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ION IMPLANTATION TOOL AND ION
IMPLANTATION METHOD

BACKGROUND

[0001] Manufacturing of an integrated circuit (IC) has
been driven by increasing the density of the IC formed in a
semiconductor device. This is typically accomplished by
implementing more aggressive design rules to allow a larger
density of the IC device to be formed. Nonetheless, the
increased density of IC devices, such as transistors, has also
increased the complexity of processing semiconductor
devices with decreased feature sizes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0003] FIG. 1is a side view of an ion implantation tool in
accordance with some embodiments of the present disclo-
sure.

[0004] FIG. 2 is a front view of a platen of the ion
implantation tool illustrated in FIG. 1 in accordance with
some embodiments of the present disclosure, in which a
wafer held by the platen is not illustrated.

[0005] FIG. 3 is a front view of a platen of an ion
implantation tool in accordance with some embodiments of
the present disclosure, in which a wafer held by the platen
is not illustrated.

[0006] FIG. 4 is a cross-section diagram along a line 4-4
illustrated in FIG. 3 in accordance with some embodiments
of the present disclosure.

[0007] FIG. 5 is an enlarged view of an area 5 illustrated
in FIG. 3 in accordance with some embodiments of the
present disclosure.

[0008] FIG. 6 is a flowchart of operations of an ion
implantation process in accordance with some embodiments
of the present disclosure.

[0009] FIG. 7 is a cross-section diagram of a platen of an
ion implantation tool in accordance with some embodiments
of the present disclosure, in which the cross section is taken
along a similar plane of the platen as in the case of FIG. 4.
[0010] FIG. 8 is a cross-section diagram of a platen of an
ion implantation tool in accordance with some embodiments
of the present disclosure, in which the cross section is taken
along a similar plane of the platen as in the case of FIG. 4.
[0011] FIG. 9 is a front view of a platen of an ion
implantation tool in accordance with some embodiments of
the present disclosure, in which a wafer held by the platen
is not illustrated.

[0012] FIG. 10 is a cross-section diagram along a line
10-10 illustrated in FIG. 9 in accordance with some embodi-
ments of the present disclosure.

[0013] FIG. 11 is a cross-section diagram of a platen of an
ion implantation tool in accordance with some embodiments
of the present disclosure, in which the cross section is taken
along a similar plane of the platen as in the case of FIG. 10.
[0014] FIG. 12 is a cross-section diagram of a platen of an
ion implantation tool in accordance with some embodiments
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of the present disclosure, in which the cross section is taken
along a similar plane of the platen as in the case of FIG. 10.

DETAILED DESCRIPTION

[0015] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments in
which the first and second features are formed in direct
contact, and may also include embodiments in which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.
[0016] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” or “includes” and/or “including” or
“has” and/or “having” when used in this specification,
specify the presence of stated features, regions, integers,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
regions, integers, operations, elements, components, and/or
groups thereof.

[0017] Furthermore, spatially relative terms, such as
“beneath,” “below,” “lower,” “above,” “upper” and the like,
may be used herein for ease of description to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. The spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. The apparatus may be otherwise
oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein may likewise be
interpreted accordingly.

[0018] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0019] Reference is made to FIGS. 1 and 2. FIG. 1 is a side
view of an ion implantation tool 100 in accordance with
some embodiments of the present disclosure. FIG. 2 is a
front view of a platen 104 of the ion implantation tool 100
illustrated in FIG. 1 in accordance with some embodiments
of the present disclosure, in which a wafer 105 held by the
platen 104 is not illustrated. The ion implantation tool 100
includes a process chamber 101, the platen 104, an ion
source 102, and controlling units 108. The platen 104 is
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present in the process chamber 101 and is configured to hold
a wafer, e.g., the wafer 105 mentioned above. The ion source
102 is configured to provide an ion beam 103 onto the wafer
105, in which the ion beam 103 includes positive ions or
negative ions. The controlling units 108 are present on the
platen 104 and are configured to apply a plurality of physical
fields that are able to affect motions of the ions of the ion
beam 103 onto the wafer 105. Furthermore, in some embodi-
ments, for generating the physical fields, the controlling
units 108 are arranged in an array near a surface 106 of the
platen 104 facing the wafer 105.

