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Published by In recent years monetary narrowing impact more on Turkey and developing
ARDA. countries. Therefore, the importance of industrial policy and technology

management in developing countries has widely increased. Production and design
strategies have to be planned carefully. Thus, evidently monetary narrowing and
undesired exchange rate fluctuation affected investment and the cash flow in
numerous sectors such as finances, funding, industry, service industry,
agribusiness, livestock, building trade, research, and development, etc. In this
context, this situation broadly hit the research, prototyping, manufacturing, and
testing phase of the microstrip patch antennas. Today, patch antennas have widely
utilized in telecommunication systems. Hence, this growth has increased interest
in studies. As it is in every project, cost and efficiency are an essential part of the
project design. Therefore, the ratio of cost is more important for Turkey and
developing countries due to undesired exchange rate fluctuation, tax, financial
obligations, and unexpected world events (e.g. COVID-19 pandemic).
Commonly, the microstrip patch antenna comprises particular parts such as a
radiating patch on top of the double-sided laminate and ground plane and feeding
point located below the double-sided laminate. Therefore, microstrip patch
antenna components play a significant role in patch antenna radiation
characteristics. Moreover, specifications of the double-sided laminate, such as
relative permittivity (or dielectric constant) and real physical thickness are
essential elements of the patch antenna's radiation characteristics. Generally,
high-quality dielectric substrates are developed and manufactured by western
originated companies. Thus, the dielectric substrate with high-grade
characteristics is hard to find for Turkey and developing countries. Importing is
the only option and quite costly. Choosing a domestic dielectric substrate is
inevitable, however insufficient for many cases. In this study, difficulties in
microstrip patch antenna production and prototyping in Turkey are analyzed.
Keywords: Microstrip patch antenna, Telecommunication systems, Production
and prototyping, Difficulties, Turkey

1. Introduction

Within recent decades, microstrip patch antennas have been quite popular, and they have widely taken part in
telecommunication. Furthermore, patch antennas are lighter, smaller, and more durable than other antennas
(dish, yagi, loop, whip, et cetera) apart from all, patch antennas implementable in almost every condition and
shape. Hence, microstrip patch antennas are highly typical in almost every sector including military
applications. They are utilized in almost every field, from aviation, mobile devices, wearable devices, and
implants to radar systems, etc. Accordingly, in the near future, patch antennas will take over conventional
antennas in every area. In this context, this growth has increased the interest in microstrip patch antenna
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studies in research groups and laboratories. Commonly, the patch antenna has particular parts; for instance, in
the first layer radiating patch placed on top of the double-sided laminate, in the second layer, there is a
dielectric substrate placed between first and third layers and lastly on the third layer ground plane located with
feeding point. Therefore, the patch antenna’s components characteristics can interfere with performance
parameters. Moreover, the double-sided laminate's (dielectric substrate) specifications indicate that dielectric
constant and actual physical thickness are essential elements of the microstrip patch antenna's radiation
characteristics. The substrate with high-grade characteristics is hard to find for Turkey and developing
countries. Since importing option is quite costly. Choosing a domestic dielectric substrate is inevitable,
however insufficient for some applications. As it is in every project, cost and efficiency are a vital part of the
project design. Therefore, the ratio of cost is more important for Turkey and developing countries due to
floating exchange rates. Consequently, monetary narrowing, undesired exchange rate fluctuation and recent
coronavirus (COVID-19) pandemic broadly hit the research, prototyping, manufacturing, testing, and the
supply chain of the microstrip patch antenna industry.

