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Introducao
O que é Nanotecnologia?
O arsenal disponivel para “ver” a matéria condensada

Historico do Mundo da Microscopia
Microscopio Eletronico de Transmissao
Microscopio Eletronico de Varredura
Nanolitografia por por Feixe de Elétrons
A Utilizacdo de Feixe de Ions

Comentarios Finais
LabNano



Opcoes para visualizar a microestrutura

O




Interacao Elétron-Amostra

O

Feixe coerente incidente

Elétrons retroespalhados Elétrons secundarios
r Raios-X Caracteristicos

Raios-X Continuos

Elétrons Auger Luz

Elétrons espalhados

elasticamente Elétrons espalhados

inelasticamente

Feixe direto



Interacao Elétron-Amostra

O

_Incident

_electron beam
with uniform

~ intensity




Arquitetura

Illuminating source (lsmp)

Condenser lens

Specimen

Objective lens

Objective lens aperture

Field limiting sperture

Intermediate lens

Projector lens

[Optical microcope image] [Electron microscope image] [Electron diffraction pattern)




Um MET moderno

Electron gun

Wehnelt unit

Electron gun 2nd

beam defl il

Anode chamber isolation valve ——————

1st cond lens coil

3rd cond lens coil

voltage tube

Gas inlet

Electron gun 1st beam deflector coil
2nd condenser lens coil

C lens sti coil

Spot alignment coil

Cond lens 1st beam

Cond: aperture

Gi

N

Specimen holder —————+

Objective lens liner tube

Objective lens coil

deflector coil

Condenser lens 2nd beam
0 deflector coil
| _—— Condenser minilens (CM lens)
coil

__—:‘—— Objective aperture assembly
—

Objective lens stigmator coil

Objective minilens (OM lens)

Field limiting aperture—

T " o

lens

Projector lens beam deflector-coil

coil
e e 1st image shift coill

| T 2nd image shift coil

diate lens coils

Viewing-chamb:
Viewing window:
Di . .

Projector lens coil
Viewing chamber isolation valve

High resolution diffractionn chambe
Small screen

Large screen




Amostras para ME

O

Suposicao de um so evento de choque

K

Espessura < 100 nm % 7
s
Pergunta basica: : //#/7/11"«

eAmostra de Folha Fina
ou

eGrade

PRt




Contraste de Massa e Espessura

Incident
beam

Higher
TN mass
thickness

Objective
lens

-

aperture

Image plane

Intensity
profile




O Plano Focal da Lente Objetiva

Object plane

Image plane




Condicao de Bragg

nA =2d, ,send

Incident % .\
&
plane wave K Scattered ‘s‘
plane wave *
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Amostras Cristalinas

Illuminating source (lsmp)

Condenser lens

Specimen

Objective lens

Objective lens aperture

Field limiting aperture

Intermediate lens

Projector lens

[Electron microscope image] [Electron diffraction pattern]




Amostras Cristalinas

(B)

\ e s Bt e

Remove aperture
—_—

Objective

aperture
Follow (bfp)
the spot

SAD aperture
Follow the
Intermediate ImAgo Aoy,
image 1

(\ Change /
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Objective lens

Objective
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SAD aperture
| =eee—— |
—————> Remove
aperture

Intermediate
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Plano Imagem Plano Focal



Plano Imagem Plano Focal



Plano Imagem Plano Focal



ldentificacao da Figura de Difracao

(hk€) Reflecting
planes

| Incident beam




Figura de difracao de um monocristal Figura de difracao de policristais

Williams e Carter



Abertura SAD no plano Imagem

Aumento de aprox. 25x (M)

Abertura de 50 um seleciona area de 2 um na
amostra

Menor abertura ~ 10 pm
Resolucao ~0,5 pum

Plano da Amostra Plano Focal



Feixe Convergente

O

Variacao do angulo de convergéncia

(A) (B) (€)

'\/_SS};“ Medium Large
Thin
Kossel-Mdllenstedt Kossel
pattern pattern

Williams e Carter




(R) TEM ® I TEM

Incident beam

Specimen
\ N
\  Objective "\
T_' '.“_diaphragm  —
o TEM imaging To TEM imaging
system (BF) system (DF) Williams e Carter

Campo Claro: Toda imagem que inclui o feixe direto
Campo Escuro: Toda imagem que deixa de incluir o feixe direto



Plano da Amostra Plano Focal



Plano da
Amostra

Plano Imagem Plano Focal



(A) (8)

Precipitado V,C. e seu
padréao de difracao.

