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We all know that using visible light

(red = 2 = 800 min = 1.5 ¢V

violet = A = 400 nm = 3 eV)

- we can take an image with a camera by use of lenses or
mirror optics!

- we can make an enlarged image in a microscope once more
using either lenses or less often mirror systems!

- we can make simple polarizers or phase retarders by use of
birefringent material!
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With increasing photon energy the light starts
a) to be absorbed in lenées

b) to not be dispersed anymore in lenses

c) to find little anisotroby in lenses/filters

d) to not be reflected anymore in normal incidence

Why this:

let's take some examples:
n o= imndey of refracton

a) focal length of lens: ¢ I/D) = (n-1) (/v + (1/12)) r1, r2 =radii

b) normal incidence reflectivity: R = ((n-1 M(n+1))2

oy,



The index of refraction varies as follows for glass (Si02):

photon cnerey: 3 eV 30eV  100eV 1000 eV
o= 1.5 0.9 (0.985 0.9987
SR e.g. 0.2 m -Im  -6.6m -80 m
0.04 0.0028 6 10-5 4 10-7
0.37 0.08 0.0014 1 10-6

a) Not much as far as classical lenses are concerned!

b) However, for m interfaces in a sufficiently
transparent structure we can get Riotal = m Rint, which
becomes interesting for heavier materials with better
Rint than glass.

Ha s it really so simple?

Not really, the different waves need to collaborate in
phase, which is affected by the index of refraction n
of a layer and which can undergo additional changes
at any reflexion at and any transmission through an
interface.

So let us write a program!

{4
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Do not be afraid!

The job is done already by the Center for X-ray
Optics at LBNL at Berkeley, CA (USA):

at
http://www-cxro.lbl.gov/optical_constants

and at
http://www-cxro.lbl.gov/optical _constants/multi2.html

And if you want to analyse data, ask the ESRF for
the XOP software package, which contains the
program IMD of David Windt.
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SAMPLE QUARTZ
—— MONITOR
-7 i\
- - \"\
~
SHUTTER
X -RAY l
SOURCE
SO E-BEAM
EVAPORATOR MCA
SC OUTPUT
RATE
RECORDER

Sputter Sources A.B,C

Shutier
Assembly

Top Plate
Vocuum
/ Chamber

L— Vocuum

Substrate Pumping
Mounting Port
Table
Bottom
Plate
Roiahnq/ -
Vacuum C ) Substrate motion dnve
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Mult:la yer coatmgs

reflectivity(%)

60

50

40

30

20

10

0

Q,Jhlcut‘i‘t»\ M'
Near-normal incidence reflectivity (87°)
[ 1 T I T
: theoretical “—measured: 64% :
— maximum (40 tayer pairs) i
- PTB/BESSY ]
- _(\’\/V -
B et | |
12 12.5 13 13.5 14 14.5 15
wavelength (nm)
method

* e-beam evaporation + in-situ monitoring
- reproducibility: 0.1% run-to-run
» jon-beam smoothening of interfaces
- no accumulation of roughness through stack
- abilify to correct thickness eriors
- éxlra research tool: e.q. H implantation
* substrale temperalture controlied deposition

this Mo/Si mirror
* polished: Si, 300 eV, Kr+, 45°

=+ >90% of maximum theaoretical reflectivity achievable

ref Louis et al, Microelectr. Engin. 27 (1995) 235-238
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90 eV PHASE RETARDATION in SIMPLE mirrors:
J.B. Kortright and J.H. Underwood
Nucl. Instrum. Methods A291, 272 (1990)

0.25 1 l ™ T T T T
0.00 -
]
1.
-0.26 b~ -
) ]
= :
o -0.60 —
\\ -
= ]
> ]
-0.75 —
-1.00 ST -
_1.25 ! ~L 1 L L i 1 1 L 1 l 1,,_,1.,__[___4_[__._]____1,1 , | l l.-
0 80 80
l T L] T L I T
109 , —
Mo mirror: E
hy = €0.0 eV i
1071 L —
o ]
0 X
5 i
2 10~2 ~_ —
O =~ ;
p——] - .
ey = -~
o N e T = .
05 | 1
1073 L —
: 3
R unpolarized .
10-—4 1 1 1 l TN T | 1 I 1 i S N | 1 l % 1
0 20 40 ~ 80 80

0 (degrees)



90 eV PHASE RETARDATION in MJLTILAYER mirrors:
J.B. Kortright and J.H. Underwood
Nucl. ‘nstrum. Methods A291, 272 (1990)

0,25 _—‘1“ Luntend Rt Bt I T LI I l T 1 T T ] LI R S B [ T 1_1

0.00 —

-0.25 —

) [ .
o [ ]
< ~0.50 |- ~
~ L R
- L -
<] N N
: -0.76 |— -]
]
I N

-1.00 — .

