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Summary: Exactmeasurementof intensityprofilesof equalthicknessfringeshas
beencarriedout in TEM imagesof Si and MgO crystalsusing an energy filtering
TEM andan imagingplate. The intensitiesaremeasuredin bright andseveral dark
field imagesfor [100] Si and[11̄0] MgO, with andwithout a slit of

�
5 eV in energy

width for incidentelectronsof 200keV. Calculateddiffractionintensitiesarecompared
with theexperimentaldataandsuitablecomplex potentialis investigated.

1. Intr oduction
High-resolutiontransmissionelectronmicroscopyhasbeenestablishedasamethodto analyze

nano-structuralmaterialswith atomic scaleresolution. The quantitative analysisof experimental
datadependsentirely on the simulationbasedon a dynamicaltheoryof electrondiffraction andan
imaging theoryof electronoptics. Becausethesetheoriescontainsomeapproximationsand there
is a possibility that the simulationprogramshave bugsor errors,an accurateprogramobjectively
inspectedis indispensable.Althoughmutualcomparisonof variousprogramsmaybeeffectiveto find
out the bugsin them,the comparisonwith reliableexperimentaldataandthe subsequentfeedback
to the theoriesarestill moreimportant. In this paper, zero-lossfiltered intensityprofilesaswell as
unfilteredonesof equalthicknessfringesof Si andMgO crystalsareprovided asthe reliabledata,
following apreviousreportfor aGaAsandanInPcrystal[1]. Thesimulatedresultsarecheckedwith
respectto theexperimentaldata,thevariouscrystalpotentialsbeingapplied.

2. Experimental
Si singlecrystalspreparedby cleaving a Si (001) wafer along the � 110� planesandMgO

singlecrystals,having the � 100� surfaces,preparedby burningMg in air wereused.Thecrystalori-
entations,[100] for Si and[11̄0] for MgO, wereexactlysettledusingits diffractionpatternsincluding
Kikuchi lines.Theedgeof thespecimenalongthe[001] axishas90� wedge-shape,whichhasamerit
that thethicknessis deducibleasa functionof thedistancefrom theedge.Zero-lossfilteredimages
applyinga slit of

�
5 eV in energy width for incidentelectronsandunfilteredimageswereobserved

under the zoneaxis condition at room temperature,with JEM-2010FEFand JEM-2010EFTEMs
equippedwith anΩ-typeenergy filter, operatedat 200kV. Thebright field andthe022and040dark
field imagesfor Si, andthebright field andthe111, 002,220,113,222,and004darkfield images
for MgO wererecordedat a direct magnificationof morethan200,000on the imagingplates. The
magnificationof theimageswascalibratedusingmulti-beamlatticeimagesrecordedunderthesame
conditionwithout theobjectiveaperture.Theintensityof theequalthicknessfringeswasnormalized
with respectto theincidentbeamintensitywhichwasmeasuredin avacuumregion.



3. Resultsand Discussion
Figures1 and 2 indicatethe zero-lossfiltered (thick solid lines) and unfiltered(thin solid

lines) intensityprofilesof equalthicknessfringesof Si andMgO, respectively. Measurementwith
anenergy filtering TEM enablesus to cut thecontribution of inelasticallyscatteredelectronsdueto
plasmonexcitationoutof theprofiles.Theratioof thezero-lossfilteredintensityto theunfilteredone
tendsto decreasewith increasein thickness,althoughit is not alwaysproportionalto the thickness
becauseof multiple scatteringin crystal.

Comparisonbetweenthe experimentalprofilesandthe onescalculatedwith our multi-slice
program[2] wascarriedout,wherestructuralparameterssuchasthescatteringfactor, thetemperature
factor andthe ratio of imaginarypart of the complex 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
inelasticscattering,thepositionof peaksalmostagreeswith theexperimentalonebut theintensityof
themdisagrees.Theagreementimprovesby introducinga complex potentialof � 1 � 0� 04i � Vre anda
temperaturefactorof 4� 5 	 10
 3 nm2 (dashedlinesin Fig.1). In thecalculationsfor MgO,theposition
aswell asthe intensityof peaksdisagreeswith theexperimentalone. Thecalculationwith complex
potentialtakingaccountof scatteringfactorsfor ionsproducesbettercorrespondence(dashedlinesin
Fig. 2). Thepresentexperimentaldatahavea possibilitythatthenetchargeof elementsandthesolid
stateeffect aswell astemperatureeffect andprocessesof inelasticscatteringcanbemadeclear[4].
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Figure 1: Intensityprofilesobtainedfromzero-lossfiltered (thick solid) andunfiltered(thin solid) 000(a), 022 (b), and
040(c) imagesof Si andcorrespondingprofilescalculatedwith a multi-sliceprogram(dashed).
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Figure 2: Intensityprofilesobtainedfromzero-lossfiltered (thick solid) andunfiltered(thin solid) 000(a), 111 (b), 002
(c), 220(d), and113(e) imagesof MgO andcorrespondingprofilescalculatedwith a multi-sliceprogram(dashed).


