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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a method of
measuring a current density distribution of a beam of
charged particles at an arbitary position on Z-coordinate
in a workpiece, a method of adjusting the current density
distribution, and a method of irradiating the workpiece
while the beam of charged particles conducts scanning
by a preferable scanning electric waveform in a hybrid
scanning type apparatus such as an ion-implantation
apparatus, an ion beam irradiation apparatus and an
electron beam irradiation apparatus in which electro-
magnetic scanning of a beam of charged particles such
as a ion beams, and mechanical drive of a workpiece
such as a semiconductor board are jointly used.

2. Description of the Related Art

[0002] As a typical example of the above apparatus
in which a beam of charged particles is used, there is
provided an ion-implantation apparatus in which a work-
piece is irradiated with an ion beams so that the ions
can be implanted. In the following explanations, the ion-
implantation apparatus is taken up as an example.
[0003] Fig. 7 is a schematic drawing showing a main
portion of a conventional example of the hybrid scanning
type ion-implantation apparatus. This apparatus is com-
posed as follows. A workpiece (for example, a semicon-
ductor board) 4 held by a holder 6 is mechanically re-
ciprocated as shown by arrow A along one axis, which
is Y-axis in this case, in the three dimensional space.
Simultaneously, a ion beam 2, which proceeds along Z-
axis substantially perpendicular to Y-axis, is electro-
magnetically subjected to scanning by a scanner not
shown in the direction X substantially perpendicular to
Y-axis and Z-axis, that is a ion beam 2 is subjected to
scanning by an electric field and/or magnetic field, so
that the workpiece 4 can be irradiated with the ion beam
2. Accordingly, it is possible to implant a desired dopant
(impurities to be implanted) in a desired region (typically,
all over the surface) of the workpiece 4 by a desired dis-
tribution (typically, uniformly). Reference numeral 8 des-
ignates a drive shaft for driving the holder 6.
[0004] In order to make the dopant exist in the desired
region of the workpiece 4 by the desired distribution, it
is necessary to control the mechanical drive of the work-
piece 4 and the electromagnetic scanning of the ion
beam 2 so that the desired distribution can be obtained.
That is, in order to obtain the desired distribution in the
direction of Y-axis, it is necessary to appropriately con-
trol the drive of the workpiece 4. Further, in order to ob-
tain the desired distribution in the direction of X-axis, it
is necessary to appropriately control the scanning of the
ion beam 2. The present invention relates to the latter,

that is, the present invention relates to the scanning of
the ion beams.
[0005] In order to obtain the desired distribution of the
dopant in the scanning direction of the ion beam 2 (the
direction of X-axis), as well known, it is necessary to
make a distribution of current density in the scanning
direction of the ion beam 2 at a position where the ion
beam 2 is incident upon the workpiece 4 coincide with
the desired distribution of the dopant.
[0006] Therefore, conventionally, Faraday (current
detector) 10, which is mechanically driven in the scan-
ning direction of the ion beam 2, is arranged at a position
of the workpiece 4 or in the proximity of the workpiece
4, and while Faraday 10 is driven as described above
as shown by arrow B, a beam current is measured.
Thus, a distribution of beam current density can be
measured at the position. A scanner of the ion beam 2
is controlled by the measured data so that the distribu-
tion of beam current density at the position can be
formed into a desired shape. This technique is dis-
closed, for example, in Toku Hyo Sho No. 64-500310.
[0007] In the above ion-implantation apparatus, in
many case, as illustrated in Fig. 8, when the workpiece
4 is mechanically driven, the holder 6 is inclined, so that
a tilt angle θ, which is an angle formed between a sur-
face of the workpiece 4 and Y-axis (in this case, the hold-
er drive shaft 8), can be a constant value more than 0°.
This tilt angle θ is the same as the incident angle of the
ion beam 2 which is incident upon the surface of the
workpiece 4. The reason why the tilt angle θ is set at a
value more than 0° is to prevent the channeling effect
of the ion beams with respect to a semiconductor board.
Another reason why the tilt angle θ is set at a value more
than 0° is that ions are also implanted onto side walls of
the trench structure formed on the surface of the work-
piece.
[0008] When the tilt angle θ is increased (In the case
shown in Fig. 8, the tilt angle θ is set at 60°.), as shown
in Fig. 8, position Z1 on Z-coordinate at which the ion
beam 2 subjected to scanning in X-direction is incident
upon a lower end portion of the workpiece 4 in Y-direc-
tion and position Z3 on Z-coordinate at which the ion
beam 2 subjected to scanning in X-direction is incident
upon an upper end portion of the workpiece 4 in Y-di-
rection are greatly different from position Z2 on Z-coor-
dinate at the center of the workpiece 4. This tendency
becomes more remarkable when a plane size of the
workpiece 4 is increased.
[0009] In general, the ion beam 2, which has been
electromagnetically subjected to scanning, is a group of
ions, the proceeding directions of which are different a
little from each other. Therefore, a distribution of beam
current density in the scanning direction generally de-
pends upon a position on Z-coordinate.
[0010] However, according to the conventional art de-
scribed before, the distribution of current density of the
ion beam 2 can be measured only at one point on Z-
coordinate axis on which Faraday 10 is arranged, for
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example, the distribution of current density of the ion
beam 2 can be measured only at position Z2 on Z-coor-
dinate. Accordingly, distributions of current density at an
upper and a lower portion of the workpiece 4 are differ-
ent from the distribution measured by Faraday 10. As a
result, the distributions of the dopant at the upper and
the lower portion of the workpiece are different from a
desired distribution.
[0011] For example, in order to conduct ion-implanta-
tion uniformly all over the surface of the workpiece 4,
when a beam scanner is controlled so that a distribution
of beam current density in X-direction (scanning direc-
tion) can be uniform at position Z2 on Z-coordinate, a
shape of the distribution of beam current density at po-
sition Z1 on Z-coordinate usually protrudes downward,
and a shape of the distribution of beam current density
at position Z3 on Z-coordinate usually protrudes upward.
As a result, as shown in Fig. 10, the distribution be-
comes non-uniform in such a manner that a quantity of
implanted dopant on the surface of the workpiece 4 at
the center in the direction of X-axis is increased in the
proximity of the upper portion of the workpiece 4, and a
quantity of implanted dopant on the surface of the work-
piece 4 at the center in the direction of X-axis is de-
creased in the proximity of the lower portion of the work-
piece 4. In Fig. 10, the quantity of implanted dopant is
increased in the order of marks of ---, --, -, +, ++, +++.
[0012] The document "The Nissin NH-20SP medium-
current ion implanter" by Nagai N. et al. published in Nu-
clear Instruments and Methods in Physics Research
B55 (1991) 393-397 discloses an ion implanter for large-
tilt-angle implantation with a dose-uniformity control. A
horizontally swept ion beam is monitored by multislit
Faradays situated before and after the implant position.
The Faradays are employed to determine the beam-
sweep speed over an irradiated wafer. The beam sweep
deflection waveform is adjusted to achieve an uniform
beam sweep speed over the entire wafer surface. This
Document, however, does not disclose to compensate
for a varying current density distribution at different im-
plant positions on a tilted workpiece by adjusting the
beam-sweep speed.

