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Motivation for Insitu xray experiments

Studying materials under working conditions:

Applications
Microelectronics
Batteries

Fuel cells
Catalysis

Food science
Solar cells

New alloys and
steels

U Materials under
Performance extreme

conditions, etc.

Structure

Characterization

Properties

cC: C ¢ o

Processing .

Provides information on the chemical and physical properties of materials and devices under realistic processing conditic

% G vormen Materials Science tetrahedron. Credit: Public domain. =i cicir v canana | lightsource.ca
https://www.e-education.psu.edu/matse81/node/2094
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Sample environments

Sample environments seek to mimic
the operation conditions of the
materials or devices being tested

A Furnaces with controlled
atmosphere and temperature

A Tensile rigs

A Temperature/humidity light
chambers

A in situ cycling / temperature control
for battery studies

A Customized setups

lightsource.ca




Brilliant synchrotron sources
A FRast acquisition
A High temporal resolution
A Many applications!

1. Phase transitions

2. Microelectronics
3. Batteries

4. Solar cells

5. Mechanical rigs
6. Catalysts

/. Corrosion

8.

High pressure

https://www.nottingham.ac.uk/aspirdatn/aspire-blog/aspireblogs
2020/synchrotronradiation-and-synchrotronlight-sources.aspx
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Structural phase transitions

Orthorhombica ¢ KNQ A trigonal 6- KNQ
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Structure- property relationship
Steels

Characterization

Processing .

Performance

(a) ¥ - Austenite (b) £ - Martensite (c) o= Martensite

Austenitic Stainless Steel is highly Martensitic Stainless Steel is highly
corrosionresistant, ductile, and formable wearresistant, hard, and strong

Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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Iron-based shape memory alloys for civil engineering structures: An overview



https://www.researchgate.net/publication/262568400_Iron-based_shape_memory_alloys_for_civil_engineering_structures_An_overview?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ

Designing and synthesizing high strength alloy

uenching and partitionin &P
Q J P g (Q&P) [:] y-austenite - a’-martensite

A Multi step heat treatment A @ c=cC

A Q&P generates microstructures containing
retained austenite stabilised by carbon
partitioning from martensite.

X e R i —————

Temperature

A austenite/martensite mixtures with desirable

combinations of strength, ductility, and toughness. | b :@ PT

A Q&P steelyield an excellent balance of high i
tensile strength and good elongation

Time

Schematic illustration of the Quenching and Partitioning (Q&P) proces
https://www.dierk-raabe.com/martensitealloysandtransformations/quench

partitioning-s _ _
Canadian Centre canadien THE BRIGHTEST LIGHT IN cANADA | lightsource.ca
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https://onlinelibrary.wiley.com/doi/10.1002/srin.201700218#srin20170024iB-0161




Structural phase transformations in steels

"In-situ quantification and density functional theory elucidation of phase transformation in carbon
steel during quenching and partitioning." Acta Materialia 221: 117361, 2021 Wang et al.

thermocouple

current-—»

60 keV X-ray

Heating cell




Phase transformations in carbon steel during Q&P

"In-situ quantification and density functional theory elucidation of phase transformation in carbon
steel during quenching and partitioning." Acta Materialia 221: 117361, 2021 Wang et al.
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Phase transformations in carbon steel during Q&P

"In-situ quantification and density functional theory elucidation of phase transformation in carbon
steel during quenching and partitioning." Acta Materialia 221: 117361, 2021 Wang et al.
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V Quantifying microstructural
evolution

+ DFRA V Unveiling the mechanisms

of phase transformation

V Elucidating carbon diffusion
paths

THE BRIGHTEST LIGHT IN CANADA I Iightsource.ca
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Applications to Microelectronics

a7 . \ DA~/

https://www.lbl.gov/research/microelectronicand-beyond/
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IBM endstation

In-situ characterization

I thin films

I microelectronic materials
I semiconductors

Rapid thermal annealing
(up to ~ 1,000°C)

Techniques

V X-Ray diffraction

V Four point probe to measure
film resistivity

V Optical light scattering to

measure surface morphology

.
A Y
- TR
.
.......
AN
g 3

AL AN
A

qqqqqqqq

BRIGHTEST LIGHT IN CANADA I Iightsource.ca

12




IBM end-station

Robot
Huber W TR
diffractometer sl SR i R = Sample
AR St NETEVANIES

chamber , e ] table
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Experiment chamber

photodiodes —

<~— laser
guartz window

mirror

flange 'h\ b
(removed for SAmbEt
iﬁ;nnpgﬁs) quandrant detector

— diffractometer
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Sample size and format

- Combined diffraction,
I O n Thin films studies resistivity and roughness measurements
- under ultra high purity N, or He.
Temperature up to 1100 °C.

