 to 9, wherein the rinsing liquid is an aqueous solution.
11. The method according to nay one of clauses 1 to 10, wherein the one or more additives are agueous
solutions.

12. The method according to any one of clauses 1 to 11, wherein the one or more additives comprise
ong or more organic acids.

13. The method according to clause 12, wherein the one or more organic acids comprise from 1 to 10
carbon atoms.

14. The method according to clause 12 or clause 13, wherein the one or more organic acids comprise at
least one compound comprising at least one group selected from a carboxyl group, a sulfo group, a thiol
group, an alcohol group, an enol group, and a phenol group.

15. The method according to any one of clauses 12 to 14, wherein the one or more organic acids
comprise at least one of formic acid, acetic acid, Glycolic acid, Glyoxylic acid, Oxalic acid, Propionic
acid, Acrylic acid, Propiolic acid, Lactic acid, 3-Hydroxypropionic acid, Glyceric acid, Pyruvic acid,
3-oxopropancic  acid, 2.3-dioxopropanoic acid, Malonic acid, Tartronic acid, 2.2-
dihydroxypropanedioic acid, Mesoxalic acid, Glycidic acid, butyric acid, isobutyric acid, crotonic acid,
isocrotonic acid, methacrylic acid, vinylacetic acid, tetrolic acid, acetoacetic acid, succinic acid, fumaric
acid, maleic acid, malic acid, tartaric acid, oxaloacetic acid, valeric acid, caproic acid, citric acid,
aconitic acid, 1socitric acid, sorbic acid, enanthic acid, pimelic acid, benzoic acid, salicylic acid, caprylic
acid, phthalic acid, sophthalic acid, terephthalic acid, pelargonic acid, trimesic acid, cinnamic acid,
capric acid, sebacic acid, glutaric acid, adipic acid, pimelic acid, trifluoroacetic acid and uric acid.

16. The method according to any one of clauses 12 to 15, wherein the one or more organic acids
comprise at least one compound comprising a carboxyl group.

17. The method according to any one of clauses 12 to 16, wherein the one or more organic acids
comprise from 1 to 3 carbon atoms.

18. The method according to any one of clauses 12 to 17, wherein the one or more organic acids
comprise at least one of formic acid, acetic acid, or propionic acid.

19. The method according to any one of clauses 12 to 18, wherein the one or more organic acids
comprise acetic acid.

20. The method according to any one of clauses 12 to 19, wherein the one or more organic acids have
boiling points of from about 80 to about 150 °C at a pressure of 1 atm.

21. The method according to any one of clauses 1 to 20, wherein, in step ¢), the one or more additives

1s introduced to the rinsing liquid by actuating one or more control valves.
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22. The method according to any one of clauses 1 to 21, wherein the method further comprises
measuring the pH of the rinsing liquid following addition of the one or more additives in step ¢).

23. The method according to any one of clauses 1 to 22, wherein, i step ¢), the pH value of the rinsing
liquid is adjusted to a predetermined value; and the predetermined pH value is from about 1 to about
4.5, optionally from about 1 to about 3, optionally from about 1 to about 2.

24. The method according to any one of clauses 1 to 23, wherein, in step c¢), the conductivity of the
rinsing liquid is adjusted to a predetermined value; and the predetermined conductivity value is greater
than about 0.1 mS/cm.

25. The method according to any one of clauses 1 to 24, wherein, in step ¢), the conductivity of the
rinsing liquid is adjusted to a predetermined value; and the predetermined conductivity value is greater
than about 0.5 mS/cm.

26. The method according to any one of clauses 1 to 25, wherein the substrate is a silicon wafer, a
silicon nitride wafer, a silicon oxide watfer, a silicon carbide wafer, a gallium nitride wafer, a gallium
arsenide wafer or an aluminium titanium carbide wafer; preferably wherein the substrate is a silicon
wafer, a silicon nitride wafer, or a silicon oxide wafer.

27. A system for processing a substrate, comprising: a) a support for supporting the substrate; b) one or
more nozzles arranged to provide a rinsing liquid to a first surface of the substrate; ¢) a measurement
system configured to measure a property of the substrate and/or the rinsing liquid; and d) a controller
configured to adjust the pH value and/or the conductivity of the rinsing liquid based on the measurement
of the measurement system, by controlling the addition of one or more additives to the rinsing liquid.
28. The system according to clause 27, wherein the measurement system is configured to measure at
least one of: (i) charge on the substrate; (i1) isoelectric point (IEP) of the first surface of the substrate
when in contact with water; (1) pH value of the rinsing liquid; and (iv) conductivity of the rinsing
liquid.