Precipitado V¢C- e seu
padréao de difracao.

Williams e Carter



Plano da
Amostra

Plano Imagem Plano Focal



Plano da
Amostra

Plano Imagem Plano Focal



Contraste de Fase

Axisl illumination

smc.lmeﬂ nnuﬂ FTITIII

Contrast




Plano da
Amostra
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Plano Imagem Plano Focal
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Williams e Carter




First
condenser lens

Second
ﬂ;ndenser lens

condenser lens

Specimen




__—Front focal plane
of objective lens

_— Upper polepiece
of objective lens

“—_Convergent
scanning beam

T Specimen

g'“‘x_fpﬁ—:}

bjecuve

objective lens

Direct spot in Diffracted beam
stationary DP in stationary DP




() \ beam |

Au islands b o

A realizacao de figura de avia
campo claro ou escuro e o 0
depende apenas da selecao

do sinal de interesse.

Williams e Carter



STEM

O

Platina em filme cristalino de Al,O;
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Specimen
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Williams e Carter




STEM

O

Specimen: Catalyst in the carbon nanotube

Surface

Surface
morphology
o morphology
composition
signal

Transmission Z-contrast




TEM
Contraste de fase

$i0,

Ge

1.0 mm

e

Williams e Carter

STEM
Contraste de




ransformada de Fourier

Refinamento por

Transformada de Fourier

Micrografia de alta resolucao de

NbPo-VPO.
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Transformada de Fourier
Williams e Carter

inversa filtrada.




Geracao de Ralos-X




Raio X Caracteristico
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Energy Table

