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SEVENTH CONFERENCE ON
FRONTIERS OF ABERRATION
CORRECTED ELECTRON MICROSCOPY

celebrating

25 years of aberration correction

Kasteel Vaalsbroek
May 08" +May 12

2022

Conference Organisers

Rafal Dunin-Borkowski (Julich)
Joachim Mayer (Aachen)
Carsten Sachse (Jilich)

Knut Urban (Jdlich)

Genevieve Wilbs (Jalich)
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The cover displays a high-resolution micrograph of an
interface between polar LaVOs (top) and nonpolar SrTiO3
ERWWRP UHFRUGHG DORQJ WKH3z% 3% ]JR(
under NCSI conditions by Lei Jin. Upward shifts of every
second oxygen column with respect to the adjacent
vanadium columns (fourth row from the bottom) give
evidence for an interface reconstruction. Local variations
in the 90° elastic domain structures in LavVOs become
evident when analysing the angular variation of -O-V-O-V-
O- chains ranging from 164° on the left (verso) to about
180° on the right (front cover).

Programme printed by Servicebetrieb Graphische Medien
(G-SG) of Forschungszentrum Julich GmbH.
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SESSION A
3Morettipaviljoen ~ castle ground floor

16:00 +16:15 AO OPENING REMARKS

Rafal Dunin-Borkowski, Forschungszentrum Jilich GmbH
(Germany), Joachim Mayer, RWTH Aachen University
(Germany), and Carsten Sachse, Forschungszentrum Jilich
GmbH (Germany)

16:15 +16:50 Al 2D AND 4D STEM IMAGING OF BEAM SENSITIVE
MATERIALS

Peter Nellist, University of Oxford (UK)

16:50 +17:25 A2 NOVEL METHODS TO QUANTIFY THE ATOMIC
STRUCTURE IN 2D AND 3D FROM STEM DATA THROUGH
THE COMBINATION OF STATISTICAL PARAMETER
ESTIMATION AND DEEP LEARNING

Sandra Van Aert, University of Antwerp (Belgium)

17:25 +18:00 A3 X-RAY SPECTROMETRY IN THE ERA OF ABERRATION
CORRECTED ELECTRON-OPTICAL BEAM LINES

Nestor Zaluzec, Argonne National Laboratory (USA)




SESSION EMS OUTSTANDING PAPER AWARD CEREMONY
3Morettipaviljoen ~ castle ground floor

18:00 +18:10 EMSO INTRODUCTION

Randi Holmestad, Norwegian University of Science and
Technology (Norway)

18:10 +18:25 EMS1 CATEGORY:
INSTRUMENTATION AND TECHNIQUE DEVELOPMENT

Emma Silvester, University of Oxford (UK)

18:25 +18:40 EMS2 CATEGORY:
LIFE SCIENCE

Rhian Jones, Aix-Marseille Université (France)

18:40 +18:55 EMS3 CATEGORY:
MATERIALS SCIENCE

Daniel Wolf and Sebastian Schneider, Leibniz Institute for Solid
State and Materials Research (Germany)
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SESSION C
3Morettipaviljoen ~ castle ground floor

14:00 +14:35 C1l INSITU STRUCTURES OF NATIVE PROTEINS AT NEAR-
ATOMIC RESOLUTION BY CRYO-ELECTRON
TOMOGRAPHY

Peijun Zhang, University of Oxford (UK)

14:35 +15:10 C2 THE POTENTIAL OF ELECTRON CRYOMICROSCOPY IN
SITU: IDENTIFYING MOLECULES IN CELLS

Christopher Russo, MRC Laboratory of Molecular Biology (UK)

15:10 +15:45 C3 VITRIFYING CELLS

Raimond Ravelli, University of Maastricht (NL)

16:30 +£17:05 C4 STRUCTURAL MECHANISM FOR TYROSINE HYDROYLASE
INHIBITION BY DOPAMINE AND REACTIVATION BY SER40
PHOSPHORYLATION

José Valpuesta, Centro Nacional de Biotecnologia (Spain)

17:05 +17:40 C5 IS THE CRYOFIB LIFT-OUT PROCEDURE REALLY READY
FOR LIFT-OFF?

Jurgen Plitzko, Max Planck Institute of Biochemistry (Germany)

17:40 +18:15 C6 APPLICATION OF CHROMATIC ABERRATION CORRECTOR
FOR CRYO-EM IN THE STRUCTURAL BIOLOGY

Peiyi Wang, Southern University of Science & Technology
(China)



18:15 +18:20

18:20 +18:25

18:25 +18:30

SP1

SP2

SP3

STREAM - MEMS-BASED LIQUID PHASE ELECTRON
MICROSCOPY: A PROMISING ROUTE FOR MATERIAL
SCIENCE, ENERGY STORAGE & LIFE SCIENCE
APPLICATIONS

Eva Bladt, DENSsolutions BV (NL)

ENERGY-FILTERED 4D STEM FOR ALL KVs

Saleh Gorji, Ametek GmbH (Germany)

EXCEPTIONAL CONTROL OVER THE DOSE ON YOUR
SAMPLE *JEOL-IDES EDM IS THE KEY

Manuel Reinhard, JEOL (Germany) GmbH (Germany)

PLEASE NOTE THAT POSTER SESSIONS A & B WILL RUN IN PARALLEL

POSTER SESSION A

20:00 £22:00

POSTER SESSION B

20:00 £22:00

MATERIAL S SCIENCE
3Vaalsbroekerhof ~ castle ground floor

See Poster Program

ELECTRON OPTICS
3Jachtkelder ~ castle ground floor

See Poster Program




SESSION DA
3Morettipaviljoen ~ castle ground floor

08:30 +09:05 DA1 USE OF PICO-TYPE MICROSCOPY TECHNIQUES TO OP-
TIMIZING COMPOSITION AND MICROSTRUCTURE IN
COMPOSITIONALLY COMPLEX ALLOYS

Hamish Fraser, Ohio State University (USA)

09:05 +09:40 DA2 CRYSTALLOGRAPHIC AND COMPOSITIONAL EVOLUTION
DURING ISOTHERMAL ANNEALING OF REFRACTORY
HIGH ENTROPY ALLOYS: INSIGHTS INTO HIGH
TEMPERATURE PHASE STABILITY

Rajarshi Banerjee, University of North Texas (USA)

09:40 +10:15 DA3 ANALYSIS OF PRECIPITATES IN ALUMINIUM ALLOYS
FROM DIRECT DETECTION SPED DATA

Randi Holmestad, Norwegian University of Science and
Technology (Norway)

10:45 +11:20 DA4 MEASURING GRAIN/TWIN BOUNDARY PLASTICITY AT
ATOMIC LEVEL

Xiaodong Han, Beijing University of Technology, (China)

11:20 +£11:55 DA5 MICROSCOPIC DEGREES OF FREEDOM OF GRAIN
BOUNDARIES AND MICROSTRUCTURAL EVOLUTION

Wayne Kaplan, Technion zlsrael Institute of Technology (Israel)




11:55 +12:30 DA6 MECHANISMS BEHIND HYDROGEN-BASED GREEN STEEL
MAKING

Dierk Raabe, Max-Planck Institut flir Eisenforschung
(Germany)

SESSION DB
3Vaalsbroekerhof ~ castle ground floor

08:30 +09:05 DB1 STRUCTURAL STUDIES OF VIRUSES BY CORRELATIVE
CRYO-MICROSCOPY

Elizabeth Wright, University of Wisconsin-Madison (USA)

09:05 x09:40 DB2 EASY-GRID: ADVANCING SAMPLE PREPARATION FOR
CRYO-EM
Simone Mattei, European Molecular Biology Laboratory
(Germany)

09:40 +10:15 DB3 ULTRASTRUCTURAL INVESTIGATIONS OF

SYNUCLEINOPATHIES: PD, MSA, HUMAN BRAIN, AND
FIBRIL STRAINS

Henning Stahlberg, University of Basel (CH)

10:45 +11:20 DB4 BACTERIA CYTOSKELETON VISUALIZATION BY CRYO
ELECTRON TOMOGRAPHY AND CORRELATIVE
APPROACHES

Linda Sandblad, Umeé& University, (Sweden)

11:20 +11:55 DB5 MEMS TECHNOLOGY FOR CRYO-EM SAMPLE
PREPARATION

Arjen J. Jakobi, Delft University of Technology (NL)

11:55 +12:30 DB6 RESOLVING STRUCTURAL DYNAMICS OF PROTEINS US-
ING DROPLET MICROFLUIDICS

Rouslan Efremov, Vlaams Instituut voor Biotechnologie
(Belgium)




SESSION EA
3Morettipaviljoen ~ castle ground floor

14:00 +14:35 EA1 EVENT-BASED SPECTROSCOPY IN A STEM: FROM
NANOSECOND RESOLUTION TO TIME-CORRELATED
HYPERSPECTRAL IMAGING

Odile Stéphan, Université Paris-Saclay (France)

14:35 +15:10 EA2 ELECTRON ENERGY LOSS SPECTROSCOPY WITH HIGH
SPATIAL RESOLUTION: APPLICATIONS TO CATHODE
MATERIALS IN LI-ION BATTERIES

Gianluigi Botton, McMaster University (Canada)

15:10 +15:45 EA3 RECENT PROGRESS OF ELECTRON SPECTROSCOPY
WITH THE SINGLE-ATOM LIMIT

Kazu Suenaga, Osaka University (Japan)

16:30 +17:05 EA4 WAVEFRONT SHAPING IN THE ELECTRON MICROSCOPY
WITH A 48 PIXEL PROGRAMMABLE PHASE PLATE

Johan Verbeeck, University of Antwerp (Belgium)

