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1. INTRODUCTION 
The trend to miniaturize wireless communication devices has 
led to decreased PCB sizes and increased component 
densities. Although this shift to miniaturized technology has 
aided many areas of electronic design, it constrains RF front-
end design. Due to the nature of antennas sending and 
receiving electromagnetic signals, they interact and are 
affected by the entire surrounding environment and are 
extremely sensitive to electromagnetic fields. This can be 
extremely problematic for RF engineers when integrating into 
a design an antenna that is small, has good gain and 
efficiency in the frequency range of operation, and is able to 
work as desired in different PCB environments. Multilayer 
chip antennas are an interesting choice for engineers, who are 
restricted by cost and space requirements in wireless system 
design. Low temperature co-fired ceramic (LTCC) multilayer 
chip antennas are formed from several layers of dielectric 
material, which are pressed and fired together into a 
monolithic structure. Each dielectric layer has patterned 
metallization on the surface that connects to other layers 
through vias. The layers and vias form a helical multilayer 
antenna. This application note explains how to get the 
maximum performance from the Würth Elektronik WE-MCA 
Multilayer Chip Antenna with respect to antenna placement 
on a PCB and effective impedance matching. 

 

Figure 1: The WE-MCA Multilayer Chip Antenna. 

2. ANTENNA DESIGN AND SIMULATION 
The importance of antenna placement is clearly 
understandable when the structure and operating principle of 
an antenna are considered. For this purpose, the WE-MCA 
Multilayer Chip Antenna (748 893 02 450) has been 
simulated in a 3D electromagnetic design tool (CST 

Microwave studio, CST, Germany) to illustrate 
electromagnetic fields and radiation patterns. The multilayer 
chip antenna consists of metallic layers, connected by vias 
and enclosed by ceramic material (Figure 2).  

 

Figure 2: Internal structure of the WE-MCA Multilayer Chip Antenna 
(748 893 02 450). 

The inner conductors and vias form the radiating, multilayer 
meander structure. Electromagnetic fields are generated by 
the currents on the inner conductor (Figure 3). 

 

Figure 3: Simulated surface current of the WE-MCA at a frequency of 
2.45 GHz. 

https://www.we-online.com/en/components/products/WE-MCA?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=WE-MCA
https://www.we-online.com/en/components/products/WE-MCA?sq=74889302450#74889302450?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=WE-MCA%20_74889302450
https://www.we-online.com/en/components/products/WE-MCA?sq=74889302450#74889302450?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=WE-MCA%20_74889302450
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This self-resonating meander structure allows the 
component to be smaller than a monopole antenna while 
achieving comparable performance. The antenna is designed 
to operate at a center frequency of 2.45 GHz  
(Bluetooth/Wi-Fi) with a 10 dB bandwidth of more than 
250 MHz with more than 30 dB return loss as evidenced by 
the simulated S-parameters (Figure 4). 

 

Figure 4: Simulated S11 and S21 parameters of the WE-MCA 
(748 893 02 450) multilayer chip antenna. 

3. ANTENNA PCB PLACEMENT 
CONSIDERATIONS 

When incorporating an antenna into an electrical product, 
some of the most critical stages of product development are 
the design of PCB layout and device enclosures. This is due to 
PCB component density continuously being increased to 
reduce the size of the device while not impairing the function 
of the design. Antennas can be extremely sensitive to power 
and ground planes when functioning as a λ/4 monopole 
antenna system. However, if the feedline and ground plane 
dimensions are carefully and intelligently taken into 
consideration when designing a chip antenna PCB, 
performance comparable to a λ/2 dipole antenna can be 
achieved. The positioning of the WE-MCA is critical to 
achieving optimum antenna gain and performance. The 
antenna gain can be significantly reduced when the design 
rules are not followed. Generally, the closer a grounded 
conductive material is placed to the antenna, the lower the 
performance will be. 

3.1 Corner placement 

Placing the antenna on the PCB corner is generally the most 
desirable location. This typically results in better antenna gain. 
If the antenna is placed in a corner, it will be surrounded by a 
ground plane on only two sides. When the antenna is placed 
in the corner of a PCB, the following criteria should be 
implemented to achieve optimum antenna performance 
(Figure 5). 

 

Figure 5: Design rules for WE-MCA Multilayer Chip Antenna corner 
placement. Where, D1 > 2W; D2 = 0.5 – 1 mm; and A1 = 1 – 2 mm2 
(yellow Surface). W = antenna width. 

