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ABSTRACT
Silicon carbide (SiC) is a versatile industrial material and has been in use in various spheres 
because of its distinctive electrical and thermal properties. Among various fields, it has 
contributed significantly to biosensor technologies because it is both bio and hemo-compatible. 
Of particular interest in this study is its potential for biomedical applications. Although about 907 
SiC-based biosensor articles have been published in the past 20 years (2000–2022), not many 
review articles have encapsulated the advancement and uses of the SiC-based biosensor. In order 
to better understand the development stage, research hives, and future advancement trends of 
SiC-based biosensor technology, it is essential to perform a broad retrospective investigation. The 
present study aims to explore the potential of SiC-based biosensors and their distinct features 
for interdisciplinary collaborations, utilizing machine learning through big data analytics. By 
reviewing research in this field, the study seeks to uncover global trends, challenges, and gaps in 
SiC-based biosensor research, as well as identify new research areas and technologies that could 
advance biosensor technology. By conducting the analysis, this study provides insights into the 
most impactful articles and top contributors to biosensor research, including journals, authors, 
institutions, and countries. Additionally, the study examines the methodological approaches and 
research contexts employed in this field. Results suggest that one of the evolving technological 
paths in biosensors is the use of silicon carbide-based biosensors and medical devices, which 
in turn are poised to transform into the commercial sphere. The main characteristics of these 
emerging research grounds and technologies in biosensors are illustrated for the productive 
effects of research and innovation policy that led to scientific advances and technological change 
in society.
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INTRODUCTION

Biosensors play a crucial role in gauging biological or chemical 
reactions by generating signals proportional to the strength 
of an analyte. While the exact origins of biosensors are not 
definitive, significant advancements were made over half a 
century ago. Clark and Lyons introduced the first primitive 
biosensor, which monitored blood gas contents during surgical 
procedures.[1] Since then, continuous efforts have been made to 
develop new biosensors for diverse applications, such as heart 
stents, dental implants, home pregnancy tests, glucose detectors, 
environmental monitoring etc.[2-10] Thanks to dedicated scientific 
efforts, biosensors have undergone remarkable advancements as a 
technology leading to a significant expansion in their capabilities, 
increased sensitivity, and a broader range of applications.[1-17]

Further advancement resulting in novel sensing techniques 
have significantly improved the performance of biosensors. 
One significant aspect of progress lies in the improvement of 
biosensor selectivity. The integration of nanomaterials, including 
nanoparticles, nanowires, and nanotubes, has enabled the creation 
of highly sensitive biosensors capable of detecting analytes at 
extremely low concentrations.[18] Additionally, progression in 
molecular biology and genetic engineering have facilitated the 
incorporation of biological components, such as enzymes and 
antibodies, into biosensors, enabling the detection of specific 
targets.[19]

Silicon planar technology has driven the miniaturization and 
integration of biosensors. By leveraging advancements in 
microfabrication techniques, researchers have successfully 
developed portable and cost-effective miniaturized biosensors 
that can be seamlessly integrated into various devices and 
systems.[20] This integration has expanded the accessibility 
and applications of biosensors manifold, enabling real-time 
monitoring and personalized healthcare.
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Furthermore, scientific research has explored and utilized novel 
detection principles, expanding the capabilities of biosensors 
beyond traditional analytical methods. For instance, research 
in the field of plasmonics has led to the development of Surface 
Plasmon Resonance (SPR) biosensors, which utilize the 
interaction between light and metallic nanostructures to detect 
and analyze biomolecular interactions in real-time, offering 
highly sensitive detection capabilities.[21] Similarly, research on 
Electrochemical Impedance Spectroscopy (EIS) has resulted in 
the creation of label-free biosensors that detect biomolecular 
interactions based on changes in electrical impedance.[22]

Advancements in signal transduction have also been driven by 
scientific research, enabling more accurate and rapid detection 
in biosensors. The integration of optical technologies, such 
as fluorescence, luminescence, and Raman spectroscopy, has 
provided highly sensitive and specific detection capabilities in 
biosensors.[22] Moreover, improvements in electronics and signal 
processing techniques have contributed to the development of 
biosensors with enhanced signal amplification, noise reduction, 
and data analysis capabilities.[23] These biosensors, when integrated 
with compatible materials, offer a sophisticated platform capable 
of long-term solutions for detecting and analysing multiple 
biomolecules on a single chip within the challenging environment 
of the human body.[24-26]

In the field of biomedical applications, SiC-based biosensors have 
garnered significant interest, driven by scientific research. Silicon 
carbide, known for its durability and hardness, has emerged as 
the most widely used active biomaterial in the 21st century.[25-30] 
The growing number of international collaborations, emerging 
publications, and research activities dedicated to SiC-based 
biosensors reflects this trend.[25-30] While numerous review 
articles have summarized achievements, explored techniques, 
and discussed future challenges and prospects,[24,30-41] this study 
aims to provide a distinct perspective. By employing bibliometric 
analysis, the authors seek to illustrate the historical landscape 
and utilization of SiC in biosensors, offering insights beyond the 
technical content presented in existing reviews.