L2 Lyl Llab ' Lllab Liliab Ma'1 element KB 1 Kab Lal LE1 LB2 Lyl Llab Lllab Lillab
55 Cs | 30.857 34.985 | 35.990 | 4287 4620 4.936 5.281 5721 5358 5012
56 Ba | 32.071 36.381 | 37.458 | 4466 4828 5157 5531 5996 b©B23 5247
57 La | 33.302 37.800 | 38.940 48651 5.042 5.384 5.789 8.268 5.889 5484 0.833
B8 Ce | 34575 39.261 40452 | 4840 5262 65613 8052 | 8548 6.181 5724 | 0883
5B 0.183 0.182 59 Pr | 36.885 40744 | 42000 | 5034 5.488 5.850 8.322 6.835 6.439 5963 0.928
ec | ey 0.284 | i BONd | 37.188 42272 43580 | 5231 5722 6090 6602 | 7180 6724 6210 | 0978
7N 0.382 0.400 . B1 Pm | 38541 43826 (45201 | 5433 5962 6.339 68%2 | 7436 7014 8461
80 05625 0.532 ! 62 8m | 39.918 45416 45.85@.1 5836 6205 BER7 FI7B | 7748 FEl4 BFIB| 1087
B 0677 0.687 63 Eu | 41.328 47.035 | 48526 | 5846 6457 6843 7481 8.061 7.620 6.981 1.131
10 Ne 0.849 0.867 | 64 Gd | 42.768 48.698 | 50.237 ! 6058 6714 7.108 7786 | 8386 78932 7243 | 1185
11 Na 1.041 1.067 1.072 65Th | 44233 50.380 | 52.007 | 6.273 6878 7.367 8.102 | 8717 8253 7516 1.240
12 Mg 1254 1.2986 | 1.303 ; 66 Dy | 45.734 52,116 | 53.780 f 8495 7248 7636 8419 | 9055 8583 7790 | 1288
13 Al 1.487 1.653 1.560 67 Ho | 47.268 53.883 | 55624 6720 75268 7912 8747 | 9400 8917 8.068 1.348
14 Si 1.740 1.828 | 1.840 ! BB Er | 48813 55674 | 57480 1 8949 7811 8.1889 9089 | 9768 82862 8358 | 1408
15 P 2013 2136 2.144 - 69 Tm | 50421 57.507 |59.380 | 7.180 8102 8468 8426 (10121 9817 8850 1.482
168 2308 2484 | 2471 ] 70Yb | 52051 59.380 |61.318 ‘ 7416 8402 8758 8780 (10491 9876 8844 | 1622
17 Cl 2.622 2816 2.820 | 71Lu | 53696 61.288 |863.290 7.656 8.708 9048 10.144 (10874 10.345 8249 1.581
18 Ar 2957 3191 3.203 | 72 Hf | 65400 63.225 | 66324 ! 7889 9023 9348 10516[11.274 10737 9558 1.645
19K 3313 3590 | 3.608 73Ta |57.110 65221 |67420 | 8.146 9343 9652 10896 |11.682 11.133 9877 1.710
20 Ca 3681 4013 | 40388 | 0.341 0.345 0.353 0349 ‘ 74 W | 58.872 67.237 | 69498 ‘ 8388 9678 9862 11.286|12100 11538 10.200| 1.776
21 Sc 4.089 4461 4489 | 0.386 0400 75 Re | 60.658 69.304 | 71.668 | 8653 10010 10276 11686 | 12531 11955 10531 | 1.843
22T 4509 4932 | 4965 | 0452 0458 i 76 0s | B2492 71420 | 73845 ! 8912 10355 10599 12.096 12972 12.381 108868 | 1.914
23V 4850 5428 5464 | 0511 0518 77 10r 64341 73582 (76,111 9.175 10709 10921 1251213424 12820 11.212| 1.980
24 Cr 5412 5947 | 5883 E 0573 0583 0742 0,693 0599 ‘ 78 Pt | BB.267 75.739 | 78372 | 9448 11071 11251 12842 |13.883 13273 115683 | 2050
25 Mn 5895 6491 6538 | 0638 0.649 79 Au | BB.199 77978 |80.719| 9.714 11443 11585 1338214353 13736 11.922| 2123
26 Fe 6400 7.058 | 7.111 0705 0718 0.721 0.708 ] 80 Hg | 70.187 80249 |83.100| 9989 11822 11824 13830 | 14843 14215 12287 | 2196
27 Co 8.925 7.850 7.710 0.776 0.791 0.794 0779 | 81 TI | 72.168 82602 | 85507 | 10.268 12214 12272 14.292 | 156343 14701 12661 | 2271
28 Ni TAT3. 8265 | 8332 | 0852 0869 0.871 0.854 ] 82 Pb | 74243 84921 87995 | 10552 12614 12623 14765 | 15855 15205 13.041 | 2346
29 Cu 8.042 8.908 8.981 0.830 0850 0.853 0833 83 Bi 76.345 87.313 | 90566  10.838 13024 12980 15.248|16.376 15720 13427 | 2423
30 Zn 8632 9572 | 9661 E 1.012 1.035 188 1045 1022 | 84 Po | 78472 89.779 11.131 13447 13340 15744
31 Ga 89243 10265 | 10368 | 1.098 1.125 1.303 1.145 1.117 | 85 At | 80614 92319 11.427 13876 168.252
32 Ge 9876 10983 11.104 i 188 kZls 1413 1249 1217 86 Rn | 82.878 94.862 11.728 143815 18.771
33 As 10532 11.727|11.865 | 1.282 1317 1.529 1.358 1.324 87 Fr | 85.0968 97.473 12.0832 14771 14450 17.304
34 Se 11.209 12496 | 12655 | 1.379 1419 1.653 1.475 1.434 88 Ra | 87437 100.149 12341 16235 14841 17850
35 Br 11.809 13292 | 13.471 1.481 1.526 1.782 1.599 1.6563 89 Ac | B9.779 102.807 12853 15714 18.408
36 Kr 12634 14.113|14325| 1586 1637 18le - 1780 1677 90 Th | 92.182 105.609/109.624 12969 16203 15625 18984 | 20463 19683 16.299| 2996
37 Rb 13.376 14961 | 15204 | 1.694 1.752 2.064 1.866 1.807 91 Pa | 894.645 108473 13.292 16.703 16.025 198568 |21.172 20.362 16.768 | 3.083
38 8r 4042 168387 | 16.108 | 1807 1872 2217 2008 @ 184] 92U 97187 111.287/115658| 136168 17220 18428 20.167 |21.771 209847 17.165| 3171
39 Y 14934 16739 | 17.038 | 1.923 1.996 2377 2.184 2.080 93 Np | 99.427 113,748 13.945 17.750 16.841 20.785
40 Zr 15.748 17669 | 18000 | 2042 2125 2219 2303 | 254) 2808 2222 94 Pu
41 Nb 16.584 18622 | 18987 | 2.166 2257 2367 2462 | 2710 2464 2371 95 Am
|42 Mo | 17446 19809 |20.004 | 2293 2395 2518 2624 | 2.88] 2627 2524 | 96 Cm
43 Te 18,327 20620 |21.047 | 2424 2537 30655 2795 2678 97 Bk
44 Ru | 19287 216567 | 22120 | 2558 2683 28368 2965 | 3233 2866 2838 g8 cf
45 Bh 20.170 22725 23218 | 2697 2835 3.001 3.144 | 3417 3.145 3.002 99 Es
4B Pd | 21125 23820 |24349| 2838 2990 3172 3329 | 3608 3330 3173 100 Fm
47 Ag | 22.105 24842 25517 | 2.984 2151 3.348 3.520 3.807 3.526 3,351 101 Md
48Cd |P3.110 PB097 26715| 2134 3317 3528 B717 | 4019 3728 3538 102 No
49 In 24.140 27279 | 27943 | 3287 3487 3714 3921 4237 3.932 3730 103 Lr
505n | 25195 28489 |29.194 | 3444 3663 39005 4131 4465 4157 3.829
515b | 26279 29.725| 30486 | 3805 3.844 4.101 4.348 | 4689 4382 4.132
B2 Te |27.382 30996 |31.816| 3.770 4080 4.302 4571 | 4940 4813 4342 @ SH I MADZU
531 28515 32296 | 33.169 | 3938 4221 4508 4801 | 5192 4854 4598 Solutions fgr Science
B4 Xe |29869 3362834584 | 4110 5453 5104 4782 since 1875