2. Difficulties in patch antenna production & prototyping

In today's period, microstrip patch antennas are one of the commonly used antenna types. All around the
world, study and research groups study on microstrip patch antennas. Since, in terms of structure, it is
preferably light, durable and can even be positioned in curved surfaces than other types of antennas. From
early 2000, RF engineers found new ways to resolve major drawbacks and of microstrip patch antennas. Thus,
soon microstrip patch antennas going to catch conventional antennas then rise above [1]. Patch antennas are
quite popular devices. Besides, microstrip patch antennas have utilized in numerous fields, including national
defense moreover, patch antennas are used in many different fields such as satellite communication, medical,
telecommunication, cosmology, public transportation, aviation, aircraft defense systems, and electronic
warfare et cetera. In recent years, the fluctuation in currency rates and monetary narrowing has caused major
problems in antenna design and production in developing countries. This situation affected more the small-
scale industries and mostly individuals such as students and low-budget researchers. Traditionally, the antenna
design starts with substrate selection and built on the substrate. The rareness of high-quality dielectric
substrates in the domestic market is one of the main reasons for this situation. There are various difficulties in
the design and production of patch antenna. Designing a microstrip patch antenna with compact size, high
gain, and providing a wideband frequency range is a difficult case. The essential shortcomings of patch
antenna are inefficient radiation, low gain, limited bandwidth. To overcome significant drawbacks, the RF
engineer selects dielectric substrates with low dielectric constant. Thus dielectric substrates with low dielectric
constant increase the radiation efficiency, antenna gain, and directivity. Nevertheless, the high-grade dielectric
substrates with a low dielectric constant are rare and expensive than high dielectric constant substrates. A high
dielectric constant substrate is inexpensive and common. Moreover, High dielectric constant dielectric
substrates reduce gain and directivity; however, it increases bandwidth [2]. To overcome the narrow
bandwidth issue, the RF engineer applies optimization techniques. Multi-layer feeding methods such as
proximity coupling, aperture coupling increase the bandwidth of the microstrip patch antenna. By applying
multi-layer feeding methods, the designer adds a high dielectric constant substrate to the microstrip patch
antenna's structure. Consequently, high dielectric constant feeding formation increases the patch antenna's
bandwidth [3].

2.1. Literature review and foundation of the work

This research describes the difficulties faced by Turkey during the production and prototyping process of
microstrip patch antennas. The study's foundation is based on the experience gained during the author's
previous [4] and [5] works. Correspondingly, literature scans continued. Economic studies such as [6], [7],
[8], [9], and [10] were examined. The impact of fluctuations in foreign exchange and taxes on imports in
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Turkey was examined. Accordingly, the result of these effects on the production and prototyping process of
patch antenna in Turkey has been revealed.

2.2. Growing interest in microstrip patch antenna

Telecommunication systems are an important part of our daily life. In everyday life, mobile phones are widely
used and are part of the telecommunication system. Mobile phones are widely hailed for their technological
benefit to mankind, the ease it creates in doing daily chores, and most of all, bridging of information as well as
communication gaps among people [11]. In this context, the most important part of the telecommunication
systems are patch antennas. Patch antennas are highly preferred; the most significant reason for these is that
microstrip patch antenna can be designed according to any condition. In addition, patch antennas are durable
and manufactured easier and more affordable than other antennas. As they are widely used in many fields,
studies and developments on these antennas have increased. They are designed and manufactured in
universities, research groups, RF laboratories, small-scale industry and production facilities affiliated to large-
scale companies. Accordingly, there are companies that produce and develop RF substrates that are essential
in the patch antenna prototyping. By conducting researches, companies develop RF materials for antennas to
be used for different purposes. Some of the USA based companies that have developed high-quality materials
are Rogers Corp, Taconic and Arlon EMD.

2.2.1. Survey on microstrip patch antenna publications

Now, microstrip patch antennas are highly common antennas in the RF domain. Microstrip patch antennas are
used in many areas. For instance, in civil applications, cellular communication, surveillance systems,
medicine, public transportation, id tags, and many more. In military applications, radar systems, missile
systems, aircraft, land vehicles, et cetera. By virtue of patch antenna’'s benefits, for instance, appliable to
almost every surface and condition, lightweight, durable, producible via conventional PCB techniques,
microstrip patch antennas have become a popular antenna type in RF engineering. George Deschamps
discovered the idea of patch antenna in the 50s. Afterward, microstrip patch antenna patented by Gutton &
Baissinot; however, until the 70s, proper patch antenna prototype did not come out because of the lack of
specifications of dielectric substrates. Furthermore, the early prototype developed by Munson and Howell in
the 70s. In the 80s, the world entered the golden era of personal computers since this situation escalated the
development of microstrip patch antenna [12]. It is essential to mention main events in the timeline briefly:

e In 1981, the RF engineers discussed the method of moments, finite element method, and numerical
analysis for advanced analysis of microstrip patch antennas. Moreover, the RF engineers studied
microstrip patch antenna analysis models, for instance, cavity and transmission line models [13].

