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Abstract

The architecture, operation, and performance of a new integrated acoustic RF channel-
izer are described. The all- acoustic device uses a phased array piezoelectric transducer
to generate frequency dispersed bulk acoustic waves over a 500 MHz bandwidth. The waves
are focused onto a 25 channel receiver electrode array by a cylindrical reflector formed on
the opposing surface of the device. This channelizer has the potential of providing higher
dynamic range than competing technologies.

Introduction

High performance wide bandwidth RF receivers play an important role in detecting and
classifying signals. A number of electronic receiver technologies are in use to detect
wideband RF signals, including crystal video receivers, scanning superheterodyne receivers,
instantaneous frequency measurement receivers and compressive receivers. All of these
receiver technologies are essentially single -channel in nature. They become increasingly
ineffective in the modern complex signal environment where many signals with different
frequency, amplitude, and pulse duration must be sorted simultaniously. In addition, new
modulation techniques such as frequency hopping render these single- channel receivers of
limited use.

A preferred receiver technology is one that uses a multi -channel approach where a
number of frequencies are monitored simultaneously. The multi -channel approach, a channel -
ized receiver, has the ability to simultaneously separate a wideband RF signal into a
number of narrowband signals, as shown in Figure 1. Such a technique can, of course, be
realized with any of the electronic receivers described previously by combining many
receivers in parallel. This is, in general, impractical for most applications. Two tech-
niques with inherent parallelism, however, overcome many of the limitations associated with
these single -channel electronic receiver technologies: surface acoustic wave (SAW) filters
and acousto -optic Bragg cell spectrum analyzers.
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Figure 1. Channelized receiver
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Figure 2. Parallel Channelized Receivers
Technologies: (a) SAW Filter,
(b) Acousto -optic Bragg Cell Spec-
trum Analyzer, and (c) Focused
Acoustic Wave Channelizer

A SAW filtef, shown in Figure 2(a) uses an interdigitated transducer input with a
wideband RF signal to launch an acoustic wave that propagates along the surface of the
device. The acoustic wave carries all of the information present in the input RF signal.
A number of separate interdigitated transducers, downstream from the input transducer, are
configured to respond to a narrow frequency input, thus acheiving simultaneous frequency
channelization.

The acousto -optic spectrum analyzer, shown in Figure 2(b), inputs wideband RF signal
to a piezoelectric transducer bonded to an acousto -optic Bragg cell. The transducer
generates acoustic waves whose amplitude and frequency correspond to those of the input RF
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A SAW filter, shown in Figure 2(a) uses an interdigitated transducer input with a 
wideband RF signal to launch an acoustic wave that propagates along the surface of the 
device. The acoustic wave carries all of the information present in the input RF signal. 
A number of separate interdigitated transducers, downstream from the input transducer, are 
configured to respond to a narrow frequency input, thus acheiving simultaneous frequency 
channelization.

The acousto-optic spectrum analyzer, shown in Figure 2(b), inputs wideband RF signal 
to a piezoelectric transducer bonded to an acousto-optic Bragg cell. The transducer 
generates acoustic waves whose amplitude and frequency correspond to those of the input RF
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signal. The acoustic wave produces a refractive index variation in the acousto -optic
material through the photoelastic effect. A coherent optical beam incident on the Bragg
cell is amplitude, phase, and frequency modulated by the refractive index grating and
diffracted at an angle proportional to the grating frequency. A Fourier transform lens
is used to spatially resolve the multiple diffracted optical beams, thus producing a light
intensity distribution representing the spectral content of the input wideband RF signal.
A photodetector in the back focal plane of the lens can then be used to detect this light
distribution, converting information back to the electrical domain.