Detector de EDS (SDD)

O

* Resolucdo de 123 eV Inner p-ring
* 100.000 cts Outer p-ring

Williams e Carter

n+ signal collection anode -y p-type
diffusion

electrons

....... 3 Front-side

ks O electrode structure diffusion

Incident radiation
4 -6 mm
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Espectro de EDS

> Permite a analise

qualitativa da ~Deve-se ter pelo menos 5.000 cps por 100 s
cComposicao
guimica

» Permite a
realizacéo de
mapeamentos
para localizacéo
de elementos
guimicos

» Permite analises
quantitativas




Réplica de uma amostra de aco
2 1/4Cr 1 Mo com precipitados
de M,C..

3400+ cr
3200
3000+
2800+

2600+
2400+
2200+
2000+
1800+
1600

14004

12004

1000
800+ Cu

600 o
400 Mo
200 Fe Cu Mo

0 T T T T T T i f T
2 4 6 8 10 12 14 16 18




As doping:

25keV, 5et%/cm?

No annealing process
256x256, 300,000 x, 60 min




Electron Energy Loss Spectroscopy (EELS)

O

Backscattered electrons

Auger
electrons

TEM

: specimen

Secondary
electrons

Elastic scattering
(Diffraction)



intensity

4735x | background EE‘L spectrum of a 20 nr‘n thin TiC specimen
zero-loss -
peak core excitations
L >
valence extended fine
o structures (EXELFS)
excitations P A'
<+ —>
—
near-edge fine
structures (ELNES)
100 200 300 400 500 600
Energy Loss (eV) Gatan

> Zero loss peak / plasmon peak: espessura da amostra

> Valence excitations: densidade eletronica das bandas de conducéo/valéncia, medida de
band gap, efeitos de polarizacéo, efeitos dielétricos

> Core excitations: Identificacdo e quantificacdo de elementos, investigacdo do ambiente
eletrénico incluindo nimero de coordenacao, estado de valéncia e tipo de ligacdo atbmica

> Mapeamento elementar



Post-column spectrometer

Microscope _J
column

'

Post-column
spectrometer

ATATA
(VAVAY;

NAN
VRVAY,

|_
i

&

O

Inelastic scattered
es are dispersed
according to their

Simply speaking, the major
function of an EELS
Spectrometer (GIF/PEELS) is
dispersing the scattered
electrons according to their
lost energies into a spectrum.

