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New “nanoTOF II” with MS/MS

Buncher/Accel ‘ Detector2 for MS/MS
| PHYSICAL
ESA 2 N 15 keV Drift ELECTRONICS
~ . B \ A A DIVISION OF ULVAC-PHI
‘ &
& Collision cell
- o e (15kevCID) ULVAC
Es“\ o | Detectort for MS1 ULVACFHLING
3 keV o SE° ® 1 Da precursor window
Secondary ion ® Parallel TOF-SIMS & MS/MS
" High Mass ® High conversion efficiency
Precursor Blanker

MS/MS spectra are generated with >25%
_ average precursor fragmentation

(spatial focal = .~ ® m/Am of MS/MS spectrum: 3000

point) ® Mass accuracy of MS/MS : 0.6~5 ppm

— \
@ Advantages of High-Energy CID vs Low Energy CID

1 very reproducible - nearly independent of gas pressure and species
2. More fragmentation = more structural information

3. Less rearrangements = easier to interpret

4. Compatible with TOF-SIMS repetition rates

selector



MS/MS spectra with “nano-TOF 11" 1

Normal mode

Normal MS1 spectrum

MS/MS mode 100% precursor selection

m/z

\ Precursor ion

No precursor ion

MS1 spectrum

Parallel TOF-

SIMS & MS/MS

MS/MS spectrum

MS/MS of DAG,
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MS/MS spectra with “nano-TOF II” 2

Normal mode Normal MS1 spectrum

m/z
MS/MS mode

\ Precursor ion

MS1 spectrum ‘ ‘

Example: 50% precursor selection

rate is free

=Duty cycle: 50% normal TOF-SIMS & 50% MS/MS

Precursor selection

MS/MS spectrum

No.4



MS/MS spectra with “nano-TOF 11”7 3

Normal mode

MS/MS mode

Normal MS1 spectrum

Parallel MS1 and MS/MS imaging

1]

MS1 spectrum

[T

5

[

MS/MS spectrum
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User presentation of MS/MS with nano-TOF 11

“‘Biomolecular Investigation of Neurodegerative Diseases and Brain Plasticity
with TOF-SIMS Tandem Imaging MS”

N.O. Potocnik, et al., Maastricht University, Netherlands

Research for Alzheimer's disease

Molecular Imaging MS/MS imaging of tissue sample
of Brain Pathophysiology MS/MS of m/z888 (sulfatide) etc.

AMOLF(Institute for atomic and molecular physics) is led by Prof. Heeren. The
Heeren group is one of the world leaders in high resolution molecular imaging of
biological surfaces. It targets the development and application of state-of-art mass
spectrometry based molecular imaging approaches. The application of molecular

imaging using mass spectrometry in molecular histology is one of the breakthrough
technologies in modern biomedical research.
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Presentations of MS/MS @ SIMSXX conference

PHYSICAL
ELECTRONICS

A DIVISION OF ULVAC-PHI

&
Prof. R.A. Heeren, AMOLF

5 oral presentations
@ SIMS conference

New TOF-SIMS Imaging MS/MS Presented @
SIMS XX

September 21, 2015

Last week at the 20th International Conference on Secondary lon Mass Spectrometry (SIMS
XX), PHI scientists authored or co-authored five papers with our collaborators from Maastricht
University on the new parallel imaging MS/MS capability being developed for the PHI
nanoTOF|I. The following talks were presented;

A New Instrument for Parallel TOFSIMS and MS/MS Data Acquisition, Scott R. Bryan, P.E.
Larson, G.L Fisher, J.S. Hammond, Physical Electronics, R.M.A. Heeren, Maastricht University

Imaging of Molecular Chemustry in Biological Specimens by Next-Generation TOF-SIMS,
Gregory L. Fisher, Physical Electronics, N. Ogrinc Potocnik, A.L. Bruinen, B. Flinders,
Maastricht University, T. Miyayama, S. lida, ULVAC-PHI, J.S. Hammond, S.R. Bryan, Physical
Electronics, RM.A. Heeren, Maastricht University

TOFSIMS Imaging MS/MS of Polymer Additives, John S. Hammond, P.E. Larson, G.L. Fisher,
Physical Electronics, T. Miyayama, ULVAC-PHI, D-M. Carr, S.R. Bryan, Physical Electronics

Biomolecular Investigation of Neurodegenerative Diseases and Brain Flasticity with TOFSIMS
Tandem Imaging MS, Nina Ogrinc Potocnik, Maastricht University, G.L. Fisher, Physical
Electronics, J. Praet, J. Hamaide, University of Antwerp, A.L. Bruinen, Maastricht University, A.
Van Der Linden, University of Antwerp, RM.A. Heeren, Maastricht University

High Resolution TOFSIMS Tandem Imaging MS of Lipid Specres in Infected Thin Tissue
Sections, Anne L. Bruinen, Maastricht University, G.L. Fisher, Physical Electronics, AM. Van

Der Sar, VU University, N. Ogrinc Potocnik, R M.A. Heeren, Maastricht University

This new capability generated a buzz at the meeting with many people making comments such
as “we have needed this for years” and “I can finally identify my unknown peaks”. The new
patented PHI MS/MS approach offers a major step forward compared to conventional TOF-
TOF tandem mass spectrometry. In our approach, the TOF-SIMS spectrum (MS') and the
MS/MS spectrum (MS?) are acquired in parallel. This high speed TOF-TOF method allows direct
comparison of peaks, images or depth profiles from MS™ and MS? from the same analytical
volume of material.
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Combination of SIMS and "Orbitrap”

Dr. I. Gilmore of NPL, UK presented "A
revolution in Chemical Imaging" including the
first results from a "beyond state-of-the-art"
SIMS instrument being developed with
partners including ION-TOF & Thermo Fisher
Scientific.

"A‘revolutionary new companion il ' _

for the TOESIMS 5" T : 15 Catchphrase

.\ ) i “Surface analysis meets organic mass
spectrometry”

Highest mass resolution, real MS/MS and
unambiguous peak identification for SIMS




IITOF-SIMSS’I and 'IQ-EXaCtiVeII

“TOF-SIMS5”

/;
/
.
—— lon Mirror

AN
lon Gun
AN
. / \\ Detector
PUlSIng
o Transport
Focusing \ ot
Optics

Raste r\

] Extractor

Sample _

HCD Cell
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RF-Lens
lon Source

Ol'bitrap
Mass Analyzer
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Joint of “TOF-SIMS5” and "Q-Exactive”

“Q-Exactive”

Quadrupole
HCD Cell C-Trap Mass Filter

. “TOF-SIMS5”
My assumption =

. ==
1011iM nol Q_:

=

-
==

ﬁ: :-
~=
NG Orbitrap

@ Mass Analyzer

RF-Lens

10329390 //

lon Source

| | : Deflector
(T:{HA%H_LH § s‘ﬁ /

® m/Am : 240000@m/z200

® Max. frequency: 18 Hz
® |maging with Q-Exactive: 256x%256 pixels
Ar-GCIB<2 pym, LMIG<100 nm

® MS/MS available

]l 11oqane1T
22i1q0 /
10hH61x3 W / =
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Bioimaging by Massive Cluster Impact (MCI), Peter Williams group

Massive cluster

-electrosprayed glycerol in vacuum  (Glycerol ) 3° ~4MDa
1.7 MeV@13 kV; 0.4 eV/nucleaon; v~ 9 km/s

“Sputtering mechanism; shock heating followed by explosion.
(AT up to ~1000 K) (Peter Williams 1992)

Experimental
*MCI-TRIFT system

Useful ion yields (UY)
-UY = (No. of detected intact and ionized molecules)/(No. of sputtered molecules)

“UY of MCI 1~3 X 10> - 260 counts @ 3x3 um? (for intact lipid); not sufficient
for example, insulin(+1)=0.9 insulin(+2)=0.7 insulin(total)=1.6x10"> survival
> UY for Ar,, Ar,+H,0: ~ 10 for Lipid and Treharose

Future Solution

- MCI-Cameca Xf

1. Microscope imaging: few um resolution
2. DC secondary ion beam

3. M/dM ~ 1000 ' 20000 30000
m/z of MClI

ionization

Intact yields
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Development of a vacuum-electrospray beam source using a
proton-conducting ionic liquidldemallTfOl, Y. Fujiwara's group

CH,
|
Vacuum electrospray C!H:‘ Q
* Protic ionic liquid CH, ~CH,— r;l —H FEC-—-SI‘-O
-Sample: CH, - b o)
;. mobile
@Argmme —> enhance (dema]* o]
@PEG3000 —> not enhance

*Proton affinities for @, @ and [dema] can explain the difference.

Secondary ions produced by electrosprayed droplet impacts with
m/z selection from 103 to 10°, S. Ninomivya's group

“Vacuum electrospray
“Va =8~9 keV

-Indium, SUS = Smaller droplets (102~10* Da)
arginine intact > Larger droplets (*40~50 kDa, but decreased above ~50 kDa.)



Development of a Mass Spectrometer using Two Rotating No.13
Electric Fields, M. Nojima Group

Cross section

7lGa+
—< /

/

Simultaneous Detection of Positive and Negative Secondary
lons On Focused lon Beam Tool, HIDEN Analytical

Vertical section
e ——

lon beam e TN

GQGa+

-Compact, wide mass range mass spectrometer \

Positive ion detector Negative ion detector
*Quadrupole SIMS detectors
Ga FIB




Parallel Ion Electron Spectrometry (PIES); TEM-SIMS =
Luxembourg group

Complemetarity SIMS-TEM

TEM

o)

= Spatial resolution

“Crystallographic information

EELS and EDX at high spatial resolution
*Quantitative

X
=Concentrations > 0.1%
*Low-Z elements (H, Li)
*No isotopic information

Application
Sample: Li,TiO,

SIMS
o

Low detection limits (ppm)
All Masses/lIsotopes

X
Lateral resolution
Quantification

E-beam

TEM



Ar cluster SIMS and XPS, UPS, No.15
Kratos Analytical

Sample
Thiol-based SAMs on Gold o
Application
*Depth profiling = TOF-SIMS, XPS, UPS Sample: organic solar cell material

“Work-function changes - UPS
Quantification C1, Ol1s, S2p - XPS

Others

Beyond Defect Formation: Characterization of Structural and Electronic Modifications in
Graphene due to Plasma Treatment by ToF- SIMS, XPS and Raman, JOSEPH GARDELLA, JR,,
J.5. WALLACE, A. QUINN, Universil:}/ at Buffalo, The State University of New York, J. HU, E. KONG,

Shanghai Jiao Tong University, H. JOH, Korean Institute of Technology

Combining XPS Atomic Concentration Data with a ToF- SIMS Chemical Image Map using Image and Data Fusion,
TAMMY MILILLO, University at Buffalo, The State University of New York, M.E. MILLER, Michigan Tech Research Institute,
R.V. FISCHIONE, CUBRIC Inc., J.A. GARDELLA, University at Buffalo, The State University of New York

XPS/UPS Depth Profiling with Gas Cluster lon Beam for Characterization of Interfaces in Thin Multilayer Organic
Structures, MATEUSZ M. MARZEC, AGH University of Science and Technology, Poland, J. RYSZ, Jagiellonian University,
Poland, J. HABERKO, A. BERNASIK, AGH University of Science and Technology, Poland, A. BUDKOWSKI, Jagiellonian
University, Poland