17:05 +17:40 EA5 ADVANCED PROCESSING OF DIFFERENTIAL PHASE
CONTRAST DATA

Josef Zweck, Universitat Regensburg (Germany)

17:40 +18:15 EA6 PROSPECTS AND OPPORTUNITIES FOR ELECTRON
PTYCHOGRPAPHY AT LOW DOSE

Angus Kirkland, Oxford University (UK)




18:15 +18:20

18:20 +18:25

18:25 +18:30

SESSION EB
3VVaalsbroekerhof

14:00 +£14:35

14:35 +15:10

15:10 £15:45

15:45 +16:00

SP4

SP5

SP6

AXON: AN IN-SITU TEM SOFTWARE PLATFORM
STREAMLINES IMAGE ACQUISITION, METADATA
SYNCHRONIZATION AND DATA ANALYSIS, ENABLING
DEEPER UNDERSTANDING, AND IMPROVED
REPRODUCIBILITY OF IN-SITU EXPERIMENTAL RESULTS

David Nackashi, Protochips Inc. (USA)

IMPROVING SAMPLE DISPERSION WITH AN ADDITIONAL
ULTRATHIN CARBON LAYER

Claire Naylor, Quantifoil (Germany)

DYNAMICAL STUDIES OF ADVANCED MATERIALS
COMBINING IN SITU 4D-sPED MAPPING AND PIXELATED
DETECTORS

Alan Robins, NanoMEGAS SPRL (Belgium)

" castle ground floor

EB1

EB2

EB3

ST2

THE ARCHITECTURE OF ORGANELLE CONTACT SITES

Wanda Kukulski, University of Bern (CH)

SECRETION SYSTEMS IN ACTION

Thomas Marlovits, Institute for Structural and Systems Biology
(Germany)

MACROMOLECULAR ORGANIZATION OF ATG18
OLIGOMERS

Daniel Mann, Forschungszentrum Julich (Germany)

PRESENTATION JEOL IN MORETTIPAVIJOEN
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SESSION G
3Morettipaviljoen ~ castle ground floor

14:00 +14:45 G1 MAGNETIC DICHROISM INVESTIGATED IN THE CS/CC
CORRECTED ELECTRON MICROSCOPE

Xiaoyan Zhong, City University of Hong Kong (China)

14:45 +15:30 G2 IMPORTANCE OF ABERRATION CORRECTION FOR IN SITU
HIGH RESOLUTION TEM

Robert Sinclair, Stanford University (USA)

15:30 +16:15 G3 IMAGING THE PROPERTIES OF ATOMS AND FIELDS AT
THE PICOMETER SCALE INSIDE MATERIALS AND DEVICES

David Muller, Cornell University (USA)

16:45 +17:30 G4 QUANTITATIVE HIGH-RESOLUTION TRANSMISSION
ELECTRON MICROSCOPY OF ENERGY CONVERSION
MATERIALS

Lei Jin, Forschungszentrum Jiilich (Germany)

17:30 +18:15 G5 UNDERSTANDING ELECTRON-BEAM-SPECIMEN
INTERACTIONS AT LOW ACCELERATING VOLTAGES TO
TAILOR PROPERTIES OF LOW-DIMENSIONAL INORGANIC
AND ORGANIC MATERIALS

Ute Kaiser, UIm University (Germany)






SESSION H
SMorettipaviljoen ~ castle ground floor

08:30 +09:05 H1 CEPSTRAL SCANNING TRANSMISSION ELECTRON
MICROSCOPY FOR ORDERED AND DISORDERED
MATERIALS

Jian Min Zuo, University of lllinois (USA)

09:05 +09:40 H2 EXPLORING MATERIALS STRUCTURE AND PROPERTIES
ON THE NANOSCALE BY COMPUTER-AUGMENTED
ELECTRON MICROSCOPY

Christoph Koch, Humboldt-Universitéat zu Berlin (Germany)

09:40 +10:15 H3 ROLE OF IONIZATION IN IMAGING AND SPECTROSCOPY
UTILIZING FAST ELECTRONS THAT HAVE EXCITED
PHONONS

Juri Barthel, Forschungszentrum Jilich (Germany)

10:45 +11:20 H4 2D MATERIAL HETEROSTRUCTURE LIQUID CELLS: A
PLATFORM FOR ATOMIC RESOLUTION STEM IMAGING
WITH LIQUIDS

Sarah Haigh, University of Manchester, (UK)

11:20 +11:55 H5 THICKNESS DEPENDENT COATING BREAKING DURING
BATTERY CYCLING BY IN SITU TEM

Shibabrata Basak, Forschungszentrum Jilich (Germany)

11:55 +12:30 H6 NOVEL THEORY OF THE STRUCTURE OF THE ELECTRON

Harald Rose, UIm University (Germany)




12:30 +12:45 CLOSING REMARKS

Rafal Dunin-Borkowski, Forschungszentrum Jilich GmbH
(Germany), Joachim Mayer, RWTH Aachen University
(Germany), and Carsten Sachse, Forschungszentrum Jilich
GmbH (Germany)
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7KH GHYHORSPHQW DQG ZLGHVSUHDG DSSOLFDWLRQ RI
PLFURVFRS\ RYHU WKH SDVW \HDUV KDV PDGH DWRPL
VSHFWURVFRS\ RI PDWHULDOV URXWLQH ODQ\ FDQGLGDWH
LQ HQHUJ\ FRQYHUVLRQ DQG HQHUJ\ VWRUDJH DUH KLJKO\
LUUDGLDWLQJ HOHFWURQ EHDP DQG VR DQ LPSRUWDQW FXL
WKDW FDQ DOORZ WKH KLJK VSDWLDO UHVROXWLRQ DGYD
DSSOLHG WR WKHVH PDWHULDOV +HUH WKH XVH Rl WKI
WUDQVPLVVLRQ HOHFWURQ PLFURVFRSH $& 67(0 IRU VXFK
W ZLOO EH VKRZQ WKDW WKH GRVH IUDFWLRQDWLRQ LQ ER
HQDEOHV DWRPLF UHVROXWLRQ LPDJHV WR EH IRUPHG IRU
VXFK LPDJLQJ 5DSLGO\ VFDQQHG DQQXODU GDUN ILHOG

GHIHFWV LQ WKH RUJDQLF LQRUJDQLF K\EULG SHURYVNLWH
W LV VKRZQ WKDW WKH UHPQDQW OHDG LRGLGH SUHFX
XQFRPPRQO\ REVHUYHG WULJRQDO VWUXFWXUH WKDW IRUP
FXELF SHURYVNLWH > @ &RPELQLQJ $') LPDJLQJ DQG SW\F
WKDW PDNHV XVH RI D YHU\ ODUJH IUDFWLRQ Rl WKH WUDQ
LPDJLQJ FRQGLWLRQV LV UHTXLUHG WR HQDEOH WKH PRV
DSSURDFK ZLOO EH GHPRQVWUDWHG E\ DSSOLFDWLRQ W|
PDWHULDOV IRU EDWWHULHY DQG WR WKH VWUXFWXUH RI F
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VDQGUD YDQDHUW#XDQWZHUSHQ EH

'HWHUPLQLQJ WKH DWRPLF VWUXFWXUH RI QDQRPDWHULI
XQGHUVWDQG WKHLU XQLTXH SURSHUWLHV 7KHUHIRU
FKDUDFWHUL]DWLRQ E\ 7(0 LV Rl JUHDW LPSRUWDQFH 5HF|
RI TXDQWLWDWLYH PHWKRGVY DOORZV XV WR H[WUDFW

LQIRUPDWLRQ IURP H[SHULPHQWDO 67(0 LPDJHV ,Q TXDQ
WUHDWHG DV GDWDVHWYV IURP ZKLFK VWUXFWXUH SDUDPH!
ZLWK LPDJH VLPXODWLRQV E\ XVLQJ SDUDPHWHU HVWLPEL
UHFHQWO\ E\ DSSO\LQJ GHHS OHDUQLQJ 7KLV FRQWULE
GHYHORSPHQWYV XVLQJ FXUUHQW VWDWH RI WKH DUW HI[St
OLPLWDWLRQV UHODWHG WR FRQYHQWLRQDO HOHFWURQ W
VHQVLWLYH QDQRPDWHULDOV FDQ EH REWDLQHG IURP DWR!
67(0 LPDJH )RU WKLV SXUSRVH WKH VFDWWHULQJ FURVV \
WKH WRWDO LQWHQVLW\ RI HOHFWURQV VFDWWHUHG E\ D
WR EH VXFFHVVIXO :KHQ FRPELQLQJ LPDJH VLPXODWLRC
HVWLPDWLRQ > @ WKH QXPEHU RI DWRPV LQ DQ DWRPLF FFR
KDV UHFHQWO\ EHHQ H[WHQGHG WR DQDO\]H WLPH VHULHYV
PRGHO > @ DQG LV YHU\ SURPLVLQJ IRU UHYHDOLQJ G\QD
GXUL@IVHMWHULPHQWY > @ ORUHRYHU SURJUHVV KDV EHI
FRXQWLQJ IURP KRPRJHQHRXV WR KHWHURJHQHRXV PDWH I
ZLWK ('; 7KLV LV IDFLOLWDWHG E\ XVLQJ D GHHS FRQYRO
DWRPLF OHQVLQJ PRGHO WR HIILFLHQWO\ FRPSXWH 6&6V