=10 x|
energy losses

300 1

2504

2004
g

2 150
=

1004

S0

o
(u} g0 100 150 200
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spectrum mode

A

EELS spectrum
projected onto CCD

Final EELS
readout

Gatan

a7




Sensibilidade a Composicao Quimica




Estado de Oxidacao




Esado de Ligacao

300 320 340 360
Loss Energy [eV]




Imageamento por EELS

Microscope _|
column

Post-column
spectrometer

Energy filtered TEM (EFTEM): select the electrons with
certain energy losses for imaging.

I_V_l EFTEM has many uses, based on the wealthy
information on EELS :

» Contrast enhancement in imaging & diffraction

I—:TB zero-loss filtering; most probable loss imaging;
contrast tuning; pre-carbon imaging

» Elemental mapping/Jump ratio imaging

= Inelastic scattered 3 window method; 2 window method
e's are dispersed » Chemical maopin

<= according to their PPINg

<10 energy losses

Zere loss filtered image
projected onto CCD

image mode

|-




Color composite of the elemental maps
displayed on the left, clearly showing the

Unfiltered bright-field TEM image of semiconductor device structure and . :
construction of the device.

some elemental maps formed from ionization-edge signals of N-K, Ti-L,
O-K, Al-K, and W-M.



Materiais Massivos Nanoestruturados




Propriedades




Controle Nanoestrutural

* Processamento

o Métodos “Botton-up”

~ Técnicas de deposicao

~ Técnicas de compactacao
o Métodos “Top-down”

~ “Torsion straining under High
Pressure” (HPT)

= “Equal Channel Angular
Pressing” (ECAP)

Segal, V. M. Mat. Sci. Eng. A197 (1995) p. 157-164
Park, K-T et al. Mat. Sci Eng. A293 (2000) p. 165-172




T1 com Grao Ultrafino

» Rota B

» Graos equiaxiais
* TG ~ 260 nm

Stolyarov, V.V. et al. Mat Sci
Eng A299 (2001) p. 59-67




Estratégias para contornar a auséncia de encruamento

Distribuicao bimodal de TG

A — Cu recristalizado

B — Cu deformado 95%

C — Cu deformado 93% N Liq
D —-C + 180°C / 3 min

E - C + 200°C /3 min

Wang, Y et al, Nature, V. 419/31 (2006) p. 912-915




Estratégias para contornar a auséncia de encruamento
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Estratégias para contornar a auséncia de encruamento

o Nanomaclas

200 A0 EOD

Grain size (nm )

20 40 .. ] BEI 1 10 bl ]
Thickness of twin lamellae (nm )

Lu, L. et al, Science, V. 304 (2004) p. 422- 426




Estratégias para contornar a auséncia de encruamento

o Nanomaclas

Maclas sao efetivas no
blogueio do movimento das
discordancias.

. , u'. i St
Shen, Y. F. et al, Scripta Mater, V. 52 (2005) p. 989-994




Estratégias para contornar a auséncia de encruamento

-
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nano-twin Cu

T g00
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2 600

B

ém
200

Electrical resistivity ( +m)

coarse=grained Cu
coarse-grained Cu

5 10 ) 50 100 150 200 250 00
True strain (% ) Temperature (K)




T1 Nanocristalino como Biomaterial

State UTS (MPa) YS (MPa) A (%) Z (%)
Initial 440 370 38 60
ECAP, 4 passes 630 545 2 51
ECAP, 4 passes + TMT &= 60% 1030 R43 12 51
ECAP, 4 passes + TMT &= 80% 1150 1100 11 56

Latysh, , V. et al, Current Applied Physics
V.6 (2006) p. 262-266




Controle Nanoestrutural

estrutura

o Abordagem cinética

~ Contornos de grao tém
sua mobilidade reduzida

* Estabilizagao da o ._,_Eim,tl
51:
E:m K“H.

por arraste de segunda 200 300 400 500 B00 700 800 00

Temperatura(K)

fase e soluto.

o Abordagem |
termodinamica p& 2

Cao, H. et al. Mat. Sci. Eng.

