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Structure and X-ray optical properties of Mo—-B,C multilayer mirrors with period from
13.2 to 83.8 A have been studied. The reflect1v1ty values for the Mo-B,C mirrors and the
traditionally applied RbAP crystal (2d = 26.5 A) have been measured in the 4.7 to 11.9 A
range. The interlayer boundary roughness attaining 3 A was found to be the main struc-
ture cause of the reflectivity drop with decreasing mirror period. The Mo-B,C multilayer
X-ray mirrors have been shown to provide 2 to 5 times intensity gain as compared to
RbAP ones and to be the promising broadband diffraction elements.

Wsyuena crpykrypa u PEHTTeHOONTHYECKUE XAPAKTePUCTUKH MHOT'OCJIOMHBIX 3epkan Mo—
B,C c mepuomom or 13 2 mo 33,8 A. HNsmepenbl Koo(PUIMEHTHl OTPAMKEHUS B JUAIIA30HE
naue BoaH 4,7+ 11 9 A nna sepran Mo-B,C u TpagumumoHHO NIPUMEHSEMOro KPHCTAJLIA
RbAP (2d = 26,5 A) YcTaHOBJIEHO, YTO OCHOBHOM CTPYKTYPHO! NPUUYNHON CHUMKEHUS KOoa(-
(umuenTa oTpaXKEHUs C YMEHBIIEHVEM Iepuoja 3ePKaJia fABJAETCH IIePOXOBATOCTh MEXKCJIO-
eBBIX TPAHWUI], AOCTUTAIIIAT 3 A. TloxasaHo, YTO MHOTOCJOWHBIE DPEHTIeHOBCKUE 3epKaJa
Mo-B,C oGecneunBaioT 2+5-KpaTHEIHl BEIUTDHIII B MHTEHCHBHOCTH 0 cpaBHeHmio ¢ RbAP u
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ABJIATCA IIePCIIeKTUBHBIMU HNIXMPOKOIIOJIOCHBIMNA ﬂHq)paRIII/IOHHBIMI/I QJIEeMEeHTaMu.

Due to high reflectivity and stability of
properties, the multilayer X-ray mirrors
have been used extensively in X-ray spec-
tral analysis as the crystals-analyzers in the
wavelength range from 18 to 200 A [1].
Usually, in this range the mirrors with pe-
riod H more than 35 A are used, which,
provide much higher reflectivity wvalues
than other known monochromators at good
spectral resolution. However, application of
the multilayer mirrors for a harder radia-
tion of L =5 to 12 A, to which the K-series
of the 38rd Period elements are attributed,
requires decreasing the layer thickness
down to 5-15 A to provide a satisfactory
spectral resolution. Such layer thickness de-
crease is associated with fundamental tech-
nologic difficulties and is accompanied by a
drastic reflectivity drop [2], thus, the mul-
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tilayer mirrors may yield to the tradition-
ally used crystals-analyzers RbAP, KAP, etc.

There are two reasons for the reflectivity
drop. The first is caused by interlayer
boundary roughness ¢ and results in the
reflectivity drop with decreasing period H
according to an approximate law R ~
Ryexp[(-2nnc/H)2?], where n is the reflec-
tion order. The second cause is associated
with decreasing refraction index variation
amplitude through the multilayer mirror
depth as a result of the layer intermixing.
Model calculations using the IMD software
[3] show that the roughness, first of all,
extinguishes the high-order harmonics in
the angular dependence of X-ray reflectiv-
ity, while the layer intermixing suppresses
all the harmonics almost similarly. The aim
of the work is experimental efficiency test-
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Table. The parameters of multilayer X-ray
mirrors Mo-B,C. The calculated
molybdenum fraction in the period is 0.46

No. Period, A Period amount
1 33.78 165
2 29.22 200
3 23.96 250
4 19.72 300
5 17.1 350
6 13.22 450

ing of short-period Mo-B,C mirrors in the
wavelength range of 4.7 to 11.9 A and re-
vealing the structure cause for the reflec-
tivity decrease thereof.

The multilayer mirrors were deposited by
dc magnetron sputtering in argon atmos-
phere. The substrate was alternatively ex-
posed to the magnetron sources sputtering
Mo and B,C using a rotary mechanism in
the vacuum chamber. The layer thickness
reproducibility within 0.1 % was provided
using sputtering rate stabilization and ex-
posure time control. The argon working
pressure was 1.5.1073 Torr; Mo deposition
rate, 1.7 A/s; that of boron carbide,
2.4 A/s. The substrates were planar glasses
with root mean square roughness 4 A. The
parameters of the mirrors are given in
Table. The multilayer mirror period was de-
termined from the positions of several dif-
fraction maxima in small-angle diffraction
patterns taking the refraction into account
[1]. The measurements were done using a
DRON-3M apparatus in Cu-K ; radiation
obtained with Si (220) monochromator in
the primary beam. For the wavelength
range of 4.71 to 1.9 A, the measurements
were carried out using a SPRUT-V spec-
trometer (Ukraine) in the emission of ana-
lytical fluorescence lines of different mate-
rials. The fluorescence was excited by the
spectrum of a shot-through BS-11 tube with
Ag target, at 10 kV. The primary beam was
registered by a flow-proportional detector
with thresholds tuned for transmission of
the selected analytical line. The scattered
radiation contribution to the measured pri-
mary beam intensity was controlled using
the scattering background of substances
consisting of light elements (Be, B, C, O
ete.), and did not exceed 3 %. The peak
intensities from the crystals were measured
at the same thresholds as for the primary
beam measurements. The peak reflectivity
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Fig. 1. A small-angle X-ray diffraction pat-
tern for the Mo-B,C multilayer with H =