This research article aims to provide a comprehensive review of 
SiC-based biosensors using bibliometric analysis, focusing on their 
unique properties, potential for interdisciplinary collaborations, 
and contributions to the evolution of biosensor technology. By 
identifying emerging research areas and technologies, the article 
aims to uncover global trends, gaps, and challenges in SiC-based 
biosensor research. It highlights the advantages of SiC-based 
biosensors and acknowledges the significant contributions of 
research articles, journals, authors, institutions, and countries 
in this field. Additionally, the article encourages researchers to 
explore in vivo applications of SiC-based biosensors and offers 
valuable insights into important publications and emerging 
sub-branches. Ultimately, the goal is to accelerate research, 

boost scientific productivity, foster collaborations, and promote 
innovation and multidisciplinarity.

To achieve these objectives, the study employs bibliometric 
technologies to quantitatively and qualitatively examine the 
research developments in SiC-based biosensors. The Scopus 
database, widely recognized for its comprehensive coverage of 
reputable scientific journals and publications, is utilized as a strong 
foundation for exploring and understanding advancements, 
trends, and contributions in the field of biosensors.

The study addresses specific research questions that are strongly 
grounded in the research objectives. These include investigating 
the changing trends in SiC-based biosensor publication over 
time, identifying the most active authors, countries, and journals 
in the field, examining highly cited articles, determining core 
keywords in biosensor publications, and exploring identifiable 
sub-domains within SiC-based biosensor research.

The paper is structured as follows: Section 2 provides detailed 
information on the data source, search strategy, and analysis 
methods employed. Section 3 presents a comprehensive 
discussion of the findings, while Section 4 concludes the paper 
and highlights prospects for further expansion and research.

METHODOLOGY 

This study gathers bibliometric data on SiC based biosensor 
research for its review. To do so, this study follows and employs 
the Scientific Procedures and Rationales for Systematic Literature 
Reviews (SPAR-4-SLR) protocol, which consists of three major 
stages, namely assembling, arranging, and assessing of articles.[42]

Assembling

To assemble the number of articles on Silicon carbide-based 
biosensors, the authors identified the search keywords related to 
SiC based biosensors from a primary review of relevant literature 
and consulted 10 experts to establish the appropriateness of 
those keywords to represent SiC based biosensors. This led to a 
combination of 9 keywords that are listed in the following search 
string:

{Silicon carbide} AND (“Biosensor” OR “Biosensing” OR 
“biomaterial” OR “microfluidics” OR “biomimetic” OR 
“nanomaterials” OR “nanofabrication” OR “bioelectronics” OR 
“biochip”).

Using the aforementioned search keyword string, relevant articles 
on the Scopus database are searched, as Scopus is the largest 
high-quality scientific database of scholarly articles,[43,44] and thus 
preferred over its alternative, Web of Science, which contains 
fewer articles for review.[42] It may be noted that, while adhering 
to the SPAR-4-SLR protocol for assembling data, the authors took 
care to include significant and relevant literature for the study, 
and all the literature used is referenced in the appropriate section 
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of the manuscript. In all, 907 documents were returned from the 
search.

Arranging

The 907 articles retrieved from the search results are then 
arranged and filtered using the category (code) function in 
Scopus according to the publication year – “till 2021”, document 
type-”article”, publication stage-”final”, source type-”journal” and 
language-”English” type respectively. These filters were applied 
coherent with the recommendations made by Paul[42] because 
non-articles such as editorials and notes may not be refereed and 
the presence of reviews can result in dual barred comprehension. 
In-press articles were not considered as they were not confirmed; 
non-journal sources such as books, book chapters, and conference 
proceedings were left out as they may not have gone through a 
rigorous peer review process; articles published in languages 
other than English were excluded because of limited language 
proficiency in these languages. All this has reduced the number of 
articles to 550. These 550 articles are then downloaded and read, 
removing another 6 articles that mention the keywords sparingly.

