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(abstract)

Impurity transport processes in the scrape-off layer of

the JIPP T-II device have been studied by a probe method. A

cubical silicon probe was inserted and exposed to 20 identical

tokamak discharges in the scrape-off region. Deposited impurities

were analyzed with use of AES, RBS and PIXE equipments. The main

metallic impurities were molybdenum and iron whose deposition

behavior was almost the same on any side of the probe, and their

fluxes were observed to be 1.2 x 10 /cm 'discharge on the

electron drift side and 5.2 x 10 /cm .discharge on the ion drift

side, respectively at the distance of 18.3 cm from the center

line of the plasma. The mean transport energy of the impurities

striking the probe surface was estimated from the depth concent-

ration profile applying the LSS theory for iron as 90 eV on the

electron drift side and 250 eV on the ion drift side, respectively.

The e-folding length of the scrape-off plasma density was measured

by the radial distribution of a deposited tantalum amount to be

0.64 cm on the electron drift side and 1.73 cm on the ion drift

side, respectively.
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1. Introduction

Surface analysis techniques have been playing an

important role for the study of plasma surface interactions in

tokamak devices in recent years. Elucidation of elementary

processes in the scrape-off plasma of a present day tokamak is

required for the design and construction of a next-step machine.

Particularly, the study of impurity generation processes and

hydrogen isotope recycling at the surface of a first wall have

been current interests using a surface analysis station.

Such measurements have been performed in PLT [1,2], PDX [3-5],

ISX-B [6-9], Doublet III [10], TFR [11] and so on.

In the present experiment we have studied impurity

transport processes in the scrape-off layer of JIPP T-II with

use of a silicon probe for the edge plasma diagnostics. Our

primary concerns in this report are to investigate the flux

and energy of metallic impurities in the scrape-off region as

a function of the radial distance and the direction of the

probe.

2. Experimental

The major radius and the minor radius of the JIPP T-II

tokamak/stellerator hybrid device are 91 cm and 20 cm, respec-

tively. The first wall consists of 304 stainless steel as the

liner and movable limiter, and molybdenum as the fixed ring

limiter.

The analysis of plasma impurities transporting in the

scrpae-off layer was performed examining the probe surfaces
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after exposure to the edge plasma with the use of Rutherford

backsuattering spectroscopy (RBS), Auger electron spectroscopy

(AES) and particle induced X-ray emission spectroscopy (PIXE).

The RBS measurement revealed the total amount of deposited

impurities, while the AES measurement gave the concentration of

impurities existing at the surface layer. The PIXE measurement

was used for the trace element analysis of impurities. The

detailed description of the surface analysis equipments are

given elsewhere [12]

The geometry of a sample probe introduced in the JIPP T-II

system is shown in fig. 1. Four silicon plates with mirror like

surfaces mounted on a tantalum sample probe, and the schematic

diagram is illustrated in fig. 2. Four sides facing different

directions are labeled the upper side (A-side), the electron

drift side (B-side), the plasma front side (C-side) and the

ion drift side (D-side), respectively. The probe was located in

the scrape-off layer at the distance of 17.5 cm from the center

line of the plasma as shown in fig. 1. As the molybdenum fixed

ring limiters were placed at 17.0 cm from the center line of

the plasma, the C-side of the probe was located at the radial

distance of 0.5 cm behind them. The movable limiters made of

304 stainless steel in the present experiment were placed at

18.0 cm from the center line of the plasma.

The probe was exposed to 20 identical discharges. During

an exposure to the edge plasma, the probe was electrically shorted

to the vacuum vessel. Two runs with different discharges of

type-1 and type-2 were examined in the present experiment and a
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typical plasma current and an electron density during each

discharge are shown in fig. 3a and 3b. An electron density ne,

electron temperature Te and ion temperature Tj, at the center

of the plasma are 3.5 x 1013/cm3 , 600 eV and 380 eV for the

type-1 discharge and 1.5 x 10l3/cm3, 750 eV and 290 eV for the

type-2 discharge, respectively.

3. Results and Discussion

Impurities deposited onto the silicon probe from the

plasma were identified by the AES and PIXE measurements as

carbon, oxygen, molybdenum, iron, chromium, nickel, calcium,

potassium, phospholus, sulfur, copper and zinc. The major

metallic impurities among them were molybdenum and iron.

3.1. Flux of metallic impurities as a function of radial

distance.

Figure 4a and 4b show the variation in the areal density

of the retained molybdenum on different sides of the silicon

probe as a function of the distance from the center line of

the plasma for the type-1 and type-2 discharges, respectively.