e In 1986, RF engineers worked on increasing the limited bandwidth for some applications and applied
the aperture coupling feeding technique to the microstrip antennas; thus, they managed to increase the
bandwidth over %50 [14].

e In 1991, RF engineers found new mathematical expressions to implement performance parameters of
microstrip patch antenna, such as radiation pattern, impedance matching [15].

Notable developments have been achieved as a result of these researches. As a result of the obtained
developments, new modeling and simulation methods have been found. Computer processors, which are
getting faster and faster, have also contributed to this situation. With the integration of new methods found in
end-user software, computer programs in the patch antenna modeling process have increased. After these
innovations, the development process is no longer dependent on private companies' laboratories. Now, patch
antennas can be designed efficiently by undergraduate study groups and workshops within the university. In
addition to the design process, there have been improvements in the test phases. With these innovations' help,
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the patch antenna modeling process is considerably shortened and spread over a broad base. Thus, interest in
patch antenna studies has increased.
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Figure 1. Number of patch antenna papers indexed in IEEE Xplore® Digital Library between 1980-2018

As can be seen in Figure 1., according to the data collected from [16, Fig. 1], there has been a great increase in
antenna research and studies since the 1980s. In the 80s golden era of personal computers accelerated the
dielectric substrate (double-sided laminate) development. New discovered substrate used in microstrip patch
antenna to meet with new communication methods frequency requirement. Moreover, this development also
reduced the cost of patch antenna [17]. In this sense, this increase is also developing in parallel with the
development of high-quality substrates. Furthermore, the rapid progress of telecommunication and satellite
communication systems has accelerated the antenna studies. As described in [18], the development of PCB
production and the increase of portable devices have led to the need to produce RF circuits cheaper. Increased
computerization in the 1980s accelerated the antenna design, and the modeling process became easier.
Consequently, the researchers worked on techniques and new approaches to increase the bandwidth of patch
antennas, reduce losses and increase efficiency.

2.3. The effect of currency fluctuation on antenna design and prototyping in Turkey

Exchange rate is the ratio of two separate currencies. Undesired foreign exchange rate variation effects are
crucial in developing countries. Moreover, variations in the exchange rate directly impact the entire process of
business and industrial policies in developing companies with import dependency. Undesired foreign
exchange rate fluctuation increases the foreign trade deficit since the foreign exchange rate increase, reduces
imports in developing countries [19]. In this context, this circumstance effects microstrip patch antenna
project budgeting, research, design, and prototyping process. The main element in patch antenna design and
prototyping is the double-sided laminate (dielectric substrate). However, unfortunately, high-grade, low
dielectric constant substrates are not available in Turkey's domestic market. Import is the only option.
Undesired variation in the exchange rates impact the balance between import and export, inevitably increases
domestic product prices. Furthermore, high-grade dielectric substrates mostly developed by USA based
companies, and this situation impact the microstrip patch antenna prototyping and manufacturing process in
Turkey. Undesired fluctuations in the exchange rate also affect the patch antenna printing process. Generally,
patch antennas are produced using printed circuit board printing techniques. The operation caps of the printing
machines wear out quickly in the antenna printing process. The tip heads need to be refreshed periodically.
Since the printing tips are not available in the domestic market, they have to be imported through suppliers. In
this context, these negative effects caused by unwanted fluctuations in the exchange rate affect researchers,




SEI Vol. 3, No. 1, January 2021, pp.1-10

laboratories and students in the universities. Consequently, fluctuations in currency slow down Turkey's adapt
to this trend.

