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Abstract. Nowadays, the term terahertz indicates the electromagnetic spectral range 

between infrared light and microwaves and replaces the former synonyms far-

infrared and sub-millimeter waves. Nevertheless, the term terahertz also introduces 

a new era in system technology for generating and detecting of terahertz radiation 

and therefore for its usage and novel applications.  

 Many dielectric materials like plastics, ceramics or paper are transparent for 

electromagnetic radiation in the terahertz region allowing a non-destructive (NDT) 

and contact-free testing – without ionizing effect. A lot of potential applications are 

already presented and discussed by the scientific and engineering community, for 

instance the usage in NDT, analytics or process monitoring. 

 In this article we present the results of a survey among worldwide terahertz 

suppliers with special focus on the European region and the use of terahertz systems 

in the field of measurement and analytical applications [1]. This reveals the current 

state of the commercial and geographical availability of terahertz systems as well as 

their costs and corresponding prevailing cost structure, target markets and technical 

performance. In addition to the well-known technical opportunities, a historical 

examination of web usage as well as the number of publications and patent 

applications with their annual growth rates confirms ongoing interest in this 

technique. A shift from the scientific to more application-oriented research is clearly 

observed. 

 The predication regarding prospective market development, decreasing system 

costs and higher availability shows a convenient situation for potential users and 

interested customers. Reasons are primarily the increased competition and larger 

quantities in the future. 

  

 

Introduction  

Previously, the terms far infrared (FIR) or sub millimeter waves (sub-mm) were often used 

as a synonym of terahertz [2]. Terahertz technology experienced a considerable progress in 

science during the past decades [3-5]. Also many industrial applications have emerged and 

are coming more and more into focus [6-10]. Different surveys have already tried to predict 

future markets and potential applications for terahertz technology [11-14]. However, most 

of them had a strong focus on the scientific community requirements and terahertz system 

developers. Moreover, currently existing or future competing measurement techniques are 

mostly omitted. 
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In this article we give a review about the development of previous activities as well 

as the state of the art in terahertz technology regarding the commercial availability for 

measurement tasks including the fields of non-destructive testing (NDT), analysis and 

process monitoring. Particularly, detailed information will be presented for the market in 

the DACH region (Germany (D), Austria (A) and Switzerland (CH)). The main focus was 

put on economic and market aspects, scientific and engineering possibilities as well as 

potential applications in different industries are already discussed and well known. 

To date, there is no commonly accepted standard definition describing the terahertz 

frequency range within the electromagnetic spectrum [4, 15]. Here, terahertz systems in the 

range from 0.05 THz to 35 THz, at least covering from 0.1 THz to 4 THz, and terahertz 

systems which feature coherent detection are included. Furthermore, only active emitting 

and receiving systems are considered. Passive systems using e. g. natural terahertz radiation 

are excluded. Systems with gas lasers or quantum cascade lasers as well as synchrotron 

radiation are also omitted due to their comparatively low practical relevance. Hence, this 

survey considers active all-electronic systems as well as optical pulsed time-domain (TDS) 

and continuous wave (CW) terahertz systems based on microwave electronic, 

photoconductive antennas or electro-optical sampling. Commercial availability is one of the 

crucial points for end customers. Only suppliers with corporate organizations are 

considered. Universities or research institutes, which are also offering terahertz systems, as 

well as systems designed for communication purposes are also excluded here. 

Methodology 

Data acquisition and information retrieval were carried out either by personal or telephone 

interviews as well as written requests. This information has been supplemented with public 

accessible sources like product information, data sheets, scientific papers, patents, literature 

and different webpages. Further data are based on personal experience, assessment and 

participation in several terahertz committees. The majority of data were provided 

confidentially and are made anonymous. The information about companies are from the last 

quarter in 2013; patent and publication data are from April 2014; all internet data are from 

August 2014. Unfortunately, there are no guidelines and standards for the measurement of 

characteristic technical values, such as signal-to-noise ratio or bandwidth [16]. These were 

taken from the suppliers without experimental examination and may result from different 

measurement setups or methods. A complete comparability cannot be guaranteed. 