Both of these techniques, while providing simultaneous parallel frequency channeliza-
tion, have performance limitations which may be unacceptable in some applications. The
SAW filter requires interdigitated transducers for each channel arranged in a serial
fashion on the substrate. This limits the number of channels available in one device. The
linewidth of the interdigitated transducers is inversely proportional to the frequency such
that GHz bandwidths require submicron linewidths which are difficult to fabricate. Inser-
tion loss in SAW filters is high, limiting dynamic range. The acousto -optic channelized
receiver is more complex than the SAW filter in that it requires two additional active
components - a laser light source and a photodetector array. While bandwidth and channel -
ization can be high, dynamic range is limited by the photodetector array and by inter -
modulation products produced in the Bragg cell due to the non -linear nature of the acousto-
optic interaction.

In this paper we describe a new passive technique for frequency channelization which
combines features of the SAW filter and the acousto -optic channelized receiver. It has the
potential of achieving high dynamic range over a wide bandwidth with a large number of
channels. The device is shown in Figure 2(c). Like the SAW filter, this all- acoustic
device has a single input transducer and multiple output transducers. Unlike the SAW
device, however, the acoustic waves are generated in the bulk. Analagous to the acousto-
optic spectrum analyzer, which frequency disperses and focuses light onto a photodetector
array, this device frequency disperses acoustic waves and focuses them onto an output
transducer array. Because it uses focused acoustic waves, we call this device the focused
acoustic wave (FAW) channelizer. Similar, independent, work using both surface and bulk
acoustic waves has been reported elsewhere.1,2

Focused acoustic wave device concept

The key functions required to perform channelization with a FAW device are frequency
dispersion and focusing. While there are a number of unique device architectures capable
of performing these two functions, the easiest to fabricate, and the one reported here,
utilizes a phased array transducer and a cylindrical reflecting surface.
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Figure 3. Phases Array Transducer:
(a) Construction and (b) Polar
Plot of Radiation Pattern

(a) (b)

Figure 4. Cylindrical Reflector:
(a) On -axis Rays and
(b) Off -axis Rays

The use of phased array transducers to increase the bandwidth and efficiency of
acousto -optic Bragg cells is well known3. Although its use in the FAW device is for
frequency dispersion only, the same principles apply. Figure 3(a) shows an N element
phased array transducer of total length W =ND, where D is the center -to- center spacing of
the elements. With neighboring elements phase shifted by 180 °, it is easily shown that,
for reasonably wide transducer electrodes, the transmitted acoustic wave has appreciable
energy only in the two first -order lobes, as shown in the polar plot in Figure 3(b). The
first -order beam is steered off the normal to the array by an angle ©given by:

A
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where A is the acoustic wavelength. This device realizes frequency dispersion using the
positive (negative) first -order acoustic beam which rotates clockwise (counter -clockwise)
as the signal frequency input to the array is increased. It can also be shown that the
half -power angular spread of the first -order beam, aQ , is given by:

nas_ -
r ND

(2)

A cylindrical reflecting surface is used to bring the frequency dispersed acoustic
waves to focus on the output transducer array. The behavior of acoustic waves reflecting
from a spherical surface can be described using geometrical optics. Figure 4(a) shows on-
axis acoustic waves reflecting from a spherical reflector. In the paraxial region, rays
come to focus along a line known as the caustic originating from the on -axis paraxial focal
point. Off -axis paraxial rays, as shown in Figure 4(b) will be brought to focus at a point
on the circumference of a circle of radius R/2 passing through the on -axis paraxial focal
point. Off -axis non -paraxial rays will focus on a caustic originating from the off -axis
paraxial focal point. In order to minimize the difficulty of fabricating the receiver
electrodes on the focal plane of the device, a planar architecture was chosen. The phased
array transducer is located in a plane normal to the axis of the reflector. Its length is
such that the acoustic waves are in the paraxial region. The receiving transducer array,
located in the same plane as the transmitting array, is placed such that the acoustic waves
at the center frequency of the device are brought to exact focus.

