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TRANSDUCER-BASED SENSOR SYSTEM WITH 

MULTIPLE DRIVE SIGNAL VARIANTS 

BACKGROUND 

10 Transducer devices are used in a variety of applications to transfer energy 

15 

between electrical systems and mechanical systems. Quartz crystal 

microbalance (QCM), for example, is a transducer-based technology that may 

employ piezoelectric transducers in various configurations to perform sensing 

functions. QCM technology takes advantage of the fact that the resonant 

frequency of a transducer typically varies with the effective mass of the 

transducer. Accordingly, when portions of a sample material binds to the 

transducer, the mass of the bonded sample material can be detected by 

monitoring the resonant frequency of the vibrating mass, relative to a 

predetermined reference. 

20 A related technology is rupture event scanning (RES), in which 

transducers may be employed to produce mechanical energy to break bonds 

within a sample material. In addition to providing energy to break the bonds, the 

transducers may be used as sensors to analyze acoustic events (e.g., a pressure 

wave) that can occur when· bonds break. Different types of bonds have unique 

25 properties that produce distinctive acoustic events. The bonds can be identified 

and analyzed by using various techniques to study the acoustic events. 

Transducer systems such as those described above typically employ 

multiple distinct transducers. The transducers are often provided in an array, with 

some type of mechanical suspension being used to suspend the transducers in 

30 place relative to a base or other stationary component of the system. 

Although many prior systems have multiple transducers, typically only one 

transducer can be activated at any given time. Alternatively, where multiple 
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transducers are simultaneously active, the activated transducers commonly must 

be separated by a relatively large physical distance.  The reason for this is 

undesired signal coupling that can occur when physically proximate transducers 

are active at the same time.   5 

One type of undesired coupling results from the liquid that is often used to 

hydrate biological samples in QCM and RES applications.  Where a well of liquid 

is spread across multiple transducers, or even where separate liquid wells are 

employed for each transducer in a multiple-transducer configuration, mechanical 

vibration produced by one transducer can be transmitted through the liquid (and 10 

through intervening structures) to other transducers in the system.  Accordingly, 

when the transducers are simultaneously activated, the electrical signal sensed 

at the second transducer will then include interference produced by the vibration 

of the first transducer.  The mechanical suspension that holds the transducers in 

place can also transmit vibration from one transducer to another, even though 15 

such suspensions typically are designed to minimize this effect.  Finally, stray 

capacitance and other indirect electrical coupling can produce interference when 

physically proximate transducers are activated simultaneously. 

Because prior systems typically do not provide for simultaneous activation 

of physically proximate transducers, they may be limited in processing speed and 20 

may not be able to provide a satisfactory level of performance in applications 

where it is desirable to operate multiple transducers at the same time. 

US 4,224,829 discloses a two-dimensional linear B-scan ultrasound 

diagnostic apparatus with phase and amplitude tapering. The apparatus includes 

a linear array of piezoelectric transducers and a plurality of transmitting channels 25 

each including a local oscillator for generating an ultrasonic pulse in response to 

a clock signal. The plurality of such ultrasonic pulses are applied through a 

switching network to a selected group of successively arranged piezoelectric 

transducers to transmit a beam. Each of the ultrasonic pulses is phase-shifted 

and amplitude modulated with respect to the pulses of the other transmitting 30 

channels  to  provide  phase  and amplitude taper. The ultrasonic energy returned  
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from discontinuities between different tissues is detected by the activated 

transducers and applied through the switching network to the receiver in which 

each of the returned signals is phase-shifted and amplitude modulated to provide 5 

an output signal. 

US 5,269,307 discloses a medical ultrasonic imaging system with dynamic 

focusing. In one embodiment, a plurality of transducers is provided for converting 

an ultrasonic signal received into a plurality of electrical signals. Vector 

modulators are also provided for phase shifting the electrical signals. A delay line 10 

array, that allows each of the phase-shifted electrical signals to be delayed by a 

selected amount, is also present. 

 

SUMMARY 

A sensor system as claimed in claim 1 hereinafter is provided according to 15 

one aspect of the invention.  A method as claimed in claim 6 is also provided. 