[0020] In some embodiments, the physical fields are gen-
erated on the surface 106 of the platen 104 facing the wafer
105, in which the physical fields affect the motions of the
ions of the ion beam 103 by action at a distance. During an
ion implantation process, before the ions of the ion beam
103 provided by the ion source 102 reach the wafer 105, the
motions of the ions of the ion beam 103 are affected by the
physical fields. Therefore, a distribution of the ions of the
ion beam 103 onto the wafer 105 can be controlled by the
physical fields. Moreover, the ion beam 103 can be con-
trolled to be more uniform by the physical fields, such that
beam uniformity at an edge of the ion beam 103 is improved,
thereby increasing implantation quality of the ion implan-
tation process. The following description is provided to
explain how the physical fields affect the motions of the ions
of the ion beam 103 onto the wafer 105.

[0021] FIG. 3 is a front view of a platen 104 of an ion
implantation tool 200 in accordance with some embodi-
ments of the present disclosure, in which a wafer held by the
platen 104 (e.g., the wafer 105 mentioned above) is not
illustrated. FIG. 4 is a cross-section diagram along a line 4-4
illustrated in FIG. 3 in accordance with some embodiments
of the present disclosure. As shown in FIGS. 3 and 4, the
controlling units 108 include electrodes 110 and an electrical
potential provider 112. The electrodes 110 are present on the
platen 104, and the electrical potential provider 112 is
electrically connected to at least one of the electrodes 110.
[0022] In some embodiments, a plurality of the electrodes
110 are electrically connected to the electrical potential
provider 112, and the other electrodes 110 are electrically
connected to ground potential. With this configuration, as
the electrical potential provider 112 provides the electrodes
110 electrically connected thereto with a positive potential,
physical fields are generated on the surface 106 of the platen
104. Explained in a different way, since the physical fields
are generated by the positive potential, at least one of the
physical fields is an electrical field. In such embodiments
involving generating the electrical fields, the motions of the
ions of the ion beam 103 are affected by the electrical fields.
In some embodiments, at least one of the controlling units
108 is taken as an electrical potential provider configured to
generate at least one of the electrical fields.

[0023] As described above, since the ion beam 103
includes the positive ions or the negative ions, the motions
of the positive ions or the negative ions are affected by the
electrical fields. For example, under a situation in which the
ion beam 103 includes the positive ions, since the electrical
fields on the surface 106 of the platen 104 are generated by
the controlling units 108 with the positive potential, the
motions of the positive ions of the ion beam 103 are affected
by a repulsive force. Explained in a different way, before the
positive ions of the ion beam 103 reach the wafer 105, the
positive ions of the ion beam 103 are affected by the
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repulsive force. Therefore, the distribution of the positive
ions of the ion beam 103 onto the wafer 105 is controlled.

[0024] In addition, since a portion of the electrodes 110 are
electrically connected to the ground potential, the positive
ions traveling toward the electrodes 110 electrically con-
nected to the ground potential are affected less. That is, since
the electrodes 110 electrically connected to the positive
potential and the electrodes 110 electrically connected to the
ground potential affect the positive ions with different mag-
nitudes of the repulsive force, the electrodes 110 are
arranged to correspond to a predetermined dose distribution
ofthe wafer 105 in accordance with some embodiments. For
example, under a situation in which the ions of the ion beam
103 are the positive ions, the electrodes 110 electrically
connected to the positive potential correspond to regions of
the wafer 105 predetermined to have a lower dose distribu-
tion (thus, lower dose density), and electrodes 110 electri-
cally connected to the ground potential correspond to
regions of the wafer 105 predetermined to have a higher
dose distribution (thus, higher dose density). In other words,
a dose distribution of the wafer 105 is controlled by different
magnitudes of the repulsive force generated by the control-
ling units 108.