Prior development 

Internet inquiry 

Nowadays, internet usage rates are an excellent predictor for the relevance of topics. The 

term terahertz is ambiguous and frequently used in various contexts. Nevertheless, an 

examination of search engines' query statistics is an appropriate way to determine the 

development of interest in a technology. Google® is the world's market leader providing 

excellent supplementary data sets with public access. Google Trends provides query rates 

for individual search strings which can be chronological analysed to find the percentage of 

Google web search queries with respect to the search frequency and compared to the total 

number of Google searches for specified terms [17]. Results of Google Trends are 

normalized and repeated queries by a particular user over a brief time interval are 

eliminated.  
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Figure 1 a) shows the absolute query rate for the term terahertz as green dashed 

line. The values are normalized to the year 2004. The commonly used abbreviation THz 

was excluded because of its meaning as a unit in science and technology.  

 

 
Figure 1: (a) Index for relative and absolute web search queries of the term terahertz from 2004 to 2014 and  

(b) its geographical distribution. 

The absolute query rate has decreased by approximately 60 % over the last ten years. 

However, considering the fact that the entire query rate has increased by 70 % during the 

same period (blue dotted line), the normalized relative query rate remained nearly constant 

within the past eight years at about 70 % (black solid line). The two most search queries 

combining the term terahertz are terahertz imaging and terahertz spectroscopy. Both bear a 

close relationship to measurement applications.  

Figure 1 b) illustrates the geographical distribution of the internet query index. 

Three centres of the interest can be identified: North America, Central Europe and Asia. 

These areas are also associated with leading research activities in terahertz technology. 

Table 1 lists the region for the five first ranks for the query index. This data indicate a trend 

for general and regional interest in terahertz technology even though it is only relative and 

normalized and even if the penetration rate of Google's search engine differs worldwide.  

 
Table 1: Top five regional ranks for the query index of terahertz from Google Trends 

Country South Korea China India Germany USA 

Query Index 100 43 24 24 21 

 

Publications 

Another, widely-used indicator for the relevance of a technology is the number of scientific 

publications. For terahertz technology, this has already done several times before [18, 19]. 

Here, scientific publications were analysed using Scopus, one of the world's citation 

database of peer-reviewed literature [20]. Achieving precise results it was only searched for 

in the article’s title, keywords and abstracts of reviews or conference proceedings in the 
subject area of physical science. Note, the absolute number of articles has to be reviewed 

critically due to ambiguity, but the trend is recognizable. The old terms far infrared and sub 

millimeter waves as well as their abbreviations, different notations and combinations were 

also considered to include older publications as well.  

Figure 2 a) shows the number of publications for terahertz since 1960 as green dots. 

It can be clearly seen that the number of terahertz publications increased significantly from 

1990, shortly after development of photoconductive antenna for generating terahertz 
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radiation with ultrashort laser pulses [21]. However, the diagram also shows the activities 

under the earlier synonyms far infrared and sub millimeter waves, depicted as blue dots. 

Here the number of publications stagnated in the nineties. The blue line is just a guide for 

the eyes. The number of publications for terahertz can be described by an exponential 

growth: 

 

 �岫�岻 =  �0 ∙ ��岫�−�0岻        (1) 

 

whereas x(t) is the quantity at the time t. An exponential fit between 1960 and 2012 yields 

respectively a 9.2 % annual growth rate (R² = 0.99) for the entire (black line) and 15.8 % 

(R² = 0.98) for terahertz publications (green line). Publication numbers for the years 2013 

and 2014 are omitted because they are not yet the final ones. 

 

 
Figure 2: (a) Number of publications between 1960 and 2013 with the topics terahertz or far infrared and sub 

millimeter waves. (b) Number of publications in scientific (topics: chemistry, physics, materials science) and 

engineering journals (topics: engineering, chemical engineering) to the total number.  

The ratio between publication in scientific and engineering journals to the total number is 

plotted in Figure 2 b). Up to 1980, the research focused on fundamental work as evidenced 

by the large number of articles in scientific journals. After that, more applications-oriented 

engineering publications remain. The five countries with the most publications are USA, 

China, Germany, Japan and United Kingdom. Table 2 gives an overview of the explicit 

publication rates separated by articles with the term terahertz and all related synonyms.  