SUMMARY OF THE INVENTION

[0013] It is an object of the present invention to pro-
vide a method of measuring a current density distribu-
tion of a beam of charged particles at an arbitrary posi-
tion on Z-coordinate located in the workpiece in an ap-
paratus in which a tilt angle of the workpiece can be set
at a value more than 0°.
[0014] It is another object of the present invention to
provide a method of adjusting the distribution to a de-
sired one.
[0015] It is still another object of the present invention
to provide a method of irradiating the workpiece with
charged particles while charged particles are subjected
to scanning by a desirable scanning electric waveform.

[0016] According to the first aspect of the present in-
vention, there is provided a method of adjusting a cur-
rent density distribution of a beam of charged particles
as defined in claim 1.
[0017] According to this method, it is possible to freely
find a distribution of beam current density at an arbitrary
position on Z-coordinate located in the workpiece by the
measurement of distribution of current density of the first
and the second beam. Accordingly, even when the tilt
angle and the plane size of the workpiece are large, a
state of the distribution of beam current density can be
accurately grasped on a surface of the workpiece includ-
ing a portion in the proximity of an end portion in Y-di-
rection of the workpiece.
[0018] According to the above method of adjusting
distribution, it is further possible to freely adjust a distri-
bution of beam current density at an arbitrary position
on Z-coordinate located in the workpiece. Accordingly,
even if the tilt angle and the plane size of the workpiece
are large, it is possible to irradiate a beam of charged
particles at a desired distribution in a desired region of
the workpiece.
[0019] According to the second aspect of the present
invention, there is provided a first method of irradiating
a beam of charged particles as defined in claim 2.
[0020] According to the first method of irradiating a
beam of charged particles, it is possible to irradiate a
beam of charged particles to a workpiece in accordance
with a position at which the charged particles are inci-
dent upon the workpiece while scanning is being con-
ducted by a scanning electric waveform appropriate for
realizing a desired distribution of beam current density.
Accordingly, even if the tilt angle and the plane size of
the workpiece are large, it possible to irradiate a beam
of charged particles by a desired distribution in a desired
region of the workpiece. Further, this can be conducted
by using a finite number of scanning electric waveforms.
Therefore, the control and calculation becomes easy.
Accordingly, this method can be effectively put into prac-
tical use.
[0021] According to the third aspect of the present in-
vention, there is provided a second method of irradiating
a beam of charged particles as defined in claim 3.
[0022] According to the second method of irradiating
a beam of charged particles, it is possible to provide the
same effect as that of the first method of irradiating a
beam of charged particles while a smaller number of
scanning electric waveforms are being used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In the accompanying drawings:

Fig. 1 is a perspective view showing an embodiment
of the hybrid scanning type ion-implantation appa-
ratus for carrying out the distribution measuring
method of the present invention;
Fig. 2 is a perspective view showing another em-
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bodiment of the hybrid scanning type ion-implanta-
tion apparatus for carrying out the distribution
measuring method of the present invention;
Fig. 3 is a view showing a simplified example of the
beam current density distribution at positions Zf, Zb
and Zx on Z-coordinate;
Fig. 4A is a view showing a simplified example of
deviation of the beam current density distribution;
Fig. 4B is a view showing a simplified example of
scanning voltage waveform for correcting the devi-
ation;
Fig. 5 is a view showing a more specific example of
scanning voltage before reformation of the wave-
form, variation of the scanning voltage concerned
and deviation of the beam current density distribu-
tion;
Fig. 6 is a view showing a more specific example of
scanning voltage after reformation of the waveform
and deviation of the scanning voltage concerned;
Fig. 7 is a perspective view showing an example of
a workpiece and others of the conventional hybrid
scanning type ion-implantation apparatus;
Fig. 8 is a side view showing a workpiece and others
when the tilt angle θ is set at 60°;
Fig. 9 is a view showing a simplified example of the
beam current density distribution at positions Z1, Z2
and Z3 on Z-coordinate in a conventional ion-im-
plantation apparatus; and
Fig. 10 is a view showing an example of the distri-
bution of a quantity of implanted dopant on a face
of a workpiece.