Assessing

To assess the final corpus of 550 articles on SiC-based 
biosensors, which is relatively a large corpus, this study adopts 
a bibliometric analysis approach for its review. The bibliometric 
analysis comprises performance analysis, science mapping, and 
network analysis. The performance analysis provides insight 
on the publication trend, the top articles, and contributing 
journals, authors, and institutions. Temporal analysis using 
word clouds delineates the science mapping and to take out the 
major themes and topics behind the intellectual structure of 
SiC-based biosensor research,[45] network analysis is done using 
keyword co-occurrence in VOSviewer.[45-50] This study curates a 
future research outline based on our reading of the articles and 
reflection of existing gaps under each major theme in order to 
broaden understandings in the field. The next section presents 
the results of the review, wherein descriptions are accompanied 
by figures and tables.

FINDINGS

Performance Analysis

Performance analysis is a bibliometric investigation method that 
explains the functioning of a research area,[48] and here, the field 
of SiC-based biosensors. This investigation is parallel to that of 
the profiling of participants in observed studies, even though in 
a more arduous way via the use of bibliometric metrics.[48] In the 
present study, a performance analysis is steered to disclose (1) 
the publication trend, (2) the most influential articles, the top 
contributing (3) journals, (4) authors, (5) institutions, and (6) 
countries in the context of SiC-based biosensors.

Publication trend for SiC based biosensors research

The first publication on SiC-based biosensors in a Scopus indexed 
journal emerged in 1991,[51] and since then, there has been a 
consistent increase in publications over the course of 31 years 
(1991-2021). Figure 1 illustrates the analysis of the publication 
trend using a three-year moving average. Initially, from 1991 to 
2001, the number of publications remained relatively low, with 
only one or two articles published annually. This period can be 
characterized as a phase of steady but gradual growth. It can be 
seen that around 2002, a significant shift occurred in the trend. 
The three-year moving average began to display an upward 
slope, indicating an accelerated growth in SiC-based biosensors 
research. Over the next 15 years, there was a substantial increase 
in publications, reaching a peak of 34 average publications in 
2015. This period marks a phase of rapid expansion within the 
field. Another noteworthy change in the publication trend took 
place around 2019. The three-year moving average exhibited a 
steeper incline, suggesting the onset of an exponential growth 
phase. This shift can be attributed to improvement in engineering 
techniques, enabling the fabrication of robust SiC materials.[52-54] 
The availability of such materials in laboratory settings facilitated 
their exploration for biomedical applications, leading to a surge 
in research activity and breakthroughs in SiC-based biosensors. 
Between 2009 and 2015, the growth remained relatively steady, 
following a linear pattern.

However, from 2015 to 2018, the three-year moving average 
experienced a decline of approximately 10 publications per year 
from its peak value. This decline could be attributed to researchers 
dedicating more time to in-depth investigations and exploration 
of various fabrication techniques for SiC materials in biosensing 
applications. After 2019, there was a notable resurgence in the 
publication trend, characterized by a sharper upward trajectory. 

Figure 1: Publication trend for Silicon carbide based biosensors 
1991-2021.
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This indicates a more rapid expansion of SiC-based biosensors 
research. This phase of exponential growth might be attributed to 
increased awareness, funding, and collaborations within the field.

In summary, the publication trend of SiC-based biosensors 
research shows a gradual growth phase initially, followed by an 
accelerated growth period and subsequent exponential expansion. 
The trend has been influenced by scientific research and advances 
fabrication technology, development in engineering techniques, 
and the availability of funding and collaborations. Given the 
notable growth and increasing research activity in SiC-based 
biosensors over the years, it is reasonable to anticipate continued 
progress and exploration in this field which will result in better 
gadgets and its application in varied fields.

Most influential articles for SiC based biosensors 
research

Table 1 shows the ten most influential articles for SiC-based 
biosensors research in terms of citations. According to the 
table, Fang, Bando, Gautam, Ye, and Golberg’s (2008) article is 
the most cited in the field, with an average of 39 citations per 
year and a total of 590 citations since its publication in 2008. 

This is followed by the articles “A nanocomposite ultraviolet 
photodetector based on interfacial trap-controlled charge 
injection” by Guo, Yang, Yuan, Xiao, Dong Bi and Huang (2012) 
and “Microwave-assisted chemistry: Synthetic applications for 
rapid assembly of nanomaterials and organics” by Gawande, 
Shelke, Zboril and Varma (2014), which have been cited 536 and 
414 times, respectively. Interestingly, the top three most-cited 
articles in the field are about nanostructures and nanomaterials, 
demonstrating their importance in the field. Notably, the top 
10 most-cited articles in the field have received a total of 3054 
citations, demonstrating the significant impact of SiC-based 
biosensors research in the scientific community.

