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A large negative ion source for JT-60U produces high current ion beam from a wide
extraction area of 45 cm x 110 cm. On the other hand, a cross-sectional area of the
negative ion based neutral beam (NNB) injection port on JT-60U is narrow, about 50
cm x 60 cm. In order to inject the neutral beam at a high geometric efficiency, i.e. to
suppress beam loss in the beamline, it is necessary to steer the beam for both
compensation of undesirable beam deflection in extractor and focusing of the beam. For
the JT-60U, two methods are provided for the required beam steering. Among them the
results of beam steering experiment by aperture displacement and the design study are
summarized in the present report. The experiment was carried out with 400 keV
negative ion source, which has the three stage accelerator of similar structure as the JT-
60U ion source, at Negative Ion Acceleration Test Stand (NIAS). High energy negative
ion beams of the same perveance as that of 500 keV full power operation of the JT-60U
ion source were steered with displacement of electron suppression grid and grounded
grid for the beam deflection compensation and the focusing. The experimental results of
the high energy beam steering are discussed based on the thin lens theory. Then the
aperture arrangement of electron suppression grid and grounded grid are designed for
the large negative ion source of JT-60U NNB injector.
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1. INTRODUCTION

The large negative ion source for JT-60U produces high current ion beam from
a wide extraction area of 45 cm x 110 cm. On the other hand, a cross-sectional area of
negative ion based neutral beam (N-NB) injection port on JT-60U is narrow, about 50
cm X 60 cm in the area. There are two issues to inject the neutral beam at a high
geometric efficiency. One is to focus the beam produced from the wide grid area into
the narrow port. The other is to compensate an undesirable beam deflection due to
magnetic field in the extractor. In order to suppress beam loss in the beamline, beam
steering is necessary for both focussing and the compensation of the deflection. In JT-
60U ion source two methods are provided for the required beam steering.

The large extraction/acceleration grids of the JT-60U ion source are divided
into five segments. Each segment of which dimension is 45 cm wide and 18 ¢cm long is
lined up vertically to compose the wide extraction/acceleration area. The center segment
is adjusted to emit the beam in parallel to the beamline axis. The two neighbor segments
are 0.5° inclined with respect to the center segment. Next two outer segments are 0.5°
inclined further. Then the beam is fired straightforward so as to be focused at 28 m
downstream from the source. This is the primary method of the beam focusing, what is
called as 'geometric focus', adopted in the JT-60U ion source. The geometric focal point
of the real JT-60U ion source was already verified using a laser assisted aperture
alignment device.

Another method is the steering of beamlet by aperture displacement, which
have been widely used in the existing positive ion based NB systems [1, 2, 3, 4]. The
steering of negative ion beam [5, 6] was examined and characterized with the source
composed of an extractor and a single stage accelerator at high current negative ion
source test stand (ITS-2M). Based on the results obtained in the single stage accelerator,
design of the beam focusing was studied as described in the design report of JT-60U N-
NBI[7].

In the earlier experiment at ITS-2M, fine beamlets of which divergence was
nearly 5 mrad were obtained by optimizing the beam optics. Consequently negative ion
deflection due to magnetic field in the extractor was found by measuring precise
position of each beamlet downstream. In JAERI electrostatic extractor small permanent
magnets are embedded between apertures to form a dipole magnetic field in the
extraction gap. This magnetic field is utilized for electron suppression accompanying
the ions. Since the magnets are arranged in alternative polarity in each aperture row,
negative ions are deflected in the alternative direction line by line. The beam deflection
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angle ranging from 5 to 10 mrad was observed. In this series of experiment, it was
demonstrated that the beamlet deflection due to the magnetic field could be
compensated with beamlet steering by aperture displacement in the electron suppression
grid.

Obijectives of the present experiment were:

1) to demonstrate the high energy negative ion beam steering with the three
stage accelerator of similar structure as the JT-60U ion source.

2) to characterize the beamlet steering by aperture displacement in the
accelerator of this structure.

3) to determine reasonable displacement for the JT-60U ion source for both

beam focusing and the deflection compensation.

The present report describes the steering of the high energy beam by aperture
displacement and its application for the JT-60U ion source. The experiment was carried
out with 400 keV negative ion source, at Negative Ion Acceleration Test Stand (NIAS).
High energy negative ion beams of the same perveance as that of the JT-60U source at
the full power operation (500 keV 22 A) were steered with displacement of electron
suppression grid and grounded grid for the beam deflection compensation and the
focusing. The experimental results of the high energy beam steering were discussed
based on the thin lens theory. Then the aperture arrangement of electron suppression
grid and grounded grid are determined for JT-60U ion source.

