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Summary: Quantitative measurementof intensityprofiles of equal thicknessfringes hasbeencarried
out in TEM imagesof wedge-shapedcrystalsusinga slow-scanCCD camera(SSC)andanimagingplate
(IP). The intensitiesaremeasuredin bright andseveraldarkfield imagesfor [100] GaAs,InP, andSi and
[11̄0] MgO, with andwithout anenergy slit having

�
5 eV energy width for incidentelectrons.Calculated

diffractionintensitiesarecomparedwith theexperimentaldatato investigatesuitablecomplex potential.

1. Introduction

Equal thicknessfringes in a wedge-shapedcrystal imageare a direct representationof dynamical
electrondiffraction intensity. Therefore,many investigationswere carriedout on the basisof the
measurementof theequalthicknessfringe intensities,andthey have contributedto theimprovement
of the dynamicalelectrondiffraction theory and the evaluationof the structurefactor of crystals.
Theseexperimentswere,however, performedunderthe two-beamexcitedBraggcondition,andnot
underthemulti-beamexcitedzoneaxis conditionwhich is usedin theusualHRTEM work. In this
paper, zero-lossfiltered intensity profiles as well as unfilteredonesof equal thicknessfringes of
several crystalsunderthe zoneaxis condition are provided [1, 2]. Quantitative HRTEM depends
entirelyon thesimulation,which containsvariousapproximationandmight have bugsor errors.An
objective inspectionof the programsis indispensablefor its accuracy, by meansof the comparison
betweenthe presentkind of experimentaldataandthe simulatedresults. The simulatedresultsare
checkedwith respectto theobtainedexperimentaldata,usingvariouscrystalpotentials.

2. Experimental

GaAs,InP, andSi singlecrystalscleavedalongthe
�
110� planesandMgO singlecrystals,having the�

100� surfaces,preparedby burning Mg in air wereused. Observed conditionsaresummarizedin
Table1. Thecrystalorientationswereexactlyadjustedusingits diffractionpatternsincludingKikuchi
lines. Theedgeof thespecimenalongthe[001] axishas90� wedge-shape,thusthethicknesscanbe
derivedasa functionof thedistancefrom theedge.Themagnificationof the imageswascalibrated
usinglattice imagesrecordedunderthesamecondition. Theintensityof theequalthicknessfringes
wasnormalizedwith respectto theincidentbeamintensitywhichwasmeasuredin avacuumregion.

3. Results and discussion

Figure1 shows intensityprofilesof equalthicknessfringesin GaAsandInP crystal images.Since
inelasticallyscatteredelectronscontribute to the intensity, it hasbeenrevealedthat the correspon-
denceof thecalculatedintensitieswhich ignoredthe inelasticscatteringto theexperimentalprofiles
is limited to thinnerregion than20nmin specimenthickness[1].

Figures2 and3 indicatethezero-lossfiltered (thick solid lines) andunfiltered(thin solid lines)
intensityprofilesof equalthicknessfringesof Si andMgO, respectively. Measurementof thezero-
lossfilteredintensitiesusinganenergy filtering TEM enablesusto cutthecontributionof inelastically
scatteredelectronsmainly dueto plasmonexcitationoutof theprofiles.

Comparisonbetweentheexperimentalprofilesandtheonescalculatedwith our multi-slicepro-
gram[3] wascarriedoutfor Si andMgO,by usingvariousstructuralparameterssuchasthescattering
factor, thetemperaturefactorandtheabsorptioncoefficientgivenastheratioof imaginarypartof the
complex potentialto the real part. It hasbeenconfirmedthata Betheprogram[4] producesalmost
the sameresultsasthoseby our program[2]. In the calculationsneglectinginelasticscatteringfor



Si, thepositionsof peaksalmostagreewith theexperimentalonebut theintensitiesof themdisagree.
The bestagreementwasobtainedby introducinga complex potentialof � 1 � 0� 04i � Vreal anda tem-
peraturefactorof 4� 5 	 10
 3 nm2 (dashedlines in Fig. 2). For MgO crystal,thecalculationwith a
potentialdueto neutralatomscouldnot accountfor theexperimentalresult,giving poor agreement
in thepositionsaswell astheintensitiesof peaks.Theagreementimproveswhenthecalculationwas
performedusingthecomplex potential,takingaccountof a mixtureof thebothscatteringfactorsfor
neutralatomsandions(dashedlinesin Fig. 3).
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Table 1 Observedconditions.
Specimen GaAs,InP Si MgO

Orientation [100] [11̄0]

Dif. spot
000,002,
022,040

000,022,
040

000,111,002,220,
113,222,004

TEM / Rec. H-800/ SSC JEM-2010FEF, JEM-2010EF/ IP
Energy filter — Zero-lossfilter (

�
5 eV), unfilter

Accel.volt. 175kV 200kV
Mag. 60,000 � 200� 000

0
10
20
30
40
50
60
70
80
90

100

0 10 20 30 40 50 60

N
o

rm
al

iz
ed

 In
te

n
si

ty
 [

%
]




Thickness [nm]

000 022

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

0 10 20 30 40 50 60
Thickness [nm]

020

040

0
10
20
30
40
50
60
70
80
90

100

0 10 20 30 40 50 60
Thickness [nm]

000

020

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
1.1

0 10 20 30 40 50 60
Thickness [nm]

022

040

a GaAs b GaAs c InP d InP

Fig. 1 Intensityprofilesof bright field, and020,022,and040darkfieldsof GaAs(a,b) andInP (c, d), respectively.
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Fig. 2 (a-c) Intensityprofilesof bright field, 022darkfield and040darkfield of Si with (thick solid) andwithout (thin
solid) anenergy slit of

�
5 eV in width, andcorrespondingcalculatedprofiles(dashed),respectively.
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Fig. 3 (a-e)Intensityprofilesof brightfield, and111,002,220,and113darkfieldsof MgO with (thick solid)andwithout
(thin solid) anenergy slit of

�
5 eV in width, andcorrespondingcalculatedprofiles(dashed),respectively.


