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MHOI'OCJIOHHAS PEHTTEHOBCKAS ONITUKA B CHBUPCKOM LHEHTPE CH

Kosanerxo H.B.!, Msiramaenxo C.B.%, Yepros B.A *

' Huemumym soepnoi @usuku um. Byoxepa, Hoeocubupck, Poccus
? Huemumym xumuu meepdozo mena u mexanoxumuu, Hosocubupck, Poccus
* Huemumym rxamanusa, Hoeocubupck, Poccus

[lepporavanbHEIM HMIYTBCOM Pa3sBHTAS MHOIOCIOMHOM PEHTreHOBCKOH ontuku B MSD
TOCAYXKHIA NMPobiemMa AUATHOCTHKY ITA3MEI B MSTKOM DEHTreHOBCKOM AManasone. s peImeHus
9TOH 3a/1a%H OBLTH PAa3BHTHI COBPEMEHHBIEC TEXHONIOTHH HANBUICHHS MHOTOCTOMHEIX PEBTIEHOBCKHX
aepian (MP3) i npousBoACTEO MOATIOKEK PERTIEHOONTHYECKOrO KauecTsa. B HacTosmee Bpems ana
HMSTOTOBICHMA MHOTOCIOHHBIX CTPYKTYP NPHMEHSIOTCS METOAH JA3epPHOTO M MATHETPOHHOIO
Hanbinenns. Arrecranus MP3 ocymecTBiseTcs B MATKOM H JKECTKOM PEHTTEHOBCKHX JHANA30HAX,

OrpomHEI¥ NOTEHIMAT MHOTOCTONHOM ONTHKE NpuMeHATEN HO kK CYl NpHBeN K MOABIeHHEO
He(opMaTEHOH rpynnbl coTpyaunKoB CHOHPCKOro LEHTPA ¢ LEMbI0, KAK PasBHTHS MHOTOCIOMHOMN
ONTHKH, TaK H €€ MOCICAYIOMEro NMPUMCHEHHS B PasTHYHEIX PEHTICHOBCKHX Metoxax. C apyroi
CTOpOHEI 5T K¢ MeToAs! (audpaxums, maddysnoe paccesune, EXAFS u ap.) HCIIONB3YIOTCA IS
HCCNIEI0BARMA BHYTPeHHeH crpykrypst MP3. VraybnemHoe noHMManuMe CTpOeHHS 37IEMEHTOB
MHOrOC/IOHHO! ONTHKH TIPHBOAHT B CBOIO OYEPEJb K COBEPUICHCTBOBAHHIO TEXHONOTHH HX
H3rOTOBJICHHSA M KaK CIEACTBHE YIyYLICHHIO HX PEHTTCHOONTHYECKOr0 KAYECTRa.

AKTHBHOCTh Tpynnsl B 007aCTH MHOTOCTIOHMHOH ONTHKH ONpPEAETICTCS CACAYIOIHUMHA
HAIIPaBICHHAMH:

1. Cospanme CBETOCHJILHBIX MOHOXPOMATOPOB NEPBHYHOr0 NyYKa M AHATH3ATOPOB
BTOPHYHOrO0 H3Jy4eHHs Ha ocHose MP3.

Hcnonesosarme MP3 B kauectse mepBruHbIX MOHOXpomaTopoB CH mossonser YBEITHYHTS
HMBTCHCHBHOCTh MOHOXPOMATHYCCKOrO My4ka Ha 1-2 mopsiaka BBHAY YBEMHYEHHA CIEKTPAILHOM
TIO/IOCH! OTPAXEHHS MO0 CPABHEHHIO C KPHCTA/LIAME. JTO MO3BOJIAET PE3KO MOAHATH 3KCHPECCHOCTH
METO/IOB, HE TPEOYIOIMX BHICOKOTO OJHEPreTMYECKOro paspemeHus. C  3ToH  membio ¢
koporkonepuoarsic W/Si MHOrocnoiHsie 3epkana GbIIH HCMOTB30BAHBI B KAYECTBE IEPBHYHONO
MOHOXpOMAaTopa Ha CTaHUMH OneMeHTHOro amammsa BOIMI-3. Mamepennst moarsepamm
YBCIHCHAC HMHTCHCHBHOCTH NYyYKa HakadkH Oomee weM Ha | mopsgox 6e3  yxymmenus
YyBCTBHTENEHOCTH CAMOT0O METOAA.