PREFERRED EMBODIMENTS OF THE INVENTION

[0024] Preferred embodiments of the present inven-
tion will be described as follows referring to the accom-
panying drawings.
[0025] Fig. 1 is a perspective view showing an em-
bodiment of a hybrid scanning type ion-implantation ap-
paratus in which the distribution measuring method and
others of the present invention are carried out. The
same reference characters and numbers in Fig. 7 are
applied to the same or similar parts throughout Fig. 1
showing this embodiment. Different points of this em-
bodiment from the conventional example are mainly ex-
plained as follows.
[0026] The apparatus of this embodiment is com-
posed as follows. An ion beam 2 generated by an ion
source not shown is accelerated and subjected to mass
separation when necessary. Then, the ion beam 2 is
electromagnetically scanned by a scanner 12. Further,
in this embodiment, the ion beam 2 is parallelized by a
parallelizer 14. After that, a workpiece 4 set on the hold-
er 6 is irradiated with the ion beam 2. In this embodi-
ment, the drive directions of the workpiece 4 and the
holder 6, the proceeding direction of the ion beam 2 ir-
radiating on the workpiece 4 and the scanning direction
are the same as those of the conventional example

shown in Fig. 7. These directions are respectively direc-
tions of Y-axis, Z-axis and X-axis.
[0027] For the convenience of explanations, the hold-
er shaft 8 and the holder drive unit 24 for driving the
holder shaft 8 are arranged on the upper side of the hold-
er 6 in the drawing. However, they can be arranged on
the lower side of the holder 6. As disclosed in Japanese
Examined Patent Publication No. 7-54688, the holder 6
and the workpiece 4 may be mechanically reciprocated
along Y-axis by an oscillating type pivotal arm.
[0028] In this embodiment, the scanner 12 is com-
posed of a pair of scanning magnetic poles. An triangu-
lar-wave-like scanning voltage V(t), which is outputted
from the scanning control unit 34, is amplified by the am-
plifier 36 and converted into an electric current wave-
form I(t) by the amplifier 36 and then supplied to the
scanner 12.
[0029] The parallelizer 14 is not essential to the
present invention. Therefore, the parallelizer 14 may be
arbitrarily provided in the apparatus.
[0030] There are provided a first Faraday array 20
("front Faraday") and a second Faraday array 30 ("back
Faraday") in the direction of Z-axis in the proximity of
the holder 6. Positions of both Faraday arrays 20, 30 on
Z-coordinate are respectively represented by Zf and Zb.
In this embodiment, referring to Fig. 8, a relation of Zf <
Z1 < Z2 < Z3 < Zb can be satisfied. Z1, Z2 and Z3 have
already been explained above. The Faraday arrays 20,
30 are composed in such a manner that a plurality of
Faraday cups 22, 32, the specifications of which are the
same, respectively having slits which are long and slen-
der in the direction of Y-axis, are arranged in the direc-
tion of X which is a scanning direction of the ion beam
2. Positions of the Faraday cups 22, 32 on X-coordinate
are previously known.
[0031] Each Faraday cup 22, 32 receives an ion beam
2 and measures a beam current. An area of each Far-
aday cup 22, 32 upon which the beam is incident is pre-
viously known. Therefore, it is possible to measure
beam current density of the ion beam 2 which are inci-
dent upon each Faraday cup 22, 32. Accordingly, it is
possible to measure beam current density distribution
of the ion beam 2 in the direction of X at positions Zf and
Zb on Z-coordinate by the Faraday arrays 20, 30. Data
measured by both Faraday arrays 20, 30 is supplied to
the scanning control device 34 in this embodiment.
[0032] In this embodiment, the Faraday array 20 on
the upstream side is arranged in the front portion of a
mask plate 16 having an opening 18. These are driven
in the vertical direction as shown by arrow C by a drive
unit not shown in the drawing. In Fig. 1, the mask plate
16 and Faraday array 20 are located at an upper limit
position. In the above condition, a portion of the ion
beam 2, which has completed scanning, passes through
the opening 18 of the mask plate 16. After the ion beam
2 has passed through the opening 18, when implanta-
tion is conducted on the workpiece 4 on the holder 6,
the ion beam 2 is irradiated to the workpiece 4 as shown
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in the drawing. However, when implantation is not con-
ducted on the workpiece 4 on the holder 6, the holder 6
is retracted to a position at which the ion beam 2 is not
obstructed by the holder 6. Therefore, the ion beam 2 is
incident upon the Faraday array 30 arranged on the
downstream side. Accordingly, it is possible to measure
a beam current density distribution of the ion beam 2 in
the direction of X by the Faraday array 30 on the down-
stream side in this case.
[0033] When the mask plate 16 and the Faraday array
20 are arranged at the lower limit position, the Faraday
array 20 obstructs the ion beam 2 which has been
scanned. Therefore, it is possible to measure a distribu-
tion of beam current density of the ion beam 2 in the
direction of X.

(1) In the apparatus shown in Fig. 1, a method of
measuring a distribution of current density of the ion
beam 2, which has been subjected to scanning, will
be explained below.

First, beam current density distribution S (X, Zf)
in the scanning direction (X-direction) of the ion
beam 2 at position Zf on Z-coordinate is measured
by the Faraday array 20 arranged on the upstream
side. An example of the result of the measurement,
which is simplified, is shown in Fig. 3.

Next, beam current density distribution S (X,
Zb) in the scanning direction (X-direction) of the ion
beam 2 at position Zb on Z-coordinate is measured
by the Faraday array 30 arranged on the down-
stream side. An example of the result of the meas-
urement, which is simplified, is shown in Fig. 3.

