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ABSTRACT

We describe the integration of an array of surface acoustic
wave delay line chemical sensors with the associated RF
microelectronics such that the resulting device operates in a DC
in/DC out mode. The microelectronics design for on-chip RF
generation and detection is presented. Both hybrid and monolithic
approaches are discussed. This approach improves system
performance, simplifies packaging and assembly, and significantly
reduces overall system size. The array design can be readily scaled
to include a large number of sensors.

INTRODUCTION

In many of chemical sensing applications, sensor size is a
critical system constraint, where smaller size generally translates
into lighter weight, smaller sample volumes, lower power
consumption, and greater portability. Small sensors are also more
readily arrayed into a system with a high degree of chemical
discrimination, capable of operation in the complex chemical
backgrounds found in real-world environments. However, a
reduction in the size of the chemical transducer is not sufficient to
reduce the overall sensor system size significantly, since system
size is often determined by the control electronics, electrical
interconnections, and packaging. To bring about a significant
reduction in system size, these other components must be
considered as well. For chemical transducers that can be produced
on semiconductor substrates, the monolithic integration of the
transducer with its control electronics, through the use of
integrated circuit (IC) microfabrication technology, can bring
about the desired size reduction. Other benefits as well often
accrue with monolithic integration, including enhanced
manufacturability and reliability, minimized temperature
dependence, simplified packaging and assembly, and reduced cost.

Gallium arsenide (GaAs) is an intriguing semiconductor
material for the particular case of acoustic wave chemical sensors,
when viewed in terms of integration. GaAs is intrinsically
piezoelectric, which permits electrical generation of acoustic
waves. A mature GaAs IC technology also exists, with
commercial foundries able to provide application-specific
integrated circuits (ASICS) from a customer’s design.
Coincidentally, this IC industry has driven two developments
critical to integrated acoustic wave sensors: high purity, low defect
density, crystalline GaAs substrates suitable for acoustic wave
generation and high frequency analog ICS required to generate and
detect the acoustic signals. Thus, the foundational technologies
required for integrated GaAs acoustic wave chemical sensors are in
place.

Acoustic wave chemical sensors operate at high frequencies,
typically between 100 MHz and 500 MHz, because chemical
sensitivity generally increases with acoustic frequency [1].This
frequency range underscores the importance of monolithic
integration for this particular application. In addition to the
advantages listed above, a device that contains all high frequency

electronic and acoustic components on a single substrate is
expected to have improved performance because of a reduction in
losses associated with transferring high frequency signals between
discrete components. GaAs is particularly well. suited for high
frequency microelectronics integration, making complete direct
current (DC) -in, DC-out operation on a single chip a realizable
goal.

SURFACE ACOUSTIC WAVE SENSOR DESIGN

As shown in Figure 1, surface acoustic wave (SAW) delay
line sensors consist of a piezoelectric substrate and two
interdigitated transducers (IDTs) formed by photolithographic
patterning of a thin metal layer, Application of an alternating
voltage to the input transducer generates an alternating strain field
that launches a surface acoustic wave. The acoustic wave travels
along the substrate surface before being converted back into an
electrical signal by the output transducer. The time delay resulting
from the transit of the acoustic wave between the IDTs gives rise
to the name of these devices.
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Figure 1. Schen@ic of a SAWdehzy line sensor.

The velocity and attenuation of the propagating wave are very
sensitive to properties such as mass, temperature, and
viscoelasticity of thin films formed on the device surface. For
example, increases in surface mass loading decrease the SAW
velocity. This property can be used to detect picogram mass
changes [1].By coating the acoustic path with a material that
sorbs a chemical species of interest, this sensitivity can be used to
develop chemical sensors [1-3]. When configured in an oscillator
circuit, as shown in Figure 2, changes in the delay line acoustic
velocity, AVR,which is equivalent to a phase change, At3, can be
observed as a frequency shift, Af. This oscillator approach
converts a very small velocity change into a measurable frequent y
increment, which can be determined with parts per billion
resolution. In the limit of small perturbation, the response to these
surface charwes can be exmessed as:

