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Spectra of X-ray fluorescence yield for Au (9 nm)/Si films structure collected
in conditions of XRF standard geometry and in case of total external reflection
of X-ray exciting flux
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Measurement geometries and shown in the upper positions. RBS spectrum of He" ions for the target is
shown on insertion. XRF spectra were collected at BSW (Mo) source conditions U=25 keV, I=10 mA, 300
sec. S;=S,=6 um. Energy step 20 eV/channel.



Schemes of X-ray fluorescence spectrometry at the
total reflection exciting beam (TXRF) in direct and
inversional geometries

Direct geometry Inversional geometry
a b
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Direct and inversional geometries are suitable for the elemental analysis of thin film (3-
5 nm) of target surface layer. The inversional geometry 1s characterized by enhanced
sensitivity but 1s need in introduction of matrix correction. This geometry 1s very
effective in case of the secondary fluorescence excitation by ions and electrons beams.



Modified scheme of inversional TXRF spectrometry by
planar X-ray waveguide-resonator application
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PXWR application allows collection of the total reflection yield in
angular iterval equal to the double critical angle of total reflection
fluorescence radiaiton.



Experimental stand for study of the inversional TXRF
spectrometer at X-ray flux excitation of characteristic
fluorescence

1. Radiation source BSW-24 (Mo); 2. Slit collimator of the exciting flux; 3. Studied target — GaAs crystal on

diffractometrical attachment; 4. Double slit-cut collimator (S;=S,=1 mm, lg;5,=100 mm) for X-ray
fluorescence selection in conditions of standard inversional geometry; 5. X-ray fluorescence spectrometer 6.
HZG-4 goniometer. At using of Be waveguide-resonator the double slit collimator (4) changes on the

protective screen.



TXREF spectra of GaAs stochiometric target collected in
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Spectrum a — energy step 20 eV/channel. Spectrum b — energy step 16 eV/channel.

direct (a) and inversion geometries (b)
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Direct TXRF measurements characterize by absence of the matrix effect influence. Inversion
geometry is not free from the effect.



Instrumentation for
PIXE and RBS
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X-ray fluorescence spectra of human brain tissue collected
at electron and ion excitation
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Cross-section of X-ray fluorescence excitation by proton beam and
MoKoa radiation flux
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Excitation by H* beam with different energy. Excitation by MoKa radiation (E=17.4 keV).

Comparison of AlKa and YKa fluorescence excitation factors shows that Al
detection is more effective by PIXE method in 108 times!



Registration efficiency of X-ray radiation with différent energy
by detectors with Be and specific material entrance windows

Amptek Low Energy "C Series” X-Ray Windows
(Compared to 8§ um, 12 um and 25 um Be)
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The experimental hall of ion beam analytical complex
Sokol-3 built on base of electrostatic Van de Graaff
accelerator ESU-2

Complex parameters:
1. Ion beams: H', D", He™;

2. Energy range: 0.05+2.0
MeV;

3. Current range:
0.1+50000 nA
(6.25-10%+-3-10'4 ion/sec);
4. Beam spot: 0.1+5 mm;
5. Vacuum: (1+5)-107° torr;
6. Energy stability:
0.03+0.1%:;

7. Current stability: 3+5%:;

8. Radiation background:
0.1+3 roentgen/hour.




Control desk of ion beam analytical complex
Sokol-3

Ion beam diagnostical
method realized on the
complex:

1. Rutherford backscattering
spectrometry (RBS);

2. X-ray fluorescence analysis
at 1on excitation (PIXE);

3. Nuclear reaction analytical
spectrometry (NRA);

4. Optical luminescence
analysis (IBLA);

5. Method of nuclear elastic
recoil detection (ERD);

6. Ion channeling method for
study of monocrystal and
epitaxial structures.




Analytical chamber with two scattering ions
registration channels and X-ray collector
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Vacuum holder of X-123 Amptec SDD in the
experimental chamber of Sokol-3 ion beam
analytical complex
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The construction supplies vacuum consolidation of the detector body the heat throttling and
protection from electrons and ions



Theoretical and experimental RBS spectra of H'
and He" for SrTiO; monocrystal target (for
nonoriented state)

