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Recently an eectromagnetic hexapole system for the correction of the spherica aberration of the dbjective
lens of a200 kV transmission electron microscope was constructed by Haider and coworkers [1]. Integrat-
ing this system in a Philips CM 200 FEG ST an increase in point resolution from 0.24 to better than 0.13 nm
could be demongtrated [2]. However, transmission eectron microscopy involving an aberration corrector
offers additiona features of interest for materias science application.

By appropriately exciting the hexagpole dements it is possible to adjust specific values of the spherica aber-
ration coefficient Cq ranging from the vaue of the original objective lens to zero. Thus Cq enters as an addi-
tiond variable, besides the defocus value Z, into the wave aberration function

c(9)=x42Zl g*+%Cl °g",
wherel isthe eectron wave length and ¢ the spatia frequency.

Adjusting the corrector for Cs=0 and gpplying Z=0 the phase-contrast term - jsin2pc (g) in the trandfer
function vanishes. On the other hand, the amplitude-contrast term cos2pc (g) adopts its maximum value 1.
This means that in the fully aberration-corrected mode the microscope images atomic structures by ampli-
tude rather than by the usua phase contrast [3]. In the dectron exit-plane wave function loca amplitude
vaiaions are produced by eectron diffraction channding. The projected atom columns are imaged by
bright contrast on a dark background. As demonstrated by the smulation for Ge [110] in Fig. 1 maximum
contrast occurs at thicknesses of hdf the extinction distance defined by the two most excited Bloch waves
and odd multiples of it. This mode has the specid alvantage that contrast delocdization defined by the ra-
dius of the point-spread function (g, - information limit) [4]
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is zero and optimum imaging of defects, boundaries and interfaces can be achieved.

R=max

Besides this pure amplitude- contrast mode other imaging modes are available in which phase-contrast con-
tributes to the image in addition. In order to determine the optimum values for Z and C for thiskind of im-
aging an optimization problem has to be solved which yidds an optimum defocus and spherica-aberration
sting. This par of vaues represents the equivaent to Scherzer’s defocus in idealized wesk-phase object
imaging. The optimization problem arises from the fact thet finite values for Z and/or C4 induce contrast de-
locdization. A detailed treatment of this problem [3] yields for the optimum vaues yidding maximum phase
contrast a aminimum of delocalization
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For the CM200 FEG ST one obtains for | =25 pm and an information limit of 7.3 nn1! the vadues
Csop=23 MM and Z, = -133 nm. Under these conditions the contrast delocdization amounts to
Rop=0.081 nm. In such a caculaion, in the same way as in conventiond transmission electron microscopy
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and the derivation of the idedlized Scherzer formula, only phase shifts introduced by the eectron optics are
taken into account. Phase shifts dready contained in the eectron exit- plane wave function are not consd-
ered. In practice it has proven to be advantageous to take a through-focus series of images and to accom-
pany the practica high-resolution work by image smulation or exit-wave function recorstruction. This not
only dlowsto define the conditions for Z=0, it dso permits to salect and understand the images taken under
optimum conditions.

The following examples of images are taken at Z=0/C=0. Figure 2 (courtesy K. Tillmann) shows an appli-
cation for the determination of Al-concentration profiles in low-temperature GaAg/AlAs heterostructures.
Due to the absence of contrast delocdization the profile can be directly derived from the (002) component
of the Fourier transform of the image intengity distribution. Figure 3 (coutesy J.L. Ja) shows atilt boundary
in (BaS)TiO4 dong the [100] zone axis demondrating the high quality of delocdization-free interface imag-
ing under amplitude contrast conditions. Fgure 4 (courtesy J.L. Ji@) demongtrates the high resolution of 0.14
nmin (BaS)TiO, dong the [110] zone axis.
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defocus/nm Fig. 2 GaAdAIAs heterostructure at Z=0 and
Fg.1 Cdculated through-focus and through-thick- Cs=0.
ness image series of Ge [110] for Cs=0.
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Fig4 (Bax)TiO, [110] a Z=0/C=0. The se-
paration of TiO/O columns (arrows) is0.14 nm.

Flg 3 T|It bounday in (BaSr)Tlo3 a Z=0 and
Cs=0. Viewing direction [100].
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