[0025] Moreover, under a situation in which the distribu-
tion of the ions of the ion beam 103 onto the wafer 105 is
controllable, the number of rotations of the wafer 105 is
reduced. Thus, in the ion implantation process, for improv-
ing the ion beam uniformity (that is, the dose distribution) at
edges of the wafer 105, the wafer 105 is rotated, in which the
number of rotations of the wafer 105 is relative to the beam
uniformity of the wafer 105. Through controlling the distri-
bution of the ions of the ion beam 103 onto the wafer 105
by the electric fields, the beam uniformity at the edges of the
wafer 105 is improved, and the number of rotations of the
wafer 105 is reduced. Therefore, a WPH (wafer processing
amount per hour) is correspondingly increased, thereby
raising production efficiency.

[0026] Furthermore, in some embodiments, the ion
implantation tool 200 further includes a dielectric layer 114.
The dielectric layer 114 is disposed on the surface 106 of the
platen 104, that is, between the platen 104 and the wafer 105.
The dielectric layer 114 is configured to adjust an operating
time associated with applying the repulsive force to the
positive ions. For example, under a condition in which the
dielectric layer 114 has a large thickness, since a distance
between the wafer 105 and the ion source 102 (see FIG. 1)
is decreased, a path of the ion beam 103 from the ion source
102 (see FIG. 1) to the wafer 105 is reduced. Therefore, the
motions of the positive ions of the ion beam 103 onto the
wafer 105 are affected within a shorter period, and the
positive ions of the ion beam 103 may have less displace-
ment that is horizontal to the wafer 105. On the other hand,
under a condition in which the dielectric layer 114 has a
small thickness, since a distance between the wafer 105 and
the ion source 102 (see FIG. 1) is increased, a path of the ion
beam 103 from the ion source 102 (see FIG. 1) to the wafer
105 is increased. Therefore, the motions of the positive ions
of the ion beam 103 onto the wafer 105 are affected within
a longer period, and the positive ions of the ion beam 103
may have greater displacement that is horizontal to the wafer
105. That is, the thickness of the dielectric layer 114 is
related to the horizontal displacement of the positive ions.
Furthermore, in some embodiments, the dielectric layer 114
is omitted from the configuration of the ion implantation tool
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200, and the wafer 105 is disposed on the surface 106 of the
platen 104 in a state contacting the platen 104.

[0027] FIG. 5 is an enlarged view of an area A illustrated
in FIG. 3 in accordance with some embodiments of the
present disclosure. As shown in FIGS. 3 and 5 the ion
implantation tool 200 further includes an insulating layer
116. The insulating layer 116 is disposed on the platen 104
and is grid-shaped, in which the electrodes 110 of the
controlling units 108 are insulated from each other by the
insulating layer 116. Therefore, the electrodes 110 of the
controlling units 108 are disposed to be separated from each
other, and hence no current flows therebetween. Explained
in a different way, since the electrodes 110 of the controlling
units 108 are insulated from each other by the insulating
layer 116, the electric fields generated by the electrodes 110
of the controlling units 108 are stable during the ion implan-
tation process.

[0028] FIG. 6 is a flowchart of operations S10-S60 of an
ion implantation process in accordance with some embodi-
ments of the present disclosure. In some embodiments, an
ion implantation process includes operations S10-S60. The
ion implantation process begins with operation S10 in which
a first profile of an ion beam is taken. The ion implantation
process continues with operation S20 in which a distribution
of electric fields is calculated according to the first profile of
the ion beam. The ion implantation process continues with
operation S30 in which the electric fields corresponding to
the distribution are generated. The ion implantation process
continues with operation S40 in which a second profile of
the ion beam is taken. The ion implantation process contin-
ues with operation S50 in which the second profile of the ion
beam is confirmed. The ion implantation process continues
with operation S60 in which the ion beam is provided onto
a wafer.

[0029] Inthe operation S10, an ion beam is provided by an
ion source, and a first profile of the ion beam is recorded. For
example, the first profile of the ion beam includes a distri-
bution of ions of the ion beam and beam uniformity of the
ion beam.

