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Integrated microwave photonic filters are becoming increasingly important for signal processing within advanced
wireless and cellular networks. Filters with narrow transmission passbands mandate long time delays, which are
difficult to accommodate within photonic circuits. Long delays may be obtained through slow moving acoustic
waves instead. Input radio-frequency information can be converted from one optical carrier to another via surface
acoustic waves and filtered in the process. However, the transfer functions of previously reported devices consisted
of multiple periodic passbands, and the selection of a single transmission band was not possible. In this work, we
demonstrate surface acoustic wave, silicon-photonic filters of microwave frequency with a single transmission
passband. The filter response consists of up to 32 tap coefficients, and the transmission bandwidth is only
7 MHz. The results extend the capabilities of integrated microwave photonics in the standard silicon-on-insulator
platform. © 2022 Chinese Laser Press

https://doi.org/10.1364/PRJ.457340

1. INTRODUCTION

Microwave photonics (MWP) research and development ad-
dress the generation, distribution, and processing of analog ra-
dio-frequency signals using optical means [1–3]. Compared
with their electronic counterparts, MWP devices and systems
may offer broader bandwidths, longer distribution reaches,
comparative immunity to electromagnetic interference, and di-
rect incorporation within fiber communication links [1–3].
Applications within advanced wireless and cellular networks
demand the production of MWP systems in larger volumes,
smaller size, lower cost, and reduced power consumption [4].
These requirements call for the integration of MWPmodules at
the chip level [5,6]. Silicon photonics is often the medium of
choice for MWP devices, due to the promise of co-integration
alongside electronic circuits [7,8].

One of the most important functions of MWP processing is
the selection of narrowband channels out of broad optical
bandwidths [9,10]. A common filter architecture relies on
the splitting of signals among multiple paths, referred to as filter
taps, and the weighted summation of their delayed replicas
[11]. Narrow spectral passbands require long delays in the

time-domain. Arbitrarily long delays can be realized over fiber
paths; however, their coherent addition is prone to environ-
mental drifting [12]. Chip-level delay-and-sum filters provide
stable response; however, integrated-photonic waveguides can
only support limited delays due to footprint and loss restric-
tions. MWP filters have been realized in silicon photonic
circuits using ring resonators, Mach–Zehnder interferometers,
photonic crystals, and cavities [13–15] (for a review, see
Ref. [16]). The transmission bandwidths of silicon-photonic
MWP filters range between hundreds of MHz and several
GHz [16].

Hypersonic acoustic waves are characterized by wavelengths
on the optical scale and frequencies that match the rates of in-
formation. Acoustic waves, therefore, represent an excellent
candidate platform for MWP signal processing. Highly selec-
tive, integrated MWP filters have been realized using acoustic
waves. Examples include backward stimulated Brillouin scatter-
ing in chalcogenide glass waveguides as part of larger silicon-
photonic circuits [17,18], forward Brillouin scattering in
suspended silicon membrane waveguides [19,20], and electri-
cal actuation in piezoelectric substrates [21]. Reports include
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sub-MHz-wide passbands, broad tunability, wide dynamic
ranges, and low radio-frequency losses [17–21]. However, these
opto-mechanical demonstrations required the supplementing
of standard silicon photonics by hybrid material integration
or the suspension of structures.

Over the last three years, our group has proposed and dem-
onstrated delay-and-sum MWP filters in standard silicon-on-
insulator (SOI) integrated circuits [22–24]. Incoming micro-
wave rate information is converted from the modulation of
a first optical carrier to the form of surface acoustic waves
(SAWs) through absorption in metallic grating patterns and
thermoelastic actuation [25–27]. Information is recovered in
the optical domain via photoelastic modulation of a second in-
put optical carrier in a resonator waveguide [22–24]. Slow mov-
ing SAWs cross the resonator paths multiple times, imprinting
delayed replicas of the input waveform on the output optical
carrier. Due to the slow SAWs velocity, delays as long as 175 ns
were realized on chip [23,24]. The filter response included up
to 12 delayed taps, and the magnitude and radio-frequency
phase of each tap could be chosen arbitrarily and independent
of those of all others [23]. However, the frequency-domain re-
sponse of the discrete-time filters consisted of multiple periodic
passbands separated by a free spectral range of 65 MHz [23]. In
many MWP applications, the selection of a single passband is
essential.