Pyrometer reads

Molybdenum from here

sample holder

Sample holder on top of the heater

Maximum temperature: 1100°C

IBM End-Station — Canadian Light

Sample size should be
approximately 12mm x 15 mm

Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
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IBM end-station In action

. _ Canadian Centre canadien THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
é/' Light de rayonnement
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IBM end-station

V  Quick investigation of

different growth conditions

V Better nucleation

processes

V Improved film stability at

higher temperatures

V Lower interface roughness

Microelectronic Engineering3, 20422054 (2006)

e
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C. Lavoie et al.

Effects of additive elements on the phase

formation and morphological stability of
nickelmonosilicidefilms
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Fig. 4. (a) Elastic light scattering at 0.5 um and 5 pm length scales and
resistance measurements together with (b) X-ray diffraction measurements
performed in situ during annealing in purified He of a 15 nm Ni layer
deposited on a 100 nm poly-Si film (3 °C /s). The three ellipse also refer to
the challenges discussed using the phase diagram in Fig. 1.

lightsource.ca
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Atomic layer deposited ultrathin metal nitride barrier layers
for ruthenium interconnect applications.

Ru/Si - 0.7 °Cl/s Ru/Si - 4.7 °Cls
2.0 - LU

2.] J—— 2.1
= 2.2 = 2.2 U Search of alternative
= 3-6 — 3-6 materials to Cu
20 29 interconnects.
3.1 fiigy 3.1 |
T ' U Synchrotron XRD was used
100200300 400500 600 700800 100 200 300 400 500 600 700 800 to investigate the thermal
Temperature [°C] Temperature [°C] stability
Ru/Si - 1.5 °C/s Ru/Si - 13.5 °C/s
3'(1) | ;2 L U Determining activation
2o g energies of metal nitride
<o =y (TIN, TaN batrrier failure,
T 26 T 26 leading to ruthenium
2.9 2.9 monosilicideformation.
3.1 ; 3.1
100200300 400500600 700800 100200300 400500 600 700800
Temperature [°C] Temperature [°C]
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Journal of Vacuum Science & Technology A 35, 03E109 (2017)




IBM end-station

Investigating materials for Phase Change Memory (PCM) technology.

Suitable materials have:
A High electrical resistivity in the amorphous phase
A Low electrical resistivity in the crystalline phase

Heating and cooling at different
rates can set and reset the
amorphous and crystalline states
back and forth.

Read operations are performed t

by measuring the device V0|tage “RESET” pu|se
resistance at low voltage so that e - - ——— - —— -
the device state is not perturbed. Temperature)

Non volatileA lasts for years - e ——

https://ieeexplore.ieee.org/abstr
act/document/7453199

Journal of Applied Physi¢@45, 093101 (2014)
HuatYu Cheng et al.

TEM crossection for
a 1 Gbit PCM cell array

“SETH
pulse
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IBM end-station

Crystallization properties of materials along the pseutdmary line betweenGeTeand Sb
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FIG. 2. XRD peak intensity as a function of temperature T during heating at

Journal of Applied Physi¢45, , 2 peak in o of !
Processing 3°C/s to 550°C of a Ge,Sb,Te, film with (a) x=0.5 and (b) x=6,
respectively.

% 093101 (2014) ‘Performance
HuaiYu Cheng et al. a 20




IBM end-station

Crystallization properties of materials along the pseutdmary line betweenGeTeand Sb
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% Journal of Applied Physit45, 093101 (2014)

HuaiYu Cheng et al.

Characterization of key
parameters:

V Crystallization temperature
V Crystallization speed

V Resistance

V Thermal stability

THE BRIGHTEST LIGHT IN cANADA | lightsource.ca
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Battery
experiments

- -
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22
https://www.dreamstime.com/illustration/stickman-questionrmark.html https://www.intechopen.com/chapters/84482



In-situ battery research
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In-situ battery research

Anode (Graphite)
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In-situ battery research

High Temperature Compatib(@onflatCell with Adjustable Stack Pressure for
In-Situ and Operando-Ray Studies of Lithiwhon Battery Materials

s .| : (3 o 55 2 R =
> 1 o . [ ) i "'ﬁ /4 - : //, -
- - N - . { S 4
~ . S — _,»
e J o N 5 . ;
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Michael Fleischauer NRC / University of Alberta




In-situ battery research

Be window /

-.__..,-— Test electrode —— .