2.3.1. Effects of currency fluctuation on foreign trade

Foreign trade is one of the most discussed topics in the economy. Many factors affecting foreign trade have
pulled the attention of economists. One of these factors is the undesired fluctuation in foreign currency. The
economist comprehensively discusses that unwanted fluctuation in foreign currency affects foreign trade. In
the literature, the researcher examined the impacts of foreign exchange rate fluctuation in foreign trade. There
are methodical and empirical works available. However, there is no strict regulation about it. Furthermore,
according to some studies increasing foreign currency rate reduces import inversely; some works support the
opposite approach [20]. Along with this approach, this section will examine the effects of the fluctuation in
foreign currency on microstrip patch antenna production, which is dependent on imports.
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Figure 2. Average USD/TRY exchange rates between 2014-2019

Figure 2., shows a summary of USD/TRY exchange rates between 2014-2019. The data in Figure 2 are based
on the exchange rate on the last day of each month [21, Fig. 2]. As will be noticed, the fluctuation has
stimulated since May 2018. As seen in the general average, the increase continues and almost stable. When
this situation is correlated with the growing interest in patch antennas; the following situation arises, this
negative increase is inversely proportional to the growing interest in patch antennas. This is a concrete
indicator of a disadvantage for Turkey and other developing countries. In this survey, the real part of the
exchange rate is not included because the domestic-variant of high-grade double-sided laminates does not
become available in the domestic industry. Countless studies have been conducted in the literature revealing
the relationship of interest rates to imports and exports accordingly; this involves foreign trade. However,
there are studies in the literature that determine that interest rates affect the exchange rate. Within this context,
these circumstances affecting the exchange rate affect the patch antenna industry as in other areas. As
previously stated in previous sections, the effects of foreign exchange rates on foreign trade are essential
topics in the economy. Occasionally, exchange rates used to analyze foreign trade deficit [22]. Foreign trade
and exchange rates are mutually dependent [23]. In the 80s, Turkey switched to an open economic model.
Correspondingly, the gap in the foreign trade deficit had first seen, and this situation still stands and one of the
main difficulties in Turkey's economy.
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Figure 3. Effects of increase of interest on exchange rate and foreign trade
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As graphically presented in Figure 3. [24, Fig. 3], the interest rates which grew due to the strict financial
policies implemented by the countries may induce more portfolio investment flowing to the developing
countries besides, causes the growth in the amount of foreign currency and the decrease in the exchange rates.
Variation in the pricing of domestic goods against undesired exchange rate fluctuation is an excellent indicator
to analyze foreign trade [25]. As a consequence, it is expected that developing countries exports will decrease
then, imports will increase, and foreign trade balance will be negatively affected thus, this situation directly
affects the patch antenna industry, whose main foundation is a dielectric substrate. The undesired exchange
rate fluctuation affects the foreign trade deficit in Turkey. Consequently, observing the state of foreign
exchange rates and interest rates are essential parameters in financial analysis. Inflation is another topic that
connected to this matter. Moreover, inflation, foreign trade deficit, unemployment, and growth are correlated
topics since widely covered in the literature. The pass-through effect describes the connection between foreign
exchange rate and inflation. Furthermore, fluctuation in the foreign exchange rate has visible effects on
pricing in domestic goods [26]. This long term noticeable effect is proof of inflation's susceptibility to the
undesired foreign exchange rate fluctuation. Foreign exchange rate fluctuation affects domestic good's pricing
directly and indirectly. Moreover, an increase in the foreign exchange rate reduces imports; this situation
raises the production cost and value of domestic goods in local currency [27]. In this context, import
dependency of production increases the effect of pass-through effect, i.e., the scale of imported goods as an
input in production affects the magnitude of the pass-through effect [28]. Thus, the exchange rate fluctuation
has massive consequences of imported goods prices. The indirect effect is highly noticeable in export. If the
share of export increases, the price of domestic goods decreases. As domestic goods continue to lose its value,
imported goods value will become expensive. In this case, domestic demand will shift to exported and
imported substitute goods. The pass-through effect is a dynamic subject that can change from time to time in
many different conditions. Pass-through effect is frequently seen in developing countries where the entire
industry is based on imported goods [29].