In this work, we demonstrate SAW-photonic, discrete-time
MWP filters with a single passband of 14 and 7 MHz widths.
The number of filter taps is increased to 16 and even 32. The
passband frequency can be designed arbitrarily. The experimen-
tal results represent a first realization of single-passband, narrow
MWP filters in standard SOI, and they further substantiate the
SAW-photonic approach for integrated MWP filters with arbi-
trary transfer functions.

2. PRINCIPLE OF OPERATION

A SAW-photonic, discrete-time integrated MWP filter in SOI
is illustrated in Fig. 1. A grating of M metallic stripes with a
spatial periodΛ is deposited on the SOI layer stack. The grating
is illuminated by light from input fiber 1, which is intensity
modulated at radio-frequency Ω. Absorption of modulated
light in the metals leads to the periodic heating and cooling,
which results in thermal expansion and contraction of the gra-
ting elements [25–27]. Thermal expansion of the thin metallic
stripes takes place on picosecond time scales [25–27]. A strain
pattern of spatial period Λ and frequency Ω is, thereby, trans-
ferred from the metallic grating to the underlaying SOI layer
stack and may lead to the generation of SAWs [25–27].

SAW actuation is the most efficient for radio-frequency
Ωmax � 2πvph∕Λ, where vph is the phase velocity of a surface
acoustic mode of the SOI layer stack [25–27]. For a grating
period Λ of 1.4 μm, Ωmax is on the order of 2π × 2.4 GHz
[22]. We denote the normalized frequency response of thermo-
elastic actuation as HG�Ω�, with HG�Ωmax� � 1. The band-
width ΔΩG of HG�Ω� is on the order of Ωmax∕M . Gratings
used in this work consist of several tens of periods; hence, ΔΩG
equals tens of MHz. The response HG�Ω� of a uniform grating
follows a sinc shape and includes spectral sidelobes [28]. The
response can be tailored using apodization techniques, such as
varying the widths of metallic stripes toward the edges of the
grating extent. The magnitude of the generated SAWs is pro-
portional to the intensity modulation of the input optical wave.

A resonator waveguide is patterned in proximity to the met-
allic grating (see Fig. 1). The resonator layout consists of N
straight waveguide sections that run parallel with the grating
stripes. Adjacent sections are separated by a fixed lateral offset
Δy. The SAW front crosses the parallel waveguide sections with

Fig. 1. (a) Schematic illustration of a SAW-photonic, discrete-time microwave filter device in SOI. An optical beam (red) from input fiber 1,
modulated by microwave-frequency information, illuminates a grating of metallic stripes (yellow). Thermoelastic expansion and contraction of the
grating elements lead to the launch of SAWs, which pass across a resonator waveguide layout. Generation of SAWs is the most effective when
the grating period and modulation frequency match those of a surface acoustic mode. Continuous-wave light from input fiber 2 is coupled into
the resonator waveguide. The propagating SAWs imprint a replica of the input information onto the guided optical wave in each of N parallel
waveguide sections within the resonator layout, via photoelasticity. (The racetrack layout shown in the figure includes N � 2 such sections.) Due to
the slow acoustic velocities, long delays between replicas are accommodated on-chip. The input microwave frequency information is, thereby,
converted from input 1 to the output port, via SAWs. The response of the device is that of a discrete-time, delay-and-sum MWP filter with
N taps. (b) Top-view optical microscope image of a fabricated two-tap device (see Section 3). The grating period Λ, the spacing Δy between
parallel sections of the resonator waveguide, and the transverse extent l of the grating elements and of the stimulated surface acoustic wavefront
are noted on the image.
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relative delays of mτ0 with respect to the section closest to the
grating. Herem � 0, 1,…,N − 1, , τ0 � Δy∕vg is a unit delay,
and vg denotes the group velocity of SAWs. The SAWs induce
photoelastic perturbations to the refractive index of the resona-
tor waveguide sections.

