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Abstract. Patent analysis has been recognized as an important task at the 
government and company levels. Patent data contain plentiful technical 
information, which is worthwhile to be used in patent analysis in order to find 
out the technical categories and the technological trend. Due to the complex 
nature of patent data, two data mining methods: IPC-based clustering and link 
analysis, are used to figure out the possible technological trend on thin-film 
solar cell. IPC-based clustering, a proposed clustering method for exploiting the 
professional knowledge of the patent office examiners, will be utilized to 
generate the IPC-based clusters via the IPC and Abstract fields; while the link 
analysis will be adopted to draw a link diagram via the Abstract, Issue Date, 
and Assignee Country fields. During experiment, the major technical categories 
will be identified using IPC-based clustering, and the technological trend will 
be recognized through the link diagram. Finally, the major technical categories 
and technological trend will be provided to the managers and stakeholders for 
assisting their decision making. 
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1 Introduction 

Solar cell (especially thin-film solar cell) is a key technology option to realize the 
shift to a decarbonized energy supply and tends to offer a reduction of prices, rather 
than an increase in the future [1]. In addition, up to 80% of the technological 
information disclosed in patents is never published in any other form [2]. Meanwhile, 
patent analysis has been recognized as an important task at the government and 
company levels. Through appropriate analysis, technological details and relations, 
business trends, novel industrial solutions, or investment policy making can be 
achieved [3]. Due to the textual characters of patent data (in Abstract, Claim, and 
Description fields), a clustering method, IPC-based clustering is proposed to 
manipulate the homogeneity and heterogeneity of patents on the Abstract field so as 
to increase the cohesiveness (similarity) within a cluster and the dispersion 
(dissimilarity) among clusters. In patents, the IPC codes are provided by the 
examiners of patent office and contain the professional knowledge of the examiners 
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[4]. It would be reasonable for a research to base on the term vectors of Abstract and 
the IPC codes to classify the patents into a certain number of clusters for facilitating 
patent analysis. Afterward link analysis is employed to find out the relations between 
year (/country) and cluster. Consequently, the technical categories will be obtained 
and the technological trend of thin-film solar cell will be recognized for assisting the 
decision making of managers and stakeholders. 

2 Related Work 

As this study is attempted to observe the technological trend for companies and 
stakeholders via patent data, a research framework is required and can be built via a 
utilization of IPC-based clustering (a modified clustering method) and an adoption of 
link analysis. In order to manipulate the homogeneity and heterogeneity of patent 
data, IPC-based clustering is proposed for dividing the patents into different clusters. 
Due to the collected data spreading over ten years (2000 to 2009) and in different 
countries, link analysis is employed to generate the linkages between year (/country) 
and clusters. Subsequently, the research framework will be applied to identify the 
technical categories and to recognize the technological trend on thin-film solar cell. 
Therefore, the related areas of this study would be patent analysis and technological 
trend, patent data and thin-film solar cell, IPC-based clustering, and link analysis, 
which will be described briefly in the following subsections. 

2.1 Patent Analysis and Technological Trend 

Patent analysis has been reviewed in the literature [5-8] and can be classified as: 
country level (policy making and international comparison), industry level (science 
and technology, knowledge spillovers, and competitive intelligence), organization 
level (technology licensing, corporate strategy, and business function), and 
technology level (technology development and product management) [8]. This study, 
attempting to explore the technological trend, is in the type of industry level 
(competitive intelligence). 

Trend analysis is the practice of collecting information and attempting to spot a 
pattern, or trend, in the information [9]. Technology forecasting is to predict a moving 
trend of technological change. It also supports mining knowledge for technology 
marketing and reducing risk of R&D investment in company and government [10]. 
Moreover, technological trend investigation is useful for finding promising business 
fields in the future and for detecting the direction of competitive technical 
development, for examples: the trend of market entry, the trend of technological 
evolution, and the maturity of fields (matured, maturing, or undeveloped) [11]. 
Consequently, in order to draw the data mining techniques for observing the 
technological trend via patent data, a research framework will be designed by using 
IPC-based clustering and link analysis to perform the patent analysis on thin-film 
solar cell in this study. 
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2.2 Patent Data and Thin-Film Solar Cell 

A patent document is similar to a general document, but includes rich and varied 
technical information as well as important research results [3]. Patent data, among the 
better structured and monitored data sources, is the official filings of inventions [12]. 
Patent documents can be gathered from a variety of sources, such as the United States 
Patent and Trademark Office [13], the European Patent Office [14], the Intellectual 
Property Office in Taiwan [15], and so on. A patent document includes numerous 
fields [13], such as: Patent Number, Title, Abstract, Issue Date, Application Date, 
Application Type, Assignee Name, Assignee Country, International Classification 
(IPC), Current US References, Claims, Description, etc. 

