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Introduction

Ceramic patch antennas are precision RF components commonly used for GNSS and other satellite communication
applications. Their resonant frequency is determined by a combination of the physical dimensions of the antenna and
the electrical characteristics of the ceramic dielectric material. During the manufacturing process, small tuning marks or
notches may be introduced into the conductive metallization of the patch antenna. These features are intentional and are part
of the normal antenna tuning process. They should not be interpreted as scratches, damage or manufacturing defects.

Why is tuning required?

The resonant frequency of a ceramic patch antenna is strongly influenced by the dielectric constant of the ceramic substrate and
by the dimensions of the radiating element. The dielectric material is fundamental to determining the electrical size and resonant
characteristics of a patch antenna.

As with any ceramic manufacturing process, variations in material characteristics can occur within normal production tolerances.
In a precision RF component, relatively small variations in dielectric properties can influence antenna resonance. For this reason,
final RF tuning may be performed during manufacture to compensate for these variations and achieve the required antenna
characteristics. The use of tuning features specifically to compensate for dielectric-constant variation in high-dielectric ceramic
patch antennas is an established antenna-design technique.

What are the visible marks?

The small marks visible around the perimeter of the conductive surface are tuning
notches. A controlled amount of conductive metallization is removed at an appropriate
location. Changing the geometry of the conductive patch changes its electrical
characteristics and allows the antenna resonance to be adjusted. Notches interrupting
the perimeter of the conductive element are specifically documented as a tuning-
feature approach for high-dielectric ceramic patch antennas.

This means that: Figure 1

Examples of tuning marks/
«  tuning marks may differ in position between antennas; notches on ceramic patch
«  thesize orappearance of the tuning feature may vary slightly; antennas.

« antennas from the same production batch do not necessarily have visually
identical tuning marks.
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Does this indicate damage?

No. A tuning mark produced as part of the controlled manufacturing process is not an indication that the ceramic patch antenna
has been damaged. The important distinction is:

Physical damage - Uncontrolled scratching, cracking, chipping or other mechanical damage.

Tuning feature - A deliberate and controlled modification of the conductive metallization made to achieve the required electrical
characteristics.

Therefore, an intentionally applied tuning feature should not be considered a cosmetic or functional defect.

Why don’t all patches look identical?

Ceramic patch antennas are RF components, and electrical performance rather than purely cosmetic appearance is the critical
characteristic. The purpose of the tuning operation is to compensate for normal material/manufacturing variation and bring the antenna
to its required electrical characteristics. Consequently, individual ceramic patches may exhibit different-looking tuning features while
still meeting the required product specification.

Installation and additional tuning

These manufacturing tuning features should also be distinguished from application-level antenna tuning. Once installed in a customer’s
device, surrounding components, the PCB/ground plane and the mechanical environment can affect antenna performance. Taoglas
documentation already advises that antenna tuning may be required depending on the final application, and existing Taoglas material
discusses retuning antennas for their device environment. The tuning marks described in this application note relate to the antenna
manufacturing process, not evidence that the antenna has subsequently become detuned.

Small notches or marks visible in the metallization of a ceramic patch antenna
can be intentional tuning features. They are introduced during manufacture to
fine-tune the antenna’s electrical characteristics and compensate for normal
variations associated with ceramic materials and manufacturing tolerances.
These controlled tuning features are not an indication of antenna damage or a
manufacturing defect.
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