i Sepal"ator ———

Li \_
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J. Appl. Cryst. (2021). 54, 14161423
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Solar cell research

In situ studies of the degradation mechanisms of perovskite solar cells

Electroniclemental /

Properties Composition \ Electrig:'al
Feedthrough

Water Heat Light

Optical Film

Properties Morphology

I— Area

Detector

Illuminator

100 ) Thalogen [ Elucidating the Failure Mechanisms of Perovskite Solar
Cells in Humid Environments Using In SitMWBINXS

Tim Kelly USASK

% El?jr; 05 10 15 20 25 [THE BRIGHTEST LIGHT IN CANADA I Iightsource.ca
GIWAXS pattern of an ITO / Zn0O/CH,NH,PbL,/P3HT/ Ag

device exposed to a nitrogen atmosphere with RH ~ 90%.

Time (Minutes)
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Corrosion studies

Corrosion can lead to failure
involving personal injuries,
fatalities, unscheduled
shutdowns and

environmental contamination.

The annual direct cost of
corrosion to an industrial
economy is approximately
3.1% of the country's Gross
National Product (GNP).
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In the United States, this

amounts to over $276 B per
year.

N U

For Canada, $60 B per year.
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https://www.wermac.org/




In situ studies of breakaway oxidation in type 430 stainless s

window with two dimensional detector
polyimide film (PILATUS 100k)

(Kapton, 25 um)

specimen

Pt heater

high-temperature unit
(HTK-10)

reaction gas inlet reaction gas outlet

E%T_'atdian ggr:;?oﬁanr;argifr?t BL_46XU |n Spnna THE BRIGHTEST LIGHT IN CANADA | lightsource.ca
Source synchrotron 2 9

Saeki et al. Corrosion Scie®&e219, 2012




In situ studies of breakaway oxidation in type 430 stainless s

1400 L — — . These specimens were heated
at a rate of 50 K/s and

1200 - kept at 1373 K for ~400 s;

1000 - They were then cooled in the

highttemperature unit.
800
Gas mixture:

A 17 vol.% O2
A 20 vol.% H20
A N2 gas

| | | | | Rate of 8.3 chis
0 100 200 300 400 500

Test time, o / S
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In situ studies of breakaway oxidation in type 430 stainless s

Commercial type 430 stainless steel was used. fet = 05, 298 K €) hest=29s, 1373K (t, . =75)

The composition of the steel was: '

A 0.054 mass% C 110 . | _L-FC(311)

A 0.55 mass% Si —FC (222) 23

A 0.09 mass% Mn FC (400)

A 0.004 mass% S (b) fest = 185, 1173 K i () test =925, 1373 K (1, =70's)

A 0.13 mass% Ni _ B

A 16.1 mass% Cr yaimmy— | 3 —M@2) ¢

I ; I | i | ! : M(4()())/
e = Iceas e aes s s|ie : -~
23S 5 |5288 E:Z8EE|H2| ©nu=2251373K(, =05) (@) test = 117 5, 1373 K (1, = 95 5)

3| €< ¢ 1323 gL C (104) . '
s| €6 &1885&8 SSEFT|I®| — -caw ’ y(i1) P
= - s ;
13 P . P CaB3)&E -k 1
5 (h)y—4— : f : N : |
§ | A 1t (d) et = 278, 1373K (£, =55)  (h) fest= 145, 1373 K (1, = 123 5)
g o | W B I ___}-caos H (104)
e ee—w—— <) | _Loam

(O B I | __—FC (311) FC (400)

T ) —FC (222)

- T O H i £ & %

0.28 0.26 0.24 0.22 0.20 31

Lattice spacing, d / nm Saeki et al. Corrosion Scieb&e 219, 2012



In situ studies of breakaway oxidation in type 430 stainless s

Commercial type 430 stainless steel was used.

The composition of the steel was:

0.054 mass% C

0.55 mass% Si

0.09 mass% Mn

0.004 mass% S

0.13 mass% Ni Q\\\\\\

16.1 mass% Cr
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Saeki et al. Corrosion Scie®&e 219, 2012




In-situ mechanical testing
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https://doi.org/10.1016/;.apmt.2022.101378



https://doi.org/10.1016/j.apmt.2022.101378

In situ mechanical testing

APS MTS 15kN

CLS MTS 10kN
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Razorbill strain cell

1. —v- Cal =
o y % = S
{ % Vg
N
Canadian Centre canadien - ' lightsource.ca
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https://razorbillinstruments.com/uniaxiastrain-cell/