Photovoltaics (PV) is the technology that generates direct current electrical power 
from semiconductors (or some other materials) when they are illuminated by photons 
[16]. Solar cell is the basic building block of solar photovoltaics and a sort of green 
energy. It can be mainly divided into two categories (according to the light absorbing 
material): crystalline silicon (in a wafer form) and thin films (of other materials) [17]. 
A thin-film solar cell (TFSC), also called a thin-film photovoltaic cell (TFPV), is 
made by depositing one or more thin layers (i.e., thin film) of photovoltaic material on 
a substrate [18]. The most common materials of TFSC are amorphous silicon and 
polycrystalline materials (such as: CdTe, CIS, and CIGS) [17]. In 2009, the 
photovoltaic industry production increased by more than 50% (yearly growth rates in 
average over the last decade: 40%) and reached a world-wide production volume of 
11.5 GWp of photovoltaic modules, whereas the thin film segment grew faster than 
the overall PV market [1]. Therefore, thin film is the most potential segment with the 
highest production growth rate in the solar cell industry, and it would be appropriate 
for academic and practical researchers to contribute efforts to explore the 
technological trend of this segment. 

2.3 IPC-Based Clustering 

An IPC (International Patent Classification) is a classification derived from the 
International Patent Classification System (supported by WIPO) which provides a 
hierarchical system of symbols for the classification of patents according to the 
different areas of technology to which they pertain [19]. IPC classifies technological 
fields into five hierarchical levels: section, class, subclass, main group and sub-group, 
containing about 70,000 categories [20]. As stated by the Intellectual Property Office 
of UK [4], each patent document published will have at least one IPC code applied to 
it; and the EPO and other patent offices worldwide also use it to classify their own 
patent documents. The IPC codes of every patent are assigned by the examiners of the 
national patent office and contain the professional knowledge of the experienced 
examiners [21]. Therefore, it would be reasonable for a research to base on the IPC 
code and the term vectors of Abstract to cluster the patents into a number of 
categories. The IPC codes have been applied for assisting patent retrieval in some 
researches [21, 22]. 
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As IPC codes of patent are provided by the examiners and contain professional 
knowledge, they are suitable to be exploited to direct the clustering process. So, a 
modified clustering method, IPC-based clustering, is proposed to include the IPC 
codes to enrich the clustering mechanism in this study. The idea of this method is also 
based on the author’s previous studies [23, 24]. However, some differences between 
this study and the previous ones are: the IPC-based clustering method was modified 
and rewritten in more detail and more precisely; the research framework was 
reconstructed to be more appropriate for guiding the experiment; and the paper was 
reorganized so as to state the problem domain, the related work, the problem solving 
approach, and the experiment and explanation more clearly and completely. 

The processes of the IPC-based clustering are IPC Group Centroid Generation, 
IPC-based Cluster Generation, Clustering Alternative Generation, and Optimal 
Alternative Selection, which are explained as follows: 

(1) IPC Group Centroid Generation: The patents with the same IPC code will be 
put together to form an IPC code group (Gi), if a patent which has more than one IPC 
code will be assigned to multiple groups. Patents in the same IPC code group will 
then be applied to calculate a group centroid (called IPC group centroid) ci using the 
term vector of the Abstract field (i.e., xij) via Equation (1) where Gi is the ith group. 
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(2) IPC-Based Cluster Generation: According to the IPC group centroids and term 
vectors, the whole dataset of patents will be distributed into a certain number of 
clusters via the Euclidean distance measure as in Equation (2) [25] where xij is a term 
vector of patent in Gi. 