DWRP FRXQWVY FDQ EH XVHG WR FUHDWH DQ LQLWLDO DWR
IRU HQHUJ\ PLQLPL]DWLRQ WR REWDLQ D UHOD[HG ' UHFR
1HZ GHYHORSPHQWY XVLQJ D %D\HVLDQ JHQHWLF DOJRULW
PHWKRGRORJ\ WR FKDUDFWHUL]H VXSSRUWHG PHWDOOLF Q
)LQDOO\ WKH LQIRUPDWLRQ ULFKQHVV DQG GRVH HIILFLHQ
WKH DQDO\VLV RI PXOWLSOH YLUWXDO 67(0 LPDJHV ZLWK IU
DQG WKURXJK SKDVH UHFRQVWUXFWLRQ XVLQJ GHHS OHDU

SHIHUHQFHV

>@$ 'H%DFNHU HW DO 8OWUDPLFURVFRS\

@ $ 'H ZDHO HW DO 3K\VLFDO S5HYLHZ /HWWHUYV
@ 3 /LX HW DO 1DQRVFDOH

@ ( $UVODQ ,UPDN HW DO 6PDOO OHWKRGV

vV V.V
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1HVWRU - =DOX]HF

$UJRQQH 1DWLRQDO /DERUDWRU\ 3KRWRQ 6FLHQFF
6 &DVV $YH /HPRQW ,00LQRLV

=DOX]HF#DDHP DPF DQO JRY

$EHUUDWLRQ &RUUHFWLRQ LQ WKH $QDO\WLFDO 7UDQVPL\
PRVW FORVHO\ DVVRFLDWHG ZLWK LPSURYHPHQWY LQ KLJFK
WKH FRPELQDWLRQ RI WKDW WHFKQRORJ\ ZLWK QHZ V\VW|
HOHFWURQ RSWLFV DQG [ UD\ GHWHFWLRQ LV GLVFXVVHG
FUHDVHG PRUH WKDQ IROG VLQFH LQFHSWLRQ )LJXUH
LQJO\ LQFUHDVHV ZLWK GHFUHDVLQJ LQFLGHQW EHDP HQH
SOHPHQW WKH DGYDQFHV LQ HOHFWURQ RSWLFDO SHUIRUF
WLRQ FRUUHFWRUV RYHU WKH ODVW \HDUV > @
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IXQFWLRQ RI \HDU QRUPDOL]JHG DW N9

SHIHUHQFHV
> @ =DOX]JHF 1 - 3LFR SURFHHGLQJV OLFURVFRS\ 0l
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20GUHM / .ULYBDRENGLNWKDDWMWRSKLRERY '"HOOE\

7UDF\ & /RYHMR\

1LRQ 5 1( WK 6W .LUNODQG :$ 86%
,QVWLWXW l+U 3K\VLN ,5,6 $GOHUVKRI +XPEROGW 8QLYH
%HUOLQ *HUPDQ\
'"HSDUWPHQW RI 3K\WLFV $UL]JRQD 6WDWH 8 7HPSH

NULYDQHN#QLRQ FRP

2XU XOMWHUOQHUBHVROXWRERRFKURPADMEG (0 +(50(6CE

((/16 (OHFWURQ (QHUJ\ /RVV 6SHFWURVFRS\ 67(0 VFDQQLQ.
PLFURVFRSH XVHV DEHUUDWLRQ FRUUHFWHG RSWLFV RSH
DFKLHYHG PH9 HQHUJ\ UHVROXWLRQ )LJ W KDV R
DSSOLFDWLRQV LQFOXGLQJ GLUHFW REVHUYDWLRQ RI T
HOHFWURQ PLFURVFRSH > @ VSDWLDOO\ UHVROYHG VWXGL
LQ ' REMHFWV VHSDUDWLRQ RI GLSROH DQG QRQ GLSROH
VLIQDO DEOH WR SURYLGH GDPDJH IUHH DQDO\VLV HVSHF
DQG WKH QRQ GLSROH VLJQDO DEOH WR GHWHFW WKH YLE!L
DQG VSDWLDO PDSSLQJ RI GLIIHUHQW LVRWRSHV VXFK DV
UHVROYHG PDSSLQJ Rl SKRQRQ GLVSHUVLRQ VXUIDFHV )LJ
ZLOO EH VKRZQ DW WKH PHHWLQJ DQG IXWXUH GLUHFWLRC
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SHWHU +DAODVWMCLQ AHHIMNR 0+OWHSKDQ 8KOHPDQQ
-RDFKLP =DBPK +DLGHU

&(26 *PE+ (QJOHU 6WU +HLGHOEHUJ *HUPL
KDUWHO#FHRV JPEK GH

7KH VXFFHVV VWRU\ Rl KDUGZDUH DEHUUDWLRQ FRUUHF
PLFURVFRS\ VWDUWHG \HDUV DJR ZLWK WKH ILUVW UHVR!
D WZR KH[DSROH GHVLJQ LQ 7(0 > @ DQG D TXDGUXSROH RF
WZR KH[DSROH GHVLJQ ZDV VXFHVVIXOO\ XVHG DV ZHOO LQ
SURMHFW D FDUHIXO UHGHVLJQ OHDG WR WKH DGYD
'&25 $6&25 LQ 67(0 ZLWK IXO0O IRXUWK RUGHU FRUUHFWLF
ILIWK RUGHU DEHUUDWLRQV > @ 7KLV GHVLJQ LV VWLOO
DGGLWLRQDO $ VWLJPDWRUVRIWR(XVHG \WKHYRBHYHOB®SPH
FRQFHQWUDWHG RQ RII D[LDO DEHUUDWLRQ FRUUHFWLR!
FKURPDWLF DEHUUDWLRQ FRUUHFWLRQ &&25 6$/9( > @
DGYDQFHG WZR KH[DSROH FRUUHFWRU $7Q2BUGH@ WR VX\Q
H[SORLW WKH SRWHQWLDO Rl WKH DEHUUDWLRQ FRUUHF\
H[SHULPHQWDO LPDJLQJ FRQGLWLRQV LV UHTXLUHG ,Q 67(
WKH FKRLFH RI WKH RSWLPXP DSHUWXUH VHPL DQJOH GHSH
DQG Rl WKH SUHVHQW FKURPDWLF DEHUUDWLRQ 'XH WR W
VRXUFHV DQG PRQRFKURPDWRUV WKH FKURPDWLF OLPLW
FRQVHTXHQFH D[LDO DEHUUDWLRQV EH\RQG ILIWK RUGH
PHDVXUHPHQW URXWLQHY DQG LQ FRPSHQVDWLRQ VFKHPH
GLIIHUHQW RUGHU EXW VDPH PXOWLSOLFLW\

SHIHUHQFHV

>@ 0 +DLGHU 6 8KOHPDQQ ( 6FKZDQ + 5RVH % .DELXV
1IDWXUH

>@ 3( %DWVRQ 1 'HOOE\ 2/ .ULYDQHN 1DWXUH

> @ + 6DHWGIAQFURVFRS\
> @ + 0-OOHU 6 8KOHPDQQ 3 +DUWHO O +DLGHU OLFUR
+
> @ 3 +DUWHO 9 *HUKHLP O /LQFN + 0 OOHU 6 8KOHPD
8OWUDPLFURVFRS\
> @ 5 6DJDZD $ <DVXKDUD + +DVKLJXFKL 7 1DJDQXPD ¢
SLHGHO 3 +DUWHO O /LQFN 6 8KOHPDQQ + 0<OOHU + 6
@ + 0 OOHU , 0OD%PDQQ 6 8KOHPDQQ 3 +DUWHO - =D
HWKRGV 3K\V 5HV $
@ 0 +DbLGHU 3 +DUWHO + 0.OOHU 6 8KOHPDQQ - =DFt
LFURDQDO\VLYV

@ 0 /HQFBB&\V 5HY /HWW
@ 7 5LHGHO 3 +DUWHO O /LQFN 9 *HUKHLP + 0OOHU
G OLFURDQDO\VLV

OVvVVOVOoYV
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&ODXV 5RSHUV

OD[ 30DQFN ,QVWLWXWH IRU 0X®WMELYFHLG OtHWRID G\F L H
*HRUWBIXJIJXVW 8QLYWWLIQVHQ *HUPDQ\

FODXV URSHUV#PSLQDW PSJ GH

SURYLGLQJ WKH PRVW GHWDVOBGOGHYUWAINKFRVXDWRPQE FR
7TUDQVPLVVLRQ (OHFWURQ OLFURVFRS\ 7(0 VHUYHV DV

VWUXFWXUDO ELRORJ\ DQG PDWHULDOV VFLHQFH 2SWLFDO
DFFHVVLEXQK WKRIRGWDQHRXYV LQHODVWLF VFEDWWHULQJ RI HC(
HQHUJ\ ORVV DQG FDWKRGROXPLQHVFHQFH VSHFWURVFRS\
XQGHUO\LQJ VFDWWHULQJ SURFHVVHVY EHFRPH DFFHVVLEOF
VDPSOH

,Q WIIONW, ZLOO LQWURGXFH EDVLF SULQFLSOHV DQG VH
HOHFWURQV VFDWWHULQJ LQ HOHFW URKHPLFDR\QFIRBY! QKB
ILHOG LQWHOQVLW\@®RLE/ WRULHEQWL RQFURVFR S\ BIVRSWLF DY |L
WKHRKHUHQW FRQWH®BFRMURIQHT XIHHW X P @WIDOGH WRIP S/FBWDMAL |
@ HOHFWURQ EHDP PDQLSXODWLRQ

ORUHRYHU UHFHQW SURJUHVV LQ WKH FRXSOLQJ RI HOHF
PRGHV@>DQG LQWHJUDWHG SKBWRIQLEY BKWYR® WIRURO XGLQ.
SUHSDUDWLRQ DQG FKDUDBWRWIRQVEDR@ R WHWHRWU R Q

