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A method of calculating the transmission of hard X-ray radiation through a
perfect and well oriented photonic crystal and the propagation of the X-ray
beam modified by a photonic crystal in free space 1s developed. The method 1s
based on the approximate solution of the paraxial equation at short distances,
from which the recurrent formula for X-ray propagation at longer distances is
derived. A computer program for numerical simulation of images of photonic
crystals at distances just beyond the crystal up to several millimetres was
created. Calculations were performed for Ni inverted photonic crystals with the
[111] axis of the face-centred-cubic structure for distances up to 0.4 mm with a
step size of 4 pm. Since the transverse periods of the X-ray wave modulation are
of several hundred nanometres, the intensity distribution of such a wave is
changed significantly over the distance of several micrometres. This effect is
investigated for the first time.




Kak yBuaeTb HaHO-00beKTbl ?

[13C (CCD, charge-couple device) geTeKkTopbl

NMEIOT pa3Mep nukcena 25 MKM 1 6onbLue.

PeHTreH nogaeTtca Ha (pnyopecUeHTHYIO NNeHKy, TonwunHa < 1 MKM
[1NeHKa KOHBepPTUpPYeT PeHTreH B BUOUMbIU CBET

OnTuka (NMUH3bI) yBenunumeaeT 4o S0 pas (ctaHgapTHO 20 pa3s)
B pesynbTaTe nonyyaem pasMep nukcena < 1 MKm

Ho PA3PEULCHUE MAKOCO @EH’IEH?‘?’EOPG He Jiydiie, H4em 1 mrxm
[lepunog cpoToHHOro kpuctanna 0.5 mkm (500 HM) n MeHblLLe |
He xBaTaeT ! PelleHue:

PeHTreHOBCKUe JNIMH3bl MOryT yBenUunThb elle B 20 pas
TonbKo B 3TOM crly4ae MOXXHO YTO-TO YBUAETD.

PeHTreHOBCKMU MUKPOCKON peanbHO AaeT HOBble BOSMOXHOCTHU

OT0 He urpyLuka, nourpanu u 6pocunm.




High-Resolution Transmission X-ray Microscopy: A New
Tool for Mesoscopic Materials  (Natural opal)
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Some CRL applications. High resolution x-ray 2D microscopy.
Snhigirev et al. with Lengeler's CRLs

(1) — The object is illuminated through a CRL with a large aperture
to condense the beam at the object area under illumination
(condenser 2)

(2) — Objective CRL (objective) has a short focus length and it works
as a microscop. Large magnification is necessary to adjust CCD
detector resolution (about 1 ;im)

This technique allows one to see a real structure of opal crystals
and photon crystals. The theory is not developed
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Some CRL applications. Fourier images APL-2005-86-014102
X-ray High Resolution Diffraction Using Refractive Lenses

source

2D detector

E =28 keV Si photonic crystal
AICRL,N=112, F=13m a=b=4.2 ym d,,=3.6 umd,;=2.1 um

CCD resolution 2 um
pixel / ® =d

Resolution is limited
by angular source size:
s/L ~ 1 urad

Momentum transfer
PR 4 1 e
Resolution: 10 nm Lattice vectors gy, =1.75-10* nm' gy, =3-10-* nm"!

Theory allows one to account for an absorption in the CRL which influences
high order peaks visibility Opt. Comm. 2003-216-247, JETP-2003-97-204



Figure 1
Coordinate axes relative to the photonic crystal.



