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All-solid-state lithium batteies (LIBs) having incombustible solid-electrolytes have
been expected to be candidates of next generation batteries because they can solve safety
problems, prevent liquid-electrolyte spills, and reduce the needless side reactions at the
electrode/electrolyte interface. However, only small thin-film LIBs have so far been put into
practical use in low-power consumption devices. This is mainly due to the large resistance of
Li+ transfer at the electrode/solid-electrolyte interface. Despite extensive efforts to analyze
reaction mechanisms at the interface, it has not been possible to visualize the electric potential
across working batteries. Dynamic observation of the potential across the interface would help
identify sources of resistance, enabling more efficient and robust batteries to be developed
through a combination of nano-engineering and materials design. With this objective, we used
in-situ electron holography (EH) to directly observe the potential change resulting from Li-ion
diffusion in micron-scale LIBs operated within a TEM [1,2].
Figure 1(a) illustrates the prepared battery sample. A 90 μm Li1+x+yAlyTi2-ySixP3-xO12
(LATSPO)[3] sheet was used as the solid electrolyte. An 800 nm of a LiCoO2 positive electrode
was deposited on one side of the sheet by PLD. Then, the Au and Pt films were deposited as
current collectors. A negative electrode was formed in-situ during EH observation around the
LATSPO/Pt interface by decomposing the LATSPO with excess Li insertion reaction [4]. To
observe how the Li+s move and form the negative electrode material, both
electrode/solid-electrolyte interface regions within the red boxes in Fig. 1(a) were thinned by a
40-kV FIB to a thickness of about 60 nm. The sample was loaded on a TEM holder that had two
fixed electrodes for applying voltage to the sample. Figures 1(b) and 1(c) show TEM images
around both interfaces in the pristine state (0 V), respectively. Figure 1(d) plots the initial cyclic
voltammogram (CV) with a potential sweep rate of 40 mV min-1. A pair of redox peaks is
observed around 1.6 V, which means that the sample works as a LIB.
During the initial CV measurement, holograms around both interfaces were taken at a
given voltage indicated by arrows in Fig. 1(d). The electric potential profiles along the positive
side "A"-"B" and the negative side "C"-"D", surrounded by dotted lines in Figs. 1(b) and 1(c),
were reconstructed from the holograms. To remove the background phase due to variation of
inner potential of the sample and charging by incident electrons, the initial state measured at
zero bias was subtracted from each reconstructed phase image.
Figures 2(a)–2(f) are the profiles near the LiCoO2/LATSPO interface, and Figs.
2(g)–2(l) are those near the LATSPO/Pt interface. The lowercase letters in the figures
correspond to those in the CV plot (Fig. 1(d)). The potential in the vertical axis is the relative
value against the flat potential level (we set it as 0 V) so as to see how much potential is
distributed around the positive and negative side interfaces. The significant potential was
formed within 3 μm regions around the interfaces. At 0.42 V (Fig. 2(g)), no potential was
distributed in the negative side, so the voltage was mainly applied to the positive side. Figure
2(a) shows the positive-side potential distribution at 0.72 V. The linear slope in the LiCoO2
electrode resulted from a shift of the electrical band structures caused by extracting Li+s, which
indicates a subtle difference in the Li+ concentration in the electrode. Also, note that the steep
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Figure 2 Electric potential profiles obtained
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from the line "A"-"B" and "C"-"D" indicated
in Figs. 1(b) and 1(c),
(a) - (f) profiles around the positive side,
(g) - (l) profiles around the negative side.
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