3.2 Side placement 

The antenna may be placed on the side of the PCB where it is 
surrounded on three sides by ground plane when it is not 
possible to place the antenna on the corner, although antenna 
performance may be reduced. To ensure the best 
performance in this position, the following design criteria 
need to be met (Figure 6). 

 

Figure 6: Design rules for WE-MCA Multilayer Chip Antenna side 
placement. Where, D1 > 4W; D2 > 2L; and D3 > 3W. L = antenna length. 
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3.3 Ground placement 

In extreme cases, the antenna may be placed over or between 
ground planes. However, it must be remembered that having 
any metal plate or battery, above or below the antenna will 
also result in significant degradation of antenna performance. 
In some cases, there is no other alternative except to utilize 
the area above or below the antenna and so careful 
consideration must be taken during the design and prototype 
stages to ensure sufficient antenna gain performance. In this 
case, the ground planes must be a minimum of 6 mm above 
or below the antenna area (Figure 7). 

 

Figure 7: Design rules for WE-MCA Multilayer Chip Antenna ground 
overlap placement. Where, H > 6 mm. 

3.4 Device enclosures 

Special considerations should be taken into account when an 
antenna is placed in an enclosure. Completely encasing the 
antenna in metallic casing/housing/enclosure is out of 
question, since the majority of the power from the antenna 
will be reflected back into the device. Housing made of non-
conductive materials, such as plastic and glass, are much easy 
to incorporate into a design than conductive materials. 
Although the power is not reflected, the impedance and 
overall performance of the antenna will be affected. 
Depending on the non-conductive material permittivity and 
proximity to the antenna, a significant frequency shift of up to 
hundreds of MHz can be expected. This needs correcting with 
appropriate impedance matching. 

4. IMPEDANCE MATCHING 
Usually when a chip antenna is designed, the electrical 
specifications are measured on a manufacturer’s test board, 
in free space. In reality, an antenna will be operated in an 
environment that results in an impedance transformation, 
regardless of whether it is intended or not, with the 
impedance mismatch being different for every device. 
Antenna return loss is a good measure of how well an 
antenna is matched to its feed line. Return loss quantifies the 
amount of power being reflected by the antenna mismatch 
back to the source (Equation 1). In an ideal world, a perfectly 
matched antenna would transmit 100 % of the incident power 
with 0 % return loss. Since no components are ideal, there are 
always undesired losses. A return loss of 10 dB is acceptable, 
and means 90 % power transfer while a return loss of 20 dB is 
equivalent to 99 % power transfer. 

 Return Loss (dB) =  10 log 
Pincident

Preflected
 (1) 

Impedance matching is carried out to mitigate mismatches 
caused by board placement, the surrounding components and 
enclosure and the presence or absence of overlapping ground 
planes. This requires the addition of capacitance or inductance 
to an antenna circuit to ensure the voltage and current are in-
phase. This minimizes the amount of reflected power and 
reduces VSWR (voltage standing wave ratio) meaning efficient 
power transfer to and from the antenna, therefore the 
maximum power is being transferred to and from the antenna 
by the feedline. 

In the design and development of a product, special space 
needs to be allocated for a matching network during PCB 
design for RF inductors and/or capacitors, the values of which 
need to be determined and optimized during the prototyping 
stage. Matching networks are implemented as close to the 
load or source as possible, as the length of feedline will have 
an effect on the impedance matching and power transfer. At 
microwave frequencies, the input impedance changes with 
respect to distance from source, unless the transmission line 
is matched to the load/source with the characteristic 
impedance. 

The impedance can be measured with the help of Vector 
Network Analyzers (VNAs). VNAs are able to measure the 
amplitude and phase angle of a system. The measurements 
can be displayed in a number of formats but S-parameters 
and the Smith Chart are the most useful tools when matching 
the impedance of an antenna. 

H

https://www.we-online.com/en/components/products/WE-MCA?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=WE-MCA
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4.1 S-parameters 

S-parameters are part of a larger group of similar parameters 
(e.g. Z-parameters, Y-parameters) and use matched loads to 
characterize a system. For S-parameters, the system 
containing any number and variety of components is treated 
as a black box with ports. S11 provides information about the 
amount of power that is being reflected (return loss) back to 
the port while S21 is the power that is being transmitted 
(insertion loss) from port 1 to port 2. Measurements are 
represented as a complex number that corresponds to 
magnitude and phase angle. This can be displayed in either 
Cartesian form, where magnitude and phase are presented in 
decibels and degrees, or polar form, where a data point 
represents a measurement at one frequency or a locus for a 
data spectrum. 

