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Figure S1. (a) Example of multi-peak fitting of Raman signal (crystalline, intermediate and 
amorphous TO components indicated by Ic, Ii and Ia respectively) and (b) of XRD signal 
(crystalline and amorphous components indicated by Ic and Ia) from NP-assembled silicon 
thin films 
In order to extract information about the sample nanostructure a fitting routine was applied to 
the Raman signal in the region between 250 and 575 cm-1 according to the following 
procedure. Two peaks are employed for the Transverse Optical modes (TO modes) of the 
crystalline and amorphous phase, centered around 510-520 cm-1 and 480 cm-1 respectively, 
while the third peak is centered around 500-510 cm-1 and usually attributed to an intermediate 
crystalline component, assigned to strained silicon bonds on the nanocrystals surface or grain 
boundaries. [1-3] The aforementioned third Gaussian component can be better interpreted as a 
stratagem to account for the asymmetric broadening and displacement towards lower Raman 
shift values of the crystalline TO component upon nanoscale size confinement. [4, 5]

The grain size and crystalline fraction are derived from Equation 1 and Equation 2 
respectively.

(1)
𝑔𝑟𝑎𝑖𝑛 𝑠𝑖𝑧𝑒[𝑛𝑚]:  𝑔𝑠 = 2𝜋

𝐵
∆𝜔

(2)
𝐶𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛[%]: 𝑐𝑓 =

𝐼𝑐 + 𝐼𝑖

𝐼𝑐 + 𝐼𝑖 + 𝜎𝐼𝑎

Where Ic, Ia and Ii are the areas subtended by the crystalline, amorphous and intermediate 
components peaks (see Figure S1a),  is the shift of the main crystalline component ∆𝜔
position with respect to the bulk crystalline silicon value, B = 2.0 cm-1 nm, σ is the ratio of the 
Raman cross section of amorphous and crystalline silicon (close to unity in the investigated 
range of grain sizes). [6]

A second Gaussian fit procedure was applied to the measured XRD spectra in the region 
between 15 and 65°. Three peaks are employed for the crystalline phase, corresponding to 
{111}, {220} and {311} lattice planes, and two for the amorphous one. The total area 
subtended by the crystalline and amorphous peaks are indicated by Ic and Ia (see Figure S11b). 
From the width of the {111} peak the average crystalline grain size was calculated from 
Scherrer’s formula, reported in Equation 3.

                                     (3)
𝑔𝑟𝑎𝑛 𝑠𝑖𝑧𝑒[𝑛𝑚]: 𝑔𝑠 =

𝑘𝜆
𝛽𝑐𝑜𝑠𝜃

Where k=0.9, λ represent the wavelength of the impinging x-ray, β is the full width at half 
maximum of the {111} peak and  is the angle at the center of the peak.𝜃
The crystalline volume fraction is derived from Equation 4.
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(4)
𝐶𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛[%]: 𝑐𝑓 =

𝐼𝑐

𝐼𝑐 + 𝐼𝑎

Figure S2. Schematics of the bottom-gate bottom-contacts configuration employed for the 
fabrication of the thin-film transistors. The pre-patterned silicon chips (Fraunhofer IPMS) 
structure consisted in a p-doped silicon gate (Si p+), 230 nm thick SiO2 gate dielectric and 30 
nm thick Au source and drain contacts. SNP-assembled thin films are directly synthetized via 
NanoJeD technique on top of the described structure.

For material analysis we used provides standardized single transistor structures in bottom gate 
architecture provided by Fraunhofer IPMS. These substrates for thin films field effect 
transistors (FETs) are prepared, with clean room quality, on silicon wafers with thermal 
silicon dioxide (SiO2) as full-area dielectrics and gold electrodes in lift-off technology. In the 
standard pre-patterned layout layout, each 150 mm wafer has 960 individual transistors on 60 
chips, each sized at 15 × 15 mm². Each chip carries four groups with four identical transistors, 
with a channel length of 2.5, 5, 10 and 20 µm respectively. More information about the 
specifics of the pre-patterned substrates can be found at the producer website 
(http://www.ipms.fraunhofer.de/content/dam/ipms/en/documents/end-of-line-substrates_web.pdf).