A431 (2006) p. 86-91

200+ Liga CuFeP




Controle Nanoestrutural

ags ~ x10 i
» Estabilizacao da N
121 5 pe e messure
eStrUtura -:.- zjigr:zfitlad Ed :
. | ___ Pd,Zr,, fitted ' 4
o Abordagem cinética M Pz e |

0.8f

-
'-‘---..._,___|
=
L

o Abordagem
termodinamica
~ Forca motriz para o

crescimento de grao e
reduzida pela reducéo da

grain size / m

energia do contorno de g 00 7000 1200 00
grao atraves da saturagao temperature / K
do mesmo TG saturado
| 3V m
b= gg— L pnAH
Xioral — €XP (W)

Liu e Kirchheim, Scr. Mater. 51 (2004) p. 521-525



Sensores de Bragg

O

» Redes de Bragg em POF

o Sensores na ponta de POF através de redes de Bragg constituidas
de multicamadas de 6xidos com diferentes indices de refracéo

Espectro da Fonte ESP(;C;‘ (s)e(llll;fn? hega

" sl Espectro que passa
gy o AN o o g e pelo sensor
hedodlindydy

mmmmmmmmmmmmmmmmm

éu
Espectografo Acoplador R(ei:ge %

o8
goo
5
Zos
oz
)
200350 40 450 500 55 630 640 7 750 860 850 500 950 1000

Especuz;“gb;éi'lmetido
pela rede de Bragg

300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Comprimento de Onda (nm)




Revestimento Ceramico Nanoestruturado Multicomponente

Concave mirror

AN

Cs?’gtt?nser Laser Beam S mia}?gr

Specimen

i X Bn-stw | SweAroz osemveazor
F—  oe o Gmvameatiooonme e i6043e

2im  Mag= 160KX Edrasookv  SslA-SE2  Dain 26 Dvc 2007 ==
=1 o= 7mm  GnVecumesTsecosmby Time 95028

Po6 de Al, TiO, e B,C
colocado sobre a
superficie;
sinterizacado SHS
(self-propagating
high temperature
synthesis)
proporcionada pelo

feixe de laser *

5kWaz25mm/s 25KkWabmm/s 2.5 kW a 10 mm/s

Masanta et al. (2009) 2,




Revestimento Ceramico Nanoestruturado Multicomponente

L]

~ @ TiB2<211>

N

Al203<112>
1 AI203<113>

Campo claro SAD Campo escuro com o

2,5 kW a 10 mm/s spot de TiB,
Masanta et al. (2009)




Revestimento de Ti sobre Vidro Metalico
Zr10AI5NI30Cu

Deposicéo por Al
sputtering a 200°C liEnEcE

i

= %

400nm

Qin et al. 2009



Revestimento de Ti sobre Vidro Metalico
Zr10AI5NI30Cu

Revestimento Interface

Qin et al. 2009




Multiferréicos — BiFeOs,

104
110

Intensity (a.u.)
012

202

Fig. 2. Transmission electron microscope images of the as-prepared samples
synthesized by the potassium nitrate-assisted hydrothermal process at 200 °C
for (a) 24 h, (b) 36 h, and (¢) 48 h, respectively, and electron diffraction pattern

024
116
018
214

208
220

of a chosen randomly nanoflake (inset). (d) High-resolution TEM (HRTEM) 20 30 4
image of one randomly chosen BFO nanoflake.

Wang et al. 2009

70




Multiferréicos — BiFeOs,

' Fig. 3 HRTEM image and the
. corresponding electron
diffraction patterns of (1) (a. b),
(3) (¢) and (4) (d). The arrows
indicate the direction of crystals

: 7,
an® ":'i/
-2 - l-l——I-"""'""/. -14 e 1
-1000 -500 0 500 1000
1 M L] v 1 v 1 ¥ L]
-20000 -10000 0 10000 20000
H (Oe)

BiFeO, sintetizado por sol-gel com
aguecimento por microondas.

Luo et al. 2009




[110] [010]

Padréo de difracao calculado



Fig. 5. [110] HRTEM image taken under the defocus value of approximately
—70nm. A simulated image for a thickness of 15.4nm and a defocus value
of —70nm is superimposed onto the experimental image to produce the good

agreement.

