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1 HE A

1.1 #*% : Thermo Fisher Scientific Inc. fF 2 &£ f: #3 (h FEI 25 & & p3ng Ao d 2%
A F)

1.2 4% : Helios NanoLab G3 CX

1.3 iz pRix& s 1 02-77374097

1.4 /3K % : EDS Oxford Instruments INCAEnergy X’max™ 150mm? & #4305 (> F P22 2 o

2. F B

2.1 3=

FEZAFBEDFE > 2 A RAAREFBELAGE 2 1 3 A WREDP L > @ 3
T R TN A 2 e B iﬁiﬁlﬁﬁﬁi o HE4F L (Focuslon Beam, FIB)» f1* % % A R &4
FREMAEFZ N vl > FRFRAT T Hilks (SEM) %> = 57 2 K as 78 g
3 & W FLEM A vy 3D i RE SR A TR B RS R o 5
2012 & ITRS % 1 ehifip] » 2 M Azt 2019 EZ 5] 1Mnme B 5 2 H A28 (T2 2
1‘5&’ d >+ Si02 4r SION Rii&e 3] 1-2nm il i B & P4 > i8 ~ 28nm @Az » L H48 ik
IRBELS 2R ERAE-3 ALK 2L S FRTBEUBEROFE SRS HEY
AEEERE A2 SRR GE IR SHENEEERA<INIM  dopt FRSE R i a4
PR AR R T R D E RS T S50 T 5 MAE(TEMISTEM)™ 4 45 » & FIB
AP R F gL E TEM P arE- 1 2 o \gF T HE a0 4 cndeid fofd i B 4o i
% o TS EFAFIB B ifzir R e 7 1~2nm> & ¥ Hi— 43 o FIB X L 5 -
Toatr s 28 TEM 2P ®iF -z ARFEALHFTLIC MBI ELLH - P 7
BA R AT R REL - o

2.2 @

REHS LA Lfr TEAMREF ARES AT Fomm URE P IF Y 48
i L 4n £ 4+ R (Liquid Metal lon Source,LMIS) » £ ik 5 43 (Gallium,Ga) » ) 5 4;
AEEG MR MEF R E UL 4 o g A BB SR A BT R T
EHFHTE - RS GRS BRORE S AR B S FURR oRFDEE
Al e AT REH LR o

BEAES 4 H ST Gali) 2 4T L & Gat o 417 T H-4eid 2245 T 15 4 (electrostatic)
RE %R Garfr el Reim o Ak RILe SEM 8 0 55 ¢ St 3 e (e vs.Ga
N BHEAN(EEELFTEH)EEF F o FIB 2 lon Column ¢ 4- K 2.1 (4% FEI Vectra
986+ Column) » r27® #-¢-%f lon column & Hig = S|3Emepl o



/ suppressor
Extractor

Spray aperture

==e® Limiting aperture

== Column Isolation Valve
(|| Ie1anking deflectors

== Blanking aperture
=l Deflector

g} Lens 2
=

2.2.1 Source: LMIS(liquid metal ion source)
HEGa 322 IR B 2.2%7 0 =2 +3 2 HBiTE a,/@iﬂ% grac# > # "\ A5
B (WS 48 2 3 - AL P4 1 205 03B % 2 005 T 5 Ga piea i T - 4

AR BT RIS SLH TR LGS ] X et §F H(Extractor) £ 51w
kg o m BN L -

LMIS(FEI CQ.)

W22 (547# 8.5

2.2.2 suppressor / extractor
B RS L X b3S Rz 3 54§ -1 * Extractor ¥7 LMIS B c9F = 1 0 & Source
NN BT H 0 Ga g Hd o A i (evaporating) 0 B T H i s Ga f3ig o Gatag w ¥
i * T 1 Extractor # # ; Suppressor # * % 3 # Emission = ] > §]* .37 Source
LT ARG NT AT o R B EFHE o T - B % 5 F% K LENS 1 ¢ e
¢ Extractor 4p 4,0t 7 @ & | * Extractor 3 & &8 ¢ B EEBRE k5o



2.2.3 spray aperture
WP BB 2 T o+ {5 R extractor current * 14 g i source fiFfE
T s g o

2.24 Lens 1 £ limiting apertures
Len1 2 # % %54 limitingaperture ¥ & & — 4 % & B 5 #cum 3| F um % e 3t
v it I A paitF Aol o B lens R AR IR MR E 24 A S B 2.3 8
74P - Z_1F % Mk & beam 1+ /| ;Len1 4 & beam 3 Aperture FF e ik % & (current
density) » £ 4c + 34k % o] ¥ -2 F % abeam £ ] o

Same
aperture

VWY

Len1 FRHBeamffI=
B 2.3 (%% 74 8.5)

2.2.5 stigmator

KR 3 Y ,);‘» > astigmatism % - Astigmatism (§7% (£ ) E_FlagF &k 97 $H4E
(Fit s LENST %) 2 6 T4psbd T 2 KA &3 FBEE > 700§ 7 $ek it of
% (stigmator) # - @] 2.4 % stigmator eha1 (FRIE > > 5 Euﬂk{ia—i A_t [flengg+ L o 1
AR R B L B e

W 2.4 (%% 7 8.5)

2.2.6 Column Isolation Valve
% Ig Column & Chamber 2. & 7 - 4% 4 chamber ¢ &3 pF > 75y %3
column zZ & 5 & -

]
w
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2.2.7 blanking deflectors & blanking aperture
FEIT AN E S R < ] 4B 2.5 977 0§ % blanking deflector 4 — i R #-beam
4T > 37 & blanking Aperture + > gt K3 T S fE

a. BpIF R Ak Sabeam ) o
b. F15 % B On/Off &2 = T2k > § 7 F 4% bam 3+ aff 5t Hﬂ*ﬁfi—ﬁ $ & Blanking
Aperture }+ -

Measure
Beam
current

Blanking system
Bl 2.5 (%% ¥4 8.5)

2.2.8 deflector: Raster scanning (%% = .fg,\) / shift beam(panning) / image rotation -

JIF NPl AL cnfed 4 o LTS AP IR E DR 0 B F
Image Scan : Kk TR F AT 4B 2 S do
Pattern Scan : & #7ip T ehpattern § Fl4F 4 - * 104 %] 2 ff #rap Teh pattern 25k -
Beam Shift : #* >t & | e a0l st pattern scan > * 3t F stage 2 R AL o
Image Rotation : »z i 82 > &8 o &2 Rk Sahiiin™ > 7 )% e R F R L RE
2 o

Qoo

B 2.6 ~ W& 1 : Deflector 1 itz 32 ~ Pattern Scan ¥ Image Rotation

Image Scan Rotate 45°

BET BG4’
%\‘T' \ / ‘\/mage can / p— \
* A
N .—L.y ” E‘\\H Pattern Scan ” ”
Deflector \ s / \ _ /

229lens2: ¥ - R E > RPEF ARE TR &L o
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Electron Gun

Ton Gun \

In-situ lift out (W probe)

ICE detector

EDS

Pt GIS

MD detector

# 3.

CGIS




3.2 A~ oA BIRIEIE P

2t
K ¥ ike Hez oF e
L FIB Il (¥ e £ 3+ &k 42) FIBI (43R EHF )
A5 Helios NanoLab G3 CX Nova 200
b TR 200V~30KV 200V~30KV
T (Elstar’'s immersion mode)
245 2 0.8 nm @ 15 KV @optimum WD [1.5 nm @ 30 KV @optimum WD
1.4nm @ 1 KV @optimum WD | 2.5 nm @ 1 KV @optimum WD
3] s Gallium liquid metal Gallium liquid metal
Source _
life 1000hr (higher cost) 1500hr (low cost)
4 feik TR 500V~30KV 1KV~30KV
fE47 R 4 nm @30KV 7 nm @30KV
Beam 65nA~1pA 20nA~1pA
current (15 position aperture strip) (15 position aperture strip)
Pumping Two-stage pumping One-stage pumping

5 (Stage)

AXxis 5-axis motorized

AXis 5-axis motorized

Tilt : -15~ 90 degree

Tilt : -10 ~ 60 degree

X-Y- axis: 110mm

X-Y- axis: 50mm

# e & (GIS)

Pt, C

Pt, C, XeF2, 12

e TEM 32 7

B

(In-situ lift out)

W probe
(Easy lift can rotate)

W probe
(Omni probe can’t rotate)

i

B % (Detector )

ETD: detect SE, BSE

ETD: detect SE, BSE

In lens TLD: detect SE, BSE

In lens TLD: detect SE, BSE

ICE : detect SI, SE

MD: detect BSE

X

-ray i £ 4 40k

(EDS)

Silicon Drift 150mm?2

Silicon Drift 50mm?2

MnKa (%47 & <129 eV

MnKa (%47 & <129 eV

B IRIFE P

2.

L Aed f3ie L magls 7 3

% % 20nm -
AR T

B R f ot T

FU# oS o 2 a g kid

|2 ] AR

W
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4, TEM@F P &g v ivF#R e &8T5 TEMZES o
5, & 2imsi5 o

e
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4. FIB 14$ 5 3ki%
41FIB L #% -t h %
4.1.1 Menu bar

File Edit Detectors Scan Beam Patterning ag Tools

4.1.1.1 File Menu
Import / Export 1 ¥ #i5 1 % » ch ke ™
= F;p e i  Stage Positions :  *.stg files

H save Ctrl+S
Save s « Patterns : *ptffiles &% ¥ * spattern
Save All... Ctrl+5hift+5 . . .
® Record Movie CineshifteM * End-Point Monitor Graphs :  *.epm files
ot ane » Scanning Presets : *.scp files
Import
[Expun * Display Presets : *.qps files
Log Off factory
Exit

» System Parameters : *parfiles > ¥ B 1 T A B A F * cndfiE i ;£ A

Import/Export %75 B 4 F * ehif i o

Export System Parameters

Parameter Value
SEM Conditions
FIB Conditions
Stage Positions

4 | [ Presets

Display Presets

Column Presets

Scanning Presets
Pattern Presets

[ Workspace

4 ‘ User Preferences
MUI Sensitivity
Alignments
Magnification
EasyLift

Presets

Uniits

General

Export Cancel

View

Help



4.1.1.2 Detector Menu
Detectlis

¥ ED(SE)
TLD (SE)
ICE (SE)
ICD
STEM 3+ (Bright Field)
MD
External

CCD

I-beam Detected signal

SE, BSE, Custom

Detector E-beam

ETD yes yes
Yes, in Mode 2 only with

TLD . no
magnifications > 3500X

SE, BSE, Custom

SE, BSE, Sl(secondary ion),
Custom
BSE

ICE yes yes

MD yes no

& ETD (Everhart Thornley Detector) : # 2 & grid voltage 3 4r H ;5.5 & -
SE : +250V, BE: -150V (% voltage &_f > & % BE# i i) -

Detector Settings ?

