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ABSTRACT  

We demonstrate solution processing of hydrogen-terminated silicon nanocrystals (H-Si NC) for 

flexible electronic devices. To obtain high and uniform conductivity of a solution-processed Si NC 

film, we adopt a perfectly dispersed colloidal H-Si NC solution. We show a high conductivity (2 

× 10-5 S/cm) of a solution-processed H-Si NC film which is spin-coated in air. The NC film (area: 

100 mm2) has uniform conductivity and responds to laser irradiation with 6.8 and 24.1 μs of rise 

and fall time. By using time-of-flight measurements, we propose a charge transport model in the 

H-Si NC film. For the proof-of-concept of this study, a flexible photodetector on a polyethylene 

terephthalate (PET) substrate is demonstrated by spin-coating colloidal H-Si NC solution in air. 

The photodetector can be bent in 5.9 mm bending radius at smallest and the device properly works 

after being bent in 2500 cycles.  

Keywords: solution processing, silicon nanocrystal, photodetector, flexible electronics, 

time-of-flight, ligand-free  
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INTRODUCTION 

Colloidal nanocrystals (NCs) are attractive in solution-processed electronic devices because a 

NC thin film can be formed on a flexible polymer film.1–4 Traditional colloidal NCs are surface-

passivated by organic ligands with long hydrocarbon chains. Organic ligands make NCs disperse 

in solution with steric hindrance and thus ligands are indispensable for colloidal NCs. However, 

long-chain organic ligands interrupt the charge carrier transport in a film produced from the 

solution.2,5,6 Therefore, for the semiconductor device applications, further treatments to remove 

organic ligands are usually required.7–9 Ideal surface ligands for high conductivity are inorganic 

ligands such as ionic complex. Kovalenko et al. demonstrated that the conductivity of a solution-

processed gold (Au) NC film increased by 11 orders of magnitude by exchanging dodecanethiol 

organic ligands with Sn2S6
4- inorganic ions.7 The conductivity reached to 200 S/cm, which was 

much higher than that of a Au NC film with short-chain organic ligands. Similar strong 

improvement of the conductivity by controlling surface ligands has been reported for colloidal 

semiconductor NC films.10–12 

Among many kinds of colloidal semiconductor NCs, colloidal silicon (Si) NCs have several 

advantages such as the high environmental-friendliness and the high compatibility with the 

current semiconductor technology.13–15 A variety of electronic devices has been developed by 

using Si NC films: thin-film transistor (TFT)16–18, light-emitting diode19–25, solar cell26–28, and 

photodetector29,30.  A simple method to improve the conductivity of a Si NC film is sintering. 

16,31 For example, Niesar et al. annealed a solution-processed Si NC film at 200 oC.31 Although 

annealing improves the conductivity, it cannot be applied to non-thermal resistant polymer 

substrate such as polyethylene terephthalate (PET). Another approach to achieve a high 

conductivity in a solution-processed Si NC film is to use short inorganic ligands to reduce the 
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tunneling barriers between NCs.17,29,32 Wheeler et al. synthesized chlorine (Cl)-terminated 

colloidal Si NCs in a glovebox and achieved high conductivity of the solution-processed Si NC 

film (2.5 × 10-5 S/cm) without annealing.33 Erogbogbo et al. previously obtained dispersed 

ligand-free Si and Ge nanoparticle solution simply by using sonication and filteration.34 Wheeler 

et al. have recently proposed that surface interaction between solvent molecules and boronated Si 

NC surface is responsible for the solubility of boron (B)-doped Si NCs in solvent.35 

The shortest inorganic ligand in Si NCs is hydrogen (H). We can expect an efficient electronic 

coupling between H-terminated Si NCs (H-Si NCs) due to the short Si-H distance (≈ 0.15 nm36).  

However, H-Si NCs are strongly hydrophobic and the van der Waals interaction agglomerates 

them in polar liquids (water and alcohol).37–39 Furthermore, solution dispersion by steric 

hindrance is not expected due to the small atomic radius. Therefore, in order to obtain a film of a 

H-Si NC, post-deposition treatments have been indispensable. Pereira et al. produced a H-Si NC 

film by immersing a film of natively oxidized Si NC in a dilute hydrofluoric acid (HF) solution 

to etch out the surface oxide.32 The film conductivity was 3 × 10-7 S/cm and 5 × 10-9 S/cm in air 

and vacuum, respectively. Gresback et al. produced a TFT of H-Si NCs by exposing a film of Cl-

terminated Si NCs to HF vapor. The TFT showed ≈ 10-6 S/cm in nitrogen ambient.17 Although 

strong enhancement of the conductivity by HF solution or vapor has been demonstrated, it is 

desirable to avoid the harsh process for the development of practical electronic devices. 