The sensor system includes a plurality of transducer groups, with each 

transducer group containing a plurality of transducers.  The transducers of each 

group are adapted to be placed in operative proximity with a sample material.  

The sensor system is configured so that, within each transducer group, each 20 

transducer is configured to be actuated by receiving a different phase-shifted 

variant of a local oscillator signal.  The sensor system is also configured so that, 

for each transducer group, the phase-shifted variants of the local oscillator signal 

are selectively employed during output processing to inhibit cross-transducer 

interference occurring between simultaneously active transducers. 25 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic depiction of an embodiment of a transducer-based 

sensor system. 

Fig. 2 is a schematic depiction of an embodiment of a transducer array, 

5 including a plurality of transducer groups, which may be configured similarly to 

the transducer group shown in Fig. 1. 

Fig. 3 depicts an exemplary implementation of a multiple-transducer 

sensing method according to the invention, in which multiple transducers may be 

employed at the same time. 

10 DETAILED DESCRIPTION 

Fig. 1 depicts an exemplary sensor system 10, including a group 12 of 

transducers 12a, 12b, 12c and 12d. The transducers may be placed into contact 

with, or in close proximity to, a test material such as sample 14. The test material 

may be provided as one contiguous sample spread across multiple transducers, 

15 or may be provided as separate portions 14a, 14b, 14c and 14d in a well, 

receptacle or like container associated with each transducer, as in the depicted 

example. Typically, the transducers are coupled with a signal generator, such as 

oscillator subsystem 16, via which activating signals are applied to the 

transducers. The transducers typically are also coupled with additional electronic 

20 components adapted to facilitate sensing functions, as will be explained in detail 

below. 

The depicted transducers may take a variety of configurations, and may be 

implemented in different sizes and shapes, and with different materials, as 

desired and appropriate for a given application. In some embodiments, the 

25 transducers are implemented within a microchip as an array of piezoelectric 

crystals, or as an array of surface acoustic wave devices, surface-skimming bulk 

wave devices or Love-wave devices. Fig. 2 depicts such an exemplary array 20, 

including a plurality of groups 22 of transducers. As with the exemplary group 

shown in Fig. 1 (i.e., group 12), each of the groups shown in Fig. 2 may include 

30 four transducers. Alternatively, any other practicable number of transducers may 

be employed within the individual groupings. In single-chip embodiments, the 
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supporting electronics typically are implemented at least partially on the chip 

along with the transducers. 

Referring again to Fig. 1, the activating signals applied from oscillator 

subsystem 16 may cause the transducers to vibrate or undergo other 

5 movements. Typically, movement of the transducers is dependent not only on 

the characteristics of the activating signal, but also on the physical characteristics 

of the transducer and/or on physical phenomena occurring around the 

transducer. For example, the response of a transducer to a given activation 

signal will depend on the resonant frequency of the transducer. Resonant 

10 frequency, in turn, varies with the mass bound to the transducer. Accordingly, 

the character of a transducer's vibration may be affected by matter that bonds to 

the surface of the transducer to thereby vary the effective mass of the transducer. 

In addition, phenomena occurring within sample 14, or at the surface of the 

transducer, can affect transducer movement. For example, breaking of chemical 

15 bonds can produce a sonic event (also referred to as an acoustic event) that can 

contribute to the vibratory movement of a transducer. 

In typical embodiments, vibrations and other movement may produce 

electrical output signals on output lines 18a, 18b, 18c and 18d. Analysis of these 

electrical signals can produce valuable information about sample 14. For 

20 example, such analysis can yield information about whether, and to what extent, 

portions of the sample have bonded to the surface of the transducers. 

Information may also be obtained about whether the sample contains certain 

types of matter, for example, by analyzing signals produced by rupture and other 

events. 

25 In many applications, to achieve sufficiently accurate sensing, it will be 

desirable that the signal on any given transducer output line (e.g., lines 18a, 18b, 

18c or 18d) correspond only to physical and electrical occurrences associated 

with the particular transducer, or with phenomena occurring within sample 14 in 

the immediate vicinity of that transducer. In practice, however, simultaneous 

30 operation of more than one transducer can result in cross-transducer noise 

components on individual transducer output lines. For example, in a non-ideal 

noisy system, the electrical signal on output line 18a may have components 
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resulting from the movement of transducers 12b, 12c or 12d. Because these 

signal components typically are undesired and correspond to transducers other 

than transducer 12a, they may be referred to as cross-transducer noise, or cross­

transducer noise components. 