4.2 Smith Charts 

The Smith Chart is a graphical tool that plots the complex 
impedances in polar form and is commonly used by RF 
engineers to facilitate transmission line theory problems. The 
true power of the Smith Chart lies in its ability to display 
multiple parameters of interest simultaneously. Some of 
these parameters include impedance, admittance,  
S-parameters, VSWR and constant gain circles. Looking at 
Figure 8, the collection of circles, arcs and lines can initially 
seem quite intimidating. However, in reality, only a few simple 
things need to be understood to correctly interpret it. The red 
circles and red arcs that we see in Figure 8 are resistance and 
reactance lines respectively and are always touching the chart 
outline at 90 . 

 

Figure 8: Example of a Smith Chart with conductance and 
susceptance lines (blue), and resistance and reactance lines (red). 
Additionally, this Smith Chart includes a VSWR circle (green). 

It must be remembered that the resistance and reactance 
remain constant if the movement is along these circles and 
arcs. Similarly, the blue circles and curves that are touching 
the outline of the Smith Chart at 270° are called conductance 
and susceptance lines. At the center of the Smith Chart is the 
50 Ω point, which is also the point of interest since the 
characteristic impedance (Z0) of antennas is almost always 
50 Ω. 

 

Figure 9: The effect of passive components on the impedance of the 
matching network. 

Once a measurement is made, it appears on the Smith Chart 
as a complex impedance with resistive and reactive 
components. The goal in this case is to move the impedance 
at the antenna operating frequency to the center of the Smith 
Chart (50 Ω). This can be achieved using RF inductors and/or 
capacitors. A pi-network is especially useful for this purpose 
as it can be used in a very flexible way for antenna tuning to 
50 Ω from almost any other value. In typical scenarios, only 
two reactive components (inductor and capacitor) are needed 
to match the impedance to 50 Ω, but a pi network should 
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always be implemented in PCB design to offer maximum 
flexibility later in the development process. Using the 
principles below, it can be visualized what components need 
to be used and in which topology to achieve the desired 
matching. 

5. WE-MCA MATCHING EXAMPLE 
Now we know the design rules needed to achieve the best 
performance characteristics from the WE-MCA, an example 
of the matching process will be demonstrated. This was done 
on a demonstration board with the RF inductors coming from 
the WE-MK Multilayer Ceramic SMD Inductor Design Kit 
(744 784) available to customers with free refills and a 
Keysight E5071C vector network analyzer (Santa Rosa, USA). 

Before calibration, set the VNA to a frequency range that 
covers the entire band of interest and a little more. For 
example, the WE-MCA (748 891 02 450) covers a frequency 
range of 2.4 to 2.5 GHz so the VNA was set to 2 to 3 GHz. It is 
important to correctly calibrate the VNA according to the 
manufacturer specifications to negate the phase shift caused 
by the connecting cable. Without correct calibration, achieving 
a matched antenna will still be possible but it will be much 
harder to interpret the Smith Chart data. To check the quality 
of the calibration, a short, open and load can be connected to 
the cable and the measurements viewed on the Smith Chart. 
The trace should appear on the left (short), right (open) and 
center (load) of the Smith Chart if the calibration is correct. 
Next, set markers at the lower and upper range of the 
antenna. 

For lower frequency antennas, it is possible to use a 0 Ω 
resistor to short the pi network to see how the antenna is 
performing without a matching network. However, at higher 
frequencies, the parasitic inductance of a 0 Ω resistor 
becomes significant enough to affect the network. Therefore, 
a capacitor with its self-resonant frequency at the antenna 
frequency can be used as a short. In theory, when the 
capacitor is used at its SRF, the impedance should be resistive 
and not reactive. Although the capacitor has ohmic 
impedance, at these frequencies it will work as a short with 
no reactive element, which is better than a resistor with 
parasitic reactance. For our example, a 15 pF high-Q RF 
capacitor was used (Figure 10) and the S-parameters 
(Figure 11) and complex impedance measured (Figure 12). 

 

Figure 10: Shorting of the matching network with a 15 pF capacitor. 

 

Figure 11: The S11 parameters of the shorted WE-MCA. 