According to the above data, it can be conclud-
ed that the beam current density distribution is
changed from S (X, Zf) in Fig. 3 to S (X, Zb) while
the ion beam 2 proceeds from the Faraday array 20
arranged on the upstream side to the Faraday array
30 arranged on the downstream side.

In this connection, from the practical view-
points, there is no external electromagnetic field,
which changes a path of the ion beam 2, between
the Faraday arrays 20 and 30. Since it is designed
that no focus of the ion beam 2 exists in this section,
divergence effect (space charge effect) caused by
the self-electric field of the ion beam 2 is negligibly
small. Accordingly, it is possible to assume that the
traveling direction of the ion beam 2 is not changed
in this section. Further, generation and extinction of
the ion beam 2 in this section are negligibly small.
The above can be said in this type ion-implantation
apparatus.

Accordingly, as shown by the following expres-
sion 1, beam current density distribution S (X, ZX)
in the direction of X of the ion beam 2 at an arbitrary
position Zx (Z1 ≤ Zx ≤ Z3) on Z-coordinate in the
workpiece 4, which exists between both Faraday ar-
rays 20 and 30, can be expressed by beam current
density S (X, Zf) at the multiple Faraday 20 and

beam current density S (X, Zb) at multiple Faraday
30.

Accordingly, it is possible to find beam current
density distribution S(X, Zx) at position Zx on Z-co-
ordinate according to Expression 1. This method is
referred to as an interpolation. An example of beam
current density distribution S(X, Zx), which has been
found in this way, is shown in Fig. 3, wherein this
beam current density distribution is simplified for
convenience of explanation.

In this connection, also when both Faraday ar-
rays 20 and 30 are arranged in the proximity of the
workpiece 4 on the upstream side or the down-
stream side, the same relation as that of Expression
1 is established. Therefore, it is possible to find
beam current density distribution S(X, Zx) at posi-
tion Zx on Z-coordinate according to the above ex-
pression. This method is referred to as an extrapo-
lation.

In this embodiment, the above measurement of
the beam current density distribution can be made
by using the two Faraday arrays 20, 30 and the
scanning control unit 34.

According to the above measurement method,
when the beam current density distribution is meas-
ured only at two positions (Zf, Zb), it is possible to
freely find a beam current density distribution at an
arbitrary position Zx on Z-coordinate located in the
workpiece 4. Accordingly, even when the tilt angle
θ and the plane size of the workpiece 4 are large, a
state of the distribution of beam current density can
be accurately grasped on a surface of the work-
piece 4 including a portion in the proximity of an end
portion in Y-direction of the workpiece 4.
(2) Next, explanation will be made to a method of
adjustment by which beam current density distribu-
tion S(X, Zx) that has been found in the above man-
ner can become a desired distribution.

First, as an example, deviation dev(X, Zx),
which is defined by the following expression, of
beam current density distribution S(X, Zx) is found.
In this case, mean S(Zx) is an average of S(X, Zx).

A simplified example of deviation dev(X, Zx),
which has been found in the manner described

[Expression 1]

S(X, Zx) =S(X, Zf) + {S(X, Zb) - S(X, Zf)} x ( Zx -

Zf)/(Zb - Zf)

[Expression 2]

dev(X, Zx)={S(X, Zx)-mean S(Zx)}/mean S(Zx)
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above, is shown in Fig. 4A. A positive portion of de-
viation dev(X, Zx) is a portion in which the current
density is higher than the average, and a negative
portion of deviation dev(X, Zx) is a portion in which
the current density is lower than the average.

In this case, a waveform of scanning voltage V
(t) of the ion beam 2 is formed so that a scanning
speed of the ion beam 2 can be relatively reduced
at a position where the beam current density must
be increased. Specifically, the adjustment is made
as follows. Inclination ∆V(t)/∆t of scanning voltage
V(t) in a portion corresponding to a position where
the beam current density must be increased is re-
duced; inclination ∆V(t)/∆t of scanning voltage V(t)
in a portion corresponding to a position where the
beam current density must be decreased is extend-
ed; or both are jointly used. Due to the foregoing,
deviation dev(X, Zx) at position Zx can be adjusted
to a desired value, that is, beam current density dis-
tribution S(X, Zx) at position Zx can be adjusted to
a desired distribution.

For example, as shown in Fig. 4A in which de-
viation is dev(X, Zx), an inclination of scanning volt-
age V(t) in a portion where deviation dev(X, Zx) be-
comes negative is reduced to be smaller than the
inclination of an essential triangular wave 42 as
shown in Fig. 4B. Also, an inclination of scanning
voltage V(t) in a portion where deviation dev(X, Zx)
becomes positive is increased to be larger than the
inclination of the essential triangular wave 42 as
shown in Fig. 4B. Consequently, deviation dev(X,
Zx) can be made substantially flat, that is, deviation
dev(X, Zx) can be made to be 0, and beam current
density distribution S(X, Zx) at position Zx can be
made substantially uniform.

In this embodiment, the waveform of scanning
voltage V(t) can be reformed by the scanning con-
trol unit 34.

More specific examples of scanning voltage V
(t) before and after the reformation of the waveform,
variation D (= ∆V(t)/∆t) of the scanning voltage con-
cerned, and deviation dev of the beam current dis-
tribution are shown in Figs. 5 and 6. Fig. 5 shows a
state before the reformation of the waveform. Fig.
6 shows a state after the reformation of the wave-
form. Variation D corresponds to an inclination of
scanning voltage V(t) described before. Horizontal
axes of Figs. 5 and 6 express time t in this case.
Time corresponds to a scanning position of the ion
beam 2 in the direction of X. At the point of time
when the inclination of scanning voltage V(t) is in-
verted, that is, at the top of the triangular wave, the
scanning direction of the ion beam 2 is inverted. A
scale of variations in Fig. 6 is provided when a scale
of variations in Fig. 5 is magnified by about 10 times.