E(r,t) = exp(ikz — iwt) A(r, w),

1 82 / / /
OE(r, t) = Y. [ dt x(r,t)E(,t —1t'),
where
1 82 82 2 2
O0=A : A =——- ) | 0
c? of? x>  dy?  0z7

and x(r, t) 1s the time-dependent susceptibility of matter.
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B(X, Y, Z) — fd-xf dnyZ(Ax? Ay, AZ)B(XZ yfa ZU)! (9)

where Ax = JC—JC;, Ay — y—y”, Az = < — s Pz(x&ya Z) —
P(x, z)P(y, z) and

P(x, 7)) = — 1. exp(ini—z) (10)

1s the Fresnel propagator.
Finally, for the initial function we have the solution

Z
A(x,y, z) = exp| —ikn [ dz’ p(x,y, Z')
20

x [dx'dy’ P,(Ax, Ay, A2)A(X, Y, zy). (11)



A(z) = P,(Az/2) x C[P,(Az/2) x A(z,)],

z+h
s(x,y) = [ dz’ p(x,y,2)
4

C(x,y) = exp[—ikns(x, y)].









I'I1Y pemierka, nMeeT CKBO3HbIC KAHAJIbI




I'IIK pemierka, 111 HannpasJjienne




KOHKpeTHbIU NpUmMep:
['LIK pelueTka, nHBepTUpoBaHHbIM NI KpUcTanmn, To ecTb

HUKenb 3anofiHAET NyCTOTbl, MOMTUMCTUPEHOBBLIE LLAPUKN yOaneHbl
TpaBneHUeM B TONTyeHe 3a HECKObKO YacoB

"lepnog D = 0.5 mkm (500 HM), Bcero 9 cnoes (3 nepuoaa)
Tlepuog Baonb ocn Z paseH /1 = 3D(2/3)Y? =1.225 MKkm

PacueT metogom FFT Ha ceTke 1024*1024 Touek

Mory genatb 4096*4096 un gake genan, HO He HaAo.
-Heobxogmnmo obpesaTb BbICOKME YaCTOThil.

‘lepBOHa4YyanbHO BbIMUCANOCH NponarnpoBaHmne no Kpuctanny
3aTeM no Bo3ayxy ¢ warom 4 mKkMm. bonblue Henb3A |

Ha kaxxgou ntepaunmn younpanucb aptedaxTbl
andpakummn Ha wenu na3 ycnosua NepuoanyHoCcTu.




Function s(x,y) as a linear black and white contrast

the matter thickness for the period 1s described: ‘

period along z axis 1s

4 1/2
h=3D(2/3)" " =1.2247 um

z+h
NERIEBVACRBBY  where - is arbitrary .

since function s(x,y) 1s periodical

set of 1024x1024 points black color s s - 0.1067
with a step of 1nm was chosen white color s ,,, = 0.7331

Simulation were performed on (x,y) plane

Periods are: 0.5 um horizontally
0.2887 um vertically
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in free space behind the PhC Minimum and maximum values of relative
intensity distributions at various distances.

200
Z, UM

Behind the photonic crystal the I . is 0.67, while
In front of the crystal itis 1.

The contrastat z =0 is low and is absorption.

With increase z the phase contrast
becomes more pronounced

iIntensity distribution deviates more and more
from the Ni thickness map

Interference fringes appear in the images

central area 512x512 points calculations were performed for the ideal situation:

1 period horizontally and longer region vertically to - fully coherent radiation and
reveal the hexagonal symmetry of the image - unlimited detector resolution.




The content of the images changes significantly

in each iteration step, but it is difficult to show 100
pictures.

However, they have some common features. The
regions of minimum intensity always correspond to the
regions of high Ni thickness.




Adh ekt Tanbbo

[lepmnognyeckoe BOrTHOBOE Mosie ¢ Nepnogom » BOCNPOU3BOAUT

ceba Ha paccToaHuM Tanbbo -y = 2p-/ 4. B Hawem crniydae 4 = 0.1 Hm
MUHUManbHbIN Nepuog p = 0.289 MKM (No BepTUKanu).

Bbluncnaa, nonyvyaem zr = 1667 mkm. 310 B 4 pasa donblue !

Ax,0)= > A exp(i2mmx /p).

m=—0oQ

Then the convolution
A(x,z) = [ dx' P(x — X', ) A(x. 0)
has an analytical solution.

The result can be written as follows.

o0
Alx,z) = Y A exp(2mmx /p —imtm*iz /p*)

m=-—0Q