( ) ( )2 , iijiij cxcxd −=      (2) 

A patent will be assigned to a specific IPC code cluster according to the shortest 
distance d(xij, ci) existing between that patent and the IPC code centroid ci. The 
patents distributed to a code group form an IPC-based cluster. 

(3) Clustering Alternative Generation: The first clustering alternative is made 
initially by including its composing IPC-based clusters of 4 clusters. The following 
alternatives are then made successively by 5 clusters up to a certain number (e.g., 31 
in this study), which is determined based on the research requirements and the domain 
knowledge. Furthermore, for enhancing the accuracy of clustering, an adjusted 
method is suggested which retains the larger clusters (with more patents) from a 
potential alternative by setting the threshold of the number of comprising patents to a 
suitable value (e.g., 6 in this study) and then repeat the “IPC-based Cluster 
Generation” again to obtain an adjusted alternative. Subsequently, the original and 
adjusted alternatives will be used to form the overall clustering alternatives. 

(4) Optimal Alternative Selection: Among the clustering alternatives, F score (in 
Equation (3)) is employed to evaluate the accuracy of the clustering results, where the 
Precision and Recall are in Equation (4) and (5) [26]. 
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An original or adjusted alternative with the higher F score will be selected as an 
optimal alternative of the clustering result. 

2.4 Link Analysis 

Link analysis is a collection of techniques that operate on data that can be represented 
as nodes and links [27]. A node represents an entity such as a person, a document, or 
a bank account. A link represents a relationship between two entities such as a 
parent/child relationship between two people, a reference relationship between two 
documents, or a transaction between two bank accounts. The focus of link analysis is 
to analyze the relationships between entities. The areas related to link analysis are: 
social network analysis, search engines, viral marketing, law enforcement, and fraud 
detection [27]. In search engines, the page rank of page A, PR(A), can be calculated as 
in Equation (6), where Tj is a page pointing to A; C(Tj) is the number of going out 
links from page T; and d is a minimum value assigned to any page [28, 29]. In social 
network analysis, the degree centrality of a node can be measured as in Equation (7), 
where a(Pi, Pk) = 1 if and only if Pi and Pk are connected by a link (0 otherwise) and n 
is the number of all nodes [30]. Additionally, in data mining, the relationship strength 
(i.e., the similarity between nodes) can be measured by Jaccard coefficient as in 
Equation (8), where ri is the ith record of a data set [31, 32]. 
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In this study, link analysis will be employed to generate the linkages between the 
year (/country) and the IPC-based cluster for the technological trend observation. 

3 A Research Framework for Technological Trend Observation 

A research framework for the technological trend observation, based on IPC-based 
clustering and link analysis, has been constructed as shown in Fig. 1. It consists of  
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Fig. 1. A research framework for the technological trend observation 

five phases: data preparation, IPC-based clustering (I), IPC-based clustering (II), link 
analysis, and new findings; and will be described in the following subsections. 

3.1 Data Preprocessing 

In first phase, the patent data of thin-film solar cell (during a certain period of time) 
will be downloaded from the USPTO [13]. For considering an essential part to 
represent a patent document, the Abstract, Issue Date, and Assignee Country fields 
are selected as the objects for this study. Afterward, two processes, POS tagging and 
data cleaning, will be executed to clean up the textual data of the abstract field. 

(1) POS Tagging: An English POS tagger (i.e., a Part-Of-Speech tagger for English) 
from the Stanford Natural Language Processing Group [33] will be employed to 
perform word segmenting and labeling on the patents (i.e., the abstract field). Then, a 
list of proper morphological features of words needs to be decided for sifting out the 
initial words. 

(2) Data Cleaning: Upon these initial words, files of n-grams, synonyms, and stop 
words will be built so as to combine relevant words into compound terms, to 
aggregate synonymous words, and to eliminate less meaningful words. Consequently, 
the meaningful terms will be obtained from this process. 

3.2 IPC-Based Clustering (I) 

Second phase is intended to describe the first two steps of the IPC-based clustering as 
stated in Subsection 2.3. The IPC code group generation is used to generate the IPC 
code groups according to the IPC field of patent data. The centroid of IPC code group 
generation is utilized to calculate the centroids of IPC code groups based on the 
patents in every group. 