2. EXPERIMENTAL SETUP

A cross sectional view of "400keV negative ion source" used in the present
experiment is show in Fig. 1. The extractor/accelerator has the similar structure [8] as
the JT-60U source to simulate high energy acceleration of JT-60U NNBI. The
schematic of the extractor/accelerator grids is also illustrated in Fig. 2 with the electric
wiring. Three grids in the extractor are called as plasma grid (PLG), extraction grid
(EXG), and electron suppression grid (ESG), as shown in the figure. The negative ions
produced in KAMABOKO plasma generator [9] are extracted from the extractor
apertures of which diameter are 14 mm. The accelerator is a three stage electrostatic
accelerator consists of three grids, named Al1G, A2G and GRG, to downstream
respectively. The extractor and each grid in the accelerator are placed so that the
acceleration gap is to be 75 mm, 65 mm and 55 mm in between. The aperture diameter
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in the accelerator grids is 16 mm¢. These parameters concerning beam optics were
taken to be equivalent as those of JT-60U source [10]. The 400 kV DC high voltage
applied for the acceleration is sustained with three insulator columns made of filament
winding type fiber reinforced plastic.

The grid aperture arrangements in ESG and GRG with displacement are
illustrated in Fig.3 and 4, respectively. Out of 49 apertures arranged in 7 x 7 array, "E"
shaped pattern of apertures in the top, center, bottom lines and the left column were kept
aligned so as to produce unsteered beamlets. The rest of apertures, i.e. in second, third,
fifth and sixth lines from the top of the illustration, were displaced with respect to
apertures in the other grids. The polarity of the magnets embedded in EXG is
superimposed in left hand side of the Fig.3. As shown in the figure, the polarity changes
alternatively line by line. Hence the beamlets extracted from apertures in second and
third lines are deflected in opposite direction each other due to the alternative polarity.
The beamlets from apertures in fifth and sixth lines are also deflected as the same
manner. The beamlet steering was observed with displacing the apertures every 0.2mm
up to 1.0 mm in ESG, and every 1.0 mm up to 6.0 mm in GRG in the present
experiment. (Accuracy of the aperture machining and assembly is less than 0.05 mm.)

The intermediate voltages for the three stage acceleration were supplied from
voltage divider consisted of a series resistor at NIAS. Hence the voltage is perturbated if
much beam current (~ 0.1 A) is flowed in the grids with respect to the breeder resister
current (0.5 A). To avoid this voltage perturbation, the beam was extracted only from
fourteen apertures in two lines, an aligned and a displaced aperture lines, out of 49
aperture array. Then the other apertures were masked during the series of experiment.
This enabled us to operate the source at the same perveance as that of 500 keV, 22 A
operation of JT-60U source.

The beamlet profile and the precise position were measured by observing the
light emitted from interaction of beam and residual gas in the beamline with a video
monitor located 1581 mm downstream from GRG of the source.

3. RESULT AND DISCUSSION
3.1 Beamlet profile measurement
An example of the measurement with the video monitor is shown in Fig. 5. The

figure shows the beamlet profiles produced from two apertures in an aligned line. Since

reflected light from background and the beam plasma is also measured in the video, the
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beamlet profile becomes a relatively broad one than the real beamlet. The beamlet
divergence was in a range of 8 ~ 9 mrad through the present experiment.

A profile of the beamlets produced from a line of aligned apertures is shown in
Fig. 6. The aperture pitch between the aligned apertures is 19 mm as shown in Fig. 3
and 4. However, the measured beamlet pitch was wider than the apertures pitch in
particular in the peripheral beamlets. This indicates that beamlets produced from aligned
apertures are already deflected. Due to extruded grid support structure from the
grounded flange into the 400 keV accelerator, the electric field around the grounded
grid is distorted so much. The electrostatic field between the grids is spherically curved
so as to smoothly trace the grid and the support shape. Although a metal ring (See Fig.
1) was installed around the grid to form a parallel field between the grids, it resulted in a
slight over-compensation to form a concave field. This is the reason why the aligned
beamlets are measured with the wider pitch.