29. The system according to clause 27 or clause 28, wherein the measurement system is configured to
measure at least two of: (i) charge on the substrate; (i1) 1soclectric point (IEP) of the first surface of the
substrate when in contact with water; (ii1) pH value of the rinsing liquid; and (iv) conductivity of the
rinsing liquid.

30. The system according to any one of clauses 27 to 29, wherein each of the one or more nozzles is
arranged to provide the rinsing liquid to a backside surface of the substrate.

31. The system according to any one of clauses 27 to 30, wherein the measurement system is configured
to measure a charge at a backside surface of the substrate.

32. The system according to any one of clauses 27 to 31, wherein the measurement system is configured
to provide a charge-measurement based spatial profile of the substrate.

33. The system according to any one of clauses 27 to 32, wherein the measurement system comprises

an electrostatic voltmeter and/or a FTIR (Fourier transmission infrared) spectrometer.
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34. The system according to any one of clauses 27 to 33, wherein the rinsing liquid is an aqueous
solution.

35. The system according to any one of clauses 27 to 34, wherein the one or more additives are aqueous
solutions.

36. The system according to any one of clauses 27 to 35, wherein the one or more additives comprise
one or more organic acids.

37. The system according to any one of clauses 27 to 36, wherein the system comprises one or more
actuators and one or more control valves; wherein each of the one or more control valves is configured
to control the addition of one or more aqueous additives to the nnsing liquid.

38. The system according to any one of clauses 27 to 37, wherein the substrate 1s a silicon wafer, a
silicon nitride wafer, a silicon oxide wafer, a silicon carbide wafer, a gallium nitride wafer, a gallium
arsenide wafer or an aluminium titanium carbide wafer; preferably wherein the substrate is a silicon
wafer, a silicon nitride wafer, or a silicon oxide wafer.

39. The system according to any one of clauses 27 to 38, wherein the system is part of an apparatus
configured to move the substrate into a lithographic apparatus.

40. A method of manufacturing a device comprising the method for processing a substrate according to
any one of clauses 1 to 26.

[0120] While the present invention has been described in connection with various embodiments, other
embodiments of the invention will be apparent to those skilled i the art from consideration of the
specification and practice of the inveuntion disclosed herein. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit of the invention being indicated

by the following claims.
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CLAIMS

1. A method for processing a substrate, comprising:

a) providing a substrate on a support;

b) measuring a property of the substrate and/or of a rinsing liquid,;

¢) controlling the addition of one or more additives to the rinsing liguid based on the
measurement, to adjust the pH value and/or the conductivity of the rinsing liquid to a predetermined
value; and

d) providing the rinsing liquid to a first surface of the substrate via one or more nozzles.

2. The method according to claim 1, wherein the measured property is at least one of: (i) charge on the
substrate; (i1) isoelectric point (IEP) of the first surface of the substrate when in contact with water;

(i11) pH value of the rinsing liquid; and (iv) conductivity of the rinsing liquid.

3. The method according to claim 1 or claim 2, wherein the measured property is at least two of: (1)
charge on the substrate; (i) isoclectric point (IEP) of the first surface of the substrate when in contact

with water; (i11) pH value of the rinsing liquid; and (iv) conductivity of the rinsing liquid.

4. The method according to any one of claims 1 to 3, wherein, in step d), the rinsing liquid is provided

to a backside surface of the substrate.

5. The method according to any one of claims 1 to 4, wherein, in step b), a charge at a backside

surface of the substrate 1s measured.

6. The method according to any one of claims 1 to 5, wherein, in step b), a charge-measurement based

spatial profile of the substrate is measured.

7. The method according to any one of claims 1 to 6, wherein the measuring in step b) is performed

using an electrostatic voltmeter and/or a FTIR (Fourier transmission infrared) spectrometer.

8. The method according to any one of claims 1 to 7, wherein, in step d), providing the rinsing liquid

to the surface of the substrate decreases the charge on the substrate.

9. The method according to any one of claims 1 to 8, wherein the one or more additives comprise one

or more organic acids.
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10. The method according to claim 9, wherein the one or more organic acids comprise at lcast one
compound comprising at least one group selected from a carboxyl group, a sulfo group, a thiol group,

an alcohol group, an enol group, and a phenol group.