A second, continuous optical input field is coupled into the
resonator waveguide. The exact wavelength of the second input
field is locked to a maximal slope of the resonator transfer func-
tion [22]. With that alignment, photoelastic modulation along
the resonator waveguide is converted to intensity modulation of
the guided optical wave at the device output. The normalized
time-domain impulse response of the output intensity modu-
lation to SAWs perturbation, in units of s−1, is given by [23]

hR�τ� �
XN−1

m�0

am exp

�
−m

αSAW
2

Δy
�
δ�τ − mτ0�: (1)

In Eq. (1), τ is a time variable, and αSAW [m−1] denotes the
propagation loss coefficient of SAWs intensity. At the acoustic
frequency of 2.4 GHz, αSAW equals 12 dB ⋅ mm−1 [23]. The
photoelastic modulation response is that of a discrete-time, de-
lay-and-sum filter with N taps [23]. The unitless complex
weight am of each tap can be designed arbitrarily and indepen-
dent of those of all others through fine tuning of the width of
waveguide section m and its lateral position with respect to
m · Δy [23]. In this work, we have chosen am � 1 for all taps.

The frequency-domain response HR�Ω� of photoelastic
modulation is given by the Fourier transform of hR�τ�. The
periodic response HR�Ω� has a maximum value of N . The
overall response of the entire SAW-photonic device, from
the voltage driving the modulation of the first input optical
wave to that of the detected output wave, can be written as

HTotal�Ω� � KHG�Ω�HR�Ω�: (2)

The unitless constant K is given by [23]

K ≈ 2CP̄1 exp
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l
λ0

F �1 − ER�π RP̄2

V π
: (3)

In Eq. (3), P̄1 [W] is the average optical power of the first
input wave illuminating the metallic grating, and P̄2 [W] is the
average optical power of the second optical wave at the device
output. y0 denotes the separation between the metallic grating
and the nearest parallel waveguide section (m � 0), L is the
resonator waveguide length, and l represents the transverse ex-
tent of the propagating SAW front (see Fig. 1). Also, in Eq. (3),
V π [V] is the voltage difference required to switch an electro-
optic modulator at the input path of the first optical wave be-
tween maximum and minimum transmission, R represents the
responsivity of a detector at the device output in V ⋅ W−1,
and ng ≈ 3.5 refractive index units (RIU) is the group index
of the optical mode in the resonator waveguide. Q , ER, and
F denote the quality factor, extinction ratio, and finesse of
the resonator, respectively, and λ0 is the vacuum wavelength
of the optical wave guided in the resonator. The intensity
modulation of the output wave scales with the spectral sharp-
ness of the resonator transfer function, represented by Q.

The constant C [RIU ⋅ W−1] in Eq. (3) denotes the ratio
between the index perturbation magnitude associated with
the generated SAWs and the intensity modulation of the first
input wave. C depends on thermoelastic properties of the gra-
ting stripes, photoelastic properties of the SOI layers, and the
transverse profile of the optical mode in the resonator wave-
guide. The coefficient C was previously calibrated and found
to be on the order of 10−6 RIU ⋅ W−1 [22,23]. End-to-end
transmission of optical power through the MWP devices at fre-
quency Ωmax may be estimated as N 2K 2. Due to the compar-
ative inefficiency of thermoelastic stimulation (small value of
C), radio-frequency power losses are large: on the order of
70 dB [22,23]. The electrical power transfer function scales
with Q2. It is degraded by a geometric penalty �l∕L�2: the ratio
between the extent of the SAW wavefront driven from the gra-
ting and the length of the resonator waveguide. Long resona-
tors, therefore, carry a response penalty.

The frequency response HTotal�Ω� is the product of the
envelope function HG�Ω�, with a peak at Ωmax and width
ΔΩG ≈ Ωmax∕M , and a periodic function HR�Ω� with a free
spectral range FSRR ≈ 1∕τ0 and periodic passbands of widths
ΔΩR ≈ 1∕�N τ0�. If the separation Δy between adjacent wave-
guide sections within the readout resonator is short enough,
and/or the number of periodsM in the metallic gratings is large
enough, the free spectral range FSRR can exceed the envelope
bandwidth ΔΩG . In that case, the frequency response of the
integrated MWP filter device would consist of a single, narrow
passband only. The parallel waveguide sections must be pat-
terned in close separation while maintaining minimal bending
radii within the resonator waveguide, so that the quality factor
Q is not compromised.

