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Summary: Quantitatve measurementf intensity profiles of equalthicknessfringes hasbeencarried
outin TEM imagesof wedge-shapedrystalsusinga slow-scanCCD cameraSSC)andanimagingplate
(IP). Theintensitiesaremeasuredn bright andseveral darkfield imagesfor [100] GaAs, InP, andSi and
[110] MgO, with andwithout anenepy slit having 5 eV enegy width for incidentelectrons.Calculated
diffractionintensitiesarecomparedvith the experimentaldatato investigatesuitablecomplex potential.

1. Introduction

Equal thicknessfringesin a wedge-shapedrystalimageare a direct representatiorof dynamical
electrondiffraction intensity Therefore,mary investigationswvere carriedout on the basisof the
measuremertf the equalthicknesdringe intensitiesandthey have contributedto theimprovement
of the dynamicalelectrondiffraction theory and the evaluationof the structurefactor of crystals.
Theseexperimentswere,however, performedunderthe two-beamexcited Braggcondition,andnot
underthe multi-beamexcited zoneaxis conditionwhich is usedin the usualHRTEM work. In this
paper zero-lossfiltered intensity profiles as well as unfiltered onesof equalthicknessfringes of
several crystalsunderthe zone axis condition are provided [1, 2]. Quantitatve HRTEM depends
entirely on the simulation,which containsvariousapproximatiorandmight have bugsor errors.An
objectve inspectionof the programsis indispensabldor its accurag, by meansof the comparison
betweenthe presentkind of experimentaldataandthe simulatedresults. The simulatedresultsare
checkedwith respecto the obtainedexperimentaldata,usingvariouscrystalpotentials.

2. Experimental

GaAs,InP, andSi singlecrystalscleavedalongthe {110} planesandMgO singlecrystals having the
{100} surfacesprepareddy burning Mg in air wereused. Obsened conditionsare summarizedn
Tablel. Thecrystalorientationsvereexactly adjustedusingits diffractionpatternsncludingKikuchi
lines. The edgeof the specimeralongthe [001] axishas90° wedge-shapehusthethicknesscanbe
derived asa function of the distancefrom the edge. The magnificationof theimageswascalibrated
usinglattice imagesrecordedunderthe samecondition. Theintensity of the equalthicknesdsringes
wasnormalizedwith respecto theincidentbeamintensitywhich wasmeasuredn avacuumregion.

3. Resultsand discussion

Figure 1 shows intensity profiles of equalthicknessfringesin GaAsandInP crystalimages. Since
inelasticallyscatterecelectronscontritute to the intensity it hasbeenrevealedthat the correspon-
denceof the calculatedntensitieswhich ignoredthe inelasticscatteringo the experimentalprofiles
is limited to thinnerregion than20 nmin specimerthicknesq1].

Figures2 and 3 indicatethe zero-lossfiltered (thick solid lines) andunfiltered(thin solid lines)
intensity profilesof equalthicknessfringesof SiandMgO, respectrely. Measuremenof the zero-
lossfilteredintensitiesusinganenegy filtering TEM enablesusto cutthecontribution of inelastically
scatterecelectrongmainly dueto plasmonexcitationout of the profiles.

Comparisorbetweenthe experimentalprofilesandthe onescalculatedwith our multi-slice pro-
gram[3] wascarriedoutfor SiandMgO, by usingvariousstructuralparametersuchasthescattering
factor, thetemperaturéactorandthe absorptiorcoeficientgivenastheratio of imaginarypartof the
comple potentialto the real part. It hasbeenconfirmedthata Betheprogram[4] producesalmost
the sameresultsasthoseby our program[2]. In the calculationsneglecting inelasticscatteringfor



Si, the positionsof peaksalmostagreewith the experimentabnebut theintensitiesof themdisagree.
The bestagreementvasobtainedby introducinga complex potentialof (14-0.04i)V, ., andatem-
peraturefactor of 4.5 x 1072 nn? (dashedinesin Fig. 2). For MgO crystal, the calculationwith a
potentialdueto neutralatomscould not accountfor the experimentalresult,giving poor agreement
in the positionsaswell astheintensitiesof peaks.Theagreemenimproveswhenthe calculationwas
performedusingthe complec potential takingaccountof a mixture of the both scatteringfactorsfor

neutralatomsandions (dashedinesin Fig. 3).
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Table1l Obseredconditions.
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Fig. 1 Intensityprofilesof brightfield, and020,022,and040darkfieldsof GaAs(a, b) andInP (c, d), respectiely.
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Fig. 2 (a-c)Intensityprofilesof bright field, 022 dark field and040 darkfield of Siwith (thick solid) andwithout (thin
solid) anenengy slit of +5 eV in width, andcorrespondingalculatedorofiles(dashed)respectiely.
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Fig. 3 (a-e)Intensityprofilesof brightfield, and111,002,220,and113darkfieldsof MgO with (thick solid) andwithout
(thin solid) anenepy slit of +5 eV in width, andcorrespondingalculatedprofiles(dashed)respectiely.



