Zelss FESEM Introduction
EH G RITBRENH

RN 3L
JS2F TR T
EE P E BHMEN



Agenda

1 B EEN
2 GeminiiBERIEARSS
3 EaAEBEAERLISIE

4 EEHABREFRE

5 EamBRERIFIT RIEEE




b

RI/RER]: 15T 18464
—H 2R

g m *'mn ﬁ A m,_m
« HR/REREFTTEIREIT 18465 , ESHEIT170FRIFHE
- EREB6RIESEHR , 405 /I\I%TFHﬁZ’JBO@IJ_ . S0ZMEESIRSTMELIK
25N AR S
. 2TK#BIY250008 R T , 15/16M4FINITS0{ZRATT
o ESHRKRLT B RRZRIEESSSTIER
- BEEHTRARRENSEEL0% , FRARGORITEE10%
o BEEEIB00IETRBERE , FER&DIHIREIE




ZEISS Global Portfolio
ZeissEREZISTBE

B 5HT LR R TT

(Carl Zeiss Meditec
GmbH)

REHAERAT R

(Carl Zeiss Surgical
GmbH)

SRFARF

(Carl Zeiss
Microimaging GmbH)

JeAE R
HLT B MR
S REE AT

2 / [_..
(Carl Zeiss SMT AG)

SR IGARRTS
ES
K BARRAT;
ES

HEEAFREA

Carl Zeiss £H]

T T

(Carl Zeiss IMT
GmbH)

3-D WERF

(Carl Zeiss Optronics
GmbH)

BT
el

(Carl Zeiss Sports
Optics GmbH)

!
R

s
o

dmo WE e
SET
-

&
Bk

(Carl Zeis AG)

RAENSEEN
S

(Carl Zeiss Jena
GmbH)

EREKR
REN

(Carl Zeiss Vision
International GmbH)

50:50 Joint Venture
with EQT

=R




Zeiss SEM also provides 2D & 3D Microscope solutions

SEM

EVO®, ZIGMA,

MERLIN®
GeminiSEM

FIB-SEM

Cross Beam®

ORION
NanoFab

X-Ray

Xradia versa
Xradia Ultra
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ZEIS FE-SEMs
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Sigma 300 Sigma 500

GeminiSEM 300 GeminiSEM 500
1.2nm @15kV 0.8 nm @15kV 0.8 nm @15kV 0.6 nm @15kV
2.2nm @ 1 kV 1.6 nm @ 1kV 1.4nm @ 1 kV 1.1nm @ 1kV
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The Main Components of SEM
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HT# (Electron gun)
kG55 (Electro-magnetic lens)

. Wit (Objective lens aperture)
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Field Emission Electron Gun (37 & 5t 2\ BT #&):
1. Cold Field Emission (CFE) - ¥17 & &f
2. Thermal Field Emission (TFE) — #7 &5t (45 Schottky =)
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Enabling the Nano-Age World®
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Signal Detection System

Q BT RSFERHEEEH
Q R TRIES

O AHEUH RIS

Q XSFZkpens



NS L ARAE R i HRROR H ) 25 S

NS HF R
R AIE X 2%
(CEER)
B HU
(Y / B 5D
y TRHF (BRI R TR R
goin ~

(g SIS E )

Ay & T (REHIURELR)

T (CRETFRHIEE)

HEL RS X 35 — b ERELSEV R




U
1

NSRS

ORI 2 A E

Carl Zeiss Microscopy, All rights reserved. 2013 Strictly confidential. For internal use only. 14/12/17 21



ANAIHAE = B85 AN A B AR i (5 S

SE (Secondary Electron):
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BSE (Backscattered Electron)
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1 #U #L T Backscattered Electrons (BSE)
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Technology

SE2 vs Inlens detector

|: | EsB detector

Beam hooster

Scan coils

SE2 detector \

Collector grid

Specimen

Filtering grid

————o0 | Inlens detector

Magnetic lens

Electrostatic lens

:f: BSE detector

|: | EsB detector

Filtering grid

Beam booster

Scan coils
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Specimen

|: | Inlens detector

Magnetic lens

Electrostatic lens

:f: BSE detector



No mix of SE1 and SE2

Carl Zeiss SMT
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SE1 and SE2 will not be mixed

Inlens detector collects pure SE1, get ultra high resolution and very superficial information
Electrostatic Len accelerates SE1, improve S/N efficiently

360° In-lens SE detector, no signal deflection
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1 B £ 10kV, SE2 detector HN3E B, £ 10kV, InLens detector
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Inlens VS ET-SE

Signal A= InLens EHT = 10,00 kW WD= 3Imm

Signal A= SE2 EHT = 10.00 kv WD= 3Imm

Hi#E B S 10kV, SE2 detector T B £ 10kV, InLens detector

iz FInLensERNIBEEDEENMREE 10KV MR MNRIF R RENRER ( WEE )