The design of a filter device would begin with choosing the
grating period Λ to match a central frequency of choice
Ωmax � 2πvph∕Λ. The separation between waveguide sections
Δy would be determined by the required free spectral range
vg∕Δy. The number of taps N is selected by the necessary spec-
tral resolution vg∕�NΔy�. Lastly, the tap coefficients famg can
be chosen using algorithms of digital filter synthesis [12,29].
The exact location and width of each of the N waveguide sec-
tions can be adjusted to realize arbitrary complex weights [23].

3. EXPERIMENTAL RESULTS

Devices were fabricated in 8 in. (1 in. = 2.54 cm) SOI wafers
with a 220-nm-thick silicon device layer and a 2-μm-thick
buried oxide layer. Optical waveguides were patterned using
UV stepper photolithography and inductively coupled plasma
reactive ion etching at the Tower Semiconductor commercial
silicon foundry. A ridge waveguide cross section was used, with
a partial etching depth of 70 nm and core width of 700 nm.
Grating couplers were defined at the edges of bus waveguides
leading to the resonators. Metallic gratings were subsequently
deposited at Bar-Ilan University facilities, using electron-beam
lithography, sputtering, and lift-off processes. The grating
stripes comprised a 5-nm-thick chromium adhesion layer fol-
lowed by a 20-nm-thick gold layer. The metallic grating periods
Λ were between 1.3 and 1.5 μm. Alignment markers were used
to define the locations of metallic gratings with respect to
the resonator waveguides. The separation y0 between the edges
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of the metallic grating and the nearest waveguide section
was 4 μm.

Figure 2 shows the top-view optical microscope images of
16-tap, 32-tap, and two-tap SAW-photonic devices. The reso-
nators layouts of the 16 (32) tap devices consist of 16 (32) par-
allel sections with separation Δy of 14 μm. The separation
corresponds to a unit group delay τ0 of 3.85 ns. In order to
avoid excessive bending losses, the resonator waveguide layouts
are folded over so that bending radii remain 50 μm or wider.
The lengths L of the resonators are 21.1 mm and 57.1 mm for
the 16-tap and 32-tap designs, respectively. The two-tap
devices are based on racetrack resonators with 480 μm circum-
ference. The separation Δy between the two straight sections of
the racetrack layout is 150 μm (τ0 of 40 ns). Devices were fab-
ricated in pairs: a 16- or 32-tap device and a two-tap device
shared a common metallic grating, located between them
[see Fig. 2(e)]. In this manner, photoelastic modulation re-
sponses of both devices to the same stimulated SAWs could
be compared.

The transfer functions of optical power through the resona-
tor waveguides of devices under test were characterized using an
optical vector network analyzer (VNA), with a spectral resolu-
tion of 3 pm. Light was coupled between standard single-mode
optical fibers and the bus waveguides of the resonator devices
using the grating couplers. The coupling losses were 10 dB per
interface. Figure 3(a) shows the measured optical power transfer

function of the resonator waveguide in a 32-tap device. The
free spectral range of the transfer function is 55 pm. The ex-
tinction ratio ER is 15 dB, and the quality factor Q is 125,000.

The experimental setup for the characterization of MWP
transfer functions of SAW-photonic devices is illustrated in
Fig. 3(b). Light from a first laser diode of 1540 nm wavelength
passed through an electro-optic Mach–Zehnder intensity
modulator (V π � 3.5 V). The modulator was driven by volt-
age of variable radio-frequency Ω from the output port of an
electrical VNA. The modulated waveform was amplified by an
erbium-doped fiber amplifier (EDFA) to an average output
power P̄1 of 500 mW and served as input 1 of the device under
test. The output fiber of the EDFA was held above the metallic
grating of the device under test. The distance between the fiber
facet and the device surface was adjusted so that the spot size
matched the extent l of the grating.

