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Abstract
For cost-effective and flexible multi-junction solar cells, the development of high-quality infrared-absorbing Ge 

layers on general insulating substrates is essential, yet has been hindered by small grain sizes and high defect densities 

in conventional polycrystalline films. In this study, we employed a solid-phase crystallization technique combined with 

subsequent grain-templated growth to control microstructure evolution. By suppressing interfacial nucleation, a large-

grained seed layer was formed, enabling thick Ge growth while preserving the enlarged grain structure. The resulting 

Ge films exhibited significantly improved crystallinity, with large grain sizes and reduced acceptor defect density, 

leading to enhanced carrier transport. As a result, clear photoresponsivity was demonstrated in polycrystalline Ge layers 

on glass. Furthermore, this low-temperature process (< 500 °C) was extended to polyimide films, where Ge-related 

photoresponsivity up to 1.8 μm was observed, suggesting efficient infrared carrier generation and extraction. These 

results establish a viable route for realizing high-quality Ge thin films on low-cost and flexible substrates, providing a 

promising platform for next-generation multi-junction solar cells and infrared optoelectronic devices.
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Table 1
XENOMAX SiO2 50 

nm TiN Ge

EBSD

Van der Pauw
10 mm × 10 mm

TEM X
EDX

1 mm 60 nm ITO RF

Xe ITO TiN

Table 1 Synthesis conditions of the Ge films.

Fig. 1 Schematic illustrations of the sample structures. (a) 
Samples for crystallinity and photoresponsivity 
characterization. (b) Samples for electrical characterization.

Fig. 2 Crystallinity of the Ge films. (a) Inverse pole figure (IPF) maps and grain maps obtained by EBSD. (b) Raman spectra of each 
sample. (c) Peak position and full width at half maximum (FWHM) of the Ge–Ge mode for each sample compared with single-crystal
(sc-) Ge. The colors in the IPF maps correspond to crystal orientations. Black and white lines indicate random and twin grain 
boundaries, respectively.
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Fig. 3 Electrical characterization of the Ge films. (a) Hole 
concentration p and (b) hole mobility μp of each sample,
compared with conventional SPC-Ge films (Td = RT, thickness:
500 nm).

Fig. 4 Cross-sectional characterization of Sample D. (a) 
Elemental mapping obtained by EDX. (b) Dark-field TEM 
image. (c) High-resolution TEM image at the interface between 
the template and the overgrown Ge layer. (d) Selected-area 
electron diffraction (SAED) pattern taken along the Ge ⟨110⟩
zone axis. High-resolution lattice images at (e) the ITO/Ge 
interface and (f) the Ge/a-Si interface.
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Fig. 5 Photoresponsivity characterization. (a) Photoresponsivity
of Samples A–D measured under an applied bias of 0.5 V. (b) 
Bias-voltage dependence of the photoresponsivity for Sample D.

Fig. 6 Characteristics of Sample D synthesized on a plastic 
substrate. (a) Schematic illustration. (b) Grain map obtained by 
EBSD. (c) Photograph of the sample and its photoresponsivity, 
including that of a conventional polycrystalline Ge film for 
comparison.
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