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Processes of retention and thermal release of implanted deuterium and helium from tantalum coatings of multi-
layer composite structure by thermodesorption spectrometry were investigated. The dependences of amount of ac-
cumulated deuterium and helium, and the shape of thermal desorption spectra as functions of the D* and He* ions
fluencies and of the temperature of irradiation were shown. Possible mechanisms of these processes are proposed.

PACS: 61.80.-x, 61.80.Jh

INTRODUCTION

Tantalum and tungsten are considered [1-4] as the
materials used for protective coatings of structures
facing the plasma in CTF facilities. One of the ad-
vantages of their application is the insignificant accu-
mulation of hydrogen isotopes in them under the effect
of plasma flows. Being actual, this problem is studied
intensively [1-7] to increase the radiation resistance of
CTF facilities and to obtain new materials with im-
proved parameters while using the ion implantation
technique. In [5-8] we carried out comprehensive anal-
ysis of the radiation defects formation in matrix, of
capture, retention, and thermal desorption of ion-
implanted deuterium and helium in tungsten coatings
of multilayer composite systems. In this paper the pro-
cesses accompanying the implantation of deuterium
and helium ions into the composite structures with
tantalum coating: capture, retention and release of the
implanted gases from the coating were studied. The
effects of the irradiation dose of D* and He" ions and
the temperature of the sample on the above processes
under irradiation were shown. The processes of accu-
mulation and retention of deuterium and helium under
the ion irradiation and of the thermal desorption of
these gases from Ta and W coatings at the subsequent
heating were compared. The types of the matrix radia-
tion damage were determined; their influence on the
coatings structural features was shown.

1. EXPERIMENTS

The studies were carried out on tantalum coatings
obtained by magnetron sputtering of Ta target in the Ar
atmosphere at the pressure of 1.0 Pa. The deposition
was carried out at the rate of 0.6 nm/s at the tempera-
ture T =600 K on a 0.8 mm thick stainless steel sub-
strate with a Ti interlayer of less than 10 nm thickness
predeposited on it. The thickness of the tantalum coat-
ings under study was 1.5 um. The composite structure
with a Ta coating was marked as (SSt + Ta). The sam-
ples were irradiated by ion beams of 20 keV He* or
20 keV D,* (10 keV D*), at the current density of
~5pA/cm? to the doses @ within the interval of

(0.1...1.1) x 10 cm2. Deuterium ions were implanted
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into the tantalum coatings at the sample temperatures
To: 290, 370, 470, 570, and 670 K. According to the
calculations in [9] for the ions D* (10 keV) and He*
(20 keV) the mean projective ranges of the ion in the
tantalum coatings were about 60 nm, and total ones
were about 160 nm. They were comparable for the ions
under study and much shorter than the coating thick-
ness.

In the studies, the method of thermodesorption
spectrometry (TDS) was used. Thermodesorption spec-
tra of helium and deuterium were obtained using PTI-
7A gas mass spectrometer calibrated with a helium
leak valve GELIT-1, applying the data of [10] on the
ionization cross section of helium and deuterium parti-
cles in the ion source of this mass spectrometer. The
spectra of thermal desorption of helium and deuterium
were obtained, and the values of the concentration C
and of the capture coefficient n=C/® of the implanted
gases were determined. The studies of helium and
deuterium thermal desorption were carried out by heat-
ing the irradiated samples at the constant rate
a = 0.8 K/s in the temperature range of 290...1800 K.
The spectra represent the dependences of the number
of S particles of the implanted gas released at the given
heating temperature T on this temperature. The error of
the temperature measuring is = 25 K. The sensitivity of
the technique used to determine S is not worse than
2 x 102 cm? When the unirradiated samples were
heated in the same temperature range, the maximum of
background intensity for ions with m = 4 a.m.u. did not
exceed S = 0.003 x 106 cm™2.