 

Figure 12: The complex impedance plotted on a Smith Chart of the 
shorted WE-MCA. 

https://www.we-online.com/en/components/products/DESIGNKIT_744784?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=Design%20Kit%20WE-MK%20SMT%20Multilayer%20Ceramic%20Inductor%200402%20-%20%C2%B15%25%20Tol._744784
https://www.we-online.com/en/components/products/WE-MCA?sq=74889102450#74889102450?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=Antennas_74889102450
https://www.we-online.com/en/components/products/WE-MCA?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=WE-MCA
https://www.we-online.com/en/components/products/WE-MCA?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=WE-MCA
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This gives important information about the impedance of the 
antenna in-situ and indicates what capacitance and 
inductance needs to be added to the matching circuit to bring 
the markers to the center of the Smith Chart and achieve a 
matched impedance. Software and online tools can also be 
used to select the component values. From the Smith Chart 
(Figure 12), we can see that 4.8 nH of parallel inductance and 
1.6 pF of series capacitance needs to be added to bring the 
voltage and current into phase for maximum antenna 
efficiency. 

Since standard RF inductors and capacitors are available in a 
limited number of values, a 4.7 µH inductor, and a 1.5 pF 
capacitor were used and the S-parameters re-measured 
(Figure 13). 

 

Figure 13: The S11 parameters of the partially matched WE-MCA. 

We can see that although the WE-MCA is performing better 
than unmatched antenna, the gain and impedance matching 
is still suboptimal (Figure 14).  

 

Figure 14: The complex impedance plotted on a Smith Chart of the 
partially matched WE-MCA. 

This is where knowledge, practice and experience will really 
pay off in optimizing the matching circuit. It will normally take 
a number of iterative steps to achieve optimal matching. For 
our example, the 4.7 nH inductor was replaced with a 3.9 nH 
inductor and the antenna re-measured. 

The result with a 3.9 nH inductor and a 1.5 pF capacitor, 
shows that although the impedance is almost matched, the 
return loss is not below 25 dB (Figure 15). This will be more 
than sufficient for the majority applications where a wide 
bandwidth is needed, but this can be improved further. In the 
final step, the inductance of the matching network was 
lowered by exchanging the 3.9 nH inductor with 3.3 nH 
inductor. 

 

Figure 15: The S11 parameters of the sub-optimally matched WE-
MCA. 

 

Figure 16: The complex impedance plotted on a Smith Chart of the 
sub-optimally matched WE-MCA. 
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We can see that with a 3.3 nH inductor, and a 1.5 pF 
capacitor, optimal impedance matching is achieved with the 
data point of the resonant frequency very close to the center 
of the Smith Chart (Figure 18), a return loss of around 30 dB 
while maintaining a 10 dB bandwidth of 500 MHz (Figure 17). 

 

Figure 17: The S11 parameters of the optimally matched WE-MCA. 

 

Figure 18: The complex impedance plotted on a Smith Chart of the 
optimally matched WE-MCA. 

 

Figure 19: Population of the matching network with a 3.3 nH inductor, 
and a 1.5 pF capacitor. 

From this example, we can see the importance of bringing 
together theory and an iterative process to accomplish 
optimal antenna performance (Figure 20). It is appreciable 
that the matching process may need to be repeated at 
numerous stages of the design process for system 
verification. 

 

Figure 20: The effect of decreasing parallel inductance in the 
matching network of a WE-MCA Multilayer Chip Antenna. 

6. SUMMARY 
The WE-MCA Multiplayer Chip Antenna can be used for a 
variety of wireless data applications including Bluetooth, 
GSM, ZigBee and WLAN. It has a low profile and weight while 
having high gain and temperature stability. The chip antennas 
can be easily implemented without specialist knowledge or 
RF expertise while maintaining performance. The matching of 
WE-MCA Multilayer Chip Antennas can be a simple process 
when the fundamentals of impedance measurement and 
matching are understood and a logical iterative process 
followed. 

  

https://www.we-online.com/en/components/products/WE-MCA?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=WE-MCA
https://www.we-online.com/en/components/products/WE-MCA?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=WE-MCA
https://www.we-online.com/en/components/products/WE-MCA?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=WE-MCA
https://www.we-online.com/en/components/products/WE-MCA?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=WE-MCA


 

ANP057a | 2026/04/24  8 | 10 
WÜRTH ELEKTRONIK eiSos  www.we-online.com 

APPLICATION NOTE 
ANP057 | WE-MCA Multilayer Chip Antenna Placement & Matching 

A APPENDIX 

A.1 Literature 
[1] W. N. Caron and A. R. R. League, Antenna Impedance 

Matching. American Radio Relay League, 1989 

[2] B. S. Yarman, Design of Ultra Wideband Antenna Matching 
Networks: Via Simplified Real Frequency Technique. 
Springer Netherlands, 2008 