Inlens vs ET-SE

Signal A=InLens EHT =15.00 k¥ WD= 10 mm

ET-Detector, EHT 15kV InLens-Detector, EHT 15kV
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1 #U #L T Backscattered Electrons (BSE)
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BSD4 Detector @

 Low voltage detection and speed optimized diodes for backscattered
electron imaging

 Segmented into 4 quadrants plus additional large 5™ diode for
topographic imaging and increased signal at long WD

« Acquisition of four different, freely combined signals

BSD4 A

—

; BSD4 B

| BSD4 C
BSD4 D

BSD4




3D Surface Modelling W

Using the four diodes of the BSD detector four images from “different
viewing directions” are generated

’ , a : ~ With these images a 3D surface
- model of the sample is calculated
and displayed

« Accuracy of the height measurement is about 1% of Field of
View(FOV)

« The 3D model is typically updated in less than 2 seconds
(including acquiring images and reconstruction)




A 3D Surface Model of the Sample is Generated
Within 2 Seconds

Surface of ceramic sample
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Outstanding low kV resolution and detection efficiency
enables exceptional results on challenging samples
where sample bias cannot be applied

3

Particle on glass surface
imaged at 100V
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Precipitates in mild steel
200V, 7 pA
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EHT= 500 kY Aperiure Size = 2000 pm Signal A = InLens Date 78 Nov 2014 Sampie: Sn bails
Mag= Z800KX Cycle lime= 103 5ecs Scan Speed=8 Time :12.07.39
L Han WOD= 41mm InlensDuo Grid= 0V Noise Reduclion = Frame Av§lageat T= 00°
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Charge
compen-
sation &
cleaning

Correlative
micros-copy

—— GeminiSEM 500 —

Tensile
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Cleaner
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CLEM Application Examples
Virus Proteins on Cell Surface

» Understanding of cell penetration
of HCM viruses in Hela cells

* Investigation of virus movement

» Recognition of virus location
regarding status of cell entrance

« Differentiation of viruses on and
below the cell surface

FLM+SEM

» (Dynamic) imaging of GFP labeled
viruses in FLM

» Fast recovery of ROI by Shuttle & Find

» Overlay images allows to define which
viruses are located on the cell surface to
investigate ultra-structure

Samples by courtesy of P. Walther, Uni Ulm
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SEM+AFMELH R4t

o AFM — J& T2 3%
5, J1%, BRI E R

« SEM — FEHMM, XIS, LR UEAFM
AL

200 prm x 20.0 pm
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SEM+RamanE:H &%

« Raman — L p0r, VI sE
PIEREER, FTEHSE

« SEM -- JESUIM, JTE st

(R) anatase TiO,

hematite Fe203
M Fe PR P
i
T (C) hematite with Ti substituted

200 300 00 500 600 700 800

Raman shift / cm-1

Carl Zeiss Microscopy



%?%@éf Eiifll‘; ( EBIC, Electron Beam Induced Current)
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mmﬁﬁlﬁ (CL, Cathodoluminescence )

EHT=1500kY  WD=85mm  SignalA=CL Mag= &00X

evo 4 EHT=1500kV WD=85mm  Signal A= SE1 Mag= 500X EVO

A 0L AN BA B < 51 0 Sl L 8 i A 0K R TR SR A CLIE MR



mm%ﬁ'ﬁ (CL, Cathodoluminescence )

| Probe = 5.0nA
S

EHT = 15.00 kv WD = 14.0 mm Signal A=CL 100 X 1 EHT = 15.00 kV WD =14.0 mm Signal A=CL Mag= 230X

|Probe= 5.0nA 5.0 nA

EHT =1500kv  WD=140mm  Signal A=CL Mag = 400X ﬁ — EHT=1500kY WD=140mm Signal A=CL Mag= 250X m




Enabling the Nano-Age World®



A HERR PR

LA X L
2. K

3.IHAZ L

4,88 F X wobble A%, A 2O B R HLBkBh
5.8 130N FE, HEKGH=
6. KA T, MHHEGENFEMREAITHR, H4EE, SRR



ZHEENFmEHHRE

— Tilt iR A M

T Zih Ha b
The8 %

—> T O

XJ7 YAl e T s



54

W R e

EFRLIEESRERSEM! |

1. B3, FAENEFBRAER, —eBAeTHRIITVER GEILLSNCCDR LA B
aITEDL) 5 BT IR R AN IR 25

2. AR /NF5mmES, 0 F gk a2y TR & 25 /N0 !
3. FEMEAR, REBET/EEEAAZENTF1Imm!

14/12/17

Carl
TN



BRIFER

Aperture Scan Rotating
) Beam shift
Stigmator 7 ﬂiﬁ i ] JEF ﬁﬁ Contrast/Brightness
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A5 SmartSEM

File Edit View Beam Detection Image Scanning Stage X-Ray Vacuum Tools Help
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WD= 75mm  File Name = sea urchin_11_tif
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AR =AU R K

EHT = 15.00 kV Signal A = InLens Date :28 Sep 2017
WwoD= 2.8 mm Mag= 15596 K X Time :11:27.58
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We make it visible.