CIRERRE



Glyoxal Aqueous Surface Chemistry by SALVI and "
Liquid ToF-SIMS, Xiao-Ying Yu@Pacific Northewest
National Laboratory

-Keep 107 mbar vacuum (a)
=) ~3 m Microchannel Sterile medium solution
Drip tube
Syringe
Application PHmP
*In situ chemical probing of the electrode—
electrolyte interface by ToF-SIMS Q Microfiidic
. / R - SIMS detection
(Lab Chip, 2014, 14, 855) , y
“In situ molecular imaging of a hydrated biofilm —
I lnie
(Analyst, 2014, 139, 1609) (c) Beconiany/ SRR Rriman (d) : |
SiN membrane \/SOOum e | l meggane
*Two-dimensional and three-dimensional dynamic “M
imaging of live biofilms ToF-SIMS perm hee T || ([ tom
(BIOMICROFLUIDICS 9, 031101 (2015)) T
Fig. 1 Schematic of the single-channel growth microfluidic reactor
Photochemical reaction of glyoxal (CHOCHO) and ToF-SIMS detection including (a) the setup of the biofilm growth
] ] experiment, (b) a photo of the device used for biofilm growth; (c)
OX|dat|0n schematic showing the cross-sectional view of the grown biofilm

during ToF-SIMS probing; and (d) a top view of the device during

(This conference) b arowth.
(Analyst, 2014, 139, 1609)



Glyoxal Aqueous Surface Chemistry by SALVI and "
Liquid ToF-SIMS, Xiao-Ying Yu@Pacific Northewest
National Laboratory

600 4 255

Dried
biofilm

Hydrated
biofilm
11 I&IIIIIII Illdlll

Intensity (counts)

8 Uninoculated
' medium

4-'.n|“_4_l|.||.m.u¢_u.|.u.b.|.|.u.|.4.iu
Ll llll Bl .lll I'

210 240 270 300
m/z (amu)

(Analyst, 2014, 139, 1609)

(b) m/z 225 m/z 241
2.0 2.0 0
1.6 1.6 5

Hydrated '-2 12

biofim o3 0.8
0.4 0.4 1
0900 05 10 15 20 amoo 05 10 15 20
2.0-penaanaaanny. 2.0 .
1.6 1.6 s

1.2

Uninoculatedt.2

medium 0.8 0.8

0.4

0.4

0.0

0.
pm0.0 05 1.0 15 2.0 ¥mQ0.0 05 1.0 15 2.0

Fig. 2 (a) Representative ToF-SIMS m/z spectra of the dried Shewa-
nella sp. biofilm deposited on a clean Si wafer, the hydrated biofilm,
and the uninoculated medium solution and (b) 2D images of m/z 225
(Ci4 FA) and m/z 241 (Cy5 FA) fragments obtained from the hydrated
biofilm and uninoculated medium samples. The false-colour scale
shown on the right of (b) indicates the relative SIMS signal intensity
from high (white/yellow) to low (black/red).



Glyoxal Aqueous Surface Chemistry by SALVI and "
Liquid ToF-SIMS, Xiao-Ying Yu@Pacific Northewest
National Laboratory

SPI Supplies Wet Cell IT SPI Supplies Wet Cell I

SPI Supplies Wet Cell Il

The Wet Cell Il is the next generation device  liquid. Potential application areas include

for the examination of liquids in an EM envi-  liquid surface chemistry, microbiology, drug
ronment. The self-contained high vacuum delivery & reaction
compatible device enables the analyst to Wet Cell Il Specifications:

characterize a fluid in its natural state. And
as itis a self-contained device, there is no
need for modification of the existing micro-
scope. Once the liquid is loaded into the de-
vice platform, it is inserted into the

d i Microfluidic block f " © Flow rate < 2 pl/min
microscope and is ready for analysis ¢ Microfluigic dlock for sample o " ts all
Yo W e e w
chalarioraton Low cost replaceable components allo

The device can be used for in-situ chemical by contaminant-free work
probing or molecular imaging of a samplein ~ © Electron transparent SiN membrane

* Self-contained high vacuum
compatible device

» Battery driven pump for up to 4 hours
operation

® ~200 pl reservoir

o Platform size: 3"x 4" (75 x 100 mm),
Height: 20 to 25 mm

SEM Electron Gun The 75 x 100 mm platform contains all the
X-Ray Detector components needed to run your sample and is
v (] SEDetector adaptable to most electron microscopes
acuum A degassed fluid is loaded by the micropum
compatible SiN window 2 : % Y S ICOBLIP

on the device or a syringe pump into the
reservoir. The main chamber is composed of
PDMS with a SiN window. This block is easily
replaced, avoiding the need to try to clean it
between runs. Vacuum compatible tubing
connects the sample block to the pump, which
operates at a flow rate < 2 pl/min.

SIMS extraction lens

10y : <
i Pmlr’lggnmn
107 4 Vacuum Flo?‘n
102] compatible SiN window

tubing

10" RV Z7 Si m
o
g 107 4 _]
. . . = 10! i
Liquid Probing System for g . ' ’ ‘
g 10°q s

SEM/EDS, EPMA and TOF-SIMS systems wf Wl

just a click away...2spi.com/wc2 :211 i s
mj] C“o 7 4000
. :z‘:» 4 Bt 53000 x10
o 0 1 2 a 4 g o .
I .® Energy (kV) z 1001: ‘ l 2] s o \||

0 10 20 30 40 180 190 200
mz (amu)

SUPPLIES
SPI Supplies Division of STRUCTURE PROBE, Inc.

P0. Box 656 * West Chester, PA 19381-0656 USA r .
Phone: 1-610-436-5400 » 1-800-2424-SPI (USA and Canada) » Fax: 1-610-436-5755 ® 2spi.com e E-mail: sales@2spi.com Ljn - The Complete source fOI' all your n]iCl'OSCOpy needS
muss ZSpl.COIl]
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Analysis of mixed organic/inorganic hybrid multilayers

Oral presentations related to this topic

® “Sputtering with Large O,* Cluster Projectiles on Inorganic Surfaces ”
by W. Vandervorst (IMEC, Belgium) — 10 keV (O),54,, ripple formation, not good

® “Low Temperature Plasma for Crater Edge Depth Profiling of Inorganic Multilayers”
by S. Muramoto (NIST, USA)

— LTP etching + Bi; analysis, No damage detection for inorganic and organic samples

® “Recent Developments in TOF-SIMS Depth Profiling of Inorganic and Organic Thin Films”
by E. Niehuis (ION-TOF, Germany)—Next slide

® “Low Energy Cesium Depth Profiling of Hybrid Materials”
by L. Houssiau (Univ. of Namur, Belgium)
—GCIB: damage removal mode, Cs: damage controlled mode

500 eV Cs*=Tyr/Au(Cr)/Si, Au(Cr)/Tyr/Si, Tyr/Au(Cr)/Tyr/Si
Tyr/Au(Cr)/Si:very sharp interface, no diffusion of metal into Tyr
Au(Cr)/Tyr/Si: metal diffusion into Tyr (Cr is stronger) , sharp Tyr rise
> Sputter Yields by 500 eV Cs*:0.05 (Au), 0.016(Cr), 0.28(Tyr) [nm3/ion]

Simulation of recoil (injection into organic layers) of metals by SRIM
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Depth profile with gas cluster ion beam (GCIB)

“Recent Developments in TOF-SIMS Depth Profiling of Inorganic and Organic Thin Films”
by E. Niehuis (ION-TOF, Germany)

% Depth profiling of MRFA peptide with “TOF-SIMS5 ",/ “Q-Exactive ”
Probe: Ar-GCIB (5 keV, Aryzy)
Mass resolution @ depth profiling: 119000~343000
Mass accuracy: 1~2 ppm

% Inorganic/organic multilayer analysis with various GCIBs
Problem of Ar-GCIB: Low etching rate for inorganic samples
Improve by chemical effects ?

O,-GCIB:Not good, but excellent oxidation

SF4-GCIB—Polymer(styrene methacrylate)/SiO,/Polymer/SiO,/.../Si

20 keV (SFg)s70, Yoo Ysio2=9-4, RMS@bottom=8nm, RMS(Pol/SiO,)=4.5
7.5 keV (SFg)s70, Yool Ysio2=10.7, RMS@bottom=10nm, RMS(Pol/SiO,)=8.1
Depth profile of polymer/SiO, multilayers may be possible,

but how about metal/organic multilayers?
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Comparison of SI yields for Ar- & H,0-GCIBs

“Enhanced lonization Using Water-containing Cluster lon Beams”
“Matrix Effects in Biological SIMS using Cluster lon Beams of Different Chemical Composition”
by N. Lockyer & J.C. Vickerman (Univ. of Manchester, UK)

1. The chemistry of the primary ion cluster becomes significant at low

energy per atom (molecule) (E/n <10 eV) in terms of the ionisation of
analyte molecules.

2. The water cluster beam increase ionisation efficiency by x3~90

(depending on the kind of molecules and the E/n). The Sl yield is
highest at E/n ~3 eV

3. At E/n >10 eV, the water cluster beam behave similarly to Ar cluster
beam.
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Matrix enhanced SIMS

“Peptide yields for various primary ions in SIMS and ME-SIMS”
M. Korsgen, et al., University of Munster, Germany

Bi cluster (LMIG)
SIMS: strong increase of molecular ion signal with increasing cluster size
ME-SIMS (DHB, HCCA): show nearly comparable yields of molecular ions

Ar-GCIB
SIMS: strong decrease of molecular ion signal with increasing cluster size
ME-SIMS (DHB, HCCA): increase of molecular ion signal with increasing cluster size

Investigation of Surface-adsorbate Interaction of Surface- adsorbed
(bio-) Molecules Using Desorption/lonization Induced by Neutral
Clusters (SO,),, M. Dlrr

" Proton attachment to the intact occur during (SO,),, beam irradiation.
*They tested (SO,), beam irradiation to peptides in D,O atmosphere.
SO, is necessary for H/D exchange reaction.
H/D exchange reaction: SO, +D,0 - D,SO, -»> D*+ DSO;
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(Poster) Measuring the Internal Energy of Secondary Ion Sputtered

with Argon Cluster Beams with N-substituted Benzylpyridinium
Thermometer Molecules, MELISSA PASSARELLI, NPL, UK, I.S. GILMORE,
National Physical Laboratory, UK, United Kingdom of Great Britain and
Northern Ireland

*The energy transfer from the primary ion beam to the secondary ions during the bombardment
process generates ‘hot' secondary ion fragments in the gas phase, which result in complex mass
spectra and reduced molecular ion yields.

-Because The efficiency of this energy transfer is unknown, they tried to measure the internal
energies of secondary ion produced from argon cluster beam using a series of thermometer
molecules which have well-defined internal energy thresholds.

"Internal energy determined the extent of fragmentation.
They plotted 'Survival yield' for the chlorine-substituted benzylpyridium ions vs E/n values of Ar
GCIB projectile.

