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General Intfroduction (~ 2.5 hr)

Case study (~ 3.5 hr)

What NR can,
others can’t?
(Uniqueness,
Significance)

Amount,
Smoothness,
Contrast,
Stability,
etc.

Experiment design,
Sample environment,
Obtain beamtime,
Travel plan,

efc.




Neutron reflectometry is a technique for investigating the thickness and the chemical
composition of one or several thin layers at a surface or an interface of many materials.

O Application examples (air-solid interface)
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Neutron reflectometry is a technique for investigating the thickness and the chemical
composition of one or several thin layers at a surface or an interface of many materials.

O Application examples (solid-solid interface)

Diffusion Coefficient

Soft Matter, 2010, 6, 641-646 ACS Macro Lettf. 2020, 9, 10, 1483-1488



Neutron reflectometry is a technique for investigating the thickness and the chemical
composition of one or several thin layers at a surface or an interface of many materials.

O Application examples (liquid-solid interface)
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Macromolecules 2016, 49, 15, 5609-5617 ACS Appl. Mater. Interfaces 2020, 12, 1825-1831
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Neutron reflectometry is a technique for investigating the thickness and the chemical
composition of one or several thin layers at a surface or an interface of many materials.

O Application examples (air-liquid interface)
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O Scattering length density (SLD) vs. depth profile

(composition vs. depth profile; conceniration vs. depth profile; etc.)
SLD calculator: http://www.refcalc.appspot.com/sld

< C A Notsecure | refcalc.appspot.com/sid

Scattering Length Density Calculator

|C1'_EI“_112511 Formula: | Si

Calculate using: ® density

|e_g. use H[2]20 (or D20) or deuterated water, H[3]20 (or T20) for tritiated water
molecular volume

[Mass density: |2.3300 scm| Molecular Volume: [20.0159 A3
H-ray energy: |8.048 keV

Neutron wavelength: [1.8

Angstrom
Neutron SLD: (2.07370573668+2.37575233669-03)) * 108 A-2
X-ray SLD: (20.0702465153+0.4574342201597) * 109 A2




O practice

O Example

~= PMMA

~=) H20 Density: 0.997 g/cm°3 Formula: (C.0,H,)-
SLD (neutron) = -0.56x10-¢ A-2 :
SLD (X-ray) = 9.44x10¢ A-2 Density: 1.18 g/cm?

~=» D20 Density: 1.10 g/cm? SLD = 1.06x10¢ A2
SLD (neutron) = 6.37x10¢ A-2 ~=p dPC
SLD (X-ray) = 9.43x10¢ A-2 Formula: (C;50,H;,De);

~p H20:D20 = 91.9: 8.1 Density: 1.0 g/cm? Density: 1.22 g/cm? e
SLD (neutron) = 0.00x10- A-2 . SLD =3.27x10¢ A
SLD (X-ray) = 9.43x10° A2 ~= §i

Formula: Si

~=p BSA protein _
. . Density: 2.32 g/cm?
Density: 2.32 g/cm SLD = 2.07x10-¢ A-2
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https://www.google.com/search?safe=active&sa=X&bih=759&biw=1463&rlz=1C1GGRV_enUS751US751&hl=en&sxsrf=ALeKk003XgpmWQ1hBRtea56NCrVzl7PsQQ:1610073575769&q=polymethyl+methacrylate+density&stick=H4sIAAAAAAAAAOPgE-LUz9U3MDRPNivTUs9OttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqxSUvOKM0sqF7HKF-TnVOamlmRU5iiAqMTkosqcxJJUBagKADorfyZYAAAA&ved=2ahUKEwjAy668p4vuAhUErVkKHSVbCAoQ6BMoADAkegQISxAC

hitps: //ncnr nist.gov/instruments/magik/calculators/reflectivity -calculator.html

Load (*.refl) datafile: | Choose Files | Mo file choser ge Refl1D script ||refl1d_script.py help | undo

thickness roughnezs

(A) |(ab

Last modified 06/30/2022 00:16:22 by website owner:
NCNR (altn Bnan B. Maranwlle)




hitps://ncnr.nist.gov/instruments/magik/calculators/reflectivity -calculator.htmi

O practice
~=) Single layer film on Si substrate

Vary film thickness
(100, 250, 1000)

thickness roughness
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» substrate
t=100 A

“F— t=2504
t=1000 A

thickness period

6
100.00

at large Q, R = (16m*/Q*)[p? + (ps — p)* + 2p(ps — p) cos(Qd)]



hitps://ncnr.nist.gov/instruments/magik/calculators/reflectivity -calculator.htmi

O practice
~=) Single layer film on Si substrate

Vary film SLD
(1.0, 2.07, 3.0, 6.0)

thickness roughness

(A) (above, A)
10.000




omposition (SLD) amplitud

at large Q, R~ (16m°/Q*)[p* + (ps — p)* + 2p(ps — p) cos(Qd)]




hitps://ncnr.nist.gov/instruments/magik/calculators/reflectivity -calculator.htmi

O practice
Vary substrate SLD (-0.56; 1; 6.33)

thickness roughness

(A) (above, A]




o1 | “ y §
SLD & Reflectiv TW

e H20-0.56
e H20:D201
¢ D206.33

0.00 002 004 006 008
Q




hitps://ncnr.nist.gov/instruments/magik/calculators/reflectivity -calculator.htmi

