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Background & Purpose

[J Tungsten (W) plasma facing components in magnetic fusion Last Closed Flux Surface [y

devices experience extreme dynamical power (> 10 MW/m?) N SP@ v" In this study, the near-surface mechanical property of W thin film was
and particle loads (>10%* m= s1) due to its interaction with Pasma RN = probed by Picosecond Laser Ultrasonics.
the edge plasma [1]. 1§ — Aﬁ‘“‘ ] v f d that the el Czz d d hyd
: : : N 7 W) - It was found that the elastic constant ecrease due to rogen or
1 The large flux of implanted hydrogen or helium species result i F B | =S yarog

in large near-surface (< 10 nm) strain fields - driven by the
low solubility of both hydrogen and helium in W.

- helium implantation. Such decrease in (35 is proportional to the square
root of the implanted fluence. This suggests the increase in hydrogen or
helium concentration by diffusion is responsible for the decrease in C533.
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] To date, the dynamical mechanical response of W under such

non-equilibrium conditions far beyond its solubility limits is L= v" Such results suggest W plasma facing components be modelled as a two-
not well known due to the difficulty in probing the near- 'TER:'s'lt%arﬁl°n%gﬁ""dear ayer structure (near-surface and bulk zones) with different mechanical
surface properties. "*'“ii':J“a“.l@ Cf.ﬂf@l lﬂeat.oad oroperties due to hydrogen or helium implantation.
[d Purpose oo w1 henearsurtace | |
To probe the near-surface mechanical property changes of W dLl | v Consequently, such two-layer structure can lead to larger cyclical strains
and it’s dependence on hydrogen or helium implantation. during pulsed heat loads which can promote surface cracking.
[1] R. A. Pitts et al., J. Nucl. Mater. 438 (2013) S48-56.

Experimental method

E """"""" ; """" . """'"""'""""'"""'"""'"""'"""'"""'""""'"""'""""""_"""_"""_""""""""""; ________________________________________ . E' """"""""""""""""""""""""""""""""""""""""""""""""""""""""""" Pump pulse

~ W thin film sample [ Magnetron Sputtering] || Picosecond Laser Ultrasonics [2]_[31 - Theory | @

"= Film thickness :4540.5 nm - Voltage : 350V, Current :200 mA i e Thi i itudi 5 4]\—>

| hic + 3 . .g , Chameleon : Femto second Laser system This method is able to mgasyre the Iongltudn.wal i -~

. Density :18.54+0.1 g/cm Py, : 2.0mTorr | — - elastic constant (33 of thin film accurately using ' heated region

 Substrate :Si <111> (10 X 10 x0.02! mm) * Temperature : 573K Pump pulse and Probe pulse. thin film N substrate
Hydrogen plasma ion beam Magnetron omn e (pogiectote | . Pump pulse causes the acoustic pulse through —| @

g ! AN | oM thermal expansion. E |

- Plasma Parameters . s s . . i . g

; : Ny § > * Probe pulse (time-delayed light pulse) can detect | acoustic pulse

= ECR plasma ion source E>'°“ beam ; . .

; _ E the reflectance change due to resonance vibration..

= lon energy : 1.0 keV = ; . ; ; ©)

* Flux : 7.8X10%5 H m2s? Hydrogen gas Probe light ~* The elastic constant C33 is obtained by § _ —| —
controller IS¢ ————% 2 9 acoustic pulse /‘ '

= Fluence : 1.0x1018, 10%°, 102° H m™ . Balance Detector | C33 = pv“ = p(2fd)“ [GPa] (1) . reflected from - _

| | ——1 Gaspipe | Attenuator _ | . interface

= Sample temperature : 300 K Variable Leak Valve EEm=m Magnets BS  Aftenuator . where p is density, v, is longitudinal wave velocity, f is fundamental
?:::::'_:'_:'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_I'_:"_I'_a'_s'_r'_r';;'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_F;_I'_a'_;;r'-_"_a'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_:::::; Pllllll) liOht\_MP'-’EI-; . DM ; resonance frequency’ d iS film thickness. i PrObe pulse @

! 1 . S ! = inhole } ; _ |

Helium plasma exposure Discharge adiaton - Exad G| Objective lens ~» For bulk W, C33 is expressed by |

 Plasma Parameters = RV | —— ' | B 1-v

: l' Specimen holder ; C 33 — E (2) :

* ECR plasma source 245GHz % x ; 1+v)(1-2v) :

- lon energy : 200 eV MicroWave | | ?. »/ - o Measurement condition where v is Poisson ratio, E is Young’s modulus Thin film p
* Flux :1.0x10% He ms™ . oy + ks ' ;'/S. deI;eOIEI\'jEr (Wﬁvelehjtt::gffonfm) "+ Since Poisson's ratio does not change much, x? !"3 (/45""") 33
| _ 24 55 5 T P T " Perioq: Z, pulse width: ™ S | |

X zgurs;feet'eig:é?ur'e1_035HOeKm o | .\.)\\‘0“'1 & - Pump/Probe light: 20/10 mW e Algg cAE ] > -
............................................... * Objective lens: 20, 50 times (Spot diameter:~10 um) [2] C. Thomsen et al., Phys. Rev. B 34 (1986) 4129. [3] H. Ogi et al., Phys. Rev. Lett. 98 (2007) 195503.