'Survival yield' = I(M)/[I(M+) + I(F+)]
The E/n value at the inflection point represents the maximum dissociation energy, which is
consistent with the known bond energy.
The internal energy of secondary ions was found to be linear with the primary ion beams E/n
value.
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Topics

3D 3D Imaging of Complex Materials
AE Archeology/Environment/Forensics
Bl Biological Imaging

CI Cluster Ions

Complementary Techniques and Multi-
Technique Approaches

DG Depth Profiling/General

DI Depth Profiling/Inorganics

DO Depth Profiling/Organics

DP Data Processing and Interpretation

CT

FE Forensics & Environment

FN Fundamentals

FS FIB-SIMS

GC Geology, Geo- and Cosmochemistry
IA Industrial Applications

ID Image and Data Fusion

SIMS XX s @B FIERE KE

Instrument Development

Ionization Processes

In-Situ Liquid SIMS

Life Science and Biotechnology
Medical Applications
Microelectronics

MeV-SIMS

Nanomaterials and Nanotechnology
Polymers and Molecular Films
Plenary Session

Renewable Energy and Energy Storage

Surface & Interface Analysis
SIMS Analysis of Materials

Sample Prep & Analysis of Biological
Samples

Ultra High Spatial Resolution SIMS

SIMS Tutorial
Tribology and Corrosion
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BI; Biological Imaging
LS; Life Science and Biotechnology 14

SP; Sample Prep & Analysis of
Biological Samples

BE(#AEE) 33 (168) 27 (112) 60 (280)

15

* “INAZ"BEAEDREYIRADERIZEARDEI20 %
* DOREYIRTENAABZRDERKRHY

* T—RRTOITREZ—AF2 3IDAA =T FED
BEEAVELY

SIMS XX s @B FIERE KE



SIMS XX [2DLVT

[/NAFEEEDEIZ]
o ArOSRA—EDNDHSTARI—AFVRERW Y
o T—RABT~NDZLE=EH GFICERD 2T DER
o HIARFBPORERLTODEREAA—YT

[£RDENZ]
S RISAMAT. TRV ORI RDMHIE
S2QRAFVINEDR L (FE., YT ILFRE)
O HERAA—DUT (YLD E)

SIMS XX Sis @B FTIEBHE KZF




Invited Talks

[BI; Biological Imaging]
DaeWon Moon (DGIST, Korea, Republic of Korea)

“Alternative Pathways for Generating Breakthroughs in Biological SIMS Imaging”

s INAFAA—=D T ADToF-SIMSDEA, J5RFI—AAVDEBNITL—IRIL—
S ODRAFABRE (FAIECEORTFR) AN = EB(FLELRE)ZHMT 3

[LS; Life Science and Biotechnology]
Gregory L. Fisher (Physical Electronics)

“Imaging of Molecular Chemistry in Biological Specimens by Next-Generation
TOF-SIMS”

- PHI nanoTOFII &R T LIMSZE# A S H B 1-8IFE

[SP; Sample Prep & Analysis of Biological Samples]
Lara Gamble, Blake Bluestein, Daniel Graham (University of Washington)

“Tissue Analysis with SIMS: Turning Challenges into Opportunities”
- IRV EIFE/NT T4 BB (FFPE)& TEE L =3 ¥ D ToF-SIMS I 5
- T—ABICER S D IEEH

SIMS XX s @B FIERE KE




HZE4A4T BI; Biological Imagmg

[BI1-TuA-1)
John Vickerman et al.

“Comparing Polyatomic Ion Beams for Mass
Spectrometric Imaging of Mouse Brain
Tissue by ToF-SIMS™

N C6O+, Ar2000+’ (H O)6OOO+’ Water—dop ed r—dooed Ar, ngn_ (HzO)m
AI'2000+' J:éDPPC'V‘)7‘JI~0)H“’0),f)(_ o3 7\\ -

- (H,0)gp00 "> water-doped Ar,o, TIF2RAF >
IRFEAF U FFIZS[M+H]Y)
= £KHBDA AT IZEH

[1] S. Sheraz (née Rabbani) et al., Anal. Chem. 2013 , 85, 5654 — 5658.
[2] S. Sheraz (née Rabbani et al., Surf. Interface Anal., 2014, 46, 51 — 53 . I. Berrueta Razo et al., Rapid Commun.
[3] I. Berrueta Razo, et al., Surf. Interface Anal., 46, 2014, 136 — 139 . Mass Specrtom. 2015, 29, 1851-1862.
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o484 BI; Biological Imaging

[BI2-FrM-1]
Tae Geol Lee et al.

“TOF-SIMS Imaging Analysis of Rats with Focal Cerebral Ischemia by Using
Ar Cluster Ion Beams”

-FITSVRDKERAWAA—D2 T (INEE?)
‘Bip KFUPArI T A A—Z ALV =ToF-SIMSAIE
= m/z 1000 LLETEEN N GEAA—DT

‘MALDI-ToFZ#5EY 2T —FCHoE2RA(F Ve HER
-PCA+°NMF (non-negative Matrix Factorization;

FRIETIREFAER)IZKDT 2T

Anal. Chem. 83, 9298 (2011)
J. Lip. Res. 53, 1823 (2012)

SIMS XX s @B FIERE KE




W38 4T BI; Biological Imaging
[BI2-FrM-2)
Louise Carlred et al.

“Imaging of Lipids and Proteins in Alzheimer’s Disease Transgenic Mouse Brains
Using Immunoliposomes and ToF-SIMS”

- LiposomeZ FALVf=ToF-SIMSA A—L V5
-k Z B & L1=liposome (immunoliposome)%

BRIDANIBIZFHEE

-LiposomeD RN HHIZVINDB DM
pa AN

FRHLI=WAV N\ VEIZESREEET S
CET, SEIFLGIVNIEDRE M A E

B35\ IEDREIFFRIESD T EE

- | AR A, .
A810= o )7 Y — N1 ——__|p1aropcs, 16:0-, 18:1

J. Am. Chem. Soc. 136, 9973 (2014).
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o484 BI; Biological Imaging
[BI2-FrM-10]
Zhanping Li et al.

“TOF-SIMS Analysis of Pharmacological Active Components
in Cordyceps Sinensis”

- Cordyceps (RHEH) IZEFENDSB NS DToF-SIMSE|E ;;;//Jjﬁdg/wk/

=30 kV Bi,**, (TRIFT V nanoToF)
LD D2RAFEREIZIFE

15 Z [E£m/z 251 (cordycepin; C,,H,;Ns0;)%°m/z 181 (mannitol (M-H)"; C,H,,0,)
*ToF-SIMSIXEN LD BRI EHRD2RAF 2 DR IZH 3
BEDEGDIZHREETHEINADTDE QRAAVEE) Z LK
(BEZEEDDANEETZE L ?)

[1] Committee of National Pharmacopoeia, Pharmacopoeia of People’s Republic of China, China Medicine Science and
Technology Press, Beijing, 2012: p.106.

[2] J. Pharmaceutical and Biomedical Analysis, 2006, 41: 1571-1584
[3] J. Pharmaceutical and Biomedical Analysis, 2006, 40: 623—630
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BFZE 89T LS; Life Science and Biotechnology

[L.S1-WeM-9]
Marco Urbini et al.

“Identification of Biomarkers for Human Inflamed and Dysplastic Colon Tissues
by Time-Of-Flight Secondary Ion Mass Spectrometry and Multivariate Analysis™

» KEGHSA#BHEE D ToF-SIMSITE (Biy ™)
- TR DHTICKBDT—REM
m/z 58 (F JLAZER) = RIEFRS:
m/z91 (FALY) = HEESHEE
- ToF-SIMS¢EZ =T hHhtET-
FRIIRBDALEDZEIZER

Principal Component 2 (15%)

-0.1 0 0.1
Principal Component 1 (81%)
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E}l: %ﬁ"n’fl\ SP; Sample Prep & Analysis of Biological Samples

[SP1-TuM-4]
Tina Bernadette Angerer ct al.

“Improving Sensitivity and Broadening Chemical Coverage in Brain Imaging using
ToF-SIMS and GCIBs”

+ 40 keV GCIB (At ) ICKBDA A=)
(J105-3D Chemical Imager)
BLAF AR, E—LRXRYMME <3 um
» Trifluoracetic acid (TFA)ZE D H AZFRET H_&ET

SEEE—IBEMNERLIZY. INFETIEED
TN I=H=HE—IhENSD,
- TFARRE(ZLYaL ATFAa—)LA 2L &ERIELT-
HaohmYEINS,
= HREFESEDToF-SIMSA A— U126 T
BNTEINIE TG A
[1] D. Touboul et al., J. Lipid Res. 2005, 46, 1388-1395.

[2] T. B. Angerer et al., Int. J. Mass Spectrom. 2015, 377, 591-598.
[3] T. B. Angerer et al., Anal. Chem. 2015, 87, 4305-4313.
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Eﬂ: %: \Jnjjl\ SP; Sample Prep & Analysis of Biological Samples

[SP1-TuP-7]
Bonnie J. Tyler et al.

“ToF-SIMS 1maging of Capsaicinoids in Scotch Bonnet Peppers”

Scotch Bonnet

» fOASYU(RAYFRRYN [CEENDIDTH AL /(L 4E
(hTHAL 15 E) DAz ToF-SIMSIZ K YETEI(BI,Y)

RART O TEBELEEEE-110CTHRIE

- GFREDHTH AL /AR RUZDHIERKRA A Z&RE

= REPREIZZL{ 7
* TOF-SIMSA A—L U J 1, SRNIVELTEMYME S pecien Gl i
AA—=D ) TEDZ=D. EMT DB PDA A= T 1 I s Exceplonaly
A3
https://en.wikipedia.org/wiki/
Scotch_bonnet (pepper)
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Tutorial

(1) Arnaud Delcorte (Université catholique de Louvain, Institut de la Matiére
Condensée et des Nanosciences (IMCN)

“Fundamental Aspects of SIMS”
r RINYBRWRE DSREI—AF I YO R
ShBRGE (EITVFRE—IZEHT HFEER)

(2) Rasmus Havelund (National Physical Laboratory, UK)
“Organic Depth Profiling”

SIMS XX s @B FIERE KE




Tutorial

(3) Daniel Graham (University of Washington)

“Successfully Navigating the Sea of ToF-SIMS Data with Multivariate
Analysis”
- ZE ST $FICPCA) DA G

(4) Marinus Hopstaken
(IBM T.J. Watson Research Center)

“SIMS Depth Profiling in Thin film Materials for Advanced
Microelectronics and Photovoltaic Devices™

SIMS XX s @B FIERE KE




e e s M/ X = RS A
HBRIGI (FEXE WEGHE A A~ T FEE)
[LS1-WeM-4]
Yuta Yokoyama, Toshinori Shimanouchi, Hideo Iwai, Satoka Aoyagi

“ToF-SIMS Analysis of Amyloid Beta Aggregation forms on Different Lipid
Membranes”

O BEETIIVALKERIELETOAPDRBFEIREDEEE (PCA, MCR)
O ABIXB/EIELI=-DMPC L TCHEDNEREZFEL>THRE

Low Total ions  Lipid {184}  Glu(102)
- e %u n-Asp-Ala-Glu-Phe-Arg-His-Asp- -Gly-Tyr-
. murcs a3 Sl ‘S 2k 14w Glu-Val-is-Iis-Gln-Lys-Leu-Val-Phe-Phe-

M Ala-Glu-Asp-Val-Gly-  -Asn-Lys-Gly-Ala-

Sumpie2 (R o e g ey ‘ ¥ || lle-Tle-Gly-Leu-Met-Val-Gly-Gly-Val-Val-c
P-CG (60:40) |4 : \ 3~

-CG concentration

e S AMEES HDMPC LIS
RIELTLNS?

