Differential microscopy by conventional electron off-axis holography
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Differential microscopy is realized by conventional off-axis electron holography with an electron
biprism behind the specimen. Two phase images reconstructed from two holograms which are
obtained with slightly different potentials of the electron biprism are utlized to make a
one-dimensional differential image. Polystyrene latex particles which are charged by electron
irradiation are used to demonstrate that the differential image is independent of the distortion of a
reference wave. €996 American Institute of PhysidsS0003-695(96)00144-1]

A transmission electron microscopdEM) equipped cally larger defocusing of the object for a larger interference
with a field-emission electron gun and an electron biprisnregion. Kruit and Buist used a crystalline beam splitter in-
makes it possible to construct an electron holographicerted into a TEM instrument equipped with an ordinary
interferometer. Especially off-axis electron holography has thermionic electron gun. Their technique requires that the
been successfully used in the observation of phase objectsystalline beam splitter has a large uniform area of orienta-
such as magnetic fiel#i and electrostatic potentialS.In  tion and thickness, which are both obstacles in practical ap-
off-axis holography a well-defined reference wave is indis-plications.
pensable for making interference fringes. In many cases, On the other hand, in conventional electron off-axis
however, the magnetic or electric field extends beyond th‘holographyl, using a TEM instrumentoff-axis TEM holog-
lateral coherent length of the electrons, which means thaiaphy) which has an electron biprism behind the specimen,
only the phase difference between an object wave and thge interference region is limited by only the lateral coherent
reference wave may be obtained. As a result, the informatiofength of the electron waves. A resolution higher than that
extracted from the hologram with the distorted referenceyttainable with STEM holography is easy achievibté
wave does not accurately express the fields or the potentiajgjth off-axis TEM holography, which has improved the pre-
of the object. Moreover, for the observation of magnetic subzision of its phase measureméftput sufficiently small
stances, a distortion-free or plane reference wave restricts thearing of the object wave has been impossible. If two ho-
observation area to the region near the edge of the specimeggrams, which have a slight difference in the sheared re-
although the magnetic structures inside the specimen are alggons of their object wave by the reference wave, are re-
of interest. . _corded, then the difference of the waves reconstructed from

One of the ways to surmount this problem of the dis-these two holograms offers shearing interferometry. When

. 5
torted reference wave has been shown by Matteatel”  the amount of the shearing is sufficiently small, this interfer-
Their analysis using a computer simulation reveals an accu-

rate field for some simple cases. Differential interferométry,

a typical case of shearing interferometry, is another useful

method for observing phase objects when a plane reference FE source
wave cannot be obtained.