When deviation dev in the case of conducting
scanning by the ion beam 2, the scanning voltage
of which is V(t), of a perfect triangular wave, the var-

iation D of which is constant, is changed to be ± as
shown in Fig. 5, it is possible to make deviation dev
to be 0 at all times by changing variation D of scan-
ning voltage V(t) so that deviation dev can be can-
celed and a waveform of scanning voltage V(t) can
be reformed to be a form a little different from a per-
fect triangular wave (in this case, an oblique side of
the triangular wave is a little protruded downward).
(3) Next, explanation will be made to a method of
irradiating a ion beam 2 to the workpiece 4 (shown
in Fig. 8), which is reciprocated in the direction of
Y-axis under the condition that the tilt angle is set
at θ, while scanning is being conducted by a scan-
ning voltage waveform appropriate for realizing a
desired beam current density distribution.

[0034] The tilt angle θ, which is constant in the proc-
ess of implantation, of the workpiece 4 and the holder
6, and momentary position Yx on Y-coordinate are de-
tected by the holder drive device 24 and supplied to the
scanning control unit 34 in real time as shown in Fig. 1.
In this specification, real time does not mean a batch
processing, but it means an immediate processing.
[0035] When the scanning control unit 34 conducts
the following calculation in real time using the tilt angle
θ and position Yx on Y-coordinate, it is possible to find
position Zx on Z-coordinate, at which the ion beam 2 is
incident upon the workpiece 4, in real time. Referring to
Fig. 8, when position Zx, upon which the ion beam 2 is
incident, is Z2, Yx is 0, and when the workpiece 4 is lo-
cated above that, Yx is positive, and when the workpiece
4 is located below that, Yx is negative.

[0036] As described above, it is possible to find posi-
tion Zx on Z-coordinate, at which the ion beam 2 is inci-
dent upon the workpiece 4, in real time. The workpiece
4 is irradiated with the beam 4 of ions by the scanning
voltage waveform realizing the desired beam current
density distribution S(X, Zx) according to the above dis-
tribution adjusting method. Accordingly, even if the tilt
angle θ and the plane size of the workpiece 4 are large,
it is possible to irradiate the ion beam 2 in a desired re-
gion (for example, all over the surface) of the workpiece
4 by a desired distribution (for example, a uniform dis-
tribution). As a result, even when the tilt angle θ and the
plane size of the workpiece 4 are large, it is possible to
implant ions uniformly all over the surface of the work-
piece 4. Therefore, it is possible to make a distribution
of quantities of implanted dopant uniform on all surfaces
of the workpiece 4.
[0037] In order to carry out the above beam irradiation
method ideally, it is necessary to find and apply scan-
ning voltage waveforms for an infinite number of posi-

[Expression 3]

Zx = Z2 - Yx tan θ
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tions Zx on Z-coordinate which satisfy Z1 ≤ Zx ≤ Z3. How-
ever, the above method takes a long time. Therefore,
the above method is not suitable for practical use. Ac-
cordingly, in an actual ion-implantation apparatus, either
of the following method (1) or (2) is preferably carried
out.

(1) A finite number of scanning voltage waveforms
for realizing desired beam current density distribu-
tions with respect to a finite number of positions Zx
on Z-coordinate having discrete intervals, which are
suitable for practical use and do not affect a result
on ion-implantation, are previously found, and they
are used being changed over in real time according
to position Yx on Y-coordinate of the workpiece 4.
That is, scanning voltage waveforms in the plurality
of previously found scanning voltage waveforms, in
which positions Zx on Z-coordinate coincide with
position Zx on Z-coordinate calculated by the above
Expression 3 or positions Zx on Z-coordinate are
closest to position Zx of Z-coordinate calculated by
the above Expression 3, are successively selected
in real time. The workpiece 4 is irradiated while the
ion beam 2 is subjected to scanning by these se-
lected scanning voltage waveforms.

According to the above beam irradiating meth-
od, it is sufficient to use a finite number of scanning
voltage waveforms. Therefore, the processing time
can be shortened and the calculation can be easily
conducted, that is, the above beam irradiating
method can provide a great effect for practical use.
(2) With respect to a plurality of discrete positions
on Z-coordinate located in the workpiece 4, for ex-
ample, scanning voltage waveforms to realize de-
sired beam current density distributions for the
above positions Z1, Z2 and Z3 on Z-coordinate are
previously found. Differences between these wave-
forms are weighted by position Zx on Z-coordinate
calculated by Expression 3. Then, the scanning
voltage waveforms for positions Zx on Z-coordinate
are successively calculated. While scanning is con-
ducted by the ion beam 2 with the thus calculated
scanning voltage waveforms, the workpiece 4 is ir-
radiated.

