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BYbTpaMsrkon obnactu

A. B. BuHorpapos, @/AF, Mocksa =. KoathduumeHT oTpakennsa Ao 70 %, nepmoa 15-250
A, gnanasoH 0,3 - 600 A (30 k3B — 30 3B).
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obJsactu cniekrpa (0,2<A<50 nm)
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Yucmo map cinoes - g0 1000, neproa - 10 1,6 HM

Mo/Si: N= 40, d = 6,75 am

Proton Energy (V)
28 130 138 140 148
Wavelength (nm)
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HOrOCNoWHbIE 3epkana
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&, & — JVDICKTPHYECCKHE NPOHNIAEMOCTH MaTEPHAJIOB;
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a) cpa3y NocJie HanbLieH usi; 6) 1 ¢) — npu oTkure 3,5 u u 10 4 npu T=300°
C; 1) npu Temn epatype onkura T=600° C
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goMETpUUEcKME abeppatinm ..
06bekTMBa LBapuwnnbaa

CYTCTBME Chepnyeckx abeppalni 3-ero nopsaka
ITCYTCTBIE KOMbI 3-€r0 NopsAaKa
flofie sperns 100 — 200 MM (Mp1 papewennm < 0,1
MKM), OTpeaensiercsi KpMBA3HOM Nos

_aspeLueHwe Ha ocu — a0 0,02 MK M, onpeaensier cs
— — abeppausamMu 5-1o nopsaka

419 YUCTIOBOU ATIEPTYPhI N, = 0,2

M

péryn;{ pHas




== 020802 d=2.245 N-200

=== 020801240 d=2.29 N=2001m)
= #=020803 _d=2.275 N=20

4.0 442 444 446 448 4D 452 4.5 456 458 4.60 462
2, nm

CpesanHas MHOLOCION Hast

PelieTia MpecTa BJIsIeT c000ii C pe3a HHbI e
HYIO I1O/L OIIPe/IC/ICH HbIM >
MHOIOC/IOUHbIE

DELLETKM
Ioxkpsertue: Co/C

N=200

d=224-275um .
THBHOCTH npu HucJjie

R=15% _‘j.'. 10B 10 4000_. HXx cBoiicBa
SS=AHAJ0rH YHbI CBOliCTBAM
ACHMME TP IHBIX KPH CTAJLJIOB.
JI HMeeTCsl TpajueHT
Heproaa BAOJb I0BEPXHOCTH
Ccpe3aHHas peleTka oyaer Si-substrate
¢ oxycupoBaTh U3Ty4eHH e
Wsmepenus BESSY- OHu 00s1a12eT CBOW CTBO M
II (OPI) 0JiecKa IPH BBINOJIH e HH I
ycaosusi bparra, riae d — nepuoja
MOKPBITHSI

X-ray microscopy near

carbon K-edge (“carbon

window” microscopy)

= .A.Artyukov, A.V.Vinogradov, R.M.Feschenko, S.A.Romanova
Lebedev Physical Institute, Moscow, Russia
= E.A.Bugaev, V.V.Kondratenko, Yu.P.Pershin '
Nat/ona/ Technical University 'Kharkov Polytechnic Institute’; Kharkov, — 3.C/Sc/ pOIYITEI‘/ Sc/C filters

Ukraine
Yu.S.Kasyanov

4. Soft X-ray imaging experiments in

Prokhorov General Physics Institute, Moscow, Russia the “Carbon WindO w”

S.V.Saveliev

Institute of Human Morphol ogy, Moscow, Russia
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window> or «carben _— s attenuation length at the
" | oft X-rays '

High contrast between carbon-containing
materials and water
= Water is transparent = «in vivo» biological

=——DNA
e PO tEIN
—— lipid
—water
chromatin

«Carbon window»:43.7 A < 1. <60 A
- Medium contrast between different organic
materials, with overall transmission being
satisfactory
- Paraffin and formaldehyde are transparent =
well-developed standard technique of sample
preparation

Attenuation length, um
o =2 N W A~ OO N 00 ©

-

bon window" pros:

2 biologial objects are fixed with the well-
gveloped technique, which have been used in
i@ visible light/electron microscopy for many
iars. Does not need ayogenic stations.

" eaeased exposure dose due to better
‘transmission of organic materials. Water is still

A=24nm A=45nm A=6.7nm A=135nm not opaque.
e Differential contrast of various organic materials
¢ Ability to study “thidk” (> 10 um) samples of
carbon-containing materials with sub-micron
resolution. 3D imaging.

1- lipids; 2 — protein; 3 — chromatin; 4 — nucleosome; 5 —
DNA; 6 — water Background is paraffin.




C'mirror’s parameters
ed from XRD

el
bi-layers nm nm
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B.L. Henke et al. “X-ray interactions: photoa bso iption, scattering, transmission, and reflection
at E=50-30000 eV, Z=1-92 ", Atomic Data and Nuclear Data Tables, V. 54 (2), p.181-342
(1993).
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Near normal-incidence measurements at BESSY II (Germany)
(incidence angle o =5 °)

—laser-produced plasna
2 —rhenium target
3 — Co/Cmultilay er mirror
4 —a set of Sc/Cfilters
5 —sample
6 — X-ray fim UF-4

7 — vacuum chamber
(P ~102Torr)

8 —2nd harmonics of Nd-
laser (A=0.53 pm)




Examples of soft X-ray Soft'X-ray images

A =4.5nm visible light

Fly (Sarcophaga camarialL.)
Grasshopper (Terrigonia viridissima)

No special treatment ! :
1% No special treatment !
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=ray images of gystologicalslice..
gpared in paraform (thickness 10 um)
; el dgical samples (up to 20 um) with
nition of the materials

Cmultilayer mirrors with the reflectivity R
4 % and thin film X-ray filters with the
ansmission 7 > 50 % have been successfully

B S — developed and tested
WSl E v State-of-art X-ray optics can be used for
Human embryo construction of multi-mirror high resolution soft
X-ray microscope implemented with a table-top
X-ray source
32




WG monomodal regime .
Ist mode (coherent source)

Solution of parabolic K -
Waveguide wave equation N : -3 = : Pt
. . P - - 4 A =0.154
2ik‘2—U+A LU+k%a(x,y,2U =0 o laad -
- .

e=l+a(x,y,2), |of<<1 d=100nm

Method
Finite-differen ce scheme

reguide with front
coupling in monomodal IFN CNR Rome Italy
regime

X-ray Optics Group, Moscow Russia

monomodal regime §G. monomodal regime _—
mode (coherent source) ge of WG (15t mode )

A =0.154 nm
d =100 nm




monomodal regime
Edge of WG (2" mode)

WG entrance

Wi ext

Zdiit




