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1 Introduction 

This white paper discusses smart label (RAIN RFID and NFC) quality variation and 

principles that can be followed for minimizing the quality variation. 

2 Quality variation in smart label manufacturing 

When any product is manufactured in volumes, the individual products are slightly 

different from each other. Depending on what the product is, and what are the relevant 

characteristics of the product, this variation may be described in different ways, such as:  

• Tolerance 

• Minimum or maximum value 

• Statistical terms such as coefficient of variation or standard deviation 

In smart label manufacturing, the essential characteristics users are interested in, is 

about the readability of the smart label: 

• From how far the label can be read 

• From which angles the label can be read 

• How attached materials (the item on which the label is attached) effect on the 

readability 

These readability characteristics translate into technical characteristics:  

• Tag sensitivity  

• Tag tuning 

And these are in practice interconnected: Tag tuning is about tag sensitivity at different 

frequencies.  

Smart label quality variation can be seen in a single parameter:  

• Variation in the tag sensitivity 

A good way to describe the variation in the datasheet, or as a requirement 

specification, is to describe the sensitivity. 
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Picture 1. Tag sensitivity variation 

3 Practical effect of quality variation 

Smart label users see the increased quality variation as inconsistent readability of the 

labels. This leads to a bad user experience, and in worst cases may ruin the system 

profitability.  

An example – counting items in a retail store with a handheld RAIN RFID reader 

An operator waves the reader in front of cloth racks. The reader 

gives an audio signal – a beep – and a visual indicator when new 

tags are found. When the beep interval lengthens, it indicates that 

most tags are read, and when no new beeps are received, all tags 

are read.  If there is a high quality variation, only tags with high 

read range are read. When the beeps stop, the user cannot know 

that to read all of the tags, the reader should be moved to a 

significantly closer range. 

An example of expected read range variation [m] and sensitivity variation [dBm] is 

shown in the below picture. 

 

Picture 2. Read range variation due to sensitivity variation 

  

Tag sensitivity (PoTF), label on cardboard 

Frequency 

range 

Sensitivity Variation Typical read 

range 

Lower ETSI -18 dBm +/- 2 dBm 7-9 meters 

FCC -15 dBm +/- 2 dBm 5-8 meters 
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4 Sources of smart label quality variation 

The smart label quality variation is a sum of variation of all the smart label 

components. Every component, and every step in the manufacturing process, 

contributes to the variation. 

 

Picture 3. Typical smart label components 

 

 

           

 

 

 

   

 

 

 

 

 

 

 

 

Picture 4. Typical smart label manufacturing process 

• Surface material 

• IC  

• Bonding glue 

• Antenna on base material 

• Adhesive 

• Release liner 

 

Antenna manufacturing (etching) IC manufacturing  

IC attachment 

Converting 

Personalization 
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For smart label manufacturers, the most critical process step is IC attachment. That 

single process step includes several actions and parameters. The variation in any of 

these actions, or their parameters, adds variation to the IC attachment process. 

 

Picture 5. IC attachment 

 

An example of quality variation after IC attachment is shown in the below picture. The 

sensitivities of individual inlays are slightly different from each other. 

 

 

Picture 6. Tag sensitivity variation (threshold sweeps) 

 

 

 

  

Adhesive injection 

• Amount 

• Placement 

 

IC placement 

• Position 

• Panning 

• Tilting 

 

Curing 

• Pressure 

• Temperature 

• Duration 
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5 Minimizing quality variation 

In principle, minimizing the variation is simple. Repeating any step in the 

manufacturing process always and exactly the same way minimizes the variation. 

Repeatability can only be achieved through control.  

Control requires visibility to the process and outcome. 

 

 

 

 

 

 

Picture 7. Minimizing quality variation process 

5.1 Repeatability 

Repeating every step of the process  

• always and 

• the same way 

Is a simple principle. 

In practice, there is a lot in repeatability. Using the IC attachment as an example, 

adhesive amounts are small and as a material it is not the easiest to handle. Making 

same size tiny droplets of a sticky liquid always exactly the same size, positioning them 

exactly and getting them to stick the same way to base material, is not an easy task.   

The same goes with ICs. ICs are small, and it is not easy to place them always exactly 

the same way.  