2. RESULTS AND DISCUSSION

When a composite structure with the tantalum coat-
ing irradiated by D* or He* ions is heated, thermal
release of the gases implanted into the vacuum is ob-
served. Fig. 1 shows the spectra of deuterium thermal
desorption from the tantalum coating of the composi-
tion (SSt + Ta) (curves 1-5). For comparison, the data
on thermal desorption from the tungsten coating of the
composition (SSt + W) (curves 1'-6") taken from [8] are
given. The compared samples were irradiated at the
room temperature by D* ions with the same energy to
different doses.
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The spectra of the deuterium thermal desorption
from the tantalum coating of the same composite struc-
ture, irradiated by D* ions with the same dose
(Pp+=2.0x107cm?) but at different temperatures of
the samples during deuterium implantation, are shown
in Fig. 2.
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Fig. 1. The spectra of the deuterium thermal desorption
from the Ta coating irradiated with D* ions (@p+,
10¥m?2:1-1.0;2-2.0;3-4.0;4-8.0;
5-11.0) and, according to [8], from the W coating
irradiated with D* ions (@p+, 107 cm?: 1' - 1.0;
2'-2.0;3-30;4'-4.0;5-5.0;6'-7.0); a =0.8K/s
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Fig. 2. The spectra of the deuterium thermal desorption
from the Ta coating irradiated with D* ions
(@p+, 2.0 x 10%7 cm?) at different temperatures of
irradiation T,, K: 1 —290; 2 — 370; 3 —470; 4 — 570;
5-670; a = 0.8 K/s

Figs. 1 and 2 show, that a noticeable release of deu-
terium from the tantalum coating starts at temperatures
T >620 K and finished at T ~ 1200 K (curves 1-5). The
maximal thermal desorption of deuterium is observed
at the temperature Tm= 770 K. According to [8], a
noticeable deuterium release from the tungsten coating
starts at temperatures T>320K and finished at
T~=1000 K (see Fig. 1, curves 1'-6"). The peak of ther-
mal desorption of deuterium from the W coating has its
maximum at T, =~ 640 K.

The thermal desorption spectra of the deuterium,
whose ions are implanted into Ta or W coatings at the
irradiation doses not exceeding 11.0 x 10" cm™ for Ta
and 7.0 x 10 cm for W, have the form of a single-
peak dependence. For the peak of deuterium release
from the Ta coating Tm shifts to a higher temperature,
and the peak intensity is about a half of the thermal
desorption peak from tungsten.
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Fig. 3 shows the spectra of helium thermal desorp-
tion from the tantalum coating of the composition
(SSt + Ta) (curves 1-4) and, for comparison, the analo-
gous results of thermal desorption from the tungsten
coating of the composition (SSt+ W) (curves 1'-4),
taken from [8]. The compared samples were irradiated
at the room temperature by He* ions of the same ener-
gy to different similar doses.
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Fig. 3. The spectra of helium thermal desorption from
the Ta coating irradiated with He™ ions

(Dret+, 107 cm2:1-1.0;2-1.9; 3-4.2; 4 -6.0) and,

according to [8], from the W coating irradiated with

He* ions (@pe+, 107 cm?: 1'— 1.0; 2' — 2.0; 3' - 3.1;

4'—4.0); a = 0.8 K/s
Fig. 3 (curves 1-4) shows, that helium released
from the tantalum coating within the temperature range
of 1000 < AT <1800 K. A single peak of helium ther-
mal  desorption  with  maximum  temperature
Tm = 1650 K is observed. A noticeable release of heli-
um from the tungsten coating, according to [8], starts at
temperatures T > 800 K and finished at T = 1800 K (see
Fig. 3, curves 1'-4"). The maximum helium thermal
desorption from the W coating occurs at Trm = 1500 K.
The comparison of the spectra of He thermal desorp-
tion from Ta and W coatings shows, that at the irradia-
tion doses, not exceeding 6.0 x 10 cm? for Ta and
4.0 x 10 cm for W, the spectra of helium thermal
desorption have the form of a single-peak dependence.
In this case, Trm of the peak of the helium release from
the Ta coating shifts to the higher temperatures, as
compared with the W coating. Any significant decrease
in the peak height is not observed. It was also deter-
mined that the deuterium release from the coatings of
both types occurs at lower temperatures, as compared
to that of helium, (see Figs. 1, 3).