11. A system for processing a substrate, comprising:

a) a support for supporting the substrate;

b) one or more nozzles arranged to provide a rinsing liquid to a first surface of the substrate;

¢) ameasurement system configured to measure a property of the substrate and/or the rinsing
liquid; and

d) a controller configured to adjust the pH value and/or the conductivity of the rinsing liquid
based on the measurement of the measurement system, by controlling the addition of one or more

additives to the rinsing liquid.

12. The system according to claim 11, wherein the measurement system is configured to measure at
least one of: (1) charge on the substrate; (i1) isoelectric point (IEP) of the first surface of the substrate
when in contact with water; (ii1) pH value of the rinsing liquid; and (iv) conductivity of the rinsing

liquid.

13. The system according to claim 11 or claim 12, wherein the measurement system is configured to
measure at least two of: (1) charge on the substrate; (11) isoelectric point (IEP) of the first surface of
the substrate when in contact with water; (iii) pH value of the rinsing liquid; and (iv) conductivity of

the rinsing liquid.

14. The system according to any one of claims 11 to 13, wherein each of the one or more nozzles is

arranged to provide the rinsing liquid to a backside surface of the substrate.

15. The system according to any one of claims 11 to 14, wherein the measurement system is

configured to measure a charge at a backside surface of the substrate.



110
WO 2024/217816 PCT/EP2024/057574

Fig. 1

MA B MT

~ i3 — ~ —"M
I 2
\/felereleh\/ PSS X
%cccc%e\\___
clc|c W
NEEEEY \
Y\ v

O T—PW

PMS




2110

WO 2024/217816 PCT/EP2024/057574
Fig. 2
LC SCS
\‘ I
SCx4
LACU
o1 @)
P
TCU | [ LB LA

s @O O G
)

DE x4



3/10
WO 2024/217816

PCT/EP2024/057574
Fig. 3
No impact observed
on warped wafers
6
5/ :
| ® Oxide Day 1
= O Oxide Day 2
= | & Nitride Day 1
(E'D A\ Nitride Day 2
O 200nm Oxide
Fig. 4a Fig. 4b
41
)
[[ 5 1] ([ S 1}
T\ _______________________
42 643
Fig. 4¢c Fig. 4d
{[ 5 1] [{ S 1]
({IZIIIIZIIIZZZIIIIZZIZZI """"""""""""" RSN



4/10

PCT/EP2024/057574

WO 2024/217816

00€

Jajem JO J8Jusd S| WiQG | ="S8Mp (ww) 195eMp

062 002 0G1 00} 05 0
T T T T T mN-
i 402
L'y=Hd OZH/Z0D YlIMm asul —s—
i 461~
OZH esuu ——
i ¢'2=Hd OZH/HOODEHD UM Bsul —e— 10}-
2015 J8) —= o
n 46 <
=
=<
0
G
f0l
i ] | i i m_‘

Bunecs ZOIS BB} WUQG ) © UJIM Jajem IS WLIQOE B O SPINj JusIopip asury

eg ‘b



5/10
PCT/EP2024/057574

WO 2024/217816

Jajem JO JBJuad S| WG L ="2Mp (ww) 195eMp

T T T T T ¢
. 18-
; _ 19°1-
L'y=Hd OZH/ZOD Yim asul —=—
B OZH 9SUll —s— ¥l
- 1 £'2=Hd OZH/HOODEHD UM SUL —e— 121 _
ITi
: AQ I {1 2
=<
. 18°0-
,,».a”..r_)ta?.
Rog Tt gl 90"
. ,,‘_.m...: ) i, oy )
B A . n ~ .vo-
» “f B NO-
| i i i i O
00€ 052 00Z 05 00} 0S 0

Buneod ZOIS [eWlay) WUQS ] & YIM Jajem IS WS & Uo Spinjj JuaJayip asul

qs ‘b1



6/10

PCT/EP2024/057574

WO 2024/217816

00€

0G¢

JOJEM JO J8JU8D SI wwg | ='PeMp (ww) 18EMp

00¢ 0G1
!

001 09
i

9SUM OCH/HOODEHD —o—

osuld OZH —=—

90uaJajal YNEIS —

JBJBM IS WWQOE U0

i
Bueod yNgIS wu

09

9 ‘b4

90

80



7110

PCT/EP2024/057574

WO 2024/217816

00€

0G¢

JoJBM 10 JBJUBD SI WG | ="®I8Mp (i) 18feMp

09

00¢ 0Gl 001
i i

Jajem zoIS pabieyo ayj uo
6'ZHd OZH/HOODEHD Unm Buisul —o— .

