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Carl Zeiss Microscopy product cover measure from Micron to Angstrom
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Widefield Confocal Superresolution X-ray Scanning Field Emission Focused lon Helium lon
Electron Scanning Electron Beam
1 um 250 nm 200 nm 50 nm <50 nm <2 nm <1 nm <1 nm <0.5 nm
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ZEISS FESEM Portfolio
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ZEIS FE-SEMs
~ =@

Sigma 300 Sigma 500

GeminiSEM 300
1.2nm @15kV 0.8 nm @15kV 0.8 nm @15kV
2.2nm @ 1 kV 1.6 nm @ 1 kV 1.4 nm @ 1 kV

GeminiSEM 500

0.6 nm @15kV
1.1 nm @ 1 kV

Enabling the Nano-Age World®
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MERLIN
MERLIN

v
MERLIN
|
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MERLINZE%! , GEMINI I¥H§

HASg#E : MERLIN  0.8nm @ 15kV 1.4 nm @ 1.0kV (BXRf , ESHRNERERE , BSHE
=) )
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FIB—REE TR (MR AS)

WERZESE : Crossbeam 340 & 540

e TREEENREEFREA

BFRATFTRMANI (2, FR) R=4EE

FAF SR F -SRI pR ST ER

FIB column

Lo

FE-SEM column

Gas
injection
system

Specimen

SR FIBRAVARENFBH R , BRISEMEFRIIEISHEFRMTZRISHT



SZEMFRNABFRAE
OSRRAEHRAINIE | LIZBFFHEARKIE

OES S HHEE --0.5nm

OEEIRHRLAARINT --10nm

;E;.}rgr BIHMSEEFE , BERERARF
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Electron Microscope lon Microscope

Scanning Electron Transmission Electron Focused lon Beam Multibeam lon
Microscope (SEM) Microscope (TEM) (FIB)-SEM Microscope

FR

(W/LaBG)| 95815) (WiLaB) (4%/215)
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B R
Resolution

Unresolved .
Resolved . .

0.61 4
R =—
nsina

A K
n: g,
a : LR

I B X 73 RIBIHY B/ \EE &

A=h/(2meV)? SE BRI HER
LM ~400nm 200nm
SEM 0.007nm(30kV) 1.0nm
TEM 0.0027nm(200kV) 0.2nm




Gaussian
beam profile

Imaged edge

/ =

2% [/

EHT = 1.00kVv WD= 1.1 mm Mag = 300.00 K X Signal A = InLens

Results: Details:
PATETLI0 R Resolution =1.2+ 0,12 nm Pixelsize = 0.372 nm
593 edges evaluated Mode = Resolution 25/75

S/N ratio = 212.8
Copyright Carl Zeiss Microscopy GmbH

200 E

150

100

50

Results

Resolution = 1.2 = 0.12 nm
593 edges evaluated
SSM ratio = 212.8
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Magnification

Low magnification High magnification




BN =3

Magnification

BBKE2Y ( Effective magnification )
R TIROR R FRBAARE SRS S,

o b Aﬁﬁﬁiﬁf’—?ﬁ _ 02mm _
ﬁ)&ﬁ&khﬂ&& — nva ﬁ;ﬂ*%‘z ~ 1nm 200; 000
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BN =3

Magnification

USE

10 pm* 10 pm*

EHT = 20.00 kV Signal A = SE1 WD =13.0mm Mag= 100KX EVO EHT = 20.00 kv Signal A= SE1 WD =13.0 mm Mag= 243KX EVO W

Mag: Polariod 545 Mag: Out Dev

RS EEMMERTTE , BEHIHE ( Output Reference) 5L ( Polaroid 545
Reference ) , RERAKBEZLLAE2.6 4.

Carl Zeiss Microscopy 2017/12/14 20
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Depth of Focus

N = K=

Rireig— TERN BRI S BRI R R ER &R — 1 8ETTEE.
AEERNSRALL—RNFRAERIRAL00-5006F , (LESFHRIRRISIFKL0 5,
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Depth of Focus

At some distance D/2 above and below
the focus plane, the image will appear
to be in acceptably sharp focus, and so
this distance is called “the depth of
focus”.

The depth of focus is determined by the
aperture diameter A, and the working
distance W.

Table 4.3. Depth of Focus (Field) in um

a (rad)

Magnification 5 x 107 1x10°* 3% 107?

W, R

azRaperture aperturezA/Z

10X 4,000 2,000 670
50X 800 400 133
100X 400 200 67
500X 80 40) 13
1,000X 40 20 6.7
10,000X 4 2 0.67
100,000X 0.4 0.2 0.067

22
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FPRER RN R A RER D
The Main Components of SEM W

high-voltage
cable

BFAFERR - [
- BT oo 1= [ T >

electron beam —H— -
A = I
condensor lens
" FEER .l
aperiures
] £
- Erﬁﬁ scanning coils — adjustable

-
. L apertura
[ ] %Iﬁ objective lens

backscatteredg
energy dispersive electron
x-ray detector deteclors

chamber camera

sacongEry
eledgon :] = .
detecl ple {I] infrared

Stage

[ESHFENRS
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Vacuum System

lon getter pump (IGP)

B Primary vacuum (>0.1Pa)

- Mechanical pump

B Secondary vacuum (<104Pa)
f_l/ | -Oil diffusion pump
4 -Turbomolecular pump

B High and ultra-high vacuum (<10-°Pa)

-lon pump
-Cold trap
8 Pre-vacuum pump EE?*@E""""‘H;I
1M
l 108 Pa

Turbo pump —h.

1g the Nano-Age World®



HZ R
Vacuum Pumps W

fZR ( Mechanic pump ) : atmosphere — 107! Pa

AR & 5 R AR N I e e R ) R S RN L IR
BN HUBCER (i T R 8 ON160L A # , TAE
RE I A BEIA $0.1~0.01Pa, 78 AN BEH 2 HL 5 5 1 0 1 4
ISR, T DU R MO E 2 R GERTRT SR RAEH
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HZR
Vacuum Pumps W

iREE P FE&E ( Turbomolecular pump ) :5Pa - 107> Pa

Stator blade
blade

PR EEEIEEIE HENELRE SIS T | (EIREEMEE , MBESs.
WIKRRFS DR AR MEN—METIR.,
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HZIR
Vacuum Pumps

TESIEF5R ( Sputter ion pump ) :

TiVTa PLATES

MAGNET

Principle of
Operation

A AR B SR TR, B T B AR AR, R AR IR OR o BAARATRE 5 8 T
18, SBTIgIN G, EREENNEESTESGETER, 2R TAR T RN, A AKTZEATHE S

10~%Pa —» 1078 Pa

External View

Enabling the Nano-Age World®




I=E2S !
Vacuum Gauges W

Pirani gauge ( BHifeiil ) Penning guage ( &5 )

MEE|EEZ (> 102 Pa) NEB/HES (1-107Pa)

Enabling the Nano-Age World®



HTRE
Vacuum System w

Why do we need a vacuum ?