(1) IPC code group generation: A patent is distributed to an IPC code group if the 
patent contains that specific IPC code. Since a patent holds at least one to several IPC 
codes, a patent will be distributed to one or to several IPC code groups. For example, 
Patent 07605328 contains H01L031/00, B05D005/12, and H01L02/00 codes; and will 
be distributed to these three IPC code groups. 

(2) Centroid of IPC code group generation: The comprising patents of an IPC code 
group are used to calculate the centroids for that IPC code group according to 
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Equation (1). For example, 48 patents of the first IPC code group (G1) will be used to 
calculate its centroid (c1). 

3.3 IPC-Based Clustering (II) 

Third phase is utilized to depict the other two steps of the IPC-based clustering. 
Producing the alternative of IPC-based clusters is applied to produce successively a 
series of clustering alternatives, each one consisting of a certain number of clusters. 
Selecting an optimal clustering alternative is to select an optimal alternative based on 
the F score measure for generating the technical categories. 

(1) Producing the Alternative of IPC-Based Clusters: A clustering alternative is 
made by including its composing IPC-based clusters (e.g., 4 clusters in the first 
alternative; and 5 to 31 clusters in the following alternatives). An adjusted alternative 
is obtained by retaining the larger clusters (with more patents) from a potential 
alternative via setting the threshold of the number of comprising patents to a suitable 
value (e.g., 6 in this study) and then redistributing the patents again to the retained 
clusters. Both the original and adjusted alternatives form the clustering alternatives 

(2) Selecting an Optimal Clustering Alternative: Among the clustering alternatives, 
F score (in Equation (3)) is employed to evaluate the accuracy of the clustering 
results. An original or adjusted alternative with the higher F score will be selected as 
the appropriate clustering result. In the selected alternative, every IPC-based cluster is 
regarded as a technical category and will be utilized for further analysis in the next 
phase. 

3.4 Link Analysis 

Third phase is designed to perform the link analysis for producing the relationship 
strengths and the link diagram so as to obtain the relations between years (/countries) 
and technical categories. 

(1) Relationship Strength Calculation: In order to generate the summary table and 
link diagram, the relationship strength between nodes and the centrality of nodes (i.e., 
technical categories, years, and countries) need to be calculated via Equation (5) and 
Equation (4) respectively. The calculation result of relationship strength will be 
summarized in tables, so as to facilitate the identification of the linkages between year 
(/countries) and technical categories. 

(2) Link Diagram Generation: Based on the summary tables and the node centrality, 
a link diagram will be drawn, so that the relations between year (/countries) and 
technical categories can be constructed through the threshold settings of relationship 
strength and node centrality. These relations will be utilized to identify the relation 
types between the year (/countries) and technical categories and then to explore the 
technological trend in the following phase. 
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3.5 New Findings 

Last phase is intended to identify the relation types between technical categories and 
years (/countries) and to recognize the technological trend, based on the relationship 
strengths and the link diagram. 

(1) Relation Type Identification: According to the relationship strengths and the link 
diagram, the relation types between the technical categories and years (/countries) 
will be identified. For the relations between categories and years, four relation types 
are likely found: a category existing in the full period of time (i.e., not less than 5) 
(type A1), existing in the first half (type A2), existing in the second half (type A3), 
and existing randomly in the period of time (type A4). For the relations between the 
categories and countries, three relation types are likely found: a category spreading in 
various countries (i.e., not less than 5) (type B1), spreading in the dominant countries 
(i.e., JP with 70 patents and US with 52 patents) (type B2), and spreading in the non-
dominant countries (type B3). 

(2) Technological Trend Recognition: In accordance with the relation types of 
technical category, the technological trend of thin-film solar cell will be recognized 
and then provided to the managers and stakeholders for assisting their decision 
making. 

4 Experimental Results and Explanation 

The experiment has been implemented according to the research framework. The 
experimental results will be explained in the following five subsections: result of data 
preprocessing, result of IPC code group and IPC group centroid, result of clustering 
alternatives and IPC-based clusters, result of link analysis, and result of new findings. 