High PDB ID: 2LFM
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BRI (BEAZE YEHB A A— THFEE)
[ LS1-WeM-6 ]

Satoka Aoyagi, Yuta Yokoyama, Makiko Fujii, Jiro Matsuo,
John S. Fletcher, Nicholas Lockyer, John Vickerman

“The Influence of Primary Ion Beam Energy on Peptide . .
Fragmentation by Means of ToF-SIMS Using Huge Cluster mﬁal-a_,“_
Ion Sources” D

O RTFROISTAMEERIDIRAA D IRILTF—RUOMFFE
IRTEE D ST

[DO1-ThA-5]
Kazuma Takahashi, Yuta Yokoyama, Satoka

;; | “The Comparison of Matrix Effects Depending on

the Combination of Polymers in a Sample for
Depth Profiles Using Ar Cluster Ion Beams”

O SR FAMDRSARDMIZEITS
<)y AR O

THEWESTIN

SIMS XX Sis @B FTIEBHE KZF




BRADT (REEAZ YEHH A A— THEE)

[LS1-ThP-1]
Yusei Takahashi, Toshinori Shimanouchi,
Yuta Yokoyama, Hideo Iwai, Satoka Aoyagi

“Evaluation of Structural Change of Amyloid Beta
caused by Interaction between Amyloid Beta and Lipids”

® 3FEFENDAEE (DOPC, DMPC, DPPC) L TDAPD
05 75 IR 78 D Z 14k
[LS1-ThP-2]
Shusuke Nakano, Naoyuki Himi, John S. Fletcher, Sadia

Sheraz née Rabbani, Nicholas Lockyer, Alex Henderson,
John Vickerman, Yuta Yokoyama, Satoka Aoyagi

“The Evaluation of Biomolecular Distributions in Rat
Brain Tissues by means of TOF-SIMS Using a Continuous
Beam of Ar Clusters”
& 5“/F@\H&i#ﬁ\%%ﬁﬁl:ﬁﬁ?’éi%ﬁ?@
A A= FR
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s EANETDVINIA>

3D Imaging of Complex Materials
Archeology/Environment/Forensics
Biological Imaging

Cluster Ions

Complementary Techniques and Multi-Technique Approaches
Depth Profiling/General

Depth Profiling/Inorganics
Depth Profiling/Organics

Data Processing and Interpretation
Forensics & Environment
Fundamentals

FIB-SIMS

Geology, Geo- and Cosmochemistry

Industrial Applications Depth Profiling /Inorganics

Image and Data Fusion

Instrument Development FI B-SIMS

Ionization Processes . .
In-Situ Liquid SIMS Microelectronics
Life Science and Biotechnology

Medical Applications

Microelectronics

MeV-SIMS

Nanomaterials and Nanotechnology

Polymers and Molecular Films

Renewable Energy and Energy Storage

Surface & Interface Analysis

SIMS Analysis of Materials

Sample Prep & Analysis of Biological Samples

Ultra High Spatial Resolution SIMS

Tribology and Corrosion

1 ¥ YI
Copyright © 2014 Toray Research Center, Inc. T RA




s EANETDVINIA>

FERFEHER
D-SIMS
1992 60%
2013 20%

Cluster (Ion bombardment)
1992 0%

2013 70%

2015 many

PR

TOF-SIMS, Imaging, 3-D, /\1 4. IRi&E, EFERENFEAL

APTOFER(FEAERBNIR,

2 “TORAY’




Inorganics, Microelectronics, FIB-SIMS, Depth/Inorganics

F—J)—RNCEET DItV .

MicroelectronicBE&E : H (644) . hZAY— (144)

FIB-SIMS+MeV-SIMSEE : #H (91F) | hZA5— (344)

Depth Profiling / Inorganic : 8 (84) . RX5— (745F)

D-SIMS(&. €999 —. XTUT7WNHA IO ADEF CIIFLEFEEE(G
B3600. ZEMFE. FADAIERMEVSEKRTIEER(CITL ?
FEZTPUFrvI i RRUSNS,

3 “TORAY’




Microelectronics

SiGe, III-V(GaN, InGaAs, InP:--)

SiGe, III-VICHIFB =\ MOESEREICRET kS 400, 500, 750eV
(AAVFE, —IRAAVIRIA—. ASTRERL)

RBS
40at%

IBM(MI1-MoM6)

[CMOS channelHi&SiGeDGeRE .. BREENDE=74T)
b‘720nm/ ROFINFET (3. GelmEN'50at% U _EISET B
I_.l/}E Ei_E'CODB/)EF_%EIEﬁE(L jé%‘%b\@éo

Si

el L L F ~

Ge=20-90at% M SiGefR CCs+ , O2+7zH WCTENZENARET SIMS 40at%

40at%ZE TIERBSOFEERE—E
—RAA>IXILF—(400, 500, 750eVEL_E)—40at% U _EDEE TROVT
—IRAADIXILFE—(300eV)—>—EK

50at%A EDGe. BZEE9 3FR(E. 300eVEL FO—RAA>IRILF—HE%D

ﬁﬁfﬁ%;?wretentlonb\ﬁ_é“cméd)'c(i ? S|Geod)éE52(L_ck5/( AAEZERDOZEAL ?
Copyright © 2014 Toray Research Center, Inc ’TORAYI




Microelectronics

IBM (DI1+TuAl) 7nm FinFET SiGeit/FFv Sz FEs

SIMSICTKOBNTVRED - - - HEFEE (FBE. #ENIRUVEIRM)
2L, 4R TEBIRE FDFEXTENPED R RO TUVB 8D,
SIMSORZE (MR TR, EEDEZeE. E=raE. E0RUVEBIRME) H
ShnNoD2Hd (FHELICKLY) . >TEM, APTICHRTH

7 RATO—J DRGEERT -« »

- (1K) Ozl THEELW\—TEMERASKONN T & ?
 DATRSDHI E—=sUBHHZAANS ., Z2X - nm~100nmizE ?
-TE=AEE

SIMSTTCE32E--- |
FIB-(TOF)-SIMSERWSRSAEIDA XA—>>7)
(FIB+) Nano-SIMSZzRU\EZESABEI0I74)

“TORAY’



Microelectronics

NPL (National Physical Laboratory, UK)

ION-TOF, Thermo
—3D nanoSIMS project (Hybrid SIMS Instrument)

COLIBEDFEAZD-SIMSTEL TLNRIINIE, SROFE
(RE. DEEEEM _ CADOEDIEAFhIZRIBEHR. XR)

x(IEE&J@L\
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Depth Profiling / General

® CAMECA(DG1-ThM4 —_— |
ighnt elements analyses performed on ol 1loat-zone sampies:
I M S = 7f Au tow,%jnjﬂ m Cs* 15keV high impact energy for high sputter rate (22nm/sec)

m Optimized vacuum in the analysis chamber (<5 E-10 mbar)

B =iy
67|_\) l/g - gl%{ Fﬁ :'Bt m Measured species: H, C-, O, SiN-
%%Diﬁ bﬁiﬁll‘ﬂz After an overnight pump-down in the storage chamber for sample outgassing, results

showed that optimized detection limits for H, C, N and O were obtained without further
pump-down time in the analytical chamber. Analyses can be started immediately after
loading the sample from storage to analytical chamber.

$§7TE;=E®} (\“Jqu‘a'j\/ IQ Bulk detection limits (DL) obtained in Si are :
{ECTRX | Element | C | N | O |HGCOimtdbyvacuum

Detection Limit N limited by ionization.
(aucms) 1.1 E16 LN2 cryo-trap on.

m Throughput:
m After overnight outgassing, up to 24 samples can be analyzed the same day (6 holders x 4 samples)

m Total duration of ~7 hours for 48 depth profiles (2 runs per sample, 24 samples, 8 min
per analysis, and 3 min per holder exchange).

m Conclusion: excellent Throughput together with excellent DLs (not accessible by
other techniques)

5@37(: Element H C \ O
;',J_¥$j:0)7f_C(I\ Detection limit 1-5E15 1-5E14

(atoms/cm?3)

7 ¥ YI
Copyright © 2014 Toray Research Center, Inc. T RA




Depth Profiling/Inorganics

® NIST (DI1-TuAS8)
Creating Depth Profile Standards for Inorganic Materials Using
Inkjet Deposition, Joe Bennett (NIST)

S

FAEEIOFTLLMEDTS GRrAdat)
FAAARIT(E AAEATDIDDT =T MARIZIER T DHEEL LTS,
AAZFEATERL A2y bV ERR

Si, Si02, GaAs, CuMMBI TIAEA. 12021y AL CRSFZE H
SilEE5BFFRURSF

SiO2(F20[ElE FEF(CEBDENFTE BV

GaAs(Z10ElE T IFCESDED RV /A FEADRSFEL0EIECEAL
CulZA A EADRSFERIBOBZEAL

EEUK i\‘z[ﬁ]&),bxad)h\(iitbb‘j‘cmﬁb\o
: “TORAY’




FIB-SIMS (FIB-TOF-SIMS)

TEM. SEM(EPMA)C(IRHETERV (ZTR7T. =R7T) TRDMIEHR
REITIRA IVIASDEEND RN CESDEREEDIR FZ[ETE3)
IBEOD-SIMST(IDAh EE BEBEDT T AT OI71 )

UFILAAZEM, EREACYIEIARIEM (SOFC)  SUIYE®EYT (TSV) FO
fit (ORS) HmCEEBIRN (~2tum) TRIBEHRMGELBIARIDNIR
(3f4H'ION-TOF TOF.SIMS S5AFIBZEWD{HFTc3=E THOHT—in-situ Tl ge

[FS1+MS1+MoA4])

O UF I LAAASEMDFEIRERFCHITS. BiLi- FELiLIcEZDSHBEEDZEAL
[FS1+MS1+MoA5]

® SOFCA>A—1%%9%4 (Crofer 22 APURT>LRiH) DIRMEEELARRE ML =YL AT
[FS1+MS1+MoA1]

® Plasma-FIBZHAUIZTSV (Through Silicon Via)Df#tR

FARIRES:1 (Full depth of TSV image (4days 40GB))

JVJ—F)\4Z (IGBT. SiC. GaN etc.) AIGHDIEE ?
Copyright © 2014 Toray Research Center, Inc. 9 ’To RAYI




Design and Implementation of a Custom Built Variable
Temperature Stage for a Cameca 7F-GEO

A, Glordanf 2, J, Tugghe', and 3, Hunteris
(2] ricatian Labovatory, Viginia Toch
(2} Departmen
L]

t of Maturials Science and Engineering, Virnginla Tach
Materialy Science Canter, University of Wisconsin Magison