The measured profiles obtained with the video monitor contained many noise
spikes as shown in Fig. 6. The more spikes were observed in the production of higher
power beam. The origin of the noise is supposed as the bremsstrahlung caused by
acceleration of electrons [11]. The beam profile was obtained several times at a series of
beam operation. Then an average of the beamlet pitches was examined in the present

experiment so that the error due to the noise did not affect to the measurements.
3.2 Beamlet steering by aperture displacement in GRG

Among aperture arrangement shown in Fig. 4, center aperture line (4th line;
aligned) and its upper and lower lines (3rd and 5th lines; displaced) were measured in
the present experiment. A result of the beamlet measurement produced from the GRG
displaced apertures are shown in Fig. 7. As in the figure, the distances between each
beamlet are expanded than those of aligned beamlets in Fig. 6. This is due to the
beamlet steering by aperture displacement. The steering angle was obtained by
comparing the beamlet pitches produced from aligned and displaced apertures.

The steering angle observed at beam energy of 310 keV is shown in Fig. 8 as a
function of the aperture displacement. The sign of the abscissa (direction of
displacement) was taken to be plus if an aperture is displaced in the same direction as
the magnetic deflection. (Note that a beam produced from the aperture displaced in plus
direction is steered in minus direction in ESG. That is, both steering and deflection take
place in the same direction if displaced in minus direction.) An analytical result
obtained with the thin lens theory (6 = 0.00164 §, 8: steering angle, &: displacement) is
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also drawn in the figure. Findings here can be summarized as follows:

1) Deviations of the experimental results obtained with displacement of £1 mm
and +4 mm are due to the distorted electric field near the compensation ring.

2) The experimental data show slightly larger steering angle than the analysis.
This is due to an effect of finite thickness of the actual grid, where electric
field penetrates deeply into the thick aperture. The electric field in the
aperture is deformed with an unpredicted small curvature. Then the beamlet
are steered with a large angle by the electric field of small curvature.

3) The steering angle is lager in steering of minus direction than plus direction.
This is supposed that the uncompensated magnetic deflection slightly
affected in the steering in the GRG.

4) Considering above discussions, it is concluded that the experimental data

show almost good agreement with the analytical result.

The above results are obtained with beam optics keeping the same as that of the
JT-60U ion source. Also one thing it should be noted is that the beam steering by the
GRG displacement is not affected so much to the beam energy. From these it is
expected that the steering by the aperture displacement is effective for focusing of the
JT-60U N-NBI negative ion beam.

As described in the design report [7], it is necessary to displace aperture so
much to focus the whole beam produced from the wide grid of JT-60U source to a focal
point in the narrow port. However it was anticipated that the high energy beam was
intercepted by the grid due to so much aperture displacement. Even if the beam does not
intercepted it might suffer deterioration of the beam quality due to the irregular electric
field curvature in the aperture peripherals.

In the beam profile shown in Fig. 7, the left side peak indicates a beamlet
produced from aligned aperture, then the others are the steered beamlets. The right hand
side beamlet, which suffered the displacement of 6 mm, looks like having a broadened
profile. It was found that the beamlet divergence produced from aperture displacement
more than 4 mm was larger than those obtained with smaller displacement.

The beamlet divergence obtained from aligned and displaced (8= 4 mm)
apertures in GRG are shown in Fig. 9 as functions of negative ion current density. At
the perveance equivalent to the full power operation of JT-60U source (310 keV, JH =
9 mA/cm?), the divergence of beamlets produced from displaced apertures of up to 4

mm is the same as that obtained from the aligned aperture. Since the perveance curve is
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almost the same with and without displacement up to 4 mm, it is also considered that
the steered beamlets did not hit the grid. (The steered beamlets showed a smaller
divergence at the current lower than that giving the minimum divergence in aligned
beamlets. This is because that those peripherals of steered beamlet are cut due to
interception at the mismatched perveance.) It is concluded that the aperture
displacement should be limited by 4 mm in GRG for the application to the JT-60U ion

source.
3.3 Beamlet deflection by magnetic field in EXG

The center and bottom aperture lines, where the apertures were aligned as
shown in Fig. 3, have an opposite polarity of magnetic field. Then the beamlets
produced from these apertures are deflected in the opposite direction each other. Fig. 10
shows a result of the deflection angle measured at various beam energies. The deflection
angles produced from each column of the aligned aperture lines are shown in the figure.
The data points are scattered so much. This is due to beam deflection by curved electric
field in the extruded grid support structure as mentioned in section 3.1. Both deflections
due to the magnetic field and the curved electric field are appeared in the figure. In
order to look only at the magnetic deflection, the unfavorable effect of electric field
must be eliminated. The column E (See right hand side of Fig. 10) is located in the
center column of the aperture arrangement, where the electric field is expected to be
parallel to the grids. Hence the data of column E is considered to be most reliable.
Hereafter the data on column E are referred to the following discussion.

