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Выступающий
Заметки для презентации
Для того, чтобы понять, как правильно обрабатывать, давайте еще раз вспомним, как формируются изображения в сканирующей зондовой микроскопии
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Y, um

JInHenHana annNpoKcMmauusa
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Y, um

CAULWKOM BbICOKUU nopAaaAoK BblUMUTAHUA
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Выступающий
Заметки для презентации
Amazing




Выступающий
Заметки для презентации
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Yto genatb, Korga ob6nacrter CANLLKOM MHOTO?
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Nno rucrorpamme
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daceTtoyHoe BbipaBHUBaHUE CTYyMNMEeHeK

Z. nm

100

50

=
=
>
-
"M
LN
™~
-
™~
LM
—
-
—

10 15 20 25 30 Y,um

5

0 5
0
0

0 5 10 15 20 25 30 3%,um 0 5 10 15 20 25 30 35X,um
Vi(x) - min

NT-MDT

Spectrum Instruments



UHTepdeirc mogyna Leveling (Leveling->Leveling)

. e ool

InputImage | Difference | Output Image | Difference | Mask
CRUBICONRD CEQEVE@ICORD
= E =
Nh ﬁ N"'
=
-+
u 8
o
[an]
o
L o
0~
o
(&}
o
n +
=
— o
(o]
L
= o
0 S 10 15 20 25 30 35 um
\20 430/

Interline |5urfa::e | 3 Points I Histogram | Paths | Spherel

Order 0 ROI Exdude

Direction Offset  |Indude
Method  |Median Diff. + Mask

— e — . - — -vJDT

Spectrum Instruments




PeKOHCTPpYyKLUUA
n3obpaxkeHun

NT-MDT
Spectrum Instruments



J[l1eKoHBOAMOLUMUA

NT-MDT
Spectrum Instruments



NeKoHBoONOUMA

P.M.Williams, K.M.Shakesheff et al. - "Blind reconstruction of scanning probe image data". // J. Vac. Sci.
Technol. B 14 (2) p. 1557-1562 (1996).
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NeKoHBoONOUMA

£ Deconwvolution

This module deconvolving with tip profile
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GTransform™

(Genuine Transformation)
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dddeKT napawotnposaHmna s ACM
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Ref.: T. Ando, “Control Techniquesin High-Speed Atomic Force Microscopy,” ACC: 3194-3200, 2008
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GTransform™ for Topography
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GTransform™ pna ¢dasbl n gp. curHanos
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MeTtoabl HacTpouku nanutpbl: Min-Max
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MeToabl HaCTPOMKK nanuTpbl: Auto
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MeTtoabl HacTpouKu nanutpobl: Nonlinear
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PepaKkTop nanutp

L Palette Edit v.1.4.

File Edit Tools -> Palette Editor

Palette Mame |Palettel
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Interpolation

|Linear

Hue/Saturation

Hue
Saturation
Brightness

Contrast

<

Green Blue

¥ Value
¥ Value

NT-MDT

Spectrum Instruments



Hano»eHue tekcrypbl B 3D

NT-MDT

Spectrum Instruments



3D

NT-MDT

Spectrum Instruments



AHaNU3 AaHHbIX

NT-MDT
Spectrum Instruments


Выступающий
Заметки для презентации
NUMBERS


CtaTuctmuyeckuum aHanus

NT-MDT
Spectrum Instruments



Moaynb Roughness 3D

£ Roughness 3D

e EBS Y C+BE T & | ASME B46.1 3D parameters | IS0 3D parameters | Standard statistics

Statistic Parameters ﬁ Settings

Mx*My, Amount of sampling 65535
As, Sampling area 56, 249 um™®um

Height parameters

5q, Rootmean sguare height of the surface 14,610 nm
Sa, Arithmetical mean height of the surface 11,730 nm
Sku, Kurtosis of height distribution 3.203

Ssk, Skewness of height distribution -0.643

52, Maximum height of the surface 103.251 nm
510z, Ten point height 101.439 nm
Sp, Maximum peak height 38,355 nm
Sv, Maximum valley depth 69,896 nm

Spatial parameters

Sds, Density of summits of the surface 17.031 1fum™*um
S=c, Mean Summit Curvature 3.519 1fum

Std, Tewture direction of the surface 86,4534 deq

Stdi, Texture direction index of the surface 0.880

Srw, Radial wavelength 7.525 um

Srwi, Radial wavelength index 0,165

Hybrid parameters
Sdg, Rootmean sguare gradient of the surface 0,277
" Sdab, Ar t gl 0.233
Histogram | Peak distribution 52?\ ,me:dr::éﬁ aTeEaan saere sthe 56. 249 um®um
N .