4.1 Result of Data Preprocessing 

As the aim of this study is to explore the trends of thin-film solar cell, the patent 
documents are the target data for the experiment. Mainly, the Abstract, IPC, Issue 
Date, and Country fields were used in this study. The issued patents (160 records) 
during year 2000 to 2009 were collected from USPTO (USPTO, 2010), using key 
words: “‘thin film’ and (‘solar cell’ or ‘solar cells’ or ‘photovoltaic cell’ or 
‘photovoltaic cells’ or ‘PV cell’ or ‘PV cells’)” on “title field or abstract field”. 
Afterward, the POS tagger was triggered and the data cleaning process was executed 
to do the data preprocessing upon the Abstract data. Consequently, the Abstract data 
during year 2000 to 2009 were cleaned up and the meaningful terms were obtained. 

4.2 Result of IPC Code Group and IPC Group Centroid 

According to the IPC field, the number of IPC code groups (down to the fifth level) in 
160 patents were 190, as many patents contained more than one IPC code, for 
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example, Patent 06420643 even contained 14 codes. But there were up to 115 groups 
consisting of only one patent. If the threshold of the number of comprising patents 
was set to 5, there were 31 leading groups including the first group H01L031/18 
(consisting of 48 patents), the second group H01L021/02 (27 patents), and till to the 
31st group H01L031/0236 (5 patents), as in Fig. 2. 

 

Fig. 2. The number of patents in IPC code groups 

The patents contained in each IPC code group were used to generate the IPC group 
centroid for that group via Equation (1). These IPC group centroids would be utilized 
to produce the IPC-based clusters afterward. 

4.3 Result of Clustering Alternatives and IPC-Based Clusters 

The clustering alternatives contained the ones from including 4 leading clusters, to 5 
leading clusters, …, till 31 leading clusters. The first alternative was constructed by 
distributing patents of the whole dataset into the 4 leading clusters (i.e., H01L031/18,  

 
Table 1. A summary of clustering alternatives with their including clusters and accuracies 

Alternative
Num. of 
clusters 

Num. of patents in the IPC-based cluster Accuracy 

1 4 118, 11, 19, 12 0.4514 
2 5 93, 11, 15, 10, 31 0.5109 
3 6 87, 11, 15, 10, 29, 8 0.5213 
4 7 84, 5, 15, 8, 29, 8, 11 0.5140 
5 8 77, 5, 12, 8, 26, 8, 11, 13 0.5055 
6 9 77, 5, 12, 1, 26, 8, 11, 13, 7 0.5052 
7 10 73, 5, 12, 1, 24, 8, 11, 10, 7, 9 0.4988 
8 15 55, 2, 2, 1, 24, 8, 0, 7, 10, 9, 10, 0, 10, 10, 12 0.5466 
9 20 48, 2, 2, 0, 16, 8, 0, 5, 8, 5, 9, 0, 10, 10, 11, 8, 1, 6, 8, 3 0.5251 

10 25 
47, 2, 2, 0, 16, 7, 0, 5, 6, 5, 5, 0, 5, 10, 1, 8, 0, 6, 7, 3, 10, 
2, 2, 5, 6 

0.4992 

11 31 
42, 2, 0, 0, 16, 7, 0, 2, 6, 5, 5, 0, 4, 7, 1, 8, 0, 3, 6, 3, 10, 
2, 0, 0, 6, 5, 4, 5, 5, 2, 4 

0.5192 

    
adjusted 9 70, 23, 15, 12, 10, 10, 7, 7, 6 0.5617 
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H01L021/02, H01L031/06, and H01L031/036) via Equation (2), using the IPC group 
centroids of 4 clusters and the term vectors of Abstract data. The number of patents 
distributed into 4 clusters was: 118 in H01L031/18, 11 in H01L021/02, 19 in 
H01L031/06, and 12 in H01L031/036. The accuracy (i.e., average F score) of this 
alternative was 0.4514. Each IPC group with its distributed patents was regarded as an 
IPC-based cluster. The other alternatives (from including 5 to 31 clusters) were then 
constructed successively. Some of the clustering alternatives with their including  
IPC-based clusters and accuracies were calculated and summarized as in Table 1. 