 
Table 2: Publication rates in term of terahertz or corresponding articles up to date for different countries 

 USA China Germany Japan UK Rest of 

World 

terahertz 27.9 % 13.3 % 13.4 % 14.8 % 8.3 % 22.3 % 

all terms 29.0 % 11.2 % 10.9 % 10.8 % 7.8 % 30.3 % 

 

Patent applications 

Generally, a significant amount of technical knowledge is available only in patent literature 

[22]. The number of patent applications can be used in technology trend analysis as an 

indicator of industrial and commercial realization in contrast to the analysis of scientific 

publications, which predominately indicates purely academic interest. 
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The patent analysis was done using DEPATIS from the German Patent and Trade 

Mark Office, one of the worldwide largest databases for open-access search on patent 

publications [23]. Again, search topics were also the terms terahertz and its older synonyms 

including various notations or abbreviations. Figure 3 shows the number of patent 

applications in their full text since 1990 with a significantly increase from 2000. Only a few 

patent applications are registered before 1990. The data ends in 2011, because a new patent 

application needs up to three years before publication. Up to now, about 400 and 200 patent 

applications were registered in 2012 and 2013, respectively. A fit according to equation (1) 

reveals an annual growth rate of 20.6 % (R² = 0.98). 

As well as the internet query rate and the number of publications, the absolute 

number of patent applications has to be considered critically, but the trend is informative. 

Compared to the significant increase in terahertz publications, the increase in patent 

applications is delayed about ten years corresponding to the common schedule pattern.  

 
Figure 3: Global number of patent applications containing the keyword terahertz (black) and the traditional 

terms far infrared and sub millimeter waves. 

Current market situation 

System suppliers and sales territories 

The first commercial terahertz spectrometer became available in early 2000 [12]. Today, 

there are worldwide about 20 primary commercial terahertz system manufacturers. Figure 4  

a) shows the evolution in the number of companies based on the market entry of their first 

terahertz system. There is a growth of about two companies per year since 2004. A special 

view of the local market in the DACH region and the number of its distributors shows a 

similar trend with about one additional company per year. Today, the DACH region already 

hosts a total of about 30 companies that are available for potential customer requests 

regarding terahertz systems. Scattered consolidations resulting from shifting markets or 

discontinuance of business are still the exception.  
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Figure 4: a) Numbers of global terahertz system manufacturer and distributors in the DACH region.  

b) Geographical distribution for global primary terahertz system manufacturers. 

Figure 4 b) shows the geographical distribution for worldwide terahertz manufacturers. 

Three centers of activity can be identified: North America, Japan and Central Europe. A 

closer look to the geographical distribution for manufacturers and distributors in the 

European Region is shown in Figure 5 a). Most of terahertz system manufacturers are 

small- and medium-sized companies, often start-ups from nearby academic institutions. 

Many German companies for optical terahertz systems have a laser-related background. 

Overseas competitors, especially in Japan, are often big concerns offering terahertz systems 

themselves or fund new, specialized companies for terahertz technology. 

 

 
Figure 5: a) Geographical distribution for manufacturers (red dots) and distributors (green triangles) in 

Europe. b) Regional target markets of global terahertz system manufacturers and distributors in the DACH 

region, respectively.  

The preferred regional target markets for worldwide manufacturers and distributors in the 

DACH region are presented in Figure 5 b). The most important target markets are Europe, 

Asia and North America. 60 % of the distributors in the DACH region are responsible for 

the rest of Europe in addition to their own countries. A value of 100 % means that all 

companies address the corresponding region. Global manufacturers are mainly oriented to 

markets in Europe, Asia and North America, whereas the distributors in the DACH region 

focus on the European market 

Performance and systems characteristics 

Three different technologies for generating and detecting terahertz radiation have been 

emerged: all-electronic, optical pulsed and optical continuous-wave (cw) systems. 

Terahertz systems are commonly characterized by their frequency bandwidth and signal-to-

noise ratio. Figure 6 shows the histogram for manufacturers’ distribution relative to the 

Manufacturer 

Distributor 
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frequency range they cover for optical pulsed (a) and cw systems (b). The typical frequency 

range covers from 0.1 THz to 4 THz. The maximum signal-to-noise ratio for power ranges 

between 50 dB and 80 dB. Optical and all-electronics cw systems range between 0.04 THz 

and 30 THz. About 55 % of cw systems are tuneable in frequency with a typical bandwidth 

from 0 THz to 2 THz. Most all-electronic system manufacturers work with fixed 

frequencies. The signal-to-noise ratio is between 50 dB and 100 dB.  

