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Intro supermirror

multilayer.

causes 'Bragg peaks'
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Intro supermirror

multilayer. causes 'Bragg peaks'
stack of multilayers overlapping '‘Bragg peaks'
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Instruments
SINQ: continuous ux spallation source
) combination of the disadvantages of reactor- and spallatsources!

ux: 10“n=cnrs
cold source: liquid deuterium
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INnstruments Amor

TOF re ectometer, user instrument
[ 0A "< q,<04A %, g=0,> 0.5%
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Instruments Morpheus
test di ractometer and re ectometer
for in-house research and sample alignments
{ angle-dispersive
{ 2A< < TA,
{ single counter and area detector
{ all SINQ sample environment{ < 1T)
{ 4-circle set-up
{ polarisation option
(Wlth anaIyS|s)
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Instruments Narziss cooperation with SwissNeutronics
new re ectometer,dedicated to neutron optics researcanly.
{ =5A
{ polarisation option, with analysis
{ sample magnet 10000e< H < 10000e
600 150 50 mnd
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topics of the neutron optics group

{ high-m-sm &
band-pass lters

{ Iinterface design

{ fundamental
monochromators

{ focusing devices

{ remanent polarisers
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topics high-m-sm / band pass Iter

ideas:

{ prevent interdi usiom by introducing a blocking layer

{ aten the accumulated roughness by substituting some leydy a
smoothening material as e.g. Cr

works good for not too many layers!

faills form> 2.5
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topics Interface design
non-sharp but laterally homogeneous interfaces
{ annealing: interdi usion
limited by di usion length, melting
and grain-formation/growth) roughness
{ arti cial intermixing:
Intermediate Ims between the layers
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topics fundamental monochromator

extreme limit: sinusoidal pro le
) only fundamental Bragg peak, no higher harmonics

applications:

{ monochromator Ni/Ti, 75 periods

{ wavelength Iter g 10°
(e.g. for Narziss) |
(O]
10
0 0.05 0.1 0.15 0.2 0.25 0.3
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topics focusing devices
bi-elliptic neutron guide
together with TUM

built by SwissNeutronics

‘ Distance from guide exit 5mm I

1:10 model of a neutron guide.
ideally only 2 re ections from source to image

openings:4 8mm?, length: 2m

Distance from beam axis [mm]
& ) EN o N N w
Distance from beam axis [mm]
& IS EN IS) N N w

Distance from beam axis y [mm]
& N N o N N} w
Distance from beam axis y [mm]
X N EN o - N} w

-2 -1 0 1 2

Distance from beam axis x Distance from beam axis x [mm]
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topics remanent polarisers

... lls rest of the presentation!
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remanent polariser application principle
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remanent polariser material

ferromagnetic material:Fe

{ might show easy axis of magnetisation

{ almost matches Si foy |

{ low absorption(required for transmission, less radiation damage)

spacer material:Si

{ low potential

{ matches the substrate (for transmission)

{ low absorption

{ can be In uenced (potential and stress) by reactive sputtey

but
{ rather low contrast forj+1

) larger number of layers reqgired
{ total re ection for low ¢
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remanent polariser ideal ml

(br+pf) t bss pPs=0, ferromagne; spacer
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1

101 }

102 }

reflectivity

103 }

104 }




20

remanent polariser real ml: Fe/Si:N:O

(br+pf) t bss pPs=0, ferromagne; spacer
(bf pf) f bs S
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remanent polariser magnetic properties
anisotropic in-plane stress

causes anisotropic magnetic properties (magnetostric}io

reason: shape of sputter target and aperture (ceD0 400 mm)

) spread of angle of incidence of sputtered atoms Is anisatrop
) growth and thus strain formation is e ected

) easy axis of magnetisation requires strained Imes!
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remanent polariser production
all our multilayers are produced
by magnetron sputtering:

target Il cathode
I
parameters: # \

{ power ¥
{ velocity I H
{ Ar gas pressure | | :

I |
{ reaCtlve gases (@ N2) aperture/anode I S N "
{ apertures substrate NN

properties of the Ims:

{ contrast (matching)

{ stress minimisation (stable Ims)

{ anisotropic stress (to get an easy axis of magnetisation)
{ interface quality (roughness, interdi usion)
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remanent polariser sputter plant
sputter-plant: Leybold Z600
{ cleaning of the substrates
by glow discharge
{ 3 cathods
{ 1+3 gas inlets per cathod

aperture used to increase the anisotropy
and thus the remanence

conseguences:
{ unstable discharge

{ lower deposition rate

{ no in uence on the magnetic properties
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remanent polariser performance
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remanent polariser performance
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remanent polariser H. vs. layer thickness

saturation inH = 700 Oe | - / f '
transmission measured Iin guide elds 3
Hy=+5:::+450e¢ o5} j J

-100  -50 0 50 100
polarisation eld H=Oe

magnetisationM

H,=Oe spin up spin down

10
15
20
25
30
35
40
45

transmissionT

04 06 0.8 1 1.2 14 O : . . . . 1.4




27

remanent polariser 0 -Specular scattering
polarised beam, no spin analysis
Fe/Si:N:O sm,m=2.4

assymetric o -specular signal
) weak spin- ip scattering
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remanent polariser applications: analyser
at Morpheus, Narziss (SINQ)

coating Fe/Si:N:O
m = 3, 599 layers
substrate Si-wafer, 0.6 mm
mirror size 200 60 mnd

magnet size 200 100 100 mm

By 200 0e

By 200e

P > 97 %
T,

P > 95%

Tr'k‘\
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remanent polariser applications:

at Amor (SINQ)

{ FeCoV/TIN on glas

{ operated in re ection mode
{ saturation elds: 4000Qe
{ guide eld: +200e

0.8 [ N o

O e N

0.4

I R i e

reflectivity / polarising efficiency

e s et

0 00l 002 003 004 005 006 007 008
q/At

switchable polariser
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remanent polariser applications: white beam polariser
at SANS | (SINQ)

1.00

c 1 %
_ % 0.98- %/} 1
o T |
coating Fe/Si:N:O 5 . “+ 2m collimation
m=2.4, 299 layers < 1 em colimation
substrate Si-wafer, 0.6 mm | v 15 m colimaton
mirror size 200 6c¢nt O'940.4 05 06 07 08 09 10

| / nm




31

conclusion:

we produced supermirrors with Fe and Si:N:O which
{ polarise neutrons P > 95 %to P = 99 %)

{ can be operated inransmissionand re ection mode
{ show a magnetic remanence

{ thus need guide elds of 20 Oe, only

{ can be operated antiparallel to the guide eld

the reactive gase®, and O, In Si are needed to
{ match the potentials forj i

{ tailor strain in Fe layerganisotropic stress), but
{ keep the overall stress small

limitations:
{ stress limits the number of layers m< 3
{ FeSi layer causes 2nd Bragg peak

) J1I  contamination Iin re ection mode
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