Detector ETD

Mode: |Secondary Electrons  #

T Secondary Electrons
Grid voltage [ « [ » Backscatter Electrons

Charge Meutralization
Dowen-hole visibility
Custom

&€ TLD (Through Lens Detector) : ¥ 23 & suction tube voltage (-150V~ +150V)3 4«
Hgim B 5§ voltage & f ¢ £ 4 BEA i -

Detector Settings

Detector TLD
Mode [Secondary Electrons -] Maode: | Secondary Electrons
Secondary Electrons
Suction Tube : 2447V

Backscatter Electrons

Charge Meutralization
Down-hole visibility
Custom

Mirror [=[+[-15.0

€ ICE (In Chamber Electronics Detector) : ¥ 33 # grid voltage 4 H 5 & |
& :hGrid voltage = SE® . ; f »Grid voltage = BSE ~ SI# ij
Converter: 0 % SE ~ BSE¥: % ; § ##:Converter 5 SI¥ i}

| LT faime Secondary Electrons | -
| Detector ICE || Secondary Electrons
Mode |Secondary Electrons : Backscatter Electrons
6000V | Custom
Grid |4 mEs
] H Secondary lons -
100kV |
Scintillator [ 4 [u] »| |Secondary Electrons
__ov | Secondary Ions
Converter |4 ul
] Custom

-10-



€ MD (Mirror Detector) : i pIBSE:t %% » % it A E-beam™ & * -

Detector Settings Z

Detector MD :

4.1.1.3 Scan Menu

Vi

o Pause @ #7i% 4 {7 pattern - o e
o Snapshot : P-:# 3 5 #8582 th o : S )

e Photo : i BB 5 - Vdpr e

o Videoscope (F3) : g+ B i3 A R B4 L B o ? ::F: :W

¢ Reduced Area (F7) : 45 4% - s

o Full Frame (F5) : Z@BALT - IEI:::::LM .

¢ Spot/line : beam i BL/&Kk - ; sovsen s
o Slow/ fast / slower / faster scan : # E¥# 4 & & o sen i

. Mains Lock

Line Integration : ¥ # & charging IR % -

Line Integration (Off)

§ G R PR G A T R 40T R - s 7 |

Live

v Off

Average (4 frames) 3

gl
2 _—_> & Integrate (2 frames) 3
%

8 Alternate Electron/lon Scanning Ctrl+Shift+A
16 Scan Rotation Shift+F12
32

B Preferences.. Ctrl+Alt+5
64
128
255

+ Scan Interlacing : ¢ 1§+ Fscans1=> N4 0 12" Kcharging IR % 0§ G AT BE
B ¢ t3F 5 47 3 &dE o 4o B > overall frame time 7 it 42 #6300ms -

v Off

—— >[5 500 T

[ I BV BN TN}

o Alternate Electron / lon Scanning : E/ I beam= & » < T4 3 d Fadg 5
¢ Scan Rotation : E-beam # |-beam# >z & > stage 7 #& -

[0 il [ A %\(»/53 N | 132 oM

Electron Scan Rotation: 1?.2:‘ ‘ Ion Scan Rotation: 17.2° ‘

o Preferences : ¥ & 70T %8k ¥ * ...

-11-



Alignments Settings

Movie
Alignments
Magnification
EasyLift

Sensitivity

Scanning

Pattern Applications
Presets

Units

General

[Search

Alignment

Visible

18 - Accurate Stage Rotation Centre Alignment
210 - ION: Beam Alignment

253 - Supervisor: on Beam
Emitter Startup

E-column: User Alignments
E-column: Aperture Map Selection
External Plasma Cleaning

Vacuum Actions

Plasma Cleaning

Magnification Correction

Stage Alignments

E-column: Auto U-Mode Source Centering

Ed

E-column: Supervisor Alignments
I-column: Manual Beam Alignments
U-Mode Aperture Selection
'3 o =21 i
Aoply
a. Movie : ¥k T X 350 P Y E W
7 lrg | Vi Fh ;:..
—‘;{ =3 ° Movie Settings
Movie Movie Timer
Save AV Movie Period
Pediodt [25 [5] @16/ 40 movie stis
File Settings
FleName  [Move ]
Savein CAtemp\ =l
FieType [AVIvideo compress RLE (av) =

Numeric Seed |2

Video File Size 200 M8

Record Databar

b. Magnification
o Active : &7 TR fon &
+ Single image mode : ¥ - 4L %
.
.

% -

Magnification Settngs

Sirgle image moda
Pattern Applications Qiad image mode

Sensithity

T

i~

c. Pattern Applications

Quad image mode : ¢ % 71 4-ALF ¢

ok Apply | | Cancet

o R E
e & o

Keep Screen and File/Print settings synchronized : # 7+ ¥ 45 &2

Mo Sereen Preferences: Flie/Frin Preferesces
Higrerants

£ @ Real sereen sie Real soeen siee
Magnitcation @ Active view Actie vim
EmyL it

Priarnid §° Pt ncid £
SeEnning
: Ulsar cvica: wicth & Liser deviee width
Presets —
0m
Urits
Cararal

Ewip Sorean and FkePTinE settings s chinmnimed

i

z
=L

AT i\‘.

-12 -
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Pattern Applications Settings

Movie o | Dragitems to reorder them
Alignments Al

Magnification /C\fM

Easylift "_M e-dep surface

Sensitivity %_M_Delayering

Scanning

Pattern Applications

Presets
Units
General Idep3_M e-dep surface

InP

PMMA el

PtM

M e-dep structures
M e-dep surface
M weld

_M_Cell Navigator

ok | [y |[ concel |

d. Sensitivity settings : ¥ % TMUPE =G a0 R -

Sensitivity Settings

Movie ﬁ Electron Beam

Alignments

Magnification MuI

EasyLift i Contrast Coarse Focus

Pattern Applications |_|+ | o | |_ ‘+ ‘ 0 |
Sensitivity

Scanning Brightness Fine Focus

Presets |_|+|U ||_‘+‘D |
Units Stigmator Beam Shift

General |—|+|2‘[] | |"+‘D |

e. Scanning : % %% [ presetend fy %8k o

[=]
Dwell time | Scanning Settings
reset list |
p Move lectron Beam
Alignments Presets
Magnification 25ns Snapshot Preset (F4) ¢ | 'I
50 ns
Easylift — @ 100 Dwell Time 300 ns b
Fast scan £ i i
Sensitivity 200 ns Line Integration 1 «— Property
S 200 ns Resolution 7682512 editor -
500 ns Line Time 52.3 us
Pattern Applications 1ps Frame Time 3
/\P::u,///’ 3ps Refresh Rate 74 Hz
D |sps Integrate 1 -
Slow scan Geneal 10 ps Bit Depth 8 bit -
; 20 ps Drift Correction Yes -
Snapshot | 30ps Continuous Scan Ne -
scan -“_/f/’ K& (300 ns Action Save -
Photo — 45 ps Display Display 1 -
scan
Default
| OK Apply | Cancel |

f. Preset: ¥ ftE-beamzl-beamx 7 % * chRF > 2 penT BV X F R F

H ¢ & om ttool bareni 5 b o

-13-



Presets Settings
Mo G Blectren Beam
Algrenanis
Magniczian High Uciage
Eamylift Loo kv
Patterm Applicatiorss | | 200 kY
Senhity 100k Presets Sattings
Seanig 500k o
e Hmowe .M‘n‘:v.n's
Uit 1500 kv A
Gararal 1E00 k¥ f"'g"'?‘;":"
2000 kv S
Patterm Applicatiore
- 'attem Applicatiors:
000 Sensiibvity
Sennieg
Prescis
Urits
Ganaral
Electron Beam Pressts

g. Unit: ¥ =2 %

Units Settings

Movie Measure: | Millimeter [mm] !
Alignments Pressure: |Pascal [Pa] H

Magnification
Easylift

Pattern Applications
Sensitivity

Scanning

Presets

Units

General

4.1.1.4 Beam Menu : éﬁ—? it o
4.1.1.5 Pattern Menu

Reset Patterning in Display 1
Next Pattern
Next Line
Previous Line
Sleep after Patterning
¥ Autostart Real Time Monitor
Auto-Start/Stop Electron Acquisition for iSPT
Live RTM after Snapshot
Blackout Pattern Area for RTM

I ciece oo Vew _Hep |

Start Patterning in Display 1 Pause

Ctrl+Pause
Shift+P
Shift+N
Ctrl+Shift+N

« Start Patterning in Display #1 : 3¢ = pattern -
& Reset Patterning in Display #1 : & #7kx# 34 {7 pattern -
Next Pattern : & I F= 5 4+ & g pattern > 3 next pattern R ¢

"

¢ Next Line : % i¢ * cleaning cross- section » 3/ ¥ ¥ &

& Previous Line : % i¢ * cleaning cross- section » &t ¥ 34 {

- i# pattern -

S lom Beam
High Vicitage
050 by

100 Ky

200 k¥

500 k¥

B0 K
1600 kv
000 kv

e

i

ik p oA eopattern 0 3

+ Sleep After Patterning : 34 {7 = pattern » E/l beam’y ¢ p #+sleep -

Autos tart Real Time Monitor (RTM) : p &4 3 &

-14 -
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+ Auto-Start/Stop Electron Acquisition for iSPI : fz#: iSPI( intermittent switching
between patterning and imaging ) » E-beam ¢ p & & ¥4 & L Armillts 2 §2if o

iSPI | Monitor W ‘ Charge Neutralizer ‘ Progress

QGn Pause Save
Time Interval 20 ms
CCS Line Interval 10

On: fxc# iSPI

Save: &3 4> ¥ 124 Preferences / Movie section % ¥ th % ¥
Time Interval: 2~ 2 #f ¢

CCS Line Interval: # * Cleaning pattern p= » 2% @_% 7 g5~ & £ if

o Live RTM after Snapshot : #snapshotz_ s » RTM p # %4 fx#s -
o Blackout Pattern Areafor RTM : # B %2 » # 2 £ & &

4.1.1.6 Stage Menu

Align Feature...

Compucentric Rotation F12
Define User Units...

User Units

Beam Shift Reset

Auto Beam Shift Zero

Home Stage Shift+F3
Home Stage Without Rotation

Center Position Cirl+0

External Current Measurement

B

Unlink Z to FWD
Link Z to FWD

Enable Z-Tilt Map
¥ Enable Safe Stage Maves

Tilt 0° Ctrl+E
Tilt 52° Ctrl+I
EasyLift Ctrl+)
Sample Navigation Ctrl+N

Navigation Montage...

Navigation Alignment..