2.3.2. Dielectric substrate market and industry analysis

For many years, in industrial countries, designers and manufacturers have been working together to fabricate
dielectric substrates at affordable prices. Despite this, as proposed in [30], results that would reduce costs have
not been resolved. While this is the case, this matter affects developing countries more. High-quality
substrates can only be obtained through imports; therefore, their costs are high. In previous sections,
alternation in the foreign exchange rate, inflation, and pass-through effect discussed. There is an additional
effect that is tax and financial liabilities in imports. Tax in the imports majorly hits the import of the dielectric
substrate because there are many tax elements in imports. Some of those tax elements are; customs duty,
value-added tax, special consumption tax, stamp duty, anti-dumping tax, banderole fee, countervailing charges
etcetera. Moreover, tax is a dynamic thing that can vary from term to term [8]. Considering this situation, it
turns out that the importing high-quality substrate is major financial stress in the patch antenna design and
prototyping projects. Substrate suppliers appear to have variable substrate prices. The main reason for this
condition is that the substrate stocks are limited. Manufacturers determine the stock according to the demand
in the market.
Table 1. Price comparison of high-quality substrates

Name of the substrate Dielectric Dimensions  Thickness Price
constant

Rogers Corp RT/duroid 5870 2.33 202 x 228mm  0.254mm $73.09

Taconic TLX-9 2.5 305 x 457mm  0.760mm $109.25

Rogers Corp CuClad 217 217 228 x 305mm  0.380mm $95.38
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Table 1. shows the current high-grade dielectric substrate prices have taken on [31, Table 1]. As shown in the
table, high-grade substrates are quite costly. As briefly mentioned before, it is directly associated with the
negative impact of the currency fluctuation on patch antenna design and prototyping. Furthermore, it was
observed that the import of dielectric substrates was affected by the price increase caused by the exchange rate
fluctuation. This situation displays an increase in project costs in developing countries, including Turkey.

2.3.3. Suppliers

When designing the microstrip patch antenna at specific radio frequencies, the essential point is choosing a
substrate that determines microstrip patch antennas performance. Besides, it takes an essential part in
microstrip antenna performance. The dielectric substrate is the backbone of the patch antenna. As discussed in
previous sections, specifications of a dielectric substrate, such as dielectric constant and physical thickness,
directly affect the microstrip patch antenna's performance parameters. Commonly, for microstrip patch
antennas, the special dielectric sibstrates are used. The price of these dielectric substrates are higher than the
basic flame retardant 4 epoxy substrate. The production and supply of special dielectric substrates are carried
out by well-established companies. The vast majority of these well-established companies (active more than
60 years) are of USA based companies. Therefore, substrates can be supplied through these companies;
besides, there is a quota/limit which suppliers can provide. When financial liabilities in the import and
undesired currency fluctuations added to this matter, the patch antenna production and prototyping in Turkey
has negatively affected.
Table 2. List of high-grade dielectric suppliers & corresponding products
Suppliers High-grade dielectric laminates
Arlon FoamClad 100, DiClad series, CuClad
series, IsoClad series, 25N, 25FR, AD
Series, AR Series, CLTE, CLTE-LC,
CLTE-XT, PIM Laminates, MultiClad

HF Series
CLP Industries Ltd MW laminates
GE GETEK, GETEK Il
Hitachi MCL-LX-67F
Krempel Akaflex, PCL, KCL, GHE
Isola Group Astra™, 1S680, Gigaver 210/410
Neltec NL9000, N9000 Laminate system,

NY, NX Series, NH Series, N4000-13
Series, N9000-13 RF, NH9450, N9350

Series
Polyflon Norclad, Polyguide, CuFlon
Rogers Corporation RO3000 series, RO3200 series,

RO4000 series, RO4500 series,
RO4500™, RO4730™, LoPro™,
Ultralam 2000 series, RT/duroid 5000
series, RT/duroid 5880LZ, RT/duroid
6000 series, RT/duroid 6006/6010,
TMM  series, RO3730  Series,
RO4360™ HF Laminates, SYRON

