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Introduction
One of the most technologically interesting materials is silicon-rich oxide (SRO), which is considered to

be a material with great potential for the fabrication of optoelectronic devices because it is a material

compatible with CMOS technology. In addition to various methods can be used to obtain the SRO, such as

LPCVD, PEVCD, HFCVD, implantation of silicon in SiO2, sputtering, etc. [1].

A relevant characteristic of the SRO is that it facilitates the formation of silicon nanocrystals embedded

in a SiO2 matrix [2], which generate low dimensional effects and therefore, an efficient emission of light [1].

The SRO possesses interesting structural, optical, and electrical properties which can be tailored by the silicon

excess and defects contained in the films [3]. The incorporation of silicon into SiOx modifies its bandgap as

well as its optical properties such as photoluminescence, absorption and emission of light. The latter is

attributed to quantum effects present in silicon nanocrystals and localized defects at the interface between

nanocrystals and silicon matrix. [4].

On the other hand, carbon nanostructures such as fullerenes, carbon nanotubes (CNTs), nanodiamond

(ND) films, and graphene oxide (GO) are very attractive functional groups in the fabrication of important

optoelectronic devices such as sensors, field emitters, and light-emitting applications [5]. Luminescent carbon

nanostructures are also expected to achieve high-efficiency photoluminescence in light-emitting devices and

low toxicity in biological and biomedical applications [6].



There are two types of CNTs; single-wall carbon nanotubes (SWCNTs) and multi-wall carbon nanotubes

(MWCNTs). MWCNT is a CNT structure consisting of several coaxially concentric shells of graphene sheets rolled up. In both

cases, their one-dimensional structure, interlayer interaction and curvature effects lead to many extraordinary

mechanical, electrical, optical, thermal and chemical properties. All of this makes them suitable for enhancing the

functionalization of existing materials and even creating other heterostructures. Furthermore, CNTs thin films are

electrically conductive and transparent, and have recently been used as ohmic contacts in GaN and organic materials

[7], In this context, the SRO may be used to realize novel heterostructures using CNTs to improve its optical

properties.

On the other hand, Graphene oxide is a bidimensional carbon-based material that can be used in graphene-based

optoelectronic devices, especially for biomedical applications, due to its unique electronic properties and large specific

surface area [8, 9]. Since graphene has no band gap as an intrinsic material, it is not expected to exhibit

photoluminescence due to relaxation of excited carriers; however, when, it is functionalized, such as graphene oxide, it

has a band gap and exhibits photoluminescence [10]. Therefore, the GO may be used to form new structures in order

to enrich their optical properties.

Thus, by using CNTs and GO along with the SRO it is possible to make up nanostructured materials which may

be of great interest because of their outstanding photoluminescent properties based on the quantum effects due to low

dimensions and energy band structures. Thus, these photoluminescent properties may be focused on forming new

light-emitting devices in the field of optoelectronics.



Methodology

CNTs and GO thin films were deposited on n-type crystalline silicon substrates with 100 orientation and <0.005 Ω-

cm resistivity by the spin-coating method shown in Figure 1.

Figure 1. Spin coating process.

All structures to be deposited (CNTs and GO) are dissolved in an alcoholic

solvent, in this case methanol.

The parameters used for thin film deposition are as follows: the first

speed is 700 rpm for a deposition time of 10 s, and the second speed is

3000 rpm for 15 s to deposit 3 drops of the solution, using methanol as the

solvent and repeat the process three times. The concentrations of CNTs and

GO solutions were 1.8 g/L and 1.3 g/L, respectively.



Methodology
The SRO films were deposited on the Si/CNTs, Si/GO, Si/CNTs-GO and Si/GO-CNTs structures using a

HFCVD (Hot Filament Chemical Vapor Deposition) reactor. These depositions were carried out with a constant

flow of molecular hydrogen (H2) at 100 sccm level, the source-to-substrate distance (ssd) was kept at 7 mm.