A.2 Bill of Materials 

  

Index Description Size Value Order Code 
 WE-MCA 7 x 2 mm SMD Chip-Antenna, 2400-2500 MHz 748 891 02 450 
 WE-MCA 4.2 x 1.6 mm SMD Chip-Antenna, 2400-2500 MHz 748 893 02 450 

 WE-MK Design Kit  
WE-MK 0402 (A-type) Multilayer Ceramic SMD 

Inductors 
744 784 

 Evaluation Board   748 891 0EB 

https://www.we-online.com/en/components/products/WE-MCA?sq=74889102450#74889102450?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=Antennas_74889102450
https://www.we-online.com/en/components/products/WE-MCA?sq=74889302450#74889302450?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=Antennas_74889302450
https://www.we-online.com/en/components/products/DESIGNKIT_744784?utm_source=homepage&utm_medium=pdf&utm_campaign=eisos_ANP057&utm_content=Design%20Kit%20WE-MK%20SMT%20Multilayer%20Ceramic%20Inductor%200402%20-%20%C2%B15%25%20Tol._744784
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IMPORTANT NOTICE

The Application Note is based on our knowledge and experience of 
typical requirements concerning these areas. It serves as general 
guidance and should not be construed as a commitment for the 
suitability for customer applications by Würth Elektronik eiSos GmbH 
& Co. KG. The information in the Application Note is subject to change 
without notice. This document and parts thereof must not be 
reproduced or copied without written permission, and contents 
thereof must not be imparted to a third party nor be used for any 
unauthorized purpose.  
Würth Elektronik eiSos GmbH & Co. KG and its subsidiaries and 
affiliates (WE) are not liable for application assistance of any kind. 
Customers may use WE’s assistance and product recommendations 
for their applications and design. The responsibility for the applicability 
and use of WE Products in a particular customer design is always 
solely within the authority of the customer. Due to this fact it is up to 
the customer to evaluate and investigate, where appropriate, and 
decide whether the device with the specific product characteristics 
described in the product specification is valid and suitable for the 
respective customer application or not.  
The technical specifications are stated in the current data sheet of the 
products. Therefore the customers shall use the data sheets and are 
cautioned to verify that data sheets are current. The current data 
sheets can be downloaded at www.we-online.com. Customers shall 
strictly observe any product-specific notes, cautions and warnings. 
WE reserves the right to make corrections, modifications, 
enhancements, improvements, and other changes to its products and 
services.  
WE DOES NOT WARRANT OR REPRESENT THAT ANY LICENSE, 

 EITHER EXPRESS OR IMPLIED, IS GRANTED UNDER ANY PATENT 
RIGHT, COPYRIGHT, MASK WORK RIGHT, OR OTHER INTELLECTUAL 
PROPERTY RIGHT RELATING TO ANY COMBINATION, MACHINE, OR 
PROCESS IN WHICH WE PRODUCTS OR SERVICES ARE USED. 
INFORMATION PUBLISHED BY WE REGARDING THIRD-PARTY 
PRODUCTS OR SERVICES DOES NOT CONSTITUTE A LICENSE FROM 
WE TO USE SUCH PRODUCTS OR SERVICES OR A WARRANTY OR 
ENDORSEMENT THEREOF.  
WE products are not authorized for use in safety-critical applications, 
or where a failure of the product is reasonably expected to cause 
severe personal injury or death. Moreover, WE products are neither 
designed nor intended for use in areas such as military, aerospace, 
aviation, nuclear control, submarine, transportation (automotive 
control, train control, ship control), transportation signal, disaster 
prevention, medical, public information network etc. Customers shall 
inform WE about the intent of such usage before design-in stage. In 
certain customer applications requiring a very high level of safety and 
in which the malfunction or failure of an electronic component could 
endanger human life or health, customers must ensure that they have 
all necessary expertise in the safety and regulatory ramifications of 
their applications. Customers acknowledge and agree that they are 
solely responsible for all legal, regulatory and safety-related 
requirements concerning their products and any use of WE products 
in such safety-critical applications, notwithstanding any applications-
related information or support that may be provided by WE.  
CUSTOMERS SHALL INDEMNIFY WE AGAINST ANY DAMAGES 
ARISING OUT OF THE USE OF WE PRODUCTS IN SUCH SAFETY-
CRITICAL APPLICATION.
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