 BFRAENMREZETESETTIHT |

" BEFRELFmRETESTHAFRNGEERET P B RIARNES ;

= SHRNEREEREESET P REIERET(F ;

= IR ARSIE FAISIAD FRET LR |, MTRDEET |

= BhlEEEFeNT 22 uESIL

 EERRRCERNESBEY | FZaEEEAZEENE  MAERTEELFRE
B, ISRKEERRARER

= DT [HNERNEFE | REFmAEE
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R (SEM)INE RS

BB+ ( Electron gun )

EB5ss ( Electro-magnetic lens )

Y=ot

( Objective lens aperture )

| ( Scanning coil )
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Field Emission Electron Gun (3 & % =L H F#8):

1. Cold Field Emission (CFE) - ¥ & 5t
2. Thermal Field Emission (TFE) — #7 &5t (453 Schottkyz{)

RInHEFIR il ]



Rin&

Material: W (310)

~

E

Tunnel effect

Apply external Field '

7n°

Metal Vacuum Metal Vacuum

T = 300K T = 300K



iFRE =

Material: ZrO /W (100)

~ A

E E

l Schottky Effect

Apply external field
+ temperature

Metal Vacuum Metal Vacuum

T = 300K T = 1800K



HISEIn&SIR 18
Thermal Field Emission (TFE)

Gun Base

W-Tip PR

Filament %&g3{k

Suppressor Electrode
HIHIEEAR

Extractor Electrode

Zirconium 5|HEBR (5IHEIR )

Oxide
Anode
DMEREER ( DHEERR )

Beam Booster

100pm

* highly stable thermal FEG, < 0.5 % /h variation ’J"?&%Eﬁ*ﬂﬁgg%ﬂg

* |low beam noise , <1 %
 Emission occurs from the crystalline facet (horizontal

at the top) that is about 0.3 yum across. =_2&2:|=m
] —n

Enabling the Nano-Age World®




H-FiFM4aEtb . (Electron Source Performance Comparison)

...
RYIEENE kT2 A4 1 | 1772 )| HisEHRS
FAtR A B 7 HLtE 1| $5(310) FALHE/45(100)
TIEREK] 2800 1900 Il 300 1800
FAR S [h] 200 >500 : >2000 >2000

FAHR R Inm] 60000 10000 i| s100 <1000
BHERnm] 15000 5000 Il 2.5 15
REIRRSEA/cm?] 3 30 I| 17000 5300
SRS [LA] 200 80 ' 5 200
IEERE[A/cm?.sr.kV] 1.10* 1.10° : 2.10° 1.10’
RAHRETRIRNA] 1000 1000 1l 5 200
BOREET REeV] 1.5-2.5 1.3-2.5 1| 0.3-0.7 0.35-0.7
RiRIRE{%] 1 1 | 5-10 1

B ETRREEE [%/h] 0.1 0.2 E <0.5
T{EE=S[hPa] <1.10° <1.10°® I <1.101° <1.10®

XM R R NDEURRE = = I| & %

BAMRESS EER FER || 684 )ae FER




SRRt
Electro Magnetic Lens

RS
Spiral frajeciory

""h

Current auty

\p\@-// Clocron I ?'_
B

/—\ Lensams
@ F =—eix

g -:f a zlnqle electron | £
coil iron,
' ~ icoi

Optical axis

Beam image
\é /

Pole piece

E i #Lrb:- the
electron rapectones

Copper coils

Reduced beam image

o HZRNTHFIZNAR , FAHEBEFIEHEE (B ) .
o  EEFREEENTRIEI T e B RIS ERER.
o  EHLEHERRE ( pole piece ) F0FZkE ( copper coil ) FER4HAk.



FEf5E

Electro Magnetic Lens

Electron gun

Anode

Condenser lens
& aperture

Objective lens
aperture

Objective lens

Specimen

ROCRMTEFIE T,

MM ERNREER , BT\ EFRR , FEkER
£97/950umBYERBEE/ N — N RE Inm A RIZH/ NRBE.

iR TREER N, AREREFRLREFML.

MHENESSEE , BARIKIEIE , BN TR
fe . FRSEMRRAS R FATAITH.

RETe M ERRETYIRERRY.
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Scanning Coll

Electron beam

Scanning coils

« PLERECHIT | BH TR
.

= REERAIBUIKEEL.

Objective lens

Sample Low magnification High magnification



PRI

Objective Lens Aperture

[ [
== Objective aperture

& Thinner beam
| | below the aperture

Objective lens

Stage

- EFEFRAIAER
= ERIRIRAIR R R

SE 53
. ‘Ehﬂsu*
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blanking position
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><

T.5um
@ u
Ly @m Lhm

-@®
@ @Tzwm
20

Electron Beam

Multi- Hole Aperture

Electromagnetic Beam
Alignment Coils

42
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R

Resolution
0.61A1

R = .
nsina

A=hl(2meV)1? bRy HER
LM ~400nm 200nm
SEM 0.007nm(30kV) 1.0nm
TEM 0.0027nm(200kV) 0.2nm

FFRRIKIRAE | FE100kVAYIMERE T , BB FKIRIK/90.0037nm , FIXFEIRIKHIE FIRIME 5

FRBEIR , fR¥E R = 0.61A/ nsina itH& ,

ERENR/N\DYERENIA0.002nmA G , RMEIBRIAL |, BE

RIBIEDHIRIHFEETE0.1-0.2nmAYKF | XERENBHIERFEINE. GENBESFSRIRIG----GE.
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FEf S ﬁ

— (&% Aberration

a) ExZ ( Spherical aberration ) : BHFEERLE RO XIBFIAEZ X IEXIER
SERBENAEMmIEREY.

- ISR TESEGS @) J
BT E. A
. EETRETERMEARSS  Objectivelens |

d S: O . 5 CSGB Objective lens .
aperture e - A Minimum blur circle
(Gaussian image plane ..+ /
B e cl,=h'2-C5-EIJ

. _Paraxial rays

Non-paraxial



RGBSR ==
— &3 Aberration

b) 8% ( Chromatic aberration ) : FHFRRRE FRIBEEARES [EEA—FMRE.

GEE AU FEREEIEE b i
s ch IR | T =
SCEUNEAFEFIREEIS  Objective lens SiRchetens

1B PO ECBRIERIME A

Electrons
— having high
Energy

hElgctanﬂ"#;,,. i
aving low
d.=C_(AE/E)a sy

* ““Image plane

“4d.=C.-(AE/E)-c



FRHIEE
— (&3 Aberration

c) K& (Astigmatism ) : BT IERAVEIGHIEAXIFRRIS [BI—FME&E.