According to Table 1, the accuracies of most alternatives varied from 0.50 to 0.53. 
The adjusted method was applied to pinpoint the leading clusters from the potential 
alternative 11 (with 31 clusters) by setting the threshold of the number of comprising 
patents to 6, so as to increase the accuracy of clustering to 0.5617. After the IPC-
based Cluster Generation, the adjusted alternative, including 9 IPC-based clusters: 
H01L031/18, H01L031/00, H01L021/00, H01L021/20, H01L031/052, H01L031/048, 
H01L031/04, H01L031/0336, and H01L031/20, was the appropriate alternative as 
shown in Table 2 (with the containing patents and IPC code description). These nine 
IPC-based clusters were regarded as the major technical categories and used in the 
following link analysis. 

Table 2. The appropriate alternative with including IPC-based clusters and IPC code description 

IPC-based 
cluster 

Num. of 
patents 

IPC code description 

H01L031/18 70 
Processes or apparatus specially adapted for the manufacture or 
treatment of these devices or of parts thereof 

H01L031/00 23 

Semiconductor devices sensitive to infra-red radiation, light, 
electromagnetic radiation of shorter wavelength, or corpuscular 
radiation and specially adapted either for the conversion of the energy 
of such radiation into electrical energy or for the control of electrical 
energy by such radiation; Processes or apparatus specially adapted for 
the manufacture or treatment thereof or of parts thereof; Details thereof 

H01L031/048 15 encapsulated or with housing 
H01L031/052 12 with cooling, light-reflecting or light-concentrating means 

H01L021/20 10 
Deposition of semiconductor materials on a substrate, e.g. epitaxial 
growth 

H01L031/0336 10 
in different semiconductor regions, e.g. Cu2X/CdX hetero-junctions, X 
being an element of the sixth group of the Periodic System 

H01L021/00 7 
Processes or apparatus specially adapted for the manufacture or 
treatment of semiconductor or solid state devices or of parts thereof 

H01L031/04 7 adapted as conversion devices 

H01L031/20 6 
such devices or parts thereof comprising amorphous semiconductor 
material 

4.4 Result of Link Analysis 

Using link analysis, the relationship strengths between the major technical categories 
and years (/countries) were calculated and summarized in Table 3 and 4, where the 
items in italic face were the ones not less than the threshold setting: 0.05. 
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Table 3. The relationship strengths between major technical categories and years 

Category 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
H01L031/18 0.0588 0.1325 0.0824 0.1646 0.0741 0.0274 0.0921 0.1579 0.0411 0.0506

H01L031/00 0.0238 0.0444 0.0976 0.0465 0.0526 0 0.0286 0.1081 0.0741 0.1613

H01L031/048 0.0606 0.1143 0.1563 0.0278 0.0667 0 0.0370 0 0 0 

H01L031/052 0 0.1250 0.0968 0.0625 0.0357 0 0.0417 0.0345 0 0 

H01L021/20 0.1538 0.0303 0.0323 0.0667 0.0385 0.0714 0 0 0 0 

H01L031/0336 0.2000 0 0.0667 0 0.0385 0.0714 0 0 0 0.0455

H01L021/00 0 0 0 0 0.0435 0.0909 0.0526 0.0417 0.0833 0.1111

H01L031/04 0.0385 0 0 0.0357 0.1429 0 0.0526 0 0 0.0526

H01L031/20 0.0833 0.0714 0 0.0370 0 0 0.0556 0 0 0 

Table 4. The relationship strengths between major technical categories and countries 

Category JP US DE NL FR KR AU CA BE IT CH TH FI TW 
H01L031/18 0.2500 0.2323 0.1467 0.0411 0.0139 0 0 0.0286 0.0141 0 0 0.0143 0 0 

H01L031/00 0.0690 0.2500 0.0263 0 0 0 0 0 0 0 0.0435 0 0 0 

H01L031/048 0.1333 0.0308 0 0.0500 0.0588 0 0 0 0 0 0 0 0.0667 0 

H01L031/052 0.0513 0.0492 0.0769 0 0 0 0.1667 0 0.0769 0 0 0 0 0 

H01L021/20 0.1111 0.0333 0 0 0 0 0 0 0 0 0 0 0 0 

H01L031/0336 0.0667 0.0333 0.0400 0.0667 0.0833 0 0 0 0 0 0 0 0 0 

H01L021/00 0.0132 0.0727 0 0 0 0.1250 0 0 0 0.1429 0 0 0 0 

H01L031/04 0.0694 0 0 0 0 0.1250 0 0 0 0 0 0 0 0.1429 

H01L031/20 0.0411 0.0175 0.0476 0.0909 0 0 0 0 0 0 0 0 0 0 

 

