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Microscopy as instrument for material

development

Requirements:

— Macro scale = atomic scale
— 3-dimentional

— Chemistry identification
— In-situ

Early microscope



Comparison of different techniques
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®d®usnKka HaHomacwtTadoB — Hanoonee
AWHaMU4YHasa obnacTtb pagnaLuoOHHOro

MaTepuanosefeHUs

1 <

0 Mpoueccbl pagnauMOHHOro
noBpexXaeHna matepuanoB
npoxoAasaT Ha HAaHOMacLiTabax,

1 HaHomacwTabHble n3aMmeHeHus1
CTPYKTYPHO-(pa30BOro COCTOSAHUSA
onpeaenaroT gerpagauuro
KOHCTPYKLUMOHHbIX MaTepnanos,

d LleneHanpaBrneHHoe
chopmmnpoBaHme HaHoMacLTabHoOM
CTPYKTYpPbl MO3BOMSAET NOJIYYUTb
YHUKanbHble CBOUCTBA
MaTtepuanos.



Y NCTOKOB 3apoXxaeHus
yNnbTPpaMUKpPOCKONUYeckux nccnegosaium B UTOP

ey
Havyano 60-x

.M. KykaBaase, pykoBoauTtenb mMacc-
CMNEeKTPOMETPUYECKOU rpynnbl
Nabopatopuu Ne1, npuHan peweHue o
pa3sBUTUM aBTOMOHHO- MUKPOCKOMUYECKUX
uccnepgosaHum B UTIP.

BonnouweHuem 3Toro «npoekrta» B XU3Hb
3aHanucb acnupadt MOTU B.A.
Ky3HeuoB, aunnomHuk MUOU A.JL.
CyBOpOB ...

dekabpb 1966 r. — nepBbIN aBTOUOHHDI
Mukpockon UTIP cobpaH u ycnewHo
3anyuwieH.

C auBaps 1967 r. — craproBanu
cucremMaTtuyeckume nccnenoBaHuA
oOpa3uoB-Urn, oo0Ny4YeHHbIX AeUTPOHAMMU
5-10 M3B, a yacTnuamm 23 MaB,
npotoHamu 24 MaB.




" MroOHHasa 1 NO3UTPOHHAA CNEKTPOCKONUA

B 1964 roay B.I.®PupcoBbim n B.M.bsikoBbIM
Obina npeanoXxeHa naoes UCNosnb30BaHUA U+
Me30Ha Ans uccrnegoBaHUA CBOUCTB
KOHOEeHCUPOBaHHbIX cpeAax.

B HacTosiwee Bpemsa B UTIDPe hpyHKLMOHUPYIOT
yrnoBsasi U BpeMeHHas yCTaHOBKMU
NMNO3UTPOHHOMN CMEKTPOCKOMNUM.




CoBpemMeHHan aKkcnepumMmeHTanbHaa 6asza UTI®
OnA nonyYyeHna nHopmayuum Ha HaHO- U
aTOMHbIX MaclwiTabdax

AmomHo-30Hd08as
momoepacgpusi

llpoceeyvyuesarowas
ArieKMpPOHHasi MUKPOCKOMuUSs

CkaHupyrowass amomMHo-cusioeasi U
MmyHHesIbHasi MUKPOCKOMNUS

lMo3umpoHHas 9
aHHU2UNSIUUOHHAas1 CeKmMpOoCKoMnus
I



OT aBTOMOHHOU MUKPOCKONUU
K aTOMHO-30HA0OBOM
TOMoOrpacduu
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ABTOUNOHHAA MUKPOCKOITUAL.
[MepBaa meToguKa, NO3BONUBLLUAA «YBUOETb»
oTAelNbHbIE aTOMbI!
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Field-ion Microscope - E.W. Mueller (1951)

Grain boundary  Screw Dislocation Interface
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” BO3MOX>XHOCTU ABTOMOHHOW MUKPOCKOMNUM