Fig. 4 shows the dependences of the concentrations
C for deuterium (1, 1') and helium (2, 2"), implanted at
the room temperature, on the irradiation dose of D* and
He* ions for the tantalum coating (curves 1, 2), and for

the tungsten coating data taken from [8] (curves 1', 2").
Fig. 5 shows the dependences of the capture coeffi-
cient for deuterium np (1, 1') and helium nne (2, 2') on
the dose of irradiation by D* and He* ions for Ta coat-
ing (curves 1, 2) and, according to [8], for the W coat-
ing (curves 1', 2'). As Figs. 4 and 5 show, the values of
the concentration C and the helium capture coefficient
nre are much higher for both tantalum and tungsten
coatings than the analogous values of C and np for
deuterium. As compared to helium, deuterium accumu-
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lates in the coatings of both materials to a lower con-
centration with the capture coefficient of about an
order of magnitude lower. With increase of the dose ®
of irradiation by He* ions, the value of nne decreases
for both tantalum and tungsten coatings (see Fig. 5,
curves 2 and 2'). Some decrease in np with an increase
in ® of D* ions is observed only for the tungsten coat-
ing (see Fig. 5, curve 1.
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Fig. 4. Dependences of the concentrations of the
implanted deuterium (1, 1") and helium (2, 2') on the
dose of irradiation by D* and He* ions for the Ta coat-
ing —curves 1, 2, and, according to [8], for the W
coating — curves 1', 2'; T, =290 K
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Fig. 5. The dependences of the capture coefficient
of deuterium (1, 1") and helium (2, 2") on the dose of
irradiation by D* and He* ions for the Ta — curves 1, 2
and, according to [8], for the W coating — curves 1', 2";
To=290K

The dependences of the capture coefficient of deu-
terium np on the temperature T, of the sample irradiat-
ed by D* ions for the Ta coating are shown in Fig. 6 by
curve 1, and for the W coating by curve 2. With in-
crease of T, some decrease in np is observed for both
Ta and W coatings. In the analyzed interval AT, some
more significant (approximately tenfold) decrease in
the np value for the tungsten coating is observed.
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Fig. 6. The dependence of the capture coefficient of
deuterium on the temperature T, of the sample irradi-
ated by D* ions for the Ta coating — curve 1, and for
the W coating — curve 2; @p+ = 2.0 x 10 cm?

From the results (see Figs. 4 and 5, curves 2 and 2")
it follows, that at T, = 290 K for Ta and W coatings, the
process of He* ions implantation into them to various
doses in the interval of 1.0 x 10 <® < 1.1 x 108 cm?
can be described by the same dependences C = f(®) or
NHe = f(P) within the measurement error. But D* ions
implantation into the same coatings and at the same
temperature T, up to different doses in the interval of
1.0 x 10Y < d < 1.3 x 10'® cm? is not described by the
same dependences C = f(®) or np = f(® ). A particu-
larly large difference is observed in the dependence
no = f(®). If for the W coating the coefficient of deu-
terium capture decreases with the increase of the irra-
diation dose of D* ions, then for the Ta coating it does
not change. This may be due to different types of the
deuterium solubility: endothermic (W) or exothermic
(Ta), and due to the ability to form hydrides in tanta-
lum.

The authors of this work early carried out electron
microscopic studies of changes in the microstructure of
W coatings containing deuterium or helium implanted
at room temperature (see [11]). The studies showed the
formation of interstitial dislocation loops and disloca-
tion nets with a mean diameter d >5 nm and the densi-
ty exceeding 3.2 x 10*? cm? in the coatings irradiated
by D* ions (Pp+<6x10¥cm?) or He*
(Pret < 7.0 x 10Y cm?) while the formation of deuteri-
um and helium bubbles was not observed. The helium
bubbles were observed at ®pe+ >7x 107 cm?; their
mean diameter and density were 2.5nm and
5 x 10'2 cm™?, respectively, at @pe+ =7 x 1017 cm2,

On the bases of the obtained results, it can be as-
sumed that in both Ta and W coatings [8, 11], irradiat-
ed by D* or He* ions, some radiation defects are
formed such as vacancy-type defects and gas-vacancy
complexes, which are traps for the implanted gases, as
well as the dislocation interstitial loops.

