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Introduction 
Recent technological improvements have seen the rapid rise in the development of 

wireless product applications. Due to their convenience in operation and portability, the 

replacement of wired products by wireless products is an obvious and unstoppable trend. 

So as more and more product designers focus their attention in the wireless product area, 

designers who do not have deeper insights into the workings of RF operation, often 

neglect the physical characteristics of electromagnetic waves, resulting in released 

products that may not meet the design transmission distance requirements. 

To help products designers avoid some of the more common errors associated during the 

early stages of development, based on its experience, Holtek provides here some 

suggestions with a view to assisting our customers achieve a more rapid and efficient 

design process during the development of their wireless products. 

The effects of the human body, nearby metallic surfaces, enclosure influences and aerial 

will be described. Finally an actual example will be used to illustrate these points. 

Human Body Influence 
With regard to the human body electrical characteristics, loosely speaking, it can be viewed 

as a large capacitance to ground. As a result it can therefore absorb electromagnetic waves 

and thus alter the transmission impedance. 

During the development process of wireless products, designer should place themselves in 

the position of an actual product user. By understanding the position of the human body with 

respect to the product, its effect on the RF circuitry can be minimised to reduce human body 

RF absorption and impedance changes during wireless transmission and reception. Taking 

these factors into account will increase the product stability during mass production. 

However, the above is an ideal situation and it is appreciated that most consumers prefer 

smaller and more attractive products. Therefore to meet these consumer demands for 

small and attractive products, certain trade-offs will be required during the design stage. 

From an engineering priority point of view one certain point is to keep the human body as 

far away from the RF circuitry and aerial as possible. 
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For example, a very common situation is that when using wireless products, the aerial will 

very often be enclosed by the user’s hand, as shown in the diagram. 

    

Metallic Surface Influence 
As metallic objects have high electrical conductivity then this will obviously change the 

radiation impedance and the transmission direction of any electromagnetic waves and 

absorb the electromagnetic wave energy when grounded. The design considerations with 

regard to metallic materials is the same as for human body influences which is to keep 

them as far away as possible from the RF circuits and aerial. An example is shown in the 

following PCB where the RF circuits and aerial are kept away from the battery and keys.  
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Enclosure Influence 
The most common enclosure material is plastic. It is easy to underestimate the effects of 

plastic as it is an insulator and may be seen as having no effect on electromagnetic waves. 

However in actual measurements, the addition of a product enclosure will have an influence. 

The reason for this is due to the dielectric characteristics of the plastic material and the 

effects of the material’s smooth surface will have an effect on electromagnetic waves. Of 

course this is especially true when located close to the RFIC or aerial. Therefore it should 

be kept away from the enclosure screw holes and any metallic plated areas. 

Battery Position 
In addition to having a metallic casing, small batteries also exhibit capacitance effects and 

store large charges. Therefore when designing RF products, the battery should be kept 

away from the RF circuit and aerial. If using button cell types, it should avoid covering the 

RF circuit. If it cannot avoid this due to the product physical layout, consider putting the 

cell on another PCB layer to reduce any influence. A more common situation when the 

aerial is too close to the cell which will cause a deterioration of the aerial efficiency as 

shown in the diagram. 

 

Aerial 

The aerial should be located taking into account the following points: 

1. Locate it external to the product 

2. Locate it in areas where there are few metallic objects 

3. Keep away from area likely to be covered by human contact 

4. Avoid using aerials whose shapes and position are hard to secure, for example spring 
aerials formed from multicore wire. 

Aerial 
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Product Enclosures – Wireless Vacuum Cleaners 

RF modules and their location can be limited by an already finalised final product physical 

structure, resulting in limited positions for their placement. In this example the following 

situations may occur: 

1. If the aerial is too flexible and difficult to secure, then during product assembly if it is 
mishandled it might bend, which could result in lower product yields during volume 
production. 

2. The aerial may be surrounded by a motor, heat sink or a power cord which may influence 
the aerial signal reception as it will be shielded by these metallic surfaces. 

3. If the aerial is located too close to the motor, then during motor rotation, in addition to 
the shielding effect produced by the metallic areas, any EMI and other noise produced 
by the motor could influence the transmission distance. 
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Referenced Improvement Methods 

1. The RF PCB was originally located on the power board resulting in the crystal oscillator 
being influenced by noise sources. Standing the module up at 90 degrees reduced the 
interference effects. 

2. The advantage of using a copper aerial is its fixed shape. The aerial outline therefore 
experiences little change and is not easy to bend during product assembly. 

3. The aerial was originally located close to the heat sink. Keeping them apart will greatly 
improve the received signal strength and the valid range. 

 

Improved Results 

With the product originally mounted in a certain angle or position the distance requirements 

could not be met, resulting in some instability. After modifying the RX end as shown in the 

diagram, the product was found to exceed the original transmission distance requirement. 

Aerial is not placed next 
to the heat sink Copper aerial 90 degrees pin 
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