5 In many embodiments, the transducers (e.g., transducers 12a, 12b, 12c 

and 12d) are suspended relative to a base or other stationary structure (not 

shown) with a mechanical suspension (not shown). Typically, the mechanical 

suspension is connected to all of the transducers but is designed to allow each 

transducer to move independently. Moreover, the suspension structure is 

10 specifically designed to maximize this independence and thereby minimize 

crosstalk, or cross-transducer coupling. Although the transducers are 

substantially independent of one another, there often is some undesired cross­

transducer coupling of vibrations and/or other movements through the 

suspension structure. Vibration of transducer 12a, for example, may couple 

15 through the mechanical suspension to produce a vibration in transducer 12b. 

This would contribute a cross-transducer noise component to the electrical signal 

on output line 18b. 

Typically, the various circuitry coupled with the transducers is at least 

partially isolated to facilitate obtaining noise-free output signals for each individual 

20 transducer. In practice, however, there is often undesired electrical coupling 

between the circuitry of simultaneously active transducers. This may occur, for 

example, as a result of stray capacitance, stray mutual inductance, and/or other 

indirect electrical coupling. Stray capacitance between output lines 18a and 18b, 

for example, could introduce undesired noise components into the signals on 

25 those lines. 

In many cases, it will be desirable to employ a liquid within or around 

sample 14. In biological scanning systems, for example, liquid may be employed 

to hydrate various types of sample materials. Typically, the liquid is provided 

within or around each portion of the sample material on one side of the 

30 transducer array, such that the transducer array has a "wet side" and a "dry side," 

as indicated in the example of Fig. 1. Use of such a liquid environment can be 

another source of cross-transducer noise, as discussed above. 
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As shown in Fig. 1, oscillator subsystem 16 may be configured to apply 

different variants of an oscillator signal to the other components of sensor system 

10. Typically, the base signal is a sinusoid, and the subsystem generates a 

number of phase-shifted variants of this signal for use within sensor system 10. 

5 As explained in more detail below, the phase-shifted variants may be applied as 

inputs to produce vibrations or other movement in the transducers. In addition, 

as also explained below, the phase-shifted variants may be employed during 

processing of output signals produced by the transducers. 

In the depicted embodiment, oscillator subsystem 16 is configured to 

10 output four different variants of a sinusoidal local oscillator (LO) signal: (1) a first 

variant 30a that is in phase with the LO, or 0°, (2) a second variant 30b that is 

shifted in phase from the LO by go0
, (3) a third variant 30c that is shifted in phase 

from the LO by 180° and ( 4) a fourth variant 30d that is shifted in phase from the 

LO by 270°. These phase-shifted variants typically are all the same frequency as 

15 the local oscillator, and may be respectively referred to as the 0° variant, goo 

variant, 180° variant and 270° variant. 

As shown in Fig. 1, each of the different phase-shifted variants may be 

applied as an input to a corresponding one of the transducers. In the depicted 

example, the 0° variant is applied to transducer 12a, the goo variant is applied to 

20 transducer 12b, and so on. As explained below, application of different phase­

shifted variants to the transducers may allow an output processing subsystem 34 

to isolate and extract output signals from the individual transducers, free from the 

cross-transducer interference described above. 

In order to suppress cross-transducer interference, it will be desirable in 

25 many cases to employ the same phase-shifted variants during processing of 

output signals produced by the transducers. Indeed, exemplary output 

processing subsystem 34 may be configured to employ the phase-shifted 

variants to isolate and extract output signals from the transducers. 