The position of the molybdenum limiter and the wall are also

indicated in the figures. The areal density of deposited

molybdenum was found to differ significantly depending upon

the side of the probe. The flux of molybdenum impurities on

the D-side was observed to be much larger than any other side

of the probe and the deposition amount on this did not vary

significantly as a function of position. However, the deposition
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amount on B-side decreased with increasing distance from the

plasma. Such a large difference in the amount of impurity

deposition may be due to the fixed ring limiter located about

30 cm away from B-side with which impurity fluxes from a

direction of the electron drift side can be scraped off as shown

in fig. 1.

Significant differences were not observed for the

characteristics of impurity deposition between the two types

of discharge modes as seen in fig. 4a and 4b. However, the

differences in the amount of deposited molybdenum between

the B- and D-sides at the same radial distance were greater for

the type-2 discharge.

Figure 5a, 5b and 5c show the variation in the areal

density of iron, copper and tantalum, respectively deposited

during the type-1 discharge. Almost identical deposition

behavior was observed for molybdenum and iron impurities

including the retained amount and the side dependency of the

probe as seen in fig. la and fig. 2a. These identical results

suggest that the molybdenum and iron impurities may originate

from the same place in the JIPP T-II chamber. This can be

supported by the result of surface analysis of the limiters

with use of PIXE and AES. The surface of the molybdenum ring

limiters was contaminated with a thick layer of 304 stainless

steel which was probably transported from the inner wall of

the vacuum chamber or from other limiters made of 304 stainless

steel. Although the plasma density was considered to decrease

as the probe radial position approached to the wall, the nearer

- 5 -



the sampling position approached to the wall, the larger was

the amount of molybdenum and iron atoms observed on A- and

D-side of the probe. This would be explained by the deposition

of particles from the wall due to sputtering of the surface

materials of the wall by the plasma or due to reflection

and backscattering of transporting impurities from the plasma

at the wall surface.

On the other hand, copper and tantalum showed different

deposition behavior from molybdenum or iron. The amount of

depositied copper on the C-side was the largest as seen in

fig. 5b. The total amount of copper deposited on the probe

was about five times smaller than that of molybdenum or iron.

The retained amount of copper decreased on every side of

the probe as a function of increasing radial position. However,

a copper material was not used for the JIPP T-II vacuum

chamber. Since the deposition behavior of copper was very

different from molybdenum or iron, its source should not

originate from the same place as molybdenum or iron. During the

discharges the antenna made of copper for ICRF heating was

inserted from the port which was located at the azimuth

angle of 135 degrees away from D-side of the probe toward

the toroidal direction. Therefore, the deposition of copper

may be caused by sputtering of the antenna for ICRF heating.

Areal densities of tantalum atoms, on the other hand,

showed a unique radial distribution as seen in fig. 5c.

Since tantalum was not used at any part of the JIPP T-II

chamber, the deposition of tantalum onto the silicon surface
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originated from the sample holder of the probe. The silicon

plates were mounted on the holder by the tantalum foils as

illustrated in fig. 2, so that the tantalum atoms sputtered by

the scrape-off plasma could be transported and deposited on

the surface of the silicon plates. The deposition amount of

tantalum may reflect variation of the plasma density in the

scrape-off region. The relation between the deposition amount

of tantalum atoms N_ and the radial position r in the scrape-off
xa

layer can be expressed in the following equation,

r ~ rlexp( ±-) (1)

where r. is the position of the molybdenum fixed limiter,

namely, 17.0 cm in the present case, and X is the e-folding

length of the scrape-off plasma. From the slope of the loga-

rithmic areal density versus the probe radial position shown

in fig. 5c, the e-folding length of the plasma in each direction

of the probe was obtained as 0.59 cm, 0.64 cm and 1.7 3 cm at

A-, B- and D-side, respectively.

3.2. Transportation energy of metallic impurities.

Depth concentration profiles of deposited impurities were

measured by AES using a sputter-etching technique with argon

ions. In this measurement the etching rate of deposited elements

was assumed to be the same as the value of the substrate silicon

and the preferential sputtering was assumed not to take place.

The sputter-etching rate of the silicon substrate was determined
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before the measurement from the calibrated values asing the

various silicon films whose thicknesses were already known.

Therefore, the depth from the top surface was estimated from the

etching time with the accuracy of monolayer thickness. Figure

6a, 6b and 6c show the depth concentration profiles of main

metallic impurities together with the metallic silicon substrate.

The sampling positions on B- and D- side for fig. 6a and 6c

correspond to the radial position of 18.3 cm from the center

line of the plasma. The depth concentration profiles of the

deposited impurities are found to give a maximum at a certain

depth which differes depending upon impurity elements. The

result of the RBS measurements showed that the total amount of

deposited iron and molybdenum were almost the same as seen

in fig. 4a and 5a, while the AES measurement revealed that the

deposition profile in the direction toward the depth were

different as shown in fig. 6. The depth profile of chromium

is also shown in the figure and is observed to give a very

similar profile to that of iron.

