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Reflectometry with X-rays and
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Outline

- Setting up a measurement
- sample
- alignment
- measurement

- Data refinement and analysis
- data reduction
- fitting
- Parrat32
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Sample
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Alignment
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Measurement

Laboratory for Neutron Scattering ﬁ
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Data reduction

- Transformation of 8 (and 1) into q,

- Background subtraction
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Data reduction

. detector

- Transformation of 6 (and A) into g,

- Background subtraction

- For time-of-flight:

| . detector
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Resolution

- angular resolution 40

detector
50 = Ab with A8 = arctanh sample slit  slit
9 d stage
d, distance source to slit I +7
h, half height of slit e
«- >

d

- wavelength resolution oA

M
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AA, either wavelength spread by monochromator or,
for time-of-flight data by time spread

5/1 — & — tpulse + tbin

tof

determines g, resolution
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Simulation of Data
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Simulation of Data

scattering length density

with b, atomic incoherent scattering length,
M. atomic mass,
£ substance density,

N,; Avogadro’s number

Neutron Scattering Lengths and Cross Sections
http://www.ncnr.nist.gov/resources/n-lengths/

Scattering Length Density Calculator
http://www.ncnr.nist.gov/resources/sldcalc.html
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Simulation of Data

- simulations of the reflection of light

- simulation of reflectivity curve
- contrast variation in neutron reflectometry
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Polished sflicong111% nEjrrI%a]lg.r has a thin 2 nm
ozide layer and there is a measurable roughness
of the surface. The largest contrast is hetwesn
silicon and ether Dy,0 or H,O and these give the
stronger reflected signals. Mote that the neutron
bearn enters and exits through the solid

http://ptcl.chem.ox.ac.uk/~rkt/techniques/nrmain.html
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Fitting of Data

available programs:

Parratt32, HMI, Berlin

Reflfit and Reflpol, NIST, Gaithersburg
Motofit, A. Nelson, ANSTO, Sidney
SimulReflec, LLB, Saclay

SURFace, ISIS, Didcot

For each layer/interface

- scattering length density
- thickness

- roughness

will be obtained.
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Fitting of Data
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Example for Parratt32
2. Conducting Polymer

C20H13N3DESE

p: 1.3 gcm™

Z = (6x20)+(1x13)+(7x3)+(8x6)+(16x2) = 234

M = (12.011x20)+(1.008x13)+(14.0067x3)+(16*6)+(32.06*2)
= 455.464 g mol~’

X-rays:
SLDx =1.14x10-5 + 7.46x10-8i A-2(from NIST SLD calculator)
A =1.54056 A

& =4.306x10%; p = 2.818x10®

Neutrons:

SLDn =2.63x10° A2 (from NIST SLD calculator)

b = (6.646x20) + (-3.739x13) + (9.36x3) + (5.803x6) + (2.847x2)
=152.905 fm

Abs. X-sect.=(0.0035x20)+(0.3326x13)+(1.9x3)+(0.00019x6)+(0.53x2)
=11.155 barn

Parratt SLD = 6.18x10% + 5.24x10-13j A2

by M. James, ANSTO
http://www.ansto.gov.au/ansto/bragg/symposium/talks/fri_james.pdf
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Conducting Polymer
Estimating Film Thickness
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Conducting Polymer

Estimating Background

Reflectivity
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Conducting Polymer
Refining Film Thickness
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Reflectivity
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Conducting Polymer
Refining Film SLD
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Conducting Polymer

Laboratory for Neutron Scattering ﬁ

Refining Film & Substrate Roughness
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