-— 1‘25 :___l___j.__]___’__'ln_l 1 'l P S l i N 1 J L 1 i, 1 J 13 L-‘

20 40 80 80
L L3 Ly T l T T L] T I T L) T L] I T L L T ] 14 ]
0 ..“ ) .

100 ) Mo/Si multilayer —

- ' -4

F 12.0 nm period ]

" 100 periods §

B hr = 90.0 eV
1}] 10~! —
3 F > 3
= C Y 3
2 i 1 ]
T\

% ._. \ o
T 02 b - g '._‘\\ ]
0 E N n
o - ]

[ ——— R ]

SERARARRAE unpolarized .

10—3 1 [N I 1 1 1 1 ’l 1 l 1 L 1 l Il 1 i l L 1

0 20 40 © 80 80

6 (degrees)

100 periods Mo/Si with d = 12 tra (2/3 Si and 1/3 Mo)



A (degrees)
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97 eV PHASE RETARDATION: DSy Lo

ST O T R S Y

].B. Kortright, H. Kimura, V. Nikitin, K. Mayama, M.
Yamamoto and M. Yanagihara

Appl. Phys. Lett. 60, 2963 (1992)

50 o el el 0 S B e | AN e shay ks e A S B B B S B Bt S B

(a)
I bt

¢ measurement
theory
_50 -
| i 1 I 1 1

30 40 50 60 70 80 90

1.0

0.5 F
0o measurement

theory

L i A i 1 i L P | i L 1 L

OO PO UURUY VNS VRN [N VR ST S TY WDV TR T S
30 40 50 60 70 80 90

8 (degrees)

20 periods Mo/Si with d = 8.75 nm (2/3 Si and 1/3 Mo)

effect 2/3 of theory wi~ ?0% transmission
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Transmission
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Silicon Nitride Filter: d=100 nm
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Photon Energy [eV]
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I .ultilayer

Frame Holder

Applications / features

Technicai features

* 7 etermip ition of all Stokes parameters
Sg (Imensity), $,. S (lin.pol.), §; (circ.pol.)
» Optical elements
- Polarizer: wansmission multilayers,
A/d-plates (MgFy)
- Aur.vzern: reflection multilayers, mirrors,
{Mo:Si, Cr/C, Cr/Se, Ni/Ti)
+ Working energy: visible to soft X-ray range
determined by optical elements in use
* Characterization of eptical elements:
- Multilayers, transmission foils. crystals
- Reflectance, transmission
- Phase retardation
» 5= and p-polarization geometry

* 8-axes polarimeter:
- Collimator (pinholes &: 0.5 - 2 mm)
Translation in x, y 212 mm
- Polarizer / analyzer:
Azimuthal angle: 0°< o, B £370°
Incidence angle: 0°< ©p, ©, <90°
- Detector (GaAsP diode):
scan renge: in plane 0°520, < 180°
off plane —27° ®, = +27°
* UHV compatible, 1:510'8 mbar

» UHY-goniometers, motors f. positioning (>0.001°)
o Sanaple size: 10x10x0.5 mm’ to 140x50x11 mm’

* Magazine for 10 samples, alignable in sim

* Filter for higher order: Be, CH,. Ti, Cr, Fe, Cu




diode current [picoAmpl

diode current [picoAmp)
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E=265eV
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Field intensity enhancement in thin film

W. Jark et al, to be publ.

enhancement = gain if n, > ny,n3

LLLL

Dots: ideal interfaces, no
absorption in top and bottom
layer

Line: rigorous calculation
Dashes: rigorous calculation
correct for  finite  beam
divergence

1000 VR PSR PR TRE IR

The data is presented as
function of photon energy for
different materials and
thickness:

A) 74 nm Be between 5.5 and
20 nm Mo.

B) 110 nm Be between 5.5

and 20 nm Mo.
L 1 i X
8 9 2 3 C) 160 am C (with relatively
10 1% inclusions of Ar)

Photon energy [keV] between 4 and 20 nm Cr.






