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FEI Explore. Discover. Resolve.

FEI SmartSCAN™ and Drift Corrected
Frame Integration (DCFI)
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Scanning Strategy

e Live

 Frame averaging
e Frame Integration
e Line integration

e Scan Interlace

o Drift Corrected Frame Integration
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Scanning Strategy

 Frame averaging N=4

[1 [2 [3 [4] 5] 6] 7] 8 9 10.. Continuous acquisition
14 14 14 |4

 Frame Integration N=4

[1 2 3 Aﬂ 5 6 7 8 9 10..  Acquisition pauses after integration

j4
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Frame Averaging Dwell time 100ns

T

> SR - = ad “
‘ HV [ det |mag B| HFW dwewmtegratef ‘ HV [ det [mag @ | HFW [ dwell [Average
20.00kV|ETD| 6 000x 21.2 ym|100 ns il | 20.00kV|ETD| 6 000x |21.2 ym|100 ns 64

e

‘ HV [ det |mag B | HFW | dwell [Integrate| ‘ HV [ det [mag @ | HFW [ dwell [Average
20.00kV|ETD | 6000x |21.2um|100ns| 256 20.00kV|ETD 6000 |21.2um|100ns| 512




Frame Integration Dwell time 100ns

H ‘ det |[mag @ | HFW ‘ ] Eﬂtegrateg — — ‘ H ‘ det mag @ HFW ‘ dwell [Integrate|
20.00kV|ETD| 6 000x |21.2 ym|100 ns il | 20.00kV|ETD| 6 000x 21.2 ym|100 ns 8 |

e

‘ HV ‘det mag @ | HFW ‘dwe\l Integrate | ‘ HV ‘det mag @ | HFW ‘dwe\l Integrate
20.00kV|ETD| 6 000x 21.2 ym|100 ns 64 | 20.00kV|ETD | 6000x |21.2um|100ns| 256




Frame Integ rat]On Non conductive specimen

in High Vacuum mode

Dwell time = 300ns

dwell | Integrate |+
300 ns 8

Live scan




Frame Integ rat]On Non conductive specimen

in High Vacuum mode

Dwell time = 300ns

Blurry image

Integrate | dwell | Integrate |+
128 5 |300ns 256

Number of Integration = 128 Number of Integration = 256
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o W
See-
R
e w



-
Scanning Strategy

e Line Integration N=20, Pixel resolution 1024x884

x 20

Line 1 _[20
x 20

Line 2 _"20
: x 20

Line x IZO
x 20

Line 884

; #:FEN



Line Integration

Dwell time
300ns
LI 100

W/

i | S B

Dwell time 100ns

Dwell time
3us
LI 20

det ‘'mag @ | HFW

‘ HV [ det [mag B | HFW [Live| dwell | 10 pm
20.00kV|ETD| 6000 |21.2um| 1 |300ns| Line Integration 100

10 pm

ETD 6 000x|21.2 ym

Dwell time
10us
LI 5

Line Integration 20

d
‘ HV [ det [mag @ | HFW [Live |dwell 10 pm

det ‘'mag @ | HFW

20.00kV|ETD|6000x |21.2pum| 1 [10ps Line Integration 5

10 pm

ETD 6 000x|21.2 ym

Line Integration 2




Scanning Strategy

Scan Interlace N=2, Pixel resolution 1024x884 (Only for dwell time <200ns)

) X1
Line 1

) X1 )
Line@ 2 ========mmmoooeeemooeemeoooooooooooooooooooos

, — N=2
Line 3

: X1 T N=2
Line 4

. X 1 —
Line 5

— N=2

Li ne 6 o o o o o o o o o o o o o o

) X 1 — N=2
Line 7

. X 1 o
Line 8 =z========o=mmmmoeeso-meemmmoooommmooooooooes
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Scanning Strategy

* Minimize artifacts such as charging and drift
* Faster time to optimized image
* Including:

* FEI Smartscan™ (256-frame average or integration, Line Integration, Scan Interlacing,
Scan Presets)

* New advanced imaging mode: DCFI (Drift Compensated Frame Integration)