[0038] According to this beam irradiating method, the
number of scanning voltage waveforms to be used is
larger than the method described in the above method
(1). However, the current density distribution of the ac-
tually irradiated beams of ions is more ideal than that of
the method described in item (1).
[0039] In this embodiment, calculation and changeo-
ver of the scanning voltage waveforms described in the
above items (1) and (2) can be conducted by the scan-
ning control unit 34.
[0040] Fig. 2 is a perspective view of showing another
embodiment of the hybrid scanning type ion-implanta-
tion apparatus in which the distribution measuring meth-

od of the present invention is carried out. Different points
from the embodiment shown in Fig. 1 will be mainly ex-
plained as follows. In this embodiment, instead of two
Faraday arrays 20, 30, one Faraday array 30 is used.
This Faraday array 30 is moved in the longitudinal di-
rection along Z-axis as shown by arrow E by the actions
of the Faraday drive shaft 38 and the Faraday drive unit
40. At positions Zf and Zb on Z-coordinate, current den-
sity distributions S(X, Zf) and S(X, Zb) of the ion beam
2 are respectively measured.
[0041] Due to the foregoing, it is sufficient to provide
only one Faraday array. In general, the cost of the Far-
aday drive unit 40 is lower than that of the Faraday array.
Therefore, it is possible to reduce the cost in this em-
bodiment compared with a case in which two Faraday
arrays are used. Further, maintenance work can be re-
duced because the number of Faradays is decreased
from two to one. Furthermore, the number of the signal
processing circuits used for the Faraday arrays can be
decreased to one. Accordingly, the cost can be further
reduced.
[0042] In the above explanation, the ion beams is
used which is a typical example of the beam of charged
particles. However, the above distribution measuring
method, the distribution adjusting method and the beam
irradiating method can be applied to not only the ion
beams but also the beam of charged particles except
for the ion beams, for example, the above distribution
measuring method, the distribution adjusting method
and the beam irradiating method can be applied to an
electron beam.
[0043] Since the present invention is composed as
described above, the following effects can be provided.
[0044] According to the first aspect of the present in-
vention, it is possible to freely find a distribution of beam
current density at an arbitrary position on Z-coordinate
located in the workpiece by the measurement of distri-
bution of current density of the first and the second
beam. Accordingly, even when the tilt angle and the
plane size of the workpiece are large, a state of the dis-
tribution of beam current density can be accurately
grasped on a surface of the workpiece including a por-
tion in the proximity of an end portion in Y-direction of
the workpiece.
[0045] According to the second aspect of the present
invention, it is possible to freely adjust a distribution of
beam current density at an arbitrary position on Z-coor-
dinate located in the workpiece. Accordingly, even if the
tilt angle and the plane size of the workpiece are large,
it possible to irradiate a beam of charged particles at a
desired distribution in a desired region of the workpiece.
[0046] According to the third aspect of the present in-
vention, it is possible to irradiate a beam of charged par-
ticles to a workpiece in accordance with a position at
which the charged particles are incident upon the work-
piece while scanning is being conducted by a scanning
electric waveform appropriate for realizing a desired dis-
tribution of beam current density. Accordingly, even if
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the tilt angle and the plane size of the workpiece are
large, it possible to irradiate a beam of charged particles
by a desired distribution in a desired region of the work-
piece. Further, this can be conducted by using a finite
number of scanning electric waveforms. Therefore, the
control of calculation becomes easy. Accordingly, this
method can be effectively put into practical use.
[0047] According to the fourth aspect of the present
invention, although the number of the scanning voltage
waveforms to be used in this method is larger than the
number of the scanning voltage waveforms to be used
in the method of the third aspect of the present invention,
the current density distribution of the actually irradiated
ion beams of this method is more ideal than that of the
method according to the third aspect.

Claims

1. A method of adjusting a current density distribution
in the scanning direction of a beam of charged par-
ticles,
the method being applied to an apparatus in which
a workpiece is irradiated with a beam of charged
particles while the workpiece is mechanically recip-
rocated along Y-axis and while the charged parti-
cles of the beam proceed along Z-axis and while
the beam of charged particles reciprocates along X-
axis and conducts scanning electromagnetically-
controlled, and a tilt angle, formed between a sur-
face of the workpiece and the Y-axis, can be set at
a value more than 0°, and the X-axis, Y-axis and the
Z-axis being mutually substantially perpendicular,
the method comprising the steps of:

measuring a first current density distribution in
the scanning direction of the beam of charged
particles at a first Z- coordinate and also meas-
uring a second current density distribution in
the scanning direction of the beam of charged
particles at a second Z-coordinate;

determining the current density distribution in
the scanning direction of the beam of charged
particles at an arbitrary Z-coordinate, by inter-
polation or extrapolation by using the first and
the second current density distribution, to ad-
just the current density distribution in the scan-
ning direction of the beam of charged particles
to compensate the deviation from a desired cur-
rent density distribution which is caused by the
variation of the Z-coordinate on the tilted work-
piece; and

adjusting the current density distribution in the
scanning direction of the beam of charged par-
ticles at the arbitrary Z- coordinate in the work-
piece by modifying a scanning electric wave-

form, which is the waveform of the deflection
voltage and/or electrical deflection current for
magnetic deflection of the beam of charged
particles, to relatively reduce a scanning speed
at a position where the current density is to be
increased in the current density distribution
and/or to relatively increase the scanning
speed of the beam of charged particles at a po-
sition where the current density is to be de-
creased, according to the determined current
density distribution in the scanning direction of
the beam of charged particles at the arbitrary
Z-coordinate in the workpiece.

2. A method of irradiating by a beam of charged par-
ticles comprising the steps according to claim 1 and
further comprising the steps of:

determining a plurality of scanning electric
waveforms of the beam of charged particles for
adjusting the desired current density distribu-
tion at a plurality of chosen Z-coordinates in the
workpiece;

calculating the Z-coordinate at which the beam
of charged particles is incident upon the work-
piece by using the tilt angle and a momentary
Y-coordinate at which the beam of charged par-
ticles incidents upon the workpiece;

selecting successively a scanning electric
waveform in which the chosen Z-coordinate co-
incides with or is closest to the Z-coordinate
calculated before, from the plurality of scanning
electric waveforms determined previously; and

conducting irradiation on the workpiece by the
beam of charged particles, which conducts
scanning controlled by the selected scanning
electric waveform.