BT REEEETR [

BB e,

T SR RS (

Stigmator ) j&FR. Astigmatism

Astigmatic beam

\'l .

—b

correction -::ml

fy: Focal pnmt of
electron passing
through Y axis

fe: Correct focal

confusion)

x: Focal point of
electron passing
through X axis

point (least circle of

Small electromagnetic k
lenses wound in
opposing directions

/



FRHIEE
— (%% Aberration

REE

BRI

B




FEf S

— (&% Aberration
d) £789Z ( Diffraction aberration ) : EHFEFHIREENME
B/ LR S A ENTHIINSR.
The Rayleigh Criterion
MiryDisk1_ Airy Disk 2

Intensity

Figure 4



(BREXTRAR T HIRZ
FkZE: d,=05Ca;

BE: de=Ce ﬂai
U
FTHIE: 4, —0.62
Gf
RHERS

PR dy [nm]

dp =M xd, } +d? +d% +d’

10.0

7.5

o
(=}

N
3

0

y

NP4

N |~
~~——
\\ |

0 0.4 0.8 1.1 1.5

St Aai[mrad]

BigHEAR AU ( EBARTE({EC=100% ) ,fEEHT=20kV , Aperture=100um , WD=10mm , FABEBER Jdk=2.3nm , it&{&
Z8950 , SEPRERAZHRMIR Jdp=5.2nm, IBBRMHEEIS N ERAAIERFIASRIRNES | BeBIREINR/NRER JeEED R

tBRASAMER,
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- TR TR u

- EEHERTITNEIRGREAET | BT MR N

* %iﬁ ||I ||
« RETEEFRIBEE—EUEF (BAU)N) I

- BHEBRAUOR | M5 ERA MO WL

* SRIRAIK
s RS ZILR , (BFETEATF  HasBEHF)

. ._\_\_\ /

o EERNITRIEET | TR,

FINBERDPEERNETERRABRERK , MERMNAN (EEEERT , TREFEIDPENETREER ) . BFREX
INEIREDIFERRIXRE , NTRNRRER | ERESERASHEFR. BVEE. BSENE 95 T2885E.



ey

Tt =

Gemini ERINT{ERE

BB TR
HFREBE#E
l KR
> EfaERG RGBT (FEG)

BB TR A <05%/h

. > (KT IREES
FAt > <1%
In-lens SE #&Al#% - . > %BEX @?ﬁﬁ%&
éﬁ?ﬁfﬁ}f{# 7G Boersch R,

eam booster j(ﬁ‘]%
BB | —— > BFIRMERS
. L B B T R AR T R
< > PG i) B 7
B MARHIKE 100 eV,
o : 1 X FIHEEHG ER RN
£ Nt
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ey

Tt =

Gemini ERHF LI/EFRE

WG

BB

LS

R e/ s R
MERFFFERE

FERE i _ETOHE !
FERTE KV RFFAZ!
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=SIRMNERS
Signal Detection System

i 7 R SRR R
—RE TR
AR F RS
XELL A

U O O O
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NS FREFRPHABNSZES s

ASTHFH
REAE X5 2%
(TERER)
GG
(M %/ B 45 2
“REF (FERPRAEER)
ok A

WS GREER)

w WA T (RERITTREL)

T CWRETFRBIEE)

ETHAE e FE SR
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ARERNESEAETARNERER

4

SE (Secondary Electron)

ANFBEFXEBBFREFIZIEF | FH
TR EREFMNERLET , FRATIRE S,

« BEE(KTF50eV ;

. tljﬁj‘, RE10nm ;

« EDHERS , meETHERISRER

BSE (Backscattered Electron) i Ch LR

AFTEFEERPENREXIGZEEHRET , kAT
HiFamRE , FRAEEETRF.

.  HEREERZI10~1000nm ;

o ETEXERNASRIIRSER

Carl Zeiss Microscopy, All rights reserved. 2013 Strictly confidential. For internal use only. 14/12/17 58



— )R B8, F Secondary Electron (SE)

RIAFEHF E

Secondary electron emission

§—Small

Edge effect =y
8§—Large

0 20 40 60 80 90
— Electron beam incident angle 6 (deg)

T RS AR AR R IR SN L AR A FEO A A R
NI A EEROR, R AIEOR, A R T IRSR AR R B A I RS R

Edge effect
8—'Large




RTINS o

FRRISIEE NSE

KRB E
+10 kV to + 12 kV

H R
-250 V to + 400 V

+

EESHS

PRAEET — IR FE T IR 45 55 44

Carl Zeiss Microscopy, All rights reserved. 2013 Strictly confidential. For internal use only. 14/12/17 60



ZIXEFERES

> IR TG PR, IR,
SRR,

> BB IX

> Rk 2 T T 3 — . 0
PMT o ® ®
'.;.cr‘. ®
VIS * e ©
+10 ~ + 12 kV ® ®

I EESE (R E e °°
- 250V~ + 400V

Carl Zeiss Microscopy, All rights reserved. 2013 Strictly confidential. For internal use only. 14/12/17 61



EHT: 2KV
Detector: SE2
Magnification: 5k

Mag= 5.00 KX

Signal A = SE2

Date :22 Jan 2013

N S
EHT = 20.00 kv Signal A =SE1
WD =13.5 mm Mag= 500X
_ S

—

EHT: 20KV
Detector: SE2
Magnification: 500x

Date :7 Aug 2014
Time :16:05:42




HEETEF Backscattered Electrons (BSE)
RS FIE W

03

E E =-0.0254+0016Z-186x10"Z* +83x107Z}
0 0 n LO23 I 4 —1. / : /

BSE BSE BSE . ~

BE Coefficient (Eta)

0.15 /
0.1

0.05 /
Z, |

0 5 10 16 20 25
Average Atomic Number (Z)

Z, Z,<Z,

BEGIEFRREE

BRTEFRISESHERTRFZIIANNNGX | RFFHEE  SEEIRFREE.
BEGTREFERRIREF RO HIAE.



B EETEE FHRNIES
BSE Detector

RERIETRER Nim

BRI EFERAE R E
e RIS
REXTE—BHETSTERES




B EETEE FHRNIES
BSE Detector

>EBUN T RIREEROR, HRUH T IRSRE N

0.1 1um, "JHFREZIRS

> S N il SR T R A S TES
> BT, A K IR T EIE

e R~ —

I
T

I —

Signal A

Signal B

A+B (Compo)

A-B (Topo)

P58 R IR

I —

ARG PR IRIE

Incident
electron

Objective

lens
\ e polepiece /

/ ‘\Backscattered
) - electron
Semiconductor
detector

Semiconductor
detector#™" |

o

Electron beam
B passing hole

V.
D

&

|
|

Elegtrode lonization \

Z

ifm1x
]

| Reverse bias power

i el |

Depleted |
layer

@P ply Backscattered electron .




