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Nanomechanics of materials and systems

L ecture 9

[uncrnokauun B HaHOMPOBOJIOKax u
HaHOBKIJITHOMEHUAX.

Dislocations in nanowires and nanoinclusions



OQHOMepHbIe HAaHOCTPYKTYPbI
one-dimensional nanostructures

A B C D E F G H
A schematic summary of the kinds of quasi-one dimensional nanostructures:
(A) Nanowires and nanorods;
) core—shell structures with metallic inner core, semiconductor, or metal-oxide;
C) nanotubules/nanopipes and hollow nanorods;
D) heterostructures;
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(E) nanobelts/nanoribbons;
(F) nanotapes;
(

(
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(

G) dendrites; _
H) hierarchical nanostructures; From: Kolmakov A, Moskovits M.
) nanosphere assembly; Annu. Rev. Mater. Res. 2004;

J) nanosprings.



ZnO nanostructures

Typical SEM images showing morphologies of ZnO structures:

dense filmlike rods (a), dense filmlike nanoplatelets (c), flowerlike nanoplatelets (e),
nanobelts (g), and nanowires (i).

The corresponding high magnification images are displayed in (b), (d), (), (h), and (j),
respectively. After C. Ye., X. Fang, Y. Hao, X. Teng, L. Zhang, J. Phys. Chem. B 2005;



[lncnokaums B HAHOMPOBOSOKE
Dislocation in a nanowire
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CKpy4mBaHMe NpoBOSIOKM N3-3a HaANMN4YMa BUHTOBOW AMCOKaLMM Ha €€ ocu
Twist of a nanowire due to dislocation
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[ncrnokaunsa B HAHONPOBOJIOKE CO CBOOOAHOM MOBEPXHOCTHIO
Dislocation in a nanowire with free surface
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BuHTOBasa ancnokaymsa B LEHTPE HAHOMPOBOMOKU
HaxoOUTCA B METacTabUNbHOM COCTOSAHUN

Screw dislocation has a metastable state in the
middle of a nanowire

KpaeBble gucnokaumm He UMerT CTabUNbHbIX NI
MeTacTabunbHbIX COCTOSAHUIA B HAHOMPOBOSIOKaX
Edge dislocation is always unstable in nanowire




Synthesis of core—shell nanowires
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a, Gaseous reactants (red) catalytically decompose on the surface of a gold nanocluster leading to nucleation and
directed nanowire growth.

b, One-dimensional growth is maintained as reactant decomposition on the gold catalyst is strongly preferred.

¢, Synthetic conditions are altered to induce homogeneous reactant decomposition on the nanowire surface,
leading to a thin, uniform shell (blue). d, Multiple shells are grown by repeated modulation of reactants. (L.J.
Lauhon, et al, Nature 2002.)



[ucnokaunun B cTpykTypax core/shall
Dislocations in core-shall structures
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A Schematic Illustration of the Two
Types of Edge Dislocations Line (left)
and Loop (right), Expected to Be
Present in a Core/Shell NW of Two
Highly Mismatched Materials



[Topor obpasoBaHusa NPOAOSIbHbLIX ANCNoKaumMn. ToHKast 0bonoYKa.
Threshold for dislocation formation along the core. Thin shell.
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Gutkin et al., J. Phys.: Condens. Matter 12 (2000)



[Topor 3apoxaeHnst ANCNoKauMoHHOW NETNN Ha aape NnpoBOSIOKN B
DeckoHeYyHo-ToncTom obonoyke. Threshold for dislocation formation
around the core. Thick shell.
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KorepeHTHOCTbL CTPYKTYp s4p0-0b60noyka
Coherency of core-shell structures
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Plot of the critical dimensions calculated for a coaxial nanowire structure comprised of a

GaN core and Al (Ga, N shell. The shaded region of the plot shows all possible strained

coherent geometries, which are quantified by a critical core radius r_. and the critical
shell thickness curve /__. . [Raychaudhuri and Yu, J. Appl. Phys. 99, 114308 (2006)]



[TpogonbHble gucriokaumm B CTpykTypax core/shall
Line misfit dislocations in core-shell structures

image obtained using the 1210 GaAs diffraction (indicated by the arrow), (¢) electron
diffraction from the [0001] zone axis, (d) high magnification of one corner showing the
facets build up and the dislocations formation along the interface (seen as bright periodic
spots). White arrows point at the dislocation nodes.



[ucnokaunoHHble NeTnu B CTpyKkTypax core/shall
isf -shall structures
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(a) HRTEM 1mage of the coreshell interface region of InAs/GaAs NW, showing three edge
dislocations. (b) Higher magnification of two of the dislocations shown in (a). (c) A single
dislocation revealing the extra lattice plane in the shell region (dislocations are marked by
T). Note that the dislocations Burger’s vector points in the <0001> direction. (d) A
schematic drawing of an edge dislocation. (Popovitz-Biro et al. 2011)



[ncriokaunm HeECOOTBETCTBUS B KBAHTOBbLIX TOYKaX U NPOBOSIOKaXx,
Haxoasawmxca B cpege. Misfit dislocations in quantum dots and wires.
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OHeprmns ANCNoKaLunoHHOW NeTnu
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Kputndeckme pasmepbl obpasoBaHuns [JH B KBAHTOBbIX TOYKaX, KBAHTOBbIX
NPOBONOKaX U TOHKMX MieHKax
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[v=0.3,b=0.3 HMm, a=4]