The purpose of this work is to produce a highly conductive film of H-Si NCs by a solution-

based process without any post treatments in ambient air and study the electronic properties. We 

use a boron (B) and phosphorus (P) codoped Si NC solution developed in our group.15,39,40 The 

Si NC is composed of a crystalline Si core and a highly B and P-concentrated Si shell.39,41,42 The 

shell induces negative potential on the surface, which makes the Si NC dispersible in methanol 
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without organic ligands.39 The dispersed NC solution is important for depositing an optically flat, 

crack-free, and flexible Si NC film.43–45 Therefore, the Si NC is a unique material, which realizes 

solution dispersibility and H-termination simultaneously. First, we characterize basic current 

transport properties of a solution-processed H-Si NC film. The conductivity is evaluated as a 

function of time after film preparation. Variation of conductivity over a film is discussed. Then, 

we measure photocurrent of a H-Si NC thin film. By using time-of-flight (TOF) measurements, a 

charge transport model in a solution-processed H-Si NC film is discussed. Finally, we show the 

proof-of-concept to produce flexible electronic devices by using colloidal H-Si NCs: an air-

stable and flexible photodetector on a PET film is demonstrated.  
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EXPERIMENTAL PROCEDURE 

Preparation of colloidal H-Si NCs. Colloidal Si NCs were prepared by using a co-sputtering 

method described in our previous papers.39–41,46 Si-rich borophosphosilicate films were deposited 

on a stainless steel plate by co-sputtering Si, SiO2, B2O3 and P2O5. After removal from the steel 

plate, the films were annealed in a N2 atmosphere to grow Si NCs. The annealing temperatures 

were 1100 and 1200 oC. The average diameter of Si NCs were 3.9 ± 1.2 and 6.9 ± 2.0 nm for 1100 

and 1200 oC, respectively, which was previously evaluated by using transmission electron 

microscope (TEM) and dynamic light scattering measurements.46 Then, the films were mixed with 

HF (46 wt %) to etch SiO2 matrices and extract the Si NCs. After this process, Si NCs were H-

terminated. The H-Si NCs were centrifuged and transferred into methanol under ambient air. The 

pH of the finished colloidal solution was 3. Immediately after the preparation of the solution, the 

NCs were deposited on substrates as explained later. The B and P concentration in Si NCs were 

estimated to be ~10 at.% and ~3 at. % by using inductively-coupled plasma atomic emission 

spectrometry (ICP-AES).39 Note that most of B and P atoms are inactive and accumulated on the 

surface of NCs to form an inorganic shell.42 

Absorption spectroscopy of H-Si NC thin film. Infrared (IR) and ultraviolet (UV)-Vis-near IR 

(NIR) absorption spectra of thin films were measured in air (Spectrum GX, PerkinElmer and UV-

3101PC, Shimadzu). Si NC thin films were prepared on a gold-coated substrate and a silica 

substrate for IR and UV-vis-NIR absorption spectra, respectively. 

Solution processing of H-Si NC thin film. A colloidal H-Si NC solution (~1 mg/mL) just after 

the HF etching (within 1 hour) was spin-coated on substrates. Note that all the processes were 

performed in an ambient air and a glove-box was not used during the whole process. Substrates 
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were cleaned up by ultrasonication with alcohol and UV/O3 treatments. Top electrodes were 

fabricated by using thermal evaporation (aluminum: Al) or rf-sputtering (indium-tin-oxide: ITO) 

with a metal mask after spin-coating. The diameter of the top electrodes was approximately 1 mm.  

Electrical characterization. A layer structure of the Al/Si NC thin film (D=3.9 nm)/ITO coated 

glass (GEOMATECH, surface resistivity: <10 Ω/sq) was used for basic electrical characterization 

of Si NC thin films. Thickness of the film was 65 nm, which was evaluated by using a stylus 

profiler. Current-voltage characteristics were taken by a source measure unit (236, Keithley). 

