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Tecnai Basic Operation

Tacnai Basic Operation
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1897: Thompson describes the existence of negatively
charged particles (electrons)

1925: De Broglie theorised that electrons have wave-like
characteristics, addressing the wave/particle duality

1927: Thompson and Reid demonstrated the wave nature of
electrons by diffraction experiments

1931: Ruska et al. build the first electron microscope (Nobel
Prize in 1986)
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image plane 0= 0.2 nm
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U Relativistic
100kV A=3.7 pm
120kV A=3.4 pm
200kV A=2.5 pm

300kV A=2.0 pm
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* Lens aberrations (e.g. C,, C,): can be corrected by
multipole lenses or focus-series reconstruction

* Instabilities (e.g. HT, electronic, mechanical / acoustic,
thermal)
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Lens imperfections lead to different focal lengths in
centre (weaker field) and at edges (stronger field) of lens

Plane of least : Gaussian

ij confusion ' image plane
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BRZE B 4%, FEER K /AT Spectra, H < H1-T-Arm200F
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Blurring due to energy spread in electron beam and
lens current fluctuations
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Lens defect caused by magnetic field asymmetry

can be corrected using stigmators!
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TEM Modes

Bright Field Imaging
Dark Field Imaging
Diffraction

STEM

EDX

EFTEM

Tomography
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TEMEH 3715

Standard imaging
methods

Imaging modes:
* LM (objective nearly

off)
* HM (objective on)
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TEMES 3715 =55 s

Off-axis imaging
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BT f757: NBD and CBED
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Secondary Electrons X-rays (atom
specific)
Bremsstrahlung X-rays
Backscattered
Electrons
Heat (Phonons) << ------—-~- y specimen
Inelastically
Scattered Electrons
Elastically
Scattered Electrons
W/ Transmitted Electrons
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Different detectors are used to collect electrons
transmitted at different angle range, thus giving
different contrasts:

Bright-field detector: collects (partially coherent)
electrons not scattered or scattered to very small
angle; the contrast will be similar to that obtained
in CTEM

Dark-field detector: collects electrons scattered
at intermediate angle, equivalent to conical dark-
field in CTEM with spread illumination, when the
illumination is tilted with respect to the optical
axis of the objective lens, and the image contrast
formed by electrons diffracted or scattered to
intermediate angles

HAADF detector (single-electron counting):
collects (incoherent) electrons scattered at high-
angle (typically above 50 mrad); the collected
intensity is proportional to ~ p t 243 thus
produces Z-contrast images

The collection angle B of the HAADF detector depends
on the camera length (CL) used;

E.g. on the FEI Tecnai F20:
B, [rad] =2/(0.276 * CL) = 72mrad @CL=100mm
B5[rad] =10/ (0.276 * CL); Bmax < 227 mrad
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Acquire HAADF

I
FFT
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= Profile(Acquire HAADF Line 1) ‘
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FFT(Acquire HAADF)
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[ Mask(FFT(Acquire HAADF) Oval 1) |

[ IFFT(Mask(FFT(Acquire HAADF) Oval 1)) |
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EDX (gEit)

Electron beam

Be window

Si(Li) detector
Upper objective pole piece

|_-Desired X-ray collection angle

Specimen

/

Collimator

Scattered and g .
. ] transmitted electrons ~ LOWer objective pole piece
Undesired X-ray collection angle
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2. Electmn trap

1. Collimator
assambly

2. Cut-away dia shawing
ﬁcﬂuﬁm ﬁ?qm:umsdnmn.

Schematic courtesy of Oxford Instruments



EDX

Counts
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HAADF-STEM in combination with EELS/EDX

lB I & E“:l. SEETTS STEM HAADF Detector N (EELS)
1 1 1 1

60000

1 1
200 300 400 500 600 700
Energy (eV)

HAADF STEM

Counts
-
o

0
0.0 1.0 2.0 3.0 4.0 5.0

Energy (keV)

EDX + EELS: elemental maps. Mn-K, Mn-L and S-K refer to EDX maps, all other maps being computed from the
EELS spectrum. As illustrated here, PEELS and EDX are complementary techniques to detect both light and heavy

elements.




