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1. Introduction 

Attenuated total reflection (ATR) technique utilizing 
surface plasmon (SP) excitation is recognized as a useful 
optical method for thin film evaluation, sensing and so 
forth1). The thickness and dielectric constants can be ob-
tained by the ATR method. Moreover, quartz crystal 
microbalance (QCM) is known as a sensitive technique for 
detecting deposited mass. Many studies of film evaluation 
and sensors of gas- and bio- molecules have been reported 
utilizing ATR and QCM methods up to now2-5).  

In this study, a hybrid sensor of ATR and QCM methods 
was prepared and its fundamental property was investigated. 
Advantages of the ATR and QCM methods were combined 
and the hybrid detection should be useful for detailed 
evaluation of thin films and/or sensing. For example, opti-
cal property of dielectric film depends on its structure, so 
that accurate relationship between the optical property and 
the deposited mass is important for obtaining desired di-
electric films. The hybrid detection should be also useful to 
discriminate adsorbed specie in sensors. Although simulta-
neous observation can be carried out using ATR and QCM 
method individually, the hybrid method can give more ac-
curate signal. 

 
2. Experimental details 

Figure 1 shows the configuration for the hybrid sensor. 
An AT-cut QCM substrate (5 MHz) was used in this study. 
Ag films with 50 and 200 nm thickness were thermally 
deposited as QCM electrodes. Then, poly(vinylalcohol) 
(PVA) films were deposited by dip-coating using PVA 
aqueous solutions with appropriate concentrations. White 
light was applied to the substrate from the edge and the 
light is guided in the quartz substrate. SPs were excited at 
certain wavelength at the interface of Ag (50 nm) and PVA 
films, and output light intensity from the other side of the 
edge was attenuated at the wavelength. The results ob-
served for incident angle θ = 60° were shown in this paper. 
The output light was observed by a multi-channel 
photodetector (Ocean Optics, USB-2000) and the QCM 
frequency was simultaneously obtained (MAXTEK, 
RQCM). In this study, the relationship between the QCM 
frequency (PVA film thickness) and the SP excitation was 

observed. Moreover, the responses against gas adsorption 
were investigated. The PVA film was used to facilitate gas 
adsorption and to improve gas sensitivity. Furthermore, the 
PVA film was used to control the SP excitation condition at 
the Ag surface. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. The sample configuration. 
 
3. Results and discussion 
   Figure 2 shows the optical absorption spectra of 
PVA/Ag films. Guided light was also observed at area 
without Ag films and were used as a reference light. By 
assuming the film density was 1.2 g/cm3, the thicknesses of 
deposited PVA films were calculated as 25, 74, 250 nm for 
used PVA aqueous solutions of 10, 20, 30 mg/ml from the 
QCM frequency shifts. Absorption peaks were observed for 
the p-polarized light components and were considered to be 
due to the SP excitation. As the film thickness increased, 
the absorption peak shifted to the longer wavelength side. 
The result qualitatively corresponds with the nature of SP 
dispersion relation, and the peak wavelength shifts with the 
thickness and real part of the dielectric constant of the de-
posited film. The absorption spectra were also observed at 
various incident angles and the peak shifted to the shorter 
wavelength as the incident angle increased. 
   The responses against gas adsorptions were also inves-
tigated for the PVA film (thickness: 74 nm). Figure 3 
shows the absorption spectra change and the peak shifted to 
the higher angle side with humidity adsorption. It is con-
sidered that the real part of the PVA film decreased with 
the humidity adsorption6), but the effective thickness in-
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creased and the contribution of the thickness increase was 
large in this case. The responses of QCM and absorption 
properties were repeatedly observed and the result is shown 
in Fig. 4. The change of absorption intensity at 528 nm is 
plotted in the figure. When the device was exposed to N2 
gas with high humidity, the QCM frequency and absorption 
intensity decreased. The responses were repeatedly ob-
served and it suggests the device can be used as a humidity 
sensor. The responses against gas adsorptions were also 
observed for ethanol and acetone gases. The absorption 
spectra change against the QCM frequency shift depended 
on the adsorbed gas, and was the largest for the ethanol. It 
was considered to be due to the dielectric constant of the 
adsorbed gas molecule as well as the swelling of the PVA 
film. When the swelling and the dielectric constant de-
crease of the PVA films are small, absorption change 
should be large. 
   The responses against humidity adsorptions were also 
investigated for 250 nm thick PVA film (Data not shown). 
The absorption peak shifted to the shorter wavelength with 
humidity adsorption and the result was opposite to that of 
Fig.3. The sensitivity of the ATR method is largest near the 
metal surface and becomes small with the distance from the 
metal surface. It was considered that the contribution of 
thickness change was small and that of dielectric constant 
change was large in this case. 
 
3. Conclusions 
   Hybrid sensors utilizing ATR and QCM methods were 
prepared, and PVA film deposition and gas adsorption to 
the PVA films were investigated. The optical absorption 
properties due to SP excitation depended on the PVA film 
thickness (QCM frequency). Furthermore, the adsorptions 
of humidity, ethanol and acetone gases were investigated 
and responses were repeatedly observed. The humidity re-
sponse depended on the PVA thickness and it was consid-
ered to be due to the sensitive area difference between ATR 
and QCM methods. The hybrid sensors in this study were 
quite easy to fabricate and useful for various film evalua-
tion and sensors.  
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Fig. 2. The optical absorption spectra of PVA/Ag films. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The optical absorption change of PVA (74 nm)/Ag 

due to humidity adsorption. 
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. The responses of QCM frequency and optical ab-
sorption due to SP excitation.  

0 10 20 30

−100

−50

0

0.24

0.28
D W D W D W D

D: dry N2 W: wet N2

Time [min]

Fr
eq

ue
nc

y 
Sh

ift
 [H

z]

A
bs

or
ba

nc
e 

500 600

0.1

0.2

0.3

Wavelength [nm]

A
bs

or
ba

nc
e

1. initial state

2. wet N2
3. dry N2

20nm

(15 min)(10 min)

400 600 800

0.1

0.2

0.3

Wavelength [nm]

A
bs

or
ba

nc
e 250nm 

25nm  74nm 

-815-




