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—. Recent TEM Technology Developments

Recent TEM Technology Developments
FEI Talos & Themis Highlights

-~ FEI
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Electron Microscopy History at FEI
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Themis ZHJFr Th e AL

OptiSTEM+, OptiMono

STEM ik (R Fr1& A
IDPCSTEM, Monochromated low kV STEM
’/! /(j//

Super X 1% Dual X
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=. HBE P 5 Verios™ 460

Verios" 460

Extreme high resolution imaging
Precise contrast
High resolution analysis

Explore. Discover. Resolve.




FEI Verios 460: Uncompromised Technologies

21 Ports for Detection, Analytics and More

100mm Stage

High Stability Platform

Elstar SEM Column

Explore. Discover. Resolve.




Precise Contrast from SE, BSE and TE

From highly efficient collection & subtle filtering

4 s | CD N\

In-Column Detector

 Verios

" Quadruple
SE/BSE

Detection

Suite

MD
— Mirror Detector

TLD
Through-the-Lens Detector

DBS
I BEEEEE Directional BackScatter detector
— M somple
BD
Beam Deceleration STEM-III
Scanning Transmission
- o \ INNNINNENNNNEEN  cctron Mode detector /

* High signal collection efficiency
* Refined signal filtering by angle and energy

FEI Copyright © 2014
11
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Revealing the finest details
On beam sensitive, contaminating or non conductive samples

* No beam damage, thanks to low dose (few pA) imaging capability
* Neither drift nor charging, thanks to low kV, advanced imaging modes
* No contamination, thanks to the Verios efficient cleanliness management

* XHR performance on SBA-15:

LE 1 keV Acquired live on the EMC12 sh
Current 1-6 pA, DCFI

3‘}}3 1.00kV | 3.1 pA | TLD | Custom | 200 ns | 1.0 mm | 1000 000 x ' SICCAS(Magellan 400)

LE 1 keV, 3.1pA

;§ ‘ HvV + det ‘mode WD mag [ HFW
& | 1.00kv | TLD BD | 2.2 mm | 600 000 x | 345 nm

.ﬁ HV ¥ det | mode WD mag BB HFW
® | 1.00 kv TLD | BD | 2.2mm | 125000 x | 1.66 pm

12
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High resolution analysis
Elstar’s uncompromized performance at higher currents

* Fast high resolution analysis * Highest spatial resolution analysis
*Up to 100 nA, even at lower kV *< 10 nm achievable on thin samples
* Measured resolution @ 15 kV, 6.4 nA, *< 20 nm achievable on bulk samples
analytical WD (4 mm): <2 nm using lower kVs

* No hardware change, column realignment or compromised low kV resolution to access Elstar’s high
current modes

13
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High resolution analysis

EDS 3 EHI& 3

o HV curr det mode | dwell W mag [J
4% | 30.00kv | 25pA | STEMII | BF | 8ps | 4.2mm | 800000 | SICCAS(Magellan 400)

30kV STEM EDS Mapping
(beam current 3.2nA)

STEM image
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High resolution analysis
Elstar’s uncompromized performance at higher currents

(1)

EBSD

R

Detector /
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Samplel: Pt@CeO

TLD-BSE MD-BSE

|CD-BSE MIX

100 nm -

FEI Verios 460 FEI Verios 460

Tool: Verios 460
High Voltage: 2kV
Magnification: X500k

HY [det [mode [ mag ® | wp [ HAW HY mag R D | HAW
2.00kv | ICD | None | 500 000 x | 1.5 mm | 254 nm FEI Verios 460 2.00 kv 500000 x | 1.5mm | 254 nm FEI Verios 460

Confidential

Explore. Discover. Resolve.
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Samplel: Pt@CeO

HY det | mode mag 2 WE RN - mag R I 100 nm
2.00kV | MD | None | S00000x | 1.5mm | 254 nm FEI Verios 460 500000x [ 1.5mm | 254 nm FEI Verios 460

MD-BSE

High Voltage: 2kV
Magnification: X500k

Confidential

Explore. Discover. Resolve.
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Samplel: Pt@CeO

