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Summary: Exactmeasurementf intensity profiles of equalthicknessfringeshas
beencarriedout in TEM imagesof Si and MgO crystalsusing an enegy filtering

TEM andanimagingplate. The intensitiesare measuredn bright and several dark
field imagesfor [100] Si and[110] MgO, with andwithout a slit of +£5 eV in enegy

width for incidentelectronsof 200keV. Calculatediffractionintensitiesarecompared
with the experimentaldataandsuitablecomplec potentialis investigated.

1. Intr oduction

High-resolutiontransmissiorelectronmicroscopyhasbeenestablishedsamethodio analyze
nano-structuramaterialswith atomic scaleresolution. The quantitatve analysisof experimental
datadependsntirely on the simulationbasedon a dynamicaltheory of electrondiffraction andan
imagingtheory of electronoptics. Becausehesetheoriescontainsomeapproximationsand there
is a possibility that the simulation programshave bugs or errors,an accurateprogramobjectvely
inspecteds indispensableAlthoughmutualcomparisorof variousprogramsmay be effective to find
out the bugsin them, the comparisorwith reliable experimentaldataandthe subsequenteedback
to the theoriesarestill moreimportant. In this paper zero-lossfiltered intensity profilesaswell as
unfilteredonesof equalthicknessfringesof Si andMgO crystalsare provided asthe reliable data,
following a previousreportfor a GaAsandanInP crystal[1]. Thesimulatedesultsarecheckedvith
respecto the experimentaldata,the variouscrystalpotentialsbeingapplied.

2. Experimental

Si single crystalspreparedby cleasing a Si (001) wafer alongthe {110} planesand MgO
singlecrystals having the {100} surfacespreparedy burningMg in air wereused.The crystalori-
entations[100] for Si and[110] for MgO, wereexactly settledusingits diffractionpatternsncluding
Kikuchi lines. Theedgeof thespecimeralongthe[001] axishas9(® wedge-shapeayhich hasamerit
thatthe thicknesss deducibleasa function of the distancefrom the edge.Zero-lossfilteredimages
applyinga slit of +5 eV in enegy width for incidentelectronsandunfilteredimageswereobsenred
underthe zone axis condition at room temperaturewith JEM-2010FEFand JEM-2010EFTEMs
equippedwith an Q-type enepy filter, operatecat 200kV. Thebrightfield andthe 022 and040dark
field imagesfor Si, andthe bright field andthe 111,002,220, 113,222,and004 dark field images
for MgO wererecordedat a direct magnificationof morethan200,0000n the imagingplates. The
magnificationof theimageswascalibratedusingmulti-beamlatticeimagesrecordedunderthe same
conditionwithout the objective aperture Theintensityof the equalthicknesdringeswasnormalized
with respecto theincidentbeamintensitywhich wasmeasuredn avacuumregion.



3. Resultsand Discussion

Figures1 and 2 indicate the zero-lossfiltered (thick solid lines) and unfiltered (thin solid
lines) intensity profiles of equalthicknessfringesof Si andMgO, respectrely. Measurementvith
anenegy filtering TEM enableausto cut the contribution of inelasticallyscatterecelectronsdueto
plasmonexcitationout of the profiles. Theratio of thezero-losdilteredintensityto the unfilteredone
tendsto decreaseavith increasdan thicknessalthoughit is not alwaysproportionalto the thickness
becaus@ef multiple scatteringn crystal.

Comparisorbetweenthe experimentalprofilesand the onescalculatedwith our multi-slice
program[2] wascarriedout, wherestructuralparametersuchasthescatteringactor, thetemperature
factor andthe ratio of imaginarypart of the comple potentialto the real part werevaried. It has
beenconfirmedthat the on-line versionof EMS program[3] basedon the Bethemethodproduces
almostthe sameresultsasthat by our program[4]. In the calculationsfor Si taking no accountof
inelasticscatteringthe positionof peaksalmostagreeswith the experimentalbnebut theintensityof
themdisagreesThe agreemenimprovesby introducinga comple potentialof (1+ 0.04i)V,e anda
temperaturéactorof 4.5 x 10~3 nnm? (dashedinesin Fig. 1). In thecalculationdor MgO, theposition
aswell astheintensityof peaksdisagreesvith the experimentalone. The calculationwith complex
potentialtakingaccounf scatteringactorsfor ionsproducedettercorrespondenc@ashedinesin
Fig. 2). The presenexperimentadatahave a possibilitythatthe netchage of elementsandthesolid
stateeffectaswell astemperatureffect andprocessesf inelasticscatteringcanbe madeclear([4].
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Figure 1. Intensityprofilesobtainedfrom zeo-lossfiltered (thick solid) and unfiltered (thin solid) 000 (a), 022 (b), and
040(c) imagesof Siandcorrespondingprofilescalculatedwith a multi-sliceprogram (dashed).
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Figure 2: Intensityprofilesobtainedfrom zeo-lossfiltered (thick solid) and unfiltered (thin solid) 000 (a), 111 (b), 002
(c), 220(d), and 113 (e) imagesof MgO and correspondingprofilescalculatedwith a multi-slice program (dashed).
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