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Abstract — This paper presents the design and manufacture of Surface
Acoustic Wave (SAW) strain sensors which can be produced in a uni-
versity environment. These sensors can be interrogated wirelessly and
operated without a power supply, which allows for greater measure-
ment flexibility than conventional strain gauge systems.

The design of an optimised sensor requires accurate experimental
data on a number of process parameters and configurations, which for
this project requires the testing of several prototype designs. The large
prototyping costs typical of SAW devices can be significantly reduced
if the design and manufacturing processes are integrated. This paper
outlines such a system, where device function and processing issues
are integrated at each stage. The result is a range of sensors which
have been “designed for manufacture”, optimising both the variety of
devices per wafer and the yield.
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I. INTRODUCTION

New sensor technology is an important aspect of future
Intelligent Transportation Systems (ITS), which aim to best
utilise existing infrastructure and provide sustainable transport
solutions. A practical Weigh-in-Motion (WIM) system (i.e.
one which calculates the gross vehicle weights of heavy ve-
hicles travelling at highway speeds [1]) could be a key ITS
application, providing:

1. Vehicle taxation based on gross vehicle weight, distance

travelled, exhaust emission class etc.

2. R latory enforcement of maximum vehicle weight, to

impiuve public safety.

3. Fleet management for hauliers.

4. Vehicle condition monitoring for preventative mainte-

nance.

5. Point of delivery weighing and billing of bulk loads.

To date, no low-cost WIM system has been available for
real-time measurements, i.e., at arbitrary positions on the road
network. Existing systems are either road-based, which only

provide point measurements, or vehicle-based, which require
expensive transducers and long installation times.

In this project, it is proposed that strain-sensitive Surface
Acoustic Wave (SAW) sensors will be used to measure axle
strain on Heavy Goods Vehicles in real-time, and that this will
be used to infer the gross weight of the vehicle. SAW sensors
can be operated both passively and wirelessly {2],{3], and are
well suited to automotive applications [4],[5]. An added ad-
vantage is that the sensors can operate within a wide tempera-
ture range, which is essential for operation in extreme climates.
Figure 1 shows the proposed system layout, as implemented in
a fleet management system for hauliers. Each SAW sensor is
networked using a wireless RF link to a central interrogation
unit, which collects and processes the strain information to cal-
culate vehicle weight. This data is then passed via a standard
interface to a commercial off-the-shelf (COTS) vehicle track-
ing unit, which incorporates a GSM link for data transmission
to the fleet control centre. Thus the haulier can monitor both
vehicle position and weight at any time.

This paper focuses on the design and manufacturing pro-
cesses used to transform SAW sensor specifications into phys-
ical devices for testing. The traditional method of producing
SAW devices is described, and an integrated design and man-
ufacturing process flow is then presented. This integrated sys-
tem is more suitable for low-volume research purposes in a
university environment as it allows a larger variety of proto-
type designs to be created, and affords more visibility of the
manufacturing process to aid future design work.

II. PROPOSED APPROACH

The design of an optimised sensor requires accurate exper-
imental data on a number of process parameters and device
configurations, which for this project requires the testing of
several prototype designs. Traditionally, a client who requires a
custom-designed SAW device (e.g. for a new communications
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