7100
Sheldahl ComClad HF
Taconic TLX, TLC, TLY, TLE, & TLP series

Table 2 shows the list of high-grade dielectric suppliers and products [32, Tab. 2]. Common benefits of high-
grade substrates are given below:

o Fitting the requirements of various microwave applications.

e Uniform thickness, a precise dielectric constant and low dissipation through the entire layer.
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e The low moisture conduction minimizes the phase shift with frequency.

e The thermally stable dielectric constant that simplifies circuit design and optimizes circuit
performance. (Reduces material and fabrication costs).

o Lead-free, solder friendly, fire retardant and halogen-free (green laminates).

The majority of these well-established suppliers have active for more than 60 years. However, since the 80s,
their development in the field of the dielectric substrate has increased.

2.3.4. Basic cost of prototype

As in all prototyping process, RF engineers calculate the basic project cost of prototyping. In this part, the
basic cost will be given for fundamental patch antenna with coaxial probe feed. Basic cost includes the cost of
the dielectric substrate forming the antenna, cost of labor and coaxial SMA connector. Nevertheless, the cost
of the milling machine and operation nozzles or the cost of consumed energy is not included. Thus, only the
cost of labor and cost of microstrip patch antenna components added to the calculation. The basic cost is given
below:

e Cost of high-grade Rogers RT/Duroid 6002 substrate about A4 paper size: 100$.

o Cost of FR4 substrate about A4 paper size: “20 — “40 (Inefficient however optional besides can be

used instead of the high-quality dielectric substrate).
e Production cost: “100.
e Cost of SMA connector: "5.

The data is an updated version of the data obtained from authors 2017 work of [4], [5]. The total cost
approximately varies between (1125 and [1725 depending on the dielectric substrate used in the patch antenna.
The main factor affecting the cost of microstrip patch antenna production is the variable cost of the double-
sided laminate. Furthermore, high-grade dielectric substrates can only be obtained by import. Hence, this
situation is directly related to foreign currency (in this case, the US dollar); moreover, it is excessively
affected by the undesired foreign exchange rate alternation.

3. Conclusion

The popularity of microstrip antennas is rising lately. The most important reason for this is that microstrip
patch antennas can be developed for various purposes. There is a tremendous interest in microstrip patch
antennas because they are lightweight compared to other antenna types, they can be produced in almost any
size and shape, they are durable and can be produced in almost any condition with traditional PCB
manufacturing methods. They are frequently used in countless fields such as wireless communication, medical
and military fields. Specifically, they are essential for wearable technologies. For this reason, numerous
researches and developments are carried out on microstrip patch antennas in universities, laboratories,
research groups, and private corporations. One of the most important parts of the production and development
process of microstrip patch antennas is the dielectric substrate and is also the essential element of patch
antennas. Since the performance parameters of the patch antenna are built on the properties of the dielectric
substrate, it is very important to be able to obtain high characteristic dielectric substrates moreover, dielectric
substrates from the domestic market are insufficient for projects that require a high-grade characteristic. High-
grade substrates are generally produced, developed and distributed by the USA originated companies.
Therefore, the supply of substrate depends on imports besides Turkey and developing countries are directly
affected. Supplying dielectric substrates have become more challenging than before, due to unexpected
fluctuations in exchange rates, monetary narrowing, and unexpected COVID-19 pandemics. High-grade
dielectric substrates can only be obtained by import. Access to high-grade substrates has practically stopped
when the COVID-19 pandemic is added to the unexpected fluctuation in the exchange rate and monetary
problems. Besides Turkey and developing countries, this unusual situation slows down the semiconductor and
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IT industries all over the world. Due to the measures taken at the factories, the workforce has been divided,
and production is carried out on duty. Furthermore, services in logistics have been limited. Such situations
increased the price of the existing good while increasing the cost. As a summary, risky disruptions happen in
the supply chain. Within this context, in this study, the difficulties affecting microstrip patch antenna
production and design process in Turkey were examined by making the necessary literature research and
benefiting from the author's microstrip antenna design and manufacturing process experience.
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