Fig. 3. A link diagram for 9 major technical categories (H01L031/18 to H01L031/20) 

Based on Table 3 and 4, a link diagram for 9 major technical categories was drawn 
via the relationship strengths (not less than the threshold 0.05) between the categories 
and the years (/countries) and the centralities of the year and country nodes in order to 
demonstrate the relations between the categories and the years (/countries), which was 
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shown in Fig. 3. In the diagram, the digits under the year and country nodes were the 
centralities (e.g., year 2000: 0.37; JP: 0.39); the digits on the link lines were the 
relationship strengths (e.g., between H01L031/18 and 2000: 0.05; between 
H01L031/18 and JP: 0.25). 

4.5 Result of New Findings 

The link diagram (i.e., Fig. 3) would be utilized to identify the relation types. 
Afterward, relation types would be applied to explore the technological trend. 

(1) Relation Type Identification: According to the link diagram (Fig. 3) and the 
summarized table (Table 3), the relation type A1 (between technical categories and 
years) were: H01L031/18 and H01L031/00. The relation type A2 were: 
H01L031/048, H01L031/052, H01L021/20, and H01L031/0336. The relation type A3 
were: H01L021/00 and H01L031/04. The relation type A4 was: H01L031/20. In 
addition, according to the link diagram (Fig. 3) and the summarized table (Table 4), 
the relation type B1 (between technical categories and countries) were: H01L031/18, 
H01L031/048, H01L031/052, and H01L031/0336. The relation type B2 were: 
H01L031/00, H01L021/20, and H01L031/20. The relation type B3 were: 
H01L021/00 and H01L031/04. Subsequently, the relation types between major 
technical categories and years as well as between major technical categories and 
countries were summarized below in Table 5 and then used to recognize the 
technological trend. 

Table 5. A summary of major technical categories and relation types 

Category Focused year Type Related country Type 

H01L031/18 

2000, 2001, 2002, 2003, 2004, 
2006, 2007, 2009 

A1 
JP, US, DE, NL, FR,CA, 
BE, TH 

B1 

H01L031/00 2002, 2004, 2007, 2008, 2009 A1 JP, US, DE, CH B2 
H01L031/048 2000, 2001, 2002, 2004 A2 JP, US, NL, FR, FI B1 
H01L031/052 2001, 2002, 2003 A2 JP, US, DE, AU, BE B1 
H01L021/20 2000, 2003, 2005 A2 JP, US B2 
H01L031/0336 2000, 2002, 2005 A2 JP, US, DE, NL, FR B1 
H01L021/00 2005, 2006, 2008, 2009 A3 JP, US, KR, IT B3 
H01L031/04 2004, 2006, 2009 A3 JP, KR, TW B3 
H01L031/20 2000, 2001, 2006 A4 JP, US, DE, NL B2 

(2) Technological Trend Observation: According to the link diagram (Fig. 3) and 
the above summarized table (Table 5), the technological trend of thin-film solar cell 
could be observed. As then major technical categories were: H01L031/18, 
H01L031/00, H01L021/00, H01L021/20, H01L031/052, H01L031/048, H01L031/04, 
H01L031/0336, and H01L031/20, the technological trend of each technical category 
would be observed and described as follows. 

(a) H01L031/18 category: Referring to Table 5, this technical category was 
continuously developing in the full period of time from 2000 to 2009 (relation type 
A1) and widely spreading in eight countries (relation type B1). It seemed to be an 
essential category of the industry, as it is related to the “manufacturing processes or 
devices”. 
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(b) H01L031/00 category: From the above Table 5, this category existed in the 
whole period of time from 2002 to 2009 (type A1) and spread in the dominant 
countries (type B2). It seemed that the category was growing constantly and 
participated by the technologically advanced countries. It is related to “semiconductor 
devices sensitive to infra-red radiation” and “the conversion of the energy”. 