The depth of implanted atoms can be used as a measure

of transportation energy onto the probe surface assuming

the incident particles strike the surface from the normal

direction. The relation between a projected range and

implantation energy is given by the LSS theory [13] . Shiott

derived the following equation for the projected range R of

incident particles with low kinetic energy E which can be

applied to the present case as [14],
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z2/3 + z2/3

C M2 ( E ) V 3 (2)
2/3

where C is the correction factor determined by the mass ratio

of the incident atom Mi and the solid atom M2, and Z\ and Z2

are the atomic number of the incident atom and the solid atom,

respectively.

Figure 7 shows the relation between the projected range

and the incident energy for a silicon target implanted by

iron and molybdenum. The mean transportation energy of various

impurities can be estimated from the depth of maximum

concentration determined from fig. 6 and is summarized in

table 1. The transportation energy of any impurities onto the

ion drift side was larger than the electron drift side or the

plasma front side. Staudenmaier et al [10] observed the same

directioral effect in TFR 600 using a different method from

the present energy analysis and obtained the energy of nickel

Ni z + as Z 2xl0eV and Z2 x 4 eV for the ion -""rift side and the

electron drift side, respectively. They estimated the main

charge states of nickel from coronial equilih---' urn as Z = 4 to 6

which gave the kinetic energy about 250 eV and 100 eV, on the

ion drift siJe and the electron drift side, respectively.

Their results agree well with our present data of the iron

impurity, although the direct comparison cannot be simply

made in the different tokamak devices and for the different

ion species. Sato et al [15] observed radial distribution of
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the charge state of iron impurities in the main plasma using

a vacuum ultraviolet spectrometer during the JIPP T-II tokamak

plasma discharges and found various multicharged Fe z ions

existing in the plasma. And they concluded that the temperature

of impurity ions were almost eaual to that of hydrogen ions.

The relatively high ene:-7y of the present results for impurity

transport in the scrape-off region may be explained by the

acceleration of multicharged ions by the sheath potential.

In the present method of energy analysis it is found

that the energy of impurity particles can be measured regradless

of their charge states.

4. Conclusion

The areal distribuion of deposited metallic impurities

was measured by a surface probe method as a function of the

distance from the plasma. Molybdenum and iron were the main

metallic impurities from the plasma to the wall. Their deposition

behavior was almost identical and suggested the impurity ource

of molybdenum and iron should be the same place in the JIPP T-II

chamber. The flux cf these impurities were the largest on the

ion drift side.

The energy of impurities transported to the probe surface

was estimated by the depth concentration profile. This method

made it possible to measure the kinetic energy of impurity

particles regardless their charge state. The transport energy

for molybdenum and iron onto the ion drift sid° of the probe

was larger than onto the electron drift side.
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Figure Captions

Figure 1. Geometry of the sample prcbe inserted in the

scrape-off layer of JIPP T-II.

Figure 2. Schematic illustration of the silicon probe exposed

to the edge plasma of JIPP T-II.

Figure 3. Typical plasma current and electron density during

the discharge of a) type-1 and b) type-2 in JIPP T-II.

Figure 4. The areal density of molybdenum retained on the

silicon probe versus distance from the plsama for

exposure to 20 identical discharges of a) type-1

and b) type-2.

Figure 5. The areal density of a) iron, b) copper and c)

tantalum on the silicon probe versus distance

from the plasma for exposure to 20 identical

discharges of type-1.

Figure 6. AES depth concentration profiles of impurities

implanted into a) B-side, b) C-side and c) D-side

of the silicon probe.

Figure 7. Energy dependence of the projected range into silicon

for incident iron and molybdenum.

Table 1. Flux and energy of metallic impurity transport

in the scrape-off layer of JIPP T-II.
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Table 1.

Impurity Species

flux (xlO^/cm^discharge) , J*
energy (eV) drif?

Side of the Probe

c**
plasma
front

1.2

130

1.2

100

3.0

80

D*
ion

drift

5.2

250

5.1

130

1.4

170

Iron

Molybdenum

Copper

flux

energy

flux

energy

flux

energy

.1.2

90

1.1

90

0.26

Tantalum flux 0.19 1.5 1.8

* at the radial distance of 18.3 cm from the center line of plasma
and 1.3 cm behind the fixed limiter.

** at the radial distance of 17.5 cm from the center line of plasma
and 0.5 cm behind the fixed limiter.
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