Continuous-wave light from a second laser diode at
1544 nm wavelength was coupled into the bus waveguide as
the second input of the device under test. The exact wavelength
of the source was adjusted to a spectral slope of the optical
power transfer function of the device [see Fig. 3(a)], using cur-
rent and temperature tuning. Due to the sharp slope of the
transfer function, the input wavelength was actively locked
to the slope using a feedback loop (see Appendix A). The
second input wave was modulated along the resonator wave-
guide by SAWs propagating away from the metallic grating.

Fig. 2. (a)–(c) Top-view optical microscope images of a 16-tap SAW-photonic MWP filter device. Scale bars correspond to 200 μm, 100 μm, and
50 μm in the three panels, respectively. A square grating of gold stripes is deposited to the right of a long resonator waveguide. The resonator layout
consists of 16 straight sections that run parallel to the grating stripes. (d), (e) Top-view optical microscope images of a 32-tap SAW-photonic MWP
filter device. Scale bars correspond to 400 μm and 100 μm, respectively. A grating coupler for optical input can be seen at the end of a bus waveguide
in the lower left corner of panel (d). A two-tap device to the right of the metallic grating is seen in panel (e).
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The optical waveform at the device output was amplified by a
second EDFA to an average power P̄2 of 5 mW and detected by
a photo-receiver of responsivity R � 27 V ⋅ W−1. The detected
voltage was analyzed by the input port of the VNA. The MWP
transfer function jHTotal�Ω�j2 of electrical power through the
device was measured by scanning the modulation radio-
frequency Ω.

The solid red line in Fig. 3(c) shows the measured
jHTotal�Ω�j2 of a two-tap filter device. The metallic grating
of the device consisted of M � 43 periods, with Λ �
1.4 μm . The response is characterized by periodic passbands
with a free spectral range FSRR of 23 MHz (dotted black trace,
normalized to a maximum of unity), within a spectral envelope,
which represents the response jHG�Ω�j2 of thermoelastic SAW
stimulation (dashed red trace). The envelope was estimated by
sampling the measured response of the two-tap device at the
transmission peaks and applying a spectral moving average win-
dow. The estimated envelope is asymmetric due to measure-
ment noise and possible acoustic reflections within the grating
region. The full width at half-maximum (FWHM) ΔΩG of
jHG�Ω�j2 is 140 MHz. The envelope functions jHG�Ω�j2
were measured in the same manner for two-tap devices
with grating periods of 1.32 μm and 1.49 μm. Figure 3(d)
shows the measured ΔΩG as a function of the number of
grating periods M of several two-tap devices (Λ �
1.4 μm). The bandwidth of thermoelastic stimulation de-
creases with a larger number of periods as anticipated.

Figure 4(a) shows measured transfer functions of two
16-tap devices with different grating periods Λ. The solid
red trace shows the measured jHTotal�Ω�j2 of a device with
Λ � 1.32 μm, and M � 43 periods in the metallic grating.
The SAW thermoelastic actuation response jHG�Ω�j2 was
measured using an adjacent two-tap device through the same
metallic grating [dashed red; see Figs. 2(e) and 3(c)]. The peak
frequency Ωmax of jHG�Ω�j2 for the chosen Λ matches one
peak of the normalized periodic response jHR�Ω�j2 of a 16-
tap discrete-time filter with the given τ0 (dashed black). The
free spectral range of jHR�Ω�j2 is wider than the bandwidth
of jHG�Ω�j2. The transfer function jHTotal�Ω�j2, therefore,
consists of a single passband at 2.56 GHz. The FWHM of the
passband is 14 MHz, and out-of-band components are rejected
by at least 15 dB.