Yang et al. 2008



Epitaxia no Crescimento de YMnO, sobre Pt e
SrTiO,

L
H 3'-3:;/1*]'
i ML
'. .'!r’ !
! i

'STO[1-10]

YMO [1-100]

YMO (0001) // Pt (111) // STO (111)

Marti et al. 2007




Revestimento nanocompaosito com c-BN e h-BN

Table

Lattice plane spacing determined from SAED pattern in Fig. 3 compared with
the theoretical values

__ (200)

> (111)
e

(b) At the surface

1

L] L

¢ c-BN nanocrystals
| :

L

Latice plane spacing (nm) Assignment/theoretical value (nm) = (S
Y — (220)

0336 h-Bn (0002)/0.333 £ ’ . ([2%?;

0.212 ¢-BN (111)/0.209 e

0.182 ¢-BN (200)/0.181 J0002)

0.122 c-BN (220)/0.128

0.122 BN (311)/0.109 .

0.092 ¢-BN (400)/0.090

0.084 ¢-BN (331)/0.083

(d) 300 nm above interface

(b)

(a) TEM image of the c-/h-BN film
with inserted diffractograms

Lattemann et al. (2006) T TEE——

(a) Schematic of the layered

structure

{111} and {200} planes

a-BN

5nm Si substrate
—

(f) Interface near region




Revestimento de TIN com Cl implantado

O

As-deposited Ar-implanted  Cl-implanted
TiN TIN TiN

Friction coefficient 0.8-1.2 ~1.0 ~0.2

Wear coefficient ~107° t0 107* ~107* ~1077 to 107°

Wear volume ~10711m? ~10711m? ~107Bm?

Wear mode Adhesive Adhesive with  Abrasive
sticking mode




TIO 44, Ti;O45, TIO, TIO 4,4, Ti, O,
TiOy o4 T?O1,04’-_ri4o7’
TizO,, TIO,

Akhadejdamrong et al. (2003)



Revestimento de TIN com Cl implantado




Revestimento de TiIN com Cl implantado

Particula sem deformacéao

i S£Ss P o e *~  Particula com padrées de
 directiohy == D ) i chevron fruto da maclagem

T R s para acomodar a deformacéo
cisalhante

“~stress i
o dirécti‘or]f

Akhadejdamrong et al. (2003)



Revestimento Multicamada de TIAIN/CrN

HAADF STEM de camadas de TIiAIN/CrN (claro CrN. escuroTiAIN)
Panjan et al. (2007)




Revestimento Multicamada de TIAIN/CrN

Campo claro Campo escuro

TIAIN/CrN sobre aco depositado por magnetron sputtering reativo
Panjan et al. (2007)




Revestimento Multicamada de TIAIN/CrN

O

(b)

[001]

P
.D
Oo
O‘
o O <] UU}FEH{I IU}cnating
ah‘:“‘lﬂ'
Fg = 0287nm {U‘U‘ | IFEH{UUljcnatmg

Camadas alternadas deTlAIN e CrN sobre aco. Relacéo de epitaxia observada
Panjan et al. (2007)




Revestimento Multicamada de TIAIN/CrN

CN CrN

TIAIN/CIN
TIAIN

Observacgéao ao longo de um gréo colunar, nota-se a epitaxia das camadas ao longo do gréo. A-F mostram
detalhes em alta resolucéo, caixas mostram a Transformada de Fourier de cada regiéo.

Panjan et al. (2007




Liga TiI6Al4V com Revestimento Duplex

Liga base (MO)

Liga base (TEM)

Revestimento (MO)

§ 2500 X, T -2505
g 2000 -s—E H200 <2
T E
= 1500 f 150 5
@ B
ﬁ 1000 =t 100 E
E o
5 500-jo—d\_.____ . & 50 §
(%]

S o0 o ~

0 10 20 30 40 200

Czyrska-Flemonowicz et al. (2005) Depth under surface [yim]




Fluxograma de Identificacao

O

Elemental analysis EDS (EELS) I

crystal data bank
List of candidate phases |——
SAED  |-f nanodiffraction fe--{ HRTEM
| FFT diffractogram |-
JEMS simulation
(band-pass)
. L atom vs. image position