B obnacta markoro pertrenosckoro manyqenns (0.1-1 k3B) MP3 uactiuno KOMIICHCHPYIOT
OTCYTCTBHE KPHCTaNN-aHATH3ATOPOB ¢ Oonburamu  mepuomamm. Hecmotps Ha  Hekoropbie
3aTPyAHCHHS CBA3AHHEIC ¢ HEOOXOAHMOCTEIO HCIIONB30BAHMS KAK MEHAMYM TPEX PA3THYHBIX THIIOB
MHOTOC/TOHHEIX IOKPBITHH 3¢PKAT OHH TIO3BOIAIOT MOMHOCTBIO IIEPEKPHITh ITOT Auanazon. C 31oif
UC/BI0 OHH YCTICWHO HCIOMB3YIOTCS JUis CIEKTPANbHBIX M3MEPCHUI HA CTAHIOMH METPOIOTHH
B3IM1-2M.

Ans BEIZENICHHS BTOPHYHOTO PEHTreHOBCKOTO H3MydeHHs obpasna (3meMeHTHbI aHAIH3,
EXAFS cnexrpockonns no dmroopecuentaomy srixogy, MCD crekrpockonus u T.J.) HaMH ObLY
OPEATIOAEH HOBBIH THII AHATM3ATOpA CIICKTPA, OCHOBAHHMIN HA HCIOJb30BAHMH TIIockoro MP3 ¢
PAJHANIBHO YBCTHIHBAIOIIEMCS NEPHOOM. JIaHHBIH aHATH3ATOP NO3BOIIIET IETKO NIEPECTPAHBATHCS
10 SHEPTHH B IMHPOKHX mpexenax (10 10 k3B) ¢ oTHOCHTENBHBIM JHEpreTHUECKHM paspemeHueM
2:3%. DBombimoe 3HAYCHHE TIEOMETPHYECKOH CBETOCHIBI amammsaropa (0.1 + 0.3 crep)
obecnednBacTCs KObLEBOI reoMeTpHEH 3epKana.

2. Pazpaborka M co3naHHe 3QeKTHBHBLIX PEHTIEHOONTHYECKHX 7/1EMEHTOB ¢ BbICOKHM
CNEKTPAJIBHBIM pa3pelueHHemM,

Beuzy koreunoro snavenus (100-200) uncna xoreperTHO oTpakaromux neproxos MP3 (uto
CBA3AHO Kak C MPOG/IEMAMH TEXHONOTHWH MX H3rOTOBJCHHS, TAK M C (POTONOMIOLMIEHAEM) OHH He
crnocoOHel obecneduTs cnekTpanbHoe paspemenne nyume 0.5-1%. MBAmesM BHIXOIOM H3 3TOrO
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TIONOKEHHA SBIISIOTCS MHOTOCIOMHEBIC AABPAKIHOHAEE pewerkn (MIP). dopmuposanme, Kkaxam
mbo obpasomM, xomomHHTENHHOrO CTpOro meprommyeckoro pemseda pemerknr Baoms MP3
nosomster mnonyuute MJIP ¢ BeicoxmMm COCKTPANbHBIM  paspemenneM. OTIHIHTENBHBIME
OCOGEHHOCTAMH PEIETOK ZAHHOIO THIA ABILIIOTCA: BRICOKAA 3(dekTHBHOCTS MpH Gombmmx yriax

