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NTHU
Assuming the Y, :1 o
object is a weak .' .' .' : O © © O

: Only the phase change involved
Y, =exp(igp(x,y)) Amplitude does not change

=1+ip(x,y)
< i
S@,) =8+iS[g(x,y)] B.EP. 3(y,)* T(H)
3174 2
1
T(H,,H ) =exp(mAAfH?)exp(mi CS);H )exp(—%nzqz)eXp(—Eﬂzlzéf "H*)
defocus spherical spatial chromatic
aberration coherency aberration

STS@,) s T(H) =y, ® 1(r)
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- NTHU
In diffraction Plane

S,)* T(H) ={6 + iS[e(x,y)1}{exp(ix(H))}P(H)
= {6 + i3[@(x,))}{cos(x(H)) + isin(x(H))} P(H)
={0+0+i3[@(x,y)]cos(x(H)) — S[e(x,y)Isin(x(H))} P(H)

In Image Plane

= S[S@W,) s T(H)] = {1 - cpg‘; ’_z\;) ® S(sin(y(H)) + iq)(;\; ’;\;) ® J(cos(x(H))} ® P(H)

I=wajf*

{1 cp(i i) ® J(sin(x(H))}* ® P*(H) + {[ch(i 1) ® (CosCUNE QPN

second order terms

This is so called phase contrast
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Two Resolutions: How to Improve Resolution

NTHU

. C | (high voltage TEM
Scherzer Resolution s | | Cs corrected TEM)
Point-point resolution
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C'TF curves of Scherzer focus
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TEM CENTER

lectron wave

1 Objective lens acts as a signal filter

pecimen (Object)

r

Electrons interact with atoms NTHU
Pick up structure information
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( % . Using Ultra-High Voltage TEM

T MC NTER

* |. Electron Wave Length
» Decreasing the electron wavelength

» Develop ultra higher accelerating
voltage up to IMeV ~0.1 nm

e 2. Coherence of electron wave

» Using a field emission gun (FEG), the
temporal incoherence can be reduce,
information limit extend to 0.1nm

Osaka University, Japan
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( 4‘ [.ens Aberration Correction

Spherical aberration C,, Chromatical aberration C, Astigmatism etc.
NTHU

~

» Simplest, a better lens design yielding lower spherical
aberration at intermediate voltages

~(0.17 nm 1s reached at 300kV

» Develop Cs corrector 1n intermediate voltages

~0.1 nm
» Develop Monochromator 1n intermediate voltage

Spherical aberration Cs

O pt| CAl- QXS et i

Object lens Cs corrector
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7.2 Hardware Correctors

e Probe forming corrector

e Objective Lens Corrector




Aberration Corrector

NTHU
OBJECTIVE TRANSFER CORRECTOR CORRECTOR
LENS LENS LENSES 1 & 2 LENSES 3 & 4
A
OBJECT f

PLANL HEXAPOLE 1 HEXAPOLE 2 PLANE
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NTHU
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HREM - initial JEOL 2200FS

FEG

200kV HT

X-Y piezo stage
URP polepiece

CEOS TEM corrector
Omega filter
2k x 2k camera

purpose-built room
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delocalisation

(a) (b)

twin boundary in gold
111 zone

0.144nm fringes
(200kV)

zero Cs with Cs
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Determination o

Electrons 11) .
e WTEE Specimen
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f Atomic Structure

Dynamical Scattering

Lens Aberration

e

O D @
2¢ g & = refine
structural
model

<

AL Image Plane

IGuessing a structural

—>model

}

MultiSlice Simulation
(Exit Wave)

|

Calculation of through
focal images

|

Quantitative comparisc
with experimental
Images

No
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Example: NiSiz2 {115}/{111} Twin Boundary

~
S

NTHU

T§M L!\NIER
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Example: Si{115}/ NiSi2 {111} Twin Boundary

.
v
4

NTHU

leL!\NltR
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TbSi2/ Si Interface
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( ) 7.3 Displacement Map

‘ g
-

Analysis of Variations in Structure from High Resolution Electron

Microscope Images by Combining Real Space and Fourier Space
Information

NTHU

-~ Martin J. H¥tch
|
m Microsc. Microanal. Microstruct. 8 (1997)

=S =

Quantitative measurement of displacement and strain fields
from HREM micrographs

i Ultramicmscnp}' 74 (1998) 1311406

 _ e Se— — —

|
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m M.J. Hytch®*, E. Snoeck®, R. Kilaas®
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7.3.1 Background on Geometric Phase

Fourier
Transform

27ig T

I(F) = 3 A@)e

By Dr. Roar Kilaas
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Amplitude
A(go)

| Phase
23@0-?
- _ 2mig T
I(r) = A(g,)e
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Digital Moire Images

2mg T 2mg T

: : M =5
M M

Higher and higher magnification M 1is equivalent to shifting the reciprocal lattice vector
closer and closer to the center of the Fourier transform. The phase image used for the
displacement calculation is equivalent to M -> % | where subtracting off the term 2stg,°r

has the same effect as shifting the origin of the FT to the position of the reciprocal
frequency g,
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* Non perfect crystal - Small deviations from perfect lattice spacings

— R " 23\, e N oy — A_, —\\ =
I(r) = A(r)ezmg(r) "= A(F)e (g +Ag(r))T

* Displacement Field description

e | ._:_
1~ 1. dS(r)= oS S S
—80 T ——80° ()l‘ = g0°r—gO-Au(r)

U, U, U,

Tgesday, October 25,



 Amplitude and Phase

2 A
I(l’) A( )€2mg(r)r —A( )e m(g0+ g(r))r

—_— — —
—;

= A(r)e (& T80 Au(r)) _ A(D) exp(lP(r))
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Displacement Field Calculation

* Requires 2 phase images from 2 different reflections

 Implicit definition of a reference lattice

Pgl (_I:) =2m _g I- u (_I:) — 2n(g1X‘uX(_I:) + g1y°uy(_1:))

PgZ(_I:) = 23'5%2 u (_I:) = zn(g2x-ux(_1:) + g2y-uy(_f))

* Solution for the displacements with respect to the reference lattice

uy () = —(

1 P, (r).g,,— sz(f).gly)

ux (1) = —(

2 8,85y — 814824

1 Pg2(i:)'g1x — Pgl(f)'gZX)

27 1x:82y —81y-82x
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Alternative Strain Map

Template matching- cross correlation

Template object

I1

SN l
4l

ccf =

The value of cct give an indication of similarity of two 1mages
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1. Scanning the template
across the object image

Pattern Recognition
for structure
1dentification
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Atom Resolution Compositional Map
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S1/GeS1 quantum well
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