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Intr oduction

Analysisof EqualThicknessFringes

Improvementof dynamicalelectrondiffractiontheory

and

Evaluationof structurefactorof crystals

Two beamexcitedBraggcondition

Multi beamexcitedzone-axiscondition

1) GaAs andInP

K. Nishio,H. Kakibayashi,T. Isshiki,H. SaijoandM. Shiojiri,

J. Electron Microscopy 43 (1994)198–202.

2) Si andMgO

K. Nishio,T. Isshiki andM. Shiojiri,

J. Electron Microscopy 49 (2000)in print.

Computer simulation

Crystal potential

Scattering process

Imaging process

Reliable experimental data

Objective inspectionof thesimulationprogram

is indispensablefor its accuracy



Experimental

Specimen

Si
Diamond-type

a � 0 � 54307nm

MgO
NaCl-type

a � 0 � 42112nm

preparedby cleaving a Si 001

waferalongthe 110 .

preparedby burning Mg in

air.

Observed dir ection
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The crystalthickness

t canbe derived asa

functiont 2x of the

distancex from the
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Thecrystalorientationswereexactlyadjustedby Kikuchi lines.

Observed diffraction spots
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Equipment

TEM

JEM-2010FEF

JEM-2010EF
Equippedwith anΩ-typeenergy filter

Recordingmedia

ImagingPlate Pixel size:25 µm, Dynamicrange:14bits

Observed conditions

Specimen Si MgO

Orientation [100] [11̄0]

Dif. spot 000,022,040 000,111,002,220,113,222,004

Accel.volt. 200kV

Energy filter Zero-lossfilter ( 5 eV), unfilter

Mag. 200,000

Computer simulation

Dynamicalcalculation Multi-slice method

Si, Mg, O DT
Atomic scatteringfactor Mg2� DT, Peng

O2	 TMI, Peng
Temperaturefactor Mg, O ZORS

DT: Doyle andTurner, Acta Cryst. A24 (1968)390
TMI: Tanji, MasaokaandIto, J. Elec. Microsc. 38 (1989)409
Peng : Peng,Acta Cryst. A54 (1998)481
ZORS: Zuo,O’Keeffe, RezandSpence,Phys. Rev. Lett. 78 (1997)4777



Exampleof bright field images

Zero-lossfiltered( 5 5 eV) TEM image

UnfilteredTEM image



Intensity profilesof [100] Si
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Fitting procedure for Si

Corr elation coefficient

r
∑ Iexp t Īexp Ical t Īcal

∑ Iexp t Īexp
2∑ Ical t Īcal

2

Fitting parameters

– B: Temperaturefactor(B 0 � 0 � 05� 0 � 10� � 1 Å2)

Temperature factoris in Debye-Waller factor, exp Bs2

– γ: Absorptioncoefficient (γ 0 � 1 � � 10 %)

Complex potential,V , is givenby V � Vre 
 iVim, whereVim � γVre
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Fitting result for Si
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Intensity profilesof [11̄0] MgO
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Fitting procedure for MgO

Scattering factors
Mg2� O2�

Green DT:
DoyleandTurner,

Acta Cryst. A24 (1968)390
TMI:

Tanji, MasaokaandIto,

J. Elec. Microsc. 38 (1989)409

Blue Peng : Peng,Acta Cryst. A54 (1998)481
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Temperature factors

BMg 0� 305Å
2 � BO 0 � 340Å

2 Zuo,O’Keeffe, RezandSpence,

Phys. Rev. Lett. 78 (1997)4777

Fitting parameters
– γ: Absorptioncoefficient (γ 0 � 1 � � 10%)
– x: Ionicity (x 0 � 5 � 10� � 100%)

Scatteringfactor, f , is givenby f � x fion 
�� 1 x � fneu
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Fitting result for MgO

fion x γ
Green DT, TMI 65% 4 %

Blue Peng 100% 4 %
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Summary

Intensity profilesobtained fr om zero-lossfilter edand
unfilter edequal thicknessfringes arepresented.

[100] Si: 000,022,and040

[11̄0] MgO: 000,111,002,220,113,222,and004

Comparisonbetweenthe experimentalprofilesand the

calculatedprofileswascarried out.

Si:
B γ

0.45Å2 4 %

MgO:
fion x γ

DT, TMI 65% 4 %

Peng 100% 4 %

Theequalthicknessfringe intensitiescanbeobtainedfrom

K. Nishio,T. Isshiki andM. Shiojiri,

J. Electron Microscopy 49 (2000)in print.

or by makingcontactto

knishio@dj.kit.ac.jp