The focusing characteristics of the phased array transducer /spherical reflector system
can be described analagously to the spherical lens imaging system shown in Figure 5. The
spatial location x of a particular acoustic beam of wavelength A in the focal plane of the
FAW channelizer of focal length F is, using equation (1), given by: .

x=F4 = -FA

20

The spot diameter s in the focal plane, using equation (2), is given by:

FAS=S+=ND

The number of resolvable elements R in the focal plane, for a wavelength range of
Ais A s A2 s 2A1 , is given by:

x(A2)
p dx

R
J S

x(A1)

Substituting equations (3) and (4) into (5) and solving the integral, we obtain:

R= N LN
2 Al

(3)

(4)

(5)

(6)

In order to avoid the second -order grating term, we keep the max /min wavelength below 2.
The logarithmic term of equation (6), therefore, represents a resolution limiting factor
between zero and In 2 = 0.693, whose value is low for small fractional bandwidths, and
assumes its maximum if a full octave of frequencies is used.

Using the preceeding analysis, a 25 channel, 500 MHz bandwidth FAW channelizer was
designed for operation at a center frequency of i GHz. This device has a 120 element
interdigitated phased array transducer with 10 pm elements on 20 pm centers. The 25 element
receiver transducer was configured to receive frequencies separated by a fixed 20 MHz
increment. The receiver transducer elements are, therefore, not equally spaced; their
spacing is proportional to P12. The array electrode widths range from 40 pm for the high-
est frequency component to 123 gm for the lowest frequency component. A 10 pm minimum
separation is maintained between electrodes. While this receiver architecture does not
take full advantage of the resolution potential of the device, it conforms to the system
requirements for conventional channelizers.
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Channelizer fabrication

Figure 6 shows a cross section of the FAW device and illustrates its construction.
The fabrication process follows that employed for acousto -optic Bragg cells. While the
acoustic material need not be optically transmissive, schlieren imagery of the acoustic
waves is an important diagnostic tool in the evaluation of device performance. The device
described here is fabricated from LiNb03, a material with low acoustic attenuation, moder-
ate acousto -optic figure of merit, and which is available in high optical quality. The
acoustic anisotropy of LiNbO simply changes the geometrical distances from that of an
isotropic material by the anisotropy factor. For the orientation here, the distances are
reduced by approximately a factor of 2.

After the acoustic material is cut and polished, a single LiNb03 piezoelectric trans-
ducer is bonded to the substrate and reduced in thickness to yield a resonant frequency
of 1 GHz. A top electrode is then deposited on the transducer. Wet chemical etching after
a single photolithographic step defines both the transmitter and receiver electrode arrays.
The cylindrical surface of the device is then polished in an iterative manner, using
schlieren imagery to monitor the progress, to bring the acoustic focal plane to the plane
of the receiver transducer array.

The FAW device is bonded to an RF interface board. The board provides a wideband in-
put match for the differentially driven phased array transducer. The board was designed to
provide an input VSWR of 2.5:1 over the 500 MHz input bandwidth. The board also provides
25 output channels each designed with a narrowband output impedance match with VSWR of
2.0:1. The board was designed to provide input /output isolation of 60 dB and adjacent
channel isolation of 40 dB.

Characterization setup

The performance of the FAW channelizer was characterized with both optical and elec-
trical techniques. A schlieren optical setup was employed to observe the focusing of the
acoustic waves in the device. Here, a coherent optical beam illuminates the device ortho-
gonal to the scanning plane of the phased array transducer. With the DC optical beam
blocked, the acousto -optically diffracted light is brought to focus, forming an image of
the acoustic sound field. The electrical setup used to characterize the device is shown
in Figure 7. Here, an RF sweep oscillator inputs signals to the channelizer through an
amplifier over the 750 - 1250 MHz bandwidth of the device. A pulse generator can be used
to gate the input signal in order to observe temporal characteristics of the device. One
of 25 channels is output to an oscilloscope to obtain time domain information. In order
to observe the frequency response of the device, the output from a particular channel was
input to a spectrum analyzer. By sweeping the input RF sweep oscillator very fast relative
to the output spectrum analyzer, the spectral response of a single channel can be observed.
A second pulse generator can be used to gate out electrical feedthrough from the input to
the output of the device.
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Figure 7. Electrical characterization setup

Experimental results

Figure 8 shows schlieren images of the FAW channelizer at both 875 (8a) and 1250 MHz
(8b). In each photograph the cylindrical surface of the device is on the right side and
the transducer is on the left side with the phased array located at the bottom and the
receiver array at the top. In the 875 MHz photograph the first order acoustic wave is
clearly seen emanating from the transducer array and coming to focus at the plane of the
receiver array. The DC acoustic beam seen in both images resulted from imperfect phasing
between phased array elements, a problem corrected before obtaining further electrical data.