EOWHUYHBLIE BAKAHCUM (1), KOMIMNEKCHI COECTBEHHbIA MEXY3ENbHbIN
ATOM — ATOM NMPUMECH (2), KOMMAKTHBIE KOMMNEKChI BAKAHCUA MATIOW
KPATHOCTM (3), CEYHEHUE HEBOJbLLOW OBEAHEHHOM 30HbI (4), ABA
CEYEHUS U30NMPOBAHHOW OGEAHEHHOW 30HbI (5)

Ll ]
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NMONMYYEHHBbIE B NMPOLECCE NOCJIEAOBATEJIbHOIO UCIMNAPEHUSA NMONEM

ABTOUOHHbBIE N30BPAXEHUA OBYX NOBEPXHOCTEW
( C PASHULUEMN B NATb ATOMHbIX CNNOEB) 13




Field Evaporation of atoms:
contrast of chemical species

ABTOMOHHOE U3OBPAXEHWUE YHACTKA NMOBEPXHOCTWU OBPA3LA
N3 CIMJIABA W-1.5% ThO, (BT-15),
OBJIYYEHHOIO MOHAMMU Ar* C QHEPIMEMN 35 kaB.
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Tomorpadpmyeckum atToMmHbIN 30HA
MCCH&D,OBaHVIe MHOITOKOMMOHEHTHbLIX MaTepuuanoB
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Pe3ynbTaTbl aTOMHO-30HA,0BOU TOMOrpadguu
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*Bricokoe pazpenieHue no macce: M/AM > 600

*BrICOKasi 4yBCTBUTEIBHOCTb: =~ 50 ppm 16




Pe3ynbTaTbl aTOMHO-30HA,0BOU TOMOrpacguu
3D pacnpepeneHna aToMoB

UccnepoBaHHbIN 06beM (15 x 15 x 100 nm3)

Carbide
Dislocation

Solute clusters

CuSiMn Ni P CPFe
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Tomorpadunyeckme atToMHO-
30HOOBbLIE UCcnepoBaHuUNA
HaHOpa3MepPHbIX 0OCOOEeHHOCTEeN
CTPYKTYpPbl MaTepuanoB KOpnycoB
peakTopoB BBJ3P
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UccnegoBaHUA MeXaHU3MOB
oxXpyn4ymBaHus

| o Irradiated
200 VWER-1000 s o
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3HaHue MeXaHU3MOB OXPyNnuUMBaHMUA NO3BOJINAET:

6onee TOYHO NPOrHO3MPOBAaTL PECYPC peakTopa,
QoTtpabaTbiBaTh METOAUKN BOCCTAHOBNEHUS KOPMYCOB PEaKTOPOB,

LobocHoBaTb NpUHLMNLI pa3paboTKn HOBLIX MaTepuanos. 19




MpuunHa oxpynuMBaHUA KOPNyCOB 3HEPreTu4ecKux
peakTopoOB - paguauuoOHHO-UMHAYLMPOBAHHbIE

npeuunnTaTbl
—_—

lMpoceevusarouwjan 3sIeKMPOHHasE MUKPOCKOMUS




MpuunHa oxpynumBaHuA KOpnycoB 3HepPreTu4ecKux
PeaKTopoB - paAnaunoOHHO-MHAYUMPOBaHHLbIE

npeunMnnTaThbl
—_—

Manoyanoeoe paccesiHue HelimpoHO8
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PesyanaTbl aTOMHO-30HOO0BOU TOMOrpacdpum
00ny4YeHHOro martepuarna CBapHoro wBa
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CoctaB KnactepoB 1 pacnpeaeineHune no

pasmMmepam
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RADIAL CONCENTRATION DISTRIBUTION OF TWO

DIFFERENT COPPER ENRICHED CLUSTERS
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WUccnepnoBaHue pacnpeneneHus
XUMUYECKUX INTeMEeHTOB Kapouaax
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UccnenoBaHMe HAHOCTPYKTYPbI
NepCcnekKTUBHbIX KOHCTPYKUUOHHbIX
MaTepuanoB AAepPHbIX U TepMoAAePHbIX
peakTopoB HOBOIro NOKONeHus
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KOHCTPYKUMOHHbIE MaTepuanbl akTUBHOU
30Hbl HOBOro NOKONeHUsA

