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Abstract 

 
The performance, sensitivity, and corrosion protection on the QCM sensor requirement be improved to  maximize 

the value. Therefore, the functional material coating was carried out. The addition of the polystyrene and ZnPc 

deposited using the vacuum evaporation method. This study intends to the morphology structure and effect of the 

coating, to improve performance through the annealing process based on the impedance value at QCM. The 

frequency measurement before and after the coating process was carried out with a variation of the deposition 

time, which is 1 minute 30 seconds, 1 minute 45 second, 2 minutes, 2 minute 20 seconds, and 4 minutes. The 

coating and annealing resulted from the surface structure of the QCM sensor are smooth, small porous, and 

homogeneous. In addition, the impedance to frequency graph indicates a low damping effect means the QCM 

sensor does not respond viscoelasticity. 
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Abstrak 

 
Performa, sensitivitas dan ketahanan korosi pada sensor QCM perlu ditingkatkan untuk memaksimalkan 

kebermanfaatannya. Maka dari itu dilakukan pelapisan material fungsional yaitu polistiren dan ZnPc yang 

dideposisi menggunakan metode pengupan vakum. Penelitian ini bertujuan untuk mengetahui morfologi dan 

pengaruh pelapisan serta peningkatan performa melalui proses perlakuan panas berdasarkan nilai impedansi 

pada QCM. Pengukuran frekuensi sebelum dan sesudah proses pelapisan dilakukan dengan variasi waktu deposisi 

yaitu 1 menit 30 detik, 1 menit 45 detik, 2 menit, 2 menit 20 detik, dan 4 menit. Hasil pelapisan dan perlakuan 

panas menunjukkan struktur permukaan sensor QCM yang halus, berpori kecil dan homogen. Selain itu grafik 

impedansi terhadap frekuensi menunjukkan bahwa redaman pada sensor QCM sangat kecil sehingga sensor QCM 

tidak mengalami viskoelastisitas. 

 

Kata Kunci: Frekuensi, Impedansi, QCM, Sensor. 

 

 

1. Introduction 

 

New technology in biosensors facilitate fast measured and highly sensitive needed to detect small masses 

in various fields like in biomedical fields (Rahman, 2018), chemical fields (Vashist, 2011), and 

environment fields (Guo, 2021). QCM is one type of biosensor that works based on the piezoelectric 

properties of quartz crystals (Novianti, 2013)(Santjojo, 2015)(Khusnah, 2018). This sensor can detect 

mass changes on the surface allows measurement in the gas phase (Hori, 2020) and liquid phase (Liang, 

2014)(Wu, 2019)(Didik, 2014). The small mass adsorbed on the electrode surface will lead to a QCM 

frequency decrease causes the magnitude for a frequency shifted (Asai, 2017)(Pan, 2019). 
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QCM can detect the mass change when mechanical forces are applied to the sensor produce deformation 

crystalline structure (Itoh, 2010). A dipole moment currents can flow across external circuits. On the 

other side, using alternative voltages to the crystal induces mechanical oscillations of the crystal lattice. 

The resonant frequency is established by the thickness of the surface with thin-film deposition results a 

shift of the resonant frequency (Mista, 2016). The electrode surface of the QCM sensor is quickly 

corrosion because of the material used (Didik, 2020). This result decreases the sensor’s performance 

and unpredictable shifts in the calibrated value of the mass. The solution is to use well-characterized 

resonance-based sensor that can go with masses to provide an indication of mass change (Stambaugh, 

2019). The material used to modify QCM sensors is polymers, metal oxide, and other functional 

materials, which large specific surface area (Hu, 2015). 

 

In this study, polystyrene and ZnPc layer deposition on the QCM surface using the vacuum evaporation 

method (Robiandi, 2014). The addition of polystyrene and ZnPc on the sensor surface aims to protect 

the electrodes from corrosion and bind the detected molecules to improve the performance of QCM 

(Sutantri, 2014). The addition of mass affects the deposition layer to dampen QCM oscillations because 

of the viscoelastic properties. Viscoelastic properties are known of impedance measurements because 

the load on the QCM surface was determined so that the sensor continues to oscillate (Fitriani, 

2014)(Masruroh, 2015)(Nurramdaniyah, 2017). Morphology was analyzed using SEM and optical 

microscopy to determine the deposited structure and viscoelastic properties analyzed by the impedance 

value changed to variations in the addition of layers. 