@ 7] % (‘!‘g el (:g Bl w= Ry @}.u 53A, Surface area 58,367 um®um

Sdr, Surface area ratio 3.764 %

Frequency, 107 Counts

Subtraction Histogram bins

Histogram Step = 1.691 nm

Ok H Cancel || Help
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AHanun3 Kpusoit A66ota (Bearing Analysis)

i2 Bearing Analysis

Bearing Zmin | Bearing Zmax I Bearing Zmean | Morm Bearing I Histogram |

IBBQ&EQ BT ®

N

Height,nm
60

40

Sa=308nm
Spk/Sk=0.25

Functional Parameters

Amount of sampling 65536.000
Root Mean Square, 59 14,610 nm

Functional Indexes

Surface Bearing Index, Sbi 0.736
Core Fluid Retention Index, Sd 1.226
Valley Fluid Retention Index, Svi 0.139

Functional Volume Parameters . -
Peak material volume, Ymp 0.421nm 1 & - Sa=308 nm
Core material volume, Vmc 13.913 nm

Care Void Volume, Vvc 15.071nm . . o SEHSk" 1.07

Fit Yoid Yolume, Vv 2,045 nm

Functional Parameters Based on the Linear Material Ratio Curve

Step 1000 |Areas Indude v | |Calc. By all

ok | [ cancel | [ Hep |

https://www.michmet.com/3d s functional parameters.htm
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Выступающий
Заметки для презентации
Кривая Аббота. Кривая индекса опорной поверхности
Функциональные параметры

https://www.michmet.com/3d_s_functional_parameters.htm
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ISO 25178-70 2014 Geometrical product specification (GPS),
Surface texture: Areal, Part 70: Material measures
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N306parkeHue Jon*KHO b6biTb KOPPEKTHO NOATOTOB/IEHO

oY Simple statistics
TR ECEREEYL
E —

o

Statistic parameters

Statistic parameters

Amount of sampling 65536
Sampling area 56,249 um®um
Mean 4,327 um
Min 3.784um
Max 4,600 um
Peak-to 0.815um
Root 0.164 um
Ro 0.135 um
-0.572
2.494
4,358 um
uartile 4,214 um
r Quartile 4,457 um

Histogram | Peak distribution

D @& & = e = B Histogram bins

Histogram Step = 0.000741 um

Frequency, Counts

Ok | | Cancel | | Help |
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CraTuctukKa cumraeTtcs KOPPEKTHO AN1A MOHOMOA4A/IbHbIX paCI'IPEP,EI'IEHMﬁ

A\ Simple statistics

hesEBQ UO+BI@

Statistic parameters

Statistieg

30 35 um

Amount of =%
Sampling area
Mean

Min

Max

Peak-to-peak

Root mean square, RMS
Roughness average
Skewness, Ssk
Kurtosis, Sku
Median

Lower Quartile
Upper Quartile

10 15 20 25

5

Histogram | peak distribution
@ =] %] G—" ?E Gﬁ AN @’ SILIETET Histogram bins 1100

Histogram Step = 0.136 nm

Frequency, Counts
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[na pacyeta napameTpoB MOXHO BblbpaTb 06aacTb(M)

,é, Simple statistics

@@@*@C_“b@t%‘ﬁ@ Statistic parameters

Statistic parameters

Amount of sampling 9016
Sampling area 241, 129 um™um
Mean 12,865 nm
Min 0.000 nm
Max 26,889 nm
Peak-to-peak 26,889 nm
Root mean square, RM5 3.315nm
Roughness average 2,602 nm
Skewness, Ssk -1.018
Kurtosis, Sku 3.722
Median 13.420 nm
Lower Quartile 11.147 nm
Upper Quartile 15,131 nm

20 25 30 35um

10 15

5

0O 5 10 15 20 25 30 35 um

%X =1,17umY¥ = 20,4um DX = 41,9um DY = 6,01 um Angle = -22,8 deg

Histogram | peak distribution
0 B By & = E =R & Subtraction Histogram bins 1100
Histogram Step = 0.0244 nm

Frequency, Counts
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CKonbKo 3aecb yactuu?
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MoporosbiK meToA
G = EE————————-E

Grain analysis. Threshold method.

tEaEQYCBRBI® Grains | Boundary of grains
o _ ] |I@aBatEI®
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i
Ly
o
L
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- 0 20 40 60 80 100 120 140 160 180 nm
0 20 40 60 80 100 120 140 160 180 nm Exdude boundary grains The 286 Grains detected. Section level 1.768 nm.
Control page |Preprocessir|g |Grains Sorting | Area Average Size |Length Mean Width  |AspectRatio |Volume Zrange KAl 0 B & e 3= S & Fo
Looking for _ Unit nm*nm nm nm nm nm*nm=m  |nm r":I 32
®) grains \_) pores =
Average 8.682 2.653 3.654 1.958 1.784 3619 0.751 ; 38
Section Level 1,763 | nm =
5D 7.100 1.281 2.015 0.860 0.541 4,308 0.000452 C 5
=3
Find grains 1 0.949 0.974 .12 .3 0.0461 g B
Total ey
2 1.753 1.324 1.979 0.885 2,235 0.0870 -0.761 1
Area (abs.): 2483.053 nm*nm (= i
Area (rel): 5.587 % 3 12,563 3,544 7.112 1.766 4,025 3,988 0.7860 H e _ _ A D
Volume: 3518.214 nm*nm*nm < l:l N 0 1 2 3 4 5 i