Impedance spectroscopy was taken by using an LCR meter (ZM2376, NF Corporation). Static 

photocurrent measurements were carried out with a 405 nm semiconductor laser module (CUBE, 

Coherent Inc.) with TTL modulation and an oscilloscope (DS-5634-A, Iwatsu). 

TOF measurement. A layer structure of the ITO/Si NC film (D=6.9 nm)/Au coated glass was 

used for TOF measurements. Thickness of the Si NC film estimated using a stylus profiler was in 

the range from 900 nm to 1.2 μm (Figure S1). A 355 nm third harmonic wave of a Nd:YAG laser 

(Quanta-Ray INDI, Spectra-Physics: pulse duration 10 ns, repetition frequency 20 Hz) was used 

for transient photocurrent measurements. The measurements were carried out with the oscilloscope 

and a source measure unit (2400 and 236, Keithley) in a cryostat. A load resistor 100 kΩ was used 

to convert a transient photocurrent to a voltage which was measured in the oscilloscope.  

Flexible Si NC photodetector on PET film. A layer structure of the Al/Si NC thin film (D=3.9 

nm)/ITO coated PET film (Aldrich, surface resistivity: 60 Ω/sq, 127 μm in thickness) was 

fabricated. Mechanical stability was evaluated by folding the photodetector on glass vials with 

various bending radii. EQE of the photodetector was evaluated by using the source measure unit 

and a monochromatized light from a spectrophotometer (Fluorolog-3, Horiba Jovin Yvon).
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RESULTS AND DISCUSSION 

Figure 1(a) shows a photo of colloidal Si NC solution in this study. Colloidal Si NCs are 

clearly dispersed in methanol. Figure 1(b) shows TEM (JEM-2100F, JEOL) images of Si NCs 

(anneal temperature: 1100 oC). The high-resolution TEM image in the inset gives a lattice fringe 

of Si, which guarantees a high crystallinity of NCs. Figure 1(c) shows IR absorption spectra of Si 

NC films as a function of age of colloidal H-Si NC solution in methanol. The storage and 

deposition of Si NC solution were in air without any special treatments. In this study, the age 

means the time after the end of preparation of the Si NC solution (See Experimental procedure). 

The films are prepared by drop-casting NC solution in air. In the spectrum of 6-hours age, 

absorption of Si-H stretching mode (v(Si-H)) is stronger than that of Si-O-Si asymmetric 

stretching mode (v(Si-O-Si)), which indicates that H-termination on colloidal NC surface is 

mostly kept within 6 hours in ambient air. Absorption of v(Si-O-Si) increases as colloidal 

solution is aged due to native surface oxidation in methanol. All of the Si NC films for electrical 

measurements are prepared by using Si NCs within the age of 1 hour. 
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Figure 1. (a) Photo of colloidal silicon nanocrystals in methanol. (b) TEM image of silicon 

nanocrystals. Inset: high-resolution TEM image. (c) IR spectra of Si NC films as a function of age 

of colloidal H-Si NC solution. The spectra are offset for clarity.  
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Figure 2(a) is a schematic illustration of a layer structure for electrical characterization of a H-

Si NC film. A spin-coated Si NC thin film is sandwiched by ITO and Al electrodes. The 

diameter of Al electrodes is ≈ 1 mm. Figure 2(b) shows conductivity on a H-Si NC thin film after 

film preparation. The conductivity is measured in vacuum but exposed to ambient air between 

the measurements. The conductivity of an as-deposited H-Si NC thin film (0 day) is 2 × 10-5 

S/cm, which is comparable to the reported high conductivity of a Cl-terminated Si NC film in 

vacuum and inert gas condition (red triangle).17,33 Even after 277 days (≈ 9 months), the 

conductivity of a H-Si NC thin film is at 10-7 S/cm. This value is close to previous reported 

conductivity of a fresh H-Si NC film in air (blue square).32 It is noted that the conductance of a 

H-Si NC film is six orders of magnitude larger than that of a film made from natively oxidized Si 

NCs in methanol. This result suggests that current transport pathways are maintained when a 

freshly prepared NC film is oxidized. Native oxidation of NCs does not largely degrade the 

pathways between NCs in an array. In order to evaluate the variation of conductivity over a H-Si 

NC film, we measure 28 points on a same as-deposited H-Si NC film. The area of the film is 100 

mm2. Figure 2(c) shows the distribution of conductivity at 1 V. Average conductivity is ≈ 10-5 

S/cm. This figure indicates that a uniform H-Si NC film of 100 mm2 can be prepared by spin-

coating the colloidal solution in air. 