[0030] In the operation S20, according to the first profile
of the ion beam, a distribution of electric fields is calculated,
in which the distribution of the electric fields includes the
magnitude of the electric fields. Thus, the magnitude of the
electric potential provided by an electrical potential provider
of controlling units is calculated and determined according
to the first profile of the ion beam.

[0031] In the operation S30, the electric fields are gener-
ated by electrodes of the controlling units, in which the
characteristics of the electric fields are provided according to
the distribution of electric fields calculated and determined
in the operation S20.

[0032] In the operation S40, since motions of ions of the
ion beam provided by the ion source are affected by the
electric fields, the profile of the ion beam is varied to be
different from the first profile of the ion beam described in
the operation S10. Thus, the profile of the ion beam is
changed after applying the electric fields, and this changed
profile is recorded as a second profile.

[0033] In the operation S50, the second profile described
in the operation S40 is confirmed to determine whether the
distribution of the ions of the ion beam and the beam
uniformity of the ion beam are acceptable. Explained in a
different way, after applying the electric fields, the profile of
the ion beam is re-taken to determine whether the distribu-
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tion of the ions of the ion beam and the beam uniformity of
the ion beam are acceptable. In some embodiments, at least
one of the distribution of the ions of the ion beam and the
beam uniformity of the ion beam is adjusted after the
confirmation of the second profile. For example, in some
embodiments, after the confirmation of the second profile,
the magnitude of the electric potential provided by the
electrical potential provider of the controlling units is
adjusted to be larger or smaller.

[0034] In the operation S60, after the profile of the ion
beam is confirmed, a wafer is disposed on a platen to implant
the wafer with the ion beam. In some embodiments, after the
profile of the ion beam is confirmed to be acceptable, the
electric fields that are able to affect the motions of the ions
of the ion are applied. In some embodiments, the electric
fields are respectively applied onto a plurality of regions of
the wafer after the wafer is disposed on the platen. Through
applying electric fields respectively onto the regions of the
wafer, the ions of the ion beam corresponding to the different
regions of the wafer are respectively affected by the electric
fields, and hence the distribution of the ions of the beam onto
the wafer is controllable, thereby controlling a dose contri-
bution of the wafer.

[0035] FIG. 7 is a cross-section diagram of a platen 104 of
an ion implantation tool 300 in accordance with some
embodiments of the present disclosure, in which the cross
section is taken along a similar plane of the platen as in the
case of FIG. 4. As shown in FIG. 7, the number of the
electrical potential providers 1124 and 1125 is two, in which
a first group of the electrodes 110 is electrically connected
to one of the electrical potential providers 112¢ and 1126 and
a second group of the electrodes 110 is electrically con-
nected to the other one of the electrical potential providers
1124 and 11254. Thus, in some embodiments, the first group
and the second group of the electrodes 110 are respectively
electrically connected to the electrical potential providers
1124 and 1125. In some embodiments, the first group of the
electrodes 110 electrically connected to the electrical poten-
tial provider 112a is provided with a positive electrical
potential, and the second group of the electrodes 110 elec-
trically connected to the electrical potential provider 1125 is
provided with a negative electrical potential. In some
embodiments, the first group of the electrodes 110 electri-
cally connected to the electrical potential provider 1124 is
provided with a positive electrical potential that is greater
than the positive electrical potential that is provided to the
second group of the electrodes 110 by the electrical potential
provider 1125.

[0036] Furthermore, in some embodiments, the electrodes
110 provided with the positive potential are taken as first
passive elements, the electrical potential provider 112a is
taken as a first driving unit configured to drive the first
passive elements to generate first fields, the electrodes 110
provided with the negative potential are taken as second
passive elements, and the electrical potential provider 1125
is taken as a second driving unit configured to drive the
second passive elements to generate second fields. In this
case, at least one of the first fields and the second fields is
an electric field. In some embodiments, the first fields and
the second fields have different directions, in which direc-
tions of the first fields and the second fields are opposite to
each other. For example, since the first fields are the electric
field generated by the electrodes 110 provided with the
positive potential, the direction of at least one of the first
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fields is divergent therefrom. Similarly, since the second
fields are the electric field generated by the electrodes 110
provided with the negative potential, the direction of at least
one of the second fields is convergent thereto.