HEETEF Backscattered Electrons (BSE)
FERX P HIE




B EETEEF Backscattered Electrons (BSE)
FBBERE Channeling Contrast

In-lens detector and AsB detector

EHT=1500kv Mag= 800X Signal= 1000 Signal A=InLens Date :16 Oct2008 EHT=15.00kY Mag= 800X Signal= 1.000 Signal A= AsB Date :16 Oct 2008
ESB Grid= 1194V Image Pixel Size = 139.6 nm Signal B =InLens  Time :13:34:59 ESB Grid= 1194V Image Pixel Size = 139.6 nm SignalB=InLens  Time :13:34:02
Width = 142.9 pm File Name = Steel_06.tif Width = 142.9 pm File Name = Steel_05 tif | —|

ZEIXX

AIBINERTE
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AGTHRFR
BSE SE2 2 S
- SsRER
wmmg  PEREEES S F=ERB
SE1 >
10nm
Q_ = SEHARE
N = <

R FHIEEETR A EIRE

SELRERTIRRMERET
FEAE TR R X I

SE2.HEREIERFEERE
ERFHEHERRER ,
| s ==

SE3HERETHEFES

BEEN FRELAEFRE |
R EF X =AY IR

¥ , S ERIES.




INKRIEEE
+10kV 8] + 12 kV

GEMINI Technology
SE? detector

Wk 28 1mE o
-250 V & + 400V

AKX TRBFEE

RMNASRIER
DIFERS

=55%55




GEMINI Technology
Inlens detector

{

<r7Z

IEXSHERR

BRERIE RN
YAGIRBININME , IREREE
INTEREE




G

Technology

SE2 vs Inlens detector

|: EsB detector

Beam booster

Scan coils

SE2 detector \

Collector grid

Filtering grid

————ood | Inlens detector

Magnetic lens

Electrostatic lens

:://:‘:I BSE detector

I |: EsB detector

Beam booster

Scan coils

SE2 detector \

Collector grid

Specimen

Filtering grid

c————ooq | Inlens detector

Vagnetic lens

Electrostatic lens

::f‘:l BSE detector




No mix of SE1 and SE2

Carl Zeiss SMT

» 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



G Technology
SE2 vs Inlens detector




GEMINI Technology
SE2 vs Inlens detector

ERRE _ERhTE

EHT = 10,00 KV ND |—1 Signal A=InLens EHT = 1000 kv

IEEE10kY , SE2 detector TEBELOKV |, InLens detector

InLensiRNIESRNEENNERREE 10KV MBEER N E R R IR R ER.



G Technology
SE2 vs Inlens detector

100 nm EHT = 10.00 kV
WD = 7.0 mm

Signal A = InLens

Mag = 100.00 K X Time :16:12:48

Date :21 Sep 2012

1 um EHT = 10.00 kv
WD = 8.3mm

Signal A = SE2
Mag= 11.23 KX

Date :30 Nov 2012 ZEISX
Time :16:36:15

{FE
SHRIF
S ON IS

i
pE
BAR

&S

e



InLens VS SE2

Signal A = SE2 EHT = 15.00 kv Signal A=InLens EHT = 15.00 kv

EHT: 15kV EHT: 15kV
SE2 detector InLens detector

SEEME RIS ARK T 3, FIREL: InlensEE iR E, REMTHEE

o}



InLens VS SE2

IEEEEL10KY , SE2 detector IhEEBEL0KY , InLens detector

InLensERilzE RPEFENNIERAEE 10KV S BRI Z R RERIFRER
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Optimal operation
parameter

I tmER iR ERID
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PSR E s

187 2 X P

2. B

CRERES:

A THRXTH:  wobble JH%E, {#Ff5 E OBV R ks
5. BEF1-30E, HEEKRGHZ
6.FHEFFHE, HHEERNFEEE TR, GHaERG, RERE
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B BRAE

ZHEINHEmEHVIRIE

—> Tilt BRI

T Zih G -
Thak R %

— 1 O

XH7 YJiIh R |
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BAERfE

BRAEE R m

Aperture Scan Rotating
) Beam shift
Stigmator jﬁﬁﬁ Fi FEFE ﬁ 7] Contrast/Brightness
. | 4 7?@ WH i) 2rE
HRE |

Mag. / User hard panel for SEM and FIB control \ Focus

AL g
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BAERfE

5 1H SmartSEM

Fle Edit View Beam Detecton Image Scanning Stage X-Ray Vacuum Tools Help

WD =155 mm [Mag= 38X
Ni B & -l B o oo W
i o | go <o I
- |l t t & - & J ‘ N
SCAN SPEEDS LREEZE CENTRE ™ REDUCE HORMAL PHOTO SAVE XYZTR O.NMIEW STIG LEVELS MAGWD

25 00 kY
File Name = sea

QBSD
WD = 7.5 mm

[ Panel Hams

Aperture Data

Auto Saturation (Tungster
BSD Control

Bakeout

Beam Shift

CZ Detector Calibration
CZ Detector Test
Calibrate Stage Centre

Wl catibrate stigmation

Colour Mode
Compucentric Height
Defect Review

Define User Output Device

Drift Correction

EP Service

EPSE Calibration

EPSE Control

Ext Scan Control
Extended Pressure

Gun Alignment

Image Navigation

Long Distance Measurem
Magnification Calibration
Peltier Stage

Purge Control

Rotate / Tilt

SCD Calibration

Jol__ v
40 Pa
urchin_11.tif

[sEm control
[ Gun__| Apetures | Stage || Gun
stectors Scanningge#®™ \iacuum
Detectors
Colee®tios = 300V
st W
SignalA=SE1 s
Signal B = CZ BSD [ Miing
Sgnal = 1.000
Signal Adjust Input LUT
AtoBC-0F  [v] @Tens
() Gamma
O Inverse:
O User

| E8)

Gamma = 1.000
[

[

[Gun Aignment

Emission

Fil | Target = 1.878 A

3| w2

Emission Zoom = 100

Gun Shift

Giun Shif

Gun Til,

CEEr T ER T

| Coarse .‘Vact JTGuntiJV‘EHVTt )(|

HoaguuSNvHeMEk=E

L )
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SEMPEI &R B R M 5

Variables involved in Image Formation

FE i Specimen

Jin3# 5 Acceleration Voltage (kV)
RE HL R Probe Current (I probe)
T /E#E 2 Working Distance (WD)
J% [ Final Aperture