Move Stage to Nav-Cam

Take Nav-Cam Photo Ctrl+Shift+Z

Restore Last Nav-Cam Photo

o Align feature : 7 12:% #% r/stage imaget> R T & &% o

&l
ﬁ Align Feature

Move points or line by dragging them

Position 1 Position 2
X = -354.167 um X =201.823 pm
Y = 182.292 pm Y =72917 pm
Angle 11°
Use: Orientation
@ Stage Rotation @ Horizontal
Scan Rotation Vertical

Cance

-15-



Compucentric Rotation (F12) : r #rgip| cfeature§ » < szddstage > %17 E &
P > Pliustage® o gk o

o Define User Units : & & ¥ = -

+ Beam Shift Reset : beam shift 7w @ 2k -

+ Home Stage : stage 7 #hiF = (X=0, Y=0, Z=0, T=0,R=0)

-0.0144 mm | [+
-0.0050 mm e
z +%(0.0002 mm | |+
00° - [+
00° ] [+

Home Stage without Rotation @ &-4t4 + 2 5  stage §f =p% - ¥ i *dgstage ¢ 4
FIEMPN Gk > 7E*RZ iz (X=0,Y=0,2=0, T=0)-

¢ Center Position (Ctrl +0) : stage # 1 X=0,Y=0-

¢ UnlinkZto FWD : homei~% 2. Z 3 B -

% i $#ion beam - e-beam off ' stageiz 3 whome:i=% » Bl ¢ &gom & ¢ f

|30

R R ARE

Lo

BE e sk (it AFWDHT o 3 B MR L

|20

% & Zphgr FWD:d %
¢ Link Zto FWD : % Z #he? FWD g 2
. Sample Navigation (Ctrl + N) @ ] # pt = 5 5B~ & 5 2@ g {¥sample map >
Bt B ERE TR R B o stage R p w4 T TR 2 R o
+ Navigation Montage : {|* 1 P& 4p 45 ) i 1) sample map -

Navigation Montage

Target HFW Map size
4.2 mm 3x3
Single image HFW Target Resolution
14 mm [1536 < 1024 -
Use actual HFW
~ ) Details | Start
Remaining time Elapsed time
00:00:27 00:00:00

Switch off the beam when finished

-16 -



4.1.1.7 Tool Menu

tness (F9) : A #3 FE& B ¥+ o
G EBERE -
RS T
11* Plasma cleaningif % # & > B4 + ) 250Paz kP 7 & &
% eeess. oo 5 f» % @2k 4 T=0, R=0, X=0, Y=50, Z=0 (stage "% 3| i) o

Sample Cleaning...
Set HFW... Cirl+H
Display Saturation Shift+F11

Image Post Processing Ctrl+F7

* 6 o o

Sample Cleaning
~—— & SetHFW (Ctrl + H) : % #.® -k % & (Horizontal Field Width) -
- =
Set HFW
2.07199 ® mm pm
[ ok [ appy |[ cance | |

+ Display Saturation : 71 # (ji e {o(v ¢ )§ ZIRES > 2 & {0(2 ) TRF I o
+ Image Post Processing : % ij s #l &2 -
+ Application Status : alarm -~ warning:t i -

4.1.1.8 View Menu

[ view I
¥ Center Cross Shift+F5
Alignment Rectangle Shift+Fé

CCD Axis Marker
¥ CCD 4 mm Marker

Crosshair Cursor

Zoom Application 4

Redo Zoom 1.0x
Large Image Window Ctrl+F5
Large Image Window Configuration 4

Remote Mode

EI Full Screen

Single/Quad Image Made F5

+ Center Cross (Shift + F5) : 274 % » = 2> ¥ % A & eucentric height 2 %% g2k o

o CCD Axis Marker : 5 CCD X,Y,Z> »

R S
¢ CCD 4 mm Marker : %+ CCD#R ¥ % 7+ E-gun WDz =% -

-17 -



o Crosshair Cursor : % d¢ - 3 ML+ R 3 5 o
o Zoom Application : # &+ i gEkgor 2 < ) o

80 %
Y 100%
125%

¢ Undo/Redo Zoom : £ 4F &4 4 o + - = i®
+ Single / Quad Image Mode (F5) : ¥ - & o BALE 2. *7 4% -

4.1.2 Tool bar
Toolbar Left Side SEM Reduced )
Mode Area Videoscope
Undo / Beam High Auto Contrast Preset Scan
RE|C|0 Selection Voltage Brightness Speeds

# B ooy [ep FHOHE Z O ® B
| | |

Magnification Beam Current / Link Z to Fast / Slow
Spot size FWD Scan
Lens Auto
Alignment Focus
Toolbar Right Side Select Filter Align Pattern /
Mode Feature Measurement / (
Photo/ Reset Annotation Tools atterning
Snapshot Patterning | Presets
- 1 p2 p3 p4d p5 pé
E?saxsu vﬁ’l!lllm.h,.\’fﬁi ® o1 g2 p2opsops b
= T @Ba][2] s = s w -
Pixel Pause I System Scallming
Resolution : Parameters Eresets
Start / Pause /

Resume Patterning

-18 -



4.1.2.1 Sample exchange : &7 & % # i °

©

Sample Fxchange

I Chamberscope | Vacuum

Working Folder

o |

l [WHEx18-5PC\SharedDataymei

E-Gun Preesure @

I-Column Pressure@®  E-MidSection Pressure@® WIE-Gun Heater

1GPDO C:

Chamber

Plasma cleaning

i Other Multipurpose
Accessory Holder

System

Nake Up Sleep

®

n Patterns

0O 0uMMo=ED

4» Measurements

& 4 @ o 4o

© Annotations

[ o & to Te

4.1.3 Preset Menu
4.1.3.1 Pattern presets :
TR R copattern (& 5 61 ) 0 BREH ¢ PX o RF R4

E/l beam ;8T 27 @ % o

@&

p2 _p3 p4 p> pbé

@(s1][s2] 3 4 5 6 ~

-

-19-

1GPD1C ®
| Create Subfolders for Displays | Display# H |

2 V
PIVi

[ Piagma onloff@
& Plazma Cleanedll
Holdar Chamber
2 e
| { A
w
HVG
. -

4.1.2.2 Patterns / Measurements /Annotations : ¥ 12 3 pattern ~ £

i H &

Apply

@ ME-Column Heater

@Acoustic Enclosure
@Pneumatic Air

Rt

~ Chamber

@ Piasma on/ott

@ Chamber Pressure Hivac
@ Acoustic Endosure
@ Pneumatic Air

@ SAF Cable

® TMPLOK

@® TMPI Spad Ray

A E-Column

@ E.Gun Pressure

@ E-MdSection Pressure
@ IGPD0 Communcation
~ 1-Column

@ !-Column Pressure

@ IGPD1 Communation

# E-Column

W £-Column Heater
W E.Gun Heater

# Chamber

B Plasma Cleaner

TP B

HVG disabled

GP1 4.42e-7 mbar
6P2 4.39¢-10 mbar
5P3 413e-7 mbar
1GPe 3.35¢-7 mbar

FEEL e

C Bl T $ e

Update with Current Selection ——p> E%ﬁ' pattern

Import from File...
Rename..,

Reset to Default



4.1.3.2 Scan presets :

VG RE Y iR (B 5 608) 0 R F R4 )R T #3542 5 E/l beam

HATET @ o

& p1 pz p3

P4 p3

ps

(B[aa][s2] 5 ¢ s5 6

2Lig H ¢ onEdit o BT

,]_,,,—4>

Activate

Multiple Activate

Snapshot

Multiple Snapshot

hig Update with Current Settings
Edi

Impaort Scanning Presets...
Export Scanning Presets..

Reset to Default

Click
Shift + Click
Ctrl + Click

Ctrl + Shift + Click

Scanning presets X
Basic Setup

Name

Resolution 4096x3536 =
Dwell Time 100 ns -
Bit Depth 8 bit =
Filter Setup

Scan Interlace 1

Line Integration 1

Frame Average 4

Frame Time 3829 ms

Image Acquisition

Integrate 16

Drift Correction No =
Continuous Scan No -
Action None =
Acquisition Time 6.1s

Shared Settings

Mains Lock No

Start scan on left click No he

4.1.4 Status bar: &7 % 5k i

Chamber Pressure: 8.07e-5 Pa | lon Beam Current: 0 A

Electron Source Pressure: 9.73e-8 Pa | Load Lock: Indeterminate

4.1.5 Pages

ﬁ Beam Control

.@ Navigation

@® Detector

wes  Patterning

A Easylift

E Direct Adjustments
EII Sample Preparation

ils Alignments

| Specimen Current:

0 pA
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Lo @ B9

| Emission Current: §3 218.56 pA &9 2.18 pA | Electron Source Pressure: 9.73e-8 Pa |

| 1338m



Coarse
Normal

Fine

Adaptive Sensitivity

Zerg

Reset

4.1.5.1 Beam control page

KRS

A E i A ~ beam shift
+ 4R

i

NI R EH

Stage @ T=0 deg.
Bias & ~ 7 sc 421F 300V 5 ¥ &%
* 2> E-beam qp e 0 ®
7 it on ; 4% E —beam <2KV 3%
FRG PR

4[1%@ ’

[-beam

Detector % & #- 33 &

4.1.5.2 Navigation Page

374 % 57 11 feature % ¢ o3
# stage

318 sample = %
Add: “4c »

Dynamic focu3'
5 IR o) PR A

3 tilt o &
BE Gt TR
G FIRIFA }@ﬂ;zPﬁfﬁhy
0TI SRR
@ » scan rotation 2 /g 2 0 B

re

'\ [¥] Compucentric Rotation  [1Z-Y Link ~ ———Jp>
Last Position Add
pdate
- Remove
A/ Remove Al

e o 1__, #E % ~pE % - Plasma clean
Sample Cleaning 1 min

.w L | Source wake up / sleep

Column -

|BfTT|(;.usrr;;t |-| —»| # & beam voltage / current

High Voltage = [+[20.00 kv

|'|

Leallez )t | )[es] —®

Magnification

[Tl Couple Magnifications

(F-Hcde™ ). i Peid 27 3%

1 8

¥ 3 ¥ * 0 HV, detector mode

Column preset 5

Key parameters

|'|

High voltage: 1.00 kv

\ Magnification |—|+|2DT x
Stigmator E Beam Shift ﬁ

Detector settings: ETD, SE
Beam Current: 6.4 nA
Beam deceleration: Off
Stage bias; 2,00 kv

Lens Mode: HR

Beam Deceleration

Other parameters

< Stage Bias WD correction; ---
o ~[+[5000v B Contrast: 50.00 %
Brightness: 50.00 %
Scan Rotation Y -
Scan Rotation |—|+|0" |'| e _gﬁ, i\ iﬁ
Detactors Y -
/ Contrast [=[+[10000 % |
Brightness [=[+]50.00 % |
Stage
o P—————— | Stage z LiRH & T LEH
t Actual ~ Taraet # Relative
-

Touch Alarm Enabled

Z-Y link = 9 : % stage tilt » zo@ip)
ehfeature xdgd o ¢« > 7% Z
fhF B #-feature v % » 1 £ 3 7
7 & # 7] E-gun !I!

Tilt Correction b -3
[C] Dynamic Focus [T Tilt Correction

I * pt F5 & Stage 2
eucentric heiaht

Ziho 3

Titangle [Autometic N

Manual 0.0°

correction » B ¥ b 5 7F 5




4.1.5.3 Detector Settings Page

Detector Settings N .
e « 11— Detector ¥ #
T T
Detectors =3
— | Ll

- REEAE
Digital Zoom
S rra—r

/

w # E/l beam & | * fizc

LUT | Mix3 | Mix4 | Color | Process

[Defaut:

D. Contrast
[«

10 D. Brightness
v [«

[
Gamma 10

B 2

LUT [ wix3 | Mix4 | Color | Process

?

|.-|—Pr‘eseis|istbox

D. Contrast 1.0 D.EBrightness oo
Digital contrast — [ > [ | +}— Digital brightness
Gamma 10
Gamma
- Histogram on/off
Graph window L 7 Auto levels

Save modified LUT as custom preset

@_ Undafredo last user LUT change

-22-



4.1.5.4 Patterning Page

Rectargle Patiern
Line Pattern
Cirde Patiern
Cleaning Croes Section Patiern
Reguisr Cross Saction Patber
I Polgon Pattem
Brimap Patiern

Strearm File Patiern

Build array:
¥ ] it B2

Build Pattem Array

X

%% 11.1.5
Next pattern
1
Next line
. . l
Previous line = ™

Patterning Control ?