[0037] With this configuration, under a situation in which
ions of an ion beam 103 emitted toward a wafer 105 are
positive ions, a portion of the positive ions is repulsed by the
electrodes 110 provided with the positive potential and
another portion of the positive ions is attracted by the
electrodes 110 provided with the negative potential. In the
embodiments in which the ions of the ion beam 103 are
positive ions, the electrodes 110 provided with the positive
potential are configured to lower the dose density of a
portion of regions of the wafer, and the eclectrodes 110
provided with the negative potential are configured to
heighten the dose density of another portion of regions of the
wafer. Explained in a different way, the electrodes 110
provided with the positive potential and the negative poten-
tial are arranged according to a predetermined dose distri-
bution of the wafer 105.

[0038] FIG. 8 is a cross-section diagram of a platen 104 of
an ion implantation tool 400 in accordance with some
embodiments of the present disclosure, in which the cross
section is taken along a similar plane of the platen as in the
case of FIG. 4. As shown in FIG. 8, the number of the
electrical potential providers 112a-112; is plural, and the
electrodes 110 are respectively electrically connected to the
electrical potential providers 112q-112j. Explained in a
different way, the numbers of the electrodes 110 and the
electrical potential providers 112a-112; are the same, and the
electrodes 110 are electrically connected to the electrical
potential providers 1124-112; in a one-to-one relationship.
[0039] With this configuration, at least one of the elec-
trodes 110 is individually provided with an electric potential
by one of the electrical potential providers 112a-112;.
Explained in a different way, the characteristic of the electric
potential of at least one of the electrodes 110 may be
controlled to be different from that of at least one of the other
electrodes 110. For example, a magnitude of the electric
potential of the electrode 110 provided by the electrical
potential provider 112a is different from the magnitudes of
the electric potentials of the electrodes 110 provided by the
electrical potential providers 1125-112j. Furthermore, in
some embodiments, a polarity of the electric potential (i.e.,
positive or negative) of at least one of the electrodes 110
provided by the electrical potential providers 112a4-112; is
individually controlled. In some embodiments, the elec-
trodes 110 are provided with a negative potential by the
electrical potential providers 112a, 112¢, 112¢, 112f, 1124,
and 112/, and the electrodes 110 are provided with a positive
potential by the electrical potential providers 11256, 1124,
112g, and 112i.

[0040] Insome embodiments, at least one of the electrodes
110 near the surface 106 of the platen 104 is taken as a pixel,
and the distribution of the electric fields generated by the
electrodes 110 is adjusted through individually controlling
the electrodes 110. Explained in a different way, motions of
ions of an ion beam 103 respectively onto a plurality of
regions of the wafer 105 are respectively controlled by
electric fields generated by the electrodes 110. For example,
under a situation in which the ions of the ion beam 103 are
positive ions, if dose density in a region of the wafer 105
corresponding to the electrode 110 electrically connected to
the electrical potential provider 1125 is higher than a pre-
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determined value, the electric field generated by the elec-
trode 110 electrically connected to the electrical potential
provider 1125 is controlled to be higher, so as to repulse
more positive ions thereon.

[0041] On the other hand, under the same situation, if the
dose density in the region of the wafer 105 corresponding to
the electrode 110 electrically connected to the electrical
potential provider 1125 is less than the predetermined value,
the electric field generated by the electrode 110 electrically
connected to the electrical potential provider 1125 is con-
trolled to be lower, so as to repulse positive ions thereon less.
Alternatively, if the dose density in the region of the wafer
105 corresponding to the electrode 110 electrically con-
nected to the electrical potential provider 1125 is less than
the predetermined value, the electric field generated by the
electrode 110 electrically connected to the electrical poten-
tial provider 1125 is controlled to be changed from positive
to negative, so as to attract positive ions thereon.