Top contributing journal for SiC based biosensors 
research

The corpus of 550 articles on SiC-based biosensors was published 
across 291 journals, with Table 2 showing that the top 10 
contributing journals with at least six articles on silicon carbide 
published 82 (15%) articles in the field. The Journal of Crystal 
Growth, Materials Letters, and Ceramics International are the 
top three most prolific journals, with 18, 15, and 13 articles, 

Table 1: Top 10 most influential articles for SiC based biosensors research.

Author(s) Article title Year Total 
Citations (TC)

TC per 
Year

Fang X., Bando Y., Gautam U.K., Ye C., 
Golberg D.

Inorganic semiconductor nanostructures and 
their field-emission applications.

2008 590 39

Guo F., Yang B., Yuan Y., Xiao Z., Dong Q., 
Bi Y., Huang J.

A nanocomposite ultraviolet photodetector based 
on interfacial trap-controlled charge injection.

2012 536 49

Gawande M.B., Shelke S.N., Zboril R., 
Varma R.S.

Microwave-assisted chemistry: Synthetic 
applications for rapid assembly of nanomaterials 
and organics.

2014 414 46

Sprinkle M., Ruan M., Hu Y., Hankinson 
J., Rubio-Roy M., Zhang B., Wu X., Berger 
C., De Heer W.A.

Scalable templated growth of graphene 
nanoribbons on SiC.

2010 375 29

Zhang Z., Han X.D., Zhang Y.F., Zheng K., 
Zhang X.N., Hao Y.J., Guo X.Y., Yuan J., 
Wang Z.L.

Low-temperature in situ large strain plasticity 
of ceramic SiC nanowires and its atomic-scale 
mechanism.

2007 229 14

Aboushelib M.N., De Jager N., Kleverlaan 
C.J., Feilzer A.J.

Microtensile bond strength of different 
components of core veneered all-ceramic 
restorations.

2005 223 12

Lan F., Demaree B., Ahmed N., Abate A.R. Single-cell genome sequencing at ultra-high-
throughput with microfluidic droplet barcoding.

2017 204 34

Su L., Wang H., Niu M., Fan X., Ma M., 
Shi Z., Guo S.-W.

Ultralight, Recoverable, and High-Temperature-
Resistant SiC Nanowire Aerogel.

2018 171 34

Lee T.-H., Bhunia S., Mehregany M. Electromechanical computing at 500Â°C with 
silicon carbide.

2010 166 13

Li Y., Li F., Zhou Z., Chen Z. SiC2 silagraphene and its one-dimensional 
derivatives: Where planar tetracoordinate silicon 
happens.

2011 146 12
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respectively. However, in terms of influence, Nano Letters 
leads the pack with 359 citations, followed by ACS Nano and 
Chemical Communications, each with 291 and 281 citations. 
Most of the articles in these publications have focused on the 
characterization and analysis of SiC-nanostructures suitable for 
sensor applications,[55,56] the design and optimization of biosensor 
devices using SiC[57] and the functionalization of SiC surfaces to 
enhance biosensing capabilities.[58]

Top contributing authors for SiC based biosensors 
research

Table 3 lists the top ten contributing authors for SiC-based 
biosensor research. According to the table, Li Y. from the 
University of Birmingham in the United Kingdom and Wang L. 
from Ningbo University of Technology in China are the two most 
prolific authors in the field, each with 13 articles. Zhang X. from 
Ningbo University of Technology, China, and Li X. from Harbin 
Institute of Technology, China, came in second and third, with 12 
and 11 articles, respectively.

The most influential authors, however, are Chen J. from the China 
Academy of Launch Vehicle Technology, China, and Zhang X. 
from Ningbo University of Technology, China, with 388 and 
358 citations, respectively, though the latter (TC/TP = 43.1) has 
a higher average return of citations per year than the former  
(TC/TP = 29.8). Taken collectively, the top 10 contributing 
authors for SiC-based biosensors research have contributed a 
total of 94 (17.1%) articles that have amassed 2307 citations in 
the field.

