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The main aim of this work was to investigate the modification of optical proper-
ties for tungsten single crystals after the high-dose treatment by deuterium plasma
ions. The surfaces were subjected to high-dose D plasma ion irradiation with energy
in the range £=0.1-1.77 keV with removal of 5.5-um thick layer for (110) surface
and 6.4 and 7.0 um for (111) surface, respectively. Modification of the spectral de-
pendences of optical characteristics for irradiated mirrors has been studied by means
of spectral ellipsometric technique for probing photon energy range 0.5-5 eV. Sur-
face microrelief changes were determined by atomic force microscopy. The correla-
tion of the optical characteristics of the single crystals of tungsten permits to ascer-
tain that the increase of the sputtered by deuterium ions layer thickness caused not
only the decrease of the optical conductivity values in the UV more than in the IR,
but also broadening of the characteristic absorption bands near 1, 1.7, 2.2 and 3 eV.
Inasmuch as the atomic force microscopy showed no significant changes for surface
microrelief of W (111) after the irradiation by deuterium ions (the highest roughness
is 6 nm), the changes in optical conductivity spectra could be explained by mirror
subsurface layer disordering after such ion bombardment.

Introduction Experimental

It is known that ion treatment of metal
surface could improve its optical char-
acteristics due to removal of the adsorbed layer
as well as to deteriorate them according to
surface  roughening,  subsurface layer
disordering and its stoichiometry changes.
Surface sputtering by ions and ion im-
plantation into subsurface layer occur
simultaneously during the ion treatment of
surfaces. Besides, ion implantation is
indispensable tool for surface modification of
metals in order to produce new anti-frictional,
corrosion and erosion resistant metallurgic
coatings that would extend machines lifetime,
their reliability and durability. But it is difficult
to prepare such coatings with given properties.
The problem is that general theory of mass
transport and surface disordering under the
high-flux ion irradiation is still incomplete.
That is why the main concern was with the
investigation of the optical properties
modification after different ion treatments.
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The tungsten specular surfaces were
prepared by polishing of the W single crystal
slabs with diamond paste up to obtaining the
highest value of reflectance. In order to study
optical spectra changes the unirradiated
mirrors of W (110) were selected (samples A
and B). Then surfaces were subjected to
high-dose D plasma ion irradiation with
energy in range FE=0.1-1.77 keV with
removal of 5.5 pm thick layer for (110)
(sample C) surface and 6.4 and 7.0 pm for
(111) surface (samples D and F)
respectively.

Tungsten (110) and (111) samples were
investigated by X-ray diffraction technique
before the ion treatment in order to check the
crystalline grain orientation. The changes of
metallic surface optical properties after
irradiation by particles were determined by
using the multiple angles of incidence light
ellipsometry (wavelength of the incident
light A=632.8 nm, light incidence angle
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range 65-80° depends on material).
Modification of the spectral dependences of
optical characteristics for irradiated mirrors
has been studied by means of spectral
ellipsometric technique for probing photons
energy range 0.5-5 eV for light incidence
angle (p:740. ,

Thus, the phase shift A between the or-
thogonal components of polarization vector
and the azimuth of restored linear polariza-
tion W were determined versus angle of inci-
dent light or probing photon energy. Optical
constants of metal surfaces were determined
on the basis of appropriate model of the re-
flecting medium near the principle angle of
light incidence =g (the phase shift at this
angle A=n/2).

All optical measurements were carried
out in air ambience, after the irradiation me-
tallic samples were kept in air atmosphere
during the time enough for thin passivating
film formation. Surface microrelief of the
mirrors was studied by means of atomic
force microscopy (AFM).

Results and discussion

The investigation of spectral
dependences of optical conductivity for
unirradiated samples A and B of
monocrystalline tungsten (110) revealed that
measured spectra are significantly different
from the data obtained by other authors [1].
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Fig. 1. Optical conductivity spectra for tungsten (110}
single crystals before the irradiation, samples A, B
{curves 3.4 respectively), reference data (curve 1),
after the deuterium plasma ion irradiation, sample C
{curve 2).

by, eV

Fig. 2. Optical conductivity spectra for W (110) and
W (111} single crystals according to the reference
data (curve 1), after the irradiation, sample C, (curve
2), D {curve 3}, and F (curve 4),
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Fig. 3. Microrelief AFM 3D images for W (11i1)

surface before the irradiation {(a) and after long term

sputtering {sample D) by D" plasma ions (b).
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Fig. 4 Surface structures and their parameters for the W (111) samples before the irradiation (a} after long term

sputtering (sample D) by D" plasma ions (b).