Electron Tomography (=4:&EH))

Basic Idea
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Electron Tomography
with Xplore3D™

3D-analysis of semiconductor structures by electron tomography
Microelectronic Engineering, Volume 84, Issue 11, November 2007, Pages 2707-2713
H. Bender, O. Richard, A. Kalio and E. Sourty
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« FIB lift-out or H-bar =>
*1 nm = one-millionth of a millimetre
= ca. 5x size of single atom
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Electron gun
Anode

Gun alignment colls
Gun airlock

1st Condenser lens
2nd Condenser lens
Beam defiection colls
Condenser 2 aperture
Objective lens
Specimen biock

Diffraction aperture
Diffraction lens

Intermediate lens

1st Projector lens
2nd Projector lens

Binoculars

35 mm Roll film camera
Focussing screen
Piate camera

16 cm Main screen
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R1

R2

R3

Trackball / Joystick

Z—-axis
Eucentric focus
Wobbler
Diffraction
Dark Field
Focus Step
Focus
Magnification

Multifunction Y
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X, Y5 MBS R
27T BB
Vg B 3L R E
BT IR
DB BT ER
Ik SN
BERERE
REHM
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Exposure
Stigmator

a tilt

B tilt

Track ball ( Beam shift )
MF+/-

Multi function X

Intensity

Fine/Coarse

L1

L2

L3
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Specimen Holder tip Tweezer notch

Specimen

Specimen
carrier

Spring clamp Notch for reproducibly reinserting the grid

Tool

Specimen
holder
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1, MLE&ES
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- Reset Holder
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Stags corilrol

& Trackballcorkrl € Joystick cantial
Powerstep(1/8. 81 = 1

[T #Y sepaately above I 00000
Hesst
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k5T EBE (TF30) FEG register SEEAiF—/ Gunf-&dh 3 4

FEG Registers i l Options File _ ! Options File !
Set
t LIpdat Delet i

: = °eT W zethings + gur alighment '

5 | p | B FEG settings (FEG i | File by backup.feg
bl B |Gl [IMode [iap =] || || 7 Menochiomator Open Save | Saves |
N 2900 3 c 5 v tode [normal/EFTERMLarentz/STEM)
EFTEM 2300 3 54, ] [ Ilurnination berge
Lorentz 2300 3 S, al ¥ Magnification
Lorentz... 2300 3 5S4 5 = W Direct ahgrments
STEM 2900 3 STEM 9 :
" - 5 e ] |8 ¥ Stigmatars l , b Registers can be
4 | b fpt;;zaoje::"/’;zs to be stored updated and
S Add Lazt lna EIjPZ HR-TEW mode added

FEG registers
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IHAERER(V7& V4)

T e Vacuum (User) 1l
AU |.".-I|5!|_P’r":."|-f-'|_-i'_lI:.'| - :--. =
IStatus: COL. VALVES Status: READY
it ure Frsssure
Gun 1 Log
Caburn 16 Log
Carneia (e Log
Bulfertank, 33 Log
Hacking Ine a7 Log
Col Valves '
i | Tk on J

1. fERBMHA M, L [Vacuun] & H

2. MESEFEES (AFEEE! | | FEEESAERERME, 777485
i, =PhAT22)

Instrument Column vacuum level before opening valves

LaB6 or Tungsten < 35 log

FEG (XFEG and SFEG) < 20 log

3. HEFA—FN[Col. Valves Closed], FJFFEE® , 7F[Vacuum]
W, EEERFTIRE, %4 PR K



1% C2 aperture

€1 aperture
. A

C2 aperture ‘

E &
0bj aperture '\

Aperture selection

&)

SA aperture

C2 ¥ 150um 100um 70um 50um X RZf L E4 32 1
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‘HH C2 Aperture

Focus Underfocus Overfocus

Misaligned Aperture

MIFE (OBJ) FiEXFtHE (SA) . Focus T ———
& spotsize 3

£13500x8 & LA L

RE beam, RZEER[Intensity] KEsH
RABERPIEEK, FAEBEIREFP O
BT EHERE [Intensity] hEsH, TERFHR
INRSERATTH, ARETEHEB2 MR PR R
BERF4-78, BEIEHIER, XARPLERAEFFILES

Aligned Aperture
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Pivot point

R 7
Floating rod/

E——— s

Pivot point

¥ (Eucentric Height)

Floating rod/

N

axis

F1E". ¥ — FNEucentric focus,
V2SS, E205 ORI

RIS JEE fe /)

\ Tilt axis

Recognizable
point

Specimen
in correct
position

o-titing _ — — —

changed ~ — 1l <—— o-tilting

Specimen
in incorrect

position

Recognizable
point is moving



MF Y:
MF X:
L1:

L3:

R3:
R1:

ZIE S5 C2{REX

Cond stig Y

Cond stig X

Spotsize -

Toggle pP/nP

Spotsize +
Screen it

Objective

Ciiffraction

Step zize: —I 3

e

<l [o.ooooo =
= =

0.00000 =
|

0.00000 =
-]

0.00000 =
-]