Design Requirements

Mot the first variabie tempern
chambe

Application Examples
g Quickly " 2361
e 156 4
L. s
o spar

Copyright © 2014 Toray Research Center, Inc.

|“TORAY’




Application Examples

Traditional Method, atoms/cm® Heating (200 °C), atoms,e'ma

Sample Heating: Quickly
Achieve Low Background

Levels of Atmospherics in Si

Acquired with -15 keV Cs ar 25°

Traditional Method Heating

* Load samples day before * Heatto 200 °Cfor 1 hr

* Tisublimate all night 2 DAY = Cool down for 1 hr then SAME DAY
* Perform analysis next day ANALYSIS begin analysis ANALYSIS
» Total time ~16 hrs * Total time ~2.5 hrs

Cryo-SIMS: Metastable Decay of NbH, ~— . — :

* Atmospheric analysis of Nb for su perconducting ‘

. Qu wnde DY e o b

o R OKE BB T\ B

hz i
radio frequency cavities Yl Nb- i '5 ' 3 | o
* H has high mobility in Nb[5] ' reen -4 4 a
* Metastable decay of NbH, causes high background T oy | NbN-
around Nb containing species i ' i: f iR
i

: ==l
£ =SMERF (SiIC) —EmEME—in situ IE/J%/E\'JE
'[NDN') quantification |' u._ji - li] Ei —— ﬂmﬁm !
* 100x improvement in peak to background = "

Nb mass spectrum acquired with 15 keV Cs at ‘*5




Temperature Dependent Cs SIMS: Cs lon Yield and Roughness

* At room temperature Cs (from primary ion beam) relocates
to the surface during the analysis, and as a result the
surface becomes overloaded with Cs and the Cs ion yield
begins to decrease|6]

* Elevated temperatures increase Cs relocation and
reduce Cs ion yield

* Cryogenic temperatures reduce Cs relocation and
increase Cs ion yield

* Cryo-SIMS also reduces Cs ion beam induced topography
for InAs

Si InAs

o o
7

e ws = we owma| Gee awes  wes e wme 2X F@duction in roughness at -150 °C
compared with room temperature

Variable Temperature Cs Build Up Curves acquired with 5 keV Cg at 44

Copyright © 2014 Toray Research Center, Inc.




B U T

D-SIMS: - -
FRFEN R TOIASHN T, FAAEM)

SIMS

(AADRINHNYT) ([CHEITDIRRICEH T DFERGE

7T =23V ([CBEAFRERNFEAL

TOF-SIMS. FIBZi#HA#&NHEZD-SIMS: - -

S0

ZRICKRUVCHAF TS

RSO fREE. ZZEIDEREE. A A= J LUV TR

1‘%

RE (FBR) ZES>TD-SIMSIGEDIFTLH ?

—IBFE=DIBEX. X, HE. HEZDOPCORENHSIR(IFZRE
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2015.11.4
SIMSTHZE & (SIMSXXE &=

@)lImaging, Data processing 3D,
Data processing

AA—=DVY
SRS MR

JERHF(8R) /DFAR ST




SIMSXXIZE[FAA A= - ST ST O HK 2

BARILDNEF—T—F &R
A A—24 : Imaging, FIB/TOF-SIMS, 2D, 3D, nanoSIMS
%2 & EfEHT: Chemometrics, PCA

48

Total 30144

mAA—=TUT - INAF
35 AA=DT-Z Dt

- . mBEERH- A
\/4 o SERRI-Z O
Z ot
211/

Fi: SIMSDAA—U U T REAICKELGHEAFNAFT EON TS HFITNAFER)



= R

1. A A=Y
(D Data Fusion
@ REIAY—F2 4 %
@) TOF-MS/MS

@ FDith

2. 2L SHEMT



= R

1. A A=Y
(D Data Fusion
@ R~ —F2 4%
@ TOF-MS/MS

@ F Dt



(PData Fusion

3D1+ID1-MoA7
Mass Spectrometry Image Fusion: What Works and What Doesn’ t
Bonnie J. Tyler, National Physical Laboratory, UK.

3D1+ID1-MoA9
The Benefits and Pitfalls of Image Fusion
Alex Henderson, University of Manchester, UK.

3D1+ID1-MoA10

Combining XPS Atomic Concentration Data with a ToF—SIMS Chemical Image Map using
Image and Data Fusion

Tammy Milillo, University at Buffalo, USA.

3D1+ID1-MoA11
Exploring New Source of High Resolution Data for Image Fusion
Jay G. Tarolli Penn State University, USA.




(1Data Fusion

Data Fusion:

EGEMEICKYILREREAE T O EMAPREDTIEL T RZ/LHIL

b EEHR AR E R
({5 : TOF-SIMS) N ({51 : SEM)

¥ ==

b

8 M
F—AY A ADKREHE
"EBBEIVFUOIIEINELRAHDIL



(1Data Fusion !

3D1+ID1-MoA11
Exploring New Source of High Resolution Data for Image Fusion
Jay G. Tarolli Penn State University, USA.

1L 1F R

LR IFHREMIKFEHRDT) 7E A BT
X ARRBIZDLVTlEBiointerphases NI T EEND &,

SIA, 46 (2014) 217-220.
J. Am. Soc. Mass Spectrom. 25 (2014) 2154-2162.



QRIIIAT—F Y%

SR1-ThM4
High—Resolution Imaging of the Distributions of Cholesterol and Sphingolipids in Cellular

Membranes
Mary Kraft, University of Illinois, USA.

Bm>

Z7»r/:lﬂa§0)ﬁl7~1"?ﬁli EMEEDTFILRFORBICERT S, NE
DURHHARBESNTE =, AMULART—F T ETRREZED,

<ZEE&R>

180-aL A TH—/JLEISN-R 74 dlgEZMAh(ZEETHAAD,
SBETUN\VATIREFIR>TA) Y LEE2nmEI—,
=CAMECA NanoSIMS 50(Z T£{%2,

<fEim>
A74VdBEITHEER TRAC U ZE T H5M, AL ATA—ILIE S a1,

<EBEXB>
J Biol Chem 2013, 288, 16855-16861
PNAS 2013, 110, E613-E622



@ TOF-MS/MS

PM1-WeM6
TOF-SIMS Imaging MS/MS of Polymer Additives
John Hammond, Physical Electronics, USA.

<HE>

MEAIZEYVERTAPETREOHTEMZE LTS, BEETFHT')—4MSI
EMS2DINTUILA A=V T BEREFHEEH L TEY . MS2TIX/ NV I T 5O FD
BWAA—DBOBREIERETH S,
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CT1-MoM1

SIMS Based Correlative Microscopy for High Resolution Multi—technique Analysis
David Dowsett, Luxembourg Institute of Science and Technology, Luxembourg.

TOF-SIMStE{EEITD & hHh

EH T IILOME {%ﬁﬂﬁ

TOF-SIMS

“

FIB-TOF-SIMS

FIB-TOF-SIMS|Z kA B I

BIZ L
FS1+MS1-MoA3

Comparison of Conventional Dual Beam SIMS Depth Profiling with FIB/SIMS Cross Section Analysis
Felix Kollmer, ION-TOF GmbH, Germany.




2. 2L SHEMNT

= fEiTHlZ4 D%
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FEAT 151 12

AE-TuP2
Evaluation of TOF-SIMS with PCA to Identify Pigments in Artist’ s Paints in Post War Art
Naoko Sano, National EPSRC XPS Users’ Service, UK.

Bm>

BRRZERIZIZZLDEEF (pigment) N EH,
BERZRET AICIE D FEEBHRD AFHE,
LHALEAS, EEHDOIEER(ZETEELLTLNS,. - .

<ZEER>
ERDEODTIL— (1 8R) EBRHDIL—o (6R)ZERAWLWTTOF-SIMSS i LU
PCAfEHTZFSA,

<tEim>

*TOF-SIMSAXRY K ILDPCAFEMFERMNLBERIDTIL— (5R) &5 Al
‘PC1, PC2II D FIRIRICHIKT HEHEER,

fEEDTL—2(L. PV19-4R and/or PR122|Z258 LV HETE,



fEHT512, 3 13

BI-ThP1

Evaluation of Structual Change of Amyloid Beta caused by Interaction between Amyloid
Beta and Lipids
Yusei Takahashi, Seikei University, Japan.

RELAIEEELETORTFRORBFIREDZVDEEMIZ. PCAZF|H, PCABE R A—UH
5. BEREEZERL., SHICHBRGROERSDARENL., TB THARGFIREICER T
B_RAFZE—D(TZT AN A)ERDITT=,

BI-ThP2

The Evaluation of Biomolecular Distributions in Rat Brain Tissues by means of TOF-SIMS
Using a Continuous Beam of Ar Clusters

Shusuke Nakano, Seikei University, Japan

BN A A— DEMICPCAZFA . E—VDBEIRENTELLD T, AlEDEF V1
JL (0.05 uZll & T19405{8) Z X RICL TER D FHTLT=. PCARRAA—U D HREUE
RIERRERDOHT. ZOEFEI L FHMULGE—VZR D=, ZOEMNFT, PHL
HIZBTFDE—VFRRT TR ELGAA—DERDHENTET -,



FRAT B4 14

DO1-ThAbS

The comparison of matrix effects depending on the combination of polymers in a sample for
depth profiles using Ar cluster ion beams

Kazuma Takahashi, Seikei University, Japan

BEODFOEEBNLEZRAATUNHONLH D HISLLELNVEES . PCAYOMCRIZ &> THHEMZE
E— %R DIFAIENTE -, ENEMHLTS \%OD%HH’-\*)J@(%O FDOEDFDERE
ZZITTWVENWZRAAUDNIFEAETTNESLEIFSR) TIEIMCROANENTIEGSEMN ZH 1=,



L

CtiAdYUMNESITTWVELT,

TILINYT-T74 (¥k) BILUEH £k

AR K

HHNE

EI% 5!&/-:
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SIMSXX#R&5= 20151104@E RIERIK

Organics

Cluster ions, Polymers and Molecular Films, Depth/Organics

REAPALEE LR
WEEFEIFHEMHREY Y —
BARZPMRE = SRINIRE

BRI FAAE]

WY 3 VDT CRREE

Plenary Oral Poster g
3D+ID  |3D Imaging of Complex Materials + Image and Data Infusion 0 8 4 12
AE Archeology/Environment/Forensics 0 0 6 6
BI Biological Imaging 0 19 12 31
ClI Cluster lons 0 10 7 17
CT IComplementary Techniques and Multi-Technique Approaches 0 16 12 28
DG Depth Profiling/General 0 9 0 9
DI Depth Profiling/Inorganics 0 9 8 17
DO Depth Profiling/Organics 0 10 4 14
DP Data Processing and Interpretation 0 9 5 14
FE Forensics & Environment 0 8 0 8
FN Funfamentals 0 6 7 13
FS+MS |FIB-SIMS + MeV-SIMS 0 9 7 16
GC Geology, Geo— and Cosmochemistry 0 0 3 3
1A Industrial Applications 0 0 3 3
IN Instrument Development 0 7 3 10
1P lonization Processes 0 0 3 3
1S In-Situ Liquid SIMS 0 8 3 11
LS Life Science and Biotechnology 0 8 6 14
MA Medical Applications 0 0 1 1
MI Microelectronics 0 7 1 8
NN Nanomaterials and Nanotechnology 0 9 3 12
PM Polymers and Molecular Films 0 9 3 12
PS Plenary Session 2 0 0 2
RE Renewable Energy and Energy Strage 0 0 1 1
SI Surface & Interface Analysis 0 6 0 6
SM SIMS analysis of Materials 0 10 0 10
SP Sample Prep & Analysis of Biological Samples 0 6 9 15
SR Ultra High Spatial Resolution SIMS 0 4 1 5
TC Tribology and Corrosion 0 0 1 1
5 2 187 113 302