¥ 22 % Gun Set-Up

15 % B Optibeam

Carl Zeiss Microscopy

3k Detector

FE 55 Specimen geometry
F948 3% ¥ Scanning speed

55 AL P Signal processing

Bz 7 2 Noise reduction

#} £ Contrast brightness

< JEChamber pressure

FE 575 19 2 System cleanliness

2017/12/14 87
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ABHRE VS INEBE
Penetration Depth VS Accelerating Voltage

0.0276 A@ 1.67

FL s AN R 1 R FEAN TR
pm

0.89
p

15 kV

* 0.0 r
b o
12809
0.0nm
2561.8 nm
12809 e
38426 nm
2561.8 nm
51235 nr
BB42.6 nm
D0mm 1600.0 nm H200.0 nm
51235 nr
H200.0 nm

CASINO simulation results

Casino can be download from
http://www.gel.usherbrooke.ca/casino/index.html

Enabling the Nano-Age World®



AFLRE VS iRk

Penetration Depth VS Specimen Composition

0.0276 (a) g 167

R= um

0.89@

on 0.0 nr
C a.r b O n B00.5 rrr
Carbon B A 00nm
> |
art
16011 nr
800.5 nrr
! 24018 i
=1000.0 nen
16011 ne
F202.2 e
2401 6 nr
a
7
~1000.0 nm L0mm 1000.0 nm 2000.0 nm
( A 32022 e
S
.'II
-2000.0nm ~1000.0 nm D0 em 1000.0 nm 20000 nm

For Internal Use Only

0.0nr

800.5 nrr

1601.1 i

2401 B nir

F202.2 e

D0 em 1000.0 nm 20000 nm

CASINO simulation results
Casino can be download from
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High Voltage

Spatial resolution.....

» At high energy the SE1 signal
typically comes from a
volume 3-5nm in diameter,
but the SE2 signal from a
volume of 1-3pum in
diameter

» High resolution contrast
information is therefore
diluted by the low spatial
resolution SE2 background

SE2 come from the full
width of interaction
volume



Low Voltage

But at low energies......

>

>

the interaction volume
shrinks

..the SE1 and SE2
electrons emerge from
the same volume because
of the reduction in the
size of the interaction
volume

So SE1, SEZ2 and BSE
images will all exhibit high
resolution....




IEBEE (EHT) BIE#F

Carl Zeiss Microscopy

T N3
B R

KHFERRE

B 5y i FL

(I REENES

= R HR

ol i)

PIFERE

| Highresolution

High

[“Acceleratin
uohage

Unclear surface structures
More edge effect

More charge-up

i

More damage

Clear surface structures

Less damage

| Less charge-up

Less edge effect

gll

Low

Low resolution

2017/12/14
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NNy v

100 nm EHT = 1.00 kv Signal A = InLens Date :15 Jan 2013 100 nm EHT =10.00 kv Signal A = InLens Date :15 Jan 2013
WD = 25mm Mag = 100.00 KX Time :15:12:36 WD = 24 mm Mag = 100.00 K X Time :14:55:47
1KV 100K 10KV 100K

Carl Zeiss Microscopy 2017/12/14 94



AR R I SE Tt

G FE IR 2 F I 2 1T 401 3 i
LR N TR EIRE R, RIEH S

tEmiRfh) , BEERR
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30KV 900x 5KV 900x

it © LR

{EENNiEr R E 4 T s
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AR T E AU BT BB AT X EE

LR, (55 BE

Ho}

v BT ORI

WD=7.0mm Signal A= AsB4 Ch1

N A

- -

EHT=10.00 kV Mag= 300K X WD = 7.0 mm Signal A= AsB4 Ch1

4 ¥
.
Mag= 3.00K? WD= 7.0 mm

Carl Zeiss Microscopy 2017/12/14 97



FRERIS TR TR

PVABIEAQTEARIRERBSEER
PVAE£/E£9300nm

\E» e AL

SICCAS 15.0kV 14.8mm x8.00k PDBSE(CP)  '5.00um

i

A ! SICCAS 7.0kV 14.8mm x8.00k PDBSE(CP I

R R £ P SR 4 5

Carl Zeiss Microscopy, All rights reserved. 2013 Strictly confidential. For internal use only. 14/12/17 o8

et
1 1 1 1 1 1 1 1 1 1 1

SICCAS 5.0kV 14.8mm x8.00k PDBSE(CP) 5.00um



FFRifi ( S5 )
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AR

FE BRI )N

| probe=1nA

| probe=0.1nA

. -""""'#"i | probe=10pA
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Wi (Aperture) KB

KR /N6 BRI
" ROHER = RHER
= ({FRRLLIT = {EMRbLE
= BWKX-Ray® = BUkX-Ray>

blanking position —__

BUT, 30 um aperture gives the best resolution!!!
Because it’'s in the center, hbeam no need to be deflected!




FERXS
Aperture Alignment w

Focus wobble: A function that sweeps the focus of the objective lens back and forth
through the specimen focus plane. £ %A /2 A NS B R A= A
A slightly misaligned aperture results in a lateral shift in the image.

FL T RO AN K A gt 2 5 2B R ) K S 3)

7] Wobble Fast OFF

Wobble Amplitude = 5.2 %

< O ]

Enabling the Nano-Age World®



T{FiES
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KIIEES
= RaPHR

TR
= WOHR

WD=30mm

WD=10mm



100 T

EHT: 20KV EHT: 20KV
WD: 11.9mm WD: 7.0mm

Enabling the Nano-Age World®



YA (eI s

EUTEEEMNEEER! !

1. £, FAREMEFHEYEH , —EESIMREITVIEN (@BILI/NCCOrILAERIRF
mAYER ) | BILERIMNEIARNRS |

2. ZTIREEE/INTSmmAT , WLy N T/EiEEZEEN/IVE |

3. FAMERRT , BB TIEEE N EhF1imm !
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e -

TLiEIEOptibeam
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Electron Optics — Normal imaging mode w

Normal imaging mode

l,=10nA

Normal imaging mode

Enabling the Nano-Age World®



Electron Optics — High current mode
S/ B -
High current mode

I,-=20nA
l

High current / depth of focus imaging mode

Enabling the Nano-Age World®
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ERECHISETE

AnfeERIE B S E A Rk —
GEMINI |
HE
B R=E R SE2IFMES
BEOoBREREFER

FR%HEY In-lens SE #RMF

BAHE. mEHE
FAHR#ERERN
HDBSD\AsB ¥:M38

TEEHRM RS :