CONCLUSIONS

The radiation resistance of tantalum coatings of the
composite structure (SSt + Ta) to the irradiation by He*
and D* ions of medium energies at the doses of
1.0x 107 < ® <1.1x10%cm? and at different temper-
atures of the sample under bombardment was studied.
The spectra of thermal desorption of deuterium and
helium from Ta coatings into the vacuum
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were studied, and the capture coefficients of these
gases in the coating were determined. When implanting
D* and He* ions into the tantalum coatings it was
found, that deuterium accumulates in the coating with
the capture coefficient of approximately an order of
magnitude lower than helium, and its release from the
samples into the vacuum as compared to helium occurs
at lower temperatures.

It is shown that at T,= 290 K, the accumulation of
He* ions (1.0 x 107 < ® < 1.1 x 10*®cm?) in the tanta-
lum and tungsten coatings is described by the same
dependences C = f(®) and nxe = f(P) within the meas-
urement error. The thermal desorption spectra of heli-
um implanted at doses not exceeding 6.0 x 10" cm?
(Ta) or 4.0x10% cm? (W) are described by single-
peak dependences. D* ion implantation into the same
coatings and at the same temperature T, up to different
doses 1.0x 10 <® <1.3x10%®cm? is not described
by the same dependences C = f(®) and np = f(D).

In the tantalum coatings irradiated by D* or He*
ions is supposed the formation of the following radia-
tion defects: vacancy-type defects, dislocation intersti-
tial loops, gas-vacancy complexes.
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UMILJIAHTAIIMS HOHOB JEUTEPHUS U TEJIUS B KOMIIO3UIIMOHHYIO CTPYKTYPY
C TAHTAJIOBBIM ITIOKPBITUEM

B.B. bookoe, J1.I1. Tuwenxo, I0.U. Koemynenko, A.b. llanenxo, A.A. Ckpunnux, IO.E. Jlozaues,
JIL.A. I'amaionosca

MeTo10M TEpMOAECOPOIIMOHHON CIIEKTPOMETPUH HCCIIEIOBAHBI MPOLIECCHl HAKOIUICHNS U BBIACICHUS eiTepus
U renus B BaKyyM M3 TaHTAJOBBIX MOKPBITHH KOMIIO3UIIMOHHOHN CTPYKTYypbl. KonnyecTBo HakoIMIEHHOTO AeHTEpUs U
TeNHUSI U BUJI CIIEKTPOB TEPMUUECKOM 1eCOPOIMH MOKA3aHbl B 3aBUCHMOCTH OT 10361 00TyueHus nonamMu D* nm He*
U TeMIepaTypsl oopasiia npu obiaydeHnu. [IpennoskeHsl BO3SMOXKHbBIE MEXaHU3MBI 3THX IPOLIECCOB.

IMILTAHTALISA IOHIB JIEMTEPIIO TA I'EJIIIO B KOMIO3UIIAHY CTPYKTYPY
3 TAHTAJIOBUM INOKPUTTSAM

B.B. bookos, JLII. Tuwenxo, I0.1. Koesmynenxo, O.b. llanenxo, A.O. Ckpunuuk, I0.€. Jlozauoas,
JI.O. I'amaronosa

MeTtonom TepMo1ecopOITiiiHOT CIEKTPOMETPii JOCIiIKEHO MPOIleCH HAKONMMYEHHS 1 BUAUICHHS AeHTepito Ta re-
JII0 y BaKyyM i3 TaHTAJIOBHX HMOKPHUTTIB KOMIO3HUIIHHOI cTpYKTypH. KiNbKicTh HAKOMWYEHOTO ACHTEPiro Ta Temio i
BUIJISI CIIEKTPIB TEPMIUHOI JecopOilii MOKa3aHo B 3aJISKHOCTI Bij 1031 ompomineHHs ionamu D* a6o He* ta tem-
nepaTypu 3paska Mpu OMPOMiHEHHi. 3alTPOITOHOBAHO MOYMJIMBI MEXaHI3MHU ITUX MPOIIECIB.
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