RBS spectra of helium and
hydrogen for SrTi0,
monocrystal. Arrows show the
scattering energies of 1ons on
atoms located on the target’s
surface. Geometries of
measurements are shown on
inserts. There are presented every
third channel. Energy cost of the
channel is 1.9 keV/channel.
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Cnextpsi TXRF (a), PIXE (6) n RBS (B) mienku
HedTH, OCaKAeHHON HA Be MOMI0KKY
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JKCINEPUMEHTAJIbHBIA U TeopeTu4YecKuu cnekrposl POP
nonoB H' (E;=1.306 M»3B) nj1s1 o0Opa3ia Ko:KeBEeHHOTr 0
MarepuaJa
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saapax atomoB Cr, S, O, N u C, Haxoasa1uxcsi Ha MOBEPXHOCTH 0Opasiia koxku. Ilena
kaHaja 1.9 xkoB/kanan.
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Scheme of TXRF measurements at ion beam excitationilin.conditions
of the waveguide-resonator application (TXRF-PE)
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waveguide-resonance
slit clearance transports

Wave g lli de- ﬂl__lorescence radiation

undergoing the total
external reflection on
Be reflector. The
transportation takes
place without
- attenuation. In result,
we have the radiation
yield with great
~ Intensity owing to
radiation concentration
by waveguide-resonator
and element
characterization of
surface layer with
thickness t=5 nm.



PIXE spectrum at ion beam excitation and RBS spectrum of
old Soviet coin “half copeek” of 1925 year fabrication
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X-ray fluorescence spectrum is the illustration of XRF yield registration at ion beam
excitation. Energy step 10.5 eV/channel.



TXRF-PE spectrum at ion beam excitation and RBS spectrum
of old Soviet coin “half copeek” of 1925 year fabrication

X-ray fluorescence vield (counts)
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X-ray fluorescence spectrum is the illustration of TXRF yield registration at ion
beam excitation. Spectrum characterizes element content in surface layer of the coin
one. Energy step 10.5 eV/channel.



TXREF spectrum of Soviet coin “half copeek” fabricated at
1925 year
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Spectrum shows silver as the main element of the coin surface. Energy step 20

eV/channel.



PIXE spectrum at ion beam excitation and RBS spectrum
of the fabric covered by Cu coating.

X-ray fluorescence yield
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RBS spectrum show intensive
peak connected with Cu-film

(t=52 nm). The fabric contains C
and O atoms in response to C; 50;.
Hydrogen concentration in fabric

structure did not define. Energy

step 1.9 keV/channel

PIXE spectrum allows to registration low concentrations of elements copper coating

and fabric body. Energy step 10.5 eV/channel.



TXRF-PE spectrum at ion beam excitation of the fabric
covered by Cu coating
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TXREF-PE spectrum allows to registration low concentrations of elements copper
coating. Energy step 10.5 eV/channel.



TXRF spectrum of the fabric coated by Cu film
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Spectrum characterizes set pollutions existence in the Cu film. Energy step 20

eV/channel.



X-ray fluorescence spectra collected in the conventional (a)
and modified (b) geometries for Na;Zr, ;Si; Al (P 10,C,
natural target
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Energy step for X-ray fluorescence spectra 10.6 eV/channel, for RBS spectrum 1.9
keV/channel. Modified geometry of the PIXE shows the background deposit
decreasing.



Cxema peHTreHo()JIyOpeCIIeHTHOI0 AaHAJIN3A
MaTepPHaJIOB B YCJIOBHUSX 2JIEKTPOHHOIO

MHUKPO30HI0BOI0 BO30YyK/IEeHUS

1. Huth Hakaia; 2. sJeKTpOoHHAas
nynika (8-34 kB); 3. koHeHCaTOpHAas
nuH3a; 4. crabwinzanus ToKa 30H/14;
5. ocBenieHue oopasna; 6. o0beKkTHAsA

JWH3a; 7. YCUJIATENb; 8. BBIXO

IPONOPIMOHAIBHOTO CYUETUHKA; 9.
aMIUIATYIHBIN aHATIU3ATOP
uMITyJibcoB; 10. mepecueTHas cxema;
11. naTencumeTp; 12. cnekrpomeTp
JUISL MSITKOTO PEHTTEHOBCKOTO
u3ny4deHus; 13. BeIXoa
CHUHTWIIALIMOHHOIO cueTynka; 14.
CIIEKTPOMETP 151 )KECTKOIO

PEHTTCHOBCKOTO U3ydeHust; 15.

obOpaszer; 16. 2x nmepbeBOi CaMOIHKCEIL.
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CxeMa 3J1eKTPOHHOI0 MUMKPO30H/IMPOBAHUSA
KOHIEHTPAIMHU 3JICMEHTOB B TOHKOM IOBEPXHOCTHOM CJI0€
C IPUMEHEHHEM BOJTHOBOIHO-PE30HAHCHOU TEXHOJIOT UH
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