Traditional scanning Real time DCFI




e
Dwell times

xTm: Preferences

| bdowie || Sensitivity bagnificatian
| Datakbar || Units || Fresets | scanning | ESER™ || General |
% Ons |F"reaet1 b |
#* 3000 ns
E00.0ns Mamea . |Va|ue |
10ps Dwell'l'l.me 100.0ns
Resolution 1074584
20ys Line Time 136.4 s
30ps Frame Time 140.0 s
o.0 s Fefrash Rate (714 Hz
10.0 ps
300 ps
45.0 ps
< R00ps
B8 50.0 ps

0] ‘ ’ Cancel l l Apphy ]
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Influence of Dwell time

Dwell time
100ns

det |mag @ | HFW |Live| dwell |

ETD| 6000% |21.2um| 1 [100 ns]

Dwell time

NI

‘ HV det \[mag @ | HFW |Live [dwell
20.00kV|ETD|[6000% |21.2ym| 1 | Sps |

HY
20,00 kv

det ‘'mag @ | HFW
ETD|6000x|21.2 ym

Live |dwell |

1 [1ps|

| A

20.00 kv

det ‘'mag @ | HFW
ETD|6000x|21.2 ym

Live | dwell
1 [45ps

Dwell time
lus

Dwell time
45us




-
Photo snapshots

xTm: Preferences

Movie Sensitivity | Magnification [ \ Movie i Sensitivity ) - Magnification }
| Databar | Units | Presets | Scanning l ESEM™ | General | | Datsbar | Units | Presets [ Scanning ‘ ESEM™ | General |
4 4
100.0ns ‘Photo Preset (F2) b ‘ 100.0ns ’Snapshot Preset (F4) v ‘
~ :ggg e Name |value [ e Name [value [~
Ons - { — 500.0ns - —
L0 Dwell Time __ 45.0}is E ghie Dwell Tme _3000ns |
20s Line Integrate | Off 200 Line Integrate | Off
’ Resolution | 1024x884 ) Resolution 1024x884
30y LineTime  960.0ms ' D0 LineTime  |68ms
s0ps FromeTime |142mn 50ps Frame Time 615
1004s Refresh Rate  1.17 mHz | 100ps Refresh Rate  165.02 mHz
30.0ps Integrate | 1x 30.0ps Integrate | 128x
45.0 s Acquisition |8 hits 45.0 ps Acquisition 8 hits |
* 60.0 s Drift Correction | No 2% # 60.0 s Drift Correction | Yes v
@i 3000ns == = =t mfiﬂ[l.ﬂ ns ‘ ==~ S
- CET— rr—

[ oK ] [ Cancel l [ Apply ] [ oK ] ’ Cancel l [ Apply ]

F2 photo snapshot F4 photo snhapshot

F4 available on Quanta
F2 and F4 available on Quanta FEG

CR
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e
FEI SmartSCAN™

xTm: Preferences

| Movie | Semsitvity | Magnification
. Databar | Units | Presets | Scanning | ESEM™ | General
Category ![rAII M ]
Name I‘v‘alue | ~
Lower stage when venting the chamber No B
Change magniﬁcation when pumping_ :Set to 100x
Switch off CCD autormatically No 3
Pause beam quads when switching off HY ‘No
Allow Beam Shiftin Get mode No
Blank bearn during long stage moves ‘No
Enhanced Contrast slider beside Contrast |Yes
Reset Enhanced Image parameters on file open Yes
MUl knobs assignment | Default
Display Scanning Presets toolbar es 1)
Post processing rousiom 1 R
oK Cancel Apply
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Scanning Strategy

Detetectors

ETD

BSED/GAD/NCD/DBS

LFD/GSED

Slow scan

Dwell time 60us

Dwell time 60us

Dwell time 60us

Drift Corrected Frame

Integration 100ns/300ns 3us/5us/10us 3us/5us/10us
(i.e. DCFI)
No of Integration=256 No of Integration= No of Integration=
16/8/4 16/8/4
Line Integration 3us 3us/5us 3us/5us,