/V

Pattern 2 = ¥ 55

%

p V Pattern Enabled

L&
|1 - Rectangle 1

[ = 5 > ]
nnr rinr nnr
T

-]
| Select Al

Tptal time: 4975:17:15
verall progress

Current progress

[ 1 ]|[@)]-]|[sice | [== ]|
“ q » »

iSPI %% 111.1.5 Auto-Start/Stop

Electron Acquisition for iSPI & 3=

B4 4 ¢ gt

-23-

Pattern Disabled

Exclusion Zone Enabled

0:0

Exclusion Zone Disabled

[

=

Pattern enable : #

Pattern Disable : 7 #4 {7 (pattern ¢ %

Exclusion Enable : 2 i# pattern

A

&

% 4
B 7

Property | Selective Mill ?
SN
" : ‘T
Basic Properties I
Application none -
X Size 229.17 pm
Y Size 131.51 pm
7 Size 1.00 pm
Scan Directian Bottom To Top ~
Dwell Time 1.000 ps
Beam Electron ME Exclusion Enable
Time 4975:17:15
Advanced Properties EXClUS|On D|Sab|e P2 iﬁ; pattern ji: %’ ¥r g
Rotation 0° ,
Position X 102.86 um #JL i
Position Y 16471 pm
Overlap X 50 % .
Overlap ¥ 50 %
Gas Type none =7
Pitch X 388.90 pm
Pitch ¥ 388.90 pm
Area Calculation Pattern -
Dose 3.7E-3 pC/pm?
Volume per Dose 2.700E-1 pm?/nC
Saturation Sputter Rate 0.000000
M me Telnrdine
as Injection ?
Gas Insert Heat Flow
D Ins dep Warm |Closed
2 Audep Warm Closed . 2 o
Yo, _| —> GIS: W Pt C
® Ptdep Warm |C:osed
) Cdep Warm |Caosed
iSPI | Monitor B | Charge Neutralizer | Progress
On Pause Save
Time Interval 20 ms
CCS5 Line Interval 10

)



4.1.5.5 Sample Preparation Page: % & pattern page ¥ navigation page -

2

4.1.5.6 Direct Adjustments Page / Easy lift Page / Alignment Page : 7 #* -

4.1.6 Image Area
¢ Databar: ¥ i #%“7& K7 0f3t - & @37 P (HV, current, HFW, detector, mode) %

TBE RS e

Selected electron imaging o l'lj“é

dwell  det  mode

Unselected ion imaging ““”'ﬂ st [ S | e

Unselected optical imaging
Selected Patterning Imaging

Unselected Patterning imaging

143um  ETD

+ Databar Configuration : #-databar+ 4£R| ¢ 11311 T 3542 > ¥ BLE TR AEop TR P oo

Databar Configuration x
Available ltems Visible Items
Bitmap Beamlcon @ |
Detector Mode Label @
Drift Corrected MicronBar ]
Dwell Time Date
Filter Magnification
Frame Time High Voltage
Post Processing Beam Current
Pressure Detector Type
Rotation Horiz, Field Width
Scan Rotation Tilt
Stage Bias
Stage XY
Stage Z
‘Working Distance
Zoom Factor
Drag and drop items to
make them visible or to
change their position on the
databar.

o Label : & databar labelgus + 47| & ﬁ%] » TR BET ENF o

HHIIH--- oLak

4.2 FIB {6 5 4 (5 5
421 % @ g

(1) REBEH LR o

(2 o * st hALR® érdk o

422 @R
(1) %7 % B35 - 428 chamber> E? 3 AL F& - 3 - %;%é:«iz-:%?né«?f °

-24-



(2) - = ¥ P& 2inch ¢ holder 2 » £ 5 40T § > iz d B4 7 4}

,11%1 .

Za

ST OIL4E o

R=1720"
R=-120"
R=0

4.2.3 Load Sample

(1) %2 Z#EF elgiai= <4mm > T=0 A& ; REF 7T L4 sae B (4ot F) o

(2) = sample exchange #7414 % > # “VENT” BL.E 7 -

(3) # chamber 1= - sample holder ¥ ** stage F > * p = &4+ ¥ Z_holder *» 7 4
%?T? CBLE L AR 3 A4 e

(4) & chamber - 2 sample exchange ##1& % > 4#& “Pump” 34 2 % % > & # ,—L}T‘ﬁﬂf
chamber F* - & ¥| pumping #5 %] o

(5) Z sample exchange ##]% o f2:x TMP %% 4 > ¥ TMP1 %= 100% » I #x:a HVG

&4 <8efmabr> T T mARE T o

I ) Chamber
NAV W Plasma Cleaner
TIP1 Siand B X o T™MPL St.aqfl By
{ gbd Rdy Gaygas-
T™P1 97 %
IGP1 4.42e-7 mbar
IGP2 4.39¢-10 mbar
@Acoustic Enclosure 1GP3 4.13e-7 mbar
®FPneumatic Air 1GP4 3.35e-7 mbar

(6) © Beam control page ’ # “Wake up” #- E-beam /|-beam fx#: » ¥ rxrzl “Beam on”
LEF#R 4 -
System
| Wake Up | Sleep
Column ? 9

‘E/ Be-arn_Currenl _
m0 | [2fsfs3pa g
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4.2.4 # ¥ Eucentric height
(1) P e § A% stage & R P> sample % 7 £ % eucentric height #7& 4 47 ¢ feature
¥ oav#Ef Do ST B B eucentric height o i stage & 0° ~52° ¥ ¥ U Bl ATk
& F7 0 feature (P! 4o B A707 ) 5 B B H Bide 3.2~3.7 #rom o

Beam - The beam axis and
: the feature of interest
should intersect at
eucentric height.

LA =N - Stage 0°
. /7

L Stage

Stage tile 15°

—

Beam

Eucentric height % sample 7 & _# eucentric helght > B

/ # g 7|51 & & 374 feature o
[ S '__._ - o Jn'f
AT /
/ Stage ,rf 4
= o /’
/"

Tilt Stage 15° -~

y

-5

l {EIF Z #fi % eucentric height

Beam ) Feature moves into
; gucentric height and
into focus.
/ A EE Z $h 3 eucentric height 33 %

-;fo 7 focus > | ¥ 4 F| & 4~ 17 ¢ feature -

Z adjustment

(2) # % eucentric height- %% & E-beam T# %) > 3% W 3 E-beam live -

(3) E-beam # 3 M & ¥ (H1000X) > I 4 & focus/contrast -

(4) # “Link”icon - % “Navigation Page " Z qﬁdvﬁg?] »4.0mm > £ & “Enter” ; *r 3= ! stage *
A tilt & RiEARY o F - TR P4 “Esc” 4 > AR stage EF ¢ £ F| E-beam;

-26-



FHEMERIIPLF 2 i “EscC” # stage &*grf" .
(5) & sample Fdb—i= % 2 T_ing o BPFELF -8+ > A% focus / contrast o

e S

6) & T ﬁ% ~5° (¥ stage £ B 25R) & “Enter’; 2L 32 Sgdp g B

A FELRPER L T A Y g £ - = “Link” icon (LR R R A EE Z dhi|
- = “Link” «
| Stage Z
Down Up
4 E (]

(7) 2% 5° At > Liad dhTi AR 15°030° & 52°(Li: FoFEL 38 g
PEfEE Sum P RIREAE Z gh)

(8) %+ 52° A » #AERBL 0% L AmuAFRt FAATES  FARIRL RN
552

(9) # % eccentric height 12 | & % (1000X) # =15 » % F# 1 5 5000X » £ &4
F(4)~(9) HE- = -

4.2.5 Beam coincidence for the E-beam and I-beam
(1) pe: g 274 E-beam 2 |-beam pF > £ ix- ;8T ## sample =% - & E-beam
& I-beam ¥ A HE 2 T g Ik - B feature o
(2) % E-beam T F43 i K2 focus > -5 3 B P A b feature o
(3) 7 # 1| |-beam - beam current % 1 <40pA - #-} - # Z & E-beam iz feature -
fI* MUl + beam shift 22 X~Y *4=; & |-beamlive T » #-H feature 1 I-

beam 5L F (4o BHTR) 0 #0234 € |-beam gdamage s o

X A H EETShIf + R 4 PIFEF - &£ 5 ¥ & |-beam pausesrik i T H
feature £ 1 |-beam 5k F 5 &l * L snap shot 28 % > 7232 E/lbeam &

L33 tdp ke feature > 3 N G o

-27-



A== Pl v B4 g 597 & e pattern -

4.3 Cross section 3# % § ¥ § i)
HBEEREI IR 2EF R TR NTEEIRA I FERT FREERF &
WA T PR ER  o

4313 5 5 2
FHELAEM VAT RUAGR S UL MEET AH (0 CPtAu.L) .
4.3.2 #eieEh
AR TR A B2 R 0 T R A AT R E g PYCE millen 58l es e gl o ot o B

=3

RF KD TR - TFRRA

4.3.2.1 $¥cKR

Line : Zzt4 4740 feature + 3]- &R
Pattern
Dimension Length @ #fes sz £ & &k 7 - H3IEEL &
Z: e s R (~300nm) > millgt i iEAR Y o T OUAR T & MEPF S
BZ-
Application file mAE Pt/C
Beam current BT R BB B R > 23k <0.43A 0 #4R total time £ +
£ 0 B S & PEHE - - 80 beam current ) S5 E P R

-28-



4.3.2.2 F Fmill it

(1) focus/contrast # & @ & [# 2k #k 4% |-beam A3k > & £ ¥ & % |-beamlive > £ 2
i# * &~ beamcurrent fF > ¥ Mol Bd o BI LIRS o AR 5] AR
% # a0 (B4t F7)a & focus/contrast - #-4 & # w |-beam #7& 2 {7en% & - &
<Y snap shot # 2% ij > e focus / contrast & #74 e B* 8 F & 57 & & 470
feature + -

2) # x B3 17 0 7427 7 11 & E-beam P snapshot #5g:ik » /32 |-
beam H_7 # Fx4T tix & 170 feature + o

(3) E P WA ¥-4i i 5 UM A/H 1% (5% Deletest 7 sl M)

(4) mE-beam # & focus/contrast #AR# e+ S ETF & ¥ 5 = X 4oT BT o

[

4.337A EA

5@ d ion beam B AT A 1TenE B o 1Lt fE Pt & C REH A TEORE LT L
Pt iEq# 6> itfh C HFx 240k o I 432 »rF Henif e R F st 2 B