> SERBIRN RS " B—F =8 In-lens LA
" AT RETFANEBHEFESHRE
" By BEORERNMREREAEEND S




B RK & %A

: : Opt.Workin Scan
Detector | Information Resolution g Distance Energy | probe Speed
Everhart- | Topographic surface _ _ _
Thornley | information 3 nm 5-12mm 0.02-30kV | >1 pA
Surface details, _
InLens High Resolution Imaging 0.6~1nm <5mm 0.02-20kV | >1 pA
Z-Contrast 5-10mm
HDBSD/ | Channeling contrast _
AsB/BSD4 | (crystallographic A (2r;1SaTer2 al — AL [ &
information, strain, dependent)
deformation) P
Z-Contrast (sharp due to
energy filter)
EsB <5mm <3 kV
Low Loss BSE:
Compositions, Bondings
EDS Cchemical Composition ~1 um 8.5mm >10kV >200pA -

Enabling the Nano-Age World®




BOPERAGISHIRE s

1. EHT
REE, BTREKE, 2HRRE, EHRNBETRERERERK, =80 9HREE.

2. Probe current

/IR, NGB, IR, XREmIRAN, RIS RS
3. TR A%k

BRI R R4 ik Inlens, BH EERE FEARE. B
HmfEHSE2, BRI EEFEBSD

4. TAEEEE ( WD)
SE2: 5-10mm
Inlens: ~5mm

Enabling the Nano-Age World®



BEEIRD I ER

1. K3t | RILESZ RIS RETE F A 5T
—AR(EF30uMEE B RRIEIR

2. EHT | REERSIE, 010KV

3. RNESWEIERIRE

4. T{EEEES : 5-10mm

BSD Gain leveli%## ghigh

EHT Typical WD Information
5-10mm Z-Contrast

>5kV :
2.5mm Channeling contrast

(material dependent)

(crystallographic information,
strain, deformation)

100 T
80 1
60 1
%
40 1

20 1

0 5 10 15 20 25 30
EHT

100 1
80 1
60 1
%
40 1

20 1

WD
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TR

1060, PRIE S 2 T EeR, DLAE SRS S5 200 [A)
2. B TAEEE S
SN T HRETURE M, FEERRE P

(Cg
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SHFm
(R ERLIR
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T EB RN, w
Charging up Effect

v REASEERE , BT ASERASHEEEAATESEEERR |, FFERERN , FER
HISFERE. B, GESFIR  FEYHEGRE.

v BFRANG - RERELEE — REBEGHERASTRET - XEFREE. BESERRE.
ESRERTEANMNIFEL |

' signal A = SE1

At high vacuum, charging is seen



{aTER 380N,
Charging up Effect W

 HTFIOREFRIBEEE(RTS0eV , Bt TXRBFEE 5732 B SEZRIRN,
* InlensXYFRETEELCEREVRL , SE2FNIBSDXITAFEAABURR , AR &Y I LA
FASE28BSDEE B &E8/ SE28BSES S LIRSS e FE XA .
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VVVYV VVYVY

V V VY

I
1T FE 8UA, MINEHT! ;
Charging up Effect @ Ltk i
SN Ei MRS probe)!
IREER!
Insulating specimen. (FESRI| FIER!
Negative charge builds up on specimen.
Charging artefacts present. ( \
May be able to reduce charge \ /
Reduce kV. FINALLENS
Reduce probe current. BEAM
Use SE2 or BSD detector.
If can’t Negative charge
Variable pressure or build up

Coating your sample
INSULATING SPECIMEN

Enabling the Nano-Age World® Page 62



ESiEkFE

Crossover Potential

VIFOV2HI R/ NS oA R
EEFRAGBEX , V1£950.4kV
- 0.8 kV, V22941 kV - 4 kV

Primary electron energy, eV

EEAERARAIER F ARG I L, |
OATIREFTR , nNEEEIRF TR

Npopean=R s g e S

NS FEHESE | HRATHaE ;
LEESTEFrI=Ro+ n<1ft , HETEBEFED

EEHREN , IRBFERRAS
SRRSIEFFo+ n>107 , HETEBFHE

=
S

ERIERS , USERRTHERD , 2

SRR,
B R RS ATHIE R F A R R,

First - Second
crossover crossover
potential potential

IS
I |
“
T
® l ]
-
[=
g
H
T &=1p———— —_——— e e e e e e e e —
&
Li+]
=]
=
[=]
&
w
1 )
1000 2000

Table 3.6. Upper Crossover Energy for Various Materials (Normal Beam Incidence)

Material Ea(keV) Reference
Kapton 0.4 Joy (unpublished)
Electron resist 0.55-0.70 Joy(1987)

Nylon ¢ 1.18 Joy (unpublished)
5% PB7/nylon 1.40 Krause ef al. (1987)
Acetal 1.65 Vaz (1986)
Polyvinyl chloride 1.65 Vaz (1986)

Teflon 1.82 Vaz and Krause (1986)
(Glass passivation 20 Joy (1987)

GaAs 2.6 Toy (1987)

Quartz 3.0 Joy (1987)

Alumina 4.2 Joy (unpublished)

Enabling the Nano-Age world*®



P FZAEBERR

BEEREMHT
P T > BEFAIREER
,,;;‘,Con_d_uctive ;
e > IREESES SR
> AR SN
> [E(ERt
R TEthEBR
FFREEE , inlens SEEI{&




P FZAEBERR
EEREMT

15 kV 10 KV — .

500V 200 V
EHL R EEE A

Carl Zeiss Microscopy



A FE(REERR

Low Voltage imaging

{[REE ERIRAIILES

> IXREFTES

> IREREISEESHN , REMATRE

> BRI, ERNIFSHEFRIE (0T, BE)  TFSELE
> BEEmRG , MtrmaiRia)y | TTEEXBE R, IR



—IREBFFEE

secondary electron yield

« Secondary

Electron —+
Emission |
Coefficient

|
20 80
« Atomic Number

Enabling the Nano-Age World®
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Y6ZIBR/ Photoresist (Au coated) W

193nm
60-70nm

In-lens, 3kV, 3mm (before scanning) In-lens, 3kV, 3mm ( 1min scanning after)

Enabling the Nano-Age World®



Y6ZUBR/ Photoresist (Au coated) W

193nm
60-70nm

&HHA‘U uun - .H‘nu i / L i
- Mo e - e

T i e ; sk it T
p 15N i £

- o
lil—; R *Q - ’”' " , -
. A - 4 !

In-lens, 160V, 1.75mm (before scanning) In-lens, 160V, 1.75mm ( 1min scanning after)
Enabling the Nano-Age World®
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Signal A=InLens



e ot

Butterfly wing image in high vacuum,
50V beam energy




SHFm
{EE=RIR
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(REZEL

ﬁ 10-400 pa!

VP aperture 100um

Water vapout kit (de-ionised)
Can be nitrogen or air

7 { )

Gun at high vacuum (7). Chamber at variable pressure (2). Isolation valve closed (3). Single DPA
(differential pumping aperture) fitted in bottom of objective lens (4).