As in the depicted example, output processing subsystem 34 may include, 

30 for each of transducers 12a, 12b, 12c and 12d, a corresponding mixer section 

(36a, 36b, 36c and 36d, respectively) and a low pass filter (38a, 38b, 38c and 

38d, respectively) (LPF). Though depicted as separate devices, the individual 
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mixer devices may be collectively referred to as a mixer, and the individual filter 

devices may be referred to as a filter. Indeed, the individual devices may be 

consolidated into one or more single components configured to process multiple 

signals. The filters may be implemented in a variety of configurations, including 

5 configurations incorporating passive and/or active filter components. Filtering 

may be achieved using a passive RC network, for example. Additionally, or 

alternatively, active components such as a digital signal processor may be 

employed to provide filtering. Filtering may be performed based on frequency 

and/or phase of incoming signals. Indeed, in some embodiments, a digital signal 

10 processor is employed to perform linear phase processing, so as to allow for 

rejection of unwanted signal components. To achieve the desired signal 

isolation, the digital signal processor may be configured to subtract, for a given 

transducer output, any out-of-phase, steady-state components. 

An exemplary mode of operation for the depicted output processing 

15 subsystem will now be described. Referring specifically to transducer 12a, the 

transducer may be stimulated by application of the 0° variant of the sinusoidal 

local oscillator signal. This, in turn, results in movement of the transducer. As 

discussed above, the movement of the transducer may depend on various factors 

other than the characteristics of the input drive signal. Portions of sample 14 

20 may, for example, bond to the surface of the transducer. The resulting variation 

in mass (i.e., from an unloaded state) would cause a change in the resonant 

frequency at which transducer 12a vibrates. In addition, various "acoustic" or 

"sonic" events can affect the movement of transducer 12a. For example, rupture 

events at or near the transducer surface (e.g., a portion of sample 14 breaking 

25 away from a bonding location on the transducer, or a breaking of chemical bonds 

within sample 14) may produce a pressure wave that acts upon the transducer. 

The various different movements of transducer 12a contribute to the 

output signal arising on output line 18a. As discussed above, in most cases, it is 

preferable that the signal on output line 18a reflect only the physical 

30 characteristics of transducer 12a and/or events occurring within sam pie 14 in the 

immediate vicinity of transducer 12a. However, if transducers other than 

transducer 12a are simultaneously active, the signal on line 18a will typically 
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include cross-transducer noise (i.e., noise resulting from the other active 

transducers). 

For example, as discussed above, in many implementations, transducers 

12a and 12b (as well as transducers 12c and 12d) are operatively coupled to a 

5 stationary base with a shared mechanical suspension. Assuming a non-ideal 

mechanical suspension, vibrations of transducer 12a may cause transducer 12b 

to vibrate, and/or vice versa, which in turn will contribute noise components to the 

electrical signals on lines 18a and/or 18b. Noise components can also arise from 

pressure waves propagating through a liquid sample, and from indirect electrical 

1 o couplings in the transducer supporting circuitry, as also discussed above. 

In many prior systems, these noise issues are avoided by activating only 

a single transducer at a time, or by ensuring that simultaneously active 

transducers are spaced apart so that noise contributions are attenuated. This 

may, however, limit the processing capacity of the sensor system. For example, 

15 constraints on the activation of transducers typically will limit the speed of the 

sensor system. In biological scanning applications, for example, use of such a 

sensor system may slow scanning operations and produce other processing 

bottlenecks. 

When multiple transducers in the same area are simultaneously active, the 

20 depicted use of different phase-shifted variants of the base drive signal facilitates 

obtaining substantially noise-free output signals. Referring again to transducer 

12a and its supporting circuitry, the signal on line 18a is applied to mixer section 

36a, along with the same phase-shifted variant 30a (the 0° variant) that was 

applied as an input drive signal to transducer 12a. Use of the same variant that 

25 is used to drive the transducer may be referred to as a "synchronous" deployment 

within output processing subsystem 34, since the variant typically is in sync with 

the transducer output signal on line 18a. The mixing at section 36a creates sum 

frequencies and difference frequencies, which are selectively filtered using LPF 

38a. LPF 38a is tuned to pass only a range of frequencies and phase 

30 corresponding to transducer 12a. The resulting signal on output line 40a is 

therefore substantially free of cross-transducer noise. 
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As indicated above, some cross-transducer noise coupling may occur. 