 

 
Figure 6: Frequency bandwidth for available pulsed terahertz systems (a) and cw systems (b) 

Figure 7 a) shows the available system types. Mostly, turnkey systems which can be used 

without special technical background knowledge are offered. Many suppliers also distribute 

laboratory kits, which contain all of the needed pre-assembled components thereby 

allowing a quick introduction to terahertz measurement technology especially in the 

research and development area. 56 % of manufacturers also offer their systems to resellers 

as OEMs (original equipment manufacturers). Only a few companies (36 %) address the 

segments process monitoring or analytical apparatus e.g. for test laboratories. 

 
Figure 7: a) Distribution of worldwide manufacturers' terahertz system types. b) Installation sizes of terahertz 

systems  

The installation size of terahertz systems has decreased significantly during the past ten 

years. Figure 7 b) gives an overview of system sizes which is wide spread resulting from 

the many different types of systems. The smallest system volumes have usually optical cw 

system. Larger systems are often equipped with an imaging functionality. Full body 

scanners intended for security screening are comparatively large due to the primarily 

targeted application. 

Applications 

During recent years, many novel applications have been emerged for the various types of 

systems [6-10]. Worldwide manufacturers and distributors classified different usage 
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scenarios, as depicted in Figure 8. Typically, systems are suitable for more than one 

application or manufacturer offers more than one system type. Almost all companies 

(91 %) identify the scientific market as their most important one. Furthermore, suppliers 

focus on analytical (78 %) and industrial applications (70 %). Most of the companies 

(61 %) also address terahertz imaging as a promising field. Many experts consider security 

as one of the most important applications, whereby only 52 % of the companies confirm 

this. 39 % of suppliers see the non-destructive testing as a potential application area. 

 

 
Figure 8: Application fields of terahertz systems.  

System costs 

Besides technical functionality, terahertz systems' cost is decisive for further commercial 

dissemination compared to competitive technologies. Figure 9 a) shows the variation of 

terahertz system costs, starting at about 40,000 EUR. Many manufacturers provide different 

types of terahertz systems with prices from 50,000 EUR to 200,000 EUR. So the average 

system price is approx. 134,000 EUR. The most expensive terahertz systems are fully 

encapsulated analytical apparatuses or process-capable devices including integrated 

imaging units. 

 
Figure 9: a) Costs for all types of terahertz systems from worldwide manufacturers. b) Normalized cost 

development for optical pulsed terahertz systems: System costs decreased by 60 % between year 2002 and 

2013. 

The total costs scale with the single component costs. For example, in pulsed terahertz 

systems the ultra-short pulsed laser account for nearly half of the entire systems prize. In 

the future, lower prices for novel lasers and therefore a significant cost reduction can be 

expected. Another aspect is the currently low number of units sold; research and 

development expenses are distributed only over a small number of systems. Hence, their 
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contribution to total system costs is accordingly high. If sales volume will increase, the 

absolute component costs and therefore total system price could decline significantly. 

Lower terahertz system costs can be predicted based on the increasingly competitive 

environment and volumes sold as well as on potential industrial applications with higher 

quantity. Figure 9 b) shows the development of the normalized price for optical pulsed 

terahertz systems in recent years. A further annual cost reduction of about 10 % can be 

expected. This can be realized by novel technical approaches and production techniques for 

single components and therefore for the overall system. 

Future developments 

Ongoing intensive research activities will cause smaller, more robust and more capable 

terahertz systems. Fiber-coupled optical systems will gradually replace free-space setups. 

For pulsed terahertz systems novel sampling methods without moving parts will establish 

[24]. In the past, security applications were intensively supported by public funding. The 

resulting progress, especially in full body scanners, has led to inexpensive new and has 

attracted the all-electronic technique [25]. The latter's technology needs no moveable parts 

for imaging applications and delivers very high measurement rates. The slow raster scan 

imaging of most coherent terahertz systems is still a significant drawback in comparison to 

other non-destructive methods such as thermography, X-rays or shearography [9]. Based on 

high costs for single optical terahertz emitters and receivers, raster scan is even today the 

only economic method. The use of antenna arrays, which have been recently used in 

terahertz security applications, could solve this problem. 