3. A method of irradiating by a beam of charged par-
ticles comprising the steps according to claim 1 and
further comprising the steps of:

determining a plurality of scanning electric
waveforms of the beam of charged particles for
adjusting the desired current density distribu-
tion at a plurality of chosen Z-coordinates in the
workpiece;

calculating the Z-coordinate at which the beam
of charged particles is incident upon the work-
piece by using the tilt angle and a momentary
Y-coordinate at which the beam of charged par-
ticles incidents upon the workpiece;

weighting a difference between the plurality of
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scanning electric waveforms, which have been
previously determined, by the Z-coordinate
which has been calculated before;

calcuiating successively the scanning electric
waveform with respect to each Z-coordinate
which has been calculated before; and

conducting irradiation on the workpiece by the
beam of charged particles, which conducts
scanning controlled by the calculated scanning
electric waveform.

Patentansprüche

1. Verfahren zum Einstellen einer Stromdichtevertei-
lung in der Abtastrichtung eines Strahles geladener
Teilchen

das Verfahren wird in einer Vorrichtung ange-
wendet in der ein Werkstück mit einem Strahl gela-
dener Teilchen bestrahlt wird, während das Werk-
stück mechanisch längs der Y-Achse bewegt wird,
während sich die geladenen Teilchen des Strahles
längs der Z-Achse fortbewegen, und während sich
der Strahl geladener Teilchen längs der X-Achse
hin und herbewegt und elektromagnetisch gesteu-
ert eine Abtastbewegung ausführt, und ein Nei-
gungswinkel, der zwischen einer Oberfläche des
Werkstückes und der Y-Achse gebildet ist, kann auf
einen Wert gesetzt werden, der größer als 0° ist,
und die X-Achse, Y-Achse und die Z-Achse stehen
im Wesentlichen gegenseitig senkrecht aufeinan-
der,

das Verfahren umfasst die Schritte:

Messen einer ersten Stromdichteverteilung in
der Abtastrichtung des Strahls geladener Teil-
chen bei einer ersten Z-Koordinate und Mes-
sen einer zweiten Stromdichteverteilung in der
Abtastrichtung des Strahls geladener Teilchen
bei einer zweiten Z-Koordinate;

Bestimmen der Stromdichteverteilung in der
Abtastrichtung des Strahls geladener Teilchen
bei einer beliebigen Z-Koordinate durch Inter-
polation oder Extrapolation unter Verwendung
der ersten und der zweiten Stromdichtevertei-
lung, um die Stromdichteverteilung in der Ab-
tastrichtung des Strahls geladener Teilchen
einzustellen, um die Abweichung von einer
Sollstromdichteverteilung zu kompensieren,
die durch die Änderung der Z-Koordinate auf
dem geneigten Werkstück hervorgerufen wird;
und

Einstellen der Stromdichteverteilung in der Ab-
tastrichtung des Strahls geladener Teilchen auf

dem Werkstück bei der beliebigen Z-Koordina-
te durch Ändern einer elektrischen Ablenkwel-
lenform, das ist die Wellenform der Ablenk-
spannung und/oder des elektrischen Ablenk-
stromes für eine magnetische Ablenkung des
Strahles geladener Teilchen, um eine Abtast-
geschwindigkeit relativ zu verkleinern, an einer
Stelle an der die Stromdichte in der Stromdich-
teverteilung zu vergrößern ist und/oder um die
Abtastgeschwindigkeit des Strahls geladener
Teilchen relativ zu erhöhen, an einer Stelle an
der die Stromdichte zu verkleinern ist, entspre-
chend der bestimmten Stromdichteverteilung
in der Abtastrichtung des Strahles geladener
Teilchen bei der beliebigen Z-Koordinate in
dem Werkstück.

2. Verfahren zum Bestrahlen mittels eines Strahles
geladener Teilchen, wobei das Verfahren die Schrit-
te gemäß dem Anspruch 1 einschließt und ferner
die Schritte umfasst:

Bestimmen mehrerer elektrischer Ablenkwel-
lenformen des Strahles geladener Teilchen
zum Einstellen der Sollstromdichteverteilung
bei mehreren ausgewählten Z-Koordinaten in
dem Werkstück;

Berechnen der Z-Koordinate bei der der Strahl
geladener Teilchen auf das Werkstück trifft un-
ter Verwendung des Neigungswinkels und ei-
ner momentanen Y-Koordinate, bei der der
Strahl geladener Teilchen auf das Werkstück
trifft;

sukzessives Auswählen einer elektrischen Ab-
lenkwellenform, bei der die ausgewählte Z-Ko-
ordinate mit der zuvor berechneten Z-Koordina-
te übereinstimmt oder dieser am Nächsten
liegt, aus den mehreren zuvor bestimmten
elektrischen Ablenkwellenformen; und

Bestrahlen des Werkstückes mit dem Strahl
geladener Teilchen, der eine Abtastbewegung
ausführt, die durch die ausgewählte elektrische
Ablenkwellenform gesteuert wird.