SIMSXIXE DLLER

Topic Oral Poster Invited RCIZ! O ra I
Fundamentals on Sputtering and Ionization Mechanisms 12 11 3 26
Cluster Sputtering 7 9 1 17 158 (SIMSXIX)
Biomedical Application (Cell) 4 34 l
Biomedical Application (General) 8 1 54
Biomedical Application (Tissue) 5 2 189 (SIMSXX)
Depth Profiling (Inorganics) 7 17 1 25
I:IZ:epth Proﬁlif\g (Organ.ics) 14 9 1 24 POSter
ata Processing (Imaging) 4 1 14
Data Processing (General) 4 1 145 (SIMSXIX)
Ultra High Spatial Resolution SIMS 6 3 3 12 l,
Semiconductor / Display 3 8 1 12
USJ Depth 1 1 2 4 113 (SIMSXX)
Polymers and Molecular Surfaces 7 9 2 18
Instrumentation 7 8 3 18
Art / Archeology / Forensics 2 2 2 6
Geochemistry and Cosmochemisty 9 4 2 15 TOtaI
Energy / Nano-material 5 7 12 303 (SIMSXIX)
Complementary MALDI Imaging 3 5 1 9
Atom Probe 4 1 5 l
Combination of SIMS with other characterization techniques 14 14 1 29 302 (SIMSXX)
Vickerman 2 1 3
Total 128 145 30 303

‘O DFERE

Plenary Oral Poster H 4 i% -

3D+ID  |3D Imaging of Complex Materials + Image and Data Infusion 0 0 1 1 EEoraI%\é ‘L—' 5 m 5
AE Archeology/Environment/Forensics 0 0 0 0 K \ [~
BI Biological Imaging 0 0 3 3 E Z) b d)%\éﬁ
CI Cluster lons 0 2 1 3
CT IComplementary Techniques and Multi-Technique Approaches 0 0 0 0 5 3 0/0
DG Depth Profiling/General 0 0 0 0 "
DI Depth Profiling/Inorganics 0 0 2 2
DO Depth Profiling/Organics 0 2 1 3
DP Data Processing and Interpretation 0 0 0 0
FE Forensics & Environment 0 0 0 0
FN Funfamentals 0 0 2 2

FS+MS |FIB-SIMS + MeV-SIMS 0 1 0 1
GC Geology, Geo— and Cosmochemistry 0 0 0 0
1A Industrial Applications 0 0 0 0
IN Instrument Development 0 3 0 3
1P lonization Processes 0 0 0 0 A~
1S In-Situ Liquid SIMS 0 0 0 0 EE Poster%ﬁﬁ (L. [Jj m
LS Life Science and Biotechnology 0 2 0 2 iy
MA __|Medical Applications 0 0 0 0 DA SDOFEK
MI Microelectronics 0 0 0 0
NN Nanomaterials and Nanotechnology 0 0 0 0
PM Polymers and Molecular Films 0 0 1 1 1 1 0/0
PS Plenary Session 1 0 0 1
RE Renewable Energy and Energy Strage 0 0 0 0
SI Surface & Interface Analysis 0 0 0 0
SM SIMS analysis of Materials 0 0 0 0
SP Sample Prep & Analysis of Biological Samples 0 0 1 1
SR Ultra High Spatial Resolution SIMS 0 0 0 0
TC Tribology and Corrosion 0 0 0 0
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SIMSXIXE MDELER

Country Poster Total
Korea 16 39 55
Japan 21 23 44
China 6 3 9
Taiwan 3 5 8
Hong Kong 1 1 2
Singapore 1 1 —~
United States 34 20 54 E X 73\ b 0) % i%
Australia 1 1
Austria 1 1 44 (SIMSXIX)
Belgium 10 6 16 l
Czech 1 1
France 14 8 22 23 (SIMSXX)
Germany 18 10 28
Italy 4 3 7
Luxembourg 5 4 9
Netherlands 1 1 2
Poland 5 5
Russia 1 1
Slovenia 2 2
Sweden 11 9 20
Switzerland 3 1 4
United Kingdom 14 6 20
Uzbekistan 2 2
Total 169 145 314

SIMS XXI

21st International Conference.on SIUS 2,
* Secondary lon.Mass.Spectrometry m

lon g
55
5
o,

Krakow, Poland
September 10-15, 2017

Important dates (tentative)

® Abstract submission deadline April 30, 2017 ’LQ
® Abstract acceptance notification June, 2017 pj©
®Early registration deadline July, 2017 ‘w)

®Hotel reservation deadline July, 2017 a

®Paper submission deadline October 30, 2017 Py s
@4 sws

21

http://sims.confer.uj.edu.pl/index.php




Cluster Ion

Oral 104, Poster 714+

Cluster Ion

Derk Rading (ION-TOF GmbH, Germany) _ \ .
BRI SR —E— AEACEEEDESTIE

Wilfred Vandervorst (IMEC, Belgium) AN+ FKEAH
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Makiko Fujii (Kyoto Univ., Japan) MAZHS 29 TS wyg Y

Hubert Gnaser (Univ. of Kaiserslautern, Germany)

Anders Barlow (NEXUS, UK) ~ Ljgg s J 22T ETAISSAITHD

Jitao Zhang (Arizona State Univ., USA) MCICRIT DV U D ZZR

Nicholas Lockyer (Univ. of Manchester, UK) . y5 /), . x5V, 889525 —1c£3
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Kosuke Moritani (Univ. of Hyogo, Japan)
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Depth Profiling (Organic)

Oral 1014, Poster 4%

Depth Profiling (Organic)

Morgan Alexander (The Univ. of Nottingham, UK)  Frozen Hydrated Hydrogelsd®#3#f
Tanguy Terlier (CEA-Leti, France) Cs¢Cgo CAr-GCIBMDLLER
Kan Shen (The Pennsylvania State Univ., USA)  CqCAr-GCIBODLEE

. : Ar-GCIBT v FVIICHITDALIA -
Rasmus Havelund (National Physical Laboratory, UK) SR - S R
Kazuma Takahashi (Seikei Univ., Japan)  sERLIC KDV~ 12D 2D

: : U—tF—MA A AEICLKDIRIDTR

Lars Breuer (The Pennsylvania State Univ., USA) DB
Michael Clark, Jr. (The Dow Chemical Company, South Korea) 07)% %V\jz kR OO
Supriya Surana (IMEC & KU Leuven, Belgium) Organic BH] D2
Jakub Rysz (Jagiellonian Univ. Poland) Organic BHJ M

Kazutaka Ishikawa (Kao Corporation, Japan)  E£XEODH




Polymers and Molecular Films

Oral 914, Poster 3%

Polymers and Molecular Films

Vanina Cristaudo (Univ. catholique de Louvain, Belgium) 775 XV32 UZPolyethylene
Jean-Paul Barnes (CEA-Leti, France) iICVDAZ U \/ZMethacrylate

Heng-Yong Nie (The Univ. of Western Ontario, Canada) C, H 7> ZFl\Z2EE S D#ENT
Fan Yang (Texas A&M Univ. USA) Ay " E—=LNERBUVNE T/ RXAA VDD

John Hammond (Physical Electronics, USA) MS/MSZE R V2R ¥ — R0 D DT
Lu-Tao Weng (The Hong Kong Univ. of Sci. & Tech., Hong Kong)

Andreas Pelster, Univ. of Minster, Germany) SIMS& Laser-SNMSZF3\/Z2D, 3D

Wenjing Xie (The Hong Kong Univ. of Sci. & Tech., Hong Kong) 752t >v&95207+

Laetitia Bernard (Swiss Federal Laboratories of Material Sci. & Tech., Switzerland)
BofisiibE D FIR




Cluster Ion

® Derk Rading (ION-TOF GmbH, Germany)

® Wilfred Vandervorst (IMEC, Belgium)

® Makiko Fujii (Kyoto Univ., Japan)

® Hubert Gnaser (Univ. of Kaiserslautern, Germany)

® Anders Barlow (NEXUS, UK)

® Jitao Zhang (Arizona State Univ., USA)

® Nicholas Lockyer (Univ. of Manchester, UK)

® Kosuke Moritani (Univ. of Hyogo, Japan)

® Michael Dirr, (Justus Liebig Univ. Giessen, Germany)

® Paula Clark (Tascon USA, USA)

Molecular cluster emission in sputtering of amino acids
by argon gas-cluster ions

Hubert Gnaser, Masakazu Kusakari, Makiko Fujii, Toshio Seki,
Takaaki Aoki, Jiro Matsuo

Quantum Science and Engineering Center, Kyoto University, Kyoto, Japan
Department of Physics, University of Kaiserslautern, Germany




Cluster emission from phenylalanine

Emission of phenylalanine cluster

MD simulation:
10 keV Aryqqo (green)
— phenylalanine

(21.5 ps after impact)

Micksch et al, J Phys Chem C 118, 7962 (2014)

Orthogonal TOF-SIMS with gas-cluster ion source

Kyoto University

GCIB source

V% gas
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Instrument:
» Gas-cluster ion source
- Ar,,* cluster size: n = ~ 1500
- Ar," cluster energy: 10 keV
- Fluence: 1x10'3 cm2
* Quadrupole ion guide (Cooling of ions)
* Positive SIMS with orthogonal TOF

Samples: Deposits on Si wafers

* 10 pure amino acids
Ala, Arg, Asn, Gin, Glu, lle, Leu,
Phe, Thr, Tyr

* 3 mixed amino acids (1:1)
Phe-Arg, Phe-Tyr, Arg-Tyr

Matsuo et al, Appl Phys Exp 7, 056602 (2014)




Intensity (counts/100 s)

Cluster emission from pure amino acids

10°

Mass spectrum of tyrosine cluster

10*

10°

10° |
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10 keV Al
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|
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Kusakari et al, Int J Mass Spectr 383-384, 31 (2015)

(Mn+H)+ cluster yield (normalized)

10°

10"

Cluster emission from pure amino acids

Cluster yield vs cluster size n

10 keV Ar

1000

® Data
Fit

~ Glutamic acid 7

Exponent
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Cluster size n
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Ala Arg Asn GIn Glu lle Leu Phe Thr Tyr
Amino acids

Kusakari et al, Int J Mass Spectr 383-384, 31 (2015)




Cluster emission from pure amino acids

Exponent

0.8

0.6

o
[N

0.0 —

Exponent vs sputtering yield

°
N

L Arg

Tyr

E Phe

Leu

100 200 300 400
Sputtering yield (molecules/Ar cluster)

500

Y, <exp(- A)

Kusakari et al, Int J Mass Spectr 383-384, 31 (2015)

Intensity (counts/100 s)