Currently well-established terahertz suppliers have about 50 terahertz systems in 

their portfolio and sell about 5 to 10 systems per year with an average annual growth rate 

between 5 % and 20 %. Similar growth rates from 7 % to 10 % until 2013 and from 7 % to 

37 % after 2013 have already been published [11, 13]. Current market demand is lower 

than the supply of terahertz systems. The relatively small amount of terahertz systems sold 

explains the high system costs. Most terahertz manufacturers draw the majority of their 

earnings from scientific and non-industrial applications and from other business segments 

besides terahertz. Today, one of the first series applications for the terahertz technology has 

emerged in plastics industry. Inline wall thickness measurement during pipe extrusion 

using terahertz technology leads to significant benefits in comparison to X-rays or 

ultrasonic [26]. Foamed, thick-walled, coextruded multi-layered or corrugated plastic pipes 

with air chambers even on large diameters can be measured contact-free with low 

calibration efforts and without ionizing radiation.  

The DACH region is one of the most important sales areas, but North America is 

still more heavily represented in industrial applications. Established American terahertz 

companies are aiming for the European market. One of the DACH terahertz manufacturers' 

shortcomings could be their laser-related roots in academic environment. Direct industrial 

relationships are usually missing. A closer cooperation with established suppliers of other 

test equipment, technical transfer centers such industrial research institutes, or direct 

collaboration with OEM contractors could be an approach solving this lack. American or 

Asian companies are highly motivated to invest in advanced development and bear the 

costs for future potential applications resulting in products with impressive performance 

and high technical maturity. In contrast, German companies don’t start application-oriented 

development usually before a customer requests for a solution. Customers have to bear the 

development costs in most cases by their own.  

Traditionally, terahertz suppliers are small and medium-sized companies, but in 

recent years also bigger companies started activities and developed own terahertz systems. 
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Investment in a new technology involving intensive manpower and expenditures is easier 

for them. They engage in advance engineering and present sophisticated terahertz systems. 

That includes technically mature and user-friendly application software, measuring heads, 

simple integrated calibration procedures and robust housings. European companies are 

often satisfied with a proof-of-concept phase and do not exhaust product development 

potentials for a better presentation to the customer. 

In Europe, a lot of public funding was invested in the development of terahertz 

security applications. Some of these results can be transferred to other application fields 

such as non-destructive testing. Advanced and competitive production technologies enable 

inexpensive terahertz systems. Some of these suppliers are already exhibiting ambitions for 

addressing the non-destructive testing market [27]. On the other hand the terahertz market 

is also influenced by highly specialized small- and medium-sized terahertz companies. 

Bigger companies supply broad-based applications and small- and medium-sized 

companies often adapt existing solutions for non-standard conditions. However, there is 

still a lot of potential in the functionality and many deficits, especially in industrial and 

commercial applications, in the systems' user-friendliness and complexity relating to the 

analysis and interpretation of data. 

Conclusions 

Definitely, there is ongoing interest in terahertz technology. Scientific activities and the 

development of novel applications have increased significantly with continued trend. In the 

past, a lot of work had already been done under the older terms far infrared and sub 

millimeter waves. The new term terahertz also marks current developments arising from 

coherent measurement techniques. An increased patent-application activity since the year 

2000 has been identified, indicating more and more commercial potential. The main 

focuses of commercial terahertz activities are Japan, North America and Europe. 

Based on the increasing number of systems manufacturers the variety and access 

will be further improved. Reduced costs and more customized terahertz systems are further 

side benefits. The growth rates determined here are in good accordance with already 

predicted data from past surveys. Today, first series applications for terahertz systems are 

already in the market. Further series applications will follow due to unique features, 

benefits and price competitiveness. Terahertz system manufacturers and suppliers are 

highly motivated and open-minded. Customers will benefit from the increasing competition 

by lower costs, better support and customer-orientated systems.  
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