(a) (b)

Figure 8. FAW Schlieren Images: (a) 875 MHz and (b) 1250 MHz

The pulsed response of the 925 MHz channel is shown in Figure 9. Figure 9(a) shows the
input to the device, a 1 ps, 4.7 Volt peak -to -peak signal; the output is shown in Figure
9(b). The first pulse, delayed approximately 6 ns from the input pulse is electrical feed -
through from the input transducer to the output electrode. The second pulse, approximately
34 dB below the input signal, is the acoustic pulse, delayed the round trip transit time
through the device, approximately 2 us. The higher than expected (20 dB) insertion loss is
due in part to an input VSWR of 4:1 instead of the designed value of 2.5:1. This was the
result of a lower than expected transducer impedance due to an additional bonding substrate
attached to the transducer for diagnostic probing purposes. A third pulse observed at
approximately 4 ps is the electrical feedthru from the first received acoustic pulse re-
flected back to the input transducer. The fourth pulse, approximately at 6 /is is the triple
transit acoustic pulse.
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Figure 9. FAW Pulsed Response: (a) Input and (b) Output

Figure 10 shows the step response of the device. Both the rise and fall time of the
output transducer are approximately 40 ns, which is consistent with the designed frequency
resolution of 20 MHz.

(a) (b)

Figure 10. FAW Response Time: (a) Rise Time and (b) Fall Time

Frequency channelization is shown in Figure 11. Figure 11(a) shows the CW response of
the 925 MHz channel input with a signal swept from 750 to 1250 MHz. Electrical feedthrough
limits the CW dynamic range, measured three channels away, to approximately 12 dB. The
electrical feedthru can be suppressed by pulsing the input to the device and gating out the
electrical feedthrough pulse. The lower trace in Figure 11(b) shows the effect of 30 dB
electrical feedthrough suppression. The structure revealed is the result of the acoustic
sidelobes originating from the rectangular phased array transducer. The first sidelobe, as
expected, is 13 dB down while the second sidelobe is 18 dB down. Thus the dynamic range
with the electrical feedthru suppressed, measured three channels away, is 18 dB. Figure 12
shows a trace of six channels where the maximum hold function of the spectrum analyzer was
used to successively record the output from each channel. 3 dB channelization of 20 MHz is
clearly observed.
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Figure 9. FAW Pulsed Response: (a) Input and (b) Output

Figure 10 shows the step response of the device. Both the rise and fall time of the 
output transducer are approximately 40 ns, which is consistent with the designed frequency 
resolution of 20 MHz.
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Frequency channelization is shown in Figure 11. Figure 11(a) shows the CW response of 
the 925 MHz channel input with a signal swept from 750 to 1250 MHz. Electrical feedthrough 
limits the CW dynamic range, measured three channels away, to approximately 12 dB. The 
electrical feedthru can be suppressed by pulsing the input to the device and gating out the 
electrical feedthrough pulse. The lower trace in Figure 11(b) shows the effect of 30 dB 
electrical feedthrough suppression. The structure revealed is the result of the acoustic 
sidelobes originating from the rectangular phased array transducer. The first sidelobe, as 
expected, is 13 dB down while the second sidelobe is 18 dB down. Thus the dynamic range 
with the electrical feedthru suppressed, measured three channels away, is 18 dB. Figure 12 
shows a trace of six channels where the maximum hold function of the spectrum analyzer was 
used to successively record the output from each channel. 3 dB channelization of 20 MHz is 
c 1 e a r 1 y ob s e rv e d.
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Figure 11. FAW Frequency Channelization: (a) Single Channel CW Response and (b) Single
Channel Pulsed Response