Top contributing Countries for SiC based biosensor 
research

The top ten contributing countries for SiC-based biosensors 
research are presented in Table 4. According to the table, 
China is the most prolific country, with 172 articles, followed 
by the United States and Germany, with 86 and 26 articles, 
respectively. China and the United States also emerge as the top 
two most influential countries, with 3,536 and 3,240 citations, 
respectively, and are joined by Germany, which ranks third with 
1,247 citations. While Asian, American and European countries 
dominate the list of the top 25 contributing countries, there is 
notable representation from Oceanic countries such as Australia. 
Despite this representation, only 22 out of 550 articles used 
samples from Australia, indicating that the majority of research 
on SiC-based biosensors is still focused on Asia, America, and 
Europe. Nonetheless, detailed examination reveals that SiC-based 
biosensors research in Australian countries began to emerge 
more prominently in the decade 2006–2016, a trend that should 
and is likely to continue in the future. 

The highly cited articles and the top contributing authors from 
various countries for SiC based biosensors reveals ongoing  
research efforts in the fabrication of nanowires or 
nanostructure-based SiC biosensors for diverse biomedical 
applications.[14-16] Additionally, researchers are leveraging the 
inherent hardness and robust nature of SiC to develop various 
bio supports.[59-62]

Table 2: Top ten contributing journals for SiC based biosensors research.

Journal TP TC
Journal of Crystal Growth 18 247
Materials Letters 15 275
Ceramics International 13 113
Acs Applied Materials and Interfaces 9 264
Journal of Alloys and Compounds 9 157
Chemical Communications 8 281
Journal of Physical Chemistry C 8 206
Biosensors and Bioelectronics 7 251
Journal of Biomedical Materials Research - Part B 
Applied Biomaterials

7 239

Nature Communications 6 253

Table 3: Top ten contributing authors for SiC based biosensors research.

Author TP TC TC/TP
Li Y 13 319 24.5
Wang L 13 296 22.7
Zhang X 12 358 29.8
Li X 11 274 24.9
Li H 10 124 12.4
Liu X 10 101 10.1
Wang Y 10 141 14.1
Yang Y 10 327 32.7
Chen J 9 388 43.1
Wang H 9 298 33.1

Table 4: Top ten contributing Countries for SiC based biosensor research. 

Country TP TC TC/TP
China 172 3536 20.6
USA 86 3240 37.7
Germany 26 1247 47.9
Japan 25 852 34.1
Australia 22 554 25.2
France 19 454 23.9
India 17 430 25.3
Italy 17 424 24.9
Korea 16 376 23.5
Spain 13 304 23.4
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Science Mapping

Science mapping is an analysis that discloses and provides a 
graphical representation of what knowledge exists and how it is 
interconnected in a domain, in this case, SiC-based biosensors.[48] 
The science mapping of SiC-based biosensors research is carried 
out in VOSviewer using two bibliometric analysis techniques: a 
temporal analysis using word clouds to unpack the major topics 
characterising SiC-based biosensors research across each time 
period; and a network analysis using keyword co-occurrence to 
reveal the major themes underpinning the intellectual structure of 
SiC-based biosensors research over the last 35 years (1987–2022).

Temporal analysis using word clouds for SiC based 
biosensor research

The corpus of SiC-based biosensors research articles was divided 
into four time periods: 1987 to 1994; 1994 to 2001; 2001 to 2015; 
and 2015 to 2022. The word clouds in Figures 2, 3, 4, and 5 depict 
the major topics revealed through temporal analysis in each time 
period.

Silicon carbide research began with its synthesis and processing to 
understand the various properties that it can be used for.[63] Figure 
2 depicts the property of silicon carbide as a hemo-compatible 
material. As a result, between 1987 and 1994, the first years of 
research focused on silicon carbide and its potential in biological 
applications. Because of its blood compatibility, it was used in 
studies involving blood and bones, bringing to light keywords 
such as “blutgerinnung”-blood clotting, “fibrinogen”, “fibroblasts”, 
“clotting proteins”, “blutverträglichkeit”-blood compatibility, and 
“osteoblasts”.[64]

Figure 3 illustrates the continued growth of SiC-based biosensors 
from 1994 to 2001 through the exploration of new areas such 
as its “biocompatible” nature and “low fusing” capability, 
indicating SiC’s chemical inertness. Because of its high hardness, 

“adherence,” and lower “toxicity,” it was used in “stenting” therapy 
(Amon et al., 1996). For example, the use of silicon-carbide 
coated “coronary” “stents” caused low platelet and leukocyte 
“adhesion” during platelet activation.[65] It also aided in the 
reduction of “thrombosis” during stenting treatments.[66] As a 
result, the robust nature began to be heavily utilised during these 
years, providing an initial boost in the advancement of SiC-based 
biosensor research.