YMEHBILICHHE JONH PACCEAHHOTO H3TyYCHHS | T,

Braromaps rakam pocromncream MJIP sBnsrorcs, TO-BHAHMOMY, CANHCTBEHHBIM PEATTbHEIM
TPETCHACHTOM Ui paboTHI B «TPYAHOMY CrekrpaneHOM auanasone (1-3 B), rae 06sKHOBeHHEE
PCLICTKH yike HE PabOTAIOT, a KPHCTANH eIme He AOCTATOMHO abdexruns. Hemonssosanme M/P s
Gonee xecrkoM amamasome CH Taoke TIPEBIICKATENILHO BBHAY TOTO, 49TO OHH, B OTJHYHE OT
KPHCTA/IOB, ABIAXOTCA NONHXPOMATHYCCKHMHA AMCIICPrAPYIOIAMHA 3IEMEHTAMHA. JTO MO3BOJISET
HCTIONB30BATh GonbIIyIo acTs cekrpa CH i Taxim o6pasom cymecteerso (8 30-50 pas) MOBLICHTH
s¢pdexrasHOCTS cnexrpometpa. Ilpu GnarompusTrEIX yemopmsx (oraYNMATOP HAa HMcTOYHmMKe CU
TPETLETO MOKONEHHs ¥ 3 (eKTHBHBIN KOOpAMHATHBII ACTeKTOp) Hcronb3osanne MIIP mo3souT
NPOHM3BOIATE PEIHCTPALHIO BCEX TOYEK CHEKTpa IOrMOMEHHs 33 HAHOCEKYHHOE Bpemsa (FLASH-
XAFS).

OTH B ApyrHE 10BOIBI XOpOIIO 00BACHSIIOT Hamry AONTOBPEMEHHYIO AKTHBHOCTB O CO3aHHIO
pasnoobpasnex MJIP m ux nccneaoBanmIo.

3. PaspaGoria u cosgaume PEHTreHOBCKHX BOJHOBO/I0B.

Hpumeﬁenue TOHKOIJICHOYHBIX MIAHAPHEIX BOITHOBOAOB B OHOTO3JICKTPOHHKE 0KA3aloCch
CTONIB BICYAT/IAKOIINM, YTO npeacraBaseTcst HHTECPECHBIM CKOHCTPYHPOBATH IIO.I[OGHYIO ONTHKY 1A
JKCCTKOI'0 PEHTrEHOBCKOro Auanasona. C 3toif LENBY) MBI Havyaiu paGOTBI O H3TOTOBICHHIO,
TEOPCTHYECKUM H IKCIICPHMEHTATbHBIM HCCIICOOBaHHUAM IJITAHAPHBIX BOJIHOBOJOB ¢ «GOKOBOI)
HaKa4YKOH.

BonHOBOAA. Teopermueckn PaCCYHTAHHOE yCHIeHHe (OTHOLICHHE NIIOTHOCTEH  W3MydeHH
BEIXOQHOrO M ITAAAIONIETO MYyYKOB) MOYET AOCTHTaTk 3Ha9eHu# 100-1000. BonuoBoz okaskiBaercs
YHUKANBHBIM  BHICOKOMHTCHCHBHBIM  MCTOMHHKOM PaCXoAsierocs HM3NyYeHHS ¢ pasmepom

TEXHOIOTHH.

Buibpannas mamm CTPAaTerHs Ha MITOTOBNCHHE GEpPHIIHEBEIX BOJIHOBOZIOB  OKAa3a/1achk
AOCTATO4HO yAaqHOH. Yike mepsrie dxenepumenTe Ha ESRF ¢ Mo/Be/Mo BonHoBogaMn TIOKAa3aJH
PCKOPAHEIC 3HAYCHHA younenns (1a yposre 100 wis o6macTa 8-20 x3B) n xopouIo cooTBeTCTBORANH
pacuery. Ilepexox ma C/Be/C BomsoROISI TNpHBEN X JansHelueMy mporpeccy. JKCIIEPHMEHTEI,
nposeacHubie Ha BOIII-3, mokasanu yeunenne nopsaka 300 npu BosGyxaenun TE, BonsOBOAHOI
MOJEI Ha 3HEpPruy 8§ k3B,

Pabora mposoantcs nmpu wacTHamoi (ruancoBoii moxaepxke PODGU (mpoextsr Ne 99-02-
16671 u 00-02-17624).

