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FRESNEL FRINGE EFFECTS AT INTERFACES OF THIN MULTILAYER
STRUCTURES

Recent developments in the TEM Fresnel-fringe technique have provided an
alternative method to the determination of structures and morphology of interfaces
in multilayer thin film structures. This method has been employed in the

investigation of structures and defects in grain boundaries,1-2 dislocations,3

- precipitate platelets,* twin boundaries,5 metal interfaces,6-8 and multilayer

structures:? It has been demonstrated that the fringe spacing primarily relates to

- the layer thickness, while the fringe contrast as a function of defocus relates to the

magnitude of the localized change in the scattering potential and thus to the
interfacial composition.2 The profile of the fringes is more closely related to the
abruptness of the composition change at the interface.” Other factors affecting the
Fresnel fringe intensity are the specimen thickness, aperture size, beam

convergence, and degree of tilt of the interface from the incident electron beam.

Fresnel fringes result from the electrons experiencing an abrupt change in the
inner scattering potential’ parallel to the electron beam path. Most previous
calculations of the Fresnel contrast with defocus have simulated models based on one
square or symmetrical trapezoid-shaped potential well,” which are applicable only
to a single interface or grain boundary, or to a few layer pairs of the multilayer. To
extend these models to the configuration of multilayer structures, the potential wells
should be repeated to include a sufficient number of the layers, as shown in figure 1
for different potential well shapes, that closely resembles the multilayers in practice.
In this figure, the potentials have been assumed to be uniform across each layer.
Previous studies by Ness et al. have indicated that uniform potential models can
provide "a reasonable approximation as long as the layers are weakly diffracting and
there are no strongly excited g-vectors normal to the interface.2 The infinite slopes
in the square potential wells in figure 1 a) represent perfectly sharp interfaces
between the layers, while the finite slopes in figure 1 b)-d) represent the
interm‘i‘xing of the constituents in the layers, where in these figures a linear
gradient in the composition of the mixing has been assumed. The true composition at
the interfaces, however, can also be of a non-linear shape representing a non-
uniform change in the constituents across the interface.  The boundaries of each

layer could be of any combination of perfectly sharp and intermixing interfaces as



shown in figure 1 b), of symmetrical intermixing interfaces as in 1 c¢), and

asymmetrical interfaces as in 1 d).

Modeling of the Fresnel fringes at different defoci from only one or few potential
wells is only a gross approximation to those seen in a multilayer structure. The
difference in the models could be seen, for instance, in the frequency
representations of one potential well or of the convolution of the potential wells
extending over a finite distance, and of the convolution of the potential wells over an
infinite distance.  The intensity and spacing of the fringes hence can be greatly
different for models of different numbers of layers. A more realistic representation
_of the multilayer structures should probably contain a sufficient number of potential
wells representing the layers such that the total multilayer length is appreciately

greater than the potential well width.

Fresnel finges are observed in many TEM through-focus-series images of different
multilayer systems such as W/C, WC/C, Ru/C, and Mo/Si. Figure 2 shows an overfocus
cross-sectional TEM image of a 4 nm period tungsten/carbon multilayer prepared by
dc magnetron sputtering.w The specimens were prepared for TEM cross-sectional
observation by the conventional ion beam thinning method, and studied in a JEOL
JEM 200CX electron microscope operating at 200kV.l1 The Fresnel fringes are clearly
seen near the thin edge of the wedge-shaped sample. The visibility of these fringes
hence is shown to depend on the thickness of the specimen, as reported in other
studies,2:8:12 and on the defocus value, where in this figure the layers near the edge
were not in the same plane as those near the substrate when imaged and thus were at
a different defocus. As imaged, the fringes appear symmetrical on the two interfaces
of the W-rich layers, and the fringe spacing appears larger at thinner region of the
specimen, although further digitizations are required to systematically measure the

contrast and the spacing of the fringes.