SHIHUHQFHV

> @ 6SRQWDQHRXV DQG 63KIRPKRQ WS HOBFWILRRY LQ 1DQR
30DVPRQLF 1HDU )LHOKBW DOJKMHE®MUDS SO

> @ 3/RUHQW] PLFURVFRS\ Rl RISW DRDP SUHISOGBUWLR®DLGD
>@ +ISHULWHOHFMWURQ PRPHQWXP VWDVHPHUHIDQHEG E\ W
RSWLFDO SKDVH PRGXODB&ERY 58 Y) AW D U FK

>@ 5DPWMNSH SKDVH FRQHVOBIE® BR QUEHDPY . HWFE@&HUQND
1DW 3K\V

>@ 4XDQWXP FRKHUHQW RSWLFDO SKDVH PRGXODWLRQ LQ
PLFURVFRSH H% DHRWWUH

>@ $WWR\OHFRMWGERY SXOVH WUDLQV DQG TXDQWXP VWDWH
WUDQVPLVVLRQ HOHFWURQ PHM BRI®AR S3KRWR GBUAHEH

>@ &RQWUROOLQJ IUHH HOHEWUR QQ U WRKRRHWW FB®. IZKLV S
1DWXUH

>@ ,QWHJUDWHG SKRWRQLEWMHREBEDBRWFRQVEBKOQXRXKRGXOTL
. +HQNW DI®WXUH

>@ &DRHWLDWHMAUSIQRWRQ $ DIHINMAW DO ;LY
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3HWHU $ YDQ $8DB\§V :DQJ 6 1HJL 6LJO6H
5DXVFKHQEDFK

IMax Planck Institute for Solid State Research, Heisenberstr.1, 70569 Stuttgart, Germany
2Center for Microscopy and Analysis, Nanjing University of Aeronautics
and Astronautics, Nanjing 210016, P.R. China
3Dept. of Metallurgical and Material Engineering, Indian Institute of Technology
Jodhpur NH 62, Surpura Bypass Rd, Karwar, Rajasthan 342030, India
'"HSW RI &KHPLVWU\ 8QLYHUVLW\ RI 2[IRUG ODQVILHOG

S YDQDNHQ#INI PSJ GH

JRUPDWLRQ DQG FKDUDFOLHPWHL] P UWR@RDO RO DRA WU XFW XUHV
FRQWUROOLQJ WKH GLPRISHVULE DI RI' WZRWHULDOV VXFK DV
ZRUN ZH KDYH VWXGLHG WKRHQVULRRWRUBGRIROREZWHYV RI F
&VRQ IUHHVWDQGLQJ JUDSKHQH DW DWRPLF UHVROXWLRQ
FKDUJHG FOXVWHUV EEHDP EBWSRVSWDRORO®LQWHUDFWLRQ 2
HOHFWURQ EHDBURHOVLRQ@RO &V, FU\WWDOV RQO\ RQ ELO!
ZKLOW, FOXVWHUV FRQVLVWLQJ RI DQG LRQV DUH H]
OD\HU JUDSKHQH 6/* &KHPLFDO FKDUDFWHUL]DWLRQ E\
VWUXFWXUDO PHDVXUHPHQWY HYLGHQFH WKH SRVVLEOH L
VWUXFWXURIQI RUPDKM &V, FOXVWHUV DQG OD\HUV

$WRPLF GHVLJQ RI JUDSKHQH FDQ EH VXEVWDQWLDOO\ LQ
LQGXFHG LQ D WUDQVPLVVLRQ HOHFWURQ PLFURVFRSH ,W
WKH WKUHVKROG HQHUJ\ IRU GPIHFQY M KR DM QDRIQVEF FRQIW I
GHQVLW\ RI WKH IDVW HOHEFWURQV 5HFHQW VWXGLHV KDY
FHUWDNRRISHFE®®Y) FDWDO\]H DWRPLF ERQG GLVVRFLDWLRC
HOHFWURQ EHDP E\ UHGXFLQJ WHKHEZB UNKVKREXREBE HGHULP
FRPSDULQJ WKH LQWHUDFWLRQ RI DONDOL DQG KDOLGH VSH
WKDW LQ WKH SUHVHQFH RI HOHFWURQ LUUDGLDWLRQ HWI
WKH VLPXOWDQHRXYV SUHVHQEBW RP VD OM@WVLWD Q % QIER\AIRID O
ILUBMN.QFLSOHY PROHFXODU G\QDPLFV FDOFXOWWRLRQN WH"
SKHQRPHQRBEWERD &YV ZHDNHQ F O RMHG WERHWASH BIOHWD CAK LEK L C
WKH FDUERQ GLVSOBIFMRAHR@W FURVV

S5HIHURQFH

>@ 9DWV < :DQJ 6 B6HQ 6 6]LODJ\L + 2FKQHU 6 $EE 0
. _.HUQ 3% YDQ $NHQ 6 5DXVFKHQEDFK $&6 1DQR

>@ 9DWV ' 6 1HJL ' 6LQJK : B6LJOH 6 $EE 6 6HQ 6 6]L
$KXMD.HUQ 6 5DXVFKHQEDFK 3$ YDQ $NHQ 6PDOO

> WKLV SURMHFW KDV UHFHLYHG IXQGEQ-RURRQVKH (XURSHI
UHVHDUFK DQG LQQRYDWLRQ SURJUDPPH XQG&HU(OUDQW DJL



ATOMIC AND ELECTRONIC STRUCTURE OF HE TERO INTER-
FACES USING DARK-FIELD EELS

Demie Kepaptsoglou®:, M. Bugnet®, V.K. Lazarov' and Quentin
Ramasse #*

SSuperSTEM Laboratory, SciTech Daresbury Campus, Keckwick Lane, Daresbury, U.K.
'York JEOL Nanocentre and Department of Physics, University of York, York, U.K.
School of Physics, University of Melbourne, Parkville, Victoria 3010, Australia
ASchool of Chemical and Process Engineering, University of Leeds, Leeds, U.K.

Engineering the structural or chemical architecture of functional materials at the nano
or even atomic level enables emergent properties that rely on the interplay between
fundamental properties of matter such as charge, spin and local atomic-scale chem-
istry. A striking illustration of the relevance of this strategy is provided by placing
Bi2Ses, a topological insulator (T1) with topologically-protected helical two-dimensional
surface states and one-dimensional bulk states associated with crystal defects, in
close proximity with graphene. The strong spin-orbit interaction and proximity effects
result in subtle and controllable electronic band structure changes at and near the
interface, with exciting potential for spintronic applications. Here we probe at high en-
ergy resolution the interfaces in a system consisting of Bi2Ses films grown by chemical
vapor deposition on epitaxial graphene/SiC(0001), where the number of carbon layers
can be carefully controlled to tune possible proximity effects between the film and the
substrate. All experiments were carried out on a monochromated Nion UltraSTEM100
MC operated at 60kV, with a probe convergence semi-angle of 31mrad and a beam
current of approximately 4pA (after monochromation to ~12meV resolution). Chemical
mapping confirms the atomic-level chemistry of the layers, while an analysis of the
carbon K edge fine structure provides direct insights into the nature of bonding at the
SiC/graphene and graphene/Bi2Ses interfaces [1]. Strikingly, the use of a dark-field
EELS geometry, either using a set of custom-developed annular apertures reveals the
emergence of locally resolved fine structure in the ultra-low loss region of the spec-
trum. In addition to a further direct interrogation of the chemical bonds between the
layers, and a demonstration of chemically and atomically sensitive phonon mapping
at interfaces in a bulk sample, it is thought these observations could also be linked to
the interplay between the various phonon modes and the Dirac plasmons in the TI
layers.

[1] M. Bugnet et al., Phys. Rev. Lett. 128, 116401 (2022)
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$[HO /I XENDQLHO :ROI

JHLEQL] ,QVWLWXWH IRU 6ROLG 6WDWH DQG ODWHULDOV 5
*HUPDQ\

,QVWLWXWH Rl 6ROLG 6WDWH DQG ODWHULDOV 3K\VLFV
*HUPDQ\

D OXEN#LIZ GUHVGHQ GH

&KLUDO PDJQHWLF PLFUR DQG QDQRWH[WXUHV VXFK DV F
DUH SDWWHUQV LQ PDJQHWLFDOO\ RUGHUHG PDWHULDOV W
RI PDJQHWLF VWUD\ ILHOG V\PPHWULF H[FKDQJH DQWLV
H[FKDQJH DQG PDJQHWRFU\WWDOOLQH DQLVRWURS\ DQG \
WKH JHRPHWU\ RI D VSHFLPHQ DQG LQWULQVLF PDWHULD
LQWHQVLYHO\ VWXGLHG IRU WKHLU IXQGDPHQWDO SURSHU
DQG WRSRORJ\ DV ZHOO DV SRVVLEOH DSSOLFDWLRQV LQ P
+HUH ZH UHSRUW RQ FRPELQDWLRQ RI RIlI D[LV HOHFWUR
WRPRJUDSK\ (7 DSSOLHG LQ WKH 7(0 IDFLOLWDWLQJ ' FKD
FRQILJXUDWLRQV GRZQ WR QDQRPHWHU OHQJWK VFDOHV :
RI YHFWRU ILHOG HOHFWURQ WRPRJUDSK\ 9)(7 DQG WK
UHFRQVWUXFWHG ' PDJQHWLF LQGXFWLRQ DW WKH H[DPS(
' PDJQHWLF FKLUDO GRPDLQ ZDOOV LQ &R1L QDQRZLU
PDJQHWRFU\VWDOOLQH DQLVRWURS\ > @ %ORFK VN\UPLRC
DQG YRUWH[ VWULQJV LQ FXUYLOLQHDU QDQRPDJQHWYV

)LJ 7TKUHH GLPHQVLRQDO UHFRQVWUXFWLRQ RI WKH PDJ(
VN\UPLRQ WXEH ODWWLFH LQ D )H*H QHHGOH VKDSHG VDPS

@ , 0 $QGHUVHQ HW DO 3K\V 5HY 5HV

@ ' :ROI HW DO 1DW 1DQRWHFKQRO ‘2, Vv
@ :HDFNQRZOHGJH IXQGLQJ IURP (XURSHDQ 5HVHDUFK &
DIJUHHPHQW QXPEHU
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3HLMXQ =KDQJ

'LYLVLRQ RI 6WUXFWXUDO %LRORJ\ :HOOFRPH 7UXVW &|
8QLYHUVLW\ RI 2[IRUG 2[IRUG 2; %1 8.