Some parameters were fixed during the deposition process, such as the filament-to-source distance (fsd), which

was kept constant at 8 mm, the deposition time (td) was 1 min, the voltage applied to the filaments was 84 V

and the system pressure at one atmosphere.

Figure 2. Scheme of the 4 manufactured structures.



Results
.

400 500 600 700 800 900 1000

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

400 500 600 700 800 900 1000

0

1,000

2,000

3,000

4,000

5,000
 Si/GO/SRO

In
te

n
s

it
y
 [

a
.u

.]

Wavelength [nm]

 Si/CNTs/SRO

 Si/GO/SRO

Graph 1. PL spectra of the Si/CNTs/SRO and Si/GO/SRO structures.

Graph 2 shows the photoluminescence spectrum of the Si/GO-CNTs/SRO

structure, and the inset shows the photoluminescence spectrum of the

Si/CNTs-GO/SRO structure. The PL intensity of the Si/GO-CNTs/SRO

structure shows a strong and clear green peak (519 nm), which is attributed to

the existence of the GO-CNTs composite [11]. For the Si/CNTs-GO/SRO

structure, two peaks are shown, a more defined peak around 400 nm is

attributed to GO, and another weaker peak around 750 nm and as mentioned

above, is characteristic of SRO films.
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Graph 2. PL spectra of the Si/GO-CNTs/SRO and Si/CNTs-GO/SRO structures.

Graph 1 shows the photoluminescence spectrum of the Si/CNTs/SRO

structure, and the inset shows the photoluminescence spectrum of the

Si/GO/SRO structure. The PL intensity of the Si/CNTs/SRO structure shows

a strong and well-defined peak in blue (450 nm), which is attributed to the

CNTs, in addition, a lower intensity peak can be seen in the red band around

750 nm. For Si/GO/SRO structure two peaks appeared, a more defined peak

around 420 nm was attributed to GO, just like in the structure with CNT, a

smaller peak appeared around 750 nm, and this is a characteristic of SRO

films.



Results
As shown in Graphs 1 and 2, the photoluminescence spectrum is very broad, suggesting that multiple emission

mechanisms may be involved. To find all possible contributions to the photoluminescence process in the structure,

the deconvolution of each spectrum is shown in Graph 3.
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Graph 3. Deconvoluted spectra of the Si/CNTs/SRO structure.

The different peaks defined by the deconvolution are associated

with different types of defects, as shown below, with their respective

positions in energy, see Table 1.

CNTs/SRO photoluminescence emission mechanisms.

Luminescent centers associated with

diamond films

450 nm [11]

Defects due to Nitrogen 509 nm [12]

Nonbridging oxygen hole centers 750 nm [13]

GO/SRO photoluminescence emission mechanisms.

It is attributed to the excimer present

in the GO

405 nm [14]

Interactions between graphene planes

and OD (Oxidative debris)

495 nm [14]

Nonbridging oxygen hole centers 750 nm [13]

Table 1. Types of defects linked to the position of the PL peaks of the structures.



Conclusions

The photoluminescence properties of CNTs, GO, and SRO thin film layers and heterostructures formed

from these materials were investigated and compared. The photoluminescence spectra show the emission of

CNTs in the blue-green region, which is thought to be caused by contamination caused by nitrogen binding to

carbon in the blue region, and the characteristic green-emitting functional groups of CNTs due to C=O. GO

emission was observed in two bands, 405 and 495 nm, caused by oxidative debris and excimers, respectively.

Whereas for the SRO film, a contribution of 750 nm due to nonbridging oxygen hole centers is present. In the

structure of mixed CNT and GO, the emission shift and its shielding are observed, which is due to the presence

of nitrogen defects in the CNTs, whereas for the structure with GO on top, the emission is the same as that of

GO without carbon nanotubes. Structures with CNTs have great potential in light-emitting device applications

due to their good emission behavior.
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