Bnapamup Anexcauaposuy Yepros n.v.kovalenko@inp. nsk.su




Multilayer X-ray Optics at Siberian sr Center

Chernov V.A', Kovalenko N.V.%, Mytnichenko S.V >

! Boreskov Institute of Catalysis, Novosibirsk, Russia
? Budker Institute of Nuclear Physics, Novosibirsk, Russia
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1. Use of multilayers.

The use of multilayers instead of crystals allows one to increase the spectral band of the
reflected beam. Since SR has a very smooth spectrum the multilayers reflect beam with a 1-2 order
higher intensity. It makes possible to decrease the time of measurements in experiments where high
resolution is not needed. With this in mind the short-period W/Si multilayers were tested in primary
monochromator of the X-ray fluorescent analysis station at VEPP-3 storage ring. Measurements
confirm the increase of the monochromator output beam by approximately one order without
worsening of the method sensitivity.

In soft X-ray range (0.1-1 keV) where long-period crystals are absent the multilayers being
simple and inexpensive dispersive elements may be used for spectral measurements. Four types of
multilayers produced at BINP (Y/Mo, Ni/C, Fe/Ca and W/Si) completely cover this energy range.
The double-multilayer monochromator is operated at the metrology station of VEPP-2 storage ring.

In order to select X-ray fluorescence photons (X-ray fluorescent analysis, fluorescent
EXAFS-spectroscopy, MCD-spectroscopy and so on) we proposed new spectral analyser using flat
radially graded multilayer. For the special case of small Bragg angles, in order to reflect
monochromatic beam from a point source, a flat mirror substrate has to be covered by multilayer
with period as a linear function of radius. This analyser is easily tuned over a wide energy range by
only changing the distance sample-mirror. A ring-like shape of the multilayer mirror provides a
sufficiently large detection solid angle (0.1 + 0.3 sr). Analyser can be used up to 10 keV photons
with achievable spectral resolution of 2+3%.
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Excited beam
0 4+ 1 R
1 2 3

Displacement of multilayer mirror [mm]
2. Development of multilayer optics with high spectral resolution.

Because of limited number of the coherent periods (100-200), that is caused by both
technology problems and extinction effects, multilayers not allow one to obtain the energy resolution
better than 0.5-1%. The use of Multilayer Gratings (MG) is an elegant method to overcome this
problem. The highly coherent grating pattern fabricated by any method along the multilayer mirror
can provide high spectral resolution of this optical element. The remarkable features of MGs are:
high efficiency at larger angles of diffraction, the possibility to concentrate the reflected beam to one
reflection order with nearly complete suppression of other orders, the remarkable decreasing of
incoherently scattering background and so on.
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Due to these features MG seems to be the unique candidate for the “difficult” energy range (1-
3 keV) where the usual gratings and crystals are not efficient.

Using MGs allows one to extend the range of dispersive optics to hard energy X-rays. In this
respect, MGs an alternative to crystals conventnonally used in this range of SR. Unlike crystals MGs
are polychromatic elements. This feature is unique for dispersive optics and favours for spectroscopy
applications. It makes possible to extract and disperse a large portion of X-rays from the wide-band
SR source. This gives a 30-50 fold enhancement of the registered photon flux. Under favourable
conditions (undulator radiation from third generation SR source and high efficient position sensitive

detector) MDG use allows one to obtain the complete absorption spectrum for a one bunch flash time
(3-5 nsec).
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3. Thin-film X-ray waveguides.

