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Abstract 
 

This paper presents an overview of various radio frequency identification (RFID) tag 
fabrication methods and briefly describes the advantages and disadvantages of each 
method. The purpose of this paper is to provide readers with the RFID fabrication 
techniques that can be applied in laboratory scale experiments. The performance results 
of laboratory made RFID tags based on two fabrication methods (etching and screen 
printing) and different substrates (paper, thin transparent film, polyethylene terephthalate 
(PET), and fabrics) are provided. These results prove the effectiveness of the presented 
laboratory scale fabrication methods for RFID tags. 
 

Introduction 
 

In today’s world the role of RFID has increased considerably. RFID is a technology 
which uses RF signals for automatic identification of objects. RFID tags are used for 
many applications in various areas such as electronic toll collection, asset identification 
and many others applications. A RFID system consists of two basic components, a reader 
(interrogator) and a tag (transponder). RFID tag can either be active, operated by a 
battery, or passive. A passive tag consists of an antenna and an application specific 
integrated circuit (ASIC) known as a chip. Passive ultra high frequency (UHF) RFID 
systems which achieve read ranges longer than 1 meter are defined as long range 
systems. These systems operate at the UHF center frequencies of 866MHz (Europe), 
915MHz (America), and 950MHz (Asia and Australia) [1]. In this paper two different 
fabrication techniques for RFID tags (screen printing and etching) are discussed. The 
advantages and disadvantages of each method are provided. Experimental data of 
prototype RFID tags fabricated from these two methods is provided.  

 
Fabrication Techniques 

 
Etching 

 
The etching processes can be classified into two categories: wet and dry etching. The 
process of wet etching uses liquid chemicals or etchants to remove metallic substrates. A 
photoresist mask is used to protect the desired pattern on the substrate when the etchant is 
applied. “The wet etching process can be presented in three steps: 1) application of the 
etchant to the substrate; 2) reaction between the etchant and the material being removed; 
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and 3) diffusion of the reaction byproducts from the reacted surface. The process of dry 
etching does not require any liquid chemicals or etchants. Dry etching can be 
accomplished by any of the following methods: 1) using chemically reactive gases or 
plasma; 2) physical removal of the material, usually by momentum transfer; or 3) a 
combination of both physical removal and chemically reactive gases or plasma [2].”  

  
Some etching parameters that need to be taken into account are the etch rate and the etch 
selectivity. The etch rate refers to the rate of material removal (μm/min). The etch 
selectivity refers to the ability of the reactive chemical to etch away only the material 
intended for removal, while leaving all other materials intact [3]. Wet and dry etchings 
have characteristics suitable for different applications. Wet etching is an isotropic process 
(uniform direction) while dry etching is anisotropic (directionally dependent). Since wet 
etching is isotropic, it is quick, easy, and cheap. It provides a unilateral and high etching 
rate and good selectivity rate for most materials. The disadvantage of wet etching is that 
it is inadequate for defining features smaller than 1μm and has the potential for chemical 
handling hazards. Dry etching allows for defining features smaller than 100nm, but it is 
relatively expensive, hard to implement, provides poor selectivity, and has the potential 
for radiation damage [4].  

 
The wet etching process can be used for fast prototyping of RFID tags in laboratories. 
Off-the-shelf supplies and equipment may be used for inexpensive prototypes. For mass 
production purposes metal etching is impractical due to wasted materials and chemicals. 
Since etching is a subtractive process only a portion of raw materials are consumed while 
the rest is either recycled or thrown away. The loss of wasted materials has an effect on 
the overall price of production. Furthermore, because aggressive chemicals are used, 
maintenance fees for their removal must also be taken into consideration. This is why 
etching is perceived as an environmental-unfriendly method.  Etching methods can only 
be used on substrates that can tolerate the chemical baths. To fabricate a prototype RFID 
tag utilizing the wet etching method, the supplies needed includes: the substrate, the 
acid/etchant, the solvent/development chemical, the photoresist varnish, a transparency 
sheet, a heating chamber, and an ultraviolet (UV) machine. 