Fig. 11 presents a log plot of the result of Fig. 10. The data points obtained in
column E is shown in open circle. The data obtained in earlier experiment [5. 6] with 10
A (ten ampere) source is also shown in open triangle in the figure. The magnet for
electron suppression used in 10 A source was 2.7 mm x 4.7 mm in the cross-sectional
area. Whilst the magnets size in both 400 keV source and JT-60U source are twice
larger, 5.4 mm x 4.7 mm in the cross-section.

From Larmor gyro radius of ions in a magnetic field, the beamlet deflection
angle @ is proportional to:

¢~BlI/VE (1)

Here,
Magnetic flux: B
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Distance of effective magnetic field: 1
Beam energy in the magnetic field: E

The magnets of 400 keV source and JT-60U source form the magnetic field of
twice lager "Bl" than that of 10 A source. For a direct comparison the result obtained
from 10 A source is multiplied by two and shown in closed triangle.

As in the formula (1) the deflection angle is proportional to -1/2th power of the
beam energy. The data indicated with triangle reaches to the line proportional to E™?
asymptotically in low energy range. Whilst the deflection angle decreased further than
the E"? dependency. This is an effect of axial acceleration and beam steering at GRG in
the single stage accelerator.

The result obtained in the present experiment show the E'? dependency except
for the data obtained at 160 keV. If we extrapolate the present result to 500 keV full
acceleration of JT-60U source, the deflection angle is predicted to be 5 mrad.

3.4 Beamlet steering by aperture displacement in ESG

Steering angle with ESG displacement was measured in the energy range of
160 ~ 300 keV. The steering angle is shown in Fig. 12 as a function of the displacement
for various beam energies. The data points are scattered as well as those of deflection.
This is again due to the curved electric field. Hence the results with displacement of 0.2
mm and 1.2 mm, which were arranged in peripherals of the grid aperture arrangement,
are not reliable. The fitting line in the figure, which was drawn considering these
discussions, shows that the steering angle is almost proportional to the displacement.

The steering angle for unit displacement is obtained as presented in Fig. 13
from slopes of the fitting line in Fig. 12. The steering angle per unit displacement
increases with the energy and shows saturation at the high energy regime. The steering
angle at 300 keV is about 8 mrad/displacement in mm. (The energy dependence of the
steering angle is also plotted in Fig. 11 in closed circle with the results of deflection.)

In the thin lens theory adopted in the extractor/single stage accelerator, the

steering angle by ESG displacement is derived as follows;

Vext )“2 OESG

0EsG =
ESG Vext + Vaccl Facci (2)

Where,
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Vext:  Extraction voltage

Vaccl: Acceleration voltage applied between ESG and A1G
Ogsg:  Displacement in ESG

Faccl: Focal length of electrostatic lens in ESG, given as

Faccl =4Vext / (Eacci - Eext) 3)

Eacci and Eext are electric field in first acceleration gap (gap length: daccl) and
extraction gap (gap length: dext), respectively. Now it is obvious that it is not
appropriate to adopt the thin lens approximation for the ESG lens, since EXG seems
thick enough to isolate the ESG lens from electric field in the extraction gap, Eext. Then
neglecting Eext as a first order approximation, the focal length, Faccl, is simply given
as;

4V 4V,
F . ext — ext d
accl Eot Vel accl “)

Then substituting the formula (4) into the formula (2), we obtain proportional
relation between OESG and JESG:

Besc 1 l Vacel
SESG Vaccl 4 Vext
1+
Vext

dacc1

&)

In the present experiment the ratio Vext/Vaccl was kept constant to produce
the beam at the same perveance as the JT-60U ion source. Thus the steering angle at
ESG is predicted to be independent of the beam energy from the thin lens theory. This
suggests a good agreement of the analysis with the saturation tendency of the steering
angle observed at higher energy range. Here it is concluded that the steering angle of
about 8 mrad/mm is expected by ESG displacement in the energy range above 300 keV
to 500 keV.