Copy to dipboard | | Ok | | Cancel | | Help |
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AHanus nop

Grain analysis. Threshold method. |
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0 0.5 1.0 15 20 25 310 35 40 45 um [w] Exdude boundary grains The 506 Grains detected. Section level -4.817 =,
r o r F L r r r r
Control page | Preprocessing | Grains Sorting Area Average Size |Length Mean Width  |AspectRatio |Voh ~ IE.I [1'=) % L8 ;; = D = Y 1:3'_9 3
Looking for i Unit um*um um um um um 43
(_) grains ®) pores 3 .
Average 0.00478 0.0557 0.0558 0.0558 0.914 0.0 \3
Section Level -431? =
- 5D 0.0117 0.0407 0.0533 0.0328 0.444 0.0 g
Total 1 ;’T
Area (abs.): 2,412 um™®um el
Area (rel): 9.576 % 2 0.000788 0.0277 0.0196 0.0392 0.500 0.0 - =
Volume: 6.060 um*um*® P oommnen oo e e e 51 um, 107
Copy to dipboard | | Ok | | Cancel | | Help |
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Moporosbit meToAa paboTaeT XopoLUo € pas3aeNeHHbIMU YacTULaMM Ha

Grain analysis. Threshold method.

POBHOW NOANOMKKE

e @a & & ﬁ;‘ i & Grains | Boundary of grains
. . lBQEQ OB I
= c
— -
T E
5 T ®® -
o ® ~
¥ ( e ]
o
™ &~
[az]
o
(x|
L.
i
L
(o]
(=)
al g
.
~—
Ly
o
~—
L
o
o o 0 50 100 150 200 250 300 350 400 450 nm
i The 129 Grains detected. Section level 22,619 nm.
0 S0 100 150 200 250 300 350 400 450 nm Wi = 1 brans e Eetoneve m
Control page |Preprocessing |Grains Sorﬁng| Area Average Size |Length Mean Width  |AspectRatio |Volume Zrange MaxZ A B e = = B & ol
|:9\0h”9 for = Unit nm*nm nm nm nm nm*nm*m  |nm nm D
(®) grains (_) pores g
Average 826.482 25.684 36.111 18.618 2.027 4913.008 -1.703 31.269
Section Level 22 619 | nm
sD 765.110 12,914 20,016 9.288 0.780 6034.029 0.00470 4.705
Total 1 2302 3072 Saiy
Area (abs.): 106616.281 nm*nm
Area (rel.): 42.480 % 2 27,704 5.269 11.786 2,355 5.003 20,742 -1.710 24,259 .
Volume: 740394.416 nm*nm*nm ..( |:| ppp— g PRp— e e Pys— PR . —-.—,)
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Metoa Advanced Watershed

Grains | Grain boundaries

lreaBQ UVEI®
£ £ e £
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i
[T}
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[
o 0 50 100 150 200 250 300 350 400 450 nm
0 50 100 150 200 250 300 350 400 450 nm W= oo e 213 Grains detacted.
Result Settings |Preprooessing I Grains Sorting | (Area Average Size |Length Mean Wi ~ @
Looking for Min grain height |7 355 [am |1 gop (Sq | |Unit nm*nm nm nm nm D 32
® grains O pores 2
= S Maxgrainsize  |g2,443|0m  [2,000 |Lc | |Average 1004.768  |29.738 42,926 20.974 38
&
- SD B67.814 10.973 12.534 9,600 c
Add or delete grain —  ||Local min threshold| 15, 735|nm  [5,000 |Sq g
. 1
) ) [1 Merge grains o
Histogram bins et
- E 2z 180.950 13.451 30.737 5.886
Total
Area (abs.): 214015.724 nm*nim i 179.035 13.380 =457 6.772 =
Area (rel.): 85.272 % 4 351.389 18.744 35.572 9.877
L
Volume: 3199107. 506 nm*nm*nm Sq =7.867 nm P D 5

NT-MDT

Spectrum Instruments



BbiBOoAbI

1. MpobyinTe pa3Hbie noaxoabl

2. icnonb3ynTe anpuopHYIO OLEHKY (n1ocKoe AO0AXKHO
ObITb NIOCKMM)

3. CoxpaHanTe Bce AaHHble ana GTransform
4. N3o0b6parkeHne AoNKHO B6biTb MHPOPMATUBHbBIM

5. bezgymHoe npumeHeHWe meToA0B aHa/1M3a BpeaAunuT
BalLen Hay4yHou paborTe
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