Recently, in close collaboration with Elettra team (S. Di Fonzo and W. Jark), we begin the
fabrication and studies of the thin-film planar waveguides. The X-ray beam exiting from this
waveguide has one dimension nearly equal to the thin film thickness, i.e., of the order of 50-100 nm.
A very interesting feature is that the beam compression is accompanied by its intensity enhancement.

This source is very promising for many applications as X-ray microscopy and microdiffraction,
lithography and LIGA-technology.

Incident beam

Output
beam

The thin-film X-ray waveguide represents a triple layer structure: the middle (guiding) layer is
a low-absorbing film sandwiched between two layers with smaller refractive index. Beam coupling
is achieved by making the top layer sufficiently thin so that the evanescent wave, generated by
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reflection of the incident beam at angles less than the critical angle 6, can penetrate through the top
layer. For particular grazing angles of the incident beam, in strict analogy with standing wave
excitation in resonator, this evanescent wave can resonantly excite the waveguide modes. The
resonantly trapped radiation travels along waveguide and emerges from the waveguide edge. For an
ideal waveguide illuminated by a perfect and monochromatic beam, theory predicted a possible flux
gain of 10>-10° -fold.

‘We have chosen beryllium metal as a low-absorbing material for the waveguide designing. For
8-20 keV photon range, the record 100-fold flux increase with Mo/Be/Mo waveguides was achieved
in the first experiments at ESRF. This value agrees well with theoretical predictions. Further
progress was done with C/Be/C waveguides. Unprecedented approximately 300-fold amplification
(the ratio of the incident beam flux density to the excited TE, mode one) was observed at 8 keV in
experiments at VEPP-3 storage ring.
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This work was partially sponsored by RBRF (grants Nos. 99-02-16671 u 00-02-17624).
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AUATIA30HA CIIEKTPA PEHTTEHOBCKOI'O U3JIYUEHUSA
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Jlns Mcronb30BaHMA B KAa4eCTBE AMCTIEDCHOHHBIX 3EMEHTOB PEHTI€HOBCKOTO H3NY4CHUA
TPE/IAracTCsi HOBBIM THII PEHTTEHOBCKHX MHOTOCTOMHBEIX AH(PAKLHOHHBIX PEMIETOK - (hasoBbie
MHOTOCIOHHBEIC PELIETKH CKOMb3smero naienws. OTIHYHTENBHOH OCOBEHHOCTHIO MHOTOCTOHHBIX
PEWIETOK ABAACTCA TO, YTO MOMOKHUTENBHBIC TOPAAKH PEIICTKA HMEIOT ABa MHKa oTpaxenns. Onun
THK COOTBETCTBYET OTPAKCHHIO B INOPANOK MHOTOCIOHHOH PEMIETKH, a APYrod COOTBETCTBYET

OTPAKCHHIO HITYYIEHHA MMON YrioM MOJHOI'O BHECIOHETO OTPasKCHHA / 1/. an OINMpPCACICHHOM YTJIC
TAJICHASA NAJAIOMIEr0 IMyYKa, AJsA BBITONHEHHSA AMILTHTYAHO-(A30BBIX YCHOBHH I8 M3Ty4CHHS
OTPOKEHHOr0 PEIMCTKOH M M3MYYEHHs OTPAKCHHOrO OT (MHOTOCTOWHOM) MOMNONKKH, MOXKHO
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N0OHTHCS KOHIEHTPALIHH BBRIXOXHOTO H3Ty4CHHsA IO YITIOM IOJIHOrO BHELIHErO OTPAXEHHA.
MakcaManbHbie 3HaYeHAS 3PdeKTHBHOCTH (Ha30BEIX MHOTOCIOHHEIX pemeTok gocraraior 30-70% s
obnacru smepruii 0.1-10 koB. Marepecroil 0COGEHHOCTHIO NAHHOH PEIICTKH BIACTCA CHKATHE
BeixoiHOrO ny4xa (B 10-20 pas) 3a cyeT CHIBHOM aCHMMETPHH OTPAKSHHU.

