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Abstract

Laser ultrasound is used to characterise the thickness of a silicon diaphragm. The

surface deformations caused by the travelling acoustic waves are detected using a

large bandwidth Michelson interferometer. Time-frequency representations, such as

the Reassigned Gabor transform are used to resolve the dispersion relations that are

characteristic of acoustic waves in thin plates. These approaches have the advantage

that only a single measurement point is needed. Results are presented for the

measurement of the thickness of a diaphragm on a MEMS pressure sensor.

1 Introduction

The manufacturing processes involved in producing microelectromechanical

systems (MEMS) can significantly influence the mechanical properties of the

microstructure and it is these mechanical properties that ultimately dictate how the

device will perform. Added to this is the complication that in order to measure the

material properties or parameters of the structures, MEMS need to be mounted, a

force needs to be applied to it to deform or displace it, the deformation needs to be

measured, and finally, where possible, all this need to be accomplished without

damaging the device being tested [1]. With the exception of mounting the device, all

this can be achieved using optically generated and detected ultrasound. This paper

describes a method to generate and detect acoustic waves in the membrane of a

MEMS pressure sensor and results are shown for the thickness of the membrane.

2 Thermoelastic generation of acoustic waves in MEMS pressure sensors

The concept of generating ultrasonic waves using electromagnetic radiation can be

traced back to the 1960’s and since then, the subject has been extensively reviewed

as a method of non-destructively obtaining material parameters and detecting defects
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[2] [3]. A thermoelastic source, i.e., one that only heats the material causing no

damage can be used to generate acoustic waves in the following way. When

electromagnetic radiation is absorbed into a material the volume where the energy is

absorbed acts as a heat source and thermal diffusion into the material occurs. The

change in temperature causes a change in volume creating a stress in the material,

resulting in an acoustic wave radiating outwards from the source. In the case of thin

plates, the acoustic waves are known as guided Lamb waves. Two types of modes

can exist in a given plate, the symmetric and antisymmetric modes, and these refer

to the particle motion about the mid plane of the plate. The structure investigated in

this paper is a MEMS pressure transducer consisting of a square membrane and a

stiffening structure [4]. Such pressure sensors have a Wheatstone bridge

arrangement of piezoresistors fabricated on a square silicon diaphragm. The

deflection of the membrane with an applied pressure will be inversely proportional

to the square of the diaphragm thickness and to its Young’s modulus. Figure 1

shows an SEM image of one such transducer (left). The stiffening structure,

although required for the designed application, acts as a dampener on the acoustic

waves. The image on the right shows one of four blank membranes which are used

as test points throughout the wafer. To offer a sense of scale, the etched area of the

blank membrane has sides of length 2 mm.

Figure 1: SEM image of the MEMS pressure sensor and blank test membrane

3 Experimental approach

The source of the acoustic waves is a Teem Photonics 355 nm Nd:YAG laser with a

600 ps pulse duration, 30 µJ pulse energy and a pulse repetition rate of 50 Hz. The

sensor is mounted vertically, still in wafer format before any cutting has taken place.

The beam is incident onto the back of the blank test plate shown in Figure 1. It has

been previously shown [5] that if laser energy is incident on an area where a thin

metallic film has been applied, the resultant acoustic wave can have an amplitude up
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to four times larger than if the sample is not coated. In this case, a metallic film was

present, however, it is not known which metal is used. To detect the ultasonic waves,

a path stabilised Michelson interferometer with a bandwidth of 200 MHz was

constructed and measured the surface displacement caused by the Lamb waves on the

opposite side of the membrane. The laser source and interrogation beam in the

interferometer were separated by a distance of 1 mm.

4 Results and discussion

Due to the geometry of the structure, the more common 2DFT signal processing

method is not possible. This method requires multiple (<100) equally spaced

measurements to build up a phase velocity – frequency dispersion curve [6]. Another

technique is to use time frequency analysis or representations (TFR). This method

requires only a single measurement and considers the group velocity, rather than

phase velocity. The experimental results in Figure 2 show the multimode and

dispersive nature of Lamb waves. To produce this image, a reassigned Gabor TFR is

used. The reassigned Gabor TFR divides the time domain signal into small segments,

windows each segment using a Gaussian window, before preforming a Fourier

transform on each piece to build up an energy density spectrum [7]. The most obvious

feature on the TFR is the dispersive nature of the fundamental antisymmetic mode

(a). This has a large out-of-plane component and contains the most energy. Within the

same frequency range, the arrival of the fundamental symmetric mode is just visible

(b). Although this mode is mainly an in plane mode in this frequency range, at higher

frequencies, it is predominently out of plane (c). The frequency content of the

dispersion curve is sensitve to the

diaphragm thickness and with

basic fitting, the thickness of the

membrane is found to be

approximately 36 µm. This result

assumes values of 169 GPa for

Young’s modulus and 0.36 for

Poisson’s ratio.

Figure 2: Reassigned Gabor TFR

(a)
(b)

(c)



Proceedings of the 12
th

euspen International Conference – Stockholm – June 2012

Treating the membrane as an optical etalon in a seperate experiment, the thickness

was measured to be 35 µm. A more rigorous treatment of the results is currently

underway to extract values for Young’s modulus and Poisson’s ratio. It should also

be noted that doping has not been taken into consideration when producing the

theoretical curves, and this will have an effect on the value of the material properties.

Finally, a slight shift is evident in the time axis with respect to the theoretical curves

compared to the experimental results. This shift is of aproximately 20 ns which

correspondes to an extra distance of 180 µm travelled by the acoustic wave. This is

due to an error in the measurement of the source-detector distance.

5 Conclusions
This work has shown that guided acoustic waves can be successfully generated in a

MEMS structure using an optical technique and also detected interferometrically

providing a truly non-contact mechanical characterisation method. The detected wave

can be represented in a time-frequency format from which group velocity disersion

curves can be obtained.
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