 
Printing 
 
Printing is an additive process that allows designs to be selectively imprinted on to 
certain areas. It can be as simple as cutting out a stencil and applying a layer of 
conductive material to achieve the imprint. The method of printing has been used for 
many products such as clothing and printed circuit boards. The flexibility of printing 
allows it to be applied to almost any surface or material. Printing can have a great 
potential for RFID antenna fabrications. Compared to the traditional method of 
fabrication (etching), screen printing is more stable, reliable, cost-effective, flexible, and 
has a low environmental impact compared to etching [5].  The use of printing allows for 
intricate and minute details to be fabricated while still maintaining conductivity 
throughout the entire design. Even the amount of raw materials used for printing can be 
reduced since the layers of conductive ink can vary in thickness. Due to the consumption 
of fewer raw materials, its application in mass production provides the best cost per 
development ratio, allowing a company to sell at the lowest price.  Printing can be used to 
fabricate a RFID antenna on almost any substrate or material such as metal, paper, and 
plastic.  
 



There are many printing techniques that can be used to manufacture RFID tags such as 
screen printing, flexography, gravure, and ink jet. The disadvantage of screen printing is 
its resolution which has the maximum at 50 lines per centimeter [6]. Compared to pure 
metals, such as copper or aluminum, conductive inks cause small degradation to the 
antenna gain, but they affect the input impedance of the tag antenna and produce high 
resistivity compared to pure metals.  However, due to these variations their effect on the 
read ranges of the tag antennas are relatively small [7]. For the conductive inks to remain 
imprinted onto a substrate, the conductive inks must be cured. Curing is the process of 
preserving the ink by heating. When the conductive ink is heated the polymers shrink and 
bond with nearby polymers which produce a conductive path throughout the design. 
There are two important parameters during the curing of a substrate: the curing 
temperature and the curing time. These have an effect on the conductivity of the imprint 
and must always be taken into consideration when fabricating RFID tags [7].  There are 
many printing techniques that can be used to manufacture RFID tags such as screen 
printing, flexography, gravure, and ink jet. Screen printing is the cheapest method to 
implement for laboratory scale prototyping. To fabricate a prototype RFID tag using the 
screen printing the supplies needed includes: a screen printing machine, conductive ink, a 
substrate, and a heating chamber. 

  
Prototype RFID Tag Fabrication Example 

The two RFID tags shown in Fig. 1 were designed to operate at 886 MHz and 915 MHz, 
the design procedure was conducted using the high frequency structural simulator 
(HFSS) software package [8]. Both designs were fabricated by the process techniques 
described in this paper. Each design was fabricated on multiple substrates (paper, thin 
transparent film, polyethylene terephthalate (PET), and fabric). The measurements of 
operational characteristics of these two tags were conducted using the Voyantic 
Tagformance reader [9]. The material composition of the fabricated tags and the 
measurement data are shown in Table 1. The performance of these tags were measured 
and compared well with simulation results. The tag was originally designed using PET 
and copper as conducting material which is the reason for producing the highest 
performance (longest read range). All the fabricated tags showed good performance (long 
read range). As it can be noticed from Table 1 only the thin film and PET substrate were 
used with etching due to their ability to tolerate the chemical baths.  

Conclusion 

The processes of two fabrication techniques (etching and screen printing) for RFID tags 
were described. The advantages and disadvantages of each method were discussed. Two 
prototype RFID tags were designed using numerical simulations and fabricated using the 
discussed techniques and procedure. The two techniques were proven to be suitable for 
laboratory scale fabrication of RFID tags prototypes.  
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Fig.  1 The design layout of a Logo RFID tag (a) 866MHz and (b) 915MHz, (all 

dimensions are in mm). 

Table 1 the material composition of the RFID tags and their fabrication method. 

Tag 
No. 

Substrate Conductive 
Material 

Fabrication 
process 

Read 
Range [m] 

Freq. Operation 
[MHz] 

1 PET Copper Etching 12.5 866 

2 Thin film Sliver Ink Screen Printing 9.5 866 

3 Thin film Sliver Ink Screen Printing 6 915 

4 Thin film Aluminum Etching 9 866 

5 Paper Sliver Ink Screen Printing 9 866 

6 Fabric  Sliver Ink Screen Printing 11.2 866 

7 Fabric  Sliver Ink Screen Printing 7 915 
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