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Abstract—High temperature langasite SAW oxygen sensors us-
ing sputtered ZnO as a resistive gas-sensing layer were fabri-
cated, and tested. Sensitivity to oxygen gas was observed between 
500 °C to 700 °C, with a sensitivity peak at about 625 °C consis-
tent with the theoretical predictions of the acoustoelectric effect. 

I. INTRODUCTION 

here is a growing demand for gas sensing in high tem-
perature harsh environments with a temperature range 
between 500 ºC to 1000 ºC.1 In particular, high tempera-

ture exhaust oxygen sensors are needed for control of oxy-fuel 
combustion systems so as to achieve a nearly pure carbon 
xide exhaust suitable for geologic sequestration. In this appli-
cation wireless operation is desirable to eliminate power and 
signal transmission cables. Langasite (La3Ga5SiO14) based 
surface acoustic wave (SAW) devices are attractive for this 
application as these SAW devices have been operated as reso-
nators up to 1000 ºC [1]. Langasite SAW sensors for H2 and 
C2H2 gas have been operated up to 550 °C [2], and wireless 
temperature sensing has been demonstrated up to 850 °C [3-
4]. This paper reports for the first time on langasite SAW 
oxygen sensors fabricated and tested in wired mode up to 700 
°C. In this work, the ZnO/langasite SAW sensor with sput-
tered ZnO sensing film showed sensitivity to oxygen gas be-
tween 500 °C to 700 °C. A sensitivity peak was observed 
around 625 °C, consistent with theoretical predictions of the 
acoustoelectric effect. 

II. SENSOR DESIGN AND TESTING 

The ZnO/langasite SAW sensor is a conductivity based 
SAW oxygen sensor with ZnO as the conductive sensing film 
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and langasite as the SAW substrate. ZnO is an oxygen defect 
conductor that decreases in conductivity with increasing oxy-
gen partial pressure.  A change of the ZnO film conductivity 
influences the surface acoustic wave velocity due to the 
acoustoelectric effect [6].  

Fig. 1 shows the calculated surface acoustic wave change 
and relative attenuation as a function of sensing film surface 
conductivity [6].  The calculation used the electromechanical 
coupling coefficient of 0.44% [7] and the measured free sur-
face acoustic wave velocity of 2672 m/sec at 334 MHz in this 
work. The maximum sensitivity to surface conductivity 
change and maximum attenuation occur at a critical sheet 
conductivity σc. The ZnO conductivity at constant oxygen 
concentration is thermally activated, so we expect a peak in 
the gas sensitivity dvSAW/d as a function of temperature. 

Interdigitated transducers (IDTs) were fabricated on 76 mm 
diameter, 0.5 mm thick langasite wafers (Roditi International, 
UK) with Euler angles (0, 138.5, 27) using a lift-off tech-
nique. The metallization was e-beam deposited and consisted 
of 100 nm platinum with 10 nm titanium as an adhesion layer. 
The SAW device has the transmitter located in the center with 
50 electrode pairs, and three open reflectors were located on 
two sides at center-to-center separations of 2.56 mm, 3.2 mm, 
and 3.84 mm with 30, 50, and 50 pair of electrodes respective-
ly; all with 50aperture. The IDTs had 2 µm finger widths 
and gaps, yielding an 8 µm surface acoustic wavelength and a 
center frequency of 334 MHz.   

