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Linear plasma device GyM @ ISTP-CNR Milan @)

50 cm
F— 10 H20-cooled Cu coils
/ Bmax = 013 T

Magnetron
@2.45 GHz, 3.0 kW

Magnetron
@2.45 GHz, 1.5 kW

Turbomolecular pumps
Pbase = 1.0e-8 mbar, pwork < 1.0e-3 mbar

Gas injection nozzle
Hz, D2, N2, He, Ar, He+NH3
and mixtures

Electron cyclotron
resonance heating 50 cm

Steady state
20
up to 1077
3-15
0.1
up to 102
1025 (7 )
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Linear plasma device GyM @ ISTP-CNR Milan @)
50 cm PMI experiments 50 cm
PMI experiments leoil = 600 A
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Steady state
20

Ne up to 1017
Te [eV] 3-15
Sample geometry BT [eV] <0.1

up to 102
102 (7

PSI-2 standard

square slab
=12 mm-02mm LaelEalely 20-400
s<3mm energy [eV]

Sample exposure system
+ bolometry
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Role of roughness in sputtering process of W by GyM He plasma @)

W coatings on top of graphite and Si substrates (from SP B.4) + polished bulk W (Ra~10 nm)

Substrates (ISTP)

*Polished graphite

*Rough graphite substrates
by plasma etching
Ra — 100, 300 nm

*Flat Si, Ra<1 nm
* Si with pyramids
by chemical etching
Ra — 300, 600, 900 nm

AFM images: 50x50 pm?2

8 kinds of samples
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Role of roughness in sputtering process of W by GyM He plasma )

ol
=

W coatings on top of graphite and Si substrates (from SP B.4) + polished bulk W (Ra~10 nm)

Substrates (ISTP)

+ Ra=12 nm
500 nm compact W film
by HiPIMS (Polimi) ‘

S0

.:q"

AFM images: 50x50 pm?2

8 kinds of samples
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Role of roughness in sputtering process of W by GyM He plasma )

=

W coatings on top of graphite and Si substrates (from SP B.4) + polished bulk W (Ra~10 nm)

Substrates (ISTP)
+

500 nm compact W film

by HiPIMS (Polimi)

S0

AFM images: 20x20 pm2 — ERO2.0 input
Polimi+ISTP activity for SP D.3 (see G. Alberti talk)
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Role of roughness in sputtering process of W by GyM He plasma Q)

Characterisation of He plasma by LPs and OES

- Optimisation of experimental conditions to obtain max and homogeneous I, on samples
» Provide full set of data for validation of SOLPS-ITER results of Polimi+ISTP for SP D.1 & 3

Magnetron @2.45 GHz
3.0 kW cw
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Role of roughness in sputtering process of W by GyM He plasma

Characterisation of He plasma by LPs and OES

Vo=
(@)
-2

- Optimisation of experimental conditions to obtain max and homogeneous I, on samples
» Provide full set of data for validation of SOLPS-ITER results of Polimi+ISTP for SP D.1 & 3

Magnetron @2.45 GHz
3.0 kW cw
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Role of roughness in sputtering process of W by GyM He plasma )

=
Exposures: 5 He* energies (i.e. Vbias) @ 4.0e24 He* m=2 (2 hours) _
30 80 150 200 250 —r —r—
Sputtering Etn of Wouk by He* ~110 eV
[F. Ferroni, et al., JNM 458(2015)419-24] W W W
Magnetron @2.45 GHz » X

10 exposures in total

3.0 kWV

o /;7\ Before and after exposures

o S, wWeighing — erosion

by using balance @ CNR-Mi
o AFM — topography evolution @ ISTP
o SEM — morphology evolution @ Polimi
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Role of roughness in sputtering process of W by GyM He plasma

Exposures: 5 He* energies (i.e. Vbias) @ 4.0e24 He* m=2 (2 hours)
30 80 150 200 250

w % % %
Sputtering Eth Of Wbulk by He+ ~110 eV Sljf[m Si300 Gl“f]m Gl']oo
[F. Ferroni, et al., JNM 458(2015)419-24] = - -
= Wblllk
1
Magnetron @2.45 GHz 0 | 2 el . 10 exposures in total
3.0 kW cw \ | TS S,OU” Seel
‘, NS, T N hiny s Before and after ex
’ G N gy’é/ ~"€~_~) — .
: o\ b O 3. Weighing — erosion == -
N | - by using balance @ (. R

 AFM — topography evolution @ IS
o SEM — morphology evolution @ Plimi
e FIB marking — erosion