Figure 4  demonstrates the accelerating growth of SiC in the 
domain of nanotechnology between 2001 and 2015. SiC 
began to be widely used in “nanotubes,” “nanofabrication,” 
“nanowires,” “nanostructures,” and other applications.[67] Various 
other engineering applications of silicon carbide “nanoparticles” 
and microparticles were investigated during this time period.
[68] In order to maximise the use of SiC, several techniques and 
phenomena, including “photoluminescence,” “chemical vapour 
deposition,” “crystallography,” and many others, were studied 
concurrently. As a result, there has been a significant increase in 
the research of SiC-based biosensors during this time period, as 
also illustrated in Figure 1.

Finally, Figure 5 indicates the continued growth of silicon carbide 
in nanomaterials and nanotechnology. The use of “graphene” 
in conjunction with “silicon carbide” for the production of 
“biosensors”[38] and other applications has given continuous 
rise in the field, owing to the improvement of the “mechanical 
properties” of the obtained structures and better performance 
in their “thermal”, “chemical,” and physical properties. It also 
resulted in the expansion of applications for SiC-based biosensors 
in biomedical devices.[69] As a result, the time period 2015–2022 
has given a boost to the growth of SiC-based biosensor research, 
which trend is expected to continue in the future.

Network analysis

Figure 6 shows a co-occurrence network map generated from 
the publications of the authors. This research work presents and 
visualises a co-authorship bibliometric network using the terms Figure 2: Silicon carbide based biosensors research between 1987 and 1994.

Figure 3: Silicon carbide based biosensors research between 1994 and 2001.
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“citation” and “author.” Accordingly, the minimum number of 
research papers and the citations received for an author were fixed 
at 5 and 39, respectively, in the VOSviewer. Finally, 36 authors out 
of 2496 met the minimum thresholds. A map contains several 
components, including author nodes (circles), co-occurrence 
weight (circle size), networked relationship clustering (colour 
and proximity), and author names (text). The size of the node 
and the density of “links” to other authors indicate the author’s 
importance in the literature. Citations shared by these authors are 
represented by links between them. Co-authorship relationships 

indicate whether an author wrote a paper in collaboration with 
another author in the field. It investigates the interactions of 
researchers in the field. Because co-authorship is a formal way 
for scholars to collaborate intellectually,[70,71] it is critical to 
understand how scholars interact with one another. Analysing 
co-authorship data will aid in identifying groups of people who 
can collaborate closely and further contribute to the field of 
bio-sensors more effectively. The analysis conducted in this study 
identifies Zhang X., Chen J., and Wang L. as highly influential 
authors in the field of SiC-based biosensors. These authors have 
made substantial contributions to the field. The theories and 
concepts proposed by them should be taken into consideration by 
researchers, industries working in this area as well as by beginners 
planning to enter into the field of bio-sensors. Collaborating with 
influential authors like Zhang X., Chen J., and Wang L. can provide 
valuable benefits for researchers seeking to utilize their expertise 
in various aspects of SiC-based biosensors, including material 
characterization, surface functionalization, signal transduction 
mechanisms, novel sensor designs, fabrication techniques, and 
innovative applications.[15,16] Through collaboration with these 
experts, researchers can leverage their knowledge and experience 
to expedite their own research progress and contribute to the 
advancement of SiC biosensors.

Additionally, the collaborations between Chinese authors and 
researchers from other countries have played a significant role in 
the notable growth observed in the field of SiC-based biosensors 
worldwide.[15-17,19,60] This highlights the importance and impact of 
international collaborations in advancing research and promoting 
global advancements in SiC biosensors.

Figure 7 depicts the VOS Viewer scientometric analysis, which 
included countries with a minimum of 5 articles and 50 citations. 
A total of 32 countries out of 64 met the threshold. In this view, 
countries are indicated by a label and by a circle. The more 
significant a country, the larger its label and circle. Each circle’s 
size represents the number of papers written by authors from that 
country. Each link connecting two circles from different countries 
indicates that the organisations in those countries worked 
together on the project. The collaboration patterns identified in 
Figure 7 highlight the relationships between countries based on 
co-authorship networks. Countries like China, the United States, 
and Germany have established strong co-authorship relationships, 
indicating active collaborations and knowledge exchange. 

Chinese authors collaborated with authors from other countries, 
but not as much as authors from the United States, indicating 
that many Chinese authors collaborated within the country. It 
is clear that Asian, North American, and European countries 
contribute the most out of the seven continents. China leads the 
Asian countries with 186 articles published some in collaboration 
with  international researchers. The United States has produced 
approximately 238 articles among North American countries, 
mostly in collaboration with a total of 23 other countries. Finally, 

Figure 4: Silicon carbide based biosensors research between 2001 and 2015.