Uncorrected
1, Lab6/WKT22E83R, FIK{EHIEI0KXEL A

2, FEGE

Corrected

155, ARBEHFE100KX L E



- B2t (R R (Condenser Astigmatism)

Uncorrected Corrected
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50 nm

Over focus

f #s B

=
50 nm

On focus

Objective Astigmatism

Under focus




RIEYIEBEObjective Stigmator

i ST
MF X: Obj stig X P —
L1 Condenzer | |: i | Diffraction
L2
L3: Spotsize - None
R2: Toggle pP/nP =
R3: Spotsize + Hlepgie :|I 2
R1: Screen lift E E .
. |-n.nn91nj |-n.nzszaj 001521 j
¥ | 0.000E7 j |0.02618 j 008122 j

o

1,  JRRAEEAE100Kx M L |
2, EEE— NI, WixE
3, (EAEAETIMR Li%Stigmatorf& s, BLHTE

control S HEMEFESignator, rii;
Objective




1. Choose SA or Mh magnification range
2. Lift screen and start CCD
3. In TIA Or DM, select Process>Live>FFT

Workset 1 I Microscope Control - TEM1

] =l |.|.unE |A|igment|8tenr‘|’| Fle Wiew Tools Show Window Help
127 & e |
CCD/TV Camera K|l 5 pigitalMicrograph

Cantraller |Gatan Ced LI File Edit Object | Process Analysis  Window Camera Microscope DIFPACK Truelmage USCheckout HREM  Help

FET co+E | . i3 F: Live FET of View

- Standard Tool  INwerse FFT

"“tegration tirme (s): IﬂDJEE ﬂ Ik_imﬁ' o | A Haduced EET

Carnera: I cch LI

1 oo
Image frame: Hlem Bla N B =
Binning: 4 13 ISP Y} Re-birn by Two
| Search | Prewview | | Acguire | - ROl Tools Scale...

Rotate...
| ol +]e
Ingert

= Line Plot Tool Apply Mask. ..

“= . Spatial Filter 4
Automated Experiments Mon-linear Filter r
Active | 5, | o ALt Correlation

Cross Correlation. ..
Simple Math...

- Histogram

Experirment IFDCUS series v|

Function IAcquire seres LI

Focus series acquisition finished .

Diefine File | b Display Control

Brightness: 0. 50

- - ————— .
Stigmator | Contrast; 0,50

Garmrma: 0.50

| Cnnrh:!ns:nrl | Ohiartiva I | Niffractinn I
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18 1E Y145 48 8% (Objective Astigmatism)

Astigmatism can be corrected using stigmator
deflection coils (on carbon)

Overfocus / uncorrected




Direct Alignment

Diirect Alignments

Direct access to specific

alignments - Beam tilt pp = -
Beamtiltpp v

émBeamshm

Fotation center

Quick, efficient and straight
forward

Different set at different
operational mode

L¢]

Done

Proprietary & Confidential The rmo Fis her
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Coma-free alignment

*Rotation centre fine alignment
*Two amorphous carbon images (Tilt 1 & Tilt 2) are similar in contrast

Tilt 1 Tilt 2




Coma-free alignment

*Rotation centre fine alignment

*Two amorphous carbon images (Tilt 1 & Tilt 2) are similar in contrast
Tilt 1 Tilt 2

Misaligned

Aligned
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* miReset Holder, ¥X/Y/Z/ a /BHZE
3, KHGHEKE (VT &V4)

l Control File | g4 | bl

Vacuum (Supervisor)

¢ Tiackball control " Joyshick contiol

Power step [1/8 .. 8] j 1 L — —
[ XY separstely above | 500000 x Status: COL. VALVES

Pressure
Gun 1 Log
Colurmn L Log
- Camera 25 Log
Buttertank 38 Log
Heider x | a8 | Backing line 56 Log
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cryo cycle

Seup | | | I afef) " T
Start a cryo cycle oo e = =

[ Vacuum (Superdsor)  ET || SN ey growe
°1. fE[Vacuum] control &I, &XEL it :: L d:
[Start after] and [Duration]Wf[a]. — |a. .1': E wismsomens e
HITAGIS [RI5-1073 %, ZH AR MK 24077 | o s Q= |
%LIJO | Cod Vb I'T'“h | Camam - Joll | Empty ||'-"'H":'ldl|
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TAE.
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61 Proprietary & Confidential N



Typical FEG setups

Application C1 C2 GL Spotsize

TEM - 70/100 3 1-3

EFTEM - 150 3 1-3

EDX (30) 70 3 4-6 (nanoP)
STEM - 70 3 6 (nanoP)
HR-STEM - 70 3 9-10 (nanoP)
Holography - 70 3 3
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