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AMICUS Sample and Analyser Geometr

Low pass filter

lon Gun

\ Pre-filter

B R B

Sample Carousel

Detector

High pass filter

Lens

-/X-ray Gun
=

Specimen
Sputter Guard

B ET BT EY
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Microscopic Examination %

EPMA

Electron Probe Microscope
SEM + WDX + CL



[ sSHIMADZU

Electron Probe Micro-Analyzer

Thermal
Electron
Flood

Characteristic
X-ray (XRF)

Photons
CL

Back Scattered
Electron (BSE)

Secondary
Electron (SEM)

Sample

|

Transmitted
Electron (TEM)

Imaging down to
3nm Resolution
Elemental mapping

resolution down to a
0.1um

Elemental Range Be
toU

Light element
detection down to 10

ppm.
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Comparison between WDS & ED

Electron beam crystal

Roland circle

WDS (Wavelength

detector

Dispersive Spectrometer)

LN2 or
LN2less

Electron
Beam Pre-AMP

| Main
AMP

J

| 7

Si(Li) detector

/ window
collimator

Xray MCA

sample

EDS (Energy Dispersive
Spectrometer)
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Advantages for WDS
(cps) Po Ma o)
ol » - JWB:%EEWT&S 0 = I eV)
Spectrum of WDS Spectrum of EDS

MHigher resolution (brings precise identification)
@ Higher Signal/Noise ratio (Good for lower quantity)

@Never saturate under big current condition ( Can
analyze from 100% to very small quantity)
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Electron Probe Micro-Analyzer




E SHIMADZU
Electron Probe Micro-Analyzer

EPMA-1720H EPMA-8505G
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Observation GUI

Beam Condition

B Nl Y o e}

IEEE D453 (T
| on | 1500 L on |
(). A4 ©

EM Image

[ PAPA [FBLUARO-

[ 243 MER | 0-7-va

D) |SE v| Gan [3

e

’E‘T:~F | RE
tREFiREh |Stdizeh [ C&B | AT(HT
& | & handy co+ |

I3 bRA 278 =

AUTO
S 28

Electron beam control

WDS control

BT 3/20 3:40

Sample stage control

OM Image
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Sample Stage movement by mouse

Centering by double clicking Sample movement by drag & drop
¥ {\‘ z_.‘--?".'.;

Mouse
operation
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Focusing

Mouse
Operation
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Auto Functions

A=

CG&E  W+—hA ATHT
lI.II'I'|| Eﬂﬁ.‘ Eﬂﬂ_p

Auto Coptrast & Brightness

Auto Stigma & Focusing
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Change for Beam Current

LOFI AFERINRIEL BRITF

Beam Current 10nA

A

—

R =

Beam Current 500pA
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Electron Probe Micro-Analyzer

BSE

EPMA 1720 mapping - 500x500 um?



) SHIMADZU

Trace mapping results

Trace mapping OFF

LSA120'CH2 {counts) LiF/CH3 {counts)

14234

12507
10721

8534

32255
COMPO 15.0kV R C Ka 15.0kV oo Fe Ka 15.0kV S o

BEI C Fe
Trace mapping ON

LiF/ICH3 {counts)
2668

LSA120/CH2 {counts)
21722

3s622

8 19007 12235
16252

13576 -
N 10861 1224
8146 1001
5431 7
2715 234

COMPO 13080 e £ C Ka 15.0kV Ttomm ’ Feka 150KV 1.0mm ’

BEI | C Fe
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Qualitative Analysis by WDS

File Name = 5imi-01
File Conment = /=
Pos. Comment =
(CDU%E% doc. ¥ (kY) = 15 Beam Size {un) = 10 B.C.(uA) = 0.03993 S.C (ud) = 0.0642

Cu
LIF
2500 Cu [t
RAP
500 [ LST7A
n
3000 r
iCu
z
0 n
Cu |
0 L
Si
0 o TR
u
n
Cu
o u k A LQ 2 t;u Zj;‘nZI'I Ti?u Sn
1.40 1.60 1. 80 2.00 2.20 2. 40 2. 60 2.80 3.00 3.20 3. 40 3. 60
3. 00 3.50 4.00 4.50 5.00 5.50 6. 00 6.50 7.00 7.50 8.00 (4)
8. 00 10. 00 12.00 14. 00 16. 00 18. 00 20. 00 22.00 24. 00
20.00 25.00 30.00 35. 00 40.00 45.00 50. 00 55. 00 60. 00 65.00