(OHFWURRD%L@®R] &HQWUH 'LDPRQG /LJKW 6RXUFH +DUZI
 QQRYDWLRQ &DPSXV 'LGFRW 2; '( 8.

SHLMXQ J]KDQJ#VWUXEL R[ DF XN

BWUXFWXUDO ELRORJ\ PHWKRGVHRWEQIUR Q\R\(B PIRQ G DSK\R F
KDYH EHFRPH PDMR U QURRIDAU RPR DWK)GOD U FRPSOH[HV WKD\
IOH[LEOH DQG G\QDPLF DQG RRWGIQUI OYNWPE Q LLH)V KN KB MUD L
SXULI\ 7KH VWXG\ RI WKHVH FRP SHMWX\WIRQIGFD VR/(HP B Q GF
VXEWRPRJUDP DYHUDDQQPNMWRHENEEPLF UHVROXWLRQV FR)
FU\R),% DQG FRUUHODWLYH DQG LQWHJUDWLYH LPDJLQJ R
ELRORJ\ > @ DV H[HPSOLILHG LQ YLUXV LQIHFWLRQ LQ KXF
UHFHQW VWXGLHV&R® YWMKXMN 6RIBFWLRQ SURFHVVHV > @ W
DFWLYLW\ RI SDUWLFXODWH PHWKDQH PRQRR[\VJHQDVH S00
PHPEUDQHV RI PHWKDQRWURSKY DQG WKH DVVHPEO\ DQG
ZLWKLQ OQDWLYH FDUER[\WRPHV H @SR¥MHRU GRHP FQ VR\(T D /@
VXEWRPRJUDP DYHGHMWUXRWXUDO ELRORJ)\

SHIHUHQFHV
> @=KDQGYDQFHV HOHRWRI RQ WRPRJUDSRP DY® WXEVDPRP R J L
DQG FODVVENUFDMQWQ@SLQLRQ LQ 6WUXFWXUDO %LRORJ\

> @OHQGR@ODRZH % *LORKBKWWJI6XQ® / .QLIKW
=DQHWRLIQ JXHV%DWKBPOQUHE\WRKHQ 5DGHBNH/IZ 1L

' RXQDWLGLV.RURQIBEPQNLHZLFPUNLRODNDUYWUQDQGH]

© -DPHY =KD®QRUUHODWLFHOPXBUNEL QJ XEBBBE&RY

DVVHPEO\ DQG HJUHVV 1DWXUH &RPPXQLFDWLRQV

> ®1L< 6XQ 6HDWARQURQ 0 - $D]JHHR =KX <X/ /LR

=KDQZDOHV RI&ZEZBER[\WVRPHV W KHQEWSUIXMHPEON RI &DUJR
5XELVERRU[LY RUJ
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&KULVWRSKHY - 5XVVR

05& /'DERUDWRU\ RI OROHFXODU %LRORJ\ )UDQFLV &ULFN 9
8.

FUXVVR#PRE FDP DF XN

(OHFWURQ FU\RPLFURMFRRORINKEDPHLHN HUYHG E\ YLWULILF
ZDWHUKDVWHPDGH JUHDW VWULG H VKIHQ DWHKRHP LOFD V W UGK I FADXGJHH

ELRORJLFDO PDFURPROHFXOHV FDQ DW PHOVWHE® SPDQED
XVLQJ EULJKW ILHO @ BMRYVHVHEGRQY R O R MLRD 8 COHFWDWREQ \L P D J
KDUGZDUH GDWD DQDO\VLV VRIWZDUH DQG FU\RJHQLF VS|
FRQWLQXH DW SDFH DQG FRQWULEXWH WR WKH H[SRQHQW
VWUXFWXUHV GHWHUP L QREG LENWRELD R/( ®LVWME L\GZBU XL OO KDY H

VWUXFWXUHV IRU KXQGUHGY RI WKRXVDQGV RI XQLTXH SL
FRPSOH[HV %XW WKH DQVZHUV WR PDQ\ LPSRUWDQW TXH\
REYLRXV LI ZH FRXOG LGHQWHIFLWKBYV H QML GXF AWXQOIV BLW
HUURU ,Q WKH FRQWH[W RI DQ DEXQGDQFH RI NQRZZQ VWL
FRQVLGHU WKH FXUUHQW VWDWH Rl HOHFWURQ FU\RPLFUR
GLUHFWO\ [URP WHROXQYG D Q\GWHFE ZRORJI\ FDQ EH EURXJKW
WKLV JRROWK QRZ DQG LQ WKH IRUHVHHDEOH IXWXUH
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IDY\DUBIPDMWUBDVFRO/PDQBHQH +HQGHADWBW %HXOHQ
HYLQ .QRR®WPHQ /ROHVLDAIWHU 3 BWHRRQG
5DYHOOL

0O, ODDVWULFKW 8QLYHUVLW\ ODDVWULFKW 7KH

&U\REROOG :HHUW 7KH 1HWKHUODQGYV
UEJ UDYHOOL#PDDVWULFKWXQLYHUVLW\ QO

&U\RJHQLF HOHFW URRU\RL FKIRW FIRRSARPH DQ LQGLVSHQVDEC
VWUXFWRIUDOLBIKR@ OHVV WKDQ D GHFDGH WKH XVH RI VLG
WHFKQLTXHV H[SORGHG ,W KDV OHG WR YDOXDEOH LQVLJ
PDFURPROHFXODU FRPSOH[HV FUXFLDO IRU WKH GHYHOF
YDFFLQHV 6DBHOBWSBB LV DQ HVVHQWWLDRUWWHES LQ
PDFURPROHFXOHY DUH SXULILHG FRQFHQWUDWHG DQG WU
D SURFHVV FDOOHG YLWULILFDWLRQ $OWKRXJK VXFK SUH
DWRPLF DQG HYHQ DWWPXFWXVYROXMWQAURUKMQW ULVNV DOVF
,VRODWHG DQG VRPHWRPNY¥LOHWHE JMHROWHFXOHY FRXOG DO
DQG PLJKW ORVBIFWRHVUDPR |XQEWLRRXOGHDHOWLYH GHWDI
VWUXFWXUPMYFURRROHFXODUZEWRSQHWKRHLU QDWLYH FHOC
BWUXFWXUD@ BLRMORIWHUP WKDW DSSOLHV WR D VFHQDUL
HQYLURQPHQW LV HQWLUH®\6HW H\DHORYZH/G | RUUVWRKH SURG XF\
ODRHODLQ VXFK VDP SIRK\O RZKHGIKEIQEB\ROHFWURQ WRPRJUDSK
WRPRJUDP DYHUDJLQJ 6XFK ZRUNIORZ FULWLFDOO\ GHSH
YLWUHRXV FHOOXODU VDPSOHV 7UDGLIHNERQPIHONHB]RYS k
XVHG IR®P WKLFN VDWRESIDHMWHH]L®B RO QVRIUKMIVH IUHH]LQJ
IRU VDPSOHV XPP WR KHDOH ZLOO SRMHYRIOMEEW YV HG®RROLQJ
SURWRFROV GLVFXVV LWV FKDUDFWHULVWLFV DQG SR\
DSSOLFDWLRQV
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(ULF 9DQ & DS PHOWUHR) 6WRUPV

7TKHUPR )LVKHU 6FLHQWLILF 86®OVERUR 25
7TKHUPR )LVKHU 6FIH QWQGHKR YYTHKI 1HWKHUODQGYV

HULF YDQ FDSSHOOHQ#WKHUPRILVKHU FRP

(YHU VLQFH WKH LQOUHRWULRQ RLAUKRWFRSH VFLHQMRX WV KD
WKH HOHFWURQYV D IIHFFHNV\FKKQMWILRSEHR RN HG D W @DV W DWRH
FRQWWIMWN UHGXFH EHDPRGPBDBMURGXFWLYLW\ WKURXJK
SHUIRUPDQFH U4HKMROXMWERRQ@RV WRDXF WRKAPHDW HULDPW VFLH QG
LV FRPPDQGIPQWDEFEWLFY\ PDWHULDOV FODSR\WP HUXFK 'DV
PDWH UHROULOZHIMAD QG RWIKHXY.UH @ XUKIRI WKH HEBFWURQYV
WUDQWKWRGEJIJK W KIHQ VIOWPGIOW WR PLQLPL]H WKH GHHPWDHH WK
ZHIOIWWHHFHQW GHY HORS IR RQJRLQJ UHVHDIFHKQBQG G
SURMBWWMUPR )LVKHU LEF WHIQHRLLEBBYVH LPDJLQJ DQG DQDC
JLJXUH LV D PDWHULDORIV¥FH H GERRE [®F(S OLP®II DQJ2)