Results & Discussion

1)Elastic constant of W thin film 2) Effects of hydrogen implantation on elastic constant 4) Discussion

] The near-surface elastic constant C35 of W

[ In this study, the near-surface mechanical | K We irradiated W thin films with hydrogen ion beam and measured the . _
decrease due to H or He implantation.

property of W thin film was determined. changes in elastic constant (35 before and after hydrogen irradiation.
[ Fig. 1 shows the time-resolved reflectivity | I Fig. 3 shows changes in elastic constant €33 due to hydrogen ion LI This suggests H and He weaken the bond energy of
it - ot i it W atoms consistent with MD simulations. [4
variation after pump pulse irradiation. beam irradiation. O The elastic constant Cys decreased [4]
O We subtracted the decreasing reflectivity | _ | | linearly with respect to the square [ The decrease in C33 is proportional to the rate of
due to thermal diffusion as background. E‘g | eonoir root of implanted hydrogen fluence inward diffusion suggesting the decrease depends
, | | | | £ 0% e ] 2}319 ﬂ ", (up to 1.0X10%° H m2) and then linearly on H or He concentrations.
Background s % S AREEme saturated. 1 The diffusion coefficient of hydrogen at 300 K is [5]
i o -5 :
E | | f “lf 1 O The relationship between the D=12x10"1 m?s?!
© : £ 10t \ hydrogen diffusion distance x and and that of helium at 350 K is [6]
5 5_15- Difusion region " Saturation regir the diffusion coefficient D is: D =C5 %10~ m2s—1

0 5x10° 1x10'"° X o< 1/Dt (3)

Square root of H fluence [m] (o< tVz)

! These values correspond to diffusion without

o s0 100 150 Fig.3 Changes in elastic constant due to 0 The diffusion coefficient is trapping. The much lower values from our
time [ps] hydrogen implantation . ‘ i ... L ]
Fig.1 Reflectance change with delay time from pump pulse approximated to be: experiments indicate significant trapping effects.
D =~ 0(10—18) m4¢—1 [4] X. Yu et al., J. of Nucl. Mater. 441 (2013) 324
[5] R. Frauenfelder et al., Journal of Vacuum Science and Technology 6 (1969)
D F|g P ShOWS the reSU|t Of FaSt Fourier [6] Xiaolin Shu et al., Nuclear Instruments and Methods in Physics Research B 303 (2013) 84-86
. . [7] C.S. Becquart, C. Domain, Phys. Rev. Lett., 97 (2006), p. 196402

Transform (FFT) of the reflectivity. 3) Effects of helium implantation on elasticconstant  |—————"—"""""="="=====—————————————=-

O The acoustic-phonon resonances up to ] Such results suggest W plasma facing components

[0 We irradiated W thin films with helium plasma and measured the

, , e . be modelled as a two-layer structure (near-surface
changes in elastic constant C35 before and after helium irradiation.

and bulk zones) with different mechanical

the 3rd overtones were observed.

[ Fig. 4 shows changes in elastic constant C5> due to helium plasma roperties due to H or He implantation. (Fig. 5
33
irradiation. .
> 1 Pulsed heat loads generate periodic lateral stresses
2 = 2 _ [ The elastic constant (33 decreased [8] (Fig. 6) and the near-surface strains of W can
-+ P4 —® - noirr | . . . . .
= o e 1X10% Hem linearly with respect to the square increase due to the decrease in C35. (Fig. 7)
s Or = —4—1%x10% He m™? - . .
3 root of implanted helium fluence. . . . . .
5 P 1 We consider that such increase in cyclical strains
e g 20y + 1 O The relationship between the helium can promote W surface cracking.
0 100 200 300 8 N - . . . . .
. © diffusion distance and the diffusion
requency [GHz] = 401 . .. : ‘
Fig. 2 The FFT spectrum, showing the acoustic-phonon & coefficient is expressed by Eq. (3) DERNSIRE S meatuan | several nm ————————
resonances up to the 3rd overtones E 60 . | . | E\ \ strain
° 0 25102 10 O The diffusion coefficient is w stresy — —
D In thIS StUdy, the EIaStIC COnStant C33 Of Square root of He fluence [m_1:| (OC t1/2) approximated to be
W thin films was 460+5 GPa. Fig.4 Changes in elastic constant due to Fig. 5 two layer model Fig. 6 thermal stress Fig. 7 different strain
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helium implantation D — 0 (1 O ) m-s [8]T.Hirai, Nuclear Materials and Energy, Volume 9, December 2016, Pages 616-622