TpebOoBanusn:
— PagnanmonHasi cToukocTh (>160 cHa)
— ZKaponpounocts (>700°C)
— Hu3kas akTHBanyMa NpH 3KCIJIyaTanun

Crtparternyeckoe HanpaBsneHue:

Pa3paboTtka maTtepmnanoB, YNIPOYHEHHbIX
AUCNEePCHbIMU BKITHYEHUAMM:
AUCNepCcUoOHHO TBepaewwume ctanu, 1yO

cTanm, ...
28




KOHCTPYKUMOHHbIE MaTepuanbl akKTUBHOM
30Hbl HOBOrO NOKOMNMEHUSA

Structural Material Operating Temperature Windows: 10-50 dpa
W T T 1 s e THER
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em brittlemen
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ducnepcuoHHO TBepaerLwme u
AUCNEepPCHO-YNPOYHEeHHbIe OKCuaamMu cTanu

Q 3K-181, Eurofer 97 ..., (amcnepcuoHHO TBepAaewoLwWme ctanm)
0 3K-181 YO, 3M-450 YO..., ODS Eurofer,... (ynpO4YHEHHbIE
OoKCMpamMu cTtanu)

O cnnaBbl BaHagus (V-4Ti-4Cr).

BaxHelUwas xapakmepucmuka — yrnpoYHeHUe Mmamepuarsos
HaHopa3MepHbIMU 8KJTOYeHUsIMU !

»YT0 13 cebA npeacTaBnNAOT AUCNEPCHbIE YacTULlbI?
»KakoBa uXx NNOTHOCTb U pacnpeaeneHue no pasmepam?

»Kak TexHonorna npomM3BoAcTBa BNIMAET HAa pa3Mep U cCoCcTaB
AUCMNEePCHbIX YacTuu?

»Kakou nokanbHbIX COCTaB MaTpuULbI?
»4T10 npoucxoaut noa obnyyeHuem? 30



UccnepoBaHue gucnepcHo
YNPO4YHEeHHbIX OKCuAaMu ctaneu

ODS Eurofer — nepcneKkTUBHbIN
MaTepuan akTUBHOM 30Hbl AAEPHbLIX
N TepMosiAepHbIX peakTopoB

31




Size dustribution of oxide particles
in ODS Eurofer. TEM results
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Chemical element distribution in oxide particles
| in ODS Eurofer. TEM results
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Tomographic atom probe study of oxide
dispersion strengthened steels

.....
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Cluster number density:
~ 2% 1023 m-3
Cluster size: 2-3 nm
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Cluster composition in ODS Eurofer

at, %
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Radial distribution of chemical elements

at, %

a) Vanadium distribution
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Nickel base superalloy

3AP permits to achieve the ultimate depth spatial resolution :
the crystal lattice parameter
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Q 3D reconstruction of CuNb alloy

7x7x24 nm3

» 3D image obtained from the analysis
of a CuNb alloy (development for
superconductive coil wires).

» Each dot is a Cu atom.

» This distribution shows the presence
of a thin wire of Cu (2nm in diameter)
in the material.

Acquisition time: 1.5 hour 39




Diffusion along grain iaoundary

Interaction of two aluminium and silver layers after
thermal annealing:

10 nm : The decreasing dimensions in
— integrated circuits require
reliable characterization of

) thin films and reactions taking
15 min : place. By using Al/Ag layers

annealing at

grown by sputter deposition as

S model system, it could be
100 °C ‘_ i demonstrated how the

‘ reaction is controlled by the
microstructure.
.. Here after a short annealing,
0 Al . transport of Al atoms along
: Grain Boundaries (GB) in the
Ag layer becomes visible in a
3D reconstruction of the

analysed volume
40




Conclusions

» TAP investigations are necessary to
understand the development of the nano-
structure during the different production
steps and the influence on the material
properties.

» This could be helpful to optimise the
micro/nano structure in order to further
improve the material properties.

41
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