With regard to electron holographic interferometry,
some configurations for differential interferometry have been
reported. They illuminate the specimen with two coherent
electron beams inclined toward each other by using a beam
splitter placed in front of the specimen. Leuthner, Lichte, and E%
Herrmarl installed an electron biprism in the illumination -
system of a scanning TENSTEM) equipped with a detec-
tion system that has a reference grating. The resolution of
this scanning-type interferometer that has been reported so
far is not very high(>5 nm). Mankos, Scheinfein, and
Cowley? utilized the same configuration for a projection-type
differential interferometer, and showed magnetic domains in
a Co film. Their interferometer, however, requires intrinsi-
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FIG. 1. Schematic electron-optical system for electron holographic interfer-
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is due to the time delay of ferrite cores of the deflector coils,
causes the initial phase of the electron to drift. Typical ex-
posure time was 20 s and readout time from the CCD to a
frame memory wa 2 s per frame of 10241024 pixels.
Figures 3 and 4 show the differential interferometry of
polystyrene latex particles of Am in diameter charged by
electron irradiation. The electron wave passing through the
region that includes two charged particlésdicated by ar-
row heads in the low magnification TEM image in Figag
was superimposed using an electron bipri¢BP) with
Vpp=—13 V to make a holograrFig. 3(b)] in which electric
fields around the latex spheres modulate the reference waves.
A blank hologram was obtained in the area sufficiently far
from any particles under the same biprism condition and was
Vbp = -Vo Vbp = -Vo-dV referred to in order to reconstruct a phase imggg. 4(a)]
from which another phase imad€&ig. 4(b)] reconstructed
FIG. 2. Reference point overlapped with an object is shedvetiom A to from a hologram recorded WIthP:_lS'S V was sub-
A’ by increasing the potential applied to an electron biprisriv, to  tracted. The amount of shearing was about#nl The sub-
—Vo-dV. traction was performed to keep the coordinates of particle A
the same in both reconstructed waves so that the potential
ence pattern corresponds to the differential of the object. Iround particle B could be differentiated along the lateral
this letter, a preliminary result of differential microscopy by direction in Fig. 4c). If the phase shift along the edge of the
off-axis TEM holography is reported for the electrostatic po-differentiated area is sufficiently small, we can integrate the
tential around charged polystyrene latex particles. differential image so that the potential distribution free from
Electron holograms are constructed by the interferenc¢he effect of the reference wave is revealed, as shown in Fig.
of a modulated object wave and a reference wave, as showfd). The dark band in the figure is due to the indeterminable
in Fig. 1. The shearing of the interference region essential foarea in the phase that corresponds to particle A, which is
the differentiation is achieved by changing the potential apopaque for 200 keV electrons. As easily understood from
plied to the electron biprism, as illustrated in Fig. 2. Fig. 3@, an unsymmetrical distribution of the potential
A Hitachi HF-2000 FE-TEM equipped with a Gatan 679 around B means the interaction with particle A, namely, the
slow-scan charge-coupled-devi@@CD) camera was used to potential at the side facing particle A, has a larger gradient
make holograms and the processing was performed on a M#han that at the other side.
cintosh personal computer. The objective lens and condenser The accuracy of the differential interferometry is deter-
lenses were turned off, and two intermediate and two projecmined by the amount of shearing, which is controllable by
tive lenses were excited maximally. The direct magnificationsupplying potential within the detectable limit of phase dif-
was 2000 times on a fluorescent screen. The exposure tinference. In practice, however, there were two dominant fac-
was by a mechanical shutter rather than by a magnetic ddgers. One was the accuracy of the direction of shearing,
flector, which is the ordinary system for a Hitachi electronwhich often was not exactly perpendicular the ends of the
microscope combined with a slow-scan CCD camera. This i®iprism wire. This problem is especially severe in two-
essential in electron holography, because source drift, whictlimensional differentiation. For the integration to obtain a
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FIG. 3. (a) Low-magnified TEM image of polystyrene latex particlels=1.0 mm). (b) Two spheres indicated with arrow heads were recorded in an electron
hologram from both sides of an electron bipri¢BP).
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FIG. 4. Differential interferometry of latex spherds) A phase image reconstructed from a hologram taken with the biprism potefgal-13.0 V; (b)
another phase image ¥f,,=—13.5 V; (c) a one-dimensional differential image; afd) integrated image showing a true phase distribution.

phase distribution like that shown in Fig(d4, the reliability 5G. Matteucci, G. F. Missiroli, M. Muccini, and G. Pozzi, Ultramicroscopy
of the assumption for the uniform phase angle is the other645, 77(1992.

; ; M. Pluta, in Advances in Electron and Optical Microscomdited by R.
important factor. The phase angles at the edge of the inter- .

. ; . Barer and V. E. CossletAcademic, London, 1987 pp. 99—-213.
ference arga have to bef eql‘_'al along the Q|re_ct|0n perpendlch. Leuthner, H. Lichte, and K.-H. Herrmann, Phys. Status Solidi1,
lar to the line integral direction; unless this is so we have to 113(1989.
use another differential component of the potential that is in®M. Mankos, M. R. Scheinfein, and J. M. Cowley, J. Appl. Ph§5. 7418

two-dimensional differential interferometry. (1994, o _ _
9P. Kruit and A. H. Buist, inProceedings of the 13th International Con-

gress on Electron Microscopydited by J. Jouffrey and C. Colligkes

LA. Tonomura, J. Endo, and T. Matsuda, OptStuttgar} 53, 143(1979. Editions de Physique, Les Ulis Cedex, France, 19%4l. 1, pp. 335—
2A. Tonomura, J. Electron Micros@8, S43(1989. 336.

3T. Hirayama, Q. Ru, T. Tanji, and A. Tonomura, Appl. Phys. L&®.418 107 Tanji and K. Ishizuka, Microsc. Soc. Am. BuR4, 494 (1994.
(1993. 1A, Orchowski, W. D. Rau, and H. Lichte, Phys. Rev. L&, 399(1995.
4S. Frabboni, G. Matteucci, G. Pozzi, and M. Vanzi, Phys. Rev. B&t.  '*G. Lai, Q. Ru, K. Aoyama, and A. Tonomura, J. Appl. Phy$, 39
2196(1985. (1994.

Appl. Phys. Lett., Vol. 69, No. 18, 28 October 1996 Tanji, Ru, and Tonomura 2625

Downloaded-18-0ct-2006-t0-133.6.32.11.~Redistribution-subject-to-AlP-license-or-~copyright,~see-http://apl.aip.org/apl/copyright.jsp