DQG ILJXKRZV D KHVROXWLRQ VWXEXF WX D HK R PRI BR E L Q
SURWAKIHE DJHNRU WKLV UHFRHWHVDRFWILRIDG ZLWK WKH ODWH
.ULRVHTXLSSHGHIOMKMUE M * DOQIBDOFRQ L GLUHFW HOHFWU
FDPHUD

. ‘ e 8 3 ¢ e & L
)LJ N9 L'3RI D 020,/ )LJ N'D +XPDQ +HPRJOREL
7TKH WRWDO GRPMHIHRUVWKE # UHVROXWLRQ

6DPSOH FRXUWHV\$8&RI + ,PDJH E\ $SEKD\ .RWHFKD 7k
,PDIJEN$QQD &DUOCKXWR®R )L 6FLHQWLILF
6FLHQWLILF
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-RVp 0 9DOSXHVWD
&HQWUR 1DFLRQDO GH %LRWHFQRORJtD &1% &6,& 'DUZ
MPY#FQE FVLF HV

7\URVLQH K\GUR[\ODVH 7+ FDWDO\]HV WKH K\GUR[\ODWLR
GLK\GUR[\SKHQ\ODODQLQH /'RSD WKH ILUVW DQG UDWH C
FDWHFKRODPLQHV &$V GRSDPLQH '$ QRUDGUHQDOLQH D
&$V DUH HVVHQWLDO QHXURWUDQVPLWWHUV DQG QHXURPR
DV PRWRU FRQWURO HPRWLRQ UHZDUG ELRUK\WKPV DQG
DUH DVVRFLDWHG ZLWK FRQJHQLWDO 7+ GHILFLHQF\ 7+' |
D KDOOPDUN RI 3DUNLQVRQYV GLVHDVH > @ ,QKLELWLRQ
SKRVSKRU\ODWLRQ DUH NH\ UHJXODWRU\ PHFKDQLVPV RI
VWDELOLW\ :H KDYH XVHG FU\R(0 WR GHWHUPLQH WKH VW
ZLWKRXW DQG ZLWK '$ DQG WKH VWUXFWXUH RI 6 SKRVSK
ELRSK\WVLFDO DQG ELRFKHPLFDO FKDUDFWHUL]DWLRQV DQC
7+ SUHVHQWY D WHWUDPHULF VWUXFWXUH ZLWK GLPHUL
VHSDUDWHG ¢ IURP WKH FDWDO\WLF GRPDLQV )LJ OHI\

KHOL[ LQ WKH IOH[LEOH 1 WHUPLQDO WDLO RI WKH UHJXO
EORFNLQJ LW UHG DUURZV LQ )LJ ULJKW ZKLOH 6 SK
7KH VWUXFWXUHV UHYHDO WKH PROHFXODU EDVLV Rl WKH 1
DQG LWV FRXQWHUDFWLRQ E\ 6 SKRVSKRU\ODWLRQ NH
KRPHRVWDVLV RI '$ DQG 7+ > @

SHIHUHQFHV

>@ 6 & 'DXEQHU 7 /H 6 :DQJ $UFK %EtRFKHP %LRSK\V
> @' - 6XUPHLHU -$ 2EHVR * 0 +DOOLGD\+1DW 5HY 1HX
>@ 07 %XHQR &DUUDVFR HW DQ 1DW &RPPXQ

KWWSV __GRL RUJ Vi \
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~«UJHQ 0 306YWH®ROXPSH

OD[ 30DQFN ,QVWLWXWH Rl %LRFKHBRV.WRSIK&UWSIOW]HFKQ
ODUWLQVULHG *HUPDQ\

SOLW]NR#ELRFKHP PSJ GH

/LIRKW ODPHOODU SUHSDUDWLRQ LV DQ HVWDEOLVKHG PHYV
LWV LQWURGXEMWLBY KDV FUDRKHU UDUHO\ EHHQ XVHG TXL!
SUHSDUDWLRQ RQ WKH JULG ZKLFK RDWR (@RXWAERIRRMH SD U\
PXVW DVN :K\ LV WKLV VR" IX}® ZURDORW R WEUARR HW & RIGV E H
UHDG\ IREBIWDNH

'V WKDW GXH WR WKH VDPSOH" :HOO ODUJHU VDPSOHV VX
WKDW QHHG WR EH IURJHQ XQGHU KB RR/ \§ UH ¥AKRAW BRI HDJGIVL Q C
WKDW P DIQQVDHWHEQWHBKH QXPEHU Rl DGRSWHBRBYHRRROG EH
UHDPODPH LW RQ WHKB O/DPB\EH SDUWO\ EHFDMWHKIQX SU
+3)DQG WKH UHVXOWLQJ L BH | TIXFOXGDLBAR FRYDY EENGANM KM U H LV

QR ZD\ WR DVVHVV WKH LFH TXDOLW\ EHIRUH IXUWKHU SUH
DIWHU WKH ILUVW 7(0 LPDJH GRHV RQH NQRZ ZKHWKHU WKF
V WKDW G XH6VBRLW KW UXPRIZA W R IRMWR XWEZEHEBYV LQ PDWHULL
VFLHQFH WKHUH VKRXOG EH QRWKLQJ VWRS/SIRBIOHW IUR
+RZHYHWUBMFWLRQ RI O FRIQV®P HQLV WD®EHYROX P, LPDJLQJ
RU LQWHJUDWHG &/70 ®HH ORBQBIDERBGLQJ DQG ORDGLQJ

VDPSOHV LV VWLOO PDQXDO D GG SMKQHFHERW HDQINUK H OX X)F Wi
UDWH ZDV RULJLQDOO\ OHVV WKMEOR ZBIQWD QW IIARA\ EODPH \
LQVWUXABQWPD\EH SDUWLDOO\ RWLDIEF i PBMAH ZLIV& UBPOLX
ORZ DQG XVLQJ KLJKHU FXUUHQWV LV FRPSURPLVHG GXH

UHVXOWLQJ ODVIHWWISRWDVLUHS RQ WKLV ZRXOG UHTXLUH
SODVIFRMR XUFHV ZLWK KLJKHU D EHD@W\L R\GR LPIDHHEBOIQ@ F X U U
VDPSOHV UHDGLO\DBOMWFDOVHOHNKH ZKROH SURFHGXUH IRU
ODPHOORP +3) VDPSOHV ZKBIGWXRNP SOBWRDOHHGY WR EH

VWUHDPOLQHG DQG DXWRPDWHGDWE KIMHARIRIGORUH HIILFLHC
,Q RXU SUHVHQWDWLRQ ZH UHSRUW RQ WKH ODWHVW GHYH
RI WKRXOAL ISWRAHY®VR DUH VKRZFDVLQJ WKH LQWHJUDWLR
PLFURVFRSHV LQWR WKH ),% FKDPEHU IRU |XJMHSDX\D RRRWY
ZRUNIOR@WQDOO\ SHUVSHFWLYHV DQG SUHOLPLQDU\ UHVXO
DQG SR\VEVEBEDYJ RIWWWR LQFUHDVH WUDQVIHU HIILFLHQF\
RXW RI PXOWLFHOOXODU VRHIFLPHQV UHDG\ IRU WDNH

SHIHUHQFHYV

> @ 6FKDIITHU HWUMHB W KR ®/NV

>@ -XED HWRXW Q DOFRIRSBF

>@ 60XPSH HWLDI® H

>@ 60XPSH HW DO OLFURVFRS\ 7RGD\
>@ GPHHWW DO OLFURVFRS\ 7RGD\
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3HL\L :D@KXDQJ /LXQJ :XXWDQJ )X

BRXWKHUQ 8QLYHUVLW\ RI 6&UMRF&H QTHFK QRORJ\
' XH\XDQ $YHRNEA]KHQBEKLQD

ZDQJIJBVXVWHFK HGX FQ

&KURPDWLF DEHUUDWLRQ &F LV SUHVHQWHG DV LPDJH EO
RI 7(0 FDXVHG E\ HQHUJ\ VSUHDG RI WKH LQFLGHQW HOHF
SDVV WKURXJK D VSHFLPHQ ,W LV WKH PDL@R#HPLIKIHUIL FIDK
DEHUUDWLRQ GWRKDMHEWHG ERUIWIBFR(RDY EHHQ SURYHQ YF
XVHIXO LQ SK\VLFV DQG PDWHULDOV VFLHQFH UHVHDUFK D\
IXQFWLRQ &7) RI 7(0 WR KLJKHU VSDWLDO IUHTXHQF\ DQG
LPDJH WKLFNW SHRAURHIGYDQWDJHV DUHOHV®HWMH O OHIGRA H
VWUXFWXUDO ELRORJ\ HOHFMALRQ ONRRR)TJB DR RAHRAW UR Q
WRPRJUDSK\ FDQ UHVROYH WKH VWU X RV WKHI\ R IQ D MRORII VK
DQG FRPELQHGVRIPRKUWIXE DYHUDJLQJ L WGDFHIRZXODW URXLFR/DR
WR REDWDXERDQRPHWHU UHVROXW IGRQYRWMSHILRPHWQWKH &F
FRUUHFWRU KDV QRW E@H\MWSSOWHG UBFHOQR O\ 7KH ILUVW
FU\@ LV FXUUHQWO\ EHLWEGHRQWW B O QH&Q DHFHLUAVAFMH RQ G
7THEKQRORJ\ 6867HFK LQ &KLQD 7KLV WDON ZLOO SUHVH(
LQVWDOODWDRG SWRU H[SHULHQFHV Rl WKLV PLFURVFRSH
ZLOO IRFXV RQ WKH FRKHUHQWORFRBJHQHRWUWRRN &RQ HWIQ
FRUUHFWHGDRUWRZKHWKHU WKHVH LQHODVWLF HOHFWURQV
(0 PHWKRGV VXFK DV VLQJOH SDUWLEFOHORE© DQ@DWL VU B § % ORN
SUHVHQWHG DQG GLVFXVVHG
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+RQJ\X 6XQ $QQH JUDQFH %HNHU - 7LMQ YDQ 2PH
+ +XJR 3pUH] . ("DUPPODGW