[0042] FIG. 9 is a front view of a platen 104 of an ion
implantation tool 500 in accordance with some embodi-
ments of the present disclosure, in which a wafer held by the
platen 104 (e.g., the wafer 105 mentioned above) is not
illustrated. FIG. 10 is a cross-section diagram along a line
10-10 illustrated in FIG. 9 in accordance with some embodi-
ments of the present disclosure. As shown in FIGS. 9 and 10,
at least one of the physical fields generated by the control-
ling units 108 is a magnetic field.

[0043] In some embodiments, the controlling units 108
include coils 118 and an electricity provider 120. The coils
118 are present on the platen 104, and the electricity
provider 120 is electrically connected to at least one of the
coils 118 for providing current. Thus, a plurality of the coils
118 are electrically connected to the electricity provider 120.
With this configuration, since the current flows to at least
one of the coils 118, a pair of magnetic poles are generated
at two opposite sides of at least one of the coils 118. In some
embodiments, the current directions in the coils 118 are the
same, and the magnetic poles generated by the coils 118 at
sides of the coils 118 facing the wafer 105 are N poles. In
other embodiments, the magnetic poles generated by the
coils 118 at sides of the coils 118 facing the wafer 105 are
S poles.

[0044] According to the Lorentz force law, a magnetic
force is generated on a point charge due to electromagnetic
fields. Thus, if a point charge moves with velocity in the
presence of a magnetic field, this point charge is applied by
the magnetic force thereon. Since ions of an ion beam 103
are charged particles, the ions of the ion beam 103 are
applied by the magnetic force in the magnetic fields gener-
ated by the coils 118 of the controlling units 108. As
previously described, in some embodiments, in physical
fields, the force that relates to attracting or repulsing the ions
of the ion beam 103 is configured to control the distribution
of'the ions of the ion beam 103. Explained in a different way,
in some embodiments, the controlling units 108 are mag-
netic field providing units, and the at least one magnetic
force caused by the magnetic fields generated by controlling
units 108 is configured to affect the motions of the ions of
the ion beam 103, so as to control the distribution of the ions
of the ion beam 103.

[0045] Furthermore, in some embodiments, a first group of
the controlling units 108 is electrical field providing unit and
a second group of the controlling units 108 is magnetic field
providing unit, and therefore the electric fields and the
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magnetic fields are generated on the platen 104. Thus, at
least two of the physical fields on the platen 104 are
different. In embodiments in which the electric fields and the
magnetic fields are generated on the platen 104, the elec-
trode 110 (see FIG. 3) and the coils 118 are present on the
platen 104. In embodiments in which the electric fields and
the magnetic fields are generated on the platen 104, the
motions of the ions of the ion beam 103 are affected by the
electric fields and the magnetic fields when the ion beam 103
is provided onto the wafer 105.

[0046] FIG. 11 is a cross-section diagram of a platen 104
of an ion implantation tool 600 in accordance with some
embodiments of the present disclosure, in which the cross
section is taken along a similar plane of the platen as in the
case of FIG. 10. As shown in FIG. 11, the number of the
electricity providers 120a and 1205 is two, in which a first
group of the coils 118 is electrically connected to one of the
electricity providers 120a and 1206 and a second group of
the coils 118 is electrically connected to the other one of the
electricity providers 120a and 1205. Thus, in some embodi-
ments, the first group and the second group of the coils 118
are respectively electrically connected to the electrical
potential providers electricity providers 120a and 1205. In
some embodiments, the first group of the coils 118 electri-
cally connected to the electricity provider 120a is provided
with a current with a first direction to generate the N poles
facing the wafer 105, and the second group of the coils 118
electrically connected to the electricity provider 12056 is
provided with a current with a second direction to generate
the S poles facing the wafer 105.

