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Research analyst Joseph Lloyd 
looks at the development and 
applications of wearable tech

temperatures as low as 40°C could still cause burns:
'To get around this limitation, we proposed a sintering 

aid layer. Something that would not hurt the skin 

and could help the material sinter together at a lower 

temperature.'

A combination of polyvinyl alcohol paste and 
calcium carbonate was found to reduce the roughness 
of the printing surface. It allowed a layer of metal 
patterns to bend and fold, while still maintaining 
electromechanical properties and, crucially, it 
facilitated sintering at room temperature.

The researchers first tested the sintering aid on a 
piece of paper and used an inkjet printer with silver 
nanoparticle ink to print circuits onto the coating. 
As solvent evaporated from the ink, the silver 
nanoparticles sintered at room temperature to form 
circuits. A chip was added to the circuit on the paper to 
wirelessly transmit the data. The resulting device was 
attached to a volunteer’s sleeve where it could record 
and transmit health data (Figure 1).

Perfect remedy?
At this point, new scientific discoveries are often 
hamstrung by some kind of fatal flaw. Was there a 
reason the circuit could be printed onto paper but not 
skin? Perhaps the sintering aid would be highly toxic 
to human skin? In fact, the polyvinyl alcohol paste is 
often found in face masks, and calcium carbonate is a 
major component of eggshells. Cheng believes there is 
no reason why the technology could not be used with 
elderly patients or babies.

The circuit board does not become a permanent 
feature on the patient’s skin. It is resilient enough to 

Wearable 
tech
Wearable technology means that measure-

ments and monitoring once reserved for 
medical professionals are now accessible 

simply by glancing at your smartwatch or smartphone. 
Despite this, medical institutions often still rely on 
electrodes and disposable contact points to achieve 
the same goals. The comfort and convenience of 
wearable health technologies are not realised in critical 
situations.

Now, researchers from the USA and China have 
made a breakthrough that could change the face of 
medical sensors and bring technology closer still. Their 
research has succeeded in printing sensors directly 
onto the skin without any adverse effects for the 
patients. But, as we will see, it was not an innovation 
without challenges.

Burning issue
Sintering (the process of unifying small particles of 
metal by applying heat below the melting point) has 
always hindered the production of a flexibly printed 
circuit board (FPCB). Temperatures of over 300°C 
are required to bond the sensor’s silver nanoparticles 
together and create the circuit board. However, by 
adding a titanium dioxide nanoadditive to the mix, 
the researchers managed to reduce the required 
temperature to 100°C, allowing the FPCB to be printed 
onto paper or fabric. This is a useful improvement, but 
100°C is still too hot to be able to print the circuits 
directly onto a patient’s skin.

Huanyu ‘Larry’ Cheng, who led the US research 
team at Pennsylvania State University (Department 
of Engineering Science and Mechanics), noted that 
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Questions
1 The researchers used scanning electron 

microscopy (SEM) to analyse the properties of 
the silver nanoparticles, the sintering aid layer 
and the substrate materials. Why do you think 
they chose SEM instead of transmission electron 
microscopy (TEM)?

2 If sintering is conducted at temperatures below 
melting point, how does it manage to bond 
metal particles?

 Hint: remember sintering begins with a number 
of individual metal particles (a powder) that are 
then unified to form one shape.

Answers
1 Answers may include: SEM gives 3D images 

whereas TEM gives 2D, which can make 
interpretation more difficult.

 TEM requires electrons to be transmitted through 
the sample, meaning samples must be very thin 
whereas SEM has no specific requirement.

 TEM requires more complex sample preparation.
 TEM can give a higher resolution, but SEM gave 

enough resolution for this particular analysis.
 SEM can achieve a larger frame of view than 

TEM, meaning more of the sample can be seen.
2 Sinter bonding is driven by surface energy 

reduction. Small particles in the sintering powder 
have more surface energy and curved surfaces. 
Sintering uses and consumes that surface energy 
to build bonds between the individual particles, 
unifying them into one shape. Atomic motion 
increases with temperature, so applying some 
heat, even if below melting point, will speed up 
this process.withstand tepid water for a few days, but a hot shower 

will easily remove it when required. It will not cause 
environmental damage when it is washed off. Cheng 
says: ‘It could be recycled, since removal does not 
damage the device.’

FPCBs have already been successfully applied 
to, and subsequently removed from, the skin of 
volunteers. An inkjet printer cannot be used to print 
directly onto the skin in the same way as it can print 
onto paper or fabric. Instead a polymer stamp is 
dipped into the silver ink and used to apply the circuit 
shapes to the sintering aid coating, before a hairdryer 
removes the solvent. Not only does the process work, 
the researchers are able to create a full electronic health 
monitoring system, which measures temperature, 
humidity, blood oxygen saturation, heart rate, blood 
pressure and electrophysiological signals. The data 
obtained by these sensors are comparable to, or even 
better than, those measured by conventional devices.

Applications
This is just the beginning. Cheng and his fellow 
researchers believe that FPCBs could be used to 
monitor diabetes or neurological conditions. The team 
also want to make swift use of the device to tackle the 
most pressing issue of the modern day: monitoring 
COVID-19 symptoms, where blood oxygen saturation 
is a crucial indicator of a patient’s wellbeing.

Figure 1 A flexibly printed circuit board in use 
on the body, transmitting medical data such as 
temperature, blood oxygen levels, heart rate, 
breathing rate and blood pressure
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