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Conditions of lithium in electrodes and an electrolyte of all solid Li-ion batteries, which have been
developed as next generation batteries, have a big influence on its’ capability as a battery, life time and
safety. Usually in those batterie elements, lithium exists as many kinds of compounds or a metal and
have many different forms, of which size are ranged from nanometer to micro meters. Thus, to improve
those performance, it is very important to evaluate in situ an aging variation of the state of lithium by the
battery operation quantitively as well as qualitatively, which includes the spatial distribution of lithium
and other composition elements in there.

An EDS analyser combined with a SEM is suitable to obtain spatial and quantitative information on the
elemental composition of a sample non-destructively. However, for realizing the analysis of the lithium
by SEM-EDS systems, two requirements should be satisfied. First, in order to perform the nanometer
scale elemental mapping, it is necessary to operate a SEM at lower accelerating voltage (Vac) less than 1
keV, because electron ranges and interaction volumes in samples become significantly small (< several
10 nm) at Vacc Of 1 keV.[1,2] Secondary, it is necessary to use high performance soft X-ray detectors,
which can exhibit high sensitivity and high energy resolution simultaneously, because the fluorescence
X-ray analysis of lithium is fairly difficult by silicon drift detectors (SDDs) or Si(Li) detectors used in
the conventional EDS analysers due to a low energy (~ 54 eV) and a small emission yields (0.0003[3])
of Li-Kav.

In contrast, energy-dispersive X-ray detectors based on arrays of superconducting-tunnel-junctions
(STJs) have simultaneously exhibited excellent energy resolution of <10 eV, relatively large detection
area of >1 mm?, high counting rate capability of >500 kcps, and high sensitivity for soft X-rays less than
1 keV [4,5]. We have been developing a SEM-EDS analyser utilizing an STJ array (SC-SEM), in order
to realize analysis of light elements in advance functional materials with nanometer scale [6].

In this work, as a first step, we performed fluorescence X-ray analysis of an Al plate, and lithium
compounds to evaluate the analytical capabilities of SC-SEM for lithium metal at low-acceleration-
voltage.

Figure 1 shows a cross-sectional schematic illustration of the SC-SEM. The SC-SEM consisted of an
FE-SEM and the STJ array detector. The STJ array was cooled to 0.31 K on a cold stage of a cryogen-
free helium-3 cryostat. X-rays emitted from the sample by the electron beam were detected by the STJ
array via the polycapillary collimating X-ray lens and two X-ray windows. In order to improve the
collection efficiency, a polycapillary collimating X-ray lens was installed in the system. The overall
collection efficiency of the SC-SEM, which includes two X-ray windows, was about 1 mSr, which was
about 1/100 times smaller than that of the SDDs [6].

Figure 2(a) and (b) shows a fluorescence X-ray peaks of Al-La of Al plate and Li-Ka of LiF,
respectively. The value of Vac and probe current of the SEM were 1 kV and about 2 nA, respectively.
As you can see, clear peaks of Al-La (73 eV) and Li-Ka were obtained by SC-SEM. A full width at
half-maximum value for Al-L« and Li-Ka was about 9 eV and 8 eV, respectively. It is found that SC-
SEM has much higher sensitivity to Li-K« than conventional SDD systems, because a clear Li-Ko peak
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couldn’t be obtained by conventional SDD systems at the same Vacc 0f 1 keV[7]. Those results indicate
that SC-SEM may perform the in situ analysis of the precipitated metal lithium in sold electrolytes of all
solid Li-ion batteries.
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Figure 1. Cross-sectional schematic illustration of the SC-SEM
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Figure 2. Fluorescence X-ray peaks obtained by SC-SEM at Vacc 0f 1 keV (a) Al-La and (b) Li-Kex.
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