Shown in figure 3 are three HRTEM images from a through-focus-series of a 6 nm
WC/C multilayer.  The Fresnel fringes: at the interfaces have higher contrast with
increasing defocus in both positive and negative values, as reported in other
studies.2:7-9  The top and bottom interfaces of the WC-rich layers do not show the
same characteristics at opposite signs of defocus. The Fresnel fringes are observed at
the top interfaces of the WC-rich layers at positive defocus (fig. 3 a)), while they are

seen at the bottom at negative defocus (fig. 3 c)). At the interfaces where the Fresnel



fringes are not present at both positive and negative defoci, smooth transitions in
the image density are observed. This observation of Fresnel fringes at different
interfaces of the layers at different defoci is not a result of misorientation of the
interfaces from the electron beam, since previous simulated Fresnel fringe profile
variation with defocus has indicated that tilted interface changes the shape of the
fringes but does not diminish one of the fringes.2 It has been shown that the
contrast and profile of the Fresnel fringes differ for different interfacial
composition profiles.8  Since the scattering potential, specimen thickness, aperture,
and beam convergence, are indentical for the two images, this observation is likely
due to the different shapes of the potentials and hence of the chemistry or the
composition at the interfaces. Further analysis and modeling of these fringes in
multilayer configurations will give insight to the structures and morphology at

interfaces.

1. D.R. Clark, Ultramicrosc. 4 (1979) 33; N.W. Jepps et al., in H.J. Leamy et al., eds.,
Grain boundaries in ser;u'conductors, Amsterdam: North-Holland (1982) 45; D.R.
Rasmussen et al., Ultramicrosc. 30 (1989) 52.

2. J.N. Ness et al., Phil. Mag. 54 (1986) 679.

3. M. Ruhle, S.L. Sass, Phil. Mag. 49 (1984) 759; C.B. Boothroyd, W.M. Stobbs, Phil. Mag.
A 49 (1) (1984) Ls. ' '

4. L.A. Bursill et al., Phil. Mag.A 37 (1978) 789. ‘

5. W.M. Stobbs and D.J. Smith, in EMA, London: Inst. of Phys. (1981) 373.

6. G.J. Wood et al., Phil. Mag.A 50 (1984) 375; W.M. Stobbs et al., Ultramicrosc. 14

(1984) 145; C.S. Baxter, and W.M. Stobbs, Ultramicrosc. 16 '(1985) 213; C.B. Boothroyd
and W.M. Stobbs, Phil. Mag. 54 (1986) 663.

7. FM. Ross, and W.M. Stobbs, in Mat. Res. Soc. Symp. Proc. Vol. 105 (1988) 259.

8. C.B. Boothroyd et al., Ultramicrosc. 29 (1989) 18.

9. C.S. Baxter and W.M. Stobbs, Appl. Phys. Lett. 48 (1986) 1202; W.M. Stobbs, in Mat.
Res. Soc. Symp. Proc. Vol. 103 (1988) 121.

10. J1.B. Kortright and J.D. Denlinger, in Mat. Res. Soc. Symp. Proc. Vol.103 (1988) 95.
11. T.D. Nguyen et al., submitted to J. Elec. Microsc. Tech.

12. M.L. Sattler and M.A. O'Keefe, in Elec. Micros. Soc. Amer. Proc. (1989) 466

13. This work was supported by the Director, Office of Energy Research, Office of
Basic Sciences, Materials Sciences Division, of the U.S. Department of Energy under
Contract No. DE-AC03-76SF00098 and by the Air Force Office of Scientific Research, of
the U.S. Department of Defense under Contract No. F49620-87-K-0001.

4



XBL 904-1526

FIG. 1.--Different potential well shapes for modeling of multilayer interfaces.
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FIG. 2.--Overfocus TEM image of W/C multilayer showing the Fresnel fringes at
interfaces.
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FIG. 3.--Through-focus-series of a 6 nm period multilayer at defocus: a) +72 nm,
b) -36 nm, c) -108 nm.
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