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Structure of lecture

Answers to gquestions:

a) where do we need them?

b) how can we produce them?

c) can we simulate and predict their performance?

d) how can we test them?

e) where are they in use?




eewra.  Where do we need them?
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evapor ation

- repeatibility By evaporation
- cluster evaporation
- sublimation
- thickness monitoring
- homogeneity in large samples

Sputtering

- homogeneity in large samples
- electron bombar dement of
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BUT: repeatable--> thickness = f(t) By sputtering




Solution of Parratt (Phys. Rev. 95, 359 (19%4)

Eang=const at interface

. g d;
a;=amplitude factor ~a;= expg—l n%g
d;=thickness A =wavelength
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Field propagation into thin films

UXFA beamline and multilayer laboratory

Do not be afraid of the programminag.

Thejob isalready done by the Center for X-ray Optics
at LBNL at Berkeley, CA (USA):
look under
http://www-cxro.lbl.gov/optical-constant
http://www-cxro.lbl.gov/optical-constant/multi2.html

|f you want to analyse data, ask the ESRF for the XOP
softwar e package, which containsthe program
|MD of David Windt.




UXFA beamline and multilayer laboratory

W. Jark and J. Stohr

A High-Vacuum Triple-Axis
Diffractometer for Soft
X-ray Scattering Experi-
ments,

Nucl. Instr. and Meth.

A 266, 654 (1988)

now operated at BESSY




For derivation
of refractive
index
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Everything fits perfectly!?!?
Appl. Opt. 36, 6329 (1997)

260 eV photon energy

top: d=4.5nm
bottom: d=6.0 nm




=y

-
fr,f?rz
YUYl B O L

i e
Synchrotron
i .

e i ht
Faboratony

A A AR LA A LAR./A ‘l“-‘

St precteel, 2 bekore. |

Everything fits perfectly!?!?
But why not at 500 eV?
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Appl. Opt. 36, 6329 (1997)
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UXFA beamline and multilayer laboratory

Low cost
Thistechnique is discussed in detail by P. Dhez et al, J. X-ray Sc. and Techn. 3, 176 (1992)
1. 5hit: 100pm x 9mm 2. 5lit: 20pm x 4mm
sample
Y Si(Li)—Deteclorf
| 990 - 235 - 485

- 1930

e uses Bremsstrahlung background of x-ray tube (e.g. Ag-anode)
e registers energy dispersed reflected spectrum at fixed angle
e needs no motion during multichannel data acquisition




UXFA beamline and multilayer laboratory

e Measure thin film at a
few angles of grazing
Incidence

e Simulate the reflectivity
for
- varying thickness
- asmall possible
angle offset

Reflectance [ ]

‘«3.3,' 4

0.1

T 11 Ill‘l‘q.;(.‘l'..l..l TTI1
-

0.01

T rrryrrrrrrrrrrrTTT

13.4 nm Cr film on glass

interfacial roughness 0.4 nm rms

0.195 deg

0.295 deg|”

0.395 deg

0.001

experimer
L|—— simulation

photon energy [keV]




e See also P. Dhez et al, J. X-ray
Sc. and Techn. 3, 176 (1992)

e 7 period multilayer mirror
produced in collaboration with
K. Randall (APS)
requested: high reflectivity at
1.25° grazing angle for 3 keV
photon energy

e direct and reflected spectrum
are registered typically in about
30 minutes

e the result (reflected/direct
spectrum) can be confronted
with simulations for parameter
verification

Werner Jark
ELETTRA
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Polarization analysis of SR

UXFA beamline and multilayer laboratory

Collaboration project:

Sincrotrone Trieste: S. Di Fonzo, B. R. Mueller, G. Soulli €',
R.P. Walker, E. Meltchakov, M. De Gregorio, W. Jark
BESSY, Berlin, Germany: F. Schaefers, H. Petersen, A. Gaupp,
H. C. Mertins, W. Gudat, |. Packe, M. Mertin, F. Schmolla
Center for X-ray Optics, LNBL Berkeley, CA (USA):
J. H. Underwood
ETH and PSl, Villigen, CH: H. Grimmer, P. Boeni, D. Clemens,
M. Horisberger
|nstitute for Physics of Microstructures, Nizhny Novgor od, Russa:
N. N. Salashchenko, E. A. Shamow
MAX-Lab, Lund, Sweden: R. Nyholm, X. Le Cann
Uppsala University, Sweden: D. Arvanitis, D. Hunter-Dunn
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production of
circularly polarized Nd - Fe'~ B magnets
synchrotron radiation

-

u Ul 1l 72

Vacuum ducl
[1G. 2. Schematic illustration of the mechanism of the present insertion de-

vices. Arrows denote lhl? magnetization direction of each magnet, which
(otally forms the magnetic field given by Eq. (1) on the axis of the device,

B= +e B, cos(2rz/A,) —e.B.. sin(277/4 \ (1)




:rt Polarization analysis of SR

e Only phase retarders
allow complete beam

FIG. 1. Scheme of the polarimeter. After passing a collimator the beam
impinges onto the transmission multilayer polarizer with an angle of inci-

transmission multilayers g o.ame mie o mioer min s dteces by a0 o
. the analyzer, respectively. '

(with only few degrees

of retardation)




etra’  Po) zrization analysis of SR

i

90 eV PHASE RETARDATION in SIMPLE mirrors: 90 €V PHASE RETARDATION in MJLTILAYER mirrors: 97 €V PHASE RETARDATION:  p vy oruws =
. .B. Kortri H. Kim V. Nikitin, K, Mayama, M.
J.B. Kortright and J.H. Underwood 1.B. Kortright and J.H. Underivood Yamarmote-and M. Yanagiara
Nucl. Instrum. Methods A291, 272 (1990) Nucl, Instrum, Methods A291, 272 (1990) Appl. Phys. Lett. 60, 2963 (1992)
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sample from J. Underwood our sample produced in 1996
(CXRO) in 1992
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UXFA beamline and multilayer laboratory

Instrument optimized in collaboration with BESSY colleagues

Detailed description by
H.-C. Mertins et al,
Appl. Opt. 38,

To register signal at about

20 different analyser angles 3
and

8 different polarizer angles a

e Working principle:
a) Polarizer introduces phase retardation
b) Analyser suppresses one polarization




operation parameters

Allows to determine the Stokes parameters, which characterize
the polarization of a light beam:

S, = incident intensity, S; and S, = linearly polarized intensities
S; = circularly polarized intensity

from the visible spectral range to the soft x-ray range by means of
optical components

continuously from about 5 eV to 95 eV and

unambigously at 280 eV, 400 eV and 575 eV

employing as polarizers: quarterwaveplates (MgF,), triple-
reflection polarizers and multilayer transmission filters

and as analysers: thin film and multilayer reflection mirrors




Soft X-Ray Polarimeter

UXFA beamline and multilayer laboratory

operation parameters

e The 6 axes of the polarimeter cover the following ranges (with
stepper motors providing a resolution of > 1000 steps/®

polarizer: -180° < a <180°
-180° < ©, < 180°

analyser: -180° < B <180°
-180° < ©, <180°

GaAsP detector: 0° < 20, < 180°
-20°< O, < 20°

e 10 polarizers/analysers can be exchanged in situ




Soft X-Ray Polarimeter

fit procedure

UXFA beamline and multilayer laboratory

More details presented by A. Gaupp and M. Mast: Rev. Sci. Instrum. 60, 2213 (1989)

tst = |ts1] exp(ids1) rs2 = |rso| exp(ide)
tp1 = [tpal exp(idp1) rp2 = [rp2| exp(idp2)
Polarizer phase shift A1 =09p1 - O8s1 Analyser phase shift A>=0p2 -022=0
tan W1 = [tpa//[tsi| tan W2 = rp2l/|rs2|
Stokes-par ameters: So, S1, S and S3
| pass = U, (ts12 + tp12) * Yp (rs22 + rp22) *