The  200 nm ZnO sensing film was deposited by RF sput-
tering from a 2.5 cm diameter Zn target at a pressure of 4 mT 
and RF power 50 W, in 25% O2/ 75% Ar. ZnO was masked 
from the IDT terminals using Mylar tape.  The SAW device 
was then spin coated with polysiloxanes (IC1-200 and DC4-
500 from Futurrex, Inc.). The polysiloxanes film was partially 
removed using a cotton tip with acetone and then annealed in 
air at 400 °C for 30 min to form a 100 nm SiO2 insulating film 
on the IDT transmitter and terminals region.  XRD characteri-
zation of the sputtered ZnO film reported previously [5] 
showed a wurtzite structure with a 30 nm grain size. 
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Fig. 1.  Calculated surface acoustic wave velocity changes (solid blue line)
and relative attenuation (green dashed line) of langasite substrate with Euler
angle (0, 138.5, 26.6) as a function of surface sensing film conductivity.  
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The high temperature packaging and non-coherent phase de-
tection apparatus have been previously described [5]. Briefly, 
a sheathed thermocouple wire (Omega, Super OMEGACLAD 
XL) was used as a high temperature RF cable to connect the 
SAW sensor to the RF measurement equipment. Pt/Ag paste 
(9595-A ESL ElectroScience) was used to bond the langasite 
SAW devices to a 5 cm by 5 cm alumina ceramic substrate 
and to directly connect the high temperature RF cable with the 
SAW IDT transmitter terminals. The sensor was placed in a 
tube furnace, with one end of the tube furnace connected to 
computer-controlled mass flow controllers that were used to 
deliver the targeted O2/N2 gas flow rate. An RF vector signal 
generator (NI PXI-5670) and a vector signal analyzer (NI PXI 
5661) were used to perform non-coherent phase detection on 
the surface acoustic wave reflections using the attenuated ex-
citation pulse as a reference. The phase change was recorded 
and scaled for 1 sec propagation length.   

III. RESULTS AND DISCUSSION 

Three series of O2 response tests were performed at tem-
peratures ranging from 500 °C to 700 °C. The ZnO/langasite 
SAW device was annealed before each test at 620 °C for 20 
min (first run), 700 °C for 2 hours (second run) and 750 °C 
for 2 hours (third run). Figures 2 and 3 show the normalized 
phase change per 1 sec propagation distance, where the 
nearest reflector was used in the first and second series of tests 
and the next nearest reflector in the third series. The tube fur-

nace was flushed with the 25 sccm O2 and 975 sccm N2 base-
line gas flow for 30 min before each test run to achieve tem-
perature equilibrium in the furnace. The total flow rate is kept 
at 1000 sccm throughout the measurements. The O2 flow rate 
was set at 800 sccm, 400 sccm, and 200 sccm for 15 min, with 
15 min interval, corresponding to 80%, 40%, and 20% oxygen 
concentration. Measurements of the temperature inside the 
tube furnace showed that the temperature varied less than ±1 
°C corresponding to a phase change of about 0.11 radians, 

smaller than the measured phase change (Fig. 3). The phase 
changes in Fig. 3 can therefore confidently be attributed to 
changes in the ZnO sensing film conductivity with oxygen 
concentration. The amplitude of the reflection decreases as 
temperature increases, yielding increasing noise in the phase 
measurement. Above 700 ºC the noise is high enough to pre-
vent phase measurement.  

In the first and second series of tests we observed a mono-
tonically increasing O2 response as temperature increases, and 
a shift in sensitivity with increased anneal temperature. We 
attribute the shift to an increased ZnO grain size. A sensitivity 
peak was observed at about 625 °C in the third series. The 
phase response for surface acoustic wave reflection is very 
noisy when sensor is operating near the peak sensitivity re-
gion. A peak in sensitivity dvSAW/dis expected when the 
sensing film conductivity is near the critical conductivity c 
(Fig. 1) which agrees with the result of the third series.   

IV. CONCLUSION 

We have reported here for the first time the operation of a 
langasite SAW-based oxygen sensor operating between 500 
and 700 °C. Operation at higher temperatures is not limited by 
the SAW device but rather by the variation in sensing layer 
conductivity with temperature. An expanded temperature 
range will require alternate sensing layers with lower conduc-
tivity activation energy and/ or lower conductivity.  
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Fig. 2.  Measured phase change of surface acoustic wave reflection as a func-
tion of O2 concentration and testing time in the third series of tests.  

   
Fig. 3.  Measured phase change from 0.25% to 80% O2 concentration at dif-
ferent temperature in three series of tests of the ZnO/langasite device.  