Line Integration N=20

Line Integration N=20

Line Integration N=20

To set Contrast
Brightness

Dwell time 3us

Dwell time 3us

Dwell time 3us

16
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FEI SmartSCAN™

LJ_] [E Basic Setup
MName ETD_Navigation
Resolution 512x442
Dwell Time 300.0 ns
Bit Depth 8 hit
|2 Filter Setup
Scan Interlace 1

Lz_] [E Basic Setup
MName ETD - DCFI
Resolution 1024x884
Dwell Time 300.0 ns
Bit Depth 8 hit
|2 Filter Setup
Scan Interlace 4

[i] [E Basic Setup
MName Slow scan
Resolution 1024x884
Dwell Time 450 ps
Bit Depth 8 hit
|2 Filter Setup
Scan Interlace 1

Line Integration 1
Frame Average 4

Frame Time 1111 ms
B Image Acquisition
Integrate 1

Drift Correction No
Continuous Scal No

Action

Acquisition Time 4446 ms

[leEl

2

| =]

Basic Setup
MName
Resolution
Dwell Time
Bit Depth
Filter Setup
Scan Interlace

LFD BSED - DCHI
1024x884
3.0ps

8 hit

1

Line Integration 1
Frame Average 1

Frame Time 289s
Image Acquisition
Integrate 16

Drift Correction Yes
Continuous Scal No
Action None

17
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Line Integration 1
Frame Average 1

Frame Time
Image Acquisition
Integrate 256

Drift Correction Yes
Continuous Scal No

Action

Acquisition Time: 1

3min

[i]IEl

2

Basic Setup
MName
Resolution
Dwell Time

Bit Depth

Filter Setup
Scan Interlace
Line Integration

Line Integration
1024x884
3.0pus

8 bit

1
20

Frame Average 1

Frame Time 8
B Image Acquisition
Integrate 1

Drift Correction No
Continuous Scal No
Action

Acqguisition Time 58

Line Integration 1
Frame Average 1

Frame Time 4295
B Image Acquisition
Integrate 1

Drift Correction No
Continuous Scal No

Action

Acquisition Time 42.9 ¢

&]IE

2

Basic Setup
MName
Resolution
Dwell Time
Bit Depth
Filter Setup
Scan Interlace

Contrast Brightness
1024x884

3.0pus

8 bit

1

Line Integration 1
Frame Average 1

Frame Time 29¢g
B Image Acquisition
Integrate 16

Drift Correction Yes
Continuous Scal No
Action None

on Time 46.6 <

Acquis




ETD

El Basic Setup

Mame ETD_Navigation
Resolution 512x442

Dl Time 200.0 ns

Bit Depth 16 hit

= Filter Setup
Scan Interlace 4
Line Integration 1
Frame Average 2

= Image Acguisition
Integrate 1
Drift Correction  Yes
Continuous Scal No
Action Mone

B Shared Settings
Mains Lock Mo
Start scan on lefl Yes

Basic Setup

B Basic Setup
Mame ETD + DCHI
Resalutian 1024x884
Crvell Time 100.0 ns
Bit Diepth 16 hit

Bl Filter Setup

Scan Interlace 1
Line Integration 1
Frame Average 1

Bl Image Acquisition
Integrate 256
Drift Correction  Yes
Continuous Scal No
Action Hone

B Shared Settings
Mains Lock Yes
Start scan on lefl Yes

B Basic Setup
Marme Line Integration
Resalutian 1024x884
Crell Tirme 30ps
Bit Depth 8 hit

E Filter Setup

Scan Interlace 1
Line Integration 20
Frame Average 1

Hame
The name of the scanning preset

H Image Acquisition
Integrate 1
Drift Correction Mo
Continuous Scal No
Action Hone

B Shared Settings
Mains Lock Yes
Start scan on lefl Yes

Line Integration
The line integration value {1..255) of the

scanning preset
Default

E Basic Setup

Mame Slow Scan
Resolution 1024x884
Crwvell Time 45.0 ys

Bit Depth 16 hit

= Filter Setup
Scan Interlace 1
Line Integration 1
Frame Average 1

"= mage Acquisiion
Integrate 1
Drift Carrection  Yes
Continuous Scal No
Action Mone