Af “AO=AVR_ ~ Am_k AT—_ ——
~=~ VRO ‘m. ‘ ~ ‘ ‘1)

in which m is the surface mass, T is the temperature, kmis the mass
sensitivity and k~is the temperature sensitivity.



incremented in steps of 1000 Vdc tiom 1 to 6 kV. As the
charge voltage is increased it is probable that a protecting
device will suddenly be activated. This may result in less
coupled energy at higher voltages than at lower voltages
where the protective device is still inactive. Thus the EUT
may prove to be more susceptible to a lower or intermediate
voltage than to a higher voltage.

b. Dual Polarity Testing. Both negative and positive pulses
are applied.

c. Repetitive Pulses. High voltage pulses can incrementally
weaken components with no apparent damage after the
initial pulse. Thus for an inverter which survives all voltage
increments three pulses are applied at the highest charge
voltage level. Repetitive pulses are at least one minute
apart.

d. Unpowered Evaluations. When external power is
provided to the EUT there is the potential for greater stress
to components. Breakdowns due to surges can be
exacerbated by the large amount of energy available from
either the dc or ac lines. This extra current, supplied by the
equipment under test, is referred to as “follow” current.
Since the stress is lower in the unpowered EUT case,
unpowered evaluations may be completed prior to powered
up evaluations.

e. Powered Evaluations. Powered evaluations are necessary
because of the likelihood of “follow” current and because
of the need to evaluate the survivability of anti-iskmding
features of grid-tied inverters. Because of the possibility of
latent damage to these critical circuits, an anti-islanding test
should always be conducted after each significant voltage
increase in a surge test. Filters are required between the
EUT and other power sources to protect the power source
and to present a high impedance to the surge.

f. Evaluation of Transfer Functions. A transfer fimction
that defines the current that passes through the protection
circuitry is useful for designers. Care must be taken to
avoid significantly changing the circuit configuration or

damaging instrumentation. This is accomplished by
monitoring the signal with a current probe. The monitored
wire is wrapped in mylar to prevent arcing and centered in
the current probe, to minimize capacitive coupling. The
signal from the current probe may be fed to a battery-
operated oscilloscope and thus isolated tiom ground.

The transfer function also provides a means for detecting
flashover or breakdown in the applied signal. Initially the
signals are applied at low voltage where no possibility of
flashover exists. As the charge voltage is increased, the
coupled signal envelopes will be identical and will scale in
magnitude unless a nonlinear effect occurs. Thus a change
in the coupled signal envelope or a failure to scale linearly
implies that a nonlinear event has occurred.

3. Evaluations of Surge Mitigation Devices
The evaluations of a typical metal-oxide varistor (MOV)

and a silicon spark gap are presented below. Note that the
ring wave, which has a faster rise time, rises to a higher
voltage prior to being clamped. As the charge voltage is
increased a higher amplitude of peak voltage is coupled past

the MOV to potentially vulnerable electronics. This
particular MOV was pulsed more than 12 times with no
obvious degradation.

Figure 3. Pulse Clamp VoKage versus Charge Voltage

for an MOV
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A Delta Model LA 302-RG was also evaluated.
This unit has been used in many PV applications; it is not
clear that the users understood its proper application.
Delta’s description defines the clamping voltage but does
not define the initiation voltage. The initiation voltage, the
voltage required to start an arc is usually much larger than
the clamping voltage. The LA 302RG had no effect at surge
voltages up to 6 kV. A physical examination of the arrestor
revealed that it is a silicon-filled (sand) spark gap.
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Figure 4 Test Data from the Omnion [nverter

This clamping effect is clearly seen in data tiom a pulse
test of an Omnion inverter that uses an MOV. In Figure 4

the 6000 volt 8 x 50 p second output of the surge generator
is limited to a peak of 700 volts. This is quickly clamped to
a voltage of about 400 volts. The current spike (current into
the inverter) is limited to 29 amps peak and is of very short
duration. The current is measured after the MOV and its
shape is affected by other inverter components.

Conclusions
The surge testing of power electronics and surge

protection devices at SNL will continue with emphasis on
providing practical guidelines for manufactures and users.
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