'(16VROXWLRQMWPRDWLFDODDQHOIW 7KH 1HWKHUODQG
HYD EEO®GKBGWNV VR PPRPLRQV

+DYLQJ WKH FDSDELOLW\ WR HQDEOH HOHFWURQ PLFURVEF
KDV EHHQ DWWUDFWLQJ PXFK LQWHUHVW |URVLWIK®ILWE LM E
YLVXDOL]H LQ UHDO WLPH WKH G\QDPLF PHFKDQLVPV RI
OLTXLG QDWXUH DV D IXQFWLRQ RI VWLPXOL VXFK DV KH
YDULHW\ RI RSSRUWXQLWLHV LQ ILHOGV OLKNRUHRWLREQ V)
PDWHULDOVDQGWHKHNIWFLHQFH DSSOLFDWLRQV

+HUHH ZQWURGXFH D VLWWKHO LITRAL & BKQWIHG WWXIGH HFUDQVP L
(OHFWURQ OLFURVFRS$HHUIMHG WR DV WKH)LGWUHIDXRV 6\VW H
VIVWKPHV D OLFURHPKBE@WFDO 6\VWEHPVHGOGEGHYLFH DV D VF
VDPSOH FPIWXIWHZKLFK FRQWDLQV DQ LQWHJUDWHG VHW R
HQDEOWL. W@ HOHFWURFKHPLVWU\ RU DQ LQWHJUDWHG PLF
H[SHULPHQaVV

+LVWRULFED3OQO0 FRRIKPXQLW\ KDV EHHQ IDFLQJ VHYHUDO FKI
XQFRQWUROOHGWRLFXQHBHEW \BUHFW WKH LPDJLQJ UHVROX
DQDO\WLFDO WHFKQLTXHV VXFK DV HOHFWURQ GLIIUDFW
FROQOWUWR@BLMUFURIOXLGLF HQYLURQPHQW DURXQG WKH VDI
KDV SURYHQ WR EH H[WUHP KOV R KOHNWKHMI@®VHG VDPSOH
FDUUWRUDNG G UHNMRKRB OH RUHBHUQWR SURYLGH PHOQIQIJIIXO |
WKLV WDDINOZKLIJKOLIJKW DQG GLVFXVV WKH NWKHHDWX
'(16V R O X VMRUFEDWPW H P

)LJ 7KH WLS RI WKH HQY)LJ 7KH O(0OEDVNGPSOH FD
KROGHU RI WKH 6WUHDP KLJKOLJKWIG@H LI ABORA FUF
FKDQQHO

SHIHUHQFHYV
> ®) %HNHU HWEBQQRVFDOH
>@ 7 YDQ 2PPH HW:BOODWHU &KHP &
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6DOHK *RUUMIKLWD 3BN{D/@GHVWHQJ 3DQ

$PHWHN *PE+ %8 (07 ('$:; *DWDQ S8QWHUVFKOHLVVI
*DWDQ ,QF 3OHDVDQWRQ &$ 86%

VDOHK JRUML#DPHWHN FRP DQD SDN]DG#DPHWHI

JRXU GLPHQVLRQDO VFDQQLQJ WUDQVPLVVLRQ HOHFWURQ |
PRUH SRSXODU LQ FRUUHODWLYH DQG FRPSUHKHQVLYH H
FRPPHUFLDO HOHFWURQ GHWHFWLRQ FDPHUDV DUH PDGH F
67(0 H[SHULPHQW WKH UHJLRQ RI LQWHUHVW LV VFDQQHG
XVLQJ D VFDQQLQJ SUREH ZKLOH D ' GLIIUDFWLRQ LPDJH L
RQ D KLJK VSHHG SL[HODWHG HOHFWURQ GHWHFWRU FDPH
LQVWDOOHG SUH RU SRVW DQ LPDJLQJ ILOWHU RQ WKH PLF
VLIJQDO WR QRLVH UDWLR GLIIUDFWLRQ LPDJHYV DUH FDSWX
HOHFWURQV XVLQJ DQ HQHUJ\ VOLW :H KDYH SUHYLRXVC
HQHUJ\ ILOWHUHG ' 67(0 XVLQJ IDVW GHWHFWLRQ DQG UHLE
GHWHFWLRQ FDPHUD LQ D *,) &RQWLQXXP . V\VWHP . F
PRQROLWKLF WUDQVPLVVLRQ GHWHFWRU ZLWK D WKLQ ORZ
VSUHDG IXQFWLRQ 36) DW KLJK N9V 7KH VKDUS 36) HQVX
HOHFWURQ GHWHFWLRQ WKXV KLJK GHWHFWLRQ TXDQWX

N9 KRZHYHU WKH 36) LQ PRQROLWKLF GHWHFWRUV VW
'4( 7R DGGUHVV WKLV ZH KDYH UHFHQWO\ LQWHJUDWHG L
*DWDQ B6WHOD LQ WKH *,) &RQWLQXXP . 6WHOD FDPHU
HOHFWURQ WHFKQRORJ\ ZLWK H[FHOOHQW 36) DW ORZ NGO
FRXQWLQJ ! ISV DQG KLJK G\QDPLF UDQJH HVVHQWL
DSSOLFDWLRQV 7KH *,) &ROQWLQXXP VI\VWHP ZLWK ERWK W
WKH HQWLUH UDQJH RI N9 )LJ DOORZLQJ IRU HQHU.
D ODUJH YDULHW\ RI VSHFLPHQV EDWWHULHY ' PDWHULTL
FHUDPLFV PHWDOV DQG VHPLFRQGXFWRUV $GGLWLRQDOC
ZLWK 'LJLWDOOLFURJUDSK VRIWZDUH DQG SUH RSWLPL]HG
TXDOLW\ GDWD DFTXLVLWLRQ DQG SURFHVVLQJ LUUHVSHF)
FRPSOH[LW\ RI WKH H[SHULPHQWY LQ D QXPEHU RI GLIIHU
PDSSLQJ YLUWXDO LPDJLQJ DQG GLIIHUHQWLDO SKDVH FR

GIF Continuum K3 System with Stela

Stela Hybrid-Pixel
Detector

Batteries, biomaterials, 0k kv 0 kv 80 kv 120k¥ 200kV 300 k¥ Ceramics, metals,
polymers, 2D materials semiconductors

K3
Stela

)LJ , QWHJUDWHG *,) &RQWLQXXP . VA\VWHP ZLWK 6WHOD &
LPDJLQJ DQG GLINTUDFWLRQ IRU WKH HQWLUH UDQJH RI
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3KLOLSS :DFK\DRXWIO 5HLQKDUG

-(2/ *HUPDQ\ *PE+ )UHLVLQJ *HUPDQ\
UHLQKDUG#MHRO GH

JEOL-IDES beam blanking and deflection technologies are powerful tools which can
upgrade existing TEMs with time resolution enabling new applications and explorations
of dynamics of specimens across a range of very fast time scales. The optional
Electrostatic Dose Modulator (EDM), a fast beam blanking system the beam ca be
switched on or off in less than 50 ns. This 100,000x improvement in blanking speed
immediately improves the clarity of data taken at fast exposure times. EDM can also
very easily attenuate the electron beam intensity without affecting imaging conditions,
giving TEM and STEM users exceptional control over the dose on their samples.
Cutting-edge electronics and software add-ons unlock advanced applications such as
temporal dose structuring and STEM synchronization.



USE OF PICO-TYPE MICROSCOPY TECHNIQUES TO
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A recently developed refractory MPEA, AIM00.5NbTa0.5TiZr, exhibits an interesting
microstructure with an ordered B2 phase being the matrix and a disordered bcc phase
being the precipitate, unlike the conventional Ni-based superalloys where the ordered
phase (O is the precipitate and the disordered phase is the matrix ( J. Specific heat-
treatments have been employed which have been designed to yield mechanistic de-
tails of the phase transformation pathway leading to the final microstructure. Based on
these experiments, it appears that the pathway includes conditional spinodal decom-
position, phase separation, and congruent ordering and disordering transformations.
A critical parameter that influences the final microstructure is the interfacial energy
between the ordered and disordered phases, and so the properties of the interfaces,
for example, the misfit between the bcc and B2 phases, have been studied in detail.
These experimental determinations are being used to develop a phase field model of
the phase transformation pathway of this alloy, and this model is being employed to
provide predictions of heat-treatments that will result in optimized microstructures. Of
interest is the ordering scheme for the B2 compound, and attempts have been made
to determine the sublattice occupancy using spatially-resolved XEDS spectroscopy in
an aberration-corrected (S)TEM. Finally, the deformation mechanisms that are acti-
vated in this alloy have been studied and been shown to involve dislocation glide of
closely coupled superlattice pairs.
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6ULVZDURRS $EXDVKHN 6K5DWMPN VKL %DQHUMHH