4. DESIGN OF APERTURE DISPLACEMENT FOR JT-60U SOURCE

4.1 Design concept
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Almost ten years ago, it took several years to achieve high reliability in
positive-ion-based NB system. At JET NBI [2] one of the initial troubles was in the
beam steering by the aperture displacement. They adopted the linear optics theory
directory into deceleration grid of PINI source. The deceleration grid was thick enough
to immerse the deceleration electric field in the aperture to suppress the backstream
electron. As the result, the analysis based on the thin lens assumption gave an
underestimation in the steering angle; i.e. the beams were over focused. Then the beam
caused a high heat flux in the beamline. Generally the over focused beam causes a
higher heat flux in the beamline than in a case of under focus. For JT-60U source this

experience was also utilized in the present design.

1) The steering angle to be obtained in the JT-60U source is assumed as 1.5 times larger

than the analysis.

In the GRG displacement, the present experiment showed 20 % larger steering
angle than the analysis. One of the reasons to this is considered due to the finite
thickness of the real grids. Further, the GRG thickness of JT-60U source (20 mm) is
thicker than the grid used in the present experiment (10 mm). Another point that should
be mentioned is that the grid in the JT-60U source has a 45° cut around the aperture.
This cut allows the electric field immerse deeply into the aperture, consequently the
beam is steered more than that without the cut by the deeply penetrated curved field in

the aperture.

2) As for GRG design, the beams are steered so as to be focused on a segment axis at 28
m downstream. Whilst the maximum displacement should be limited by 4mm.

In the shorter direction of the GRG segment, the apertures are displaced so that
the beams are steered and focused on the segment axis at 28 m downstream. Then the
apertures are displaced as large as possible in the longer direction of the segment within

the limit of total displacement of 4 mm.
4.2 Displacement in GRG for beam focusing

Based on the experimental result and discussion above, the aperture
arrangement of GRG in the JT-60U source was designed as shown in Fig. 14. The
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figure indicates how the apertures are displaced as the position in a segment. The
pitches of the apertures in aligned grids are 21 mm in shorter direction of the segment,
and 19 mm in the longer direction. Then the apertures in GRG are displaced so that the
pitches are 21.3 mm (shorter direction) and 19.3 mm (longer direction).

Outside of the aperture area for the beam production, four supplemental
apertures are drilled on the corner for the alignment of the segment. The apertures for
beam and alignment would be overlapped each other on the corner of the peripheral
arrangement, if the wider pitch was adapted to all apertures in longer direction.
Displacement of each two apertures next to the alignment apertures is reduced properly.

The originally designed focal point was 23660 mm from the source.
According to the present design, the new focal point is estimated to be 28 m
downstream from the source, inside of JT-60U vacuum vessel. With this focal length

the heat load in the beamline was already evaluated to be blow a permissible level [12].

4.3 Displacement in ESG for compensation of deflection

From the result and discussion in section 3.3, required ESG displacement to

compensate the magnetic deflection is given as follows,

(Deflection angle by magnetic field (rad))

- — = 0.6 mm
(Steering angle by unit displacement (rad/mm))

(6

Here, considering the concept 1) in the section 4.1, the displacement of ESG
was decided to be 0.5 mm. The aperture arrangement of ESG in a segment is designed
as shown in Fig. 15 for the JT-60U source.

5. Summary

Steering of high energy beam by aperture displacement was studied using 400
keV negative ion source at NIAS, which has a similar three stage accelerator as the JT-
60U large negative ion source. Based on the experimental result, aperture arrangement
of electron suppression grid (ESG) and grounded grid (GRG) were designed for JT-60U

ion source.
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(1) The steering angle obtained with grounded grid displacement showed almost good
agreement with the analytical result based on the thin lens theory. At the perveance
equivalent to the full power operation of the JT-60U source (310 keV., JH =9 mA/cm’),
the divergence of beamlets produced from displaced apertures of up to 4 mm is the
same as that of the aligned aperture. It was confirmed that the steered beamlets did not

hit the grid if the aperture displacement is limited by 4 mm in GRG.

(2) Both the steering and deflection angles showed a -1/2th power dependency on the
beam energy. If we extrapolate the present result to 500 keV full acceleration of the JT-
60U source, the deflection angle is predicted to be 5 mrad. The steering angle at 500
keV is expected to be about 8.25 mrad/unit displacement in milli-meter.

(3) Considering the finite thickness of the real grid, the steering angle by GRG
displacement to be obtained in the JT-60U source was assumed as 1.5 times larger than
the analysis. Then the apertures in GRG were displaced so that the aperture pitches are
21.3 mm (aligned: 21 mm) in shorter direction and 19.3 mm (aligned: 19 mm) in longer
direction.