Hamu Grina paspaborana u ucciegoBana (pasoBas MHOTOCIOHHAA AHGPaKIHOHHAS PEIETKA
IS M3yHueHnsA ¢ SReprueit mopsaka 8.0 k9B, Crpykrypa pemerku cocrout u3 Ni/C MHOroCHoi#HOr0
3epKania C MepHoAoM 6.7 HM, Ha TIOBEPXHOCTH KoToporo copmuposara Pt pemerka nepuogom 2000
oM ¥ rnybmHOH mTpuxa 5.5 BM. IlpeasapurensHEIC SKCICPHUMEHTANBHBIC HCCNECAOBAHUA
3(dexTHBHOCTH AAHHON PEMIETKH IIOKA3aiW, 4TO 3Ha4eHHs koa(pdunmenta orpaxenus B +1

MOPSAOK PELUETKH MPH YIIax OTPaskeHH ~ 0.1° HAXOAMTCA B XOPOUIEM COOTBETCTBHH C TEOPHEH.

40 2 L i i i ] " L 1 i 1
A=0.154 um
S,
E 30 4 +1 mopamox F
g 20 - 9
3
10 b
8
R
0 ¥ T . T ¥ T b T 3
0.5 0.6 0.7 0.8 0.9 1.0

Yron nagenus [rpan.]

Puc. 1. 3aBucumocTs K03 pHIHEATa OTPAKEHHS PEHTTCHOBCKOTO H3TYYEHHA OT YI/ia NAACHUS [
+1 mudpaxumonHoro nopsiaka Pt-Ni/C da3oBoii MHOTOCTOHHOH PELIETKH CKOMB3AIIErO MAJCHHS.

Pa6ora BhimonneHa npu yactuaHoM nogaepxkke PODU, npoexrsr NeNe 99-02-16671 u 00-02-
17624.
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A HIGH EFFICIENCY GRAZING INCIDENCE PHASE MULTILAYER GRATINGS FOR
SOFT AND HARD X-RAY RANGES

Chernov V.A.", Kovalenko N.V.% Mytnichenko S.V.?

! Siberian SR Center at Budker Institute of Nuclear Physics, Novosibirsk, Russia
? Budker Institute of Nuclear Physics, Novosibirsk, Russia
* Institute of Solid State Chemistry, Novosibirsk, Russia

We propose to use as x-ray dispersive elements a new type of x-ray multilayer gratings -
grazing incidence phase multilayer gratings. The distinctive feature of an x-ray multilayer grating is
that a positive diffraction orders have at least two peaks of reflection: one peak corresponds to
reflection in “conventional” multilayer grating order, another peak corresponds to x-rays reflected at

266



the total external reflection conditions’l’. For a given incidence angle, when the phase and amplitude
matching between x-rays reflected from upper grating structure and bottom (multilayer) substrate is
completed, a great increase of reflection at the critical angle 6 can be obtained. A maximum
diffraction efficiency of these gratings ranges up to 30-70% at energy range 0.1-10 keV. What is
more, by virtue of the fact that the reflection of x-ray occurs at the angles significantly less then the
incidence angles, an additional compression of x-ray beam will be obtained

The grazing incidence phase multilayer grating for X-ray energy above 8.0 keV 'was
developed. The grating structure consists of the Ni/C multilayer with period 6.7 nm, on the top of
multilayer, Pt grating with period 2000 nm and depth of groove 5.5 nm was formed. The preliminary
experimental investigation of diffraction efficiency of the grating shows that the reflectivity of +1
diffraction order is in reasonably good agreement with the theory.
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Fig. 1. Reflectivity of +1 diffraction order of Pt-Ni/C phase multilayer grating versus incidence
angle.
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