8QLYHUVLW\ RI 1RUWK 7H[DV 'HSDUWPHQW RI ODWHULDOV
1 (OP 6WUHHW '"HQWRQ 86%

UDM EDQHUMHH#XQW HGX

5HIUDFWRU\ KLJK HQWURS\ DOOR\V 5+($V DUH SURPLVLQJ
KLIJIK WHPSHUDWXUH PDWHULDOV 7KH PLFURVWUXFWXUH V
DFKLHYHG LQ 5+($V FRQWDLQLQJ $O DOEHLW ZLWK D FRPI
RUGHUHG % SKDVHV 6LQFH WKH RUGHUHG % SKDVH LV |
GLVWLQJIJXLVKLQJ WKHVH WZR SKDVHV FDQ EH UDWKHU FKD(
WHFKQLTXHV DUH QHFHVVDU\ IRU D UHOLDEOH TXDOLWDWI
DQG % SKDVHV LQ 5+($V $GGLWLRQDOO\ WKHUH LV D W
RUGHUHG % SKDVH LQWR PRUH FRPSOH[ RUGHUHG RPHJD
GHOHWHULRXV WR PHFKDQLFDO SURSHUWLHYV 7KH FXUUHQ!'
RI D FDQGLGDWHOB+(E7¥/@=U 7KH XVH Rl FRUUHODWLYH
HOHFWURQ PLFURVFRS\ 7(0 DQG DWRP SUREH WRPRJUDSK
SKDVH WUDQVIRUPDWLRQ SDWKZD\ ZKHQ WKLV 5+($ LV LVF
7KH UHVXOWYV VKRZ WKDW D PHWDVWDEOH WZR SKDVH %&&
VWDJHV RI GHFRPSRVLWLRQ ODWHU WUDQVIRUPV LQWR
PLFURVWUXFWXUH 7KH K3 SKDVH LV DQ RUGHUHG RPHJD
RUGHUHG % SKDVH 7KH FRUUHODWLYH 7(0 DQG $37 UHV
VWUXFWXUDO DQG FRPSRVLWLRQDO FKDUDFWHULVWLFV RI

[
, @

HYROYH GXULQJ f& DQQHPOL

Solutionized (b) '} 800°C/30 mins

—td

% DFWWHUHG 6(0 PLI)LJ &RUUHODWLYH 7(0 $37 RI \
WKH PLFURVWUXFWXUD®& SIKROXWLRQR\DWHRE FWXVH LQ
OLFURVWUXFWXUH LQ D VRRPXGILRIQRQHGDFE Q%W I9RQUH JLR
DIWHU DQQHDOLQJ IRU E %&&QXBWHIHIARBQ KUV

LI
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(OLVDEHWK 7KURQWHIPLIO ) &KULVWLDQVHQ
7RU ,QJH 7TKRIKIHIP L S3DXROXH 0LGIOH\YDQ +HOYRRL
5DOGL +ROPHVWDG

1RUZHJLDQ 8QLYHUVLW\ RI 6FLHQFH DQG 7THFKQRORJ\ 171

+i\VNROHULQJHQ TURQGKHLP 1RUZD\
1718 'HSDUWPHQW RI &KHPLFDO (QJLQHHULQJ 7TUR
1718 6), 3K\VOHW TURQGKHLP 1RUZD\

8QLYHUVLW\ RI 4DPEULGJH 'HSDUWPHQW RI ODWHULDOV
&KDUOHV %DEEDJH 5RDG &DPEULGJH &% )6 8.
UDQGL KROPHVWDG#QWQX QR

,Q VFDQQLQJ SUHFHVVLRQ HOHFWURQ GLIIUDFWLRQ 63(' |
UHJLRQ RI WKH VSHFLPHQ ZKLOH D SUHFHVVHG GLIIUDFWI
SUREH SRVLWLRQ FUHDWLQJ D ' GDWDVHW IURP D UHODYV
GDWD IURP DJH KDUGHQDEOH DOXPLQLXP $0O DOOR\V FDC
UHODWLYH SKDVH RFFXUUHQFH Rl QDQRVFDOH SUHFLSLWI
DQDO\VLVY PHWKRGY WKH PHWKRGV ZHUH DSSOLHG WR PRG
DOOR\ FRQWDLQLQJ SUHFLSLWDWH SKDVHV GLVWLQJXLVKD
DFTXLUHG LQ D > @$0 JRQH D[LV XVLQJ D -(2/ ) HTXLS
VIVWHP DQG D 4' OHUOLQ GHWHFWRU 6LQFH WKH SUHFLS
UHODWLRQVKLSY 25V WR $0O WKH GDWD RQO\ FRQWDLQ
SDWWHUQV 7KLV IROORZV IURP WZR SUHFLSLWDWH SKDV
SRVVLEOH 25V UHVSHFWLYHO\ )LJXUH VKRZV WKH YLUW X
W\SLFDO GDWDVHW DORQJ ZLWK H[DPSOHV RI WKH ILYH XQL
GDWD DQDO\VLY PHWKRGY ZHUH WHVWHG RQ WKH GDWDVHW
RI VSHHG DQG DFFXUDF\ 7KH PHWKRGV LQFOXGH QRQ QI
WHPSODWH PDWFKLQJ D YHFWRU EDVHG DSSURDFK DQG
HVWDEOLVK D UREXVW DQG XQELDVHG ZD\ Rl REWDLQLC
GLVWULEXWLRQV LQ $O0 DOOR\V $00 GDWD DQDO\]HV DUH (
IRU PXOWL GLPHQVLRQDO GLIIUDFWLRQ PLFURVFRS\ 3\;HP >

S00am

)L 9') LPDJH RI D W\SLFDO GDWDVHW IURP DQ $0 &X /L C
D[LV DORQJ ZLWK H[DPSOHV RI WKH ILYH XQLTXH SUHFLSL\
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> @XQGH 0ODULRDUD &' YDQ +HOYRRUW $7- +ROPHVWDG 5
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/| + :DQX 3 /L) =KD®QJ=KDOJ=HGJ =KRX +H /LX

- +DQ - 6URORVYIMGE] = *XR <DQJ/ .RQI/ +X

% & <LQ +XD®J& ODR: &KHQ 0D7 =KX =KDQJ
DQADRGRQJ +DQ

%HLMLQJ 8QLYHUVLW\ RI 7 HKKQBEQRIIQ D
=KHMLDQJ 8QLYXKWIQUWDQJ 5G +DQJ]KRXKLQD 3

[GKDQ#EMXW HGX FQ

+RZ WR FKDUDFWHUL]H DQG PHDVXUH WKH LQWHUIDFH SKH
LV RQH Rl WKH PRVW IXQGDPHQWDO TXHVWLRQV > @ *UDLC
7% DUH WZR W\SH LPSRUWDQW DQG IXQGDPHQWDO LQWHL
WR AXDMHUL]H DQG PHDVXUH JUDLQ WZLQ ERXQGDU\ SODVV
SDUWLFXODUO\ DW DWRPLF VFDPRUUHPDHG WHDQYRQVNQR
PLFURVFRSH EURXJKW WKH FKDUDFWHUL]DWLRS VRIDPMWH U |
ZKLFROEEOH WR FKDUDFWHUL]H WKH DUUDQJHPHQW RI LQGL)
SODQHV DQG WKHLU FKHPLVWU\ HYHQ HOHFWURQLF VWDW!|
WKH FKDUDFWHUL]LQJ DQG PHDVXULQJ RI SODVWLFLW\ SUR
DWLPFURVFRSLF OHYHO SDUWLEFXODUO\ DW QW®RUPQG DW
HOHFWULFDO IXQFWLRQDO LQVWUXPHQWYV DU$ GHDWHLIDROS H
UHVROXWLRQHLRKYWGPBHELOLWLHY > @ %\ PRQLWRULQJ DQ
ERXQGBIQBWWLFLW\ DW DWRPLF OHYHO LW LV GLVFRYHUH
WLOW JUDLQ ERXQGDULHV VOLGH E\ LQWULQVLF GLVORFD)
VOLGH > @ 7KH LQWHUDFWLRQV RI VOLGLQJ H[WULQVLF
GLVORFDPW FUHDWHY GLVORFDWLRQ RN SORAHXYERFRI I
LQWHUDFWHG *9% IGAPRORFHDAMNLIRRY SDLUV DFFRPPRGDWH *%
WUDQVIHUV )RU WKH 7% GLVORFDWLB@OWSLQL SHPOWOXSUB @
XQFRYHUP®O)LZH UHSRUW D QHZ QXFOHDWLRQ URXWH RI
DOWHUQDWHG VWDENLQJ IDXOWV WR GHWRXU WKH H[WUH
FU\WWWDOOLQH 3W ZKLFK LV LQ FRQWUDVW WR WKH FODVVL
URXWH IRXUF@EXQ Q
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7HFKQLRQ + ,VUDHO ,QVWLWXWH RI 7THFKQRORJ\ 'HSDUWTF
(QJLQHHULQJ +DLID ,VUDHO

NDSODQ#WHFKQLRQ DF LO

7TKH IXQGDPHQWDOAD RURWKERIEBLFHHY RI ITUHHGRP RI JUDLQ
*%V KDV EHHQ D WRSLF RI UHVHDUFK OHDGLQJ WR FRQF
FRLQFLGHQW VLWH ODWWLFH &6/ DQG JHQHUDO DVSHFW\
JURZWK > @ 6 WRIGHWHR/V RRIBEBEHHY RI [UHHGRP RI *%V KD
GHSHQGHQW RQ DGYDQFHG HOHFWURQ PLFURVFRS\ DQG VS
DWRPLVWLF VLPXODWLRQV EXW XVXDOO\ OLPLWHG WR VS
QHFHVVDULO\ SOD\ D UROH LQ PLFURVWUXFWXUDO HYROXMW
PDWHULDOV I1HYHUWKHOHVY WKHVH H[SHULPH