% Ratio [ Correction = Ratio

No. ELE. Crystal WL (A% PKI-BGI ~ STD(I) I-Ratio  WT(%) Mol(%) ELE.
1 CukKa LIF 1.5406  3106.43 613.04 50673 50.083 36.133 Cu
2 InHKa LIF 1.4352  1716.86 462.15 3.7149 36.721 25.751 In
3 C Ka LST7A 44, 7000 238.12 356.18 0.6704 6.627 25.296 C
4 0 Ka LS7A 23.6200 482,685 1178.74 0.4091 4.044 11.583 O
5 Ph Ma PET 5. 2860 54.31 407.89 0.1332 1.316  0.281 Ph
6 Snla PET 3.5933 82.60 1633.49 0.0504  0.438  0.192 &n
7 Fe Ka LIF 1.9360 34.47 971.76 0.0355  0.351 0.288 Fe
8 Ni Ka LIF 1.6573 12.00 784.21 0.0157  0.155  0.121 Hi
9 4l Ka RAP 8.8333 57.27 4230.05 0.0135  0.13¢4  0.227 Al

10 Si Ka PET 7.1254 11.00 1675.33 0.0086  0.085  0.1068 i

TOTAL 100. 000
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Debut of "the Grand EPMA"

With a Cutting-Edge FE
Electron Optical System,
the Ultimate in Advanced

Shimadzu EPMA Analysis
Performance ! |




Debut of "the Grand EPMA"

Refined stylish form !

The latest model of the full-faced-mask which

only Shimadzu adopted in the world.

The solid and novel design appropriate for The
high-end model brings necessary influence for
EPMA including shield and temperature control
as well as seemliness.

and
Shimadzu EPMA-8050G is an energy saving

design!
Our cut consumption electricity more than
30% while being a superlative degree product

giving the world's best performance !
(Comparison with EPMA-1720 series)

Shimadzu announces eco-friendly EPMA
with a person by prominent operability
and energy saving design.
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The high-end model in pursuit of the
beauty of the image

New electronic optical system & vibration insulation

mechanism & Magnetic shield deployment
The secondary-electron image resolution of 3 nm (30 kV accelerating voltage) is
the highest level for an EPMA system.

Comparison of SEM image EPMA-8050G VS. EPMA-1720H
EPMA-8050G EPMA-1720H

4

Image resolving power : 3 nm Image resolving power : 5 nm
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Image Resolution

Tungsten

current cannot be set current cannot be set

Comparison of Electron Gun Beam Characteristics (10 kV accelerating voltage)
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Ultra High Sensitivity Mapping

The neodymium magnet contributes to energy saving and the downsizing of the
product by a strong magnetic field. However, it is dysprosium that is added to
raise heat resistance because there is a fault that the neodymium magnet is
vulnerable to heat. But most of dysprosium depend on the import from China.
Therefore | can plan reduction of dysprosium by reducing alloy powder before
baking a magnet, and hardening it conventionally, and optimizing the
manufacture process so that it is thin, and an interface (neodymium aspect)
surrounds it around a crystal particle uniformly. A characteristic (coercive force)
evaluation was carried out conventionally, but, by these data, was able to confirm
the neodymium aspect of the crystal interface visually for the first time.

COMPO 10.0kV x6000 MNd La 1D.D"~‘ %6000
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Specifications (EPMA-8050G)

Electron Source Schottky emitter
Secondary-Electron Image Resolution 3 nm (30 kV accelerating voltage) T

Analysis Conditions for Secondary-Electron (10 kV accelerating voltage) 20 nm (10 nA beam current) / 50 nm
Image Resolution (100 nA beam current)/ 150 nm (1 pA beam current)

Accelerating Voltage 0.5 kV to 30 kV (in 0.1 kV increments. At 5 kV or less, can be setin
10 V units.)

0.2 nAto 3 pA (30 kV accelerating voltage)

Beam Current Stability +0.3 %/h
(Beam current: 50 nA, accelerating voltage: 10 kV)

Magnification 40x to 400,000x

Selection not required
Analysis Chamber: 1.0 x 10- Pa max.