In our case values of optical conductivity
are lower and absorption bands have become
displaced to the lower probing photons energy
values (Fig. 2). Long-term irradiation by deu-
terium plasma ions with given energy distri-
bution (sample C) led to enhancement of the
optical conductivity values as well as to the
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sharpening of the absorption bands, It could be
inferred that single crystal surface initially has
adsorbed layer of contaminations and the
subsurface layer structure was damaged in a
consequence of mechanical polishing, Such
ion treatment caused sputtering of the damaged
layer and surface contaminations as it was
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clarified in our earlier works for other metals
[2]. The correlation of the optical characte-
ristics of tungsten single crystals of permits to
ascertain that increase of the sputtered by
deuterium ions layer thickness (samples C, D,
F) caused not only decrease of the optical
conductivity values in the UV more than in
the IR, but also broadening of the char-
acteristic absorption bands near 1, 1.7, 2.2 and
3 eV (Fig. 2).

In order to determine the reasons of
optical properties changes after the D plasma
ion treatment tungsten single crystal (111)
unirradiated sample as well as sputtered one
were probed by atomic force microscopy.
The microrelief AFM 3D images of these
samples are shown in Fig. 3, and surface
structures and their parameters are presented
in Fig. 4. One could observe that surface
roughness parameters are only slightly
changed after the ion treatment except
separate spikes related probably to the
surface contamination of the unirradiated
sample that should not have strong effect on
optical data. That is why the changes in
optical conductivity spectra could be

explained by mirror subsurface layer
disordering after such ion bombardment.

Conclusions

Ellipsometric studies of W single crystal
(110) and (111) specular surface irradiated
by nonmonoenergetic ion beams with
F=0.1-1.77 keV and with different thick-
nesses of the removed layer showed high
stability of the mirror optical properties.
Spectral ellipsometric studies of the single
crystals W (110) and (111) points to subsur-
face layer disordering while the surface
roughness was almost unchanged after the
long term deuterium ion treatment.
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CHEKTPOEJITICOMETPAYHI TOCIKEHHS
OITPOMIHEHMX IOHAMH D"
MOHOKPHUCTAJIB W (110) I (111)

.JI.B.IIonepeHKOI, M.B.BHHHH‘ICHKOI, B.C.Boiinensi

! ®ispunmit paxynsrer, Kuipcpkuit Hanionanphuit yaisepcuTer im. T.11leBuenka,
ByJ1. Bonomumupcerka, 64, Kuis, 01033
2 HamionansHuit HayKoByH HeHTp "XapkiBchkui (i3uKo-TeXHONOr YRy IHCTHTYT",
ByJ. AkaneMiuna, 1, Xapkis, 310108

Metowo panoi poboru Oyno HOCHDKEHHS 3MiHM ONTHYHHX BJIaCTHBOCTEH
MOHOKDHCTANIB BONb(paMy MWicii ONPOMiHEHHS BHUCOKOK) JO30I0 iOHIB neliTepieBoi
riasmy. TloBepxHi Oyno onpoMiHEHO BHMCOKOIO 03010 iOHIB nefitepieBol mwiasMu 3
eneprieio B gianasoHi £=0.1-1.77 xeB 3 yCyHeHHAM Iapy TOBIUMHOW 5.5 MKM st
nioBepxHi (110) Ta 6.4 i 7.0 Mxm s ioepxui (111). 3MiHa omTUYHKMX BNACTHBOCTEH
ONPOMIHEHMX [3€pKal BHUBYANACH CMEKTPAbHHUM eNiNCOMETPHYHIM METOIOM 3
eHepriero 30HTYI0IHX (OTOHIB y miarnasodi 0.5-5 eB. 3miny Mikpopenbsedy noBepxHi
JIOCII/KYBANMCh METOIOM aTOMHOI CHIoBOI Mikpockonii. Kopemsnis onTHyHUX Xa-
PaKTEPUCTHK MOHOKPYCTANIB BONb(hpaMy HO3BOJSE TBEPAUTH, IO 30LTBIICHHS TOR-
IMHY PO3IMWICHOIO iOHAMU IelTepilo mIapy BHMKJIMKAE HE TUIbKH Oulbll TOMiTHE
3MEHIIEHHS BENWYMH ONTHYHO! MPOBIRHOCTI B yNbTpadionetoBilt obnacti, HiX B
iHdpauepBoHil, a ¥ 30UTBIICHHS IUAPUHY XapaKTEPHCTHHHMX CMYT MOrIMHAHHS
mobauzy 1, 1.7, 2.2 i 3 eB. Ockinpka atoMHa CHIOBA MIKPOCKOINiA HE BHABHAA
3HAYHUX 3MiH y Mikpopensedi nosepxui W (111) micna onpomiHeHRA ijoHaMH
neditepito (naitGinblra HEepiBHICTH 6 HM), 3MIHHM y CIEKTpaX ONTHYHO! MPOBigHOCTI
MOXHa TTOSICHUTH PO3YYIOPANKYBAHHAM J3ePKAIFHOTO HPHIIOBEPXHEBOTO APy ITicad

Takoro iogHoro SomMbGapxyBaHHs.
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