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Working gas C3H8 55%

C4H10 40%

Ar 5%

Residual gas pressure 1 10-3 Pa

Working pressure 0.25Pa

Parameters 

of plasma 

ions

irradiation of 

substrate

Ion energy 400 eV

Ion current density 4 mA/cm2

Mean carbon atoms energy 100 eV/C

Mean carbon atoms flux 1.31016 C/(cm2 s)

Mean hydrogen atoms energy10 eV/H

Mean hydrogen atoms flux 3.41016 H/(cm2 s)

Substrate material Stainless steel

Substrate dimension 30 40 mm2

Substrate 

temperature

annealing Up to 900 ʉ

deposition 400 ʉ

Rate of film deposition 0.35 nm/sec

Film thickness 2,5 mcm

Film density 2 g/cm3

Hydrogen concentration 0.19 0.03

1 - lock chamber

2 - ion gunchamber

3 - plasmachamber

4 - TDSchamber

5 - samplemanipulator

6 - pipebranches

7 - watercooling

8 - sample

9 - sampleheater

10 - pipebranches

11- fatevalves

12 - feed-through

13- sealing

14 - anode

15- filament

16 - probe

17- shield

18 - coolingfan

19 - gasmass-spectrometer

20 - gasinlet valves

21 - auxiliarypipe-line

EXPERIMENTAL DEVICES, PROCEDURES and PARAMETERS

INTRODUCTION

The aim of the work is to investigatedeuteriumatomsdiffusion in C:H

films underdeuteriumplasmaandatomicirradiationandinfluenceof energetic

deuteriumionsonhydrogendesorptionfrom thesurfaceandbulk of thefilms.

C:H films with hydrogenconcentration0.19 0.03 were depositedin

PCVD reactor. Depositedfilms wereirradiatedby deuterium50 and400 eV/D

ions extractedfrom plasma. IrradiatedC:H films weresputteredby argonions

in the rangeof 20 nm to 900nm andthenanalysedby TDS method. A number

of suchexperimentswere carriedout. As a result depthprofiles of hydrogen

isotopedistributionin C:H films havebeenobtained.

CONCLUSIONS. A new experimental methods of data processing are proposed basing on TDS analysis and sputtering. Depth profiles of hydrogen and

deuterium in C:H films were obtained. Diffusion coefficients of deuterium in ion irradiated C:H films were estimated. They equal to 10 13 10 14 cm2/s. It was 

suggested that comparably to graphiteshigh diffusion coefficients of deuterium atoms in C:H layer are due to (i) process of isotope exchange and/or (ii) low 

amount of dangling carbon bonds in hydrogenated structure.

Phenomenaof hydrogendesorptionfrom deeplayersof C:H films under deuteriumplasmairradiation wasobserved. It is attributed to stressgrowing in

the films during particle implantation which leadsto creation of the defectsthat can diffuse into deeplayers. Thesedefectsprovokehydrogenreleasefrom

carbontrapsdueto their potentialenergy.

TDS spectra of H2 , HD and D 2 from ion irradiated films

Hydrogen isotope distribution in C:H film after deuterium 

ion and atomic irradiation

VConcentration(H+D):C in regionI is significantlylessthenH:C = 0.19. It meansthat

hydrogendesorptionwasnotonly dueto isotopeexchange.

VHydrogenconcentrationdecreasedon thedepthup to 200nm thatmuchdeeperthan

meandeuteriumion rangewith energy400eV/D ( 10 nm,[5]).

VDiffusion coefficientof deuteriumin thebulk of C:H film higherthanits diffusion in

graphiteabouttwo orderof magnitude.

VDisorderingof carbonstructureleadsto decreasingof thediffusion [6]

Influence of deuterium ion and atomic exposure on 

dehydrogenation of C:H films

1 - vacuumchamber

2 - to exhaustsystem

3 - first filament

4 - plasmachamber

5 - secondthermalshield

6 - plate

7 - sampleunit

8 - supportof sampleunit

9 - Langmuirprobe

10- secondfilament

11- first thermalshield

12 - to puff system

13- coolingsystem

Parameters of deuterium ion irradiation

Residual gas pressure1 10-5 Pa

Working pressure 0.07Pa

Ion energy 50 and 400 eV/D

Atom flux 1 1016 D/(cm2 s)

Ion fluence 5 1019 D/cm2

Sample temperature 500 K

Parameters of argon ion sputtering

Residual gas pressure1 10-5 Pa

Working pressure 0.04Pa

Ion energy 300 eV

Flux 5 1015Ar/(cm2 s)

Sample temperature 470 K

Sputtering depth 20 ï900 nm

Preparation 

of the substrate

Gravimetry analysis

TDS analysis

Film deposition

Deuterium ion irradiation

Argon ion sputtering

SEM analysis

where R(x)ïsmothed desorption from the 

sample after sputtring of depth x, R0 = R(0), 

N(x)ïdepth distribution

Parameters of the TDS analysis

Maximal temperature 1500 K

Heating rate 5 K/s

Residual gas pressure in TDS chamber 1 10ï6 Pa

Stand of plasma and ion beam irradiation 

and TDS analysis « MICMA »

Scheme of carbon films 

deposition system

nïdeuteriumconcentration
n0ïmaximalsurfaceconcentration
wïrateof sputtering
tïtime of irradiation
Dïduffusioncoefficient

DI = 3 10 14 cm2/c; DII = 2 10 13 cm2/c

Maximal D for graphite with T = 500 K:

10ï15 - 10ï17 cm2/c [4]

A method of depth profiles 

calculation
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Method of hydrogen amount calculation

V Hydrogenisotopesmoleculesin C:H films are formed in

thebulk of thefilm [1]

V Hydrogenrecombinationshould be occurredin place of

atomsdetrapping,thatmeansequalityof kH, kHD andkD

Nïamountof hydrogenisotopessquarebracketsmean

atomicconcentration,k - recombinationkoefficients
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VTDSspectraof C:H fims irradiatedby 50and400eV/D ionsaresimilar

VHD spectraaresimilar to H2 spectra.

VD2 mainly desorbsin the range600ï1000K evenafter sputteringof 120 nm. This

indicatesthatdeuteriumtrapsappearsin the layerswhich placemuchdeeperof mean

ion deuteriumrange[2].

VFromdepthmorethan200nm (regionII) deuteriumdesorptionoccursonly in HD.
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trapping in carbon fiber composites exposed to D plasma // J. Nucl. Mater. 2009. V. 390ï391. P. 589.

[3] A.A. Ayrapetov, L.B. Begrambekov, S.V.Vergazov, A.A. Kuzmin, O.S. Fadina, P.A. Shigin. TDS spectra of hydrogen and their relationship with 
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VAtomic deuterium irradiation led to

deuteriumtrappingmainly in the top surface

layers

VD0 irradiationdid not causeto anynoticeable

hydrogendesorptionfrom thefilms.

VDeuteriumdesorptionoccurredin the form

of HD

VShapeof HD spectraarethesameto H2.

DI = 3 10ï16 cm2 c 1,  DII = 6 10ï15 cm2 c 1