Electron Gun Chamber: 3.5 x 107 Pa max.
Evacuation Pump Turbo molecular pumps: One unit for main evacuation; one unit for
preliminary evacuation
Rotary pumps: One unit for main evacuation; one unit for
preliminary evacuation
lon pumps: Two units for the electron gun chamber; one unit for the
intermediate chamber

Penning gauge, Pirani gauge, and ion gauge

Automatic evacuation (main chamber evacuation, shut-down,
sample loading chamber evacuation), safety operations via error
detection

_ PC/AT compatible: main memory 8 GB or more: HDD 1 TB or more
Display 23-inch touch panel LCD (Full HD, 1,920 pixels x 1,080 pixels),
two monitors 11

R \Vindovs 7
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Topography Examination

Scanning Probe Microscope

AFM + LFM+KFM + STM+MFM+FMSPM
Imaging of Interaction

Signals : Atomic Force (AFM)
Phase
Force Modulation

Current

Magnetic Force (MFM)

/\/\
Surface Potential (KFM)

Sample Surface Lateral Force (LFM)
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Scanning Probe Microsc%

SPM-9700
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Function SPM 9700

High Resolution

Digital Control

XY : Full-time 16Dbit accuracy
Z : max. 22bit accuracy

WEE &

423
774 ME)

) EOO)

1.00
[nm]
0.00
: 0.00 00 071 0 50 100
£0000nm 1.00x1.00 ym ER7 54 (0] NPT L 6]
Si(111)
LS S— VA h=I0n
’ « B3R ciBTEMEIY  ZEhEuE 2.84 - 2.53 [nm] 0.31 [nm] 12.10 [%]
- FREIRER )
3 & 1.00000 [pm?] B 1.99 [nm]
REE 1.00111 [um?] L2V FL(E 0.36 [%]
<5 {A75 0.000102265 [pm?] NTVAVOHE 48.06 [%]
1.503 1.50 [um] Z-Max 1.00[nm] = 8 i o,

plasmid DNA Si (111)
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SPM Application

e Observation of various sample
such as semiconductor, thin film, powder
and bio samples.

e Shape measurement, Step measurement,
Micro roughness measurement

e Physical properties measurement,
Electric and Magnetic measurement,
Dynamic measurement
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Function

Particle Analysis Software

Fle Edit Parick View Window Help

Particle or hole shapes are extracted

Bins =20

Class6 1786 8.684

- Class7 2097 8670
ClassB 2380 8.432
ClassB 2351 8233
Class6 17.30 7926 -
Classd 2456 8.224
Classg 24.10 8.487
Class® 2410 7.788
ClassB 2261 8150 »
ClassB 2334 7528 1
ClassB 2271 8178
Class7 21.03 8412
Classd 2412 7683
ClassB 2355 8096 104
Class5 1521 7586

- - - - Classd 13.46 8101
ClassB 2321 7920
Class7 1968 6458 )
ClassB 2260 g.o72 N
Class7 1911 8577 [l 8 % 2 )
2 Classd 2453 7868 i
300 nmyx 500 o5 ClassB 2203 8021 = Mean Radius [nm]

Ty Gl st Clessr Oen

IS determined.

Statistics Value

Averags 16.48 7.074
Standard Deviation 4322 0774 Average Z [nm
Line Averags 1762 7159 ge Znml Conslation = 0748
Souare Average 1860 7.238
Cubic Average 18.46 7313
Sum 3775 1620
Waimum 2831 8688 .
Winimurm 4023 4729 85
Waximum Label 1 3 -
- - - Minirmum Labe! 228 207
Range 24.20 3950 .
St tIStI C PrOCeSSI n e - = E " ’
a Samples “Class! 2 2
Samples “Classz” 9 9
Samples “Class3” 14 14
Samples “Classd” 48 48 ..
Samples “Class5"” 45 45 56+ z
- - - - Samples “Class6” 42 42 .
Samples “Class? 34 34 S
Samples “Classd” 25 25
Samples “Classs"” 9 9 50
Samples “Class! 07 1 1 T T T
0 8 18 24 2
500 nm x 500 nm Mean Radius [nm]
4 | o

D¥IT O¥Pro pot¥Particle ¥Data¥s PM

Features: 29types (Radius, Height
Surface Area, Area,Volume,etc)
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High Resolution Scanning Probe Microscope -
SPM-8000FM =

Improving Points

Noise 270 fm/\Hz =20fm/\Hz

Drift 10nm ~ = <l1nm/min

True atomic/molecular resolution in air
Hydration/ Solvation structure
measurement in solution




o ARG

High Resolution Topography in Air S

Poly diacetylene single crystal

0.0
15.00 x 15.00 nm 0

[oc 0 o5 |

The side chains on
the topmost surface
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Physical Properties Measurements