However, the predetermined phase differences between the transducer drive 

signals cause the noise from other transducers to have electrical characteristics 

that are distinct from the desired base output signal. The characteristics of the 

5 noise signal(s) allow the noise to be readily suppressed or removed via the 

frequency/phase dependent filtering that occurs at filters 38a, 38b, 38c and 38d. 

For example, assume transducers 12a and 12b are both activated at the same 

time with their respective phase-shifted oscillator variants (e.g., variants 30a and 

30b). Movements of transducer 12a could produce a noise movement in 

1 o transducer 12b, via pressure wave coupling occurring through the liquid in 

sample 14, or through the transducer mechanical suspension. This would 

contribute noise to the electrical output signal on line 18b. Additionally, or 

alternatively, a stray capacitance could couple noise onto the output line. 

However, the phase differences between the oscillator signals used with each 

15 transducer would cause such noise contributions to appear on line in a manner 

that would readily enable the noise to be filtered from the output signal. 

More specifically, in certain multiple-transducer embodiments, employing 

different variants of a periodic signal may cause any "non-pure" (e.g., noisy) 

transducer output signal to have frequency components that are distinct from 

20 those of the noise-free base output. Without noise, for example, the signal on a 

given output line typically would have a frequency close or identical to that of the 

base local oscillator signal. Because different transducers within a given group 

would be driven with different phase-shifted versions of the local oscillator, their 

vibratory outputs would be staggered in time relative to one another. 

25 Accordingly, if vibration from more than one transducer were to contribute to the 

output on any given transducer output line, the resulting noisy output would have 

higher frequency components than the noise-free output. The noise components 

would then be filtered out by the combined operation of the mixer sections and 

frequency-/phase-based filtering. 

30 As indicated above, use of different dive signal variants may be 

implemented in a number of different ways. The depicted illustrative embodiment 

may, for example, be extended to more or less than four drive signal variants that 
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are equally distributed in phase over the period of the base oscillator signal. 

Assuming a modified system with N transducers, the modified system may be 

implemented with N corresponding drive signal variants, one for each transducer. 

The drive signal variants would be shifted in phase from the local oscillator by 0°, 

5 (1/N*360)0
, (2/N*360)0

, ... and ((N-1 )/N*360)0
• 

The drive signal circuitry that provides the signal variants to the 

transducers may also be implemented in many different ways. As shown in Fig. 

1, each transducer group 12 may be provided with an oscillator subsystem 16 

dedicated to that individual transducer group. Additionally, or alternatively, a 

10 global oscillator generator 96 (Fig. 2) may be provided to provide oscillator 

signals (and variants thereof) to the individual transducer groups 22, via 

multiplexing, switching and/or other devices/methods. 

A transducer-based sensor method will now be described with reference to 

Fig. 3. The method may be implemented in a variety of different ways. The 

15 following description is merely an illustrative example. As shown at 60 in Fig. 3, 

the exemplary implementation of the method includes applying a first phase­

shifted variant of a periodic signal to a transducer. The implementation also 

includes applying a second, different variant of the periodic signal to another 

transducer, as shown at 62. As with the embodiments described above, further 

20 variants may be employed as desired and appropriate for a given application, as 

indicated at 64. 

As explained above, the differences between the signal variants typically 

will cause signals associated with the two transducers to have different 

characteristics. This, in turn, will cause a noisy output signal (e.g., a signal 

25 having components associated with more than one of the transducers) to have 

characteristics that differ from those of the noise-free signal. Typically, the 

differences between a noisy signal and a noise-free signal manifest as 

differences in frequency or frequency ranges, such that noise suppression can be 

readily performed via bandpass filtering. Indeed, the depicted exemplary 

30 implementation includes, at 66, filtering output signals based on frequency to 

remove cross-transducer noise. Also, as explained above, phase discrimination 

methods may be employed in addition to or instead of frequency-based filtering. 
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It should be understood that the depicted implementation can be extended 

to more than two transducers and two corresponding drive signal variants. For 

example, as in the exemplary systems described above, it will often be desirable 

to employ four signal variants (e.g., respectively shifted in phase from a base 

5 signal by 0°, 90°, 180° and 270°) in a quadrature scheme with groups of four 

transducers. Indeed, it should be appreciated that the described method may be 

implemented in connection with the systems described above, and may thus be 

modified in accordance with the various different configurations that may be 

employed with those systems. It should be understood, however, that the 

10 method is broadly applicable and need not be implemented in connection with the 

particular systems described above. 