[0047] Furthermore, in some embodiments, the coils 118
generating the N poles facing the wafer 105 are taken as first
passive elements, the electricity provider 120a is taken as a
first driving unit configured to drive the first passive ele-
ments to generate first fields, the coils 118 generating the S
poles facing the wafer 105 are taken as second passive
elements, and the electricity provider 1205 is taken as a
second driving unit configured to drive the second passive
elements to generate second fields. In this case, at least one
of the first fields and the second fields is a magnetic field. In
some embodiments, the first fields and the second fields have
different directions, in which directions of the first fields and
the second fields are opposite to each other. For example, for
the coils 118 electrically connected to the electricity pro-
vider 120a, since the direction of the magnetic fields is from
the N poles to the S poles, the direction of the first fields at
the N poles facing the wafer 105 is divergent. On the other
hand, for the coils 118 electrically connected to the elec-
tricity provider 1205, since the direction of the magnetic
fields is from the N poles to the S poles, the direction of the
second fields at the S poles facing the wafer 105 is conver-
gent.

[0048] With this configuration, since ions of an ion beam
103 provided with a wafer 105 are charge particles, motions
of the ions of the ion beam 103 are affected by the magnetic
fields due to magnetic force. Furthermore, the motions of the
ions of the ion beam 103 are affected to move toward
different directions since there two types of the magnetic
fields. Thus, the ions of the ion beam 103 propagating
toward the first fields and the ions of the ion beam propa-
gating toward the second fields are respectively applied by
the magnetic force with different directions, in which these
two different directions are opposite to each other according
to the Lorentz force. In some embodiments, the coils 118

May 4, 2017

respectively generating the N poles and the S poles facing
the wafer 105 are arranged according to a pre-determined
distribution of the dose density of the wafer 105.

[0049] FIG. 12 is a cross-section diagram of a platen 104
of an ion implantation tool 700 in accordance with some
embodiments of the present disclosure, in which the cross
section is taken along a similar plane of the platen as in the
case of FIG. 10. As shown in FIG. 12, the number of the
electricity providers 120a-120; is plural, and a plurality of
the coils 118 are respectively electrically connected to the
electricity providers 120a-120;. Explained in a different
way, the numbers of the coils 118 and the electricity pro-
viders 120a-120; are the same, and the coils 118 are elec-
trically connected to the electricity providers 120a-120j in a
one-to-one relationship.

[0050] With this configuration, at least one of' the coils 118
is individually provided with a current by one of the elec-
tricity providers 120a-120;. Explained in a different way, the
characteristic of the magnetic field generated by at least one
of'the coils 118 may be controlled individually. For example,
a magnitude of the magnetic field generated by the coil 118
electrically connected to electricity provider 120q is differ-
ent from the magnitudes of the magnetic fields generated by
the coils 118 electrically connected to electricity providers
1205-120j. Through individually controlling the character-
istic of the magnetic field generated by at least one of the
coils 118, a distribution of dose density of the wafer 105 is
controllable. In this case, dose densities of regions of the
wafer 105 are controllable.

[0051] As described above, in the ion implantation tool of
the present disclosure, the motions of the ions of the ion
beam are affected by the physical fields generated by the
controlling units, in which one of the physical fields are the
electric field, the magnetic field or a combination thereof.
Therefore, the distribution of the ions of the ion beam onto
the wafer can be controlled by the physical fields. Moreover,
since the ion beam can be controlled to be more uniform by
the physical fields, the beam uniformity at the edge of the ion
beam is improved, thereby increasing the implantation qual-
ity of the ion implantation process. Furthermore, according
to the pre-determined distribution of the dose density in the
wafer, the dose density in at least one of the regions of the
wafer is adjusted to be greater or smaller through adjusting
the characteristic of at least one of the controlling units.
[0052] According to various embodiments of the present
disclosure, an ion implantation tool includes a process
chamber, a platen, an ion source, and a plurality of control-
ling units. The platen is present in the process chamber and
configured to hold a wafer. The ion source is configured to
provide an ion beam onto the wafer. The controlling units are
present on the platen and configured to apply a plurality of
physical fields that are able to affect motions of ions of the
ion beam onto the wafer.