4331 S8k 3

Pattern Rectangle

Dimension AT F R T
X: €Y F& 2 BEA > 2304~0.5um

Application file Ptdep = Cdep

Beam current i£ 3% 2 dimension X*Y*10 (gt 3k 2 2~6% ¥)
)4 X*Y dimension = 15*2 um

beam current = 15*2*10 = ~300 pA
beam current ﬁ + » deposition FRFE > Pt & C &L
beam current ﬁ] » deposition FFREFE - Pt & Cz & B4+
# % & § ¥ cross section & > :=3% beam current X*Y*10 >
FE e Ky ¥ GIS=% Fl# > i£3% beam current & + ¢ *
710.43nA -
FOFOEHERF FTTRERIZARE > ERT U] h beam

=

current » ¥ {8 Il iE g B o
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(1) = Pattern/ Gas Injection #x#1F & (%5 # 3 4.1.54) fx Pt Hx “Warm” (& 7
e d); ©h Ptdep 2P ) 0 TE R O~ F AUEE

Gas Injection ?
Gas Insert Heat Flow
© Ins dep Warm |Closed

»

£ |wem |Closed
® Ptdep [ Warm | Closed
0 Cdep = Warm lClosed

© Audep

(2) Focus / Contrastst f : 2™ 5 & & 3| focus / contrast 33 £ Rl4e s Frde 4.3.2.2 (1) 0 7
ERUE

(3) st Pt w4 B snapshot sejn<id 2 BT/ L7 g ffeatures i st -

(@) 5 B @it Pt e 7 5] Ebeam st - & 8 snapshot
PR R AR e g DA

(B) it = %15 » i Ptdep = fo47 4 Boif » Ww o 5 & st g AR g ¢

(6) 74 1 E-beamig i Pt g2 friw o

4.3.44* (Regular cross section)
I Pattern #4114 % - 4 “regular cross section” ; i 4F A Tumz BFEES -
£

S ALK IR IR T e T JEET

¥ Pt {RERE
L 1um

FIETFT I8 —

Regular cross section

(1) Regular cross section %#icik %

Pattern regular cross section

Dimension X: £k F®EEELR Z1~2um-
Z:FRR o ARYR SRR 2o milliEART > T OLRE R ERERE
ZeER -
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YRR ERINRAAFER (2) 2 258
bl4c: Z= 3 um > Y=3.0*2.5=7.5um -

Application file | A #r{1} & database % > ¥ 1 Si #*7

Scan method v iz # stairstep # Mutiscan

Stairstep: 2 FEfFlri2 » FT ATl S0 AT i & B
R TS SR 4o > 5um o

Mutiscan : F cleaning cross section pattern » if & > /® & % 7 & %F

2 & 0 4 <5um

Beam current beam current 4%+ pFRF %@ > AT T A K o

(2) Focus / Contrast # % -

(3) Mg * & i Bied 7 R 7Y 7 1> 5| E-beam - % B spapshoti
ety A Al R o

(4) m=sferis > 223 |-beam - #- beam current # I <80pA ; #-#7F e » E%‘]%M% .

(5) 12 E-beam sz & A7 iR A LF B4 ERRAMAT L AN AR B IER K

5 -

4.3.5 w2 (Cleaning cross section)
detr g % en gt o cross sectiong i 2 T EE - i * di] 7w dbcross section #F A i3
T o 1 Pattern #4135 % > :£# “Cleaning cross section” ; E# i ff 2 FE A Tum je

H- £ AR W S 2 T 4T

Pt protection

A Al T ~a Cleaning cross section cut
VR EHE

(1) F#ek T

Pattern Cleaning cross section
Dimension X: &> ik

Yo od e @45 Pt GER @R 5 det BIYTT
Z: itz - X omilliEfee > 7 OUARLE REREA FZOUFER o

Application file | A #r{f}l: & database % > 7 1 Si ;#*7

-31-



Beam current AR A 2 EH G E 9 beamcurrent s - Akt g o] o R AR
IR GER B ERE R S E

(2) Focus / Contrast % o

(3) & & B4 7 {78 v 123 FE-beam #3075 & = snapshot ##5~ %
o zamillerik e o

(4) = = mP2is » >3 E-beam ¥ARF Ao £ FHTE > F7 53T ER ¥ L %X beam
current » £4FH 3% 435 EX KA THFRPEF R £ uE-beam#tk @i -

() = = {5 > *» 3 I|-beam > #- beam current # % < 80pA ; #-1% mﬂﬂﬁ"'% °

4.3.6 Unload sample (B~13& %) :
(1) Stage jf%: # stage XY ~T¥& 5 0> Rgi v ugilsiame & -
(2) z Beamcontrol/System 4|4 & - 4 %4 & E-beam £ I|-beam 3 “Beamon” ; p|
v A beam ; ¥ ¥4 E-beam/I|-beam e “Beamon” ¥ % % i & 4 o
¥ B PPN T - ruserf| E &4 “Sleep” > # %4 E/I-beam “Beam on”

{?, 3}%‘ LA d o System ?
| Wake Up | || Sleep ||
Column T
Beam Current
Beam On [_ +]6.3 pA |L|
High Voltage [=|+20.00 kv -]

[ea] (2] cs ][ ca ][ c5 ][ <]

(3) Zerobeamshift: = stage? @& > 4 % & E-beam 2 |-beam # “Zero Beam Shift”:#-
beamjf iz -

BBl Toos  View Hep |

Align Feature...

Compucentric Rotation F12 Beam

Define User Units...

User Units Stigmator Beam Shift

—> | Beam Shift Reset

Aut

(4) #.2 %7 : 2 sampleexchange ##1F & > 4& “VENT'; 2 s pLE s P7 B D15 -
(5) # 2 % : = sample exchange ##1& & > 4% “Pump” #4 & 5 * » ¥ % i/ﬁ?fchamber
» | pumping %5 %]
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(6) % sample exchangefr+|4 & /rinTMP® % 4 > * TMP1% & 100% & 7 ¢ 24
e
~) Chamber
NAV M Plasma Cleaner
W TMPL Stand By
Gauges
T™P1 »
HVG dmses
IGP1 4,42e-7 mbar
IGP2 4.39¢-10 mbar
@Acoustic Enclosure IGP3 4.13e-7 mbar
®Pneumatic Air 1GP4 3.35¢-7 mbar

(7) B3+ 48

(8) reFHE B * ohkd o

(9) &% = BapL e S fF o IR BRI g E

(10) ke ivifAzy #iIFL3afp » —TF P menB FRFLIE 0 AR L RETBHIT-

o

4.4 TEM 3 5 1745 5]

M ESATI A2 ez U THESATLIALAI 2 FERT TARHEED
Foo FEAFAT AFERL

4413 7 % ed2
LS RS R SR AR EREAITORBS AR TRER  FFLT A
TEMA 57 7 F 80 #2260 b (2 oot i b & & chz fdp o
(1) B2k 5%Hip:
A LB AP E (4o tink s M-bond ~ k) s BAERT £ B (40t PthAu.l) e
(2) =+ Kk szt hip:
ABEETEBAKGr P AU S B R BERE S £ AR SRR KR SR
- 2L T (40 ink) e

442 %57 ®5 (load sample-~eucentric height 3 % ~beam coincidence # %) Fr % %4.2 °
4.4.3 #eszeii k43R 4.3.2.
4.4.4 ik wEA R H B 433, A dimensioniE KA T
X=12~15um ; Y :1.2~1.5um ; Z: 1.0~1.5um -
4454+ (Regular cross section):
TEM#k 5 JE £ 30100nm T enfE 2 > 23 A2 58 0 F & B3RS BRI & > 5
AR R

#rjE R > 3 w[>tcross sectiontk 5 & R P T AN TR ES B
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(1) 8K T

Pattern regular cross section

Dimension X: €8> 3®EEER F1~2um -

Z:iRR o ARSTR AT S T

Y:BR ZR:-F%EA1FR (Z) 2. 258 ;
bl4e: Z= 3 um > Y=3.0*2.5=7.5um -

Ui Pattern 2:  rotation 180°

—7272272—

LR

Application file | A #r{1}: & database % > 7 1 Si #*7

Scan method 1% 3% $& stair step

Stage control T=52°: %4 == | serialmiling (7% 1, £ 2)

Beam current | 65nA > beam current 4% < PR ARE o ALHHELOT R R o

(2) Focus / Contrast # % -
(3) #Start - 4ot > 2 A 18 1 E-beam A4 T B o

4.4.6 ¥4 (Cleaning cross section)
fetr i * ePF RS 0 cross sectiond I 3 T EE > % fio] i -cross section £ @ 2

I o
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(1) SR

Pattern Cleaning cross section
Dimension X: &7 ip ke

Y: R& 3 Fdif.

Z: ferr Zin- X

Application file | X #r{f#l: & database % > # 1 Si ;#*7

Stage control A:T=52°0+1~2°, AR4TF L1720 F R > FRARE > FHilts RAx< o
B:T=52°-1~2°

Pattern 2: rotation 180°

| : F)l:apilc

LIIE A7

¥ > % pattern 1> A& 4 B R {$E *» pattern 2 -

Beam current AR A %0 i % 0 beamcurrent o — St g r o 5 W OR
21nA~2.5nA -

(2) “E P 2 E-beam Fzzamillis % o
¥ - e A fs > £ #beam currentif | - £iFHF IV.6.1~IV.6.2 > = 2 TEME
#91.0umE & (TPt & $1.0um) -

p7722722277278~=......... I <tums gatra 2
)"@EJ 'J‘—Z“ 2 %l'lj s §1OE Elji E~O7um

)7
%

B4 S RERPRLE L TEM & % %73
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4.4.7U-cut
(1) SRz :

Pattern

Rectangle

Dimension

Pattern 1. ~ 3.
X=500nm > Y ~ SALA A SRR A %0 ZEARTIE G BB R A T

Pattern 2.

X=AL 514 5 eE A m 2 Y=500nm » Z=4L*13E § /& % B B A T
1 |
| | 2
1 3

z# {&| parallel milling

rEAeT o L R TR E R4 A A

% — 7 pattern 1. pattern 2. - pattern 3.
% = 7 pattern 1. 2 pattern 2. - pattern 3.

FZ 7o
Application file | A &34 & database ¥ > # 14 Si #*~
Stage control T=7°

Beam current

A S ZEHF E 0 beam current » ¥ * 2.5~0.79nA -

(2) ME-beam#-H A3 % —g > L% U-cut EF 5 747 o

(3) = =1 » f #stage T=52°> Frzy U-cut &LF 313 *7 87 4o Bl &) #7 o
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4.4.8 U-cut {2 wm¥s (Cleaning cross section)
rERA 446 FRE- TP BRI Y E<100nm » ARTEMA 47 § Rlmde 3 97 3
kB o Bfslmpev B % TR (BKV/G6PA; 5KV/ pA; 2KV/T2pA....)m¥e » 1L s 33 91

A 4 damage -

4.4.9 Cut off bridge
(1) S s

Pattern

Rectangle

Dimension

X “Y: s25FUcut TREER
Z: v% 4+ -8 d E-beam it F 2 47

% 7= pattern 1> £ pattern2 > ¥ § - BBL> 7 & = 27 E7 o

Application file

Aot & & database % > ¥ 1 Si

Stage control

T=52°

Beam current

i BtE mPe T om
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(2) = &% 4o BlHR o

4.4.10Unload sample (3~di3# ): & 3% 4.3.648 F -

4.5 Cross section - ffip ¥4 1

% = cross section mill » #-#+ cross section # 4] * E-beam £ |-beam 4p#&7% 2 B 1j> ¥ &
# 2 E-beam & |-beam #B~#7 7% 2. B ik 4p#E> 40T o
@ + & = if(Scanning Electron Microscope, SEM)

Stage T 52°  MTE AR LR

Stage R 23 R % cross section % A&

SEM mode ViEH...