ObpasoBaHue ANCIIOKALMOHHLIX NeTEeNb-caTenMToB B6N3u
HaHoBKNtoYeHnn. Formation of satellite dislocation loops.
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Mopgenb obpasoBaHuA napbl ANCITOKAUNOHHbBIX NETENb: NETNS
HEeCOOTBETCTBUA — NETNA-CATENINT.
Model for pair of misfit and satellite dislocation loops
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Kputnyeckne pagnycol KBAHTOBbIX TOMEK AN popMUPOBaHNSA OUCTIOKaLUn
HECOOTBETCTBUS C Y4ETOM N DE3 yyeTa COXpaHEHUS BELLECTBA.
Critical radii with and without matter conservation
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Kputuueckue pagmycol ccpepuyecknx KBaHTOBLIX TOUYeK, R_Ans o6pasoBaHus
AVUCINOKaLMOHHbIX NeTeNlb B 3aBUCUMOCTU OT NapamMeTpa HECOOTBETCTBMUS:

1- B Mogenu oguHoyHou netnu [JH; 2 — B mogenun napbl AH/AOC netenb
[v=03,b,,=b,, =0.3Hm, a=4]



Mopernb obpa3oBaHUA NMETNN-caTENMTA C NOTEPEN KOrePETHOCTM MO
BCEW NOBEPXHOCTU BKIOYEHUSA

matrix matrix
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Ycnosus, y4nTblBa€Mbl€ B MOoAdESIN. YyCpeAHEHHOE N3AMEHEHINA
napamMeTpa HeCooTBETCTBNA HAa HAHOBKITHOMEHUN, GHGDFGTMHGCKMVI

banaHc, 6anaHc BewecTBa npu obpasosaHuu [C netnu, Kpuctanno-
reoMeTpusi NeTNN U HAHOBKMNOYEHNS



Obpa3oBaHne ANCNOKALMOHHBIX METENb-CaTENNMMTOB Ha HaNPs>KEHHbIX
KBaAHTOBbIX Toukax SbAs B GaAs.
Satellite dislocation loops in QD-SbAs/GaAs system

Mwukporpadumn penakcupoBaHHbIix SbAs
KBAHTOBbIX To4deKk B GaAs nneHkax.

(a) M3M n3obpaxeHne aHcambna
| HAHOBKJTHOY€HMW C aCCOLMUPOBaAHHbLIMU
ANCIOKALUUOHHbLIMU NeTNsAMU-caTenmTtamMmm.

(b) BPAOM mnsobpaxeHue otaensHon SbAs
KBAHTOBOM TOYKM.



KpuctannoreometTpusi cuctembl KBaHTOBasi Todka SbAs —
OuCriokaunoHHasa netnga-catennur

[Ba NOM cHMMKa, nonyveHHble
Ansi OOHOM N TOM e NeTnu B
pa3HbIX ANPAKLMOHHbIX
YCNOBUSIX N OOKa3bliBaKOLLME ee
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Moaenb obpa3oBaHus neTnu-catennuTa ¢ notTepen KorepeTHOCTU No Beel
MOBEPXHOCTU BKIMIOYEHUS
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Bepudunkauuna npegckasaHmm teopum
Theory vs. experiment
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CpaBHeHMe pe3ynbTaToB pacyeToB C pe3ynbraTaMmy HabnraeHUn

SbAs kBaHTOBbIX To4eK B GaAs [gaHHble akcnepuMeHTa nokKasaHbl
To4yKkamu]



3akntodeHne Conclusion

[ducnokauum HecTabunbHbl B OQHOPOAHbBIX HAHOCTPYKTYpax co cBob6oaHOM
NOBEPXHOCTbI. BMHTOBasi AMcnokauus UMeeT MetactabunbHOEe COCTOSIHME
B LIEHTPE HaHOMPOBOJIOKM.

Screw dislocation is metastable in the center of nanowire.

[duncnokauum B reTepoCTpyKTypax C paccorfacoBaHHHbIMU NapamMeTpamm
peLleTkn obecnevnBatoT penakcauunto SHeprm ynpyron gedopmauum.
Dislocations reduce elastic energy of heterostructures.

dopmMmmpoBaHMe aUCnoKauum HECOOTBETCTBUS HOCUT MOPOroBbIN XapakTep.
Formation of dislocations is a threshold process.

Kputndeckue paanycbl opMmpoBaHmMa gucrokaumm HeCoOOTBETCTBUS
yBennynBarTCH C YMEeHbLUEHMEM pa3MepPHOCTN HAHOCTPYKTYP.
Critical sizes increase when dimension decreses.



[NomaluHee 3agaHne (Homework) 8

HanomnpoBosioka kpeMHust, nuaMmeTpom 20 HM U JIMHOW | MKM B HanpaBJiIeHUA
[111], conepKuUT BUHTOBYIO AUCITOKANI0. OTIPEneInTh KPYTAIIUNA MOMEHT U YTOJ
CKpYy4MBaHHUs TTPOBOJIOKH; BBICOTY Oapbepa JJIsl JUCTOKAIIUH.

Si nanowire with 20 nm in diameter and 1 um in length along [111] contains a

screw dislocation. Calculate torque, twist angle of the wire and barrier height for
the dislocation.