Surface Potential Measurement
Iin Gas



m<ARANSBZ
Contact Potential Deference Distribution in Gas e

Pt clusters / TiO,

-0.80

- - 3
= - 3 g’ R 9 RN e
5000 m  — 0100 nm . 50.00 nm . 0100 nm

Topography CPD by KFM

Pt o+

- SR TiO *
Single-nm resolution image 2 5-
observed in an atmospheric

. Pt
pressure N, gas environment ;o ﬂ

-0.94

-0.23

5000 nm | 0100 nm
Conventional KFM

G ¢ o S S S S S S S S S S — — —

S
o+

Ryohei Kokawa,et al., Chemistry - An Asian Journal, 7, 1251-1255 (2012).
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High Resolution Observation
in Solution
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High Resolution Topography in Water e

Muscovite mica

Cleavage plane
Immersed In water
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Molecular Resolution Observation ~_
of Soluble Protein Crystals =
Lysozyme Molecular resolution image

observed In a saturated solution

.
The rectangle represents

a surface unit cell with the
arrow indicating the c-axis.

Nagashima et al., JVST B 28 (2010) C4C11
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Beyvond the Helix Pitch: Direct
Visualization of Native IDINA in
Agueous Solution

10 nnrm 3 nm

95



msmmas= - Antibody Observation reported |
Japanese newspaper and TV
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Hydration / Solvation
structure measurement
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Water Structure at Interfaces =~ ————
StrUCture Of water Za tip scanning trace

- - - Hydration structure

@99 9@ Water

(&)
U OOOQ @ @ molecules
o T
Solid
0 ‘A
A Af
ra=20A rs=23A
R —
+1000 Z
E +500 g
:EI ﬂ | ] : | .
-500 5 10 15 20
Distance [ A]
. 3rd layer
Af vs distance curve ond layer
1st layer
> ourface

X-Z mapping of Af  3:91m X
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Nano Search Microscope 0LS4500

From millimeter to nanometer size
observation in one.
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Nano—Search Microscop

— Optical Microscope: X 100~ X 2000

Laser Scanning Microscope (LSM)
Magnification : X 100~ X 14000

Atomic Force Microscope (AFM)
Magnification: X 1000~ X 1000000

Hybrid Microscope

Coaxial Object lens and AFM Tip From millimeter to nanometer
Size observation in one.

=)

Never miss the destination.

LSM «<— AFM

In Air
No Coating




] sSHIMADZU

From mm to nm size observatio

® Continuous Observation Z(um)
1000

oObjective Lenz 10

10

o 5x: 2600um~430um
020>< 640um~110um P
olOOx 130um~20 um

o SPM: 30um~subum

01 1 10 100 1000 XY (um)

® Object lens and AFM Tip is coaxial

e S PM Tip Position is strictly inside in
100X Objective Sight.



S Wafer (Mag.: 200x~ JL

.
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°

640%X480uUm
OM Image

20X 20 u
000
20.00x20.00 [um] Z 0.00 - 37609[nm]SPM

Dz/\ERY) BIESEH: 2000

1280 X 960 1« m
OM Image

5.00x5.00[um] Z 0.00 - 382.91 [nm]
DxNEEY BESE:5emO
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A mark of Micro Vickers

Y R 5 / ; L'f‘:’l{ Extyap’s

g L S i e
B VLN 7 1/ /0 S ey B e W R P el oM

R TR A ~ + S 8 . / “ 7 i 500.00

B ‘ [nm]
LSM Image

400 X 300 ¢t m 1 5 |

64x48ﬂm - ‘A‘ et g x\_"i]ADD

20.00x 20.00 [um] Z 0.00 - 500.00 [nm]

T
sides of the crack can be measured.
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LSM 640 X 480um ‘

200.00
[nm]

M

500.00 nm 1.00 x 1.00 ym 0.

LSM 128 X 96um SPM 1 Ipm
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Observation of Collagen End

o & X
. : . . ‘O
i
Magnification x5000 Mag. x25000

A thinner fiber can observe at the collagen end.

Courtesy of Dr. Akira Monkawa, NIMS
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Material CharacterisationTog};i;iiiiééééiggééééé

Elemental Analysis
AAFCF [CPS [ICRPWS

EDX XRF EPMA XPS
Compound Analysis
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Material CharacterisationToo};i;iiiiééééigzééééé

Structural Analysis
XRD FTIR SALD DTG TGA

MALDI XPS
Imaging

Nanoserach
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Material CharacterisationTog};i;iiiiééééiggééééé

Faillure Analysis

SEMVO hydraulic machines
Universal 1esting Machines

Hardness Testers
xs&@y Inspection

ZA 7 A

&%ﬁ?
r ﬁfﬁx’;ﬁ
21011

A1
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Shimadzu Provides ALL



Mahendra Chaudhari