Detector -

model: Field-Free : — 4&f#47 » j* $%3k Z_detector 3 ETD» # * 3¢

thdea 7 i & omill i§A 7 =¥ Frel

_—
-—

mode2: Immersion (UHR) : & {4 % % % ffdp %2 % * #* mode » &

% >3500X > p #R3% @ _detector 2 TLD - 3% F &3 2128 37 Fe

Co ~ Ni-» #* mode 2 £ TLD detector -

Voltage BT EARENTT2Z D RETIE > - it 2KV/B6PA -

beam current

3+ 4 = i (Scanning lon Microscope, SIM)

Stage T 0°: AR TE A B & R

Stage R 4% kX cross section % & #& 180°

SEM mode = _ ) 3
model: Field-Free @ - #kjf#47 » p $83% %_detector 5 ETD -

Detector
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:l‘:r

Voltage T RAENT 2 FRE TN - iig* 30KV/24~80pA; it * 33 f

beam current | * damage & & » i F X< 50K -

4.6 Alarm g2+ ;%

4.6.1:8 3| & B2 2_alarm
(1) #F=® -
(2 B s fF 0 FRZTEHEIE S L F A 0 4 4E-beam beam off - I-beam
sleep » BEF PP 48 SRR o
462 HRETHERS
(1) # E-beam beam off » I-beam sleep -
(2 ¥F+ 72 EPT RBlEe -

Customize...

(3) #134eT Bl > #"Enter Service Mode” » RI ! iy » % A8 ¥35 4= 0 %48 5 SE-

aeemc2 -
o I i
System =

Lo 0 'y ) kit @ Console devices | O\ 2 Switching to service mode is protected by
Diagnostics  DataBackup  Account RUNNING ¢ € Motion NODE1 t password.
AutoReport Manager P Imaging

n Beveloper:fook: Please enter the Service password:

= UI state

Log Viewer

s v ‘ SE-aeemc?2

[“IKeep me signed in
Microscope
Start [ Stop } I‘ Enter Service Mode [ oK l [ Cancel

Hdeul | [ stopui | [ stwndby | [a]
Administration
Install directory C:\Program Files\FEI\Exe\

Active configuration | FeiMicroscope

Autorun U ¥ FeiMicroscope

» Service Tools Terminal Window

@ Bhvsafety ~ | @ unknown
© Bhvservice @ Stopped
€@ BhvManipulator @ CoCrested
@ shvPersistency @ Connected
@ BhGis © Started
@ BhvSpecimenExchange @ Intislized
@ Fublicitems

@ BhvstateManager
O BhvLeanEOptics
e BhvLeanIOptics
€ BhvSessionManager
@ ObjectModel
@ ActiveViewServer
=@ app [564]
@ HalExceptionMonitorAVS ‘E
f AppActiveViewObjectModel




(5) &R Rl RS

System

#4 =

Py

. Lt s
Disgnostics  DataBackup  Account
AutoReport Manager

Developer Tools
&

Log Viewer

A, FHE 4T B

Server state

g ™ @ Console devices
erver state
— STOPPED K | @ Motion NoDEL
RUNNING & @ voton NODEL [} e @ Imaging
@ Imaging
| S
= = UI state
Ul state 4 STOPPED x
RUNNING IV 4 .
L ]
-
Microscope L
n
Ity [ Stop. Enter bervice Mode |
| hideur |
]
Administration :
Instal directory : C:\Program Files\FEI\Exe\
"
Active configurations scope
n
Autorun UI ¥ v FeiMicroscope
» Service Tools T
© Bhvsafety @ Uninown .
@ Bhvservice @ stopped @ Microscope A
@ BhvManipulator @ Cocreated 2 bboxp
@ BhvPersistency @ Connected @ AuxNTBFMonitor E
© shcis © Started @ HalExceptionMonitor
@ BhvSpecimenExchange @ Intialized @ Halccb14
@ Publicttems @ Halcscu
@ BhvstateManager @ HalRack
€ BhvLeanEOptics @ HalLowerOctupoleFIB
@ BhvLeanlOptics 2 ;:',_i_ 4 %rk 2% ok, 5 @ HalupperOctupoleFIs
@ BhvsessionManager . F 2. Ju 1N @ HalFBGun
@ Objectvodel Yy epe— @ Hal0QADFIB
-—
D ActiveViewServer ) @ HalosBIFIB
=@ app [564] @ HalssA
@ HalExceptionMonitorAVS @ Halssaz
@ AppActiveViewObjectModel @ Halvacuum
@ HalGunFeG
@ Halcmankved X
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(7) & B> A ¥ F 2T L Fserveris » T ER T %N o
E—

Start system

Stop system

Open
Exit xT Microscope SENEII

Cuomize..

(10)  #c k4o Bl“rm 23957 % %"

S tat: -~
S @ Console devices
STOPPED x @ Motion NODE1L

@ Imaging
,/
UI state ,/
STOPPED ,,/ X

Microscope ’
Stop Leave Service Mode
1 Stop UI Standby [z]

Administrgtion
Instal durel‘:tory C:\Program Fies\FEI\Exe\
Active cor"iguratlon FeiMicroscope
Autorun % 17} [FeiMucroscope vl
» Service Tools [ Teminal Window |
E Microscope » | @ Unknown
=@ bbox [2574164] @ Stopped
@ AuxMTBFMonitor E| @ CoCreated
@ HalExceptionMonitor @ connected
@ Halccbia © Started
@ HalGscu @ wiisized
@ HalRack

@ HalLowerOctupoleFIB
@ HalupperoctupoleF B
@ HalFBGun

@ HaloQADFIB

@ HaloSBIFIB

@ HalssA

© Halssa2

@ Halvacuum

@ HalGunFEG

© HalCmagtvd
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(11) &1 3m4c™ Bl E ~ Microscope#tiziz 5 ID: user ; PW: user -

N
S ,j FEI microscope
user |
user |

[English (United States) Z

(12) d1:home stage#tisi=z - H#-stages~ 41 > 4o Bl #7T o
I e

/1 Home Stage Needed

Home stage procedure must be completed before any movement can
take place.

[¥] Home stage with the rotation axis

I Home Stage -I Cancel [

(13) Pl &€ B A -
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5.X % it £ 4 ¥ ¥ % (EDS)3 1%

51 R&HH
(1) % -zi& FIB chamber® - # #4 eucentric height -
(2) %84 EDS 2 B4t » ¥ 4 & A 47 Stage & & : EDS¥ 1 tistage 0~57 &
o E L iTE P top view ¥ cross section 2. v # &2 47 o
(3) EDS =it * E-beam #i: 7 it & l-beam T i Fu|&xF % * l-beam pF > EDS
detectoriz 3% 1) -

(4) &z EDS detector @ BE X Z2 R EI B % d » ZBEOFERER LB LT TR

|
o

Welcome to AZtec

Projects Demo Data Help
Select a profile to use with your n
Innolas Current Settings

Desciiption
Ag 5um

N ;’Lﬁi%] » project name - 4% % ¥ it 5
h7A ¥ D ;2 f8 £ %% Flsupport PC
AR B A

o

14
b

#7H project - 7+ ¥ d File / New project

(6) “td 5+ T & ghiEdetector® ot 0 Aif position » #& “In” B #-detector® » chamber
¢y T ARS 5+ o EDS detector ¥_F E 9% » chamber® -

EDS Detector Control: 73722-X0150

Thermal State:  Fully Retracted
Position Activity: Not Moving

In




(7)

(8) E:i% - T & “Control of the Microscope” - # 5 3% % ¢ fi #+#5-FIBi2 5 + WD ~ HV »
Tl gk G S A

icroscope Control

Column Helios - 9925079
Current Values New Values
Stage
Magnification: 149

Working Distance (mm): 376
High Voltage (kV): 200
Beam On:

Auto Contrast/Brightness:

Auto Focus:

(9) T Lt AFHETR AT 0 b T R

o Analyzer : Bl3# <2~ 2 & 445

o Point&ID : B2z 8~ s 82 482 2 & 447

™ —7

Ananzer

Analyrer
Point & 1D

Linescan : s 4 # [

Lnescan

Mag: ¢ Mapping : =% 4~ # [

Optimize

¢ Optimize @ &1

5.2 EDS_Analyzer # it# £

Analyzerz_ # iTinf2de™ B#7T7 - A RFEHBREREBITI 1w fe

Acquire Confirm Calculate
Spectra Elements Composition
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5.2.1Describe Specimen : # 3‘1%] » specimen site:Lf% o
Specimens in ‘Project 1' Summary | Specimen Geometry Pre-defined Flements

(Y T———
F New Speamen

4 «™ Specimen1

Specimen Notes for

I T I S A
TV EREHE 0
B g -
Default: carbon
Thickness: 10 nm
o s Density: 2.25 g/cm3

“Load from Profile

Site Notes for

W Specimen is coated

5.2.2 Acquire spectral:

Toolbars
Acquisition toolbar

5.2.2.1 Acquisition toolbar

EDS Acquire Spectrum Settings

Energy Range (keV):  Auto

F#g ‘li‘; Pr{ g: —i‘;ﬂ‘ ‘?{;{ i’%i ,,FC jg: Number of Channels: Auto

Process Time: Default

Acquisition Mode: Live Time

Acquisition Time (s): 10.00

M Puise Pile Up Correction

¢ Energy Range (keV): Auto, 10, 20, 40
o Number of Channel: Auto, 1024, 2048 or 4096 (4K) ; spectrum (%47 &
(eV/channel) £ energy rangefrnumber of channel# % 4-™ B -
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Energy Range (keV) Number of Channels eV/channel

0-10 4096 2.5
0-10 2048 5
0-10 1024 10
0-20 4096 5
0-20 2048 10
0-20 1024 20
0-40 4096 10
0-40 2048 20

¢ Process time: Default, 1~6
1. f247 R & £ > Dead times& |
6: f%47 & # 4+ > Dead times. <
- A 2§ 297 Processtimexk 5 & 6 (f#47 & 4+ > Dead Time+) -
Mapping# Linescan 4 17 Processtime® % 1 & 2 (f247 A& £ - Dead Time

/J\)o

¢ Acquisition mode: Auto, Live time, conts
Auto: ¢ p # 4 & 3| ¥ 1 2 F 2 &4 dhconts
Live time (seconds): ¥ &k Z T & M ELpFF ¥
conts: ¥ & T jc BB B > default 500,000