[0053] According to various embodiments of the present
disclosure, an ion implantation tool includes a process
chamber, a platen, an ion source, at least one first passive
element, at least one first driving unit, at least one second
passive element, and at least one second driving unit. The
platen is present in the process chamber and configured to
hold a wafer. The ion source is configured to provide an ion
beam onto the wafer. The first passive element is present on
the platen. The first driving unit is configured to drive the
first passive element to generate a first field that is able to
affect motions of ions of the ion beam onto the wafer. The



US 2017/0125214 Al

second passive element is present on the platen. The second
driving unit is configured to drive the second passive ele-
ment to generate a second field that is able to affect motions
of ions of the ion beam onto the wafer.

[0054] According to various embodiments of the present
disclosure, an ion implantation method includes providing
an ion beam onto a wafer, and applying a plurality of
physical fields that are able to affect motions of ions of the
ion beam respectively onto a plurality of regions of the
wafer.

[0055] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What is claimed is:

1. An ion implantation tool, comprising:

a process chamber;

a platen present in the process chamber and configured to

hold a wafer;

an ion source configured to provide an ion beam onto the

wafer; and

a plurality of controlling units present on the platen and

configured to apply a plurality of physical fields that are
able to affect motions of ions of the ion beam onto the
wafer.

2. The ion implantation tool of claim 1, wherein at least
one of the controlling units is an electrical field providing
unit.

3. The ion implantation tool of claim 1, wherein at least
one of the controlling units comprises:

at least one electrode present on the platen; and

at least one electrical potential provider electrically con-

nected to the electrode.

4. The ion implantation tool of claim 3, wherein a
plurality of the electrodes are electrically connected to the
electrical potential provider.

5. The ion implantation tool of claim 3, wherein a
plurality of the electrodes are respectively electrically con-
nected to the electrical potential providers.

6. The ion implantation tool of claim 1, wherein at least
one of the controlling units is a magnetic field providing
unit.

7. The ion implantation tool of claim 1, wherein at least
one of the controlling units comprises:
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at least one coil present on the platen; and

an electricity provider electrically connected to the coil.

8. The ion implantation tool of claim 7, wherein a
plurality of the coils are electrically connected to the elec-
tricity provider.

9. The ion implantation tool of claim 7, wherein a
plurality of the coils are respectively electrically connected
to the electricity providers.

10. The ion implantation tool of claim 1, wherein the
controlling units are arranged in an array.

11. An ion implantation tool, comprising:

a process chamber;

a platen present in the process chamber and configured to

hold a wafer;

an ion source configured to provide an ion beam onto the

wafer;
at least one first passive element present on the platen;
at least one first driving unit configured to drive the first
passive element to generate a first field that is able to
affect motions of ions of the ion beam onto the wafer;

at least one second passive element present on the platen;
and

at least one second driving unit configured to drive the

second passive element to generate a second field that
is able to affect motions of ions of the ion beam onto the
wafer.

12. The ion implantation tool of claim 11, wherein at least
one of the first passive element and the second passive
element is at least one electrode.

13. The ion implantation tool of claim 12, wherein at least
one of the first driving unit and the second driving unit is at
least one electrical potential provider.

14. The ion implantation tool of claim 11, wherein at least
one of the first passive element and the second passive
element is at least one coil.

15. The ion implantation tool of claim 14, wherein at least
one of the first driving unit and the second driving unit is at
least one electrical electricity provider.

16. The ion implantation tool of claim 14, wherein a
plurality of the first passive elements are electrically con-
nected to the first driving unit.

17. An ion implantation method, comprising:

providing an ion beam onto a wafer; and

applying a plurality of physical fields that are able to

affect motions of ions of the ion beam respectively onto
a plurality of regions of the wafer.

18. The ion implantation method of claim 17, wherein at
least one of the physical fields is an electrical field.

19. The ion implantation method of claim 17, wherein at
least one of the physical fields is a magnetic field.

20. The ion implantation method of claim 17, wherein at
least two of the physical fields are different.
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