It should be understood that the above systems and methods may be 

applied to a wide variety of multiple-transducer applications where it is desirable 

to obtain relatively noise-free outputs from individual transducers. As explained 

15 in the specific exemplary implementations discussed above, multiple variants of a 

drive signal are applied to different transducers in the system. Use of the 

different variations of the drive signal allow signal contributions from the different 

transducers to have different characteristics. This, in turn, facilitates suppression 

of noise components, through use of filtering or other techniques. 

20 While the present embodiments have been particularly shown and 

described, those skilled in the art will understand that many variations may be 

made therein without departing from the spirit and scope defined in the following 

claims. The description of the invention should be understood to include all novel 

and non-obvious combinations of elements described herein, and claims may be 

25 presented in this or a later application to any novel and non-obvious combination 

of these elements. Where the claims recite "a" or "a first" element or the 

equivalent thereof, such claims should be understood to include incorporation of 

one or more such elements, neither requiring nor excluding two or more such 

elements. 

30 
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What is claimed is: 

1. A sensor system (10), comprising: 

a plurality of transducer groups (12), each containing a plurality of 5 

transducers (12a, 12b, 12c, 12d) configured to be placed in operative proximity 

with a sample material (14); 

means for actuating each transducer within each transducer group by 

applying to it a different phase-shifted variant (30a, 30b, 30c, 30d) of a local 

oscillator signal; 10 

and wherein each transducer group (12) includes an output processing 

subsystem (34) and each transducer (12a, 12b, 12c, 12d) within each transducer 

group (12) is driven by one of the phase-shifted variants (30a, 30b, 30c, 30d), 

and the same phase-shifted variant is employed within an output signal path of 

such transducer to facilitate filtering out signal contributions caused by other 15 

simultaneously active transducers within such transducer group. 

2. The sensor system (10) of claim 1, further comprising an oscillator 

subsystem (16) configured to generate and apply the phase-shifted variants (30a, 

30b, 30c, 30d) to the transducers (12a, 12b, 12c, 12d) within each transducer 

group (12), where within each transducer group, a variant (30a) shifted by 0º from 20 

the local oscillator signal is applied to a first transducer (12a), a variant (30b) 

shifted by 90º from the local oscillator signal is applied to a second transducer 

(12b), a variant (30c) shifted by 180º from the local oscillator signal is applied to a 

third transducer (12c), and a variant (30d) shifted by 270º from the local oscillator 

signal is applied to a fourth transducer (12d). 25 

3. The sensor system (10) of claim 2, where each transducer group 

(12) includes only four transducers. 

4. The sensor system (10) of claim 1, where within each transducer 

group (12), each of the phase-shifted variants (30a, 30b, 30c, 30d) of the local 

oscillator signal is orthogonal to at least one other of the phase-shifted variants 30 

employed within such transducer group.  
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5. The sensor system (10) of claim 1, where each transducer group 

(12) includes four transducers that are driven by different phase-shifted variants 

(30a, 30b, 30c, 30d) that are respectively phase shifted from the local oscillator 5 

signal by 0º, 90º, 180º and 270º. 

6. A transducer-based sensor method, comprising: 

providing multiple different phase-shifted variants of a local oscillator 

signal to an array of transducers, where such providing includes: 

  applying (60) a first one of the phase-shifted variants to a first 10 

transducer in the array; and 

  applying (62) a second one of the phase-shifted variants to a 

second transducer in the array; 

 and filtering (66) output signals from individual transducers in the array, 

where such filtering includes: 15 

  applying the first one of the phase-shifted variants to an output 

processing subsystem associated with the first transducer and applying 

the second one of the phase-shifted variants to an output processing 

subsystem associated with the second transducer to facilitate filtering out 

signal contributions caused by other simultaneously outer transducers 20 

within such transducer group. 

7. The sensor system (10) of claim 1, wherein filtering is performed 

based on at least one of frequency and phase. 

8. The method of claim 6 wherein filtering is performed based on at 

least one of frequency and phase. 25 
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