Enabling the Nano-Age World®
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RE="IXEFERL (VPSE) W

131 Enabling the Nano-Age World®
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RE="IXEFERL (VPSE) W

> fa ik — B SEMERE Pk, Rk
B I VPSER] A2 /5 [ /7 N #20 IR H
TEE, EiEjEREA10-400Pa

> BINERAREIRE R, ST
R T H TG — P TR B
A6, VPSER Bl F5 8

> FILIZRBVPHEE T MR 5 2524 1A
JAR BB — Y P T8
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VPSERY{EH W

VP B 1 4 PR B

o EL A i A (VP) B

# [k EHT=1kV w5 EHT=25kV

WL Iprobe=10pA WL Iprobe=250pA

L % WD=5mm [{EFH % WD=8.5mm

ST 22 WAL T AR5 2 W T 22 Wi T B 4E 55 2 W {H

SE PR I245 AR 25 i [ 400V Y56 750 0 m, PLA=1001 m
P 30 1 m £ 2% BED &% VPSE D

R4 ] ] 208 RS A ] 208 B K

EHT W] L% 100eV [{)R]fR %, HE FEdhE /7. 10Pa Fl BSD, 40Pa H
TH B Ay B, VPSED 88 5y, LI B fay B A fE
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RESIRN

Ei?é EVO18 VP Mode
: EHT 20kV
BSD detector

VP = 30 Pa

BERIIRIBEL, BGESES

1um =20.00 kV Signal A=CZ BSD Date :21 Sep 2011

i WD = 10.0 mm Mag = 15.00 K X Time :11:41:35
EVO18 HV Mode
EHT 20kV

BSD detector
 EREHENBIs

1um EHT = 20.00 kV Signal A=CZ BSD Date :21 Sep 2011
WD = 8.0mm Mag = 15.00 K X Time :12:06:57

Enabling the Nano-Age World®



RESIRN

BETEI (FETEL

AEE=E EGAE
IEE - f8F 140X

135 Enabling the Nano-Age World®
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Charge compensation in VP mode

REEHEAN AP —URETFEERN RIFBERTR

At high vacuum, charging is seen

Enabling the Nano-Age World®



Charge compensation in VP mode
ML R A0 M 0 — TR 5 H R ) B AR 6 —

TR LAIKER E HlInsect;
EPSE#fsk , 690Pa , 20keV , 0.1 °C, IKFZFSHIE VPSE-detector, 20 keV

Enabling the Nano-Age World®



Charge compensation in VP mode
R EC2 5 0 B o T — T 5 PR ) B P AR R 2 W

Water and Salt Water and Coffee

> AR RIS S EBURL N K 2T S R RCR EAFEAR IS IR & N 7K Ji5 1 R 1R B RO 1 280 5
> I RR IR I R EK BN 1 ERRORL T, ERIEAR T . >m3ﬁkg$ymﬁﬂ NHEA AR T

> BRVNKEIRIE N BT H KRk, ﬂﬂrgmaw
Gt XA AR AT
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FCHEAE s

FN : 3TFKA. SENFIEEEE |, 42X (OFF)Ei=iE — 1minfGigE YT ( Standby ) =2 , A
BETRHRHEST — 1Imin/531gE&ET (ON ) |, BHEE(NER , BIXNEmHE | 154 — FFvacuum
IERETHIFRE |, mEGun onZ8¥ TN — EHT on —{FALLIERITHIG |, FHRTAERR(E.

2 1. 2 @Rp: RELELZTFERS I IFFEHT, FHoAviE % 5e-5mbar#tsé 7FEHT T,
F5)2e-5mbar 7 FFEHTHAAF, 15 sk Outgas#t 3 /E FoGun off. o

i

Xt : SFEHT off— Gun of SENT 4T — FRHERSTRE | X% | XN YHEEEIT
( Standby ) — HUREREGEIIGRELNT ;

EE: 1L SR IAEE, AT ERTEE;
2. JEBUIH K B e T G H AT, T S A E ) By B BB A
3. JE BTN 22 Gun oft#7 15 X T 7 5E K 2047, & W EFFEFAT 2

BHEXH : 2258, B RREEREEHT , REBEGun off , FEIEES , KM , %
FERER , EEIE KT Standby,

KEHNAAERBINESX | StGun of SEIT LT , RENESS , St , S | &3
¥JStandby , 1minfFBIRLIITOFF , BR/KYIAIZE.
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FFEHURAE s

XFHET | 57 SRR 5E ERT2 N EASEHES , QR
[EEH AR BB,
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FRERVIMEEEN

1. W, 188 RalEK

SEEGEEAZBE T, MEGREARYN , HaiZ,

ITEMRSRERRS  EHIS.

2. BT EEH
SHEE - 22~24°C , (RE<65%,

TR KEBEESELETE , EERIEIK.
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FRERVIMEEEN

Redugtion = Pixe|

s

EHT=15.00 kV Signal A = InLens Datfe :28 Sep 2017
WwD= 2.8 mm Mag= 155.96 K X Time :11:27.58




P i il 2

AR s

i1

stage Navigation 1 - &
| N (<= o<

Delta
Uninitiglised
XY

Uninitizlised
Uninitiglised

Urinitizlised

Urinitizlised

= @ A4 M= o=

Uninitislised

|
R
M
Idle
H

Options

[] Z move on Vent
[ Track Z
[T Protected Z

E| Safe Navigation
Sample Holder
Carousel S<9mm -

1
1
1
1
1
1
i_ Safe Z = 0.000 mm
1

Specimen
57 Height Omm  Diameter  10mm

A LR AR P T8, PR 65 5.

MEBRM AR, J7a—E B, —EE R, — ——
EUBRAIE RIS, FERRIEE FERIT, |0 0@ 5 e

1=
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BORFES, RIEESOR

Non-biological Bulk Specimens

1. [
2. FHIALH
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B AR dh

Powder Specimens

1. ]R~F/NF10045°K
o /MEMARETHEUEF GHEF)

o HEFE

o IUBHEACH T B BRdEMRERD

2. RS RT1HCK

o CREFE A EUE T RO BT B R B
o PB4 AR Bt B ERRS AR ] 22 2 Bk KK E
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ESHK

SHREA R B SR . S, ZIRKEBETFr2g5E, b, aAms]
W AR Au, Au/Pd, Pt, Cr, C, etc.
EE. JlE 2-20 nm
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EREM!