19.72 A period. Solid line shows the calcula-
tion by IMD program [3].
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Fig. 2. Mo-B,C mirror reflectivity vs the pe-
riod value for different X-ray wavelengths:
1, 4.73 A (Cl-Ka); 2, 5.837 A (S—Ka); 3,
9.89 A (Mg—-Ka), the lines without symbols,
the calculation results.

was determined by the ratio of the reflected
signal to the incident beam taking into ac-
count the correction for the scattered radia-
tion background.

In the small-angle diffraction patterns of
the multilayer X-ray mirrors with the pe-
riod H from 13.2 to 33.7 A, two to six
Bragg reflections from the periodical struc-
ture can be observed (Fig.1). The half-
width of the peaks is practically inde-
pendent of the reflection order, that indi-
cates the constant structure period through
the volume irradiated. An exception is the
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Fig. 3. Fragments of X-ray spectrum of
AK5M2 aluminum alloy measured using dif-
ferent crystals-analyzers: RbAP (1); Mo-B,C
multilayer mirror, H = 17.1 A (2); Mo-B,C
multilayer mirror, H = 29.2 A (3).

sample with H = 23.96 A, in which some
blurring of the high order peaks is ob-
served. Fitting of the calculated and the
experimental patterns using IMD software
[3] has established alnolost the same inter-
layer roughness c~2.9 A for all the mirrors.
As it was expected, the measurements in
soft radiations showed the reflectivity drop
by a factor of 12-15 as the mirror period
decreased from 83.7 to 13.2 A (Fig. 2). The
curves calculated under assumption of in-
variable layer composition, density, and

thickness ratio with decreasing the period
H fit well the experimental ones at the in-
terlayer roughness o =3 A. Thus, the re-
flectivity drop with decreasing period of the
Mo-B,4C mirrors is caused, first of all, by
the roughness of interlayer boundaries.

The short-period Mo-B,C mirrors with
H>17A provide a substantial gain in the
spectral line intensity as compared to RbAP
(Fig. 3). The spectra are of acceptable qual-
ity with reliable separation of silicon, alu-
minum, and magnesium lines. For practical
application in scanning devices, the H
range from 24 to 29 A is optimal. However,
in this case, one has to narrow the angular
beam divergence in the X-ray optical
scheme in order to improve the spectral
resolution. Fig. 3 shows that with a proper
collimation it is possible to obtain the
higher quality spectra with higher intensity
and better spectral resolution using the
mirror with H =29.2 A than with H =
17.1 A,
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BararomapoBi peHrrenisceki n3epkara Mo-B,C —
HOBI KpHMCTaJIM-aHAJNI3aTOPHU

IJIA MianmasoHy AOBKMH XBHJIb 5+12 A

I.A.Fonuneys, O.A.Bamypun, I1.d.Muxaiinoé

BUBUEHO CTPYKTYpPY Ta PEHTTeHOOITHUYHI XapaKTepUCTHUKM GaraTomrapoBux asepkas Mo—
B,C s mepiozom Bix 13,2 mo 33,8 OA. IIpoBemeno BuMmiproBaHHA KoedimieHTiB 131,:;61/11‘1‘51o y
riamasoni mopskuH xBuab 4,7+11,9 A nna nsepxan Mo-B,C ra kpucrama RbAP (2d=26,5 A),
AKUH TPamgUIliliHO 3aCTOCOBYETHCS. BCTAHOBJIEHO, [0 I'OJIOBHOI CTPYKTYPHOIO IIPUYNHOIO
3HUIKEeHHs Koedimienra BimdurTTsa 31 3MEHIIeHHAM IIepioay A3epKaJia € IMIOPCTKiCcTh MisKIima-
poBHUX MeK, siKa mocsarae 3 A. ITokasano, 1m0 OararomrapoBi peHTreHiBChbKi a3epraJa
Mo-B,C sa6esmeuyiors 2+5-KpaTHMit BUrpam y imremcusHocti y mopiBHammi 3 RDAP Ta €
[IEePCHEeKTUBHUMHU IMINPOKOCMYTOBUMHU NUMPPAKIIAHUMHU eleMeHTaMuU.
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