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Abstract: Humidity-sensitive polymer, namely poly(vinyl alcohol-co-vinyl acetal) was deposited on
a flexible poly(ethylene terephthalate) (PET) substrate pre-covered with sputtered Au:Pd thin
layer in order to develop an optical flexible humidity sensor. Spin-coating method was applied for
the thin polymer film deposition. The optical and sensing properties of the device were studied after
repeated bending deformation in the range 25-1000 times. Transmittance measurements at different
levels of relative humidity were conducted in order to examine the sensing properties of probed
flexible sample. The influence of the number of bending deformations on performance of the sensor
is studied and the possibility for its successful application is demonstrated and discussed.
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1. Introduction

Various types of materials have been considerably studied in order to develop humidity sensors
with high sensitivity and stability, broad operating humidity range and prompt response time.
However, the requirement of a low-cost humidity sensor with high performance is hard to achieve
and its development faces multiple challenges such as compatible materials and substrates, suitable
manufacturing techniques, etc. A variety of materials can be used [1-3] but polymers are the one that
stands out due to their easy deposition in form of thin films, relatively low cost, tailored functionality
and fast response [4].

In this study we use modified PVA copolymer with acetal content 24 % (PVA-Ac24) [5,6] spin-
coated on poly(ethylene terephthalate) (PET) substrate pre-covered with a sputtered 30 nm thick
Au:Pd layer . The influence of number of bending deformations (range 25-1000) on performance of
the sensor and on the optical characteristics was investigated.

2. Materials and Methods

Hydrophobically modified PVA copolymer, namely PVA-Ac24 was synthesized by partial
acetalization of hydroxyl groups of PVA with acetaldehyde as already described in [5-8]. PET flexible
substrate as well as borosilicate glass were pre-covered with Au:Pd sublayer of gold/palladium ratio
of 80:20 and thickness of 30 nm. Thin metal films were deposited on all substrates by cathode
sputtering of gold/palladium target (Quorum Technologies, Lewes, UK) for 60 s under vacuum 4 x
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102 mbar by using Mini Sputter Coater SC7620 system (Quorum Technologies, Lewes, UK). Thin
copolymer film was deposited on silicon wafer and on PET substrate with metal sublayer via spin-
coating method. Samples were annealed in air for 30 min at 60 °C afterwards. Surface roughness and
quality of the flexible sample was monitored by 3D Optical profiler (Zeta-20, Zeta Instruments, USA)
before and after bending deformations. Sensing properties of the sensor for each set of bending
deformations were studied by measuring transmittance values T in humidity range from 5 to 95%
RH at fixed wavelength that is preliminary chosen as the wavelength of the highest humidity
responses ATmax = | Tsgr— Tosrul .

3. Results and Discussion

Examination of the surface of the sample after each bending deformation set showed no change
in the quality of the film in contrast to the measured transmittance spectra: the transmittance
coefficient T increased with the increase of the number of bends. The transmission coefficient at 600
nm wavelength after 25 bends was 47.6% and gradually increased to 49.1% after 1000 deformations.
The possible reason of the observed slight increase in T is the change of transmittance of the metal
overlayer due to small sub-micron cracks created as a result of bending deformations. Generally,
transparency level and transmission coefficients were similar and there was no deterioration of the
optical quality of the films: all samples were transparent in the visible range.

Measured transmittance spectra T for humidity levels of 5%, 40% and 95% RH of sample after
50 bends is shown in Figure 1. It is seen that for the highest humidity the spectrum shifts toward
higher wavelengths and transmittance change ATmax at wavelength of 500 nm is 8%. Similar values
of AT around 7 + 1% are measured after each set of bending deformations for the flexible PET sensor.
When polymer film is exposed to higher humidity levels its thickness increases and its refractive
index decreases. As a result a change in transmittance spectra is observed. It is interesting to note that
there is no decrease of polymer swelling with increasing the number of bending deformations up to
1000. Besides, the exposure to humidity of bare PET substrate does not lead to any change of
transmittance spectra that means that measured AT is a consequence of humidity induced changes
in polymer film only.
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Figure 1. Transmittance spectra of the flexible polymer humidity sensor after 50 bending
deformations for relative humidity levels of of 5%, 40% and 95% RH.

2. Conclusion

A humidity-sensitive system of a flexible PET substrate and a poly(vinyl alcohol-co-vinyl acetal)
thin film with an intermediate metal layer has been successfully developed. A change in the
transmission spectrum after exposure to different relative humidity levels in the whole range from 5
to 95% RH was observed. Series of deformation bends from 25 to 1000 led to a shift of the transmission
spectrum of the sensor to higher wavelength values. The measured change AT after each set of bends
was about 7% and was independent of the number of bending deformations up to 1000.
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