JEMS indexation 1 :

poly- or single crystal J

choice of solution
pattern fit (geometrical)
extinctions
intensities




Liga TiI6Al4V com Revestimento Duplex

Camadas L5-L1 distintas do revestimento
EDS possibilitou apenas identificar a presenca de Ti, Ni, Al, P e O, levando a possibilidade de 27

diferentes fases possiveis

20

substrate

Czyrska-Flemonowicz e Buffat (2009)



Liga TiI6Al4V com Revestimento Duplex

O

L1 - NiTi, EDS + SAED L2el3 | | -
NiTi, (linhas cheias) + TiP; (meias linhas)

TTTE RTRETER e

.-I II-.I 1 H 1 I.
Czirska-FIemonowicz e Buffat i2009i ii




Liga TiI6Al4V com Revestimento Duplex

O

No interior de L2 foi possivel observar pequenas
fases, cuja identificacao indicou para os circulos
pretos Ti,NiP. e para os circulos brancos,
Ti,NiP¢, TizP; ou TiO.

Ll NiTi,

L2 Major: NiTiz, Ti3P; minor: TiO; possible: TisPs, Ti;NiPs, AINi;Ti, N=-Ti-(A)-O

L3 Ni,Ti, TiyP; possible: NiyTi, TisPs, Ti;NiPs

L4/sublayer (a)—(d) {a) Major: TiNiP; minor: Ni3Ti, TisPs; (b) NisTi, TiNiP, AINi;Ti; (c) AINi;Ti; (d) NiTis, Ti;P. AINi;Ti, NisTizAl
L5 Major: NiTi,; isolated precipitates in a sublayer: TisP

Czyrska-Flemonowicz e Buffat (2009)




Liga TiI6Al4V com Revestimento Duplex

O

Outra possibilidade é obter imagens de alta resolucao e construir a
Transformada de Fourier, embora seja perdida a informacéo relativa ao fator de
estrutura presente na figura de difracao.

5nm-1

Transformada de Fourier Padrao de Difracao
ideal de Ti,NiP

Czyrska-Flemonowicz e Buffat (2009)




Liga TiI6Al4V com Revestimento Duplex

O

(b)

Em L4, a fase preponderante era
NiTiP, embora a mesma estivesse
deformada, levando a presenca de
contornos de distorcéo e da
| . colocacéo do plano ( 010) na
LR condic&o de Bragg

oy

Czyrska-Flemonowicz e Buffat (2009)




Metamateriais a partir de NPs

O

Table 1. Nanoparticles Used as Building Blocks for BNSLs Table 2. Maximum Packing Density and Range of Stability
i dlystilie T Calculated for Binary Lattices of Hard Spheres
NPs core (nm) sid. % capping ligand of ligand shell® (nm) maximum
Pd 3.0 7 0.85 o type of packing range of
34 3 stoichiometry structure density (y) stability ref
Ag 3.6 7 dodecanethiol AB NaCl 0.793 (0.414)  below 0.458 27
4.2 6 02<y<042 25
An 3 7 L NiAs 0.793 (~0.4) ~04 59
gf g 335 CsCl 0.729, unstable 0.732 60
PbSe 7‘; 6 oleic acid ' AB; AlB» 0.778(0.58) 0482 <y < 0.624 27
?'E 5 042 = y = 0.59 25
CoPts 6:2 . ADA. HDA® 1 Laves phatl_.es: 0.71 (0.813) 0.606 =y = 0.952 27
PbS 6.7 5 e 0.85 hexagonal: ‘ unstable
y-Fe203 134 6 0.9 MgZn,. MgN1,
cubic MgCus
CaF> 0.757 {225 25
/_—\ unstable
substrate AByj3  NaZngss 0.738(0.58) 054<y=<061 25
(ico-ABi3)
0474 =y = 0626 23.24
ico-ABgs. above 0.755 0.537 =y = 0.583 27
vacuum g?th_;‘m‘l" E“fze
— 1stribution for
— > Shevchenko et B spheres
cub-ABq; 0.700 (0.565)  unstable 27
al. 2006




tir de NPs

jais a par

Metamater

Shevchenko et al. 2006
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