(c) H01L031/048 category: According to Table 5, this category existed in the first 
half of the period of time (type A2) and spread in the various countries (type B1). It 
was likely that the category had been active during 2000 to 2004 and was out of the 
technical mainstream afterward. It was emphasized by several countries. It is about 
the “encapsulated or with housing”. 

(d) H01L031/052 category: Referring to Table 5, this category existed in the first 
half of the period of time (type A2) and spread in the various countries (type B1). It 
seemed that the category had been popular during 2001 to 2003 and declined 
gradually. It is relating to the “cooling, light-reflecting or light-concentrating means”. 

(e) H01L021/20 category: From the above Table 5, this category existed in the first 
half of the period of time (type A2) and spread in the dominant countries (type B2). It 
was likely that the category had been common during 2000 to 2005 and became 
minor afterward. It was focused mainly by the dominant countries JP (Japan) and US 
(United States). It is regarding the “deposition of semiconductor materials on a 
substrate”. 

(f) H01L031/0336 category: According to Table 5, this category existed in the first 
half of the period of time (type A2) and spread in the various countries (type B1). It 
was plausible that the category had been active during 2000 to 2005 and became 
unimportant eventually. It was stressed by several countries. It is concerning the 
“different semiconductor regions, e.g. Cu2X/CdX hetero-junctions”. 

(g) H01L021/00 category: Referring to Table 5, this category existed in the second 
half of the period of time (type A3) and spread in the non-dominant countries (type 
B3). It seemed that the category became popular lately from 2005 to 2009 and was 
contributed by the non-dominant countries as KR (Korea) and IT (Italy). It is relating 
to the manufacturing processes or devices of semiconductor. 

(h) H01L031/04 category: From the above Table 5, this category existed in the 
second half of the period of time (type A3) and spread in the non-dominant countries 
(type B3). It was likely that the category gained emphasis slowly from 2004 to 2009 
and was participated by the non-dominant countries like KR (Korea) and TW 
(Taiwan). It is concerning the “adapted as conversion devices”. 

(i) H01L031/20 category: According to Table 5, this category existed randomly in 
the period of time (type A4) and spread in the dominant countries (type B2). It 
seemed that the category was not in the technical mainstream and supported randomly 
the dominant countries as JP, US, DE (Germany) and NL (Netherlands). It is 
regarding the “devices comprising amorphous semiconductor material”. 

In addition, the significant H01L031/18 category possesses 70 patents (about 
44%), which reflects that a big portion of patents put efforts in the manufacturing 
process and device aspects. The dominant countries JP and US possess 70 and 52 
patents (about 44% and 32%) respectively, which shows that these two countries held 
the powerful innovative ability and resources in this industry and can affect the 
technological trend strongly. 
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5 Conclusions 

The research framework (based on IPC-based clustering and link analysis) for 
observing the technological trend on thin-film solar cell has been formed. The 
experiment was performed and the experimental results were obtained. The major 
technical categories were: H01L031/18, H01L031/00, H01L021/00, H01L021/20, 
H01L031/052, H01L031/048, H01L031/04, H01L031/0336, and H01L031/20. The 
technological trend was as follows. The specific categories which existed in the full 
period of time and developed continuously were: H01L031/18 and H01L031/00 
categories. The specific categories which existed in the first half of the period of time 
and became active earlier were: H01L021/00, H01L021/20, H01L031/052, and 
H01L031/048 categories. The specific categories which existed in the second half of 
the period of time and became common lately were: H01L031/04 and H01L031/0336 
categories. The dominant countries which possessed the powerful innovative ability 
and resources in the thin-film solar cell industry were Japan and United States. The 
above experimental results and findings would be helpful to the managers and 
stakeholders for their decision making on R&D aspects. 

In the future work, the other aspects of company information (e.g., the public 
announcement, open product information, and financial reports) can be included so as 
to enhance the validity of research result. Additionally, the patent database can be 
expanded from USPTO to WIPO or TIPO in order to perform the technological trend 
observation on thin-film solar cell widely. 
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