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Fig. 1. Combine flexible inorganic electronics with the prop-
erty regulation of semiconducting materials to design and

optimize semiconductor devices!®~19,
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Fig. 2. Characterization and properties of the thin-film semiconductors fabricated by thinning process: (a) SEM images show the
thickness of the ultrathin red light LED and photodetector. Insets is the microstructure of the chips after thinning via the nano-dia-
mond thinning process. Electroluminescence (electro luminescence, EL) spectra of light-emitting elements (infrared light and red
light) and the absolute spectral responsibility (absolute specular reflectance, ASR) of photodetector used in the skin-like devicel!>1);
(b) optical image of the MOSFET after thinning process. The comparison of transfer characteristics at V4 = 3 V and output charac-
teristics at V, = 3 V of MOSFET between thin-film and original semiconductors.
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Fig. 3. Designs of the flexible and stretchable structure: (a) SEM images of wavy, single-crystal Si ribbons; (b) SEM images of an

array of gallium arsenide nanoribbons in buckled shapes where bonding to the PDMS substrate occurs only at the positions of the

troughs, as illustrated in the top inset?; (c) SEM image of a silicon nanomembrane in a buckled, mesh layout on PDMS[?22¥;

(d) SEM images of an array of stretchable CMOS inverters with noncoplanar bridges that have serpentine layouts?>23.
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Fig. 4. Transfer printing techniques: (a) Kinetically controlled transfer printing®®?; (b) magnetically actuated transfer printing®;

(c) transfer printing using droplet stamps/®.
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Fig. 5. Applications of stretchable and flexible electronics: (a) Climbing-inspired twining electrodes using shape memory for peri-

pheral nerve stimulation and recording™!; (b) flexible tactile sensor integrated with a soft prosthetic hand®¥; (c) wearable skin-like

optoelectronic systems for cuff-less continuous blood pressure monitorl!fl.
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Fig. 6. Applications of strain effects on band structures to low-dimensional materials: (a) The shifts of the near-band-edge (NBE)

peak for the 100 nm nano-wire (NW) by tension and the photon energy versus strain curves for ZnO NWs with different

diameters™; (b) schematic of a GaAs-Alj3Gag;As-GaAs core-shell nanowire and photoluminescence (PL) spectra measured for dif-

ferent values of applied uniaxial stress™; (c) the monolayer MoS, bulged up or down depending on whether Ap is positive or negat-

ive and in situ measurements of PL spectra for a monolayer devicel
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Fig. 7. Applications of strain effects on band structures to Ge material: (a) Ge nanomembranes(NMs) and schematic sample mount

and PL spectra of a 40 nm thick Ge NM at different levels of biaxial tensile strain®; (b) differential interference contrast light-mi-

croscopy image of a Ge/SOI structure and pPL spectra taken from structures with increasing longitudinal strain up to 3.1% and ex-

citation in the center of the constriction®; (c) Schematic illustration of a typical Ge nanowire laser consisting of a strained

nanowire surrounded by a pair of distributed Bragg reflectors (DBRs) on the stressing pads and power-dependent photolumines-

cence spectra of a 1.6% strained Ge nanowire with DBRs showing a gradual transition from broad spontaneous emission to mul-

timode lasing oscillation (threshold, 3.0 kW /cm?)[3.
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Fig. 8. Buckling-based method for measuring the strain-photonic coupling effect of GaAs nanoribbons®’: (a) Schematic procedures

of fabricating the Al,Ga, ,As wavy geometry on PDMS; (b) optical microscope image, 3D microstructure, and profile details of a

single ribbon for three samples; (c) band gap mapping by PL scanning within one period in the wavy ribbon.
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Fig. 9. Strain engineering in quantum well embedded in wavy nanoribbons®: (a) Schematic procedures of fabricating the wavy

quantum well nanoribbons (QWNRs) on PDMS; (b) strain effect on the photonic property of the wavy QWNR; (c) band gap vari-

ation of a single QWNR as a function of wave intensity A/X and the location of QW r/d within the fracture limit of the nanorib-

bon.
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Abstract

Flexible electronics technology plays an important role in regulating the properties of semiconducting
materials, leading to the breakthrough in traditional strain engineering that is limited by the rigid and brittle
inorganic materials and the fixed strain values. Thereby, the relevant research not only provides a new clue for
strain regulation of semiconductor materials or other functional materials, but also lays a theoretical foundation
for the performance evaluation of stretchable and flexible electronic devices based on inorganic functional
materials in large-deformation environments. In this paper, the research progress of flexible inorganic electronics
and strain effects on band structures, especially the property regulation of semiconducting materials in flexible
electronics, is reviewed. Firstly, the nano-diamond particles based thinning process and the transfer printing are
emphatically expounded with their influence on the properties of semiconducting electronics explored. In
addition, the development and application of strain effect on band structure in recent years are introduced. In
particular, the strain control based on buckling GaAs nanoribbon and buckling quantum well structure are
studied to demonstrate the superior advantage of flexible electronics technology in the property regulation of
semiconducting materials. The application and developing trend of strain engineering in the future are

prospected finally.

Keywords: stretchable and flexible electronics, property regulation of semiconducting materials, strain effects

on band structures, bulking
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