Cluster emission from mixed amino acids

Mass spectrum of mixture Phe-Tyr

10* £

10° 3
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Kusakari et al, Int J Mass Spectr 383-384, 31 (2015)




Cluster emission from mixed amino acids

Mass spectrum of mixture Phe-Tyr

E f0keVAL PRy (1)
0 (FnY7—n+H)+ P T
o
g 10% | AS F.Ys .
8 F.Y, ]
=3 F,Y,
Ml I
M | LM MHMI H H‘“M ”ll i VH” H\“Mn ML H L

1160 1180 1200 1220 1240 1260 1280

m/z

Kusakari et al, Int J Mass Spectr 383-384, 31 (2015)

Homo- and
heteromolecular
cluster ions

Mixture is
inhomogeneous

Summary

¢ Emission of molecular ion (M+H)* from all (20) amino acids:

Little fragmentation, if E/n not too high

e Abundant cluster emission (M_+H)* from (10) amino acids

e Cluster abundances depend on sputtering yields

e Spectra of mixed samples:

Inhomogeneous compositions from mixed cluster

¢ Similar spectra from isoleucine & leucine:

Doubly-charged cluster ions
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Depth Profiling/Organic, General (OrganicEE &)
Applications Priciple/Fundamentals
Oral 7 6+ Invited 1
Poster 2 2
Applications : Hydrogel, 74+MY° Ak, KIBHEM, £2

Principle/Fundamentals LATVIRDLLER, GOIBEHIRET, WMy)A%hR

Polymers and Molecular Films
Applications Principle/Instrumentation
Oral 4 (14EED L) 4
Poster 3
Applications : 73R VALEEPE, Polymer7'3Y, 93710, SAMEE

Principle/Instrumentation  : AAJMVERHT (2R48, RMETe), MS/MSA A=V
Laser-SNMS
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Depth Profiling/Organic, General(OrganicBS:E)

Depth profiling / Organic Oral 104 Poster 444

(DO1-ThA1)

ToF-SIMS of Frozen Hydrated Hydrogels
MORGAN ALEXANDER, The University of Nottingham, UK

(DO1-ThA2)
Comparison of Cs+, C60+ and Arn+ for ToF-SIMS Sputtering of PS-b-PMMA
TANGUY TERLIER, University of Catania, Italy
(DO1-ThA3)
Direct Comparison of Argon Gas Cluster lon Beams and C60 in Molecular Depth Profiling of

Organic Thin Films
KAN SHEN, The Pennsylvania State University

(DO1-ThA4)
Argon Cluster Sputtering - Effects of Angle of Incidence, Sample Temperature and Composition
RASMUS HAVELUND, National Physical Laboratory, UK

FINTAVHRISREA—IZEDEHMDRN\R VT REDEROHE,
Irganox1010/Irganox1098, Irganox1010/Fmoc-pentafluoro-L-phenylalanine® %%
— BHEAEIZDONTIELS BRER/\YEL—IE,
AEKEEEITZILTAIREFHEYDIRILE—HEN(2eV>25>5>10) [FEHEE,
— HHBEZLIFHERNYAL—HMNIFRRIZELLRDD., TeZiBA S LHEEICHEM,
EERNTEEZRELTITOROICIE. TELLTORETEATHIAMNERL,



Depth Profiling/Organic, General(OrganicBS:E)

Depth profiling / Organic Oral 104 Poster 444

(DO1-ThA5)
The Comparison of Matrix Effects Depending on the Combination of Polymers in a Sample for

Depth Profiles Using Ar Cluster lon Beams
KAZUMA TAKAHASHI, Seikei University, Japan

Irganox1010/Irganox1098, Irganox1010/Fmoc-pentafluoro-L-phenylalanine® %
Depthprofiling® T —4%PCA, MCR Tt — &HIIZHBRIZL -/ DEAIIZE S
Irganox1010/FmocPFLPA : Irganox1010H3EDEAF  FAEZE{RHE. Irgnox1010BHFED A1 1 HIH]
Irganox1010/Irganox1098 : Irganox 1010EHRDIES/ T FEZHFI. B4 A2 TIIXKRESLEEELL

(DO1-ThA7)
Molecular Depth Profiling with Strong Field Post-lonization
LARS BREUER, The Pennsylvania State University
(DO1-ThAS8)
Additive Chemistry and Distributions in Photoresist Thin Films
MICHAEL CLARK, JR., The Dow Chemical Company



Depth Profiling/Organic, General(OrganicBS:E)

Depth profiling / Organic Oral 104 Poster 444

(DO1-ThA9)
Depth Profiling and Composition Analysis of Polymer:Fullerene Blend Layers for Organic

Photovoltaics
S. SURANA, imec & KU Leuven, Belgium

(DO1-ThA10)
Interdiffusion of Fullerene Derivative into Conjugated Polymer Matrix upon Solvent Vapor

Annealing
JAKUB RYSZ, Jagiellonian University, Poland

(DO1-ThA11)

Structural Analysis of the Qutermost Hair Surface using TOF-SIMS with GCIB Sputtering,
KAZUTAKA ISHIKAWA, Kao Corporation, Japan

EEREICHFETIBRBB(Fa2—T10IL)Z. ArpglEBRNYETRESH RS, Fa—
TAONREIIEENFET S0, FIEABOT—2ZRBITLEANRSA RS BRES,
RREDEERE. BELUEOTROmA—5—DRRNLGT/BEMEF O BNFE,

— ERHFTRIBSN TV I RREMEEZRIRMICERRLT



Depth Profiling/Organic, General(OrganicBS:E)

Depth profiling / General(OrganicB8®E) Oral 10#%  Poster 4

EH#¥:GCIB1R(4i&, Orbitrapt& 2%, MS/MS capability
(DG1-ThM7) Invited AW Large O, gas cluster, (SFg)gy0
Invited Recent Developments in ToF-SIMS Depth Profiling of Inorganic and Organic Thin Films
EWALD NIEHUIS, ION-TOF GmbH, Germany
(DG1-ThM9)
Low Energy Cesium Depth Profiling of Hybrid Materials
LAURENT HOUSSIAU, University of Namur, Belgium
(DG1-ThM10)
Surface Analysis and Depth Profiling of Polymer Multilayers by ToF-SIMS and XPS: A Possible

Model for Complex Matrices Analysis
GIACOMO CECCONE, EC-JRC-IHCP, Ispra , Italy

(DG1-ThM11)
Reconstructing Accurate ToF-SIMS Depth Profiles for Organic Materials with Differential

Sputter Rates
DAVID CASTNER, University of Washington

FIVAUH RIS RAA—IZLBDARN\YAR) ) E#EN%E . PS/PMMAZ R4 K4 AL TEES
Ari0007 TR B—IZ&B R/ RY S Tl PSEYEPMMAD A M 215 R/ \w B Eh B,
R)R—ETLURLIZGEEDARNYEL—FDEEIE. #ARR ISR ELTIEE)=7IZEILT S,
— JYEBGFESARPTEITIICIE., HEEIEIZLDANYIL-IDZEEZBIBLTHL
CEMEE,



F D (Organic Depthprofiling)

FEESERAHDINYIZANE ( Data processing and Interpretation )

(DP1-ThM3)

The Matrix Effect in SIMS Organic Depth Profiling: A VAMAS Inter-laboratory Comparison
Alexander G. Shard, National Physical Laboratory, UK

Irganox1010/Irganox1098, Irganox1010/Fmoc-pentafluoro-L-phenylalanine® %
Irganox1098, Fmoc-PFLPAMIMN)yIASHR(Z kAT /58, —R1TVRDFE)
LowvYAD ZX41,(59Da.LLF) TIEIMy)AZH R IEL
DFAT/BRREHEKREND, T19-EFEEZHIZ<L
— AT/ BN EZRFICTEBIEEINYIANBENRKELLSHEREFY

FIB-SIMSIC &K 5E#YDFEEHF M2 Hr( FIB-SIMS )

(3D1+ID1-MoA3)

3D Organic Structure Characterization by FIB-TOF Tomography
DAVID M. CARR, Physical Electronics

FIB sectioning + Polishing(Cg or Arysyg)
— ERYLERBROREEHABDS
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Polymers and Molecular Films

Polymers and Molecular Films Oral 1044  Poster 4%

(PM1-WeM1)

ToF-SIMS Investigation of Polyethylene Modified by an Atmospheric Ar-D20 Post-discharge
VANINA CRISTAUDO,Universit € catholique de Louvain (UCL), Belgium
(PM1-WeM3)

Negative Hydrocarbon Species C,,H : How Useful Can They Be?
HENG-YONG NIE, The University of Western Ontario, Canada

ConH E—H TR —DIEE R, PE, PP, PS, PMMAZE DR T —TCH/CHRRBEHE A~
=#ER. C-CROBESENZVLD(FRPZEH/REFFENMELNK, DIEEEZEA-PMMAD
AEHRTH, DIEOEKREHKIZCH/CHBELEAKIZ,
— EHOBEXLVLFIEDHEN, R/N\vBY T DBIETHEME/CrosslinkingZFEELZL
Mo &,

(PM1-WeM4)
Compositional and Structural Characterization of Nanodomains

FAN YANG, Texas A&M University
(PM1-WeM6)

TOF-SIMS Imaging MS/MS of Polymer Additives
JOHN HAMMOND, Physical Electronics



Polymers and Molecular Films

Polymers and Molecular Films Oral 1044  Poster 4%

(PM1-WeM7)
TOF-SIMS Analysis of Polymer Conformations at Surfaces and Interfaces
LU-TAO WENG, The Hong Kong University of Science & Technology

PSOTOF-SIMSARIMILZRERIZE TEHAIL. EDELZERST BT (PCA)THRFIHLETR
EHOV 74+ A—2a v DEALERR . O—T 127 TAYMI&LY, 0~85°CLI0~100°CHT—4
ARG HHFLELTHRICRAIShT=

— PSOREHSRAEREE(RATLIZKIEILEZRA TS LBREN S,

(PM1-WeM8)
ToF-SIMS and Laser-SNMS 2D and 3D Investigations of Different Polymer Systems
ANDREAS PELSTER, University of Munster, Germany
(PM1-WeM9)
ToF-SIMS Analysis of Clean Graphene and Graphite
WENJING XIE, Hong Kong University of Science and Technology
(PM1-WeM10)
ToF-SIMS Characterization of Self-Assembled Oriented Carborane Dipoles on Silver Surface
LAETITIA BERNARD, Swiss Federal Laboratories for Material Science and Technology, Switzerland
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SIMS XX
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Statistic in SIMS Conference (2015)

Plenary Session

Complementary
Techniques

3D Imaging Cluster lons FIB-SIMS & MeV SIMS

Microelectronics Fundamentals

Plenary Session

Sample Prep Analysis of Surface & Interface

Instrument Development Bio. Samples Analysis
Depth Profiling Inorganics Biological Imaging Multi-Technique

Nanomaterials and

Nanotechnology Depth Profiling/Organics In-Situ Liquid SIMS

SIMS Analysis of Materials Biological Imaging

SIMS XVI (2008
Kanazawa

Organic

Others

Organic and Biological materials are main topics!
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Thermo Scientific™ R
Q Exactive ™ HF

lan Gilmore (NPL) opened the
conference with a presentation that
included the first data from the
lontof/Thermo ToF/Orbitrap hybrid
instrument.

