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Electric potentials affect the phase of the electron wave in the TEM, and hence they
can be analyzed from a phase image, reconstructed from a hologram [1]. An example is
shown in Fig.1. Today, application of holography to silicon semiconductors is far advanced
in that, e.g., measurements of the pn-voltages and dopant profiles in various materials have
already been reported [2,3,4,5,6] also in-situ experiments with biasing [6,7].

Photovoltaic energy is the most promising future energy source. Therefore, strong
efforts are made to increase their efficiency-to-price ratio. New technologies and materials
are being involved in the production, such as amorphous rather than monocrystalline
materials, which do not need highly sophisticated techniques or equipment. But increasing
the efficiency needs an exhaustive comprehension of the different phenomena involved in
their performance, such as role of defects, doping concentrations, and potentials.

Holographic analysis of the potential structure in amorphous or polycrystalline
material is made very difficult by the peculiarly arising dynamic phase shifting effects
between and within the grains, such as variations of mean inner potential, thickness,
orientation, and interfaces. These undesirable phase modulations can easily be much stronger
than the desirable one occurring from doping. Therefore we try to apply in-situ methods
changing the parameters we are interested in. The idea of biasing or illuminating the sample
is to separate the pn-potential, the inner potential and preparation artifacts, to obtain unique
and quantitative information about built-in potentials.

In this work, we start with developing the method of mapping in-situ time-modulated
electrostatic two-dimensional potentials in FIB-prepared monocrystalline silicon solar cells.
For this purpose we constructed two holders, one providing two contacts for electrical biasing
following the idea of ref. [4], and the second one allowing the in-situ illumination of the
sample. Furthermore, we developed a special sample preparation because silicon solar cells
do not have the pn-junction localized close to the surface; this FIB-preparation described in
fig. 2 gives access to 200um below the top contact, preserving the surface for biasing or
illumination. The proposed preparation has the advantages of uniform thickness, enough
robustness to handle, and large area to contact or to illuminate, which are fundamental for
static [7] and for in-situ holographic experiments. Complete description of the designs and
constructions will be given.

All potentials are quantitatively compared with 3D simulations, and effects over these
potentials coming from the sample preparation, e.g. germanium implantation, dead layers and
transitions layers, are analyzed as well.

The holographic TEM measurements were accomplished using a CM200 ST/Lorentz
Philips TEM in Lorentz mode.

W. Grogger, F. Hofer, P. Polt (Eds.): MC2009, Vol. 3: Materials Science,
DOI: 10.3217/978-3-85125-062-6-632 , © Verlag der TU Graz 2009



MC2009 - 520 - M7.P793

WX N R WD =

FIB lamella
PN
4 \ N
- pn-junction 7 250um
i \I/
. \\ \\ |
Hole for reference Contacts

W.D. Rau et al, Appl. Phys. Lett. 82 (1999) p. 2614-2617

A. Lenk, H. Lichte and U. Muehle, J. Electron Microscopy. 54 (2005) p. 351-359.
Zhouguang Wang et al, J. Vac. Sci. Technol. B 21-5 (2003) p. 2155-2158

M. McCartney et al, Appl Phys Lett 65 (1994) p. 3213-3215

J. H. Yoo et al, J. Electron Microsc 57 (2008) p. 13-18

A. C. Twitchet, et al., J. Microscopy. Vol. 214 (2004) p. 287.

D. Cooper et al, Journal of Microscopy 233 Pt1 (2009) p. 102-113

P. Formanek, E. Bugiel, Ultramicroscopy 106 (2006) p. 365-375

J. Sandino would like to thank the DAAD Germany, and the Universidad Nacional de
Colombia, for providing a scholarship

Discussions among the Triebenberg group are gratefully acknowledged.

Figure 1. Left: Phase image of a p-n-p junction in silicon.
Right: Phase profile for determination of potential distribution across junctions.
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Figure 2. Sample preparation for biasing in-situ experiments.
Left: traditional sample preparation for biasing pn-junctions.
Right: modification of this preparation to access the pn-junction.
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