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SIS 5 () Te/py-Siy B2 iR SEME; (d) Te/py-SistTidh B3 n B B IE; () ASGHGIK 980 nmitf Te/py-Sit 4 R M
MG RER MR, (D) py-Si. UOGTH ik AR T ITAR T 7 [ J52 32 T Ik 4 18 1k 14 2 55 % it 8 A (@) o) 233 1K S 70011300 nm i F4 B2 {1 ;

(h) py-Si. TeTiJIE L K Te/py-Sist B 45 2 i

Figure 1 (Color online) The typical characterization of Te/py-Si device arrays. (a) The schematic diagram of the Te/py-Si device array, and the layered
structure diagram of a single pixel device; (b) photograph of the Te/py-Si device array; (c) a typical cross-sectional SEM image of Te/py-Si
heterojunction; (d) schematic diagram of the “light trapping effect” of Te/py-Si heterostructure; (e) simulation of electric field energy distribution of the
Te/py-Si heterojunction surface with a wavelength of 980 nm; (f) the reflectance curves of py-Si, polished silicon and Te films with different thicknesses
on py-Si, as well as (g) the reflection values at wavelengths of 700 and 1300 nm; (h) Raman spectra of py-Si, Te films and Te/py-Si heterojunction
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Bl 2 (RIZS AR () Te/py-Sise BAs 44 FL 224 FOG F S HEREAIFAHA. (a) Te/py-Sigi 44 b i - AL M FL R T (b), (c) Te/py-Si
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Figure 2 (Color online) Electrical transport, photoresponse and band structure of Te/py-Si heterostructure devices. (a) Schematic diagram of Te/py-Si
device structure and current-voltage test circuit; (b), (c) current-voltage curves of the Te/py-Si device under (b) dark state and (c) 980 nm light

irradiation, the inset are those curves in logarithmic coordinates; (d), (e) the energy band arrangement of Te and py-Si (d) before contact and (e) after
contact; (f) schematic diagram of electron-hole migration of the heterojunction under 980 nm laser irradiation
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Figure 3 (Color online) Photoelectric properties of pixel unit devices in Te/py-Si devices array. (a) The photoresponse of the Te/py-Si photodetector
under different laser wavelengths; (b), (c) the (b) current-voltage curve and (c) photoresponse (current-time) curve of the photodetector under different
light powers, with a light wavelength of 980 nm; (d) transient photoresponse curves of Te/py-Si devices; (e), (f) the curves of (e) photocurrent,
responsivity and (f) detectivity and external quantum efficiency the varying with light power; (g) the photoresponse curve of the device under 980 nm

light and that after six months
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Figure 4 (Color online) Photoelectric imaging of Te/py-Si devices. (a) Schematic diagram of the photoelectric imaging device; (b) photo of the Te/py-
Si devices array and the coordinates of each pixel unit. (c) Photocurrent heat maps of each pixel unit under 980 nm light irradiation and voltage of 2 V.
The light power is uniformly set at 100 uW. (d) Single-point detection imaging of the pixel unit device. The upper one is the image of the virtual mask,
and the lower ones are the single-point detection images under 532 and 980 nm light irritation. The scanning area of the detector array is 47x44 pixels.
During the test, the irradiation time of a single pixel is 500 ms, the scanning interval between two connected pixels is also 500 ms, and the bias voltage
is 0 V. (e) Imaging of different letters and figures of the Te/py-Si devices array under 520 nm (upper row), 638 nm (middle row) and 980 nm (lower row)
light irritation. The bias voltage is 0 V
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Since the invention of photodetectors, high-performance devices of various types, functions, and applications have been
extensively used across diverse sectors of the economy and daily life. However, due to the limitations of the wide bandgap
of'silicon (Si) and the incompatibility of most near-infrared optoelectronic materials with traditional integrated circuits, the
development of high-performance, broad-spectrum near-infrared detectors suitable for miniaturization and integration still
faces many challenges. Van der Waals (vdW) materials have emerged as a prominent research focus in recent years owing
to their unique physicochemical properties. A series of narrow-bandgap vdW materials—such as black phosphorus (BP)
and palladium diselenide (PdSe,) have been successively explored for infrared photodetection. As a chalcogen element,
tellurium (Te) is a p-type narrow-bandgap semiconductor, which features a distinctive one-dimensional helical chain
structure. It exhibits superior electrical properties, including ultrahigh carrier mobility and thickness-dependent bandgap,
which make it a promising material for next-generation electronic and optoelectronic devices. Moreover, Te has a narrow
optical bandgap of ~0.35 eV and strong light-matter interaction in the NIR spectrum. Considering the limitations of silicon
in infrared photodetection, Te/Si heterostructures can be anticipated to deliver a desirable broadband response.

In this work, we propose a 2D Te film/pyramid-Si (Te/py-Si) heterostructure device array for NIR photodetection and
imaging. Centimeter-scale Te films with different thicknesses were prepared at room temperature via magnetron sputtering.
Using the mask-assisted magnetron sputtering, patterned Te films were fabricated on the surface of n-type py-Si, forming
an 8x8 Te/py-Si heterostructure array. It was found that 2D Te film and py-Si can reduce the device's reflectivity at NIR and
visible light, respectively, which subsequently enhances the overall light utilization of the device. As results, the Te/py-Si
heterostructure device exhibits excellent photoelectrical performance under visible and NIR light illumination. Under
980 nm illumination, the device achieves a responsivity of 6.95 mA/W, photocurrent on/off ratio of 4.1x10%, and specific
detectivity of 1.36x10° Jones. Furthermore, both the individual pixels photodetector and the photodetector array realize the
visible and NIR photoelectric imaging with distinct and sharp contours, indicating the promising application of the Te/py-
Si photodetectors in future optoelectronic imaging. This work not only presents a high-performance photodetector but also
provides a new and versatile route for fabricating mixed-dimensional van der Waals heterostructures. By combining the
advantages of 2D materials with microstructured Si substrates in a scalable process, it paves the way for implementing
these advanced photodetectors in next-generation optoelectronic systems, including compact NIR cameras and integrated
optical sensors.

Te thin-film, Te/Si heterojunction, photodetector, near-infrared, photoelectric imaging
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