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SEM images of polycapillary
structures



X —ray optics

neutron optics

light optics

 photonic crystals

e micro optics

biology and
chemistry medicine

* biochips & biosensors

* nano-filter

* MICcro reactors

e chromatography




Nd-doped microstructure fiber
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0 Hexagonal matrix w/ central defect

Soft phosphate glass:
Easy to process

Fiber drawing can be adjusted for fine-tuning of dispers ion

Increased nonlinearity: n  ,=6x10-1%cm2/W




Fiber Dispersion

Computation

measured: b, =-15 ps?/km
computed: b, =-25 ps?/km

Material
dispersion
(Phosphate glass)

Measurement via
spectral interferometry

1 =1.06 pm

Total MSF
dispersion

11 =1.06 pm slope:

b, = -15 ps?/km

b, = 85 fs3/mm
e U




Laser Setup

MSF end face preparation

o Suppression of sub-cavity effects
required

* End faces sealing using fusion splicer

« Adiabatic collapse of the air holes

e Subsequent angle-polishing at 12°

| =808 nm




Soliton-like Mode-Locking

Autocorrelation Spectrum

Dn=7.7nm

Time-Bandwidth-Product: 0.37
Output pulse energy: 2.2 pJ @ 117 MHz

Parameters of saturable absorber

e DR=29 %

L Pulse energy ~ compatible w/ soliton
* Relaxation time: ~ 1 ps

Practically no Kelly sidebands




Fundamentals of capillary x-ray optics

Q. [rad] » 0.02r 2[gcm?] /E [kev]| = 2uFi+D,

for borosilicate glass DX =2Q, F,+ D,

Q. [mrad] » 30/ E [keV] DX,/ DX, = F, / F,




Polycapillary Optics Monocapillary Optics

1. Microlens — spot ~18m 1. Cylindrical — 10-1000m

2. Minilens — spot ~ 30 -108m 2. Elliptic — 250nm — 106mm
3. Large lens —spot >106m 3. Parabolic — 2 — 106m
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Source:

Detector:

Distance:

microfocus tube, Mo-target, spot size =0OBm

U = 40kV,

| =0.7mA

SDD X-Flash Rontec, 5mih

sample — detector = 16 mm

first focal distance, mm 39,5 +/-0.3
second focal distance, mm 10,8 +/- 0.2
length , mm 117,5
spot size, um 29 - 56
intensity gain 1 449-9 426

Intensity of secondary radiations:

XRF from Cu:

scattering from plexiglass: 22 000 cps
149 000 cps
XRF from RC 36/16: 107 000 cps




optical image

FeKa Srka

2-D micro-XRF
mapping




Application of polycapillary lenses in reflection XRD

Reflection scheme with spatial resolution
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Optics:
» one-dimensional focussing

o focal spot size: 4im

29 angular resolution: 0.25

Applications:

* XRD in SEM

e In-situ XRD in micro-
reactors



SEM as an analytical station

Combination of different methods for the surface analysis

1. SEM image 4. XRD-SEM
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2. EDX/ WDX 5. Raman spectroscopy

in SEM
3. MXRF-SEM

6. X-ray microscopy

7. XPS (Photoelectron
spectroscopy)




NEW! Two step hard X-ray nano-focusing by combining Fresne
zone plate and single-bounce ellipsoidal capillary

In cooperation with BM5 beamline at the ESRF: amx{ream with a 15 keV energy

was focused down to a spot size as smallzs Nm demonstrating the best value
that has been achieved up to now for single-bounuoédarzes!

2a, mm 95
2b, mMm 50
L, mm 46.9
F2, mm 0.6
Dout, pm 8
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Vertical scan of the 208m Au-wire as a knife
edge through the microbeam

A. Snigirev, A. Bjeoumikhov, A. Erko, I. Snigireva, M. Grigoriev, M. Erko, S. Bjeoumikhova, J. Synchrotron Rad. (2007), 14, 227-228



NEW! Nanostructured glass: new physical effects

Diffraction on 100 nm
nanostructure

mode regime in 200nm
capillary

200nm structure

A. Bjeoumikhov et.al. Propagation of synchrotron radiation through nanoca pillary structures, PHYSICS LETTERS
A366, (2007) 283-288



Conclusions

Soft optical glasses were successfully used for manufaing photonic
crystal fibers and X-ray capillary optics.

Using a Nd doped microstructure fiber, femtosecond dee operation of
a soliton fiber laser at 1.06 um wavelength was demsinated.

A capillary optic made of micro-structured glass is avery efficient
iInstrument for focusing or parallelizing X-radiation in the energy
region between 2 keV and 40 keV.

On the basis of capillary optics, several new analytitanethods were
developed. These are e.grXRF, miXRD, mrEXSAFS, andmiXANES.

During propagation of X-rays through nanocapillary optics, wave
effects are observed.