Figure 12. Pulsed Response - Six channels

The single tone dynamic range of the channelizer is shown in Figure 13. Figure 13(a)
shows the 925 MHz signal input to the channelizer, approximately 23 dBm. Figure 13(b)
shows the output from the device, approximately 3 dBm. The signal is attenuated by 30 dB
into the spectrum analyzer and externally amplified by approximately 19 dB in order to
bring the signal out of the spectrum analyzer noise floor. The spectrum analyzer has a
resolution bandwidth of 1 MHz so the measured dynamic range for this 20 MHz bandwidth
channelizer must be reduced by 13 dB from that measured from these photographs. Figure
13(b) shows a dynamic range of 80 db, which when reduced by bandwidth considerations,
becomes 67 dB.

The two -tone third order intermodulation products are shown in Figure 14. Two 5 dBm
tones were input to the channelizer at 850 and 900 MHz. The two -tone third order inter -
modulation product at 950 MHz is shown in Figure 14(b), at least 62 dB down. This measure-
ment is limited by the intermodulation products generated in the electronic input to the
channelizer.

Conclusions

The focused acoustic wave channelizer is a new all- acoustic integrated RF channelizer.
The device architecture and operation have been described, and the optical and electrical
characteristics of the device have been presented. These results are summarized in Table 1.
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Figure 12. Pulsed Response - Six channels

The single tone dynamic range of the channelizer is shown in Figure 13. Figure 13(a) 
shows the 925 MHz signal input to the channelizer, approximately 23 dBm. Figure 13(b) 
shows the output from the device, approximately 3 dBm. The signal is attenuated by 30 dB 
into the spectrum analyzer and externally amplified by approximately 19 dB in order to 
bring the signal out of the spectrum analyzer noise floor. The spectrum analyzer has a 
resolution bandwidth of 1 MHz so the measured dynamic range for this 20 MHz bandwidth 
channelizer must be reduced by 13 dB from that measured from these photographs. Figure 
13(b) shows a dynamic range of 80 db, which when reduced by bandwidth considerations, 
becomes 67 dB.

The two-tone third order intermodulation products are shown in Figure 14, Two 5 dBm 
tones were input to the channelizer at 850 and 900 MHz. The two-tone third order inter- 
modulation product at 950 MHz is shown in Figure 14 (b) , at- least 62 dB down. This measure 
ment is limited by the intermodulation products generated in the electronic input to the 
channelizer.

Conclusions

The focused acoustic wave channelizer is a new all-acoustic integrated RF channelizer. 
The device architecture and operation have been described, and the optical and electrical 
characteristics of the device have been presented. These results are summarized in Table 1,
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Figure 13. Single Tone Dynamic Range: (a) Input and (b) Output
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Figurel4. Two -Tone Third Order Intermodulation Products: (a) Input and (b) Output

Table 1. Summary of FAW channelizer specifications and performance
Center Frequency 1.0 GHz
Bandwidth 500 MHz
Frequency Channelization (3 dB) 20 MHz
Dynamic Range

Single Tone 67 dB
Multiple Tone (3 channels away) 12 dB
w/ electrical feedthru suppressed 18 dB
Intermod Free >62 dB

+/- 0.5 dB
+/- 2 MHz

Amplitude Linearity
Frequency Linearity

The potentially higher dynamic range achievable with this technology over competing
channelization schemes will require: a) improved isolation between the input and output
transducerstto reduce electrical feedthrough, b) improved isolation between output channels
on the RF interface board, and c) apodization of the input phased array transducer to re-
duce acoustic sidelobes.
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Figure 13. Single Tone Dynamic Range: (a) Input and (b) Output
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Figure 14. Two-Tone Third Order Intermodulation Products: (a) Input and (b) Output
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