Figure 5: Silicon carbide based biosensors research between 2015 and 2022.

Figure 6: Co-occurrence network map generated from publications of the 
authors.
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Germany leads the European Union in the production of articles 
based on SiC-based biosensors.

Countries such as Belgium, Malaysia, Turkey, and Romania have 
the fewest collaborations with other countries and thus have 
contributed the least in the research field, with an average of 5 
documents each. 

In the field of SiC-based biosensors, both the United States 
and China are actively engaged in research and development, 
focusing on various aspects of this technology. In the United 
States, researchers are involved in the development of advanced 
SiC materials with improved properties for biosensing 
applications. They explored novel fabrication techniques and 
surface functionalization methods to enhance the performance 
of SiC-based biosensors.[24,26,39,72-74] Additionally, studies 
concentrated on sensor design and fabrication, aiming to 
optimize the structure and electrode configurations to achieve 
enhanced sensitivity, selectivity, and stability.[24,26,39,72-74] Similarly, 
in China, SiC-based biosensor research is thriving. Researchers 
focussed on material synthesis and modification, working on 
tailoring the properties of SiC materials and exploring surface 
modification techniques to enhance biosensor performance.[15-16,75] 
Sensor development and optimization are also key areas of 
research, with efforts directed towards improving fabrication 
techniques, sensor integration, and miniaturization for portable 
or implantable applications.[76,77] Biofunctionalization strategies 
are investigated to immobilize biomolecules effectively on 
SiC surfaces, enabling enhanced biorecognition and analyte 
capture.[76,77] Chinese researchers are also keen on developing 
SiC biosensors for point-of-care applications, with an emphasis 
on creating portable and cost-effective devices. This involves 
exploring novel sensing mechanisms, miniaturization strategies, 
and integration with microfluidic systems.[77]

Ongoing studies in the United States, China, and other countries 
contributed in advancing the understanding and applications of 
SiC-based biosensors. The research efforts in both the United 
States and China underscore the significance of SiC-based 
biosensors in various domains and their potential impact on 
biomedical applications. As a result, the authors of other countries 
must collaborate with China, the United States, Germany, France, 
and others if they plan to expand their growth in the field of 
SiC-based biosensors. These collaborations will definitely result 
in more advancement of SiC-based biosensors research by 
fostering sharing of ideas, expertise, and resources.

In Figure 8, an aggregation of words in the three predominant 
colours of red, green, and blue is shown. The terms presented 
in the figure in red, such as silicon carbide, nanostructured 
materials, nanoparticles, nanotechnology, silicon carbide 
nanowires, and nanofabrication, represent elements that make up 
the layers of data collection and aggregation. The terms “silicon 
carbide” and “nanostructured materials” in red and “biomaterial” 
in green, which are linked to many other terms in the graph, 
bring an understanding that the main theme of the research 
articles addresses silicon carbide, bringing a direct relationship 
with biomaterials and nanostructures.

DISCUSSION

SiC-based biosensors have gained significant attention for their 
exclusive properties and potential biomedical applications. 
Scholars from both developed and developing countries have 
actively explored and optimized the properties and structure 
of silicon carbide for biosensing purposes.[1-30] The increasing 
publication trend in this area indicates a growing interest and the 
potential for further advancements (Figure 1). Future researchers 
can benefit from the expanding body of knowledge, advancements 
in engineering techniques, diverse research focuses, and 
increased support through funding and collaborations. This 
favourable position will enable them to delve deeper into SiC 
materials, uncover new functionalities, and develop innovative 

Figure 7: VOS Viewer scientometric analysis illustrating the network between 
countries.

Figure 8: Keyword network map with minimum no. of occurrences = 20.
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SiC-based biosensor research, with these journals contributing 
82 articles, representing 15% of the total publications.

Secondly, the analysis indicates that most studies focus on the 
fabrication of SiC substrates, films, or nanostructures, rather than 
application-oriented research. Journal statistics reveal that the 
Journal of Crystal Growth has published the highest number of 
articles (18) in this area, with significant impact as evidenced by 
247 total citations. Notably, recent journals such as Nano Letters, 
ACS Nano, and the Journal of the American Ceramic Society 
have also made notable contributions, despite their relatively 
fewer publications (5, 4, and 5, respectively), with citation counts 
of 359, 291, and 233 respectively. The top 10 authors collectively 
contributed 17.1% of the total publications. Geographically, 
research in this field is predominantly concentrated in China, the 
USA, and European countries, with India ranking as the seventh 
leading nation. The study suggests that future researchers should 
seize these gaps as opportunities to explore in vivo applications of 
SiC-based biosensors.