 

2. Methods 

 

2.1. Frequency Measurement 

The frequency change received from the reduction of frequency before and after deposition. QCM, QCM 

with polystyrene coating, QCM with ZnPc coating, and QCM after annealing process were measured 

using an impedance analyzer bode 100. The minimum impedance value shows from the minimum 

impedance at the frequency data of sensors. The addition of layers to QCM describing the electrical 

behavior of a resonance by the Butterworth-Van Dyke (BVD) circuit with adding the resistor (R) and 

inductor (L) components decribed by Kanazawa et al and parlak et al. 

 

2.2. Polystyrene Deposition 

First, a 5% concentrated polystyrene was dissolved with chloroform using an ultrasonic cleaner. 

Polystyrene solution was deposited on the QCM surface using a vacuum spin coater VTC-100 with the 

speed of (ω1) 500 rpm and (ω2) 3000 rpm. Second, after coated the impedance of the QCM/Ps layer 

measured. Lastest, the morphology characterization using SEM. 

 

2.3. ZnPc Deposition 

ZnPc was deposited on the QCM/Ps surface using the Vacuum evaporation method according to 

previous research with deposition time of 1 minute 30 seconds, 1 minute 45 seconds, 2 minutes, 2 

minutes 20 seconds and 4 minutes. Further, the deposition impedance layer was measured and 

characterized using optical microscopy and SEM. 

 

2.4. Annealing Process 

The annealing process uses a furnace for four hours at 170°C. After that, the impedance layer was 

measured and showed on the impedance to frequency graph. 

 

2.5. Characterization 

Microstructure, morphology, and cross-section of the layer of the QCM layer after the addition of 

polystyrene, Deposited of the ZnPc on the QCM surface, and annealing was investigated by scanning 

electron microscopy (SEM) and optical microscopy. 

 

The stages in the research showed in the diagram below: 
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Figure 1: Research Stage Diagram. 

 

3. Result and discussion 

Figure 2: Morfologhy Of The QCM/Ps Using SEM 

 

SEM results of the QCM/Ps surface after adding the polystyrene layer showed in Figure 2. The structure 

of the QCM/Ps has wavy with dark and light sections. The black part shows a cavity or space in the 

layer. The darker the color formed the cavity. The space in the layer representation porosity because 

centrifugal force creates the polystyrene layer to spread and coated the film. The surface becomes 

fractured because of the deformation by strain. The polystyrene layer deposited on QCM has flat, rough, 

and porous. 
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Figure 3: Morphology Of QCM/Ps/ZnPc (a) Using Optic Microscopy (b) Using SEM (c) Cross 

Section Using SEM With The Fiber Part is Znpc Layer The Solid Part is Polystyrene 

 

The morphology of QCM/Ps after deposition ZnPc characterized using optical microscopy, and SEM 

showed in figure 3. Figure 3a shows a layer of QCM/Ps with ZnPc deposition has a blue surface with a 

distributed ZnPc particle. The color indicates that there are ZnPc particles deposited on the QCM/Ps 

surface. The ZnPc particles spread homogeneously on the substrate, designed that the ZnPc layer 

deposited on the sensor surface with a homogeneous layer. The distribution of ZnPc is homogeny 

because the previous layer on the QCM/Ps surface has a rough structure with large porosity. The 

deposition of ZnPc molecules trapped in the pore because of the large porosity. The next ZnPc molecules 

will spread to the surface that has not filled. The resulting surface structure is smoother than the previous 

layer by smaller pore size. 

 

 
Figure 4: Impedance Curve of QCM Sensors Without Coating (A), Polystyrene Coating Using Spin 

Coating (B), Znpc Coating Using Vacuum Evaporation (C), and After Annealing Process (D) 
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Figures 3b and 3c show the morphological structure and cross-section of the QCM/Ps/ZnPc layer. The 

surface structure shows a fibrous layer with spherical ZnPc granules. The fibrous layer was formed from 

bonding ZnPc molecules to form fibers with spaces as pores in the substrate. The thickness of the fibrous 

layer in the cross-section was 40.8, 40, 40.5, and 41 µM. Indicate that the substrate was uniform and 

homogeneous. The deposition layer impedance was measured to determine the viscoelastic properties 

on sensors by knowing the frequency changes of the sensors. 