LB SRR dn: SHED PR 2R Y,

BTN XK AT R S8 R VER

RGP A

—EEVEEH:

1. FEMEEVE. [EE
2. HENER LSS

Carl Zeiss Microscopy

2017/12/14

149



B fa o R B R B EIE Y -

P i 65 18 2 A R U 25

1. PR s S S B E , nid)
BEGR: ERMEERNS

2. FEHIFEM S BRI A, Wk,
BEGR: ERMEERNS

3. FEMhmERERE X
BEGR: DT/ LIFEAES, A 55 H &R 7T AR 2 AR

REAECCDMERATBIFM G R ERMAE R, SER LSRR a5 IR R 25 B BE =

Carl Zeiss Microsco py 2017/12/14 150



ZEiES5IN s

FRBENEIEABERE

SO EIRE22~24°C |, {BEKTF65% ;

TSR BRFF AR T R URE ;

fEiza). FAREMRSEMaN , —EEETVIENTHTT | NicAEHHEZIRERNES
EFEEERA—RERT |, NITEHEEME | BUiattR  mEERER ;

B RIS RRTEFRLTERRFERRE | VA BFEEEEMEafittes |
MEFmaN  FR—EE2HERH , —EERIG  SNEMSUISSIRE , CTEREYSSRER] ;
R NEYER |, ENERYCESRENAUE | FEFRAVE | BERS
FEERRTANEN EFABRREEMEY | LIGERESRRS: ;

AEFEHEEENEHE LMERGYIMIMY (NiReL | 2227)ZNTH ) |, LIGYISHRIRSE ;
& AR ER , f£Stage NavigationEEfJoystick Disable BIEIFT LV , By LIRS/ EMiE IS FIiRmISE.

Enabling the Nano-Age World®



Enabling the Nano-Age World®



We make it visible.



	ZEISS FESEM Operator Training
	幻灯片编号 2
	卡尔蔡司：始于1846年�一百多年的创新史
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	带电粒子束显微镜分类�
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	电镜分辨率�Resolution
	测量分辨率
	放大倍数�Magnification
	放大倍数�Magnification
	放大倍数�Magnification
	景深�Depth of Focus
	景深�Depth of Focus
	幻灯片编号 23
	幻灯片编号 24
	扫描电镜的主要组成部分�The Main Components of SEM
	真空系统�Vacuum System
	真空泵�Vacuum Pumps
	真空泵�Vacuum Pumps
	真空泵�Vacuum Pumps
	真空规�Vacuum Gauges
	真空系统�Vacuum System
	幻灯片编号 32
	幻灯片编号 33
	电子枪��
	冷场发射��
	热场发射��
	幻灯片编号 37
	幻灯片编号 38
	电磁透镜�Electro Magnetic Lens
	电磁透镜�Electro Magnetic Lens
	扫描线圈�Scanning Coil
	物镜光阑�Objective Lens Aperture
	幻灯片编号 43
	电镜分辨率�Resolution
	幻灯片编号 45
	幻灯片编号 46
	幻灯片编号 47
	幻灯片编号 48
	幻灯片编号 49
	幻灯片编号 50
	影响分辨率的主要因素
	幻灯片编号 52
	幻灯片编号 53
	幻灯片编号 54
	信号探测系统�Signal Detection System
	幻灯片编号 56
	幻灯片编号 57
	幻灯片编号 58
	二次电子 Secondary Electron (SE) �表征形貌衬度
	�二次电子探测器
	�二次电子探测器
	幻灯片编号 62
	背散射电子 Backscattered Electrons (BSE)�表征成分衬度
	幻灯片编号 64
	幻灯片编号 65
	背散射电子 Backscattered Electrons (BSE)�表征成分衬度
	背散射电子 Backscattered Electrons (BSE)�表征通道衬度 Channeling Contrast
	BSD Detector Enables Channeling Contrast Imaging
	三种二次电子
	GEMINI Technology�SE2 detector
	GEMINI Technology�Inlens detector
	GEMINI Technology�SE2 vs Inlens detector
	幻灯片编号 73
	GEMINI Technology�SE2 vs Inlens detector
	幻灯片编号 75
	幻灯片编号 76
	InLens VS SE2 
	幻灯片编号 78
	幻灯片编号 79
	幻灯片编号 80
	扫描电镜操作技巧
	扫描电镜拍照步骤
	�全电动样品台的操作��
	�操作面板��
	�软件界面 SmartSEM
	幻灯片编号 86
	�SEM图像质量的影响因数�Variables involved in Image Formation 
	幻灯片编号 88
	入射深度 VS 加速电压�Penetration Depth VS Accelerating Voltage
	入射深度 VS 试样成分�Penetration Depth VS Specimen Composition
	High Voltage�
	Low Voltage
	�加速电压（EHT）的选择�
	�不同电压下分辨率对比�
	�不同电压下的表面形貌像对比�
	幻灯片编号 96
	�不同电压下背散射电子成像衬度对比�
	�不同加速电压的背散射电子像
	幻灯片编号 99
	�电子束流
	�束流（Aperture）的选择�
	光阑对中�Aperture Alignment
	幻灯片编号 103
	�工作距离(WD)的选择
	�不同工作距离下背散射电子成像衬度对比 �
	�如何更改工作距离
	幻灯片编号 107
	幻灯片编号 108
	幻灯片编号 109
	幻灯片编号 110
	幻灯片编号 111
	幻灯片编号 112
	高分辨率成像时参数设定
	背散射成分衬度像
	元素分析
	幻灯片编号 116
	幻灯片编号 117
	荷电效应�Charging up Effect
	荷电效应�Charging up Effect
	跨越电压�Crossover Potential
	幻灯片编号 121
	幻灯片编号 122
	为何需要低电压成像�Low Voltage imaging
	二次电子产额�secondary electron yield
	光刻胶/ Photoresist (Au coated)
	光刻胶/ Photoresist (Au coated)
	幻灯片编号 127
	High detection efficiency allows to reduce current and voltage to the extend that non conducting samples can be imaged without vp��
	幻灯片编号 129
	�低真空模式
	�低真空二次电子探头（VPSE）
	�低真空二次电子探头（VPSE）
	�VPSE的使用
	幻灯片编号 134
	幻灯片编号 135
	幻灯片编号 136
	幻灯片编号 137
	幻灯片编号 138
	幻灯片编号 139
	�开关机操作
	�开关机操作
	电镜室的环境要求
	震动
	制样以及放样品过程中带手套，防止样品台污染。��放置样品台时，方向一定要准确，一定要卡到位，�否则载物台此时将会报警，严重时载物台会卡住舱门。
	�块状样品，表面形貌观测�Non-biological Bulk Specimens�
	�粉末状样品�Powder Specimens�
	�截面抛光样品�
	�镀导电膜�
	一定要注意的：��1、样品要清洁、固定��2、电镜内注意安全距离��
	最危险的也是最需要谨记的：
	安全注意事项
	幻灯片编号 152
	幻灯片编号 153