9SUL OZH B BIA JBJEM ZOIS PabIeyd —y—

Jajem apixo ewsy) ¢OIS wuQst pabieyosid e uo
6'2=Hd JO OCH/HOODEHO Buisury

0l

[A] NASTp



Voltage [V]

8/10
WO 2024/217816 PCT/EP2024/057574

Fig. 8

-------- Charged wafer before treatment
— \Nafer after clean with CH3COOH solution

'1 4 7 T ] T

o
£
T
i

£
L
-
Ld

¢
[$3]
T
-
%
L
)
1
i

0 s o s s s >

Radius [m]



9/10

PCT/EP2024/057574

WO 2024/217816

|

T eufls [onu0a juapuadap

o~
o

£

op)

awin «ajioid abieyn
B — V T 3
........ e — N
IS ) w 26
| da)s



10/10
PCT/EP2024/057574

WO 2024/217816

d3| Uo uonewlojul

Julod}as sAnippe

Juepuadap-aLl L | U0BBULIOjU! OBYS ~—— \MQ
BTIIW A_ 90}
(2 siahe| snoinaid
| 60 ajiyoid abieyn ‘B'5 ojul ge4
........... oSN
_ 5 u (kwsamy  FOb
| ﬁ H 5 ~ w 201

| dais

o™~
o
QD
=2
w
|

oL ‘B4



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2024/057574

A. CLASSIFICATION OF SUBJECT MATTER
INV. HO01L21/66 B08B3/04 GO03F1/00 HO01L21/02 HO01L.21/67

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO1lL, BO8B GO3F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2017/087585 Al (DATTILO DAVIDE [DE] ET 1-3,5,8,
AL) 30 March 2017 (2017-03-30) 9,11-13,
15
Y paragraphs [0036], [0037], [0042], 4,7,14
A [0091], [0092], [0099]; claims 1,3,4,5; 6

figures 1-3

X SG 184 735 Al (SANYO CHEMICAL IND LTD 1,2,5,
[JP]) 30 October 2012 (2012-10-30) 8-12,15
Y paragraphs [0090], [0092], [0143] - 4,7,14
A [0147], [0154], [0194], [0210]; claims 6
7, 8
Y US 2004/087158 Al (IZUMI AKIRA [JP] ET AL) 4,14

6 May 2004 (2004-05-06)
paragraph [0120]; figures 1l4a-14c

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : ) ) ) - o
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X document of particular relevance;; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other " document of . . - - -
. bt particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
17 June 2024 24/06/2024
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, . .
Fax: (+31-70) 340-3016 Ronnas, Katharina

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2024/057574

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

US 5 944 907 A (OHMI TADAHIRO [JP])

31 August 1999 (1999-08-31)

column 8, line 41 - line 57

KR 2008 0103410 A (DAINIPPON SCREEN MFG
[JP]) 27 November 2008 (2008-11-27)

the whole document

US 2019/241844 Al (PARK MI HYUN [KR] ET
AL) 8 August 2019 (2019-08-08)

claim 6

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2024/057574

Patent document Publication Patent family Publication

cited in search report date member(s) date

Us 2017087585 Al 30-03-2017 CN 108292100 A 17-07-2018
EP 3353605 Al 01-08-2018
HK 1253381 Al 14-06-2019
JP 6738414 B2 12-08-2020
JP 2018534608 A 22-11-2018
KR 20180057697 A 30-05-2018
RU 2680113 cC1 15-02-2019
TW 201723645 A 01-07-2017
uUs 2017087585 Al 30-03-2017
WO 2017050774 Al 30-03-2017

SG 184735 Al 30-10-2012 CN 101848987 A 29-09-2010
MY 156414 A 26-02-2016
SG 184735 Al 30-10-2012
TW 200923072 A 01-06-2009
WO 2009035089 A1l 19-03-2009

Us 2004087158 Al 06-05-2004 NONE

UsS 5944907 A 31-08-1999 JP 3923097 B2 30-05-2007
JP H08306655 A 22-11-1996
KR 19980702525 A 15-07-1998
TW 303481 B 21-04-1997
uUs 5944907 A 31-08-1999
WO 9627898 Al 12-09-1996

KR 20080103410 A 27-11-2008 NONE

UsS 2019241844 Al 08-08-2019 CN 110120358 A 13-08-2019
KR 20190095814 A 16-08-2019
uUs 2019241844 A1l 08-08-2019

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