Thirdly, the temporal analysis of science mapping reveals the 
evolution of SiC-based biosensors research, starting with a focus 
on its hardness and robust nature, and progressively branching 
out to encompass areas such as nanostructures, biocompatibility, 
and hemocompatibility. The study suggests that the field of 
SiC-based biosensors will continue to expand in the future, 
with the development of advanced biomedical instruments. This 
information indicates potential research gaps (like scalability and 
cost effectiveness, more in vivo studies, detection of multianalyte, 
etc.) or emerging areas that require further exploration, enabling 
researchers to address these gaps and contribute to the evolving 
research landscape.

Lastly, the network analysis of keyword co-occurrences highlights 
the strong connection between silicon carbide-based biosensors 
and nanostructures. This bibliometric investigation, conducted 
over the past 20 years, provides valuable insights into significant 
publications, leading authors, and emerging sub-branches in 
the field. The study serves as a useful resource for established 
research groups, beginners and individuals with interests in 
SiC biosensors, accelerating research progress and fostering 
collaborations. Furthermore, it paves the way for innovation and 
multidisciplinary approaches by facilitating interactions among 
authors and institutions, leading to the emergence of new ideas.

Overall, this comprehensive review of SiC-based biosensors 
using bibliometric analysis contributes to the existing knowledge 
by offering a distinct perspective. By employing quantitative and 
qualitative analysis methods, the study goes beyond the technical 
content of existing reviews, uncovering global trends, identifying 
gaps and challenges, and recognizing the contributions of 
articles, journals, authors, institutions, and countries. The 
study emphasizes the advantages of SiC-based biosensors and 
encourages researchers to explore their potential applications 

biosensing approaches. Moreover, future researchers may benefit 
from improved fabrication methods, enhanced sensitivity, 
selectivity, stability, and a wider range of biomedical applications 
for SiC-based biosensors.

However, despite the progress made, there are several gaps in the 
existing research that warrant further investigation. Scalability 
and cost-effectiveness are crucial considerations for the 
widespread adoption of SiC biosensors. Exploring cost-effective 
manufacturing techniques, scalable fabrication processes, and 
methods for mass production will make SiC biosensors more 
accessible and affordable for biomedical applications.[26,27] 
Additionally, future research should focus on expanding the 
capabilities of SiC biosensors to enable real-time monitoring and 
multi-analyte detection. Advancements in real-time monitoring 
and the ability to detect multiple analytes simultaneously would 
facilitate comprehensive and dynamic monitoring of biological 
processes and disease conditions. Lastly, the application of SiC 
biosensors in in vivo settings requires additional exploration. 
While most research has been conducting in vitro or ex vivo, 
understanding the challenges associated with implantable 
SiC-based biosensors and their interaction with living tissues 
is crucial for their successful implementation in biomedical 
diagnostics and therapeutics.[26,27]

Addressing these gaps through focused research efforts and by 
establishing more international collaborations will contribute 
to the advancement of SiC-based biosensors and expand their 
potential applications in the field of biomedicine.

CONCLUSION

This study utilizes a systematic literature review approach, 
incorporating bibliometric analysis, to provide valuable insights 
into the performance and scientific landscape of SiC-based 
biosensors. The methodology employed in this research 
exemplifies the application of big data analytics, to identify 
influential articles, top contributing entities (journals, authors, 
institutions, and countries), and the evolving research themes 
and contexts related to silicon carbide-based biosensors. By 
examining 550 articles published between 1991 and 2021, the 
study highlights four key findings and their implications.

Firstly, the analysis reveals a consistent growth in publications 
since 2002, primarily driven by advancements in SiC 
substrate fabrication. Notably, around 70% of the articles were 
published between 2009 and 2020, with the first publication 
on SiC biosensors dating back to 1991. The most cited article, 
titled “Inorganic semiconductor nanostructures and their 
field-emission applications” by Fang X. et al. in 2008, received 
590 citations. The study also presents a list of the top 10 most 
cited publications in the field, which collectively garnered 3054 
citations. Furthermore, it identifies the top 10 journals publishing 
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in in vivo settings. By providing a comprehensive overview, the 
study aims to accelerate research progress, enhance scientific 
productivity, foster collaborations, and promote innovation and 
multidisciplinary.
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