IC attachment machines have their adjustment parameters. Speed, force, pressure, 

temperature, and so on, can be adjusted (details depend on the machine). The 

machines themselves have their tolerances and adjustment steps. How well the 

adjustments, tolerances, and step sizes match the variation requirements is all about 

the machine quality, and the best experts to discuss these parameters and process 

controls are the machine manufacturers. 

Control

Repeatability

Visibility
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Adjusting the machine settings to minimize the variation is one part of the minimizing 

process.  Another part of the equation is visibility. How to see  

• is everything repeated always the same way 

• what is the effect of a change of a machine parameter. 

6 Visibility to quality variation 

Different technologies are used for gaining visibility to quality variation: 

• Camera – identifying visible differences in smart labels 

• Measuring process parameters (temperature, pressure, etc.) 

• Voyantic Tagsurance – Smart label sensitivity variation 

6.1 Camera 

Cameras work well for process steps and variation sources where variation is visible.  

• Positioning of adhesive 

• Positioning of IC 

 

Picture 8. Magnification of IC position on the antenna. Bonding glue is visible around 

the IC edges. The position is within set limits, but not perfectly centered. 

A camera-based system (whether it is automatic or manually controlled) can be used 

for adjusting the placement location. 
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Some variation sources are not so easy for the camera and usability may require 

multiple cameras in different angles: Size of the adhesive droplet, tilting of IC, the 

pressure used in adhesive curing (only possible, if the pressure changes the IC position). 

And some are impossible, without any visible characteristics: Curing temperature, 

pressure, and time changing the electrochemical characteristics of the IC bonding glue. 

Another limitation of the camera system is that it can tell how things look different – 

for example, how many µm an IC is off, and to which direction, but it cannot tell how 

big an effect that creates to the tag sensitivity. 

6.2 Process parameters 

Measuring relevant process parameters gives visibility to those parameters. For 

example, measuring the temperature of a curing head in the IC attachment machine 

tells about the temperature variation, but can also indicate a buildup of dirt on the 

curing head. 

How good visibility the process parameter monitoring provides depends on the 

implementation. How relevant the parameter is for the end product variation, how 

accurate is the measurement, how the measurement relates to the adjustable machine 

parameter. 

Process parameters are also limited. Measuring curing head temperature tells how 

much the curing head temperature varies, but it also is unable to tell how big an effect 

that creates to the tag sensitivity. 

6.3 Voyantic Tagsurance 

Testing RF sensitivity with Tagsurance gives full visibility to the quality of the smart 

labels – the effects of process parameters. Applying the Tagsurance systems in 

different steps of the process would tell about the sources of variation and about the 

overall variation. The first process step where the Tagsurance system can be used is 

after IC attachment, at that time the label (or inlay in this case) is functional for the first 

time.  

Tagsurance system includes several test methods, the one used in measuring variation 

is called Sensitivity test. The method finds out the sensitivity of each tag at a set 

frequency (or multiple frequencies). The outcome is variation data that can be viewed 

in different ways such as on a timeline or as a histogram. 

https://voyantic.com/products/tagsurance-uhf
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Picture 9. Variation on a timeline and as a histogram 

Voyantic Tagsurance can tell how much quality varies, but it doesn’t automatically tell 

if the source is variation in IC positioning, curing temperature, or something else.  

6.4 Combined methods 

Any single method has its limitations. The best practice is to combine different 

methods.  

• Voyantic Tagsurance provides visibility on the outcome – how much tag quality 

varies.  

• Camera systems and process parameter monitoring give information about the 

process details – sources of the variation.  

• Combining Voyantic Tagsurance with a camera system and process parameter 

monitoring gives real visibility to the process.  

The outputs can be correlated:  

• How much quality varies, when IC placement varies 

• How much quality varies when curing temperature varies 

These correlations help in determining target values for each process and action. 

The combination gives visibility to control actions. 

• If the curing temperature is adjusted by ”one step”, how is it seen in temperature 

measurement and quality testing 

• If IC placement is moved ”one step” right, how is it seen in the camera and what is 

the effect on quality. 

In practice, effect of any adjustment can be seen in Voaytic Tagsurance testing, and if 

there is a relevant measure in place, also in the camera monitoring or in the process 

parameter monitoring. 
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Picture 10. The combination of quality testing and process monitoring gives real 

visibility to the process, enables control, and enables minimized quality variation. 
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