%%+ ¢ PR input/ output count rate dead time ©

Tnput Count Rate (cps) Totak
89460

Output Count Rate (cps)  Totak

41500
Dead Time
e ]

Recommended WU 4.0 mm

5.2.2.2 Toolbars

Normalize spectra
FE

¥ &g or 75 1k#74p spectrum 2 energy £ conts

5.2.3 Confirm element
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: - -2 ConfirmElements
Confirm ] . A Settlngs

Elements

Candidate Elements

5.2.3.1 Confirm element setting
'Q' Settings
View Settings

Display:
M Markers
M Peak Shapes
M Fitted Spectrum
M Theoretical Spectrum
M No Pulse Pile Up Correction

¢ Markers: &7+ X-rayiguiz ¥

m . K series lines

. L series lines

. M series lines

¢ Peak shape

41 * Filtered Least Squares :* & 2 ",lrt
backgroud > ¥ d ¥ Hp £ BLiE & {1 o1
~ %

o Fitted Spectrum: &7+ & B]:%
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Cr Mn Fe Co Ni Cu e Win TR co Wi eu
# Theoretical Spectrum: %g 7+ 1234 Bl +#

Mn:Kal

5.2.3.2 Toolbar

kot M5HT4p spectrum 2 energy £ conts
Bom 5 HR97dp peak ¥ A 2~ &

5.2.3.3 Candidate Elements:
B:E W3H ¢ peak § BT 0V i AR

») Candidate Elements
>) Candidate Elements Spectrum Height. 5 ] O

Silicon SiKal

Rubidium Rb:Lal
Si

Tantalum
H Si

Hafnium
1 S
Thulium

Mercury

EETE BT Bl
* T & AT Wt% or At%
& T8 compare ()




Specimenl ¥  Site2 ¥

None

F RV UBERF LS TRAR
B f e 4R A ClEER]® R ] B B R

B Wollastonite - 2
Orthoclase -2 =

&

9]
Ca
Si
Mn
K
Al
Fe
Na

52.3.5 LBl KA R L4 § NIRT BAIEEHL A

et sces Reset Scale : p # v % Bl ¥ & &

=i Export : #ij 41 B3 3 2 # 5% #5 (bmp, tiff, jog, W, txt, spe)
Peak Labels : %+ peak ~ %

A Annotations : L j%

e X-axis : ¥ 4 K 4

Y axis © ¥ 33 F 4 Fl& kg om Cps/ ev or conts

Peak Labels

Annotations

Normalize
Smooth

Noise Peak

Details...
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5.2.3.6 4 Data view / data tree™ % *13 4 47 cfproject ~ specimen - site

L & project ~ specimen ~ site 4 . 4£iE edit ¥ 445

Current Site | | Data Tree |

4 & Project1 fE o P 'J% & T specimen & site - F
b &2 Specimen 1
4 & Specimen 2
4 > site2
Electron Image 2
La. Spectrum 9
La. Spectrum 10
La. Spectrum 11
“ FF
4 > Site3
Electron Image 3
La. Spectrum 12
La. Spectrum 13
La. Spectrum 14

Project

Specimen

Site

Data View

Current Site Data Tree
4 <) Site2

Electron Image 2

"Add Selected Spectra

A -

5.2.4 Calculate Composition

Available Templates

Summary Table - Single Spe
Comparison of Results - Two Spectra
Summary Table - Multiple Spectra
Full Results Table (customizable)
Spectrum Details - Detail

Spectrum Processing - Processing

¢ Quant Results View: ¢ data view: # #7 & & 1 0% > £ #Add Selected -

Data View

Quant Results View Comerksie)| TDetaTree

4 <€) site2

Sieciron imaye 2

Viewed Data: Multiple Spectra Result Type: Weight % ~

vl c| o| a| si| P | Mn| Fo | Total |
178 377 16.00 056 77.89 100.00 8/Specimen 1/Site 2
187/ 1299 085 222/ 1206| 241/ 67.59 10000 8/Specimen 1/Site 2

3 479 656 148 593 758 183 7183  100.00 8/Specimen 1/Site 2 "Add Selected Spectra




5.2.5 Compare Spectra

<

Compare
Spectra

d data viewit # #7& & o B3 0 £ #Add Selected Spectra

Compare Spectra Q Settings

Spectrum Comparison Settings

Line Settings: ~ — Normal ~

Thin
= Normal
Data View

= Thick
== Thicker Current Site Data Tree

— User defined. 4 <) Site2
‘A-
LB
A !

"Add Selected Spectra

Remove Spectrum Clear All

Spectrum Label = Spectrum Color Line Thickness Project Path
se M 60 v — Normal ~ = 8/Specimen 1/Site...
7 u 27 b — Normal ~  8/Specimen 1/Site...

(] - — Normal ~  8/Specimen 1/Site

5.3 EDS_Point & ID #k i£ % 2%
Point & ID2 4 e Az o™ B“F7% » L &4k (FH Mk EE 7 d 2 Lt ko

02 &SP &

Compare
Spectra

Acquire Confirm Calculate
Spedmen Spectra Elements Composition

Describe
s Scan Image

5.3.1Describe Specimen : = # 3 5.2.1 -
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5.3.2 Scan Image

k]

Scan Image

e
g
kh
2
7
RS
‘??;
&
l —
*
ki
RS
7_‘;
fise
4
RS
‘%_a;

¥ New Site Scan Image '» START sTopP Settings ©0  SecondImage: None ~

Electron Image 2

-

Number of Frames:

Frame Time (secs): 13.107

5.3.5 Calculate Composition: : % 2 5.2.4 -
5.3.6 Compare Spectra: : % 3 5.2.5-

5.4 EDS_Line scan # it # 3%
Line scam z 4k (eiifede™ B#77 > L RFIEHBMERBIT I 2 A e

Desc.nba S S Acquire Line
Specimen Data

5.4.1 Describe Specimen : [+ # 2 5.2.1 -
5.4.2 ScanlImage: [~ # 3 5.3.2
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5.4.3 Acquire line data

Acquire Line Data START T

Quantline

Container for
all the line
data

Container| for
data from
each line

Sum of the
spectra for a
single line

Sum of the
data for all the
lines (L1 - L4)

¢ Setting
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EDS Acquire Line Data Settings

Acquisition Time:
® Until Stopped
O Foed Durz

Number o

tnergy Range (keV)
Number of Chanmels: o PrOCGSS t|me L?‘ ;i‘g * defaU|t g 7}% ﬁi'&‘} E’i” data l;;:i /’7\ ’f‘?ﬁ }i
Process Time: Default

Pixel Cwell Time (ms)

Line Definition Paints Points : %k - FR& 47 5 > g
Number of Points: Separation . \)_’v/{ UE%{H— % lﬁ‘ (um);j:T—‘ ;ig‘!:'

Multiple Line
Mullipgde Line Delinitica:

Number of Lines:

Line: Spacing:

5.4.4

Construct
Linescans

Construct Lines @‘ Truline | Quantline

=t

Electron I
T

Spectrum 23

|
Spectrum 21

Spectrum 22

Confirm Elements »

M spectrum 23

Compare.. ~

=

wts o
1000 00

Minimzec 2S5 ¥ Binning Factor; 1 ~

4) Linescan Detaids TAGtoID

A. Construct lines
Line : ;’@‘alr“,f FFE
TrueLine : 4| * Filtered Least Squares (FLS):* & a‘r“ff FFE TWE % € ppeaksn
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S EBE -

QuantLine : &4 3708k b ¢ 1 Wt% or At%

B. d linescanshs b o Bopn A 41 BERIGE S T8 0 B R % ¢ A or fndata tree o

C. Settings: ¥ :z%smooth factor > :z% linegg ¢ & e fw o

Linescan Viewer

Smoathing Factor :

Line Appearance
Labed Ling Color Line Thickness
C Kl 2 X = Thick
Ag lal . - = Thick
fe Kal B - = Thick

D. Line details: % i¥#p £ } E 1 & hRlH -
Line scan display

5.5 EDS_Map 3 it % 5t
Map2 4 (i Az 4e™ B“T7 > 1 & 3 (74 I PR WIR o & AL o

Acquire Map Construct

Scan Image Data

Maps

5.5.1 Describe Specimen: ¥ # 2 5.2.1 -
5.5.2 ScanlImage: ¥ # 3 5.3.2-
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5.5.3 Acquire Map data B c

E Ao Map Data USTART | = sTOP £ Settings ml TiuMap XQuuman =

cquire Map Data Settings

Acquire Map
Data

Tools to pan, normalize and add
annotations. Drop downs with alternative
options.

Tools to specify rectangular, elliptical and
freehand regions on an electron image for
map acquisition.

Tools to specify points and regions on an
image for spectrum reconstruction.

Tool to show data values on an image or
spectrum.

£+ Settings

EDS Acquire Map Data Settings

Resolution: 256

Acquisition Time:
® Until Stopped
© Fixed Duration

Frame Count: | 1

Energy Range (keV):  Auto
Number of Channels: 2048
Process Time: Default
Pixel Dwell Time (ps): | 100

Frame Live Time (s): 5
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C. Construct map
Map: & % X-ray Map -

/

# overlapping pea

LL

k¥ #

TrueMap: a‘r“f $iE *‘J;a overlapping peak » &% * st H-3%

QuantMap: #“map_t & 7+ ~ % wt% or At%

5.4.4 Construct Maps

Acquire Map

Scan Image ks

TruMap [ QuantMap

Display P el

£

Construct Maps

EDS Layered Image 1

CKal 2

Spectrum 4
N
~Spectrim 7

25um

oo T
2.5um >

0 -

Layer Mode:

Confirm Elements »
M Spectrum 4 > _

Minimized Maps = %

Map Details

A. Reconstruct spectrum: ¥ & Map B}

¥ ¢ &t hdata view -

Map Data

EDS Layered Image 1
1

Sbedmmd
e

‘g, -

B
;

Spec.rum 7

% .
=

-57-

Weight: —l—

oBEl =
" Guided

Custom

Data View
Current Site Data Tree
Si Kal
IW
LY Spectrum S
Interactive ~ LY Spectrum 6
LY Spectrum 7

EDS Layered Image 1

Sitel ¥

Mini View Ratemeter ~

Total

136620

Input Count Rate (cps)

Output Count Rate (cps)  Total:

39070
25um

Weight ——ff}————

u 120

Dead Time

[ R |

Recommended WD 4.0 mm

05

Mix ¥ Layer Mode:

2

Step Notes

This step is the mapping equivalent of the Confirm
Elements step in the Point & ID navigator, but instead
of confirming the elements in a spectrum, you will be
confirming the eleme:
will have tools to add/delete maps, change the
default X-ray line used to construct each element
map and even change the default energy windows
used.