{ So
+ cos 201 [-S1 cos 2W1] +sin 20 [-S2 cos 2W4]
+ cos 23 [-S1c0s2'V 5« (1+sin2W1 cos/\1)/2] + sn23 [-Spcos2'V« (1+sin2W1 cosA1)/2]
+c0s20 cos23 [+Socos2W1 « cos 2] +sin 200 cos 23 [+S3sin2W1+ cos2'V- sin/A1]
+cos20 sn2f3 [-S3sin2W1+ cos2' > sinAq] +sin 20 sin 23 [+Spcos2Wq + cos2' ]
+cos4d cos23 [-S100s2V 5« (1-sin2W1 cos/\1)/2] +sin 40 cos 23 [-Spcos2'Vo+ (1-sn2W1 cosA1)/2]

+cos4d sn2f3 [+Spcos2V o« (1-sin2W1 cos\1)/2] +sin4a sin 23 [-S1 0082V« (1-sn2W1 cosA1)/2]}
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Polarization
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at ELETTRA
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Gain

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

Dashes: rigorous calculation corrected for finite beam divergence
The indicated films are deposited onto 20 nm Mo and are covered
with 5.5 nm Mo (for C: 20 nm and 4 nm Cr)

1000 ¢
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37 nm FWHM
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é I10 15 2I0
Photon energy [keV]
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Muitilayer coatings B e
Rﬁulmi'!tu , ML

Near-normal incidence reflectivity (87

T I T 1 1
70 i n
o Pt eqe ]
g0 theoretical = measured: 64% |
- maximum (40 layer pairs)
g 50 - P1B/BESSY 7
Foy L )
:')- 40
§ a0 - 1
T 0 2
20 |- I
n |- Ty I
B W 7
0 1 1
12 128 13 13.5 14 145 15
wavelength (nm)
method
* e-beam svaporation + in-situ monitoring
= reproducibility; 0.1% run-to-nun
* jon-beam smoothening of interfaces
= ne accumdation ol roughness hrough stack
- ability to comect thickness erors
- axira research fool; e.g. H implantalion
= subsirate lemperature controlled deposition
this Mo/Si mirror

* polished: Si, 300 eV, Kr+, 45°

= >90% of maximum thearelical reflectivily achievable

ref L ouis et al, Microalactr, Engin. 27 (199%) 235 238




Goebel mirrors
see e.g.
www.bruker-axs.de/
products/gd/
goebel _mirrors.php

- collimation
- focusing
- monochromatization

MaxHF ux®
http://www.osmic.com/
products maxflux_focusing.asp




G eometry Substrate
Coating
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Ch. Mormawe et al, Rev. Sci. Instrum, 70, 3227 (1999)

C. Morawe, J-C Peffen. C. Borel
X-Ray Optics Group-Grenoble
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BREVIEW OF SCIENTIFIC INSTEUMENTS VOLUME 75, NUMBER BARCH Zon2

Focusing multilayer mirror detection system for carbon K edge soft x-ray
absorption spectroscopy (invited)

D. A. Fischer™ and 5. Sambasivan

Wariagal fostisie of Stondards eod Techrolapy, Gaitkershurg, Mordland 20599

A, Kupaman®
The Diow Chemica! Company, Midland Mickigen 45674

. Platonov and J, L. Waod C K-fluorescence

Csmiic e, Trow, Michiyan 45054

150 bi-layers
16% of solid angle

average R 7%
rel. bandpass 1%

i

FIG. 3. Optical lavout of MEM prototvpe | which utilizes a uniform o
spacing and consists of a spherical optic 76.2 mm i diameter with a radius
of curvature ol 83.6 mm.




Principle idea:

Create internal standing wave for
probing properties in the wedge
depending on thickness and depth
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