B Shared Settings
Mains Lock Yes
Start =zcan on lefl Yes

Name
The name ofthe scanning preset

ﬁ [ Appaly I [Impnrt...l ﬁ [ Apply ] [Impnrt...] ﬁ ’ Apply ] [Import..] @
’ Export... ] [ OK H Cancel l [ Expart... l ’ 0K H Cancel ] [ Expart... ] [ OK H Cancel ] [ Export.. ] [ 0K H Cancel l

Navigation

18

DCFI

Line Integration

Slow scan
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LFD/GSED/BSED/vCD/DBS

El Basic Setup

Mame LFD BSED - Navigation
Resolution 1024x884

Dl Time J0ops

Bit Depth 16 hit

= Filter Setup
Scan Interlace 1
Line Integration 1
Frame Average 1

= Image Acquisition
Integrate 16
Drift Correction  Yes
Continuous Scal No
Action Mone

B Shared Settings
Mains Lock Yes
Start scan on lefl Yes

Basic Setup

B Basic Setup
MName LFD BSED - DCFI
Resalutian 1024x884
Crvell Time 30ps
Bit Depth 16 hit
B Filter Setup

Scan Interlace 1
Line Integration 1
Frame Average 1

B Image Acguisition
Integrate 16
Drift Correction  Yes
Continuous Scal No
Action Hone

B Shared Settings
Mains Lock Yes
Start scan on lefl Yes

B Basic Setup
Marme Line Integration
Resalutian 1024x884
Crell Tirme 30ps
Bit Depth 8 hit

E Filter Setup

Scan Interlace 1
Line Integration 20
Frame Average 1

B Image Acquisition
Integrate 1
Drift Correction Mo
Continuous Scal No
Action Hone

B Shared Settings
Mains Lock Yes
Start scan on lefl Yes

Hame
The name of the scanning preset

Line Integration
The line integration value {1..255) of the
scanning preset

E Basic Setup

Mame Slow Scan
Resolution 1024x884
Crwvell Time 45.0 ys

Bit Depth 16 hit

= Filter Setup
Scan Interlace 1
Line Integration 1
Frame Average 1

"= mage Acquisiion
Integrate 1
Dirift Carrection  No
Continuous Scal No
Action Mone

B Shared Settings
Mains Lock Yes
Start =zcan on lefl Yes

Drift Correction
Caonfigure drift carrection for the scanning

preset (single snapshot only)
Default

ﬁ [ Appaly I [ Import.. I ﬁ [ Apply ] [ Import... ] ﬁ ’ Apply ] [ Impor.. ] ﬁ
’ Export... ] [ OK H Cancel l [ Expart... l ’ 0K H Cancel ] [ Expart... ] [ OK H Cancel ] [ Export.. ] [ 0K H Cancel l
Navigation DCFI Line Integration Slow scan




All detectors for Contrast/Brightness

E Basic Setup
Marme Contrast Brighthess
Resalution 1024x884
Dwell Time 30ps
Bit Depth 16 bit
El Filter Setup

Scan Interlace 1
Line Integration 1
Frame Average 1

B Image Acquisition
Integrate 1
Drift Correction Mo
Continuous Scal Ho
Action Hone

B Shared Settings
Mains Lock Yes
Start scan on lefl Yes

Hame
The name ofthe scanning preset

(oot ] X6 Crowv

| Bxport.. | | ok || cancel |

20 <% FEI



ETD - Scanning strategy

Integratc | dr e | —m———5m— | det | mag [J Integratq | dr e —— L —

Amm | 256 s | Quanta FEG | 1.50 kv D | 24000 | 5.1 mm 256 00 Quanta FEG

DCFI OFF DCFION

21




Line Integration vs. Frame Integration Non conductive specimen

in High Vacuum mode

Dwell time = 100ns

o L R fiea o
i T

5 -

§
:
£
i

“;; S ! o -r‘é' P \ ’ {
driftCorr —— 10 um dwell | Integrate | driftCorr 10 pm
false Line Integration N=100 . .0 |100 ns| 256 true Scan Interlace

Line Integration N=100




LFD - Scanning strategy

pressure | driftCorr
no Line Integration N=16




End of Module
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