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For the past several years silicon nanocrystals (Si-NCs) embedded in dielectric layers have been extensively investigated for potential applications in the fields, such as 

optoelectronics and photonics. The literature reports that materials which are composed of alternating layers of Si-NCs and dielectric films exhibit an increased optical 

band-gap with decreasing NCs size. In this work we develop the technology of Metal-Oxide-Semiconductor (MOS) structures with Si-NCs films embedded in silicon 

oxide (SiOx) ensembles. In contrary to standard methods of Si-NCs formation by means of Plasma-Enhanced Chemical Vapor Deposition (PECVD) of amorphous silicon 

(a-Si) with following high-temperature recrystallization/annealing processes, in the course of this study colloidal Si-NCs fabricated by chemical synthetic method were 

used. The all-inorganic Si-NCs have very heavily B and P doped shells, which induce negative potential on the surface and prevent the agglomeration by electrostatic 

repulsions. Silicon oxide thin films have been fabricated by means of PECVD. Fabricated in the course of this work MIS structures have been investigated by means of 

structural, optical and electrical characterization. Advanced characterization methods and equipment have been used, namely: spectroscopic ellipsometry (SE), X-Ray 

diffraction (XRD), atomic force microscopy (AFM), capacitance-voltage (C-V), as well as current-voltage (I-V) measurements. All observations and findings will be 

carefully examined and described in order to formulate the concluding remarks on results after subtle structural and electrical characterization and potential 

applications of studied MIS structures. 
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For the structural characterization purposes  
•‚p’-type, boron-doped <100>-oriented silicon wafers cleaned by RCA procedure 
• spinning-off procedure of Si-NCs:  
1) diluted sample in methanol (9:1) with varied speed, i.e., 500rpm and 1000rpm for 30s; 

the obtained thickness of Si-NCs ~10.4 and 5.5nm, respectively 
2) non-diluted sample with 500rpm; the obtained thickness of Si-NCs ~35.4nm 

Experimental 

• presence of Si-NCs is clearly demonstrated by 
the observation of optical parameters of 
spinned nanocrystal films – the „character” of 
refractive index spectrum is maintained 
compared to reference monocrystalline silicon 
substrate (Fig. 1) 

• similarly to refractive index, the dependance 
between basic optical parameters of spinned Si-
NCs films (Ψ and Δ) and wavelength are similar 
to reference Si-CZ monolayer (Fig. 2)   

Electrical characterization 
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Sample 
Si nanocrystals doped with B and P 

dispersed in methanol solvent 

Average 

diameter 
~7 nm (growth temperature of 1200oC) 

Si 

concentration  
0.47 mg/mL (~1015 nanocrystals/mL) 

Volume ~1.2 mL methanol 

In the course of this work, we have shown the feasibility of application of all-

inorganic Si-NCs with heavily B and P doped shells in MOS structures. Silicon 

nanocrystal films were obtained by means of spin-out procedure from the 

methanol solvent. The obtained Si-NCs films were characterized by means of 

spectroscopic ellipsometry, X-Ray diffraction (XRD) and Atomic Force 

Microscopy (AFM). After optimization of spinning procedure in order to obtain 

controllable thickness of Si-NCs, there were performed technological 

experiments towards fabrication of MOS structures. Si-NCs films were adopted 

in silicon oxide (SiOx) ensembles fabricated by means of Plasma-Enhanced 

Chemical Vapor Deposition (PECVD) method. The electrical behavior of 

fabricated MOS structures have clearly proved the Si-NCs presence, however, 

more deeper studies are needed for further description of possible applications. 

Conclusions 

Si-CZ, p <100> 

For the electrical characterization purposes  
•‚p’-type, boron-doped <100>-oriented silicon wafers cleaned by RCA procedure 
• substrates covered by pedestal 5nm thick PECVD (~300oC) silicon oxide layer (SiOx) 
• spinning-off procedure of Si-NCs in order to form ~10nm thin-film 
• for the sake of comparison, one structure was annealed at 200oC for 10min 
• top 10nm PECVD (~300oC) SiOx fabrication 
• aluminum gate fabrication in order to obtain MOS-type structures 
• reference structures (without Si-NCs) were also fabricated (~25nm of SiOx) 
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Fig. 1. Refractive index of investigated Si-NCs 
layers. 

Fig. 2. Optical parameters of Si-NCs layers 
spinned-off on the silicon substrate. 

Fig. 4. Comparison of XRD spectra of analyzed 
Si-NCs layers. 

Fig. 3. Comparison of the surface state of investigated samples; diluted Si-NCs 500rpm – 10.4nm (a), 
diluted Si-NCs 1000rpm – 5.5nm (b), non-diluted Si-NCs 500rpm – 35.4nm (c), reference Si-CZ (d). 

a) RMS ~7.2nm b) RMS ~4.8nm 

c) RMS ~11.9nm d) RMS ~0.2nm 

Fig. 5. Hysteresis loop of C-V characteristics of MOS 
reference structure (without the Si-NCs film). 

Fig. 6. Hysteresis loop of C-V characteristics of MOS 
structures with non-annealed Si-NCs thin film. 

Fig. 7. Hysteresis loop of C-V characteristics of MOS 
structures with annealed Si-NCs thin film. 

• investigated by means of AFM Si-NCs films demonstrated the largest roughness in the case of 
non-diluted in methanol layers – the RMS (Root-Mean-Square) factor is of the order of 12nm 
(Fig. 3) 

• obtained XRD spectra of examined nano-layers are comparable; there is visible peak (around 
33 degrees) originated either from silicon monocrystall substrate or from the NCs itself – the 
thicker Si-NCs film the peak become more significant; only in the case of non-diluted silicon 
nanocrystals the peak was not observed (Fig. 4)   

• different character of hysteresis loop of C-V 
characteristics was observed; in the case of 
reference MOS structure – there was observed a 
large value of hysteresis either after the first, or 
the second measurement of particular 
structure, while for MOS structures with Si-NCs 
films, after the first measurement the clear 
„charging” due to the nanocrystals presence 
was obtained (Figs. 5, 6 and 7) 

• similar beahavior of C-V characteristics of MOS 
structures with Si-NCs was determined  