Figure 2(d) shows the result of impedance (Z) spectroscopy in a H-Si NC film. According to 

the Cole-Cole plot, the resistance and capacitance of a H-Si NC film are R=894 Ω and C=1.76 

nF, respectively. The time constant of the thin film is τ = RC=1.57 μs. In the same structure 

using an natively oxidized Si NC thin film, the time constant was 3 s.44 Therefore, the time 

constant is improved by six orders of magnitude using a H-Si NC thin film. Frequency 

dependence of Z in Figure 2(e) indicates that the film can follow more than 10 kHz modulation.  
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Figure 2. (a) Schematic of a layer structure for electrical characterization of H-Si NC film. (b) 

Conductivity of H-Si NC films as a function of time after film preparation. Values of reported Si 

NC film conductivity in vacuum33 and air32 are also shown as red triangle and blue square in the 

right axis, respectively. (c) Variation of conductivity on a H-Si NC film. Inset photo shows 

measurement points on a film. We measured 28 points on a film as noted dashed rectangles. Scale 

bar is 5 mm. (d) Impedance plot of a H-Si NC film. (e) Frequency dependence of impedance.   
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Current under 405 nm laser irradiation (24 mW) is shown in Figure 3(a). Conductance of the 

H-Si NC thin film increases under the laser irradiation. Figure 3(b) shows a log-log plot of H-Si 

NC current under dark. The slope of the log-log curve is 1.0 at voltages smaller than 0.1 V, 

which indicates Ohmic transport. At this region, conductivity is 8.2 × 10-8 S/cm. On the contrary, 

current at voltages larger than 0.3 V is non-linear and the slope is 3.8. This tendency is consistent 

with the high conductive Si NC films in the previous reports.32,33  

Figure 3(c) shows a power dependence on 405 nm laser of short-circuit current (i.e., current 

under zero voltage). In general, a photocurrent Iph increases with light power intensity P 

following a power law Iph ∝ Pγ. The values of γ are 0.95 and 0.87 in vacuum and air, 

respectively. Pereira et al. reported the values of γ in a H-Si NC film using planar electrodes 

changed from 0.97 (vacuum) to 0.57 (air). 32 In our H-Si NC film, current-transport is not largely 

affected by air because the top Al electrode works as a passivation layer. Figure 3(d) shows 

response of short-circuit current to 4 kHz-modulated laser irradiation (405 nm, 4.6 mW). Rise 

and fall time are 6.8 and 24.1 μs by fitting an exponential curve to the response (Figure 3(e)). 

These values are longer than the time constant obtained from the impedance spectroscopy (1.57 

μs) in Figure 2(d). A photo-excitation process in the Si NC film possibly limits the photocurrent 

response, although we do not have experimental data to prove it. Fast response time of ≈ 10 μs 

has been reported on a graphene/sputtered Si quantum dot heterojunction diode.47 A H-Si NC 

film has a potential to fabricate a similar fast-response flexible photodetector.  
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Figure 3. (a) Current-voltage characteristics of H-Si NC current under dark and 405 nm 

irradiation (24 mW). (b) A log-log plot of H-Si NC current under dark. (c) Short-circuit current 

as a function of 405 nm laser intensity in vacuum and air. (d) Short-circuit current in 4 kHz 

modulated laser irradiation (4.6 mW) and (e) Rise and fall time of short-circuit current. Response 

and recovery time are evaluated by exponential fitting.  
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In order to elucidate carrier transport mechanism on a solution-processed H-Si NC film, a 

TOF measurement is carried out. Figure 4(a) shows an UV-vis-NIR absorption spectrum of a Si 

NC film on a silica substrate. Thickness of the film is 300 nm. Light in shorter wavelength is 

much absorbed, which corresponds to direct transition of electrons in Si. For generating a charge 

sheet in a NC thin film, we choose a 355-nm pulse laser and a 900-nm thick Si NC film. In TOF 

measurement, an ITO/Si NC film/Au layer structure is used. The voltage is applied to an ITO 

electrode and the pulse laser is irradiated through the ITO electrode. This configuration can 

measure a hole mobility because photo-generated holes near the ITO electrode are moved to the 

opposite Au electrode (see the inset illustration in Figure 4(b)).  