 

 
 

Figure 5: Frequency Changes in QCM Sensors with Variation of Deposition Time A) 1 Minutes 30 

Seconds B) 1 Minutes 45 Seconds C) 2 Minutes D) 2 Minutes 20 Seconds E) 4 Minutes. 

 

The frequency response graph created from the impedance value showed in Figure 4. The four graphs 

has similar shapes with the phase change at the minimum impedance and maximum impedance. The 

phase curve in QCM after polystyrene deposition has a different curve shape because of an increase in 
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minimum impedance at the series resonant frequency that indicates the QCM sensor was damped. The 

graph of impedance to the frequency at the variation of deposition time of 1 minute 30 seconds, 1 minute 

45 seconds, 2 minutes, 2 minute 20 seconds and 4 minutes shown in Figure 5. The frequency was shifted 

to the left when the layers adds to the sensor surface. The shift indicates a mass increase on the sensor 

surface after the addition of layers because of the frequency shift equivalent to the mass increase. 

 

Table 1: Frequency changes in variations of deposition layers 

Frequency Changes (Hz) 

 

Layers 
Deposition 

1 

(1 min 
30 s) 

Deposition 

2 

(1 min 
45 s) 

Deposition 

3 

(2 min) 

Deposition 

4 

(2 min 
20 s) 

Deposition 

5 

(4 min) 

QCM/Ps 1600 1800 2600 1700 1400 

QCM/Ps/ZnPc 39900 36800 43600 42500 42500 

QCM/Ps/ZnPc 
after annealing 

850 2220 1030 1640 1100 

 

Table 2: Minimum impedance values in variations of deposition layers 

Minimum Impedance (Ω) 

 

Layers 
Deposition 

1 

(1 min 
30 s) 

Deposition 

2 

(1 min 
45 s) 

Deposition 

3 

(2 min) 

Deposition 

4 

(2 min 
20 s) 

Deposition 

5 

(4 min) 

QCM 7,159 6,635 6,645 12,176 7,358 

QCM/Ps 11,4 20,216 60,833 42,656 27,995 

QCM/Ps/ZnPc 10,883 9,508 9,224 15,133 9,238 

QCM/Ps/ZnPc 

after annealing 
7,358 7,03 7,364 6,667 6,378 

 

The shift magnitude of the frequency shift in Table 1 shows that the increased thickness causes the 

frequency changes. The addition of ZnPc resulted in the series resonant frequency changes are 36.8000-

43,600 Hz. The lengthy deposition time increases the mass of the ZnPc particles deposited so that the 

frequency changes. Table 2 shows the addition of layers provides a variation of the minimum impedance 

value with the highest minimum impedance at the deposition of polystyrene with a settling time of 2 

minutes is 60.833 Ω. The increase in impedance detected from the upward shift in the impedance curve 

indicates damped sensors. The annealing process can improve QCM performance by decreasing the 

minimum impedance. The least minimum impedance concerned in the QCM/Ps/ZnPc layer after 

annealing with a deposition time of 4 minutes is 6.378 Ω. 

 

The addition of layers to QCM modeled using the circuit shown in Figure 6. The mass increases because 

the addition of layers on QCM improves the energy dissipation during oscillation with increasing 

impedance value. Polystyrene has viscoelastic properties that dampen oscillation in the QCM sensor. 

The collapse oscillation of the QCM because the high damped affected the QCM surface to weak to 

identify biomolecules. The ZnPc deposition and the annealing eliminated the damping effect on the 

sensor because the film becomes active. The fibers organize to fill the gaps in the space that form the 

decrease impedance value. The decrease in minimum impedance value indicates a low damping effect 

means the QCM sensor does not encounter viscoelasticity. 
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Figure 6: Circuits Models 

 

4. Conclusion 

 

QCM with Polystyrene deposition has a rough and porous morphology with a homogeneous coating. 

The addition of a polystyrene layer increases the minimum impedance by 60,833 Ω. The QCM/Ps layer 

deposited by ZnPc has a fibrous, small porous, and homogeneous morphology. The addition of the ZnPc 

layer shifts the highest series resonant frequency that indicates a mass increase. The performance of the 

QCM improved by the annealing sensor with reducing the damping effect that the QCM sensor does not 

respond to viscoelasticity and can use as a biosensor. 
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