Presentation included tissue imaging
with a new GCIB.

230,000 mass resolution at m/z 200

20,000 mass resolution at 18 Hz.

http://planetorbitrap.com/



ULVAC-PHI introduce MSMS on the TRIFT

MS2 Detector

Precursor

Selector On MS1 Detector
( SED

High Mass
Blanker

ToF-ToF configuration
“high” energy CID

Linear MS for product ion
identification.

Normal MS spectrum is

collected simultaneously
with MSMS spectrum.

www.phi.com




Additive Identification using TOF-SIMS Parallel MSMS
Analysis

mass-to-charge ratios shown

47

A | o i 1,

mass loss values shown

www.phi.com



Fragments suggest the m/z 201 peak to originate from DPPO, a photo-initiator
that was likely to be an additive in the material analysed

77Tm/z 124dm/z

(CeHs5).PO™ [M - HI

15X




J105 SIMS Instrument has led the way!

No effect of sample topography
on calibration.

Better than 5 ppm mass
accuracy

MSMS

www.lonoptika.com

J. S. Fletcher, et al. Analytical Chemistry, 2008



Lipid Imaging of Invertebrate Model Systems
by Secondary lon Mass Spectrometry

NHU PHAN, University of Gothenburg,
Sweden, A.G. EWING, J.S. FLETCHER, Chalmers
University of Technology, Sweden



Effects of Methylphenidate (Ritalin) on Fly Brain Chemistry

Live flies on collar

Fly collar in gelatin

Fly collar attached
to gelatin block

Sectioned using a
cryo-microtome

Fly heads on frozen
Fly brain section 15 pum thickness gelatin blocks



ToF-SIMS Imaging of the Fly Brain

ToF-SIMS ion images of a fly brain with the GCIB show different
distributions of bio-molecules which implies their biological functions
in the brain. (A) SEM image (B) Positive mode (C) Negative mode

N. Phan et al. Anal. Chem. 2015



Lipid Changes after Methylphenidate Exposure

m/z 184.07

Fatty acid (18: 1) m/z 281.25
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Structural Study of m/z 859.57 by MSMS
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Structural study of m/z 716.54 by MSMS
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Gas Cluster lon Beams are Still a Hot Topic

Application of beams for analysis is increasing.

More people are experimenting with different beam types:

Projectile Assisted Surface Chemistry: A
Possible Route to Enhance Molecular
Secondary lon Yields?, H. TIAN, The Pennsylvania
State University, ANDREAS WUCHER, University
Duisburg-Essen, Germany, N.X. WINOGRAD, The

Pennsylvania State University

Argon Cluster Total Sputter Yield: Quartz
Crystal Microbalance Measurements and
Semi-Empirical Predictive Model, P.J.
CUMPSON, ANDERS BARLOW, J.F. PORTOLES,
N. SANO, National EPSRC XPS Users’ Service (NEXUS), UK

Depth Profiling of Inorganic Thin Films Using
Large Oxygen Gas Clusters, DERK RADING, R.
MOELLERS, E. NIEHUIS, 1ON-TOF GmbH, Germany

Current Prospects of Organic Analysis with
Ar-GCIB SIMS, from Synthetic Polymers and
Organic Devices toward Biological
Materials, MAKIKO FUIJII, T. SEKI, T. AOKI, J.
MATSUOQO, Kyoto University, Japan

Quantitative Studies of Matrix Effects in
Massive Cluster Impact (MCI) Sputtering of
Intact Lipid and Peptide lons, JITAO ZHANG, P.
WILLIAMS, A. LEE, Arizona State University



Enhanced lonisation Using Water-containing Comparative Study of Secondary lon
Cluster lon Beams - A Fundamental Study, S. Emission from Organic Thin Film

SHERAZ, |. BERRUETA RAZO, T. KOHN, Bombarded with Water, Methanol and
NICHOLAS LOCKYER, J.C. VICKERMAN, Methane Cluster lons, KOUSUKE
University of Manchester, UK MORITANI, S. NAGATA, Y. HIGASHIHARA, N.

INUI, K. MOCHIJI, university of Hyogo, Japan
Investigation of Surface-adsorbate

Interaction of Surface-adsorbed (bio-) MD Simulations of Polymer Sputtering by
Molecules Using Desorption/lonization Large Gas Clusters: Effects of Cluster
Induced by Neutral Clusters, A. PORTZ, Institute  Nature (Ar, CH4), incidence angle and

of Applied Physics, Justus Liebig Universi.ty Giessen, S. ABB, sample molecular weight, ARNAUD
S. RAUSCHENBACH, K. KERN, MPI for Solid State Research,
DELCORTE, Université catholique de Louvain,

Stuttgart, C.R. GEBHARDT, Bruker Daltonik GmbH, Bremen, I ol y
¥ . . . Belgium, M. DEBONGNIE, Université catholique de
f Applied Ph ! ’
MICHAEL DURR, Institute of Applied Physics, Justus Louvain, Institut de la Matiere Condensée et des

Liebig University Giessen, Germany Nanosciences (IMCN), Bio & Soft Matter (BSMA), 1 Croix
du Sud box L7.04.01, B-1348 Louvain-la-Neuve,

Benninghoven Lecture: An Evolution in SIMS Belgium.
Instruments: How Far are we from the Goal?,
JIRO MATSUO, Kyoto University, Japan



GCIB SIMS Starts to Compete with MALDI

Grey matter White matter
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40 kv GCIB

Higher energy GCIB system tested to improve spatial resolution and ion yield
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Beam Characterisation with

e Standard sample used for beam characterisation
- Comparison with previously studied primary

ion beams possible .
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Sputter Rate and Steady State through Irganox 1010

Sputter Rate Irganox 1010 40 kV Depth Profiles [M-H]-
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An approximately linear increase in sputter rate is observed as the
acceleration potential is increased from 10 to 40 kV.

At 40 kV there is little if any difference in sputter rate between the
different size clusters used in this study.



The Matrix Effect in SIMS Organic Depth
Profiling: A VAMAS Inter-laboratory
Comparison

ALEXANDER G. SHARD, S.J. SPENCER, R.
HAVELUND, I.S. GILMORE, National Physical
Laboratory, UK

The Comparison of Matrix Effects Depending on
the Combination of Polymers in a Sample for
Depth Profiles Using Ar Cluster lon Beams

KAZUMA TAKAHASHI, Y. YOKOYAMA, S. AOYAGI,
Seikei University, Japan

3D Imaging ToF-SIMS for Biology — Are We
Living the Dream?

JOHN S. FLETCHER, University of Gothenburg,
Sweden



Irganox — Matrix effects in depth profiles

Measuring Compositions in Organic Depth Profiling: Results from a VAMAS

Interlaboratory Study

Alexander G. Shard, Rasmus
Havelund, Steve J. Spencer, lan S.
Gilmore, Morgan R. Alexander, Tina
B. Angerer, Satoka Aoyagi, Jean-Paul
Barnes, Anass Benayad, Andrzej
Bernasik, Giacomo Ceccone,
Jonathan D. P. Counsell, Christopher
Deeks, John S. Fletcher, Daniel J.
Graham, Christian Heuser, Tae Geol
Lee, Camille Marie, Mateusz M.
Marzeco, Gautam Mishra, Derk
Rading, Olivier Renault, David J.
Scurr, Hyun Kyong Shon, Valentina
Spampinato, Hua Tian, Fuyi Wang,
Nicholas Winograd, Kui Wu,
Andreas Wucher, Yufan Zhou, and
Zihua Zhu

Irganox 1089

R:m/2623.4 |rganox 1010
G:m/z1175.7 1/71175.7
B: m/z 196.9

OH

J. Phys. Chem. B, 2015, 119 (33), pp 10784-10797



40 kV GCIB Result

If the “right” peaks are selected nice looking, quantitative(ish)
depth profiles and 3D images can be generated.

Choosing the “wrong” peaks shows a strong matrix effect with
interfaces and relative compositions distorted.
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Improving Sensitivity and Broadening

Chemical Coverage in Brain Imaging using ToF-
SIMS and GCIBs

TINA BERNADETTE ANGERER, University of
Gothenburg, Sweden, J.S. FLETCHER, Chalmers
University of Technology, Sweden



Brain Regions Mouse — Sagittal Section

FH and NH; Study:
Hippocampal Formation

Grey Matte
White Matter
Granular Area

TFA Study:
Cerebellum



Frozen Hydrated vs. Freeze Dried — Signal Changes
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Optimisation of Pre-Analysis Sample Treatment with
Ammonia (NH,) and Trifluoroacetic acid (TFA)

* 60 min NH; vapour
exposure - signal
enhancement neg. mode

* 30 min TFA vapour
exposure - signal
enhancement pos. mode
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T. B. Angerer, et al. Analytical Chemistry, (2015).



Results for Ammonia (NH;) Treatment
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TFA - Spectral Changes in Different Brain Regions
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T. B. Angerer, et al. Analytical Chemistry, (2015).



SEM of brain tissue with and without TFA

Crystalline features visible on white matter in dry
untreated tissue.

Crystals not visible after TFA exposure.



30 min TFA Treatment
-Effects on White Matter
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T. B. Angerer, et al. Analytical Chemistry, (2015).



High Spatial Resolution Imaging now done on
Intact Lipids with Ar,q0

m/z Exact Appm Label Species Formula
890.6385 | 890.6391 | -0.64 | €24 Sulfatide [M-H]* | C,gHo,SNO,
906.6328 | 906.6340 | -1.31 | C24-OH Sulfatide | [M-H] C,sHg,SNO,
885.5509 | 885.5493 | 1.83 PI(38:4) [M-H]- C4,Hg,045P

T. B. Angerer, et al. Analytical Chemistry, (2015).



ToF-SIMS using a GCIB for Studies on Lipid
Distribution following Myocardial Infarction

SANNA SAMFORS, Chalmers University of
Technology, Sweden, M. HEYDEN, J. BOREN,
University of Gothenburg, Sweden, A.G.
EWING, J.S. FLETCHER, Chalmers University of
Technology, Sweden



Myocardial Infaction

 Myocardial infarction = heart attack , Damage and death to

heart tissue shown in purple

* Blocking of a vessel going to the heart

* Know risk factors of getting heart attack

Plaque build up in the
coronary artery -
blocking blood flow—"

 Mechanism of recovery? a7

Infarcted heart tissue was imaged

after 6 hours of recovery time.
Coronary artery

ligated inducing .
an infarct Sham samples (operation but no

infarction) were analysed for
comparison.
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Hypoxia-Induced Cardiac Lipid Accumulation
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Different Lipid Distribution in Infarcted Heart
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Lipid Distribution in the Border Region
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Biological Implications
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Conclusions

An increase in demand for improved analysis capabilities for biological
samples has led to a series of new instrumental developments.

GCIBs are still an exciting area for development.
We always want more signal!

The use of GCIBs for SIMS facilitates the application of SIMS for
biomedical analysis.

The developments do not only benefit bio-research but improved
molecular sensitivity, mass accuracy and MSMS benefit a wide range
of research areas.
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