Figure 4(b) shows transient photocurrent spectra as a function of applied voltages. The 

inflected spectra are explained by using a dispersive charge transport mechanism: multiple traps 

disperse a photo-excited carrier packet during transport48. This mechanism has been discussed in 

amorphous semiconductor49, organic semiconductor50, and nanoparticle films51–53. Our Si-NC 

thin film also has a dispersive charge transport because energy levels of NCs have a distribution 

due to size dispersion as discussed later54,55.  

We determine the transit time τtr by using Figure 4(b). The value of τtr is extracted from the 

inflection point of a photocurrent decay curve.53,56 The values of τtr are 40—100 μs under 97.1—

118.9 V. Inverse of τtr in each voltage is shown in Figure 4(c). According to a basic theory of the 

TOF measurement, τtr is related to the applied voltage V as 1/߬୲୰ ൌ ሺݐ/ߤଶሻܸ where μ is the 

carrier mobility and t is the thickness of the film.57 Although the thickness of the film is 

fluctuated in the range from 900 nm to 1.2 μm, we employ t = 900 nm for the analysis because 

the electrical transport is dominated by the thinnest area of the film. Therefore, we can estimate 

the carrier mobility from the slope of voltage dependence of 1/τtr. When the voltage is higher 
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(lower) than 100 V (electric field: 1.1 MV/cm), μ is 4.9×10-6 (5.4×10-7) cm2/Vs. The dependence 

of μ indicates that the carrier transport mechanism changes at the electric field, although details 

are not clarified. Temperature dependence of a hole mobility is shown in Figure 4(d). The 

mobility is calculated by using a temperature dependence of 1/τtr versus voltage in Figure S2. 

The hole transport through a H-Si NC film requires an activation energy EA = 45 meV, which is 

evaluated by using the Arrhenius plot.  

In order to find a field-effect mobility in a TFT, we have also fabricated a solution-processed 

TFT using a 6.9 nm-diameter Si NC film. As shown in the inset in Figure 4(e), a bottom-contact 

and bottom-gate TFT is fabricated by using gold interdigitated electrodes (separation: 20 μm) on 

a thermally oxidized silicon substrate (SiO2 thickness: 90 nm). The TFT shows p-type behaviors 

in vacuum at room temperature. Hole is thus the majority carrier in this Si NC film. This result is 

consistent with the energy level diagrams of B and P codoped Si NC films obtained by 

photoelectron yield spectroscopy and X-ray photoelectron spectroscopy: the Fermi level is close 

to the highest occupied molecular orbital (HOMO) level.54 The hole field-effect mobility μ is 

calculated to be 2.2 × 10-7 cm2/Vs by using TFT operation in a linear region. This mobility is 

consistent with the value of μ in Figure 4(c). The mobility is much smaller than those of bulk Si 

crystal and high-mobility compound semiconductor NC films (> 10 cm2/Vs).2,3  

We discuss a charge transport model in a H-Si NC thin film as follows. Figure 4(f) shows 

schematic illustration of charge transport in a H-Si NC film. In two adjacent NCs, carrier 

transport from ith NC to i+1th NC through the highest occupied molecular orbital (HOMO) and 

the lowest unoccupied molecular orbital (LUMO) is dominated by a tunneling rate Γi,i+1 

described as: 

௜,௜ାଵ߁ ∝ expሺെβΔݔሻ exp ൬െ
ாౡ
೔శభିாౡ

೔

௞ా்
൰   (ܧ୐୙୑୓

௜ ൏ ୐୙୑୓ܧ
௜ାଵ ୌ୓୑୓ܧ ,

௜ ൐ ୌ୓୑୓ܧ
௜ାଵ ), 
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௜,௜ାଵ߁ ∝ expሺെβΔݔሻ      (ܧ୐୙୑୓
௜ ൒ ୐୙୑୓ܧ

௜ାଵ ୌ୓୑୓ܧ ,
௜ ൑ ୌ୓୑୓ܧ

௜ାଵ ), 

where β is the tunneling decay constant, Δx is the shortest edge-to-edge distance between the 

NCs, ܧ୩
௜ 	is the energy level of ith NCs versus vacuum level (k=HOMO or LUMO: see the 

definition in Figure 4(f)), kB is the Boltzmann constant, and T is the temparature.9,58 This 

equation theoretically suggests that we can expect larger Γi,i+1 in a solution-processed H-Si NC 

film due to reducing Δx. A H-Si NC thin film has energy level distribution due to size dispersion. 