# i
S
L 'he
N o

HV det | mode . \ 100 nm —— | 100 nm —

2.00kV | MD | None [400000x | 1.5mm | 317 nm FEI Verios 460 FEI Verios 460

MD-BSE

High Voltage: 2kV
Magnification: X400k

Confidential

Explore. Discover. Resolve.
18




Samplel: Pt@CeO

HY det mode mag R WD HFW 40 nm ———— HvV det mode mag R WD HFW 40 nm —————
30.00kv | STEMIII | BF | 1000000x |[4.8mm | 127 nm FEI Verios 460 30.00kV | STEMIII |HAADF | 1000000x (4.8 mm | 127 nm FEI Verios 460
High Voltage: 30kV

Magnification: x1000k

Confidential
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Helios G4 2016 E7 H i & Ah

Enabling breakthrough innovations with DualBeam™ — faster and easler than ever before

wFE| * Fastest and easiest preparation of highest quality
samples for HR S/TEM and APT

* Extreme high resolution imaging with the most
precise contrast

* Access highest resolution, multi-scale and multi-
modal subsurface and 3D information

» Fast, accurate, and precise milling and deposition
of complex structures with critical dimensions of

less than 10 nm

“-FE

Helios G4 enabling technologies for Sample Preparation

* Guided TEM Sample Preparation workflow

e Phoenix FIB with unmatched low voltage
performance and 65 nA current with
perfectly round spots

e Elstar™ UC+ best-in-class electron column

e EasyLift™ - fully integrated in-situ lift-out
(INLO) solution

e High stability and accuracy 150mm plezo
stage

« Precise process monitoring and endpointing

¢ Different sample preparation strategies

« Apps expertise and support

Explore. Discover. Resolve.
Laplere Discover Ressive
L1
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Helios G4 UX
FEMA:

€® = HIPhoenix B T A HAL 7 B A R A BE AT PR UE S IR . B¢
BRI SR €S EETEMAIAPT S

‘ 5% FH i T2 ) Elstar FEGHYEE & 0 HE % . miia e A4 8 a1
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Helios G4 UX

P

z%ﬁ:/fjﬁ /I{_:T\ .

¢ EJHAuto Slice & ViewTM 4 (AS&VA)EKAF BT SZET H b IX I 50 A U
AL, mEiE. & HIEZEA3DETEE R

¢ S A GHET 10 nm B B R 2 ARG B PRIE . AET IS % Z)

BT SIbTR

O HmTEEEHEISommEHEEREMEMNERECTEFIA
25, BRI R R B i iE A RS B R SR B
e v e A A g 7 =0, B 2 FEISmartSCAN™ 1 DCFISE
A5 55 B A B %
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Helios G4 UX {EASE]

FE P v - BRET B -

- B ARERHELE: 20V -30kV . HTIH: 0.8 pA-100nA

- HFHRIE & 200V - 30kV - BFR: 0.1pA-65nA (15 FLYGHIZ)
- BT RMEEE: 500V - 30 kv

R PER @ & fE WD: BRI 5

(e ZEREAT AL R I R ARALE 9 9 5 A

+  0.6nm@30 kV (STEM*) - AT 0.9mm @RI A

e 0.7nm@1 kV

- HFH: 23 mm @ KA X (WD 4 mm)

e 1.0nm@500V (ICD*)

e 0.6nNm@15 kV
e 1.2nm@1kV

Explore. Discover. Resolve.

B MRE @ 38 X A BT RIE @ TXA:

- 4.0nm/30kV, fEHEIEMSA T TE
- 2.5nm/30kV, fEAFEIEPILFTTIE

Confidential
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Samplel: Pt@CeO

4

mag " WD HFW 100 nm . 2 wo HFW 100 nm :%' dot  mode may R wD HFW 200 nm

HV doet  mode mag
500000 x 2.5 mm 254 nm 200kV ICD None 3200000x 21mm 423nm 300000x 21mm 423 nm

. HV det | mode mag R +—————— 100 nm 100 nm mag R 100 nm
EXplOI"e. I 2.00 kv | MD | None | 500000 x | 1.5 mm | 254 nm FEI Verios 460 2.00kV | ICD | None | 500 000 x | 1.5 mm | 254 nm FEI Verios 460 500 000 x | 1.5 mm | 254 nm FEI Verios 460
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Two great tools become one:
Apreo — the best of both NanoSEM and Teneo

2015 2016
. )

Nova NanoSEM
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A brief update on
microscopy solutions for Life Scientists

Qing Wang ( | ), Ph.D
Xijiang Pan (viri»¢1.), Ph.D

% FEI
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Thank you!
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