The solid blue trace of Fig. 4(a) presents the measured
jHTotal�Ω�j2 of a second 16-tap device, with Λ � 1.49 μm
and the same number of periods M . For that grating period,
Ωmax of the thermoelastic actuation response jHG�Ω�j2
(dashed blue) is aligned with an adjacent peak of the periodic
term jHR�Ω�j2 (dashed black). A single passband is obtained at
2.3 GHz, with FWHM of 14 MHz. Out-of-band transmission
is suppressed by at least 12 dB. The red trace in Fig. 4(b)
presents the measured jHTotal�Ω�j2 of a 32-tap device
(M � 43, Λ � 1.32 μm). A single passband at 2.56 GHz is
observed again. This time, the FWHM of the frequency re-
sponse is reduced to 7 MHz only, due to the larger number

Fig. 3. (a) Measured normalized transfer function of optical power through the resonator waveguide of a 32-tap, SAW-photonic microwave filter
device. The free spectral range of the transfer function is 55 pm, and its extinction ratio is 15 dB. (b) Experimental setup used in the measurement of
MWP filter device transfer functions. EDFA, erbium-doped fiber amplifier; PC, polarization controller; EOM, electro-optic amplitude modulator;
CW, continuous-wave. (c) Solid red, measured normalized transfer function jHTotal�Ω�j2 of radio-frequency electrical power through a two-tap
SAW-photonic filter device. The metallic gratings consisted ofM � 43 periods, with Λ � 1.4 μm. Periodic transmission with a free spectral range
of 23 MHz is observed. The dotted black trace presents the normalized calculated transfer function jHR�Ω�j2 of a two-tap discrete-time filter with
the same unit delay of the fabricated device. The periodic response is multiplied with a spectral envelope function jHG�Ω�j2 of thermoelastic SAWs
stimulation (dashed red). The FWHM ΔΩG of the envelope bandwidth is 140 MHz. (d) Measured FWHM of thermoelastic SAWs actuation ΔΩG
as a function of the number of periods M in the metallic grating. The width decreases with increasing grating size as anticipated.

Research Article Vol. 10, No. 7 / July 2022 / Photonics Research 1727



of filter taps. Out-of-band transmission is again suppressed by
at least 12 dB.

The radio-frequency power losses through the devices are
large: 95 dB and 100 dB for the 16-tap and 32-tap filters,
respectively. Large losses are due to the relative inefficiency
of thermoelastic actuation [22,23] and the long lengths L of
the resonator devices [see Eq. (3)]. The ratios between the
radio-frequency output power at Ωmax and the noise power
within 1 Hz bandwidth were 45 dB ⋅ Hz−1 and 40 dB ⋅ Hz−1

for the 16-tap and 32-tap filters, respectively.

4. SUMMARY AND DISCUSSION

Integrated discrete-time MWP filters with single passbands of
14 and 7MHz bandwidths were demonstrated in standard SOI
photonic circuits. The devices are based on the conversion of
radio-frequency modulation information from one optical car-
rier to another, via SAWs. Due to the slow acoustic velocity,
long temporal delays are accumulated over path lengths of
few hundreds of micrometers. The current study presents sev-
eral improvements with respect to our earlier work [23]: the
number of taps was increased from a maximum of 12 to
32; the free spectral range of the periodic photoelastic modu-
lation response was extended from 65 to 260 MHz; the probe
resonator layout was designed for close spacing between parallel
waveguide sections while keeping bending losses at a mini-
mum; and the exact locations of waveguide segments were
adjusted to account for optical propagation delays in long res-
onator sections. Most importantly, these modifications have led
to single-passband operation with arbitrary transmission fre-
quency, whereas the response of the previously reported filters
consisted of multiple, periodic passbands. Single-passband
filters are far more suitable for signal processing applications.
The filter bandwidths are comparable with those of Brillouin
scattering-based integrated MWP devices [17–20]. The

bandwidths are much narrower than those of previous demon-
strations of single-passband MWP filters in SOI [13–16].

The main drawback of the proposed devices remains the
large losses of radio-frequency electrical power between input
and output, measured between 95 and 100 dB. The losses are
due to the inherent comparative inefficiency of thermoelastic
actuation and increase further by the long lengths L of the res-
onators. Only a small fraction of the resonator waveguide
length is affected by the traveling SAWs wavefront, whose
transverse extent l is much smaller than L [see Eq. (3)]. The
present losses, however, are not fundamental, and the output
signal power may be increased through several solution paths.
These include resonators with higher quality factors (Q values
over a million were reported in SOI [30]), optimization of the
composition and thickness of the metallic grating stripes and
their embedding in the silicon device layer [31], amplification
of the optical output and its detection with a proper high-power
receiver [19,32], and fabrication of shorter resonators with
fully etched waveguides that are less susceptible to bending
losses. Bending losses in shorter resonator waveguides may also
be reduced using elliptical layout and bowed patterns with
position-dependent widths [33,34]. Using the above methods,
radio-frequency power losses can be reduced by orders of
magnitude. Lastly, the architecture of single-passband, delay-
and-sum MWP filters can also be realized in piezoelectric
substrates, which provide much stronger actuation of SAWs
[29,35–39].