Data for benchmarking with SOLPS-ITER and ERO2.0 modelling efforts
Polimi+ISTP SP D.1 & D.3
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...Side activity
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Study angular distribution of sputtered W particles from W/Sip, with Catcher-QCM setup of OAW
[B. M. Berger, et al., NIM-B 406(2017)533-7]

2 Si substrates with pyramids and Ra = 500 - 600 nm (ISTP) V

» 2 Si substrates with pyramids and Ra = 900 - 1000 nm (ISTP) V

« 2 Si flat substrates «

* Deposition of compact (Polimi) — to be scheduled &
« AFM analysis of W/Siyy (ISTP)

» Shipping to Wien
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Role of roughness in sputtering process of W by GyM He plasma C‘)
Characterisation of He plasma by LPs and OES
- Optimisation of experimental conditions to obtain max and homogeneous I ;. on samples
+ Provide full set of data for validation of SOLPS-ITER results of Polimi+ISTP for SP D.1 & 3
Magnetron @2.45 GHz Movable LPs
3.0 kW cw | Data — info of Z and R plasma profiles:
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Role of roughness in sputtering process of W by GyM He plasma ()

Characterisation of He plasma by LPs and OES
- Optimisation of experimental conditions to obtain max and homogeneous I ;. on samples
» Provide full set of data for validation of SOLPS-ITER results of Polimi+ISTP for SP D.1 & 3

Magnetron @2.45 GHz Movable LPs
3.0 kKW cw | 1. Data — info of Z plasma profiles:
* 4LPsatR=6¢cm + OES
Fixed LP
3.0 - -
R @ !ci=600A
2.5} '
g‘ 207 .
5 O
SCA SRR 1 TRIER | e | e 15t @ @
8 [ e
o 1.0f ° ® ‘
° ° ®
[] Exposure [] 0-5 o o °
sector
0.0

0.06 0.08 0.10 0.12 0.14

= 50 cm p [Pa]



Role of roughness in sputtering process of W by GyM He plasma ()

Characterisation of He plasma by LPs and OES
- Optimisation of experimental conditions to obtain max and homogeneous I ;. on samples
» Provide full set of data for validation of SOLPS-ITER results of Polimi+ISTP for SP D.1 & 3

Magnetron @2.45 GHz Movable LPs
3.0 kKW cw | 1. Data — info of Z plasma profiles:
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Role of roughness in sputtering process of W by GyM He plasma ()

Characterisation of He plasma by LPs and OES
- Optimisation of experimental conditions to obtain max and homogeneous I ;. on samples
» Provide full set of data for validation of SOLPS-ITER results of Polimi+ISTP for SP D.1 & 3

Magnetron @2.45 GHz Movable LPs
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Role of roughness in sputtering process of W by GyM He plasma ()

Characterisation of He plasma by LPs and OES
- Optimisation of experimental conditions to obtain max and homogeneous I ;. on samples
» Provide full set of data for validation of SOLPS-ITER results of Polimi+ISTP for SP D.1 & 3

Magnetron @2.45 GHz Movable LPs
3.0 kW cw 2. Data — info of R plasma profiles:
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Aim 2021: Preliminary activities in support of exposure campaigns (2022) @)

iif) Characterisation of He plasma by LPs and OES — data collection V interpretation &
+ Optimisation of experimental conditions to obtain max and homogeneous He* flux (I") on samples
» Provide full set of data for validation of SOLPS-ITER results of Polimi+ISTP (SP D)
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GyM linear plasma device @ ISTP-CNR Milano

Stainless steel (SS): L=2.11m, @ =25 cm

Vaguum vessel (optional: SS liner with W coating)

U elale BN 2 turbopumps: prase = 1E-8 mbar, pwork < 1E-3 mbar

Working gas Hz, D2, N2, He, Ar, He+NH3 and mixtures

10 H20-cooled Cu coils
4 Bmax=013T

Magnetron @2.45 GHz
3.0 kW cw

Pressure
gauges

\

Turbomolecular -~
pumps

Gas injection
nozzle

Magnetron @2.45 GHz

1.5 kW cw



» Exposure of W sample, partially masked with Mo

40x10™ 7

Counts/s

Evaluation of W re-deposition

sheet, to Ar plasma of GyM
« Sample biased to -400 V

Mo sheet insulated from sample by alumina slab

|

30

20

10

KLL O

O1s

1

3p1/2 3p3/2
3d(5/2+3/2)

XPS of Mo mask

4p
4s

1200

T
1000

T T T
800 600 400
Binding Energy (eV)

T
200

N_)
A. Cremona | Final Report WP-PFC SP 7.4 | February 2021 =4

* No traces of W

f
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» O from impurities and oxidation of Mo mask

gross erosion (OES)

~

net erosion (mass loss)