In our previous study, the HOMO and LUMO levels of a Si NC film have a distribution with 

approximately 100 meV.54 Thus, energy level difference between adjacent NCs ܧ୩
௜ାଵ െ ୩ܧ

௜  is 

expected to be 100 meV at maximum. This energy level difference possibly results in EA=45 

meV in Figure 4(d).  
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Figure 4. (a) Absorption spectrum of a hydrogen terminated Si-NC thin film (D=6.9 nm) on silica 

glass. (b) Transient photocurrent under various bias voltages (97.1 – 118.9 V). Inset shows a circuit 

diagram of a TOF measurement. (c) Inverse of transient time as a function of bias voltages. The 

red (blue) dashed line is a linear fitting for mobility calculation in a higher (lower) voltage region. 

(d) Hole mobility as a function of temperatures. (e) Drain current (Id) versus gate voltage (Vg) 

characteristic of a solution-processed Si NC TFT is shown. Inset: schematic of Si NC TFT. (f) 

Schematic illustration of charge transport in a H-Si NC thin film. 
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Finally, we prove our concept in this study: producing flexible electronic devices by using 

colloidal H-Si NCs. Here, we demonstrate an air-stable flexible photodetector. The Si NC film is 

also spin-coated on a PET substrate in ambient air. The photodetector is bendable as shown in 

Figure 5(a). A current-voltage curve of a H-Si NC thin film on a PET substrate is similar to that 

on a glass substrate (Figure S3). Furthermore, we observed slow degradation of the conductivity 

on a PET substrate, which is also similar to that on a glass substrate (Figure S4). An external 

quantum efficiency (EQE) of a H-Si NC thin film as a function of irradiated photon wavelength 

is shown in Figure 5(b). The value of EQE is larger at shorter wavelength, and therefore, this 

device works as a UV photodetector. Responsivity of the flexible photodetector R = EQE × 

(λ[nm]/1240) is calculated to be 2.3 × 10-2 A/W at λ=360 nm under 5 mV application (Figure 

S5), which is comparable to previous colloidal Si NC photodetectors on a solid glass and a 

silicon substrate.29,47 Figure 5(c) shows photocurrent and dark current as a function of bending 

radius. The photodetector clearly operates in 5.9－17.5 mm bending radius. A ratio of 

photocurrent and dark current is 100 in both flat and bent condition. Figure 5(d) shows 

photocurrent stability after bending cycles. We have confirmed that the photodetector shows a 

stable current after a 2500-cycles bending trial. It should be noted that the measurements are 

carried out in air, and therefore the flexible photodetector is air-stable. 
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Figure 5. (a) Picture of a bent Al/H-Si NC film/ITO/PET film. (b) EQE as a function of 

irradiated photon wavelength. Absorption spectrum of H-Si NCs (D=3.9 nm) is also shown. (c) 

Photocurrent intensity as a function of bending radius. (d) Photocurrent intensity as a function of 

bending cycles.   
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CONCLUSIONS 

For flexible electronic devices, we have demonstrated the concept to produce a conductive 

solution-processed Si NC film by using colloidal H-Si NCs. We used colloidal H-Si NCs which 

have solution dispersibility and H-termination simultaneously. The solution-processed H-Si NC 

film in air showed conductivity 2 × 10-5 S/cm, which was comparable to reported conductivity of 

Si NC films prepared in inert atmosphere. The conductivity was maintained at ≈ 10-7 S/cm in 9 

months after fabrication and was uniform over the spin-coated Si NC (100 mm2). The film 

showed 6.8 and 24.1 μs of rise and fall time to laser irradiation. By using TOF measurements, we 

discussed a charge transport model in the H-Si NC film. The photodetector on a PET substrate 

was demonstrated by spin-coating colloidal H-Si NC solution in air. The photodetector was able 

to be bent in 5.9 mm bending radius at smallest and properly worked after being bent in 2500 

cycles. Solution processing of colloidal H-Si NC solution can be a promising method for flexible 

electronic devices. 
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