O practice
~=) Single layer film on Si substrate

gmin mc. bka CHEE
Vary film roughness ° le: linea
(0, 10, 50, 100 ) y-sca

thickness roug hness

(A) (above, A}

—mmm = B
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export table import table




Roughness & Reflectivity

at large @, for flat surface and interface,

R~ (16m2/Q")[p* + (ps — p)* + 2p(ps — p) cos(Qd)]

at large O, for diffuse surface and interface,

R ~ (16712 /Q*"){p?[exp(—012Q?)]? + (ps — p)*[exp(—a,2Q?)]?
+2p(ps — p) exp(—01%Q?) exp(—0,%Q*) cos(Qd)}



reflection _ f(Q,p,n,d,U...)

incident

Substrate: Si, quartz, sapphire
Sample Size: 2 ~ 4 inches

Typical Cases: diffusion, corrosion, adsorption, segregation, deposition...



—a— X-ray
—a— neutron




vacuum, humidity, pressure ...



Neutron Reflectivity Investigation of the Propagation (fransportation,
diffusion, sorption, etc.) of a Melt Polymer across a Glassy polymer
Interface

component A component B

Glassy 2?2  Liquidy



Fick’s law of diffusion: J = —DV @

Fickian diffusion
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Case |l diffusion

Case | diffusion (e.g. PMMA rod/methanol)
(e.g. PS/dPS, PMMA/dPMMA) T<Tga, T>>Tg,
T>Tgn Tge penetrating front

swelling front initial surface

Anomalous diffusion

Comparable diffusion
and relaxation effects

diffusion control
( relaxation negligible) relaxation control



O chain-like structure @) Enianglemerlt O Glass transition

Mn, Mw Me Tg

~=) Repeat units

‘Rouse blob’

_CHz—CHz— —CH2—

‘thermal blob’ ‘..3

(9, 7) v g




component A component B

O devuterated polycarbonate O poly(methyl methacrylate)
dPC PMMA

T,=151°C
M, =8.4x10% g/mol T, =88 °C
Ry=11.0 nm M,=4.0x103 g/mol
M. =11,60 g/mol Ry=1.6 nm
highly entangled non-entangled

(M.: average molecular weight between entanglement points)



Glassy dPC Ty =151°C

liquidy PMMA T,=88°C
|

anneal at 135 °C

O To learn reflectivity measurements on bilayer polymer thin films.
O To determine the time evolution of interfacial profile.

O To play with the chain-like feature of polymers and understand its effect on interdiffusion.



O dPC/PMMA/Si

~=) Step 1 Remove the silicon oxide layer from the Si substrate
(First “piranha” solution (70/30 v/v H,SO, (50%)/ H,0, (30%)) and then 5 7% HF solution)

~=) Step 2 Spin coat a PMMA layer on the cleaned Si wafer

~=) Step 3 Spin coat a dPC layer on another Si wafer

~=) Step 4 Float the dPC film on the water surface then pick it up on the wafer with PMMA layer




NR measurement

monochromator

Incident beam filter

flight path

monitor

sample stage

flight tube

translation stage

detector




~= hhps://reductus.nist.gov/
~= Template _unpolarized
~» ncnrdata/ng7/201608/22440/data/1-4E3

Specular
7204 (as-cast)

7419 (20 min at 135 °C)

7619 (65 min at 135 °C)
Background

7205, 7206 (+, -)
Slits

7127 (35 mm beam through air)

= » Reductus

Intensity (counts per monitor)

specular reflection intensity q

/

background intensity ™~

incident beam intensity

X|Qz

Iload specl H |mask

inear v |y v
[ H [ioin

|Ioad bg+ | |"| mask

| f+ fioim

|Ioadbg- | |"| mask

| f+{ fiom




O Generate refl1D script
hitps://ncnr.nist.gov/instruments/magik/calculators/reflectivity -calculator.hitml

Load (*.refl) datafile: | Choose Files | 3_5E48820...clarized.refl | g

Last modified 01/11/2021 23:23:55 by website owner:
NCNR (attn: Brian B. Maranville)
Please cite as hitps://doi.org/10.6028/jres.122.034 bib




|] refl1d_script (2).py
from reflld.names import *
O Edit refl1D script e oy et o
I re Scrlp probe = loadd ( ack _reflectivity=False)

obe = Probe (T=numpy.linspace (0.1482¢ 3.6500, 251), L=5.0000)

Ouna pdardmetiel

* LOGd ddi’d grouﬂawvajuf
~* Stack layers

= SLD(name=
SLD (names=
SLD {name=

=) Set constraints - 51D (name-

SLD (names=

A match
* h of e layer O
F It pq rq m eters layer( ab(material=sld0, thickness ), interface=5
layerl =
layer2
layer3
layerd

lab(material=s1dl, thickness interface
lab(material=s1d2, thickness=4 5, interface
lab(material=s1d3, thickness interface=5.
lab(material=s1d4, thickness=0 0, interface=0.0C

h o tn o

sample Stack()

sample.add{layer0)
sample.add{layerl)
sample.add{layer2)
Sample.add(layerBH
sample.add{layer4)




J Bumps: refl1d_script (2)
File Help Fitting Reflectivity
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