Another drawback of the SAW-photonic devices is that their
acoustic frequency of operation Ωmax cannot be tuned post-
fabrication. This challenge is shared by Brillouin scattering-
based filter devices as well. Partial solution is found in the mix-
ing between the information of interest and electrical and/or
optical local oscillators, at the input or output ends, as proposed
in Ref. [19]. While the acoustic frequency of operation does not
change, the extended filter device may be tuned to select

Fig. 4. (a) Solid red, measured normalized transfer function jHTotal�Ω�j2 of radio-frequency electrical power through a 16-tap SAW-photonic
filter device. The period Λ of the metallic grating elements was 1.32 μm. A single passband at 2.56 GHz frequency with an FWHM of 14 MHz is
observed. The transmission of out-of-band components is suppressed by at least 15 dB. The dashed black trace presents the normalized calculated
transfer function jHR�Ω�j2 of a 16-tap discrete-time filter with the same unit delay of the fabricated device. Additional passbands of the periodic
transfer function fall outside the bandwidth of the normalized thermoelastic actuation response jHG�Ω�j2 of the chosen grating period [dashed red,
measured using an adjacent two-tap device, similar to Fig. 3(c)]. Solid blue, measured jHTotal�Ω�j2 of a second 16-tap SAW-photonic filter device,
with Λ � 1.49 μm. The frequency response of thermoelastic actuation jHG�Ω�j2 for that choice of Λ is offset to lower frequency (dashed blue,
measured using an adjacent two-tap device). The single passband is now obtained at 2.3 GHz. The transmission frequency matches a different peak
of jHR�Ω�j2 (dashed black). (b) Solid red, measured jHTotal�Ω�j2 of a 32-tap SAW-photonic filter device, Λ � 1.32 μm. The central transmission
frequency is 2.56 GHz. The FWHM of the passband is 7 MHz, and out-of-band components are suppressed by at least 12 dB. Dashed black,
calculated jHR�Ω�j2 of a 32-tap discrete-time filter with the same unit delay.
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arbitrary input frequencies and map them to an output band of
choice [19].

The results of this and previous studies establish SAW-pho-
tonics as a potential candidate platform for MWP filters and
signal processing. Discrete-time filters with up to 32 coeffi-
cients and a single passband have been realized in standard
SOI. Furthermore, the complex weight of each filter tap
may be chosen arbitrarily and independent of those of all others
[23]. In addition to MWP, the devices also serve in the analysis
of elastic properties of thin layers and interfaces [24]. Future
work will be dedicated to the performance enhancement of
the devices, toward achieving lower losses and higher signal-
to-noise ratios.

APPENDIX A: ACTIVE LOCKING OF THE INPUT
WAVELENGTH TO A SPECTRAL SLOPE OF THE
RESONATOR TRANSFER FUNCTION

The conversion of photoelastic phase modulation in the reso-
nator devices into an intensity reading at the output requires
that the input wavelength should be aligned with a spectral
slope of the optical transfer function. The open-loop adjust-
ment of wavelength to a sharp spectral slope of the resonator
response is difficult; hence, active locking was employed in-
stead. A signal at frequency f lock � 4 kHz from an output port
of a lock-in amplifier was used to directly modulate the drive
current of the laser diode source at the resonator waveguide
input. The instantaneous optical frequency of the input wave
was, therefore, modulated at f lock. Following detection at the
device output, a radio-frequency splitter directed part of the
retrieved voltage to the input port of the lock-in amplifier.
The amplifier tracked the magnitude of the f lock spectral com-
ponent. That component is the largest at the maximum slope of
the resonator response. The lock-in amplifier signal was used in
a feedback circuit to correct the laser frequency and keep it at
the maximum slope.
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