Agenda




e S TR s

Aperture Scan Rotating
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SmartSEM - Standard Licenses
Fisheye Mode

Feature

*Column mode with the largest field of view

=It will drive the stage down in Z by 10 mm to further

improve the FOV

* Image is deformed due to the fisheye lens effect,
measurements and the exact specification of the
magnification are not possible

Advantage
*Allows to get a survey of the complete specimen
chamber by providing a top view on the sample holder

Benefits
"Quick orientation on large samples / sample holder

Example fisheye image of a 9x carousel stub holder



SmartSEM - Standard License
Dual Magnification

Feature

"Enables a user defined area on the left hand
half of a split screen display to be zoomed
from 1x to 10x on the right hand half of a split
screen

=Zoom raster can be dragged with the mouse
to change both size and position

Advantage
*Allows the user to zoom an image without

freezing the image at basis magnification
"Images from different detectors can be
displayed at the different magnifications

Benefits

"Accentuate a detail in an image and to
simultaneously realize a view of the specimen
at low magnification

= SmartSEM - [SYSTEM]
Fle Edt View Beam Detection [mage Scanning Stage Wacuum Tools Help

T tf ) G (] (2] (3] (] (5] L - i I e 0o B o0 Y Vil

oSN sRnNe
gy U0 ¢

Signal A = InLens Date :15 Feb
Photo No. = 137 Time :11:12:06

. |

Hm EHT =10.00 kV
1 WD= 7mm

* Ready. | Fine ) | ENT ./

Left hand side: Raster the covers the region which is displayed with
higher magnification on the right hand side. (images are acquired
subsequently)



SmartSEM - Standard License
Dual Channel

Feature

"Display a second live SEM image acquired with a
different detector in a second window

=Second image can be controlled independently
from the primary channel

»Second monitor is recommended

Advantage
"One scan two images from different detectors

Benefits

*Maximizes the information per time/scan
"Doubles the throughput because different detector | YTTTE (T T
signals hasn't to be acquired sequentially | @S58 (mDad o MDD
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_Extreme Field of View Imaging
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Low Voltage imaging
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Accelerating voltags

Chjective lens

Irradiation
/ voltage
= . .
e Equipotential line

%“

:! Specimen

He) WEES S BN, AROYEGER

Deceleraling
voltage

Gemini

Electrostatic

lens . ;
Specimen pus

Zeiss 1M 185 A N SEILIRGH, R A B I R
VL E HLE .



Beam Deceleration technology limit —
Stage tilt will influence primary E-beam

Accslerating voltage

Objective lens
Deceleraling
voltage
Irradiation
1 voltage
£\ |

% Equipotential ling

7




Zeiss Beam Booster technology can tilt stage

Gceminli

Beam booster I e | Tu

Electrostatic /ﬂ i
lens

Mag= 2540 KX 100 nm WD = 2.5 mm EHT = 0.600 kv Signal A = InLens Date :3 Jul 2013 Time :17:20:34 Spec,men ST

SUPRA 404177 Noise Reduction = Pixzel Avg. System Vacuum = 1.98e 006 Torr

EHT = 0.6kV, Mag = 25.4 KX
Stage tilt=29° @ Beam Booster On



AR - O A RS ((RF45E )

EHT: 3KV EHT: 3KV
Detector: SE2 Detector: SE2
Mag: 1.2K Mag: 8K
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EHT: 3KV EHT: 3KV
Detector: SE2 Detector: SE2
Mag: 8K Mag: 22K



GEMINI Technology

Gemini FrHIES
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No Magnetic Field leakage of Gemini Column

h,

Carl Zeiss SN ' R "

EAEMES MR A&

No Magnetic field at the sample!!



Technology

EAEMES MR A&

No Magnetic field at the sample!!




GEMINI Technology
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GEMINI Technology
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— We are glad to work with you in the future
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Summary

GEMINI Technology

High Resolution— You can observe smaller size structure of Nanomaterial
Excellent low kV performance —Have better performance of non-conductive sample and
sensitive sample

High efficiency signal detection
No alighment needed when switching detectors

Ease of use
Special Customer Solution
Provide more technical support for your SEM upgrade

Fast and timely service response
Zeiss’s application team is glade to work with you in the future



We make it visible.



Nano Flowers

The researchers dissolved barium chloride and sodium silicate into a beaker

of water. Carbon dioxide from air naturally dissolies in thewater, setting off

a reaction which precipitates barium @rbonate crystals, As a byproduct,

italso lowers the pH of the solution immediately surrounding the crystals,
which then triggers a reaction with the dissolved waterglass. This second
teaction adds a layer of silica to the growing structures, uses up the acid from
the solution, and allows the formation of barium carbonate crystals to continue.
Images, false-colored and acquired with ZEIS5 Scanning Electron Microscope
Kindly provided by Wim Moorduin and Joanna Aizenberg, Harard SEAS.
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