3. Verfahren zum Bestrahlen mittels eines Strahles
geladener Teilchen, wobei das Verfahren die Schrit-
te gemäß dem Anspruch 1 einschließt und ferner
die Schritte umfasst:

Bestimmen mehrerer elektrischer Ablenkwel-
lenformen des Strahles geladener Teilchen,
zum Einstellen der Sollstromdichteverteilung
bei mehreren ausgewählten Z-Koordinaten in
dem Werkstück;
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Berechnen der Z-Koordinate bei der der Strahl
geladener Teilchen auf das Werkstück trifft un-
ter Verwendung des Neigungswinkels und der
momentanen Y-Koordinate, bei der der Strahl
geladener Teilchen auf das Werkstück trifft;

Gewichten einer Differenz zwischen den meh-
reren zuvor bestimmten elektrischen Ablenk-
wellenformen mittels der zuvor berechneten
Z-Koordinate;

sukzessives Berechen der elektrischen Ab-
lenkwellenform in Bezug auf jede zuvor berech-
nete Z-Koordinate; und

Bestrahlen des Werkstückes mit dem Strahl
geladener Teilchen, der eine Abtastbewegung
ausführt, die durch die berechnete elektrische
Ablenkwellenform gesteuert wird.

Revendications

1. Procédé d'ajustement de la distribution de la den-
sité de courant suivant la direction de balayage d'un
faisceau de particules chargées,

le procédé étant appliqué à un appareil dans
lequel une pièce est irradiée au moyen d'un fais-
ceau de particules chargées tandis que la pièce est
mécaniquement soumise à un mouvement suivant
un axe Y, tandis que les particules chargées du fais-
ceau avancent suivant l'axe Z, et tandis que le fais-
ceau de particules chargées effectue un mouve-
ment de va-et-vient suivant l'axe X et effectue un
balayage électromagnétiquement commandé, et
que l'angle d'inclinaison formé entre une surface de
la pièce et l'axe Y peut être fixé à une valeur supé-
rieure à 0°, l'axe X, l'axe Y et l'axe Z étant sensible-
ment perpendiculaires entre eux,

le procédé comprenant les opérations
suivantes :

mesurer une première distribution de densité
de courant dans la direction de balayage du
faisceau de particules chargées en une premiè-
re coordonnée Z et mesurer également une
deuxième distribution de densité de courant
dans la direction de balayage du faisceau de
particules chargées en une deuxième coordon-
née Z ;
déterminer la distribution de densité de courant
dans la direction de balayage du faisceau de
particules chargées en une coordonnée Z arbi-
traire, par interpolation ou extrapolation au
moyen des première et deuxième distributions
de densité de courant, afin d'ajuster la distribu-
tion de densité de courant suivant la direction
de balayage du faisceau de particules char-

gées pour compenser l'écart pris par rapport à
une distribution voulue de densité de courant
qui est provoqué par la variation de la coordon-
née Z sur la pièce inclinée ; et
ajuster la distribution de densité de courant sui-
vant la direction de balayage du faisceau de
particules chargées au niveau de la coordon-
née Z arbitraire de la pièce en modifiant la for-
me d'onde électrique de balayage, qui est la
forme d'onde de la tension de déviation et, ou
bien, du courant de déviation électrique asso-
cié à la déviation magnétique du faisceau de
particules chargées, afin de réduire relative-
ment la vitesse de balayage en une position où
la densité de courant doit être augmentée dans
la distribution de densité de courant et,

ou bien, d'accroître relativement la vitesse de ba-
layage du faisceau de particules chargées en une
position où la densité de courant doit être diminuée,
en fonction de la distribution déterminée de densité
de courant suivant la direction de balayage du fais-
ceau de particules chargées à la coordonnée Z ar-
bitraire de la pièce.

2. Procédé d'irradiation au moyen d'un faisceau de
particules chargées, comprenant les opérations de
la revendication 1 et comprenant en outre les opé-
rations suivantes :

déterminer une pluralité de formes d'onde élec-
triques de balayage du faisceau de particules
chargées afin d'ajuster la distribution voulue de
densité de courant en une pluralité de coordon-
nées Z choisies de la pièce ;
calculer la coordonnée Z pour laquelle le fais-
ceau de particules chargées arrive sur la pièce
en utilisant l'angle d'inclinaison et une coordon-
née Y momentanée à laquelle le faisceau de
particules chargées arrive sur la pièce ;
sélectionner successivement une forme d'onde
électrique de balayage dans laquelle la coor-
donnée Z choisie coïncide avec la coordonnée
Z précédemment calculée ou est la plus proche
de cette coordonnée, à partir de la pluralité de
formes d'onde électriques de balayage déter-
minées précédemment ; et
effectuer l'irradiation de la pièce au moyen du
faisceau de particules chargées, qui effectue
un balayage commandé par la forme d'onde
électrique de balayage selectionnée.

3. Procédé d'irradiation au moyen d'un faisceau de
particules chargées, comprenant les opérations de
la revendication 1 et comprenant en outre les opé-
rations suivantes :

déterminer une pluralité de formes d'onde élec-
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triques de balayage du faisceau de particules
chargées afin d'ajuster la distribution voulue de
densité de courant en une pluralité de coordon-
nées Z choisies de la pièce ;
calculer la coordonnée Z pour laquelle le fais-
ceau de particules chargées arrive sur la pièce
en utilisant l'angle d'inclinaison et une coordon-
née Y momentanée à laquelle le faisceau de
particules chargées arrive sur la pièce ;
pondérer la différence entre la pluralité de for-
mes d'onde électriques de balayage, qui ont
été précédemment déterminées, au moyen de
la coordonnée Z qui a été calculée
précédemment ;
calculer successivement la forme d'onde élec-
trique de balayage par rapport à chaque coor-
donnée Z qui a été calculée précédemment ; et
effectuer l'irradiation de la pièce au moyen du
faisceau de particules chargées, qui effectue
un balayage commandé par la forme d'onde
électrique de balayage calculée.
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