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EXPERIMENTAL DEVICES, PROCEDURES and PARAMETERS
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13- coolingsystem 13- sealing
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Working gas CsHg 55% 15- filament
CaHio 40% Argon ion sputtering T 16- probe
Ar 504 17 - shie!d
Residual gas pressure 1 103 Pa l 18- coolingfan
; 19 - gasmassspectrometer
Working pressure 0.25Pa : 20 - gasinlet valves
Parameters |lon energy 400 eV TDS analyS|S I 21 - auxiliary pipe-line
ofplasma ||on current density 4 mA/cn?
ons Mean carbon atoms energy|~ 100 eV/C { A
irradiation of Y : - 1 3105 C/(onPs) = 3 i ion inadiat = f ; ;
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Mean hydrogen atoms energy 10 eV/H _ Residual gas pressuré 10~ Pa Residual gas pressurgé 10~ Pa
Mean hydrogen atoms flux |~ 3.410 H/(cm¢-s) calculation Working pressure |0.07Pa Working pressure |0.04Pa
Substrate material Stainless steel @ lon energy 50 and 400 eV/DD | lon energy 300 eV
Substrate dimension 30 40 mn? Atom flux 1-.10% D/(cn¢-s) | [ Flux 5.10% Ar/(cm?-s)
Substrate annealing Up to 900°u 0 lon fluence 5.10'9 D/cn? Sample temperature 470 K
temperature deposition 400°y Sample temperature 500 K Sputtering depth 207 900 nm
Rate of film deposition 0.35nm/sec v . . Parameters of the TDS analysis
Film thickness 2 5 mem whereR(X)1T smothed desorption from the ;
_ . sample after sputtring of depthR,= R(0), eIl (EMBEEILIE 1500 K
Film density _ ~ 2 gler? N(x)1 depth distribution Heating rate 5 KIis
KHydrogen concentration 0.19+£0.03 A ) \Residual gas pressure in TDS chamber 1.10'6 Pa 1y

INTRODUCTION

The aim of the work Is to investigatedeuteriumatomsdiffusion in C:H
films underdeuteriumplasmaandatomicirradiationandinfluenceof energetia
deuteriumionson hydrogendesorptionfrom the surfaceandbulk of the films.

C:H films with hydrogenconcentration0.19 £ 0.03 were depositedin
PCVD reactor Depositedfilms wereirradiatedby deuterium50 and400eV/D
lons extractedfrom plasma lrradiatedC:H films were sputteredby argonions
In the rangeof 20 nm to 900 nm andthenanalysedoy TDS method A number
of suchexperimentswvere carriedout As a result depthprofiles of hydrogen
Isotopedistributionin C:H films havebeenobtained
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Method of hydrogen amount calculation

Hydrogenisotopesmoleculesin C:H films are formedin
oulk of thefilm [1]

the

Hydrogenrecombinationshould be occurredin place of
atomsdetrappingthatmeansequalityof k,,, k5 andky

N T amountof hydrogensotopessquarebracketanean
atomicconcentrationk - recombinatiorkoefficients
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TDS spectra: of H, , HD and' D>, fram: lom: irradiated films

V' TDS spectreof C:H fims irradiatedby 50 and400eV/D ionsaresimilar

V' HD spectraaresimilarto H, spectra

V' D, mainly desorbsn the range6001 1000K evenafter sputteringof 120 nm. This
Indicatesthatdeuteriumtrapsappearsn the layerswhich placemuchdeepernof mean
lon deuteriumrange|2].

V' Fromdepthmorethan200nm (regionll) deuteriumdesorptioroccursonly in HD.

[2] A.Airapetoy L. BegrambekoyC. BrossetJ.P. Gunn C. Grisolia, A. Kuzmin, T. Loarer, M. Lipa, P. Moni&arbet, P. Shigin, E. TsitronBeuterium
trapping in carbon fiber composites exposed to D plasma // J. Nucl. Mater. 2009 39 B9B. 589.

[3] A.A. Ayrapetov, L.B. Begrambekov, S.Vergazov, A.A. Kuzmin, O.S. Fadina, P.A. Shigin. TDS spectra of hydrogen and theansati with
implantation and retention conditions in graphites. Journal of Surface Investigatiay. Synchrotron and Neutron Techniqua®l0, in press

)\

Hydrageniisotope distribution «m C:H _filmrafter-deuterium
lom: and’atomic irracdiation

ni deuteriumconcentration

Ny I maximalsurfaceconcentration
w1 rateof sputtering

tT time of irradiation

DT duffusioncoefficient

D, =310 “cnv¥/c; D, =210 3 cn¥/c

Maximal D for graphite with T = 500 K:

1015- 101 cn¥/c [4]

Concentratior{H+D):C in regionl is significantlylessthenH:C = 0.19. It meanghat
hydrogendesorptionvasnot only dueto isotopeexchange

Hydrogenconcentratiordecreasean the depthup to 200 nm that muchdeeperthan
meandeuteriumion rangewith energy400eV/D (= 10 nm, [5]).

Diffusion coefficientof deuteriumin the bulk of C:H film higherthanits diffusion in
graphiteabouttwo orderof magnitude

Disorderingof carbonstructureleadsto decreasingf thediffusion [ 6]
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CONCHUSIONS:. A new experimental methods of data processing are proposed basing on TDS analysis and sputtering. Depth profiles of lytitogen
deuterium in C:H films were obtained. Diffusion coefficients of deuterium in ion irradiated C:H films were estimated. Thegl éo~ 1013 - 1014 cn¥/s. It was
suggested that comparably gvaphiteshigh diffusion coefficients of deuterium atoms in C:H layer are due tpgrocess of isotope exchange and/or (ii) low

amount of dangling carbon bonds Iin hydrogenated structure.

Phenomenaof hydrogendesorptionfrom deeplayersof C:H films under deuterium plasmairradiation wasobserved|t Is attributed to stressgrowing in
the films during particle implantation which leadsto creation of the defectsthat can diffuse into deeplayers Thesedefectsprovoke hydrogenreleasefrom

carbontrapsdueto their potentialenergy