While investigating your specimen, you can
reconstruct spectra from any point or area on your
specimen. This will give you a quick idea of potential

B TR ) R R AT A R

Data View
Data Tree

4 SiKal
™

A ‘\. Spectrum 5

Current Site

LY Spectrum6

[\ ‘\_ Spectrum 7
=

EDS Layered Image 1



B. Construct setting

mage Layer Settings

Map % ¥ i& #% % alphabetical, atomic number, Max.
intensity & mean intensity # &

Sort Order: ~ Atomic number

C. Liayer Visihility Sedection Hp 3
(e ntensity] EH VR 5E map I B

Manual: =+ # 2L:%

Sinaothing Levet 1 - No Smothing ~ Auto mode: 17 & =+ intensity z_ % N 3&

i ACE while acquiring

v 113% 1, 3X3, 5X5
BIPCURLEE ¢ bR R R

5.6 EDS_Report i it 2

5.6.1 #-:Z Report results / Report Templates

Report Templates

Document Type: Word Title Directory
Orientation: All Electron Image and Maps System
Paner e Ad Electron Image with Multiple B&W Spectra and no MiniQuant System

: Electron Image with Multiple B&W Spectra and no MiniQuant System
DAECOn Al Electron Image with Multiple B&W Spectra and MiniQuant System
Category: All Electron Image with Multiple B&W Spectra and MiniQuant System
Tarhninia: Al Electron Image with Multiple Colour Spectra and no MiniQuant System
B <how Favontes Only Electron Image with Multiple Colour Spectra and no MiniQuant System
Electron Image with Multiple Colour Spectra and no MiniQuant System
Electron Image with Multiple Colour Spectra and MiniQuant System
Electron Image with Multiple Colour Spectra and MiniQuant System

Electron Imaae - EBSD Point System

Electron Image with Multiple Colour Spectra and MiniQuant
Document type: Word ¢ Excel
Orientation: & # # v

Paper size: A4 & Letter
Directory: System, current user, all user

* 6 & o o

Category:

Linescans
Quant
Project

Site Report
Feature

Other
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5.6.2# ~word & excelp]¥ save file » — B ﬁ;ﬂi%] » project nameR| ¢ p # &% 3 project -
ET AT AAMS Do 2 81 5 pIsupport PCA 2 sk s B~ A R & o

57 1 %%

(1) # * =5 > 2. detector® =+ - &if position > # “Out” #-Detectori? I} Chamber

T AR 5+ HEDS detector #_% E ¥ Jichamber o

(2) B FEDS#: % o

Q) ipraf E B ¥ jedkd o

(4) & * =B are b i e R EGF R

(5) el ITiEARY B TR > —TEF PR ARERFTRIE D ARERETT - BT
(6) Wl#h %375 2 Support T %o > o % R B G R ko
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6. iR

MU AR S AR SR AR T S 2 R o

R AR T RS 0 B

it d - (EPa osa A B YRS

Hagy 150 73 » BRAE 130 7 - AEDUT H EHEIER - BRAE DL L8 - IEMESE AT - SEEREFT A o 17 BAEE TR
o EEHRED B PR ENREE) -
et~ ilsz i 7 < —FOO0O0O000

15 % / AR 68

[] Electron gun []Ion gun 1Pt GIS []1CGIS

] MD detector CJICE ] EDS [ easy lift

] Chiller ] Scroll pump (] RETE 247 ] E-beam WD
[1I-beam WD (] E-beam E stage IEAXFFE [11-beam #i stage IEXXFEE

15 7 / [ERpteE

O #8% punp fl/EEE & E5?

O E&iE UPS BIEH?

Ol IEREHELHEE - B RIEE [-beam source life?

O EHEFRAEEER - SEEEHEES? 10 43) Df—E=RH—5

67 /A EHE

O 2EAEFEREAR?

O s8R A& ATEEA Chamber FIEUE - HESLARAETER? 2 4)
O] BEFEAREE R B A Chamber? 2 97)

O &k SEARERE S A AE R — holder?

20 % / A IAE B/ beam 24

O BEZEATE SRS =S5 (R?

[ #E2 “VENT”

(] EEHIBHER I Holder LA chamber 1 » Wi B4% “IRIK" 4L

[0 EAR_EHEarT > 5 “PUMP”  HELZZ G H(ERERSFTA T A B pump B3 8/\)

U] B EZERGRTE /IR 3 77 ##?

(] #fEZ=58R%  chamber &4k O1% > B AHIERE TMP 100% A 0] B/ beam wake up? (3 43)
[ E beam ¥ 1% » ## Z-linkk AR SR Z $E7THE BALOE D HEE R 02 Q2 59

O % Z 8l EFHE 4mm @2 - BEETE 2 25§45 E-beam » BFEEAE “Esc” §# EFEIG(E stop 2 %
25 57)

O F#IRFSE focus 1% > Z BlifmEE 4mm > RS2 00 EE? 2 77)
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104} / EBucentric Height 8%

O EEHIE TR Eucentric height 22 H #h?
O] FEEE =S ERE? S 77)

O 2&AE 0w T 2 1 E?

[ 0°E 52°7= 52 % /DA 32

(] Eucentric height FAEEAR A 52287 (2 47)

44} / E/1Beam coincidence FH%&

O £ I-beam Al &R beam on?

(] &A% E /1 Beam coincidence (beam shift) 2% H#?
O] B IARGIERE? 2 77)

102 / $BfR7EE (Cor Pt)

(] A1 pattern Y1{r[ BE4E7

(] #5513 Application file 41{] 857

O #E:2 GIS B EAIEY

(I GIS ffi$t1% - ZA A EHT snapshot LAHESESEAYAL B 275 [ HE?
O EERIE GIS gt &R FERE) stage? (2 57)

O 58k aA %L GIS $12 2 47)

254 / Ul interface Z THAE

O EEG iR window '~ B AT RATER?

(] B %0 E-beam HHLE detector?

(] E75 %178 Import pattern / export pattern Z{al {5 ?

O] 2 &AL o] i B

O] EEAEESERHEEE? Live, Average, Integrate)

O] E&E5EEA Pattern 22 JEF? (Circle, line, polygon, bitmap) (4 47)
(] &4 4178 scan rotation LA {# FH?

O] E&H13E x-T align feature Z{a] {552

O EagsiiEsts rE?

O] 2 &4 Stage WA rotation? Compucentric rotation /{af?
O 4af &30 ~12 Specimen B cross section HAZEE? (2 43)
O] 285 alarm 20 EEEE?

O] anfeffEFRE %R

202 / EDS

(1 EDS B LIFE stage $4FE > [ #02

BRI EDS AL, I-beam 2 2 47)

B IHES EDS detector Ay IEFIREE?

AR detector Fyfif ABCRHIRER? 2 77)

EHRIEZ EDS B - 1 CCD BARA? 2 53)

&4 EDS = KIHEEETA (Analyzer, Point, Mapping)? (3 47)
54178 Acquisition rate £ dead time?

(A Analyzer 2 EHif?

Ooogogoon

&
&
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O E&E{EA Point 2 HA?

O & (#F Mapping 2 EH?

O EEHENE TR B MTER?

O EEHEE RS BT

L] %52 EDS Z A+ detector BH? (3 57)

157 / ERFEAEEEEE

[ HEE AR et R B 4R - EPE B EIESS? (10 7) D —IHRH0—5r
O] BrEZEEH R 1272 & IEAE?

O] EEHEERF chamber #4R TR A RI-REERH?

O] 275451 [-beam AT sleep?

U 225 128 PRI RS B2 TH B A L 2% B il L 22 15 ?
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&—&lﬁ%@T’ﬁiiiﬁﬁm'&ﬁélaﬂﬂNmMﬁ’” BHERE 0 TE
- i@ g i34 (Automatic Variable Aperture, AVA)¥ A&z 35+ fehx /| »  FiF - TR E
2FP A9 0 ad NI ABEREOE - SRR LT AL B 0 F T IR RS
Fom etz L7 A o 2 H 3T s (Scanning lon Microscope, SIM) 5 B £ &+ & 4
BT EF TS GAGR D T L RADTE LB RES 0 BT HHA R
BREAY S F PRI E A o A PRI 2 PR R E T B2 P ERT
Pz F H:ER > RFUEFTFELAEH L TAB T 40T

FIB FIB FIB

ZR RS

Stage i 5 Stage’ /! . W(CO)S
B -
TIURRRE
TR AR LR ‘

BERASEY

(a) Scanning lon Microscope: (b) Sputtering, Etching (c) Assisted Deposition
SIM

7.1 (%554 8.4)

N L I AE T Iar

N

A 33+ & = i (Scanning lon Microscope, SIM)

FERFIABFRE LG pF -0 F P BRI oIk T gl
B SRSEM T RS e G o Bow R LA L KA (iEir R ¢ D] bnm o e
+ BB (SEMDAY 1 > e i 2 5 L B F F bR & R 2w i gl o

¥ g s $v 22l (lon Channeling Contrast) # i # 8.2 7 F 5 88 oy &
B FIt SIMT * 3t fpes a7 o B iv* RIZE FK SRS R RPN B B
LMW LG F eI LR TR T AHBF A E S w B T &
SRE TR A EEREEARRF AL AR R D AR AT e ieh g i 24

ST R s S 3 BLIRE o

11\«

FARFI R FHFLE > p > 2 ETEfRSRFI AL A M F RS- F
F A A BRI A 4 AT R TS B ELGE o FIN AT EE R e T HEF
Iomg > T L endr S i i vt 2o (lon Channeling Contrast) o 4o 7. 2 #7771 » #&§ 3t

FABFRSELRE IR FHOBESRET 3 Pt m R o
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PlAcB 7.3 FBRBAFSRY SRR Gt BIT.3 =B SEM g2 i gl kst o @
Bl 7.3 + B SIM B P g7 BLEAF A2 Sfe o F o £H2 oA 7 7|5 gt o

SIM imaag

B 7.3

723 F & 4%
BARERIAAFREF Bd a6 QLR EY DRI AT 0 A2 R
(Sputtering) @ #m E 7] % %74 %] (Etching) » T &4 Ferwcdk o H 2 2] T4 & it
ZIomm £ FAEFTIEMR AR T4
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7.3 TEM # 5% #
7 % i cross section & plane view # > &2 TEM &%/ & - B 7.5 # 0] 5 § i
7 L

51§ H4E 5 EoR S J plane view TEM pI ¥ 4 44

A4 45 > 4 cross section TEM + 4
bti Z }i

Figpz ginsc)

Cross section TEM

Plan view TEM

B 7.5

74 LB G BHA

. G#gﬁo‘”TF B Xk TRAAT

EDS Layered Image 1

£ 04k k (BDS) » 7 g7 # 5 2

Electron Image 2
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T.5.1 SREFA 2 S0F o

TEM in-situ indentor: nano-pillar

HY curr | det
2.00kV 86 pA ETD

7.5.2 kFL AR -

B #E 72 GaN/InGaN microdisk lasers
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B 7.9

7.6 B3 donH E AT
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FIB

Stage i pe W(CO)E

MR- /

BB

\,._
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B7.10 (33 F# 8.4

B oleT a4 S EE 1Y 4 Ao &6 Pto @42 nano wire #2480 924

7 nano wire Z2_ & % o

Pt Deposition

\
.o

7

7ZnO Nano-wire

8. %% 7 #:

8.1xT Nova NanoLab User’s Manual

8.2 AZtech Energy Operator Manual

8.3Introduction to focus ion beams. Edited by Lucille A., Giannuzzi Fred A. Stevie.
ISBN 0-387-231 16-1

8.4p ~ A~ 47k B Wi P+ ¢ https://www.jaima.or.jp/jp/analytical/basic/em/fib/

85 FIB/i %z — € ¥+ 3% 7# (sina.com.cn)
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