http://www.ipms.fraunhofer.de/content/dam/ipms/en/documents/end-of-line-substrates_web.pdf
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Figure S3. Bright field TEM micrographs of silicon-based nano-materials produced for 
different levels of RF power coupled into the plasma discharge: (a) 80 W, (b) 90 W, (c) 120 
W and (d) 160 W. In the inset of panels b, c and d the progressive appearance of well-defined 
polycrystalline diffraction fringes can be distinguished.
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Figure S4. Low magnification bright field TEM micrographs of silicon-based nano-materials 
(delivered RF power was 120 W).
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Figure S5. Nanoparticles size frequency count histograms as derived by statistical analysis of 
TEM micrographs. For each deposition condition particle diameters were derived directly 
from TEM micrographs via ImageJ analysis tools. Statistical ensembles analyzed were: 329 
particles for SNP-assembled material deposited at 80 W, 107 particles for SNP-assembled 
material deposited at 90 W, 206 particles for SNP-assembled material deposited at 120 W and 
127 particles for SNP-assembled material deposited at 160 W.
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Figure S6. Raman spectra (a) of silicon nano-materials synthetized for increasing values of 
coupled RF power in the plasma discharge (black circles). The Gaussian peaks employed in 
the fitting routine (blue, green, pink and purple lines) and the resulting envelope curve (black 
line) are added as reference. Corresponding XRD spectra (b) of the synthetized silicon nano-
materials (black circles). Gaussian peaks employed in the fitting routine (red and black lines) 
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and the resulting envelope curve (blue line) are added as reference. The value of the coupled 
RF power level is indicated. 

Figure S7. Relative ground state atomic and molecular densities of H, SiH and Si radicals as 
a function of RF power delivered in the discharge (estimated by optical emission spectroscopy 
using an actinometric technique).
Relative density variations of chemical species in the plasma were estimated by optical 
emission spectroscopy. Photon emission from the plasma discharge was characterized by 
means of Thorlabs CCS200 compact spectrometer equipped with a 3648- element linear CCD 
array, spectra range from 200 nm to 1000 nm and FWHM spectral accuracy < 2 nm at 633 nm. 
The optical emission was collected from the centre of the plasma environment along a line 
parallel to the electrode plates using an optical fiber mounted on a quartz viewport. All 
relative densities, being independent from each other, were normalized to the values recorded 
for 60 W RF power. Kr line at 826.3nm (Eth = 12.2 eV) emission intensity from the Paschen 
2p2 level was used to normalize emission intensities of SiH at 414 nm, H at 656nm and Si at 
251 nm. Actinometric measurements hypothesis were satisfied as a first approximation: the 
dominant mechanism for excitation of the Kr 2p2 level is a one-step electronic excitation 
from the ground state and, in addition its energy threshold for this process is (∼12 eV), near 
the respective excitations of Si (∼11 eV), H (∼12 eV) and SiH (∼10 eV). The actinometer 
used was introduced via dedicated line from a Kr bottle and its flow was kept under 5% of the 
total gas flow for all the experiments. Adding to the selected working gas mixture a small 
amount of Krypton in the range from 2% to 5% has been proven not to influence emission 
lines intensities of principal mixture components.
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Figure S8. Crystalline grain size, as measured by XRD, of SNP-assembled films as a function 
of total gas flow rate ([SiH4]/[Ar+SiH4]=0.5%). NP’s residence time in the plasma discharge 
decreases for increasing flow rate. 

Figure S9. Variation of the absolute mass production rate of NP-assembled silicon thin films 
as a function of RF power input. 
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Figure S10. Variation of the absolute material mass deposition rate (a) and relative density 
(b) as a function of the total pressure of the impaction chamber.  

Figure S11. Plot of the transfer curve of SNP-assembled 10 µm (a) and 20 µm (b) long 
channel TFT devices: drain current (black) and gate leakage current curve (red). A drain 
voltage of -20 V was applied during the measurements. Arrows indicate the direction of the 
voltage sweep.
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