(4) The displacement of ESG in JT-60U source was decided to be 0.5 mm for
compensation of the magnetic deflection.
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experiment and design were completed through supports from staffs in the NBI Heating
Laboratory and the NBI Facility Division. They are grateful to Dr. Y. Seki, Dr. T.
Tsunematsu, Dr. A. Kitsunezaki, and Dr. S. Matsuda for continuous encouragement s
and supports.



JAERI-Tech 2000-023

References

[1] M. Kuriyama et al., "The design, Research and Development of JT-60 Neutral Beam
Injector” (in Japanese), JAERI-M 87-169, Oct. (1987).

[2] G. Duesing, Fusion Technology 1984 (Proc. of 13th SOFE), CEC/Pergamon press,
Volume 1 p. 59, Varese, Sept. 24-28 (1984).

[3]Y. Okumura et al., Rev. Sci. Instrum. 51/4, 471 (1980)

[4]Y. Ohara, Japanese J. Appl. Phys., 18/2, 351 (1979)

{5] T. Inoue, "Steering of H Beamlet by Aperture Displacement”, Proc. IAEA
Technical Committee Meeting on Negative Ion Based Neutral Beam Injectors p.189,
JAERI Naka, Nov. 11-13 (1991).

[6] T. Inoue et.al., "Steering of H- Beamlet by Aperture Displacement", to be appeared
in Japan Atomic Energy Research Institute report, JAERI-Tech (1999).

[7] NBI Facility Division, NBI Heating Laboratory, "Design study of a negative-ion
based NBI system for JT-60U" (in Japanese), JAERI-M 94-072, March, 1994.

[8] K. Miyamoto et.al., "Development of a 400 keV multistage electrostatic accelerator
for neutral beam injectors”, Proc. 16th SOFT, Karlsluhe, Aug. 22-26 (1994).

[9] T. Inoue et.al., "Merging pre-accelerator for high current H ion beams", to be
appeared in Rev. Sci. Instrum. July (1995).

[10] Y. Okumura et.al.,, Proc. 6th Int. Symp. on Production and Neutralization of
Negative Ions and beams, AIP Conf. Proc. No. 287, 839, Upton NY, Nov. (1992).
[I11] M. Mizuno et.al., Proc. 6th Int. Symp. on Production and Neutralization of
Negative Ions and beams, AIP Conf. Proc. No. 287, 710, Upton NY, Nov. (1992).
[12] M. Kazawa, "Heat load on the N-NBI beam limiter" (in Japanese), Internal memo

of NBI Facility Division, 21 September, 1994.



JAERI-Tech 2000-023

'SVIN 1g ,,321n0s uot ®>ﬂ—mwuﬁ A3 00b., JO MIIA [BUOTIIAS-SSOID Y 7 M—hm

wos O 0E 0C OL O

[ T !

weag _H ‘V | ‘A& 00¥

joye|nsu| A3
dtd 8dA1 Buipuipm Juewely - - ™
O : %

ainjonng yoddng puo

Buiy [eley uoiesusdwo:

J

b

10}e18]990Y OHeIS0NI03|3
abeig @01y L

[1Y

.

ainpady-1N YIM SPUD) J0JBI8|R00Y:

19Y14 oneubepy [eusaix

wawejid apoyieD

—5 J

| uoiSsaiddng uosoaj3 oy sjeubepw yim
JOoRIIX3 211e)s04109(3

(a01nog uoj enneban)
lojessusd) ewseld OXOBYINYMA

13



JAERI-Tech 2000-023

i 7 "
* Extraction Gap: 6
] Y

Extraction 396 kV Extraction Grid: 9..
Power Supply EXG ha
:7keV, 4 A vy
396 kV. 3V
| WS
X Electron Suppression A
Grid:ESG 5
_i_ O: Displacement  Ew
—— —————— <
s £8
(D) w ©
x 016 =
8 !
< -
el { First Acceleration
Acceleration <C Grid: A1G
Power Supply N
400 keV, 1.2 A e
[ ] ’g !
@ 2
c [43]
1]
R
o
2) ! Second
— Acceleration Grid:
] A2G
2
) S
g S5
s - 30
S 8
i 2
X ‘i‘& Displacement 2
| Grounded Grid: e-
N GRG 2
i Y
——

Fig. 2. A schematic of the extractor/accelerator grids in 400 keV negative ion source

with the elecric wiring.
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Fig. 8. The steering angle obtained at a beam energy of 310 keV as a function of the
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also drawn in the figure.
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Fig. 11. The log plot of Fig. 10. The data points obtained in column E is shown in open

circle.
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